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JlepHuK B nogapok

B 310M 0uepke A xouy BcnomHuTb Aanékue 1960—70-e rodbl, Koraa npoucxo-
Jun 6YpHbIIi POCT COBETCKON MMALMONONY 1 3Ta HayKa 3aBOEBbIBANA CBOE MECTO B
ncTeme ecTeCTBEHHbIX HayK Halleil cTpaHbl. B 1955 r. yugena cset moHorpadus
Metpa Anekcangposuya Lymckoro «OCHOBbI CTPYKTYpHOTO NeJoBefeHNA», a B
1963 r. 6bina onybnukoBaHa BTopas MoHorpadua (TaHucnaBa BukeHtbeBuua Ka-
necHuka «Ouepku rnauvonorun» (nepas khura C.B. Kanechuka yue6Huk «06was
rnAaumonoruax yBugena ceet B 1939r.). Ho ecnu khura C.B. KanecHuka npegcrasns-
na coboil MpeKpacHyto CBOAKY HaLLMX 3HAHWI TOrO BPEMEHI 0 NeJHNKaX, TO KHUra
M1.A. LLymcKoro oTKpbIBana HOBOE HanpaBneHue MALMONOTYECKO HayKy, foToNe
He Pa3BUTOE HIN B OAHOI U3 TaK Ha3bIBAEMbIX «INALMONOTHUYECKUX» CTPaH, K KOTO-
pbIM He 6e3 ocHoBaHUA NpuuncnaAny ceba Benukobputaus, Lseliuapusa, ABctpus,
Opanuma, CLUA u CCCP. Knwra Llymckoro npoussena 6onbluoe BneyatneHue Ha
TALMONOrVYecKUin MUP U NPaKTUYeckn cpasy bbina nepeseseHa Ha aHINIACKUIA 1
dpaHuy3CKuii A3bIKI, NPaBAa, AeHer Ha eé U3/jaHue HU B OHOI U3 CTPaH TaK U He
Hawwnu. Ho kuury npounu u ums M.A. LLlymckoro ctano n3gectHo Bo BCEM rAumo-
NOTUYECKOM MUPE, UTO MPUBENO K €ro 3a04HoMy u36pauto MpesuaeHtom Mexay-
Hapo[HoIi Komuccum cHera 1 nbaa B 1960—1962 rogax.

AKTUBHOE yuacTue COBETCKUX YuéHbIX B paboTax no nporpamme Mexay-
HapoaHoro reodusnyeckoro roaa u fofa MexayHapoaHOro COTPYAHNYECTBA
(1957-1959 rr.) cnoco6cTBOBaNO pocTy aBTOPUTETA COBETCKOI TMALMONOTIM, U

Puc. 2. Jlegnuk Konymbus B 2016 1.
https://www.flickr.com/photos/banco_imagenes_geologicas/30517614204

B 1965 . BuLie-npe3unaeHToM MexZyHapoaHOi KOMUCCUM CHera U Nba Obin n3-
6paH [LA. ABCiok, HaxoauBLUMiica B coctaBe Btopo 3oii Kommuccun go 1971 1. B atu
ropbl MexayHapopHblii reofe3nueckuit u reopusnueckmi coto3 (MITC), B coctas
KoToporo BXxoAuna Komuccua cHera v Nbjia, NPUHAN pelLeHme NpoBecTin ouepes-
Hylo [eHepanbHyto accambneto B Mockse B 1971 1. OpraHu3auma pabot no yuactuio
TNALMONOTIK B 3TOI accambree BbiNana Ha MO J0NI0, U A MOTPATUN HECKONBKO
MECALEB Ha NOATOTOBKY NATUAHEBHOTO MALMOOrMYECKOr0 CUMMNO3MYMa B pam-
Kax 3T0i accambnen, a TaKkxe AECATUAHEBHOI HaYYHO IKCKYPCUN AA YYACTHUKOB
accambnen Ha KaBkas.

Kak pa3 B 3T robl, npefLLeCcTBOBABLUNE MOCKOBCKOI accambnee MITC, Mbl
NPOBOAWNM UHTEPeCHeliLLMe 1 0YeHb HeNpoCTble PaboTbl Ha NeaHuKax Mamupa,
(BA3aHHbIe € COCTaBneHneM KaTanora negHukoB. Bnepeble B Mupe 6binn coBep-
LueHbl NOCAKN BEPTONETA B 06N1ACTAX NUTAHUA NEHNKOB HA BblCOTax Ao 4600 M
Hafl yp. MOpA, Ifie 33 (BETI0e BpeMA AHA Mbl ycreBany NpoBecTi CHErOChEMKIA 1
CCNE0BAHIA B CHEXXHOM LUypde ry6uHoil okono 2 M. C Tex nop nogo6HbIX pabot
TaK HUKTO 11 HE CMOT OpraHu30BaTh. Pe3ynbratbl 3TUX UCcnefoBaHuii C MHTEPECOM
BbICTyLIANY yuacTHUKK [nALmonornyeckoro cumnosnyma B MockBe Ha accambnee
MITC. Bonblunm 0TKpoBeHUeM AnA CnyLuaTeneli CTanu HeoXUAaHHO 3HaunTeNb-
Hble BENMUMHDI FOZ0BOI aKKYMYNALMY B 0611aCTAX MUTAHUA BHYTPUKOHTUHEHTANb-
HbIX BbICOKOTOPHbIX IeIHUKOB — 710 2500 r/cm? B rop.

Upe3BblyaliHo BaXHbIM 0Ka3ancs OPraHNu30BaHHbII MHOI0 «Kpyrblil CTON» ¢
yuacTvem BeayLLuX rAALMONOroB-TeOPETUKOB U3 NATM CTPaH: aHMNYaHUHa [LKoHa
Has, GpaHuy3a Nyw NaubyTpu, amepukanua Mouku Beptmana, actpanmiiua Yu-
nbama bapaa v lMetpa Anekcanapouya Lymckoro. bonee aByx yacoB B 6onbLuoit
aynutopun MY umern M.B. llomoHoCoBa 0Kono CTa IMALMONOroB 3 MHOTIX CTPaH
CTyLLany MHTepecHeiLLYIo 1 BeCbMa OCTPYI0 AUCKYCCUI0 3TUX BAUCTaTeNbHBIX yué-
HbIX. [1nA MeHA 3T0 6bin YPOK, 3aNOMHUBLLWIACA Ha BCHO XM3Hb. Ha cnepylowuii
Beyep A NpUrnacun K cebe B rocTin Ha TOPXKeCTBEHHbI NPUEM okono 15 yyacThu-
KOB HaLLEro rALNON0rMYeckoro CAMNo3nyma — 31o 6bian WBefbl, HOPBEXLbI,
dpaHLy3bl, aBCTPUIALbI, LIBEIALAPLIbI 11 aMepUKaHLbI. «[NaBHblIii» aMepiKaHeL, co-
BCeM HeaBHO npe3ngaeHT Komuccun cHera u nbaa MITC Mapk Maiiep, B fanbHeii-
Lem Molii 6onbLuoii Apyr, npuexan ¢ NoZapKoM — orpoMHoii uépHo-6enoii Goto-
rpadueil pa3mepom 1 X 1M OZHOTO U3 KPyMHeWLIMX NeSHUKOB ANACKY — neHNKa
Konym6ua (puc. 1). 31a uctopuyeckas ¢potorpadua o cux nop BUCUT B MOEM ZOME
11 APKO AEMOHCTPUPYET, KaK ObICTPO B Halle BpeMA U3MEHSAETCA OKpYKawLLyas
cpena. Bnpouem, yxe B Te, 1970-e robl, 6bn0 Npecka3aHo NoBeaeHNe NefHNKa
Konymbua, cnyunBLieecs B fanbHeliLLem Ha rasax ucciesoBareneii.

370 — 0ANH M3 KPYNHeALWMX NefHUKOB AnAcku. [lonrue rofbl oH 0CTaBanca
CTabunbHLIM 1 6b11 B TOM NONOMEHIN, B KOTOPOM Mbl BUAUM €r0 Ha 3TOM CHUMKe,
MOTOMY YTO ero A3blK NIeXan B 3aN1Be Ha MOPCKOil 6aHKe, 06pa30BaHHoII ApeBHeit
MOpeHoii. Ho ye B Te rofibl Hauanocb MefIeHHoe OTCTyNaHue NesHIKa, KoTopoe
Hen36eXHO JOMKHO ObI0 N3MEHUTb ero cyab6y, Kak TONbKO NefHUK 0KaXeTca
Hafl rny6uHamu MopcKoro 3anuBa. AMepuKaHcKine rmALMonory NoAcuMTany, uto,
KaK TONIbKO HAUHET pa3pyLLUaTbCA KOHeL IeHIKA, OH ObICTPO OTCTYNUT U ero GPOHT
OKaXeTCA B 42 KM N0 OCHOBHOIA IMHII TOKA, CUMTaA cBepxy oT nefopasaena (Meier
and others, 1985). Ceituac nefHUK COKpaTUNCA NpUMepHO Ha 20 KM B AnuHy (no-
TepsB okono 100 km? nnowwazm) u, No-BUAMMOMY, er0 GPOHT Bonee N MeHee
cTabunuanpoBanca B 370l HOBOI no3uumu. Tenepb 3a1B B 3HAUUTENbHOI CTene-
HU CBOBOZIEH OT OFPOMHOTO NIeIHUKOBOTO A3bIKa (pUC. 2), KOTOPbI Mbl BUAENM Ha
npeablayLLem cHuMKe. [pycTHas uctopus.

B 1979 r. MHe yanocb HaHeCTH OTBETHBII BU3UT, KOTAA BMeECTe C YYEHbIM
ceKpeTapém peakonnerun Atnaca cHexxHo-nefioBbIx pecypcoB mupa H.H. [ipeiiep
Mbl Gbinu npurnatueHbl B ;oM Mapka Maiiepa B Takome. 3Ty ManeHbKyio UCTOpuio
A pacckasblBalo 3[ecb, YT0ObI MOKa3aTh, Kak M3MEHUMBLI BPEMS U NIOJM B YBEPeH-
HOCTH, YTO BCE NPOMCXOAALLIEE B MIPe He MOXeT Nokone6aTb uenoseyeckoro npo-
rpecca v 4o6pbIX OTHOLIEHWA MeX [y CTPaHaMM 1 HapoJaMK.

Jluteparypa

Meier M., Rasmussen L., Krimmel R., Oslen R., Frank D. Photogrammetric
Determination of Surface Altitude, Terminus Position, and Ice Velocity of
Columbia Glacier, Alaska, US Geol. Surv. Prof. Pap. 1258-F. 1985: 40 p. https://
dggs.alaska.gov/webpubs/usgs/p/text/p1258f.pdf.

B.M. Komnskoe
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Summary

For the first time the summer mass balance of the Bellingshausen Ice Cap, the King George Island (Water-
loo) in Antarctica, was estimated for the period of summer seasons 2007-2012 and 2014-2020. Measure-
ments were carried out over a network of 29 ablation stakes. The contribution to the summer mass balance
on the dome includes melting of snow (77%), glacial ice (15%), and superimposed ice (8%). Altitude gradi-
ents of snow and ice melting on slopes of different exposition were determined, which changed from -1.5
mm of water equivalent (w.e.) per 1 m on western slope in years with annual positive ice mass balance to —11
mm w.e. per 1 m on southern slope in years with negative ice mass balance. The summer mass balance on
the cap was calculated using: 1) the average summer air temperature; 2) the sum of positive daily tempera-
tures from data of the Bellingshausen weather station, 3) sum of average monthly air temperatures. Based on
a comparison of colder (2009/10) and warmer (2019/20) years, the average melting coefficient for snow and
ice for the glacier was calculated to be 9.5 mm/°C per day (Day Degree Factor - DDF). The high value of the
DDF is probably due to intensive summer condensation during periods of frequent foggy weather on King
George Island. A good correlation was found between the summer mass balance on the cap and the average
summer air temperature at the Bellingshausen weather station for December-March (R? = 0.9). This shows
that the air temperature is the decisive factor of the change in the summer mass balance. Using this correla-
tion, the dynamics of the summer mass balance on the cap was restored for the observation period (1969-
2020), which approximately corresponds to the trends in the annual mass balance on the cap. According to
observations, it was found that positive deviation of the average summer air temperature by 0.5 °C from its
climatic average value (~1 °C) increases the summer mass balance by 56%, while its negative deviation by
0.5 °C decreases the summer mass balance by 36%. This demonstrates a very high sensitivity of the summer
mass balance on the glacier cap to climate changes.

Citation: Mavlyudov B.R. Summer mass balance of the Bellingshausen Dome on King George Island, Antarctica. Led i Sneg. Ice and Snow. 2022, 62 (3):
325-342. [In Russian].
doi: 10.31857/52076673422030135, edn: eprtsb.

Tocmynuna 18 anpens 2020 e. / [locae dopabomku 21 anpens 2022 2. / Ipunama k newamu 11 urons 2022 e.
KiroueBbie cioBa: lemHuii 6anaxc maccol, masHue cHeza u 1bdd, memnepamypHbiii ko3¢ guyuenm maanus.

Mo paHHbIM MoneBbix HabnogeHUn Ha Kynone bennuHcrayseH (AHTapKTUKa) B ce30Hbl abnaunn 2007-
2020 rr. AaHbl OLIEHKM OOLLEr0 CYMMapPHOTO TasiHUSA, U3MEHEHWA TasHMA C BbICOTON, onpefeneHbl Takxe
AONA TaAHNA CHera, HaNIoXKEeHHOMO 1 NIeAHMKOBOrO JibAa, M3MEHeHNe MNIOTHOCTW CHera B TeueHue nepwu-
ofa abnAuny, BepTUKasbHble rPaANEHTbl TasHUS CHEra M NibAia Ha CKJIOHAX Pa3HOM 3KCMO3ULMK U TEM-
nepaTtypHbIn Ko3$dnLMeHT TaaHnA. Ha OCHOBaHMM NONYYeHHbIX AaHHbIX BOCCTAHOBMIEH NeTHUI HGanaHc
Macchl ibAa Ha Kynone Ha nepuof ¢ 1968 no 2020 r. 1 NPOrHO3 U3MeHeHWA neTHero 6anaHca npu n3me-
HeHUM Knumara.
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JIeOHUKU U 1eOHUKOBbIE NOKPOBbI

le/lHﬂTl)Ie B CTaTbh€ COKpAIllCHUA
BI'T - BepTUKa/IbHBI TPAAVEHT TasTHNSA
BTT - cpemHmit BepTUKaIbHBI TeMIIEPATYPHbIN IPajieHT

JIBM - jteTHMI 6a/IaHC MacChl

TKT - TemneparypHbiit K03 PuIeHT TasHUs

BBenenne

JleqHrky AHTapKTUYECKOTO ITOIYOCTPOBA YYTKO
pearupyoT Ha U3MEHEHUs KJIMMaTa B peTuOHeE.
Ecau no xoHua XX B. 34eCh ObLIO OTMEYEHO 3HA-
YUTEIbHOE ITOTEIUICHNE KIIMMaTa, KOTOPOe COIpPO-
BOXIIAJIOCh COKpaIlleHUEM JICAHMKOB, TO B HaJaje
XXI B. aj1s1 pernoHa xapakTepHO HeOOJIbIIOe TTOHU -
JKEeHME TeMIIepaTyphl BO31yxa, KOTOpOe IIPUBEJIO K
M3MEHEHUIO 3HaKa O0alaHca MacChl HEKOTOPBIX JIeH-
HUKOB Ha IpoTsokeHnu psiaa jeT (Oliva et al., 2017).

OnouH 13 MHTePECHBIX O0BEKTOB IS U3YYCHUS
BIMSTHUASI MI3BMEHEHMS KJIMMaTa Ha JISTHUKHM palioHa
AHTapKTUYECKOTO ITOJIyOCTpOBa — OCTpoB KuHT-
Hxopax (Batepnoo), KoTopblit Ha 95% MOKPHIT
JIEMTHUKOBBIMU 1ankamu (puc. 1, a). IloHSITh, Kak
JICTHUKH OCTPOBA PearupyoT Ha U3MEHEHUS KIIH-
MaTa, IIOMOTaeT MCCIeI0BaHNe UX TOO0BOIO OajlaH-
ca Macchl. bamanc Maccel Ha OCTpOBe M3y4daeTcsl Ha
TPEX pa3HbIX ydyacTKax: 1) Ha BBIBOOHBIX JE€AHUKAX
B paitoHe 3anmuBa AogMupantu (Szilo, Bialik, 2018;
Petlicki et al., 2017; Perondi, 2018; Pudetko et al.,
2018; Pasik et al., 2021); 2) Ha BEIBOTHOM JICOHU-
ke Dypraa okoao ApreHTuHckoi ctannuu (Falk
et al., 2018); 3) Ha HEOOIBIIOM JIETHUKOBOM KY-
noiyie beummHcrayseH (HeoguIatbHOE CTapoe Ha-
3BaHue kynoa Konnuns) (Jiahong et al., 1998; T'o-
Bopyxa, CuMmonoB, 1973; 3amopyeB, 1972; Opios,
1973); Orheim O., Govorukha, 1982; Braun, 2001;
Magsnatonos, 2014, 2016; Riickamp et al., 2011;
Riickamp, Blindow 2012). Ha Bcex BEIBOIHBIX JIeI-
HUKaX IIpeodJiamaeT OTpuLaTeIbHEBIN rogoBoil 0a-
nmaHc Macchl. I1ooXuTenbHBIN TOOOBOM OamaHC
Macchl OblT oTMeueH Tojibko B 2013/14 1. (Pasik et
al., 2021). Ha nemaukoBoM Kymnose bemmHcrayseH
(cM. puc. 1, 6) ITOJIOXUTENbHEINM rOg0BOI OajlaHC
Macchl 3a(pMKCHPOBAaH B TeUeHNE HECKOJBKUX JIET
(Masmtonos, 2016). Paznuuus B romoBoM GajaHce
MAaCCHI B pa3HBIX YaCTsIX OCTPOBA, BUAUMO, CBSI3aHBI
C OpMEHTaINe# CKIIOHOB JIEAHMUKOB 10 OTHOIIIEHUIO
K rocroacTByiomnM BetpaM. Ecnu negauk dypran
OpPUEHTHPOBAH Ha 10T, TO MCCIIeIOBAaHHBIC JIGTH-
KM 3ajiMBa AIMUPAITHU IIPEUMYIIECTBEHHO NMEIOT
OpPHEHTALIMIO HAa BOCTOK U IOrO-BOCTOK, B TO BpeMs

Kak KyroJ bennuHcray3eH OTKphIT BeTpaM BCceX Ha-
MpaBJieHUi1, T.¢. OH HE 3aBUCUT OT MECTHBIX yCJIO-
BUIi, a XapaKTepu3yeT o0IIee COCTOSTHUE OJIeAcHe-
HUS Ha OCTPOBE.

PaccMotpum GanaHc Macchl A1€AHUKOBOTO Ky-
nosaa bemnuHcrayseH (cMm. puc. 1, 6), pacnogoxeH-
HOTO B Ioro-3amagHoi yactu o. KuHr-Jxopmx
(Batepnoo), IOxurie IlleTnanackue octpoBa (CM.
puc. 1, a). Ha HEM mpoBOAMIU JIETHUE CE30H-
HEIE TI0JIEBBIC Pa0OOTHI B Te€UEHME ABYX IIEPHUOIOB:
¢ 2007/08 mo 2011/12 r. u ¢ 2014/15 mo 2019/20 r.
M3MeHeHMe 6anaHca MacChl JIEMHUKOBOTO KyIoJia B
3HAYMTEJbHON CTENEHU 3aBUCUT OT JIETHEro banaH-
ca Macchol (JIBM), ITOCKOJIBKY IO TaHHBIM METEO-
CTaHLMX bemHcray3eH KOJM4eCTBO BbIMaBILIMX
3UMHUX aTMOC(hEepPHBIX 0cagKoB ¢ 1968 r. umeer
MpaKTU4YeCKU HyJIeBOU TpeHn (DIEKTPpOHHBINA pe-
cypc). Hacrosimast ctaThst TOCBsIIIIeHA OLICHKE JIeT-
Hero 6ajaHca MacChl Ha JIEAHMKOBOM KYII0J€, YTO
MO3BOJIUT ITOHSITh O0IIIee COCTOSIHME TOI0BOTO 0a-
JIaHCa MaccChl Ha HEM.

Paiion pador

Kynon bennvHcrayseH npeacrasisieT coboil He-
OOJIBIIYIO IOro-3anagHyl0 9acTh CUCTEMbI B3alIMO-
CBSI3aHHBIX JISAHUKOBBIX KyIOJI0B (CM. puc. 1, 0),
KOTOpBlE 3aHUMAIOT 0KOJO 95% TeppuTopuu
0. Kunr-JIxxopax (koopauHaThl a3porioprta o. KuHr-
Ixopmx: 62°11'27" 1o.11., 58°59'03" 3.1.). [nomanb
Kynosia BesummHcrayseH cocraBiseT oKoo 8,9 Km2,
Beicota — oT 0 1o 250 M, pasmepsl — 3 X 4,5 km. Tlo
BCEMY IIEPUMETPY KYyIOJ 3aKaHYMBAETCSl Ha CyIlle
Ha BeicoTax oT 0 7o 50 M Hanm yp. Mops. Knumar Ha
OCTPOBE — MOPCKOi1, ¢ TIPOXJagHbIM JeToM (¢ 1968
o 2020 r. cpenHsisT MHOTOJIETHSISI TeMIiepaTypa B ie-
kabpe—mapre coctanisuia 0,94 °C) u He oYeHb XOJI0I-
HO1 3UMOI1 (CpemHsIsl TeMIlepaTypa B arpesie—Hos0pe
—3,89 °C). KoimnyecTBo 0cagkoB B ieKadpe—MapTe —
241,4 MM, B anipesie—HOsI0pe — 457,1 MM, ipeoGiiaga-
forue Betpa JetoM ¢ 3-C3, 3umoii — ¢ FOB.

IlepBble ucciaenoBaHus JIEAHUKOBOTO KyIloJja
BbInojiHeHHI B 1968—1970 rr. (F'oBopyxa, CUMOHOB,
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Puc. 1. ITonoxenue octpoa Kunr-Ixopax (I) okono AHTapKTUUYECKOTro MOJYyOCTpOBa Ha KapTe AHTapKTUIHI (a) 1
nenHukoBoro KymnoJa beanuncraysen (I1) Ha octpoBe Kunr-/Ixxopmxk (6). ITonoxeHue abassuMOHHBIX peeK Ha Jiell-
HUKOBOM Kyrnosie besuimHcrayseH, CHeroBasi IMHUS M BbICOTA IPaHUIIBI TMTAaHUS Ha JIEAHUKOBOM KyroJjie belauH-
cray3seH B Mapte 2009/10 r. (8); bvpHOBast IUHUS U T10JIe pacrpocTpaHeHus pupHa B MapTe 2019/20 1. (o).

1 — HyHaTtaku; 2 — HOMepa peeK; 3 — TOPU30HTAIU ITOBEPXHOCTU peJibedha ¢ BLICOTOM Hal YPOBHEM Mopsi; 4 — IrpaHUIIa KYI0JIa;
5 — cHeroBast TUHUS (6) ¥ HUPHOBAST IMHUS (2); 6 — BBICOTA TPaHUIIbI MMTaHKSI, OKOHTYpHUBalolast 06;1acthb abysiuu (¢). Cepblit
LIBET — JIEMHUKOBBIN JEM; Oesblit 11BeT — cHer U ¢hupH. CrucrteMa KoopauHaT UTM (21 3oHa)

Fig. 1 Position of King George (Waterloo) Island (I) on Antarctic map (a) and of the Bellingshausen Ice Dome (I1) on
King George Island (6). Position of ablation stakes on Bellingshausen Ice Dome, snow line and equilibrium line altitude
(ELA) on Bellingshausen Ice Dome at March 2009/10 (s); firn line and firn area distribution at March 20019/20 ().

1 — nunataks; 2 — numbers of stakes; 3 — contour lines of relief surface; 4 — boundary of Ice Dome; 5 — snow line (¢) and firn (e);
6 — ELA delineating ablation area (g). Grey color is glacier ice, white color — snow and firn. Coordinate system is UTM, 21 zone

1973; 3amopyes, 1972; Opnos, 1973). I'maunonoru- moJjie oxBatbiBaloT 11 JeTHuX ce3oHoB: ¢ 2007/08 mo

YeCKUe MCCIICAOBaHMSI Ha KYITOJIe TIPOBEICHBI TAKXKE
b.. BriopunbsiM ierom 1979/80 r. (BtiopuH, 1980).
TastHue cHera M Jibaa Ha KynoJje bennuHcray3eH
uccienoBanu kuraickue (B 1985—1992 rr.) (Jiahong
et al., 1998) u Hemenkue (B 1997/98 u 1999/2000 r.)
yuénsie (Braun, 2001). /Io HacTos1Iero BpeMeHu"
W3-3a 3MU30IUYHOCTA U KPATKOBPEMEHHOCTU IIPO-
BEIEHHBIX UCCIeI0BAHMIT 001X 3aKOHOMEPHOCTEM
TastHMS CHeTa U JibJa Ha KymoJie beannHcray3eH
YCTaHOBJIEHO He ObUT0. Haim uccienoBanust Ha Ky-

2011/12r.mc 2014/15 1o 2019/20 r.; YacTUYHO OHU
onutn onyoaukoBaHbl (Masmonos, 2014, 2016). C
Hos10ps 2007 r. Ha NTeAHUKOBOM KyToyie bemnnH-
crayseH JIeiicTBYeT peeuHasl U3MepUTeIbHas CETh
u3 29 peek, 1o KOTOPOii MPOBOAWINCH PETYJISIPHBIC
HabmoaeHus1. CeTh XapaKTepu3yeT HaKOIUICHUE U
TassHME CHeTa M JIba Ha BCEX CKJIOHAX JICTHUKOBOTO
Kymona (cM. puc. 1, ). Okazaaoch, YTO COOTHOIIIE-
HUE IUIOLIAACci B pa3HbIX BHICOTHBIX 30HAX KyIoJa
MOYTU paBHOMEPHO (puc. 2).
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Puc. 2. IsmMeneHnue 6ajgaHca Macchl (M B.3.)
Ha JIeAHUKOBOM KyImoJje belnuHcrayseH c
BBICOTOM, ocpeaqHeHue 1Mo 20-MeTPOBLIM BbI-
COTHBIM 30HaM.

1, 4 — 3uMHUI1 GanaHc Macchl; 2, 5 — JeTHUI Oa-
JJaHC Macchl; 3, 6 — TomoBoi O6ajaHc Macchl; /-3
B 2009/10 r.; 4—6 B 2019/20 1.; 7 — pacnpeneie-
HUe IIOMIAEI TTO BHICOTHBIM 30HaM JIETHUKOBO-
ro KyIoJja

Fig. 2. Changing of ice mass balance (m
w.e.) with elevation on Bellingshausen Ice
Dome, averaged on 20 m of elevation.

1, 4 — winter mass balance; 2, 5 — summer mass
balance; 3, 6 — year mass balance; /-3 in

T T T

-1

O+

2
BanaHc maccbl, M B.9.

Metoauka

HabmoneHus 3a TassHAEM CHeTa 1 JIbIa Ha KyTIo-
e bennuHcray3eH IMpoBOAWIN B JIETHUM MEPUOJ, C
2007/08 mo 2019/20 r., 3a uckimoueHnuem 2012/13 n
2013/14 rr. JlaHHbIe 0 MPOIO/DKUTENBHOCTHU MIEpHOIa
abnguuy, BpeMeHU HabMIOAeHUI U CyMME TTOJIOXM-
TeIbHBIX TEMITEpATyp Ha MeTeocTaHIuu beimmHcray-
3eH (16 M Hax yp. Mops1) mpuBeaeHbI B Ta0. 1. Haua-
JIO M KOHEII Ce30Ha abJISIUM OTIPENeIsSIMCh KaK THU,
KOrJa Ha METeOCTaHIIMU ObLIM OTMEUYEHBI MePBbIA
W MOCJETHUI THU CO CPETHECYTOUYHBIMU TTOJIOXKHU-
TeJbHBIMU TeMIIEpaTypamMu Bo3ayxa. bty momayde-
HbI JaHHbIE 110 TassHUIO CHEra U Jibla Ha JeTHUKO-
BOM KyrmoJjie bejmHcrayseH 3a 11 MOJHBIX CE30HOB
aoJsaumu, a i cezoHoB 2012/13 n 2013/14 1r., Kornoa
HaOJII0AeHYsI 3a TassHUEM OTCYTCTBOBaJIv, ObLIa JaHa
OlLIEHKa JIETHEro OajaHca MacChl 110 UMEIOIIMMCSI
IaHHBIM 3a TOABI UcciemoBanmii (cM. masnee). Hamm
HaOII0IeHNST IIOKA3aJI1, YTO IIPOAOLKUTEIbHOCTD I~
puona absaImy Ha MeTeocTaHIK bemmmHcrayseH u
Ha JISTHMKOBOM KYIIOJIE TIOYTH HE Pa3InJaroTcs BHE
3aBHUCHUMOCTH OT BBICOTHOT'O MOJIOXKEHUS TOYEK, UYTO
CBSI3aHO C OOBIYHBIM MACCHPOBAHHBIM IOBHIIIICHH-
€M TeMIlepaTyphl BO3IyXa Ha HECKOJIEKO I'PaaycoB B
BECCHHEE BpeMs 1 TaKUM Xe PE3KNM MOHIKeHUEM
TEMIIEpaTypbl B OCEHHEE BpeMsl.

1 2009/10; 4—6 in 2019/20; 7 — area distribution on
Bellingshausen Ice Dome

OruieHKa TassHUSI CHETa Y Jiba Ha JIEAHUKOBOM
kymnoyie bennuHcray3eH npoBoauIack Mo adasIu-
OHHEIM peiikaM OOWH pa3 B 1—2 Hemeau B Tede-
HUE BCEro JIETHETo ce30Ha. Peliku, mpencrasisio-
e co0oil nepeBSIHHbIE U 0aMOYKOBBIE XEpAU
JrHOM oT 2,3 mo 3,5 M, YyCTaHABIMBAIUCH B JIEN B
CKBaXXWHaX TTyOWHOM 1 M Ha pa3HbIX CKJIOHAX Jie]l-
HUKOBOTO Kyrona. [To Mepe BeITauBaHUsI peiiky Tie-
peOypUBaINCh B Ty Xe JIYyHKY. BbIcoTa peiiku Han
TMOBEPXHOCTBIO CHETA U Jiblla U3MEPSJIach pyJeT-
KoM ¢ TouHocThlO T 1 cMm. ToJlmuHa cHera y peexk
OTPEAENSANIACH C TOMOIIBIO METATUYECKOTO TIyTa.
s Kaxkaoi abnsiiMOHHON peiKu Mo pe3yjbTraTaM
W3MEPEHUN TOACYNUTHIBAIOCH CYMMapHOe TasiHUE
CHera, HaJJOXKEHHOTO JIbIa U JIEAHUKOBOTO JIba B
TeYeHre ce30Ha abJISIIMKU B BOMHOM 3KBUBAJIEHTE
(B.3.). PerynsapHble u3MepeHUs IUIOTHOCTU CHera B
TeYeHUe JIETHETO Ce30Ha MPOBOAUIN CTAHAAPTHBIM
cHeromepoM BC-43 B mypdax y peex R1, R4 (umum
R5), R8, R11 u EN (unu FN) uepe3 7—14 nHeii.
J11st u3MepeHusl TUIOTHOCTH HAJTIOXKEHHOTO JIbJa UC-
MOJIb30BAJIM KOJBIEBOU Oyp TSI 0TOOpa KepHa U
CHeroMmep JUIsl ero B3BellInBaHMs. B HacTosiei pa-
00Te HaJIOXKEHHBIM JIbIOM aBTOpP Ha3bIBaeT Pa3HO-
BUIHOCTHh MH(MWILTPALIMOHHO-KOHXEISIIIMOHHOTO
JibJia, KOTOPbIN (hOpMHUpYeTCsl B OCHOBHOM B Hauaje
nepuoaa absIMy B OCHOBAaHUY CHEXHOM TOJIIM Ha
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Tabnuya 1. TIpogOMKUTETPHOCTD MepUOAa A0IALNY, BpeMeH! HAOTIONEHUIT ¥ CyMMa CPETHUX CYTOYHBIX HOTOXKMTETbHBIX
TeMIlepaTyp Bo3ayxa Ha MeTeocTaHyy bennmuHcraysen (16 M Hap yp. Mops)*

Hauasno Konerr Hauasno OKOHYaHME Ha- Yucno nHei
I'on . . N, nHu >T>0
ce30Ha absIMKu | ce30Ha abJsIuuu HaOMoAeHU OmoneHui T>0
2007/08 14.12.2007 07.04.2008 08.11.2007 09.03.2008 116 99 158,4
2008/09 18.11.2008 27.03.2009 03.11.2008 13.03.2009 130 125 217,1
2009/10 13.12.2009 15.04.2010 06.11.2009 14.04.2010 124 84 98,6
2010/11 01.11.2010 19.03.2011 05.11.2010 23.03.2011 139 111 176,6
2011/12 04.12.2011 27.03.2012 01.11.2011 14.04.2012 115 98 151,7
2012/13 26.12.2012 30.04.2013 126 95 93,2
2013/14 12.01.2014 11.03.2014 B B 59 43 45,4
2014/15 05.12.2014 31.03.2015 25.11.2014 05.04.2015 117 86 108,9
2015/16 21.12.2015 31.03.2016 16.11.2015 03.05.2016 102 67 69,4
2016/17 21.11.2016 18.04.2017 22.11.2016 09.04.2017 149 120 202,5
2017/18 19.12.2017 21.04.2018 20.12.2017 21.04.2018 124 107 196,9
2018/19 29.11.2018 14.04.2019 29.11.2018 31.03.2019 137 92 96
2019/20 15.11.2019 18.04.2020 05.12.2019 18.04.2020 156 118 250,3
Cpeonee 121 96 143,5

*N — IpONOIKUTENTHHOCTD ce30Ha abmsti;, 27 > 0 — cyMMa CpeTHUX CYTOUHBIX TIOJIOKUTETBHBIX TEMIIepaTyp BO3MyXa; YMCIIO THei
T > 0 — 9ncIio MHe ¢ IOIOXUTEILHOM TeMITepaTypoii BO3Myxa B TeUeHIe Ce30Ha abJISIIN; TIPOYEePK — OTCYTCTBUE HAOTIONEHUIA.

MOBEPXHOCTU JICAHUKOBOTO JIbAa IPHU 3aMep3aHUN
TaJIbIX BOJI, IIPOCAYMBAIOLIMXCSI CKBO3b CHET, 33 CUET
3anaca xoJjioga BHyTpHu Jibaa (Cogley et al., 2011).

Yucno peek B pa3HbIX BBICOTHBIX 30HAX JIEAHM-
KOBOTO KYIIOJIa 0Ka3aJloCh He TTPONOPIIMOHATbHBIM
TUToIAaay 3ThX 30H. Tak, 30Ha oT 200 M 10 BEpIIMHBI
KYIIOJIa 3aHUMAaeT 0KoJIo 25% Bceil TIomanu Kyro-
Jla, HO Ha Heil HaxoguTes 12 peek, T.e. 40% Bcero ux
yucia (29), a HikHss 30Ha oT 0 1o 80 M, XOTh 1 MaJia
(oxoio 12% Bceii mIoIIaan), HO peeK TaM BCETO IBE
(1.e. 6% Bcero uncia peek). [ToaTomy pacu€Thl cpe-
HMX CHEro3amnacoB U TassHUsI, KaK CPSAHUX 3HAYCHUIA
M3MEPEHMI IO peiikaM, HECKOJIbKO 3aBbIIIAIOT BKJIAJ
BepxHel 00J1aCTU JIEMHUKA W 3aHMXKAIOT BKJIAJ €ro
HIDKHUX yacTeil. OQHAKO B HIDKHMX YacTsIX KyIToia
CHET CXOJWT paHbllle, YeM B BEPXHUX, U 3TH Pa3Iu-
Yyl IJI1 CHEro3arnacoB YaCTUYHO HEOOXOIMMO KOM-
neHcupoBath. Ho B 11000M ciyuae, MOCKOJIbKY Ha0-
JIIOJICHUS B Pa3HbIe TOIBI BEJIM IO OTHOM METOIVKE,
OHM OKa3bIBAIOTCSI CPAaBHUMEI 1 KOPPEKTHO ITOKa3hI-
BalOT OOIIYIO TEHACHIINIO U3MEHEHUIA.

Pe3ynbTaThl HA0MOAEHUIT

M3zyueHue romoBoro 6ajgaHca Macchl Ha JeTHU-
KoBoM KkymoJie B mepuon ¢ 2007 mo 2020 r. mokaza-
JIO, YTO B TEUEHUE BTOTOo Ieproaa Ha oHe ob11Iero
OTpUILIATEJIbHOTO OaaHca Macchl Tojbko B 2009/10,

2012/13—2015/16 n 2018/19 rr. 3mech ObLT OTMEYEH
MOJIOXUTENbHBIN O0alaHc Macchl. JIeTHU O6anaHc
MacChl Ha JIETHUKOBOM KYITOJIe CKJIaIbIBacTCS U3
TasgsHUS U uclapeHus. McrmapeHne cHera Ha KyIlo-
Jie He udy4yeHo. /st octpoa Kunr-Xopak xapak-
TepeH MOPCKOU KJIMMAT ¢ OOJIbIIINM KOJMYECTBOM
KMIKHMX OCaIKOB, HU3KOI 00JJaYHOCThIO (B CpEIHEM
22 mHS B KaxaoM Mecdie — obaaunbie (['oBopyxa,
CumoHoB, 1973)) 1 yacTbIMU TyMaHaMu, [IO3TOMY
Ha JIETHUKOBOM KYIIOJIe IIpeo0iafaeT KOHAeH Al
BJIaTU, a UCIIapeHME CHeTa U JibJa B YCIOBUSIX He-
OOJIBIINX ITOJIOXUTEIbHBIX TEMIIEpaTyp BO3ayxa U
BBICOKOM BJIAXKHOCTH IIPEHEOPEKMO MaJIO U B IEpP-
BOM TIpUOJIMKEHUU MOXET HE YYUThIBAThCs. Takum
obpa3om, ocHOoBHas coctasiisitoiasi JIbM Ha nen-
HHUKOBOM KYIIOjie — TassTHHUE CHera M JIiba, KOTO-
poe ompenesieTcs IIIaBHEIM 00pa30M BO3ICHCTBU-
€M COJTHEUHON pamvialiii U TeMIIepaTyphl BO3MyXa.
PaccMoTprM 0cOOEHHOCTH TasTHUSI CHeTa 1 JIbaa
Ha KynoJje. CpenHee (3a roabl HabGaIOAEHUI aBTO-
pa) MakCUMaJbHOE M1 MUHMMAJIbHOE TasTHUE CHera
M JIbJIa Ha KYToJie TI0 BCeM peifkaM Ha pa3HbIX CKJIO-
HaxX U BbICOTaxX pasiuuaercs 6ojiee yuem B 3 pasa (OT
42,3 no 148,5 cM B.3.). Ha pa3HbIX CKJIOHaX KyIioJja
M0 JAHHBIM ITOJIEBBIX HAOIIOAECHW 1Is1 TIpoduieit
10 peiikaM CTPOMJIMCH BHICOTHBIE 3aBUCMMOCTH TasI-
Hus (KoadduimeHT BepositHocTu 0,8—0,9). ITo mo-
JIy4EHHBIM YPaBHEHMSIM PETPECCUU PACCUUTHIBAIUCH
BepTUKaJbHBIC TpaaueHThl TasgHus (BI'T) mis kax-
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Ta67mu,a 2. JleTHui1 6amaHc Macchl 1 BE€PTUKA/IbHBIE TPAAMEHTDI TAAHNA CHETA U Ib/Ia HA KYIIOJIE€ BCII}II/IHCI‘aYSCH

TasiHue 1o peiikaM, | BepTUKaNbHBII IPAIMEHT TAasIHUS CHETa U JIba C BBICOTOM, MM/M, TIO
CM B.3. MpoMUIAM Ha CKIIOHAX
Ce30Hbl bs,
S 2T>0 PV 3anan | 3amang 2 | 1oro-zamap or BOCTOK
min max | (DN/88— | (CN/110— | (R15/54— | (6N/91— | (R13/84— | Cpenmee
IN/232)* | 9N/250)* R8/219)* |9N/250)* |R11/250)1
2007/08 158,4 —74,8 47,9 137,8 — 5,3 - 5,3
2008/09 217,1 —130,8 58,8 234,4 11,2 9,7 10,7 11 6,2 9,8
2009/10 98,6 —47 13,8 85,7 1,8 1,8 2,7 3,7 3,9 2,8
2010/11 176,6 —101,2 30,3 90,3 1,5 2 2,4 2,7 3,3 2,4
2011/12 151,7 —109,8 57,9 201,6 3,9 4,6 8,6 8,2 4,8 6,0
2014/15 108,9 —44.8 27,2 96,4 3,9 2,1 4,7 5,2 43 4,0
2015/16 69,4 —47.,8 19,5 80 2,1 2,2 3,9 3,8 3,4 3,1
2016/17 202,5 —89,1 39,0 148 3,9 2,8 2,3 3,9 4,9 3,6
2017/18 196,9 —108,7 52,0 183,2 4,7 4,2 7,9 7,6 3,7 5,6
2018/19 96 —55,5 27,2 95,6 3,1 2,9 4.4 2,7 3,4 3,3
2019/20 250,3 —183 91,8 280,9 7,7 9,7 9,5 11,3 5,7 8,8
Cpeonee 156,9 —90,2 42,3 148,5 4,4 42 5,7 6 4,4 4,9

*DN/88—1N/232 — HUXHSAS ¥ BepXHsisl peiika Tpodwist 1 ux abcomoTHas BbicoTa (cM. puc. 1, g); **mis nera 2007/08 t. ucnosnb-
30BaHbI TOJBKO peiiku R1—R11; ***ru3MepeHHBIN JIETHUI GalaHC MAcChl ¢ YYETOM BBICOTHBIX 30H; 27 > () — cyMMa CpeIHMX CY-
TOYHBIX MTOJIOXKUTEJIBHBIX TEMIIEPATyp BO3AyXa; KYPCUBOM BBIJEJIEHBI TOJbl C MOJIOXUTEIbHBIM 0aTaHCOM MaccChl; MPOYEPK — OT-

CYTCTBUE HAOTIONCHUIA.

noro ckjoHa (ta6i. 2). IToCKOJIbKY CKJIOHBI KYITO-
Jla UMEIOT TIPUMEPHO OIMHAKOBYIO MPOTKEHHOCTh
(okoJro 1,5 kM), moaydeHHbIE pPe3yJIbTaThl BITOJITHE
CpaBHMMBI. J1JIsT KaxKI0Tro JIETHETO CE30HA 110 ypaBHe-
HUIO PErpecCuy BEJIMYMHBI TassHUSI OT aOCOJTIOTHOM
BBICOTBI, TTOIYYEHHOMY ISl peeK CO BCeX CKJIOHOB
JIEAHUKOBOI'O KYTI0JIa, PACCUMTHIBAJICS CPEIHUI MIJIsT
kynona BI'T. BennunHa BepTUKaIbHOIO rpagreHTa
TasTHUSI CUJTBHO MEHSIETCSI OT TO/la K TOMYy M IO CKJIO-
HaM KynoJia. MakcumanibHOe TastHUe CHeTa U Jibaa
Ha Kyrosie otMedyeHo Jietom 2008/09 u 2019/20 rr.,
Korjaa MakcumajbHble 3HaueHus BI'T Oblim ycTa-
HOBJIEHBI IIOYTH Ha BCEX CKJIOHAX, KPOME BOCTOUHO-
ro. DTO yKa3bIBaeT Ha MPeo0IagalolIye BETPhl B 3TH
CE30HBI a0JISILINM C 3aMana U CeBepo-3arana.

B roapl ¢ oTpuLiaTeIbHBIM 0ajlaHCOM MAacChl Ha
KyIlojie OTMEUYE€Hbl MaKCUMaJIbHbIE BEpTUKATbHBIE
rpagueHThl TassHus (1o 11,3 MM/M), a B TOIHI C TI0-
JIOXKUTEIBLHBIM 0aJIaHCOM MAacChl — MUHHMMAJIBHBIC
(mo 1,8 mm/M). Ha Kyrrojie B TOOBI C TTOJIOKUTEIb-
HbIM 6anaHcoM Macchl (2009/10, 2014/15, 2015/16,
2018/19 rr.) munumanbubeie BI'T Obin Ha 3aman-
HBIX CKJIOHAaX, a B TOJbI C OTPUIIATEIbHBIM OaaH-
COM MacChl — Ha I0)KHOM M BOCTOYHOM CKJIOHAX MJIK
TOJILKO Ha BocTOoYyHOM. Ilpm 3TOM cpemHme MHO-
rojetHue 3HaueHUs BI'T moyTu Ha Bcex CKIOHAX
o4eHb 01m3ku (4,2—4,4 MM B.3. Ha 1 M) 3a UCKITIOUE-

HHEM I0XXHOI0 U 10ro-3amnagHoro ckiaoHoB, rae BI'T
JOCTUTaeT 6 MM B.3. Ha | M, 4TO, BEPOSITHO, CBSI3aHO
C HaMMEHBbIIEN MHCOJSIIIUEN TI0 CPABHEHUIO C IPY-
TMMMU CKJIOHaMU. 1151 moaydyeHus1 oO1Ieid KapTu-
HBI TasTHUSA Ha JISMTHUKOBOM KyTione bemmmHcerayzeH
OBLIO pacCCMOTPEHO 110 OTAEJIBHOCTY TasTHUE CHEX-
HOTO ITOKPOBa, HAJIOXKEHHOTO 1 JIETHUKOBOTO JIbIIA.

Taanue cuexcrozo noxkpoea. CHEeXHBIN MTOKPOB B
3UMHee BpeMs1 (OPMUPYETCS Ha BCEll TIOBEPXHOCTU
JIETHUKOBOTO KYIIOJIa, HO €r0 TOJIIIMHA HepaBHO-
MepHa. 3a cUET BETPOBOIO IlepepacrupeneieHus Ko-
JINYECTBO CHETA YBEJIMUMBACTCS B IIPUBEPITUHHON 1
B HUXKHEH YacTsx KyIoJa.

B cpenHem 1o peiikaM mis Bcero KymnoJja ben-
JIMHCTay3eH TastHue cHera u3MeHsoch ot 40,3 cm
B.3. (2009/10 1.) mo 79,7 cm B.3. (2010/11 1.) mu B
cpenHeM 3a Bee 11 ce30HOB — 56,8 cM B.3. (Tabi. 3).
bauskue K cpemHUM 3HAUESHUSIM TassHUS OTMeda-
quck B 2007/08 u 2008/09 rr. B 2009/10, 2012/13—
2015/16, 2018/19 u 2019/20 rr. (B 2019/20 r. ObLIN
HeOOJIBbIIIME CHETO3aITachl) TasTHUE CHeTa ObIJTO HIDKE
cpenHero, a B 2010/11, 2016/17 u 2017/18 rr. mipe-
BBIIIIAJIO CpeHee 3HaueHue. POCT IIOTHOCTH CHera
B Hauajie mpoiiecca TassHUS ObLT CBSI3aH C (pUpHU3a-
LIMel U YIUIOTHEHUEM CHera, pOCTOM JISASHBIX JIMH3
1 TIPOCJIOEB IIPU peaiM3alliy 3allacoB X0jioaa, Ha-
KOIUICHHOTO B T€UCHME 3MMHETO IIeproaa, M CyToU-
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Tabnuya 3. CocTaBsromye TagsHNA (B CpeIHeM IO BceM peit-
KaM) Ha Kynorne bennuHcraysen

Tasinue
Ce30HbI HaJIOXEHHO- | JIEAHUKOBO-
absun*® chera ro Jipaa ro Jpaa cymma,
cMB3.| % |cMBo.| % |cmBa| % |0
2007/08 | 56,8 [77,2| 8,8 12 8,0 |10,8] 73,6
2008/09 | 56,2 (44,6| 9,3 | 7,4 | 60,4 | 48 | 1259
2009/10 | 40,3 (94,6 0,7 1,6 1,6 | 3,8 | 42,6
2010/11 | 79,7 |81,5| 8,9 | 9,1 92 194 | 978
2011712 | 69,3 |65,0| 14,4 |13,5] 22,9 |21,5| 106,6
2014/15 | 47,6 (98,6| 0,7 1,4 0 0 48,3
2015/16 | 43,7 96,3 1,7 | 3,7 0 0 45,4
2016/17 | 72,8 779 12,8 |13,7| 7,9 | 8,4 | 93,5
2017/18 64 |56,8| 16,2 |14,4| 32,4 |28,8| 112,6
2018/19 | 44,7 | 81 47 185 | 58 |10,5| 552
2019/20 | 50,1 | 28 | 31,4 |18,2| 93,0 |53,8| 174,5
Cpeonee | 56,8 |72,9| 10 9,4 | 21,9 |17,7| 88,7

*KprI/IBOM BBIZEJICHBI TOAbI C MOJIOXKUTEIbHBIM OajaHCOM
MaccChI.

HBIX KOJIe0aHUi TeMnepaTyphbl. B nanbHeiteM mioT-
HOCTb CHEeTa HauMHAaJIa YMEHBILAThLCS, YTO CBSI3aHO C
(bopMmupoBaHUEM CIIOs pa3yIIOTHEHMS Ha TIEPBbIX
40—50 cM CHEXXHOM TOJIIM B pe3yibTaTe BO3Ieii-
CTBUSI COJIHEUHOM pammanuu. ITIOTHOCTL CHera B
BEpXHEM cJ10€ (B cpeaHeM u3 75 usMepeHuii) Ha 9%

1401

120+

B
-
o
S

1

(ot 1,9 no 21,6%) MeHblIIE, YeM CPEIHSIS IO TOIIN-
He TJIOTHOCTB cHera. Eciiu cHer 3a J1eTo MOJTHOCThIO
He TaeT, TO OH MpeBpaIiaercs B GUpH, y9JacTKU KOTO-
pOTO pactpoCTpaHeHBI B BEPXHEH 4acTH KyTioJa.
CpenHue 1Mo BceM peiikaM 3HauYeHUs CHero3a-
rmaca Ha Kyrosie bemnmHcrayseH B TeUeHUE JIETHUX
CE30HOB [IJIsI BCEro nepuoaa HabaoaeHN I TToKa-
3aHbI Ha puc. 3. HecMoTps Ha TO, YTO TEHACHLIMU
M3MEHEeHMST CHero3amaca BO BpeMEHHU Ha KyIoJje
bennuHcrayseH Bo Bce rolibl OIMHAKOBBIE, CAMbIe
pe3Kue ero U3MeHeHUs B TeUeHUe Ce30Ha abJsi-
nuu npoucxomu B 2007/08 m 2010/11 rr., a Bo Bce
OCTaJIbHBIE TOMbI HAOTIONEHUI TasTHUE CHeTa Mpo-
HCXOIWIIO MEIJIEHHEe, TTO3TOMY BCE KPUBBIC M3Me-
HEHUS CHero3araca Bo BpeMEHHM 3a 9TU TO/Ibl TIOYTH
napamnenbHel. B 2007/08 1 2008/09 rr. Bech CHer,
HaKOTIMBIIKICS Ha KYITOJie 3a 3UMY, TTOUTH TTOJI-
HOCTBIO Tasijl, a B gajbHeimeM go 2016/17 . Ko-
JIMYECTBO CHera Ha KyIloJie HayaJlo BO3pacTaTh U
3a CE30H a0JISAIMU TasJIO TOJTBKO OKOJIO TTOJTOBUHBI
CpeIHero cHerosaraca HakomnuBIiierocst cHera. C
2017/18 r. u 10 HacTosIIee BpeMs obIIee Koaude-
CTBO CHera M ¢MpHa Ha KyIoje HauMHAeT yMEeHb-
aThCsl, HO TIPM 3TOM €XETOIHO IMO-TIPeXHEeMY
TaeT OT MOJIOBMHBI UMEIOIIETOCs] CHeTa WU Jaxe
bonee, Kak 31o 061710 JieToM 2019/20 r. Ecniu nomo6-
Hasl TEHIEHIIUST YMEHbBIIICHUs KOJIMYECTBa CHera 1

s
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Puc. 3. luHamMuka cHero3amnacosB (CM B.3.), OCPEIHEHHBIX IO BEHICOTHBIM 30HaM, Ha JISAHUKOBOM KymnoJe bennuHc-

ray3seH 3a repuo/ HaOIoaeHU

Fig. 3. Dynamics of snow resources (cm w.e.) averaged on elevation zones on Bellingshausen Ice Dome for period of

investigations
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JIeOHUKU U 1eOHUKOBbIE NOKPOBbI

(¢upHa Ha Kymmose OymeT MPOmOJLKAThCS, TO Yepe3
HECKOJIBKO JIET CUTYalllsI MOXKET BEPHYThCS K CO-
crossamio 2007/08 r., Korga BEITATAIOIINIA 32 3UMY
CHET TasuI Ha KyIOJIe IIOJTHOCTBIO.

EcrecTBeHHOE XKelaHNe — CPaBHUTH PE3YJIBTAThI
M3MEPEHMII CHero3araca Ha KyIoJie ¢ XOI0M Oca-
KOB 3a XOJIOAHBIN IepHoa Ha MeTeocTaHIIMU bei-
muHcray3eH. OQHaKO 3TO CpaBHEHME HE ITO3BOJIMIIO
BBISIBUTH KaKyI0-JI1M00 3aBUCUMOCTD, YTO, BEPOSITHO,
CBSI3aHO ¢ MHTEHCUBHBIM BETPOBBIM IIepepacIipeie-
JIECHMEM CHera Ha JISTHHMKOBOM KyIIojie. B ceBepHoIt
M I0TO-BOCTOYHOM YaCTSIX KYIIOJIa M3-3a HEIIOJIHOTO
TassHMSI CHEera B TeUeHHE Teproa HaOIoaeHII IIpo-
HWCXOOWJIO HapacTaHWe TOJIIUHE (pupHa. B KoHIe
sera 2019 r. TomHa prpHa BMECTe ¢ HaJTOXKEHHBIM
JbA0M B Touke R7 mocturana 7 M, a mioliaab €ro
PacIpoCTpaHEHUs COCTABIsIA OKoJo 1,15 km2.

Taanue naaosxncennozo avda. B otnenbHbie TOIbI
CpedHss TOJLIMHA HAJI0XEHHOIO JIbJa COCTaBJs -
ja 14—16 cM, 4TO COOTBETCTBOBAJIO €I0 TOAOBOMY
MIPUPOCTY, a B IPyTHe TOOBI IIPEBHIIIaja 3Ty BeIr-
YUHY, TaK KaK OH (DOpMUPOBAJICS 3a HECKOJIBKO JIET.
3HavYeHNUE TUIOTHOCTY HAJIOXKEHHOTO JIbIa PaBHO
0,82 r/cm? (cpennee us 97 usmepenuit B 2009 r.).
TasiHUe HalOXEeHHOro JbJa HAYMHAJIOCh TOCJe
MOJIHOTO CTanBaHUS cHera. Ha moBepxHOCTH Hajlo-
JKEHHOTO JIbJa BO3HMKaJIa Kopa TassHUsI, HAaITlOMWHA-
fom1as 1Mo Buay GUpHU3UPOBaHHEIN cHeT. Kopa Ta-
SIHUSI Micdye3aia TOJBKO ITOCJIe ITOJTHOTO CTauBaHUS
HaJIOXKEHHOTO Jibaa. MemieHHOe TassHe HaJTOXKEH-
HOTO JIbJIa B TeUCHME TIeproaa absIiuy 13-3a Bbl-
COKOTO 3HAUYEeHUs aJlb0eI0 €ro KOPHI TasTHUS TIPU-
BOJMJIO K TOMY, YTO Ha CKJIOHAX KyIloJIa BpeMeHaMu
HabJ01a1ach IIMPOKas MojJ0ca HaJ0XKEHHOTO Jbaa
MEXIYy JITHUKOBBIM JIBIOM M IPaHMIIEH CHeTa, KO-
Topas Morja gocturatb wupuHbel 900 M. CBs3aHO
3TO U C TE€M, YTO CJIOM HAJOXEHHOTO JbJa MOXET
OBITh MHOTOJIETHMM M JOCTUTATh 3HAYUTEIILHOMI
tonHbl. Ha BHyTpeHHe rpaHuIle 30HBI JIeASTHO-
ro nutanug K jery 2019/20 r. yxxe Hakonujaoch 12
TOJOBBIX CJIOEB HAJIOXKEHHOrO Jibaa. To, 4To MoJio-
Ca HAJIOKEHHOTO JIbJa MOXET MMETh 3HAYUTEJIbHYIO
IIMPHUHY, OOHAPYXWIN U ApyTUe UCCIeI0BaTeNu,
KorjJa oObsICHSUIM pa3HuLy B 50 M Mexay abCoJIIoT-
HOM BBICOTOI HAOIIOOaeMOM IpaHULLI TUTAHUS U
(GupHOBOI TMHUEH, OTCIEKEHHON MO CYTHUKO-
BbIM JaHHBIM (Braun, Rau, 2000). B koH1e ce30Ha
abaauuu 2019/20 r. B TpemnHax B 006J1aCTH HAKOII-
JIeHUsI cHera Obljla M3MepeHa TOJIIMHA MHOTOJIET-
HEro HaJIoXKeHHOTO JbJa OKOJIO 3 M.

Taanue aeonuroeoeo avda. JlenHUKOBBIN JIEN B
KaxXIol Touke Ha KyroJe bemnuHcrayseH Hauyu-
HaJ TasiTh MOCJEe MOJHOr0 UCYE3HOBEHUSI CHETra U
HaJ0XeHHOTo JbAa. HamoxeHHbIN € oTIndyaeT-
Cd OT JIEAHUKOBOTO MEJIKO3EPHUCTOU CTPYKTYpOi
1 YMCTOTOM, B TO BpeMsI KaK Ha MIOBEPXHOCTH JIeI-
HUKOBOTO JIbJia MPUCYTCTBYIOT XOPOIIIO BUIUMBIE
YacTUYKHU ByJKaHU4Yeckoro neruia. Korna cioii Ha-
JIOXKEHHOTO JIbJa YTOHYAeTCs TIPUMEPHO 10 4—5 cM,
COJIHEeUHasl panualysl HaYMHaeT MPOHUKATh CKBO3b
€ro TOJIIY, IMporpesas MOACTUIAIOIIUNA CI0U Jie-
HUKOBOTO JbAa. Haubomnblllee mporpeBaHue Mojy-
YaloT YaCTUIBI BYJIKaHUYECKOro Ieljia, CJIou KO-
TOPOr0 MHOTOUYMCJICHHBI B JIEMHUKOBOM Toiie. B
pe3yJbTaTe B BEpXHEM CJIoe JIEAHUKOBOIO JibIa MO,
HaJIOKEHHBIM JILIOM 00pa3yeTcsl Kopa TasiHus, KO-
TOpasi OKa3blBaeTCsl MPOHU3AHHON MHOTOYMCIIEH-
HBIMM BepTUKAIbHBIMU KaHajblamMu. Ilocse Tas-
HUsI HAJIOXKEHHOTO JibJa TaKasl Kopa TasHUS Ha JIbIy
OBICTPO pa3pyIIaeTCs, UTO CIIOCOOCTBYET BHIPABHU-
BaHMUIO JIEASTHOM OBEPXHOCTH.

Ecan B 2007—2009 rr. neHUKOBBIN J€0 Tasi
MPaKTUYECKX Ha BCE MOBEPXHOCTU JIEIHUKOBOTO
KyIoJia, TO B MOCJEAYIOIIeM OH Tasii IJIaBHBIM 00-
pa3oMm 110 ero nepudepun. B nmepuon ¢ monoxu-
TeIbHBIM OasiancoM Macchl B 2012—2016 rr. JenHu-
KOBBIM JIEN MpaKTUYECKM He OOHaxKajICs U He Tasil.
HaubGonpliee TasgsHue JeIHMKOBOTO Jibla OTMeYa-
JIOCh B CE€BEpO-3amnagHOil YacTH JIETHUKOBOTO KY-
roJia (Ha BBIPOBHEHHOM YYacCTKe MeXIy peiKkaMu
EN u FN) u B ero 1oro-3amnaaHoii yactu (B pailoHe
peitku R4). B cpenHeM 110 peiikaM Ha Kynone ben-
JIMHCTay3eH pacTasuio JICAHUKOBOTO JibAa (B B.3.)
ot 0 (2012/13—2015/16 rr.) mo 93 cm (2019/20 1.)
WIN B cpeaHeM 3a 13 ce3oHoB abnsguuu — 18,4 cMm.
YT00BI O0Jiee MOJHO OXapaKTepu30BaTh OOIIME
0COOCHHOCTHU TassHUS cHera, ¢pMpHa U JIbIa Ha Jie/-
HUKOBOM KyIl0Jjie, ObLJIM pacCMOTPEHHI IBa Tofa C
pa3HBIM 3HAKOM OajilaHca Macchl. [Jis roma ¢ moJyo-
JKUTEJIbHBIX 0aJlaHCOM MAacChl B3SIT JJETHUIN CE30H
2009/10 r., a a1 roga ¢ OTpULATEIbHBIX OaJTaHCOM
Macchl — JieTHui ce3on 2019/20 1.

Jemnuii cezon 2009/10 2. DTOT Ce30H OKa3ajcs
JIOBOJIBHO XOJIOJHBIM — CO CPEIHEN JIETHEW TEMIIE-
parypoii 0,2 °C (ripu cpeqHUX MHOTOJIETHUX 3HaUe-
Husx okoJjio 0,94 °C), uro ObLIO BEI3BAHO MHOIO-
YUCJIIEHHBIMM BTOPXKEHUSIMU XOJOAHOIO BO3ayXa B
TE€YEHUE JIeTa CO CTOPOHBI aHTAaPKTUYECKOIO MaTe-
pHKa, BO BpeMsI KOTOPhIX OTMEYaIMCh BOCTOUHBIE
1 I0TO-BOCTOUHBIE BETPHI, OTPUILIATEIbHbIE TEMIIC-
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Tabnuya 4. KnumMaTudeckue u IMALUONOTNYECKNe MapaMeTPsl A/ Te[HNKOBOro Kymona Bennnucraysen B 2009/10 u

2019/2020 rr.*
[TapameTprr 2009/10r. 2019/20 r.
Cpennss temnieparypa B XI1/1/11/111 mecsimax, °C 0,1/0,5/0,2/0,0|0,5/2,7/2,5/0,8
CpenHsisi IeTHsIsI TeMIiepaTypa 3a nekadbpb—maprt, °C 0,2 1,6
ITponoKkuTeTbHOCTH TIeproaa absIMKY (Ha YpOBHE METEOCTAHIIMM,/Ha BEPIIIMHE KYIT01a), THI 124/122 156/156
Cymma cpenHecytouHbix 7> 0, °C 98,6 250,3
Yucno gueitc T>0/T<0 84/40 118/38
Honsa gueit ¢ T< 0 B TeyeHune ce3oHa adassumnu, % 32 24
Yucno gueit ¢ T> 0/T < 0 B TeueHue nekabpsi—mapTa 71/50 96/25
KonnuecTBo aTMOC(EepHBIX OCAIKOB 3a IeKabpb—MapT, MM 258.,9 240
Yucno gHei ¢ 1oXaEM,/C TOKIEM U CHETOM/CO CHETOM B iIeKabpe—mapTe 20/3/36 38/9/12
ITnomanps 06;1aCTH aKKYMYJISILUM, KM2 8,07 0
Inomanp 06;1acTH a6aSLMU, KM 0,42 8,49
AAR 0,95 0
CpenHsisi BbICOTa CHETOBOM ((pMPHOBOIA) IMHUM, M HaJl yp. MOPS 71 218
CpenHsisi BbICOTa I'paHULIbI TUTAHUS, M HaJ yp. MOpsI 55 >250
zil;flgx?;f{blﬁ/MﬂHHMaﬂbelﬁ CHero3arac B Hauajie ce30Ha (C y4ETOM IUIOIIAAN BHICOTHBIX $8.6/38.3 75.7/33.1
JleTHuit 6aiaHc Macchl (C Y4ETOM TUTOIIANU BICOTHBIX 30H), CM B.3. —47 —183
3UMHUIA 6aslaHC Macchl (C YYETOM IIOIIAINA BEICOTHBIX 30H), CM B.3. 76,3 36,2
T'onoBoii 6anaHc Macchl (C y4ETOM TIJIOLIAAM BBICOTHBIX 30H), CM B.3. 29,3 —146,8

*AAR — oTHOLIEHUE 001aCTH aKKyMYJISILMM K OOIIEl TUIoIIaau KyIoJjia; BHICOTHOE pacrpeielieHre 0ajlaHca Macchl 3a JiBa roja,

cMm. puc. 2; T — temneparypa Bo3ayxa, “C.

paTypbl Bo3ayxa U JeTHUe cHeromansl. HecMoTps
Ha TO, YTO Mepuoj absILMU MPOaOJIKaJCI Ha Jea-
HUKOBOM KYIIOJIe YeThIpe Mecsila, h3-3a XOJOdHO-
ro jieTa B CpeAHEM pacTasuio KOJIMYECTBO CHera u
nbaa, skBuBajaeHTHOe 49,0 cM B.3. (CM. TabiI. 2), a
006J1aCcTh aKKYMYJISIUMU cocTaBuiaa 95% mioinaau
JIETHUKOBOTO KyItojia. CHeroBast TMHUS Ha CKJIOHAX
Pa3HOI 3KCIO3ULINY HAXOOMUIACh HA pa3HOI BBICO-
Te. CHer MoJIHOCTHIO PacTasiji TOJIbKO B OCHOBAaHU-
SIX BOCTOUYHOM M IOr0-BOCTOYHOM YaCTEN JIEAHUKO-
BOTO KYyIIOJIa, a TaKXKe IISITHAMU B 10TO-3aIaIHOMi
M ceBepo-3anagHol yacTsx Kymnosa (cM. puc. 1, 8).
ITocKoJbKY HaIOXKEHHBIN JIEN OTHOCUTCS K 00J1a-
CTH aKKyMYJISIUM, BbICOTA TPAaHUIIbI MUTAHUS Ha
BOCTOYHOM U I0TO-BOCTOYHOM CKJIOHAX KyIloja Ha-
Xonujaach HIXe cHeroBoli tuHuu. CHerosarac Ha
JIETHUKOBOM KYTIOJI€, PACCYMTAHHBIN B CPEITHEM IT10
pelikaMm, B Hayajie ce30Ha abasiuu cocTaBui 88,6
CM B.3., @ B €T0 KOHIIe COKpaTuJics A0 38,3 ¢cM B.3.
[1pu 3TOM TOJIIIMHA CHETa B KOHIIE Ce30Ha a0
pacmpeensiach o TEPPUTOPUM JISAHUKOBOTO Ky-
MoJia TOYTH paBHOMepHO. Kinmarndyeckue napa-
METPBI U INISILIMOJIOTUYECKUE XapaKTepPUCTUKN 3TOTO
Ce30Ha TpUBeIeHHI B Ta0J. 4.

Jemnuii cezon 2019/20 2. DTOT Ce30H OKazajcs
CaMbIM TEIUIBIM 3a Mepuoa HaOII0eHU, YTO ObLIO
BBbI3BaHO IpeobjiafaHueM 3alagHbIX U CEBepo-3a-
MaJHbIX BETPOB, MPUHOCSIIMX TEILJIO CO CTOPOHBI
Twuxoro okeana. [lepron abasIIy MpomoJKaics Ha
JIETHUKOBOM KYTIOJIE IISITh MECSIIEB, M M3-3a TEILI0-
O JIeTa Ha KYIIOJIe B CPEIHEM PaCTasIoO KOJIMIECTBO
CHera M Jbaa, kBuBaneHTHoe 190,6 cM B.3. (cMm.
TabJ1. 2). UHTEHCUBHOE TassHUE CHera W Jibaa Mpu-
BEJIO K TOMY, 4TO 00j1acTh absaiuu oxatia 100%
TUTOIIAAY JIETHUKOBOrO KyIroja. Jlaxke Ha yJacTKe
AKKyMYJISILIMA TTOCIeTHUX JIeT (B paiioHe peek R6—
R9, N8 u N9) pacrasin BeCch CHeT, HAKOITUBIIIUICS
3a MpeabIayllylo 3UMy, U Hayall TasiTh ITOACTUJIA0-
muii ero pupH. HecMoTps Ha MOBCEMECTHOE UH-
TEHCHUBHOE TastHUE, B BEPXHEIl YacTH JeTHUKOBOIO
KyIIOJIa COXpaHWIACh 3HAUUTEIbHAS MO ILJIONIAIN
TEpPUTOPUSI, MOKpPbITAsA pupHOM (cM. puc. 1, o).
DTO CBSI3aHO C HAKOIUICHWEM B IIPEIbIAYIINE TOIbI
CYILECTBEHHON TONIIM (hMpHA B MPUBEPIIUHHON
JacTU JISAHUKOBOTO KymnoJja. IIpu 3ToM BEICOTa
(bpHOBOIT TMHUY pacIIpeaesaaach IO CKIOHAM Ky-
110J1a OYeHb HEPAaBHOMEPHO: BBILIIE TT0JIsT (pripHA MOT
pacrosiaratbCsl y4acTOK OOHaKMBIIETOCS JIEAHUKO-
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Puc. 4. Temnepatypa Bo3nyxa Ha MeTeoctaHiun bemmHcraysen setom 2009/10 u 2019/20 rr. ¢ 1 HoSI6ps 1O

30 anpena. danHbie u3 (BJAEeKTPOHHBIN pecypc)

Fig. 4. Air temperature on Bellingshausen weather station in summer 2009/10 and 2019/20 from 1% November to 30t

April. Data from (Electronic resource)

BOTO JIbJIa, KaK 3TO MPOMCXOAMIO Ha CeBepO-3aria-
HOM CKJIOHE KyMOJIa.

Cpagnenue masaHusa CHe}CHO20 NOKPOGA U Ab0d
6 2009/10 u 2019/20 2e. Jletumii cezon 2009/10 r.
ObLI CYIIECTBEHHO XOJOAHEe, YeM JICTHUI Ce30H
2019/20 r., KaK MO CPeIHUM MECSYHBIM 3HAYECHUSIM
U CPEIHEM JIETHEN TeMIIepaType, TaK U IO CYMME I10-
JIOKUTENIbHBIX TeMIiepaTyp (cMm. Tadn. 4). Hecmotps
Ha TO, YTO KOJIMYECTBO BHINABLIMX 3a JICTHUI CE30H
ocaKoB ObL10 613KkuM, jetom 2009/10 r. nmpeobmna-
JIaJIM JHU CO cHeronanamu, a jetoM 2019/20 r. — nHu
¢ HOXASAMM 1 Mopochklo. CpaBHEHME CHero3saraca B
HauaJie JIeTHero ce3oHa rmokasaio B 2009/10 r. 6ob-
mee 3HaueHue, yeM B 2019/20 r. OceHblo cHerosa-
rnachl B 000UX clTyyasix okazanuch onmm3kumu. Ecnm
CHer B KoHIIe JieTHero ce3oHa 2009/10 r. mokpbIBaj
IOYTH BCIO TEPPUTOPUIO JIGTHUKOBOTO KYII0Jia, TO B
koHie jera 2019/20 r. ¢upH coxpaHuUICS TOJBKO B
BEepXHEI YacTH JICMIHUKOBOTO KyIoyia. Pe3ynbraTrom
TaKOro pa3INylsl B TEMIIepaType U ocaakax B oba ce-
30Ha CTaJla pa3HHUlIa B ISIIUOJIOIMUECKUX TIOKa3aTe-
JIIX, PACCYUTAHHBIX 10 pe3yJibTaTaM HaOIIONCHUIA:
ILIOIIAAY 0bJIacTeil aKKyMYJISIIU 1 a0JISIIIUI; BbICO-
ThI TPaHULIbI TUTAHUST; 3MMHETO, JIETHETO Y TOIOBOTO
OanaHca Macchl (CM. TaOII. 4).

Cea3b masanus cHeea U Ab0a ¢ memMnepamypoil 603-
dyxa. B netHuii cezon 2019/20 r. TeMneparypa Bo3-
Jyxa IMOYTH Ha MPOTSKEHUM BCEro Iepuonaa Oblia
BbIIIIe, yeM B ieTHuUit ce30oH 2009/10 r. (puc. 4). Paz-

HHUIIA TeMIIepaTyp MeXIy TPYHTOM BHeE JIEMIHUKA U
JIBIOM (CpeaHUIi TeMIIepaTypHbBIN CKAa4OK) JIJIsl JieHd -
HUKOBOIO KYIT0Ja MO pe3yJibTaTaM U3MepeHUit Oblia
npuHsTa paBHoii 0,2 °C. B 3aBucuMocTy OT HaIpaB-
JICHUS BE€Tpa CPECOHUN BEPTUKAIBHBINA TEMIIEpaTyp-
et rpagueHT (BTT) konebaiicst B oueHb IMIMPOKUX
npenenax: mpy exXeHeaeIbHbIX n3MepeHustx ot 0,2 1o
—1,5°C Ha 100 M BBICOTHI ¥ TIPU CPEIHMX 33 CE30H —
okojio —0,8 °C na 100 m BeIcOTHI. [Ipu cmMeHe Ha-
MpaBJICHUs] BETPOB C I0T0-BOCTOYHOI'O Ha 3amaaHbIi
pymM6 BTT ocmabeBaer. OmHako cpaBHeHUE TasHUS,
paccuuMTaHHOIO 1o TeMrepaTypHoMy ckauky u BTT,
C peaJlbHbIM TastHHEM 10 pefikaM MoKa3aJio, YTO Hau-
0oJiee KOPPEKTHO OTpaxKalollluM OCOOEHHOCTHU Ta-
SIHUSI CHeTa U Jiblla Ha CKJIOHAX JIETHUKOBOTO KY-
nona okazayucsa cpenquuii BTT, paBubiit —0,25 °C Ha
100 M BeIcoThI. K ananornynbiM 3HaueHusM BTT g
pPacy€ToB TassHUS Ha JETHUKOBOM KYIIOJIe MPUILIN
TaKXKe HeMelIKKe YIEHbIe, IPOBOIMBIIIME UCCIICIOBA-
Hug B KoHle XX B. (Braun, Hock, 2003).

ITo cyMMe CYyTOUHBIX TTOJIOKUTEIbHBIX TEMIIepa-
Typ (X7 > 0), UI3MepeHHBIX HA METEOCTAHIINU, TEMIIE-
parypHoMy ckadky U BTT MoxHO paccunutarb cymmy
TTOJIOXKUTEJIbHBIX TEMIIEPATYP [UISl KaXK 101 aOJIAMOH-
HO peiiky. 3Hast KOJIMUECTBO pacTasBIIEro CHera u
JIbJa TI0 peiikaM B TeUeHHUe Ce30Ha aOJIsIIM, MOXHO
BBIYUCIIUTD JIOKATBHBINA TeMIIepaTypHbI KO3 du-
mueHt tagHus (TKT). ITpu pacuére TKT nns mer-
Hux ce3oHoB 2009/10 u 2019/20 rr. oka3aiaoch, 4TO
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OH CWJIBHO MEHSIETCSI OT PeHKHU K peiiKe, a TakKe BO
BpemeHu. Hanmpumep, y petiku R1 115 HeneabHbIX
HMHTEPBAJIOB HabMoneHU B neTHuii ce30H 2019/20 r.
TKT npoa MeHsuics (3mech U gajiee B MM B.3.) OT 6,5
1o 24,8 mm/(°C cyr.), cpemtee 15,5 mm/(°C cyT.) B
B.3. (12 m3mepennit). s Toi ke peiiki B JETHUI
ce3oH 2009/10 r. TKT cHera konebaics ot 3,8 no
25,4 mm/(°C cyt.), cpenree 12,4 mm/(°C cyrt.) (11 u3-
mepenuii). 3aBucumoctu TKT ot 27 > 0 obHapy-
xuth He yaanoch. Cpennunii TKT cuera B 2009/10 .
IUIST Beex peek Obu1 paBeH 14,8 mM/(°C cyrt.); cpen-
Hee u3 31 u3MepeHus ¢ KojebaHusIMU OT 7,6 10
24,6 mm/(°C cyrt.). [ToBbimenHoe 3HaueHue TKT
MOXKET OBITh CBSI3aHO C BHICOKOI BIIAXKHOCTBIO BO3-
IyXa v OOJIBIINM BIVSTHIEM KOHIEHCAIINK Ha TassHIC
cHera. st 2019/20 1. 6601 paccunta otnenbHo TKT:
a) st cHera — 11,4 mm/(°C cyr.), cpenHee 13 27 3Ha-
yeHUi; KonebaHus ot 6,4 o 18,7 mm/(°C cyT.); 6) st
HaytoXXeHHoro Jibaa — 8,5 MM/(°C cyt.), cpenHee u3 11
3Ha4YeHUIi, Kojebanus ot 6,3 mo 12,8 mm/(°C cyr.);
B) Ijs JemHuKoBoro nbaa — 13,2 mm/(°C cyT.),
cpenHee U3 17 3HaueHUii, KonedbaHUSI OT 7,8 mo
15,9 mm/(°C cyr.). Cpennee 3nauenue TKT coBmect-
HO IJIS HAJIOXKCHHOTO U JIETHUKOBOTO JIbIa PaBHO
11,4 mm/(°C cyT.), T.€. OIMHAKOBOE CO CHETOM. bob-
masa BeanuruHa TKT mist cHera B 60Jiee XOJMOMHbBIN
ce3oH 2009/10 r. mo cpaBHeHUIO C GoJiee TEMIBIM Ce-
3oHOM 2019/20 r. ObLIa CBA3aHA KaK C MAJIbIMU CHE-
ro3anacamu B 2019/20 r., Tak 1 ¢ TeM, 4TO IEPUOL

TasTHHUS CHETA B 3TOT CE30H ITPUILIEJICS HA CaMbIii XO-
JIOMHBINA Tiepro — aeKadbpb. CpelHMil TeMIlepaTyp-
HbII KO3((MUILIUEHT TasHUS U CHETa, ITOJTyYeHHBIM
B2009/10 1 2019/20 tr., coctasnsin 13,1 mm/(°C cyT.).

CpaBHUM cpeiHee TasgsHHME CHEera U JIbIa, OCPel-
HEHHOE 1O IUIOIIAaM KYyMoJa, CO CPEAHUM 3Hade-
HueMm ZT > 0 gist cpeaHeil BBICOTHI JIETHUKOBOTO
KYIIOJIa, pACCYUTAHHBLIM C YYETOM BBICOTHBIX 30H U
paBHBIM 154 M Hag yp. Mops. His pac4€ToB mpuMe-
HSLICS BEePTUKAJIbHBII TeMIIEpaTyPHbIl TPAgUEHT,
paBubIit —0,25 °C Ha 100 M BBICOTHI, TaK KaK IIpH
HCIOJIb30BaHUN OONBIINX IPAAUEHTOB IJISI HEKOTO-
PBIX JIETHUX CE30HOB MIJis Iepruoaa HaOIIoOeHU B
BepXHEl YacTH KyIoJjia ObUIM TTOJYyYEeHbI OTPULIATEb-
Hble 3HAYCHUS TasTHUS, YETO B JEeUCTBUTEIBHOCTU
He npoucxomuio. Hmsg 2009/10 r. TKT osu1 paBeH
9,5 MM/ (°C cyt.), TKT ob61ero tassHust cHera, Ha-
JIOXKEHHOI'0 U JIeAHUKOBOro abpaa B 2019/20 r. —
10,3 MM/(°C cyT.). bim3ocTh MOMy4eHHBIX 3HAYCHMI
CBUIETEILCTBYET O MAJIOM pa3HUIIE TEMIIEPAaTypPHOIO
KO3 GULIMEHTA TassHUS 1)1 CHera U JIbIa Ha JICAHU -
KOBOM KYIIOJIe. DTO MOXET OBITh CBSI3aHO KaK C 3a-
MbIEHHOCTHIO CHETA, TaK U C IPOJOJIKUTEILHBIMUI
nepyuoaaMy 00JIaYHOM M TYMAHHOM IOT OB

ITo 3HaueHusam 2T > 0 Ha METEOCTAHLIMU, TIPU-
BeIEHHON K cpedHeil BBICOTE JIEAHMKOBOTO KYyIlO-
Jia, GBI pacCUMTaH JETHUI OalaHC MacChl Ha KYy-
I0JIe Ha BeCh MEePHUOJ MOJIEBBIX HAOIIOAEHUI TIpU
pa3aeix TKT (puc. 5). ng mocTtpoeHus rpadpu-

Puc. 5. 3mepeHHbie U pacy€THbIE 3HAYCHUS

JIeTHero 6ajjlaHca MacChl IPU Pa3HbIX BEJIMUM-
Hax TeMIepaTypHOro Ko GULMeHTa TassHUS.
1 — U3MepeHHBI JIETHUI OalaHC MacChl; JIETHUI
0OajlaHC Macchl IIPU TeMIIepaTypHOM Ko3dduLimeH-
te TasgHust, MM/("C cyt.): 2—13,1; 3—9,5;4—5,4
Fig. 5. Measured and calculated summer mass
balances at different degree day factor.
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1 — measured summer mass balances; summer mass
balances at degree day factor equal, mm/(°C day):
2—13,1;3-9,5;4—-54
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KoB ucmnoiab3oBaHbl 3HaueHUusa TKT or 13,1 mo
5,4 mMm/ (°C cyt.). CreneHp OTJIMYMST PAaCCIUTAHHBIX
3HaueHui JIBM oT HaTypHBIX HAOJIOAEHUNU MpuU
TKT, paBaom 9,5 mMm/(°C cyT.), okazajach Hau-
MEHBbIIIeHl — cpeaHee OTKIOHEHME M0 BCeM romaM
HabmoaeHnit coctaBuiio 1,6%, B TO BpeMs Kak IIJIsT
TKT 13,1 mM/(°C cyT.) cpenHee OTKJIOHEHHUE CO-
ctaBuiio 50%, a ot TKT 5,4 mm/(°C cyt.) —42,4%.
Beposarho, BenruumnHa 9,5 mMm/(°C cyT.) — Hanbo-
Jiee 06au3ka K cpegHemy 3HadeHuto TKT mist nepu-
oma HaOMIOAeHUI Ha JISTHUKOBOM KyIrojie. I1ombIT-
ka ucmnojp3oBatbh TKT, paBusrii 5,4 mm/(°C cyT.),
BBIYMCJICHHBIN IJIs1 3TOro pernoHa paxee (Costi et
al., 2018), He yBeHUaJIaCh YCIIEXOM, ITOCKOJIBKY IIpH
MIPUMEHEHUU 3TOTO KO3 PUIIMEHTa IIPOUCXOIUT
CephE3HOE 3aHIDKEHME JIETHEro 0ajaHca MacChl BO
BCe rompl HaOMIOMeHUI (CM. puc. 5).

Hab6aronaercs xopoiiast ¢CBSI3b CYMMBI Cpell-
HHUX CYTOYHBIX IOJIOXHUTEIbHBIX TEMIIEpaTyp Ha
MmeTeoctaHuMu bemnuHcrayseH u JIBM nenHuko-
Boro kymnosa (R?= 0,82). Jlns 3Toii cBA3U ObLIN
paccunTaHbl 3HaueHus JIBM niist Bcero nepuonaa
HaomoneHuii. JIas pacyéros JIBM 1cnonb30BaHbI
2T > 0, noaydeHHbIE IO CYMM€ CPOYHBIX HabJII0-
JeHUl (4eThlipe pa3a B CyTKHU), a TAKXKe CPEIHUX Cy-
TOYHBIX TEMIIEPaTyp WIN CPEIHUX MECSIUHBIX TEM-
nepaTyp, MOCKOJIbKY KOPPEISIIUSI MEeXIY 3TUMU
cyMMaMu oueHb xopomad (R2 = 0,97-+0,98).

JleTHuit 6anaHc Macchbl Ha Tepuo HaOIOIeHUI
paccuntaH 1o TKT, cymMmMe CyTOUHBIX MOJIOKUTEIb-
HEBIX TeMIIepaTyp BO3IyXa Ha MeTeocTaHIMU be-
JIMHCTay3eH, cpedHelt JIeTHel TeMIlepaType Bo3ayxa
3a AeKabpb—MapT, CyMME CPeIHUX MECSYHbIX IOJI0-
SKUTEJIBHBIX TEMIIepaTyp BO3IyXa Ha METeOCTaHIINU
bennuHcray3eH. PacuéTHble JaHHbIE IJIST OTOEIb-
HBIX JIET MHOTJA XOPOIIIO COBITANAIOT C M3MEPEHHBI-
MU 3HAUEHUSIMU, BHE 3aBUCUMOCTHU OT cIocoda pac-
y€Ta, KaK IIPOM301LIO 11 JieTHero ce3oHa 2008/09 .
OaHako B OOJILIIMHCTBE CJy4yaeB MOJHOIO COBMA-
neHus HeT. HauGonbllee coracue M3MepeHHbIX U
PacUETHBIX JAaHHBIX IIPUXOIUTCS Ha TEPBEINA ITepH-
on HabmogeHui (2007—2012 rr.), Kkorga Temriepa-
TYpBI BO31yXa, BUAMMO, UTPAIM HAaUOOJIBIIYIO POJIh
B JIBM. Bo BTOpoM nepuone HabmoneHuin (2014—
2020 rr.) oTMeyvaeTcs 0oJiee CylleCTBEHHAsl pacco-
IJIACOBAHHOCTh PACUYETHBIX U M3MEPEHHBIX JaHHBIX
BHE 3aBMCUMOCTHU OT crioco0a pacyéra, 4To, BOZMOX-
HO, CBSI3aHO C YBEJIMUMBIIEHCS OJIEW BIUSIHUS IPY-
rux pakTopoB Ha JIBM, KoTopbie MOT'YT OBITh CBSI3a-
HBI C U3BMEHEHUEM ITOTOIHBIX YCIIOBHIA.

ITockobKy Bce MCIOIb30BaHHbIE METOIbI pac-
y€Ta MOTYT KaK 3aBBIIIaTh 3HAYECHUs JIETHETO 0a-
JlJaHCa MaccChl, TaK U 3aHUXATb €ro, HeT ITOJHOM
YBEPEHHOCTHU B TOM, UTO IIPOM3OMAET IMpU BOCCTA-
HOBJIEHUU OTCYTCTBYIOIIMX JaHHBIX B 2012/13 u
2013/14 rr. IIpu a3ToM K03(hDUILIMEHT TO0CTOBEP-
HOCTU pacu€THbIX 3HaueHMi JIBM pacrpenenser-
cs TakuM obpazoM: 1t TKT — 0,86; mia 7> 0 —
0,82; nnsg cpenHeit netHel Temnepatypsl — 0,74.
Paccuurannbie 3HaueHus1 JIBM mo Bcem meTomam
111 2012/13 1. noctaTouHo O0JM3KH, a 1 2013/14 1.
OTHOCHUTEJIbHO OJIM3KME 3HAaUYEHUS MOJYYEHBI 11O
2T > 0u TKT. Ucnonab3yst ocpenHEHHBIEC TaHHBIE
no 27> 0u TKT, momydyaem ocpenHEHHBIE BETUYN-
Hbl JIBM, paBHbie st 2012/13 1. —43 cM B.3., a U1
2013/14r. —17,5cMm B.3.

HecMoTpst Ha TO, YTO UCIONIb3yEeMbIE€ METOIBI
pacuéra JIBM mo cpenHeit JeTHel TeMIiepaType U
TKT B 11e;10M HETJIOXO COBITAJAIOT C OCPEAHEHHBI-
MU MO TEPPUTOPUM KyMoJja HaTYpHBIMU U3MEpe-
HUSIMU, TIPY UCTIOIb30BaHuU Mg pacuéTta JIBM mo
OTIEJbHBIM pelfikaM OHU OKa3aJuCh HeIIPUTOAHbI-
MM, TIOCKOJIbKY JIM0O 3aH>KaIU BeJIMUMHY TasHUS B
HWDXKHEW 9aCTU KYIIOJIa U 3aBBIIIAJIY B €0 BEPXHEH
yacTH, JIMOO 3aHMXKaJIWd WJIM 3aBbIIIAJIM TassHUE Ha
Bcex peiikax. CyTOUHBIE JaHHBIE IO TeMIlepaType
Bozayxa 1ocTyrHbI ¢ 2002 1., T03TOMY 3a MOCAeTHUE
18 meT ecTh BO3MOXKXHOCTh pacCUYMTATh TUHAMUKY
n3MmeHeHUs JIBM mo cymme CyTOUHBIX TTOJOXKM-
TenbHBIX TemmepaTyp u o TKT. JInst BoccTaHoBIIe-
Hus JIBM Ha nemHUKOBOM KyTioJie IJIst 0oJiee I~
TEJIbHOI'O Mepruoaa MOXHO HCIIOJb30BaTh CPeIHUE
JIETHUE TeMIlepaTyphl BO3AyXa WU CYMMBI CPEITHUX
MECSYHBIX TTOJIOKUTEJIbHBIX TEMIIEPATyp, KOTOPhIE
IOCTYITHBI C HavaJla HabmoneHui (¢ 1968 r.).

Hns moctpoeHus KpuBoit uameHeHus JIBM
¢ 1969 mo 2020 r. (puc. 6). UCIIOJNB3YeM 3aBUCH-
mocTh JIBM Ha kynone bemnuHcray3eH ot cpel-
HEM JIETHEW TeMIlepaTyphbl BO3AyXa, MOJIYYECHHYIO
JUIST TIEproaa HaOJIONEHUN ¢ JoOaBJIeHUEM pac-
CuMTaHHBIX 3HaUYeHMi mis 2012/13 u 2013/14 1r.:
A=—34,955¢0:8893T cp .o, (R2=0,9), roe A — ner-
HUU OallaHC Macchl Ha Kynone; T — cpenHss JeT-
HSIS TeMIlepaTypa Bo3ayxa Ha MeTeocTaHuuu ben-
JIMHCray3eH 3a 1ekadbpb—MapTt, °C. [IpaBoMOYHOCTH
3TOTO0 ONpENeNsieTcsl TeM, YTO CpeHEe OTKIOHE-
HUE€ alllIPOKCUMUPOBAHHBIX M PACUETHBIX 3HAYE-
HUI JJeTHEro 6ajaHca MacChl IO UMEIOIIEMYCS Py
HaOmoaeHui coctaBiasgeT —1,1 cM B.3., cpengHee
KBaJApaTUYeCKOe OTKJIOHEHHE 0Ka3aJoCh PaBHBIM
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Puc. 6. BoccTraHoB/ieHHbIe 3HaYeHUS JIETHEro OajlaHca Macchl Ha Kynoiie bemuHceraysern B 1969—2020 rr., cM B.3.
1 — pacy€THBII JIeTHUIT OalaHC MacChl; 2 — U3MEPEHHbI JIETHUI OajaHC MacChl

Fig. 6. The restored values of summer mass balance on Bellingshausen Ice Dome in 1969—2020, cm w.e.

1 — calculated summer mass balance; 2 — measured summer muss balance

17,7 cM B.5.. Beiuncnenue cpenHeit OTHOCUTEbHOM
OIIMOKY amnImpoKCUMAallMK JajJ0 3HaYeHUE OKOJIO
17%, 4TO MOXHO CUMTATh BIIOJIHE yIOBJICTBOPU-
TEJIbHBIM /IS TAKOT'O KOPOTKOTO Psiaa HAOIOACHUIA.

Ha puc. 6 MoxXHO BUIETh, UTO, HECMOTPS Ha
CYIICCTBEHHBIC 110 aMILIUTYIE €XKETrOAHbIe KOJIe-
b6anusa BenuuuHbel JIBM, B npenenax Bceil KpUBOM
YCJIOBHO MOXHO BBIIEJIUTh HECKOJBKO JOBOJBHHO
yCTOYMBLIX nepuoaoB. [1epBriit mepron — ¢ 1969
o 1985 r., korna JIBM usmensica or —40 cMm B.3.
B roa B 1969 r. 1o npuMepHo —90 cM B.3. B Toj B
1985 r.; BrOpoii nepuon — ¢ 1986 mo 2009 r., xoraa
JIBM nHaxomuicsl Ha KBa3UCTallMOHAPHOM YPOB-
He — okojio —90 cM B.3. B roa ¢ KoJiebaHUSIMU OT
—50 1o —150 cMm B.3. B TOI; TpETUii IEPUOT — HAUM -
Has ¢ 2009 r., korna JIBM BHOBb Hayaja yMEeHbIIATh-
cs1. DTO MOKAa3bIBACT HEKOTOPOE IMTOHDKEHUE JICTHUX
TeMIiepaTyp B perMOHe, UTO HanboJiee YETKO BUTHO
B nepuon ¢ 2009 o 2014 r. C 2015 mo 2020 r. ycra-
HaBJIMBaeTCSd TPEH Ha YBeJMYeHUE aOCOIIOTHOMU
BeanuuHbl JIBM. Cuurtas 3uMHUIT OajaHC MacChl
MOCTOSIHHBIM (DJIEKTPOHHBIN pecypc), Mbl MOXKEM
noJjiaraTth, utTo udamMeHeHus JIBM cooTBeTCTBYIOT
TEHIEHIIMSIM OOIIMX U3MEHEHUI rOI0BOTO OaaHca
Macchl Ha JISTHUKOBOM KYTIOJIE.

Oo0cyxnenue

CpaBHUM HaIlli JaHHBIE C pe3yJIbTaTaMu, I10-
JIY4eHHBIMH IPYTUMM HCCIIeAOBaTEISIMU Ha pas3-
HBIX degHukax o. Kunr-Jxopax. Uccaemona-
HUe Ha JenHuKe bapaHOBCKOTO, pacrojoKeHHOM
npuMepHo B 40 KM K BOCTOKY OT KyTioJjia beaiuH-
cray3eH, IToKa3ajo, YTO B MEePUOJ] IMOHUKEHUSI
TeMmIiepaTyp B JieTHUe Mecsibl 2012—2015 rr. Hab-
JIIoaeTcs 3aMelJIeHUe TEMIIOB OTCTYIaHUsl Kpas
JIeMHVKA U U3BMEHEHUS BBICOTHI IIOBEPXHOCTH Jiba
Ha negHuke (Szilo, Bialik, 2018). 3amenneHue TeM-
OB TasgHUS B obnacTu adassuuu B nepuon ¢ 2001
mo 2012 r. ¢ —1,5+0,5 m/rox mo —0,5+0,6 M/ron B
2012—2016 rr. 6610 OTMEUYECHO U HA JICTHUKE DKO-
JIOTUYECKOM, pacIoyiokeHHOM B 40 KM K BOCTO-
Ky OT JIEHHMKOBOTO KyIloja benrnuHcrayseH, 4To
CBSI3BIBAETCS C YMEHbIIIEHUEM JISTHUX TeMIIepaTyp
B 9TOM PErnoHe AHTAapKTUUYECKOTO MOJyOCTPOBa
(Petlicki et al., 2017). Bc€ 3TO mMOJIHOCTBIO COOT-
BETCTBYET HaOJIIOAeHUSIM aBTopa cTaThbu. Hamu
HCCIeI0BaHUS U MCCIEeIOBAHUS IPYTUX aBTOPOB
(Pudetko et al., 2018; Braun, 2001) moka3bsIBaloT
HanOOJIBIIYIO 3aBUCUMOCTD aOJISIIIMKA HA OCTPOBE
OT TEMIIEPATyPHI BO3IyXa.
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B pa6ore (Perondi, 2018) aHanmu3upyoTcs U3-
MEHEHUS JIEAHUKOB Ha BOCTOYHOM CTOpPOHE JIes-
Horo nojs BapiiaBa: Dkonorunueckoro, ChuHKC,
Bapanosckoro, Taysp u Yunau ¢ 1956 no 2017 r.
ITokaszaHo, 4TO BCe JIETHUKM B TEUCHHUE 3TOTO IePU-
ona oTcTymalor, Ho mig nepuoma 2000—2017 rr. Ha
negHukax CoduHkc u Taysp oTMEYeHO HEKOTOPOE
3aMeJJIeHUe CKOPOCTU COKpAIleHUsI UX pa3MepOB.
Te xe JIeIHUKNA U3y4YyaJll OPYrue UCCIeN0BATENN
(Pudetko et al., 2018), 1 OHM IIPUIIUIM K aHAJIOTHUY -
HBIM BEIBOJAM II0 OTCTYNAHUIO JCAHUKOB, HO OT-
Medann, 9To B 2011—-2018 rr. cKOpocTh OTCTyIa-
HUS 3aMeIJINIACh — aBTOPBI CBSA3BIBAIOT ITOAOOHOE
C YMEHbIIEHUEM B 3TOT IEPUOJ FOITOBOM CYMMBEI
MOJIOXUTEJIbHBIX CYTOUHBIX TEMITEPATyp (IaHHbIE C
MeTeocTaHMii bemnuncraysen, Kapnuuu n @ep-
pa3). O6 yMeHbIIIEHUN Pa3MEPOB STHUX JICTHUKOB C
1956 1o 2015 . ecth manHble U B padote (Pasik et
al., 2021), roe oTMeYeHO MMOHMXKEHNE TeMIIepaTyp
B 2012—2016 rr., 4TO, B YaCTHOCTU, OTPA3UIOCH HE
TOJIBKO B CTAOMIM3alUU IOBEPXHOCTH JICAHUKOB,
HO Y B HACTYIIAHUU SI3bIKa DKOJOTUYECKOTO JIeTHM -
Ka Mexmy 2013 1 2014 1. AHaM3 M3MeHEeHUS OanaH-
ca MacChl ¥ BBICOThI I'PAHULILI ITIUTAHUS HA JICTHU-
ke DypKaja Ha I0XXKHOM CKJIOHE JIETHUKOBOIO ITOJISI
Bapimasa, 6113 apreHTUHCKON cTaHuuK KapianHu
¢ 2011 mmo 2015 r. (Falk et al., 2018), roka3ai, 9To
2012 1o 2015 1. Ha negHMKE Ha (hOHE HETATUBHOTO
OayaHca MacChl IIPOMU30IIJIA €T0 CTAOMIM3alus Ha
BbIcoTax 10 250 M Hax yp. Mops, — GajlaHC JIeAHUKA
CTaJI ITOJIOKUTEILHBIM Ha OOJIBIINX BEICOTAX.

IIpuBenéHHbIe JaHHBIC B TOM WM MHOU CTeIle-
HM MOATBEPKIAIOT HAIIIY TI0JIeBble HabmoaeHus. Yo
KacaeTcsl BOCCTAHOBJICHHBIX JaHHbBIX, TO UX Bepudu-
Kauus 0oJjiee TpyJHa, TaK KaK B OOJbIIMHCTBE My0-
JIUKAIAI 3TOTO IepUOJa KOHKPETHBIE JAHHEIE 10
€XErOMHbIM 3HAYECHMSIM JIETHEro OajlaHca MacChl OT-
cyrcTByIoT. B pabore (Jiahong et al., 1998) npuBonsT-
s JaHHbIE IO TONOBOMY OaIaHCY MACChI JIGAHUKOBOTO
kynoja B 1990/91 r., KoTopslii ObLUT paBeH 16,3 cM B.5.
ITo HammM gaHHEBIM (cM. puc. 6) B 1990/91 r. teTHUi
OanaHc ObLT MUHUMATbHBIM, YTO COOTBETCTBYET I10-
JIOXKUTEILHOMY ToJ0BOMY OanaHcy Maccel. Dopma
KPHUBOIi U3MEHEHHMSI TOAO0BOro OajaHca MaccChl 3a
1971—1992 rr., mpuBenénHas1 B padote (Jiahong et al.,
1998), B 11€710M COOTBETCTBYET (popMe KPMBOIL Ha PHC.
6 3a TOT K€ TICPUOT, YTO MOXKET CIIY>KUTh IIOATBEPKIIE-
HUEM KOPPEKTHOCTU HAIIIMX TIOCTPOSHUIA.

CpaBHEeHHE JAaHHBIX [0 KYMYJISTUBHOMY TastHUIO
CHeTa M JIbJa Ha JIEAHMKOBOM Kyrnosie BemnuHcra-

y3eH B 1998—2009 rr. (Riickamp et al., 2011) u Ha
MPOTSLKEHUU Mepuoaa Haluux HaomoaeHuit ¢ 2007
o 2020 r. mokas3bIBaeT, YTO Ha BbICOTe 0K0JIO 70 M
HaJI yp. MOpsI Ha KYIIOJie B TIEPBLIM ITIepUOI pacTa-
SI7I0 OKOJIO 14 M B.3. CHera u Jibaa, a BO BTOPOU —
0Ko0J10 9,8 M B.3. cHera u Jibaa. CpenHsisi CKOPOCTh
TastHUSI CHeTa U JIbJa B IEPBbIil Mepro COCTaBUIIa
127 cM B.3. BTO/, a BO BTOPOil — 75 CM B.3. BTOf, T.€.
yMeHblIuiIachk B 1,7 pa3za. OCHOBBIBasICb Ha CBOUX
JaHHbIX, aBTopbl (Riickamp et al., 2011) paccunTanu,
YTO, €CJIM CKOPOCTh TasTHUSI HEe U3MEHUTCS, JICTHU-
KOBBII KynoJl beyummHcray3eH MOJHOCTBIO MUCYE3HET
yepes 285 ner. Kak BUAHO, 3a MocJeqHU Nepuo
CKOPOCTH TasTHUSI CYIIECTBEHHO YMEHbIIIMINCH JaxkKe
HECMOTpS Ha TO, 4TO B JeTHUi1 ce30H 2019/20 r. Ta-
SIHUE Ha 3TOM BBICOTE COCTAaBUJIO 0KOJIO 250 cM B.3.
DTO 03HAYAET, YTO BPSIA JIU CTOUT CTPOUTH IIPOTHO3bI
Ha U3MEHEeHUe JISAHUKOB Ha CTOJb IPOIOJIKUTEIb-
HbIE TIEPUOJIBI, IIOCKOJIbKY U3MEHEHHMS Ha JISTHUKAX
MOTYT IIPOM30MTHU KaK B Ty, TaK U B IPYTYIO CTOPO-
HY OY€Hb OBICTPO, YTO HEBO3MOXHO IPEACKAa3aTh.
B Hacros1ee BpeMst MOKHO yTBEPXKIaTh, UYTO JIeH -
HUKOBBIN KynoJl bemmHcray3eH HaxoguTcs B KBa-
3UCTAOMIBHOM COCTOSIHUM, HECMOTPS Ha OTHE/b-
HbIE TOIBI IPUPOCTA U MOTepy Macchl. PakTryecKun
BTO O3HayYaeT, YTo nepuo craduiabHocTu ¢ 1971 no
1992 r. (Jiahong et al., 1998) B nanpHei1IEM CMEHWII-
csI TIEpMOIOM aKTUBHOTI'O TasiHUS, 3aBEPIIMBIINMCSI
B 2008 r., 32 KOTOPBIM IOCJIEN0BaJl HOBBI MEepUOo
crabumzanuu. [1pu 3ToMm 3a Bech Hepro HabIone-
HUI TpaHULIbI JISTHUKOBOTO KYIIOJIa IIOYTH HE Tpe-
TepIIeJId U3MEHEHHUSI, HECMOTPSI Ha ITIOHWKEHHE €T0
IMOBEPXHOCTH, OCOOEHHO MHTEHCUBHOM Ha Kpasx
KymoJja. OTo CBSI3aHO C TeM, YTO KpaeBasi MOpeHa
C JIEASTHBIM SIIPOM, KOTOpast IMpeACTaBisieT coboil
YacTh JIGTHUKOBOTO KYyIIOJIa U PACITOIOXEeHa M0 €ro
repudepun, IIEPEeKphITa CJI0EM MOPEHHOTO MaTEepH-
ana toamuHou ot 0,1 10 1 M, KOTOPbIiA CYIIECTBEH-
HO 3aMeIIsIeT TassHUe JIbaa B siape MopeHbl. Tomm-
Ha JIbJIa Ha KParo KyIoJia Y KOHTaKTa C MOPEHOM eIIg
BeJIMKa, MI0O3TOMY IMOHMXEHHNE IMOBEPXHOCTH JIbAa
IOKa He CKa3bIBaeTCsl HAa M3MEHEHUM TUIOIAIN JIe]I-
HUKOBOro Kymosa. [Ip1 3ToM B BOCTOYHOIT 4acTu
KyIoJIa, TAe HET MOPEHBI, OTMEUAeTCsI OTCTYITaHUE
Kpasi JIbIa CO CKOPOCTBIO 0 2 M/TO1.

M3ydyeHn1o COBpeMEHHOTO 1 IIPOIIIOTO COCTOS -
HUS JIEAHUKOBOIO KymoJjia beminHcrayseH (ctapoe
Ha3BaHue KoOJIMH3) MOCBSIIEHO HECKOILKO CO-
BpeMeHHbIX padot (Simoes et al., 2015, Petsch et al.,
2020). B pabote (Simoes et al., 2015) no aspodoro-
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1 KOCMUYECKNM CHMMKaM MCCIIEAYeTCSI B OCHOB-
HOM M3MEHUYMBOCTH JIETHMKOBOTO Kyroja bemmH-
crayseH ¢ 1983 mo 2006 r. B pa6ore (Simoes et al.,
2015) mokas3aHo, 4TO THIOMIAAh KYITOJIa ITOCTOSTHHO
cokpaimaercs. K coxaneHuio, ojIib30BaThCsI STUMU
JAaHHBIMKA HEBO3MOXHO, IIOCKOJIbKY IIPOBEAEHHEIC
TpaHMIILI U3MEHEHMS Kpasl JISAIHUKOBOTO KYII0Ja
HenocToBepHBI. HeKoppeKTHO IToKa3aHo II0JI0XKe-
Hue cHeroBoit uHum mist 2006 r. ABTOpBI O1ING04-
HO CUMTAIOT KPAeBYIO MOPEHY JICTHUKOBOTO KYITIOJIa
KoHeuHoIT MopeHoii. B padore (Petsch et al., 2020)
paccMOTPEHO BO3MOXHOE IMOATAITHOE U3MEHEHNE
pa3MepoB 3anagHON YaCcTH JISTHUKOBOTO KYITOJa OT
coBpeMeHHOr0 coctosgHM 10 2030, 2050 u 2070 rT.
C MCIIOJIb30BaHUEM CIeHapus, MPEII0KEHHOIO B
pabote (Riickamp et al., 2011). Kak oTMeuanoch
paHee, MCIIOIb30BaHNEe TaHHOIO CIEHAPUSI MOXET
OBITH HE BIIOJIHE KOPPEKTHO, TaK KakK JICTHUI Oa-
JIAaHC MacCCHI CUIbHO MEHSIETCSI BO BpeMeHU. ABTOPEI
OIIMOOYHO CUMTAIOT KPaeBYyl0 MOPEHY JIETHUKOBO-
ro KyIlojla KOHEYHOM W Mo €€ BHYTpPeHHE! rpaHu-
IIe TPOBOIST MOJIOXEHNE Kpas JeAHNKA BO BpeMs
MaJIOTO JIEHHUKOBOTO IIepHOaa, XOTS 3Ta MOpPeHa C
JIEASTHBIM SIIPOM SIBJISIETCSI COCTaBHOM YaCThIO JIEH-
HUKOBOTO Kymnona. Kpome Toro, B 3altamHoli 4acTu
JIETHUKOBOI'O KyII0JIa TpaHHUIIA MaJIOTO JIETHUKOBO-
O IIepHro/Ia IIpoBecHa IIPON3BOJIHLHO (YXOIUT dajie-
KO Ha 3amaj OT TpaHUIIbIl MOPEHBI) KaK B CEBEPHOI,
TaK U B IOXXHOM YacTsX, TOe rpaHMIIA IIepeceKaeT
MopeHy. HeKoppeKTHO ITpoBeneHbl N I'PaHUIIEl Ky-
mosna B 1989 u 2018 rr.

Ha ocHoBaHuU mnonay4yeHHO# cBsaA3u JIBM u
CpemHell JeTHell TeMIepaTyphl 3a JeKaOpb—MapT
MOXHO BUAETh, 4TO Ipoucxoaut ¢ JIbM Ha nen-
HUKOBOM KYIOJI€ P ITOBHIIIICHUN 1 ITOHVDKCHUHI
CpeoHel JeTHel TeMIlepaTyphl Bo3myxa. Tak, mpu
cpenmHeil eTHel TemmepaTtype okoso 1 °C eé mo-
BeimeHne Ha 0,5 °C mpuBOINT K pOCTY abCOJIOT-
Hoit BeanunHbl JIBM Ha Kynosie Ha 56% cpegHero
3HadYeHUd, a ipu nmoxojoganuu Ha 0,5 °C JIBM 11o-
HuXaeTcst Ha 36%. DTo — pe3yabTaT HalluxX Hab-
JIIOIEHWI, IIOCKOJIbKY OH OXBaThIBaJl Pa3HbBIC CE30-
HBbI a0JISILUY CO CpedHEel JIeTHel TeMnepaTypoit oT
—0,6 no 1,6 °C. Eciau noyiydeHHast CBsI3b KOPPEKTHA
¥ npu 0oJjiee BEICOKMX TeMIIepaTypax BO3ayxa, TO
npu riorermieHny Ha 1 °C JIBM e THUKOBOTO KYITO-
Ja usMeHutcs Ha 143,5%. [1pu 5TOM yXe TIpU cpel-
Hell teTHel Temmieparype 6oJee 1,6 °C 1efHUKOBBII
KYIIOJI TIOJIHOCTBIO ITOTepsieT 00IacTh aKKyMYJIsI-
uu, Kak 310 Habmomganaock B 2019/20 r. I1loatomy

MOBBILIIEHUE CPeHEN JIETHEM TeMItepaTyphbl Ha 0,6—
0,7 °C B TeueHMe NPOAOJKUTEIBHOIO Iepuoaa npu-
BEIET K HeOOpaTUMBIM MOCEACTBUSIM Ha BCell Tep-
PUTOPUU JIETHUKOBOTO KYyII0JIa.

OTMeTUM, YTO HallM OLIEHKU u3MeHeHus JIBM
OTJIMYAIOTCS OT OLIEHOK APYrux aBTopoB. Hampu-
Mep, IJ1s JleAHMKA DKOJ0TMYECKOro Ha OCHOBE HA0-
monaeHuii B 1991/92 r. moacyuTaHoO, YTO MOBbIIIIE-
Hue TemrepaTypbl Ha 1 °C puBeneT K yBeJUYEHUIO
abmsuuu Ha 15% (Bintanja, 1995). [1oBheimeHue
Temmneparypbl Bo3ayxa Ha 1 u 2 °C g0JKHO yBeJIu-
YUTb OCPEAHEHHYIO abasauuIo Ha 0. KuHr—/Ixxopax
3a LIECTUHEIENbHBIN TTepuon Ha 27 U 62% coort-
BeTcTBeHHO (Braun, 2001; Braun, Hock, 2004), uTo,
COTJIACHO TPEeACTaBJIIEHUSIM aBTOPOB, CBUIETE/b-
CTBYET O BBICOKOI YYBCTBUTEILHOCTH K ITOTEHIIM -
aJlbHOMY OyaylieMy MOTEIUIEHUIO KirMMara B 3TOM
paitoHe. BospIasg pa3Hulia ¢ HAIIMMU JAaHHBIMM,
BEpPOSITHO, CBSI3aHA Kak ¢ 0oJjiee MPOAOJIXKUTEIb-
HBIM IIEPUOAOM HAIIMX HAOIIONCHMI, OXBATHIBAIO-
IIIMM BECh CE30H ab/sIUMY B TeUeHUe psiaa JIeT, Tak
U C BBICOKUM TOJIOXXEHUEM BBICOTHI TPaHMIIbI TTH-
taHus B riepuos ¢ 2017 mo 2020 r., koraa oHa Haxo-
JIAJIACh BOJIM3Y WJIM BBIIIE BEPIIUHEI JIGAHUKOBOTO
KyIloJla, a TakKXe C TEM, YTO BbICOTA JIEAHUKOBOTO
Kynosa bennuHcrayzeH (okoso 250 M Ham yp. Mops)
COCTaBJISIET TOJBKO OKOJIO TPETU BBICOTHI JE€IHU-
KOBOTro KynoJja ApkKToBckuii (okosio 700 M Hanm yp.
MOp#1), Ha CEBepO-3anagHOM CKJIOHE KOTOPOro Mpo-
Boauau HabomoneHus (Braun, 2001; Braun, Hock,
2004). CornacHo HalIMM JaHHBIM, JIEAHUKOBBIMI
Kynoj bennuHcrayseH He TOAbKO cTai 0oJjiee YyB-
CTBUTEJILHBIM K U3MEHEHUIO KJIMMaTa, YeM JISTHUK
DKOJOTUYECKUN, pacloOXEeHHbIN B LIEHTpasb-
HOM YacTU OCTpOBa, HO U, BEPOSTHO, OoJiee YyB-
CTBUTEJIbHBIM K U3MEHEHUIO KJIMMaTa B HACTos1lIee
BpeMd 110 cpaBHeHUIO ¢ 1998—1999 1.

3akioyenue

Ha ocHoBe 000011eHMST JAaHHBIX MHOTOJIETHETO
psna HaOMIONEeHN 3a TaTHEM CHeTa U JIbJa Ha Jiel-
HUKOBOM KyrioJyie bemnuHcrayzeH (octpoB KuHr-
Hxopax (Barepnaoo), KOxnbie IleTnanackue
OoCTpoBa, AHTApKTHKA) JaHa OlLIEHKA BKJIaua B JIET-
HIOIO a0JISIIIMIO Ha KYTIOJIe TasTHUST CHeTa, HAJIOXKEH -
HOI'O U JIEAHUKOBOIO JbAa. B Ténible ce30HbI 108
TasTHUSI CHeTa YMEHBIIIAeTCsI, HO BO3pacTaeT IOJIs
TasTHUS JIBJIA, B XOJIOJHBIE CE30HBI TasgHIIE B OCHOB-
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HOM OTpaHMYMBAETCS CHETOM. AHAJIM3 I0Ka3aJjl, 9TO
¢ 2009 o 2016 r. 3amachl cHera Ha KyIIoJie YBEINUK-
BaJIUCh, a mocje 2016 T. Hauaau yMEeHBIIATHCS, YTO
CBSI3aHO HE TOJBKO C YCUJICHHEM TasTHUS CHeTa U
JIbIA, HO ¥ C YMEHBIICHHEM 3UMHETO CHETOHAKOII-
neHus. HamMeHbIIe BRICOTHEIE TPAgUEHTHI TasI-
aHug (—1,5 + —2,0 MM B.3. Ha 1 M) oTMedannch Ha
3aIaJHOM CKJIOHE IIPU ITOJIOXUTEIbHOM OajlaHce
MAcCCHI JIbJa Ha KyIIoJjie, a HauOOoJIbIINe IPaalueHTh
TagHUA (1o —11 MM B.3. Ha 1 M) 3apMKCUPOBAHBI
Ha I0XXHOM CKJIOHE IIpU OTPUIIATEIIbHOM OajlaHce
MAcCCHI JIbJIa Ha KYIIOJIe.

CpaBHeHME TaHHBIX IT0 TASTHUIO CHETa U JIbaa Ha
KYIIOJIE ¥ CYMM ITOJIOXKUTEIbHBIX CPEIHUX CYyTOU-
HBIX TeMIIepaTyp Bo3myxa Ha MeTreoctaHuu bei-
JIMHCTay3eH B 6oiee xomomublii (2009/10 r.) 1 6onee
téruterii (20019/20 1.) romsl IO3BOIMIO PACCUNUTATH
CpemHU TeMIepaTypHbIi KOODPUIINEHT TasTHUI
cHera W Jbaa, paBHbIi 9,5 MmM/(°C CyT.), KOTOPBIit
ObLT IPOBEPEH U MO APYTUM TofaM. DTO Najo BO3-
MOXHOCTb OLICHUTh CPEIHUI JICTHUI 0aJIaHC MacCHI
Ha KyIIoJIe Ha TOAbI OTCYTCTBUS HabmoneHuii. Mc-
MOJIB30BaHUE CpedHe JIeTHEl TeMIIepaTyphl BO3Iy-
Xa MO3BOJIMJIO BOCCTAHOBUTH Psif JIETHETO OayaHca
Maccel Ha Kymose ¢ 1969 mo 2020 r., uto mokasa-
JIO €T0 TMHAMHUKY BO BpeMeHHU. [10CKOIbKY JeTHHII
0aylaHC MAacChl UTPAET PEIIAIOIIYIO POJIb B TOJOBOM
OayraHce Macchl, IIOJTyYeHHAsI KpUBasI B 1IEJIOM OTpa-
JKaeT XOJI roJ0BOro 0ajaHca Macchl Ha Kynoie. [1pu
XOPOIIIeH CBSI3M JIETHEro 0ajJaHca MacChl Ha KYIIOJIe
CO CpeIHEN JIETHE! TeMIlepaTypoi BO3ayxa MOXHO
KOJIMYECTBEHHO OLICHUTh M3MEHEHMeE JIETHEro 6a-
JIaHCa MacCCHI IIpY U3MEHEHUM CpeIHEe JIETHEl TeM-
neparypbl. CorylacHO HaIllMM HaOIIOIEHUSIM, I10-

JIutepaTypa

Bmiopun b.HU. TloneBble MSLMOIOTAYECKNE U TEOKPUO-
JIOTMYeCKIE UCCIIeq0BaHMs Ha ocTpoBe KuHr-IIxKop:k
B 25 CoBeTcKoif AHTAapKTUUYECKOM 3KCIIenuuu //
MITIH. 1980. Bem. 39. C. 30.

Tosopyxa JI.C., Cumonoe H.M. I'eorpacdmaeckue mccie-
moBaHus Ha ocTpoBe Kunr-IIxopmx // Uadopwm.
oromn. CAD. 1973. Ne 85. C. 8—15.

3amopyeé B.B. Pe3ynbTaThl TISIIMOJIOTTYECKUX HAOIIO-
JOeHuid Ha ctanuuu bemnmuucraysen B 1968 r. // Tp.
CAD. 1972.T. 55. C. 135—144.

Maenrwdos b.P. banaHc Macchl Jibaa JIEAHUKOBOTO KYy-
nona benauncraysen B 2007—2012 rr. (o. Kunr-
Hxopmx, FOxnbie [lernanackue octpoBa, AHTapK-
tuka) // JIég u Cuer. 2014. Ne 1 (125). C. 27-34.

BBIIIICHNE CpemHeit teTHelt TemnepaTypsl Ha 0,5 °C
110 OTHONLICHMIO K CpPeIHEel TeMIlepaType 3a IIepUo.I
Habmogenuit (oxkono 1 °C) TIpUBOINT K TTOBBIIIIE-
HUIO JIeTHero GanaHca Macchl Ha 56%, B TO BpeMs
KaK MOHIXEHUE CpeIHEeN JeTHEM TeMIIepaTyphl Ha
0,5 °C BenéT K NOHXXEHUIO JIETHET0 OajaHca MacChl
Ha 36%. CornacHo pacyéTaMm, ITOBBIIIEHUE CPEIHEI
JIeTHel TemirepaTypbl Ha 1 °C MOXeT U3MEHMUTD JIeT-
HUI1 6GajlaHC MAacChl Ha JISATHUKOBOM KYIIOJIE TIPU-
MepHO Ha 143,5%. DTo nmoka3bIBaeT 0YeHb BbICOKYIO
YyBCTBUTEILHOCTD JIETHUKOBOTO Kymnoyia bemauH-
cray3eH K U3MEHEHUIO KJIMMaTa.

baaromaprocTi. ABTOp IpMHOCUT 0JIaTOIapHOCTH
HMuctutyty reorpacduu PAH 3a npenocraBiaeHHYIO
BO3MOXHOCTh paOOTEl B AHTApKTUKE Ha OCTPOBE
Kwunr-Ixopmx (Batepiioo), kotopas Obl1a obec-
neyeHa Poccuiickoil AHTapKTUUECKOW 3KCIIeaM -
nueii. PaboTa BEIMOJHEHA B paMKaxX TOC3alaHusI
Ne 0148—2019—0004 (AAAA—A19—-119022190172-5)
«OneneHeHNEe U COMYTCTBYIONINE IPUPOIHBIE IIPO-
LEeCChI IIPY U3MEHECHMSIX KJIMMaTa» W MPpU IaCTHI-
HOHW IMOOmepKKe MEXpPEernoHaJIbHOTO IIpOeKTa
MAT'ATD INTS5153.
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Summary

The study area is the forest-steppe in the Upper Ob basin located on the south of the West Siberian Plain.
The results of studies of the dates of setting-up and loss of a stable snow cover and its duration are presented,
the thickness of snow and snow storages for the period of maximum snow accumulation are analyzed. We
used observational data obtained on routes and meteorological sites in 1966-2018 together with our own
snow measurements of 2011-2019. It was found that in the southern forest-steppe, the duration of the stable
snow cover presence decreases mainly as a result of its earlier destruction. At the same time, on the routes in
a «field» the thickness of snow and snow storage increase due to growth of winter precipitation. But no such
trend is observed on the routes in a «forest» which is explained by influence of its canopy density. The snow
cover here is unevenly distributed over the territory because the drifted snow transport depends mainly on
features of the vegetation cover and the terrain relief. The route snow surveys performed near weather sta-
tions do not reflect the entire landscape diversity of the territory.
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CHeXXH020 NoKpoea, mo/IUHa CHeaa U cHez2o03anacol.

npoaHaﬂI/BI/IpOBaHbl 0COH6EHHOCTN CE30HHOFO CHErOHAKOMMEHWA 3a MHOFONETHIA nepuoga. YcTtaHoBNEHDI
TeHAEHUUN U3MEHEHUI XapPaKTEPUCTUK CHEXHOIO NOKpOBa C cepeanHbl 1960-x rogos un ero NpPOoCTpPaH-
CTBEHHOE pacnpeneneHne B 3aBNCUMOCTU OT J'IaH,L'J,LIJad)TOB B npegenax I0’)KHOW necoctenu BerHe|7| oo6n.
Mcnonb3oBaHbl AaHHble rocyfapCTBeHHbIX FVIﬂpOMETEOCTaHLI,VIVI N COH6CTBEHHbIX CHEromepHbIX pa60T

2011-2019rr.

BBenenne

CHeXHBbI TTOKPOB — BaXkHasl COCTaBHAasl 4acTh
JJaHa1a(TOB U CYIIECTBEHHbINA (aKTOp UX PyHK-
HuoHupoBaHusl. Ero npocTpaHCTBEHHO-BpEMeEH-
HbI€ XapaKTepUCTUKHU B 3HAUUTEJIbLHOU Mepe oIpe-
NeJNSI0TCS BO3NEMCTBUEM pa3HBIX KOMIIOHEHTOB
JaHamadTa, YTO HEOMHOKPATHO OTMEUaJIoCh CIie-

nuanucramu (HedenbeBa, Amwuna, 1985; Xona-
koB, 1975). HexoTopnie ¢akTOpbl, B YACTHOCTU
atrMocdepHasg UMPKYISILUUs, ONpeacsioT nudde-
pPeHIIMAIIMI0O CHEXHOIo IMOKpOoBa Ha OOJIBIIMX IIPO-
cTpaHcTBax. BnustHue npyrux ¢pakTopoB, HaIIpuMep
PacTUTEIBLHOTO ITOKPOBa, TEPPUTOPUATBLHO OTPaHU -
yeHo (bamnakos, 1980; I'anaxos, 1940; I'pyauHuH,
1981; PytkoBckuii, 1956; Illynberun, 1972). U3yde-
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HHE CHUCTEMHBIX CBSI3€# CHEXXHOI'O ITOKPOBa CIIO-
co0CTBOBaJIO (OPMUPOBAHMIO 1IEIOTO HAIIPABIICHUS
B HayKe, KOTOpOe ITOIyIMIO Ha3BaHUE JaHAmAadT-
Hoe cHeroBeneHne (Puxrep n np., 1974). Bmecte ¢
TeM B IIpakKTuKe (PU3NKO-TeorpadmuuecKoro paio-
HUPOBAHUS BBIICISIOT HamIaHaIIaTHREIE Hepap-
XUYECKHUE eIMHUIIL 30HAJbHOIO U a30HAIBHOTO
YpOBHS (IPUPOIHBIE 30HBI, palilOHEI, IIPOBUHIINMN,
CcTpaHbl), GYHKIIMOHUPOBAHNWE W AUHAMUKA KOTO-
pBIX UMeIoT cBolo crrenuky (Mcagenko, 1991).
CHeroBemguecKue ncCaea0oBaHUs HanboIee 9acTo
MIPOBOIST B CAMBIX KPYITHBIX M3 HUX — IPUPOTHEIX
30HaX (B 30HAJILHOM DPSILY eOUHUI (PU3UKO-Teorpa-
(maeckoro paitonnpoBanus) (MakcioroBa, 2012) n
(pusmko-reorpadpnIecKux cTpaHax (B a30HAIILHOM
psny) (Kuraes u np., 2010). Ha 6onee HU3KUX pe-
TMOHAJIBHBIX YPOBHSIX CHEXHBII ITOKPOB M3y4yaeT-
cs penko. OmHAKO MOTOOHBIC UCCIESHOBAHUS MOTYT
MMETh HE TOJIBKO TEOPETHIECKOe, HO M IIPUKIATHOE
3HaYeHNE IIPHU TePPUTOPHUAIHLHOM IUIAHUPOBAaHUU
aIMUHHUCTPATUBHBIX 00pa30BaHUI MM IIPOEKTOB
XO3SIMICTBEHHOI HaIlpaBJICHHOCTU B CEIbCKOM XO-
3STIICTBE, B IPaXkIaHCKOM CTPOUTEIBCTBE, HA TPaHC-
nopte u ap. (Ilynerun, 1972).

Oco0eHHOCTH CHEXHOTO ITOKpPOBa TaHHON Tep-
pUTOpUH U3yYaId U paHee, HO OHO IPOXOIUJIO B
paMKax aiMAHHCTPAaTUBHBIX rpaHuUIl (XapjamMoBa,
Kazapuesa, 2018) Ha manmmagTtHoM ypoBHe (Yep-
HBIX 1 ap., 2019) wim Ha ypoBHE OTHEIbHBIX 3JIe-
MeHTOB nanamacdTa (Cepoix, 1976; BoabHoB u ap.,
2007). Kak mmpaBmIT0, OHM KacaiauCh TOJIBKO TOJIIIN -
HBI CHEXKHOTO TIOKPOBa 1 ero Bogo3anaca (BoiabHOB
u np., 2007; Cepsix, 1976; Xapnamona, Kazapiena,
2018; YepHsix u ap., 2019). MccremoBaHuil cCHEX-
HOI'0 IMOKPOBa Ha HaIaHMIIAa(THOM YPOBHE IIpU
OTHOBPEMEHHOM YYETE JIAaHAMIA(PTHON CTPYKTYPHI
IUISI JAHHOM TEPPUTOPHUHU A0 CHX IIOP He OBLIO.

Heob6xommMocTh coueTaHUs B N3YICHUN CHEX-
HOTO ITOKPOBa JaHAIMA(PTHOIO X peTruOHAIbLHOTIO
Moaxoda oIpeAeInia 3amady HacTosIe padoThl —
aHaJIN3 IPOCTPAHCTBEHHBIX U BPEMEHHBIX XapaK-
TePUCTUK CHEXXHOI'O IIOKPOBA B Mpedesiax I0XKHOM
nmecocten Bepxueit O0n. AHaIU3 BKITIOYaI B ceOs
paccMOTpeHUE TeHASHIINI U3MEHEHUS JaT yCcTa-
HOBJICHUSI M pa3pylleHUs YCTOMYMBOIO CHEXHO-
ro IMOKPOBA, €r0 IIPOMOKUTEILHOCTH, TOJIIINHEI
¥ BoJo3aIlaca CHEXXHOTO IOKPOBa Ha IIEPHOJ MaK-
CHMyMa CHETOHAKOIUICHHUS, a TAK:Ke M3MEHUMBOCTh
XapaKTepPUCTUK B 3aBUCUMOCTH OT JaHMIIa(GTHBIX
0COOEHHOCTEH TEPPUTOPHUH.

TeppuTopus, MaTepuabl U METOIbI
HCCIeJOBAHUM

IOxnag mecocrerns B BepxHeM TedeHUN O0OM Ha
3anagHo-CubupCcKoil paBHUHE pacIloloXeHa Ha
JeBobepexbe p. O0b U MpeacTaBisIeT COOOM BBITSI-
HYTYIO C ceBepa Ha 0T TePPUTOPUIO IJTMHOM OKOJIO
270 xmM 1 mmpuHot okono 100 kM (puc. 1). E€ mmo-
manb — 28 405 km? (Bunokypos, Lumaneit, 2016).
31ech coueTaloTCsl BO3BBIIIEHHbIE IPEHUPOBAH-
HbIE JIECO-JIyTOBO-CTEITHbIE TTOJI0TOYBATUCThIE JIEC-
COBBIE IJIATO C Pa3HOTPABHO-3IaKOBBIMU JIYTOBBI-
MU CTEIISIMH, OepPE3OBBIMU TPaBIHBIMM KOJKAMU U
balipauyHbIMU Jlecamu (6epé3a, OCMHA) ¢ HU3MEH-
HBIMM IPEHUPOBAaHHBIMU JIECHBIMM MHTPA- 1 3KC-
TPa30HAJbHBIMU JIOHHO-TPSIIOBBIMU II€PEBESTHHBI-
MU TIeCYaHBbIMU THUIIAMU IPEBHUX JIOXKOMH CTOKA C
COCHOBBIMM OCTEITHEHHBIMU U COCHOBO-0€PE30BbI-
MU TPaBSHBIMU JecaMu (AJTaliCKUii Kpaii..., 1978).
3HaunUTeIbHASI YaCTh TEPPUTOPUM FOKHOM JIeCo-
CTeIIM pacliaXxaHa M MpeacTaBiIsIeT cCOOOIM codeTa-
HHUE TIOJIEH C CEIbCKOXO3SIIICTBEHHBIMU KYJIbTYpa-
MU U pa3AeIsTIoNINX X MOJIe3allUTHEIX JISCOIIOJIOC.
B npenenax TeppuTOopuM Ha cpeaHeMacluTabHOM
nangmadTHoi Kapte (JlanmmadrtHad..., 2016) BbI-
genstoTrcs 17 TUoB MecTHOCTU. TeppuTtopus uc-
cJIeIOBaHMSI MHTEPECHA IO PSIAY IPUYHH.

Bo-nepsuvix, monoxeHue e€ B 30He JI€COCTEMNH,
MEXIy SKCTPEeMaJIbHO BIaXXHBIMU U 9KCTpPEMasb-
HO CYyXMMM peTHMOHAMM, B YCJIOBUSIX, KOTAA BEIUYM-
HbI ocankoB (300—400 MMm) 1 ucnapsieMocTu OJIn3-
K1 (uHaekc yBnaxHeHus1 Beiconikoro—MBaHoBa
0,64—1,01, ruapoTepMUUeCKril KOIDDULIMEHT yB-
naxuenus CensauHona 0,85—1,01), mpearmoaraer
YYTKYIO peakiiio BOJOTOKOB Ha JIIOOble aHOMAaIUKU
B peXUMe TEILUIO- U BIAaroo0ecredeHHOCTH BOIO-
cOopoB B 00YI0 13 (a3 TUAPOIIOTUYECKOTO TOIa.
ITocnenHee 0COOGEHHO aKTyajlbHO, TaK KaK 3HAYM-
TeJIbHasI YaCTh I'OJOBOTO CTOKA JIECOCTEIIHBIX PeK
MIPUXOINTCS HA CHETOBOE II0JIOBOIbE. Bo-6mopuix,
paccMaTpuBaeMasi TEPPUTOPHS XapaKTePpU3yeTCs
TUITMYHBIM JJIsI I0KHOM MOJOBUHBI 3amagHo-Cu-
OMpCKOI paBHUHEI CTPOCHMEM: ITOBEPXHOCTH yBa-
JIOB TTOBCEMECTHO PACWICHEHBI 3€Ch IMUPOKUMU
JIOXKOMHAMU OpPEeBHETO CTOKAa. B Takux yclIoBuSIX
MIPUMEPHO paBHOE PaCcIIpOCTpaHEeHUE ITOJTyJaroT 30-
HaJibHBIE, MHTPA- U 3KCTpa3oHaJbHBIE JaHmmad-
TBL. B-mpemuux, B yCIIOBUSIX TOTaJIbHOTO Ie(ULI-
Ta THIPOMETEOPOIOTHUUECKON MHGOPMAIIUN FOKHAS
necoctenb BepxHero IproObsi OTHOCUTENBHO XO-
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Puc. 1. Paiion uccnegoBanumii, pacnonaoxenue 'MC 1 cHeroMepHBIX MapLIPYTOB.
1 — I'MC; 2 — cobcTBeHHbIE HAOMIOAEHUSI HA CHETOMEPHBIX MaplpyTax; 3 — jeca; 4 — o3€pa; 5 — peku; 6 — aiMUHUCTpaTUBHAasI

rpaHuia AJNTaiicKoro Kpasi; 7 — rpaHulia I0XXHOM JIeCOCTEIUN

Fig. 1. Study area, location of weather stations and snow metering routes.
1 —meteorological station; 2 — own observations on snow metering routes; 3 — forests; 4 — lakes; 5 — rivers; 6 — the administrative
boundary of the Altai Territory; 7 — border of southern forest-steppe

polo obecrniedyeHa NEPBUYHBIMU JAHHBIMHU, TTOJTY-
YaeMBbIMHU C METEOCTAHIINI ¥ TUAPOIIOCTOB. DTO MO-
3BOJISIET TOCTATOYHO YBEPEHHO OXapaKTepu30BaTh
pernoHaibHbIe (IIPOBUHIIMAJIBHEBIC) YCIOBUS THUII-
pOTEpMUYECKOTO pexkuma. B-uemeépmoix, Teppu-
TOpUsl, paccMaTprBaeMasl B JaHHOI paboTe, — Hau-
Oosiee OCBOeHHAs U 3aceI€HHAasl B ANTaliCKOM Kpae.
OTHOCUTEIBLHO OJIaTONIPUSITHBIC YCIIOBUSI YBIIAXKHE -
HUSI JaHHOM TEPPUTOPUM IEIAI0T €€ OTHUM U3 OC-
HOBHBIX arpapHbIX KJIacTepoB pernoHa. Tak, cymma
temmneparyp Beiie +10 °C — 2000—-2100 °C, moka-
3aTeIb KOHTUHEeHTaIbHOCTH MBanoBa — 215—220%,
MIPOIOIKUTEIBHOCTh BEereTallMOHHOTO Mepuoaa
125—130 mHeit, TOBTOPSIEMOCTD 3aCyX 3a Mali—UIOHb
Ha KpaitHeM 1oro-BocTtoke He 6oiee 20—30% (Bu-
HoOKypoB, Llumb6aneii, 2016).

Hns n3ydeHus TEHASHUIMIA MHOTOJIETHUX U3ME-
HCHHUI XapaKTepUCTUK CHEXHOTO ITOKPOBa I0KHOM
JIECOCTEIIM MBI MCITOJIb30Ball JaHHbBIE Tocyaap-
cTBeHHBbIX TuapomeTeocTaHnii (I'MC) 1 co6CTBEH-
Hble HaOmoaeHus. JIisl aHaiu3a TeHISHIUIA u3Me-
HEHUS TOJIIMHBI ¥ BOJO3amaca CHEXXHOTO TTOKpPOBa
HCITOJIb30BAIM MaTepurajibl MapIIPYTHBIX CHETOMEp-
Hbix HaOmoaeHuit Ha 'MC Kamenb-Ha-O0u (127 M
HaJ yp. MOpS; BC€ BBICOTHI B CTaThe JAaHBI HAI Yp.
Mops), baeso (121 m), Pebpuxa (218 M), bapHayn
(183 M) 3a 1966—2018 rr. (MapmpytHble..., 2020).
I'MC Bbapnayn u Pebpuxa 3aHUMAIOT TTOJIOTME BO3-
BBIIIIEHHBIE y9acTKU IIpmo6GcKoro miaTo ¢ pa3Ho-
TPaBHO-3JJaKOBBIMU U JYroBeIiMU cTensmu. TMC
baeBo pacrmonoxeHa Ha HU3MEHHOU paBHUHE B
npeneyiax Teppachl noauHbI p. KyiayHaa ¢ 3akycra-
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PEHHBIMU Pa3HOTPABHO-3JIAKOBEIMHU JyramMu. ITMC
Kamens-na-O0u HaxoouTCsI HAa HU3MEHHOM paB-
HUHE B IIpeaeiax Teppacsl p. O0b, 3aHITON pa3HO-
TPpaBHO-3JIAKOBBIMM OCTEITHEHHBIMU Jyramu. Ha
Bcex nepeunciaeHHbx 'MC BenyTcst cHeroMepHBIe
MapIIpyTHBIe HaOmoneHus B «mmojie». Ha TMC Pe-
6puxa 1o 2014 r. TakKe BeJIM CHETOMEpHBIe Ha0ITIO-
IeHHUs Ha MapIIpyTe B «JIecy». JJaHHBIE ¢ METEOILIO-
manok (I'MC bapnayn, Pe6puxa, Kamens-aa-006m)
HMCIOJIb30BaJIM IJIS pacuy€Ta IIPOIOJLKUTEIbHOCTHI
3ajJleTaHUs YCTOMYMBOTO CHEXHOIO IIOKPOBA, a
TaKKe AT ero yCTAHOBJICHUS W pa3pyIICHUS.

HaoGmoneHnst Ha MeTeOoIUIOIIAAKAX ¥ MapIIpyTax
METEeOCTAHIIMI He OTPaKaroT BCETO JaHAIAa(THOIO
Ppa3HO00pa3ysI TEPPUTOPUH, IIOCKOJIEKY BEJIVCH JIMIIb
B 94eThIp€X (mo 2014 r. B iatv) U3 17 TMTIOB €€ MecT-
Hocreil. [loaTomMy nccnemoBaHus OBUIM TOIIOJTHEHEI
COOCTBEHHBIMU HAOIOACHUSIMH aBTOPOB B IIpele-
JIaX IIEeCTH TUIIOB MECTHOCTE1, B TOM UYMCJIC YEThI-
PEX DOMOJHUTENIbHBIX. VIX TpoBOAWIN JTaHAIIa(GTHO-
MapIIPYTHHIM METOAOM B IEPHUO MAaKCUMAIbLHOTO
cHero3amnaca (Bropas nekama Maprta) B 2011-2014 n
2017-2019 rr. U3mepeHus Belin Ha AEBSITU ITOCTO-
SIHHBIX ITpoWIsIX (CM. puc. 1) mmmHol ot 1 10 2,5 kM
KaXIbIif, KOTOPbIE BRIOMPANIN C YYETOM TUIIOJIOTH-
YeCKMX 3JIEMEHTOB JIaHAMAa(THON CTPYKTYphl. OHU
OXBaTWJIM BOIOPA3IEIbHBIE 1 ITOJIOTOCKIIOHOBBIE TI0-
BEPXHOCTHU YBaJIOB (B TEKCT€ MMEHYIOTCS KaK «OC-
HOBHAsI IIOBEPXHOCTD» ), 3aHSATHIEC IIPEUMYIIIECTBEHHO
ManrHel, 6epe30Bble 1 OCUHOBBIC KOJIKH, JOJIMHHO-
0aJI04HY10 CeTh, COCHOBBII OOp B JIOXKOMHE IPEeBHETO
CTOKAa M COBpeMeHHyI0 noiuHy p. Kacmana. I1peBsI-
IIeHWE BOAOpPa3IesIoB Hal ype3oM Bombl p. Kacma-
na — okosio 100 M. JIjis1 oripenesieHnsT CHEro3aIacoB
Hncnoinb30oBan BecoBoit cHeromep BC-43. Tomm-
Ha CHEXXHOTO ITOKPOBa OIPEAeIsIach C TOYHOCTBIO
1 cM Ha MapIpyTax yepe3 Kaxkable 20 M, a ToKa3aHUs
cHero3amacoB — gepe3 200 M. CtaHmapTHas ommoKa
cpemHeit aprupMeTHIECKON BeIMYMHBI BEIYUCISLIACH
KaK OTHOIIIEHUE BEeJIMIMHBI CPEIHEKBAIPATUIECKOTO
OTKJIOHEHMSI TeHEePaIbHOM COBOKYITHOCTH K KBamIpaT-
HOMY KOPHIO YHCJIa U3MEPEHMUIA.

Pe3yanTaTel nccienoBanuii 4 00CyKaeHne

BHYTpI/IKOHTI/IHeHTaI[LHOC ITIOJIOKCHHE pacCMa-
TpHUBAE€MOTI'O pCIrMoOHa OonpcacjadadeT YMCPCHHO-KOH-
TUHEHTAJIbHBIM TUII KJIMMAaTa C Hp€O6J'[aI[aHI/ICM
3almagHO-BOCTOYHOIO IMMEPECHOCA BO3AYIIHBIX MacCC

(XapaamoBa, 2013). OTKpBITOCTb TEPPUTOPUHU C
OOHOI CTOPOHBI ApKTUYECKUM BO3IYIIHBIM Mac-
caMm co ctopoHbl CeBepHoro JlemoBUTOro okeaHa,
a C Ipyroii — TpONMM4YEeCKUM cO CTOpoHHEI CpenHeit
A3UHU CITOCOOCTBYET KOHTPACTHOCTHU ITOroakl. B Te-
YeHMe Tofa 31ech MpeodagacT aHTUIIUKIIOHAIbHAS
HUPKYJISINSI aTMocdepbl, KOTOpast YyCUINBAETCSs
3UMOM 3a CUET AeiicTBUS A3MAaTCKOTO aHTUIIUKIIO-
Ha U ocsadJsteTcs1 teToM. B 3umamii nepuon no 85%
COCTAaBJISIOT 3allagHBIN, I0T0-3aITaIHBIA U CeBEpO-
3anagHblil AaHTULIUKJIOHWYECKNE TUITHI CUHOIITU-
YeCKMX ITPOLIECCOB. BTOp:KeHMST XOJIOMHBIX apKTH-
YeCKMX KOHTUHEHTAJIbHBIX BO3AYIIHBLIX MacC He
npeBbiaioT 6—8%. Ilpu yBeIM4eHUN 3TUX BTOP-
KEHUI yBeJIUYUBaeTCs CypoBOCTh 3uM. IloBTOpSIE-
MOCTh LIMKJIOHUYECKOI NeATEIbHOCTA B XOJIOIHBII
repuof roga paBHa 6—11%. B TeueHue 3UMBI Ipo-
BUHLMIO niepecekaeT 20—21 HUKIOH ¢ HauboJIbIIeH
HX TIOBTOPSIEMOCTBIO B HOSIOpe—IeKabpe 1 MUHUMY-
MoM B (peBpasie. Takue ocobeHHOCTH aTMOChepHOM
LUPKYJISILAY OIIPEAEISIIOT YCIOBUSI CHETOHAKOILIE-
HUs, TpaHC(POPMAaLIK 1 TasTHUSI CHEXXHOTO TTIOKPOBa
(Xapnamona, 2013). 3a 3uMHuit nepuon (HOSIOpb—
MapT) Ha UCCIIEAYeMOM TEpPUTOPHUHU BHIIIANAET OT
89 mm (I'MC KameHnb-Ha-O06u) no 125 mm ('MC
bapnayin) ocankos, ToMm uucie 3a rociaenHue 30 et
(1988—2018) — ot 91 mMm (I'MC KameHnb-Ha-O0u)
1o 130 mm (F'MC Bbapnayin).

Obpaszosanue ycmouivueo20 CHeICHO20 NOKPO8d.
CHEXXHBII TOKPOB CUYMTACTCSI YCTOMYUBBIM, €CJIV OH
JIEXXUT MOCTOSTHHO He MeHee OJHOTo MecsIa C Iie-
pepbIBOM He OoJjiee TpEX NHei moapsa. 3a maTy o0-
pa3oBaHUs YCTOMYMBOIO CHEXXHOTO ITOKpPOBa IIPU-
HUMaeTCs NEePBLIM IeHb Iepruoaa, Koraa Iioianb
BuaMMOI okpecTHOCTU I'MC mokphiTa CHEromMm Ha
50% w 6onee. CoracHO MCIOJIL30BAHHOM METO-
JIVKE, YCTOMYMUBBIN CHEXHBIN TMTOKPOB HAa paccMma-
tpuBaeMbix MC (bapHayn, Peopuxa, KameHb-Ha-
O6u) 3a 1966—2018 rr. B cpeaHeM (popMupyeTcs ¢
3 mo 6 Hos6ps. JJaThl YCTAHOBIEHUSI YCTOMYUBOIO
CHEXXHOTO ITOKPOBa Ha TEPPUTOPUM I0KHOM JIeCOo-
CTEeNU He UMEIOT SIPKOI CBSI3M C aOCOJIIOTHOI BHI-
COTOI MECTHOCTU. DTO ITOKA3bIBAaeT, YTO OHU KOH-
TPOJIMPYIOTCSI, B IIEPBYIO ouepeab, UUPKyIsaLueit
atMocdepbl. Bapuanuy maHHOM maThl IPpU 3TOM
BechbMa HIUPOKU — OT 9 OKTAOpS n0 4 nexkadbpst Ha
I'MC baphnayn, ot 14 oktsa6ps g0 13 nekabps Ha
I'MC Pe6puxa, ot 14 okTs16ps 10 6 nexabps Ha
I'MC KameHb-Ha-O0u (puc. 2). MHOTONETHSS aM-
IUIUTYIA 1aT YCTAHOBJIEHUST YCTOMYMBOTO CHESKHOTO
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Puc. 2. Iatsl yctaHOBIeHUS (a), pa3pylieHus (6) U TPOIOJLKUTEIbHOCTU 3ajieraHusl (8) YCTOMYMBOIO CHEXKHOTO 10~
KpoBa B 10KHOI jecocteny B 1966—2018 rr. mo nanueiM [TMC:
1 — bapnayn; 2 — Pebpuxa; 3 — KameHb-Ha-O0u

Fig. 2. Dates of establishment (a), destruction (6) and duration of occurrence (g) of stable snow cover in the southern

forest-steppe in 1966—2018 according to data from weather stations:
1 — Barnaul; 2 — Rebrikha; 3 — Kamen-na-Obi
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Tabnuya 1. Yucno cmydaeB OTKIOHEHUIT ATl 06pa3oBaHMsA YCTONYMBOIO CHEXXHOTO MOKPOBa OT HOpMBI 3a 1966-2018 rT. o

manusiM TMC
OTKJIOHEHUE, YUCTIO THEH
IMepuon, ronst
0—4 5-9 10—14 15-19 2024 25-29 30-34 cpenHee
I'MC Bapnaya
1966—1975 4 3 1 1 0 1 0 8,8
1976—1985 3 3 1 2 1 0 0 9,6
1986—1995 4 2 3 1 0 0 0 7,2
1996—2005 6 1 0 2 1 0 0 7,6
2006—2015 2 4 2 1 0 0 1 9,6
Yucno cny4yaes/% 19/38 13/26 7/14 7/14 2/4 1/2 1/2
I'MC Pebpuxa
1966—1975 2 3 1 2 2 0 0 10,9
1976—1985 3 4 0 1 2 0 0 8,5
1986—1995 3 3 2 1 1 0 0 8,5
1996—2005 3 4 0 1 2 0 0 8,6
20062015 4 2 3 0 0 0 1 9,9
Yucrno ciyyaes/% 15/30 16/32 6/12 5/10 7/14 0/0 1/2
I'MC Kamenv-na-0O6u
1966—1975 5 3 1 1 0 0 0 5,5
1976—1985 4 0 4 0 2 0 0 10,1
1986—1995 4 1 2 1 1 0 1 10,7
1996—2005 5 2 0 3 0 0 0 7,1
2006—2015 5 1 3 0 0 1 0 7,8
Yucno cnyyaeB/% 23/46 7/14 10/20 5/10 3/6 1/2 1/2

nokpoBa cocTtasisiia oT 54 gHeit Ha [MC Kamenb-
Ha-06u no 61 nug Ha 'MC Pe6puxa. Ha TMC
Pebpuxa nu KameHb-Ha-O06u HauboJiee 4acThl OT-
KJIOHEHUS A0 YeThipéx aHei, a Ha TMC bapHayn —
naTb—aeBsaTh gHeil. Ha Bcex T'MC OTKJIOHEHUS OT
0 1o 9 mHei1 coCcTaBISIOT OT ITOJIOBMHEI 110 2/3 ciy-
yaeB, a oTkJIoHeHus oT 0 no 14 gHeit — ot 3/4 no
4/5 Bcex ciaydaeB OTKJIOHeHMH (Tadi. 1). Otnunvus
CPEIHUX 3HAYEHUUN OTKIIOHEHUN MO NECATUIIETUIM
HeBenuku — ot 2,4 nus Ha TMC Pebpuxa no 3,6 Ha
I'MC Kamenp-Ha-O0m.

B MHOromerneM paspese oTMedYaeTcsl JOCTaTou-
HO BBICOKASI CHHXPOHHOCTD YCTaHOBJICHHSI YCTOM-
YUBOTO CHEXHOTO ITOKPOBa IO paccMaTpuBae-
MbiM 'MC — koadduument koppeasauuu ot 0,64
mexny I'MC bapnayn u Kamenb-Ha-O6u u 1o 0,84
Mexny T'MC Bapnayn u Pe6puxa. 3a mepuon 1966—
2018 rr. Ha 'MC BbapHayn ycTaHOBJIEeHUE YCTOM-
YBOTO CHEXXHOI'0 MOKPOBA CTAJI0 OTMEUYaThCs Ha
OIWH neHb paHbine, a Ha [MC Kamenb-Ha-O6u
n Pebpuxa — Ha nBa gHs no3xe. OmHaKo TIpU Ae-
TaJILHOM PacCMOTPEHHUH OTMevaeTcs 0oJjiee Mo3m-
Hee YCTaHOBJIEHHE CHEXHOIO ITOKpOoBa B Havaie

1970-x ropoB u Hayajie XXI B. u boyiee paHHee — B
cepenrHe 1980-x romoB U BO BTOPOM JIeCATUIICTUUN
XXI B. OTMETUM, YTO caMa METOAMKA BbIASIEHUS
JaT YCTAaHOBJIEHUST YCTOMUYMBOIO CHEXXHOI'O TTOKPO-
Ba MOXXET BHOCUTD CYIIIECTBEHHbIE PA3IMUMST MEXIY
cocequumu I'MC. Hanpumep, B 1988 r. mocine ycra-
HOBJIEHUSI CHexXXHoro nmokposa Ha 'MC bapnayn
29 oKTS0pS B TeUeHME MecsIia ObLIO TOJBKO TPU
IHS C TMIOKPBITUEM cHeroM MeHee 50%, 4To He u3-
MEHWJIO JaTy YCTAHOBJICHMS CHEXXHOTIO ITOKpPOBa.
B 10 xxe Bpemss Ha ITMC KameHb-Ha-O0u cHexX-
HBbII MOKpPOB B 1988 r. yctaHOoBUICS 28 OKTAOPS.
OJHaKo B HOSIOpe OBIJIO TISITh JHEN C IJIOIIAIbIO MO~
KkpbiTusa 40% ¥ ATh JHEN ¢ TUIOIIAIbIO TOKPHITUS
30%, 9TO CMECTUJIO IaTy YCTAaHOBJICHMS YCTONYM-
BOTO CHEXXHOI'0O MOKpoBa Ha 6 nekadps. [Toxoxkas
cutyanus Ha [MC Pebpuxa npuBena K cMeIIeHUIO
JIaThl YCTAaHOBJIEHUSI YCTOMYMBOIO CHEXHOTO I10-
KpoBa Ha 18 HOsIOps. YcTaHOBIEHNE YCTOMYNBOTO
CHEXXHOTO ITOKpPOBa B HAaMOOJIbIIIE CTEIICHN 3aBU-
CHUT OT CPEIHEMECSIYHBIX TEMIIePaTyp OKTSIOps M HO-
s0ps (TabJj1. 2), IpU 3TOM, YEM BbILLIE MECTHOCTb Hall
YPOBHEM MODSI, TEM 3Ta CBSI3b TECHEE.
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Tabnuya 2. KoppenAunoHHas CBA3b AaT yCTAHOBIEHNUA, Pa3pyIeHNs M PONODKUTETbHOCTH 3a/IeTaHIAY YCTOIYMBOTO CHEX-
HOTO NMOKPOBA CO CpefHeMeCAYHbIMM TeMIlepaTypamu Bo3ayxa Ha IMC uccnegyemoro pernona 3a 1966-2018 rr.

ITokazaTenu Mecsupt
CHEXHOTO MTOKPOBA I 11 1l v X | xt | xu -1V | X-XI
I'MC Kamenv-na-06u

Veranoserue - 038 | 048 | 024 - 0,52

PaspymieHue —0,13 —0,25 —0,58 —0,46 — —0,68 —

TpomoIKUTETLHOCTD —0,24 —0,19 —0,31 —0,24 —0,33 ‘ —0,45 ‘ —0,18 —0,35 —0,48
I'MC bapuaya

Veranobnere - 041 | 063 | 018 - 0,65

Paspyienue —0,21 —0,25 —0,36 —0,48 - -0,52 -

ITponomxuTeIbHOCTD —0,10 —0,19 —0,16 —0,30 —0,35 ‘ —0,51 ‘ —0,16 —0,28 —0,53
TMC Pebpuxa

YcraHoBineHue — 0,42 ‘ 0,51 ‘ 0,24 — 0,57

Pazpymenne —0,13 —0,07 —0,24 —0,47 - —0,43 -

ITponomKuTeIbHOCTh —0,13 —0,20 —0,12 —0,30 —0,28 ‘ -0,30 ‘ —0,09 —0,25 —0,35

*[1pu cpaBHEHUY TIPOIOJKUTEIEHOCTH 3aJIeTaHMsI CHEXXHOTO TTIOKPOBA UCTIONB3YIOTCS CpeTHEMEeCSTUHbIe 3HAYCHUST TeMIIepaTyphl
BO3IyXa OKTSIOpsI, HOSIOPS M JAeKaOpsl MpeabIIyIero KajeHnapHoro rofa. [1poyepk o3HavaeT, 4To 3a JaHHBIC MeCSIIbl aHaIu3

CBsA3U HE IIPOBOIMJICA.

Pazpywenue ycmoiiuueozo cHexcHozo noxKpo-
éa 110 CPeIHUM MHOTOJIETHUM HAHHBIM IIPOMCXO-
aut Ha I'MC bapHayn u Pebpuxa 8 anpensi, a Ha
I'MC Kamenn-Ha-O6u — 2 amnpens. DTo TTOKa3bIBa-
€T, YTO YeM BBIIIIE MECTHOCTb HaJ YPOBHEM MODSI,
TeM JaHHOE SBJIEHUE HACTYIaeT MOo3Xe, HECMOTPS
Ha He3HAYMUTeIbHbIE OTINYUS a0COMIOTHON BBICO-
Tl MecTHOCTH (He 6osiee 100 m). Camoe mmo3aHee
paspymeHue ormedeHo B 1979 r.: Ha ITMC bapna-
yn — 24 anpensi, Pe6puxa — 27 anpensi, KameHb-
Ha-O6m — 22 ampens (cMm. puc. 2). Camoe paH-
Hee paspylieHue Haomogantock Ha I'MC bapHayn
(26 mapta) u Kamenn-Ha-O6u (10 mapta) B 2002 1.,
a Ha 'MC Pe6puxa — 20 mapta 1968 r. MHoro-
JICTHSISA aMIUIMTYyOA OaT pa3pylieHUs] YCTOMINBOTO
CHEXHOTO TTIoKpoBa cocTapisia oT 30 gaeit Ha TMC
bapnayn no 44 nneit Ha TMC KameHb-Ha-O0u.

Ha I'MC bapnayn, Peopuxa nu KameHb-Ha-
O06u HauboJiee yacThle OTKJIIOHEHUS pa3pylleHUs
YCTOMYMBOI'O CHEXXHOI'O ITOKPOBA OT CPEOHEN MHO-
ToJIETHE! IaThl COCTABJSAIOT OO0 YETHIPEX AHeil. Ha
Bcex ITMC otkiioHeHus ot 0 mo 9 mHeli xapakTep-
HBI IpUMepHO 10 4/5 BcexX ciy4aeB OTKJIIOHEHU M
(78—82%) (taba. 3). TakuM obpa3oM, OTKIOHE-
HUS B J1aTax pa3pylIeHUs YCTOMUYMBOTO CHEXHOTO
MOKPOBA IO CPaBHEHUIO C JaTaMU YCTaHOBJICHUS
CHEXXHOTIO ITOKpOBa MeHee 3HauUMTeNbHbI. [1pu aToM
B TUIIAX MECTHOCTEM ¢ 60jiee HU3KUM TOJIOXKEHUEM
Hag ypoBHeM mops (F'MC Kamenn-Ha-O0u) goms

OoTKJI0oHeHU I B 0—4 mHeil BhIle, YeM y TeX, KOTOphIe
3aHUMAlOT Oosiee Bricokoe monoxenue (IMC bap-
Hayn, Pebpuxa). 1 HaoGopoT, y mociienHUX 00JIb-
1Ie OJIsI OTKJIOHEHUM B ISITh—IEBSATh OHEH, YeM Y
nepBuIX (cM. Tabn. 3). O6o6mEHHOE o TpéM TMC
cpefHee YMCIo AHEH ¢ OTKJIOHEHUSIMU CTAOUIBLHO
Magajo Ha NPOTSKEHUH YETHIPEX MECSITUIECTUM C
Hayaja HabJo1aeMoro repruoa 1 JUIb B TTOCIeI -
Hee Bpemd (2006—2015 rr.) cHOBa YBEIUYMIIOCH.
OnHako M3MEHEHME CPeIHEro IoKa3aTessl OTKIIO-
HEHUI T10 IeCSATWICTUSIM KpaiiHe He3HAUYUTEIbHO —
MaKCUMYM 2,5 nHs.

HecMmoTps Ha To, 4TO MeXIy psgaMH IaT pas-
PYIIEHUS] YCTOMUYMBOIO CHEXHOTO ITOKPOBaA I10 pac-
cMmatpuBaeMbiM I'MC B MHOTOJIETHEM pa3pe3e OT-
MedJaeTcsi CHHXpPOHHOCTB (CM. pUC. 2), TeM He MeHee,
KO3(DOUIMEHTH KOPPEISIUN MEXKIY HUMH HEBBI-
cokue (ot 0,44 mexnmy 'MC Pebpuxa nu KameHn-
Ha-06u u 1o 0,58 mexxny 'MC bapHayn nu KameHb-
Ha-00wm). BeposATHO, 3TO CBI3aHO C pa3InyneM B
CHerosaracax ¥ NpoJo0JKUTEIbHOCTbIO CHEroTasi-
Hus. TeHIeHIUN B psimax JaT pa3pylleHUs! YCTOM-
YMBOI'O CHEXHOTO IMOKPOBa TaKXke OTIUYAIOTCS IO
I'MC. 3a nepuog 1966—2018 rr. B 'MC Bapnaya
JaTa pa3pylIeHUs] YCTOMYMBOIO CHEXXHOTO MOKPO-
Ba ocTa€tcs ctadbuiabHoii, Ha TMC KameHnb-Ha-O0u
OHAa CTaJla OTMEUYaThCs Ha BOCEMb JHEN paHblIIe, a Ha
I'MC PebGpuxa — Ha necdaTh qHel mo3xe. Takue pas-
JINYKsI, BO3MOXHO, CBsI3aHBI ¢ nepeHocoM 'MC u
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Tabnuya 3. Uucno cnydyaeB OTKIOHEHMIT JATHI pa3pyIleHNs YCTOMYMBOTO CHEKHOTO IIOKPOBa OT HOPMBI 3a 1966-2018 rr. o

manusiM TMC
OTKJIOHEHUE, YUCIIO AHEH
Ilepuon, ronmbl
0—4 5-9 10—14 15—-19 2024 cpenHee
I'MC bapnayn
1966—1975 6 2 2 0 0 4,9
1976—1985 5 3 1 1 0 5,9
1986—1995 3 7 0 0 0 5,9
1996—2005 6 2 2 0 0 5,4
2006—2015 3 4 3 0 0 6,3
Yucno cinyyaeB/% 23/46 18/36 8/16 1/2 0/0
I'MC Pebpuxa
1966—1975 1 3 3 2 1 10,9
1976—1985 6 2 1 1 0 5,2
1986—1995 5 5 0 0 0 4,9
1996—2005 6 4 0 0 0 3,6
2006—2015 3 4 3 0 0 6,3
Yucno cinyyaes/% 21/42 18/36 7/14 3/6 1/2
I'MC Kamenv-na-0bu
1966—1975 3 5 2 0 0 5,7
1976—1985 5 2 2 1 0 6,5
1986—1995 6 3 0 1 0 5,3
1996—2005 6 3 0 0 1 5,1
2006—2015 6 2 2 0 0 5,7
Yucno cinyyaes/% 26/52 1/30 6/12 2/4 1/2

M3MEHEHMEM JIOKAJBHBIX YCIIOBUI CHETOHAKOILIE-
Hus Ha 1romankax. Tak, B 1977 1. cocTosticsa nepe-
Hoc I'MC Pe6puxa Ha 3 kM. Ilocae aToro Ha Helt
pe3KOo BO3pocCya TOJIIMHA CHEXHOro nokpona. B
1970 r. O6bL1a TIEpeHeceHa Ha 8 kM Ha 3amag TMC
Baphayn, Ho 31eCh M3MEHEHUS B CHETOHAKOIUICHUN
He ObLM cTojib oueBUAHBL. 'MC KameHnb-Ha-O0u
33 AaHAJIM3UPYEMBIN TTEPUOL MEPEHOCUIIN TBAXKIbI:
B 1983 1. Ha 15 kM K 3anmagy 1 B 1989 1. Ha 10 KM K
BoCTOKy. BmecTe ¢ Tem, eciiu paccMaTpuBaTh PsIbl
JIaT pa3pylleHUs] YCTOMYMBOIO CHEXXHOTO ITOKPOBa
¢ 1979 r., TO BCce OHU IEMOHCTPUPYIOT TEHASHIIUIO B
CTOpOHY 0o0Jiee paHHETO HACTYIUICHHSI TaHHOTO (e-
Hojoruueckoro gBiaeHus1: Ha I'MC bapHayn u Pe-
opuxa — Ha 3 nHg, Ha TMC Kamenb-Ha-O0u — Ha
16 quHeit) (cM. puc. 2). I'maBHBIA hakTop Gojiee paH-
HETO pa3pylleHUs YCTOMYMBOIO CHEXXHOTO MOKPO-
Ba — noreruieHue kiaumarta (ITomona, ITonsikona,
2013; IMomona u ap., 2018). IIpu 3TOM HauboJIbIlIEE
BJIMSHUE Ha CMEIlleHEe AaThl pa3pylIeHUs] YCTOM-
YIBOIO CHEXKHOTO MOKPOBa Ha 00Jjiee paHHUE CPOKU
0Ka3bIBAIOT TEMIIEpATYpPhl allpeis U MapTa (CM.
Tabi. 2). OTMETNM, YTO Ha TEPPUTOPUSIX C HUZKUMU

a0COIFOTHEIMM OTMETKAMM MECTHOCTU HaJl yPOBHEM
Mops 0ojee 3HaUMMBI TemrepaTypsl Mmapta (TMC
Kamenb-Ha-006u), a Ha 6osiee Beicokux (I'MC Bbap-
HayJ, PeGpuxa) — anpens.

Ilpoodoancumeavnocmo 3asezanus ycmouvueozo
cHeXcHo20 nokpoea. CpeaHsIss MHOTOJIETHSISI IIPOIOJ-
KUTEJIbHOCTh 3aJIeTaHUsI YCTOMYMBOTO CHEXXHOTO
MOKpoBa 3a nepuon HadmoaeHuin (1966—1918 rr.)
Ha I'MC bapnayn cocrasuia 155 gueitr, Ha ITMC
Pebpuxa — 153 muga, na 'MC Kamenb-na-Oo6u —
146 gueit (cM. puc. 2). Takum o6pa3oM, IPOAOII-
KUTEIBLHOCTD 3aJieraHusl CHEXXHOTO ITOKPOBa B MC-
clieqyeMOM paiioHe TaKXe 3aBUCUT OT BBICOTHI
pacnonoxenusas 'MC Han ypoBHeM Mops. Oco-
OEHHO 5Ta 3aBUCHUMOCTb XOPOIIIO BUIHA B IIepUO
1986—2015 rr. (Tabn. 4). Ot 2/3 no 3/4 uncna 3um
MMEIOT MPONOKUTENbHOCTh OT 141 mo 170 nHeit
(cM. Tabn. 4). Camble KOPOTKME TIEPUOIBI OTMEUe-
Hel Ha M C Kamenn-1a-O6u B 3umy 2001—-2002 TT.
(106 nueit), na 'MC Bapnayn B 2013—2014 rr.
(112 pneit), na TMC Pe6puxa B 1967—1968 rr.
(114 gneit). CaMble POAOKUTEIbHBIE TEPUOIBI
Habmonamuck Ha TMC BapHayn 3umoit 2016/17 r.
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Td6flul4(1 4. Yucno ClIy4aeB MPOJO/KUTENDPHOCTU 3a/I€TaHNA YCTOﬁI‘IMBOFO CHEKHOT'O MOKPOBA IO JAEeCATIWIETUAM 3a 1966-

2018 rr. mo manubpiM TMC

IMpoaoKUTETBHOCTD, YHUCITO THEH CpeHsIst IPOIOIIKHY-
[lepuon, roambl .
101-110[111-120[121-130]131—140| 141—150| 151—160[ 161170171180 181—190 | Te/IBHOCTS, me1o AHeiH
I'MC Bbapnayn

1966—1975 0 0 1 2 1 3 2 1 0 151,9
1976—1985 0 0 1 1 0 2 5 1 0 157,3
1986—1995 0 0 0 1 1 3 5 0 0 157,7
1996—2005 0 1 0 0 4 1 3 1 0 153,8
2006—2015 0 1 0 2 2 1 3 1 0 150,2

Yuco ciyyaes/% 0/0 1/2 2/4 6/12 8/16 10/2 18/38 4/8 0/0

I'MC Pebpuxa

1966—1975 0 2 1 1 4 1 1 0 0 141,2
1976—1985 0 0 1 1 0 3 3 2 0 157
1986—1995 0 0 0 1 1 2 4 1 1 160,8
1996—2005 0 0 0 1 3 2 2 2 0 156,4
2006—2015 0 0 1 1 4 2 1 1 0 150,3

Yucno ciygaes/% | 0/0 2/4 3/6 5/10 12/24 | 10/20 | 11/22 | 6/12 1/2

I'MC Kamenv-na-Obu

1966—1975 0 0 1 1 5 2 1 0 0 145,8
1976—1985 0 0 1 0 2 3 4 0 0 155,3
1986—1995 0 1 1 0 4 2 1 0 1 148
1996—2005 1 0 0 2 5 1 1 0 0 143,5
2006—2015 1 0 1 4 3 0 1 0 0 138.4

Yucro cyqae/% | 2/4 1/2 4/8 7/14 19/38 8/16 8/16 0/0 1/2

(185 nueii), Ha ITMC KameHnb-Ha-O6u n Pebpuxa
3umoii 1986/87 r. — 184 u 182 mHSI COOTBETCTBEHHO.
Mexny psaaMu MPOAOIKUTEIbHOCTU 3aJeraHus
YCTOMYMBOTO CHEXKHOTO IOKPOBa HAOIIOAAETCSI BBbI-
COKasi CHHXPOHHOCTD (KO3 dDULIMEeHT KOPppeISIIun
uzMeHsiercs ot 0,70 mexny psanamu I'MC bapHa-
yi1 u KameHb-Ha-O06u g0 0,77 mexnay psagamu ITMC
bapnayn u Peopuxa).

3a HabIIoAaeMbIH MTePUO. TPOIOIKUTETLHOCTh
3ajieTaHMsI CHEXXHOTO IToKpoBa B bapHayie mpak-
Tndeckn He n3MeHnnaacb. Ha I'MC Pe6puxa oHa
yBeJIMYMach Ha BoceMb aHel, a Ha TMC KameHb-
Ha-O0u yMeHbIIMiIach Ha 13 nHeil. OgHaKo ecau
paccMatpuBaTh psaabl ¢ 1979 1., TO OHM TeMOHCTPU-
pyioT cxoxyio TeHgeHOuo. Ha Bcex TMC mpo-
IOJDKUTEIBHOCTD 3aJIeTaHMsI CHEXHOI'O0 ITOKpOBa
yMeHblnaercs: Ha 'MC bapHayn — Ha IeCTb THE,
Pebpuxa — Ha 14 nHeil u KameHb-Ha-O0u — Ha
20 nHeit (cM. puc. 2). CpenHsis 3a AeCSITUIETUE TTPO-
JMOJDKUTEIBbHOCTD 3aJIeraHUsl YCTOMYMBOIO CHEXKHO-
ro Mmokposa B nepuoj 1986—2015 rr. cokpaTuiach
Ha 7—10 mHei (cM. Tabm. 4). 3HAYCHUS IIPOIOJIKI-
TEJILHOCTU 3aJIETaHUS CHEXXHOTO MTOKPOBa UMEIOT

0oJiee TECHYIO CBSI3b C TeMIIepaTypaMU OKTSIOps U
HOSIOpsI, 9YeM MapTa M amnpens (cM. Tada. 2). DTo
OOBSICHSIETCSI TEM, UTO IATHI pa3pyIICHUS] CHEKHOTO
TOKPOBa BECHOM 00YCJIOBJICHBI HE TOJIBKO TeMIIepa-
TypoOli BO3yXa, HO U BEJIMYMHON CHEro3amnacos.
Toamuna cuexncrnozo nokposa. Memeonaowao-
ku. 3a nepuon 1966—2018 rr. cpeqHEMHOTOJICTHSS
MaKCHMaJjbHas TOJIIMHA CHEXHOTO ITOKPOBa Ha
Meteoromankax 'MC 10XHoI ecocTenu Bapbu-
pyer ot 34 1o 65 cM (puc. 3). MakcumMyMm oTMeda-
ercs Ha 'MC Pebpuxa, a MuHUMyM — Ha KaMeHb-
Ha-Oo6u. 'MC bapHay 3aHUMAaeT MPOMEXYTOUHOE
nonoxeHne — 52 cM. Takum o6pa3oM, oTMedaeTcs
POCT MAaKCUMAJIbHOM TOJIIMHBI CHEXKHOTO ITOKPOBa
C YBeIMUeHHEeM aOCOIOTHOM BBICOTHI MECTHOCTH.
MakcuMaibHble 3HAYE€HUS TOJILIMHBI CHEXHOIO
nokposa Ha 'MC bapnayn ormeuens B 2011 1. —
86 cM, Peopuxa — B 2013 r. — 127 cMm, KameHnb-Ha-
O6u — B 1966 r. — 102 cM. MuHUMaIbHBIE 3HAYE-
Hus otmedeHbl HAa TMC Pe6puxa B 1974 1. — 8 cM,
a Ha 'MC Kamenb-Ha-O6u u bapnayn B 1968 r. —
COOTBEeTCTBeHHO 9 1 24 cM. CpaBHUTEJIbHbIN aHa-
JIN3 MaKCUMaJbHBIX, MUHUMAJIbHBIX U CPEIHUX
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Puc. 3. TonmmHa cHeXXHOTo ITOKPOBa Ha MeTeoIUTolanKax (@) 1 Mapuipyrax (mose) (6), Bomo3arnac CHeXXHOTO I10-
KpoBa Ha MapuipyTax (1mosie) (¢) Ha mepruoa MakcumMyma mno gaHHeiM TMC:

1 — 1oxHoit necoctenu bapHayn; 2 — Peopuxa; 3 — Kamenb-Ha-O0u; 4 — baeso

Fig. 3. Thickness of snow cover on meteorological sites (a) and routes (field) (6), water reserve of snow cover on
routes (field) (&) for the period of maximum according to the data of meteorological stations:

1 — of the southern forest-steppe Barnaul; 2 — Rebrikha; 3 — Kamen-na-Obi; 4 — Baevo
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Ta67mu,a 5. KOPPCIIHHM}I CyMM aTMOCCbepHHX 0CaJKOB C MAKCMA/TbHBIMU 3HAYECHUAMU CHEKHOTO IIOKpOBa 3MMOI1 32 nepmop

1966-2018 rr. (mo TMC Pe6puxa 3a 1966-2014 rr.).

Mecsiipl
ITonoxenue IMokazaTenb
| ‘ 11 111 XI XII XI-III
I'MC Kamenov-na-0Obu

Mereoruiomanka 0,17 0,31 —0,09 0,27 0,32 0,43

Tommuua
M 0,16 0,31 0,08 0,47 0,33 0,59

apuipyT, rmoJje
PHIPYT Bonosanac 0,15 0,31 0,16 0,53 0,28 0,63
I'MC bapnayn

MerTeorutomnanka 0,23 0,26 -0,22 0,31 0,45 0,51

Tonmuna
0,19 0,09 —0,22 0,51 0,55 0,59

Mapuipyt, nosie
Bonozanac 0,21 0,08 —0,12 0,55 0,47 0,63
TMC Pebpuxa

Merteoruioiaaka 0,04 —0,16 —0,03 —0,03 0,32 0,01
Mapuipyt, nosie Tommuua 0,25 0,08 —0,05 0,15 0,45 0,32
Mapuipyr, nec 0,36 0,33 -0,07 0,23 0,56 0,56
Mapuipyt, nosie 0,18 0,01 —0,09 0,17 0,55 0,28

Bomozamnac
Mapiupyr, nec 0,40 0,34 —0,05 0,21 0,63 0,59

3HAYEeHUI MaKCUMaJIbHOI TOJIIIMHBI CHEXXHOTO MO0~
KpOBa 3a UCCAeAyeMblil mepuo mokasai, 4To Ba-
pualuy 3HAaY€HUI B MHOTOJIETHEM ILIaHEe OoJiee
3HauuTenabHbl HA ITMC KameHb-Ha-O0u u Pebpu-
xa) (koadpUUMEeHTH Bapyallii paBHbI COOTBETCT-
BeHHO 0,52 u 0,47), uem Ha TMC bapnayn (0,26).
KoadduumeHTs KOppeasliud YKa3aHHBIX PSIIOB
nyuire mMexny I'MC bapnayn u Peopuxa (0,52) u
MmeHbme Mexay 'MC Pe6puxa n Kamens-na-Oou
(0,35), 4TO, BEpOSATHO, OMpEAEasIeTCS CXOACTBOM
reorpad4eCcKNX YCIIOBUIA, IIpeXIe BCero BHICOTOM
HaJ ypOBHEM MOpsI.

3a uccaenoBaHHbIl Tepuon 6oabmmrHcTBO [MC
OeMOHCTPUPYIOT TEHACHIIMIO MOBBIIIEHUS MaK-
CUMaJIbHOM TOJIIMHBI CHEXXHOro mokposa: 'MC
Kamenb-Ha-0O06m — ¢ 33 1o 35 cM, bapuayn — ¢ 50
1o 54 cm, Pebpuxa — ¢ 36 1o 97 cm. B mocneaHem
cllyyae 3TO Takxke, HECOMHEHHO, CBSI3aHO C U3Me-
HeHueM Mectonojoxenuss TMC B 1977 r. C 1978 1.
Ha manaou 'MC sTo 3HaYeHMe pe3Ko Bo3pocio. Ha
apyrux 'MC, XOTS OHM TaK>Ke B OTMEUEHHBII me-
PUOJ, IEPEHOCWINCH, PE3KMUX M3MEHEHUI He 00HAa-
pyxeHo. Eciu paccMatpuBaTh psabl TaHHBIX 3HA-
yeHuit ¢ 1978 r., To MakcuMalibHasI TOJIIMHA Ha
niaomanke I'MC Pebpuxa yBennumniaach BCero Ha
3cm — ¢ 77 no 80 cm. B 1o ke Bpems Ha I'MC bap-
Hays, KaMmeHb-Ha-O0u u baeBo ¢ Hauama 1990-x
roJI0B OTMeYaiach TEHAECHLIMS YMEHbIIEHUST JaHHO-
ro 3HaUYeHMST — COOTBETCTBEHHO ¢ 55 10 51 cMm, ¢ 39
1o 32 cmu ¢ 70 mo 28 cm (cMm. puc. 3).

M3MeHeHue TOJIIIMHBI CHEXHOI'O IIOKPOBa B Te-
YeHME 3MMBI YCIIOBHO MOXHO pa30UTh Ha TpU (a3bl:
CHETOHAKOIUIEHNE, OTHOCUTEILHO CTAOMIbHAS TOJI-
IIMHA, cHeroTassHue. Tpu oTMedeHHBIE (a3bl co-
XPaHSIIOTCSI U IIPA MaJIOCHEXHBIX 3MMax, a TakXkKe
Mpu cpeaHe- U MHOrocHeXXHbBIX. [lepBast dasza naur-
cs OJITOpa—aBa Mecslia U OOBIYHO 3aKaHUYMBAET-
csI KO BTOpOU AeKazae nekaopsi. Pa3a OTHOCUTEITBHO
CTaOMJILHOM TOJIIMHBI CHEXXHOI'O MOKPOBA IJINT-
cs1 100—120 gHeit 1 3aKaHYMBAETCsI BO BTOPOI MO-
JIOBUHE MapTa, a B HEKOTOPBIX ClydasiX — B IEPBOM
nexanae amnpess. B aTo BpeMs TojlrMHa CHEXXHOIO
MMOKPOBa HAXOOUTCS B OTHOCUTEILHO CTAOMILHOM
COCTOSTHMM 32 CYET COOTHOIIIEHUSI IIPOIIECCOB OCal-
KOHAKOIIJICHUS, YIUDIOTHEHUSI CHEXXHOM TOJIIN U
HCIIapeHUsl C TOBEPXHOCTU CHEXHOTIO MOKPOBA.

IIpomoaxuTeabHOCTh (a3bl CHETOTASHUS —
2—3 negenn. Ha 'MC bapHnayn cpenHeMHOTONeT-
HSIS JaTa Havajga JaHHou ¢as3el — 25 mapta (Xapia-
MoBa, 2013), a AIUTENbHOCTh cOCTaBaseT 13 mHeil.
ITepByto (hazy mHOrIa MOXXHO pa3neuTh Ha JBE: Ha-
YaJbHYI0 1 THTEHCUBHOIO CHErOHaKoIUIeHus. B Ha-
yaJbHOI (ha3e oTMeUYaeTCsl MeIJeHHOe YBeInUeHne
TOJIIIMHBI CHEXXHOTO MoKpoBa. Paza MHTEHCUBHOIO
CHeTroHakoruieHus1 giautcs 5—7 nHeil. OObBIYHO OHa
HabJogaeTcsl B KOHIE HOSIOpST — Havaye aekaops.
MakcumalbHasl TOMIIMHA CHEXHOIO ITOKPOBa Ha Me-
TEOIlIOIaAKaX MMOKa3bIBAET MOJIOXUTEIbHYIO CBI3b
MpeXIe BCEro ¢ CyMMaMU aTMOC(EPHBIX OCAIKOB 3a
HOSIOpb—MapT (Ta0:1. 5). OmHAaKO TaKOM CBSI3M HE OT-
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medaercs Ha M C Pebpuxa, 4To, BEeposITHO, CBSI3aHO
¢ tepeHocoM I'MC 11 0cOOEHHOCTSIMHU €€ TTOT0XKe-
Hus. Hanbosnpiee 3Ha9eHIE IIPY 9TOM UMEIOT OCa-
KU HOSIOpsI, eKaops1 U peBpalisl.

Toawuna cnexcrnozo nokposa na mapupymax.
CpenHsisi MHOTOJIETHSISI TOJIIMHA CHEXHOI'O I10-
KpOBa Ha MaplIpyTax B I10JI¢ M3MEHSIETCS OT 25 10
35 cM, MaKcMMalbHas 3a YKa3aHHBIN Iepro paBHA
64—71 cMm, a MuUHUMabHasS — 4—9 cM (cM. puc. 3).
3HaYeHUSI CpeOIHEMHOTOJIeTHEI MaKCUMaIbHOMN
TOJIIIMHBI CHEXXHOTO IMTOKPOBA IIJIABHO BO3PAacTalOT
C YBeIMUYEeHHEM aOCOIOTHOM BBICOTHI MECTHOCTH.
MaxcumManbHasl TOJIIMHA CHEXHOTO ITOKpOBa B
noste ormevasiack Ha 'MC baeBo B 1969 1. — 67 cM,
Kamenb-1a-06u B 1999 r. — 69 cM, a Ha TMC Bap-
Hayn n Pe6puxa B 2001 r. — cooTBeTcTBeHHO 71 1
64 cM. KoadpuumeHTH Bapyualii MHOTOJIETHUX
pSIIOB TaHHOTO 3HAYEHUS TOCTATOYHO OOJIbIINE —
0,32—0,45. Yewm BBIIIIE YPOBEeHb MECTHOCTH, TEM
HIXe Ko3dDUIIMeHT Baprualuy JaHHOTO 3Hade-
HUS B MHoroJieTHeM 1iaHe: TMC Peopuxa — 0,32,
Bapuayn — 0,36, Kamenb-na-0O6u-0,40, baeso —
0,45. CBa3p MexXxnay pgaaMu (Ko3(pPUIINeHT Kop-
pelsiy) U3MEHSIEeTCS B IIMPOKMX IIpeaesiax — OT
0,34 mo 0,81. OTMe4aeTcsT 3aBUCUMOCTh TECHOTHI
CBSI3H PSIIOB OT PACCTOSTHHUS MEXIY MapIIpyTaMM:
YyeM OHU OJIrKe, TeM BEIIIe KO3(GOUIIMEHT Koppe-
maunn. Hambonee tecHo cBg3aHbI psaabl mo 'MC
bapnayn u Pebpuxa.

3a HaOMogaeMBIl TIEPUOLL YCTAHOBIEHA TEHICH-
LIYsI TIOBBIIICHUST MAKCUMAIBHOM TOJIIIIUHEBI CHEX-
HOTO ITOKPOBa Ha OOJIBIIMHCTBE MapIIPYTOB B ITIOJIE,
XOTS 1 € pa3HOI cKOpocThIo (cM. puc. 3). Hanbonn-
IIee yBeIMYCHNUE 3HAYCHUSI OTMEYaeTCsa Ha Mapli-
pyrax I'MC bapnayn (20 cm) u Peopuxa (18 cm)
¥ B MeHbIel crerieHn — Kamenns-Ha-O06u (8 cm).
[IpakTH4yecK He M3MEHWIOCHh 3HAYCHHE Ha IT0JIe-
BoM MapmpyTe MC baeso, T.e. B MECTHOCTSIX, 3a-
HUMAaIOINX 00Jice BEICOKOE ITOJIOXEHME, YBEI-
YeHHe TOJIIIMHLI Ha MapIIpyTaxX B IIOJie 3aMeTHee.
I'naBHBIN (pakTOp MOJOOHON TEHASHIIUU yBeIUYE-
HUSI MAaKCHMAaJIbHOM TOJIIIMHBI CHEXXHOTO ITOKPOBa
Ha YKa3aHHBIX MapIIpyTax — MI3MEHEHNE KOJIMIECTBa
aTMoc@epHBIX 0CaaIKOB B 3uMHUM nepuon. Koad-
(pULIMEHT KOPPETSIIMN MEXITy OCaTKaMU 32 HOSIOpb—
MapT ¢ MAaKCUMAaJIbHOM TOJIIIMHOM CHEXXHOTO ITOKPO-
Ba 00b19HO coctasisgeT 0,56—0,59 (cM. Taba. 5).

HckmodyeHne ma€t IUIIb IMOJEBOM MapIIpyT
Ha 'MC Pebpnxa, raoe cBSI3b TaHHBIX ITOKa3aTeleit
IEeMOHCTPUPYET HU3KUE 3HadeHus. Ilpu cpaBHe-

HUM C MECSIYHBIMU CYMMaMHM OCaIKOB HamboJjiee
TECHYIO CBSI3b MaKCUMaJibHasl TOJIIIMHA CHEXXHOTO
MMOKPOBa ITOKA3bIBAET C OCagKaMU HOSIOPS U JeKa-
ops, a Ha TMC Pebpuxa — nekadbps u ssHBaps. [1pu
5TOM CBSI3M MEXIY KOJUYECTBOM 3MMHMX OCAIKOB
U MAaKCUMAaJIbHOU TOJIIMHON CHEXHOTO MOKPOBA
Ha MapllpyTax B [10JIE BHITJISLAAT 00Jiee MPOYHBIMU,
yeM MesKIy 3MMHUMM OCaJKaMU M TOJNIIWHOMN CHEX-
HOI'0 MOKpPOBa Ha MeTeoruiomankax (cM. Tada. J).
CpaBHeHMNE MHOTOJETHUX PSIIOB MaKCUMaJIbHOM
TOJIIIMHEI CHEXXHOTO MOKPOBAa Ha METEOIIOIIAIKaX
C aHAJIOTMYHBLIMU PSIIaMM Ha MaplIpyTax B IIOJIE 0~
Ka3ajo, YTO B IOJIEBBIE MapIIPYTHI 3a UCCIIETOBaH-
Hblil nepuon (1966—2018 rr.) ckopocTh yBeauue-
HUSI MAaKCUMAaJIbHON TOJIIMHBI CHEXKHOI'O ITOKpOBa
BbILIE, YeM Ha MeTeoruiolaakax. OmHa U3 BO3MOX-
HBIX TIPUYWH TaKUX Pa3InIuil — NU3MEHEHHE 3eM-
JIeJeIbYECKUX TEXHOJIOTHUI: B pe3ybTaTe yBeJInde-
HUSI 001 0€30TBaJIbHOM BCHAIIKM YBEJIMINBACTCS
00BEM pacTUTENILHBIX OCTAaTKOB Ha moJjsx. Takue
SIBJICHUSI OBLIM OTMEYEHBI aBTOPaMM IIPU MCCIIEN0-
BaHMSIX CHEXXHOTO ITOKpoBa B cyxoii crenu (brikos
u ap., 2020). OgHako B JaHHOM cJlyyae MOATBEpK-
JIleH1e TT0A00HOT0 IIPEAITOI0XEHNS TPEOYeT OO -
HUTEIBHBIX UCCIIETOBAHMIA.

HoarocpouHble HAOIIOACHUS HA MaplIpyTax B
Jnecy Ha I'MC 10XHO JiecocTeIn UMEIOTCSI TOb-
ko Ha 'MC Pe6puxa. CpenHee 3HaueHHE MaKCH-
MaJIbHOM TOJIIIMHBLI CHEXXHOTO ITOKPOBa 3a HAOJIIO-
JaeMBblii IEPUOJ COCTABILET 3MeCh 56 ¢M, UTO Ha
9 cMm MeHbllle, yeM Ha rtowmanke I'MC, Ho Ha 21 cMm
OoJibllle, YeM Ha MaplIpyTe B moJyie. Mexny pstiaMu
10 METEOIJIONIANKE 1 IT0 MapIIPYTy B IIOJIE, a TAKKE
MEXIY MOCJIETHUM U PSAOM 3HAUSHUI 110 Mapl-
PYTY B JieCcy OTMeUaeTcs TeCHas KOppelsILOHHasI
cBsa3b — 0,7 u 0,69 coorBeTcTBeHHO. TeHAEHIIMNA
YBEJIMYEHUS WJIN YMEHBIICHUS TOJIIWHBI CHEX-
HOTrO TOKPOBA B Jiecy 3a HabIoJaeMblii IepuoI He
Habmogaetcs. [Ipy omHOBpeMEHHOM yBEJIMYEHUU
3UMHHUX OCAIKOB W TOJIIIWHBI CHEXHOI'O MOKPOBa
B IT0JIe JAaHHOE OOCTOSITEIHCTBO MOXHO OOBSICHUTH
M3MEHEHNEM TaKCallMOHHBIX IMOKa3aTtejei jeca,
MpexXIe BCETO ITOBBIIICHNEM COMKHYTOCTH KPOH B
COCHOBOM JIECY.

CoOcTBeHHbIe HAOJIIOJEHMSI CHEXKHOTO MOKPO-
Ba ITOKAa3bIBAIOT, YTO €0 TOJIIMHA 3HAYUTEILHO
U3MEHSIETCS B 3aBUCUMOCTH OT ITOJIOXEHMST yIacT-
Ka OTHOCHTEJIBHO TUIIOJOTUYECKUX IJIEMEHTOB
nangmadTa (taba. 6). MakcuMmanabHas TOJIIIK-
Ha CHEXXHOI'0 MOKpPOBa OTMeYaeTcsl B 0epe30BbIX U
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OCUHOBBIX KOJIKax. ['maBHas mpu-
YIHa 3TOTO 3aKJII0YaeTcs B TOM,
YTO 3a CUYET ocjabjeHusT CKOpo-
CTH BO3AYITHO-CHEXHOTO ITOTOKA
CHET aKKyMYJIMpyeTcsd 3leCh MpH

o

3aHa C TCM, YTO BETPOBOC BO3ACH -
CTBME HA CHEXHBIA ITIOKpPOB 34€Ch
CymcCTBEHHO MCHbBIIIC. Ha MapIi-

HOBHOM ITIOBEPXHOCTHU» TAKXKE CBSI-

J11000M HampaBjiaeHUU BeTpa. boiab-
IIast TOJIIMHA CHEXXHOI'O0 MOKPOBa
B COCHOBOM 0OOpY II0 CPaBHEHMIO C
OTKPBITBIMH ITPOCTPAHCTBAMHU «OC-
pyTax OCHOBHOII ITOBEPXHOCTH KO-
adpuLMeHT Bapualluy TOJIINHEI

CHEXHOTO ITOKPOBA COCTaBIISAET
0,2—0,26, B 6opy — 0,15-0,17, B

Konkax — 0,14, Ha mHe TOJMHEI P.
KacMana ¢ TMCTBEHHBIMM IpEBEC-

HBIMU TTIopogamu — 0,14, yTo Takke

HbI CHE2KHOT'O ITOKPOBAa OT XapaKTe-

YKa3bIBa€T HA 3aBUCUMOCTDb TOJIIITM -
pa paCTUTCJIbHOCTH.

B pacnupeacjaCcHNM TOJIIMWHDBI
CHC2KHOTO ITOKpOBa MMECCT 3HA4YC-

HHE U BhICOTAa MecTHOCTU. Ha 3To
YKa3bIBaIOT 00JIee BHICOKHE TTOKa3a-
TeJIM TOJIINHBI CHEXXHOI'O MOKPO-
Ba HA OCHOBHBIX ITOBEPXHOCTSIX 110
CPaBHEHMIO C THOM HOOJIMHEI p. Kac-
majna. KpomMe TOoro, BaxHy poJb
B pacIpedeieHNH CHEXHOTO II0-
KpOBa MIpaeT pacuIeHEHHOCTh pe-
JIbeda: B TOJTMHHO-0aJT0IHOM CeTH

Ja BbIIIC ITO CPAaBHCHNIO C OCHOB-
HOM IIOBEPXHOCTBHIO

TOJIIMHAa CHE2KHOI'O ITOKPOBA BCECT-

, 4TO 00YyCJIOB-

JICHO MCTCJICBBIM IICPEHOCOM CHETra

(cM. Tab1. 6).

3anacot 600vt 6 cHeze Ha mapui-
pymax. CpeIHUI1 Bogo3amnac CHeX-

HOTO MOKpOBa Ha MapIIpyTax 3a
raca CHEeXXHOTO IIOKPOBa Ha IIEPHUO

HaOJII0MaeMblil TIEPUON BapbUpy-
atoM B nojie — ot 97 Mmm ('MC Pe-

6puxa) no 64 mm (I'MC BaeBo) (cm.
puc. 3). Takum o6paszom, ooHapy-
JKeHa JETKasl 3aBUCUMOCTh BOJ03a-

et oT 121 Mmm (I'MC Pebpuxa, nec)
1o 64 mm ('MC BaeBo, nione), ipu
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3MMHEr0 MaKCMMyMa OT a0COIFOTHOM BEICOTHI MECT-
HOCTH: BO3BHIIIIEHHBIE Tepputopuu IIpmodckoro
IUIATO MMEIOT Ha MOMEHT MaKCHMMaJbHOIO CHETO-
HaKOIUICHMSI OOJIBIINI BOmO3arac, YeM CeBEpHBIE,
HU3MEHHBIE TEPPUTOPUHN I0XHOIH necocTeru. Ko-
a(PULMEeHT CHErOHAKOILIeHUS (OTHOILIEHUE CHETO-
3aI1acoB B JIECY K X 3HAYEHMIO B II0JIE) COCTABIISICT
Ha 'MC Pebpmnxa 1,25. OTMeuaeTcst TCHACHIINS €TO
YMEHBIIIEHMSI, YTO B LIEJIOM XapaKTepHO IJIs fora 3a-
nagHo-Cubupckoit paBHUHB (COCHOBCKMI U Ip.,
2018). MakcuMalbHBIN BOZO3aItac CHEXXHOTO TO0-
kpoBa otmeueH Ha 'MC baeBo B 1977 1. (228 MMm),
Pebopuxa B 2001 r. B mose (192 mm) u B 1978 1. B
necy (198 mm), Kamenb-Ha-O6u B 1999 1. (176 MM),
bapuayn B 2013 r. (173 MmM). MUHUMAaIBHBIN BO-
mo3arac uMesl CHeXHBIN mokpoB B 1974 r. ('MC
bapnaym — 18 MM, Pebpuxa, mome — 13 MM, Pe-
opuxa, mec — 22 mM) 1 B 1989 r. (F'MC KameHb-
Ha-0O0u — 15 MM). TecHOTa CBSI3M MHOTOJIETHUX
psimoB m3meHsercs ot 0,37 no 0,81 (KoadduimeHT
KOppeJSIIUn), IpUIEM YeM OJIMKe PacIoI0KeHEI
MapUIpyThl, TeM TecHee CBsI3b. KoadduimeHTs Ba-
pHaly MHOTOJIETHHX PSIIOB BOJIO3aIiaca CHEXXHOTO
MoKpoBa Ha MapmpyTtax u3aMmeHsiored ot 0,31 (FTMC
Pe6puxa, nec) no 0,56 (F'MC Bbaeso, moe).

Bo Bcex psmax, kpome 'MC baeBo, oTMeuaercs
TeHICHLIMS YBEeJIMICHUS BOIO3aIlaca CHEXXHOTO I10-
KpoBa oT 3 1o 52 mMm. Ha 'MC baeBo 3a uccienye-
MBI TIeproa OOHAPY:KEHO YMEHBIIIEHNE BomO3aIaca
Ha 14 MM (cM. puc. 3). MHoOTroIleTHIE M3MEHEHMS BO-
Jo3arraca CHeXKHOTO TIOKpOBa 00YCIOBICHBI M3MEHE-
HHEM KOJIMYECTBA OCAIKOB B 3MMHUIA Tiepyrof. CaMmyto
BBICOKYIO TECHOTY CBSI3M MaKCHMMAJIbHBIE BOIO3alIa-
CBI CHEXKHOT'O IIOKPOBA MEIOT C CyMMaMM OCAlIKOB 3a
HOSIOpb—MapT (CM. Ta0II1. 5). 3HAYUTEIBHO BIMSIOT Ha
MaKCHMaJIbHOE 3HAYeHKE BOI03aIIaca CHEXXHOTO I10-
KpoBa 3a 3UMY OCaK¥ HOSIOpS 1 nekadpst, a mst IMC
Pebpuxa — ocagku fekadbpst 1 THBapsl.

Pe3ynbraThl COOCTBEHHBIX MapLIPYTHBIX HAOIIO-
IEHWI ITOKAa3a/IM, 9YTO B pacipeneIeH Bomo3araca
CHEXXHOTO TTOKPOBa BaXKHYIO POJIb UTPAIOT aOCOJIIOT-
Hasl BEICOTa MECTHOCTH, XapaKTep PacTUTEIILHOTO
IIOKPOBAa 1 pacwIeHeHre penbeda. Tak, Ha OCHOBHOI
MOBEPXHOCTH YBaJIOB BOA03aIIac CHEXXHOI'O IIOKPOBa
BCeT/a BEIIIE, YeM Ha JHe JoarHEL p. KacMana (Mak-
cHUMaJIbHOE IIpeBhImeHne coctapisieT 100 M) (cM.
Tab11. 6). B Ipenenax 0CHOBHOM ITOBEPXHOCTH YBaJIOB
MaKCHMaJIbHEII BOIO3arac OTMeJaeTcs B KOJIKax, a B
Mpeaenax THUIIA JOXOMHBI IPEBHETO CTOKA — B CO-
CHOBOM JIECY, YTO CBUICTEIBCTBYET O POJIM APEBEC-

HOI pacTUTEIbHOCTHU B pacIpenesIeHNN CHEXHOTO
nmokpoBa. Takke 0oJjiee BbICOKKME TTOKAa3aTeJId BOIO-
3araca o CpaBHEHHIO ¢ OCHOBHOI MOBEPXHOCTHIO
YBaJIOB IEMOHCTPUPYET NOJTUHHO-0aT0YHas CETh,
9YTO 00YCJIOBJIEHO MeTeIeBbIM MepeHocoM cHera. K
MeCTaM MaKCHMMAaJIbHOTO BOjio3anaca B UCCielyeMOM
palioHe oTHOcATCS Kojiku KacmanmHcko-bapHaynb-
CKOTO yBaJjia U IOJIUHHO-0a04Hast ceTh KymyHnuH-
cko-KacmanuHckoro ysana (cM. Tad. 6).

BeiBoabl

AHalln3 XapakKTepUCTUK CHEXHOTO MOKpOBa
Ha MeTeoMJollaakKaxX U MaplupyTax B I0XKHOM Jie-
COCTEIM TMOKa3bIBaeT BbICOKYIO CUHXPOHHOCTb €ro
IoKasaTeJieil Ha BCE 5TON TEPPUTOPUU B YKA3aH-
HbIl nepuoa. O4eBUAHO, HA PErMOHAILHOM YpPOB-
He AeWCTBYET eAUHBIN (PaKTOp, Onpeacsionmnii
MPOCTPAHCTBEHHO-BPEMEHHbIE XapaKTEePUCTU-
KM CHEXHOIo MOKpoBa — aTMOC(epHbIe YCIOBUSI
(LUMPKYJISILUMOHHBIN, paguallMOHHBINA, TEpPMUYECKUI
pexumbl). HepaBHOMepHOe pacnpeneeHUe TOJ-
IIMHBI ¥ BoJo3arnaca CHeXXHOIo MoKpoBa 31ech 00-
YCJIOBJIEHO XapaKTepoM MOJACTUIAIoIIEel MoBepX-
HOCTH, CJIOXHOU MOP(MOJIOrMYECKOUN CTPYKTYPOl
JaHamadToOB 0XHOM JecocTenu, coyeTawllei
CTEIHbIEe U JIECHbIE JaHAIIAMThI, PAcIOJOXEHHbIE
B Mpeaeaax HU3MEHHBIX U BO3BBILLIEHHbIX PABHUH.
IToBpiieHHBIMU cHero3anacamu (Ha 20—30%) 1o
CPaBHEHMIO C HU3MEHHOCTSIMMU XapaKTepU3yloT-
cs1 BO3BBIILIEHHBIE paBHUHBI. B oBparax u 6ajnkax
cHerosamnachl Takxe Ha 20—30% GoJblle, yeM Ha
MOBEPXHOCTU YBajoB. ITOBBIILIEHHBIMU CHEro3a-
nacamu (Ha 30—50%) 1o cpaBHEHUIO C y9acTKaMM
CTEMHOI PaCTUTEJbHOCTU OTJANYAIOTCS TEPPUTO-
puU, 3aHAThIC PEBOCTOSMMU (JIEHTOUHBIE OOpPHI, Oe-
PE30BbIE U OCUHOBBIE KOJKH).

B 10XHOI JlecocTenu 3a UccaeayeMblil TIepro
XapaKTepHO YBEJIMUYECHME TOJIIIMHBI U BOJ0O3aMacoB
CHEXXHOI0 MOKpPOBAa, YTO O0YCJIOBJIEHO YBEJIUYEHU-
eM 3UMHHUX ocaakoB. [TpogoKuTeabHOCTD 3ajiera-
HUS YCTOMYMBOIO CHEXXHOTO MOKPOBAa YMEHbIIIAeT-
csl IPEUMYILLIECTBEHHO 3a CYET 0oJiee paHHEro ero
pa3pyllIeHMsI, UTO OTNPeAeasIeTCs MOBbILIEHUEM TEM-
rnepatypbl Bo3ayxa B MapTe U anpene. boiyiee paH-
HUM CXOJ CHEXHOIO MOKpPOBa HEU30EXKHO BICUET
3a co0oli 1 0oJiee paHHEEe HACTYIUIEHUE BECEHHUX
¢deHodas, yBeanunuBaeTCs MPOJ0JKUTEILHOCTh Be-
reTallMOHHOTO MepuoJa U NPpOAYKTUBHOCTb Ape-
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BECHBIX 1 TPABIHUCTHIX pacTeHW. OTMEeUYeHHBIC
TEeHACHIIUW XapaKTePHBI IJIs CTEITHOM 1 I0XKHOM
JecHoit 300 3anagHoit Cuoupu (Bropoii..., 2014).

CyiecTByolIye MapIIpyTHbIe HAOII0AeHNS Ha
JNEMCTBYIOIIMX METEOCTAaHIIUSAX HE OTPaxKaroT MOP-
(osornyeckyio CTpyKTypy JaHAIMA(TOB FOXKHOMN
Jecoctenu B BepxHeit O61, MOCKOJBKY B HACTOSI -
1lee BpeMsI OHU BEIyTCs TOJbKO B UETHIPEX TUIIAX
MecTHocTel (3aHuMaloT okoJio 40% teppuropun
I0XKHOI JecocTemnu) u3 17 BelaeneHHbIX. He yuuThi-
BaeTCsl B paclpeneieHUU CHEXXHOIO IIOKPOBa poJjib
JIECHBIX Y4acTKOB (0OpPOB U KOJIKOB) U JOAUHHO-
0aJI0YHOM CeTH, YTO HEM30eXKHO BHOCHUT IOIPEI-
HOCTHU B BOIHO-0aIaHCOBBIE pacUY€Thl TaHHOM Tep-
PUTOPUU U €€ JacTei.
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Summary

A number of recent publications note the observed correlation of snow/ice thickness in some arctic regions
with gravity field inhomogeneities. The physical mechanisms that could cause such a correlation are still
unclear. In this paper, we consider a possible mechanism for the ordered horizontal transport of heavy
admixtures (in particular, snow during low snowstorms) in the surface layer of the atmosphere under the
influence of the mentioned inhomogeneities. In the area of gravity anomaly, in addition to variations of the
vertical component, there are also components of this force that are tangential to the mean Earth ellipsoid.
In flat mesoscale atmospheric models, these are additional horizontal forces, to which the dynamics of the
atmosphere is quite sensitive. It seems appropriate to evaluate the possible systematic influence of such forces
on the horizontal transport of heavy impurities in the atmosphere, which include, for example, snow coming
from the surface into the surface layer of air at sufficiently strong winds (in situations such as low snow-
storms). It is assumed that in the absence of a heavy admixture, the medium is in a static state, in which the
horizontal component of gravity is compensated by the horizontal pressure gradient. When admixture enters
the air, the average density of the medium changes, and in the presence of a horizontal component of gravity,
an additional horizontal force appears. Its effect was studied within the framework of a simple linear analyti-
cal model. Estimates show that although the rate of additional horizontal transport is very low, the effect that
accumulates over many years can be noticeable.
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modene.

B nutepaType oTMeuaeTcs Habnogaemas Koppenaums TONWMHbI CHEXXHOTo/NeAaHOro NoKpPoBa B HEKOTO-
PbIX APKTNYECKIX PETMOHAX C AHOMASIUAIMM CUJSbI TAXKECTU. PaccMaTpuBaeTc BO3MOXHbIM MEXaHW3M Yro-
PALOUYEHHOTO FOPU30OHTANIbHOIO NEpPeHoCca TAXENbIX Npumecei (cHera) B aTMocdepe B HEOLHOPOAHOM
nose cunbl TAxecTW. MpoaHannsMpoBaHHasa TeopeTuyeckas MoJerb NMoKasbiBaeT, UTo 3bdeKT, Hakanu-
BaIOLYMIACA B TEUEHME MHOTVIX JIET, MOXET ObITb CYLLECTBEHHDBIM.

DOI: 10.31857/52076673422030137, EDN: EQIANF

BBenenne

B psane HemaBHUX MyOIMKaLUi OTMEYaeTcsl Kop-
peJsLMS TOJNIIUHBI CHEXXHOT0/JIEASTHOTO II0KPOBa B
HEKOTOPBIX apKTUIECKHMX PeTHOHAX (B OKPaMHHBIX
APKTUYECKUX MOPSX) ¢ HCOTHOPOMTHOCTSIMH OIS
cwibl Tskectu (Sharov, Nikolskiy, 2016). ®usu-
YeCKHe MEXaHU3MbI, BbI3bIBAIOIME TaKyl0 KOppe-

JISILMIO, TIOKa He SICHBI. B 0061acT aHOMaJIMU CHJTBI
TSIKECTH, KPOME BapUallMii BEPTUKAJIbHOM COCTaB-
JISTIOILEN, CYIIECTBYIOT TAKXKE COCTABIISIOIINAEC STOMU
CWJIbI, KacaTeJIbHbIC K OOILIEMY 36MHOMY SJLIMIICO-
uay. B miockux Me3oMaciiTaOHbIX aTMOC(EpPHBIX
MOZENSIX 3TO — JIOIOJHUTEIbHbBIE TOPU3OHTAIBLHBIE
CUJIbI, K KOTOPbIM IMHAMMUKa aTMoc@ephl BechMa
yyBCcTBUTEIbHA. llenecoodbpa3Ho OlleHUTh BO3MOX-
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HO€ CUCTEMAaTUYeCKOE BIMSIHUE TaKMX CUJI Ha TO-
PU3OHTAJIbHBII MEepeHOC TSKEIBIX MpUMeECEld B aT-
Mocdepe, K KOTOPbIM OTHOCUTCS, HallpUMep, CHET,
MOCTYNAIOLIMKN C TIOBEPXHOCTU B MPU3EMHBINA CJION
BO3IyXa MPU JOCTATOYHO CUJIbHBIX BeTpax (B CUTya-
LIMSIX TUIIA HU30BBIX MeTeNeit).

MartemMaTnueckas MOZIejb

B pamMkax miaockoil Me3omMaciuTabHOU Moaenu
MPU3EMHOTO CJIOSI aTMOCMEPHI UCITOJIb30BaHa 1€~
KapToBas cucTteMa KoopauHat. PaccmarpuBaeTcs
MoJIyOrpaHUYE€HHAasl cpela, OrpaHUYEeHHask CHU3Y
TBEPAON TOPU3OHTANIBHON MOACTUJIAIONIEN TMO-
BepXHOCTHIO 7 = 0 (OCh Z HampaBieHa BEPTUKAIbHO
BBEPX, OCb X — BJIOJIb TOPU3OHTAILHON KOMIIOHEH-
TBHI CUJIBI TSXKECTH). B HEomHOPOTHOM TOJIe CUJIBI
TSDKECTU CUYMTAEM 3aJaHHOM TOPU30HTAJBbHYIO CO-
CTaBJISAIOLIYIO YCKOPEHUS CUJIBI TSXKECTH g,.. C HIX-
HEl TpaHUIIBI B CPeIy IIOCTYHAET TSLKEIast IPUMECh,
3agaH JUP@Y3MOHHBIN TTOTOK:

x(0u/0z) = —Mmipu z =0, ey

rae W — MaccoBasi KOHLEHTPALUS TSKEION MpuMe-
cu; x — KoadduuueHT e€ nuddysuu; M — mior-
HOCTb [TOTOKA ITpUMecH, Kr/(M%c).

Ecnu nocrymieHue mpuMecy ropu30HTaIbHO-
OIHOPOIHO, TO €€ CTAllMOHAPHOE FOPU3OHTAIBHO-
OIHOPOMHOE paclipe/ie/ieHIE OMUCHIBAETCSI ypaBHE-
HUeM T Gy3un ¢ yIETOM OCedaHUS YACTHII;

—u(0w/0z) = x(d’w/dz’), (2)

r1e L — abCoTIOTHAS BeJIMIMHA CKOPOCTU OCeIaHust
YaCTHULL IPUMECH.

l'opu30HTaIBHYIO TPOSKIIMIO CTALIMOHAPHOTO
ypaBHEHUST TMHAMUKU 3aITAIIEM KaK

0 =—(dp/ox) + pvAu + pg,, 3)

Ime p — JABJIICHHWE, P — IIOJIHAS IJIOTHOCTD CPeIbl;
v — KOO PULUMECHT KUHEMAaTUIECKOM BI3KOCTH; U —
CKOPOCTh BO3HMKAIOLIETO TOPU30OHTAIBHOIO TeYe-
HUS; A — CUMBOJI JIallJlacMaHa.

T'opU30HTAIBHYIO COCTABISIIOIIYIO0 YCKOPEHUS
CWIBI TSXECTU g, 1ajiee CUNTAeM U3BECTHOM U B pac-
CMaTpUBaeMOl 00JacTH MTOCTOSTHHOM, T.€. Mpeario-
Jlaraetcsl 6ajJaHC TOPU30OHTAJIbHON COCTaBJSIONIEH
CHMJIBI TSKECTH, CUJI TOPU30HTAJIBLHOTO IpagdeHTa
NaBJIeHUs U BsI3KocTU. He yunThiBaeM 31eCh KOpH-
OJIMCOBY CMJIy, KOTOpasi Ha MPOCTPaHCTBEHHO-Bpe-

MEHHbBIX MacIuTabax HU30BOM MeTeIn HECYILICCTBCH-
Ha. [JIOTHOCTB CKJIaAbIBAECTCS U3 IBYX CJ1ara€MbIX:

p=ptu,

rie U — mapiuaibHas INIOTHOCTh MIPUMECH; YePTOM

0003HayaloTcs (POHOBLIE 3HAUESHUST BEJIMYMH.
HMmeeTcsa B BUIy, 4TO IPU OTCYTCTBUHU TTOCTYII-

JISHUS TSDKEIJIOM IMIPUMECH Cpela HAaXOIUTCS B CTaTH -
YECKOM COCTOSTHHH, B KOTOPOM

00/0x = (g, )

(coBmameHUE B CTATUYECKOM COCTOSIHUM M300ap u
M30IMUKH C SKBUIIOTCHUMAIbHBIMU IIOBEPXHOCTSIMH
JloKa3aHo 115 ciydas uaeajibHol cpenbl (KouuH,
1949), oTtauume OoT KOTOPOI B JaHHOM KOHTEKCTe
HETIPUHIIUIINAIBHO).

B ¢opmyne (4) roprsoHTaIbHAS COCTABSIONIAS
CUJIbI TSDKECTU CKOMIIEHCHPOBaHA TOPU30HTAIbHBIM
rpagreHToM nasieHus. [1pu mocTyruieHun B cpemy
TSDKET0M mpuMecH B ypaBHeHMe (3) 1oOaBisgeTcs He-
CKOINEHCUPOBAHHAs TOPU3OHTAIbHAsA cuia ug,. [lo-
CTYITJICHHE TIPUMECH CUMUTAETCSI TOPU3OHTAIBHO-OI-
HOPOIHBIM, II03TOMY CBsI3aHHAsI C 9TUM J00aBKa K
IUTOTHOCTH U JABJICHUIO 11 BOZHUKAIOIIEEe TeUCHNUE He
3aBUCST OT TOPU30HTAJIBLHON KOOPAMHATHI X; TOPH-
30HTAJIbHBIN I'palieHT AaBJIEHUS He MeHsieTcs. Torna,
BeIumMTas (4) 13 (3), MosryyaeM ciiemyroliee ypaBHeHIE:

V(P + W)(0%u/02%) = —g,. )

CucteMsl (2), (5) m1s1 UICKOMBIX GYHKIUR W(Z),
u(z) pemaeM ¢ KpaeBbIMHU yciaoBUsMH (1), a TakKe ¢
YCJIOBUSIMU TIPYIMITAHUS 1 3aTyXaHUS BO3MYIIICHUI
B JaJIv OT MOJCTUIAIONIEN MoBepXHOCTU: ¥ = () Ipu
z=0;u=0,du/dz=0npu z= co.

Pe3yabTaTni

Pewienue ypaBHeHMs (2) mpy paccMaTpUBaeMbIX
IPaAaHWYHBIX YCJIOBUSIX UMEET CACAYIOLINNA BUI:

w= (M/v)exp(—z/h), h = y/v.

W3 popmynsl (5), ¢ y4éTOM KpaeBbIX YCIOBUIA,
ToJyJaem:

. (6)

@__g_xi n(z) 8. X M
dz \Y%

—d7'=—=In| 1+ —exp L
2p+u(7) Vo pvL h

[pu nanpHelieM MHTErprupoBaHnH (6) CKOPOCTh
U BeIpaXKaeTcs yepes crieluaabHble pyHKIMU. B npe-
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JeJIbHOM ciydae | << p, KOrma MpuMech BHOCUT OT-
HOCUTEJIbHO MaJIblil BKJIAJ B TUIOTHOCTh BO3/IyXa:

u =~ (Mx’g,/vvp)[1 — exp(=z/h)].

PesynpraT HanboJiee CUJILHO 3aBUCUT OT CKO-
poctu ocenaHus yactuil. Hampumep, B mpuzeMHOM
CJI0€ BO3IyXa B YCJIOBUSIX Ipu3eMHOI MeTenn (bbrd-
koBa, 2016; Uurenn, 2018) p = 1 kr/m3, K03 du-
LIMEHTHI TYpOYJIEHTHOTO 0OMeHa v =% = ¥ = 3 M2/c,
v = 0,2 m/c, Torna & = 15 M. Ecitu nipu atom
M = 21072 kr/(m%c), a g, = 0,5-1073 m/c? (Sharov,
Nikolskiy, 2016), To xapakTepHOe 3HaYeHHE MacCOBOI1
KOHLIEHTpaLuu rpumecu coctasisier 0,1 kr/m>, a mo-
PSIOK CKOPOCTH BO3HUMKAOILEro Teuenus 4-1073 m/c.
Hcnonb3oBaHue 31eCh CTallOHAPHON MOJIEIN OIIPaB-
JAHO TE€M, YTO MOJIyYEHHOE 3HAYeHUE CKOPOCTHU J0-
CTUTaeTCs 3a BeCbMa KOPOTKOe BpeMsl. [lelicTBUTENb-
HO, 1T HeCTallMOHAPHOM 3ajadn B ypaBHeHUE (5)
J00aBJIIeTCS IPOM3BOIHAS IO BpEMEHU:

(p + W) (0u/ot) = v(p + u)(0°u/02%) + pg,.

ITocne BHecenus tsaxenoit mpumecu (U #= 0) Ha
Cpely HauMHaeT AelCTBOBATh MOIMOJHUTEIbHAS TO-
pU30OHTaNIbHAS cufia (MocjieHee caaraeMoe B mpa-
Boil yacth). [Toka BSA3KOCTh HE CTAHET CYIIECTBEH-
HOU U TeueHue He NMPUOIUZUTCS K CTALIMOHAPHOMY
pexumMy, NpUOIMKEHHO BBITIOJIHSIETCS ypaBHEHME

(0 + w(0u/of) = ug,.
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Ortcrona moiy4yaeM OIeHKY BpeMeHU Af, Heo0-
XOIMMOTO JIJIsSI JOCTVKCHUSI CKOPOCTH U:

Ar= (D + wWu/(ug,)-

J1 pacCMOTPEHHBIX 3[IeCh 3HAYEHUI ITapaMeT-
pOB BpeMSI BBIXOIA Ha CTAllMOHAPHBINA peXXM CO-
CTaBJISAET MopsaKa 1 MUH.

3aKkioueHue

B HeomHOPOAHOM T10JI€ CUJTBI TSKECTU CYILIECTBY-
eT MEXaHU3M YIIOPSII0YEHHOI0 TOPU30HTATIBHOTIO
TepeHoca TSDKEJTBIX pUMeceil B aTMocdepe, B 4acT-
HOCTH, CHEXHBIX Macc. CKOPOCTb BOBHUKAIOIIUX I'O-
PU30HTAIBLHBIX TEUEHUI — HM3Kasl, IT03TOMY MOXKHO
TOBOPUTH JIMIIb O Majioil IOIpaBKe K OOBIYHO-
My BeTpoBoMy niepeHocy (bwrakosa, 2016; Wamser,
Lykossov, 1995). OnHako BaxkHO UMETh B BUAY, UTO
peub UIET 00 3ddeKkTax nepemMeleHus MpumMecHu,
KOTOpbIE MOTYT HaKaIIMBaThCsI MHOTHE Toabl. Ha-
MpUMep, pacCUYUTaAaHHOE 3/1eCh MepeMellleHNe CHera,
CBSI3aHHOE C €r0 MOCTYIUIEHUEM B BO3IYX, MPOUCXO-
auT 50 nHel B TedeHUe roja, U 3a roj rnepemMelieHue
cocTapysieT okoso 20 kM. Jlaxxe 3HaUMTENIbHO OoJiee
MeIJICHHOTO TIepeMelleHUs] JOCTaTOYHO (TP Ipo-
YUX OJIATONPUSITHBIX YCIIOBUSIX) IJISI ITTOCTEIIEHHOTO
MepeHoca CHEXKHBIX MacC Ha COTHU KUJIOMETPOB.
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Summary

The paper presents systematized information about distribution of karst caves containing accumulations of
old ice and snow outside the zone of continuous permafrost. It was found that among total number of 1,150
caves in the region known by January 1, 2022, the old ice had been registered only in 68 (6%) ones. Distri-
bution of them is conditioned by the general mechanisms of development of karst cavities, but a number of
additional conditions are required to form the snow-ice accumulations within them. Ice and snow are formed
mainly in bag-shaped caves confined to the middle and upper parts of river valleys, or in caves located in the
upper reaches of the ravines on the watershed areas, the entrances to which are represented by wells, deep
karst channels or are located in sinkholes. The intensity of accumulation and conservation of snow and ice in
caves, under other favorable morphological and hydrogeological conditions, is directly dependent on the area
of the entrance to the cave and the slope of the floor at its entrance. Snow-ice accumulations are represented
by ice bodies, stalactites and stalagmites, hoarfrost and large ice crystals, snow, firn and ice. The most devel-
oped of them is ice. The maximum recorded area of the cave ice is 5000 m?, its thickness is 11 m, the depth of
penetration of glaciation deep into the karst massif from the entrance reaches 70 m, and the length is 250 m.
Factors that reduce the accumulation of snow and ice in the caves of the region include: periodic flooding of
karst cavities, shortening of woody vegetation on the surface above them, and cave attendance. On the case of
the Askynskaya cave, the dependence of the state of snow-ice accumulations on local climatic conditions and
the degree of anthropogenic load has been determined. It is recommended to monitor the state of snow and
ice formations in the rarely visited Ledyanaya-Lipovaya cave with the most thick icing, in order to establish a
correlation between the state of glaciation of the cave and changes in local climatic conditions.

Citation: Smirnov A.I, Sokolov Yu.V. Distribution of karst caves with perennial ice in the Southern Urals and in the Cis-Urals. Led i Sneg. Ice and Snow.
2022, 62 (3): 363-376. [In Russian].
doi: 10.31857/S2076673422030138, edn: eqittx.

Hocmynuna 14 gpespansn 2022 2. / Hocae dopabomku 27 anpens 2022 . / [punsma k newamu 11 urons 2022 e.
KtoueBbie cioBa: CHeXHO-edsHbIe 00pa308aHus, 3aKOHOMepHOCMU pacnpocmpareHus, newepa AckelHckas, newjepa JledaHas-/lunoeas.

CncteMaTnsnpoBaHbl CBEAEHUA O PAClpPOCTPAHEHUN KApCTOBbIX MNeLep C MHOFOAETHUMU CHEXHO-
negAHbIMM 06pa3oBaHMAMU. YCTaHOBJIEHO, UTO U3 BCEX U3BECTHbIX MeLep PernoHa TonbKo B 6% 3apuk-
CUPOBaHbl MHOTONETHME NER U CHer. PacnpocTpaHeHue Takux neliep o6ycioBieHO OOLWMMU 3aKOHO-
MEPHOCTAMY Pa3BUTUA U PACNPOCTPAHEHMA KapCTOBbIX nonocter. OgHako ans GopMMPOBaHNA B HUX
CHEeXXHO-NefAHbIX 06pa3oBaHMI TpebyeTca pAg AONONHUTENbHBIX YCTOBUIA.

Bgenenue Ddenepanun. Ha 1 gaaBaps 2022 1. B pernoHe 3auK-

cupoBaHo 1150 kapcToBbix neuiep. Bo Bcex merie-

Bénpmas yacts paccMaTpuBaeMOIro peruoHa pax C IONepedHUKOM Bxoaa 6ozee 1,5 M 1 ommycKa-
oxBaThIBaeT Tepputopuio Pecnybaukmu bamkop- ImMcs OT HEro mojioM GOpMUPYIOTCSI CE30HHEIS
tocTtaH (PDB) ¥ nuib yacCTUYHO 3aTparuBaeT Tep- CHexXHo-JeasiHbie oopa3oBaHus (CJIO), 1 TOJIBKO B
PUTOPUM COMNpeaebHBIX cyObeKTOB Poccuiickoii 68 mermepax (6% Bcex M3BECTHBIX TELIEp B perMOHE)
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IOCTOBEPHO YCTAHOBIIEHO MX MHOTOJIETHEE KPYIJIO-
TOIWYHOE CYIIIECTBOBAHMUE.

CHer u €1 B KapCTOBBIX ITeIIepax peruoHa (op-
MUPYIOTCS B YCIIOBHUSIX KOHTMHEHTAIPHOTO KJIMMAaTa
C JXapKUM JICTOM 1 XOJIOTHOM 31UMOi1 BHE 30HBI pac-
MIPOCTpaHEeHNS MHOTOJIETHEMEP3JIBIX TOPHBIX IIOPO/I.
CpenHeromoBast TeMIIepaTypa BO3IMyXa N3MEHSIETCS
ot 3,5 °C B IIpenypainbe mo 0,5 °C na KOxxHom Ypaire,
a TIepHo CO CPETHECYTOTHOM TeMIIepaTypoii BO3Iy-
xa Hmke 0 °C B cpeaHem cocrasisgeT 160 u 170 gHei
coOoTBeTCTBeHHO. OOBIYHO YCTOWUMBEIN CHEXHBIN
IMOKPOB YCTaHABIMBACTCS B IeKaOpe M AePKUTCS
4—5 mecsmeB. TonmmHa CHEXXHOTO ITOKPOBA B JIeC-
HBIX paiioHax KOxHoro Ypana coctasnser 1,1—1,3 M,
B JIECOCTEITHBIX M CTEITHBIX paiioHax IIpemypanns He
npesbimaet 0,6 M. Besa TeppuTopust peruoHa OTHO-
CHUTCSI K 30HE CE30HHOTO pPacHpOCTpaHEHUS Mep3-
JIOTBI, a TIIyOMHA IIpOMep3aHMs TPyHTa HAXOIUTCS B
00paTHOM 3aBUCMMOCTH OT TOJIIIMHEBI CHEXKHOTO I10-
KkpoBa u cocrtapiseT 0,5—1,8 m (Kunsmerosa, 2005).
I1o MHEHMIO aBTOPOB HACTOSIIIEH CTAThU JIE Y CHET
B ITEIlIepax OTHOCATCSA K TUIMNYHBIM ITEIIEPHBIM OT-
JIOXEHUSIM, TIOCKOJIBKY OHU XapaKTePU3YIOTCS BCEMU
MpU3HAKaMK 00pa30BaHUs OCATOYHBIX OTIOXKCHMIA:
HCTOYHUKOM (DOPMHUPOBAHUS OCATKOB, X IIEPEHO-
COM M HaKOIUICHHEM, IIpeoOpa3oBaHNEM B HOBBIC
(bopMBI COCTOSTHUS, a TIPU UX YHUUTOXKCHNUN — HaJIN-
YHeM CJICHOB MX IPUCYTCTBUS B IIPOILIOM, HAIIpH-
Mep, TUTICOBOM MyKHU (AHApeiuyk u 1p., 2013).

CHer B ITellIephl IOCTYIAET C TOBEPXHOCTU Yepe3
BXOIIbI, OpPTaHHEIE TPYOBI 1 IIEJIN, a JIEN B HUX ITO Me-
XaHN3MYy 00pa30BaHUS MOIPA3IEIISTIOT Ha KOHXKEIS-
LIMOHHBIN (TMAPOTEHHBIN), 0CaTOIHO-MeTaMOp(U-
yecKuii 1 cyommatmoHHbIi (JIMutpues, 1980). JIEn
(bopMupyeTcss HeIIOCPEACTBEHHO B IIelIepax, ITO
clelyeT U3 MeXaHM3Ma 00pa3oBaHMs IEIICPHOTrO
npaa. Ilemepsl ¢ HaATMYMEeM CHeTa 1 JIbIa C JaBHUX
IIOP MCHOJIb30BaIN KaK €CTECTBEHHBIE XOJIOMUIIb-
HUKHM. OXOTHUKHM W B HACTOSIIIEe BpeMsI BpEMEHHO
XpaHST TaM JOOBITYI0 Au4b. [lemepsl ¢ MHOTONET-
HUMHU CHEXHO-JICASTHBIMI 00pa30BaHUSIMHU MMEIOT
HEeMAaJIOBaXKHOE 3HAYeHME KaK 9KCKYPCHOHHBIE 00b-
€KThl — OHU OY€Hb IOITYJISIPHBI Y TypuCcTOB. OmHa-
KO TJIABHBII HAYYHBIA WM MPAKTUUECKUN UHTEPEC K
meriepaM ¢ MHOTOJICTHUM JIbIOM Ha COBPEMEHHOM
aTarle X M3yYeHUS CBA3aH C TeM, YTO OHU — HH-
INKATOp M3MEHEHMSI MECTHOIO KJIMMAaTa, TaK KakK
IIPH €0 MOTETUICHNH MACIITA0kI OJICACHEHNS TIeIep
YMEHBIIIAIOTCSI, a IIPY ITOXOJIOIAHMUSX — YBEININBa-
fotcsa (Masmiomos, 2008).

3amauu HacToslei paboThl — cucTeEMaTU3aLIVsI
CBelleHUI 0 KapCTOBBIX Telepax ¢ MHOTOJIETHH -
mu CJIO IOxHoro Ypana u Ilpenypaiibs, a Takxe
YCTaHOBJIEHVE OCHOBHBIX 3aKOHOMEPHOCTEN X pac-
npocTpaHeHnsa. MCXomHBIMU MaTepUalaMy UTST MC-
cJieloBaHUI TOCIYKWIN: a) COOpaHHbIE aBTOpaMU
JaHHBIE TTO0 KapCTOBBIM TIelepaM PErMoHa M3 Omy-
OJIMKOBaHHBIX, (POHIIOBBIX I apXUBHBIX ICTOYHUKOB
(B TOM 4ucJie OTYETOB TYPUCTOB-CIEIEOJIOrOB O IO-
XOZax B IeIlephl) IOYTH 3a IBYXBEKOBOM MEPUOL U3-
yUeHUs TIelllep peruoHa; 0) MoJIeBhIe UCCIIEAOBAHMS
neuep, nposeaéHHble apTopamu ¢ 1980 mo 2021 r. B
XOZe U3YYEHUSI U ChEMKHU ITPOSIBIICHUI 3K30T¢HHBIX
TeOJIOTUYECKUX TIpolieccoB. I[IprMeHsIN cTaHgapT-
HbIE TI0 00CJICIOBAHUIO U TOITOrpaUIeCKO CheMKe
Te1ep METOIbI UCCIICOBaHUS.

Cocrosinne Bompoca

Brniepsoie 1én B nemepax HOxnHoro Ilpenypa-
Jibst onican reorpag H.IT. PoerukoB B neiepe Kpsich-
Tummek 8 miona 1769 r. (1o cTapoMy CTHITIO) B IIEPUOL
akcneauuuu Iletepoyprckoit Akagemun Hayk, Bo3-
rnasisiemoit akagemukoM I1.C. TTannacom. B 3toii ne-
1epe, Ha mpaBoM Oepery p. Mk, B 0,5 KM K ceBepy OT
nepeBHM MockoBo TyiiMa3sMHCKOTO MYHUIIAIIATEHO-
ro paiioHa (B HacTosiiee Bpems: Pecryoiuka barikop-
TOCTaH) OH 3a(pMKCUPOBAJI JIEM B ABYX I'POTAX U XOAaX.
ITozxe CJIO ObuIM OOHApY:KEHbI 1 B APYTUX Mellepax.
CaeneHus1 0 HaTIMYMKY Ce30HHbIX U MHOrosieTHux CJIO
B netepax KOxxnoro Ypana u Ipenypanbs (nanee — pe-
TMOH) comep:katcs He MeHee yeM B 100 murepaTypHbIX,
(oHIOBBIX U apXMBHBIX UcTOoUHUKAX (Cokosos, 2008).
B GonplHCTBE B HUX IPUBOASTCSI OTPHIBOYHbIC TAH-
HbIE O BUIaxX U hopMax 1 3HAYMTEJILHO peXe — Mac-
mtadax CJIO 6e3 KOMITJIEKCHOM UX XapaKTePUCTUKMU.

ITepBrie oboOIIaoIMe padoThl o 20 melepam
CO JIbJAOM U CHErOM PErMOHa BBIMOJHEHBI B 1960-x
rogax I'.B. Baxpyuesbsim (Baxpyuies, 1965, 1972).
OCHOBHBIM YCJIOBHUEM IJIsI (POPMUPOBAHYS B TIEIIe-
pax JibIa ¥ CHEeTa OH CYMTAJI X MOP(OIOTHIO — MEIII-
K00Opa3Hy1o (hopMy KapCTOBBIX MojiocTeit. UM npen-
JIOXKEHO TPU MeXaHu3Ma 00pa30BaHUS MEIIEePHBIX
JIBAOB: 00pa30BaBIIMECs 3a CUET YIJIOTHEHUS CHETa;
(opmupoBaBIIMecs B pe3y/bTaTe KOHISHCAIIUU BO-
JSTHBIX ITApOB M BO3HMKIIIKME 32 CYET BOM BOMOHOCHBIX
ropusoHToB (Baxpyiues, 1972, c. 117).

K konuy 1980-X rogoB 4MCI0 U3BECTHBIX B pe-
TMOHE TIeIep CO CHETOM U JIbIOM IIOUYTH YIBOUJIOCH.
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B.N. Maptun (Maptun, 1981) Ha ocHOBe aHaIN-
3a KOMIUIEKCca JaHHBIX 110 40 IemmepaM co CHETOM 1
JIBIOM OIIPEAC/INII MSITh HEOOXOMMMBIX YCIIOBUIA MX
oOpa3zoBaHUs. DTO — Hajmuuue: 1) B Te4eHUE roja,
KaK MUHUMYM, 1—2-MeCSYHOTO IMepHuoIa ¢ YCTOM-
YUBBIMHU OTPUIIATEIBHBIMU TeMIIepaTypaMH BO3-
noyxa; 2) pacCKpBITOI TPEIIMHOBATOCTH 1 3aKapCTO-
BaHHOCTH MAacCHBa; 3) pe3KOro mnepenana BHICOT B
penbede I co3maHMs rpagreHTa IIepeToKa BO3-
IOYIIHBIX MacC B TOPHOM MaccuBe; 4) MEIKooOpa3-
HOI uinn crupoHOo00pa3HOM MOPGOIOIUH MOJIOCTHU
WJIM 30HBI TPEIIMHOBATOCTH, 5) SKpaHUPOBAHHOCTHU
IJIMHUACTBIM MaTepUaloOM WX IIePBUYHBIMUA JIeOsI-
HBIMU 00pa30BaHUSMU JHA ITOJIOCTH.

Ha ocHoBe cucremarusanuy MOpPHOIOTMIECKIX
1 MOp(HOMETPpUUIECKIX XapaKTepUCTHK IIeIep Ypaia
K ycTaHoBJIeHHBIM B.1. MapTuHbIM ycioBusIM op-
mupoBanusg MHoroyieTHux CJIO FO.E. JlobanoB no-
OGaBuJ e aBa akTopa UHTEHCUBHOCTU 00pa3o-
Banus CJIO B memiepax: IpsIMYyIO 3aBUCUMOCTh OT
BeJIMYMHBI HAKJIOHA T10JIa IIeIIephl OT BXOAa B IITyOb
KapCTOBOTO MAacCHBa 1 pa3Mepa BXOTHOTO ITOIIeped-
Horo ceueHus (Jlodbanos, 1981, 1979), a U.K. Kynps-
moB u P.A. Cannxos eié B 1960-e roas! (Kynpsiios,
CanuxoB, 1968) oTMeTHIN 00paTHYIO 3aBUCUMOCTh
kommdectBa CJIO oT 3a/1ecéHHOCTH MECTHOCTU Ha
neliepoit 1 e€ OKPeCTHOCTEIA.

Ha 1 suBaps 1993 1. B peroHe ObLIO JOCTOBEPHO
ycta"osiaeHo 50 nemep ¢ HammaueMm CJIO B Térmmoe
BpeMsI Toma. AHAJIM3 X PacIpOCTPAHEHMS, BBIIIOJI-
HeHHbIt B.M. MapTuHbIM U aBTOpaMU HacTosIIel
CTaTbU, IOKA3aJjl, 9YTO IPUYypPOUYCHBI OHU K CKIIOHAM
IOJIMH peK Ha BbIcoTe 10 150 M Ham 3pO3MOHHBIMU
Bpe3amu, a pacupoctpanenue CJIO B ry0p memiep
mocturaeT 250 M (memepa KmHaepamHcKas uM.
30-metns [TobGennr), XOTS B OCHOBHOM He TTpeBbIIIa-
eT 50 M. MakcuMasbHasI IUIOIIANb MeIePHBIX JIHIOB
nocturaer 5000 M? (nemepa ACKbIHCKAs), HO OObIY-
HO He nipesbiiuaer 1000 M2, a MOLITHOCTS JIbAA KOJIe-
onercs ot 0,5 mo 11,0 M (MaptuH u ap., 1993).

K 2000 r. uccienoBaHUSIMU CIIEJ€OJOTOB U3
You1 yncno neuep, B KOTOPLIX cHOpMUPOBAHBI
mHoronetHue CJ1O, Bo3pocio 10 63, omHAKO CBe-
JIEHUS 110 HUM He ObLIM CUCTEMaTU3MpOBaHbl. B mo-
cieaHell onmyOJIMKOBaHHON Ha CETOMHSIIHUN IeHb
cBoaHoi padote 1o nemepam ¢ CJIO peruona (Co-
KoJioB, 2008) npuBeneHbl MOAPOOHBIE JaHHBIE MO
49 nemepam ¢ mHorojieTHuMu CJIO. B aT0it padote
MpuBeIeHa CTaTUCTUKA pacpoCTpaHEeHUs TeIep C
CJIO no kapcTOBBIM MPOBUHLIMSIM U paifoHaM, 3Je-

MeHTaM peJibeda 1 abCoTIOTHRIM oTMeTKaM. Ha oc-
HOBe €€ aHajiu3a YCTAaHOBJIEHO, UYTO HauOoJbllIee
yuciio neuiep ¢ MHoroaetHuMu CJIO (90%) cocpe-
norodyeHo Ha KOxxHoMm Ypane B 3amamgHo- Y pajibCKoi
KapCTOBOil MPOBUHLIVU, TIe OHU C(DOPMUPOBATIUCH
B HUXKHE- U CpedHENaae030MCKIX U3BECTHIKAX U
MIPUYPOUYEHBI K CKIIOHAM JOJIMH peK B MHTEpBajie
abcomoTHBIX 0TMeTOK 200—400 M.

Mmuoronetuue CJIO, 3a¢puKcnpoBaHHBIE Ha
MPOTSLKEHUN HECKOJIBKMX JIET B TEYCHME BCEro Ka-
JICHIApHOI0 rofa, NpeAcTaBIeHbl BCEMU U3BECT-
HbIMU reHeTndeckumu turamu CJIO, Ha 4dTo emié
OoJiee nojyBeka Hasaz ykasbiBan I'.B. Baxpyiies
(Baxpymes, 1965, 1972). B coBpeMeHHOI1 TepMu-
Hosioruu (Tumodees u ap., 1991; Maepmonos, 2017)
B OCHOBHOM 3TO: KOHXEJSIIMOHHBIE (TUAPOTreH-
HbI€) HajJleAW Ha CTeHaX W I0Jy; 3aMEp3iiasi UH-
(bunbTpalIMOHHO-KAaIleJIbHAs BOAA B BUJAE CTaJlaK-
TUTOB U CTAJIATMUTOB; CYOJIMMALIMOHHAS U3MOPO3b
U KPYIIHbIC JIEOSIHbIe KPMCTAJLIbl; OCATOYHO-Me-
tamopdudeckue cHer, pupH u n€x. B psgae memep
(Kytykckue, Cymran, AckbiHckast, KnHaepamH-
cKas U Ap.) IPOBOAWINCH CIIEIMATU3UPOBAHHBIC
nccienoBanus ykazanHbeIx TumoB CJIO (Yepssiio-
Ba u np., 2012; CrenanoB u ap., 2014; Kagebckas,
Crenanos, 2016; Tpodumona u ap., 2020 u gp.),
OIIHAKO B 1IEJIOM I10 PeTMOHY OHU He BeJuch. B Ha-
cToslee BpeMs MOXHO TOBOPUTH JIMIIb O HAaJIK-
gy MHoroneTHUX CJIO B pa3HbIe TOIOBI B TOW MU
uHo# nemepe. TakuMm 006pa3om, CTereHb U3Y4eHHO-
CTU MeIIep pernoHa OTHOCUTEJbHO HAJIWYMUs B HUX
mHoronetHux CJIO — xopoiast, omHaKo 10 HACTO-
SIIETO BpEMEHU CBEICHUS 000 BCeX U3BECTHHIX Iie-
mepax ¢ MHoroeTHUMHN CJIO He ObITM 0000IIEHBI
Y OCHOBHBIE 3aKOHOMEPHOCTH UX pPaclpocTpaHe-
HUS IPUBOISATCS B CTAThE BIIEPBLIC.

Pe3yabTaTsl ucciienoBanuii

Cmenens oaedenenus neuwjep. CaMoMy 3Ha-
YUTEIbHOMY OJICACHCHUIO B PETHOHE MOABEPXKE-
HBI TpM Mellephbl: AcKblHCKasg, KuHaepanHcKas
nM. 30-netusa Ilobensr m Kyrykckas 4. Makcu-
MajibHas 3aUKCUpOBaHHAs IUIOIIANb Haleaeii B
Hux coctasusget 5000, 2400 u 1200 m2 cooTBeTCT-
BeHHO. [Inomans CJIO B neBdITH Ielepax paBHa
200—650 M2, B 11 — 100—200 M2, a B ocTaJbHBIX
45 newepax (66%) He npesbimaet 50 M2. TakuM 00-
pa3oMm, meniep ¢ KPYIMHbBIMUA CKOIUICHUSIMU MHOTO-
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netHux CJIO B peruoHe Mauo, 9YTO OOYCIOBICHO
PeIKO BCTPEYAIOIINMCSI OMHOBPEMEHHEBIM COUYeTa-
HHEeM HeOoOXOIMMBIX YCIOBUM 11 00pa30oBaHUS U
HakoruieHus MmHoronetTHux CJI10. I[lepeueHs nemiep
¢ maorojetHuMu CJIO 110 cocTtossHMIO Ha 1 THBaps
2022 r. mpuBenéH B Taba. 1 n 2, a ux reorpadude-
CKO€ pacmoyioXeHue — Ha puc. 1 u 2. Paccmorpum
0COOEHHOCTH MX PacIIPOCTpaHEHUsI, a TAaKXKe MOp-
onormueckme n MoppoMeTpruIeCKIe XapaKTepu-
CTHMKH IIeIIep, BIMSIONIEe HAa NHTEeHCUBHOCTh Ha-
KoruteHus B Hux MHoronetHux CJI10.
Teoepagpuueckue ocobennocmu. Cample ceBep-
HBIE IIeIIephl ¢ MHOTOJICTHUM ojieneHeHueM — Ca-
bakaeBckad 1, 2 m YpMmanTay Ha YPpUMCKOM IIIATO;
camble 10XHbIe — bobinas JlabupunToBas u Jleno-
BasI Ha 3allagHON OKpamHe 3MIaupCKOro IUiaTo; 3a-
nagaeie — JlemsgHas (MakcioTtoBckasi-1) Ha I1pu-
OelTbcKOM paBHUHE, BOCTOUYHBIe — HabueBckue 2
¥ 3 B mpeaeiax HU3KOTOPHBIX XpeOTOB 3aagHOTO
ckitona KOxnoro Ypana (cum. puc. 1). IIpu aTom mu-
HUMabHas Iwomanek MHorojeTHux CJIO Benen 3a
YMEHBIIIEHHEM B PETMOHE CPeIHEMHOTOJIETHE TeM-
IepaTypsl BO3Ayxa B CEBEPO-BOCTOYHOM HaIIpaBIIe-
HUHU YCTAaHOBJIEHA Ha KpaliHeM ore bammkoprocraHa.
B runcomerpryeckomM OTHOIIIEHUH caMasl BBICO-
KO pacmojioxeHHas remepa ¢ MHorojetHumMu CJIO —
XomomHas siMa (abc. otMeTka Bxoma 500 M) Ha 3aman-
HOIT oKparHe 3MIanpCcKOro IJIaTo, a caMasi HU3KO
pacrionoxenHoit (110 m) — JlensHnast (MakcioToB-
ckas-1) B paauHHOM Ilpenmypainbe (cm. Tadm. 1, 2).
Taxum 00pa3oM, BEICOTHBII MHTEPBaAI HAXOXKICHUS
nemrep ¢ mHoroiaeTHuMI CJIO coctaBiser 390 M, a
HauOoJbIIee YuciIo nemuiep ¢ MHorojetHuMu CJ1O
HAXOIUTCSI B TOPHOI YaCTH PerMoHAa B MHTEpBae ad-
comoTHBIX 0TMeTOK 200—400 M, mIsT KOTOpOTro Xa-
PpaKTepHO 1 HanOOJIbIIIee pacIpOCTpaHCHNE TIEIIep B
LIeJIOM I10 perroHy. MeHbIIle BCEeTo Ielep ¢ MHOTO-
netarMu CJIO pacripoctpaneHo B paBHUHHOM [Ipen-
ypaJibe Ha abCONMOTHBIX oTMeTKax 150—300 M.
Teoaoz0-2eomopghoaoeuneckue ocobennocmu. I1o-
IaBJIsIoNIast yacTh Iemep ¢ MHorojgetHuMmu CJIO
(59 memep, 6% Bcex M3BECTHHIX IEIIEP 3TOM YacTu
peruoHa) cpopMupoBaHa B U3BECTHSIKAX Ypab-
CKOI KapCTOBOM CTpPaHBI, Ille OHM B OCHOBHOM CO-
CpemoTOYEeHHI B Mpeaeiax HU3KOTOPHBIX XpeOTOB
3amamHo- YpallbCKO# BHEIIHEM 30HHBI CKJIamdaTo-
cti fOxuoro Ypaia (46 nemep, 6,6% Bcex U3BECT-
HEIX MeIep CIeIeOoNpOBUHIINM). B 3HaUnTEIBHO
MEHBIIIel cTeneHn OHM BcTpedaiorcs B OxHOM
IIpenypanbe (neBsTh mewep, 3,7% Bcex melep 3Toi

YacTu perroHa). MeHbllle BCEro meiep ¢ MHOTO-
JnetHuMu CJIO HabGmrogaeTcsl B rurcax — BCEro Tpu
neiepsl, 2,6% BceX U3BECTHBIX TMIICOBBIX IELIEp
peruoHa. OTo 00ycioBIeHO 00jiee MOJIOABIM BO3-
pacToM Ielep B TUIICaX M OTCYTCTBUEM B OOJIBIIIMH-
CTBE 13 HUX OJIATOIIPUSITHBIX MOP(POIIOrMIECKUX YC-
JIoBUi1 111 HaKorieHus1 MHorojeTHux CJIO.

B reomopdosiornueckoM OTHOIIEHUU YYTh
6oJiee 1oJI0BUHEI (52%) melep co JIbAOM U CHETOM
perroHa cOpPMHUPOBAHO Ha CKJIOHAX JOJHH peK,
YTO OOYCJIOBJIEHO XOPOIIIO M3BECTHOM KapCTOBE-
JlaM 3aKOHOMEPHOCTBIO YCUJICHMSI pa3BUTHUS Kap-
CTa OT «sIep» BOAOPA3AeAbHBIX IIPOCTPAHCTB K JI0-
nuHaM pek (Cokosnos, 1962; Makcumosud, 1963 u
ap.). IIpy aTOM BCe OHUM PacnojiOKeHbl B CPETHUX
1 BEPXHUX YACTSIX CKJIOHOB IOJUH PeK WJIU B IPU-
TOJUHHBIX YacTsSIX BOAOPa3AeIbHbIX IPOCTPAHCTB,
rae popMHUPOBAHMIO TIEIIEP CITOCOOCTBYEeT MHTEH-
CMBHOE€ pa3BUTHE TPEIIMH OOPTOBOro OTIIOpa, Ha
YTO YKa3bIBAIOT BCe UCCeaoBaTe/n Kapcra. Bmos-
HE €CTeCTBEHHO, UTO IeIIepbl ¢ MHOTOJIETHUMHU
CJIO OTCYTCTBYIOT B AHUILAX JOJUH PeK U B HUX-
HUX YaCTSIX MX CKJIOHOB B 30HE CE30HHOTI'O KOJjieha-
HUsI YPOBHSI KapCTOBBIX BOJ, TaK KaK UX HaKOILJIe-
HUIO MIPEMNSATCTBYET MEpUOANIECKOe OOBOOHEHUE
KapCTOBBIX ITOJIOCTE!. B 3TOi1 CBSI3M OTMETUM, UTO
nocie cozganus B 2003 r. FOmary3mHckoro Boao-
XpaHuiauila Ha p. benasg u moaToruieHUs HUKHUX
aTaxeil nemepsl CyMraH ero BogaMu CIIEJIe0JI0-
raMu, €XXeroaHO MOCEIAIONIMMU TIeIEpPy U Mpe-
CTaBJSIONIMMU OTYETHI O CIIEJICONMOXOHaX, 3a-
(¢dukcupoBaHa Aerpamanus oJieIcHEHUs IIelePhl
(m1aHHbBIE HEe ONyOJMKOBAHKI).

Emé onHa BaxkHast reoMopdoioruyeckast 0co-
OCHHOCTb pacHpOoCTpaHEeHMs Mellep C MHOTOJIeT-
HuMu CJIO — nmpuypOYEHHOCTD K BEPXOBbSIM JIOTOB
1 CYXOJOJIOB Ha BOJOpa3AeabHEIX IIPOCTPAHCTBAX
(47% Bcex neluep pernoHa ¢ MHorosieTHuMu CJ10),
YTO BIIOJIHE COOTBETCTBYET XapaKTepy paclpocTpa-
HEHUsI TTIOBEPXHOCTHBIX IPOSIBJICHUIT KapcTa B pe-
ruoHe (CMmupHOB u 1p., 2019; CmupHoB, bakuesa,
2020). Apxuii mprMep 3TOro 00CTOATENbCTBA — Me-
mepbl Kytykckoro ypouuiina Ha Hyryu-benbckom
MeXaypeube (CM. pUC. 2), BXOAbl B KOTOPbIE Tpe-
CTaBJIEHBI KOJIOALIAMY U IIaXTaMU WJIA PaCIIOIOXKe-
HbI B KAPCTOBBIX BOPOHKAX.

HdaBHO 3aMe4YeHO, YTO B TOPHOM YaCTU peru-
OHa B TJIYOOKMX 3aJleCEHHEBIX JIOraX, KapCTOBBIX
KOJIOAIIaX ¥ BOPOHKAX BBLIMABIIMI 3a 3UMY CHET
MOXET COXpaHSIThbCS IO CEpeIMHBI JeTa. BriomHe
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Puc. 1. KapcToBble Iemepbl ¢ MHOTOJIESTHUMY CHEXHO-JICASTHBIMU 00pa30BaHUSIMU Ha OOIIECH cXeMe TUIIM3aluu
Kapcta FOxnoro Ypana u [Ipenypanbs.

Kapcmosas cmpana Bocmouno-Esponetickoii pasuunst (1): 1 — (I—A) paBHMHHBINM KapcT B TOPU30HTAIBHO U TTOJIOTO3aJIETAIONINX
noponax Ilpenypanbs; 2 — (I—B) paBHUHHBIN 1 nipearopHbiit kKapcT [Ipeaypaibs B mojoro3ajeraimx U c1adoaucIoLPOBaH-
HBIX TToponax. Ypaasckas kapcmosas cmpana (11): 3 — (11—A) TOpHBIN U IPEATOPHBIN KapcT B TUCTONUPOBAHHBIX U CHJIBHOIVC-
JIOUMPOBAaHHBIX 00pa3zoBaHusIx Ypana; 4 — (II—b) paBHMHHBIN KapcT B CKJIaa4aTO-TbIOOBBIX OTJIOXEHUSIX 3aypaibsi. TUIIBI Kap-
cra (5—68): 5 — cynbdaTHbBIi; 6 — KapOOHATHEIN; 7 — CyIb(MaTHO-KapOOHATHBIN; & — KJIaCTOKApCT; 9 — TEPPUTOPUH C OTCYTCTBU -
eM IpOsIBIIEHMII KapcTa Ha MOBEPXHOCTH; /0 — KapcToBas Iellepa ¢ MHOTOJETHUM JbIOM. I'paHuiibl: /] — KapCTOBBIX CTpaH;
12 — TMTIOB KapcTa Mo XapakTepy pefbeda U YCIOBUSAM 3aJleTaHusT TOpHBIX Topon; 13 — cyonrekToB Poccuiickoit deneparm
14 — Bpeska (cMm. puc. 2). CoctaBunu aBTopbl. Kapcronoruueckast ocHoba (CmupHoB, 2020)

Fig. 1. Karst caves with perennial snow and ice formations in the general scheme of karst typification of the Southern
Urals and Cis-Urals.

Karst country of the East European Plain (1): 1 — (I-A) flat karst in horizontal and gently sloping rocks of the Cis-Urals; 2 — (I-B) plain and
foothill karst of the Cis-Urals in sloping and weakly dislocated rocks. Ural karst country (11): 3 — (II—A) mountainous and foothill karst in dis-
located and highly dislocated formations of the Urals; 4 — (II—b) flat Karst in folded-block deposits of the Trans-Urals. Karst types (5—&): 5 —
sulfate; 6 — carbonate; 7 — sulfate-carbonate; & — clastokarst; 9 — territories with no manifestations of karst on the surface; 10 — karst cave
with multi-year ice. Borders of: 11 — karst countries; 12 — types of Karsts by the nature of the relief and conditions of occurrence of rocks;
13— subjects of the Russian Federation; /4 — inset (see Fig. 2). Compiled by the authors. Karstological basis (Smirnov, 2020)
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Puc. 2. KapcroBble neuiepbl ¢ MHOTOJIETHUMM CHEXHO-JIEAsIHbIE 00pa30BaHUSIMU IIUPOTHOrO TeyeHus p. benoit
(Bpe3ka Kk puc. 1).

Kapcmosas cmpana Bocmouno- Egponeiickoii pasnunbt (1): 1 — (1—Bb) npearopnsiit kapct [Ipeaypaibs B c1aboauCI0LMPOBAHHBIX
noponax (nepeaoBbie HU3KOropHble XpeoThl KOxxHoro Ypana).

Ypanockas kapcmosas cmpana — TOpHBIN KapcT B AMCIOIIMPOBAaHHBIX 00pasoBaHusx LleHTpanbHo-Ypanbeckoro nogHsatus (I11—A):
2 — (II-A,) xapcT HU3KOTOpHBIX XpeOTOB 3anangHoro ckioHa FOxHoro Ypana; 3 — (II-A,) kapct ceBepo-3ananHoil OKpauHbl 3U-
JIAUPCKOTO TUIATO; 4 — KapCTYIOIIMECs IIOPOIBI M UX Te0JIOTMIEeCKUII MHICKC: TEBOHCKME M KAMEHHOYTOJIbHbIE KapOOHATHBIE OT-
JIOXeHUs 3anaaHo-YpalbcKoi BHeNTHEeN 30HbI ckiamyatocty (D+C), cunypuliickue v 1€BOHCKUE TPEeUMYILIECTBEHHO KapOoHaT-
Hble OTJI0OXeHU 3WIaupckoro cMHKJIMHOpU (S+D), panHepudeiickue KapOOHATHbIE OTJIOKEHUS MUHbAPCKO cBUTHI (RF;mn)
JOro-3amnajaHoi OKpanHbl BalllkpcKoro aHTUKJIMHOPUST; 5 — MPEUMYIIIECTBEHHO HEKapCTYIOIIMeCs: IIOPOIBI M MX T€OJTOTMYSCKMIA
MHAEKC: TepPUTeHHO-KapOOHATHBIE OTIOXEHMsI paHHel epMu BocTouHoro 6opra Ilpenypainbkoro nporu6a (P)), TeppureHHsle
OTJIOXKEeHHUs1 No3aHero pudest u panHero naineosost (RF;+PZ,); 6 — kapcToBas neuiepa ¢ MHOTOJIETHUM JIbIOM; 7 — POLHUK; & —
moHop. COCTaBWIM aBTOPBI

Fig. 2. Karst caves with snow and ice formations of the latitudinal flow of the rive Belaya (Inset to Fig. 1).

Karst country of the East European Plain (1): I — (I-b) foothill karst of the Cis-Urals in weakly dislocated rocks (forward low-
mountain ranges of the Southern Urals).

The Ural karst country is a mountain karst in the dislocated formations of the Central Ural uplift (II-A): 2 — (II—A1) karst of the
low-mountain ranges of the western slope of the Southern Urals; 3 — (II—A2) karst of the northwestern outskirts of the Zilair pla-
teau; 4 — karst rocks and their geological index: Devonian and Carboniferous carbonate deposits of the West Ural outer folding
zone (D+C), Silurian and Devonian predominantly carbonate deposits of the Zilair Synclinorium (S+D), Early Riphean carbonate
deposits of the Minyar Formation (RF;mn) of the south-western margin of the Bashkir anticlinorium; 5 — predominantly non-
karst rocks and their geological index: Early Permian terrigenous-carbonate deposits of the eastern side of the Cis-Ural trough (P,),
terrigenous deposits of the Late Riphean and Early Paleozoic (RF;+PZ,); 6 — karst cave with multi-year ice; 7 — spring; & — ponor.
Compiled by the authors

€CTeCTBEHHO, YTO YeM OOJIbllIe IO pa3MepaM I10-
BEepXHOCTHas (hopMa MPOSIBJICHUST KapcTa C BXOIOM
B IIElIEPy, a clAeJoBaTebHO, U €€ CHerocobopHas
ILUIOIIAb, TeM 00Jice MHTEHCUBHO HaKaIlIMBaeTCsI
CHET B KApCTOBOM MAacCHBE TOPHBIX ITOPOJ U T10JI0-
ctax. Tak, B KyTykckom ypouwuiiie rryouHa ojeae-

HEHUS TelepHbIX KOPUAOPOB 1 3aJI0B B 30HE a3-
pauuu (¢ ipeBbilieHUeM Hap p. benag 140—237 m)
pocturaet oyt 70 m (memepa Cymran, Kytyk-
ckas 4), T.e. IITyOMHA MPOHUKHOBEHHUS X0JIoAa B
KapcTymooluuecs: ropHbie mopoasl Ha FOxxHoM Ypane
MOXET YBEJIMYMBAThCS [0 CPABHEHUIO C TEPPUTO-
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pUSIMH OTCYTCTBUSI pa3BUTHUS KapcTa B paBHUHHOM
qacTu pernoHa nmoutu B 40 pa3. D10 00CTOATETb-
CTBO ClIeAyeT YYUTHIBATh IIPU IIPOEKTUPOBAHUN
pa3MelIeHns COIMaIbHO-3KOHOMUYECKNX 00BeK-
TOB B paliOHaX pa3BUTHS TOPHOTO TUIIA KapcCTa.

Mopgomempuneckue u mopghoaoeuneckue oco-
bennocmu newep. ECi ICTOYHMKOM HAKOILICHUS
CHeTa M JIbJa B IIeIIepax CIYXHUT 3MMHUI XOJIO,
TO MHTCHCHUBHOCTDH €T0 MOCTYIJICHWS B HeMaJlok
CTENeHMU 3aBHUCUT OT pa3Mepa IIyTel, IPOBOISIINX
xoJjron. OCHOBHOI 13 HUX — BXO[I B Itetepy. Jdpyroi
(hakTOp MHTEHCUBHOCTY HAKOIUICHUS CHETa U JbAa
B IIelliepax — HAKJIOH I10JIa IIPUBXOAOBEIX KOPHIIO-
POB U 3aJI0B Temephl. I 3aenrHux memiep ycra-
HOBJICHO, YTO YeM OOJIbIIe IIOIIAAb IMOIIePEYHOTO
CEUYeHMS BXOMIa U Kpyde HAKJIOH I10JIa IIPUBXOIOBBIX
KOPUIOPOB 1 3aJI0B IIeIIephl, TeM Ha OOJIbIlee pac-
CTOSIHME IIPOHMKAET MHOTOJIETHEE OJIeIeHEHUE B
IIyOMHY KapCTOBOTO MacCHBa. Y CTAHOBJIEHO TaKXKe,
yTo rromank MHOroJIeTHIX CJIO HaxomuTCs B IIpsI-
MOl 3aBUCHUMOCTH OT 00BbEMa MOJIOCTH, B KOTOPOit
OHU (OPMUPYIOTCSI.

Yé€Ttue Bcero 3ta TEHIACHIMS IIPOSIBISICTCS B
MEIIKOOOpa3HEIX 00JIee CTATUYHBIX B OTHOIIIEHUH
BO31yxo00MeHa (c1abonmpoBEeTPUBAEMbBIX) B TETLIbIA
IepPUOI Tofa U OTHOCUTEIHFHO HEOOBIINX 110 IIPO-
TSCKEHHOCTH Tielnepax (cM. Tabi. 1, 2), He MMEIOIIMX
OT BXOJIa pa3BeTBJICHUI B BUIE KOPUIOPOB 1 XONOB.
B nemepax co Bxomamu Ha pa3HbBIX BEICOTAX, IS KO-
TOPBIX XapaKTEPHO CE30HHOE M3MEHEHIE HaIIpaBJIe-
Hue Betpa, CJIO moryT ¢hopMHUPOBATHECS Y HIKHETO
BXOHIa B IIpeesiaX OTPpHUIIATEeIbHOM TeMIIepaTypHO
aHoManuu. CUuTaeTcs, 4TO IIpUMep TaKOoil Moze-
mm — nemepa KnHaepamHCKas ¢ pacIiooKeHHOM
BoIIIe He€ memepoli Jleqnea (Masmromos, 2008).
OnmHako (pu3mdecKast CBSI3b STHUX IeIep IPYT C ApY-
TOM CIIeJIeoJIoTaMK He TIOATBEPXKIACTCSI, a U3MEHe-
HUe HaIlpaBJIeHUs IBMKECHUS BO3IyXa B Y30CTH, OT-
JIEJISIONIE MHOTOKIJIOMETPOBBIA ¥ MHOTOSIPYCHBIN
JTaOUpPUHT Iemepbl KuHmepanHcKas OT MEIIKO-
00pa3HOro MPUBXOIOBOIO yYacTKa, I10 HAOIIOICHN-
sIM aBTOPOB, HE CE30HHOE, a CBSI3aHO C M3MEHEHMS -
MM aTMOC(HEPHOTO JABJICHUS Ha TTIOBEPXHOCTH.

Bospacm newep u cocmoanue newepnozo avoa.
[lomaBnsioniee GOJBIIMHCTBO Mellep PEerMoHa C
mHorojeTHuMHU CJIO mMeeT cpeaHeILIecToIe-
HOBBII1 U Oosiee ApeBHUIT Bo3pacT (MapTuH u ap.,
1993; CmupHuoB, Cokonos, 1993). K Havyany rojo-
IICHAa OHM YX€ BCTYIIIX B KOPUAOPHO-TPOTOBYIO
HaTE€YHO-OCHIIIHYIO 1 00BaJIbHO-IIEMEHTAIIMOH-

HYIO WM MHQWIBTPAIMOHHO-CYXYIO CTaIUU pa3-
Butus (Tumodeen u ap., 1991). Takum obpasom,
B TOJIOIIEHE, KaK U B HACTOsIIee BpeMsI, YKe Cy-
IIECTBOBAJIM HEOOXOMMMEIE MOP(OJIOTHYECKUE U
MopdoMeTprIecKHe YCIOBUS st (hOPMUPOBAHUS
mHorosietHux CJIO B nemepax permoHa. 31o npeji-
MOJIOKEHNE MOXKET OBbITh IOATBEPKICHO WIIM OIIPO-
BEPTHYTO, HAIIpUMED, IMAIMHOJIOTMYECKUMU UCCIIe-
JOBaHUSIMU TOJIII IEIIEPHOTIO JIbIA. Y CTaHOBIICHO,
YTO BO3PACT MEIIEPHOTO Jbla MOXET JOCTUTATh
3000 net (Masmonos, 2008, 2017).

BrnionHe 04eBUIHO, YTO UCTOYHUK aKKyMYJIs-
LIMK XOJI0Aa B KAPCTOBBIX Ielliepax — OTPULIATEIIb-
HEIEe TeMITepaTyphl Ha OBEPXHOCTU, HO B MHOI'O-
JIETHEM IUIaHe OHU HETIOCTOSIHHBI. MHTEeHCUBHOCTh
HakoruieHus u coxpaHeHust CJIO — uHOuKaTop U3-
MEHEHUsI MECTHOTO KJIMMATa, Ha YTO YKa3bIBaJIu BCe
uccienoBateau newep (Masntogos, 2017). ITpume-
POM 3TOMY MOXKET CITY>KUTh XOPOIIIO U3ydeHHas 110
CpPaBHEHMIO C IPYTUMMU TelllepaMy perioHa ACKbIH-
ckag neuepa (YepBsauona u ap., 2012; Kagebckas
u ap., 2019; Cokoiio, 2020 u np.). AHaIU3 UMElO-
IIMXCSI B pACIIOPSLKEHUM aBTOPOB JAHHBIX O COCTO-
saHuu CJIO B meuiepe rmokasblBaeT, UTO IJIOLIAAb
HaJeAu U O0BEM JIEISIHBIX CTAaJarMUTOB U CTajlaK-
TUTOB B HEll He MOCTOSTHEH U MOXET MEHSIThCS B
2 pa3a u 6onee. Tak, B 1924 r. Hajneab NOKpHIBa-
JIa JINIIb TIOJIOBUHY TIIMHUCTOTO I10JIa MEIIephl, a B
1964 r. oHa 3aHMMaJia IOYTH BCIO ero Ioianb. K
1 auBaps 2021 r. iolaab HajleAu HEMHOTO YMEHb-
mmIack ¥ cocrasuia ~5000 M2 (puc. 3), 4To BIIOJIHE
€CTECTBEHHO OOYCJIOBJIEHO ITOBBIIIEHUEM CpElIHE-
TOIOBOM TeMITepaTypbl MECTHOCTH, @ UMEHHO — T10-
TeIJIEHWEM 3MMHUX MECSIIEB B ITOCJIeTHee Iecs-
tunetue (Yepssuona, 2012), uyTo npegonpeneanio
HeOoOXOIMMOCTh psiaa MEePOIIPUITUI IO COXpaHe-
Huto CJIO B newepe.

ITemepa AcKbIHCKAst — re0J0TrMYECKU maMsT-
HUK nipuponbl ¢ 1965 r. (ITocranoBnenune Cose-
Ta MunuctpoB bamkupckoit ACCP ot 17 aBrycra
1965 r. Ne 465) 1 yXe MHOTO JIET IIPUBJIEKAET BHU-
MaHHE CIIeJIe0JIOTOB 1 TypucToB. IloceriaeMocTh
e€ MMOCTOSTHHO YBEJIMYMBACTCS, YTO IIPUBOINT K JIe-
rpamamnyy TJIaBHBIX €€ TOCTOIpUMeUYaTeIbHOCTEN —
JnensHbix cranarMuToB. C 2017 r. 111 coxpaHeHUs
JIETHUKOBEIX PEJIMKTOB IIellepa repeJaHa B JOJITO-
cpouHyio (Ha 49 net) apeHny PermoHaibHOMY OT-
neneHnio Pycckoro reorpagudyeckoro ooiecTsa,
KOTOpPOE OPraHM30Bajio U BeAET MOHUTOPHUHT CO-
crosHus CJIO, a noctaHoBinenueM IIpaButennscTBa
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Koumyp naneou:

1924 2.
7] 1964 2.

CHedicno-neosinvie 0bpazoeanus
no cocmosinuio na 01.07.2021

J1e0AHOl cmanazmum
(6 macuwmabax niama u paspesa)
B pucxooosas naneow
N cmyneHs Haneou
B 2 cmynens naneou
0 3 cmynens naneou
4 cmynens naneou

Paspes no nuHun A-b-B-I -

0 40m

Cvemka. E. [Tunemosa, ILI. Mycayxos, 2018 e.
Obpabomka: L. Mycnyxos, 2018-2020 ze.,
10. Coxonos, 2020-2021 ee.

Puc. 3. Tlnan u paspes mneiepbl ACKbIHCKOI ¢ KOHTypamu Haneau 1924 r. (Baxpymes, 1924), 1964 r. (bormaHosuy,

1964) u 2020 r. (Cokoinos, 2021)

Fig. 3. Plan and section of the Askynskaya cave with contours of icing areas, 1924 (Vakhrushev, 1924), 1964 (Bogda-

novich, 1964) and 2020 (Sokolov, 2021)

PB ot 11 anpensa 2018 r. Ne 163 mocenieHue nere-
PBl OTPAHUYEHO PErIaMEHTOM I10 YMCICHHOCTU U
BpeMeHU IpeObIBaHUS B Hell 9KCKypcaHToB. Kpome
toro, ¢ 2008 r. nsa coxpanenust CJIO B mepuos 1mo-

JIOKMTECJIbHBIX CPEAHCCYTOUYHBLIX TEMIICEPATYP BO3AY-
Xa Ha IIOBEPXHOCTU OJ1d COXpaHCHUA 3UMHEIO XO-
Jioga Ha BXOJA€ NEUICPhl €2KEroJHO YCTaHaBJIMNBACTCA
MOJUATUIICHOBBIA 3KpaH. Taxkue IIPpOCThIE MEPO-
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OPpUSITUS JAJIU MOJOXUTENbHBIN 3((PeKT — 00bEM
CJIO, HEcMOTps Ha IIOBHIIICHHE B ITOCIIETHEE JIe-
CSITUJIETUE CPEIHETOMOBEIX TeMIIepaTyp Bo3dyxa B
OKPECTHOCTSIX MEIIepPhl, B 1IEJIOM HE YMEHBIIHICS
(Coxkoios, 2020). ITomoOHBIE MEPOIIPUSITHS IO CO-
xpaneHuo CJIO ¢ momoXuUTeTbHBIM 3G HEKTOM YKe
IaBHO BEIyTCs BO BCeMHUPHO u3BecTHOU KyHTyp-
ckoit nengHoit nemepe (Kageoekas u ap., 2005).
Ha npuMepe ACKBIHCKOII Iemiepbl BUTHO, YTO
mHorojyietHrue CJIO cinyXaT MHINKATOPOM M3MEHEe-
HUSI MECTHOTO KJIMMAaTa, HO B ACKBIHCKOM IIeIepe
K €CTECTBEHHBIM YCJIOBUSM M (haKTOpaM HaKOILIe-
HUs 1 coxpaHeHnsT MHoroneTHnXx CJIO moGaBiseT-
Csl aHTPOIIOTE€HHOE BJIMSHIE, KOTOPOE B HACTOSIIEE
BpeMs noMuHHpyeT. Mcxonst u3 3Toro, JaHHbIE MO-
HuTopuHra 3a coctrosaueM CJIO B ACKBIHCKOI ITe-
1Iepe clieayeT KOppearupoBaTh ¢ JaHHBIMU M3MEHE-
HUSI MECTHOTO KJIMMaTa ¢ Y4ETOM aHTPOIIOT€HHOTO
(akTopa, 4TO TPEeOyeT JOMOITHUTEIHPHOTO aHAIM3A.

O0cyxnenue

CobpaHbl Bce JOCTYIIHbIE aBTOpaM CBEACHHUS O
mHorosetHux CJIO B meniepax, T.e. JTaHHBIE O CKOII-
JICHWU CHEra U JIbIA, COXPAHSIIOIINXCSI B KAPCTOBBIX
IMOJIOCTSAX Ha MPOTSKEHUM HECKOIbKMX JIET. DTU
CBEIEHUS — HEIOJIHbIC 1 HEOJHOBPEMEHHbIC, U B
psne nemiep CJIO B HacTosiiee BpeMsI MOTYT OTCYT-
cTBOBaTh. OTHAKO BO BCEX PACCMOTPEHHBIX ITeIIepax
JIOCTOBEpHO 3aduKcHUpoBaHo cyiecTBoBanue CJ10,
T.€. B HUX UMEIOTCI HEOOXoaUuMbie MOpdoIoruye-
cKue U Mop(poMeTpUYECKIE YCIOBUS JUISl HAKOILIE-
HUS 1 coxpaneHns MHoroieTHux CJI10.

Mg oueHKU cocTossHUS MHorojetHux CJIO
Heo0X0IMMO OJHOBPEMEHHOE 00C/IeIoBaHIE BCEX
yKa3aHHBIX B Tabjaulle nemep. Takue uccienona-
HUS JOJKHBI OBITH BEIITOJHEHBI IO CHELIMAIbHOM
mmporpamme, Hampumep, mo rpanry PI'O, koTopsblii
MOXKET OBITh ITOJIyYeH JTIOOBIM KOJIJIEKTUBOM CIIeIIV -
aJIMCTOB, UMEIOIMM Hay4yHBbIi 3a1e1. B 3ToM OTHO-
IIEHUU CTaThsI MOXET CIYXXUTh OCHOBOI IJIsI TaKOM
nporpamMMel. I1pu peanusanuy JaHHOI Iporpam-
MBI OyIEeT YTOYHEHO YHCJIO ITeIIep ¢ MHOTOJIETHUMU
CJIO. I'naBHBIe LIeIM POrpaMMbl — OpPTaHU3ALKS U
BelleHe MOHUTOPHUHTA 32 COCTOSIHUEM MHOTIOJIET-
Hux CJIO B pa3innyHBIX pailoHAaX PeruoHa, a TaKXKe
omnpeneaeHUe UX 3aBUCUMOCTH OT U3MEHEHUSI KJIM-
MaTa B LIeJIOM O peruoHy. Ilo MHEHUIO aBTOPOB,
HepeMEeHHBIM 0OBEKTOM MOHUTOPUHIA COCTOSTHUSI

CJIO pomxHa OBITh peIKO noceltaeMas neiiepa Jle-
ngHas-JIunosasi. B Heii chopmupoBaHa camast MOIILL-
Has (mo 11 m) Hanenpb (cM. Tabu. 2). [lemepa 3an0-
JKE€Ha B M3BECTHSKAX CpeaHEero KapooHa, maarolimx
Ha 3anan noj yrioMm 10°. ApkooOpa3Hblii BXOI pa3-
mepoM 11,8 X 3,5 M obpallléH Ha BOCTOK—IOr0-BOC-
TOK M HAXOIUTCSI B BEpXHEI YacTH MPaBOTO CKJIOHA
JoavHbI p. benas ¢ npeBbilieHneM Haja pekoii 105 M.
ITemepa cocTouT M3 TPEX 3aJI0B, COEAUHEHHBIX Y3-
KMMMU IIpOXOJaMM, IIPOCTUPAIOIINMUCS B CEBEPO-
3amagHoOM HampaBiaeHUH. [TpoTsKEHHOCTD Tele-
pbl 150 M, ammuryna 44 M, riyouHa 36 M, 00bEM
2430 M3, miowanps Hanenu 552 m2 (Jlo6aHos, 1979;
Jlo6aHoB, PeixkoB, 1986). I1naH nemepsl TpeoOy-
€T YTOUHEHMS Y TIePEChEMKH, ITOCKOIbKY UMEIOTCS,
KaK MUHHAMYM, IBa Pa3HBIX NX BapUaHTA.

3akiouyeHune

MHoroneTHUEe CHEXXHO-JIeIsIHbIe 00pa30BaHMs B
KapcToBbix Teniepax FOxHoro Ypana u Ilpenypanbs
(GopMUPYIOTCS JIOKATBHO BHE 30HBI CIUIOIIHOTO pac-
MpPOCTPAaHEHUSI MHOTOJETHEMEP3JBIX TTopod. OHu
MpeICTaBIICHbl HAIEAIMU, CTaJJaKTUTAMM M CTajar-
MUTaMHM, U3MOPO3bIO Y KPYITHBIMU JICATHBIMUA KpPH-
cTajjaMu, (pUpHOM U1 JIbAOM. MexaHu3M ux odopa3o-
BaHMS 1 COCTaB B 3ACIIHUX MEIIepax IMPaKTUIeCKN
He u3ydeH. M3 Bcex M3BECTHBIX B HACTOSIIIEE BpeMs
3ACIIHUX TICIIep MHOTOJICTHUE CHEXHO-JICASIHEIC
00pa30oBaHuUs BCTPEUYEHEI TOILKO B 6% melep, 4To
00YCJIOBJICHO PeIKO BCTPEYaAIOLIUMCS B peTUOHE OfI-
HOBpPEMEHHBIM COUYCTaHHEM HEOOXOIMMBIX YCIIOBHI
00pa30BaHNS MHOTOJIETHETO JIbAa B MEIepax.

YcTaHOBIEHBI OCHOBHBIE 3aKOHOMEPHOCTH pac-
MPOCTpaHEeHMS TICIIep ¢ MHOTOJICTHUMH CHEXHO-
nensinplie oopazoBaHusiMu. DopmMupoBaHue Mocie -
HUX, TIPU TIPOYUX PaBHBIX YCIOBUSIX, BO MHOTOM
npegonpeaeseHo Mop@oaornaeckumMu u Mopgo-
METPUYECKUMU 0COOCHHOCTSIMH KapCTOBBIX ITOJIO-
creii. Ha npuMepe ACKBIHCKOM Meliepsl (¢ camoi
KPYMHOM MOA3eMHON Haleablo B PErMOHE) MoKa-
3aHBl 3aBUCUMOCTh MHTCHCUBHOCTH HAKOIUICHUS
CHEXXHO-JIEASTHBIX 00pa30BaHUIA OT MECTHBIX KJIU-
MaTUYECKUX YCIIOBUI W BIMSHUE OTPULIATCILHOTO
(BbIpyOKa J€COoB, MOCEIaeMOCTh) U MOJ0KUTEIIb-
HOro (MCKYCCTBEHHOE COXpaHEHWE CHEeXHO-JIeIsI-
HBIX 00pa30BaHUl MMyTEM PKpaHUPOBAHUS BXOIa)
AHTPOMOTeHHBIX (PaKTOPOB HA COCTOSIHUE HaJICIM.
PexoMeHI0BaH MOHUTOPUHT 32 COCTOSTHUEM CHEX-
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HO-JIEASHbIX 00pa30BaHUI B pelKo MoceliaeMoi
JlensiHoli-JIunoBoii meliepe ¢ caMoii MOIITHOM Ha-
JIEAbIO IJISL ONpeAeSeHUs CBSI3U COCTOSIHUSI CHEX-
HO-JIEISIHBIX 00pa30BaHUIA C UBMEHEHUEM MECTHBIX
KJIMMAaTUYECKUX YCIOBUIA.
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Summary
Results of studying the bottom relief of a unique small reservoir (lake) located in the south of the Broknes
peninsula, the oasis of the Larsemann Hills (East Antarctica) are presented. The first reliable depth measure-
ments carried out in January 2022 demonstrated that within the shallow basin of the lake (average depth of
1 m or less) there are four narrow depressions (canyons) with a width of 5.5 m or less and a depth reaching
27.7 m. Such a character of bottom relief has not been found before in any of the more than 150 known lakes
of this oasis. To study this phenomenon, we performed fieldwork including hydrological observations, mea-
surements of water temperature and mineralization at different horizons, high-precision bathymetric survey,
and the underwater photography together with geological and geophysical investigations of the lake bank
slope. A working hypothesis explaining the origin of such unusual bottom relief suggests a version of frost
cracking that propagates along the fracture zone in the bedrock followed by the formation of cryoeluvium

and the removal fine-grained particles (suffusion).
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Jlapcemann.

B pe3ynbraTte nonesbix pabot 2021/22 r. B 0a3umce Xonmbl JlapcemaHH (BoctouHaa AHTapKTupa) onuncaH
Masiblil BOOOEM C YHUKaNbHbIMY ONA AaHHOTrO permoHa MopdomeTpruyecknmn xapakrepuctmkamu. Mpu
pa3mepax 143 X 53 m u cpegHei rnybuHe 6onblueil YacTu KOTNIOBMHbI OKOSIO0 1 M B €ro KOTNOBUHE pas-
BWTbI YeTbIpe Yy3KKX BMagWHbI, LUIMPMHA KOTOPbIX He NpeBbiwaeT 5,5 M, a rnybuHa pgocturaet 27,7 m. MNpu-
BefleHbl pe3ynbTaTbl MMAPONorMyecknx pabot Ha 3ToM o3epe, reonoro-reodumsnyeckoro obcnefoBaHmA
€ro KOT/IOBUHbI, @ TaKXe npeaBapuTenbHas rmnoTesa o MexaHu3me ero GopmmnpoBaHus.

BBenenne

B oazuce Xonamel JlapceMaHH U3BEeCTHO OoJee
150 mpecHbIx 03¢ép. Hauboiiee cucteMaTuuyeckoe ux
oIrcaHue, BKJIIoYalolee B cebss OCHOBHBIE MOP(O-
METpUUYECKHE XapaKTepUCTUKH, IIPUBEICHO B ATJIa-
ce, COCTaBJIEHHOM IO pe3yJbTaTaM paboT ABCTpa-
JIMICKOI aHTapKTHu4yeckon akcneauuuu (Gillieson

et al., 1990). bonee nonpoOHbIE CBEIEHUS O CTPO-
€HUU Y THIPOJOTUYECKOM peXKUMe HEKOTOPBIX U3
3TUX 03€p U3JIOXEHBI B MaTepraaXx COBPEMEHHBIX
uccienoBanuii. K HacrosieMy BpeMeHU JOCTATOY-
HO TOJIHO M3y4eHBI 03épa 1m-oBa bpokHec. UIMeHHO
B 3TOI YaCcTM 0a3rca U3BECTHBI HauboJiee KPYITHbIC
¥ r1yookKue BomoéMBI: o3epo IIporpecc (HanboIb-
11as1 IPUBOAMMAs B ITyOIMKALIUSX ILIOIIAab BOTHOM
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Puc. 1. O61mas xapaktepucTuka o3epa Konbckoe:

a — cxeMa pacroyiokeHHsT (0pTOPOTOIUIaH IO JaHHBIM a3podoTOoChEMKM ¢ nmpuMeHeHreM BITJIA, BeIToaHEeHHOM 6 (eBpais

2020 r.); 6 — B ¢ 3amaja; 6 — BUJ C ceBepa
Fig. 1. General characteristics of the Kolskoe Lake:

a — location scheme (ortophoto on the data of the aerial survey with UAV performed on 6th February, 2020); 6 — view from the

west; ¢ — view form the north

noBepxHocTH — 160 ThICc. M2 (Shevnina, Kourzeneva,
2017) ¢ makcuManbHOM Tmyounoit 42 M (Ilpsxu-
Ha u ap., 2020); ozepo CkaHapeTT (TIOIAAb BOJI-
HOI1 moBepxHOCTH — 157,9 ThIC. M2, MaKCHMaJIbHAs
ryouHa — 17,6 m (boponuna u ap., 2019); osepo
Bonnep, pacnojoxxeHHOe Ha TpaHUIlE O0a3uca U
JIEIHUKOBOIO KymnoJa (IJIolaab BOOHOM MOBEPX-
HocTU — 194,9 Teic. M2, MaKcUMallbHAs [IyOuHA —
45 m) (Boronina et al., 2021). I'mybuHa ocTaabHBIX 03€p
oasuca He npeBbiaeT 9 M (ApraMmoHoBa U 1p., 2019).

CornacHo oIy0JMKOBAaHHBIM JAaHHBIM, OOIIast
yepTa JJisl BceX BOIOEMOB oa3uca — ciaabopacuie-
HEHHBIN XapaKTep MoABOAHOrO penbeda. Jaxke B
CaMbIX INIyOOKMX 03€paxX OTCYTCTBYIOT 3HAYNUTEIbHBIE
YKJIOHBI U JIOKaJIbHBIC Teperaabl OTMETOK JHA: 3TO
IMOKAa3bIBAIOT ACTalbHbIE 0ATUMETPUICCKUE CXEMBI
(boponuHna u ap., 2019) unu, Opu UX OTCYTCTBUM,
PEKOTHOCLIMPOBOYHBIE MPOGUIN TIIyOUH, TIpUBe-
néunble B Atnace (Gillieson et al., 1990). ITpunum-
MUAaJIbHO MHOM MONBOIHEIN peibed ormrcaH aBTopa-

MM B Mpoliecce Ce30HHBIX paboT 67-i1 Poccuiickoii
aHTapKTuueckoit akcneauuuu (PAD, 2021/22 1.)
npu u3ydeHuu maioro ozepa LH-54 — nymepanus
comtacHo Atiacy (Gillieson et al., 1990) B 10XxHO#
yactu 1m-oBa bpokHec. [lepBbie pe3ynbTaThl AeTallb-
HBIX TUAPOJOTUYECKUX PabOT, BHIIIOJHEHHBIX Ha
3TOM BOJIOEME, MPUBOIATCS B HACTOSIIEH CTaThe.
ITockonbKy Ha ToTorpaduyecKux Kaprax paiioHa
paboT opuLIMaTIbHOE HA3BaHUE ¥ 0OBbEKTa UCCIICH0-
BaHUS OTCYTCTBYET, aBTOPHI MCIIOJIB3YIOT ISl HETO B
cTatbe pabouee Ha3BaHUe «03epo Konbckoe».

03epo Koavckoe BHITSIHYTO C Iora Ha ceBep U
PAacCIIOJOXEHO B MOJOIrOM KOTJIOBUHE, Pa3BUTOM
Ha OCTaHIIOBOU BO3BBINIEHHOCTU B KPAEBOU 4acCTH
oasuca, Helajeko oT moJieBoil 6a3nl IIporpecc-1
(puc. 1, a, 6). I1lo taHHBIM a3pO(POTOCHEMKU, BHI-
MOJHEHHOM aBTOpaMM MPU MOMOIIU OECIUIOT-
HOTIO JIETaTeJIbHOTO amrmapara B ce30H 65-if PAD,
MaKcuMajbHas JuHa o3epa — 143 M, MakcuMaib-
Has UpHUHaA — 53 M; nyolagb o3epa OleHUBaEeT-
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cs1 B 4385 M2. HanBoaHas 4yacTb 036pHOI KOTJIOBU-
HHI B JIETHEE BpeMs IPEeUMYIIeCTBEHHO CBOOOIHA
OT CHEXHOTO MOKPOBA; NCKIIOUYEHNE COCTABIISIET
MHOTOJICTHUI CHEXXHUK B I0XXHOM YaCTH BOIOEMA.
O3epo OTHOCUTCS K IEPUOANICCKHA CTOYHOMY; pa3-
Ipy3Ka BOIHBIX MAcC IIPOMCXOAUT B JICTHUI IIEPUOT
T10 JIOIIWHE, PAaCIOJIOXEHHOI K ceBepy OT Oepero-
Boi1 muHMM (cM. puc. 1, ). I'moponorndyeckue pado-
THI Ha 03. Konbckoe B ce30H 67-i1 PAD BhIIOIHS -
JINCh B paMKax MHOTOJICTHE!I Hay4YHO-IIPUKIIATHOMN
IIporpaMMBI MU3YYeHUSI BOTHBIX 00BEKTOB 0a3Mmca,
Havaroii B 2017 r. OcHOBHBIE 3aMa4d UCCIIETOBa-
HUI — OaTuMeTpuYecKasi ChéMKa 1M HaAOJII0AeHU S
3a ruapoorudeckum pexmumom. [lepBrie pexkor-
HOCIIMPOBOYHBIE pabOTHI IIOKA3aI HeXapaKTepHEIS
YepThl ITOIBOITHOTO pelibeda BogoEMa, IIOITOMY
TUTaH paboT OBIT JOIOJIHEH MOABOTHON (POTOCHEM-
KO 1 T€0JI0T0-Teo(pU3NIeCKMMI paboTaMu B IIpe-
neaax 0eperoBoro CKJIoHa.

MeToauka ucciief0BaHuI

Teodesuueckoe obecneuenue Bcex BUIOB padoT,
B TOM 4YHCJIe OIlpefeieHre aOCOMIOTHRIX IUIAHOBO-
BBICOTHBIX KOOPIMHAT IUIOIIAIOK BOIOMEPHEIX I10-
CTOB M MO3UIIMOHUPOBAHNUE TOYEK IIPOMEPOB IIIy-
OMH, BBIIIOJIHSJIOCH IIPU IIOMOIIN BBICOKOTOIHOTO
DGPS-nmpnémunka EFT. CpegHsis TOYHOCTE OTIpe-
JeeHNS TIaHOBBIX KOOPAUHAT COCTaBWIa £6 MM,
BBICOTHBIX — 3 MM.

bamumempuueckyro ceémky 03. Konbckoe Benu
C HaoyBHOI BECEIbHOI JIOOKKM. B 3aBUCMMOCTH OT
IJIyOMHBI BOTOEMA B TOUKE M3MEPCHUS IMPUMEHSUIN
OIIMH 13 ABYX MeTomoB. Eciu riryOuHa He IIpeBhIIa-
J1a 2 M, TO IUIAHOBO-BBICOTHBIE KOOPAMHATHI TOYEK
ITHA HaXOIWJIM ITyTEM HEIOCPEICTBEHHON YCTaHOB-
ku DGPS-nmpnéMunka Ha Bexe Ha THO KOTJIOBHUHEI.
IIpu TakoM criocobe rpomMepa NepBUYHON UHPOP-
MallMel CIIyXKMJIM KOOPIMHATHL (B TOM YHCIIe a0co-
JIFOTHASI BEICOTA HaJl YPOBHEM MOPSI) TOUYKH OIBO/I -
HOI KOTJIOBUHEL 15T mepecyéTra 3TOi BeIMIMHbBI B
IIyOMHY 03epa MCHOJIb30BaIld JaHHBIE 00 YpOBHE
BOIHOI ITOBEPXHOCTH HA MOMEHT ChbéMKHU U abCo-
JIIOTHBIE KOOPAMHATHI BOJTOMEPHOTO ITocta. Heco-
MHEHHOE IIPEUMYIIIECTBO TAKOI'O METOIa — BBICOKAS
TOYHOCTh HAOJIIOMEeHUI, o0ecieuynBaeMasi reone3m-
YeCKHUM KJIaCCOM MCITOJIb3yeMOoii armapaTypel. Ha
OCTaJIbHBIX YYaCTKaX aKBaTOPUHU ITTyOMHY U3MEPSLIIN
IIPY TIOMOIIM PYYIHOTO JIOTa, a IJIaHOBEIE KOOPIH-

HaThbl TOYEK MPOMEPOB Takke ¢ rmomolbio DGPS-
NpUEMHHUKA, TTOMEIIAaeMOr0 Hall BOTHOM MOBEPXHO-
cThI0. Bo BpeMd BhITTOTHEHUS pabOT OOJIbIIIAST YaCTh
o3epa ObL1a MOKPbITA JIbIOM, HEAOCTATOUHO Kpemn-
KUM AJ1s1 6€30I1aCHOr0 IelIero BbiXoaa, Mo3TOMY
paboThI C IOJKU COMPOBOXIATUCH UCKYCCTBEHHBIM
pas3pyllieH1eM JIEASTHOTO OKPOBa BPYYHYIO.
Ilo0600mHyH0 pomo- u eudeocsémky Be C IOMO-
mplo noaBoaHoro annapara Gladius Mini, ocHa-
meéHHoro 4K-kaMepori 1 TTO3BOJISIONIETO MTOTYYaTh
CHUMKHM ¢ paspelieHreM 10 12 Mn. EcrecTBeHHbIe
OrpaHMYCHUSI paauyca OeiiCTBUS IpoHa — IJIMHA
Kabesisl, COeIUHSIOLIETrO ero ¢ HaABOAHBIM MYJIbTOM
yIIpaBJeHUs, a TaKXKe YCIOBUS OCBEILEHUS: HECMO-
TPsI Ha HAJINYKE BCTPOSHHOTO OCBETUTEILHOTO TIPU-
0opa, Ha 0OJBIINX TJIYOMHAX €ro MOLIHOCTb HeJ0-
CTAaTOYHA JIJTSI TIOJIy9eHUST YETKOM KapTUHBI.
Habawdenus 3a eudposocuueckum pexncumom
03. Konbckoe mipegycMaTpruBaii MOHUTOPUHT YPOB-
HSI BOOBI HA BpEMEHHOM BOJIOMEPHOM IIOCTY CBali-
HOTO THUIIA, a TaKXKe U3MEPEHUs paclipeaeaeHust
TeMITepaTypbl 1 MUHEpaIU3aluu 1o Tayoune. s
NoCaenyIIINX JabopaTOPHBIX UCCeN0BaHUN BO
BriaguHax I u I1 (puc. 2, a) yepe3 Kaxnbie 3 M T1you-
HbI TaK>Xe OTOUpaju mpookl Boabl. M3mMepeHust Mu-
HepaM3allli ¥ TeMIIepaTyphl BHIIIOJIHEHBI Ha IBYX
BEpPTUKAJISIX, PAcIloNoKeHHbIX Bo BriaguHax I u II.
Pa6oter npoBoauinu ¢ gonku. [1poObl BOIBI MOTHU-
MaJii ¢ TOPU3OHTOB 0OaTOMETPOM-OYTHIJIKOM, a HE00-
XOIVIMBIE TTApaMETPhl OIIPEAEIISIIIA MYJIBTUMOHUTO-
pom Ultrapen PT1. TouHocTb mpubopa cocTapisieT
+0,1°C 1 £1% ot nokazaHuii MUHEPATU3aLUL.
MowHocmb puixablX 0MA0NCeHUIl, PA3BUTHIX B
KoTJoBUHe 03. KoJibckoe, omnpenensaach B Ipo-
1iecce reopagapHoil CbEMKHU C TTOMOLIBIO Freopaaapa
Zond 12e ¢ anteHHBIM 0y10KOM 500 MT'11; miaHoBo-
BBICOTHOE MO3ULIMOHUPOBAHUE CETU HAOII0AeHUI
00ecrneynBaoCh COBMECTHBIM ITPUMEHEHUEM OJ10-
meTpa reopagapa 1 DGPS-npuémuuka EFT. CeTbio
reousnyeckmx npoduieit Obuia NOKPHITA BCSA HAll-
BOJHAasl 4aCTh 03EPHOI KOTJIOBUHBI. 151 yBepeH-
HOTO OIpeae/ieHUs KPOBIU MaparHeicoB, eciau 3TO
MO3BOJISLT peibed, MPodUIn 3aKaHUYMBAAU Ha Bbl-
X0JIaxX KOPEHHBIX ITopo. JoIoIHUTEILHO B ABYX
TOYKax, Ie 0 JaHHBIM I'e0paguoIOKALIMM MOIII-
HOCTb PHIXJIBIX OTJIOXKEHMI OblTa MUHUMAJIbHOM,
OBbUIM IIPOIAEHBI 3aBEPOYHBIE IITYP(PHI.
T'eopaduonokayuonnwvie daHHble 0OpadaThIBAIU T10
CTaHIAPTHOMY aJIrOPUTMY, MpeayCcMaTpUBaIOILIEMY:
MepBUYHYIO OLIEHKY KayecTBa MaTepuasa; BbIOOp
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Puc. 2. Crpoenue KotaoBuHbI o3epa Koibckoe:

a — GatuMeTpruYecKas cxeMa (IIpy BBICOTHOI OTMETKE BOIAHOM MOBepXHOCTU 87,86 M Haz yp. Mopsi): I — u306aThl, M; 2 — TOYKU
MaKCUMaJIbHBIX TIyouH, M; I—-1V — HyMepanus BraauH; 6 — opToOTOCHUMOK, WITIOCTPUPYIOIIUIA CTpPOeHUE KOTIOBUHBI (HOTO
BoinosiHeHo C.JI. I'puropbeBoii Ipu MOMOIIM OeCITUIIOTHOTO JieTaTeabHoro anmnapara DJI Mavic Mini, nata cHuMmka 3 ¢eBpais
2022 1.); 6 — TpEéXMeEpHasi MOAEJIb KOTJIOBUHBI 03. KoJbcKoe

Fig. 2. Structure of the basin of the Kolskoe Lake:

a — bathymetric scheme (altitude of the water surface: 87,86 m above sea level): I — isobaths, m; 2 — points of maximum depths, m;
I-IV — numbering of depressions; 6 — orthophoto illustrating the structure of the basin (photo taken by S.D. Grigoreva with UAV
DJI Mavic Mini on 3rd February 2022): ¢ — 3D-model of the basin of the Kolskoe Lake
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npoduiIs YCUIeHNs; TOPU30HTAIbHYIO (PUIbTpa-
LIMI0, HAMTPaBJACHHYIO Ha MOAABIEHUE BO3MYLIHOMN
BOJIHBI; YaCTOTHYIO (DMIBTPALIMIO; TIEPECUET Bpe-
MEHHBIX pa3pe30B B ITyOMHHBIC. 3HAYCHNE OTHO-
CUTEJIbHOW MUAJEKTPUYECCKOM MPOHUIIAEMOCTH,
OTBEYalolIee UCCAEAYEMbBIM PhIXJIbIM OTJIOXEHU -
SIM, HAXOAWJIU METOIOM moadopa ¢ y4€TOM MpoMe-
poB B mypdax. ITonodbpaHHOE 3HaUEHUE CUUTATIOCH
KOPPEKTHBIM, €CJIM MOIIHOCTh OCaIOYHOM TOJIIIH,
onpeneaéHHas Ha pa3pese NMpu TaKOM 3HAYCHUMU,
COBITaiajia C MOIIHOCTbHIO, UBMEPEHHOU B 3TOM
Xe Touke Impoduis B mypde. BeananHa oTHOCH-
TEJIbHOW IUAJIEKTPUYECKON TTPOHUIIAEMOCTU IJIS
CJIOSI PBIXJIBIX 0OJIOMOYHBIX OTJIOXXKEHUIA O€peroBoro
ckJIoHa 03. Kobckoe cocTaBuia 5,5 ef.

Pe3yabTaThl HccIeA0BAHMIA

Mopomempuueckue xapaxmepucmuxu 03. Koao-
ckoe. Ha GatuMmerpudyeckoit cxeme o3epa (CM.
puc. 2, a) BUOZHO, 9YTO €TO KOTJIOBMHA BBITSHYTA C
[0Ta Ha CeBep M CYKaeTCs B CEBEPHOI OKOHEUYHOCTH.
Ha ¢done crabopacasieHEHHOIO ITOABOIHOTO pejibe-
a 1 manbix (mo 1 M) ryObuH BIOJIB 3aManHOTO Oe-
pera o3epa pa3Buta cepus BraguH. Camasl roxXHas
BraguHa (cM. puc. 2, a, 1) umeer popmy xkémoda,
INIyOMHAa KOTOPOTO YBEIMYIMBAETCS C Iora Ha ceBep,
npocTturas 27,76 M (MakcUMaJIbHasI U3MEPEeHHas TITy-
OuHa o3epa). PacnmonoxeHHbIe CeBEpHEE BIAaANHbBI
II-1V xapakTepu3yioTcss BODOHKOOOPa3HBIM CTPO-
eHueM. MakcuMasbHble TJYOMHBI B HUX COCTaB-
astor 17,72, 13,1 u 7,36 M nng snagud 11, 111, IV

Puc. 3. ITonBonHkie poTorpadum ozepa Konbckoe:

Temperature:3.7°C

cooTBeTCTBeHHO. OO0IIast MIs BCeX BIAaOWH 4epTa
cTpoeHMs — (popMa CTEHOK: B BOCTOUYHOM 4acTu
CTeHKM IPaKTUIECKU BePTUKAIBHBIC; C 3aIlladHOMN
CTOPOHEI B IIpeeIax IepBbIX METPOB ITTyOMHBI BBI-
paxXeHbI KPYThle CKJIOHBI, HIKE IIePEeXOIsIITe B OT-
BeCcHble. Mexmy coboil BHnaauHbl pa3naesioTcs y3-
KMMU I'PeOHSIMU.

B 10:xHOIT M ceBepHOIi YacTSIX KOTJIOBUHBI OTME-
YaloTCsI IOJIOTHE JIOKAJIbHBIC TTOHIKEHMS IIOBEPX-
HOCTH JHA C IIyOMHaMU, He TIPEBBIIIAIOIINMU 4 M.
HetanpHast ChEMKa penbeda THa B FOXKHOM OKOHEYHO-
CTH 03epa He BBITOIHSIIACH, TaK KaK aKBaTOPHS 31eCh
YaCTUYHO ITIePEKPhITa MHOTOJIETHIM CHEXXHIKOM. Ha-
Jyre v (popMa BITAAWH, BEISIBIICHHBIX 110 PE3YJIbTa-
TaM OaTMMETPUYECKON ChEMKM, JOMOJIHUTEIBLHO WI-
JIIOCTPUPYIOTCS a3p0(POTOCHUMKOM (CM. puC. 2, 0), a
00IIMiT XapaKTep KOTJIOBMHEI 03epa HAIVISIIHO IT0Ka-
3aH Ha TPEXMEPHOI MoAe (CM. pHC. 2, 8).

Iloosodnasn gpomoceémra. lanHbie, IOIyICHHBIC
10 pe3yJIbTaTaM MOIBOIHOI ChEMKU, II0KA3EIBAIOT,
YTO W CTEHKHM BIIAOWH, U pa3IelIsSIONIne UX XpeOTh
CJIOKEHBI IPEUMYIIECTBEHHO YIJIOBATHIMU IJIBIOA-
mu (puc. 3, a) pasmepom ot 0,3 M mo 1,5 M. Ha riry-
ouHax 10 12—13 M 00JIOMKM ITOKPBITE BOTOPOCIISI-
MU, HIDXE BOJOPOCIM BU3yaJIbHO HEe HaOIIOmAIoTCs,
a Ha HEKOTOPBIX ITIbI0aX OTMEYaeTCs II0JI0CYaTOCTh
(cM. puc. 3, 6), xapakTepHasi IUISI ITaparHeicOB, BhI-
XOISIINX HAa THEBHYIO ITOBEPXHOCTHh BOKPYT KOTJIO-
BUHBI 03epa. DTU OLIECHKU MMEIOT IIpeaBapUTeIIb-
HBII xapakTep. HanéxHoe omnpenesieHWe cocTaBa
00JJ0MOYHBIX MOPOI Ha nHE 03. KoJbcKoe 1 KOpeH-
HBIX IIOPOJI ero IMo0epexXbsi BO3MOXKHO TOJBKO IO
pe3ynbTaTaM ornpoboBaHus. JIHO camMoii IIyOOKOI

2022-01-06 11:56:31

Depth:—27.1m

Pitch:1°

a — BUJI Ha MepeMbIuKYy, pasaensionyio Bnaguusl 11 u I11; 6 — nHo Bnagusr [

Fig. 3. Underwater photos of the Kolskoe Lake:

a — view on the wall dividing the depressions II and III; 6 — bottom of the depression I
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Puc. 4. Pe3ynbTaThl rTMAPOJIOTMYECKUX HAOTIOASHUIA:

a — rpauK U3MEHEHUs BLICOTHON OTMETKM BOIHOM MOBEPXHOCTU; 6 — pacrpeneieHue temmepartypsl (/) 1 MuHepanu3auuu (2)

no ryouHe Bo BnaauHe | u Bnaguxe 11
Fig. 4. Results of hydrological observations:

a — graph of the altitude of the water surface; 6 — distribution of temperature (/) and mineralization (2) at different horizons at the

depression I and at the depression 11

BrianuHbl I (cMm. puc. 3, 6) clioxeHo Oojiee MEIKO-
36 pHUCTHIM MaTepHaioM. ¥ CTAHOBUTh I'PaHyJIOMET-
PUYECKUIA COCTaB JOHHBIX OCAIKOB I10 (hOTO- U BU-
JeoMareprajgaM HeBO3MOXHO, HO OYeBUIHO, YTO
KPYITHOOO0OJIOMOUHOr0 MaTepuaja 3aech Maio. B
Ipoliecce 3alyCKOB IOJBOAHOrO ammapaTa ycTa-
HOBJIEHA ellI€ OJJHa 0COOEHHOCTh CTPOEHMSI BIIaAH,
BaxkHasl IJIsI OOBSICHEHMSI UX reHe3uca, — HaJudue
CcOoOOIIeHUs MexXny HUMU. Tak, Mpu IMOTrpyKeHUUu
Bo BrnaguHy Il o6HapyXeHo, 4yTo Ha rayouHe 13 M
B CTeHKe, oTheistonleil e€ or Brmaguusl 111, ects
CKBO3Hasl 11IeJIb, Yepe3 KOTOPYIO MPOOMBaeTCs CBET
C THEBHOM moBepxHOCTU. Hanuuue Takux oTBep-
CTUI OTMEYAIOCh U B BEPXHEHM YaCTU BIIAAUH BU3Y-
aJIbHO TIpU paboTax C JIOJKM.

Tudpoaoeuueckuii pexcum ozepa. I'papuxk nsme-
HEHUS abCoAMHOU 8bICOMHOU OTMETKU BOIHOM MO-
BepxHOCTH 03. KoJibcKoe moKa3biBaeT, YTO B Ie-
puon ¢ 23 mekabps 2021 r. (Hayajgo HaOIIOAEHUIT)
mo 29 suBaps 2022 r. ypoBeHb BOAbI MpaKTUYe-
CKM He MeHsIJIcs 1 cocTaBisii 88,31 M Ham yp. Mops
(puc. 4, a). B 310 Xe BpeMsI U3 03epa BhITeKaN pydyeit
C UCTOKOM B CEBEPHOI YaCTU KOTJIOBUHBI, KOTO-

phIii 3aHUMaJ JIOIIMHY, 00pa3ys KackaJ HeOOJIbIINX
BOJIONA0B, OH IOKAa3aH IMYHKTUPHOM JIMHUEWA HaA
puc. 5. OTKpBITOE PYyCJIO pyubs nepecoxyio K 30 sH-
Bapsi, OTHAKO CTOK IO JIOIIWHE HEe IMpeKpaTUCs,
MpU 3TOM U3MEHUJIOCh MECTO BBIXOAA O3€PHBIX BOI,
B jomuHy. C 30 sHBaps Boja BbhITeKala U3 CUCTEMBI
OTKPBITHIX TPEIIUH KOPEeHHBIX TTopo B 10 M K Boc-
TOKY OT IIEPECOXIIIEr0 pyciia pydbsl Ha aOCOTIOTHOMN
BBICOTE 85,79 M, oHa M300paxkeHa CIUIOIIHON Y-
HUel Ha puc. 5. BeposTHO, pa3rpy3ka 03EpHBIX BOJI
MpoaoJKanach MyTéM MH(MUIBTPALIUM CKBO3b OOPT
KOTJIOBUHBI, CJIOXKEHHOM PHIXJIBIMU YETBEPTUIHBI-
MU OTJOXEHUSIMU U/WUJIU 110 CUCTeMe TpellluH B
KOpeHHBIX nopoaax. Ha rpaguke 3ToT nepuon xa-
paxKTepusyeTcsl CHIKeHUEM ypoBHs Ha 90 cM (cM.
puc. 4, a). Hauunas ¢ 7 ¢espans ypoBeHb 03. Kosb-
CKO€ YCTaHOBUJICSI HA aOCOJIOTHOU BBICOTHOM OT-
MeTKe 87,39 M, a CTOK I10 JIOILIMHE MPEeKPaTUIICH.
Pacnipenenenue temnepaTypsl 10 ITyOMHE KakK
I BrianuHbl 1, Tak u st Bnagunsl 11 (em puc. 4, 6)
CXOXXee — HarMEeHbIIIMe 3HAYeHUS XapaKTepHBI I
npunoBepxHocTHOTo cjiost Boasl (1,3 u 1,2 °C cooT-
BETCTBEHHO). B nmpenenax repBbIX METPOB TeMIIepa-
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88,31 m Hag yp. mop4

O3epo Konbckoe

85,79 M Haga yp. Mopa-

Puc. 5. I1ytu pa3rpy3ku BooHbIX Macc o3epa KoJibckoe.

IlyHKTHpHAsT TUHKUS — TOBEPXHOCTHBIN CTOK, CIUIOIIHBIE JIMHUU — CTOK C Pa3rpy3Koii 4yepe3 CUCTeMY TPELIMH B KOPEHHBIX MO-
ponax. Moneib penbeda IMoCTpoeHa 1o pe3yJibraTaM a3podoTocheMKU ¢ mpuMeHeHreM BITJIA, BeimonHeHHOM 6 despais 2020 r.
Fig. 5. Pathways of discharge of the water masses of the Kolskoe Lake.

The dotted line shows surface water stream, the solid lines show water flow direction through cracks in solid rocks. Terrain model
created on the data of the aerial survey with UAV performed on 6th February 2020

Typa Bo3pacTtaeT, nocturas 2,1 °C Ha rimyouHe 4 M Bo
priaguHe | 1 3,2 °C Ha rmyoune 3 M Bo BrianuHe I1.
Huxe reMneparypa BoIbl MPaKTUYECKU HE MEHSIET-
csl, 32 UCKJII0UeHUEM ropu30oHTa 24 M Bo BriaguHe I,
rue u3MepeHHoe 3HaueHue coctapiset 2,5 °C. Pac-
npeaeseHue MUHEpalIn3aluy ¢ TIIyOUHO B 00enx
BIIaIMHAX OJHOPOIHO, U3MEHUUBOCTh U3MEPEH-
HBIX 3HAYCHUI HAXOMMUTCS B Ipeaesiax IMOrpelrHo-
ctu ipudopa. CpenHsist BeJIUUMHa OOIIe MUHEpa-
num3anuu Bo BraguHe 11 cocrasnser 71,8 mr/i, a Bo
Briaauue I — 69,4 mr/mn.

Ouenka 2eonoeuveckozo cmpoenus bepezoeoi
yacmu Komaoeunst. 10 TaHHBIM I'e0JIOTUYCCKOM
KapThl oazuca Xoamel JlapcemanH (Carson, Grew,
2007), o3. Konbckoe pacroiokeHo B 00JIaCTH pac-
IIPOCTPAaHEHUSI HEOIIPOTEPO30iCKOTO I'PaHATCO-
JepXKallero KBapli-IToJeBOIIAaTOBOTO MaparHeiica
(Broknes paragneis). CorjacHoO IoJeBbIM Ha0JII0-
JNEeHUSIM, B IIpeaeax HaABOAHON 4acTU KOTJIOBU-
HbI THEMCHI TIEPEKPHITH PHIXJIBIMM OCaIKaMU — He-
OKaTaHHBIM pa3HO3epHUCTHIM meckoM (oT 0,2 mo
1 MM), ApecBoii ¢ 1IeOHEM U INILI0AMU Pa3HOTO pa3-
Mepa. B coctaBe necuaHoit ¢pakiuu rnmpeodianaoT
3€pHa rpaHaTa U KBaplla, IOCJICIHNE ITOKPBITHI OX-
pucteiMu TUIEHKAMU. [Topoabl He MEp3IbIE, BEPX-

Hue 10 cMm cyxue, HIXKe clieTka BiaxHbie. [Tpumep
reopagapHOro pa3pesa, XapaKTepHU3yIOIIero y4acToK
HUCClIeNoBaHUS, IPUBOAUTCS Ha puc. 6, a (cxeMa
PpAacroIOKEHNS CETU ChEMKH TTOKa3aHa Ha puc. 6, 6).
I'paHulIa PHIXJIBIX OTJIOXEHUM M KOPEHHBIX TTOPO
(Ha puc. 6, a TToKa3aHa MYHKTUPHOI JIMHUEH) yBe-
PEHHO MpoCeXUBaeTCsI BAOJb BCEro Mpodus.
MaxkcumajbHasi MOIIIHOCTb OCaJAKOB Ha MPUBEIEH-
HOM paspese cocTaBjseT 1,4 M, MUHMMaIbHasI —
0,4 M. C npoduisg 60 M rpaHULIa CTAHOBUTCI MEHee
pa3peléHHOM Mo BEpTUKAJIN, HO Oojiee KOHTPACT-
HOM, aMIUINTyIa OTPaKEHHOM 2JIEKTPOMArHUTHOM
BOJIHBI Bo3pacTaeT. Takast BoJTHOBasi KapTMHa Xapak-
TepHa JJisi 0OBOJHEHHBIX y4acTKOB. B aToM MecTe
npoduab IeHCTBUTEILHO IIPOXOIMI BAOIb NHTEH-
CHBHO Talolllero cHexHuka. I1oBbIIeHHOE comep-
J)KaHUE BJIarY B PHIXJIBIX OTJIOXEHMSIX OTMedaeTcCs
KakK Ha IIOBEPXHOCTH, TaK U B pa3pese 1ypda.
AHau3 JaHHBIX I'eOpaaroJOKallMK IToKa3all,
YTO HaJABOJHAs 4acTh KOTJOBUHHI 03. Kosibckoe
MMeEET JO0CTaTOYHO IPOCTOE I'€0JIOTMYECKOE CTPO-
eHne. KopeHHsle moponsl (rmaparHeiicsl bpokHec,
no Carson, Grew, 2007) riepeKphITHI CIOEM PBIXJIBIX
00JIOMOYHBIX OTJIOKEHUI, MOIITHOCTb KOTOPBIX HE
npeBwimaeT 1,5 M. s mocnenyommx gadopaTtop-
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Puc. 6. I[Ipumep reopamapHoOro paspesa B mmpeaeaax 0eperoporo ckiioHa osepa Konbckoe:
a — paspes 1o MPOIOJILHOMY IPOdWIIIO BIOJIb BOCTOYHOTO O6epera, MyHKTHMPHOM JIMHUEH MoKa3aHa TpaHUIIa PHIXJIBIX OTIOXKEHMIA
M THEICOB; 6 — cXeMa BBIMIOJIHEHHBIX paboT; Ha (parmMeHTe 6: I — reopagapHblii Mpoduib, IMOKa3aHHbINM Ha (parMeHTe a; 2 —

oCTaJIbHbIE TPOGUIN

Fig. 6. An example of GPR section within the bank slope of the Kolskoe Lake
a — GPR section along the profile at the eastern bank; the dotted line on a marks the boundary between unconsolidated sediments
and gneiss; 6 — scheme of survey; legend for 6: / — GPR line shown at Fig. a; 2 — all other GPR lines

HBIX UCCEIOBAaHUN OTOOpPAHBI 00pa31bl PBIXJIBIX
0CaJKOB C TTIOBEPXHOCTH U U3 Pa3HBIX TOPU30HTOB
B 1Iypdax, a TakKe THEHCOB U3 PACIOJIOXEHHBIX
pSaIOM OOHAXKEHUIA.

O0cyxIeHue pe3yIbTaToB

B pesyinbTaTe KOMILIEKCa MCCAeI0BaHUN Ha
03. Kosbckoe mojiydeHbl JaHHbIE O CTPOSHUH €ro
KOTJIOBMHBI, 3HAUUTEIHHO OTIMYAIOIINECS OT paHee
onyonukoBaHHBIX. CorinacHo Atnacy (Gillieson
et al., 1990), KoT10BMHA UMeET cIabOHAKIOHHOE
JIHO, a MaKCUMMaJibHas TJyOMHa 03epa COCTaBJIsIeT
14 M. PaboThI, 110 pe3ynbTaTaM KOTOPBIX COCTaBIISII-
CsI TOT aTjliac, HOCUJIU PEKOTHOCIIMPOBOYHBIN Xa-
pakTep, 1 Ha 03. KonbcKoe ObUT BBITIOJHEH TOJBKO
OIWH MpOoGUIb C IIPOMEPAMHU TIYOUH. YUUTHIBas,
YTO IIyOOKMeE BIAJAWHBI, YCTAHOBJIEHHbBIE aBTOpaMu
HaCTOsIIIel CTaThbi, UMEIOT HEOOJIBIIYIO IIIMPUHY U
JIOKaJIM30BaHbI B 3allafHOM YacTU 03epa, OHU BEpo-
SITHEE BCET0 OKa3ajlCh B CTOPOHE OT PEKOTHOCIIM-
POBOYHOTO TIpoduJIs, IoKazaHHOTro B Atiiace. AHa-
JIN3 ONYyOJIMKOBaHHBIX MaTepHaoB U MHOTOJIETHUE
MoJIeBble HaOJIIOIEHUS TTIOKA3hbIBAIOT, YTO MOPGhOI0-
TMYeCcKue 0COOEHHOCTU KOTJIOBUHEI 03. Kojibckoe
YHUKAQJIBHBI 1 paHee B IIpefesax oa3uca He OTMeda-
JIUCh. DTOT (peHOMEH eIlI§ TOJBKO MPEeICTOUT 00b-
SICHUTb B X0 HaJlbHEHUIIMNX UccaeaoBaHuil. TeM

He MeHee, yXe ceiiyac MOXHO IMPeaI0KUTh 00b-
sSICHEH€ BO3MOXHOI0 MeXaHu3Ma (opMUPOBaHMUS
r1y0OKMX BIAAWH B KOTJIOBUMHE o3epa. CorjiacHo
aBTOpaM HaCTOSIIEero MCCiea0oBaHus, HauMeHee
MIPOTUBOPEYMBBI TAKHE MPEATIOJI0KEHMS.

1. O3. Konbckoe chopMUpOBaIoCh B KIUMATH-
YEeCKUX YCJIOBUSAX, 00Jiee XOJIOAHBIX 10 CPaBHEHUIO
C COBPEMEHHBIMU, U TIPEJCTABIISIIIO COOO0I HEerryoo-
KMt BOTOEM, 3aMOJIHSAIOLINI TTOIO0TYIo AeTipeccuio. B
3MMHUM TIepHOo 03epO IIPOMEP3aJI0 Ha BCIO ITTyOUHY.

2. Y4yacToK IIOABOIHOM KOTJIOBUHBI, IIe Ceil-
yac pacroJioXeHbl BIaAuHbl, ObLI IIPUYPOUYEH K
ocabJieHHOI 30HE MOBbILIEHHOW TPEeIIMHOBATO-
CTU KOpeHHBbIX nopox. [loa nelicTBUeM Jea10BOIO
3a004 CYIIECTBYIOIIME TPEIIUHBI PACIIUPSIINCD U
yrnyonsaich. @opMUPYIOLIMIACS KPUODTIOBU ObLT
MpeacTaBlIeH 00JIOMKaMHM OT aJIeBPUTOBBIX 10 KPYII-
HOOOJOMOYHBIX (PpaKIInit.

3. Ilo cucreme CBA3aHHBIX TPEIIMH B KOPEHHBIX
MOopoax B JICTHUIA MEPUO IIPOUCXOINI TTOA3EMHBIA
CTOK O3EPHBIX BOJ, COMTPOBOXIAIOIINICS BBIHOCOM
yacTull MeJKuX ppakiuit (cypdosus), a KpynmHbIe
0010MKM (11Ie0eHb, TJBIOBI) OCTaBAJINCh HellepeMe-
IIEHHBIMU U BBIMOJIHSUIM CTEHKY BIIAIVH.

4. 3aTeM MPOU3OIIIO MOCeI0BaTeIbHOE TTepe-
KpBITUE TIOJ3€MHOTO CTOKA Ha pa3HbIX YPOBHSX U
BBIHOC MEJIKOTO MaTepuaja 3a c4eér cydpdo3um us
ITyOOKMX BMAAWH TpeKpaTuiicsa. Takoe mpearoio-
>K€HUE KOCBEHHO ITOATBEPXKIAET YMEHbIIICHNE MaK-
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CHMaJIbHBIX TJIyOMH BO BIIaIMHAX C Iora Ha ceBep,
T.€. B HAIIpaBJICHNHU K MECTy COBPEMEHHOTI'O CTOKA M3
o3epa. Bo3amoxxHass mpuunHa IepeKphITASI CTOKa —
LeMEHTAIIMS TPEIMH MEJIKO3EPHUCTHIM MaTepHUaioM
W/WIH TIporpamamnys o3€pHoro ¢ppoHTa Ha ceBep, Ie
OH BCTpeYasl HOBBIE TPEIMHBI, HE 3a0MTHIE MEIKO-
3epPHUCTHIMA YaCTUIIAMU M PACIIOIOXEHHEIE BBIIIIE.

st moaTBepXKISHNWS U AeTAIN3AlNI STUX TIPeI-
MOJIOXKEHUI WJIM MX OIIPOBEPXKEHUS, a TaKXKe pa3-
paboTKU APYroil MOJENIu 00pa30BaHUs YHUKATbHON
KOTJIOBUHBI 03. KoJibckoe HeoOXoauMhbI 1aboparop-
HBIE MCCIICIOBAHMS U B IIEPBYIO OUYepeb OIpeneiie-
HIE TPaHYJIOMETPUIECKOTO COCTaBa PBHIXJIBIX OTJIO-
JKEHUI CO CKJIOHA KOTJIOBMHBI 1 CO JTHA o3epa (s
OILICHKYW BO3MOXHOCTH pa3BUTHS cyddo3nn). 3a-
IUIAHMPOBAaH KOMIUIEKC M3BICKAHUI: MOP(POCKOMIISI
00JIOMOYHBIX YACTHUII; OTIPeeIeHIE IIPOIOKUTEIIb-
HOCTH aTMOC(EPHOM KCITO3UIINY KOPEHHBIX ITOPOI
0eperoBoro CKJI0HA; OIIEHKA BO3pacTa TOHHBIX M I10-
KPOBHBIX OTJIOXEHUI ITo0epexbs. IIprnopureTHbIe
3aJa9M B MOCJIEIYIOIINE TOJIEBBIE CE30HBI — OTOOD
KOJIOHKM JOHHBIX 0CagKoB 13 03. Konbckoe u n3yde-
HIE Te0JIOTMYESCKOI0 CTPOSHMS THA BIAIMH.

3aKioueHune

1o pesynbraTam noieBbix padot 2021/22 r. ycra-
HOBJICHO, YTO MaJIbIif BOOOEM B FOXKHOI YaCTH II-0Ba
bpokHec, He nMeoIINiT Ha3BaHUS Ha Tonorpadu-
YyecKuX KapTax (paboyee Ha3BaHUE 03epo Koabckoe),
nMeeT YHUKaJIbHbIe MOp(pOMeTprUIeCcKe XapaKTe-
pucCTUKM 1is1 oazuca Xoamsel JlapcemanH. Ipu nu-
HEeWHBIX pa3Mepax 143 X 53 M 1 TT0J10T0# KOTJIOBMHE
C TJIyOMHOM, He MpeBhIlIAaloNIei Ha OobllIell YacTu
o3epa 1 M, BIOJIb 3ammamHOTo Oepera o3epa pa3BUTH
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XUMHUYECKOTo pexuma 03ép BocTouHoit AHTapKTHU-
nbl 3a mocnemaue 10 jet // 11 Beepoc. Hayd.-IpakT.
KoH(}. «CoBpeMeHHbIEe TCHICHIIUN 1 TTePCIIEKTUBBI
pa3BUTHS TUAPOMeTeopoornu B Poccun». MpKyTeKk,
2019. C. 97—-106.

boponuna A.C., Ilonoe C.B., Ilpsxuna I'.B. Tunponoru-
YyecKasl XapaKTepHUCTUKa 03¢p BOCTOYHOI YacTu I10-
nyoctpoBa bpokHec, XonMmnl JlapcemanH, Boctou-
Hast Antapktuna // JIéq u Cruer. 2019. T. 59. Ne 1.
C. 39—48. doi: 10.15356,/2076-6734-2019-1-39-48.

YETHIPE BIIAAWHBI IMMPUHON 10 5,5 M 1 MaKCHUMaJTh-
Hoi Timyowunoit 27,7 M. O3epo Koabckoe — TpeThe
Cpeny HUX II0 IIIyOMHe, yCTynast TOJIBKO IBYM KPYII-
HEWIIMM IJIsl JaHHOTO palioHa o3épam — bonmep u
IIporpecc. CormacHO IIpeaBapuUTeIAbHON TUIIOTE-
3e, MPeII0XKEeHHON aBTopaMu, o0pa3oBaHue IIy0o-
KIX BIAAWH B KOTJI0BHHE 03. KOJIbcKOe MOXET OBITh
CJIEICTBHEM CTAaIMITHOTO IIPOIIeCcca, BKIIIOYAIOIIETO B
ce0s1 JIemoBEIi 320011 IO CHCTEME TPEIIH B KOPEH-
HBIX TOPHBIX ITOpoaax, (GOpMUPOBAHNE KPUOITIOBHS
1 MHTeHCHBHYIO cyddo3mio. CIipaBeqIMBOCTb STUX
MPEAIIOJIOXEHUN IIPEICTOUT YTOYHUTH MPU HaJb-
HEHIINX UCCICIOBAHMSIX.

baaromapaocTu. ABTOpHI BEIpaxalioT 0,1aromapHOCTh
CBOMM KoJjiieraM mno 67-it Poccuiickoii aHTapkTude-
ckoit akcneauuuu H.B. Eroposoii, A.B. Mupakuny,
A.A. KpacHOBY 3a ITOMOIIIb B BbIIOJHEHWHM TTOJIEBBIX
HCCIIEOOBAaHUI U TUPEKTOPY SKCIEINIIAN I10 TPaBH-
MarHUTHBEIM paboTtam AO «HOxxMmopreoaornst», Bemy-
memy reopmsuky AO «3apyoeskreonorns» E.K. I'pu-
TOpPbeBY 3a IOAIEPKKY W BaXKHBIE peKOMEHIAIINN
npu o0CYXJIeHUU pe3ysibTaToB padoT. PaboTra BbI-
HoJHeHa TIpu pUHAHCOBOU TToggepxkke PODU B
paMKax HaydHoro Impoekta Ne 20-05-00343 A.
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AOCOMOTHDBIN M OTHOCHTEIbHBII BO3pACT MOpeH cTaauii AKTpy n UcTropnueckasn
JeanukoB lleHTpaJbHOro ANTas no JAaHHLIM JUXCHOMETPHH H AEeHIPOXPOHOJIOTNH
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Summary

Dendrochronology, and lichenometry were used to determine the relative and absolute age of the Late Holocene
moraines of the glaciers of the Aktru, Maashei and Shavla valleys (North Chuya ridge, Central Altai). An array of
86 dendrochronological dates, related to moraine deposits, is analyzed, 30 of which are published for the first time.
Also, for the first time, data on the relative (lichenometric) age of the young deposits of the Aktru Valley, and data on
the lichenometry of the moraines of the Maashey glacier and one of the glaciers of the Shavly valley were obtained.
We used the capabilities of each method and the expediency of their combined use in the study area. It was confirmed
that the growth rates of lichens on the moraines of the Aktru stage (XVIII-XIX centuries) are generally consistent
with the previously published estimates. The moraines of the Historical stage, which date earlier than 1700-2300 years
ago, supports the lichens as large as 120-160 mm, but the scattering of their diameters is too large and the assess-
ment of the lichenometric ages of these moraines seems to be problematic, but not completely excluded. The Akkem
stage of glacier advance according to the recent publications dates back to the Late Glacial or Early Holocene time; the
lichenometry is obviously not applicably at such ancient surfaces. According to dendrochronological dating, the gla-
ciers of the North Chuisky Ridge in the last millennium advanced at least twice up to their maximum extent in the
XVII - early XIX and XII centuries. In the 8th century, the sizes of the glaciers possibly, approached modern ones.
After the XVII century, the cedar (Pinus Sibirica) in Central Altai significantly reduced its distribution area due to the
climate cooling, retreating from the periglacial territories, where it was distributed earlier. All trees that grew near the
glaciers, above 2300 m, died. The comparison of the dates of glacier advances in the past millennia with the tree-ring,
ice-core, and palynological reconstructions of summer temperature and precipitation show a good correspondence.

Citation: Nazarov A.N., Solomina O.N., Myglan V.S. Absolute and relative age of moraines of the Aktru and Historical stages of glaciers of Central Altai
based on lichenometry and dendrochronology. Led i Sneg. Ice and Snow. 2022, 62 (3): 387-409. [In Russian].
doi: 10.31857/52076673422030140, edn: eqqzic.

Ilocmynuna 23 nosiopsa 2021 e. / Ilocae dopabomku 31 mas 2022 e. / lpunama k newamu 11 uroas 2022 e.

KntoueBbie cnoBa: Anmaii, kone6aHus 1eOHUK08, MOpeHbl, 200U4HbIe KONbYA, TUXeHoMempus, 0eHOPOXPOHOJIo2uUs, MAJibili 1eOHUKO8bILI nepuod,
N030HUil 20/10U€H.

MeTogbl AeHAPOXPOHONOTNY U JIMXEHOMETPUM MPUMEHEHDI AJ1A ONpPefeneHns OTHOCUTENbHOTO U abCconoT-
HOro BO3pacTa NO3[HErosIoLeHOBbIX MOpPeH nefHUKoB LieHTpanbHoro Antas (CeBepo-Yyiickuin xpebeT). YcTa-
HOBJIEHO, YTO CKOPOCTU POCTa NNLIANHNKOB — NMHANKATOPOB Ha MOpeHax CTagumn AKTpy — B LIeNOM cornacy-
I0TCA C ONy6MKOBaHHbIMK paHee oleHKamu. 1o JaHHbIM eHAPOXPOHONOMMYECKOro AaTUPOBaHNIA, NeLHUKN
3TOro paloHa B nocsiegHeMm TbicAYeneTun nmenn asa makcumyma Hactynanus: B Xl 8. u B XVII — Hauane XIX BB.
(Makcumym npogswkeHns). B VIII B. nnowwaab negHMKoB NpubnvKanacb K COBpeMeHHON. Pa3mepbl nLWIanHK-
KoB nogpoga Rizocarpon Ha mopeHax cTaguu AKTpy BapbupytoT ot 20 o 41 mm, Ha mopeHax Uctopuueckoin
ctapgum — ot 120 go 160 MM, UTO B CMOPHBIX CITyYasaX MO3BONAET OAHO3HAYHO UAEHTUPMLUMPOBATL MOPEHY.

BBenenue KO MpUMeHsIeMOoe U ISl U3YYeHUs JIEAHUKOB AJTast

(Agatova et al., 2012; 2021). Tem He MeHee, HECMO-

K omHOMY M3 OCHOBHBIX M HaAEXHBIX METOIOB Tps Ha IJIUTEIbHYIO UCTOPUIO MCCAEAOBAaHUIA, BO3-
orpene/ieHrs] BpEMEHM HacTylaHUs JIEMHUKOB OT- pacT Jaxe HauboJiee MOJIOAbIX MOpeH AnTas (cTa-
HOCHUTCS pPaIuoyIiepoaHoe JaTUPOBaHUE, IMUPO- U AKTPY) omnpeneiaéH o4eHb MPUOIUKEHHO.
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OCHOBBIBAsICh Ha TaHHBIX PagUOYIJIEPOIHOTO TaTH-
pOBaHUsS, MOXXHO YBEpEeHHO KOHCTATUPOBATh, 4YTO
3TO HACTYIaHUE IPOUCXOAUTIO B CPEIHEM — MO3M-
HeM cpenHeBeKoBbe. CylllecTByeT OOJIbIIAst HEOIIPe-
NeAEHHOCTD, BBI3bIBaeMasl He CTOJILKO ITOrPEIIHO-
CTBIO JATUPOBAHMSI, CKOJIBKO XapaKTepOM 00pa3lioB
U MHTepIpeTalueil YCIOBUM UX 3a/IeTaHus, Taxe
eCliK peuyb UIOET O ApeBecrHe. [IpUMEHUTEIBHO K
AJTalo 3TH NpobJieMBbl, BKJIIOYasl IPOTUBOPEYHE
MEXIY PaguoyriaepOIHBIMU U IEHAPOXPOHOIOI -
YeCKHMMU JaTUPOBKAMU, IOAPOOHO pacCMOTPEHbI B
pa6ote (Hazapos u ap., 2016).

06 axkTuBHOCTH negHHKOB paHee 1000 et
Hazan (JLH.) 1O CHUX IOP MOXHO CYIUTh TOJIBKO IO
HaxXoJKaM pa3poO3HEHHBIX PEBECHBIX OCTATKOB Ha
UX MPEIITONbIX, MHOTHE U3 KOTOPBIX JaTUPOBAHBI C
MoMoIIbio AeHapoxpoHonoruu (Hazapos, MbiriaH,
2012). UcToYHUK JOTOTHUTEIbHON MH(pOPMAIINNA
0 Bo3pacTe MOpeH — nuxeHoMeTpus. [Ipeumyiie-
CTBa COYETAHUSI STOTO METOJA C PAAUOYIICPOIHBIM
JATUPOBaHMEM U ACHIPOXPOHOJIOIMEil MOKa3aHbI
Bo MHorux uccienoBanusax (Villalba et al., 1990;
Luckman, 2000; Barclay et al., 2009). ITono06HBbI1
IMOAXO/ MO3BOJISIET IIPOBECTU BepUDUKALIUIO pe-
3y/lbTaTa U MPeICcTaBUTh UTOTOBYIO KapTUHY Ooliee

00bEéMHOI 1 MeHee pparMeHTapHOM. [Tpobenbl B
PEKOHCTPYKIIMIX, BEI3BAHHBIE HEITOCTAaTKAMU U
OrpaHUYEHUSIMH OTHOIO 13 METOIOB, KOMIIEHCHPY-
FOTCSI BOBMOXKHOCTSIMU IPYTOTO.

3amaum paboOTHl — oIIpeaesieHre abCOIIOTHO-
ro Bo3pacTa HanboJjiee MOJIOIBIX MOPEH JIETHUKOB
LentpanbHoro Antas (ctamust AKTpY) ITyTéM 0000-
IIEHUS BCEX IPSIMBIX 1 KOCBEHHBIX JaT, MMEIOIINX
OTHOIIIEHNE K KOJIcOaHUSIM JIEMTHUKOB B CpeIHUE
BeKa, 1 OTHOCUTEILHOTO BO3pacTa MOPEH MCTOPU-
YeCKOI CTaauy, a TaKXe BBISIBJICHUE BO3MOXHO-
CTeil COBMECTHOI'O MCIIOIb30BaHUS JIMXEHOMETPUN
u geHapoxpoHojoruu B LleHTpanbHOM AJTae.

Paiion ucciienosanmii

PabGotsl npoBoauiu B LleHTpanbHOM AnTae, B
npenenax CeBepo-Yyiickoro xpebTa, B JOJMHAX CE-
BEPHOIT M CEBEPO-BOCTOYHOM SKCHO3UIIMIA HA MOpE-
Hax JegHuKoB bonbiioit Aktpy, Maaillieit 1 OJHOTO
W3 TemMHUKOB OacceiiHa p. [llasna (puc. 1). B mommne
AKTpY JONOJHUTENLHO obcieaoBann 6opTa, moumy
pexu 1 ppOHTATIBbHYIO 9aCTh AKKEMCKOII MOPEHBI
B 30HE Pa3BUTOTO Jieca, INIe COXPAaHUIUCH e€ par-

500 05' ///’%

HOHryp

Puc. 1. Cxema Cesepo-Yyiickoro xpebTa:

1 — MecTa TIpoBeeHUsI IMXEHOMETPUHU; 2 — MecTa 0TOOpa 00pa3LoB AJisd JEHIPOXPOHOJOIUU; 3 — OCEeBbIE YaCTU OTPOTOB XpeOTa;

4 — coBpeMEeHHOE OJiefIcHEHUE

Fig. 1. North Chui ridge:

1 — lichenometry sites; 2 — sampling sites for dendrochronology; 3 — axial parts of the spurs of the ridge; 4 — modern glaciation

- 388 -



A.H. Hazapos u op.

MEHTBI, €lll¢ He MOKPBIThie MXOM U AEPHOM. Xa-
PaKTepUCTUKH KJIMMaTa, peabeda, COCTOSIHUE U
W3MEHYMBOCTDb BEpXHEI I'PaHUIIHI Jieca II0ApOOHO
paccMmaTtpuBanuch paHee (I'amaxos, MyxameToB,
1990; Hazapos u ap., 2016). Antae-CastHcKas ropHast
cTpaHa, B KoTopylo BxomuT LleHTpanbHbI ATaii,
HaXOIMUTCS B 00JIACTU C pe3KO KOHTUHEHTAJIBHBIM
KJIMMAaTOM, IUISI KOTOPOTO XapaKTepHBI 3HAYNTEIIb-
HBIE CYTOYHBIE, CE30HHBIE M TOMOBEIC KOJeOaHUs
KJIMMAaTUYECKHX XapaKTePUCTHK, pe3Kas muddepeH-
[MALMS OCaIKOB Ha HABETPEHHBIX U ITOABETPEHHBIX
CKJIOHAX M, KaK CJEACTBUE, Pa3IddMs B ILIOIIAIN
oeAeHeHNsI. B coueTaHnu ¢ pa3HULIEH B KOJIMIECTBE
COJIHEYHOI pagvialli BCE 3TO IIPUBOIUT K aCUMMeET-
pUM B CTPOSHMH KaK CKJIOHOB HOJIMH, TaK M MaKpO-
CKJIOHOB XpeOTOB, KOTOpasi BEIpaXkKeHa TeM CHJIbHEe,
yeM BbIIIIEe XpeOeT 1 OoJiee pa3paboTaHa JOIUHA.

MHorue KpymnHbIe JeIHUKH B MepUOHd He-
JaBHETO ITOXOJIOOaHMS BTOPrajinch HEIMOCpemI-
CTBEHHO B 30HY B3POCJIOTO JIECA BILIOThH IO BBICOT
2200—1950 m. Mx mpenmoiibs IIocie CoKpalle-
HUS oneneHeHNs ¢ cepeanabl XIX B. ¢ 66apImm
WJIA MEHBIINM YCIIeXOM OCBAaMBAaIOTCSI B HACTOSI-
1ee BpeMsI ABYyMsI JIECOOOPa3yIOIINMH OPOTAMMU:
Pinus sibirica Du Tour un Larix sibirica Ledeb (xemp
CUOUPCKUI U TUCTBEHHUILIA cubupckasi). Bepxusist
rpaHUIIa COMKHYTOTO IPEBOCTOSI CIOXHON Ipe-
PBIBUCTON NTUHUWEN TTOTHUMAETCS A0 BBICOT 2220—
2350 M. I1pu 61aTOTIPUSATHEBIX YCIIOBUSIX ITOIPOCT
3aHuMaeT oTMeTKM 1o 2500 M. Hammune BHYyTpU-
TOPHBIX KOTJIOBUH C AeDUIIUTOM YBIaXXHEHUS 00-
YCJIOBIIMBAET CYIIECTBOBAaHNWE HUXHEI TpaHUIIBI
jieca, KOTopas CMEHSIeTCSI HEIIOCPEICTBEHHO CTe-
IIBIO0 WJIM 3aCyILIMBOM CTENbIO, a B 00Jiee BHICOKO-
ropHbIX paioHax (2200 M, JIXymyKynbcKas KOTIIO-
BHHA) TPAHUYUT JaXe C TOPHOM TYHAPOM.

Martepuajbl 1 METOIbI

B Hacrosieit pabote 1eHAPOXPOHOIOTUYECKIE
HCCJIEIOBaHMSI OTPaHMYEHBI aHAIM30M 00pa3IlioB 13
MECTOOOMTaHMI B IIpeIesiax MOJIOABIX MOpeH (cTa-
Iust AKTPY) M HEIIOCPEICTBEHHO Mepen HUMM (MO-
pena Ucroprmaeckoii ctagum). Bormpocsr, Tpo6ieMbl
M TIEPCIEKTUBBI IIPUMEHEHMS ASHIPOXPOHOJIOTUHI
B ITajieoreorpauuecKuX peKOHCTPYKIUIX IO -
poOHO M3ITOXEeHHBI paHee B paborax (Hazapos, MbI-
rmaH, 2012; 2013; Hazapos u np., 2016). Jatupo-
BaHME KeApa IPOBOIUIOCH 10 XPOHOJOTUHN AKTpPY

(Hazapos, MrbirnaH, 2013), TMCTBEHHULBI — IO
xpoHosioruu MoHryH (MeiriaH u ap., 2008). Ilpu
JEeHIPOXPOHOJIOTNYECKOM aHaM3e MPUMEHSIUCH
CTaHJAPTHbIC MPOUEAYPHl MpeaBapUTeIbHONH 00-
pabOTKU, UBMEPEHUI U KPOCC-KOPPEAILUMOHHOIO
ananusa (Cook, Kairiukstis, 1990). U3aMmepeHus 11u-
PUHBI TOAUYHBIX KOJIELl BBITIOJHEHBI Ha ITOJIyaB-
Tomatnueckoil ycraHoBke LINTAB (¢ TOUHOCTBIO
0,01 mMm). Cepun 1aTUPOBANTUCH ITYTEM COUYETAHUS
rpauyecKoi NepeKpECTHON TaTUPOBKHU U KpPOCC-
KOPPEJSILMOHHOTO aHalu3a (B MakeTe Mporpamm
DPL (Holmes, 1983) u TSAP V3.5 (Rinn, 1996).

C Havana NpUMEHEHMUs JIMXEeHOMETPUYECKOTro
MeToAa ONyOJIMKOBAHO MHOXECTBO padOT, B TOM
qyucae 0030pHbBIX, OCBEIIAIOIIUX €r0 METOANYECKHUE
acreKThl, OTHAKO 10 HACTOSIILIErO BPEMEHU HET €11~
HOI'0 MPOTOKOJIA TMXEHOMETPUUECKUX UCCTIea0Ba-
Huii. Tak, KOJIM4YeCTBO JIMIIAiTHUKOB — MHAWKATO-
pPOB BO3pacTa — pa3jiMyaeTcsl y pa3HbIX aBTOPOB OT
OJHOTO MaKCUMAJIbHOTO 10 CPEAHEro U3 MATU WU
JecsaTy u3MepeHuit. ipyrue uccieaoBaTeayd UCIob-
3y10T YaCTOTHbIE AMarpaMMbl pa3MepoB, OCHOBAaH-
Hble Ha BbIOOpKax U3 COTeH ocobeit. ITo MHeHUIO
J. Innes (1985), uamepeHus1 Hao MPOBOAUTH Ha BCelt
IUIOIIAAM MOBEPXHOCTU MOPEHHI, Torma kak Locke
et al. (1979) nonaratoT, YTO CpaBHUMBIE pe3yJibTa-
Thl MOTYT OBbITh MOJIyY€HbI TOJIBKO, €CJAU UCITOJb3Y-
I0TCS1 OOIIMPHBIE TJI0LIAAN OIUHAKOBBIX Pa3MEpOB.
Octpas AMCKyccHUs BeIETCsl BOKPYT KPUBOI pacmpe-
JeJICHNUST pa3MepOB MaKCUMaJIbHBIX JIMIIATHUKOB,
KOTOpasi MOXeT UMEThb pa3Hylo popmy. bosee Toro,
pacnpeneneHus MOTYT OTJIMYAThCS JJIsl TOIMYJISI-
LIMU PeTIePHBIX IMTOBEPXHOCTEN M AJaTUPYEMBIX, BO3-
pacT KOTOpbIX He u3BecTeH. [J1s1 u30exkaHusl 3TOro
MMPOTHUBOPEYUS OOHM aBTOPHI IIPUMEHSIOT 0aiiecoB-
CKOe pacrpeaesieHre MaKCUMaJbHbIX JUAMETPOB
(Jomelli et al., 2007), a npyrue cUMTarOT, YTO BHEA-
peHMe TaKUX CIOXHBIX CTATUCTUYECKUX METOIOB
Helleaecoobpa3Ho I BeCbMa MPUOIU3UTETbHOMN
OLIEHKM BO3pacTa, KOTOPYIO MOXeT 00eCIeUUuTh K-
xeHoMmeTpus (Bradwell, 2009). OueHka omnbox aa-
TUPOBAHUsI, BKIIIOUAs] CTATUCTUYECKUE, — IIPEAMET
IJ1s1 AucKyccuii. Hekotopele ucciaenoBaTea Iy NpuHU-
MaloT OLIMOKY JIMXEHOMETPUYECKOro JaTUPOBAHUS
B £20%, onHaKo IJIs 3TOTO HET HUKAKUX CIIELM-
aJlbHBIX OCHOBaHU. bosee y3kuii 1oBepUTEIbHBII
WHTEpBaJ MOJy4YaeTCsl MPU UCIOAb30BAHUU TEOPUU
aKcTpeMaibHbIX 3HaUueHu# (Jomelli et al., 2007).

OTHOCUTEJNbHO HedaBHO JUXEHOMETpUYE-
CKMIT METOJI TTOABEPICSI XKECTKOM KPUTHKE B CTaThe
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(Osborn et al., 2015), o3armaBiaeHHOI «JInxeHOME-
TpUYeCKOe JaTMpOBaHME: HayKa WJIX IICEBIOHAY-
Ka?», I1e aBTOPHI YKa3aJIu Ha OCHOBHBIE NCTOYHUKHI
omnOoK. B yacTHOCTH, CIIpaBenIMBO MOABEPraeT-
Csl KpUTHKE TPEAIOJIOXEeHNE, YTO caMble KPYITHBIE
JINIIAHUKY KOJIOHU3UPYIOT IIOBEPXHOCTHh BCKOpPE
nocie eé GoOpMUPOBAHUS U COXPAHSIIOTCS OECKO-
HeuHo moiaro. McciaemoBaHusI CMEPTHOCTH JIMIIA -
HUKOB HaIVISITHO MONTBEPXKIAIOT 3TOT Te3UC. ABTO-
pet padothl (Trenbirth, Matthews, 2010) B TeueHUe
19 net HaGMOmaNK 3a JUIIaiHUKaMK Ha 46 Mope-
Hax 17 nenHukoB B HopBernu v yCTaHOBUJIM, YTO
CKOPOCTh BeIMUpaHus Kojeoercs ot 0,38 1o 5,09%
B rox. Ilomymsimyuy KOpKOBBIX JIMIIIAMHNUKOB ITOTH-
0aloT OT pa3HBbIX IPUIYMH — a0pa3uu, IJIUTEIbHO-
ro CHEXHOI'O0 MOKPOBA, 3arpsI3HEHUN M T.II., CJIe-
IOBaTEIbHO, BEPOSITHOCTh HAlTH HA ITOBEPXHOCTHU
CaMbIli IEePBHIN JUITANHAK-KOJIOHMA3ATOp CYIIE-
CTBEHHO YMEHbIIIAeTCsI cO BpeMeHeM. Heormpene-
JIEHHOCTh BHOCUT M KOHKYPEHIINS MEXIY OCOOSIMU
OIHOTO MJIX Pa3HBIX BUIOB.

Hcrionp3oBaHMe KPUBBIX POCTa, IOCTPOCHHBIX Ha
OCHOBE HE3aBHCUMO JAaTHPOBAHHBIX ITOBEPXHOCTEH,
TakKe IIPpo0JIeMAaTUIHO, OCOOCHHO IIPU MX IKCTpa-
MOJISIIIMK JaJIeKO 3a IIpeaelibl pellepHbIX ToueK. Pe-
MEepHBIE IIOBEPXHOCTH MMEIOT IIPUPOAY U ILIOIIAIb,
CYIIECTBEHHO OTIMYHBIE OT JaTUPYEeMBIX. Bumpl mu-
MIATHUKOB, YaCTO HEPA3INIMMbIEC B MOJIEBBIX YCJIO-
BUSIX, UMEIOT Pa3HyIO0 CKOPOCTb Pa3BUTHSI, CO Bpe-
MEHEM MEHSIOTCS M yCIOBUS cpenbl. IlocKombKy
(opMa KpHMBBIX pOCTa OO CHX IIOp MU3ydeHa cjabdo,
HX DKCTPAOJISIIIS TaKKe MMeeT Ype3BhIYaiiHO He-
OIlpene/IEeHHBIN xapakTep. YacTo olleHKH BO3pacTa,
MIPOBEIEHHEIC pa3HBIMM MCCIICIOBATEISIMU, HE BOC-
nponsBoagaTcsa (Trenbirth, Matthews, 2010), xoTs,
Harpumep, byt n bpennon (Bull, Brandon, 1998),
MOKA3bIBAIOT YIOBIETBOPUTEIIBPHBIC PE3Y/IBTATHI O~
BTOPHBIX U3MEPEHUI. ABTOPHI CTaThU IIPU3HAIOT,
YTO IIPY COOTIONCHUHN OTIPEASIEHHBIX IPABIII I MaK-
CHMAJIbHO IOAPOOHOM JOKYMEHTUPOBAHUHU JIMXEHO-
METPHIECKUX padOT METOI MOXET IaTh YIOBJIETBO-
PpUTEIBHEIE OLIEHKH OTHOCUTEIBHOIO Y a0COIIOTHOTO
BO3pacTa noBepxHocTeiil. IlossBuBIIMEcs B TocieqHee
BpeMsI B M300WJIMM JATHl MOPEH II0 KOCMOTCHHBIM
HM30TONaM ITO3BOJISIIOT IIPOBEPUTH KAYeCTBO JIMXCHO-
METPUIECKOTO JaThupoBaHMsI. HecKoIbKo MoIoxXKu-
TEJIbHBIX IIPUMEPOB OIMCAHO, B YACTHOCTH, B paboTe
(Young et al., 2009) mrss AysicKu.

JInxeHoMeTpHUYEeCKHE NCCIeNOBaHMUS Ha AJTae
IJ1s1 aOCOJIOTHOIO JAaTUPOBAHUS JIETHUKOBBIX OT-

JIOXKEHUI HOCIT 3NMu3oaudyeckuil xapakrtep. Kak
1 B APYIMX pailoHaxX, UCCIEN0BATEIM UCIIOJIb3YIOT
noapox Rhizocarpon B 11eJIoM, MMOCKOJIBKY pa3jiu-
YUTh OTIEJIBHEIC BUIHI B ITOJIEBBIX YCIIOBUSIX OYEHb
TpyAHO. /11 TOCTpOeHUs IIEPBOi KPUBOI pocTa
O.H. ConomuHa (1999) ucnonn3oBana 14 penep-
HBIX TTOBEPXHOCTEI: MOpPEHBI JISAHMKOB bobloit
AkTpy, Mansiii Aktpy, Kopymay u Coduiickuit, a
TaK>Ke MOTMJILHUKM OOJUHEI p. Jxkazatop. ITo3xke
JIMXEHOMETPUSI IOBTOPHO IIPOBOAMIACH HA MOpE-
Hax AkTpy (I'anaxoB u ap., 2005) 1 Ha apxeoJoru-
yeckux obbekTax (HasbiaoB, beikos, 2013). M3-3a
pa3zHoo0Opa3us 3KOJOTUUECKUX YCIOBUN rOpHOit
yactu Pycckoro Antas (OT 3aCylUlJIMBOM CTENU 0
TOPHOI TYHIpPBI) aBTOPHI MOCJIeAHEe pabOThI MO-
CTEIEHHO OTKAa3aJI1Ch OT OLIEHKU BO3pacTa IT0 MaK-
CHMaJIbHOMY JUaMeTpy U pa3padaThIBalOT MOAXO,
OCHOBAaHHBI Ha OLIeHKE IMPOECKTUBHOTO ITOKPHI-
THSI TPYIII BUJIOB JUIIAHUKOB C Pa3HOM «KOHKY-
PEHTHOI CUJION» WU «arpeCCUBHOCTbIO». 1o MHe-
HUIO aBTOPOB, OCHOBHAs Mpo0jieMa JIMXeHOMETPUH
MOpEH — OTCYTCTBHE HAIEXHBIX XPOHOJIOTUTYSCKMX
pernepoB I KaTuOpOBKM KPUBOI pocTa. DTO TeM
0oJiee yIUBUTEIBHO, YTO C MOMEHTA TTePBBIX ITOITHI-
TOK MOCTpOoeHUs Takux KpuBbIX (1980—90-e rompr)
00HapYXeHBI ACCITKU AEHIPOXPOHOIOTUIECKUX U
pagMoyIIEPOAHBIX AT U3 MOPEHHBIX OTJIOXKEHUIA.
OnHaKo IpU CIOXKHOM CTPOCHUU Pa3HOBO3PACT-
HBIX MOPEHHEBIX BaJIOB, 00beAMHEHHBIX B OMUH KOM-
TUIEKC W HaJleTalolIMX APYT Ha Apyra, onpeacianuTh
COOTBETCTBME BO3pacTa OIPeAeIEHHON MOBEpX-
HOCTH TPYIHO, a MHOTIa U HEBO3MOXKHO.

Ha puc. 2 ipeacraBiieHBI JOCTYITHBIE Ha CErof-
HSI peliepHble TOYKM KPUBBIX pOCTa JIMIIAWHUKOB
JUIST KaBKa3CKUX JeTHUKOB (Solomina et al., 2016)
u Antag (Conomuna, 1999; I'anaxos u ap., 2005).
Annpokcumupyromas GyHKUUsS Aas AnTas, no-
Ka3aHHasl Ha pUc. 2, paccyuTaHa 0e3 y4yéra Touek,
BO3pacCT KOTOPBIX BEI3bIBAET COMHEHME. ANTalicKue
pernepHbIe TOUKM OIpee/IieHbl ¢ HeOOJBIINM pa3-
OpocoM Ha NpsIMOi B MHTepBajie BpeMeHu 10 170—
200 n1.H. [Jo6aBaeHME HOBBIX TOYEK, MPEITOKEHHBIX
st MopeH Mcropuueckoii (136 MM 111 MHTEpBa-
na 2000300 n.H.) 1 AKKeMcKoit ctaauii (264 Mm
IJ1s1 moBepxHocTH Bo3pacTa 4550+350 n.H.) (Iana-
XOB U Ap., 2005), ¢ y4€TOM MpexKHUX JAHHBIX MO
MmoruiabHuKam [Ixazatopa (125 MM a1 MHTepBajia
440—480 rr. mo H.3.) (ConmomuHa, 1999), oTkphIBa-
€T HOBbIE BO3MOXHOCTH IS JaTUPOBAHUS TPEBHUX
MOBEPXHOCTEN, HO B TO XK€ BpeMs JOOABJISIET CIUIII-
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Puc. 2. JluHeitHas anmpokcuManusl pernepHbIX TOYEK, OLEHUBAIOIIUX CKOPOCTh pocTa JuIlaiiHUKOB noapoaa Rhi-

zocarpon:

1 — tepputopust Antast (Conmomuna, 1999; I'anaxos u ap., 2005); 2 — reppuropus LlenTpansHoro Kaskasa (Solomina, 2016)
Fig. 2. Linear approximation of reference points estimating the growth rate of lichens of the Rhizocarpon subgenus:
1 — located of Altai (Comomuna, 1999; I'anaxoB u ap., 2005); 2 — located of Central Caucasus (Solomina, 2016)

KOM MHOI'0 HEONpeaeIEHHOCTEM, CBI3aHHBIX KakK
C MX MaJIbIM KOJMYECTBOM, TaK U C IIOrPEITHOCTHIO
npenamnoaraeMoro Bo3pacta MopeH. Ilo aToit npu-
YMHE I OLIEHKWA KPUBOM POCTA JIMIIAWHUKOB Ha
KaBkaze oTkazanuch OT UCIIOJIb30BaHMS TTIOBEPXHO-
cTeit crapine ogHoro TeicsyeneTns (Solomina et al.,
2016). Ha Antae Bo3pact Tpéx, Hanbosiee ApEBHUX
peTepHBIX TOUYEK, ITOJyYeHHBIX Ha MopeHax KMcTo-
puueckoi 1 AKKeMCKOI cTaguii, TakxKe He MOXET
CUUTATHCSI JOCTOBEPHO OIpeAeEéHHBIM. B yacTHO-
CTH, MOpeHa AKKEMCKOI CTaauy, BOIIPEKH IPEeXK-
HUM npeamnoyioxeHusMm (Agatova et al., 2012), cBs-
3aHa C 3MMU30[0M HACTYITaHUS JIGTHUKOB B paHHEM
ronoueHe (I'amaxoB u ap., 2018) wau B mo3gHenen-
HUKOBbe (Agatova et al., 2021.).

Cpenu pycCKOSI3bIYHBIX pabOT, MOCBAIIEHHBIX
Pa3BUTHIO JIMXCHOMETPUM U €€ TPUMEHEHUIO, Hal-
OoJiee aKTyaJlbHOM ocTaércs padoTta A.A. N'anaHuHa
(2002), xoTopas u MOCIyK1UJIa OCHOBOI JJIs1 ITPOBE-
NEeHUs TTOJIEBBIX UCCIeIOBAaHUM U 00pabOTKU daH-
HBIX, IIPENCTaBICHHbIX Aajiee. MaKcUMabHbIN 1ua-
METp JMIIAHUKOB B JAHHOM CJIydyae BBIUYMCIISIETCS
KaK CBOOOIHBIN WIEH B YpaBHEHUHU PETPECCUU TUIIA

y=alg, +b,

Tie y — AMaMeTp CIOEBUIA; X — €ro MOPSIKOBBII
HOMeED; a U b — KO3 PULIMEHTHI.

HacTtosiiee BhipaxXeHr€e MO3BOJISIET TOJYYUTh
PACYETHBIA MAaKCUMYM JHMaMeTpa TajuloMa Ha IaH-
HOI MMOBEPXHOCTH IIPU HAIUYMUM OJOCTATOYHOM CTa-

TUCTUYECKON BHIOOPKM M TEOPETUUYECKU U30eXKaTh
HETOYHOCTEMN B €ro OIIEHKE, OCOOEHHO Ha JIPEeBHUX
MOBEPXHOCTSIX, BO3PACT KOTOPHIX OJIM30K K Mpee-
JIy XWU3HU BuAa-uHAuMKaTopa. HecMorpst Ha Maccy
OTMEYEHHBIX HENOCTATKOB, CUJIbHON CTOPOHOU Me-
TOIa OCTa€TCsI BO3MOXHOCTbh OTHOCUTEJILHOTO 1a-
TUPOBAHUS OTIOXEHUN 1 (opM pesibeda B TIpUiIe-
HUKOBbe. UMEHHO C 3TOI LIeJIbI0 MBI I UCITOJIb3YeEM
JINXEHOMETPHUIO B Hallleil paboTe mJisd pelieHus 3a-
Jayy paHXXMpPOBaHUS MOPEHHBIX KOMILJIEKCOB U UX
¢parmeHToB B gonmHax CeBepo-Yyiickoro xpeb-
ta. Hanboliee yHuBepcalbHbIM U HAEXHBIMA UH-
JUKATOP BPEMEHM IKCIIOHMPOBAaHMUS IIOBEPXHOCTU
B NPWIETHUKOBbE AJITass — JUIIAaMHUKY IIOApOaa
Rhizocarpon (Conomuna, 1999), koTophie mpe-
CTaBJICHBI cienylomuMu BugaMu: Rhizocarpon eu-
petracoides (Nyl.) Blomb. et Forssell, Rhizocarpon
geographicum (L.) DC, Rhizocarpon saanaense
Rasanen, Rhizocarpon Alpicola (onpeneneHue BbI-
nonHeHo E.B. JIaBeImoBEIM B ANTalicCKOM rocyaap-
CTBEeHHOM yHuBepcurete, 2009 r.).

EnnHuneit ocMoTpa, O KOTOpO paccum-
THIBAJICS OJMH MaKCHMaJbHBII TuaMeTp, CIyXKHU-
I (popMbI penbeda eqmHoro reHesuca (MOpPEHBDI,
MOOHOXMUS OCBINEH, cTaOuAbHbIE YaCTU KaMeH-
HBIX TJIETYEPOB U T.II.), MMOJUTEHETHYECKIE 00b-
€KThl pacCMaTpUBaINUCh OTAEJbHO. MICKII0UEeHBI
M3 PAaCCMOTPEHUS YIACTKU, IIOBEPXHOCTh HAa KOTO-
PBIX IIOABEPraeTcsl MOCTOSHHOMY OMOJIaXKMBAHMIO;
y4acTKHU ¢ KaMHeTaaaMu, JaBUHHbIE KOHYyca, y9acT-
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KU ¢ oOpa3oBaHueM (merpaganmeii) morpe6eHHO-
ro Jbaa, ¢ mpocagkaMu cy(p(o3MOHHON IPUPOIHI,
KpyThle OpOBKM MOpeH u T.1. Ha equHU4IHOI oc-
MaTpUBaeMON ITOBEPXHOCTH M3MEPEHUS IIPOBOI-
JIX C TOYHOCTBIO +(0,5 MM B IIPOM3BOJILHOM IIOPSI-
K€ 10 JOCTM:KEHUSI HEOOXOMMMOTO IJIST IIOCTPOCHUS
aNMpoOKCUMUpYOIIeld QYHKIINKY KOJN4YecTBa (He
meHee 300 usmepenuii). [nomanyu ocMaTpruBaeMbIX
¢dopMm penbeda ObLIM pa3IUYHBI U COCTABISIIN OT
HECKOJIBKMX COTeH OO0 HECKOJBKMX THICSY KBaapaT-
HBIX METPOB, HO, ITaXKe HECMOTpPS Ha 3TO, B HEKO-
TOPBIX CIIy4asix pa3Mep BEIOOPKH OBLT MEHEe PeKo-
MEHIYeMOTO.

Pe3yabTaThl HCceA0BAHMIA

JMoauna Axkmpy. U3mepeHre TUIIaiHUKOB Ha
MOJIOIO MOPEHE CTamuu AKTPY IPOBOIUIOCH IS
JegHuka bonbioit AKTpy B auarna3oHe abCOJIIOT-
HEIX BBICOT 2380—2420 M OTHmeIbHO OJIS JIEBOM M
mpaBoii yacTeit ¢ppoHra (puc. 3, Tadn. 1). B mpaBo-
Oepexxbe MOpPEeHBl Ha Haubosee CTabUIbHON IO-
BEpXHOCTH BBIOOpKA ObIa moctarouHa (308 m3me-
peHUI1), TO3TOMY PaCUYETHBIN MaKCUMYyM OHaMeTpa
COBMNAJaeT C MAKCMMAJIbHBIM M3MepeHHBIM. I1o Je-
BOMY (D)pOHTY MOPEHEBI, HAIIPOTUB, IIOBEPXHOCTH I'0-
pa3mo MeHee CTaOMIIbHA, BEIOOPKA CTATUCTUYECKU
He JocToBepHa (67 U3MEpPEHMIT) U OTPaKaeT He BO3-
pacT IIOBepXHOCTH, a TOJIBKO IIepUO €€ CTaOMIIbHO-
IO COCTOSTHHSL.

®parmeHT MopeHbI McTopraecKkoil ctanuu (CM.
puc. 3, I1]) mpoTsaruBaeTcst OT IIOTHOXMS ropel Ka-
patamr (3535 M), TIe OH MepeKpPHIT CBEKNMMM OCHI-
IISIMH, IO MeCTa Cpe3aHUsI ero O0KOBOII MOpPEHOI
Maoro AkTpy (cM. puc. 3, II). CoxpaHuBIasics e€
YacTh UMeeT IIMPUHY 0KoJIo 160 M. Ha MopeHe HeT
pacTyIIUX OepeBbheB 3HAYMTEIHLHOTO BO3pacTa, HO
BCTPEYAIOTCS UX OCTaTKU C TUAaMETPOM CTBOJIOB B
HECKOJIBKO AECATKOB CAHTUMETPOB. bObIas yacTh
MMOBEPXHOCTH CJIOKEHA KPYITHOTIBLIOOBEIM MaTepH-
aJIoM, COCTOSIIIMM B OCHOBHOM M3 MeTaMopduye-
ckux ciaHueB. [lopoma BeIBeTprBaeTCsa OYeHb He-
pPaBHOMEPHO, YTO OrPpaHMYMBAET POCT SIMUIUTHBIX
JumafHuKoB (cM. puc. 3, b). O meiicTBUU 3TOTO
(pakTOpa Ha IPEBHUX ITOBEPXHOCTSIX YIIOMHHACT U
A.A. Tapanun (2002). HamosHeHHOCTh BEIOOPKH
JTUIIAaHUKOB Ha McTopmyeckoiif MopeHe boibino-
ro AKTpy 01m3Ka K MakcuMmajabHoi (192 usmepe-
HHUS), HO BCE XXe HeIOCTaTOYHA, HECMOTPS Ha TO,

YTO IJIOLIAAb MOPEHBI BeCbMa BejinKa (cM. Taoi. 1).
C 7neBoit cTOpOHBI MOpeHa OOpbIBAETCSI B CTOPO-
HY p. AKTpY pe3KUM ycTynom BbicoToit 20—30 M,
MIPOTATUBAIOIIMMCS T10 BCell e€ mupuHe. Mexmy
YCTYIIOM M PEeKO HaXOIUTCSI CyOrOpM30HTAIbHBIN
yyacTok mupuHoi 130—140 M, 3acenéHHbIi -
CTBEHHUIIEN U KeAPOM 3HAUUTEJIHHOTIO BO3pacTa
(6onee 200 yeT), TaKk Ha3bIBaeMasl «KeapoBas IIo0-
maaka» (cMm. puc. 3, A, I). DTOT y4yacToK Jieca MeXIy
JienHUKaMU bosbloit 1 Manbiit AKTpy coXpaHUJICS
M BO BpeMsI UX aKTUBM3allUM B CTaIUIO AKTDY.

PesynbTaThl M3MepeHUs IUIIAHHUKOB, IIPO-
BeI€HHbIE HA HanboJjiee IPEBHUX IMMOBEPXHOCTSIX B
30HE Jieca Ha COXpAaHUBLIMXCS pparMeHTax Mope-
HBI AKKEMCKOM CTaguM, MOKa3bIBAIOT MEHbBIIMI
JUaMeTp, YEM B BEPXOBbSIX JOJUHBI (cM. Tabi. 1).
MopeHa 3aMBIKaeT IMUPOKYI0 U OTKPBITYIO YacTh
MOMMBI U HAXOJAMUTCS B 30HE Jieca Ha BbICOTE OKOJIO
2050 M u Huxe. BHelIHsAa rpaHuLA OMCTaIbHOM
YacTHU MOPEHBI TOYHO He u3BecTHA. PacuéTHbIi nua-
METpP OTpaxKaeT, BepOsiTHEE BCEro, BO3pacT He Iep-
BOTO, a JIUIIIb OYePETHOr0 MOKOJICHNS JIUIIAITHUKOB
W SBJISIETCS MaKCUMAaJIbHO BO3MOXHBIM B JaHHBIX
YCJIOBUSIX (3KOJIOTMUECKHUE YCIOBUSI pOocTa, CBOM-
CTBa MOPOAbI U pa3Mmep Ibi0). JleHAPOXPOHOIOI -
yecKue MUCCIeNOBaHUS Ha MOpeHaX AKTpPY BBITIOJI-
Hsaauch HaMu U paHee (Hazapos, Mubirnan, 2012;
Haszapos u ap., 2016). B HacTtoseit pabore Bce
JaHHbIEe TIOKa3aHBI HA OJHOM PUCYHKE, B KOTOPHI
J00aBJeHbl U HOBbIe MaTepHuaJsibl, MO3BOJSIONINE
KOHKpETU3UPOBaTh COCTOSIHUE JICAHUKOB B OIIpe-
JeJIéHHbIE MOMEHTHI BpeMeHU (puc. 4, Tabj. 2). Ha-
TUPOBaHUE JJUCTBEHHUI] U3 IIPaBOil YacTu (PpoOHTA
Manoro Axktpy (1625—1785 u 1544—1794 rr.) npo-
BeneHo B pabore M.MD. Anamenko u A.A. CiobaeBa
(1977). ABTOpPBI pEKOMEHIYIOT MPUOABUTh K KOHEY-
Hoit nate ewié 30 jeT Ha BeJMUYUHY 3a00JI0HU. DTHU
JaTbl NpuBOIATCSA U B MoHorpaduu I1.A. Okuuie-
Ba (1982). KpaliHee mpaBoe aepeBo IMo3aHee 1aTh-
poBaHo H.M. brikoBbiM (2002), KOTOpbI MPUBO-
AT ABe nathl (mocaeanue komawla 1779 u 1780 rr.).
ITo3xxe mMbl yroununu u a1y aaty (Hazapos u np.,
2016) (cM. puc. 4).

HccaenoBaHus MOKa3bIBAIOT, YTO HU OIHO
U3 JlepeBbeB, OOHapyKEeHHBIX INepen boabium
AKTpy, He nepexuyno pyoex XVII—XVIII BB. (cMm.
puc. 4, 8). Takoe xe 3aKJ0YeHUE MOXHO CAeaTh
M O TIEpUMETPe OCHOBHOTIO fI3bIKa Maynoro AKTpy
(cM. puc. 4, 6, 2). B npaBoii yacTy MOpeHBI AEPEBbS
noru6au Ha cTojieTue 1o3xe (cM. puc. 4, 0 U AaThl
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Puc. 3. M3onuHun MakcMMallbHOTO JUaMeTpa JUIIaifHUKOB TToAapoaa Rizocarpon B BepxHei yacTu TOJUHBI AKTPY U
MECTa UBMEPECHUI:

A — dparMeHT MopeHbl MicTopudeckoit cTanuu Mexay JeqHukamu bosbinoit 1 Mainslii AKTpy, ¢OTO ¢ JieBoro 6opTa 10JuHbIL: [ —
«KeIlpoBasl Iuiolanka»; I/ — jaeBblit Kpaii Tpora JiegHuka Manblii AKTpy; 11/ — cTaOUIbHBINM U He3aJIeCEHHBIN y4aCTOK MOPEHbI
Hcropuueckoit ctanuu; IV — npaBas yacTb Mojoaoit MopeHbl bojbiioro AKTpy (ctaausi AKTpy); b — JUIIaiHUK IHMaMETPOM
190 MM; npaBasi YacThb TaJUIOMa BBIKPAILIMBAETCSl BMECTE C YaCTULIAMU MTOPOJbI; B — TUMIIAHUK Ha IJIBIOE MOPOIbI C OUeHb HEpaB-
HOMEpPHBIM BbIBETpUBaHUEM (MopeHa Mcropudeckoii cTaguu), 1o BHEITHEMY Kpalo CJIOeBHUILA — MyCTOThI; I — Haubosee IpeB-
HUI U CTaOUJIbHBIN YYacTOK IMOBEPXHOCTU B JAHHOM paifoHe, HaXOMSIIMICS MeXIy JABUHHBIMU U OCBIITHBIMU KOHYycamu; /[ —
MacIITabupoBaHHAs cXeMa JAOJMHBI ¢ YKa3aHUEeM MeCT 0TOOpa U pacYéTHHIM MaKCHUMaIbHBIM TUAMETPOM JIUIIANHUKOB: V — 1mo-
JIOXKEHUE METeOCTaHIIMU AKTpPY (aHaJoTuyHO ¢oTo [). I — MOpEeHHBII Bajl cTanuu AKTpY; 2 — MecTa UBMEPEHUI U pacyETHBII
MaKCUMaJIbHBIN TMaMeTp JUIIARHUKOB; 3 — U30JMHMU TMaMeTpa JUIIAaHHUKOB; 4 — Kpall YUCTOTO JibAa JenHUKa MaJblii AKTpy
B COOTBETCTBYIOIIEM T'ONY; 5 — MaKCUMAaJIbHBINA THaMETP JUIIAHHUKOB Ha TaHHBIX TTOBEPXHOCTSIX

Fig. 3. The upper part of the Aktru Valley. Isolines of the maximum diameter of lichens of Rizocarpon subgenus and
measurement locations:

A — fragment of moraine of Historical stage between glaciers Bolshoy and Maly Aktru, photos from the left side of the valley: / — «ce-
dar playground»; I1 — the left edge of the trough of Maly Aktru glacier; ///—stable and unforested part of moraine of Historical stage;
1V — right side of the young moraine Bolshoy Aktru (stage Aktru); b — lichen, as large as 190 mm in diameter. The right part of the tal-
lom is crumbling together with the rock particles; B — lichen on a block of rock with very uneven weathering (Historical stage mo-
raine), with caviatsalong the outer edge of the lichen; /" — is the oldest and the most stable surface, located between avalanche and talus
cones; /[ — scaled map of the valley with the locations of the sites and the estimated (modeled) maximum diameter of the lichens: V' —
the position of the Aktru weather station (similar to photo /). / — moraine ridge of the Aktru stage; 2 — the locations of the sites and
the estimated (modeled) maximum diameter of the lichens; 3 — isolines diameter of the lichens; 4 — the position of the Maly Aktru
glacier in 1960, 2011, and 2019, the edge of clean ice; 5 — the maximum diameter of lichens (modeled) on these surfaces, respectively
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Tabnuya 1. VIaMepeHHbBIe 1 pacyéTHbIE [UaMeTPBI MUIIaiHUKOB mofpoaa Rhizocarpon Ha MopeHax pa3HoOro Bospacra*

TemHnk HaszBanue (yactpb) | IlepBbie necsiTb UBMEPEHHBIX MAKCUMAJIbHBIX Tua- | PacuérHblii | Yucno | AGconoTHas
A MOpPEHBI METPOB 13 BbIOOpKM moapona Rhizocarpon, MM | IMaMeTp, MM | 3aMepOB| BBICOTa, M
AKTpY, IBAA YaCTb| g | o5 | 95 | 53 | 21 | 21 | 21 | 20 | 20 | 20 28 308 2400
Bosblioi dpoHTa
A
Kby AKTpy, pasast |yl b g | 4| 13 13 |13 13| 13 | 13 20 67 2400
yacTh poHTA
Mexny bosb-
muM 1 Manmeim | Mctopuaeckas | 117 [ 109 | 108 | 108 | 108 | 106 | 104 | 102 | 102 | 100 139 192 2320
AKTpY
AKkemeast, IPOK- |y o | 154|157 | 140 | 124 121 120|120 | 117 107 170 176 2050
CUMaJIbHag 94aCTh
AKTpy o
OMCKAL, 1465 1178 | 162| 154|153 | 150 | 145|136 | 131 | 125 189 122 2000
JUCTaJIbHAs 4aCTb
Maatien AKTpY 37 (35|34 |34 ]33]3330]30] 30|29 41 205 2200
aallecu
Wcropuueckas | 154] 138 [133] 132129125/ 122|119/ 118 115 161 299 2200
I Crapoe pyciio 34133 13127252219 |18 18| 17 32 102 2140
aBJia
BuemHss mopena | 101|100 95 | 87 | 86 | 86 | 84 | 84 | 83 | 82 119 323 2160

*W3mepenns B nomHe AKTpy ripoBomvuii B 2004—2005 rr., B mommHe [aBnsr — B 2006 T.

o TipaBoii yactu ¢poHTa). Tpu Keapa u Tpu JIn-
CTBEHHMUIIBI B LICHTPAJIbHOI YacTu MOpeHbl Majoro
AKTpY (cM. pucC. 4, a) TorpeOeHBI JISTHUKOM BO BTO-
poit nonoBuHe XII B., IprUYEM MO ero nMepuMeTpy
Jlec TIpoAoJKai pacTu. Bece ykazaHHBIE nepeBbs MO-
TUOJIY UM OT OJIM3OCTH JieAHUKA (CM. puc. 4, 6, d),
WJIA ObLJIM HEIMOCPEACTBEHHO IOrpeOdeHbl MOA0
neaoM (cM. puc. 4, a, 2, GpoHT Mangoro AKTpy).
Takum 006pa3oM, KyJIbMUHALIMS CTAAUU AKTPY B 10-
JMHe AKTpy HaOmoganack B KoHue XVII — Havase
XVIII BB. MUHMMaIbHBI BO3pacT MOPEHBI AKTPY
oueHuBaetrcd JI.H. UBanoBckuM u B.A. IlaHbrue-
BbIM (1978) He mo3nmHee cepenuubl XIX B., Koraa
JIETHUK Hadajl OTCTYIIaTh OT CBOEi BHEIIHEM Mope-
HbI ¥ OCBOOOINJ MPOCTPAHCTBO, AOCTATOYHOE JIJIsI
3aceJIeHUs IPeBECHOI PaCTUTEIbHOCTHIO.

AHanu3 1ecTu o0pasiloB cyochoCcCUIbHON ape-
BECHUHBI, OOHAPYXEHHBIX BO BHYTPEHHEN 4acTu
MopeHBl Mamoro AKTpy — ob6pa3nsl mal201
(758—1019 1r.), mal202 (729—855 rr.), mal203 (982—
1137 rr.), mal204 (741—1143 rT.), a Takcke A1901me
(887—1170 rr.) u A1902me (1005—1180 rr.) (cM.
puc. 4, a; cM. Taba. 2) — Mokasaj, YTO OHU UMEIOT
OM3KMe maTel mpouspacTtaHusa u rubemn. Ob6pas-
el mal201 1 mal202 oTnugaeT, HECMOTPS Ha MX
0oJiee MPEBHUIA BO3pacT, Xopoliast coxpaHHOCTh. [1o
HaIlMM HaOJIONeHUSIM, ITOTUOIINE U TTOBaJIecHHBIC
JIepeBbsI B 30HE COMKHYTOTO IPEeBOCTOSI U (UJIN) TIpU
HaJIMYMK KyCTapHMKOB, Hanpumep, Betula nana, pas-
JIaraioTcsl OBICTPO — Ha IPOTSKEHMU HECKOJBKUX

JIecaTkoB yietT. CTBOJIBI HebobIoro auamerpa (10—
15 ¢cM) mpu 3TOM MCYE3aI0T MOYTHU MOJHOCTBIO, OT
KPYITHBIX OCTAOTCSI JIMIIL BHEITHKE JacTu. 1o aToit
MPUYMHE XOPOIIYI0 COXPAHHOCTh OOHAPYKEHHBIX
¢parMeHTOB MOTUOIINX AepeBbeB (HaTU4YUe Cepll-
LIEBUHBI, OOJIBIION AUaMeTp CTBOJIA, MIOJIHOE OT-
CYTCTBHE THUWJIY, BHICOKAS TUIOTHOCTh APEBECHUHEI)
MOIJIM 00€CIIeYUTh TOJAbKO MEP3Jble YCIOBUS NOH-
HOU MOpEHBI, T.€. yKa3aHHbIE EPEBbsI CKOPEE BCETO
He IOABEPraJIuCh IIUTEIbHOMY CyOaspaIbHOMY BbI-
BETPUBAHUIO, a OBLIU IEPEKPHITHI JIGTHUKOM BCKOPE
1ocJie THOeIU I IOTHOJIM HeTIOCPEICTBEHHO IO
ero HacTyrnarouym GpoHToM. Y ¢pparMeHTOB KeIPOB
mal203 u mal204, HalilieHHBIX Ha TOBEPXHOCTH,
yIaJ0Ch JaTUPOBATh JIUIIbL BHelIHKE yacTu. Mckormna-
eMble 00pasibl A1901me 1 A1902me MMEIOT Y41y
COXPaHHOCTb, HO TaKXXe 3HAYUTEIbHO ITOJABEpXKe-
HbI THHEHUIO. C OOJIBIION BEPOSITHOCTHIO BCE IIECTh
JepeBbeB ObLIM MOTrpedeHbl MMOUYTU OJHOBPEMEHHO.
Taxum obpazom, HaCTyIaHWe JIEAHUKA, [IPEIIIeCTBY-
ouiee MmakcumyMy XVII — Havana XIX B. cxogHoro
C HUM, HO HECKOJIbKO MEHBIILIETO MacIlTada, Mbl OT-
HocuM K XII B. O6pa3oBaHMe TIpaBoif YaCTH MOPEH-
HOTO KOMIUIeKca Majioro AKTpy OYeBHIHO CJIEIyeT
cBsa3bIBaTh ¢ KOHUOM XVIII — Havainom XIX B. (cMm.
puc. 4, 0; natbl 110 (PPOHTY MPABOIi YACTH).

Moauna Maaweii. JIluxeHoMeTpUs B JTOJUHE
Maaueit npoBoauiaach B NpaBoii YaCTU MOPEHBI
cTamuy AKTPY U1 II0 ITOTHOXMIO JIEBOTO OOpTa I0-
JIMHBI Ha yJacTKe MopeHbI McToprueckoil cramum,
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Puc. 4. Tlpeanonbs neaHukoB bosbinoit 1 Manblit AKTpY ¢ yKazaHHeM BO3pacTa U MeCcT oTOopa oOpa3lioB Ha JeH-
JPOXPOHOJOTMYECKUI aHAJIU3:

1 — BO3pacT U MeCTOHAXOXAeHHWE CITUJIOB ApeBeCHBIX ocTtaTtkoB; I, 111, V — MopeHsl egHuukos: [ — bonbiioit Akrpy, /11 — Ma-
NIl AKTpy, V — dparmeHT MmopeHnl Mcropuueckoii cranuu; I1 — Kenposas ruionianka; IV — HanboJjiee BEpOSITHOE MOJIOKEHUE
peniepa A.H. Pynoro (1976 r.). Ha Bpe3kax a—0 (3mech 1 Ha puc. 5 1 6) — BpeMsi XXU3HHU (0Ch X), KOJIUIECTBO (OCh ) U MECTOHA-
XOXIeHUe (CTPEJIOYKM) ITOTUOIIMX AePeBbEB, MPsSMble JUHUYU, OrpaHMYCHHbIE pOMOaMK, — BO3PAcT CIIMJIOB; @ — MOrpeOGEHHAs
JIpeBeCHa B LICHTPAJIbHOM 4YacTu JiedHUKa Majblii AKTpy (repeMeli€HHas); 6 — ocTaTku 1 (pparMeHThl JepeBbeB Ha MOpEHe
Hcropuueckoli cTanuy BOJIM3M WM Ha KOHTAKTe ¢ MOpPeHoit Majoro AKTpy, in situ; 6 — KOJIMYECTBO ¥ BO3PACT CITIMJIOB Ha MOpe-
He McToprueckoil cTanuu repen MoJIofoi MopeHo JienHuka bosbioit AKTpy (in situ); e — HaXOJIKU UCKOMAeMOil IpeBECUHbBI BO
BHYTPEHHEI YacTu MOpeHHI B pyciie pyd. BogonaaHelii, cMelieHre 06pa3noB MUHUMAILHO (10—50 M); 0 — CIIMJIBI 11O TOMHOXHUIO
MpaBoii OOKOBOII MOPEHBI; CMEIleHUE 00pa3lloB MUHUMAILHO (HECKOJbKO MeTpoB). EnMHMYHbBIE 00pa3siibl O (GPOHTY MOPEHBI
MMEIOT UCKOTIaeMoe MpoUCXoxkaeHue (mepeMellgHHbIe), MCKIoYas oopa3sel in situ (1418—1784 rr.)

Fig. 4. Forefields of Bolshoi and Maly Aktru glaciers. The age and locations of sampling for dendrochronological analysis:

1 — the age and locations of sampling for dendrochronological analysis; /, /11, V — Glacier moraines: / — Bolshoi Aktru, //] — Maly Akt-
ru, V' — fragment of a moraine of the Historical stage; /I — cedar playground; /V — is the most probable position of the A.N. Rudoy mark
(1976 1.). Insets a—0 (here and in similar Fig. 5 and 6 below) — lifetime (x axis); quantity (y axis) and location (arrow) of dead trees,
straight lines bounded by rhombuses — the age of the cuts; a — in buried wood the central part of the Maly Aktru glacier (displaced); 6 —
remains and fragments of trees on the moraine of the Historical stage, near or at the contact with the moraine of Maly Aktru, in situ; ¢ —
number and age of cuts on the moraine of the Historical stage in front of the young moraine of the Bolshoi Aktru glacier (in situ); e — finds
of fossil wood in the inner part of the moraine, to the right of the main glacier, in the channel of the Vodopadny stream, the displacement
of the samples is minimal (10—50 m); 0 — the number and age of cuts at the foot of the right lateral moraine; sample displacement is mini-
mal (several meters). Single samples along the moraine front are of fossil origin (displaced), excluding the in situ sample of 1418—1784

Haxogngelics Ha paccTossHUM okoJio 800 M oT MO- pa3HuIei o BeicoTe (okojo 200 M), HegocTaTOU-
JIOmOM MopeHHI (puc. 5; cMm. Tabdu. 1). Pacy€THelii HOCTBIO BBIOOPKM, Maoi TIOMIAALI0 00CIeoBaH-
IHAAMETP JIMIIAHHUKOB Ha MOJIONOM MOPEHE JISAHW- HOTO Y4acTKa; KpoMe TOTO, YacTh JIMIIAWHUKOB
ka Maarneii B 1,5 pa3a 00JIblle TAKOBOTO HAa MOPEHE MOXET MMETh YHACJIeIOBaHHBIN xapakTep. Pasmep
Bonbiroro Aktpy. OT4acTy 5TO MOXHO OOBSICHUTh JUIIAWHUKOB Ha McTopuueckoit MOpeHe, HaIllpo-
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Tabnuya 2. [IeHApOXpOHOIOTMYECKIe JAThI Ha PeIIONbAX TeXHNKOB Bonmbinoit u Mansii AKTpy*

norpebéHHoe

Home Bo3spact cniu- | AGconoTHast Koopaunarsi,
MecromnonoxeHue P P [Mpumevanus WGS 84,
obpasmua | 7a, IT. H.9. BBICOTA, M
rpamychbl
20802 14181784 2199 J]I/ICTBCHHI/IL[.a, TepBoeE KOIbLIO, 50,07445
IIpaBas in situ 87,77295
4acTh - 1625—1785 2209 JIuctBennuua AnameHko, Cro- -
DpOHT MOPEHbI — 1544—1794 2209 Gaes, (1977), nepBoe KOMBLO -
Maunblit AKTpY i
Uent- | 0003 | 15301666 2207 PazopBaHHBIi1 TIEAHAKOM 50,074820
pabHast CTBOJI Ke/ipa, TTOrpeOEHHBIN 87,768430
(neBast) 50,074210
qacTh mm1001 | 1285—1606 2215 Kycku kenpa B riibibax 87.766823
CTBOJ JIMCTBEHHULIBI OKOJIO
mal201 758—1019 2213 160 cM, pa3opBaH ¢ TOPLIOB, >0,072781
. .| 87,768144
I MepBOe KOJIbLIO, MOrpeOEHHBIM
EHTpaJIbHAas YacTb MOpe- "
Hb1 Masoro AKTpy, B61M3M HeGoxbioit bparMenT CTsona, | - 5, 75579
ma 1202 729—855 2215 Keap, MepBoe KOJbLIO,
BIaneHus1 pyubsi Bononan- - . 87,768776
N MOrpeOEHHBIN
HOro B p. Masiblit AKTpy T
eTK1 ¥ He3HAUUTEIbHbIE
A190Ime | 887—1170 2209 (parmeHTHI cTBONA, 50.0729240
a .. 87.7684240
JIMCTBEHHMIIA, TTOrpeGEHHbBIE
ma 1203 9821137 115 He6ombmroit pparment ctBona, |  50,072708
KeZIp, Ha ITOBEPXHOCTH 87,766187
JleBast BHyTpEHHSISI 4aCTh [puBaneHHbI U pa3opBaH- 50.072392
MopeHBI Manoro AKTpy, ma 1204 841-1143 2239 HBIi CTBOJ Kenpa, Ha 877765706
OCUWJUISILIMOHHBIN BaJl TTOBEPXHOCTHU ’
HesnauurensHbie hparmentst | 50.0724930
Al902me | 10051180 2223 CTBOJIA, KeAp, TOrpeOEHHbBIC 87.7657230
BA1210 | 924 —1433 Kenp
BA 1211 | 1227-1623 Beinamaer 1471 r., keap
Boinmagator 1371, 1422, 1495,
BA 1212 | 1327-1651 1577, 1581 rr., TMCTBEHHULIA
Beimanatot 1194, 1247, 1310,
1482 rT., mATH KOJIELl Ha Mepu-
BA 1213 | 1147-1579 one 1485—1523 rr., TpaBma
3uMoii 1336 1., TUCTBEHHULIA
Yactb UcToprueckoit Brimagaror 1236, 1239,
MopeHbI Bosbioro AKTpy, BA 1215 | 936—1393 1299 rr., Keap okoso 80 cM
B HCHOCpCﬂCTBCHHOﬁ B IUaMETpe 50,069013
0. d 2336 87,763705
HM3?CTI/I oT K?HTaKTa Cv BA 1216 10921559 Bbll‘laﬂ,aeT 1495 r., N
JIeBOi1 GOKOBOIT MOPEHOM - JMCTBeHHULA
Manoro AKtpy
BA 1217 | 1140—1629 Beimagaer 1524 1., xenp
BA 1218 | 1405—1482
Kenp
BA 1219 | 1508—1646
BA 1220 | 1119—1506 Bemapnatot 1391, 1450 rr., kenp
BA 1221 | 1104—1581 Breinmanparor 1282, 1314,
1339 rr., Kenp
BA 1222 8771357 KoHnTakT ¢ MopeHoit Majnoro
AKTpY, Kenp
Topyainue n3-10/] BaIlyHOB
JleBast 6oKoBast MOpeHa OCTaTKHU Keapa, KOHTaKT C 50,071560
Majoro AKTpy. ¢ mal001 1432-1590 2300 KeIPOBOI TUTOIIAIKOM, 87,764500
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BA 1105 | 1266—1413 2372 INogHOXME MOpPEHBI, KEIP
BA 1106 | 1201—-1587
BA 1107 | 1305—-1571 50.069990
BA 1108 | 951-1131 MMoru6unii KeapoBHIii Jiec, 87,761931
BA 1110 | 1320-1624 50—100 M oT MoJIOIOI MOPEHBI ’
BA 1111 822—1123 2340
BA 1112 | 1293—1590
BA 1113 | 1258-1528 gg’%?gg;
Jlenuuk bonbioit AKTpy. >
IpaBblit Geper, BhIILe BA 1114 | 918-1325 Tontoxite Moperbi, Kezp 50,070286
KEAPOBOIA MJIOILALKH, 6 BA 1115 | 919-1516 87,761416
TPOCTPAHCTBO MEPEN BA 1201 800—1575
MOJIOAO MOPEHOM BA 1202 | 12601539 Heo6onbiue KCE[pBI Helajieko 50,070504
OT MOJIOIO MOPEHBI 87,761486
BA 1203 | 1537—1651
Tam ke, Keap OKOJIo 50,070410
BA 1204 | 1101—1285 | 2315-2337 80—100 oM AuAMETPOM $7.761900
BA 1205 | 1217—1446 50.070554
BA 1206 | 1478—1686 87.762035
BA 1207 | 1216—1430 Kenp
50,070205
BA 1208 | 1496—1634 2352 87761577
KowmeBast yacTp HempaBUITb- 50,072260
Wf0804 | 1028—1156 2218 HOIt (hOPMBI, KEIp 87.770230
WF 0808 1410—1674 2263 Kenp, xkomneBast ‘{aCT;(,)CTepTO, 20,071888
ITpaBast 1onactTb MOpPEHbI BEepOSITHO, He OoJee 20 Koselr 7,77177
Maroro AKTpy, BHyTpeH- , WF0901 | 1089—1501 2240 Kenp, hbparmeHT cTBONA 50,071550
HsIs YaCTh, PYCJIO PYYbsd WF0902 | 1339—1674 Betka kenpa 87,771400
BononagHoro
al716 2781487 2226 Kenp, komnesast qacni, 4acThb 50,071620
BHEILHMX KOJIeL] CTEpTa 87,772190
50,071226
A1905me | 1395-—1491 2249 IIenka xenpa $7.770953
1709 1472—1769 I ,
a s . epB(;:) KOJIBLIO, KE/Ip 50,068910
1710 879-1191 e Gornee 20 KoNeL 10 EHTPA, | g7 771164
KenIp
. In situ, cunbHas acummeTpus
HOQHH(»KHe npapoii 6oko- al712 1230—1593 MpUPOCTa, TIEPBOE KOJIbIIO,
BOI1 MOPEHBI, BBIILIE PYYbs d KeIp 50,069140
BononagHoro A 87,771329
al713 1344—1640 2315 CHUMMETpPHMS IIPUPOCTa,
TepBOE KOJBII0, KEIP
al714 1592—1767 [TepBoe KoJbl10, Keap 50,070170
al715 871-1539 Acummertpusd npupocta, keap | 87,771653

*JlaHHBIE 0 BO3pacTe 00pa3IloB MPUBEACHBI 0e3 KaKUX-JIU00 MOMPAaBOK Ha TTOTEPH BHEIITHUX U BHYTPEHHUX KOJIEIL: 4, 0, 8, ¢, d CO-
OTBETCTBYIOT Bpe3kaM Ha puc. 4; Ha ¢ppoHTe MOpeHBI Masioro AKTpy Bce JAepeBbsl — IepeMelIéHHbIe, KpoMe obpasiia mal802;
a, ¢ — Bce IepeBbs IOTPeOeHBI U TIepeMeIIeHbI JISTHUKOM; 0, 8 — Bce nepeBbs, Kpome mal001, — in situ; d — mepemenienue aepe-
BbEB MUHMMAJIbHO WIM €T0 HEeT. TaMm, Iie He yKa3aHo CIeLUaIbHO, IEPBOE KOO OTCYTCTBYET. [1oAKOpOBBIE KOJbIIA OTCYT-
CTBYIOT y Bcex o0OpasioB. PacimudpoBka adbopeBuaTypbl 00pa3iioB: OYKBBI — Ha3BaHUE MECTOOOUTAHUS, ABE Cleayrolue nud-
pHl — TOx 0TOOpa, IBE MOCIeAHNe — HOMep obpasiia: Hanpumep, al715 — obpazerr Nel5, 2017 r., monmuna Aktpy. dater 2008—
2012 rr. ony6aukoBaHbl paHee (Hazapos u ap., 2016).

TUB, TPAKTUYECKM COBIIAAET C U3MEPEHUSIMM B I0- CTAOMIIM3aLIMM U OOHOBIICHUS TTOBEPXHOCTU U KOC-
JuHe AKTpyY (cM. puc. 5; cM. Tab. 1), 4TO omnpene- BEHHO CBUAETENLCTBYET 00 OMHOBPEMEHHOCTHU €&
JIEHHO YKa3bIBaeT Ha CXOICTBO CKOPOCTHU ITPOLIECCOB  (DOPMUPOBAHMS B 000X JOJIMHAX.
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Puc. 5. A3bIk u ipeamnobs JegHuka Maaiieii, Mecta 0oTOopa 00pa3LoB Ha IEHAPOXPOHOJOTMYECKUIA aHAIN3:

A — cxema nipentionmii: 1 — ppoHTaIbHAs YacTh MOPEHHOTO BaJjia JIEBOrO MPUTOKA JIeAHMKa Maalieii; 2 — BepXHsisi OpoBKa MOJIO-
JIOTO BaJjla; 3 — MECTO MPOBEACHUS JUXEHOMETPUM Ha MoIofoil MopeHe (ctamus AKTpy). 2019 — mojoxeHue si3blka JiefHUKa B
2019 r.; b, B — norudiuue Keapbl Ha MpaBoii yactu dpoHTa MopeHbl; I — poTo co BToporo Bajia MopeHbl MicTopuyeckoii craguu
B HaIpaBJeHUH JIeMHUKA; /| — MOTMOIIMIA KeAp B JIeBOI YacTH (pOHTAa MOPeHBbI. Bpe3ku: a — KOJIMYeCTBO 1 BO3PAcCT CIIMIIOB IO
TTOTHOXKUIO JICBOM 1 6 — TIPaBOM YaCTU MOPEHBI

Fig. 5. Tongue and forefields of the Maashey glacier, sampling sites for dendrochronological analysis:

A — the scheme of the prepoles: I — frontal part of the moraine wall of the left tributary of the Maashey; 2 — upper edge of the
young moraine of the Maashey glacier; 3 — location of lichenometry on a young moraine (Aktru stage). The distance between the
moraines of neighboring glaciers is about 500 m. 2019 — the position of the glacier tongue in 2019; 5, B — dead cedars on the right
side of the moraine front; I — photo from the second wall of the moraine of the Historical stage in the direction of the glacier. Dis-
tance to the front of the young moraine is 800 m; /[ — dead cedar on the left side of the front of the moraine. Insets: a — the number
and 6 — age of cuts at the foot of the left and right parts of the moraine

OmnpenelieHWe Bo3pacTa Morudmux nepesbeB  MpOHT 3TOi cTaguu ciabo BhIpaxkeH B pelibede u
MPOBOAUJIOCH KaK B JICBOI, TaK U B IPABOIl YACTSIX OTYETIMBO YMTAETCS TOJBKO IO OTCYTCTBUIO pac-
(¢poHTa MoOHO# MOpEeHBI (CM. pUC. 5; Taba. 3). TUTEIBLHOCTH M TO, IJ1aBHLIM 00pa3oM, B IIpPaBO-
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Tabnuya 3. [JeHAPOXPOHOIOTMYECKIe AThI, PPOHTATBHOI YACTH MOIOFO0Ii MOPEHbI TefHNKa Maaimeit

Mecrononoxenue | Homep obpasua Bospacr cru- | Abcomotras ITpumevanus Koopmunate,
P obpasil JIa, IT. H.3. BBICOTA, M p WGS 84, rpanychl
mal606me 1155—1652 Ocratku Kezpa 50.109133
mal607_1 1231-1404 2209 OcTraTKu JUCTBEHHUIIBI, in situ $7.593533
mal608me 1072—1385 OcraTKu Keapa
JleBast yacTb %
(ponTa ! mal812 1 1487—1613 2205 CTBOJI IUCTBEHHMUIIBI, in situ 50,108816
- ’ 87,593216
50,109450
mal813me 1482—1704 2169 OcTaTKM JTUCTBEHHULIBI 87.593667
ma0908me 942—1370 Kenp
"1 - — 50,109930
ma0912me 1206—1667 omHoXMe (ppoHTa, in situ. 87,597910
[TepBoe KOJb110, TUCTBEHHMIIA
mall09 1 1616—1882 50.107700
malll0_1 1681—1779 2264 OcTaTKu TUCTBEHHUIT $7.599833
]_[paBa;{ 4acTh 6 mall ]271 1601—1782
dpoHTa malll3me 11461347 OcraTKu Keapa Ha MOpeHe,
MepBOE KOJIbIIO
malll4me 1059—1470 Kycok cTBona kenpa 50,109450
malll5_1 12811575 2223 dparMeHThI Keapa Ha MOpeHe 87,598300
mallléme 1206—1406 Kenp
malll7me 1138—1650 OcTaTKu KOMJIsI, Keap

*a M 6 COOTBETCTBYIOT AuMarpaMmam Ha puc. 5. O6paslibl OTOMPAIMCh WIM B HEMOCPEACTBEHHOI OJIM30CTU OT MOPEHbI (METPHI),
WY Ha TJIbI0ax MopeHbl. Ecii He yKa3zaHO CITeMabHO, TO 00pa3ell He SBJIIeTcs in situ; eciv He yKa3aHO HaJIMIue MepPBOro 1
MOJKOPOBOI'0 KOJIblia, TO OHM OTCYTCTBYIOT. PaciimdpoBka abopeBuaTypbl aHasoruyHa tadiu. 2. Jdatet 2009—2011 rr. ony6auko-

BaHbl paHee (Haszapos u 1p., 2016).

OepexXXHOIt yacTu, Ile OH KPyTO MOAHMMAETCS Ha
MOJHOXHNE KOPEHHOTO OopTa B BUIe HEeOOJIbIIONH
3apoclleil KyCTapHUKOM IIOJIOCHI TJIbIO U 11eOHS
BeIcoTOM OT 2 10 0,5 M (cm. puc. 5, I, 3). JleBoGe-
pexXXHasl 4acTh BhIpaxkeHa B BUIE HECKOJIbKO pac-
IUIACTAaHHOTO HEBEICOKOTO Bayia. HemocpenctBeHHO
HaJ HUM BO3BbIIIAETCSA YACTUYHO 3aJepHOBAHHAS
M TOKPHITass MOJIOOLIM JecoM MopeHa McTopu-
yeckoil ctaguu (cMm. puc. 5). HekoTopbie Haxo-
KM UMEIOT ToJIoXKeHue OJIM3Koe K in situ u oOHa-
pPYXeHbI B 3—5 M mepea MopeHol (HacKOJBbKO eé
Kpail MOXXHO OIpeNeIUTh B HacTosIIee BpeMs (CM.
puc. 5, /), HeKOoTOpHIe, B BUIE yXKe (pparMEeHTOB
CTBOJIOB, JIeXXaT HEIOCPEACTBEHHO Ha TJIbI0aX B
1-3 M ot kpag (puc. 5, b, B). Bénbirag nx yacth
MPUHAIJIEKUT KeApy, apea KOTOPOro B HACTOSIIEE
BpeMsI He BKJIIOYAET B ceOsI IIPEITIOINbS 1 ITPOCTPaH-
CTBO HMXKE MOJIOAOM MOpeHbI (10 1,5 KM) U Haxo-
JUTCSI Ha BbIcOTe He 0osee 2120 M, Mckioyas pe-
KU1 TOIPOCT Ha cKaJlax 1o IpaBoOMy OOPTY JOJIMHEL.

Pe3ynbTarhl aHaniM3a MOKa3bIBAIOT, YTO OOJIb-
IIMHCTBO JAEPEBbEB, KaK U Ha IPEANOIbsIX JeTHU-
KoB AKTpyY, moru6au Ha pyoexe XVII—-XVIII BB.

(cMm. Tabi. 3). YacTh nepeBbeB, HECOMHEHHO, Obllla
YHUUYTOXEHA HACTYMNAKIIUM JIETHUKOM, HEKOTO-
pBIe TIOTMOJIM OT €r0 OXJIAaXKIAIOIIEeT0 BO3ACHCTBUS,
a HEKOTOpbIe, KaK M MO MOTHOXMIO IIPaBOM YaCcTH
MoOpeHbl Majoro AKTpy, Nepexusin ero 0J1M30CThb
(cMm. puc. 5, 6; cm. Taba. 3, odbpa3ner mall09 1,
malll0_1, malll2_1) u morubau mo mpuYMHaM,
HE CBSI3aHHBIM C JIETHUKOM, IMOCKOJIBbKY, KaK ITOKa-
3pIBaeT npuMep Masoro Aktpy (MBaHoBckuii, I1a-
Hb1yeB, 1978), B KoHue XIX B. JTeIHUKU yKe 3Ha-
YUTEIbHO OTCTYIIUJIMU, OCBOOOAUB IPOCTPAHCTBO,
JIOCTaTOYHOE JIJIsI 3aCeIEHUSI IIOIPOCTOM.

Jednurx Ne 27 ¢ ucmoxax p. Illasaa. Uccneno-
BaHUs B OacceliHe p. IllaBiaa mpoBoauau B MCTOKAX
IIepBOTO JICBOTO IIPUTOKA PEKU HAa MOpPeHEe HeOOJIb-
moro Jiegarka Ne 27 (Karanor nemaukoB CCCP...,
1977). MopeHa uMeeT CBeXXMIA BUI U ObLIa BOCIPU-
HSITa KaK MOJIONIast, HO PE3YJbTAThl TUXEHOMETPUU
MOKa3aJiv, HaCKOJIbKO MOXET ObITh 0OMaHYMUBO TEep-
Boe BIleyaTsieHue (puc. 6; cMm. Tadi. 1). Bospacr mo-
TUOIIMX NePEBbEB, HAXOISAIIMXCSI HA MOPEHE M I10 €€
MOAHOXUIO, YOeAUTENBHO MPOAEMOHCTPUPOBA, UTO
OHM 01 B pa3HOE BpeMs 1 110 pa3HbIM IIPUYMHAM
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Puc. 6. JlenHuk v nipearnoibs geBoro uctoka p. IllaBia, MecTononoxeHue U BO3pacT 00pa3LioB IPEeBECUHBI:

A — moru6Inasi TMCTBEHHHULIA Y TIOAHOXUS (DPOHTA MOPEHBI; b — JepeBbsl U IaThl KX TMOEIM B HOBOM pyclie peKu; B — nepeBbs, 3aHe-
cEHHbIE (MITIOBUOIISILIMAILHBIMU OTIIOKEHUSIMU JIETHUKA — TPUTOKA T10 MOTHOXKMIO IPaBoii GOKOBOM MOPEHBI; /' — BUII CBEPXY Ha SI3bIK
JISTHMKA ¥ BHYTPEHHIOI YaCTh MOPEHBI; /] — BUII HA MOPEHY C JIEBOro GOpTa IOJIMHBI, £ — ObIBIIEe PYCIO PEKU M ITOTMOIIUE AePEBbsI.
1 — MOpeHHbIe Bajibl Pa3IMUHBIX TeHepaluii; 2 — ObiBlIee pycio peku (mocie 1920 r. — panee 1974 1.); 3 — coBpeMeHHOE pycio; 4 —
BHellHsist MopeHa (Mctopuyeckasi cramust); 5 — MaKCMMaJIbHOE ITPOIBIDKEHME JIETHUKA B cTamuio AKTpy (obpaser 1591—1736 r.). 1911,
1960, 2009 — nonoxxeHue HPOHTA JIETHUKA B COOTBETCTBYIOIIME rOIbl. 1974 — BpeMsi MOSIBJICHMSI IIOAPOCTA JTMCTBEHHUIIBI B CTAPOM PYC-
Jie peku. 2187 — abcomoTHasE OTMeTKa BLICOThI. Bpesku: a — nogHoxue MopeHbl Mctopruyeckoii ctanuu; 6 — aepeBbsi BO BHYTpeHHEH
YacTh MOpeHb! MlcTopryecKoli CTanuu; ¢ — AepeBbsI IO TOIHOXMIO IPaBoil GOKOBOI MOPEHBI; ¢ — CTapOe HEaKTHUBHOE PYCIIO PEKU

Fig. 6. Glacier and its forefields at the left source of the Shawla river, location and age of wood samples:

A — dead larch at the foot of the moraine front; b — trees and dates of their death in a new river bed; B — trees transported by fluvio-
glacial deposits of the glacier—the tributary along the foot of the right lateral moraine; /" — top view of the tongue of the glacier and
the inner part of the moraine; /[ — view of the moraine from the left side of the valley; £ — the former river bed and dead trees. / —
moraine of various generations; 2 — the former river bed (after 1920 — before 1974); 3 — modern channel; 4 — outer moraine (His-
torical stage); 5 — the maximum advance of the glacier during the Aktru stage (sample 1591—1736 year). 1911, 1960, 2009 — position
of the glacier front in the corresponding years. 1974 — the time of the appearance of larch undergrowth in the old riverbed. 2187 —
absolute height mark. Insets: a — the foot of the moraine of the Historical stage; 6 — trees in the inner part of the moraine of the
Historical stage; 6 — trees at the foot of the right lateral moraine; ¢ — old, inactive river bed
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Tabnuya 4. [IeHEpoXpOHOIOrITYecKyie JaThl mpenonbes menanka N 27 no (Karamor negankos CCCP..., 1977) B BepxoBbsix p. IllaBma*

Homep | Bospact cniu- | AGcostoTHast KoopnuHarsl,
MecTormonoxeHue [Mpumevanus
oOpasua | Ja, IT. H.3. BBICOTA, M WGS 84, rpagycht
sa0806 1806—1925 2155 JIuCTBEHHULIBI, TOTHOXIE MOPEHBI, ITEP- 50,092710
sa0807 1824—1927 BOE KOJIbIIO, TTOJIKOPOBOE KOJIBIIO, in situ 87,398860
DpPOHT MOpEHEI a| $a0808 1530—1928 2160 PsinoMm, norpe6éHHast nucmennuug, n(:p- 50,093347
BO€ KOJIBLIO, MTOJKOPOBOE KOJIBLIO, in Situ 87,398500
INorpe6€HHast IMCTBEHHMLIA, 50,094520
520809 | 17501892 2138 nepBoe KoJbLIO, in situ 87,399549
sh0703 1614—1937 2174 JlucTBeHHMIIA, MOBaJieHA B pesyn'bTa.Te 50,094260
MPOCafOK, IMOAKOPOBOE KOJIbIIO, in situ 87,399430
JlvucTBeHHMIIa, TONKOPOBOE KOJIbIIO, 50,094370
BHYTpeHHSIsI 4aCTh sh0704 1601—-1979 2160 in situ P 87.399550
" -6 :
Mopert (Hetopu sh0705 1674—1998 JINCTBEHHULIBI B PYCJIE PEKU, 50,093950
yecKasi CTaus) 2150 .
sh0706 1629—1981 IIOIKOPOBOE KOJIBIIO, in situ 87,397510
$h0902 1637—1736 2160 Boau3u Mononoit Mopeﬂb{, K?ﬂp, 50,093420
BHEILLIHSIS YacThb CTBOJIA, in Situ 87,400270
Kenp, 3aHeCEH OTIOKEHUSIMU PYUb, 50,091950
Sh0701 1378—1633 2180 in situ 87.402230
Moatoxue mpasoii . Sh0702 1056—1546 2180 To xe, B HEMMOCPENCTBEHHOI 61131, in situ gg:gggggg
6 i "
OKOBOU MOPEHBI 5a0906me | 1296—1613 2248 CJIoOMaHHBII CTBOJI B pycqe pyqbﬂ, Kenp, 50,089060
nepBoe KOJIbLIO, in situ 87,405920
~ dparMeHT cTBOJIA BOJIM3K PyCiia Py4bs, 50,093720
6311 14861637 2157 Ha 1,5 M BBbIIIIE ype3a, KeIp 87,400880
Tlorubmmii kenp, BEpXHssl 4acThb pycia, 50.09177
saSme 1478—1870 2165 BEPLUMHA, [1IEPBOE KOJIbLO, 87)39775
TMOIKOPOBOE KOJIbIIO, in situ ’
Crapoe pycIio peku | 2 pr0901 1597—1905 2174 BepxHsist yacTtb pyc.na,. MOJOMaHHBINA Kep, 50,09169
in situ 87,39802
sa0907me | 1538—1920 HuokHss acTh pycia, Keaphl 50,09370
2107
sa0908 1| 1587—1887 B OTJIOXXEHUSX ITOTOKA 87,39604

*a, 0, 6, 2 COOTBETCTBYIOT Bpe3KaM Ha puc. 6. Eciii He ykazaHo crielinaibHO, TO o0pasell He SIBJIIETC in Situ; eC/Iv He yKa3aHo Ha-
JIM4YKe TIepBOro U MOAKOPOBOIo KOJIblia, TO OHM OTCYTCTBYIOT. PacindpoBka ab0peBUaTyphl, UCKIo4Yas oopasibl 6911 u saSme,
aHajornyHa Ta6. 2. Jlara sh0902 onmy6iarkoBaHa paHee (Ha3zapos u ap., 2016).

(cM. puc. 6; Tabn. 4). [TonoxeHue GppoHTa JTeTHUKA
Ne 27 B xonue XVII — navame XVIII BB. ogHO3HAaU-
HO MapKUpPYyeTCs ABYMS BHICOXIIIMMU Ha KOPHIO K€M~
paMu, BHEIITHUI CIIMJI OMHOIO U3 KOTOPBIX ITOKa3all
Bo3pact 1591—1736 rr. (cM. puc. 6, nudpa 5, 06-
pazen; sh0902; cm. Taba. 4). depeBbsl HAXOOAATCS Ha
mopeHe Mcropuyeckoit cramuu, B 30—50 M oT mox-
HOXMSI BBICOKOTO Bajia MOJIOJOM MOpPEHBI — MaK-
cUMyMa HacTyIaHus Bo BpeMs ctaguu AKTpy. [lpu
3TOM, KaK II0 IepuMeTpy MopeHbl Mcropudeckoit
CTaguM, TaK U B €€ BHYTPEHHEN YaCTH ITPOIOJIKAT
pactu jec (cM. puc. 6, a—e, A—b; cM. Tao. 4).

B aT10 xe Bpemsa (mo nawamxa XVIII B.) mpo-
HCXOOUT THOEbh KEeIPOB, POCIIMX BOJIU3U pycia
pPyUYbs, CTEKAIOIIEro C JIMHNKA-IIPUTOKA 110 IO~
HOXMUIO MIpaBoii 00KOBOM MOpPEHEHI (CM. puc. 6, B, 6;

Tabi1. 4, 8) B pe3ysbTaTe 3aHOCa (PIIOBUOTIISIINATb-
HBEIMU OTJI0XeHUsIMHU. PparMeHT BHEIIHEe 9acTu
OIIHOTO 13 HMX OBLT HAMIEH CPean INIbIO B HECKOJIb-
KMX MeTpax OT pycjia, HO Ha 1,5 M BbIllle €ero Co-
BPEMEHHOI'O ype3a, YTO CBUIETEIbCTBYET O pacXxoe
peKU, KpaTHO IIPeBHIIIABIIeM COBpeMeHHBIN. OcTa-
€TCs HEeSICHBIM BOIIPOC, KAKMM 00pa3oM IIPOUCXO-
JIAJIa pa3rpy3Ka peKu, cTeKalolleil ¢ JieqHuKa. Be-
posiTHEe BCero, pycijia, 0003HaUYeHHOI'0 Ha Kapre,
paHee He cylIecTBOBao (CM. puc. 6, uudpa 2), ne-
peBbsI MPOAOJIKAJIM pacTU 311eCh A0 KoHLa XIX —
Havajia XX BB. (cM. puc. 6, F, 2; cM. 1abi. 4, e).
C navaja XX B. IPOMCXOAUT KOpeHHast TpaHCchop-
Manusi GpoHTa MOPEHBI, B YACTHOCTHU €€ 4JacTH,
npuHamexamreit McTopuueckoil cragun: mpocena-
HUE 1, KaK CJIeICTBUE, TMOeIb MHOXECTBA JIePEBhEB
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BILIOTH OO IOTPeOCHMS MO OCENAIOIINMU IIIBI0aMU
(cM. puc. 6, a, A; cMm. Tabn. 4, a). B neBoii yacTu Mo-
PEHBI B 3TO Xe BpeMsI 00pa3yeTcs (MJIM pacIInpsieT-
cs1) IPOMOMHA, KOTOpasi CTAHOBUTCSI PYCJIOM PEKH,
BO3MOXHO HE eIUHCTBEHHBIM (CM. puc. 6, e, /1, E,
mudpa 2). B cepenuae XX B. IpOIIeCCH 3p0O3UN U
IeTrpaganyy ITOorpe0EHHOTO JIbaa IPUBOOST K pa3-
MBIBY LIEHTPAJIbHOM YacTH Bajla MOJIOAOM MOPEHEI
craguy AKTpY, KOTOpasl IIOAIIPYKUBaJia 03¢po (CM.
puc. 6, I). D10 cnocobcTBYeT (hOPMUPOBAHUIO HO-
BOTO pyCJIa, OCYIIEHUIO CTApOro U THOEIN IePEBhEeB
yKe BO BHYTPEHHEM YaCTH MOPEHBI, HE TOJIBKO OKa-
3aBIIMXCS B IIOTOKE, HO U I10 €ro Iepudepun (cMm.
puc. 6, 6, b; cM. Ta6:1. 4, 6). DTOT MpoLECC MPOLOII-
JKaeTcsl ¥ IO HACTOSIIIIETO BpEeMEeHHU, XOTSI M1 B MEHb-
1eM Maciurtabe.

Pazmephl MTMIaifHUKOB BHEITHEHX MOPEHHBI (CM.
puc. 6, undpa 4; cMm. Tabi. 1) coorsercTByioT McTo-
pudeckoii craguu. X HECKOIbKO MEHBIINI pa3-
Mep II0 CPaBHEHMIO C HOJMHAMU AKTpY M Maareit
00BSICHMM HEOOIBIINM Pa3MepOM TJILIO Ha MOpEHe,
KOTOpBIE Topa3no 0ojee momBrKHBL. [locie cMeHBI
peKoil HampaBJICeHUS ITOAPOCT JUCTBEHHUIIHI 3ace-
JIMUT OCBOOOAMBIIIEECS IIPOCTPAHCTBO CTAPOTO pyciIa
okoJio 1974 r. (kepHHI ¢ TPEX HanboJIee KPYITHBIX
JIIepEBbEB B CTAPOM pyCIie peKu; cM. puc. 6). Ilpu-
HUMasI BpeMsI 3acelIeHNSI MUHAMAaIbHBIM (He 0oJjiee
IIECSITH JIET), OJIydaeM, YTO PYCI0 U3MEHIIOCH He
no3nHee 1964 r. AHAIOrMYHO, IPUHKUMAsT BpeMsI 3a-
ceJIeHUs TUIaiHUKAMU B CTapOM pyclie peKu (CM.
puc. 6, JI, E; cM. Tab6i1. 1) Takke OKOJIO JECATH JIET,
IOJTy4aeM, YTO Ha MOMEHT IIPOBEACHMS IMXEHOMET-
puu (2009 r.) Bo3pacT gocturai 35 getr. CKOpoCTh
IIpUpocTa cocTapisieT okojo 0,9 MMm/rom, 94To Ma-
noBeposiTHO. CKopee BCero, YacTh JIMIIANHUKOB —
yHacJIeqoBaHHAsl, HO OOBEKTUBHOE BBIIEIICHUE UX
13 BRIOOPKY HEBO3MOXHO. OIurcaHHbBIE 31eCh CO-
OBITUSI IOTUYHO BIIMCHIBAIOTCS B OOIIMIT KOHTEKCT
COCTOSTHHS JISTHUKOB M MX OJVIKAMIIIEeTo OKpyxKe-
HUS B NoaMHaX AKTpy U Maaiiei.

OO0cyxkenue pe3yJbTaToB

HaunbGoiee mocToBepHBIE U TOYHBIE TaHHBIE O
HACTyNaHUSIX JICMHUKOB B IPOIIIOM OCHOBAaHBI Ha
natax rudenu nmorped6EHHBIX UMM AepeBbeB. K co-
XKaJIeHUIO, TaKNe XPOHOJIOTUH B MUPE HEMHOTOYHC-
nennsl (Holzhauser et al., 2005; HazapoB, MbITnaH,
2012; Menounos et al., 2019; Hall at al., 2019 u ap.),

a MHTepIIpeTalus pe3yJbTaToB JaTUPOBAHUS U yC-
JIOBUI 3ajieraHusl 00pa3lioB APEBECUHBI CIOXHA U
4yacTo HeogHOo3Ha4yHa. /laThl KM3HM AepeBa, pacTy-
1IEro UM POCILIero Ha MPeArnoibsix JeIHUKa, yKa-
3bIBAIOT HAa MHTEPBAJl BpEMEHU, KOTIa JIETHUK 31eCh
OTCYTCTBOBAJI, M OTPaXKalOT MUHUMAJILHBIN BO3pacT
CTaOMIIM3allUM TTIOBEPXHOCTU, XOTsSI OKOHYATEJIbHAsI
WHTepIpeTalns, HECOMHEHHO, 3aBUCUT OT IIPU-
yuH rudenu. Tak, B ciydyae JeTHUKOB BoJbIoi u
Manebiit AKTpy (cM. puc. 4, 6, 6, d) 1 OTYACTH JIe/-
Huka Maaieit (cM. puc. 5) MMeeM JIeJIo ¢ ocTaTKa-
MU JIepeBbEB, HA KOTOPHIE JIEIHUKU He OKa3bIBaIn
MEXaHUYECKOTO BO3ACUCTBUSI, U X I'MOeIb Obla
ornpeneaeHa UCKIIOYUTENBHO YXYIIIEHUEM KJIMMa-
THYeCKUX ycaoBuii. Ha npenmonbsax senHuka Ne 27
110 3TOM IMPUYMHE MOTUOJI0 AepPeBO, TaTUPOBAH-
Hoe 1591—1736 rr. (cM. puc. 6 u Taba. 4, obpasell
sh0902). BaxxHa 1 uHpopmalusi 0 CKOPOCTH OCBO-
eHUs npueAHUKOBb. st mopen 1911 u 1936 rr.
JlenHUKa Manblit AKTpy oHa cocTtapisieT 45—50 jet
(mannbie A.H. HazapoBa). IInoHepoM B OCBOEHUU
OCBOOOAMBIIIMXCS OTO JibIa TEPPUTOPUI Ha AnTae
BCeTJa BEICTYMAET JUCTBEHHMIIA.

IIpy HaMMYMK €AMHOTO JTMMUTUPYIOIIEro (pak-
TOpa BBISIBJICHHBIC JATHl THOEIN AePEeBbEeB JOKHBI
TPYIIIMPOBATHCS BOKPYT ONpPeneIEHHBIX IIEPHUOI0B.
I1o 3Tolt MpUuMHe HanboIee MO3IHSS 1aTa IIPU Ha-
JINYUU TOCTATOYHOI BEIOOPKM M COTJIACOBAHHOCTU
pe3yIbTaTOB YKaXKeT Ha BpeMsI HACTyIaHUs JICTHU-
KOB M BBI3BaBIIEro ero noxojioganus. K coxae-
HUIO, TOUHOE BpeMsI T'MOEJIN 1ePEeBbEeB YACTO OIpe-
JIEUTh He YIaETCs U3-3a OTCYTCTBUS ITOJKOPOBBIX
KoJiell, KOTOpble HEPEIKO Pa3pyllialoTcs CO Bpeme-
HeM. Bonpoc o ToM, CKOJIbKO BHEIIHUX KOJIell 10~
TEPSIHO y KaXXKI0ro obpasiia, MoYTU BCeraa OCTaéT-
csl OTKPBITBIM. BemmunHa moTephb B KaXKIOM CiIydae
CTPOrO MHAWBUAYaJbHA U 3aBUCUT OT MHOXECTBa
(hakTOpOB: XapakTepa MeCTOOOUTAHUS; HAIMYUS U
M3MEHYMBOCTH aCUMMETPUM IIPUPOCTA; XapaKTepa
BO3PaCTHOU KPMBOIi; COOCTBEHHOrO Bo3pacTa Ae-
peBa; HaJIM4MsI TpaBbl X KyCTAPHUKOB, CITOCOOCTBY-
JOIIMX Pa3BUTHIO THWIX U T.I1. EAMHCTBEHHAsT BO3-
MOXHOCTb YTOYHUTh UTOTOBYIO IaTy — YBEJIUYUTH
BbIOOpKY. B Halem ciyyae coctosiHue, 10 MEHb-
el Mepe, MoJ0BMHBI 00Pa31IoB OLIEHUBAETCS KakK
XOpolllee U OYeHb XOPOoIlIee, YTO MO3BOJISIET IPeIo-
JlaraTh MOTEPI0 MUHUMAJIbHOTO KOJIMYECTBA KOJEll.

JIuxeHOMeTpuuecKre UCCIeA0BaHMS NAI0T MPe-
cTaBjieHUe 00 OTHOCUTEIBHOM BO3pacTe U CTele-
HY CTaOMJILHOCTH He3alepHOBAaHHBIX YYaCTKOB TOpP-
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HBIX TOJUH, (MOPEHBI, OCBINHU, JJABUHHBIEC KOHYCA,
KaMEHHBIE TJIeTYepPhl, YIaCTKI KAMHENaI0B U T.11.).
CormocraBiieHIE TTOJYYeHHBIX pe3yJIbTaTOB C MO-
CTPOCHHBIMU paHee KPUBBIMU CKOPOCTU pocTa (CM.
puc. 2) mokKa3bIBaeT, YTO IIOBEPXHOCTU C MAKCH-
MaJTbHBIM pa3MepoM JIUIIAWHIKOB 0K0JIo 30—35 MM
MpUHAMIeXaT CTaniuu AKTPYy M MMEIOT BO3pacT
OKOJIO IBYX CTOJIETUIl. DTO COOTBETCTBYET OoJiee
paHHUM OlleHKaM cKopocTu pocrta (CoJloMHuHa,
1999). Pasmep nuinaifHMKOB Ha MOpPEHaX UCTOPH-
YeCKO CTaIny MMeeT OYeHb OOJIBIION pa3dpoc — OT
101 mo 154 MM — 1 He cuuTaeTcst MHPOPMATUBHBEIM
IIST OIIpeneieHrsI aOCOIIOTHOTO BO3pacTa MOBEpPX-
HocTell. TeopeTnueckne 3HAYCHUST MAKCUMAJIBHBIX
JINIIAfHUKOB Ha 3TOI MOpeHe cocTtaBuix oT 120 mo
160 MM, 4TO TOXE CIUIIKOM MHOTO JUIS pealuCTIYE-
CKHX OILICHOK BpeMeHHM cTabmimm3anny MopeH. Kak
OTMEYAJIOCh paHee, BO3PACT MOPEH MUCTOPUUIECKOM
CTaIuK OO0 CHUX IIOp HOCTOBEpPHO He m3BecTeH. OH
OLICHMBAETCsSI MHTEPBaJIOM paHee 2,3—1,7 THIC. JL.H.
(Agatova et al., 2021). TeopeTudecku B OymdymieM
€CTh IIAHC YTOYHUTHh KPUBYIO POCTa M IIPUMCHUTH
e€ B Inarra3oHe 10 2—2,5 TeIc. 1.H. Bo3pacT AkkeM-
CKOIf MOpPEHBI, COIJIACHO ITOCJIEAHUM JAaHHBIM, OT-
HOCUTCS K ITO3IHEIeIHNKOBBIO. OUeBUIHO, YTO
BO3MOXKHOCTh IIPUMEHCHUS JTUXCHOMETPUHN IS Ia-
THPOBAHUS CTOJIb IPEBHUX OOBEKTOB HEBO3MOXHA.
[Ipu HamMIMU APEeBECHBIX ITOPOI HEJTOCTATKH JIUXC-
HOMETPHH KOMIICHCUPYIOTCSI HAJTMIMEM IeHIPOXPO-
HOJIOTMYECKMX AaT, YTO ITO3BOJIIET BOCCTAHABINBATD
KapTUHY COOBITHII MHOTAA JaXe B OCTAISIX OO0 He-
CKOJIBKUX IeCSTKOB (JiemHUK N 27) WIM COTEH JIeT
(memHuKY AKTpY).

Hacmynanue aeonurxoe XVII — nauaaa XIX 6e6.
HeHapoXpOHOJIOTUYEeCKNIT aHaIN3 MOKa3bIBaeT,
YTO Ha IIPEAIIOJIbSIX U3YIeHHBIX JICTHUKOB Ha pa3-
HOI1 BBICOTE ITOHABIISIIONIee OOIBIIMHCTBO IEPEBhEB
noru6io panee Havdaia XVIII B. (mckimrogast Kpaii-
HIOIO MpaByIl0 4acTh MOpeHbl Majnoro AKTpy (cM.
puc. 4, d), Tpu TUCTBEHHUIIEI HA MOpPEHEe JIETHUKA
Maarmeii (cM. puc. 5, 6) 1 Keap Ha MOpeHe JISTHUKA
Ne 27. Pyboex XVII—XVIII BB. xapakTepn3yeT MakK-
CHMAJIbHBII BO3PACT MCCIIETYEMbIX MOPEH CTaIuM
AKTpY. DTOT ITIeproa HauOOIbIIEH aKTUBHOCTH JIS -
HUKOB AJITast B CTagui0 AKTPY IIPOHOJIKAJICS OKOJIO
cronetus. HecMoTpst Ha TO, YTO Ha IIPEAIIOIbIX
BCEX OCMOTPEHHEIX JICTHUKOB (MCKIIOUasT HU3KO-
PpAacIIONOXEHHBIN JTeTHUK N2 27) mepeBbs MacCOBO
noru6au B koHue XVII — nauane XVIII BB., ciopa-
Ba OT JieTHMKA MaJblii AKTpY IIpOA0JIKaj pacTH Jec

(cM. puc. 4, 0 M TMCTBEHHULIBI IO TIpaBOMY (PpPOH-
Ty MOpPEHBbI, cM. Tabj. 2). O4eBUAHO, JETHUK Ha-
XOAWJICS Ha TAKOM PACCTOSIHUU OT JAEpPEeBbEB, UTO
ero oxJaxjaarwllee BIUSIHUE He ObLIO JAJs HUX Ty-
outenbHbIM. Takasl cuTyalllss BO3MOXHAa TOJbKO
MpU YCJIOBUU MIPSIMOJIMHENHOIO pacnpoCcTpaHEeHUs
JIeJHMKA 10 MOMEHTA yrnopa B JIEBbIIA OOPT J0OJIU-
HbI, 06e3 causHus ¢ bonabimum AKTpy. UMeHHO Tak
U TIPOUCXOAUIO0 B cTaguio AKTpy. TeM He MeHee,
Mbl HabJII0AaeM HaJuyue MpaBoil YaCTU MOPEHHO-
ro KOMILUIEKCa, OTXOAIIel mof yrjoM okoio 40° oT
OCHOBHOM OCH JIeAHMKA U OCJIOXKHEHHOU! TOMOIHU-
TeJbHBIMU BaJlaMU, 0Opa3oBaHNE KOTOPOIi 1aTUpy-
eTcst KoHuoM XVIII — Hauanom XIX BB. 1 00BSICHSI-
€TCSl HaMU IyJbcalMel MpaBoro NpUToKa JeaHuKa.
K 61aronpusTHbBIM yCI0OBUSAM €€ BO3HUKHOBEHUS
OTHOCSATCS: Oosbllasg Mmiolaab 00JlacTu MUTaHUS
MPUTOKA U HE3aBUCUMOCTb €€ OT OCHOBHOTO Jie/-
HUKa; KPYTOI YKJIOH Jioxa (Kak Majioro AKTpy, TaKk
U €ro MPUTOKA); HE3HAUUTEJbHOE PACCTOSHUE OT
CJIMSIHUSL 10 BbIXOJA B OCHOBHYIO JOJMHY (OKOJIO
500 m). K HE0OXOMMMBIM YCIOBUSIM OTHOCUTCS Ha-
JIN4yre TOAMNPYAbl B BUIE Pa3BUTOrO s13bika Majoro
AKTpY U OJOXUTEJIbHbIN OaNaHC JIETHUKOB.

PacyéT nmxeHOMETpUUYECKOTO BO3pacTa ISl MO-
Jloabix MopeH boubiioro Aktpy u Maaiiies 1o ypaBs-
HeHuio y = 5,781x + 22,157 nmoka3bIBaeT ux cylle-
CTBEHHYIO pa3HULy (CM. puc. 2), 00yCIOBJIEHHYIO
pasauyueM B paCuéTHOM MaKCHUMyMe quaMeTpa Ju-
aiHUKOB (cM. Tabu. 1): 182 roma aist bosabiioro
AxTpy 1 263 rona mig Maames. M3-3a HemocTaTou-
HOCTU BBIOOPKHU, MOJydeHHOM a1 Maaleiickoi
MOpPEHBI, Pe3yJbTaT MOXET MPUMEHSITbCS TOJbKO
KakK OlieHKa BO3pacTa B CaMOM I€pBOM IPUOIMKE-
Huu. CyliecTByeT BepOSITHOCTb, UTO 3TU MOPEHBI
JEUCTBUTEIBLHO UMEIOT pa3Hblil BO3PACT U MapKUPY-
10T IB€ Pa3HOBPEMEHHbIE OCUMLISILIMU HACTYMaHUS
JIETHUKOB B TIpelesiax OgHOM ctaauu. i aegHuka
Boabuioit AKTpy, HalIpOTUB, JTUXEHOMETPUUECKas
JaTa cTabuian3aly MOBEPXHOCTU MOPEHBI OKOJIO
1830 r. Xopo1Io corjiacyeTcss C MUHUMaIbHBIM BO3-
pacToM, YCTAHOBJIEHHBIM MO ASHAPOXPOHOJOTUU
(nnepsag noyioBuHa XIX B.).

PacrnipeneneHue nepuoaoB NOSIBIEHUS U rube-
JIN IepeBbeB BO BpeMeHMU (puc. 7, yci. 0003H. 3 u 4)
CBUIETEJILCTBYET, YTO HA MPOTSKEHUU 0003pUMOT0
Mepuoaa BpeMEHH JieC MOCTENEeHHO YTpauyuBal CBOU
MO3ULIMU B MPUIEIHUKOBbBE, BILIOTH A0 MOJHOIO
MCYE3HOBEHMS Ha BBICOKUX YPOBHSIX (2350—2300 m)
M MaccoBO# rubenu Ha 6o0Jjiee HU3KUX BBICOTAX
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Puc. 7. Hacrynanue nenHukoB LleHTpanbHOro AlTasi B KOHTEKCTe U3MEHYMBOCTU UIOHb-UIOJIBCKON TeMIlepaTyphl
Ha METEeOCTaHLIMU AKTpPY, KOJIMUecTBa ocagkoB B BocTouHoM AJiTae u rubenu jieca Ha UX Mpearnoibsix:

A — PEKOHCTPYKLIMS MIOHB-UIONBCKOM TeMIiepaTyphl Ha MeTeocTanmu AkTpy (Haszapos u ap., 2016): 1 — exxeromHble 3HaYEHUS ;
2 — craaxeHHble o 50-yjetusim; b — KojiebaHusl CpeaHEeUIOIbCKOrO KOJIMYECTBA 0CaIKOB (COpOKaJIeTHEe CKOJIb3slee cpeaHee)
(Yypakosa, 2019); B — abcosioTHast BbicoTa; 3 — TepBbie U 4 — MOCJeAHMUEe JaThl Ha CITWIaX, MCIIOJb30BaHHbIC B JaHHOI paboTe
(cM. Tabi. 2); 5 — nepuoabl HACTYITaHU JISTHUKOB

Fig. 7. The advance of glaciers in Central Altai in the context of the June-July temperature variations at the Aktru me-
teorological station, precipitation in Eastern Altai and the death of the forest on her forefields:

A — reconstruction of the June-July temperature at the Aktru meteorological station (Hazapos u ap., 2016): I — annual values; 2 —
smoothed over 50 years; b — fluctuations in the average July rainfall (40-year moving average) (Yypakosa, 2019); B — absolute ele-

vation, and also: 3 — the first and; 4 — last dates on the cuts, used on this work (see Table 2); 5 — periods of glacier advances

(2300 M 1 Huxe) B XVII—XVIII BB. Cyns 1mo peKoH-
CTPYKUUSIM JICTHUX TEMIIEPATyp U OCAJIKOB UIOJIS
(cMm. puc. 7), XVIII Bex ObLI XOJIOIHBIM U BJIAXXHBIM
B JleTHUI nepuon. IlpuMeyaTeabHO, YTO MaKCUMyM
HaCTyIaHUsA JEAHUKOB Ha AJITae 3aBepIIUJICS BO
BpeMsI CaMOI'0 XOJIOJHOTO 3a BCE ThICSUETICTUE TIe-
puoaa, OTMEYaeMOro 10 ACHAPOXPOHOIOTUIECKUM
naHHbeIM B cepeanHe XIX B. (Biintgen et al., 2016)
(cM. puc. 7). Kak mokasan }0.K. Hapoxnbrii (1986),
bananc Majoro AKTpy B 3TO BpeMsI UMeJl OTpHUIla-
TeJIbHbIC 3HAYCHUS, YTO CBSA3AHO C YMEHBIICHUEM
KOJIMYECTBa 3UMHUX OCAJIKOB.

Hacrymanusa negnukoB XVII — navana XIX BB.
M3BECTHBI B OOJBIIMHCTBE TOPHBIX CTpaH MHpa
U IPEeACTaBISIOT CO00I KJIaCCUYECKOE MPOsIBIIC-
HUE aKTUBU3ALMU OJIeICHEHUS B TaK Ha3bIBaeMbIii
MaJIbIA JIETHUKOBBINA IIEPUOT, MOPEHHBIC KOMILIEK-
CHI KOTOPOTO B OOJIBIIMHCTBE PaiilOHOB COCTOST U3
HECKOJIbKMX pa3HOBO3PACTHBIX BajlOB, MApKUPYIO-
IIMX TOCAeA0BATEIbHO YMEHBIIAIOIIKUECS 10 pa3-
Maxy KonebaHus cepuu HacTynaHnuii (Solomina et
al., 2016). Cyng no 1MxeHOMEeTpUYECKUM JaHHBIM,
Ha AnTae OTJIOXEHUs BTOPOI (ha3bl 3TOTO BpeMe-
HU OOBIYHO COCTOSIT M3 OIHOI MOPEHBI, YTO CBU/IE-

TEJILCTBYET O MEHBIIIMX MacllTabax oJeIeHEeHUs 10
XVII — navana XIX BB. OTcyTCTBUE MOpPEH, 00pa3o-
BaBiuxcs Mexnay XVII — Haganom XIX BB. 1 HacTy-
naHueM Tipenbiayiieit ctanuu B XII B., BO3MOXHO,
CBSI3aHO CO BCE eIl HeNOCTAaTOYHOM AeTajbHO-
CThIO OCTYITHOTO HaM Martepuaja IJis JaTupoBa-
Hus MopeH. He nckiodyeHo, 4To ciensl 0ojiee paH-
HUX HACTyHaHUi OyayT oOHApYyXeHBI, HAIlpuMep,
10 KOCMOTEHHBIM M30TOIaM, MMOCKOJIbKY KOCBEH-
HbIC MaJCOKIMMAaTUYeCKUEe TaHHbIC (JIeAHUKOBbBIC
KepHBI, OuocTpaTurpadusi, IeHAPOXPOHOJIOTHS)
CBUIIETEJIBCTBYIOT O IMOXOJOIaHUSIX, KOTOPHIE OT-
Mevanuch Ha Antae U B uHtepnasie XII—XVII BB.
Tak, maHHbBIe aHaIU3a JETHUKOBOTO KepHa bemyxu
(Aizen et al., 2016) TToKa3bIBalOT, YTO HaNbOJIEE XO-
JIODHBIMU OBLTU TIeproabl okoyio 1300, 1450—1550,
1700, 1840 u 1930 rr., npuMepHO CoOBHamalOIIe
(3amazgpiBaromue Ha 10—30 n1eT) ¢ cOMHEYHBIMU
muHumyMamu (Wolf, Sporer, Maunder, Dalton,
Gleissberg) (Eichler et al., 2009). B nepuon moxoJo-
JIaHMS, HaYMHAasI IpuMepHO ¢ XV B., CpeaIHeroaoBas
TeMmIiepaTypa Bo3ayxa Ha AnTae Obuta Ha 3,2%1,7 °C
Huxe, yeM B KoHIlle XX B. CoryacHo CIIOpOBO-
MbUIbLEBBIM JaHHBIM, MaKCHMMaJIbHOE I0XO0JI0/1a-
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Hue Ha AnTae 6610 Mexxay 1450 m 1800 rr. (Rudaya
et al., 2016).

Tepmuueckas rpanuua jeca B XVII B. onmycTu-
nack 6osee yeM Ha 100 M (Hazapos u ap., 2016), ro-
3TOMY JIEepPeBbsI B IIPMICTHNKOBBE OKA3a/IMCh OJIM3-
KO K I'paHHUIIe BO3MOXHOCTEH CyIIeCTBOBAHUS, U
BEPOSITHOCTD MX TMOEI B 3TO BpeMs B 3HAUUTEIIb-
HOII CTEIIEHU OIIpeaesIsIach pacCTOSIHUEM 10 Kpast
HaCTYyIIaIoIeTo JiemHuka (cM. puc. 7). Ha Huskopa-
CITOJIOXKEHHBIX MopeHax (2200 M u HiXe) 6e3omac-
HOE pacCTOsIHHE, 3a IIpeaeaMi KOTOPOIO JAePeBhs
COXPaHWJIKNCH MOJHOCTBIO, COCTABIISIIO TIEPBEIE TIe-
catkn MeTpoB. Brerie 2300 M nec mpakKTU4ecKu 1o-
BCEMECTHO YTPaTWJI apeajl CBOETO PacIIpoCTpaHEeHUS
W JIAIIb B BUIE IIOIPOCTa BO30OHOBIISIET €TI0 B Ha-
CTOSIIIIEEe BpeMsI.

Cpeoneserogolii onmumym u Hacmynauue aAeoHu-
ko6 6 XII 6. HeckosbKo 1aTUPOBOK CyOdOCCUIBbHOM
IpeBECHHBI HA MOPEeHAX JIETHNKA AKTPY JalOT OCHO-
BaHMe TPeArnonoxuTh, uto B XII B. Ha AnTtae npo-
HMCXOMWIO HACTYIIAHWE JICTHUKOB OIIYTHMOIO Mac-
wrtaba. ITo nanueim O.B. Yypakosoii (2019) B XII B.
ObLI 3a(MKCHUPOBAH PE3KUil POCT OCAOKOB. DTa pe-
KOHCTPYKLIMSI OTHOCUTCS K MIOJIO U IJISI JISAHUKOB
0e3 OMHOBPEMEHHOTO ITOXOJI0MaHMS BPSI JIM MOTJIa
ObITh OJaronpusITHON. JeHIpPOXPOHOJOrnYeCcKue
IaHHBIC (PUKCUPYIOT JIMIIHh HEOOJIBIIIOe IIOHIKEHIE
JIETHUX TeMIIepaTyp B 3TO BpeMs. Takum obpasom,
yXyOlleHe KIMMaTUYeCKUX YCIOBUM U aKTUBH3a-
s oneaeHeHus Ha Antae B XII B. Bc€ elé ocra-
€TcsI cKopee THIToTe30i. BMecTe ¢ TeM 1o JaHHBIM
aHaJIn3a JeIHNKOBOI'o KEpHA ¢ 3alagHOoro ILIaTo
benyxu (4115 M) npumepHo Ha 1100-e Tomsl H.3.
MIPUXOIUTCS OKOHYAHHE CPEeIHEBEKOBOTO OIITH-
MyMa Ha AJlTae, KOTOPBII HaOIomalcs 30eCh IIpH-
ommsutenabHo ¢ 640 1. H.3. (Aizen et al., 2016). Dto
COIIACyeTCsI CO CIIOPOBO-TIBLIBIIEBHIMUA JAHHBIMU,
KOTOpPBIE OTHOCSIT HAa4yaJIO ITOXOJIOMaHMS IIOCTIE OIl-
tumyma K 1100—1150 rr. H.3. (Rudaya et al., 2016).

Hacrtynanwne neguukos B XII B., Mmexmy 1120—
1180 rr. H.3., U3BECTHO BO MHOTHX paiioHax: B AJIb-
nax, Ckanucteix ropax, I'pernmanmuu, HoBoit 3e-
JIAHIWU, ¥, UMeSI B BUIY HETOYHOCTH JaTUPOBAaHUS,
BEPOSITHO, CBSI3aHO C BYJIKAHMICCKIMU U3BEPKECHM -
amu B 1108 u 1170 rr. (Solomina et al., 2016).

Cocmosnue oaedenenus 6 VIII 6. Haxonkm cy0-
(occubHOM ApeBECUHEL B LIEHTPAIBHOM YaCTHA MO-
penbsl Manoro Akrpy (HaszapoB, Meirman, 2012;
Hazapos u ap., 2016) yka3bsIBalOT Ha TO, YTO yXKe C
VIII B. nipeariobs JegHUKA ObLIM 3acelIieHbl Iepe-

BbSIMHM, KOTOPBIE MMEJIN COOCTBEHHBII BO3pacT U
pa3Mephl, IIPEBIIIAIOIINE Te, KOTOPbIe UMEET IO -
POCT JINCTBEHHUIIBI, PACTYIIEH 31€Ch B HACTOSIIIIEE
BpeMs (cM. puc. 4, a; cM. Tab:. 2). CnenoBartelibHO,
pa3Mmepsl JeagHuka B VIII B. cooTBeTCTBOBAIU CO-
BpEMEHHBIM; He UCKJIFOYEHO, YTO OH OBLI MEHBIIIE,
yeMm ceroaHs. Ilepuon nmepsoii nojioBuHbl VIII B.
XapaKTepHu3yeTcsl KaK BJIAXHBIM U OOWH MX CaMBIX
XOJIOMHBIX B IIEPBOM THICSUYEJIETUH HOBOI 3pbI (CM.
puc. 7). B To xxe BpeMs Mbl HabJitogaeM MPUCYT-
CTBHUE XMBBIX J€PEBbEB Ha €ro Mpearnojbax. Oue-
BUIHO, YTO, HECMOTpPSI Ha COYETaHUE CTOJIb Ojaro-
MIPUSITHBIX YCJIOBUIA, JIETHUK B 3TO BpeMs HE JOCTUT
pa3MepoB, JOCTATOUHBIX JJisI morpedeHust ooHapy-
xkeHHbIx octatkoB. C VIII o XII B. iec npouspac-
TaJl BO BHYTPEHHE!N YacTH COBPEMEHHOI MOpPEHBI
Marnoro AKTpy.

Hcmopuueckasa cmadusa. Bo3pact mopeH McTo-
pUYECKOM CTaiuM Ha AlTae J0 CUX ITOp JOCTOBEP-
HO He u3BecTeH. Ha ocHOBe KoMIjIeKca JaHHBIX
A.P. AratoBa c coaBTopamu (Agatova et al., 2021)
OTHOCHUT ero K nmepuoay paHee 2,3—1,7 ThIC. J.H.
(kanuOpoBaHHBIN paguoyriepoaHbIi Bo3pacT). On-
HAaKO 3TO YaCTUYHO IMPOTUBOPEUYUT CIIOPOBO-IThLIb-
LIEBBIM JTAHHBIM, TIOJIyYE€HHBIM 10 ocagkaM Teelr-
KOT'0 03epa, KOTOPhIe CBUACTEIBCTBYIOT O TEILJIOM
(Ha 1 °C BbIllIE COBPEMEHHOW UIOIBCKON TeMIEpa-
Typhl) Iepuoae Mexay 2,7 u 1,6 teic. 1.H. (Rudaya
et al., 2016). OcHOBBIBasICh HAa PEKOHCTPYKLUU
JIETHUX TeMIiepaTyp (CM. pUc. 7), BBITTIOJHEHHOM
10 IEHAPOXPOHOJIOTNIYECKUM JAHHBIM, KOTOPBIE
YKa3bIBalOT HAa TEPMUYECKUIT MAaKCUMYyM C Hadaja
HOBOI1 3pbl npuMepHO A0 VI B. 1 noteryienue VII—
XI BB. (CM. paHee), MBI TToJIaraeM, 4To BpeMs1 oOpa-
30BaHUsI MOPEH 3TOM cTaauu — 6oJiee 2 ThIC. JI.H.

B monuue nemnuka Ne 27 6acceitna LllaBibl Mbl
TOJIYIWIIM JOBOJIBHO PEIKYIO BOBMOXHOCTD BEISIBUTh
MaKCHMAaJIbHbIII 1 MUHUMAJIbHBII BO3PacT Bpeme-
HU CYLLIECTBOBAHUSI CTAPOIo pycia peKu (CM. puc. 6)
1 CPaBHUTH BO3MOXKXHOCTH JIMXEHOMETPUM U TeH-
JIPOXPOHOJIOTUH IMTPUMEHUTEILHO K OMHOMY OOBEK-
Ty. [lonaraeM, 4To MOrMOIINE W MOJIy3achITaHHEIE
JepeBbs MO0 GPOHTY MOPEHBI MAPKUPYIOT B JAHHOM
cllydae He HacTylHaHWeE JIETHUKA, a OCEHaHKNE MO-
PEHBI B pe3ybTare TasHUs JUH3 JbIa B €€ TOJIIIE.
DToT npolecc JehopMaluy U CBI3aHHAsI C HUM TU-
OeJIb IepeBheB MPOAOJIKACTCS ¥ B HACTOSIIIIEE BpEMSL.
PemmTh Bommpoc 0 Bo3pacTe 3TUX OTJIOXKEHUI OKa3a-
JIOCh BO3MOXKHO TOJIbKO C IIOMOIIbIO TUXCHOMETPHH,
KOTOpast MOATBEPANIA IPUHAIIIEXKHOCTh MOPEHEI
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K UCTOpMYECKOI cTamuu. Pe3ynbTaThl TMXxeHOMET-
pYH UCTOPUYECKOI MOPEHHI JIeqHNKa Maaieit (cM.
puc. 5; cMm. Taba. 1) TakKe MOMOTJIHN YCTAaHOBUTH
CXOICTBO BO BPeMEHU €€ CTaOMIM3aIlK C OTJIOXEe-
HUSAMHU JOJUHBI AKTpY (cM. puc. 3, uzoaunust 160)
y IIOTHOXbSI JIEBOTO 1 IIPaBOro OOPTOB, YTO OIIpE-
IeJIEHHO yKa3bIBaeT Ha MaKCUMAIbHYIO aMIUIATYIY
MIPOABIDKECHYS JIeTHNKA AKTPY B 3TO BPEMSI.

BriBoapl

1. Jlemankm CeBepo-Yyitckoro xpedTa B 10-
CIIEIHEM THICSIYeJIeTHH MaKCHMMaJIbHO IIPOIBU-
ranmuch Buepén B XVII — navamne XIX BB. (Hau-
oonbmuii mo Macitady) u B XII BB. B VIII B. ux
pa3Mephl ObUIM MEHBIIIE, YeM B CTaIuI0 AKTpY, H,
BO3MOXXHO, IIPUOJIIKAINCH K COBPEMEHHBIM.

2. Tlocme XVII B. XKeap cymecTBEHHO COKPATHIT
CBOI1 apeaJt KaK II10 aOCOIOTHOI BEICOTE, TaK U 110
OCH OOJIBIIMHCTBA JOJIMH, OTCTYIIMB U3 IIPWICTHI-
KOBBSI, TJi¢ OH ObLT pacopocTpaHEH paHee. JlepeBbs,
pocire BOIU3M JIETHUKOB, BEIIIe 0OTMeTOK 2300 M
MOTHUOJIN ITOJTHOCTBIO.

3. Ilourtu Bce maThl, yKa3bIBaIOIINE HA HACTYIIA-
HUS JIETHUKOB, MCKIIIOYasi MOpeHy Majoro AKTpy,
HE OTHOCSITCS K IIPSIMBIM J0Ka3aTeJIbCTBAM HAaCTy-
MMaHU, HO COBOKYITHOCTh KOCBEHHBIX IIPU3HAKOB,
OoJIbIIAsT PEIPEe3eHTATUBHOCTD BEIOOPKH, a TaKXKe
COITIaCOBAaHHOCTD JAaHHBIX JAIOT OCHOBAHE HANIESTh-
€5 Ha TOCTOBEPHOCTD M3JIOXKEHHBIX 31€Ch BRIBOIIOB.

4. JIuxeHOMETpUs — BaXXHBIII MHCTPYMEHT IS
OTHOCHUTEILHOIO TaTUpoBaHUs MopeH. E€ ncmos-
30BaHME B KOMIUIEKCE C ICHIPOXPOHOJIOIUEH TTOKa-
3aj10 cBOI0 3¢ GeKTUBHOCTh. CKOPOCTH POCTA JI-
MIAMHUKOB-MHINKATOPOB HA MOPEHAX CTaIUN AKTPY
B 1LIEJIOM COIVIACYIOTCSI C OIYOJIMKOBAaHHBIMH paHee
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OLICHKaMM. HCpCHCKTI/IBHbIM MOXeT OBbITh UCHOJIb-
30BaHHMEC 3TOro Meroga Ajad M3ydCHUA IMMOBCPXHO-
cTeil B auara3zoHe oT XX B. 10 JABYX — IBYX C ITIOJIOBH -
HOM TbICSI‘ICI[GTI/IfI, XOTA 9T OLICHKHM BO3pacTa MOI'yT
OBITh TOJILKO OYEHb HpI/I6JII/I3I/ITCJIbHBIMI/I.

baarogapaocTn. AHanM3 MaTepHUaJIOB M HAIIMCAaHUE
paboTHI IpoBOAMIM B paMKax ['ocymapcTBeHHOTO
3amaHus MUHUCTEpPCTBA HAYKM M BHICIIIET0 00pa3o-
BaHus Poccuiickoit ®enepanuuy (Koo HaydHOU
temMbl FSRZ—-2020—-0010) u padotr PH® (xox Hay4d-
Hoiil TeMbI 19—17—-00179) «JlegHrKOBast UICTOPUS U
KaTacTpoduueckue mpoiecchl Ha Pycckom Anrae B
MO3THEM IUICHCTOIIeHEe—TOI0IIeHe» . ABTOPBI BBIpa-
XKarT onarogapHocTh B.I1. I'anaxoBy, 1o nHulIMA-
THBE KOTOPOTO BO30OHOBJICHBI JINXEHOMETPHUICCKIE
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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 4C 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 cpegHeAHBapCKOW TemnepaTypbl B HU30BbAX p. KonbiMa ana TpEx KioyeBbiX Nepnogos
rofioueHa, BbINoIHEHHAA Ha OCHOBE AaHHbIX M30TOMHOrO COCTaBa MOBTOPHO-XW/bHbIX JIbAOB, NOKa3ana,
UTO CpefiHeAHBapCKaA TemnepaTypa BO3fyxa B TeUeHue rofoLeHa BapbupoBasna He3HauuTenbHo, cpea-
HVe 3HaueHMnA anAa bonee Ténnbix M 6onee cypoBbix 3UM cocTaBnany —33 n —41 °C cooTBeTcTBEHHO. NoKa-
3aHa CTabUNIbHOCTb 3UMHMX KITMMaTMYECKNX YCNIOBMIA Ha ceBepe AKyTuM B rofioLeHe, onpeaensemas Biu-
AHNEM CMBUPCKOTrO aHTULIMKITOHA.

Coxpamemm NPUHATHIC B CTATHEC

['JIMB - rno6anpHast TMHNSI METEOPHBIX BO
JUIMB - noxanbHas TMHUA METEOPHBIX BOJ,
MMIT - MHOTrONMeTHEMEP3IIblE IOPOABL
ITXKJI - mOBTOPHO-XWU/IbHBII NEN,

Brenenue YeCKUX, KIMMaTUIECKNX, OMOTUYECKUX U apXeOoJIo-

TMYECKUX JaHHBIX. Bo3pacT HUXHE TpaHULIbI TO-

TonolieH — HanboJIee XOPOILIO UCCIeNOBaHHbIA  JolieHa ObuT onpenenéH B 11 700 kannOpoBaHHBIX
MEepUoJI, ero UCTOPUSI BOCCTAHOBJIEHA HAa OCHOBE JIeT Ha3aja (KaJl. JeT Ha3al), KOTOPhIi MapKUpPYeT
MHOXECTBa F€OKPUOJIOTUYECKUX, TeOMOP(ONIOTH- TIepBbie MPU3HAKKU KJIMMATUYECKOTO MOTEILICHUS
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B KoHI1Ie mo3gHero apuaca. C 2018 r. Komuccueit
110 YeTBEPTUYHOM CTpaTUrpadum IIPUHITO TPEX-
YJIeHHOE IIeJIeHNEe TOJI0LeHA: TPeHIaHACKHI TIepr-
on (ot ~11,7 mo ~8,2 THIC. KaJl. JIET Ha3axI), CeBepO-
TpUIIAaHCKU TTepuon (0T ~8,2 mo ~4,2 ThIC. Kall.
JIeT Ha3am) U Merxajaiickuit mepuon (ot ~4,2 ThIC.
KaJl. JIeT Ha3ad go coBpeMmeHHoctn) (Walker et al.,
2019). Havamo xaxmoro mmepmoaa, Kak IIpaBuo,
COOTHOCHTCSI C 3aMETHBIMH KJIMMAaTUIeCKUMU CO-
OBITUSIMU TI00aTBEHOTO MacmTaba. OCHOBHOM Map-
Kep TPEHJIAHACKOTO MeproAa B JICTHUKOBOM KepHe
NGRIP2 — 3ameTHOEe CHMXEHHE 3HAUYCHUM Ieii-
TepPUEeBOro 3KCIlecca, YTO OTpaxkaeT IMepecTPOMKY
pexXuMa ucHapeHUsI B UCTOYHNKE (DOPMHUPOBAHMUS
ocankoB. CeBepOTrpUIIIIMAHCKUN IEPUO BHIICIIS -
€TCSI 10 YETKOMY CUTHAIy IOXOJIOMaHMsI KJIMMAaTa,
KOTOpPOE ITOC/IEA0BAJIO 32 IePHUOIOM ITOBHIIICHUS
TeMIlepaTyp B Hadajie rojoieHa. MerxajaaiicKuii
MIEPHOM XapaKTePU3YeTCsI OBICTPHIM MEPEXOAOM K
3M0Xe 3aCYILIMBOTO KJIMMAaTa B CPEIHUX M HU3KMX
IIMPOTaX, B BEICOKMX IIUPOTaX OBLIN 3a(pUKCHPO-
BaHbBI HEOTJISIIIUAIbHBIC YCIIOBUS U 3aMETHBIE IO~
BrkKu jgegHukoB (Walker et al., 2019).

H3MeHeHNe 3MMHUX KIMMAaTUISCKNX ITapaMeT-
POB IIpH IIepeXoe OT ITO3IHETO IUIeICTOIIeHa K Io-
JIOLIEHY B apKTUYECKUX PETHMOHAX XOPOIIO IIPO-
CJIEXXMBAETCS 110 3HAYCHUSIM M30TOITHOI'O COCTaBa
kuciopona 8'80 B moBropHO-kIbHBIX J1b1ax (TTXKIT)
(Vasil'chuk, 1991). J1J11 BOCTOYHBIX ¥ CEBEPO-BOCTOY -
HBIX pernoHoB CHOUpPU HaYajo rojioueHa GUKCcU-
pyeTcs TI0 CABUTY B CTOPOHY 00Jiee BBICOKMX 3Haue-
HUIA Ha M30TOITHBIX KPUBBIX 110 TIOBTOPHO-KMIHbHBIM
JbJlaM, YTO OTpaxkaeT IMOBBIIICHUE CPEIHE3UMHUX
TeMIepaTyp Bo3ayxa. 3aMeTHO 0oJiee BHICOKHME YeM
no3aHerieicToneHoBbIe (Boiie Ha 6—10 %o) 3Haye-
Hus 8'80 nosyueHsI 1o rosioLeHoBLIM Xxuiam Oiiroc-
ckoro fpa (modepexne rponusa JImutpus Jlantesa),
o. bonbioit JIsixoBckuit (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 Uykotku (Vasil'chuk,
Vasil'chuk, 2017). Jdns auzoBuit p. KonsiMa HaubGo-
Jiee ToKa3aTeIbHbl U30TOIHbBIE JaHHbBIE IO TTOBTOP-
HO-XWJIbHBIM JibaaM [yBaHHoro fpa u IlmaxuH-
ckoro fpa, rie pasHULA B CPEIHUX 3HaYeHUsIX O8O
MeXIy MO3IHEIIeHCTOIIEHOBBIMU 1 T'OJIOIIEHOBHI-
MM XUJIaMU COCTaBJISET B cpentHeM 6 %o (Vasil'chuk,
Vasil'chuk, 2018b; Bacunbuyk, Kotisikos, 2000).

B rosolieHe MOBTOPHO-XKUJIBbHBIE JIBIBI (DOPMU-
pOBaJINCh HEPAaBHOMEPHO B MPOCTPAHCTBE U Bpe-

MeHHU. 111 MHOTUX paiiOHOB KPUOJIUTO30HBI TPEH-
JIAHICKUI Mepuoa TOJOolleHa XapaKTepUu3yeTcs
aKTUBU3aIMel IIPOIIECCOB TEPMOKApPCTa U IIpOTa-
MBaHUS BEPXHUX F'OPU30HTOB JIbINCTHIX OTIOXKE-
HUH MO3OHEIICHCTOLIEHOBOIO BO3pPAacTa, a TAKXKe
pacmpocTpaHeHHEM IPEeBECHOI paCTUTEIbHOCTU Ha
OOIIMPHBIX TYHIPOBEIX IIpOCTpaHCTBax. IlprmumHoi
AKTUBHU3AIIUM TEPMOKAPCTOBBIX IIPOLIECCOB, BEPOSIT-
HO, OBLIO YBEIMYEHME JICTHUX TEMIIEPATyp U ITyOu-
HBI Ce30HHOTO npotanBaHusi. Co BTOPOIi IIOJIOBUHBI
TPEHJIAHACKOIO 1 B TEUCHUE CEBEPOrPUITIINAHCKO-
ro TIepUOIOB IIPONCXOANIO 3a00JIauBaHIE aJlacoB
1 obpasoBaHue TOpPSIHUKOB. [TouTn moBceMecTHO
B IIpedeiax ajJacoB OMHOBPEMEHHO C HaKOIUICHUEM
Topda GopMUPOBANUCH MOBTOPHO-KUJIbHBIE Jb/bI
(Opel et al., 2017; Vasil'chuk, Vasil'chuk, 2018a;
Grinter et al., 2019). K xoHIIy ceBepOrpuImmuaHcKo-
ro — Havally MerxajalicKoro Iepuomaa B pe3yjbTare
MOXO0JIOJAHUS KJIMMAaTa aKTUBHOCTh Pa3BUTHS ajia-
COB CYIIIECTBEHHO CHU3WJIACh M HOCHJIA JIOKAIBHBIN
xapakTep. CHHIeHeTU4eCKHE IMOBTOPHO-XUJIbHEIE
JIBIBI (POPMUPOBAIMCH HA aKKYMYJIITUBHBIX y4acT-
Kax moviM u jaiin (Schirrmeister et al., 2018).

3agauyy HaIIero MCCaenoBaHUs — O0OOIINTE BCe
MMEIOIINE JaHHBIC IO M30TOITHOMY COCTaBY I'OJIOIIE-
HOBBIX ITOBTOPHO-XWIbHBIX JIbIOB HU30BUM p. Ko-
JIbIMA, BBITTOJTHUATD BO3PACTHYIO IPUBSI3KY M30TOITHBIX
3HAYCHUII Ha OCHOBE PaarOyIJIEPOTHBIX JaTUPOBOK
BMEIIAOIINX XKWIbI OTJIOXKEHUI 1 pEeKOHCTPYHPOBATh
CpeIHESTHBApPCKYIO TeMIIepaTypy BO3MyXa B TeUCHHE
TPEX KIIFOUEBBIX IIEPUOIOB IOJIOICHA.

Paiion ncciienosanmii

PalioH uccnemoBaHuii oXxBaTbhiBaeT MPUMEPHO
250-KnIoMeTpOBEI OTPE30K HIDKHETo TeueH!s Ko-
JIbIMBIL — OT noc. KoabIMcKoe Ha 1ore 10 cT. AMbap-
YUK Ha mobdepexkbe BocTouno-Cubupckoro Mopst Ha
ceBepe. OcHOBHBIC MPUTOKM KOIBIMBI Ha JaHHOM
ygacTke — pekn OmoinoH, bonbioit Aatoi n Mamsrit
Anioli. Bonopa3aenbHble MOBEPXHOCTU TEPPUTO-
PUU CIIOKEHHI OTJIOXEHUSIMHU JICTOBOTO KOMILJIEK-
ca (ToJjIa JbOUCTHIX CYIIeceil U CYIJIMHKOB C MOIII-
HBIMU TIOJIMTOHAJIBHO-XUJIbHBIMU JIbIaMU), CUIBHO
pacwWIeHEHHBIMY aJIacaMU U aJJaCHBIMU paBHUHAMH.

ITo manHBIM MeTeocTaHumil (M/c) Yepckuii,
Byxta Am6apunk n Koneimckas (puc. 1), cpenane
TeMIepaTyphbl BO3Iyxa STHBapsI WU UIOJSI BapbUpy-
10T oT —33,6 10 —29,7 °C u ot 6,8 10 12,3 °C coot-
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Puc. 1. PacrionoxeHue paiioHa UcCaeI0BaHUM Ha ceBepo-BocToke CUOUpH.
Meteoctanuuu: a — byxra AM6apuuk, 6 — YUepckuii, ¢ — KosnbIMcKast

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 ¢ TeMmneparypamu
Bo3ayxa crabuinbHo Huxke 0 °C gauTcest ¢ oKTSI0ps
10 Havajla—cepeIruHbl Masi, Hauboyee XOIO0MHbII
Mecsll Toa — THBapb. Bapualnu cpenHestHBapCKOM
TeMIlepaTyphbl BO3ayXa COCTaBUJIMU: 1o M/c Uepckuii
(1940—2019 rr.) ot —41,7 no —23 °C; o m/c byxra
AMb6apuuk (1933—1991 rr.) or —39,6 no —29,7 °C,
no M/c Konsimckas (1949—2019 rr.) ot —42,4 1o
—26,2 °C. CpenHerogoBoe KOJIMYECTBO OCAaJKOB B
patioHe noc. Yepckuit coctaBaseT okojo 200 MM,
OOJbIIIas YacTh OCAAKOB BBIMIAAAeT JIETOM (OKOJIO
39%) u ocenbio (0koyio 31%). CHeXHBbII TOKPOB
OOBIYHO JIEKUT C KOHIIA CEHTAOPS IO CepelrHBI
Masl, TOJIIUHA cHera BapbupyeT oT 0,25 mo 0,5 M,
MUWHMMAaJbHas TOJIIMHA OTMEUYaeTCs Ha OTKPBITBIX
BO3BBILIEHHOCTSX (Www.pogodaiklimat.ru; Davydov
et al., 2008). Uccnenyemblit paiiloH pacroioXeH B
00J1aCTH CIUIOIIHOTO PaCIpOCTPAHEHUSI MHOTOJIET-
HeMmeép3nbiX TTopoa (MMII), Tanuku BcTpeyaroTcs
TOJIBKO MO KPYITHBIMU peKaMu U o3€pamMu. Molii-
Hoctb MMII coctasnser 500—650 M, cpeaHeromo-
Basl TeMIlepaTypa MEp3JbIX MTOPod BapbupyeT oT —3
1o —11 °C (Davydov et al., 2008). Pactymiue coBpe-
MEHHBIE U TOJIOLICHOBBIE XWIbl BCTPEUYCHBI Ha 101 -

Max peK M OCTPOBax B pycJiax KPYITHBIX PeK, B IIpe-
JieJiax ajacoB U TOPpGSTHUKOB.

MeTtoauka uccie10BaHuii

B oOGHaxxeHUsIX amacoB U MOMM Ha IeCSATH yJacT-
kax (cm. puc. 1) B mepuon 1983—2018 rr. 6putn uc-
cJie0BaHbl TOBTOPHO-XXKUJIbHEIE JIbIBI. B oOHaxe-
HUSIX aJIacOB IS MCCIefOBaHUI 1 0TOOpa 00pa3iioB
BBIOMpanu Hauboyiee KPYITHbIE KUJIbI, UMEIOIINe
MpU3HAKW CUHIeHETUYECKOTO POCTa: SIpyCHOE 3a-
JIeTaHUE XKW, IOSICKU, TUICYUKU, U3TUOBI IIOJOIIBBI
Topda Ha KoHTakTe. [Ipr3HakaMu cuHTeHe3a Takxke
CJIY>KUJIM BBICOKAsI JTbAMCTOCTh BMEIIAIOIINUX OTJIO-
JKEHUI, OTHOCUTEIbHO paBHOMEPHO pacIpeaeaeH-
Hasl 110 pa3pe3y, U YBeJIMYeHMe MOIIHOCTU Topda
OT >XWJIBI K IEHTPY MOJIUTroHa. 2KWjibl B HOAMEHHBIX
OTJIOXEHUSIX Bcerna (popMUpOBaIUCh CUHICHETH -
YeCKH, U B TeYEHME BCETo Mepruoa UX pa3BUTHUS Ha-
KOTUIEHUE TOMMEHHBIX OTJIOKEHUN TTPOIOJIKATIOCH.

J1s aHanu3a 3Ha4eHUI CTaOWIbHBIX M30TOIIOB
OTOMpaan 00paslbl JIbIa U3 TOJIOLEHOBBIX XKW U U3
COBPEMEHHBIX XUJIOK U pocTKOB. OTOOP 00pa3ioB
JIbJa 13 TOJIOLIEHOBBIX XIJI BEJICS MPEUMYIIIECTBEHHO
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10 BEPTHKAJIA, HO B TeX CIyJasix, KOrma B OOHAXKEHM-
sIX OBbLIa BCKPBITA TOJIBKO BEPXHSISI 9aCTh KIIBI (Ha-
npumep, [12KJ1 5) mam BBUAY HEZOCTYITHOCTH TSI OT-
Oopa HIKHER yacTy Xwibl (Hampumep, [T2XKJ1 6 u 7),
0TOOP JIbIIa BEJIM BIOJIb TOPHU3OHTAIBHBIX IIPODIIICH.
3HAYNTENBHBIA OITBIT MCCAEA0BAaHUS N30TOITHOTO
COCTaBa KaK TOJIOLIEHOBBIX, TaK U ITO3THEIUICHCTO-
IICHOBBIX IIOBTOPHO-XWIBHBIX JIBIOB (Bacuibuyk,
1992; 2006) moka3bIBaeT, YTO AUATMA30H M30TOITHBIX
3HaYeHMI M0 oOpasiiaM, OTOOpaHHEIM IO BEPTHU-
KaJIv, BCerma BKIIIoYal B ceOsl Bce 3HAUCHMS 110 00-
pasiaMm, oTOOpaHHBIM II0 TOpU3OHTAIN. M cKirode-
HHE COCTaBJISUIA TOJIBKO 3HAYEHUS, IIOIydeHHBIE T10
10—15-caHTUMETPOBOMY CJIOIO XXMJILHOTO JIbaa Ha
KOHTAKTE ¢ BMEIAOIIMK OTI0XeHusIMu. O0pa3iibl
JIbJIAa PACTAIUIMBAJINCh B MOJIUATIICHOBBIX ITaKeTax
npu TeMmrniepatype He Boimre 20 °C, 3areM Boga Tepe-
JIMBAJIACh B IUIACTUKOBBIC (DJIAKOHBI, JOTIOJTHUTEIEHO
KpblllIKa (iakoHa odMaThIBajgach napauaMoM IJist
MUHMMHA3ALUMU UCIapeHus. [0 M30TOIMHBIX OIIpee-
JIeHn# (JIaKOHEI ¢ 00pa3liaMy XpaHWINCh B XOJIO-
IWIBHUKE TIpu TemIteparype +3 °C.

OmnpeneneHnsT U30TOITHOTO COCTaBa KUCIOpoAa
BO JIBAY XWJI BHITIOJIHSUIOCH B J1a00OpaTOpUM M30TOII-
HoOI reojorun MHCTUTYTaA Teonoruu B I. TamimH,
OctoHus (tipod. P. BaiikMsi3) u B 1aboparopuu n30-
TONIHO ruapoaoru MHCTUTYTa BOTHBIX IIPOOJIeM
PAH (A.ll. EcuxoB) Ha mipu6ope G-50. ITapHabie
M30TOITHBIE OIpeAeeHNs (KICI0poaa M BOOOPoIa)
BO JIBIY XWJI, NicclieqoBaHHBIX B 2018 T., TipoBOIM-
JIX aBTOPHI CTaThbM B M30TOITHOM JTaOOpaTOPUM I'eo-
rpacpuueckoro ¢akynsrera MI'Y umenu M.B. Jlo-
MOHOCOBa Ha Macc-crekTpoMeTpe Delta-V Plus ¢
HCIIOJb30BaHEM KOMILIEKca ra3-oeny. st kanmno-
POBKM M3MEPEHUI HMCIIOIb30BAINCh MeXITyHapoI-
Hele ctangaptel V-SMOW, GRESP, SLAP. Ilo-
IPELHOCTD onpeneaeHuii coctabuia +1 %o mwisa 82°H
u £0,4 %o nna 8'30. 3nauenus 8'%0 u 6*°H sripaxe-
HBI B poMuJie oTHocuTeabHo VSMOW. [lefitepue-
BbIii aKcuecc d., paccuntat no popmysie B. lancro-
pa (Dansgaard, 1964) — d,,. = 8°H — 85'%0.

[ panroyriepoaHOro JaTUpPOBaHUS OTOMpaIn
00pa3ibl OPraHMKKU U3 BMEIIAIOIINX XKWIbl OTJI0Xe-
HUii. JatupoBaHue 06pa31oB BEITIOIHEHO B ['eonoru-
yeckoM nHctutyte PAH (unnexec T'MH) u 8 Unctuty-
Te UCTOPUM MaTepuanbHOU KynbTypbl PAH (nHaekc
Jle). KanubpoBKka 1aTUpoOBOK TpoBeAeHa ¢ IMpUMEHe-
HueM nporpammbl Oxcal 4.2 Ha ocHOBe 0a3bl JaHHBIX
IntCal13 (Bronk Ramsey, 2009; Reimer et al., 2013),
JaThl IPUBEECHBI B BUIE THICSY KaJl. JIET Ha3all.

Pe3lebTaTbl MOJIEBBIX MCCJIEI0BAHMIA

Kak yxe oTMeuanoch, OCHOBHBIE YYaCTKU KC-
cJiefoBaHUs U ONPOOOBAHUS TOJIOLEHOBBIX TTOBTOP-
HO-XWJIbHBIX JIBIOB — OOHAXKEHUs IOM 1 aJlacoB,
3ajierarolle Ha BOJOpa3ae/ibHbIX MTOBEPXHOCTSIX U
HaaIoiMeHHbIX Teppacax p. KonbiMma (cM. puc. 1) u e€
MPUTOKAX B BUJIE BKJIAIOK MM OOILIMPHBIX 03EPHO-00-
JIOTHBIX MOHIDKeHUM. HekoTophle U3 rccienoBaHHbIX
>KWJI UMEIOT TIPU3HAKU COBPEMEHHOTO POCTa B BUIIE
Y3KMX MOJIOABIX XKWJI WJIU KWJIbHBIX POCTKOB, 3aJIeraro-
IIYX OO MEXIIOIUTOHAIBHBIMU TTOHVIKEHUSIMU.

Aaacol 6 npedeaax 6000pazdeabHbiX NOGEPXHO-
cmeli u HadnoliimenHbix meppac p. Koavima (yuacmru
TKJT 1 - II2KJT 5). Yuacmok T12KJI 1 — JlyBaHHBII
Sp (68°40'3,38" c.m1., 159°4'34,97" B.1.). B nipene-
Jlax obHaxxeHus JlyBaHHbBINA fAp onucaH anac ¢ MoB-
TOPHO-XWJIBHBIMH JIbIaMU. B oOHaXXeHUM BBICOTOI
10—12 M BCKPBIT CYTUIMHOK, JIETKW, CephIif, C He-
MPaBUJIBHO CETYATOM U STYEUCTON KPUOTEKCTYPOMH,
MEPEKPBITHII OYpbIM TOPHOM MOITHOCTBIO 1—1,5 M.
Huxe mogomBbl ToOpgsiHMKA pacoa0XeHbI TOpdhsI-
HbI€ XMkl BeicoTol 0,5 M U mupuHoi 0,1—0,2 m.
OnHa 13 BCKPBITHIX TOPMSHBIX XKW TOCTUTAJIa BHICO-
Thbl 00Jiee 3 M. B BepxHeii yacTu oOHaXKEeHUS IO, TOP-
(ssHUKOM ObLI1a BCKPbITA y3Kas JeAsHas Xuja, cJio-
>KEHHasl 3KeJITOBaTO-CePhIM JIbIOM BBICOTOU OoJiee
4 M u mmpuHoi okoiio 0,4 m (Bacunbuyk, 1992).

Yuacmok I[I2KJI 2 — AnelmikmHCKasi Teppaca
(68°41'16,18" c.m1., 158°24'50,99" B.1.). Anac B nipene-
JIax TiepBOii HaAMmoMMeHHO Teppackl KonabIMbI omnu-
caH B paitoHe AJIEIIIKMHCKOI 3auMKu. BricoTa Teppa-
ChI Hafl ype3oM peku cocTapiisgeT 8—10 M, B oOOHaxKeHUMN
BCKPHBIT TOP( MOITHOCTBIO 1 M, TTOACTWIIaeMBIiA cepoit
CYIIECBIO C THE3MAMU Topda B BepXHEl YacTu, B HIK-
Hell 9acTU OINeCcYaHEHHOM MOIIHOCTBIO 1 M. JIpmu-
cTocTh cyrecu mocturaia 80—85%. Cyrech noacT-
JIajiach IIECKOM MOIIHOCTDb 0KOJI0 4 M. B oOHaxkeHUU
BCKpPBITA CUCTEMA JIEASTHBIX KT ITApUHOM 1,5—1,8 M.
JIEn K11 BepTUKAIbHO-CJIOUCTBIN, Oe/blii, C BKIIIOUe-
HUSIMU KJIMHBLEB ceporo Jbaa (Bacuibuyk, 1992).

Yuacmox TIKJT 3 — Tnaxunckuii Sp 68°40'35,49" c.u.,
160°12'57,79" B.1.). Ha neBom Gepery CTamyXxuHCKOM
npoToku KoabiMbl, BOIM3U oOHaxkeHUs [ImaxuH-
ckuii fp, uccienoBaH ajac ¢ JeASHBIMU XUJTaMU.
OTioxXeHus anaca MpeACcTaBlIeHbl IPEeUMYILIEeCTBEeH -
HO CYIIECSIMU MOIITHOCTBIO OKOJIO 4 M C IPOCJIOSIMU
topda momHocThIo 0,2—0,3 M, YacToTa ¥ MOIIIHOCTH
KOTOPBIX BO3pacTajla M0 HaIlpaBJIEHHUIO K LIEHTpalb-
HBIM YacCTSIM ITOJIUTOHOB; Y OCHOBaHMUS TOP(SIHOTO
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TOPHU30HTAa BCTPEUCHBI CTBOJIBI M ITHU AepeBhbeB. Ilon
MMOJIMTOHAJIPHBIMY KaHaBaMM 3ajieTajid IIOBTOPHO-
KIJTBHBIE JIBIBI, BCKPHITOM MOIITHOCTBIO OKOJIO 2,5 M
¥ IMIMPUHOI B BepXHeil yacTh okojio 1 M. B xumy
CBEpXY BHEIPSIACh MOJIONAS Y3Kasl XKWIa BEICOTOM HE
oomee 0,7 M (Bacwibuyk, 1992).

Yuacmox TIXKJT 4 — noc. Yepckuii (68°44'25,96" ..,
161°23'48, 71" B.1.). O3€pHO-00I0THASI KOTJIOBUHA C
MMOBTOPHO-XWJIbHBIMU JIbAAMH MCCIIeA0BaHA B pali-
oHe noc. Yepckuit, B 1 kM oT cT. «Opbutar. OT1j0-
JKeHUS MpeACcTaBlIeHbBI CYIIMHKAMU, 3aTop(oBaH-
HBIMU C TTIOBEpXHOCTU. B TepMO3PpO3MOHHBIX HUIIIAX
IO TOPU30HTOM TOpda BCKPHITH BepxHue ¢par-
MEHTHI JIeASTHBIX K. OmHa 13 Hanboiee BCKPBITHIX
SKWJI, IIUPUHOM B BepXHei yacTtu 0KoJjio 0,6 M, clto-
JKeHa CepOBaTO-XKEITHIM BEPTUKAIbHO-CIOUCTHIM
JIBIOM C MEJIKUMMU ITy3bIpbKaMU BO3IyXa.

Yuacmox TI2KJT 5(68°30'25,99" ¢, 160° 927,80" B.1.).
Ha OMon10HO-AHIOMCKOM MeXIaypeube, B BEpXO-
BbsIX p. TUMKUHCKOW, OMycaH ajac B 0OHa>KeHUM Ha
oepery 03. JlensgHoe (naHHbie M. JleiitomaH). B 06-
HaXXeHUU BCKPBIT TOPPSIHUK MOITHOCTHIO 0,5—1 M
CO CTBOJIaMU Oepé€3bl B OCHOBAHUM, MTOACTUIaeMBbIiA
oTopOBaHHO CYIEChIO C TUEUCTON KPUOTEKCTY-
poii. ITon TopdoM 3aneraet geasiHast >Kujia IMPUHOR
B BepxHeit yacTi 1 M ¥ BBICOTOM 10 5 M.

Hoiimennsie omaoxcenus p. Koavima u eé npumo-
ko6 (ynacmiu II2KJI 6 — II2KJT 10). ZKvinbl, uccieno-
BaHHEBIE B Mpeaeliax IMoiM, MPUypodYeHbI, KaK IIpa-
BUJIO, K OTOP(POBAHHBIM C MOBEPXHOCTU y4acTKaM
U XapaKTepu3yIOTCcs HeOOIbIIMMU pa3MepaMu U He-
TJTyOOKUM 3ajieTaHuEeM.

Yuacmox TIKJT 6, oiima p. KonbiMa (68°39'52,44" ¢,
159°0'37,88" B.1.). B 0OHaxXeHNM BBICOKOI MOMMBI
neBoro 6epera KojbIMbl, HATPOTUB KpaeBoOil YacTu
obHaxeHus JlyBaHHBIN fAp, BCKpBITA Cynech, OTOp-
(boBaHHas B BepXHeil YacTU, C MPOCIOSIMHU ACTPU-
Ta MOIIHOCTBIO 10 2 M, TIOACTHIaeMas TecKOM 10
ryouHsl 3,5 M. KpruoTekcTypa cyrnecu — siueucras,
rnecka — MUKPOJMH30BUIHASI HA KOHTAKTe C CyIe-
ChlO, HIKEe — MaccuBHas. Ha rmoBepxHOCTH TTOHRMBI
OTMEYEH MOJUTOHAJBHBIN peabed, MoI MOPO30-
OOMHBIMU TpelIMHAMM HIXKE ITOJOIIBEI CE30HHO-
TaJIOTO CJIOSI B 00HAXXEHUU BCKPBHIBAIOTCS XKWJIbHBIC
POCTKM U MOJIOIbIE COBPEMEHHBIE XWIJIKU, Hepe/ -
KO pacceKalolllue XUkl 00jiee paHHEro Bo3pacTa.
IIvpuHa rojoleHOBLIX XUl — He Oonee 0,5 M, Ha
KOHTaKTe CYIeCH U Mecka OHU CUJIBHO 3arubaroTcst
JI0 TOPU30HTAJILHOTO TIOJIOXKEHUS U JIMIIb U3peaKa
MPOHUKAIOT XBOCTaMM B Iecok Ha 10—15 cm.

Yuacmox TIKJT 7, moiima p. KombiMa (68°52'29,81" c.ir.,
161°27'29,09" B.1.). B 0OHaxeHMM TTOMMEI Ha JIEBOM
oepery Kombimer (50 KM HIKe 1O TEYEHUIO OT MOC.
Yepckuii) XKWIbl IMPUHOM 10 0,5 M BCKPBITHI B CY-
necu mox ciioeM Topga mMomrHocTho 0,2 M, B KOTO-
poii Ha TiyouHe 1,8—2 M OTMEUEHBI CKOIUIEHUS KO-
pemikoB. KprotekcTypa cynecu — MAUKPOIIUTMPOBASL.

Yuacmox TIKJI 8, ioiima p. OmoroH (68°32'50,81" c.1ir.,
158°41'14,91" B.n.). B moiiMeHHBIX OTIOXKEHUSIX
OmonoHa, npaBoro npuroka KoJibIMbl, Ha TIyOMHE
0,5—1 M BCKpPBITHI XWJIbI, 3aJIeTAlOIUE B MblIeBa-
TOM CyMnecH, CIOMCTOM 3a CUET BKIIOUEHUI pacTh-
TeJbHOTO nerpuTa u Topda. IlllnupuHa xum B Bepx-
HEl 9aCTU JOCTUTAEeT 1 M, BEICOTA XIJI — OKOJIO 3 M.

Yuacmox II2KJI 9, moiima B ycThe p. OMOJIOH
(68°34'38,09" c.11., 158°42'55,18" B.A.). BOIm3u ycTbs
OMOJIOHA B OTJIOKEHUSIX BBICOKOM MOMMBI BCKPBIT
azac MpOTSLKEHHOCTHIO 0os1ee 200 M, CITIOXKEHHBIN TEM-
HO-KOPUIHEBBIM TOP(POM ¢ OONBIINM KOJIUTISCTBOM
IIPEBECHBIX OCTATKOB, MOIITHOCTh KOTOPOT'O BO3pacTa-
J1a 10 4 M B LIEHTpaJIbHOM YacTu anaca. Topd mmomeTu-
JIAJICSI CYIIECHIO C OCTaTKaMU TOPEJIBIX AePEBLEB, BETOK
M npociosaMu Topda MolHocThio 10 0,2 M. B cyne-
cu 1101 TOpOM 3aJIerajIn JIeAsTHbIE XKIUTBI ITMPUHON B
BEpXHEI yacTu 0KoJ10 1 M, He GoJiee 2 M BbICOTOIA.

Yuacmox T1I2KJI 10, noiima IToxonckoit mpoToKu
(69°4'42,89" c.11., 160°57'54,80" B.11.). B HM30BEE p. KO-
JbIMa y 11oc. Tloxomek mom Mopo3000iTHEIMU TPEIIH-
HaMHM BCTpEUYEHBI COBPEMEHHbBIE POCTKH ITOBTOPHO-
KWJIBHBIX JIBIOB, IIPOHUKAIOIINE B O0JIee IIMPOKUE
SKIJTBI TOJIOIIEHOBOTO Bo3pacTa (Bacuibuyk, 1992).

PairoyriepoaHoe 1aTHPOBAHKE U ONpe/e/IeHre
BO3pacra OTJI0KEHUI 1 NOBTOPHO-2KIWJIbHBIX JIbJ1I0B

BospacT uccienoBaHHBIX aJacHBIX W ITOMMEH-
HBIX TOJIII ONIPeneIEH Ha OCHOBE PaaroyIIePOXHBIX
JAaTUPOBOK, YaCTh KOTOPBIX MOJIyYeHa aBTOpaMU B
Ipoliecce McCiaeq0BaHNil, HEKOTOPhIe TaTUPOBKU
3aMMCTBOBaHbI U3 OoJjiee paHHUX nyonaukauuid. ITo
TopdsiHo Xxuie u3 anaca JlyBanHoro Apa (ITXKII 1)
nostydeHsl Tpu 4C natuposku ot 8,4 10 5,2 ThIC.
KaJl. JIeT; B ajace AjelkuHckoi Teppachl (ITXKIT 2)
Top( U3 cyrecu, NepeKpbIBAIOIINIA JEATHYIO XKUY,
JaTUpoBaH B 7,6 ThIC. KaJl. JieT. boiiee Mo10101i BO3-
pacT (cepearHa Merxajaaiickoro repuoja) moy-
YyeH JJIS OTJIOXEHUN HU3Kol moiimbl p. KonbiMa
(IT2KJI 7), roe ckorieHre KOPElIKOB JaTUPOBAHO B
2,5 ThIC. KaJl. 1eT Ha3an (Taba. 1).
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Ta67mu,a 1. PaHI/IOYI‘JICpO,IIHbe/I BO3pacT a/laCHbIX U MOVIMEHHBIX TONI C TIOBTOPHO-XV/IbHBIMMU IbJAMI B HU30BbAX P. Kompima

JlaGopatopHbiii | I'mybuna, M/ AGco- Marepuan 14 14C nara*, ka- CpenHee 3HaYeHUE,
HOMep obpasiia* | JIOTHas BHICOTa, M | JaTUPOBAHMS flata, eT Hasal JMOPOBaHHBIE TOMBI | KATMOPOBAHHBIE TOIBI
JlaHHbIE aBTOPOB
TI2KJT 1 — Jlysannwiii Ap, asac
T'MH—-4005 5,4 Topd 4500140 5319—-4910 5163
I'MH-3851 5,8 Betku 4530150 5450—4883 5164
T'MH-38598 6,5 Topd 7560180 9030—7849 8371
TI2KJI 2 — Anewkunckas meppaca, arac
TMH-4589 | 0,7 | Topd | 6780440 | 7728-7515 | 7629
TI2KJT 7 (noiima p. Koavima)

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

JlaHHble U3 IPYrUX MyOIMKAmi
TI2KJT 1 — Jlysannsiii Ap, anacer (Kanauna, Joxckun, 1979)

MAT-161 1 3955+80 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 IpeBecuHa 5400100 6495—5895 6181
MAT-162 4 Topd 850050 9598—9314 9503
MAT-164 4,5 8510+55 9665—9310 9506
T112KJI 3 — Ihaxunckuii Ap, anac (Fukuda et al., 1997)
NUTA-4554 1,1 Topd 5780x90 6896—6300 6581
NUTA-4541 1,6 7080+120 8308—7586 7900
NUTA-4540 2,1 Topd ¢ apese- 7180+130 8388—7660 8009
NUTA-4539 2,6 CUHO 8040100 9404—8545 8905
TI2KJT 10 — anac 66ausu noc. Iloxodck (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 IETPUT 8290150 8650—9345 9112
Poz-50921 +2,5 Topd 8610£50 9586—10 266 9942
Poz-50923 +1,7 9210150 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
TIKJT 12 — Cmanuuxosckuii Ap, anac (Kanauna Jloxckun, 1979)
I'MH-379 1,2 HpeBecuHa 6000300 7757—5918 6864
MI'Y-424 2 Topd 7100x100 8204—7622 7921
TIKJT 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 — «Kpacuesoe», 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 I peBecHbIE 8750+90 10 195-9525 9776
NUTA-4871 ’ OCTaTKH 9470190 11 197—10 376 10757

*J1aTUPOBKY TOJIyYeHbI B paaroyrieponHbix gadoparopusix: [MH — I'eonoruueckoro unctutyra PAH, Jle — MHcTUTyTa HCTO-
pumn MatepuanabHoil KyabTypel PAH, MATT — CeBepo-BOCTOYHOIO KOMITJIEKCHOTO HayYHO-HMCClIea0BaTeIbcKoro nHctutyta JIBO
PAH, r. Maragan, MI'Y — MocKOBCKOro rocynapcTBeHHoro yHuepcuteta uMmeHu M.B. JlomonocoBa, NUTA — r. Haroiis
(SInonus), Poz — r. I1o3nanp (ITonbia).
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ITockonbKy BpeMsI GOpMHUPOBAHUS JSASIHBIX
KWJI OLIEHMBAJIOCH II0 BO3PACTy BMEIIAOIINX OT-
JIOXKEHUI1, HEOOXOINMMO PacCMOTPETh HEKOTOPEIS
ACIIEKTHI PACIOJIOXEHMS K OTHOCUTEILHO BMe-
IIAIOIINX OTIOXECHHUN IIPU UX CHHTCHETUYECKOM
HakoruieHun. Ilpemmonaraercsi, 9To BO3pacT BMe-
IIAIOIIMX OTJIOXKEHUI MTa€T MaKCUMAaJIbHOE BpeMs
dopmupoBanus k1. CUHTeHETUYECKHE JICISIHBIC
KVUTBI MOTYT OBITh Ha HECKOJIbKO COTEH JIET MOJIO-
K€, YeM BMEIIAIOIINEe UX OTJIOXKEHMS Ha TOM Ke IIy-
OuHe, KaK cieacTBue (GopMUpPOBaHMS XU B MOPO-
30001HBIX TpemurHax. OTHAKO CTOUT YUYUTHIBATD,
YTO IIyOMHA IIPOHMKHOBEHMS BOIBI, 3aIIOJIHSIIOIISH
TPELIUHY, OrpaHUYeHa OOBIYHO BepXHUMU 1—1,5 M,
TaK Kak IIyOxe TpelllHa CyxXaeTcs M obpa3yrola-
sicsl JIeAsTHAsI IPOOKa IIPETISITCTBYET 3aII0JTHEHMIO Ha
MOJIHYIO IITyouHy. Mcxons u3 Bcero pacCMOTPEeHHO-
ro, BO3pacT CUHI€HETUIECKUX JICISIHBIX KIJI COOT-
BETCTBYET BO3paCTy BMEIAIOIINX OTIOKEHMI C TOT-
HOCTBIO 10 HECKOJIBKMX COTEH JIET.

Bapuanuu cTa0nibHBIX U30TONOB KUCJIOPOAA U
BOAOPOJA B rojJIOLCHOBLIX U COBPEMEHHBIX 2KIJIaAX

Ilo xmne mn3 anaca JlyBarHoro fApa (ITXKJI 1)
nmoJiydeHbl Bapuauuu 3HaueHunii 680 ot —27 no
—24,8 %o, 1€ COBPEMEHHOIO pOCTKa B ajlace Xa-
pakTepusyetcs 3HadeHueM 8180 —23,3 %o (Tabm. 2).
Haubonee meraabHast M30TOITHO-KUCIOPOIHAS O~
rpamMMa IoJjydeHa rno 25 odpasiuam 13 KUJIbI B ajace
AnemkuHckoit Teppacel (ITXKJI 2), Bapuanuu 3Ha-
yeHuit 8'%0 cocraBum ot —27,5 no —24,2 %o. 3Ha-
yeHus 8'%0 Bo by rooLEHOBON KNUIbI U3 anaca
ITnaxunckoro fApa (ITXKJI 3) Bapeupytot ot —27,4 no
—26,5 %o, B TPEX COBPEMEHHBIX XWIKAX 3HAYEHUS
830 xonebimorcs or —27,1 10 —23,4 %o. Bonee y3kuit
JIAIa30H BapUalyii U30TOMHBIX 3HAYEHW TTOTyYeH
o xwie B paitone noc. Yepckuii (ITXKJT 4), rne 3Ha-
yenusd 8'80 Bapbuposamu ot —27,9 no —27,2 %o, u
B XuJie u3 ajaca Ha OMOJOHO-AHIONHCKOM MEXIy-
peuse (ITKJT 5), tne 3HaueHus 8'80 usmensmcs ot
—25,9 no —25,1 %o. B xunax, orpoObOBaHHbBIX B MOM-
MEHHBIX oToxeHusx p. KombiMa (yuactku TTXKIJT 6,
TKJT 7, TIKJT 9), Bapuaumu 3Hayenmii 8'30 B roso-
LIEHOBBIX XKMJIaX COCTaBUIN OT —28 10 —23,7 %o, B cO-
BPEMEHHBIX XKWIBHBIX POCTKAaX — OT —26,5 10 —23%o.
B xune Ha notime p. Omonon (IT2KJI 8) 3naueHus
830 usmensch ot —25 10 —26,2 %o. B coBpeMen-
HBIX KWJIBHBIX POCTKAX Ha ToriMe IToxomckoit mpoTo-

Ta6nuya 2. 3navenua §'%0, 8°H u d,,. B rononeHoBbix
noBTOpHO-XKWIbHBIX NbAax (IDKJT) u coBpeMeHHBIX TesTHbIX
JKIIKax B HU30BbAX p. Konmbima

Yyactok ¢ | Yuc- d%0/5’H
TTKIT (em. | 1o doyer %0
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
a7 > {4,3 1/5,2 1/6,3
—27,6/-211,5 | —26,6/—202,7 | —25,6/—193,7
TR I0™ - 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
T2KJ19 7 -27.8 —26,6 -237
Cospemenrnbie ne0sHble HCUNKU (POCIKUL)
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 —24.8 =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 Bapbuposamu ot —28, 1
1o —23,2 %o (cM. Tabm. 2).

AHaIN3 MOJIYyYeHHBIX M30TOITHBIX JaHHBIX IT0-
3BOJIMJI YCTAHOBUTD, YTO TOJIOLICHOBBIE XKMJIbI U CO-
BpeMEHHbBIE POCTKH, OIPOOOBaHHbBIE B HU30BbsIX Ko-
JIBIMBI, XapaKTePU3YIOTCSI NMalia30HOM Bapualuid
3HayeHuii 880 okoso 4%o U1 KU TOJOLEHOBOTO
BospacTa (0T —28 10 —23,7 %o) v 0k0J10 5 %0 — IIs CO-
BPEMEHHBIX JKMJIbHBIX POCTKOB (0T —28,1 10 —23 %o0).
OrmMeTuM, 4To cpeaHue 3HadeHus 880 coBpeMeHHBIX
Y TOJIOLIEHOBBIX KJT B OIHOM M TOM XK€ TOYKE OT/IMYa-
torcst Ha 1—2 %o, Kak TIpaBUiIo, 00Jiee BHICOKUE 3HA-
yeHus 8'80 nosydyeHs! 171 POCTKOB COBPEMEHHBIX JIe-
IAHBIX X (puc. 2). Touku 3Hauennii 8'%0 u 62H B
rosoteHoBbIX xkuax [T2KJIT 4, TIKJT 7 u TT2KJT 10 (cm.
puc. 2) pacronoxeHbl MEXIY JIOKATbHOI JIMHUEH Me-
TeopHbIX Boa (JIJIMB), npeacrasisitoleii CHer B paii-
oHe noc. Yepckuii, ¥ obabHOM TMHUEN METEOPHBIX
Boa (I'JIMB). D10 yKa3bIBaeT Ha IPEeUMYILECTBEHHO
atMocepHYIO MPUPOIY Biaarv, (GoOpMUPYIOIIEH JIE.
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Puc. 2. Bapuauuu 3HaueHuit 8'80 B MOBTOPHO-KUJIBHBIX JIbIAX U COBPEMEHHBIX OCAIKAX:

A — Bapuauuu 3HayeHuit 8!80 (I — nuanasoH, 2 — cpelHee 3HaYEHUE) B COBPEMEHHBIX POCTKAX (3) M TOJIOLEHOBBIX JIEASAHBIX XKHU-
J1aX, JaTMPOBAHHBIX He paHee 4 ThIC. KaJl. JIeT Ha3az (4) 1 oT 9 10 4,2 ThIc. KaJl. JieT Ha3azx (5); 5 — cootHomeHue 8'80—82H B roo-
LIEHOBBIX MOBTOPHO-XWIbHBIX Jibaax (IT2KJI) yuactkos IT2KJT 4, TT2KJI 7 u T12KJI 10 oTHOCUTEIbHO JJOKAJBHOM JIMHUU METEOPHBIX
BOII (@) ¥ TI00aIbHOM JIMHUY METEOPHBIX BOI (6); 6 — 3HaYeHMSI M30TOITHOTO COCTaBa COBPEMEHHOIO CHera B paiioHe moc. Yepckuid
Fig. 2. Variations of 830 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 (a) and global meteoric water line (6); 6 — isotope values for modern snow in Chersky settlement

W3zoronnsie 3HaueHus1 no I12KJI 7 Ha moitme KoJbi-
MBI PacmoyioXXeHbl HeMHOTO B cTropoHe oT JIJIMB un
TJIMB, 4yTo He oTpUIIaeT U HEKOTOpPOe yJacTue Io-
BEpPXHOCTHBIX (PEUHBIX) BOJ, B 00pPa30BaHUM KMUIHLHOTO
JbIa. 3HaYCHUS IeHTepUeBOro SKCIiecca B XKMUJIax Ba-
pbupytor ot 9,2 1o 16,3 (cM. Tabi. 2), 4TO, BEPOSITHO,
CBUJIETEILCTBYET 00 U3BMEHEHUM YCIOBUI MCITAPEHUS
U TIepeHoca BJIary B TOJIOLICHE.

I[I/IHalelKa Pa3BUTHA A71aCOB U MOIM B HU30BbSIX
P. Komniva B TedeHne KIo4eBbIX NEeprOI0B rojioncHa

Pazeumue aaacoes. B rnobansHOM MaciTabe repe-
XOJI OT TTO3[HETO IJICICTOLIEHA K TOJIOLICHY BhIIESI -
€TCsI TI0 3aMETHOMY CMSITYCHUIO KITMMATUYECKUX yC-
noBuii. Ha ceBepe SAKyTnu, B TOM 4MClie B HU30BBSIX
KombiMBl, TTOBBIIICHUE TEMIIEPATyp BO3IyXa, OCO-
OCHHO JICTHMX, IIPUBEJIO K aKTUBU3ALU IPOLIECCOB
TepMOKapCTa, JJOKAIIbHOMY IPOTAUBAHUIO BEPXHEI
YacTU OTJIOXEHUI JIEJOBOTO KOMILIEKCa 1 00pa3o-
BaHUIO 03€p, a Mocie ux ocymeHus — anacoB (Ka-
mwiiHa, 2009; I'opbaTtoB u ap., 2021). 3HauuTEIHHOE
ypciao “C 1aTUpoBOK U3 BEPXHUX CJIOEB JIELOBOTO
KOMITJIEKCa M U3 aJaCHOTO KOMILIEKCa MOKAa3bIBaeT,
YTO IMpeKpalleHue HAKOTUICHMS JISIOBOIO KOMIUICK-
€a ¥ HavyaJo 03€pPHOro TepMoKapcTa U 00pa3oBaHUsI
aJacoB OTHOCSTCS TTpUMepHO K 11,5—12 ThIc. K. ieT
Hazal, T.¢. K Hayajly IPEeHJIaHICKOrO Iepruoa.

OnHa M3 OCHOBHBIX IMMPUYUH OBICTPOrO pa3BHU-
TUsI TEPMOKapCTa U MOSIBJIEHUS OOJIBIIOTO Yucia
03€p, MIOMUMO MOBBIIICHUS TeMIIepaTyp, BEPOSITHO,
CBsI3aHa C U3MEHEHMEM BOJHOIO OajaHca — OT Jie-
¢uLIUTHOTO K N30BITOYHOMY. OO 3TOM TaKXe CBU-
JeTeJbCTBYET IIPOUCXONMBIIIEE B Hayajle rojiolieHa
M3MEHEeHUE MIPUPOIHBIX YCIOBUM U TaHAIIA(PTOB —
OT KPUOKCEPOTUYECKUX «TYHAPOCTEIEN» JO BIaXK-
HBIX KYCTapHUKOBBIX TYHAP Ha CeBepe U JIECOTYHIIP
B GOostee 10KHBIX paiioHax (Karummna, 2009). Hauya-
JIo OOJIOTHOM CTaauu pa3BUTHS ajlacOB B HU3OBBSIX
KoabiMbl 00ycioBI€eHO HAYaBIIMMCSI TTOYTH TTOBCE-
MECTHBIM IPEHUPOBAHUEM TEPMOKAPCTOBBIX 03EP
okosio 10 ThIC. KaJj. JIeT Ha3al KakK pe3yJbTaT pa3Bu-
THSI SPO3MOHHON CHUCTEMBl M YCTAaHOBJIEHUS OTWHA-
MHUYECKOI0 paBHOBECUS C IOJJMHHOM BOJIHOM CETHIO.
K py6exxy 10—8 kai. Teic. JieT Ha3an (T.e. K Hayay
CEeBEPOTPUITITUAHCKOTO MEPUOIa) allacHBIN pesibed
o611 chopmupoBaH. MHTEHCMBHOCTD pa3BUTHS ajla-
COB MOXET OBbITh IOATBEpKAeHA TeM (aKTOM, YTO B
COBPEMEHHOM TYHApPOBOM 30He KOJBIMCKOI HU3-
MEHHOCTHM OCTaTKH IMO3THEeIUIeACTOLIEHOBOTO JIeI0-
BOTO KOMILJIEKCa M ajlaCHbIe OTJIOXKEHUS 3aHMMAIOT
16 u 72% Teppuropuu coorBercTBeHHO (KaruHa,
2009; Bepemeena, 2017).

Bricokast B1axXHOCTh OTJIOKEHMI KaK Ha CTaauK
pa3BUTHUS 03€p, TaK U Ha JaJbHEHIIel cTanuu 3a00-
JIaYMBaHUS 03€PHBIX KOTJIOBMH U aKKyMYJISILIUY TOP-
(GSIHUKOB crmocoOCcTBOBajla UHTEHCUBHOMY MOPO-

-417 -



laneoznayuonoeusa

3000{HOMY pacTPECKUBAHMIO B 3UMHUE TIEPUOIBI 1
POCTY IIOBTOPHO-XIIHHBIX JIBIOB B IIpeIesiaxX alacoB.
[IpakTryecKy MOBCEMECTHO aTaCHBIA KOMILIEKC CO-
JOEPXKUT OIVH WU JaXKe HECKOJIBKO SIPYCOB JISASTHBIX
XKuj. MI30bITOUHOE JIOKAIbHOE OOBOJIHEHUE MOBEPX-
HOCTH aJJacOB HEPEIKO IIPUBOIMIO K (OPMHUPOBaA-
HUIO TPYHTOBEIX (4acTo TopdsaHbix) xwi (KarmmHa,
2009). BepTukasibHasi MOIIIHOCTb XXUJI TOCTUTAET 5 M
u OoJlee, IIMPHHA B BEPXHEN YaCTH 10 CE30HHO-Ta-
JIBIM cJtoeM BapbupyeT oT 0,4 1o 1,8 M; 3TO TTO3BOJIS-
€T IPEIII0JI0XUTh JOBOJBHO CYPOBBIE TEOKPHUOJIOTH-
YyecKue ycJIoBus rojioneHa. Jlaxe B menbre KompIMbl
MIPOUCXOIMIIO CyOAKBaIbHOE CUHTCHETUIECKOE IIPO-
Mep3aHHUE TOHHBIX OTJIOXEHUM 1 (pOopMUpPOBaAHKE
TIOBTOPHO-KIJIBHBIX JIBAOB HAa OCYIIAIOIINXCS yIacT-
kax (KonsxuH u ap., 1989).

B TeueHMe rpeHNIAHACKOrO MepHOIa roaolieHa
ajlachl B OCHOBHOM TOJIBKO 3apOXIaINCh U JIUIIIb
B HamOoJiee ApeBHUX HadaIu (hOPMUPOBATHCS I10-
BTOPHO-XWIbHBIE JIbAbl. K HacTosmeMy BpeMeHH
nosydeH psn “C 1aTMpoBOK, OTHOCAIIMXCS K TPEH-
JIAHJICKOMY TepUOAY TOJIoLleHA, OAHAKO U30TOMM-
YeCcKM ONpOOOBAaHHBIX JEASHBIX XU, GOpMUPY-
IOIIUXCS B 3TOT IIepUO, CPAaBHUTEIILHO HEMHOTO.
OnuH U3 HUX — ajlac Ha mpaBoM Oepery p. Marblit
AHIOI1 B BepxHeil yacTu pa3pe3a MoJIOTKOBCKUM
Kamens (IT2KJI 13); 3mech ToppssHUK AaTUpPOBaH OT
9,4 no 8,8 ThIc. Kan. net Ha3an (KamnuHa, JIoXXKUH,
1979). ABe natupoBKu okoJjio 11 1 9,3 ThIC. Kaj. jeT
Ha3zan no aymacy B ooHaxxeHun Kpacusoe (TT2KJT 14)
Ha nmpaBoM Oepery p. Manbiii AHtoit (Muxanés u
ap., 2006) yka3eiBaloT Ha (h)OpMUpPOBaHUE ajlaca B
HavaJie rpeHIaHacKoro repuoaa. Havamom rosoiie-
Ha (10,8 1 9,8 ThIC. KaJ. JIeT Ha3ad) JaTUPOBaH TOp-
(siHUK B anace B paiioHe Mmoc. AMOapyuK B JAeJbTe
Konbimer (IT2KIJT 15, puc. 3).

Cepun pagnoyriaepOIHBIX JaTUPOBOK ITOKA3bI-
BAaIOT, YTO B HU30BbSAX KOJIBIMEI ajlackl pa3BUBAIINCh
B TeYCHME TPEHJIAHICKOIO — IIEPBOM MOJIOBUHEI CE-
BEPOTPUIITMAHCKOTO IIePUOIOB TrojiolieHa. B paiio-
He JlyBanHoro fpa amackl Hauanu ¢hopMUPOBATHCS
10,4 1 9,5 ThIC. Kaj. JeT Ha3an (cM. puc. 3), JaTu-
poBKa 8,4 ThIC. KaJl. JIET Ha3aJ M0 HUXHEN yacTu
TOPMSIHOM KXKMIBI B OTHOM M3 aJIacOB CBUIIETEIb-
CTBYET O BO3MOXHOM MIOATOILICHUH ajlaca 1 IIpo-
TauBaHUM paHee 00pa30BaBLIEKCS JeASTHON XUJIbI.
3aBepuieHue GopMUPOBAHUS aaacoB (WU, IO
KpaiiHeil Mepe, 3aMeTHOE CHIDKeHNEe MHTEHCUBHO-
CTU UX Pa3BUTHSI) MOXHO JATUPOBATh KOHIIOM CeE-
BEPOTPUIIITMAHCKOTO Meproa.

Anacwl B patione I[Tnaxunckoro fApa (ITXKIJT 3),
r. [Toxoack (IT2KJI 10) u B nonune p. bonbias Ky-
pOIIaToubs, COMIACHO IMOJIYyY4eHHBIM *C gaTupos-
kam (Karummna, JloxkuH, 1979; Fukuda et al., 1997;
Wetterich et al., 2018), Takxke Hagairm GopMupo-
BaThCS B KOHIIE TpeHIaHACKoro nepuoma (10,5—
8,9 ThIC. KaJl. JIET Ha3am) W 3aBEPIIIN CBOE pa3BU-
THE B CEpeArHE WM KOHIIE CEBepOrPUIIITMAHCKOTO
nepuona rojoueHa (6,7—4,8 ThIC. Kall. JIeT Ha3am).
Hamnboiee BeposiTHO, 9TO ajmac Ha OMOJIOHO-AHION -
ckom Mexaypeube (IT2KJT 5) Takke opmupoBaics
MPEUMYIIECTBEHHO B T€UYCHMNE CEBEPOTPUITIIMAH-
CKOTIO Ieproaa, Ha YTO MOXKET YKa3bIBaThb OOJIbIIIas
BepTHKAaJIbHAsI MOIITHOCTB X (0oJiee 5 M) 1 e€ pac-
MOJIOKEHHE MO TOPPOIHUKOM C MHOTOUYMCIICHHBI-
MU IpeBEeCHBIMU OCTaTKaMu. MICKII0OUeHNE MOXET
COCTaBIIITh xkmiia B paiione 1. [Toxonck (I12KJI 10),
KoTOpast Hayaja (opMHUPOBAThLCS IIOCIIe IIPOMEpP3a-
HUSI ajlaca ¥ 00pa30BaHUs IIMHTO B €T0 IIpeeiax He
paHee 4 TeIC. KaJ. JieT Ha3an (Wetterich et al., 2018).

K HambGonee MoI0mbIM ajaCHBIM TOJIIIIAM C ITIO-
BTOPHO-XIWJIHbHBIMU JIBAAMU MOXHO OTHECTH 03€p-
HO-00JIOTHYIO KOTJIOBUHY B paiioHe moc. Yepckuit
(I2KJI 4). E€ dopMmupoBaHme, cKOpee BCero, Ipo-
HMCXOIWJIO B TeYCHUE IOCIICIHNX HECKOIbKIX THICSTI
JIeT, T.€. B MeTXaJlaiiCKuii mepuop rojoueHa. Ha eé
OTHOCHUTEIBHO MOJIOAOI BO3PAacT MOTYT YKa3bIBaTh
BBICOKasI COBPeMEHHAsI 3a03€PEHHOCTh TEPPUTOPHUH,
pa3BUTas CUCTEMAa PYYbEB U MPOTOK, a TAKXKe MaJlo-
MOIIHEIA TOpGSHOM ITOKPOB. B ke orMedeHa ma-
pajUIeIbHasI CJIOMCTOCTD SJIEMEHTAPHBIX XKIMJIOK, YTO
MOXKET PacCMAaTPUBAThCS KAaK IMPH3HAK €€ ITperMyIIe-
CTBEHHO SIUTeHEeTHYeCKOro hopMupoBaHust. Bo Besi-
KOM CJIydae, M3-TOTO, UYTO B Y3KOil IPOMOMHE ObLIA
BCKPBITA TOJIBKO BEPXHSISI YaCTh KUJIbI, JOCTOBEPHO
YCTaHOBHUTh CUHT€HETUIESCKII XapakTep (popMupo-
BaHUS 3TOM XKWIBI HE IIPEICTABIISIOCH BO3MOXKHBIM.

Paszeumue noiim. ®opMupoBaHue ITOMMEHHBIX
OTJIOXEHUI 1 meabTh p. KonxbiMa 3aBepIInioch B
no3gHeM rojoueHe. [lofiMeHHBIE OTIIOXEHUS B HU-
30BbsIx KoabiMbl matupoBaHb 2,1 1 1,9 TheIC. T
(Kopotaes, 2010). IMonyyennaa Hamu '*C naru-
poBKa 2,5 ThIC. KaJl. JIeT Ha3aj M0 OpraHuYeCcKUM
BKJIOUEHUSIM B IMTOMMEHHBIX Ocaakax B palioHe
noc. Yepckuii Takxke MOATBEpKAaeT (popMupoBa-
HUE OTJIOXXEHUI B MO3MHEM TOJIOLICHE, B Merxaiai-
ckuit nmepuon (cM. Tabiu. 1). [ToiiMeHHBIE TOMILMN,
KaK MpaBUJI0, CIOXKEHBI CyNEeCIMU U MeCKaMu C
MPOCIOSIMU U TUH3aMU Topda U paCTUTEIBHOTIO Jie-
TpuTa. 3ab01a4rMBaHre CTAPUIHO-TIOMMEHHBIX 03€P
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Puc. 3. Crparurpadgusa 1 “C 1aTupoBKM OTJIOXEHUI a1acoB ¢ MOBTOPHO-XWIbHBIMU JbgaMu (ITXKJI) B HU30BBSIX
p. KonbiMa o maTepuraiam aBTOpoB (a) U paHee OIyOJMKOBaHHBIM JaHHBIM (6) (OoJiee moagpoOHast uHGOpMaLUs O

JaTHpOBKax IpuUBeneHa B Ta01. 1).

1 — Topd; 2 — mecok; 3 — cymnech; 4 — CYNIMHOK; 5 — MOBTOPHO-XKUJIBHbBIE JILABI; 6 — TOPMSIHbIE U TOPMPSTHO-TPYHTOBBIE JKUJIbI;
7 — pamloyIepOaHbIe TaTUPOBKU, ThIC. KAIMOPOBAHHBIX JIET Ha3al; § — BbICOTa OOHAaXXKEHUIA 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 aKKyMYJISILIMA TOPDOSIHUKOB MOIIHO-
cThiO 10 4 M (HampuMmep, Ha 1noiiMe p. OMOIOH).
Bricokast B1aXXHOCTb MOMMEHHBIX OTJI0XEHUN U
Hannuue TOpGSIHBIX TOPU3OHTOB CO3IAIOT OJ1aro-
MPUSATHBIE YCJIOBUS IIJII POCTa IMTOBTOPHO-KUJIBHBIX
JbIOB. ZKMITBI ONMMCaHbl U OITPOOOBAHBI B TMTOMMEH-

HBIX oTJIoXeHugx pek Konbima (yuactku IT2XKJT 6
u ITKJT 7) u Omonon (yyactku TTXKJT 8 u ITXKIT 9).
CuHIreHeTUYeCKUI XapaKTep pa3BUTHUS KU B IIpe-
Jiejiax TIOMM He BbI3BIBAET COMHEHUM, TaK KaK MO-
MEHHBIE OTJIOXEeHUs (POPMUPOBAJINUCH B TeUSHUE
BCEro Ieproaa 00pa3oBaHMSI XK.
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M3oTonnbie BapHALK B COBPEMEHHBIX 0CAIKAX
¥ POCTKAX XKHUJI M COOTHOLIEHHE C 3UMHUMH
TemMnepaTypamMH BO3ayxa

M30TONMHO-KUCIOPOIHBII COCTAaB XXUIBHOTIO JIba
yxe 0osiee 30 JeT yCcrelHo MpUMEHSIETCS IJIsT pe-
KOHCTPYKIIMIA CpeaHEesTHBAaPCKOM TeMIlepaTyphl BO3-
noyxa neproja opMupoBaHus XKujia. M3BecTHO, UTO
MOBTOPHO-KUJIbHBIE JIbAbl 00Pa3yloTCs MPEeUMYyIIe-
CTBEHHO 13 TaJIOM CHETOBOM BOMIBI U COXPAHSIIOT CUT-
HaJl aTMoc(epHBIX 0CaaKOB 3UMHero nepruoga. Oc-
HOBHOM (haKTOP, ONpEACIISIIONINI N30TOITHEIN COCTaB
(8'80) atMochepHBIX 0OCcaIKOB 3UMOIA, — TeMIlepaTypa
Bo3myxa. pyrue nporuecchl (aTMochepHBIN IepeHoc,
CM€Ha MCTOYHMKA BJIar'v, MCIIapeHUe CHera B TeUeHHUE
31MBbI) BIUSIOT He3HaunuTeabHO (Meyer et al., 2002b;
Porter, Opel, 2020). I KompIMCKO#t HU3MEHHOCTH
(OCHOBBIBasICh Ha TAaHHBIX IT0 TToc. Yepckmif) Koad-
(pUIMeHT TPOIOPIMOHAIBHOCTH K IJISI COOTHOIIIE-
HUSL Ty posn = k0130 cqqy JUTS1 IEPUOLIA € HOSIOPSI 11O
arpesib BappupyeT ot 0,52 1o 0,99, Hanbosee BBICOKMIA
ko duLmeHT koppessaiun — ot 0,95 10 0,99 — nosy-
YyeH Jj1s1 1eKaopsi, sHBaps 1 (peBpasis.

Panee ObL1a ycTaHOBIEHA XOPOIIAst KOPPEISIIUS
MEXIYy CPeIHUM M30TOITHBIM COCTABOM CHeETra U JIbIa
aJIeMEeHTapHbIX XKWIOK. Tak, Ha cTauuoHape AMOO-
nuxa MHctutyTta reorpaduu daabHEBOCTOUHOTO
HayuyHoro 1eHTpa PAH BOiu3u noc. Yepckuii cpen-
Hue 3HauyeHus 8'80 3uMHero cHera u JbIa coBpe-
MEHHOTO XMJIBHOTO POCTKa (IIeproj 0TOopa — 3uMa
1983/84 r.) cocraBuiam —26 u —24,6 %o COOTBETCT-
BeHHO. Ha o. Kamenka (yctbe KonbiMbl) cpeaHue
3HayeHus 0'80 3uMHero cHera u JibJa COBpEMEH-
HBIX POCTKOB (mepuon oToopa — 3uma 1984/85 r.)
coctaBuau —20,7 u —20,5 %o cooTBeTCcTBEHHO. B
1IeJIOM JIJIs1 MCCJIEYEMOTO palioHa MPOCIeXKUBAETCS
KOppeJLMs Mexy 3HadeHussMu 8'80 B coBpemeH-
HBIX POCTKaX XWJI U CpeIHESHBAPCKOIM TeMIleparty-
poit Bo3ayxa: Temmnepatypam oT —30 g0 —35 °C co-
OTBETCTBOBAJIM CPEeTHUE 3HAUCHUSI B COBPEMEHHBIX
poctkax oT —20,5 1o —26,8 %o (Bacwibuyk, 1992;
Conomartun, 2013). Insg KonbIMCKO## HU3MEHHO-
ctu yctaHoieHo (ConomatuH, 2013), yto ¢ ynane-
HUEM OT IT00epeXbsl U30TOIHBIN COCTaB XXUIbHBIX
POCTKOB CTaHOBUJICS 00JIee U30TONMUYECKU OTpULIA-
TeJbHBIM, YTO COIJIACYeTCs C IOHMXKEHUEM CpeIHe-
3MMHMX TeMIepaTyp MPU3eMHOI0 Bo3nyxa (pa3HuIIa
CpeIHe3MMHUX TeMIIepaTyp MeXay Ioc. AMOapunK
B ycThe KombiMer u mmoc. KonsiMckoe B 130 km oT
ycTbs KonbiMmel coctasnsteT 3,1 °C).

Hs1 yTouHeHHUs paHee MPeUIOKEHHOTO COOTHO-
nreHus 3HayeHuit 8'80 B pocTkax XU v cpeqHesH-
Bapckoit Temrepatypsl (Vasil'chuk, 1991) mMbr ipo-
aHAIM3UPOBAIM TEMIIEpaTypHBIE PSIABI II0 TPEM
METCOCTaHIIMSIM B paiioHe uccienoBanuii: byxra Am-
bapunk, Yepckuii 1 Koneimckast (cMm. puc. 1). Bei-
MOJIHEHO CpaBHEHME CPeIHESTHBAPCKNX TEMIIEPATYP
BO3IyXa ¥ M30TOIHO-KHMCIOPOTHOTO COCTaBa COBPE-
MEHHBIX XIWIBHBIX POCTKOB. I10CKOIBKY pocTKI ObIIN
oTOoOpaHbI B Hauasle—cepeanHe 1980-x romos, corro-
CTaBJICHME TIPOBOIMIIOCH C TeMIiepaTtypaMu 1o 1983 r.
Cpennue 3HaueHus 8'80 o pocTkam (6180)&1,) B Ipe-
nenax uccieayeMbix yuactkoB (IT2KJI 1—10) Bapbupy-
10T oT —23,3 10 —26,5 %0 (cM. TabII. 2), MaKCUMAJTb-
Hble 3HaueHus 830 (B cpenHeM —20,5 %o) MOTyYeHBI
TI0 JIBAY COBPEMEHHBIX XXKIJIOK Ha 0. KameHKa B 1ejib-
te p. KoabimMa (Konsixun, 1988; Conomarun, 2013).
YcraHoBeHO, YTO 3HaUeHUe KoagULIMEHTa KOppe-
sy k B cootHomennn T, . = kd'180,  Bapbupyer
ot 1,26 1o 1,45 (tabm. 3).

B menom mist paitona HuzoBuit p. Kobsima cyiie-
cTByet 3aBucuMocThb T, ..o = (1,3510,1)8'80,  —
¢dopmyna (1), yTo GJAU3KO K IMOJYYEHHOMY paHee
ypasHenuio T, ... = 1,581%0, (3 °C) — dopmy-
Ja (2), B koTopoM norpeirHocTh 3 °C yKa3bIBaeT Ha
BaprabeIbHOCTh CpeTHESTHBAPCKOM TeMITEpaTyphl, OT-
MeJyaeMoil Ha METEOCTAHIIVSIX paiioHa UCCIeIOBaHIIA.
Ecnu mig pacuéra ucnoib3oBaTh CpeIHUE 3HAYECHUS
880 no poctkam 1 popmyity (2), TO MOTYIUTCS, YTO
T aus BapbupoBana ot —35 10 —39,8 °C, a ¢ yu€tom
MOTpelHOCTA — OT —32 10 —42,8 °C, 4TO HaXOOUT-
cs1 BHYTPM IMAara3oHa CpeTHEesTHBAPCKUX TeMIIEpaTyp
BO3IyXa, 3a(DMKCUPOBAHHBIX Ha TPEX YKa3aHHBIX Me-
TeocTaHIUsIX (cM. pasaen «PalioH uccienqoBaHMin» ).
MBI TakKe IToj1araeM, 4To pocTKU (POpMUPOBAINCH
MPEeUMYILLIECTBEHHO B HauboJjiee X0J0IHbIe 3UMBI (UTO
00BACHSIET UX JOBOJILHO HU3KMeE 3HaueHus 8'80), kak
1 B TeUEHME TOJIOLICHA.

PeKOHCTPYKIMS CpeHESTHBAPCKOIi TeMIIEPaTypbl
BO3/yXa M 00LIME YePThl PA3BUTHSA OBTOPHO-
JKHJIBHBIX JIbJIOB B HU30BbsAX p. KosbiMa B
KJII0YEBbIE TEPUO/IbI T0JI0IIEHA

Hust pacuéra cpermHesIHBapCKUX TeMIlepaTyp
BO3/yXa B KIJIIOUEBbIE MIEPHOIbI TOJIOLIEHA TIPUMEHSI-
Jack opmyna (1), B kotopoii nmorpetHocts £3 °C
MO3BOJISIET OLIEHUTh AWAIIa30H TeMIepaTyp MeXIy
0oJiee X0J0AHBIMY U OoJiee TEMIBIMU 3UMaMu. Bo3s-
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Tabnuya 3. CpemHessHBapCcKMe TeMIlepaTypbl BO3AyXa

T, 4us HA METEOCTAHIMAX B HU30BbAX p. KonbiMa, cpefHme 3HAYeHNA
880 B coBpeMeHHDIX KMITBHBIX POCTKAX 6180)&p U KO3 (ﬂMI{I/IeHT KOppenAnuy k B COOTHOLIEHUN

Tcp.ﬂHB = k6180>x.p
Meteocraniuu Mepron usmeperit T C* Cpennue 3Hauenus 8'30, Cpeniee sia-
TeMmIeparyp HB K- yeHue k
Byxta AM6apuuk 19331983 -29,7 —20,5 (0. KameHka) 1,45
Yepckuii 1940—1983 —32,5 —24,8, —24,9 (ITXJ1 7 n 10) 1,31
KonsiMckast 1949—1983 —-33,4 Or —23,3 1m0 —26,5(ITKJ1 1, 3, 6, 9) 1,26—1,43

*[1o maHHBIM Www.meteo.ru/data/156-temperature; www.pogodaiklimat.ru.

pacTHas TIpUBS3Ka MOJYYEHHBIX JaHHBIX OCHOBA-
Ha Ha umeromuxcsa *C naTupoBKax BMeLIAOIINX
>KWJIBI OTJI0XKEHMI, TO3TOMY OHA UMEET TOUHOCTD B
CpeIHEeM HECKOJIbKO COTeH JieT. OTMETHM, UTO UMe-
IoIIMecs. B HACTOSIIIIEe BpeMsI U30TOIHbIE U paluo-
yIJIEpOAHbIE JaHHbIE MO I'OJOLEHOBBIM ITOBTOP-
HO-XWJbHBIM MacCUBaM He MO3BOJISIOT BbIASIUTD
OTIIEJIbHO TPEHJIaHICKUI ITepHO FoJIolIeHa, TaK KaK
HE BCTPEYECHO X, (DOPMUPOBABIIMXCS UCKITIOUM-
TEeJIbHO B 3TOT Ilepuon royoueHa. Kak mpasuio,
HauOoJiee IpeBHUE XUJIbl Hadyalu GOpPMUPOBATH-
Cs B KOHIIE TPEHJIAHACKOTO MePHUOaa 1 MPOIOJIKI-
JIN CBOM POCT BECh CEBEPOrPUIIIMAHCKUI TIEPHUO]I.
Hsa maneoTeMIepaTypHBIX peKOHCTPYKIINI KOHIIA
TPEHJIAaHACKOTO IIepruoaa — IIepBOI IIOJJOBHUHEI Ce-
BEPOTPUMITMAHCKOTO IepHOAa MCIIOIb30BaHBI U30-
TomnHble JaHHble o MaccuBaM TT2KJI 1 u TTKJT 3,
IJISI CEBEpOTPUINIIMAHCKOTO IIeproaa — 110 MacCH-
Bam TT2KJT 2, TT2KJT 5, a ojast Merxanaiickoro me-
puoga — no maccuBam ITKJI 4, 6—10. B teueHue
TPEHJIAHICKOTO Mepuoaa B mpeaeaax oOpa3yrolmx-
csl TEPMOKAPCTOBLIX OacceifHOB Havaau popMUpO-
BaThCS T'OJIOLIEHOBBIE TOBTOPHO-KUJIbHBIE JIBIHI.
CpenHestHBapcKasl TeMIlepaTypa Bo3ayxa B 3TOT Ie-
puon BapbupoBana mexny —41 u —34 °C (ta6. 4).

B TeueHue ceBepOrpuUIINMaHCKOIO MepuoIa
B HU30BbSIX KOJBIMBI OTMeYanoch HauboJiee NH-
TEHCHUBHOE pa3BUTHE ajlacOB M POCT B HUX IO-
BTOPHO-KWJIBHBIX JIBIOB. B KOHIIE 3TOro nepuoaa
MHTEHCUBHOCTb Pa3BUTHS ajlaCOB U POCTa IIOBTOP-
HO-XWJIBHBIX JIBIOB CHMXXAETCS U JIOKAJIBHO IIpe-
KpalllaeTcsl, B OCHOBHOM, KaK CJICICTBUE Pa3BUTHUS
IpeHaxHoU cucTeMbl. CpemHesTHBapCKas TeMIle-
paTypa BO3ayxa B 3TOT IIEPHOJ BApbHUPOBaia MEXIY
—39mu —-33°C.

B Teuenme merxanaiickoro Iepuojaa Haudoee
OJIaronpUSATHBIE YIACTKH IJi1 ()OPMUPOBAHUS T10-
BTOPHO-XUJIbHBIX JIAOB — aKKyMYJISITUBHEIE I10-
BEPXHOCTHU MOUM, 0COOEHHO Ha 3aTOP(OBAHHbBIX
Y4YacTKax, a TakKe TOpMSIHUKY B IIpeaeIaxX MOJIOIBIX
ajJlacoB UM ocyluatomuxcs o3€p. B 6osee apeBHUX

ajlacax JIOKaJIbHO IIPOA0JIKAJICS POCT paHee oopa3o-
BaBIIMXCS XX1JI, Ha YTO YKa3bIBaeT HAJIMIME BEPXHE-
TO sIpyca MOJIOIBIX Y3KMX XWI B anacax IlmaxuHcKo-
ro Apa (ITZKJI 3). CpenHesstHBapcKasl TeMieparypa
BO3[lyXa B 3TOT Iepuoi BapbupoBaia Mexay —41 u
—33 °C. CorziacHO MOJAyYeHHbIM JaHHBIM, B Te4ye-
HUe ToJIolicHa CpelHessHBapcKasl TeMIleparypa Bo3-
Iyxa B HU30BbsX p. KoabiMa ocTaBajiach JOBOJILHO
MMOCTOSTHHOI, OTMETUM TOJIBKO €€ He3HAaYUTeJIbHOE
CHIDKEHUE B MerxajlaiCKuii Ieprosl OTHOCUTEIbHO
CEBEPOrpUMNITMAHCKOTO.

ABTOpBI pabOThI, B KOTOPOI BHITTOJIHEHHI MaJIe0-
TeMIlepaTypHble peKOHCTpyKUMHU 111 KoabiMcKoi
Hu3MeHHocTn (Muxanés u ap., 2012) Ha ocHOBe
MHTEepHpeTaluy U30TOIIHOIO COCTaBa IIOBTOPHO-
KWJIBHBIX ¥ TEKCTYPOOOPa3yIOLINX JbIOB B JOJMHAX
pek Koapima (B oboHaxkenusx JlyBannoro u Ilna-
xuHCKoTo SIpoB, 3emerHoro Mruica) m Manblii AHION
(o6oHaxenuss KpacuBoe, CtanumkoBckuit Jp n Mo-
JIOTKOBCKUI KaMeHb), MCIIOIb30BaIld M30TOITHO-
TeMIlepaTypHble KO3(PULIMEHThI, OJIU3KKUE K TEM,
KoTtopsie nipemitoxeHsl B (Vasil'chuk, 1991). Umu
MOKa3aHo, YTO AMAaNa30H Bapuallnii CpeaHUX 3Ha-
YEHUU SHBApPCKOM TeMITepaTyphl B MO3MHEM TLIECHC-
TOlLleHe — roJioueHe BapbupoBaa oT —30 no—48 °C
B HU30BbsIX KosbiMbl 10 —32 +—45 °C B nonuHe p.
Maunsiii Aot (Muxané€s u ap., 2012).

ConocrasJjieHHe ¢ T0JI0IEHOBBIMH TPEHIAMH
3MMHHUX TEMIIEPATYP BO3AYXA B APKTHIECKHX
paiionax Bocrounoii Cuonpu u CeBepHoii AMepUKH

B oTaMume OT HOBOJIBHO CTAOMIIbHBIX 3UMHUX
TEeMIEePATypHBIX YCI0BUI HU30BUI p. KonbiMa, mo
HEKOTOPBIM paiioHaM BOCTOYHOM M CeBEpO-BOC-
TouHOM CubupcKoit ApKTUKH, a TakxKe I AJsi-
cku 1 CeBepHoit KaHanpl moka3aHbI TPEHIBI TOBHI-
LIeHUSI 3MMHUX TeMIIepaTyp BO3[IyXa B rOJIOleHE,
YCTAaHOBJICHHBIE 110 JAHHBIM M30TOITHOIO COCTaBa
MMOBTOPHO-XUJIbHBIX JbA0B. [IJ1g palioHa IpoarBa
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Tabnuya 4. Bapuauymu snavennit §'30 B ronouenossix sxmnax 880, 1 peKOHCTPynpoBaHHas CpefHEAHBAPCKAs TeMIlepa-
» 1A pajioHa Hu30BMii p. KombiMa /1 TPEX KTI0UeBBIX IIEPUOJ0B oMol eHa

Typa Bo3ayxa T

p-AH.

BpeMeHHbIE TPaHMIIBI, 18 " wx o
ITepuon THIC. KAJL. TET HA3AT 3uraueHns 880 yr*, %o PexoncrpynpoBannas T, 4, **, °C
I'pennanackuit 11,7-8,2 Or -27,1 no —26 Ot —40,7 no —33,8
CeBeporpuImuaHCKuii 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. TabI. 2); **paccunraHa 1o ypaBHeHu1o (1).
Hmutpus JlanteBa (0. bonbuioit JIssxoBckuit u Oii- BoiBonbt

rocckuii SIp) mociaeaHue 2 THIC. JIET XapaKTepU3y-
JOTCS MOBBIIIIEHUEM 3MMHUX TeMIIEpaTyp BO3ayxa,
HauboJiee 3aMeTHOE 3UMHee MOTEIUIEHUE OTMeue-
Ho 11 nocnenHux necstuneruii (Opel et al., 2017;
Meyer et al., 2002a). /1151 BOCTOYHBIX TPUOPEXKHBIX
paiioHOB UyKOTKU BbIPa>K€HHbBIN MOJOXUTEIbHbIN
TpeHJ 3UMHUX TeMIlepaTtyp Bo3ayxa Mexay 11—7
" 4—3 TBIC. KaJl. JIET Ha3aJ YCTAaHOBJIEH HA OCHOBE
BO3pACTAaIOLIUX CpeaHMX 3HaueHuit 830 no nmosrop-
HO-XXWJIbHBIM JibAaM oT —17 1o —14 %o (Vasil'chuk
et al., 2018). JIist 0. AiOH 10 XKMJIaM B TOP(STHUKE,
JaTUPOBAHHBIM MEXAY 8 M 5 KaJjl. THIC. JIET Ha3al,
MOJIyIEeH ITOJIOKMTEIbHBIN TPEH I M30TOITHEIX 3HA-
YeHUI CHU3Y BBepX oT —22,3 1o —21 %o, 4To yKa-
3bIBaeT Ha BO3MOXXHOE MOBBIIIEHUE 3UMHMX TeMIIE-
patyp Bo3myxa (Vasil'chuk, Vasil'chuk, 2017).
ITokazaHo, 4TO B ApKTUYECKUX paiioHax Ans-
cku 1 KaHanmpl pocT ITOBTOPHO-XUJIBHBIX JIBIOB B
paHHEM U cpeJHEeM ToJIolieHe ObLI OYeHb OTpaHU-
YyeH B pe3yJibTaTe TIIyOOKOro IMpoTanBaHWs U aKTHUB-
HBIX TEPMOKapCTOBBIX IpolieccoB. s LleHTpanb-
Horo OkoHa (1rato biskcToyH) ycTaHOBIEHO, UTO
POCT MOBTOPHO-XUJIBHBIX JIbAOB HAyaJiCs OKOJIO
6,4 TBIC. KaJI. JIeT Ha3an, B nojauHe p. [lopkymaitH
SKWJTBI CTaJIi (hOPMUPOBAThCS HE paHee 7,5 ThIC. KaJl.
JIET Ha3aj; 10 XWJiaM, JaTUPOBAaHHBIM TTO3IHUM Io-
JIOLIEHOM, TIOJIy4eHbI 6oJiee BBICOKME 3HaueHus 880
(B cpenHeM Ha 3 %o), 4TO UHTEPIPETUPOBAHO KaK
BEpOSITHOE MOBBIIICHNE 3UMHUX TEMIIEpaTyp BO3MyXa
(Grinter et al., 2019). IToBbllIEeHUE 3UMHUX TEMITEpa-
Typ BO3ayxa 3a nocjiaenHue 7,4 ThiC. JeT 3a(DUKCUPO-
BaHO II0 M30TOITHOMY COCTaBY ITOBTOPHO-KIJIBHEIX
JIBAOB B paitoHe TaKTOsSIKTaK 1 Ha HEKOTOPBIX OCTPO-
Bax Kananckoit Apkruku (Holland et al., 2020). He-
3HAYUTEIbHBIC BapuallMi CpeIHEeIHBAPCKOI TeM-
Teparyphl BO3ayxa B HU30BbsIX KOJIBIMEI, BEPOSITHO,
CBUJIETEJILCTBYIOT O CTAOMJIBHOCTY 3MMHUX KJIMMa-
TUYECKHUX YCIIOBUI Ha ceBepe SIKyTuM B T€YEHHE Io-
JIOLIEHA, OTIpeeIsIeMON CTaOUIbHBIM BIMSIHUEM CH-
Ooupckoro aHTULIMKIOHA (Bacunbuyk, 1992).

Kpuocrpaturpadust u pagroyriepoaHbie TaT -
POBKM OTJIOKCHMI aJITaCOB U ITOMIM C ITOBTOPHO-KWJTb-
HBIMU JIBIAaMM B HU30BbsIX p. KobIMa ITOKa3bIBAIOT
HX TOJIOLICHOBHBII Bo3pacT. COIjIacHO IMOJIydeHHBIM
pPagUoyTJIEpOOHBIM JaTUPOBKAM, aKTUBHOE pPa3BU-
THE aJIaCOB U IIPEUMYIIECTBEHHO CMHTEHEeTHUECKMI
POCT B HUX TTOBTOPHO-KMJIbHBIX JIBIOB ITPOMCXOIVIIN
B T€UEHNE BTOPOI MOJIOBUHBI TPEHJIAHACKOTO IEPHO-
Jia ¥ OOJIbIIIEH YaCTU CeBEPOrPUIIITMAHCKOTO ITeproa
rojiolieHa. B TeyeHre Merxanaiickoro rnepuoaa rojo-
1IeHa MHTEeHCHUBHOCTh Pa3BUTHS aJacoB C IIOBTOPHO-
KWJIBHBIMU JIbIaMU Ha BOAOpa3eiax 3aMeTHO I10-
HU3WIACh. B 3TOT mIepuom pocT IMOBTOPHO-KMILHBIX
JIBIOB IIPOMCXOOMI B (DOPMUPYIOIIUXCS] IIOMMEHHBIX
oTjioxeHusix p. KonbsiMa 1 e€ mputokoB. M3oTomn-
HO-KHCJIOPOAHBIE JaHHbIE 880 1o XMIbHBIM JIbIaM,
HCCJIEIOBAaHHBIM B HU30BbsIX KOIBIMBI, TO3BOMMIN
PEKOHCTPYHUPOBATh CpelTHESIHBaApPCKUE TeMIIepaTy-
PBI BO3IyXa JUIS TPEX KITFOUEBBIX IIEPUOIOB IrOJIOLCHA.
YcTaHOBJIEHO, UTO CpeIHesSHBapcKasl TeMIepaTypa
BO3IyXa B T€UEHNE rojIolieHa BapbUpOBaia IIPUMEPHO
B OJIHOM M TOM ke auara3oHe: otr —40,7 no —33,8 °C
B TeYeHMEe TpeHJIaHACKOTo nepuoaa, oT —38,6 10
—33,3 °C B TeueHUE CeBEPOTPUIIIMAHCKOTO Mepu-
oga u ot —41,5 1o —33 °C B TeueHUE Merxajaancko-
ro mepuoaa. DTo, CKOpee BCero, CBUICTEILCTBYET O
CTaOMIBHOCTY 3MMHUX KIMMAaTUYECKUX YCIIOBUI Ha
ceBepe SKyTuM B Te4eHHUE TOJIOIEeHA, OIpenesseMoil
BJIMSTHHEM CHOMPCKOTO aHTUIIMKIIOHA.
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Summary

The Russkaya station (Marie Byrd Land, West Antarctica) was one of the wintering stations of the Rus-
sian Antarctic Expedition (RAE) before its conservation in 1990. Starting from the field season of the 65
RAE (2019/20), work is under way at Russkaya station to put it into operation as a functioning wintering
station. Due to its significant distance from other RAE infrastructure sites and also due to severe climate,
organization of logistical operations in this area requires a special approach. For the most effective trans-
port communication with the station, it is planned to organize an airstrip to receive planes on ski landing
gear on the surface of the outlet glacier. Glaciers of this type are often characterized by crevasses, which are
not traceable on the surface, which makes it necessary to study the structural sub-surface features of the
glacier. For this purpose, geophysical survey in the field season of the 65 RAE were carried out with usage
of the GPR-method. GPR profiling at a frequency of 900 MHz allowed us to identify the crevasses and
assess their morphometric characteristics, in particular the width and depth. The widest crevasses were
examined in detail to improve the interpretation of GPR data. Based on the results of geophysical works,
the boundaries of zones were determined, within which the crevasses are either absent, or their width does
not exceed 0.6 m. In addition, by means of core drilling, values of ice density to a depth of 5 m from the
surface were obtained, which correspond to the normative data on preparation of airfields for operation of
airplanes on ski landing gear. Based on the results of geophysical and glaciological investigations, a site on
the glacier suitable for runway preparation was identified. An area safe for organization of transport com-
munication between the airfield and Russkaya station was also identified. It is adjacent to the hills of the
oasis, as the glacier in this part is the most stationary.

Citation: Sukhanova A.A., Kharitonov V.V,, Popov S.V., Kashkevich M.P. The application of the GPR-method for safety of logistics operations near the
Russkaya station in West Antarctica. Led i Sneg. Ice and Snow. 2022, 62 (3): 427-440. [In Russian].
doi: 10.31857/52076673422030142, edn: eqtcoz.

ITlocmynuaa 2 gpespans 2022 e. / Ilocae dopabomku 12 anpens 2022 e. / [punama k newamu 11 urons 2022 e.

KiroueBbie cioBa: 2eopaduonokayus, 1e0HUK08bIe mpewjuHbl, 102ucmuyeckue onepayuu, 631€mHo-nocadoyHas nosnoca, cmanyus Pycckas,
3anaonasa Aumapkmuoa.

MpepcTtaBneHbl pesynbraThl UCCNI@[OBaHWI, BbIMOMHEHHbIX Ha y4YacTKe fliefHMKa B panioHe ctaHumn Pyc-
CKadA B paMKax Ce30HHbIX pabot 65-i1 PAD (2019/20 r.). NpoBeaeHa reopafapHan CbEMKa C LieNibio BbIAB-
NEHVA TPeWWH B NTEHUKOBOM MacCKBE, YTO MO3BOIUIO Onpeaenuts 6e30nacHyto 30Hy Npu opraHu3a-
U1K B3NETHO-NOCAAOYHON MONOCHI ANA NPUEMA CAMONETOB Ha /IbIXXHOM LUACCU.
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MpuknadHvle npobremol

BBenenne

Cranuust Pycckast — omHa U3 IIECTU POCCUICKHX
AQHTapKTUYECKUX CTAaHLIMI Ha AHTapKTUYECKOM I10-
O0epexnbe. OHa pacriojiokeHa B 3armagHoll AHTapK-
TUae Ha Tepputopun 3eman Mapu bapa Ha Mbice
bepkc B cTpaTernyecku BaxKHOM TUXOOKEaHCKOM
CEKTOpE U 3HAYUTEJIbHO yAajeHa OT IPYruX OTe-
YeCTBEHHBIX CTAHIIMI U MOJeBBIX 0a3. E€ nctopus
0epéeT cBoé Havaso ¢ 1972 1., Koraa B xoe pador 17-it
CoBerckoit anTapkrudeckoit akcreauunu (CAD)
OBbUIM IPOBEACHBI PEKOTHOCLIMPOBOYHBIE HCCIIEIO-
BaHUSI TSI TTIOMCKA TTOAXOISIIETO MeCTa [IJIs OpTaHM-
3alIMM HOBOM CTaHIIMU, a yke B 1980 T., B paMKax 1mo-
neBoro ce3oHa 26-i1 CAD (1980/81 r.) Pycckas 6bl1a
BBEJCHA B AKCILIyaTallli0O B KAYeCTBE 3MMOBOYHOI
craHumu (JyopoBuH, Kosnosckuii, 1991).

PacnonoxeHue craHuuu Pycckasi Bo MHOTOM 00-
YCIIOBIMBAET OTJIMYUTEIIBHYIO KJIIMMATUICCKYIO YEPTY
Mbica bepkc, a MeHHO: 0Opa3oBaHue 31eCh MPOIOJI-
JKUTEJIBHBIX, HEPEIKO YparaHHBIX BETPOB CO CKOPO-
cThio cBbile 60 M/c (JyoposuH, Kosznosckuii, 1991;
CagartioruH, 2001). Kpome Toro, paiioH e€ pacro-
JIOKEHHUST XapaKTEPU3YETCsI CIOXKHBIMU JIETOBBIMUI
ycaoBusimu (Capatiorut, 2001), yto HebGaaronpu-
SITHO BJIMSIET Ha MPOBEICHUE CYIOBBIX ONepaluil.
IlepeuncieHHbIe OCOOEHHOCTH KJIMMaTa HalpsMylo
BJIMSIIOT Ha OpraHU3alllIo IIPOIIECCOB XU3Heobecne-
yeHus ctaHuuu Pycckas. B yacTHocTH, MMEHHO B
pe3yabTaTe yparaHHBIX BETpoOB B ce30H 35-i1t CAD
(1989/90r.) B HOUBb ¢ 8 Ha 9 Mapra 1990 r. yacTb npu-
MalHOro Jibaa OblLla pa3pylleHa, YTO MOBJIEKIIO 3a
c000I1 TTOTEePIO TIPOTOBOJILCTBEHHBIX M TEXHUIECKMX
TPY30B, HEOOXOAMMBIX JIJTSI CHAOXKEHUS CTAHLIMI. DTO
CTaJI0 NPUYUHOM MPUOCTAHOBKU PadOT C JalbHeu-
ureit e€ koHcepsauueit 16 maprta 1990 r. (CasaTtio-
ruH, 2001). B xome mmociaeayommux 3KCIeTunnii, B
YacTHOCTH, B paMKax pabdot 38-it Poccuiickoii aHT-
apktuyeckoit akcneauuun (PAD) B 1992/93 . mpo-
BOIOWJIN €IVMHUYHBIE PEKOTHOCIIMPOBOYHEIE ITOJIETHI
JUTISI OCMOTpPA COCTOSTHUSI CTAaHIIUM.

Hauwnnas ¢ moneBoro ce3oHa 65-it PAD (2019/201.)
B palioHe craHIuu Pycckast BEITTOTHSIIOTCST paOOTH
1o e€ pacKoHCepBallMi W BBEICHUIO B DKCILIyaTa-
M0 B KaUeCTBE ACUCTBYIOIIECH 3UMOBOYHOM CTaH-
mur. KpoMe npoBeneHMs MOJTHOMACIITAOHEBIX padboT
110 PEMOHTY CTPOEHUIA, OOJIBIIIOe BHUMAHKE YIEJISIeT-
cs1 00eCIIeYeHUIO TPAaHCIIOPTHBIX OIepalldii B Ipee-
JlaX CaMO CTaHIIMHY U OJIA3JIEXAIIX TEPPUTOPUIA; Op-
raHM3aLMU B3IIETHO-TTOCanouHOoi nosnoce! (BIIIT) Ha

yJacTKe JIeAHUKA JJIs1 IpUéMa CaMOJIETOB Ha JIbLKHOM
IIaCCH, a TaKXKe MCCIeIOBAHMUIO TPACChI, COCIUHSIIO-
et BIIIT co ctanuumeii. Heo6xonuMocTh HATMYUS
NocagoYHOM IIJI0IIAAKK 00YCIOB/IeHA YIaTEHHOCThIO
CTaHIIMY OT OCHOBHBIX PaitoHOB paboT PAD, mosaToMy
IUTSI 32aB0O3a CE30HHOT'O 1 3MMOBOYHOIO COCTaBa 9KOHO-
MMYECKH 1IeJIeCO00pa3sHO MMEHHO aBUALIMIOHHOE CO-
oomenue. Opranmzanyst BITI u cormpoBoxkaaroniye e
paboThl 110 obecneYeHno Oe30MacCHOCTU TPAHCIIOPT-
HBIX OIepalldii IMEIOT BaxKHOE 3HAUYCHME 11T MH(ppa-
CTPYKTYDHI B paitoHe cTaHLIMU Pycckast.

AKTyaJIbHOCTb BBIINIOJIHEHHBIX MCCJIEI0BAHMIA

Ob6ecrreueHne 6€30MacHOCTH TPAHCITOPTHBIX OTIe-
pauuii HaIpsIMyIO CBSI3aHO C PACIIOJIOXEHHEM JIO-
TUCTUYECKUX IMMYHKTOB BOJIM3U BBHIBOOTHBIX KOH-
TUHEHTAJIBHBIX U IIeJIb(OBHIX JICTHUKOB, IIIMPOKO
pa3BUTHIX B TIprOpeskHO# yactn AHTapKTUABI (Boti-
TKOBCKU, 1999). OHM XapaKTepu3yIOTCs 3HAUUTEIb-
HBIMU CKOPOCTSIMU ABVDKEHUS, YTO IIPUBOAUT K 00-
pa30BaHNIO MHOTOUYMCIICHHBIX M BeChMa OOIIMPHBIX
CHCTEM TpPEeIINH. 3a CYET aKKyMYJISILIUM CHEXXHBIX
0CaJIKOB TPEIIWHBI YaCTO HE IMPOCIEKMBAIOTCS Ha
JIETHUKOBOM IMMOBEPXHOCTH, YTO HEPEIKO CTAHOBU-
JIOCh IIPAYMHOM aBapUii IIPU ITOIIAJAHUH B HAX CTaH-
uuoHHoro TpaHcropta (ITomos, Ionskos, 2016).
HMMeHHO TTo3TOMY KpaiiHe BaXKHO CBOEBPEMEHHOE, a
TaKXKe MMCTAaHIIMOHHOE BBISIBIIEHUE OIIACHBIX TPEIMH
B Teite eqHrKa. C 3Toi Leblo B paMKaxX UCCIeI0Ba-
HUIt B AHTApKTU/IE BBIMOJIHSIOT reoUu3ndecKue pa-
OOTHI METOIOM T€OPATNOIOKALIM.

YcneuHslil ONbIT IPUMEHEHUSI TeopagapHoi
CbEMKU JJIs BBISIBJIEHUSI TpelIUH OTPaxkE€H B pabo-
Tax 3apyOeKHBIX crierannucToB ¢ Hadama 2000-x
TOIOB IIPM MCCIIETOBAHUSIX ITOKPOBHBIX JEIHUKOB
AHTapkTunsl (Arcone, Delaney, 2000; Koh et al.,
2010; Nath, Vaughan, 2003; Taurisano et al., 2006)
n ropHbIX JenHnkoB (Eder et al., 2008; Zamora et
al., 2005). B pamkax pador PAD MeTon reopanmo-
JIOKALIMU [IJIsI IIOMCKA TPEIIMH CTal HauboJiee IOIy-
nmgper ¢ 2013 r., Korma Ha OCHOBaAaHUM Teopu3nde-
CKHUX paboT B IoJieBoii ce30H 58-11 PAD (2012/131.)
OBUIM YCTAaHOBJIEHBI BO3MOXHOCTH I'€0panapoB IS
oIpenesieHIus HEOTHOPOTHOCTE! B TeJe JIeTHUKA
(ITomoB 1 ap., 2015; IomoB, Do6epasaiin, 2014).

OIvH 13 BaXHBIX IPUMEPOB reopagapHBIX
padoT 1 BBISIBICHUST OIACHBIX TPEIIUH — MCCIIe-
JIOBaHUS BOJIM3U CTaHLIUM MUPHBINA B IIEpUOL ce-
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30HHBIX paboT 59—61-i1 PAD (2013—2016 T.), B pe-
3yJIbTaTe KOTOPHIX Ha 6€30ITaCHOM y4acTKe JISTHUKA
OblIa OpraHU30BaHa U BBeAcHA B DKCILIyaTallHIO
Imocajo4yHas IUIONAAKa JJIsI CAMOJIETOB Ha JIbIXK-
HoM maccu (ITomos u ap., 2016). C ce3ona 63-i
PAD (2017/18 1.) mist obecniedeHus 6€30I1aCHOCTH
TPaHCIIOPTHHIX OIepanuil reodusndeckue padbo-
ThI IPOBOAAT B paiioHe crannuu [Iporpecc. Bhi-
IMOJTHEHHEBIE TeopafapHble UCCIEHOBAHMSI II03BOJIM -
JIA OPTaHU30BaTh TPACCy, IPOXOISINYIO IO YYACTKY
JeJHUKA U CoeqUHSIONyIo cTaHuuio IIporpecc ¢
asponpomoM (Cyxanosa u 1p., 2020). [Togrorosie-
Ha TakKe IIOIIaaKa IS CKJIafga XpaHeHUs TOILIMBA
(Kunnsibaesa u mp., 2020) u obciiemoBaH Ha IIpe-
MeT HaJIMYMS TPEIIMH YIaCTOK JISTHUKA, B IIpeaeIax
KOTOPOTO PasrpykKaloTcs HayYHO-3KCIIeIUIIMOHHbBIC
cyna (I'puropneBa u ap., 2019). Bcé aTo mo3BoisieT
cielaTh BBIBOA 00 3(p(PeKTUBHOCTU METOHA reopa-
JOUOJIOKALIMU KaK criocoba omnpenesieHUs OMacHbIX
Pa3pbIBHBIX HAPYIIEHUI IPY U3YYSHUH JIGTHUKOB.,

ITocTaHoBKa HeJU M 3a1a9M HCCJIeA0BAHMIA

st obecnieyeHus1 6€30IMaCHOCTU B IPOLIECCE Ce-
30HHBIX paboTr 65-it PAD BOnmu3u cranunu Pycckas
IISITAOTe0(U3NIECKIM OTPSIAOM OBLIM BEITIOIHE-
HBI MCCIIEMOBAaHUS Ha yJ4aCTKe BBIBOMHOTO JICTHU-
ka. KoMmImiekc paboT IpeaycMaTprBall TeopagapHyio
CBEMKY M INISIIIUOJOTMIECKHE UCCIeIOBAaHUS C II0-
MOIIbIO MEXaHUIECKOIo OYPEeHMS M 0TOOpa KEPHOB.
B npoliecce reopusnueckux padoT Mpearnosarajioch
HN3y4eHHe CTPYKTYPHBIX OCOOCHHOCTEH JIETHNKOBOM
TOJIIIY B IIPUITIOBEPXHOCTHOM €€ 9aCTH C IOCIIeaYI0-
IIMM BBISIBJICHHEM TPEIIMH Ha YyJ9acTKe MCCIIeI0Ba-
HUI ¥ OLIEHKOM CTEIIEHW MX omacHOCTHU. I1pu BEI-
MOJIHEHUH TIISIIINOJIOTHIECKUX Pa0OT HEOOXOIUMEI
ObLIM OypoOBbIE PA0OTHI B MIpeAesiaX Y4aCTKOB BbISIB-
JICHHBIX TPEIIWH IJIsI YTOUHCHUS Pe3yIbTaTOB MH-
TepIIpeTaly TeopagapHbIX JAaHHBIX, a TAKXKE 0TOOp
KEPHOB T U3YYSHMS ITIOTHOCTHBIX XapaKTEePUCTUK
1 0COOEHHOCTEM CTPOECHUS IIPHUIIOBEPXHOCTHOM
4YacTHU JegHuKa. JlonmorHuTeIbHbIe NCCIeI0OBAaHUS
IIpearnoarajyv BHITIOJHEHNE Te0Ae3NISeCKIX U3Me-
peHUIT BOOJIb IPOOOJIbHBIX W MOIIEPEIHBIX reodpu-
3MYECKMX MAPIIPYTOB B IIpeeiaXx ydacTKa OpraHu-
zauuu BIIII, KoTopble MpOBOAWIN AJisI HOJy4eHUSI
abCOJIIOTHBIX BBICOT ITO0 MapiupyTam. IlomydeHHBIE
pe3yabTaThl B JalIbHEUIIIEM ObLINM MCIIOJIb30BaHbI
IIPY MHTEPIIPETALINY TeopagapHbIX JaHHBIX.

Metoauka uccjief0BaHuIi

OpraHu3zanus B3JIETHO-IIOCATOYHOM ITOJI0CHI
B paiioHe cTaHIuMM Pycckas mpenrosaranach Ha
YYacCTKe JEeIHUKA, TI€ PacIIoaarajcs OeUCTBYIOIINIA
a’poJipoM 10 KOHcepBaluu ctaHuuu B 1990 r. B
59-10 PAD (2013/14 1.) cOoTpyIHMKAMU CE30HHOTO
coctaBa PAD ObuIM yCTaHOBIIEHBI BEXW, OTPAHNIM -
BaIOIIINEe TEPPUTOPUIO, B IIpeleax KOTOPOM B CO-
BeTCKoe BpeMs pacnonaranach BITII. UmeHHO 3TOT
YYaCTOK OB IIPUOPUTETHBIM IS TIISIIIHOTeO(MU3H-
YeCKHUX UCCIIeAOBaHUI B ce30H 65-if PAD.

B pamxkax mpoBeneHMsI KOMITIEKCa paboT reopa-
JapHEIe TTpo¢ N IIPOBOAWIN C TIOMOIIBIO Teopa-
gapa GSSI SIR-3000 (Geophysical Survey Systems
Inc., CIIIA) ¢ yacToTOl 30HAUPYIOIIMX UMITYJILCOB
900 MTI'u. I'eopannonoKauMOHHYIO ChEMKY BeJIU MO
CETH MPOJOIbHBIX W MOINEPEYHBIX IMpoduiIeii, pac-
CTOSIHUE MeXIy KOTOpbIMU cocTaBiasio 50—100 M.
ATlmapaTypa yKjaaablBajach B CaHU, MOCJIE Yero IBU-
JKE€HME TI0 MapllIpyTaM BBIMOJHSUIOCH TEIIUM HOPSII-
KoM (puc. 1, a). KepH npu IsIiMoa0rn4ecKux uccie-
JTOBaHUSIX OTOMpalIu MexaHndeckuM oypom Kovacs
(Kovacs Enterprises, CILIA) ¢ a1eKTprU4ecKruM Ipu-
BoIOM (cM. puc. 1, 6). J1JIs1 3TOT0o UCITOIL30BAIU MSITh
IITHEKOB ITHOM 1 M. MakcumaibHas TiIyorMHa 0T00-
pa KepHa coctaBmia 5,07 M Tipn guameTpe odpasia
14 cMm. [l m3ydeHus TITIOTHOCTHBIX CBOMCTB 00pa3IIbl
KepHa pacIIMBaIM Ha OTIAC/IbHBIE (DparMeHTHI BBICO-
toit 10—40 cM 1 B3BeIIMBAJIM Ha TIOPTATUBHBIX JIEKT-
POHHBIX Becax. [anee ompenesyiach INIOTHOCTb 00-
Pa3loB KaK OTHOIIIEHNE MACChI KaXKI0ro hparMeHTa K
ero o0beéMy. TpellHbI, BbISIBJCHHbIE MO TaHHBIM Ie0-
paauoioKaliy Ha HEKOTOpO# TiyOonHe, 00CIeI0BaIn
MpU TTIOMOILIY MUJIbI JUT baa (CM. puc. 1, 6), a Takke
1IHeKoBoro oypa Kovacs ¢ 1MaMeTpoM IITHEKOB 5 CM.
l'eonesnueckue namepeHus IS OJydYeHUs abCOIOT-
HBIX BBICOT 10 MaplIpyTaM U OIpeAeSIeHUsT YKIOHOB
peJibea BHIMOMHSLIM ¢ TToMolibio GNSS-ammapatypbl
Leica Geo Systems (IlIBeiiLiapusi), npenocTaBieH-
HBIX AO «Asporeone3usi». CIlyTHUKOBBIE HaOI0/1e-
HUS BIOJIb ITpoduieil BeIM B KUHEMaTUYECKOM pe-
JKMME ¢ 3aruchio yepe3 Kaxasie 10 M (cm. puc. 1, 2).
I1naHoByI0 MPUBS3KY reopagapHoOi ceTu mpoduieii
M TOYEK OypeHUs BHITIOJHSIIM IPUEMOMHINKATOPOM
Garmin GPSMap 64st. Bcero B xozne paboT ObIJIO BbI-
MOJIHEHO 22 KM TeopagapHbIX MapIIpyTOB 1 OTOOpa-
HO 17 M 00pa31oB KepHa. CxeMa pacTioIoKeHMS TTPO-
¢umneit 1 MyHKTOB TJISIMOIOTMIECKIX MCCIIeTOBaHIIA
npuBeeHa Ha puc. 2.
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Puc. 1. UccnenoBanus B paiioHe ctaHuuu Pycckas:

a — reopanapHasi ChéMKa; 6 — KEpHOBOE OypeHue; 6 — 00C/IeI0OBaHKe TPEIIMHBI B ITPeIeiax yuyacTKa MPearnoaaraeéMoro a3poapo-

Ma; ¢ — CIIYTHUKOBBIC T'€OIE3UYCCKUE UBMEPEHUA

Fig. 1. The performance of works near the Russkaya station:
a — Ground Penetrating Radar survey; 6 — core drilling; ¢ — inspection of a crevasse within the area of the planned runway; ¢ — sat-

ellite geodesic measurements

XapakTepuCTHKA BpeMEHHbBIX re0paiapHbIX
pa3pe30B B NpeaeIax B3IETHO-TIOCAT0YHOI MOJI0CHI

B pesynbTate reopuznyeckux paboT Ha yyacTke,
orpaHMYeHHOM BexaMu B 59-10 PAD, OBLIM BBITION-
HEHBI OCeBbIE U ITONepeYHble MapIpyThL. IIpoBene-
HI€ ChEMKM C TTIOMOIIBIO BEICOKOYACTOTHOM aHTEH-
HBI BBUIY OOJIbIIIEN pa3pelialonieil CocoOHOCTH
MO3BOJIUIO0 Hambojee MHPOPMATUBHO U3YUYUTh
CTpOEHME MPUITOBEPXHOCTHOM YacTH JeIHMKaA, a
TakKe MOp(hOCTPYKTYPHBIE OCOOEHHOCTH TPELIMH.
Ha puc. 3, a npuBenéH reopagapHblii MapuIpyT,
BBITIOJIHEHHBIN BHoJb riaaBHoit ocu BIIIT mo Ilpo-
¢wmmo 1 (ITP1). Pacnonoxenue npoduiist mokasa-
Ho Ha puc. 2. Ilo Mepe poaBMKeHUS IO MapIIpy-
Ty B CEBEPO-BOCTOUHOM HAIIPaBJIEHUU B CTPOCHUU
JIETHUKOBOM TOJIIIY BBIAEISIOTCS TPU OCHOBHBIE
30HEL. 30Ha / (cM. puc. 3, a) nmpeacTaBiseT coboit
JIEN, IEPEKPBITHIN CHEXXHO-(UPHOBBIM CJI0EM MOIII-
HocThIo 10 40 cMm. Ha BoHOBOM Iosie 30He [ co-
OTBETCTBYET CJIAOOKOHTpACTHAsI cpeaa, HEMHOTO-
YNCJICHHBIC MTHTEHCHUBHBIE OTPaKeHUs B KOTOPOU
CBSI3aHBI C BapyallMsIMU INIOTHOCTH JIbaa. C ImnKeTa
500 M MapuIpyTa B IpUIIOBEPXHOCTHON YacTH pas-
pe3a pUKCHUpyeTcs Hadyajao MHTEHCUBHOIO CHETOHA-
KOIUIEHMS U 30HY I CMEHSET 30Ha 2, IS KOTOPOt

XapaKTepHO IiepecianBanue ¢upHa u Jpaa. C oT-
MeTku 570 M MaplIpyTa oTMedyaeTcsl Hadyajio ¢op-
MHPOBaHUSI CIIOMCTOM CHEXHO-(PUPHOBOI ToImIM 3
MOIIHOCTBIO 6osiee 10 M.

Kak yxe orMeuanoch, mo obpasiam, ImoJrydeH-
HBIM TIPY KEPHOBOM OYpEHUHM, OMIPENEIISUIUCH IIJIOT-
HOCTHBIE XapaKTepUCTUKU cpenbl. [TorydeHHast uH-
(hopmarLs o IUNTOTHOCTSX TakKe Ta€T BO3MOXHOCTh
OLIEHKU CKOPOCTElN pacpoCTpaHeHUs 3eKTpomar-
HUTHBIX BOJIH B Cpefle, UTO, B CBOIO OUYEpPElb, [TO3BO-
JISIET KOPPEKTHO MepecYrMTaTh BpeEMEHHON pa3pe3 B
mIyOuHHBIN. CBSI3b MEXIY IJIOTHOCTBIO JIbAa U €0
IU3IEKTPUIECKON TTPOHUIIAEMOCThIO OIMCHIBAETCS
COOTHOUIEHUEM, TTOJTYYeHHBIM 3MIMprudecku (Ma-
yepeT, 2006):

e=(1+0,857p)2,

rIe € — IU3JeKTpUIecKas MPOHUIIAEMOCTh CPEIIbI,
ell.; 0 — IUIOTHOCTb, KI/M>.

B pesynbrare pacuéra KUHEMaTUYECKOI MOIEIN
cpenbl ornpeneyieHbl 3PMeKTUBHBIE (CpeaIHNUe) 3Ha-
YeHUS OUDJIEKTPUUECKOM MPOHUIIAEMOCTH €, KO-
TOpBIC B JaJIbHEHIIIEM UCITOIb30BaIU IS TIEpPeCUé-
Ta BpEMEHHBIX pa3pe30B B rIIyOMHHBIE. 171 1baa B
Havane BIIII nuanexkTpudeckass IpOHUIIAEMOCTh
Obu1a TIpuHSTa paBHOU 3,04, M1 MEpeXOaHOI 30HBI
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Puc. 2. I'nsmyoreodusnyeckre padboTh B paiioHe ctaHuy Pycckas:

1 — ceTb TreopanapHbIX MapIIPyTOB B IIPOLIECCe MOJIEBBIX PaboT; 2 — reopagapHble MapIIpPyThI, IeTaTBHO pacCMaTpyBaeMble B CTaThe; 3 —
IyHKTBI 0TO0pa Ipo06 KepHa; 4 — MPUOPUTETHBIN YIACTOK JUTS OPraHU3alMK a3POIPOMa; 5 — YJacTOK, XapaKTePU3YIOIIMIACS OTCYTCTBI-
€M TPELLMH; 6 — 30Ha Pa3BUTHUS TPEILUH B TeJIe JISAHUKA HIMpUHOM 10 0,6 M; 7 — ydacToK (hopMUPOBaHUS TPEILUH IIUPUHOIL Gotee 1 M
Fig. 2. Glaciological and-geophysical works in the area of the Russkaya station:

1 — radar profiles, realized during the field work; 2 — radar profiles, considered in the article in detail; 3 — core drilling points; 4 —
priority zone for the organization of the runway; 5 — area without any crevasses; 6 — area with crevasses up to 0,6 m wide; 7 — area
of formation of crevasses with a width of more than 1 m ucnpaBUTb aHT. B COOTBETCTBUHU C PYCCKUM

B HeHTpaybHOM yacTu BIIII e€ BenmunHa coctaBuiia
2,66, a U151 30HBI AKTUBHOM aKKyMYJISILIMM CHEXKHBIX
ocaakoB B koH1ue BIIIT — 1,97. Ha npotssxeHuu
BCETO pa3pe3a BAOJIb INIABHOW OCH ITPOCIICKUBAIOT-
csl KOHTPACTHBIE TPaHMIIBI M3-3a HAJIMYUS B Cpele
CJI0€B pa3IMYHOM II0THOCTU. Ha ocHOBaHMM maH-
HBIX O IUDJICKTPUUECKON TTPOHULIAEMOCTHU CPEAbI €
rmojiydeHa MHGOpMaIus 0 CKOPOCTSAX paclpocTpa-
HEHUSI 2JICKTPOMArHUTHBIX BOJH, YTO ITO3BOJIUIIO
YCTAaHOBUTH [NIyOMHY 3ajleraHKs BBISIBJICHHBIX I'pa-
Hull. B nanbHeieM Ha OCHOBaHUY JaHHBIX 00 a0-

COJIIOTHBIX OTMETKax BBICOT BHoJb ocu BIIII Gb11
MOCTPOEH TIIYOUMHHBIN pa3pe3 (cM. puc. 3, 6), mo-
Ka3bIBAIOLIUI U3MEHEHUE BHICOT THEBHOM ITOBEPX-
HOCTH 71 OTpakalolMii NeiCTBUTEIbHbBIC TTyOUMHbI
3ajieraHus CJI0EB pa3HOM IUVIOTHOCTH &.

C no3unmii 6e30MacHOCTY TPAHCIIOPTHBIX OTIe-
pauwuit B ipenenax BIIIl HaubGonpinii nHTEpEC
peacTaBisieT coboit 30Ha 2 (CM. puc. 3, a), Tak Kak
MMEHHO JJisI He€ XapaKTepHO Pa3BUTHUE CHUCTEMBI
TpeIIvH B Teje JiemHuKa. st onpeneieHus 1Iu-
PUHBI TPEIIUH B XoAe 00paboTKU reodru3nyecKmx
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Puc. 3. 'eopagapHbie UccaeaOBaHUS B palioHe B3JETHO-ITOCAAOUYHOM MOJIOCHI:

a — BpeMeHHOI TeopamapHbIil pa3pes 1o 11 B1oIb IJ1aBHOM OCH TTOCaTOYHO# MOJIOCH!: 1 — 30Ha pa3BUTHs Jibla; 2 — MepexXomHast
30HA C XapaKTepPHBIM IlepecaanuBaHreM JIbaa U (UpHA; 3 — 30HA Pa3BUTHUSI CHEXHO-(GUPHOBOM TOMIIN; 4 — IIYHKT 0TOOpa IIpod
KepHa; 5 — MOJIOXEHMe TPEIIMH, BbISIBICHHBIX IO Te0(bU3NIeCKUM JaHHBIM; 6 — IOJIOXEHMe U Ha3BaHME TPELIUH, NeTaJbHO
OIMCHIBAEMBIX B CTaThe; 6 — TIIYOMHHBIM pa3pe3 BAOJb TIABHON OCH MOCAIOYHOM MOJIOCH: 7 — abCONIOTHBIE OTMETKH BBICOT
JIHEBHOM IOBEPXHOCTH BIOJIb OCH ITOCAHOYHOM ITOJIOCHL; § — CIIOM Pa3JIMYHOM IUIOTHOCTH, BBISIBJIEHHBIE B JIEAHUKE 110 JaHHBIM
reopaanoioKaliiy; 6 — BpeMeHHOI reopalapHblii pa3pes o nornepeyHomy npobuiio I12: 9 — moHmkeHue MHTEHCUBHOCTH OTpa-
XEHHOTO CUTHAJIa OT ChOPMUPOBAHHOU Ha TITyOMHE TPEIIMHBI

Fig. 3. Geophysical survey in the runway area:

a — radar time section along the profile I11 as the main axis of the planned runway: / — ice zone; 2 — transitional zone with ice and
firn; 3 — snow-firn zone; 4 — core drilling points; 5 — crevasses, identified by geophysical data; 6 — positions and numbers of cre-
vasses described in the article in detail; 6 — depth section along the main axis of the runway: 7 — absolute heights of the surface
along the runway axis; & — layers with different density, identified in the glacier according to geophysical survey; ¢ — radar time sec-
tion along the Profile I12: 9 — decrease the intensity of the reflected wave because of crevasses forming
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MaHHBIX BEJIM KOOPIMHATHYIO IIPUBSI3KY KaXIOMH
TpacChl BpEMEHHOI0 IreopagapHOro pa3pe3a, 4To
MO3BOJIMJIO PACCUUTATh PACCTOSHUE MEXIY Tpacca-
MU B IIpefeiax BBISIBIICHHBIX pa3phIBHBIX Hapylle-
Huii. [1lo mpomoabHBEIM MapIIpyTaM BOOJIb IIABHOM
ocu 1 60koBbIX cTopoH BIIIT o6HapyxeHO 6oJibilIoe
YHCJIO TPEIIWH B LIEHTPAIbHOI YaCTH a3poapoma.
Ocoboe BHMMaHMEe Tpu 00paboTKe yaesmeHo 18 Tpe-
IIMHAM, TOJIIMHA CHEXHOIO IIePEeKPBITHS HAll KO-
TopeiMu coctaBuiaa 0,6—0,95 M, a ux wUpUHa Ba-
peupyet B nuanasone 0,23—0,61 m. I[pu usyyenun
TNAHHBIX, IIOJYYEHHBIX BIOJIb IIOIEPEYHBIX MapIIIpy-
TOB, OBLIM TaKXKe BBISIBICHBI TPEIIMHEI B IIpeaesiax
yKa3aHHOI paHee 30HHBI 2 (cM puc. 3, a). I1pn sToM
Ha MOIIepEeYHbIX MapIIPyTax B IIEHTPaJIbHON YacTu
BIIIT ycTaHoBIeHO OOJbIIOE YMCIO TPELIUH IIU-
punoii o 0,8 M. IIpnmmep Mapmipyra 1o [Ipodwmio
2 (I1P2) mokasaH Ha puc. 3, 6. Ha nanHoM pa3pese B
npenenax BITIT nabmromaiorcst Tpu TpemmHbl — 11,
T2nu T3 110 60KOBBIM CTOPOHAM M BOJIM3U TJIaBHOM
ocu. lllupuna nx cocrasuset 0,67, 0,63 u 0,7 M co-
OTBETCTBEHHO Npu ryouHe 3ayeranust 0,69—0,77 M.
Kpome 3Ttux TpemiuH, BelaeaeHo Takxke eié 11 tpe-
IIWH, U3 KOTOPHIX IIECTh TPEIIUH ITUPUHON OO
0,8 M pacmoaratorcs Ha riyorHe MeHee 0,6 M.
Ot™MeTuM, 9TO TpemmHBl T/—T3, ycTaHOBJIEH-
HBbIE ¥ Ha TIPOIOIBHBIX, ¥ HA MOIEPEYHBIX MapIIpy-
Tax, UMeJIY pa3IMIHbIe MOPGOCTPYKTYPHEIE OCOOEH-
HOCTHU Ha reopagapHbIX pa3pesax, T.e. OTIINYaINCh
o 1upuHe U riaybuHe 3aneraHusi. [ToaTomy ObLITO
BBIIBMHYTO IPEIMOJIOXEHNE, YTO, IIOCKOJBKY I'e0-
pamapHBIe MapIIPYTHI IIepeCeKalOT BBISIBICHHBIE pa3-
PBIBHBIE HApYIIEHUS HE TEPIEeHINKY/IIPHO, BO3HU-
KaeT UCKaXXeHNe NCTUHHBIX pa3MepoB TpeliyH. 1o
3TOM IPUYMHE IIPOBEACHO BU3yaJIbHOE 00CIea0Ba-
HI€ HEKOTOPBIX BBISIBIICHHBIX HEOTHOPOTHOCTE! B
npenenax BITIT njist oueHKM nx 6€30MacHOCTH.

O0caenoBaHne TP, BbISIBJIEHHBIX 110
pe3yJbTaTaMm reou3ndecKux uccaea0BaHui

Bcero 65110 00ciIefoBaHO YeThIpe TPEIIUHEL: 12
u T3, 0 KOTOPBIX YK€ IIJIa pedb paHee, a TAKKe Tpe-
muHe T4 n T5. PacmmonoxXenne nmepeunciaeHHBIX
Ppa3pBIBHBIX HAPYIIIEHWI ITI0Ka3aHO Ha puC. 4.

Tpewuna T2 B COOTBETCTBUU C reopagapHBI-
MU TaHHBIMU 110 IIPOAOJIBHEIM MapIuipyTaMm cdop-
MHUpoBajach Ha riayouHe 0,74 M ¢ paccTOSIHHEM
Mexay creHkamu 0,26 M. 1o Mepe yBeIMYeHUS Ty~

OuHbl 10 1,03 M lIMpHHA TpellXHbI BO3pacTajia A0
0,62 M. Mnaga kaptuHa HaGI0gaeTCs HA MOIEpPeY-
HOM MaplIpyTe, TIe Ha TOM XXe HayaJbHOM ITTyOMHe
obpazosaHus (0,75 M) LIMpUHA TPELIUHbBI JOCTUTAET
0,63 M. ITpu Bu3yasibHOM 00C/IEAOBAHUM TPEIMHbI
T2 BBLISAIBIEHO, YTO B HaYaJIbHOH Touke (hOpMUPO-
BaHUs TPEUIWHEI PaCCTOSHUE MeXIy €€ CTeHKaMU
paBHo 0,1 M, a TOJILLIMHA CHEXXHOIO MOCTa COCTaB-
et 0,45 M. 3HauuTeNIbHOE YBEJIUUYEHUE PACCTOSI-
HUSI MEXIy CTeHKaMU (PUKCHUPYETCs JINIIb Ha TJIy-
ouHe OoJiee 1 M, Kak U Ha MIPOAOJIbHOM MaplIpyTe.
7151 BCKPBITHS TPEIIMHBI UCTIOJIB30BAIM OYp U TTHITY.
A3MMYT ITpoCTUPaHUs TPeLMHbI cocTaBua 121°,

Tpewuna T3 Ha MPOAOJBLHOM MaplipyTe pUK-
cupyetrcd Ha riyoune 0,76 M, raoe e€ muUpuHa CO-
crasisetr 0,38 M. Ha nmonepeyHoM MapiupyTe KOH-
(urypaums TpelllMHbI BhIpaxkeHa 0oJjiee AeTaJbHO:
Hayajo TpellUHbl YCTAaHOBJIEHO Ha TiyouHe 0,45 M
C TOCTEIIeHHBIM pacllupeHneM €€ H0 TIIyOUHBI
0,75 m. IlupuHa npu 3ToM usmMeHsietcsa ot 0,37 no
1,55 M, 4TO MOXET OBbITh OMACHBLIM MpPU MpOBee-
HUM TPAHCIIOPTHBIX omepaunii. CorjlacHO e BU-
3yaJIbHbIM OLICHKAM M BBIIIOJIHEHHOMY B TOYKE 00-
cliefOBaHUSI KEPHOBOMY OYPEHUIO YCTAHOBJIEHO,
YyTO TpeluHa obpasyeTcs Ha pacctogsHuu 0,45 M
OT JHEBHOI moBepXxHOCTH. llIlupuHa TpelIUHBI B
e€ BepxHeil yactu coctaisieT 0,1 M, a Ha r1yOuHe
0,8 m yBenuuuBaetcs g0 0,2—0,3 m. IlepBoie 10 cm
CHEXXHOT'O MOCTa UMEIOT PBIXJIYIO TEKCTYPY, OMHAKO
Jajee IepeKpbiThe MPeACTaBIeHO JIbIOM BBICOKOM
MMPOYHOCTH, KOTOPBIM OBIJT BCKPBIT JIUIIL C ITIOMO-
IIBI0 OypeHUsI. ABUMYT IIPOCTUPAHUS TPEIIUHBI CO-
ctaBui 129—130°.

Tpewuna T4, nepeced€HHass NPOAOJbHBIM
MaplIpyTOM, BhIsiBieHa Ha riayouHe 0,65 M, e€ 1mm-
puHa — 0,25 M, KoTopas Ha paccrossHuu 0,74 M yBe-
JuyuBaercs a0 0,75 M. Ha monepedyHoM ke Mapiii-
pyTe TpelllMHa YCTaHOBJIeHA TOJbKO Ha TIIyOMHE
1,23 M, a mupuHa e€ He npesbiaeT 0,39 m. Ipu
0o0ceq0BaHUY CaMOil TpeLIMHBI Hayajio eé (opMu-
poBaHug onpeaeneHo otMeTkoi 0,57 M. ITo Mepe
YBEJIMYEHUS TOyOuHBI 10 1,5 M BU3yalbHO MpPO-
CJIeXXMBaI0Ch U3MEHEHUE IUPUHEI B JMalia30He
0,14—0,3 m. ITepexpbiBarOLIUii TPELIMHY MOCT, KaK
U B TIpEAbIAYIINX CIy4asiX, IIPeaCcTaBIeH ITPOYHbIM
JIbIOM. ABUMYT NIPOCTUPAHUS TPELLIMHBI paBeH 128°.

Tpewuna TS5 wmpuHoii 0,52 M 3adukcupoBa-
Ha TOJIBKO Ha MPOIOJBHOM MapIIpyTe Ha TIyOMHe
0,72 m. OnHaKo MpU BbIMOJIHEHUU OYPOBBIX UCCJIe-
JMIOBaHMIA TpelIHA OblJIa BCKPHITA YK€ Ha TTTyOnHe
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Puc. 4. Ouenka xapakTepa TpeIIMHOBATOCTH JIETHUKA B palioOHe B3JIETHO-TTOCAA0YHO MOJIOCH:

1 — reopamapHbie MapIIPYTHI B Ipeaesiax adpoapoma; 2 — reopagapHble MaplIpyThl, TOAPOOHO M3ydeHHbIE B HACTOSIIIEH CTaThe;
3 — TpelIvHbI, BBISIBJICHHBIC Ha MPOMOJBHBIX M MOMEPEYHBIX MaplIpyTaX U OTHECEHHBIE K pa3psiay 0e30IacHbIX; 4 — IIMPOKUe
TPEIIMHBI, BBISIBJICHHBIC Ha MOMEPEYHBIX pa3pe3ax; 5 — MyHKThI BU3YaJbHOTO 00CIeI0BaHMS TPEIIMH 1 MX Ha3BaHUs; 6 — rpaHH-
LBl a3POJAPOMA; @ — CHEXHBII MOCT Haj TpeluuHou T4; 6 — TpeiiuHa 74; ¢ — TpeuiuHa 735; ¢ — BUI Ha TpeliuHy 75 cBepxy

Fig. 4. Characteristics of ice crevasses in the area of the runway:

1 — radar profiles within the runway; 2 — radar Profiles 1 and 2 studied in the article in detail; 3 — crevasses identified in the time sections
routes and classified as safe; 4 — wide crevasses detected in transverse sections; 5 — points of visual inspection of crevasses and their num-
bers; 6 — runway boundaries; a — snow-firn layer over crevasse 74; 6 — crevasse T4; ¢ — crevasse 175; ¢ — top view of crevasse 75

0,15 M, XOTg B TOYKE MPOXOXKICHUSI IeOpaJapHOro Hy, IPY 3TOM IIMPHHA €€ Ha BCEM BUIMMOM IPOTSI-
poduIst MOIIITHOCTh MOCTa cocTaBmia okKoyio 0,5 M.  XXeHUM U3MeHseTcsl B Auara3oHe 3HadyeHuit 0,17—
TpemmHa npocnexuBaeTcsd Ha 06NbIIyio rayou- 0,2 M. ASUMYT IIPOCTUPAHUS TPEIIUHBI — 127°.
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Ilo pe3yabraTamM BU3yaJbHOTO OOCIIEIOBAHMS
TpEeIIVH YCTAaHOBJIEHO, 9TO TpemuHBl T2—T5 pac-
IoJjlaraloTcsl B cpemHeM Ha rimyouHe 0,5 M 1mox ciioem
JIbIIa BBICOKOM MPOYHOCTH, pa3pylIeHNe BO3MOX-
HO JIMIIb TP BO3HUKHOBEHUM OOJIBIINX TOYEU-
HO HaIlpaBJIeHHBIX Harpy3ok. lllmpuHa TpemuH B
X IIPUIIOBEPXHOCTHOI YacTu cocTapisieT 0,2 M u
no rryounsl 1 M He npesbimiaet 0,3 M (cM. puc. 4).
BrInostHeHHEIE MCCIeTOBAaHMS II03BOJISTIOT OTHECTH
TPeIIMHBI K pa3psiny He OIMaCHBIX UL IIPOBEICHUS
TPaHCIIOPTHHIX onepaunii. Kpome Toro, comocrap-
JIeHNE a3UMYTOB Pa3BUTHS TPELIMH W HAIIpaBICHMS
MapIIpyTOB T'eopagapHOil CETU MOATBEPXKIAeT IIPe-
MMoJI0XKeHNe 00 MCKaXKeHUN UCTUHHBIX pPa3sMepoB
Ppa3pBIBHBIX HapyIIeHWi. Tak, a3uMyT IIPOCTUPAHMS
TPELINH B CpeTHEM COCTaBIIsIeT 127°, B TO BpeMsI KaKk
HaIIpaBJIeHHe TIPOIOIbHBIX ¥ IOIIEPEIHBIX MapIIpy-
TOB — 61 1 151° coorBeTcTBeHHO. MCcxomsd U3 3T0TO,
MOTIEPeYHbIE MaPIIPYTHI IIEPECEKAIOT TPEIIMHEI IO
yIjoM 24°, a mpoaosbHble — 1o yrioM 67°. [TosTto-
MY OIHU M T€ XX€ TPEIIUHBI Ha ITOIIepeYHBIX pa3pe3ax
MIPEICTABIISIOTCS 3HAYUTENIFHO IIMpPE, YeM Ha IIpo-
nonbHEIX. [1pu mepecuére pacCTOSTHUI MEXITy CTEH-
KaM# TPEIIUH C YIETOM a3UMYTOB UX IIIMPHUHA COB-
T1ajia ¢ HaTypHBIMU MCCIICIOBAaHUSIMMU.

I'ianuosiornyecKune HCcaeI0BAaHUA B paiione
B3JIETHO-TIOCAI0YHOM MOJIOCHI

OCHOBHOH 3amadeil IISIUOJOTUISCKUX HC-
clIemOoBaHMU OBLIO OIIpeneeHNE IUNIOTHOCTHEIX U
CTPYKTYPHBIX XapaKTEPUCTUK MEPBBIX 5 M JICTHU-
KOBOI cpenbl OT THEBHOM ImoBepxHocTU. [110THOCT-
HOI1 aHaJIM3 B 3TOM CJIy4ae CIIyKIWI OCHOBAaHHUEM UL
OLIEHKM IIPOYHOCTH BepXHEI YacTH pa3pe3a — OTHO-
MY M3 BaXKHEHIINX KPUTEPHUEB C IIO3UIMI Oe30I1ac-
Holt opranus3auuu BIIIT gnst camoJIETOB Ha JIBIK-
HoM 1maccu. CorjlacHO HOpPMAaTUBHBIM JOKYMEHTaM
(BCH37-76, 1976), mpoYHOCTHBIE CBOWCTBA TO-
BEPXHOCTHOM YaCTH JIeAHWKA C INIOTHOCTBIO CHEra
meHee 400 kr/m> MoryT 6bITh onacHbl aisa BITIT.
KpomMe Toro, xapakTep U3MeHEHUs HE TOJbKO IUIOT-
HOCTHBIX, HO U CTPYKTYPHBIX OCOOEHHOCTE! CTpo-
€HMS TIPUIIOBEPXHOCTHOM YacTH JIeMHUKA TaKXKe
MO3BOJISIET OLIEHUTh MPOYHOCTHBIE CBOMCTBA JIEAHU -
KOBOM TOJIIY U, KaK CJIEACTBUE, IIPUTOIHOCTD ILJI0-
IIAIKY 171 OpraHU3alliy JIEAOBOIO a3poapoMa.

BypoBbie paboThl ¢ MOCAEAYIOIIUM OTOOpPOM
KepHa BBINOJHEHBI BAOJb riaBHoi ocu BITIT (cwm.

puc. 2). Kepust Ne 1 u 4 monydeHH B 3alagHO U
BOCTOYHOI 9aCTSIX MCCIEAYEeMOTO y4yacTKa, COOT-
BeTCTByOIIMX Havany u KoHIy BIITI. CkBaxxuHBI
IJ1si oToopa KepHOB Ne 2 M 3 HAXOIMJINCh B LIEH-
TpajbHOM YacTu aspoapoma. Ha puc. 5, a naH ctpa-
TUTrpadUISCKU aHAJIN3 10 KaXI0MYy KepHY B IIpe-
nenmax BIII, a pa puc. 5, 6 mi1st oTOOpaHHBIX KEPHOB
MpUBENECHBI IUIOTHOCTHBIE IPO(UIN, KOTOpPhIEe Ha-
IJISIAHO IEMOHCTPUPYIOT U3BMEHEHNE CTPOSHUS JIeI-
HUKOBO TOJIIIM 110 MEPE MPOABIKEHMS BIOJIb I10-
CagOYHOM IUTIOIIAAKH C 3aIlafa Ha BOCTOK.

CornacHO JaHHBIM CTpaTUTPaGUIECKOTO aHATT-
3a, 110 Beell mjiuHe kepra Ne 1 o riyounsr 3,39 M, 3a
HUcKIoueHneM TepBhIX 40 cM, 0TOOpaHHEBIN 00pa3eln
npencTaBisieT coboit nén. B mpenmemax rmyoun 0,4—
2,1 M obOpa3selr mpeacTaBiasieT cOO0¥ MPO3pavHbIi
JIED 6 ¢ MaJIBIM KOJIMYECTBOM BO3IYIIHBIX X CHEX-
HBIX BKJIFOYEHUI1, OMHAKO 110 Mepe YBEIUMUEHUSI IIy-
OMHBI 0TOOpPA KEpHA KOJIMYECTBO UX BO3PACTAET, YTO
JaJI0 BO3MOXHOCTD B paMKaX CTpaTUIpauIecKo-
ro aHaju3a BBIACIUTD TUII Jbaa 8. Kpome Toro, Ha
ryoune 1,07 M ycTaHOBJIEH CJI0I MaTOBOIO JIbaa 7
tonmuHOM 10 cM. Pe3ynbTaThl IIJIOTHOCTHOTO aHa-
ym3a KepHa Ne 1 mokazanu, uyto mnepseie 40 cM KepHa
UMEIOT 3HaUYeHUd TuIoTHOCTH 471,9—513,4 Kr/M™M3,
YTO COOTBETCTBYET ciioto dhupHa. Jlanee, mpu rnepe-
XOJle K CJIOIO JIblla, IIJIOTHOCTHBIE XapaKTepUCTU-
KM CYIIECTBEHHO YBEJIMYMBAIOTCS IO 3HAYCHU
840,9 xr/M>. 3aMeTHA pa3HULIA U B 3HAYEHUSIX TUIOT-
HOCTe IJIs JIbaa 6 W JIbIa &, OTIIMYAIOIIMNXCS KOJIH-
YeCTBEHHBIM COJepKaHUEM BKpaIlJICHUM cHera 1
Bo3ayxa. [1JIoTHOCTB kA 6, AJisi KOTOPOTO Xapak-
TepHa BBICOKAsl CTEIIEHb OMHOPOIHOCTU CTPYKTY-
pbl, mocturaer 906,5 kr/m3. Hanuuue 60bIero Ko-
JIMYeCTBa BKJIIOUEHUI B IIpeeliax pa3BUTHS Jibaa &
CHUKAET OOIIYIO TJIOTHOCTb 3TOTO JibAa A0 3Haye-
Hus 878,5 kr/M3. JIOKaNbHBIA MUHUMYM IZIOTHOCTH,
paBHBIit 863,5 Kr/M3, Ha youHe 1,1 M Takxke Kop-
penrpyeT C MPOCIOEM MaTOBOIO Jibaa 7.

Hnst kepna No 2, 3a UCKJIIOUEHUEM €r0 BepxHeit
4yacTu, KOTopas MpeacTaBlieHa PBIXJIbIMU OcCagKa-
MM, XapaKTepHO JeaoBoe cTpoeHue. Ha mpotske-
HUM BCell rMyOMHBI 0TOOpa KepHa BhIAEAECHBI ABa
OCHOBHBIX THUIIA JIbAA — JIEN 6 CO CPABHUTEJIBHO HE-
0O0JIbIION KOHLIEHTpallMel BKIIOYEHU BO3ayXa U
CHera, a Takxe Ji€n 7 ¢ MaToBoU TekcTypoii. ITpu
3TOM JIEA TUIIa 7 B OCHOBHOM XapakTepeH IJis 00-
pa3loB KepHa, OTOOpPaHHBIX OJIMXKe K THEBHOM MO-
BepxHOCTU. OMHAKO IT0 Mepe YBEIUYEHUS TIyOMHBI
B CTPOECHUM KepHa Ipeobiiagaolias pojib OTBOINT-
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Puc. 5. Crpaturpacdnyeckuii ¥ TJIOTHOCTHOM aHaIN3 KepHOB Ne 1 — 4:

a — CTpOEHME JIEMTHUKOBOM TOJIIIIM BIOJIb IIABHOM OCH ITOCAIOYHOM MOJIOCHL: | — IIOBEPXHOCTHBIE CHEXXHBIE Ocanku; 2 — GUpH; 3 —
nén; 4 — GUpH MOHWXKEHHOM IUIOTHOCTH; 5 — IUIOTHBINM (DUPH; 6 — MPO3PavYHbIi JIE ¢ MAJIBIM KOJIMYECTBOM BO3MYIIIHBIX M CHEXKHBIX
BKJIIOUEHUIT; 7 — MaTOBBIN JIEN; § — MPO3payHblii JIEA ¢ OOJIBILIMM KOJUUYECTBOM BO3MYLIHBIX U CHEXKHBIX BKITIOUEHUIT; 9 — CHEXKHO-
(GupHOBBIE IMH3BI; /() — y4acTKU pa3BUTHS TPELIMH; 6 — IJIOTHOCTHBIE TTPOMUIN, IIOCTPOSHHBIE 11T KepHOB Ne 1 — 4

Fig. 5. Stratigraphic and density analysis of cores No 1 — 4:

a — the glacial structure along the runway axis: / — surface snow layer; 2 — firn; 3 — ice; 4 — low-density firn; 5 — high-density firn;
6 — crystalline ice with a small number of air and snow inclusions; 7 — matte ice; § — crystalline ice with a large number of air and
snow inclusions; 9 — snow-firn lenses; /0 — areas of crevasses formation; 6 — density profile for cores Ne 1 — 4

cs Ay 6. Kpome Toro, mist ctpykTypbl KepHa Ne 2 B pa3pyliueHuio. B ¢Bs3u ¢ HapyllleHreM LeJI0CTHOCTH
OTJINYME OT APYTMX YIACTKOB OypeHHUs XxapaKTepHa o00pa3loB IUIOTHOCTB JibJa B MpeaesiaX CKBasKUHBI
pa3BHTAast TPEIIMHOBATOCTD /0, TOATOMY TIpY OTOOpE  HEe MOIJIa ObITh pacCUMTaHa Io BCei AJMHE KepHa.
00pa3lIoB HEKOTOPhIE YYaCTKM KepHa rmoasepraauch [lpu aHanamse mpoduisi TUIOTHOCTU BbISIBJICHBI 1Ba
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JIOKaJIBHBIX MUHUMYyMa — 5333 n 428,5 kr/M3, co-
OTBETCTBYIOIINE CJI0I0 (pMpHA B BEpXHEM YaCTH JIe -
HHMKa 1 00pa3ily Ha [iIyouHe 3,6 M, IOABEPXKEHHOMY
dopmupoBanmio TpemnH. Takke Ha oTMeTKe 4,2 M
00HAapYyKEHO JIOKaJIbHOE IIOHIDKEHIE TNIOTHOCTH 10
701,9 kr/mM3, conocTaBUMOIi IO pe3yJIbTaTaM CTpa-
TUrpauIeCKOro ONMUCaHus C IMPOCIOeM MaTOBO-
ro Jbpaa 7. B ocTaabHOM ILUIOTHOCTb AJis1 0Opa3LoB
JIbJa, HE MOABEPKEHHBIX pa3pylLICHUIO, COCTaBUIIA
836,63—894,9 kr/m>.

YyacTtok otbopa kepra No 3 pacroyioxeH BOC-
TOYHEe MyHKTa KepH N2 2 Ha pacCTOSTHUM BCETO
200 M, omHaKO MpY CpaBHEHUU CTpaTUrpaduyecKo-
IO OIMCAHMS B 3TUX ABYX CKBaXKMHAX HAOIOMAIOTCS
SIBHBIC Pa3JIN4Ks B CTPOCHUHM JICATHUKOBOM TOJIIIIN.
It kepHa Ne 3 xapaKTepHBI CI0u (hMpHA MOIITHO-
ctbio 40—50 cM, B CBSI3U C YeM CTpOEHUE JIeAHUKA B
3TOM ITYHKTE UCCJICTOBAaHUI MOXHO XapaKTepHU30-
BaTh Kak IepecianBanue ¢upHa 5 1 1paa 6. Takke
OTMEYaeTCsl HAIMYNE CHEXHO-(UPHOBBIX JTUH3 9,
IIPOYHOCTHEIE CBOMCTBA KOTOPHIX YCTYMHAIOT IIPO-
ciosiMm ¢upHa 5. Cnoucras CTpyKTypa OTOOpaHHO-
ro KepHa IIpearoaraeT 3HaduTe/IbHBIC KOJIeOaH!s
IUTOTHOCTH O0pa3LOB Ha BCEM ITPOTSKEHUM CKBaXKH -
HBI, YTO M IIPOAEMOHCTPHUPOBAHO HA IIJIOTHOCTHOM
npoduie puc. 5, 6. IIpr 35TOM MUHUMYMBbI TIJIOTHO-
CTU 00pa3loB, BAapbUPYIOILIUX B Auana3zoHe 432,7—
639,5 Kr/M3, KOPpeIUpPYIOT C Y4acTKaMU 3aJeraHusl
(upHOBBIX IpocoeB. MparMeHTHI KEpHA, IIPeICTaB-
JICHHEBIE JIBAOM 6, XapaKTepU3yIOTCS MTOBBIIIICHHBIMU
3HaYeHUAMM TUI0THOCTH — 820,9—898,8 Kr/M>.

Kepn No 4, otobpanHbIil B KoHIle BIIII, xapak-
TepU3yeT U3MEHEHUE B CTPOEHUU BEepXHEN YacTu
JIeTHUKOBOTO mokpoBa. Ha BcéM mpoTskeHUU
CKBaXXMHBI (PUKCUPYETCS OJHOPOAHAS IO CBOe
CTPYKTYype cpena, mpeactaBieHHass GUpHOM S U
CHEXHO-(MUPHOBBIMU MPOCIOSIMU MOHUKEHHON
MpoYHOCTH 4. B paMKax BBINOJTHEHUS MIOTHOCTHO-
ro aHaju3a oTMedaeTcs obllee MOHMXEHUE MJI0T-
HOCTHBIX CBOWCTB Cpedbl, KOTOPbIE BapbUPYIOT B
nuanasoHe 417,7—559,2 kr/M3, HO 110 Mepe yBeJu-
YeHUs TITyOMHBI 0TOOpa 00pa3loB IJIOTHOCTh ILIa-
HOMEPHO BO3pacTaeT IO CPaBHEHUIO C JaHHBIMU,
MOJYYEHHBIMU MPU U3ydeHUU KepHoB Ne 1, 2 u 3.

PesynbTaThl ucciemoBaHUs MJIOTHOCTHBIX
CBOMCTB BEpXHEI YacTH JIEITHUKOBOW TOJILIU ITOKa-
3aJIM, YTO 3HAYEHMSI TUIOTHOCTEH B mpenesax 1 M ot
JHEBHOM MOBEPXHOCTU NpeBbiaioT 400 Kr/m3, T.e.
BEJMYVHY, YCTAHOBJEHHYIO HOPMAaTUBHBIMM aKTaMU
(BCH37-76, 1976). OcHOBBIBasiICh Ha 3TOM KpHUTE-

pyy, DaHHBIA YYaCTOK OBLI IMPU3HAH ITOIXOASIINM
nis1 opranuzauuu BITIT nengoBoro aspoapoMa B paii-
oHe ctaHuMu Pycckas. YTo ke KacaeTcsi CTpOSHUS
CaMoOro JIeAHUKA 0 TJIyOMHBI 5 M, TO HEOTHOPO/I -
HOCTH, IIPEICTaBIICHHBIE TPEIIMHOBATOCTHIO 00pa3-
LIOB Ke€pHA, ObUIM BBISIBJICHBI B IIpeneIax HeOObIINX
110 MOIIHOCTH IPOCJIOEB JIbAa TOJIBKO IIPU aHAIN3e
kepHa Ne 2. Ilozxe, BOMM3M IMyHKTa OTOOpa KepHa
Ne 2 na rmyoune 0,7 M Obl1a oOHapy:kKeHa TpelrrmHa
mmpuHOM okoso 0,3 M. HapyleHne 11e10cTHOCTH TO-
PU30HTOB JIbAA MOXKET OBITh CBI3aHO UMEHHO C IIPO-
mneccaMy o0pa30BaHUs TPEIIMHEI, CJIEIOBATEIbHO, B
HEIIOCPEICTBEHHOM OJIM30CTH OT CKBAXKMHBI JIGTHU-
KOBas cpela MMeeT 00JIee BRICOKYIO IIPOYHOCTb.

Pe3yabTaTni

Ha ocHoBaHMU MHTEpIIpETallNY TeOpamapHbIX
IAHHBIX MHOTOYMCJICHHBIE OOHAPYXEHHBIE TPEIIH-
HBI ObLIN KJIacCU(UIPOBAHBI B COOTBETCTBUM C
nX MOopGOMETPUICCKUMU XapaKTepucTukamu. Ha
puc. 2 TTI0Ka3aHbl 30HBI Pa3BUTHUS TPEIIUH IO CTe-
MEHU UX 0€30IIaCHOCTU B IIpeaesiax UCCICAYEeMOTO
y4JacTKa JiegHHKa. 30Ha 5, 0003HaUYeHHAas Ha puc. 2
3¢JIEHBIM LIBETOM, OTPAaHUYMBACT PaiioH, IS KOTO-
pOro xapakTepHa HU3Kas TMHAMUKA JIEAHUKA BBUILY
€ro PacIioJIOKEHHUSI B HETIOCPEACTBEHHOM OJIM30-
CTHU OT COITOK oa3mca. JIBiKeHue JIeMTHUKOBBIX MacC
31eCh IIPAKTUIECKU OTCYTCTBYET, YTO MPEIIIojIaraeT
M OTCYTCTBHE TpemuH. 1o maHHBIM reopagnoaoKa-
LY B IIpeAeJiax 30HbL 5 B TeJIe JIEAHUKA OTCYTCTBYIOT
Ppa3pbIBHBIC HApYIIEHUS JaXKe HeOOJIBIIIOro pa3Mepa,
MO3TOMY YJ4acTOK S ObLI oIpeaesiéH Kak 0e30MacHbIi
IUTSI TIpO€e3/1a CTAHIIMOHHOTO TPaHCIIOPTAa.

KénTeiM IBeTOM 0003HaUYeHa 30Ha 6 — paitoH
(opMupoBaHNS OCHOBHBIX HAIPSKEHUN B TeJle
JnegHuKa. B rpaHuiiax aToil 30HbI, B OCHOBHOM, 00-
Pa3yloTcs TPEIIMHBI IUPUHOI 10 0,6 M, 4TO MO3BO-
JISIET CUMTATh 3TY 30HY HE OIACHOM JJISI ITPOe3aa Iy-
CeHMYHOU TeXHUKH. B mpemenax 30HBI 6 KpacHOM
IITPUXOBKOM IMOKAa3aH y4yacTOK 7, TIe IO pe3yib-
TaTaMm reou3nueckux paboT BOIU3U MTOBEPXHOCTHU
ObLIM BBISIBJIEHBI TPEIIWHBI IIUPUHON OoJiee 1 M.
DTa 30HA moABepxKeHa Hanuboee NHTCHCUBHOMY
Ppa3pylIeHNIO, II0O3TOMY OHA OLIEHMBAETCS KaK OItac-
Has IUIsl IIpoe31a CTAaHIIMOHHOTO TPaHCIIOPTa.

YyacTtok pa6ot 4 (cMm. puc. 2) B ipeaenax BITIT
pacriojiaraeTcs B mpeienax 30H 5 U 6, He OIacHBIX
111 TPAHCIIOPTHBIX omepanuii. Ha ocHoBaHum aHa-
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JIN3a IUIOTHOCTU JIblla BAOJb y9acTKa 4 yCTaHOB-
JICHO, YTO IIJIOTHOCTHBIE CBOMCTBA BEepXHEil 4acTu
JIETHUKOBOU TOJIIIINA COOTBETCTBYIOT HOPMATHUBHEIM
3HAYECHUSIM [JISI TI0CATOYHON ITOJIOCHl CaMOJIETOB
Ha JIbKHOM 1accu. Ilo pesyiabTatam paboT cae-
JIaH BBIBOJ, YTO OTPaHMYEHHBIN y4acTOK JIEAHU-
Ka 4 MpUrojieH ISl OpraHU3alluy IMoCaT0YHOM 110~
IIaJKHA CaMOJIETOB Ha JIbKHOM Itaccu. OmHako npu
MOCJIEeAYIOIIMX MOHUTOPUHIOBBIX paboTax ciaeayeT
YYUTHIBaTh, YTO IIMPOKME TPEIIMHBI 30HBI 7 op-
MUPYIOTCSI B HEIIOCPEACTBEHHO! 0JIM30CTU OT IIEH-
TpaJIbHOI YacTH pa3MedeHHOTO a3poIpoMa.

JList 6e301macHOro npoesaa oT craHuuu Pycckast
K palioHy OpTaHU3alluM MOCATOYHOMN MJIOIaaK1
ObLIa peKOMEHIIOBaHA TEPPUTOPHS B IIpeaeiax 3e-
JIEHO 30HBI 5. OpraHu3alys Tpacchl B Hemocpe-
CTBEHHOI OJIM30CTU K CONKAaM 0a31ca MO3BOJUT
WCKJIIOUUTh aBapUHbIE CUTYallUM U 00€CIeYUTh
0e30MacHOCTh Mpoe3aa CTAaHIIMOHHOIO TpaHCIOpTa
K B3JIETHO-ITOCAIOYHOM MOJIOCE.

3akinouyeHue

B xoxe pabot B ce3oH 65-if PAD (2019/20 1.)
BBITIOJIHEH KOMILIEKC TIISIHAOTe0DU3NIeCKIX NC-
CJICIOBAaHUIA, IIeIb KOTOPHIX — OIIcHKa Oe30I1acHO-
CTU yYacTKa JIeMHUKA, ITpeaHa3HAYeHHOTO TSI Op-
raHMu3aluy B3JIETHO-TIOCAJOYHOM ITOJIOCHI B pailoHe
ctaHuuu Pycckasi. I3ydeHbl 0COOEHHOCTH CTpOe-
HUS JIETHUKOBOM TOJIIIM B €€ MPUIIOBEPXHOCTHOMN
YacTU U CAeJIaHbl BBIBOJBI O IPOYHOCTHBIX CBOM-
CTBaX Cpelbl HA OCHOBAaHUU CTpaTUTpapuIecKoro u
IUIOTHOCTHOIO aHaJin3a KepHoB. I1lo uroram reopa-
JIapHBIX padOT ompeneaeHbl 3aKOHOMEPHOCTHU pa3-
BUTHS JIETHUKA 1 0003HAYEeHBI TPaHULIBI (POpMU-
pOBaHUS CHEXHO-(GUPHOBOU Toiamu. [1o maHHEIM
reopagroIoOKalluy B IIpeAeiiax UCCIeayeMOM Tep-
PUTOPUY BBISIBJICHBI Y4aCTKM C MHOTOUMCIIEHHBI-
MU TpellIMHAaMM, KOTOpbIe KIacCU(PUIIMPOBAHBI 1O
CTENEHU WX OMMACHOCTUA U OTHECEHHBI K OTIEIbHBIM
30HaM. [1o uToraM BBEIIIOJIHEHHBIX padOT B Tpene-
Jlax yJacTka JIeMHMKa, I1e CyIleCTBOBala B3JIETHO-

JIutepaTypa

Boimrosckuii K.®. OcHossl rsguunonoruu. M.: Hayka,
1999. 256 c.

BCH37—76. UHCTpyK1IUs IO MTPOEKTUPOBAHUIO, CTPOU-
TEJILCTBY M OIIEHKE 3KCIUTyaTallMOHHOW MPUTOIHO-

TocagoyHas nojioca a0 KOHCepBaluu cTaHuuu Pyc-
ckasg B 1990 r., oOHapyXeHbl TOJAbKO HEOOJIbIINE
TPELIMHbBI, YTO AAJO0 OCHOBAHWE CYMTATh 3TOT y4ya-
CTOK 0€30MacHBIM U MIPUTOIHBIM UISI OpraHU3aiu
aspojapoMa. JlaHHbIE KEPHOBOTO OYpeHUs MO3BO-
JIMJIW CAeJIaTh BBIBOMA O BBICOKOM IJIOTHOCTH JIEeN-
HUKOBOM CpeIbl Y MOBEPXHOCTH, UYTO TAKXKE IIPEI-
MoJIaraeT BO3MOXHOCTh OpPTaHU3aIMH I10CATOYHOMN
IUIOIIAIKM JUISI CAMOJIETOB Ha JIBDKHOM IIIACCH.
TaxuMm 00pa3oM, MeTOH reopagloIOKaAIINI B CO-
BOKYITHOCTHU C INISIAOJIOTMYECKIMU MCCIIeI0BaHM -
SIMA MOXHO CYMTATh TOCTATOYHO 3(P(HEeKTUBHBIM
IIJIS BBISIBJIEHUSI OCOOEHHOCTE CTPOCHMSI BEpXHEM
YacTH JIEAHUKOBOM TOJIIY U IPUMEHEHMS 3TOTO
KOMILJIeKCa UCCIEN0BAaHUMI C 1IeIbl0 00ecIieueHus
0€30MacHOCTHU JIOTUCTUYECKUX ONepaluii BOJIU3U
POCCUMCKMX aHTAPKTUYECKUX CTAHLIUIA.

baarogapaocTu. ABTOpBI BbIpaxaloT 06J1arofapHOCTh
corpyaHuky OCO 65-it PAD C.B. KarniHy 3a moMolib
B BBIIIOJIHEHUH TIOJICBBIX Pa0OT; PYKOBOICTBY CE€30H-
Holl akcrenuuuu 65-it PAD B.JI. MapThssHOBY 1
A.H. HukonaeBy 3a HOMOILb B OpraHu3aliui padoT; co-
TpynHukaM AO «Asporeonesusi» E.B. bpoBkoBy u
.B. ®enopoBy 3a IOMOILB [P BEITIOJTHEHNH TTOJICBBIX
n3bicKanuii; cotpyaHuky MOXubI1IT PAH A.A. AG-
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Summary

Assessment of the dynamics of high-altitude glacial lakes is becoming increasingly important in the context
of modern climate instability. The formation of new periglacial lakes and the growth of existing lakes as a
result of the reduction of glaciers are recorded almost all over the world, including Russia. A rapid increase of
a periglacial lake size may lead to the formation of an outburst flood. In this context, in order to prevent out-
burst floods, it is necessary to investigate outburst hazard lakes at all stages of their development. The perigla-
cial lakes of the Altai mountains have been little-studied in comparison with other mountainous areas. At the
same time, they are also characterized by the formation of new lakes during the period of climate nonstation-
arity. It was confirmed by the identified statistically significant trends in average monthly air temperatures
during the ablation period. Based on the analysis of multi-temporal satellite images, it was found that the
number of new periglacial lakes in the high-altitude territories of the Altai Republic (Katunsky ridge, North-
Chuya ridge, South-Chuya ridge and the Tavan-Bogdo-Ola mountain massif) is increasing exponentially. For
a more detailed survey and field hydrological studies, the authors chose the recently formed periglacial Lake
Barsovo and periglacial Lake Gachi-Kol. Both lakes located within the northen slope of the Tavan-Bogdo-Ola
mountain massif. Field observations, which were carried out in July-August 2021, have shown that both lakes
are currently at the transgressive stage of development (growth stage). The transgressive phase of the lakes
development is characterized by a rapid increase in size by the end of the warm period and a complex level
regime on both diurnal and annual scales, due to the fact that both lakes are adjacent to the glacier.
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KnroueBbie cnoBa: npunedHuKossle 03épa, MopeHHbie 03épa, hopmuposarue o3ép, Anmail.

Ha ocHoBe aHanu3a WU3MeHUYMBOCTU FMAPOSIOro-MOPPOMETPUYECKMX XaPAKTEPUCTUK 03EP C NMpUMeHe-
HMEM CMYTHWKOBBIX M306paXeHW U JaHHbIX MNOMEBbIX IMAPOIOrMUECcKX HabMoAeHWNA, BbINMOMHEHHbIX
aBTopamu B utosie — aBrycte 2021 r., onucaHbl 0COBEHHOCTY TMAPOSIONMUYECKOTO peXrMa ABYX npunes-
HNKOBbIX 03€p C TPAHCrPeccMBHON Gpa3ol Pa3BUTYA, PACMONOMKEHHbIX Ha TEPPUTOPUN FOPHOIO Macc1Ba
TaBaH-borgo-Ona (Pecnybnuka Antai).

BBenenne

B ycimoBugX coBpeMeHHOTO N3MeHEHUS KJTmMaTa
npobyieMa OLlEHKW TUHAMWUKY JIMMHOISIINATBHBIX
CHCTEM CTAaHOBUTCS BCE 0OJIee 3HAYNMMOU B CBSI3U C
MX HeCTaOMJILHOCTBIO. BBICTPHIN poCT MpuaeIH-
KOBOTO 03¢pa MOXET IMPUBECTU K OCIa0JIEHUIO IO/~
NPYXMBAaIOLIEH MepeMbIYKY B Pe3yJIbTaTe YCUICHUS

BO3IeicTBUS psiaa ¢pakTopoB (MepeuB, MHTEHCUB-
Hasl puIbTpalMs yepe3 KaHajabl CTOKa B MOpPEHeE,
TasiHUE S1Iep NOTPEOEHHOTO Jib/la, BbI3BIBAIOILIETO
MpocaaKky IpyHTa) U NpopwiBy o3epa (Bunorpamo-
Ba u ap., 2017), nocaeacTBUSIMU KOTOPOrO MOTYT
OBITh CEpbE3HBIE pa3pyIIeHUsT TEPPUTOPUIL, pacIio-
JIOXKEHHBIX HIKE I10 TOJMHE, U rudens moaein. Co-
BpPEMEHHBIE UCCIIENOBAaHMS, TOCBSAIIEHHbIE aHATIU3Y
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pacupocTpaHEeHUSI MOPEHHBIX 03€p, UX TUHAMU-
ke 1 ripopeiBaM (Hoxkykua n Illarun, 2014; Shugar
et al., 2020; Harrison et al., 2018; Veh et al., 2019),
MOATBEPXKIaloT (pakT 0O0pa30BaHMUSI HOBHIX 03Ep U
POCT yXe CYIIEeCTBYIOIINX B pe3yJbTaTe COKpaIIe-
HUS OJICICHEHMS TOPHBIX MAaCCUBOB MPAKTUIECKN
110 BCeMy MUpY, B TOM 4mcie U B Poccun.

B cratpe (Shugar et al., 2020) paccMoTpeHa ou-
HaMMKa MPHUJISTHUKOBBIX 03&p, MX pacIIpocTpa-
HeHMe 110 BCEMY MUPY Ha OCHOBE CHYTHUKOBBIX
cHUMKOB ¢ 1990 mo 2018 r. AHanM3 IMoKasai, 4To 3a
HCCIIeIyeMbIil TIePHOM YUCIIO 03€p U MX O0IIas IJI0-
LIaah YBEIMYWINCh Ha 53 1 51% COOTBETCTBEHHO.
Campblie OBICTpPO pacTymine o3€pa (ITo TTOIIaan)
(Shugar et al., 2020) pacrojioxkeHbl B CKAaHIWHAB-
ckux ctpaHax, Mcnanaguu u Poccun. MexnayHa-
pOIHBIN KOJJIEKTUB ucciaenoBateneid (Harrison
et al., 2018) mam rmobGabHYIO ITPOCTPAHCTBEHHO-
BPEMEHHYIO OIICHKY IIPOPBIBHEIX IIaBOAKOB, 00pa3y-
FOIIIMXCS IIPU IIPOPBIBAX MOPEHHBIX ITPUJIC THUKOBEIX
03€p. Jluist onleHKM BbIOpaHbl 165 MOpeHHBIX 1aMO,
pacnonoxeHHbIX B Anbnax, ITamupe, TsaHb-I1laHe,
T'mmamasax, CILHA u IOxHO0II AMeprKe. DTa OIeH-
Ka ma€T IpeacTaBlIeHne 00 NCTOPUUISCKUX TeHICH-
LIUSIX IIPOPBIBHBIX ABOAKOB U MX pacIlpeie/IecHUN B
YCIIOBUSIX HBIHEIITHETO U OYIyIIero II00aIbHOIO 13-
MEHEHHUS KJIMMaTa. Y CTaHOBJICHO BO3pacTaHUE Ja-
CTOTHI IIPOPBHIBHBIX ITABOIKOB 1 MX PETYISIPHOCTHU B
1930 1., 9TO, BEPOSITHO, IIPEICTABIISIET COOOM 3arma3-
IBIBAOIIIYIO PeaKIINIO Ha MOTEIUICHUE ITOCIe MaJIOrO
JleqHUKOoBoTO Treprona (Harrison et al., 2018).

HayuHoe uccinegoBaHue y4éHbix u3 ['epmaHuun
(Veh et al., 2019) mmocBsIIIeHO BEISIBICHUIO IIPOPHI-
BOB MOPEHHBIX 03€p B I MMatasix Ha OCHOBE aHaJIM3a
CIIYTHUKOBBEIX CHUMKOB Landsat ¢ 1980 mo 2017 r. B
pa6ote (dokykuH, Illarun, 2014) npuBeneHbl JaH-
HBIE O IMHAMMKE JICTHUKOBBIX 03P C IIOA3eMHBIMU
KaHajlaMM CToKa Ha Tepputopuu KabdapauHo-bai-
Kapckoit Pecnyonukn (LlenTpanpubrii KaBkas) n
IPYIUX TOPHBIX PAaliOHOB.

M.A. doxkykuH (JdoxykuH, 2014) Ha ocHOBe Ma-
tepuanoB /133 paccMorpen ycinoBusa ¢GopMUpPOBa-
HUS U TOCJIeICTBUS IIPOPBIBHBIX ITaBOIKOB B I'1-
Manasax, AHIax 1 Ha AjiTae, OLeHWI MacIITaObl 1
YCTaHOBUJI MEXaHU3MbI IIPOPHLIBOB 03€p. YUEHbIE U3
Yexun n HIseimapnu B 2013 1. co3manm oHnaifH-0a-
3y JaHHBIX IIPOPBIBOB IIPMJICTHUKOBBIX 03€p, B KOTO-
poii ecTb MHGOPMAIIHS O MECTOIIOJIOXEHUN 03€p, UX
THIIE, TOAIIPYKUBAIOIIEH ITepeMBIYKe, 00bEME IIPO-
PBIBHOTO MAaBOIKAa 1 ylIepOe OT IIPOPHIBa, a TAKXKe

0 TOM, KaKMM 00pa3oM MPOM30LIET MPOPHIB, KAKOB
ObU1 TpUTrTepHbIi MexaHu3M. OIHaKO OTKphITas 6a3a
JAHHBIX HA HACTOSIIIKI MOMEHT OXBaThIBAET TOJIBKO
tepputropuu Ilepyanckux Ana, ITataroHckux AHA 1
Kopaunbep (Emmer et al., 2016).

B crarbe (UepHomopen u ap., 2015) BrnepBbie
JJ1 TeppUTOPUM parioHOB 3ebak U BaxaH (MpoBUH-
s bapaxman, ropsl CeBepHoro A¢graHucraHa) Ha
OCHOBe Jelln(GpUPOBaHUs CITyTHUKOBBIX CHUMKOB
Landsat-8 OLI npuBeaeHa nHpopmMalus o KaTajao-
re 03ép, KOTOphbiii BKIt0YaeT B ce0s1 347 0OBbEKTOB.
B HéM a1 Kaxkaoro o3epa MpUBEICHBI CleAylole
XapaKTepUCTUKU: MECTOMOJOXEHUE, TIJI0LIAlb, BbI-
coTa ype3a BOJIbl, MOJOXEHUE OTHOCUTEIbHO JIeI -
HHUKa, TUN CTOKa U3 03epa, TUIT MOANPYKHBaKOLIei
TUIOTUHBI, KACKagHOCTb 1 Ap. COrIacHO BBIMTOJHEH-
HOMY MCCJIEIOBaHMIO, Goblas yacTh 03€p (60%)
MOATpYXeHA MEePEMbIYKOM, CIIOXKEHHON M3 MOpPEH-
HBIX OTJIOXKEHUIA.

BricokoropHbie 03épa TeppuTopumn AnTas Mo
cpaBHeHMI0, Hanpumep, ¢ KaBkazom u I'mmanasamu
HCCIeIOBaHbl MaJlo, XOTs IJISl BBICOKOTOpUit AnTtast
B MOCJIeAHE TOAbl TAKXKE XapaKTepHO 00pa3oBaHUE
NpUIEIHUKOBBIX 03¢€p. Tak, Ha TEpPUTOPUU TOP-
Horo maccuBa MonryH-Taiira (FOro-BocTtouHbiit
AnTait) y nemHuka Ne 24 aBTopbl BO BpeMsI TTOJIEBBIX
pa6ot 2019 r. 3adpukcrupoBaIr HEJaBHO BO3HUKIIIEE
U yBeJM4MBalolleecs B pa3mepax o3. Maioe (Pac-
nyTuHa u ap., 2021). HacTtosmas cratbst mpoaoka-
eT cepMIo paboT, B KOTOPBIX pacCMaTpUBaINCh BO-
MPOCHl PAa3BUTHUSI MOPEHHBIX MPUJICIHUKOBBIX 03Ep
IOro-BocTouHoro Anrast, rMAPOJIOTMYECKOro PeXU-
Ma, a TakKe OLleHKU MX npopbiBoonacHocTu (ITpsi-
XuHa u ap., 2021; Pacnyruna u ap., 2021). Paiton
HWCCIeI0BaHUS pacloJioXeH B MpeaesiaX BhICOKO-
TOPHBIX TeppuTopuii Pecriydonuku Antail (poccuii-
cKasl yacTh ropHoro Maccupa TaBaH-borno-Ouia,
IOxnHo-Yyiickuit xpedet, CeBepo-Uyiickuii xpedeT
u KaTtyHckuii xpeber).

Llenpb vcciaeqoBaHus — BBISBUTH OCOOEHHOCTU
TUAPOJOTMYECKOI0 pexkruMa MPUISAHUKOBBIX 03EP B
MepUOJ TPAHCTPECCUBHOM (pa3bl HA OCHOBE aHaJIU-
3a U3MEHYUBOCTHU TUAPOJOro-MOpPOMETPUUECKUX
XapaKTEePUCTUK O3EP C UCTIOIb30BAHUEM CITYTHUKO-
BbIX CHUMKOB UM JAHHbIX MOJIEBBIX TUAPOJOIrMYECKUX
HabOnoaeHuil. B 3agaun uccienoBaHus BXOAUIIO:
MOCTPOEHME TPEHIOB CPENHEMECSIYHBIX TEMIIEpaTyp
BO3/yXa 3a Mepuojl adasIuu (JIETHUE MECSLIbl); aHa-
JIN3 CITyTHUKOBBIX CHUMKOB BEICOKOTOPHBIX TEPPU-
Topuii PecniyOiauku AnTail 1Jisl BRISIBJIEHUSI HOBBIX
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CHYTHI/IKOBI)IC CHVIMKM, VICTIOZTb3YEMbI€ TPV BBINIOTHEHNM aHAIN3a pOCTa NPUIECTHNKOBDBIX OSép

Jata CryTHUK IIpocTpaHCcTBEeHHOE pa3pelleHre, M ID cHumMKa
28.07.1977 r. Landsat-2 60 LM21550261977209AAA03
Landsat Sensor TM MTN-45-45 LOC
25.08.—3.09.1989 r. Landsat-4 30 LT41430261989246XXX02
etp144r26_5t19920622
22.06. — 12.10.1992 1. Landsat-5 30 etp144r25_5t19921012
Landsat-7 EPP144R025_7F20000722
22.07. = 7.08.2000r. | g0 cor ETM+ B EPPI144R026_7F20000807
1577333
1577334
24.08. — 26.08.2016 1. WorldView-2 0,5 1763939
1578810
1578873
17.07.2020 . Sentinel-2 L2A 10 L1C_T45UWQ_A026471 20200717T051132
. LIC_T45UWR_A031905_20210801T050927
1.08.2021 r. Sentinel-2 L2A 10 LIC_T45UWQ_A031905_20210801T050927

MNPUJIETHUKOBBIX 03€p, HA OCHOBE KOTOPOIro ObLIN
BbIOpaHbI OOBEKTHI AJIs1 00Jiee IeTATLHOTO UCCIeN0-
BaHMSI; TI0JIEBbIE TUAPOJIOTUYECKME PAOOTHl Ha BbI-
OpaHHBIX NPUJIEIHUKOBBIX 03€pax Ha TEPPUTOPUU
ropHoro mMaccuBa TasaH-Bbormo-Ouna.

O0BEKTHbI 1 METOIUKA MCCJIeI0BAHMIA

YToOBI yCTAHOBUTH POCT YMCIA IIPUJICTHUKOBBIX
03€p, PaCIIOJIOXEHHBIX HAa COBPEMEHHBIX MOPEHHBIX
OTJIOXKEHMSX U MOPEHaX MaJioro JEIHUKOBOTO Iie-
puona (MJIIT) Ha paccmMaTpuBaeMOUl TepPUTOPUM,
BBITIOJIHEH aHAJIU3 CIIYTHUKOBBIX CHUMKOB 32 ITepU-
on 1977—2021 rr. B nporpamme ArcMap 10.4.1. Ha
CITYTHMKOBBIX CHUMKAaX 03€pa BBIACISUIN IIyTEM BU-
3yabHOTO nemudpupoBanus (Tadbmuia). B kaue-
CTBe 0OBEKTOB MCCIeAOBaHNsI BEIOpaHEI 03epa bap-
coBo U I'aun-Konb, pacronoxeHHble B BOCTOYHOMN
YaCTH MOIIHOTO TOPHO-JIEAHMKOBOTO KOMILIEKCA
TaBaH-borno-Ona (puc. 1), KOTOphIii cuuTaeTCs
BTOPBIM I10 BEJIMYMHE KPYIHEHIINM IIEHTPOM OJIe-
OeHeHUs AJTasi ¢ CyYMMapHOM IJIOIIAABIO JISTHU-
koB 192,39 km2. 3a nocnenHue 44 rona oneneHeHNE
MaccuBa TaBan-bormo-Omna coxpatuiaocs Ha 27,6%
(Ganyushkin et al., 2022).

B paccmaTpuBaemMoM paifoHe pacIpoCcTpaHEHBI
IIBa TUTIA 03&P — TEPMOKAPCTOBBIE I MOPESHHO-IIO-
npyanbie (Pynoit u ap., 2000). B BeicOKOTOpHOIA
30HE BCTPEYaloTCs IIIaBHBIM 00pa30oM KapoBbIe, MO-
PEHHO-TIONMNPYAHBIC U pUTeJie-TIOANPYIHbIE 03Epa.
MopeHHo-nnoanpyaHbIe 03€pa NPUCYTCTBYIOT B
KaXI0M TOPHO-JEIHMKOBOM OacceiiHe U MMEIOT

IV POKUIA BO3PACTHOM IMAIIa30H: OT COBPEMEHHBIX
JIETHUKOBBIX 10 peJIUMKTOBBIX. CTOK U3 TaKUX 03€P
MPOUCXOAUT MYTEM (PUIBTPALIUN CKBO3b MOPEH-
HbIE MIEPEMBIYKU, U TOJIBKO OKOJIO OMHOM TPETH MO-
PEHHO-TIOAIPYIHBIX 03EP UMEIOT ITIOBEPXHOCTHBIN
OTKpHITHIN cTOK. 1o MmaccuBy TaBan-bormo-Omna
MPOXOIUT Bogopasmesl Mexny o6acceitnom Cesep-
Horo JlegoBUTOro okeaHa M BHYTpeHHUM Oacceii-
HOM KoTJIoBUH lleHTpanbHOl A3un. BeiOpaHHbIE
npuienHukoBbie 03épa bapcoBo u I'aun-Koib or-
HOCHTCS K 6acceilHy p. ApryT (mpaBblii TPUTOK
p. KatyHb) u nipeacTaBisitoT co00i NpUIeIHUKO-
Bbl€ MOPEHHO-TIOANPYAHbIE 03€pa, KOTOPbIE HAaXO-
JISTCs y A3bIKa KapoBoro gegHuka Ne 12 (Karanor
nenaukoB CCCP, 1977; Ganyushkin et al., 2022),
iowmanb Kkotoporo Ha 2020 r. cocrasisiia 0,78 k2.
B 1977 r. mowans senHuka 6ui1a 1,33 kM2, T.e. 3a
44 ropa miolanab JeaHuKa cokparmiachk 41%. Cko-
POCTb OTCTyHaHUs Kpast JiemHuka Ne 12 B mepuon ¢
1962 o 2001 r. 6puta HaubGosbIet — 5,1 M/Tom; ¢
2001 mo 2004 r. — nanmensbieit (0,9 m/rom); ¢ 2004
no 2021 T. CKOpOCTh JIEAHUKA paBHSJIACh 4 M/TOJ.
Otcrymanue 1962—1984 IT. MOJIy4eHO € UCMOJIb30-
BanueM ADC u nosieBbIX HAOTIONEHUI, BCE OCTaIb-
Hble JaHHbIE — HEIOCPEICTBEHHO aBTOpPaMM ITyTEM
noyeBbiXx HabmwoaeHuii. MHTEepec K 3TUM 03€pam
CBSI3aH CO CJIOXHBIM YPOBEHHBIM PEXKMMOM BOIIOE-
MOB KaK B CYTOYHOM, TaK U B TOJOBOM pa3pe3se, a
TaKKe C BO3MOXHOCTBIO PACCMOTPETh OCOOCHHOCTH
BOOZHOTO pexnuMa 03. I'aun-Kojb, BO3HUKIIIETO Y
sI3bIKA JIEIHUKA OKOJIO BOCBMM JIET Ha3ad U B HACTO-
SIIIUI MOMEHT HaXOASIIErocsl B aKTUBHOM CTaguu
pocTa U 3alOJIHEHUS CBOEH Yalllu.
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Puc. 1. O6beKT ucciiefoBaHMIA:

i
1 1

a — cXeMa pacroJIOKEeHUs paloHa UCCIEA0BAHUS; 6 — maccuB TaBaH-borno-Ona; I — MeTeocTaHIIuu; 2 — rpaHUIbI TOCYIapCTB

3 — runporpadusi; 4 — JeIHUKU; 5 — OTMETKHU BbICOT, M
Fig. 1. The object of research:

a — the layout of the research area; 6 — the Tavan-Bogdo-Ola mountain range;
1 — weather stations; 2 — borders of states; 3 — hydrography; 4 — glaciers; 5 — elevation marks, m

B pamkax komruiekcHoit akcrienuunu CIIoI'Y B
nionie—anrycre 2021 r. Ha o3épax bapcoBo u I'auun-
Konp mpoBeneHbl ruapojornyeckue paboThl C
LIEJIBIO UCCIEAOBAHUS TUAPOJIOTMIECKOIO pexXuMa

BOOOEMOB B YCJIOBUSIX aKTUBHOI TPaHCTPECCUBHOM
¢asnr pazputus (I[psxuna u np., 2021). I'maposo-
TU4YecKre paboThl IpeaycMaTpyuBaIn: Tuaporpadu-
YeCcKoe oINucaHue 00bEKTOB, CTaHIAPTHbIE TUAPO-
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JIOTUIECKNE HAOIIONeHNS Ha BPEMEHHBIX PECTHBIX
BOIOMEPHEBIX IIOCTaX, OATUMETPUIECKIE CHhEMKU
03€p I MOIYyYCHUST COBPEMEHHOI MH(pOpMaLIUN
0 MOP(OMETPUIECKIX XapaKTEePUCTHUKAX BOTOEMOB,
TaXeOMETPUIECKIE ChEMKU ITPUOPEKHBIX TEPPUTO-
puit 03€p. CtaHmapTHBIC HAOIMIOAEHUSI Ha BOIOMED-
HOM IIOCTY Ha 03. bapcoBO BBHIITOJIHSIIN IISITH pa3 B
CYTKH, a Ha BOIOMEPHOM ITOCTy Ha 03. 'aun-Komb —
Kaxaprii gac ¢ 8:00 go 23:00, Tak Kak 11T 000uX 03€p
yCTaHOBJICHA 3HAUYMTEJIbHAS BHYTPUCYTOYHAS JMHA-
MUKa ypOBHS BOIBL. JIsT OLIEHKM BHYTPUCYTOYHOTO
M3MEHEHUs CTOKA PYYbsl, BRITEKAOIIETo 13 03. bap-
COBO, U3MEPSIIMCH CKOPOCTU T€YSHMSI IIPY IIOMOIIH
rugpomerpraeckoit Beptymku MCII-1 ¢ mocaenyio-
MMM pacyéToM pacXoIoB BOmbI (M3MEpPEHNS BelId B
THEBHOE BPeMsI C JUCKPETHOCTHIO IBA Yaca).
batuMeTpruueckne CbEMKU O3€pP BBIMOJIHSIIN C
HaIyBHOI BECeIbHOM JToaKu. s perucTpain Iiiy-
OMH MCIOJIB30BaIN 3X0JIOT-KapTIuioTTep Garmin
42-cv (Garmin Ltd., USA). ITo pe3yabTaTaMm mpo-
MEpOB IJTyOMH COCTaBJISUIN OaTMMETPUUYECKIE CXEMBI
03€p U ompenesuii MOphOMETPUIESCKIE XapaKTepH-
CTHUKH BOTOEMOB. baTMeTprieckue cXeMbl CTpOH-
71 B KapTorpadudeckoii mporpamme Surfer (Golden
Software Inc., USA) mryrém ¢opMHupoBaHUs TPUIIOB.
I'puabl ryouH 03€p (OPMUPOBATIUCH METOIOM WUH-
teprniojsituu Kriging. ITnomanu o3€p onpeaessuin B
nporpamme ArcMap 10.4.1 (ESRI Inc., USA) Bpyu-
Hy10. OOBEMBI 03€p PACCUMTHIBAIN aBTOMATHYECKH
B niporpamMme Surfer (maHcTpymMeHT Grid Volume).
CxeMbI opopmitstii B porpamme ArcMap 10.4.1. Ta-
XEOMETPHUUYECKYIO ChEMKY ITPUOPEXKHON TEPPUTOPUU
03€p BeIM ¢ UCITOIb30BaHWEM TaxeoMmeTpa Trimble
M3 DR 5" (Trimble Navigation Ltd, USA). /lanasie
00pabaThIBaJUCh 10 METOJUKE, ONMCAHHOU B pado-
te (IlortoB, boponuna, 2019). st n3MepeHUsT TeM-
IepaTyphl ¥ BIaXHOCTH BO3Iyxa B palioHe MpOBeIe-
HUSI TIOJIEBBIX pa0bOT ObLI YCTAaHOBJICH METEOIATINK
EClerk-M-RHT, KoTOpEHIii 3aITMChIBATI METEOPOIIO-
TMYeCKIe XapaKTePUCTUKH C TUCKPETHOCTHIO 10 MIH.

Pe3yabTaThl Hccea0BAHMIA

AHanu3 CIYTHUKOBBIX CHUMKOB BBICOKOTO-
puii Peciyonmmku AnTaii 3a oTaesbHEIE Toabl (1977,
1989, 1992, 2000, 2016, 2020, 2021 rr.) TO3BOJIUI
OIIPEIEIUTh POCT YKCJIa HOBBIX 03EP B CBSI3U C OT-
CTyHaHWEM JIETHNKOB U ITOTEIUICHNEM KJIMMaTa 3a
nocneguue 44 roga (puc. 2, a, 6). O3épa popMupy-

IOTCSI HA COBpeMEHHbIX MOopeHax U MmopeHax MJIIT,
B OCHOBHOM Ha TEPPUTOPHUSIX, BLICBOOOKIAIOIIMXCSI
OT JIEAHMKA, B €T0 IIPUSA3BLIKOBOM YaCTH.

PocTt yncna npuiaeTHUKOBBIX 03€p — pPe3yIbTaT
Jerpaganyy JSAHUKOB U JeTIISIIMALIMU TEPPUTOPUN
B pe3yJbTaTe U3MEHEHUS KJInuMaTa, KOTOpoe, CO-
rnacHo (Btopoit olieHOUHBIN gokian..., 2014), Ha-
yayioch B KoHue 1970 r. IToaTBepxxaeHueM cuMTa-
JOTCS TTOJIOKUTEIbHbIE CTATUCTUYECKU 3HAUMMBIC
TPEHIbl CpeTHEMECSIUHON TeMIlepaTyphl BO3ayxa
nepuoja abasuuu (MIOHb, UIOJb 1 aBryCcT) 3a Me-
puon 1980—2020 rr. (puc. 3), mojaydyeHHbIE MO AaH-
HbIM MeTeocTaHumii (M/c) beprek n Kapa-Tiopek.
MeTteoctannusa beprek pacroyioxkeHa Ha BBICOTE
2146 M B 21 KM K ceBepo-3amany OT MaccuBa TaBaH-
borno-Omna, a M/c Kapa-Tiopek — B 16 KM K ceBe-
py ot KatyHckoro xpe6Ta Ha BeicoTe 2596 M (cM.
puc. 1). B cBsa3u ¢ 3akpeiTemM M/c beprek B 1980-¢
TOAbI PSIIBI CPeTHEMECSIYHBIX TeMIIEPaTyp BO3IY-
Xa BOCCTAHOBJICHBI C MCITOJIb30BaHMEM HAHHBIX
M/c Koni-Aray (BeTunHa KOPPEISIIAN MEXIY Psi-
JaMU 3HaYeHUI TeMIlepaTyphl Bo3myxa Ha M/c bep-
Tek 1 Koui-Araud 3a COBMECTHBIN Mepuoja HabJio-
nenuit cocrasuia 0,9) (I'anomkuH u op., 2017).
IIpoBepka psmOB TOJOBBIX CYMM OCAaIKOB Ha 3Ha-
YMMOCTH ITOKa3ajia OTCYTCTBUE 3HAYUMEBIX TPEHIOB.

Ha rpaduxke (cMm. puc. 2, a, 6) BUAHO, UTO aK-
TUBHBII POCT YMCJIa HOBBIX 03&p HavaJjicsl C cepeu-
Hbl 1990 r., 4yTO CBSI3aHO C 3ama3abIBalollei peak-
LIeil Ha TTOBBIIICHUE TeMIIepaTypsl Bo3ayxa. Poct
yucia 03€p MPOUCXOIUT HelnHelHO. BeIOOpOUHbIH
aHaM3 CIyTHUKOBBIX CHUMKOB 3a mepuop 2000—
2021 rr. No3BOJWJI MPOCAEAUTh UBMEHEHUS TUIO0Ia-
neit 03ép bapcoBo (cM. puc. 2, ¢) u I'aun-Koib (cM.
puc. 2, 2) B pa3Hble Ce30HbI roja (Iiolaab 03Ep
onpenensiaachk B nporpamme ArcMap 10.4.1 Bpyu-
Hy10). K KoHIly nepuoaa abisiuvy niaolaau o3€p
€XeroJaHoO yBeJUUYUBAIOTCA (CM. puc. 3), MpUIEM MO
OKCITOHEHIIMAJIbHOM 3aBUCUMOCTH. Tak, Iuiomanb
03. BapcoBo ¢ 2010 mo 2021 r. Bo3pocia Ha 66%.
Yro kacaerca 03. 'aun-Konb, To B aBrycte 2010 r.
Ha CIIYTHUKOBOM CHMMKE OHO eIl€ He Aemudpu-
pyeTcs (Ha ero MecTe Kpail jeaHuka), Ho B 2016 r.
JIonaabL 03epa yxe cocrasuia 698 M2, a 8 2021 r. —
6506 M2. TakuMm 06pa3oM, 3a MOCIEIHUE TATh JIeT
pa3Mephl 03epa YBEJIMYWIUCH B AEBSTH pas.

AHaNU3 CNyTHUKOBBIX CHUMKOB Sentinel-2 L2A
3a OCEHHEe-3MMHMIA Ieproj TToKa3ajl 3HaUUTeIbHOe
CoKpallleHue TIomanu 03. bapcoBo u 1ojiHOe uc-
ye3HoBeHUe 03. ['aun-Konb. B cBsi3u ¢ 3TUM aBTO-

-445 -



MpuknadHvle npobremol

1007

257

N A
@ ® P
80 20
>
S 601 < 151
g ]
40 107
;s_) 1 ////A
L A A
20 , — A4 57)7/,/'
A T T T T T T T 0‘ T T T T T T T T T
N 1980 1990 2000 2010 2020 1980 1990 2000 2010 2020
=
mo 204 8-
t . ® @®
- El [} L ]
© 1 6
2 15 $
S |
n 1 4
t%[ ] / .
10
= _—
o ] / 2]
=0 — A
] — L
5 T T T T T T 1 0' T T T T T ¥ |
2010 2012 2014 2016 2018 2020 2022 2016 2017 2018 2019 2020 2021 2022

Puc. 2. Poct ynciia npuaeHUKOBBIX 03ED:

[oabl

a — Ha tepputopun Pecniyonuku Anraii (MmaccuB TaBaH-borno-Omna, CeBepo-Yyiickuit, FOxHo-Yyiickuii u KaryHckuit XpeOThi);
6 — Ha Tepputopuu MaccuBa TaBaH-borno-Oma; 6 — pocT rowmanu 03. bapcoBo; e — poct momaau o3. I'aun-Koab

Fig. 2. The increase in the number of glacial lakes:

a — on the territory of the Altai Republic (Tavan-Bogdo-Ola massif, Severo-Chuysky, Yuzhno-Chuysky and Katunsky ridges); 6 — on
the territory of the Tavan-Bogdo-Ola massif; ¢ — the growth of the area of lake Barsovo; ¢ — the growth of the area of lake Gachi-Kol

pHI 60Jiee NeTaIbHO PacCMOTpPEIN U3MEHEHUE pa3-
MEpPOB 3epKajia BONOEMOB BHYTPU roia ¢ sSHBaps
2021 mmo suBapp 2022 r. AHaANIM3 U3MEHEHUS TIJI0-
1Iaaei B TOMOBOM acleKTe IoKasaj, YTO 3a 3UM-
HUM nepuox riolanb 03. bapcoBo nu3sMeHsieTcs He-
3HaunrtesbHO (10267 M%), B BECEHHMIA TIepuol OHA
yBennuuBaeTcs 10 14287 M2 1 ocTaércst cTabUiIb-
HOM 0 cepenuHbI MIoHS. B rmepron MakcuManbHOi
abasauny (MI0Jb—aBryCT) IUIOIIAAb 03¢pa JOCTUTAET
17 112 M2, a ¢ ceHTA0pSA HAYMHAET YMEHBIIATLCS C
16 820 M2 o 12 141 M2 B Hos16pe. B ssHBape 1iommans
pasHa 10 837 M2, COKpaTUBILNCH 32 OCEHHE-3MMHMIA
nepuon 2021—-2022 rr. Ha 37% OTHOCHUTENLHO CBOE-
ro MakcuMajbHoro 3HadeHus. O3. 'aun-Koib, co-
IJTaCHO aHaJIMu3y Pa3HOBPEMEHHBIX CIIyTHUKOBBIX
CHUMKOB, CYIIECTBYET TOJbKO B MEPUO aOJsSIUU
(KoHell UIOHS — cepennHa ceHTsaA0ps). [1puunHa-
MU TaKOl NMHAMUKU CUMTAETCs HaJu4due hribTpa-
LIMOHHBIX KAHAJIOB CTOKA, 00ECTIEYnBAIOLIMX COPOC
03EPHBIX BOJ, Yepe3 MOPEHHYIO TIepeMBIUKY U OoJiee
I1yOOKUi OTTOK BOIBI B pe3yJjbTaTe BOJOOOMEHa
C MoA3eMHBIMU Topu3oHTaMu. C IpekpalieHrueM
TastHUS JIeMHUKa 00a o3epa JIMIIAIOTCI OCHOBHO-
ro UICTOYHUKA IMUTaHUs, B pe3yyabTaTe 03. bapcoBo

yMeHbIIIaeTcsl B pa3Mepax, a 03. I'aun-Konb mpe-
KpallaeT CYIIeCTBOBATh M3-3a MaJIbIX pa3MepoB
(MakcuMallbHas IIyOMHA He MPEeBBIIIAeT 2,5 M).

Pe3y.)'leaTbl MOJIEBBIX MCCJIEI0BAHMI

I1o maTepuaiaM MOJIEBbIX UCCASIOBAHMUI BIIEPBHIE
ceaHbl rTuAporpauIecKe oImMcaHus 03€p 1 orpe-
JieJeHbI UX MOP(POMETPpUUECKIE XapaKTePUCTUKMN.

O3epo bapcoso (puc. 4, a). KoTaoBuHa o3epa
BHITSIHYTa C IOro-3alaja Ha CeBepO-BOCTOK (CM.
puc. 4, ¢). Ha 1ore npuMbIKaeT K OTKPBITOM, a Ha
IOr0-BOCTOKE — K 3a0pOHMPOBAHHON YacTsIM JIea-
Huka Ne 12 (Ha 3a0pOHUPOBAHHYIO YaCTh JIETHU-
Ka npuxoaurcs 3533 mM?), ¢ 3amaza u ceBepa OKpy-
KE€HO MOPEHOM, B BOCTOYHOM YaCTU OTPAHUYECHO
KOpPEHHBIMU MopoaamMu. MopeHHbIe OTIOXEHMUS,
cjiararoliye IoAINpyK1BAIOIIYIO TIePEeMbBIUKY, PhIX-
JIble U IIPeACTaBAeHbl MEJKUM I'paBUEM, CYIJIMH-
KaMM U BaJlyHaMU pa3HbIX pa3MepoB (oT 1 MM 10
1 M). CocpenoToUeHHBIN MPUTOK B 03€PO IO CpaB-
HEHUIO ¢ paclipeeIEHHBIM oueHb MaJl. B ceBep-
HOW YacTHU U3 03epa BbhITeKaeT pydyel (ITpU MOHMXKe-
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Puc. 3. TpeHabl cpenHeMeCSITYHBIX TEMITEpATyp 3a JIETHUE MecsLbl 11s1 MeTeocTaHuit beprek n Kapa-Tiopek
Fig. 3. Trends of average monthly temperatures for the summer months for Bertek and Kara-Turek meteorological stations

HUU YPOBHS BOIHOW MOBEPXHOCTU TTOBEPXHOCTHBIMN
CTOK PY4bsl IEPEXOAUT B MOA3EMHBIN, T.€. IIPOUC-
XOIUT (pUIIbTpaLIMs BOABI YepeE3 MOPEHHYIO Tepe-
MBIUKY). PaccuntanHbIi pacxon BoAbl (pUILTpaI-
oHHoro croka — 0,1 m3/c. B nuranun ozepa, Kpome
TaJIbIX BOJ U IIOrPeOEHHOTO JIblIa, YYaCTBYIOT TAKXKe
Py4YbM, KOTOPBIE OOPa3yIoTCs MPU TasTHUU CHEXHU-
KOB, PacIIOJIOXKEHHBIX Ha BOTOCOOPHON TeppUTO-
puu o3epa, u atmMmocdepHbie ocanku. 1o pe3ynabra-
TaM OaTMMETPUUYECKOM ChEMKU ILUIONIAAb 3epKajia
o3epa 1 00bEM BOIHOI Macchl coctaBwn 17 112 m?2
n 126 778 M3 cOOTBETCTBEHHO IIPU YPOBHE BOIHOM
MOBEpXHOCTU 3259 M Han yp. MOpSL.

Osepo T'auu-Koas. IOxHas yacTh o3epa MPUMbBI-
KaeT K 361Ky nenqHuka Ne 12 (puc. 5, a, 8), ceBepHast
M BOCTOYHASI YaCTU OKPYKEHBI OOKOBOI MOPEHOM, a
B CE€BepO-3aIlafHOI YacTU BOJOEM IOAIIPYKEH MO-
peHHOI TlepeMbIuKoii. MopeHHast TTlepeMbIYKa CJIO-
>K€Ha MOPEHHBIM CYIJIMHKOM, TpaBUEM U BaJyHaMU
pa3HbIx pa3MepoB (oT 1 MM 1o 1 m). [1pu Busyanb-
HOM 00cJIefoBaHUN OOHAPYKEHBI (PUITBTPALIUS 03Ep-
HOIM BOJBI Yepe3 TeJO MePEMbIYKHY, TIPEANOI0XKM-
TeJIbHO MO (PUIBTPALIMOHHBIM KaHajlaM, a TaKXe

SPO3MOHHBIN Bpe3 Ha rpeOHEe MOPEHHOI TepeMbly-
KU, KOTOPBI c(popMUPOBAICS B pe3yabTaTe Iepen-
Ba 03€pHBIX Boa. 1o pe3yabTaTaM TaxeoMeTpUIeCcKoit
CBEMKU ITPUOPEKHOM TEPPUTOPUHU 03€pa yCTaHOBJIC-
HO, YTO (PUIBTPALIMOHHBIN KaHaJl HAXOAUTCS Ha 2 M
HIDKE MaKCUMAaJIbHOTO YPOBHSI BOIbI, ITPEIITOI0XM-
TeJIbHO — KaHaJl HaKJIOHHBIN. Tak Kak 03epo Hemo-
CPElNCTBEHHO KOHTAaKTUPYET C JISMHMKOM, OCHOBHBIE
BUIIbI IUTaHUS — JISTHUKOBOE U CHeroBoe. OTMETHM,
YTO Ha MOMEHT MPOBEACHMS IKCIIETUIIMOHHBIX HC-
caenoBaHuii 3anmagHee 03. ['aun-Komb y kpast nenHu-
Kka No 12 hopMupoBaiocs emig oqHo pUIIETHUKOBOE
03epo, IUIOIIAAb KOTOPOIO B IIECTh pa3 MEHBIIIE O3.
T'aun-Komnb. 1o maHHBEIM 6aTUMETPUUYECKON CHEMKU
IUIOILALb aKBaTOPUU o3epa cocTaBuia 6506 M2 ipu
00BbEMe BOIHOI Macchl 5144 M3,

Anaaus yposennozo pexcuma. Jlannrie Habone-
HUIT 32 ypOBHEM BOJbI IMOKAa3alu, YTO IJIsI 000MX
03€p XapaKTepHbl BHYTPUCYTOUHBbIE KOJieOaHUS
YPOBHSI BOJIbI, YTO CBSI3aHO C PEXKMMOM TasTHUS JIed-
HUKa: pOCT TeMIlepaTyphbl BO3Iyxa IIPUBOIUT K yBeE-
JIMYEHUIO YPOBHS BOIBI B 03Epax (cM. puc. 4, 6; cM.
puc. 5, 6) 1 pacxonoB BOJbI B BEITEKAIOIINX PYUYbSX.
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Puc. 4. O3. Bapcoso. ®oto B.A. PacnytuHoii (a); 6 — coBMeIEHHBIe TpadUKU XoAa ypoBHS Boakl 03. bapcoso (/)
TeMmIiepaTyphl Bozayxa (2); 6 — baTuMeTpuyeckasi cxema o3epa.

Fig. 4. Lake Barsovo. Photo of V.A. Rasputina (a); 6 — combined graphs of the course of the water level of Lake Bar-
sovo (/) and air temperature (2); ¢ — bathymetric diagram of the lake

B niepuon, xorna 66uM 3apUKCUPOBaHBl MUHUMAJTb-
HbIE TeMIIEPaTyphl BO3IyXa, YPOBHU BOABI B 03€pax
ObUTM MUHUMAaNIbHBI. OTHAKO BpeMEeHHOH X0 yPOB-
HS M HACTYIUICHUE MaKCUMAaJIbHBIX 1 MUHUMAJIBHBIX
ero 3HaueHuit 1151 03¢p bapcoBo u I'aun-Konb pas-
JIMYHBL. B mepBoM ciydyae cyTOYHBINM MMHUMYM 3Ha-
YyeHHUI YpOBHS BoAbl mpuxoauicd Ha 16:00 yacos,
IOCJIe Yero IMPOUCXOIUII €r0 POCT M MaKCUMAaJIbHOE
3HauyeHue pukcupoBanock B 00:00 yacos. B ciyuae
03. 'aun-Konb xom ypoBHS BOABI B 03epe HAXOIUJICS
B ipoTtuBodase ¢ ypoBHeM 03. bapcoBo: Makcumym
Hactyman B uatepBaje 15:00—16:00 u He u3MeHsICd

okoJjio 1—1,5 yacoB, mocje 4ero ypoBeHb HaUYMHAaI
MOHMXAThCA U TOCTUTA MUHUMAJIBHBIX 3HAYEHUI
K 00:00 yacoB. AMIUIMTYIA KOJIeOaHUsI YPOBHS BOJbI
B TeyeHUe cyTokK gocturana 80 cMm. [1pu moswie-
HUM ypoBHS Boabl 10 170 cM depe3 OATIpyKUBaIO-
LIYIO 03epO MePeMBIYKY HAUYMHAJICI TEPEIUB 03Ep-
HBIX BOJ, KOTOPBII ITPOIOJIKAJICS 1O MOMEHTA, ITOKa
ypOBEHb BOABI HE CTAHOBUJICS HUXKE 3TOTO 3Haye-
HUSI, OTMETUM, YTO BO BCEX CIIydyasx GUIbTpaLus
yepes MOpPEHY IMPUCYTCTBOBAJIA.

IIpryrHa HEOAUMHAKOBOTO YPOBEHHOI'O PEXKU-
Ma 03€p, PacloJIOKEHHBIX B Mpeaesiax OJHOTO JieI-
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Puc. 5. O3. I'naun-Konb. ®oto B.A. PaciiytuHoii (a); 6 — coBMeIIEHHBIE rpadUK X01a YPOBHS Boabl 03. ['aun-Koib
(1) u Temniepatyphbl Bo3nyxa (2); 6 — baTuMeTpuyecKasi cxeMa o3epa.

Fig. 5. Photo of Lake Gachi-Kol by V.A. Rasputina (a);

6 — combined graphs of water level of Lake Gachi-Kol (1)

and air temperature (2); ¢ — bathymetric scheme of the lake

HUKa B HemocpencTBeHHOM 6au3octu (200 M) npyr
OT ApyTa, — CKOPOCTh MOCTYIJIEHUS TAIbIX JIETHU-
KOBBIX BoJ B Bomoémbl. s o3. N'aun-Konbs Mak-
CUMYMBI YPOBHEM BOABI COBITAJAIOT ¢ MAKCUMYyMa-
MM TeMIIepaTyphl BO3AyXa, U Tajlas Boja C JIGAHUKA
IOCTYyIIajia B 03epo 6e3 CYIICCTBEHHOM 3a0epXKH,
a MakcuMaJjbHas abJsauMs Ha JIeAHUKEe HaOoma-
Jack okono 16:00. s 03. bapcoBo Bpems mobera-
HUS COCTABJISITIO OKOJIO BOCBMU YacOB, a aMILUIUTYIa
KoJIeOaHUIi YPOBHSI BOJbI ObLIa 3HAYMTEIIBHO MEHb-
me, yeM y 03. l'auu-Konb, 1 cocraBisiia B cpeaHeM
10—15 cm. B 03. I'aun-Koab mpuTok Bogbl — cocpe-
JMIOTOYCHHBIM, W TajJbie BOABI ITIOCTYMNAIOT MO cHop-
MMPOBAHHBIM KaHaJlaM CTOKA Ha ITIOBEPXHOCTH JICI -
Huka. Ha 03. bapcoBo cocpenoToYeHHBIN TPUTOK

BOJIBI C JIEAHUKA B 03¢pO He BHIsIBICH. BeposiTHo,
3TO CBSI3aHO C TEM, UTO Ha TOM YacCTHU JCTHMKA, C
KOTOpPOI1 MOCTyMaeT BoIa B 03¢p0, PACIIPOCTPaHEHbI
TPEIIMHBI, KOTOPbIE MOTYT 3a1epKUBATh MOBEPX-
HOCTHBIN CTOK, ¥ BOIa B BOAOEM IPUXOIUT C 3aIl0-
3naHueM. B TedeHue Bcero mepuona HabIOACHUM
YacTo BbIMAAaIu TOXIU, HO OHU HE BHI3BAJIM JIO-
KaJIbHBIX TTOBBIIICHUI YPOBHS BOIBI B 03Epax.

7151 yCTaHOBJICHMS IPOIIOPLIMOHATBLHOIO COOT-
HOIICHMS TTOCTYIAIOIINUX B 03€pa TaJIbIX JICAHUKO-
BBIX BOJI IIOCTPOEHBI JIMHUU TOKA Ha jJenHuke Ne 12
B iporpamme ArcMap 10.4.1 ¢ npumMeHeHUeM LU(-
poBoii Mozenu peiabeda u nHcrpymeHTa Hydrology.
JIMHMU TOKA MO3BOJIMJIM YCTAHOBUTD, KaKas IOJIs
IUIOLIAAN JeJHMKA y4acTBYeT B NMUTAHUU O3Ep.
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Puc. 6. 3aBucumMocTtb ypoBHS BoAbl 03. ['aun-Koab oT TeMnepatypbl Bo3ayxa (a): SMIIMPUUECKUE TOYKU YPOBHS BO-
Il TIPU COOTBETCTBYIOIIEH TemIlepaType BO3ayxa Ha pocTe YpoBHS (/) U Ha criaje YpoBHS Boabl (2); 6 — 3aBUCH-
MOCTB CJIOSI CTOKa ¢ JiegHrKa Ne 12 oT TeMriepatypsl Bo3ayxa (3)

Fig. 6. Dependence of the water level of Lake Gachi-Kol on the air temperature (a): empirical points of the water lev-
el at the corresponding air temperature on the rise of the level (7); on the decline of the water level (2); 6 — dependence
of the runoff layer from glacier Ne 12 on the air temperature (3)

B 03. I'aun-Konp Tansie Bonbl noctynawmTt ¢ 40%
riowmwanu gegauka Ne 12 (315550 mM2), a B uTa-
HuM 03. bapcoBo yyacTByeT TobKO 2% TLI0IIAIU
(17 755 M2), Ha 320POHUPOBAHHYIO YACTh IIPUXOAUT-
ca 3533 m2. [Muranue o3. BapcoBo MPOUCXOIUT e1Lé
M 3a CUET NMpOoTauBaHUs 3a0pPOHUPOBAHHOI YacTu
JIeMHKa, KOTOPOe MPOMCXOIUT C 3ama3ablBaHUEM
110 CPaBHEHMIO C TassTHUEM OTKpHITOro Jibaa (Peser-
kuH, [TomoBHuH, 2018), 4TO TaKKe OOBACHSIET pa3-
HUILY BO BpeMeHU (POPpMUPOBAHMUS TaIbIX BO/.

Ha rpacduke cBsi3u TeMIiepaTyphl Bo3ayxa U
ypoBHe# Boanl 03. 'aun-Konb (puc. 6, a), npo-
CJIeXXMBAIOTCs IBE BETBU, CBUAECTEIbCTBYIOIINE O
HeJIUHEeNHOM XapakTepe 3aBUCUMOCTU. I1pu aTom
BEPXHSS BETBb (TPEYTONBbHUKH), COOTBETCTBYIO-
11ast Ieproay MoabéMa YPOBHS BOMBI 32 CUET IPHU-
TOKa BOJBI C JIEAHUKA, UMeeT OOJbIINi pa3dpoc
TOUeK U 0oJiee BhIpaXKEHHBIN HEJIUMHEHHBIN Xapak-
TEP CBI3M YPOBHEU C TEMIIEpATypOM BO31ayXa, YTO
OOBSICHSIETCS CJTIOKHBIM MHOTO(MAKTOPHBIM Xapak-
TepOM CBSI3U IIPOLIECCOB TasiHUS 1 BOIOOTAAYM Ha
JieqHuKe B 3TOT nepuon. Ilociae nocTkeHus: Mak-
CHMMAaJIbHBIX BEJIMYMH TasiHUSI BO BTOPOM MOJIOBU-
He IHS HauMHaeTCs CIlaj YpOBHEH (TOUKU CHHEro
1[BeTa). XapaKTep CBSI3U B 3TOT MEPUOJI HOCUT TIpaK-
TUYECKU JIMHEWMHBIN XapakTep ¢ JOCTATOYHO BBICO-
KUM KO3 GULIMEHTOM AeTepMUHALIMU, TOCTUTAIO-
mwuM R?> = 0,9. B aTOT nIepuoa ocHOBHOI akTop,
BIMSIONIUI Ha MpOleCC BOAOOTAAYM, — TeMIepa-

Typa Bo3ayxa, IIpY MOHUKEHUU KOTOPOU abJIsIius
JIeTHUKA CTAHOBUTCSI MEHEee MHTEHCUBHOI 1 COKpa-
11aeTcsl 00bEM MOCTYITAIOIIEH BOMBI.

Ha xapakTep 3aBUCHMMOCTEl BIUSIOT U ITOTOMI-
HbI€ YCI0BUS: 1T 28 U 29 1ioj1s1 3aBUCUMOCTH YPOB-
HSI BOIbI OT TEMIIEPATyphl BO3MyXa CXOXU, TaK KakK B
3TU JHU HAOJIOAATNCh ONMHAKOBBIE TIOTOAHbBIC YC-
JIOBUS (sICHasI Moroja, OTCYTCTBME OCaaKOB, IpaK-
TUYECKHU OIMHAKOBAasI TeMIlepatypa Bo3ayxa). Koag-
(pUIIMEeHTH KOPPEeISILUUA MEXIY YPOBHSIMU BOIBI U
TeMIieparypoii Bozayxa coctaBwim 0,77 u 0,81 coot-
BETCTBEHHO. 31 MI0JIs BBITIAJ CHET, KOTOPHIi 10 1 aB-
TycTa JiexXajl Ha TIOBEepXHOCTH JIEMHUKA U OKpYKalo-
1Iei TeppuTOpun. 1 aBrycta NoabEM YPOBHSI BOIbI B
03epe MPOUCXOIW B OCHOBHOM B pe3yJibTaTe TassHUs
CHera, xapakTep CBSI3U U3MEHWICS, KO3PDUIIUEHT
KOpPPEJISIIIMU CTal 3HAUMTEIbHO MEHbIIE 1 COCTaBUI
0,54. B xauecTtBe mpuMepa MpuBenEH rpaduk ajs
ypoBH# Bonbl 29 uroiis (cM. puc. 6, a).

HeTtanbHBIN aHAU3 KOJeOaHU YPOBHS BOJHI B
03. ['aun-KoJjb mo3BoJIni BbIACIUTD B PEXXUME BO-
Joéma yeThIpe a3kl BHYTPU CYTOK: B ¢hazy I Tipo-
HMCXOIUT MPUTOK TaJbIX JIETHUKOBBIX BOI B 03€PO
M OTTOK O3EPHBIX BOJ 4Yepe3 (GUIbTPALIMOHHBIN
KaHal; B ¢hazel 2 u 3 — MPUTOK TaJIBIX JIETHUKOBBIX
BOJI B 03€pO M OTTOK O3EPHBIX BOJ 4Yepe3 (puiabTpa-
LIMOHHBIM KaHaJl U MyTEM TepenBa yepe3 rpedeHb
MOPEHHON mepeMbIuYKu (B a3y 2 IMPUTOK BOIBI
Oosbllie OTTOKA, a B (pa3y 3 OTTOK BOMABI IMPEBLIIIIA-
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€T IIPUTOK BOIBI B 03€P0); B (hazy 4 — TOJILKO OTTOK
03€pHEBIX BoA Yyepe3 QWIbTPAllMOHHBIN KaHall, TIpHU-
ToKa Tajiblx BoJ HeT. CocTaBiieHa cucteMa 6ajaHco-
BBIX YpPaBHEHUM 1 pacuéTa 00bEMOB CTOKA B pa3-
JIMYHbIE (Da3bl CyTOYHOTO pexKrMa:

AW, =W, ~W,
AI/V2,3 = Wnp B W(;b B I/Vl'lepe_m/m’
AW, =-W,,

rae AW — usMeHeHne 00bEMA BOAbI (OMPEALIsIOCh
MO U3MEHEHUSIM YPOBHS BOIBI B pa3Hbie (a3bl);
Wp — 00BEM TpHTOKA BOABI B 03ep0; Wy — 00BEM
OTTOKa BOJBI B pe3ynbrate GuibTpauni; Wieoe s —
00BEM OTTOKA BOIBI B pe3yJbTaTe MeperuBa BOAbI
yepe3 TpebeHb MOPEHHOM MepeMbIUKM (OTIpeaes-
JIOCh IT0 UBMEPEHHBIM pacxoaaM BOIIbI Ha BBITEKAl0-
1eM pyJbe).

IIpu aToM McHapeHue ¢ IIOBEPXHOCTU BOAbLI HE
YUYUTHIBAJIOCHh BBUIY €T0 He3HAYMTEIbHON BeIUYM-
HEI TI0 CpaBHEHUIO C OCTaJIbHBIMU ITapaMeTpaMU.
PemieHue crcreMbl ypaBHEHUI TO3BOJIMIIO OIpEe-
JIUTh 0OBEM IIPUTOKA TAJIOM BOABI B 03€PO, a TAKXKE
00BEM (UABTPAINY Yepe3 MOPEHHYIO TIEPEMBIUKY.
3Hasl IUI0IIAab JIEMHUKA, C KOTOPOI ITOCTYITAeT Boda
B 03¢p0, MBI PaCCUMTAJIUA CJIOU CTOKA C JIEMHUKA U
MMOCTPOMJIM 3aBUCUMOCTB CJIOSI CTOKa OT TeMIIepa-
TypBbl Bo3ayxa (CM. puc. 6, 6). 3HaueHue Koapdu-
LIMEHTa KOPPEJISIIUM MEXIY CI0OSIMUA CTOKA 1 TEM-
nepaTtypoii Bo3myxa coctaBmiio 0,84. PaccuntanHbie
CYTOYHBIC BEJIMIMHBI CJIOSI CTOKA C JISTHUKA JOCTHU-
raiu 6,8 cM, 4TO COIMOCTaBUMO CO CPEIHUMMU 3HaUe-
HUSIMM JJIsI paccMaTpuBaeMolii Tepputopun (Pecyp-
CHL.., 1969). [TonydyeHHOE ypaBHEHUE CBA3U HOCUT
PEeTHOHAILHBIN XapaKTep U MOXET UCIIOJIb30BaTh-
CsI IS TIOJIyYeHUSI OLIEHOYHBIX BEIMYMH XKUIKOTO
CTOKa c JienHMKOB MaccuBa TaBaH-bormo-Ona. Pac-
CYMTAHHBIN CPEeTHUI pacxoj BOIBI IIPUTOKA TaJIbIX
BO/I C JIeIHUKA B 03epo paseH 0,75 M3/c, a paccuu-
TaHHBII QUIBTPALIMOHHBIM pacXol Yepe3 MOPEH-
HYIO IIEpEMBIYKY B cpenHeM coctasuia 0,21 m3/c.

Tpancepeccuenas aza pazeumus 03ép (paza
pocma). CornacHo (3umHuukuit, 2005), TpaHcrpec-
cUBHas (haza pa3BUTUSI MOPEHHOTO MPUJICTHUKOBO-
ro o3epa XxapakKTepu3yeTcs 3allOJTHEHUEM O3EPHOI
YaIly TaJIBIMU JISTHUKOBBIMU BOIAMMU C TIOBBIIIICHUEM
YPOBHSI BOMIBI, YBEJIMYCHUEM IUIOIIANM 3epKaJia v TJIy-
OuH o3epa. B Hacroglee BpeMsl UccaeayeMble 03Epa
HMMEIOT JOCTaTOYHO HEIPOCTOM PEKMM YPOBHEN KakK
B T€UEHUE CYTOK, TaK 1 B TOMOBOM pa3pese. ExxeromHo

K KOHIIY TEIIOro repuoaa 0oa BogoéMa yBeJIMUMBaloT
CBOM pa3MePhI IT0 SKCIIOHEHIINAILHON 3aBUCUMOCTH,
yTto, cornacHo (Bunorpanmos, Bunorpanosa, 2014),
OTHOCHTCS K (paKTy BO3PACTAIOIIETO prCKa IIPOPHIBA.
ITpu Bu3yanbHOM 00CefOBaHUU MPUOPEXKHOMN
TEPPUTOPUH O3EP IPOILLILIX YPOBHEHN BBICOKHMX BOJI
3aMEUYeHO He OBbLIO, 3TO IMMOKA3BIBAET, YTO 03Epa Ha-
xomsaTcs B (pasze pocTa (TpaHcrpeccuBHas (dasza).
O3epo bapcosa HanboJIee MHTEHCUBHO YBEINIMBA-
eTCs B I03KHOM 9acTH, IPUMBIKAIOIIEH K JICTHUKY,
rae MPOMCXOMUT MexaHndecKas: absauns (Ha JIen-
HUKE 3a(MKCUPOBAHBI KPYITHbIE TPEIIMHBI 1 00Ba-
JIBI), B pe3yJIbTaTe KOTOPOM KPYIHBIE TJIBIOHI JIbIa
MOIagaoT B 03epo U TaloT B HEM. OO 3TOM cBUIE-
TEJIbCTBYET HaJlnM4ue aicoepra B o3epe BO BpeMsl
MOJIeBbIX UCCAed0oBaHUN. Alicbepru 3auKCcUpoBa-
HBI ¥ Ha CITYTHUKOBBIX CHUMKaX. [1pu manpHelmem
yBeJIMYEHUN 00BbEMaA 03epa CleayeT OXUIATh POCT
CTOKa M3 Bogo€Ma B ceBepHOM Jactu. Ilpu saTom
HEJIb3s UCKII0YATh CUTYallnio, KOra IMOBBIIIIECH-
HBII CTOK MOXET pa3MbITh MOPEHHYIO IIEPEMBIUKY 1
CIIPOBOLIMPOBATh IPOPEIB BoAbl. M3MeHeHMe T110-
IIagy 03epa B pa3HbIE MEPUOABI TOa IMOATBEPXKIA-
eT HaJIM4Ke B TeJie MOANPYKUBAIOIIe epEeMbIUKK
(GMIBTpalIMOHHBIX KaHAJIOB, BEPOSTHO, PaCIIOjIo-
>KEHHBIX BBIIIIE MIHUMAJIBHOTO YPOBHS BOIBI, UTO
HE MPUBOIUT K MOJHOMY CIIyCKY BCeil BOOZHOI
macchl. C OgHOI CTOPOHBI, HaIn4ue (prIbTpamm-
OHHBIX KaHAJIOB IIOHIKAET PUCK IIPOPHIBA, TaK KakK
YMEHbIIIaeT BOOJHYIO MacCy o3epa U JaBJIEHUE Ha
MOpEHHYIO IlepeMbIuKy. C Opyroit CTOpoHBI, Hapa-
IIMBasi CBOM pa3Mephl C KaXIBIM TOIOM, 03€pO YBe-
JINIMBAET AaBJieHUE Ha ITOAIPYKMBAIOIIYIO 1aMOy,
YTO MOKET BBI3BaTh POCT AaMeTpa (PUIBTPAIIMOH-
HOTO KaHaja, €ro pa3MbIB, CHIDKCHNE YCTOMYNBO-
CTH 3aIlpyTHO IUIOTUHBI U €€ pa3pyIIeHUe.
AHanu3upys gajabHelIIee pa3BUTHE 03€pa, OT-
MeTuM craThio (CemmBepcToB u ap., 2003), B KOTO-
poli IIpy onrcaHWM JieTHUKA N2 12 yIIOMUHAETCS 03.
BapcoBo: «Ha runmcomerpnaeckom ypoBHe 3245 m
CTOKY TaJIbIX BOJ C JEOHUKA MPEMHITCTBYET eCTe-
CTBEHHAas IUIOTMHA B BUIE MOKPHITO MOPEHHBIM
YeXJIOM JIMH3HI JIbAa, YIIUPAIOIIEICS B O PEUHBII
10 OTHOIIEHUIO K PEYHOM TOJIMHE CKAJIBHBIN PUTE]Ib.
C BHeIIHEl CTOPOHBI BHICOTA MOMAIIPYIBI JOCTUTAET
12—15 M, ¢ BHyTpeHHEe# — 3—5 M. MOIITHOCTh MO-
PEHHOTO MEPEKPBITUS JICASTHOTO sIIpa BapbUpyeT OT
30 cm go 1 M. I1pm MamoM 06BEME TaTbIX BOJI, X CTOK
MIPOMCXOOUT IO BRIPAOOTAHHOMY IIOIO JIBAOM PYCIIy.
ITpu 6071€€6 UHTEHCUBHOM TasIHUM WIW MPU OOWIUU
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IOXIEBBIX OCATKOB CTOK Yepe3 TaKKe KaHaIbl OKa-
3BIBAa€TCSI HEIOCTAaTOUYHBEIM. B aTOM cityyae mepen
IUIOTMHO# 00pa3yeTcsl IPUICTHUKOBOE 03€p0, KO-
TOpPOE MOXKET IIPOPBIBATHCSI BHU3 110 JOJIMHE B BUIE
ceneBoro motoka. B asrycte 2001 r. Takoit ceneBoit
IIOTOK B BepXHEW YaCTU JOJIMHEBI OCTaBUJI Bpe3 IIIy-
ounoit 15—18 M n mmpuHoit 1o 20 M». Takum obpa-
30M, commacHo (CenmmuBepcToB 1 ap., 2003), B MOpeH-
HOI TIepeMBIuKe, IMOAMNpYKUBaIleil 03. bapcopo,
HAXOOUTCS JICASTHOE SIIPO, TasTHUE KOTOPOTO TaKKe
MOXKET IPUBECTH K OCIa0JIEHNI0O MOPEHHON TUIOTH-
HBI 1 00pa30BaHMIO IIPOPEIBHOTO IIaBOJIKA, COMPSI-
>KEHHOTO C CEJIEBBIM IIOTOKOM.

PasMepsnl 03. Tauu-Koab yBeIMUUBAIOTCS B pe-
3yJabTaTe OTCTYIAHUS SI3bIKa JICTHUKA 1 3aII0JIHE-
HUS 9allyd o3epa. AHaIN3 JTUHUN CTeKaHHUs IOKa-
3aJ1, 4To 0K0Ji0 40% cTOKa C JIeMHUKA MOCTYIAET B
03. 'ayn-Kosab (B 03. bapcoBo 2%). B pesyabrare
MOJIEBBIX pabOT YCTAHOBJIEHO, YTO IIPY ITOBBIICHUH
ypoBHs Bogbl B 03. I'aun- Koib HauMHaeTCsI IepennB
BOIEI Yepe3 TpeOeHb IMOAIPYKUBAIOIIEH MOPEHHO
MEPEMBIUYKH B pe3yJIbTaTe IepeIloJIHeHUs 03EPHOI
YJamiyd. 9TO yKa3bplBaeT Ha BO3MOXHOCTH Iepexoaa
o3epa M3 TPAaHCTPECCUBHOM (ha3bl B peTPeCCUBHYIO
B pe3yJibTaTe IpOophIBa BomoéMa. AHAIM3 JaHHBIX
H33 3a rox mokasair, uro o3. I'aun-Koib cymecTBy-
€T TOJIbKO B IIepHO.I a0JIIIINM JICIHAKA: B CepeaHE
WIOHS KOTJIOBMHA 03€pa HAIIOJHSETCs, a B KOHIIE
CEHTSIOPS 03€PO MOJIHOCTHIO CITyCKAETCS 110 (PUIIBT-
palOHHBIM KaHaJIaM, YTO ITIOHMXKAET PUCK IIPOPHI-
Ba. TeM He MeHee, eXXeronHoe yBeJInUeHUe o0bEMa
o3epa B TEIUIBIN IIepHOI TaKXKe BEIET K POCTY IaB-
JICHUSI BOABI Ha IMOAIIPYKMBAIOIIYIO IIePEMBIUKY,
OCTAaBJISISI BOIIPOC PHCKa IIPOPBIBA OTKPHITHIM.

Ha Oynymuii cueHapuii pa3BUTUSI COOBITU
MOXET BJIMSITh M 03€p0, KOTopoe (popMupyercs
y Kpas neganka Ne 12, 3anagHee 03. ['aun-Koib.
HanpHelillee OTCTyIIaHUE JIETHUKA MOXET IIpUBe-
CTH K TOMY, 9YTO 00a o3epa OyayT yBeIUUMBATHCS
B pa3Mepax 1 oOpa3yeTcs KacKam 03€p, IIpu KOTO-
POM Boja 13 OMHOIO 03epa OyIeT ITOCTYIATh B APY-
roe. OTo MOXeT BBI3BaTh IIEPEIIOTHEHNE 03EPHOM
Yaliy, ¥ B pe3yJIbTaTe MOIYT IIPOM30UTH IepelInB
BOZIBI Yepe3 MOANPYKUBAIOIIYIO IIEPEMBIUKY WU
00BbeIMHEHNE 03€P B OTHO IIPIJIETHUKOBOE 03€poO.
Ha manpHelinee pa3BuTre 03€p BIUSIET TAKXKeE eCTe-
CTBEHHBIN 3aHOC 03&p MaTepraoM (OJIIOBUOTJISIIN-
aJbHBIX MOTOKOB. IIpy mpomoKUTEILHOM CyIIe-
CTBOBAaHMU O3¢pa Ha €r0 JHE MOTYT OTKJIAIbIBaThCS
JIETHUKOBBIE OTJIOXKEHMSI, B pe3yJIbTaTe 4ero abco-

JIIOTHAsE OTMETKA JHA 03epa MOXET YBEIMIUBATHCS,
a YPOBEHb BOJIBI B BOJOEME OYIET ITOBBIIIATHCS.

TakuM 00pa3oM, BOIHBIN pEKUM MCCICAYEMBIX
03€p B Mepuo] TPaHCTPECCUBHOM (a3bl XapakTe-
pU3yeTcsl CYTOUHON AUHAMUKOWM, O0yCTOBIEHHOM’
pa3IUYHON MHTEHCUBHOCTBIO aOISIIMK JICOAHU-
Ka B TeUeHUE CYTOK, BHYTPUIOIOBOM TMHAMUKON
(03. bapcoBo B repuo/, ¢ CEHTIOPS 10 SIHBAPSI YMEHb-
IIAeTCS B pa3Mepax, 3aTeM CTaOUIM3UPYeTCS ¥ Haul-
HaeT YBEeJIMUMBATHCS B JIETHUIA Iepuol, a 03. ['aun-
Koib cyliecTByeT TOJbKO C UIOHS IO CEHTIOPb) U
MEXTOJI0BOM M3MEHUYMBOCThIO (00a 03epa exXeroaHo
K KOHILY TEMJIOro rnepuojaa yBeJIUuMBalOT CBOU pa3-
MepHI 10 CPAaBHEHUIO C TIPEIBIAYIIIEM T'OIOM).

3akioyenue

AHaIN3 JTaHHBIX IUCTAHIIMOHHOTO 30HINPO-
BaHus 3emau 3a 1977—2020 rr. mo3Boana yCTaHO-
BUTb IS BEICOKOTOPHBIX TeppuTopuii Pecrybamkm
AnTaii yBeIM4eHUe YKCia IPUISIHUKOBBIX BOTOE-
MOB, PaCIOJIOKEHHbBIX Ha COBPEMEHHBIX KOHEUHBIX
MopeHax. Haubosee nHTeHCUBHOE (hOpMUpPOBa-
HUe 03€p, HauaBleecs ¢ cepearHbl 1990-x ronos,
00YCJIOBJIEHO OBICTPBIM OTCTYMAaHUEM JIEAHUKOB,
C HEKOTOPBIM 3aIlOo3JaHMEM pearupymoolinx Ha I10-
TenJieHue Kiaumarta, HayaBuieecsd B 1980-e roaml.
O6pazoBaHHble B Havane 2000 r. o3épa bapcoBo u
lNaun-Konb HaxomsTCs Ha 3Talle TPAaHCTPECCUBHOM
CTauU Pa3BUTHUS, YTO TTIOATBEPXKIACTCS €KETOIHBIM
POCTOM MX IUIOIIAAEH K KOHIY TEIUIOTO ITeproa.
OnHako BOAHbIN pexXrUM BOIOEMOB OYEHb HE CTa0u-
JIEH: B OCEHHe-3MMHEH ITepHroJI ITPOUCXOAUT CITYCK
BOIBI U3 03Ep MO (PUILTPALIMOHHBIM KaHajlaM, IIpHu
aToM 03. 'aun-Koab ocymaercst moJHOCTEIO.

BEISIBIICH CI0XHEBINM PeXXUM YPOBHEI 03€p B Te-
yeHne cyTok. O3€pa MMEIOT IIPaKTUIECKU KPYIJIOCY-
TOYHBIN CTOK IO (PUILTPALIMOHHBIM KaHaJlaM, a TIpu
JOCTYDKEHUH OIPeeIEHHOTO 3HAYESHMST YPOBHS Boa
TepeIMBacTCs Yepe3 rpedeHb MOANPYKUBAIOIIEH T1e-
peMbluku (111 03. I'aun-Kosb). ClnoxHbIH ruaposo-
TMYEeCKUIA peXXUM 03€pP, 00YCIOBJIEHHbIN OJIU3KUM
pacmoIoKeHUs o3epa K JISAHUKY, CBUAECTEIbCTBYET
0 TPAHCTPECCUBHOI (ha3e pa3BUTHSI, YTO XapaKTEPHO
U JUIST APYTUX NPWICAHUKOBBIX 03€p, C(hOPMUPOBAB-
IIAXCS B Pe3yJIbTaTe OTCTYIIaHUS JIETHUKOB M HaXO-
ISIIMXCS B CTaIUM pocTta. TakuM o6pa3oMm, B YCIIOBH-
SIX HECTALIMOHAPHOCTU KJIMMATUYECKOI 0OCTaHOBKU
TUIPOJIOTUYECKUI PEeXUM IIPUJICTHUKOBBIX 03€p,
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TECHO CBSI3aHHBIX C PEXMMOM JIETHUKOB, MOXET OBITh
MHAINKATOPOM KIMMAaTHIeCKMX N3MEHEHUIA.
W3yyeHre IpuieTHUKOBBIX 03EP, HAXOMSIIINX-
Csl Ha 3Tare TPaHCTPECCUBHON CTaIuM pa3BUTHUS,
BHOCUT TEOPETUUECKUI1 BKJIal B IOHMMAaHUE IIPO-
necca popMUPOBAHMS U SBOIIOLNN BBICOKOTOPHEIX
BOIHBIX OOBEKTOB Ha TEPPUTOPUM AJITast U APYTUX
TOPHEIX CUCTeM. BBIMOIIHEHHBIE UCCIeTOBaHMS I10-
3BOJISIOT TOBOPUTH M O IIOTEHUMAIBHOMI IIPOPHIBO-
ormacHocTH 03€p. JlampHeiilee oTCTyIIaHUE JICTH -
Ka HEMUHYEMO TIPUBEIET K YBEJIMUYEHUIO O0BEMOB
BOIHBIX MacC 03€p M, CIIEO0BAaTEIbHO, K POCTY JaB-
JIEHUsI BOABI HA MOPEHHEIE ITIepeMBIUKH. B 3T0I c1-
Tyalliy BHICOKA BEPOSITHOCTD OCJIA0ICHUS U Pa3MBbl-
Ba yXe CYIIECTBYIOINX (PMJIBTPALIMOHHBIX KAHAJIOB
M, KaK CJIEICTBHUE, Pa3pylIeHNS OAIPYXKUBAIOIIeH
IUIOTHHBI, a TaKxXe (POPMUPOBAHUS IPOPHIBHOTO
nmaBoaka. C y4€ToM Bo3pacTaloleil TYpUCTHIeCKO
MIPUBIIEKATEIbHOCTH BHICOKOTOpHT AlTast HE00X0-
IUM MOHMTOPHWHT IIPMJICTHUKOBBIX 03€P, KOTOPHII
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Poab ecTecTBEHHbIX KO1e0anmii M ()akKTOPOR BHELIHEro BO3ACHCTBHA HA KIMMAT
B norenjennu cepeaunnl XX Beka B CeBepHOM noaymapun
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Summary

The warming in the first half of the 20™ century in the Northern Hemisphere, the Early Twentieth Cen-
tury Warming was comparable in magnitude to the current warming but occurred at a time when the
growth rate of the greenhouse gases concentration in the atmosphere was 4-5 times slower than in
recent decades. The mechanisms of the early warming are still a subject of discussion. The Early Twen-
tieth Century Warming was most pronounced in the high latitudes of the Northern Hemisphere, and
the recent reconstructions consistently indicate a significant negative anomaly of the Arctic sea ice area
during early warming period linked with enhanced Atlantic water inflow to the Arctic and amplified
warming in high latitudes of the Northern Hemisphere. Assessment of contributions of internal vari-
ability and external natural and anthropogenic factors to this climatic anomaly is a key issue for under-
standing historical and modern climate dynamics. The paper overviews mechanisms of the Early Twen-
tieth Century Warming associated with various internal variability and external anthropogenic and
natural factors. An analysis of the findings on the topic of long-term studies of climate variations in the
Northern Hemisphere during the period of instrumental observations does not allow one to attribute
the Early Twentieth Century Warming to one particular mechanism of internal climate variability or
external forcing of the climate. It is most likely, that this event was caused by a combined effect of long-
term climatic fluctuations in the North Atlantic and the North Pacific Ocean with a noticeable contribu-
tion of external radiative forcing associated with a decrease in volcanic activity, changes in solar activity,
and an increase of greenhouse gases concentration in the atmosphere due to anthropogenic emissions.
Furthermore, this climate variation in high latitudes of the Northern Hemisphere was enhanced by a
number of positive feedbacks.

Citation: Bokuchava D.D., Semenov V.A. The role of natural fluctuations and factors of external forcing in the Early 20 Century Warming in Northern
Hemisphere. Led i Sneg. Ice and Snow. 2022, 62 (3): 455-474. [In Russian].
doi: 10.31857/52076673422030144, edn: jgpyaj.

Ilocmynuna 22 aseycma 2022 2. / Ilocae dopabomkul7 mas 2021 e. / [Ipunama k newamu 11 utons 2022 e.

Knrouessie cioBa: nomennenue cepeduoi XX 8., 27106ansHoe nomenseHue, Mopckue b0bl, BHYMpeHHAA ecmecmeeHHas U3MeHYU8ocmb,
CONHeYHAs aKMUBHOCMb, BYNKAHU3M, AHMPONO2eHHbIe A3P030/1U, YEPHbIII y211epod, NAPHUKOBbIe 2a3bl.

[laH 0630p cyllecTBYIOLMX UCCNEA0BaHUN, a TaKKe NPUBEAEHbI OCHOBHbIE MEXaHW3Mbl BHYTPEHHeN
N BHeLHen N3MeHUMBOCTU KnmmaTa B CeBepHOM nonywapuu B cepeguHe XX B. HecmoTpa Ha To, uto
BHYTPEHHAA U3MEHYMBOCTb KNMMATUYECKOW CUCTEeMbl, MO BCEN BUAMMOCTU, 3TO — OCHOBHOW Mexa-
HU3M, OOBACHAIWMIA NoTenneHne cepeanHbl XX B. KONMYECTBEHHAA OLIEHKA BKNaga Kaxkporo ¢ak-
TOopa OCTaéTcA HeonpefenéHHOW, Tak Kak CyLLeCTBEHHO 3aBUCUT OT HayallbHbIX YCNOBUI B MOZENAX 1
HepocCTaTKa MHCTPYMEHTaNbHbIX laHHbIX B Nepuog cepefiHbl XX B., 0CO6EHHO B MOAAPHBIX LWUMPOTAX.
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le/lHﬂTl:Ie B CTaTbh€ COKpAIllCHUA

AMO (Atlantic Multidecadal Oscillation - AMO) — ATnaHTideckas My/IbTUA€KaJHAS OCUVIIIALIN
AQ (Arctic Oscillation - AO) - ApkTudeckast OCHWIISALA

IOYM - naBneHue Ha ypOBHE MOPA

T — napHKUKOBbBIE Ta3bl

IICIIB - noTenenne cepenyHbl XX B.
[1TB - npusemHas TeMieparypa Bo3gyxa

CAK (North Atlantic Oscillation - NAO) - CeBepo-Arnantudeckoe Konebanume
CII (Northern Hemisphere - NH) — CeBepHoe nonymapue
THO (Pacific Decadal Oscillation - PDQO) — Tuxookeanckas feKafHasg OCUUUIAIS.

TIIO - Temmeparypa MoBepxXHOCTV OKeaHa

TCAK (Pacific-North American index - PNA) - TuxookeaHcko-CeBepoaMepuKaHCKoe KonebaHe

TXII - TepMoXanuHHas UPKYIALNA
IOK - 105xHOe€ Kone6aHme

IOIT (Southern Hemisphere — SH) - IO>xnoe nmonymapue

BBenenne

PocT rino6anbHOM IpU3eMHOM TeMIIepaTyphl B
MepUOa MHCTPYMEHTAIbHBIX HAOMIONCHWIA ¢ Hada-
j1a XX B. He ObIJI MOHOTOHHBIM 1 XapaKTepH30BaJICs
IBYMSI TIEPUOIAMH ITOTEIUICHNS — IIOTEIUICHUEM B Ce-
pennHe XX B. U COBPEMEHHbBIM ITOTEIUICHUEM, pa3e-
JIEHHBIMH TIEpUOJIOM MOHIKEHUS TJIO0AIBHOM TeM-
neparypsbl. [Torennenue cepenrabl XX B. (ITCIB)
JOCTUTJIO cBoero Makcumyma B 1940—1945 rr., npu
3TOM TEMIIbI IVIO0AIbHOTO MOTEIUICHUS B 3TOT Iie-
puon OBIIM CPaBHUMBI C POCTOM TeMIlepaTyphl B
koHue XX B. u coctapysau 0,47 u 0,48 °C B 30-neT-
Hue niepuonbl 1916—1945 u 1962—1991 1. cooTBETCT-
BeHHO (puc. 1). B To Xe BpeMs1 IMHAMUKA CKOJIb3sI-

X 30-JeTHUX TPEHIOB MOKA3bIBAET, YTO C TeMITaMU
oonee 0,4 °C 3a 30 net rodanbHasl TeMIlepaTypa Io-
BBIIIaeTCs U1l BeeX 30-eTHUX MHTepBajioB ¢ 1958 r.,
a B mepuos [TCIB Takux TeMITOB pOCT TIpU3EMHOM
TeMIiepaTyphbl JOCTUTAET JUIb IJis1 TpEX 30-1eTHUX
TepUOI0B, HAYMHABIIMXCSA B 1914—1916 1T.
IloTtenneHue Kaumara B cepeainHe XX B. BbI3bI-
BaeT 3HAYUTE/bHBIN MHTEpEeC, TaK KaK COMOCTaBHU-
MO TI0 aMIUIUTYAE U MPOCTPAHCTBEHHBIM OCOOEH-
HOCTSIM C COBPEMEHHBIM MOTETUICHUEM, XOTSI POCT
KOHIIEHTpaluu napHUKoBbIX ra3oB (I11') Bo Bpems
ITCAB npoucxoaui B 4—5 pa3 MejieHHee MO CpaB-
HEHUIO C POCTOM B ITOCJICTHME ACCITUIETHS. XapaK-
TEePHBII MPU3HAK 00OUX 3IMU30/I0B MOTETUICHUST —
YCHJIEHHBII pOCT MPU3EMHOM TeMIIEpaTyphl BO3IyXa

AHomanuun MTB, °C

1940

1920

1900

1960 1980

loabl

Puc. 1. AHOManuu ro6aabHOM CpeaHEerogoBol Mpu3eMHol TeMmIiepatypbl Bo3nyxa (°C) B mepuon 1880—2015 rr.:
1 — 6e3 craxuBaHMsl; 2 — 5-JIeTHee CKOJIb3silee cpeaHee; 3 — cKob3siue 30-1eTHUe TPeHAbl INT00aJIbHON CpelHEro10BOM
npu3eMHoi TeMmnepatypsl Bozayxa (*C/30 yiet, 3HaueHUue COOTBETCTBYET KOHILy 30-J€THEr0 Nmepuoaa CKOJIb3SIIEro TpeHaa); mo

nanHbiM HabmoaeHuit BERKLEY (Rohde, 2013)

Fig. 1. Global annual average surface air temperature anomalies (°C) in the period 1880—2015:
1 — without smoothing; 2 — 5-year running mean; 3 — 30-year moving trends of the global annual mean surface air temperature
anomalies (°C/30 years, the year corresponds to the end of the 30-year moving window); according to BERKLEY observations

(Rohde, 2013)
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Puc. 2. AHOManuu cpeaHeroaoBoi npu3eMHol Temieparypsl Bo3ayxa (°C) B mepuon 1900—2015 rr.:

1 — rnobGanbHbBIe, 0€3 crilaxXuBaHus; 2 — TJa00alibHble, S-eTHee ckonbasiiee cpeaHee; 3 — CII; 4 — FOI1. I1o naHHbIM HabOIE-
Huit HadCRUTS5.0 (Morice et al., 2021). Ins puc. 2—10 6a30Bblit epuo 118 TeMriepaTypHbiX aHoMaiuit — 1951—1980 rr.

Fig. 2. Average annual surface air temperature anomalies (°C) in period 1900—2015:

1 — global; 2 — 5-year moving average and global without running mean smoothing; 3 — Northern Hemisphere; 4 — Southern
Hemisphere. According to instrumental data HadCRUTS5.0 (Morice et al., 2021). The reference period for temperature anomalies

for Fig. 2—10is 1951— 1980

(ITTB) B CeBepuom noaymapuu (CII) ¢ makcu-
MaJIbHBIMM 3HaYeHUSIMHU B BhIcOKUX 1mupoTax CII B
sumMHuii mepuon (Bekryaev et al., 2010; bokyuyana,
CemeHos, 2018).

MexaHu3MBI TTOTETIEHUS cepeInHBI BeKa B ApK-
TUYECKOM PErMoHe aHaJu3UpoBaJUCh B padboTe
(Bokuchava, Semenov, 2021). OnHako peruoHaab-
HBIe KJIMMaTuueckue anHoMmanuu Bo Bpemsa I[TCIB
HaOMI0JaIuCh TaKXKe 3a IpefaeaaMu ApKTUKU U He
TOJILKO B 3UMHUIA, HO U B JIETHUI ce30HBI. Tak,
KaTtacTpoduueckue nblabHBIe OypU («I1BIIBHBIHT
KoTeN», aHT1. «Dust Bowl)» 1 BoiHBI Xkapbl B 1930-x
rogax B CeBepHOIT AMepuKe, S9KCTpeMaJbHO X010/~
HbIe 3UMBI 1 JIeTHUE 3acyxu B 1940-x rogax B EBpo-
e, 3aCyXu B ABCTpaiuu B nepuona Bropoit Mupo-
BOI1 BOWHBI MoTin OBITH cBsi3aHbl ¢ [TCJIB (Hegerl
et al., 2018). Bo3neiicTBre omgHUX U TeX ke (PaKTo-
pos niorernieHust B CIT otimnuaeTcs ot Bo3neicTBUSA
B ApKTHYECKOM PETUOHE B pe3yJibTaTe UX CyIlle-
CTBEHHO! 3aBUCUMOCTU OT PerHOHaJIbHBIX B3au-
MocBsI3el u MacmTaba. Hampumep, aHTpornoreH-
HbIC a3P030JIM BBUIY PAa3IUUYUi B UX CBOMCTBAX B
ApKTUKe TIpUBOJIST K 3PPeKTy, BeAylIeMy K yCUIe-
Huto noterieHust (Bokuchava, Semenov, 2021), B
To BpeMs Kak B CII B mepByto ouepean UrparoT poJjib
a’po30JIM, OTpaxalllie COJHEUYHYIO paaiualiuio 1
MPUBOJSIINE K YMEHBIICHUIO CPeIHENOoIyIIapHOi

TemiepaTypbl. OTKIMK Ha BO3AENCTBUE BYJIKaHU-
YeCKOTro CTpaToCc(hepHOro a’po30Js CYLIeCTBEHHO
3aBUCUT OT IIMPOTHI, HA KOTOPOI IIPOU3OIILIO U3-
BepxkeHue (Kravitz, Robock, 2011). Okeannyeckue
U aTMOCc(epHbIe MOIbl BHYTPEHHEH M3MEHYMBOCTHU
KJIMMaTa B cpeaHuX M Hu3Kux muportax CIT moryr
OKa3bIBaTh NMPUHIIUINAILHO NHOE BO3NEHCTBUE Ha
kimMat CIT mo cpaBHEHMIO ¢ KITUMATOM APKTUKU.
JuHamMuKa U3MeHeHU TeMrnepaTyphl B FOxxHOM
1 CeBepHOM MOJTYILIAPHSIX UMEET CYIIIECTBEHHBIE OT-
Jaus (puc. 2). DBOJIIOLMS CPeAHETOI0OBOM MTPU3EM-
Hoit TeMniepaTyphl B FOxxHom nonymapuu (FOIT) xa-
PaKTepU3yeTCs MOHOTOHHBIM ITOTEIJIEHUEM C KOHIIA
XIX B. 3a UCKIIIOUEHHMEM TIEpUOAA MEXIY KOHIIOM
1930-x — HauanoMm 1970-x romoB, BO BpeMsI KOTOPO-
ro Habmozanock Hebombioe roxooganue (0,06 °C),
KpaitHe ciaboe 1o cpaBHeHmto ¢ CII, roe moHum:ke-
HUE TeMITepaTyphbl IIPOSIBISIIOCH TOPa3I0 CYIIeCTBEH-
Heit (0,27 °C) (Jones et al., 1986). MeHee BbIpaxkeH-
Hasl TIOJIOKUTEIbHASL aHOMAJIUs B cepearHe XX B. B
IOI1 (B xoTOpOM IO MJIOLIAAU CYLIU TIPUMEPHO
BnBoe MeHble, yeM B CII) yka3piBaeT Ha Ipearno-
JIOXKUTEIHHO BaXKHYIO POJIb TEMIIEpaTypHbIX aHOMa-
JIMIA Haj Cyllei U JbIOM B (DOPMUPOBAHUU CPEI-
HEeMoJyIIapHOTro MOTeIJIeHus B cepeauHe XX B. B
YaCTHOCTH, 13-3a IIEpeHOoca BJIary ¢ OKeaHa Ha CyIILy
TEMIICPATYPHbIA OTKJIMK HA POCT IIPUXOISIIECH K I10-
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BEpXHOCTH TETUIOBOM pamydaliy Haf CyIIel CUIbHee,
yeM Hajg okeaHoM (Dommenget, 2009).
OnnHo3HayHoOM Teopun, oobscHsioneir [1C/IB
M €0 IIPUPOAY MAaKCUMAIbHOIO IIPOSIBIICHUS B BBI-
cokux muportax CII, mo cux mop He CyIIeCTBY-
eT. Iloka He siICHO, BBI3BAHO JIM MOTEIUICHUE B Ce-
pennHe XX B. B CII permoHaibHBIMU IIpOLIECCAMU
WIN SIBJISIETCS OTKJIMKOM Ha IJI00aJbHbIE U3MEHEe-
Husa KnuMmarta. KnuMmarudeckme MoOmean yKas3bl-
BalOT HA OCHOBHYIO POJIb BHYTPEHHE! €CTeCTBEH-
Hoit m3aMeHunBocTH kiaumara (Delworth, Knutson,
2005) 1 obpaTHBIX KIIMMaTUdecKux cBsa3eif (Chen
et al., 2018; Bengtsson et al., 2004). OmHaKO BHEII-
Hue ecrecTBeHHBIE (Suo et al., 2013; Nozawa et al.,
2005) n aHTpONOTeHHBIE (DAKTOPHI, B TOM YHCIIE
cyabpdatHbIe, caxeBble adpo3onu (Booth et al.,
2012; Shindell, Fulavegi, 2009) u mapHUKOBEIE Ta3bl
(Meehl et al., 2004), Takske MOTYT BHOCUTD BKJIaJ B
(opMupoBaHUE 3TOI KIMMATUISCKON aHOMAIIMH.
Pan nccrenoBanmii (Hegerl et al., 2018) yka3niBaer,
gyrto [TC/IB MOXHO 00BICHUTH KaK COBMECTHOE TTIPO-
SIBJICHHE BHYTPEHHEN M3MEHYMBOCTH KJIMMAaTH4e-
CKOI CHCTEMEI B BUIE KBa3UIIEpHOINIECKUX KOJIe-
OaHMI WIN CTOXaCTUUIECKMX (DIYKTyallMid KIImMaTa
Ha ¢OHE pPoCTa ITTOOATBHOM TEMIIEPAaTypPhl, CBSI3aH-
HOT'O C BHEITHMM aHTPOIIOT¢HHBIM U IIPUPOIHBIM

BO3/IeiicTBHEM (YBEIMIECHIE BEIOPOCOB ITAPHUKOBEIX
ra30B U I1ay301 B BYJIKAHNIECKUX N3BEPKECHMSX).
Oco0eHHO aKTyaJIbHBIII BOIPOC Ha TEKYIIUA
MOMEHT — BBIIEJICHEe OCHOBHOM POJIM CEBEPHEIX
aTJIAaHTUYECKOTO MJIM TUXOOKEaHCKOI'0 CEKTOPOB B
coopiTum I1CJIB. Béapmias yacTs ncciaemoBaHUMA
MPeIBIAYIINX IBYX OeCITUIeTH yKa3bpiBaloT Ha Ce-
BepO-ATIIAHTUYECKHI CEKTOP KaK OCHOBHOM peru-
OH, OTBETCTBEHHBIN 3a IIPUTOK ITOMOJIHUTEIBHOTO
aTMOC(epHOT0 1 OKEaHNYECKOTO TeIIa BO BHETPO-
nuueckue mupoThl CII, omHAKO 3KCIIEPUMEHTHI C
KJIMMaTUYeCKMMHI MOIEISIMU BBIIEIISIIOT POJIb Ce-
BEPHOTIO ceKTopa THX0oro okeaHa KaK CpaBHUMBIH ¢
CeBepo-ATIIaHTUYECKMM IO BKJIAMy B KIIMMaTU4e-
ckue m3MeHeHus B cepequie XX B. B CI1.
DBOJIIOLIUS PE3YIbTaTOB YMCICHHOIO MOJIE/IN -
pOBaHUS U3MEHEHU KJIMMaTa C IIOMOIIbIO aHCaMO-
Jeit Moaeet knmuMmara pasHbix mokonennii (IPCC,
2001; TPCC, 2007; IPCC, 2013) moka3sIBaeT, 4ToO
COBEPIICHCTBOBAaHUE MOIENIeH 1 0ojee IMOTHBII
y4€T (paKTOPOB BHEITHETO (€CTECTBEHHOIO M aHTPO-
MIOI€HHOI'0) BO3MEMCTBUS Ha KIMMAT II03BOJISIIOT
0oJiee yCIIeITHO BOCIIPOU3BOIUTD TMHAMUKY TJIO-
0aJbHBIX U PeTUOHAJIBHBIX U3MEHEHHUI TeMIlepa-
TypsI 3a mociaeguue 150 net, B Tom uncne n [1C/IB
(puc. 3, a). BunHo, 4to 6oJjiee COBpeMEeHHBIE IO-

15 ]
210)
o 1] 151 —
“ 1 =3
E L
§0,5— ]
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c ]
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Puc. 3. CpenHeromoBbie aHOMaIMU MPU3EeMHOM TemIiepatyphl Bo3ayxa (°C) B CeBepHOM MONyLIApUU:

a — cpefHee 3HaYeHue 1o aHcamossam Moaeneit: / — CMIP3; 2 — CMIP5; 3 — CMIP6; 4 — CRUTEMS; 6 — otaenbHbIE peain3a-
MK U3 aHcaMOJIeBbIX pacu€ToB Momaeneii CMIP6 (cepble IMHMM) ¢ BbIAEACHHBIMU 1BeTOM peanusarusiMu: I — GISS-E2-1-G;
2 — HadGEM3-GC3I-LL; 3 — INM-CM4-8; 4 — MPI-ESM1-2-HR, KoTopble 1eMOHCTPUPYIOT AOJTONEPUOIHbIE U3MEHEHUSI
MpU3eMHOI TeMIIepaTyphbl BO3ayXa, CXOXH1e ¢ JTaHHbIMU HabmoneHuii; 5 — CRUTEMS.

Bce nannbie yepenHeHnl no Macke manHbix CRUTEMS, uckimouast odnactu, rae B cetouHoM apxuBe CRUTEMS otcyTcTBYyIOT

JAHHBIE, 5-JIETHEE CKOJIB3SIIIEEe CPEAHEE

Fig. 3. Annual Northern Hemisphere surface air temperature (°C) anomalies:

a — as observed (CRUTEMS data) and averaged (ensemble mean) over: 1 — CMIP3; 2 — CMIPS; 3 — CMIP6 model simulation
ensembles; 4 — CRUTEMS; 6 — as simulated in individual models from CMIP6 ensemble (grey lines) with highlighted (by thick
colored lines): 1 — GISS-E2-1-G; 2 — HadGEM3-GC3I-LL; 3 — INM-CM4-8; 4 — MPI-ESM1-2-HR, simulations that exhibit
multidecadal surface air temperature variations similar to observations; 5 — CRUTEMS.

All data are masked as in CRUTEMS data set and smoothed with 5-year running mean
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kosneHus moaeneit CMIPS5 u CMIP6 BocniponsBo-
gt 6osee crrbHyto amtnTyny ITCJIB, gem pannee
nokojyienne Moneneii CMIP3, B wacTHOCTH, TTOKa-
3bIBasl 3aMeTHOE Toxonoganue B 1960-x rogax Kak
OTKJIMK Ha BHEIIIHEe BO3IECTBHE Ha KiuMat. Bme-
CTe C TeM, B TO BpeMsI KaK COBPEMEHHOE IOTEILIe-
HUE TIPaKTUIEeCKH UACaIbHO BOCIIPOU3BOIUTCS P
yCpeIHEeHMHU 10 aHCAMOII0 Mopaeseil (ITO yKa3bl-
BaeT Ha BHEIIHUE, IIPEXIe BCEro aHTPOIIOTeHHEIS
BO3IEMCTBMS Ha KJIMMAT KaK IJIaBHEIN (paKTop ero
COBpeMEeHHBIX M3MeHeHnl), amruintyga [1CJIB,
HECMOTPS Ha POCT PEeaTUCTUIHOCTHU PE3yJIbTAaTOB
MOIEIMPOBAaHMSA, IO CUX IIOP 3HAYUTEIBHO 3aHU-
KaeTcs B KIIMMaTUISCKUX MOIEISIX. DTO MOXET
YKa3bIBaTh HA BaXXHYIO POJIb BHYTPECHHEM M3MEH-
YMBOCTHU KJIMMAaTa, B TOM YMCJIe M Ha MEXIECSITH-
JIETHUX BpeMeHHBIX MacinTabax (Johannessen et al.,
2004; Semenov et al., 2010; Cemenos, 2015). Heas-
35 TaKXKe MCKIII0YaTh M BO3MOXHOCTh HEKOPPEKT-
HOTI'O 3aJaHMSI B MOJEJISIX BHEIIHETO BO3ACHCTBUS
Ha KJINMAT B IIepBOIi IToJI0BUHE XX B., KOTOAa OTCYT-
CTBOBAJIU IIPSIMBIE TaHHBIE HAOIIOIESHUI IT0 a3P030-
JISIM TOCTAaTOYHOTO IOKPBITHSL.

Pacxoxnenne mexmy HaOIOgaeMOl M MOIEIN-
pyemoii (B oTBeT Ha BHeluHee Bo3aelicteue) IITB B
CII yka3pIBaeT Ha BaXXHYIO POJIb BHYTPCHHUX KIIH-
MaTUYECKUX M3MEHEHMI B MHOTOJIETHEM MacIITabe
(Delworth, Knutson, 2005; Bengtsson et al., 2004;
Latonin et al., 2021). KnumaTtndyeckre MOIEIN CITO-
COOHEBI BOCIIPOM3BOINTh 3HAYUTEILHBIE BHYTPEH-
HHe KoJeOaHMs, KOTOpbIE aHAJOTHUYHBI HAOIIO-
naeMbIM (cM. puc. 3, 6). OTnenbHBIC peann3alnu
aHCaMOJIEBBIX PAcUYETOB COIEpPXKAT €CTECTBEHHBIC
BHYTpPEHHHE KOJIeOaHUS KiIuMaTa Ha (oHEe U3Me-
HEHWIi, BRI3BAHHBIX BHEITHMM Bo3aeiictBueM. Ilpu
YCpPEeOHEHUH M0 aHCAaMOJIIO peaan3alnii BHyTPeH-
HHUE KojieOaHWsI, MMEIoNIre ciaydaiiHble a3hl, OT-
(UABTPOBHIBAIOTCS U OCTAIOTCS JIMIIh M3MEHE-
HUSI, CBSI3aHHBIC C BHEIIHUM BO3IeiicTBUEM (CM.
puc. 3, a). HexoTtopsie n3 peanm3anuii CIiocCOOHBI
JOCTATOYHO XOPOIIIO BOCIIPOU3BECTU TUHAMHUKY U3-
meHeHuit temreparypsl CII B XX B., 4T0 mompasy-
ME€BaeT BAXHYIO POJIb CIIyYalfHOW BHYTPECHHEU M-
HaMWKM KimuMaTta B ¢popmupoBanun ITCJIB.

HccnenoBanue IpUINH NOTEIUICHUS CepeOUHBI
BeKa 3aTPyIHEHO HEAOCTATOYHBIM KOJIMYECTBOM U
Ka4eCTBOM KJIIMMATUYECKUX TJaHHBIX, OCOOCHHO B
nonsgpHEIX mmpoTtax (Bekryaev et al., 2010). 3ranus
0 KJIMMAaTe 3a 3TOT BpeMEHHOI OTpe30K OOJIbIIIeit
YacThI0 OCHOBAaHKI HAa HEPETYJISIPHBIX METEOPOJIOTH -

YeCKUX HaOMI0JeHUSAX Ha 36MHOI MMOBEPXHOCTHU, CY-
JIOBBIX M3MEPEHUSIX U HEKOTOPBIX KIIMMAaTUIECKUX
pexoHcTpykuusax (Hansen et al., 2010). ITpoctpaH-
CTBeHHOE MoKphiTUe faHHbIMU B iepuoxd ITCJIB no
CPaBHEHUIO C COBPEMEHHBIM MEPUOIOM OTJIUYALT-
csl OOJIBIIMMU TIPOIyCKaMU BO MHOTHMX KITIOUEBBIX
peTrrnoHax, OXBaYe€HHBIX TOJILKO CIIOpPagUYeCKUMU
U3MEPEHUSIMHU, HAIIpUMEp, B 30HE TPOITMYECKOTO
Tuxoro oxkeaHna u 6osbuieit yvactu IOII, Bo BHY-
TPEHHMX paiioHax AQPUKH, B MOJSIPHBIX IINPOTAX.
Oo6wmupHag tepputopust CeBepHoro JlegoBuToro
OKeaHa [0 CHMX ITOp He OXBaueHa HeIpPePHIBHBIMU
HabmogeHusMu. Ha puc. 4 npeacraBieHbl cpeaHe-
rogoBbie aHoManuu I1TB Ha cyme CIT Ha ocHoBe
TPEX OCHOBHBIX COBPEMEHHBIX II00AJIBHBIX aHAJIH-
30B aMnOupudyeckux gaHHbix I[I1TB. 910 — aHanu3
[JI00AJTbHOU MPU3EMHOU TeMIlepaTyphl Haj CylIei
n okeanamu BERKLEY (Rohde, 2013; http://
berkeleyearth.org/), nanasie GISTEMP (Lenssen
et al., 2019; https://data.giss.nasa.gov/gistemp/)
U TaHHBIE IPU3EMHOI TeMIepaTyphl Hal CylIei
CRUTEMS (Morice et al., 2021; https://crudata.
uea.ac.uk/cru/data/temperature/). AHomaauu I1TB
YCpPeIHEHBI [0 MacKe, YUUTHIBAIOIIEH OTCYTCTBYIO-
e gaHHele B ceTouHoM apxuBe CRUTEMS. Bce
TPU apXuBa JEMOHCTPUPYIOT CXOXME U3MEHEHUS
temrepaTypsbl B CIT B XX B., 0COOEHHO B 4aCTH A0JI-
rOMepUOAHBIX KOJeOaHU.

AJbTepHATUBHBIN UCTOYHUK JAHHBIX — peaHa-
Jm3bl (Lindsay et al., 2014), oxBaTbhIBaloll1ie BeCh
XX B. MJIM €Tr0 4acTh U MpeacTaBisiolIue co00oM
MOJIHBIM HA0Op METEOPOJOTUUYECKUX JAHHBIX CO
100%-m nokpbITeM. PeaHanu3bl — pe3yabTaT Yuc-
JIEHHBIX 3KCIIEPUMEHTOB C MOJAEISIMU OKeaHa U aT-
Mocdepbl, KOTOpble aCCUMUIUPYIOT NOCTYIHbIE
JaHHbIe HAOJMIOAEHUN U MPUBOAAT TUHAMUYECKIE
1 TepMOJUHAMMYECKUE IIEpeMEHHbIE aTMOC(HEPHI 1
OKeaHa K SMIUPUYECKUM JaHHBIM. B ciydae peaHa-
J30B XX B. U3-3a OTCYTCTBHUS IPYTMX MHOTOJIETHUX
JaHHbIX HAOMIOIEHUN 32 COCTOSTHMEM aTMOoCcephl
naBjaeHue Ha ypoBHe Mops (IYM) — equHCTBEH-
Hasi aTMocdepHas MmepeMeHHas, UCIOoJIb3yeMas
o accumuasuuu. Janaele JIYM Takke CUIbHO
orpaHMYEHEI B Hauajie XX B. B pa3HBIX pernoHax
M0 BCEMY MUPY U MOJIHOCTbIO OTCYTCTBYIOT Haf Ce-
BepHbIM JIeTOBUTHIM OKeaHOM (Jaxe B HacTosllee
BpeMsi). IIpounmoctpupoBansl faHHbie [TTB B CIT
JJIs1 TPEX peaHann30B XX B. IO CPAaBHEHUIO APYT C
JpyroM U JaHHBIMM HaOmtoaeHuit (cm. puc. 4). Uc-
MOJIL3YIOTCS ABa aTMOcGepHbIX peaHanu3a — NOAA
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Puc. 4. CpenHeronoBbie aHOMaJIMK Mpu3eMHo# Temriepatypbl Bo3ayxa (°C) B CeBepHOM IOJyILIAPUU 10 JaHHBIM

MaCCHUBOB:

1 — CRUTEMS; 2 — GISTEMP; 3 — BERKLEY 1o macke B cooTBeTCTBUM € TponyiieHHbIMU faHHbiIMU CRUTEMS u o naH-
HbIM peaHamu3oB: 4 — ERA 20C; 5 — CERA 20C; 6 — NOAA 20C, a takxe o Macke CRUTEMS, 5-eTHee cKob3sIIee CpeaHee
Fig. 4. Annual mean surface air temperature anomalies (°C) in the Northern Hemisphere according to:

1 — CRUTEMS; 2 — GISTEMP; 3 — BERKLEY datasets when masked according to CRUTEMS missing data and from the: 4 —
ERA 20C; 5 — CERA 20C; 6 — NOAA 20C reanalysis products, also according to the CRUTEMS5 mask, 5-year running mean

20C (Compo et al., 2011) u ERA 20C (Poli et al.,
2016) — 1 OOUH COBMECTHBIN peaHanIn3 aTMoche-
pol 1 okeana CERA 20C (Laloyaux, 2018). CpaBHe-
HUE pa3IMYHbIX peaHaan30B XX B. ¢ TaHHBIMU Ha0-
JIIOAEHUM 1 MEXIy COOOM BBISIBUJIO CYILIECTBEHHBIE
pa3anMyys B TEHASHIIUSIX U3MEHEHUI TeMIlepaTyphl,
JacTo KauyeCTBEHHOTIO XapakKTepa, B IIepBOM MOJI0-
BUHe XX B., UTO HE ITO3BOJISIET paccMaTpUBaTh 3TU
JNaHHbIE KaK IOJHOLIEHHYIO 3aME€HY OTCYTCTBYIO-
IIMM HaOJIIONeHUSIM U TTIOKa3bIBaeT, YTO peaHaaIu3bl
clieqyeT UCII0JIb30BaTh B KAUeCTBE 3aMEHBI OTCYT-
cTByolux HabmoaeHu# B nepuon [ICJAB ¢ 60ib-
o octopoxHocThio (bokyuasa, Cemenos, 2018).

IMTonnmanue mexanusmoB nepuona I[TCAB u
MOCJenyIONIero MoxXoaoaaHusl — K04 K onpeae-
JICHHIO OTHOCUTEJIBLHOTO BKJIala BHYTPEHHEH ecTe-
CTBEHHOU M3MEHYMBOCTU Ha (pOHE OTKJIMKa Ha
BHEIIIHKE, B TOM YHCJIe aHTPOIIOTeHHbIE, BO3Ieii-
CTBUSI B INIOOAJIbHOM M3MEHEHUM KJIMMaTa Ha MHO-
roJIeTHEM BpeMEHHOM MacIlTade, a uccieloBaHue
pervoHanabHBIX U3MeHeHu# Temnepatyphl B CII B
cepenuHe XX B. (Bronnimann, 2009) mo3BoJisieT BbI-
SIBUTh BO3MOXHbIE MEXaHU3Mbl €CTECTBEHHOM M3-
meHuuBocTu (Pithan, Mauritsen, 2014). B craTbe
MPUBOIUTCS 0030p runote3, oobsacHsatomux [ICAB,
C YIIOPOM Ha aHaJIN3 MEXaHU3MOB BHYTPEHHEH K-

MAaTUYECKOI M3BMEHYMBOCTH, a TAKXKe OLICHEH BKJIA
aTMOC(EepHBIX U OKCAaHUYECKHUX MOJI CEBEPHBIX CEK-
TOPOB ATIAaHTUYECKOTO U THUXOOKEaHCKOTO Permo-
HoB B KoJjiebanus [1TB B CII B reuenune XX B.

Buemmnne akTopsl Bo31eiCTBISA HA KJIMMAT

Ilapnuxoevie 2a3vl u anmponozennvie aspo3ou.
HM3MeHeHus TemrepaTypsl 3a riociiennue 50 jet 06-
YCJIOBJICHHI B IIEPBYI0 o4epelb aHTPOIIOTEHHBIM
yBeauueHreM mapHuKoBbIX ra3oB (I1T7) (Anekcees u
Ip., 2014), Ho posib 3TOTO (haKTOpa IJIsI MOTETIICHUS
cepenvHbl XX B. — MpeAMET AUCKYCCUM, TaK KakK
MHTEHCUBHBIN pocT KoHUeHTpauuit [1I" Havancs
yxe rnocie 1940-x romoB. AHTpOIIOreHHAasI AesTeb-
HOCTB ITPUBOJIUT K BBIOpOCcaM B aTMOC(hepy YEThIPEX
ocHoBHBIX [II': nnokcuna yrnepona (CO,), metaHa
(CH,), 3axucu azora (N,O) 1 rajoreHyriaeponos
(¢Top, xm0p, 6pom) (Forster et al., 2007). Ycunenne
MapHUKOBOTO 3¢ ¢eKTa B pe3yJibTaTe YBEIUUCHUS B
atmocdepe KoHueHTpauuu CO, 3a CYET CXUTAaHUS
HMCKOIAeMOT0 TOTUIMBA HE MOXKET B OAMHOYKY 00b-
acHUTh cobbiTre ITCJIB, Tak kak ¢ 1906 mo 1945 r.
ero poct coctaBu ymiib 10% (¢ 299 no 311 yactun
Ha MWJUTMOH (ppm) OT BCEro pocTa ¢ JOUHIYCTPU-
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Puc. 5. Konuenrpauuu yriekucnoro raza CO, B atmocdepe (ppm) B nepuon 1900—2018 rr.: / — Ha ocHOBe pe-
KOHCTPYKLMHU KOHUeHTpauuu atmochepHoro CO, no sensgaHbiM kepHaM B AHTapkruke (Etheridge et al., 1998); 2 —
110 JaHHbIM HabmoneHuil Ha ctaHuuMu MayHa Jloa (Tans, Keeling, 2020); 3 — xoHuentpauuu meraHa CH, (ppb)
(Ritchie et al., 2020); 4 — koHueHTpauuu okcuga azora N,0 (ppb) (Ritchie et al., 2020); 5 — aHOManuKu NPU3EMHOM
Temiieparypbl Bo3ayxa (‘C) B CeBepHoM moiylapuu corinacHo aaHHbIM HaomoaeHuit HadCRUTS.0 (Morice et al.,
2021), 5-1eTHee cKob3sllee cpeaHee

Fig. 5. Concentrations of carbon dioxide in the atmosphere (ppm) for 1900—2018: 7 — according to Antarctic ice core
CO, reconstructions (Etheridge et al., 1998); 2 — and observational data at Mauna Loa (Tans, Keeling, 2020); 3 —
methane concentrations CH, (ppb) (Ritchie et al., 2020); 4 — nitrogen dioxide concentrations N,0 (ppb) (Ritchie et
al., 2020); 5 — surface air temperature anomalies (°C) in Northern Hemisphere according to HadCRUT5.0 (Morice et

al., 2021) observations, 5-year running mean

aJbHBIX 3HaYeHu# 1850 r. (286 ppm) mo HacTosIee
BpeMs (408 ppm) (Macfarling Meure et al., 2006).
Bxknan CH, B mapHUKOBBIA 3G @EKT B HECKOIBKO
pa3 MeHble 1o cpaBHeHU10 ¢ CO,, HO MapHUKO-
BbIi noteHuman CH, B 25 pa3 Gosblie 3a CTOJNETHUI
nepuon. IIpumepno ¢ 1750 1. cogep:xaHue MeTaHa
B aTMocdepe BhIPOCIO MOYTU BTPOE, YTO O0YCIOB-
JIEHO NEeSITeIbHOCTBIO, CBSI3aHHOM C CEJIbCKUM XO-
34MCTBOM, B TO BpeMS KaK BaXKHEUIIIUM €CTECTBEH-
HBIM MCTOYHMKOM MeTaHa CIyKaT 00J10Ta, BiaaxHas
MoYBa 1 BeuHasl Mep3/J10Ta, MUHTEHCUBHOCTh BbIIE-
nenuss CH, KOTOpbIMU TakKXke CUJIBHO 3aBUCUT OT
nsmeHeHui kiauMmara (Enucees, 2018). N,O Bbize-
JisieTcsl B aTMocdepy B pe3yibTaTe aKTUBHOTO UC-
MOJIb30BAHUS YIOOPEHUI U CKUTaHUS UCKOIIaeMOo-
ro TOILJIMBa, UMEET elI€ MEHbIIYI0O KOHIIEHTPAIIUIO
B aTMocdepe yeM MeTaH, HO JeJaeT CYyIIeCTBeHHBIN
BKJIaJ, B MAapHUKOBBIN 2((PEKT 1N3-3a BLICOKOTO TTap-
HUKoBoro noteHuuana (Meinhausen et al., 2017).
WNurencusnsbiit poct CO,, CH, u N,O Havan-
cs Bo BTOpoit mojoBuHe XX B. (puc. 5), UTO He CO-
IJ1acyeTcsl ¢ TMHAMUKOM TeMIIepaTyphl B TeUEHUE

IICAB u He MOXeT UrpaThb JOMUHUPYIOILIYIO POJIb
B POCTe IJIOOAIbHOM TeMIIEPATyphl B 3TOT MEPUO.
OnHako JaHHBIE MOJEIBHBIX SKCIIEPUMEHTOB (CM.
puc. 3) mMoKa3bIBAIOT, YTO pOCT KoHLeHTpauii [T
MOT BHECTM OIpeAcAE€HHBIN BKJIal B MOTEIJICHUE
1920—1940 rr. B coyeTaHUM ¢ OpyruMu axkTopa-
MM — I1ay30M B BYJIKAHMYECKMX U3BEPKEHUSX, PO-
cToM cojiHeuHoM akTuBHocTU (Meehl er al., 2004;
Suo et al., 2013) u BHyTpeHHE KIMMAaTUIECKOMN 13-
MmeHuuBocThIO (Delworth, Knutson, 2005).
OTKJIOHEHUS Xe& OT YCTOMYMBOTO IIpoliecca
MOTEIJICHUS, BEI3BAHHOTO YBEJIMYEHUEM KOHIICH-
TpalMil MApHUKOBBIX Ta30B B aTMocdepe, Ha MeX-
JNECATWIETHUX BPEMEHHBIX MacIlITabax MOTYT ObITh
CBSI3aHBI C BO3JIEHCTBUEM aHTPOIIOTEHHOTO a3P030J1s
(Shindell, Falavegi, 2009), konu4ecTBeHHbIC OLIEHKHN
BJIMSIHYSI KOTOPOTO Ha INI00AJbHBIE M PETUOHATbHBIC
M3MEHEHUS KiuMaTa KpaiiHe HeollpeneaEHHbBI 13-3a
pa3Iyrii B CBOUX XapaKTEPUCTHKAX, YaCTO IPUBO-
OSIIUX K aHOMAJIUSIM TeMIIepaTyphl pa3HOro 3HaKa
(Haywood, Boucher, 2000; Booth et al., 2012; Undorf
et al., 2018). OcHOBHOI BKJIaJ B OXJIAXKIAIOIINI -
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Puc. 6. MaccoBas KOHLEHTpaLuUs a3po3osieii (Kr/mM?2) 1o naHHbIM KauMatudeckoi Mogeau GISS nisa CMIPS ¢ 3a-
MAaHHOM PEKOHCTPYKILIMEH SMUCCUI aHTPOIIOT€HHBIX a3p030JIeii:

1 — rnobGanbHas; 2 — g CeBepHoro noayiuapus; 3 — mis FOxHoro nonymapusi; 4 — aHoMaJauy IMIPpU3EMHOM TeMITepaTyphbl BO3-
nyxa (°C) B CeBepHoM nojryiiapuu 1o naHHeiM HabmoaeHuit HadCRUTS.0 (Morice et al., 2021), 5-ieTHee cKoJb3slliee cpeaHee
Fig. 6. Acrosols mass concentrations (kg/m?) according to the GISS climate model with a given reconstruction of an-

thropogenic aerosol emissions:

1 — global; 2 — for Northern Hemisphere; 3 — for Southern Hemisphere; 4 — annual surface air temperature anomalies (°C) for the
Northern Hemisphere according to HadCRUTS5.0 (Morice et al., 2021) observations, 5-year running mean

(hekT BHOCST CcyNb(aTHBIE a39PO30JI1, COCTABIISIOIINE
OKOJIO IBYX TPETEU MACChI a3PO030JIei aHTPOIIOICH-
HOTO IIPOMCXOXIEHMsI, HauboJiee BHICOKUE 3HaUe-
HUSI KOHLIEHTpAllM¥ KOTOPBIX HaOJII0da0TCs IIpe-
xkne Bcero B CII, roe mo cpaBHeHuio ¢ FOIT Brimme
JOJISI CYIIU IO OTHOIIIEHUIO K OKeaHy, IPOXKUBaeT
OOIbIIIasT YaCTh HACEJICHUS U, KaK CJIEeICTBUE, PaCIio-
JIOXEH OCHOBHOM 00BEM MPOU3BOACTB — UCTOYHU-
KOB BBIOpOCOB a3po3oJieii (puc. 6).

Hzmenenue coaneunoli u 6yAKaHUHECKOI AKMUGHO-
cmu. OLIEHKM OTHOCUTEJbHOIO BKJIaga COJIHEYHOMN
pamuanuy B ¢opMUpOBaHUE U3MEHEHUI KJIMMaTa B
XX B., OCHOBaHHBIE Ha MOJIEJbHbBIX pacyéTax 1 aHa-
JIN3e NTaHHBIX HAOIIOAEHUI U peKOHCTPYKUUI, UMEIOT
OYeHb IMPOKUI 1Uarna3oH, HO B 1I€JIOM ITOKa3bIBa-
JOT OTHOCUTEJILHO HEOOJIBIITYIO POJIb COJTHEUHOM aK-
tuBHOCTH B M3MeHunBocTH I1TB (Reid, 1997; Lean,
Rind, 2008; MoxoB, CmupHos, 2008; Przybylak et
al., 2020). I'no6anbHoe cHkeHue ITTB Ha Heckob-
KO JecsThIX rpaayca Lleabcust B TeueHne HECKOIbKIX
MECSLIEB MOCJIe KPYITHBIX BYJIKAHUYECKUX U3BEPXKe-
HUI TIPOUCXOIUT IIaBHBIM 00pa30oM U3-3a 6OraToro
CEPHOI KUCIIOTOHN cTpaToC(epHOro a3po30si, KOTO-
PBI, MOTHUMASICh IO HUKHEN IpaHUIIBI cTpaTocde-

pBI, YBEIMYMBAET TIaHEeTapHOe anbbeno (Sigurdsson,
1990). D10 BHI3BIBaET OTpULIATEIbHBIE aHOMAIUHU
pagnalimoHHOTo OanaHca 3eMiu, U 3PEPEKT MOXKET
COXPaHSThCS B 3aBUCUMOCTHU OT CHUJIBI U3BEPKEHMS
B TEUCHME HECKOJIBKMX JIET M3-3a TEILIOBOM MHEP-
LMK OXJIAXIEHHBIX oKeaHOB (Mass, Portman, 1989;
Robock, 2000). CHukeHre ByJIKAHUYECKOM aKTUBHO-
CTU COBMECTHO C YCWJICHHEM COJTHEUHOM pagyaliid —
CyILIeCTBeHHbIC (DAKTOPHI, BIUSIONIME Ha IIOOATbHEIE
M3MEHEHMS KJIMMaTa, OMHAKO 110 JaHHBIM MOJIE/Ib-
HbIX 3KcriepumeHToB (Nozawa et al., 2005; Suo et al.,
2013) atux hakTOpPOB HENOCTATOUHO JIJIT OOBSICHEHUS
Kkak amratyasl [ICJIB, Tak u ero nMHAMMKY, B TOM
yucie noxojogaHus 1945—1955 rr.

CoryiacHO MOJE/IbHBIM 2KCIIEPUMEHTaM, YCH-
JIeHHasl COJIHEeUHasl paauaius — 0oJiee BaXXHbIU
¢axrop masg nepuona [NCIAB, yueM aHTpONOTeHHBIM
(Nozawa et al., 2005), 1, HapsiTy ¢ HU3KOI1 ByJIKa-
HUYECKON aKTUBHOCTBIO B 1920—50-X romax, B 3Ha-
YUTEIBLHOM CTEIeHU OTBETCTBEHHA 3a MOTEILICHUE
cepennHbl XX B. BO BHeTpormuyeckux mupotax CIT
(Suo et al., 2013), omHaKO Bce nepevyrciIeHHbIE (PaK-
TOPBI BMECTE HE MOTYT 00BbICHUTHL coobiTre [1C/IB
MOJTHOCTBIO (puc. 7).
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Puc. 7. UsMeHeHUs cpeHeil ONTUYECKOI TOMIIMHBI a3p030Js B XX B., BbI3BaHHbBIE BO3ACHCTBYEM BYJIKAHUUECKOTO
aspo30Jis M0 JaHHBIM KiMMatudeckoir momenu GISS ¢ 3amaHHOI PeKOHCTPYKLIMEH BYJIKAHUYECKONW aKTUBHOCTH

(Miller et al., 2014):

1 — g CeBepHoro nosyiuapus; 2 — aHOMaJIMM CPeIHEroJ0BoM Mpu3eMHoi Temriepatypbl Bodnyxa (*C) B CeBepHOM IoaylIapuu
no gaHHbIM HaomoneHnit HadCRUTS.0 (Morice et al., 2021), 5-neTHee ckoib3silee cpeaHee

Fig. 7. Changes in the aerosol average optical thickness in the 20th century caused by the impact of volcanic aerosol
according to the GISS climate model with a given reconstruction of volcanic activity (Miller et al., 2014):

1 — for Northern Hemisphere; 2 — annual surface air temperature anomalies (°C) in Northern Hemisphere according to Had-

CRUTS5.0 (Morice et al., 2021) observations, 5-year running mean

BHyTpeHHHEe MeXaHH3MbI KOJIEOAHUS KJIMMATA

Buympennaa uzmenuueocmov ammocghepnoi uup-
kyaayuu. OCHOBHAas mpobyieMa B oIpeaeeHU Npr-
YMH U3MEHEHMI KJIUMaTa B MOCJIETHEM CTOJICTUHN
CBsI3aHA C OLIEHKOI OTHOCUTEJIBHOTO BKjaaa BHYT-
peHHeil eCTeCTBEHHOI M3MEHUYMBOCTY KJIMMAaTHIC-
CKOI CUCTEMEBI M BHEIITHETO aHTPOIIOT€HHOI'O BO3-
neiictBus (Delworth, Knutson, 2005). IToterieHue
B 1920—40-x ronoB ObLIO MPEeIMETOM HAy4YHOTO UH-
Tepeca yxe B nepBoil mosoBuHe XX B. HekoTtopbie
ucciaegoBaHus, HadyaTele emé B 1930 r., mokasanu
BaXXHYIO pOJIb LIUPKYISILUMU aTMOchephl U OKeaHa
B pa3BUTUU PETMOHANIbHBIX KOJeOaHMI KiIuMaTa
(Busze, 1937). AHajloTM4YHbIE MCCIENOBAaHUS IIPOBO-
IATCSI U B HacTosIIee BpeMs. YucIeHHbIe 9KCIIepU-
MEHTBI C MOJEJISIMU KiIMMaTta (Harmpumep, Wang et
al., 2007) 1moKa3nIBalOT, YTO BHYTPEHHSST U3MEHUM -
BOCTh aTMocdepbl M1 0OpaTHBIC CBS3M MEXIY KOM-
MMOHEHTaMM KJIMMaTUYeCKOM cucTeMbl (aTMocdepa,
OKeaH, MOPCKOI1 JI€A) COCOOHBI MPUBECTU K aHO-
MaJiusIM KimMara, coroctaBuMbIM ¢ ITCJIB. 3Ha-
YUTEJIbHASI 9aCTh U3MEHYMBOCTH MEXKTOIOBBIX U
MEXIEeCATUIETHUX aHOMAaJIWil IPUIIOBEPXHOCTHOM
TeMIIepaTyphbl U CBA3aHHBIX C HUMU IIPOIIECCOB B
ApKTHKE 1 B IPYyTUX peTHOHAX B IIEPBOIl IIOJIOBUHE

XX B. MOXET OBITh O0BbSICHEHA U3MEHUMBOCThIO BE-
IOYIIUX PeXMMOB KPYITHOMACIITAOHOM LI PKYJISLIUNA
atMocdepnl (Wood, Overland, 2010). CeBepHble pe-
TUOHBI ATIAHTUYECKOTO ¥ TMXOro 0KeaHOB — KJTIO-
YyeBbIe PETrMOHBI aTMOC(PEpHOI IUPKYISILUU, OT-
BETCTBEHHBIC 32 MEXIITUPOTHBIN IIepeHOC TeIia B
atMocdepe cpeIHUX U BbICOKUX mupoT CII.

Bo BTOpoOIf momoBrHe XX B. TaKue MWHICKCHI,
kak CeBepo-AtnaHTuueckoe konebanue (CAK;
North Atlantic Oscillation — NAO), ApkTuyeckas
ocunmsaums (AO; Arctic Oscillation — AO), Tu-
XookeaHcKo-CeBepoaMepuKaHCcKoe KoJicbaHue
(TCAK; Pacific—North American index — PNA) u
IpyTye, IO pa3HbIM OIICHKAM MOTYT OOBSICHUTH OT
40 mo 6onee 80% uzmenuyusoctu [1TB Bo BHETpO-
nuyeckux mupotax ¢ CIT (Wood, Overland, 2010;
ITonosa u ap., 2018; ITonona, 2018). CyIiiecTByIOT
TakKe MHACKCHI, BO3ACHCTBYIOIINE Ha KJIMMAT Ha
pernoHaibHOM MacmTabe, — CKaHIMHABCKOE KO-
nebanue (Scandinavian index — SCAND), Boctou-
Hag AtnaHtuka — 3anmagHas Cubups (BA3C; East
Atlantic Western Russia — EAWR), East Pacific —
North Pacific, West Pacific (Barnston, Livezey,
1987) u np. B paboTte caenaH ymop Ha OCHOBHbIE
naTTepHbI aTMOC(hEepHOI N3MEHUNBOCTH, NMMEIOIIEH
HaunbOosblee Bo3aeiicTBue Ha Kiumat CII.
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CAK — TOMUHUMPYIOIIHNIA peXUM KpyITHOMAC-
mMTa0HO M3MEHYMBOCTU aTMOoC(ephbl B 3UMHUI
nepuon B CeBepo-AtiantudeckoMm cekrope CII,
XapaKTepU3YIOIINIiCSI KOJIeOaHNUIMM pa3HOCTH aT-
MochepHOro MpU3eMHOTO mAaBiaeHUS Mexay Mc-
JIAHACKMM MHUHUMYMOM U A30pCKOM MaKCHUMyMOM
(Stephenson et al., 2003). C CAK TecHO cBsi3aH WH-
nexc AO, oTpaxalomuii n3MEHEHNEe OaBJICHUS Ha
ypoBHE MopsI Bo BHeTponmieckux mmmporax CII. AO
oIpenesieT KoiebaHuss aTMOC(EpHBIX IIOTOKOB B
cpenHux mmpotax CII ¢ ceBepa Ha ror B TeUeHUE 3UM-
Hero nepuonma (Ambaum et al., 2001). CAK xapax-
Tepu3yeT CHIYy W HaIlpaBJIeHUE 3allaTHbIX BETPOB Ha
BOCTOK U pacmpenejieHue IMyTel IBIKEHUS IIUKII0-
HOB uepe3 CeBepHYIO ATIAHTUKY, (DOPMUPYS KITH-
MatT eBporeickoi yactu EBpa3uiickoro KOHTUHEHTA
B xonomHoe moayromue. AO u CAK He nMeroT sipKo
BbIpa>KeHHBIX LIMKJIOB KoJiebaHuii (Ambaum et al.,
2001), a X U3MEHIMBOCTD, B TOM YHCJIE JOJITOIIepH-
OITHAsI, HE MOXET CTATUCTUICCKH 3HAYMMO OTJINIATh-
cs OT cmyvaifHoro mpoitiecca (Semenov et al., 2008).

B Tedenue nepBhIx gecAaTuaeTH XX B. ITOJIOXKU-
tenpHas (aza CAK BeIpakamach B 6ojiee CHIIBHOIM,
yeM OOBIYHO, 30HAIBHOM LUpPKY/Istiuy Hag CeBep-
HOIT ATiIaHTHKOM. JloarocpodyHoe JOMUHUPOBAaHNIE
TaKOTO0 XapaKTepa aTMOC(hEpHON IUPKYJISIIINYT IIPH-
BOIUT K BETPOBOI aaBEKIUM TEIUIBIX aTJaHTHU4e-
CKHUX BOJ B CEBEPO-BOCTOUHYIO 9acTh CeBepHOI AT-
manTuku n B Apktuky (Dickson et al., 2000), uto
MOTJIO cIToco0cTBOBaTh moteruieHuio B CII B aTor
nepuon. OgHAKO B IIepHUOa HamboJjiee MHTCHCUB-
Holt da3el moteruieHns B 1920—30-x romax mHIEKC
CAK cumxancs. ITostomy Bkitam CAK B IICJ/IB B
TOJIrOIIepUOAHbICE aHOMAJINM KJIMMaTa BO BHETPO-
mumyeckux mmpoTtax CII MamoBeposTeH, 9YTO TaKXkKe
MMOATBEPXKIAETCS aHAIM30M IIPOCTPAHCTBEHHON U
KOPPEISIIMOHHON CTPYKTYPHl aHOMAJIMII TeMIIe-
patypsl B CII B XX B. (Semenov, Bengtsson, 2003;
Semenov et al., 2008). st CAK 0Ob1a BEISBICHA
TaKXe CBSI3b C PETMOHAIBHBIMU aHOMAJIMSIMU MOP-
cKux JbaoB. CuiibHasI OTpUIIaTeIbHAS aHOMAIHUS
nHaekca CAK B 2009—2010 rT. ¢ ycuieHueMm me-
PUIMOHAIBHON ITUPKYJISILINY ObLJIa CAaMBIM HU3KUM
3HAYCHHEM 110 JAaHHBIM CTAaHIIMOHHBIX HAOIIOnCHI
¢ cepennabl XIX B. (Overland et al., 2011), korna
KOHIICHTPAIIM MOPCKOTO JIbIa B BEICOKUX IITPOTaX
CII mocturanu Hanboiee HU3KMX 3HAYCHUIA.

HNnnexc Tuxookeanckoro CeBepo-AMepuKaH-
ckoro konebanus (TCAK) ormmceIBaeT pesxuM mup-
Kyssuun atMocdephsl B CeBepo-TuxookeaHCKOM

cexTope. TCAK xapaktepusyeT rpagdeHT JaBIeHUS
Mexay ceBepoM Tuxoro okeaHa (AjleyTCKUiA MUHU-
MyM) U BocTtokoM CeBepHoiit AmMepuku (KaHaackuit
MaKCHMYyM) 1 OTpaxaeT KojieOaHUsI 30HaJIbHOTO Te-
peHoca B peruoHe. B cnyyae TCAK 06e uupkynsi-
LUOHHBIE Pa3hl MHIEKCa MOTYT CIIOCOOCTBOBATH
peTMOHAJIbHOMY 3aTOKY TEIIJIOr0 BO3[AyXa BO BHE-
Tpormueckue mupoThl CII B pa3HBIX JOJITOTHBIX
cexTopax. B 1930—50-x romax orpunarenbHas dasa
MpuBeJia K MepeHOCY TEIIBIX BO3AYIITHBIX Macc K
MOJIIOCY Yepe3 ceBepo-3aragHylo yacTb Tuxoro oke-
aHa, a MoJIOXKUTENbHBINA MUK 1940 r. — K ycuneHuio
30HaJIbHOTO MepeHoca K 3amagHoOMy MoOepeKbio
Kananpst u Ansicke (Hegerl et al., 2018).

Nupexc FOxHoro konedbanust (FOK; Southern
Oscillation — SOI) xapaxkTepusyet aTMmocdepHoe Mpo-
siBJIeHUe U3MeHUYuBoCTU Diib HuHbo — FOxHas oc-
mwwauusa (OHIOK; ENSO — El Nino Southern
Oscillation (Zhang et al., 1997), aBastolieecsi OCHOB-
HBIM €CTECTBEHHBIM KJIMMAaTUYECKNM CUTHAJIOM B
robabHOM cucTemMe okeaH—aTMocdepa Ha JeKaj-
HoM MacwTabe. FOK xapakrepusyeTr pasHULLy MEXITY
AYM B TponnyecKkoii 3anagHoit yactu Tuxoro okea-
Ha — B JlapBuHe, ABCTpallii U B LIEHTPAIbHOI YacTH
Tuxoro okeana — Ha Tantu. OTKJIOHEHUST pa3HUIIBI
OT CpPeTHUX 3HAYEHUI YKa3bIBalOT Ha YCUJICHUE,/OC-
JlabjieHre 30HaJIbHOM LIUMPKYyAaunu Yokepa (Meng
et al., 2012). FOK Bo3nmeiicTByeT Ha U3BMEHUYUBOCTh
knumata CIT He ToyibKO B TUXOOKEaHCKOM peruoHe
(Yu & Zwiers, 2007; Renwick and Wallace, 1996), B
TOM 4MCJIe Yyepe3 BO3MOXHYI0 B3auMocBs3b ¢ TCAK
(Renwick and Wallace, 1996; Straus, Shukla, 2002; Yu
& Zwiers, 2007). HekoTophle uccienoBaHus TakKxke
BeISIBISIIOT OTKJIMK Ha DHIOK B CeBepo-ATinaHTuue-
ckoM cekTope (Stenseth et al., 2003; Wang et al., 2013).

AHaIN3 U3MEHYMBOCTU BEAYIIMX KPYITHOMAC-
IITaOHBIX MO aTMOCGhEPHOI MUPKYJISILIMU BO BHE-
TPONMMUYECKUX PETMOHAaX IMOKa3bIBaeT, UTO BHY-
TPEeHHSS AMHAMUKa aTMocdhepbl MOXKET OKa3bIBaTh
BozaeiictBue Ha IITB B CII B nepBoii MoJioBUHE
XX B., yUUTBIBasA CYIIECTBEHHBIN BKJIad KakK AT-
JJAHTUYECKOro, TaK M THXO00KEaHCKOI'0 CEKTOPOB
B U3MEHEHUSI IOTOKOB I0XHBIX BO3IYIIHBIX Macc
Bo BHeTponuueckue mupoTel CIT (Wegmann et al.,
2017). Tem He MeHee, UCKITIOUYUTEIbHO BHYTPEH-
HssT aTMocdepHast U3BMEHYMBOCTh HE MOXKET OBITh
JOCTATOYHBIM (DaKTOpoM st GOPMUPOBAHUS aHO-
manuu ¢ amrutynoi ITCIB (Hegerl et al., 2018) u
JIOJIKHA JOIIOJHSITHCS APYTUMU (paKTOpaMu BHYT-
pPEHHE 1 BHEIIHEe N3MEHUYMBOCTH KJIMaTa.
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Buympennas uzmenuueocms oxeanuueckou yup-
kyaauuu. UarencusHeiil poct IITB B CII B XX B.
MOKET OBITh CBSI3aH HE TOJIBKO C pOCTOM aTMoc(dep-
HOI'O MPUTOKA TeIUIa, HO U C YBEJIMUYCHHUEM IIepe-
HOCa TeIula OK€aHOM BO BHETPOITMYECKHE ITUPOTHI
CII. Kaxk 65110 TOKa3aHO, YCUJIeHEe OKeaHMIECKOMN
MEPUINOHAIBHON MUPKY/ISIINU B ATIIAHTHKE YBe-
JINYMBaeT IIOTOKHM TeIUIa U3 OKeaHa B aTMochepy B
CeBepHoIi ATaHTHKE M APKTHKE, IPUBOMS K II0JIO-
KUTENIbHON aHOMauu TeMneparypbl okoo 0,4 °C
(Semenov, 2010). AHanU3 TaHHBIX MOIEIBHBIX 9KC-
nepuMeHTOB TToKaseiBaeT, uto I1CJIB B CII moxer
OBITH CJICICTBUEM YCUJICHUSI OKEAHUIECKOIO IIPH-
tToka u3 CeBepHoit ATaHTUKY B bapeH1ieBo Mope ¢
COKpaIlleHNEM IUIOMIAny MOPCKHUX JIbAOB, YCUJICH-
HBIM TTIOJIOXXUTEJIbHOM 00paTHOii CBs13bi0 (Bengtsson
et al., 2004), a TakKe yKa3pIBaeT Ha CBSI3b TeMIIEpa-
TYpHOI M3MEHUYMBOCTHA BO BHETPOIIMYECKMUX IIMPO-
tax CII ¢ xonebaHUSIMU TepMOXaATUHHON IIUPKY-
manuu B CeBepHoit Atmantuke (Delworth, Mann,
2000). TepmoxammaHasg mupKynasins (TX1), HasbI-
BaeMasl TakKxke OKeaHMIeCKUM KOHBEepoM, IIpu-
BOIUTCS B ABMKCHME T'pageHTaMM TeMIIepaTyphl
¥ COJIEHOCTH, OIPEIEISTIOIIMHU IIJIOTHOCTb MOP-
CKOI1 BOOBI; OHA PEeTyJIMpyeT BEpTUKAJIbHOE IIepe-
MEIIMBaHNE U KPyITHOMACIITaOHbIE KPYTOBOPOTHI
BOJBI M CITOCOOCTBYET IIEPEHOCY TEILIOBOM 3HEp-
TMU MeXIYy OKeaHM4YeCKUMHU OacceiiHamu (Jlammo
u 1p., 1990). Yceunenne TXII BI3bIBAcT yCUICH-
HBII TIepeHOC TEIUIBIX Boa B CeBepHYIO ATIAHTHKY
¥ MOTJIO BHECTHY BKJIAJ KaK B IIOTEIUICHHE B IIEPBOI
1moJjioBuHe XX B., TAK U B COBPEMEHHOE MOTEIICHIE
(Delworth, Mann, 2000; Semenov et al., 2010).

M3MeHYNBOCTD TeMIIEpaTyphl IIOBEPXHOCTH
okeaHa (TIIO) B CeBepHoil ATIaHTHKE B TeUe-
Hue XIX—XX BB. xapakTepu3oBaJlaCh KBa3UIU-
KJINYEeCKUMHU KOoJIeOaHMSIMHU pa3HOIro 3HaKa Ha
BpeMeHHBIX MacmTabax 50—80 met (Polyakov et
al., 2004). Takue xonecbanuss B CeBepo-ATiaH-
TUYECKOM PETrMOHE MOJYyIMIM Ha3BaHHUE ATJIaH-
TUYECKON MyIbTUAeKagHOM ocumingannnu (AMO;
Atlantic Multidecadal Oscillation — AMO (Enfield
et al., 2001). OgHAKO TOT aKT, YTO 3HAYMTEIHLHAS
vacth n3mMenunBoct TI1O Bo Bpems I1C/IB mpo-
HMCXONWIA Ha AECATIWIETHUX BpeMEHHBIX MacIITabax
(Yamanouchi, 2011), B To Bpems Kak uuki AMO
cocrasiseT 50—70 neT, a TakKe yUIET BaXKHON poJn
aIBEKIIMH BO3AYIIHBIX MacC BO BHETPOIIMYECKUE
mmpoThl CII n3 TruxooKeaHCKOro permoHa IpuBe-
JIN K TOSIBJICHUIO TUIIOTE3Bl O POJIM 3TOTO peTHOHA

B IICJIB. CunxpoHHbiii ¢ AMO cnsur ¢a3 Tuxo-
okeaHckoi aekagHoi ocuuinsauuun (TO; Pacific
Decadal Oscillation — PDO (Mantua et al., 1997),
MpeACTaBIISIIONIEN COOOI N0ATONEePHOAHbIE Kosieha-
Hust TTIO B TuxookeaHckoM peruoHe cesepHee 20°
c.u1. (Mantua et al., 1997), xak roka3aju HegaBHUE
WCCJIeAOBaHUsS, MOXET UTPaTh HE MEHEe BaXKHYIO
pOJIb B ITOCTYIJICHUY TeTljla B BeICOKMe mupoThl CI1T
B cepenuHe Beka, yeM AMO (Wegmann et al., 2017).

Mopa TIO cunbHO B3aMMOCBsI3aHa ¢ ¢azaMu
OHIOK (Yu, Zwiers, 2007). OkeaHHU4YeCKHEe UHACK-
cbl Hunbo (OMH; Oceanic Nino index — ONI) u
Hunpo 3.4 (Nino 3.4) — HauboJsee 4acTO UCHOJb-
3yeMble JJIS ompeeeHus siBjieHui Dib-HuHbO 1
Jla-Hunbs (Webb, Magi, 2022), npencrapisioliye
coboit cpeaHue TITIO B aKkBaTOpUALHOM CEKTO-
pe Tuxoro okeaHa. Ilepuoguunocts TIO Gosblue
yeMm y OHIOK, Ho meHble yeM y AMO u cocraBisi-
eT 20—40 net (Mantua et al., 1997). Tem He MeHee,
OHIOK — 0CHOBHO#1 UCTOYHUK MPEACKA3YEMOCTU
THO, KoTopklii UrpaeT KJIIOYEBYIO POJIb B €ro op-
mupoBaHuu (Nidheesh et al., 2017). OtaeabHoe co-
obiTUe Dnb- HuHbo Habmoaanock B 1939—1942 rr.,
a BbeIpaxkeHHbIe gBieHus Jla-HuHBS Ha mpoTske-
HUU XX B. COBIAJAIOT C OTPULIATEIbHBIMU (hazamu
THO (puc. 8). HeckonbKo COBpEMEHHBIX UCCTEe-
JOBaHUM MpearojaraloT CMHXPOHHbBIN CABUT (a3
AMO u THO B KauecTBe BaxKHOTO (paKTOpa UHTEH-
CMBHOTO NOTeIJIeHUsI B BIcOKuX IupoTtax CII, B
ToM umcie B cepenuHe Beka (Tokinaga et al., 2017;
ManunuH, BaitHoBckuii, 2018).

Pe3ynbTraThl HEKOTOPBIX MOJIEIbHBIX 9KCIIEPH-
MeHToB (Chylek et al., 2016), rne AMO u TJ1O —
MOTeHILIMaJbHBIe MPEeIUKTOPHI IJIsT 00bSICHEHMS
€CTeCTBEHHOU M3MEHUMBOCTU KJIMMaTa, MTOMUMO
€CTECTBEHHOTO U aHTPOTIOTeHHOT'O BHEITHErO BO3-
JIercTBUS, moKa3biBaoT, ytTo TIO B oTauyue ot
AMO He BHOCHUT CYIIIECTBEHHOTO BKJIaJa B U3BMEHE-
HUS m1odanbHON TemriepaTypbl B XX B. JIpyrue Mo-
NeJbHbIe 9KcriepuMeHTHI (Svendsen et al., 2018) yT-
BepxaaroT, yto uMeHHo TIO — kiroueBoit hakTop
MOTEIUICHUST BO BHeTponnmyecKux 1mupoTax B CIIT
B cepenrHe XX B., KOra OHO TMepenuio B MOJ0XM-
TeJbHYIO a3y ¢ yriaybiieHueM AJIEyTCKOrO MUHU-
MyMa 1 aHOMaJIbHOM agBeKIMEH TEIUILIX BO3MYIII-
HBIX MacC B ApKTHUYeCKMe IUPOThl. MoaeabHbIE
SKCNepUMEHTHI 0e3 yuéta usmeHunBoctu TITO B
Tponuuyeckoi 30He Truxoro okeaHa BOCIPOU3BO-
JIT MOHOTOHHOE MOTEIJIEHUE Ha BCEM MPOTSIXKE-
HUK XX B., B TOM YHUCJIe U B IIEPUO IIOXOJIOTAHUS
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Puc. 8. MHaeKkchl OKeaHUUeCKON LUPKYISILINU:
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1, 2— Oxkeanuveckuii unaekc HuHbo; 3 — ATiaHTHYeckas MyJbTuaAeKaaHas ocuuusiums; 4 — TuxookeaHckas aeKaaHas OCLMI-
Jsiumst o naHHbeiM HaomoaeHuii HadISST2.0 (Titchner, Rayner, 2014), 10-1eTHee cKoJb3sdllee cpeaHee; S — aHOMaJIUU CpeaHe-
roJoBoil mpusemMHoi Temmepatypbl Bozayxa (°C) B nmepuon 1900—2015 rr. no nanHbiM HaomoaeHuit HadCRUTS.0 (Morice et al.,

2021) nns CII, 5-neTHee cKoJb3siiee cpeaHee
Fig. 8. Ocean circulation indices:

1, 2 — Oceanic Nino Index; 3 — Atlantic Multidecadal Oscillation; 4 — Pacific Decadal Oscillation according to HadISST2.0 obser-
vations (Titchner, Rayner, 2014), 10-year running mean; 5 — annual surface air temperature anomalies (°C) for 1900—2015 accord-
ing to HadCRUTS5.0 (Morice et al., 2021) observations for NH, 5-year running mean

1950—60-x romoB (Svendsen et al., 2018). AHanu3
n3MmeHunBoct AMO u T/1O B aHcamOJiie Mozeei
kiaumara CMIPS (Stolpe et al., 2017) moka3sai, 4To
nx BkJag B I1ICJIB Ha rino6anbHOM MacliTadbe MOT
cocTtaniaTh g0 0,15 °C, B To BpeMsI KaK BKJIaJ B IO-
TeruieHne nocnenHux 50 et He npesbiman 10%.
TaxuM 00pa3oM, BHYTPEHHSISI U3MEHUYMBOCTb —
OIVH 13 HauboJjiee BEPOSITHBIX MEXaHU3MOB, KOTO-
poIit 00BsIcHSIeT 3HaunTeNbHyI0 yacTs [ICIB B CII.
IIpu 3TOM B MoCeAHME TOAbl YBEIUUMIOCH YUCIIO
paboT, yKa3bsiBarolux Ha Tuxuit okeaH KaK MCTOY-
HUK JOJTOIepPUOIHBIX KojiebaHuii. B To ke Bpems
KOJIMYECTBEHHas OlleHKa BKJIaja ATJIIaHTUYECKO-
ro u Tuxookeanckoro cekropoB B [IC/IB Ha gaH-
HBIIT MOMEHT He ormnpenejeHa. CIOpHBIN BOIPOC
00 ocHoBHOI poit AMO unu TJO mMoxeT 3aKITio-
JaThCsl B TOM, YTO MHIEKCHI CIIOCOOHBI YCUJIMBATh
WJIM KOMIIEHCUPOBATh BO3IEMCTBUE APYT Apyra Ha
IITB u3-3a pa3HOCTH B IJTUTEILHOCTH KOJIEOAHMIA.
MogenbHbie 3KkcnepuMeHTH (Delworth, Knutson,
2005; Shiogama et al., 2006; Yamanouchi, 2011)
MOKa3bIBaIOT, YTO BHYTPEHHSISI U3MEHYMBOCTh KaK
eIUHCTBEHHBIN (PaKTOp HE MOXET OOBSICHUTH BCIO

aMIUTUTYOy TeMIIepaTypHBIX KOoJeOaHU# B MepBOM
noJjioBuHe XX B. ¥ JOJKHA JOIOJTHSITHCSI €CTECTBEH-
HBIM U aHTPONOTI€HHBIM BHEIIHUM BO3AEHCTBUEM
W/WJIN TIOJIOXKUTEJIbHBIMU OOpPaTHBIMU CBSI3SIMU B
knnMatuveckoit cucteme CIT.

YToOBI OLIEHUTH MOTEHIMANbHBIN BKJIad OC-
HOBHBIX MHIEKCOB €CTeCTBEHHOI U3MEHUMBOCTH, a
nmeHHo AMO, THO, CAK, AO u TCAK, B MHOTO-
netHue Konebanus I1TB B CIT ucnmons3oBaH MHO-
JKECTBEHHBIN perpecCUOHHBIN aHanu3. MHIeKCH
OHIOK (IOK, OMH) noka3pIBaloT KpaiitHe He3Ha-
ynuMbIid BKiIag (MeHee 0,1%) u B majbHeiIeM aHa-
Ju3e He Ucnojb3yloTcs. Kak orMedanoch paHee,
MOJIbl U3MEHUYMBOCTU THUXOOKEaHCKOIO 3KBaTOPHU-
aJIbHOT'O peruoHa MOTYT BO3JEMCTBOBATh Ha KJIMMaT
CII uepe3 BosneiictBue Ha nHaekcol TJ0O, TCAK
n CAK. (Straus, Shukla, 2002; Yu & Zwiers, 2007;
Wang et al., 2013; Nidheesh et al., 2017). Ha puc. 9
noka3aHa [ITB B CII nmocne BelUeTa JTUHEIHOTO
TpeHIa, B IEPBOM MPUOIMKEHUU OIKMChIBalOIast
OTKJIMK BHEIITHETO BO3IEHCTBYS Ha KIIMMAT I10 JaH-
HBbIM HaOJIIOAEHUI M paccydTaHHAas Ha OCHOBE MHO-
KECTBCHHOM JIMHEWHOM pEerpecCum TeMIIepaTyphbl

- 466 -



A.[. bokyyasa, B.A. CemeHos

@ ©®
R*=0,41 R*=0,87
0,2 / 1
~N /
¢) % J
Oh / N \
m 0 \, j\/v‘ ‘Via
E \]\// \/ Q\ /Af//
= 2
=
&-0,2
s
o
I
<
0,4
1905 1920 1935 1950 1965 1980 1995 2010 1905 1920 1935 1950 1965 1980 1995 2010
roabl

Puc. 9. MHoronetTHue u3aMeHeHUs1 3UMHeEN (SIHBapb—MapT) Mpu3eMHoM Temriepatyphl Bodnyxa (°C) B CeBepHOM I10-
Jymapuu no gaHHbeiM HabmoneHuitn HadCRUTS.0 (Morice et al., 2021) u paccuuTaHHbIe ¢ PUMEHEHUEM MHOXe-
CTBEHHOM perpeccuu HabMIOAEHHOM MPU3EMHOM TeMIlepaTyphbl BO3AyXa Ha UHAEKCHI:

a — TuxookeaHcko-CeBepoaMepuKaHCKOe KojiebaHue, ApkTudecKas oclmuisauus, CeBepo-ATiaHTUUYecKOe KoebaHue; 6 — Tu-
XooKeaHcKo-CeBepoaMeprKaHCKoe KojiebaHue, ApKTriyeckass ocumuisiiys, CeBepo-ATIaHTHYECKOe KojiebaHue, ATIaHTUIe-
cKasl MyJIbTHICKaIHasT OCIMJUIIIMS, TUXooKeaHCKasT qeKaaHask OCIJUIILNS; | — aHOMAaJIMU MIPU3EMHOM TeMITepaTyphl Bo3oyXa
IUTSI 3MMHETO ce30Ha (ssHBapb—MapT) B CeBepHoM monymapuu 3a 1905—2010 rr.; 2 — Monenb; 3 — ommbka Momenu; 4 — 90%-it
TOBePUTEJIbHBIN MHTEPBaJI, Bce 3HAYeHMs naHbl B °C, 7-JIeTHee CKOJIb3sIee CpeaHee, BCe BpeMEHHBIE PSIbI NeTPEHINPOBAHbI
Fig. 9. Long-term surface air temperature (°C) changes in Northern Hemisphere according to HadCRUTS5.0 observa-
tions (Morice et al., 2021) and calculated using multiple regression of the observed surface air temperature on indices:
a — Pacific North-American, Arctic Oscillation, North Atlantic Oscillation; 6 — Pacific North-American, Arctic Oscillation, North
Atlantic Oscillation, Atlantic Multidecadal Oscillation, Pacific Decadal Oscillation; / — average annual surface air temperature
anomalies (°C) for the Northern Hemisphere for 1905—2010; 2 — model; 3 — model error; 4 — 90% confidence interval. According

to HadCRUTS5.0 (Morice et al., 2021) observations, all values in °C, 7-year running mean, all time-series are detrended

Ha atMocdepHble nHIeKch CAK, AO u TCAK un
COBMECTHO Ha aTMOC(EpPHO-0KEaHNYECKIE UHICK-
cel CAK, AO, TCAK, AMO u THO (nepen mpoiie-
IYpOH perpeCCUMOHHOIO aHajan3a JIUHEWHBIN TPEeH
TaKKe yOalsjIcs U3 MHOTOJICTHUX PSAOB MHAEKCOB
aTMoc(epHBIX 1 OKeaHWYeCKNX MoJ). Pe3yabTaTsl
IOKa3bIBAIOT, YTO MOABI aTMOC(EPHON LUPKYJIALUN
(cM. puc. 9, a) oobsacHs0T auib 40% M3MEeHUYNBO-
ctu cpegHerogoBoi IITB B CII B Teuenue XX B.,
IIpY 3TOM MOJIEJIb HE COIJIacyeTCs C JaHHBIMU Hab-
monaeHuii ¢ 1965 o 1980 rr., yTo yKa3bIBaeT Ha BO3-
MOXKHYIO pPOJIb OKCAaHUYECKOM M3MEHYMBOCTH.
CoBMecTHas UBMEHYMBOCTb OK€aHa U aTMO-
chepbl MOXKET OOBSICHUTh 3HAYUTEJILHYIO YacTh
HabII0JaeMBIX JONTONEepUOIHBIX OTKIoHeHU [TTB
OT BeKOBOro TpeHaa kKak B TeueHue I1CJIB, Tak n
B COBPEMEHHBIM Mepuo, MPUBOAS K U3MEHECHM -
saM Temrepatypsl 10 0,5 °C (cm. puc. 9, 6), 4to co-
riaacyeTcs ¢ olleHKaMu B pabote (Semenov et al.,
2010), moaydeHHBIMU C TIOMOIIBIO YUCIEHHBIX 9KC-
MEpUMEHTOB C MOAEJbIO KiumMaTa. Takas perpec-
CHMOHHAas MOJe/b 00bsACHSIECT 87% U3MEHUMBOCTU
nerpeHaupoBanHoil IITB B CII 3a nepuon 1905—

2014 rr., ipu aToM 46% nipuxoaurca Ha AMO, 28%
Ha CAK, 12,5% na TCAK u meHee 1% Ha AO u
THO. Jannast perpeccioHHast MOAeIb OCHOBaHA Ha
MPEAION0XKEHUHY, UTO UCIIOJIb3YEeMbIe TIPEIANKTO-
PpbI HE3aBUCUMBI APYT OT Ipyra U He NOABEPXKEHDI
BO3IEHCTBUIO IPYrUX, BHEITHUX (pakTopoB. Takoe
MPEIOI0XEeHUEe MOXKHO CUMTAaTh UeaTu3UpOBaH-
HBIM, TaK KaK CYILIECTBYIOT MCCJICIOBaHUsI, YKa3bl-
BaloIIYe, YTO TIEPEUUCICHHBIC PEXXUMBI MOTYT ObITh
B3aMMOCBSI3aHbI U ITOABEPXKECHBI BHEIITHEMY BO3ICH -
ctBuio (Deser et al., 2004; d’Orgeville et al., 2007).
Obpammnsie céa3u 6 evicoxux wupomax Ceeepho-
20 noaywapus. YyBCTBUTEIBHOCTh KIMMATUUECKOM
CHCTEeMBI K TAKUM BHEIIHUM BO3ACUCTBUSIM, KakK
POCT colepkKaHus MapHUKOBBIX Ta30B B aTMOC(he-
pe, ompenesieTcs IeMCTBYIOIIUMHY B Heil 0OpaTHBI-
MU cBa3siMU. TlojoxuTenbHbIe 00paTHBIE CBSI3U —
OIVH U3 KIIIOUYEBBIX 3JICMEHTOB B KIIMMATUYECKOM
CHUCTEeMe, MMPUBOASIINM K YCKOPEHHBIM U3MEHEHM -
SIM Kaumata 1 GOpMHPOBAHUIO KJIMMATUIECKUX
nukinoB (Pithan, Mauritsen, 2014). B uucino moio-
XKMTEJIbHBIX OOPAaTHBIX CBSA3EH, CIIOCOOCTBYIOIINX
YCKOPEHHOMY TOTEIUICHUIO, BXOIST: YBEJIUYCHUE
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MOTJIOIIECHMST COJTHEYHO! pamvalliy M3-3a CHIDKE-
HHUS anb0emno IMOBEPXHOCTU B pe3yIbTaTe TasTHUS
MOPCKOTO JIbJa W CHEra; yCujeHue IMapHUKOBO-
ro addeKra U3-3a pocTa KOHIEHTPAIUil BOIASIHOTO
Iapa IIpy HarpeBe BO3OyxXa. YBeIMYeHNE 00JIa4HOTO
IIOKPOBA B PE3yJIbTaTe BEICOKOM BIAXKHOCTH MOXET
TaKXXe CIIOCOOCTBOBATh YCUIIEHUIO MMAPHUKOBOTO
addekra, 3amepkuBasg 3eMHOE ITJIMHHOBOJIHOBOE
HU3JIydeHNe, HO OMHOBPEMEHHO C 3TUM pPacCerBaTh
MIPUXOISIIYIO COTHEUYHYIO KOPOTKOBOIHOBYIO paIr-
allnio; a Jajee CIASAyIoT — U3MEHEHMS YIIIEPOIHOTO
LMKJIa, HarpuMep, BeicBoOoxaeHue CO, u Mera-
Ha 13 TI0YBBI B Pe3yJIbTaTe TasTHUS BEYHOI Mep3/10-
ThI, U3MEHEHUS IMPKYJISIIUY OKeaHa 1 aTMocde-
PHL B pe3yJIbTaTe BO3IEHCTBUS ITAPHUKOBEIX Ta30B
M adpO030Jiei, IPUBOISIINE K YCUIICHUAIO TIepeHOCca
TeIuIa U3 HU3KUX IITUPOT B BEICOKHE.
ITonoxutenbHBIC OOpaTHBIE CBI3U YCUIUBAIOT
KJIIMMAaTUYeCKUM OTKJIMK Ha MCXOOHOE pamgualii-
OHHOE BO3ICUCTBUE, a OTPUIIATEeIbHEIC — KOMIICH-
CcHpYIOT. B 4acTHOCTH, ITOJIOXUTEIbHAST 0OpaTHAasI
CBSI3b TeMIIEpaTypa — BOASIHOM ITap YCHJIMBAET pe-
aKIIUIO Ha pagyalliOHHOE BO3IEIICTBUAE B pPe3yib-
TaTe poCTa YIJIIEKUCJIOTO ra3a IIpHMMEpPHO BTpOE
(Roe, 2009), cBs3b TemIepaTypa Bo3ayxa — ajiboe-
IO TIOACTUIAOIIEH TTOBEPXHOCTH YCHIMBAET KU~
MaTUYEeCKUI OTKJIMK Ha yABOCHWE KOHIICHTpAIIUN
CO, B atmocdepe Ha 10% (Katuos u np., 2008).
YCTaHOBIIEHO, UYTO XapaKTEePUCTUKH OOJIAUHO-
ctu B Boicokux 1mupotax CII cuiabHO Koppeaupy-
IOT C apKTUYECKUMM KOHIEHTPAIIUSIMA MOPCKOTO
JIbIIa ¥ TT0Ka3aTelsIMUA aTMOC(epHON IMPKYIISLINN
(Chernokulsky, Esau, 2019). BaxHyto pojb B (pop-
MUPOBAaHUU KiIuUMaTuueckux ndmeHeHuii B CII
WUTPAIOT perMoHaIbHEIE OOpaTHEIE CBSI3U B CHCTE-
Me JIEm—oKeaH—aTMocdepa B MOJSIPHBIX LIMPOTAX,
KOTOpPBIE CITOCOOHBI YCUJINUTD MJIM KOMITIEHCHUPOBATh
BJIMSTHUE BHEIITHETO U BHYTPEHHETO BO3ICUCTBUS.
YceunuBieecs coKpallleHHe JIeASTHOTO ITOKpoBa
B Bbicokux wmuportax CII B pe3yabTaTe aHOMaJabHO
OOJIBIIIOTO ITepeHOCa OKEAHMYECKOTro Teria nu3 AT-
JIAHTHKU BEAET K POCTY MPU3EMHON TeMIIEpaTyphI
1 GOPMHUPOBAHUIO BOCXOIIIINX BO3MYIIHBIX TTOTO-
KOB B HOBBIX 30HaX OTKPBITOM BOJKI, YTO, KaK CJIE/I-
CTBYE, BBI3BIBACT JIOKAJIbHOE YMEHbIIICHUE JaBJIe-
HUS U U3MEHEHME BETPOBHIX ITOJIE, B TOM YHCJIE
POCT LHUKJIOHUYECKOM aKTUBHOCTU B aTMocdepe
(3onoTokpbLivH U ap., 2015). B pe3yabrate npu-
TOK aTJIAHTUYECKUX aHOMAJIbHO TEIJIBIX BOX YCHU-
JINBAETCS 3allafHLIMU 1 I0T0-3aIllafHBIMUA BETPaMMU,

YTO BEAET K €I OOJIbIIIEMY COKPAIIIEHUIO MOPCKOTO
Jpaa. OnrcaHHbIe MEXaHU3MBI 00pa3yIoT MTPOLIECCHI
MOJIOXUTEIbHON 00paTHOM CBSI3U, BIUSIONIAE HA
aTMOC(EPHYIO HUPKYJISILNIO0 APKTUKHU U, CIeN0Ba-
tenbHO, Ha KimuMatT CIT B uemom (Chen et al., 2018),
HO aTMOC(EpHBI OTKJIMK CYIIIECTBEHHO 3aBUCUT OT
pervoHa coxkpaiieHus Mopckoro Jbaa (CeMeHOB,
2015). MaTeHCUBHOE B3aMOJeiCTBUE MEXIY aT-
Mocdepoit 1 okeaHoMm B bapeH1IeBoM Mope urpa-
eT BaxkHYI0 poib B u3MeHeHun kiaumara CIT 3a no-
ciegHue, Kak MUHUMYM, 2500 get (Smedsrud et
al., 2013). bapeHiieBo Mope cocTasisieT okoso 10%
mromanau CeBepHoro JIenoBUTOro okeaHa — KJToue-
BOTO pEruoHa, yepe3 KOTOPhI MPOXOAUT IIPUMEPHO
MOJIOBMHA OKEAaHWYECKOI'o Teria U3 ATJIaHTUKU B
CesepHbiii JlemoBuThlit oKeaH, (GOpMUPYS pPeruo-
HaJbHbIE aHOMAJIMY KJIMMaTa, BAUSIOIINE Ha K-
mat Bcero CII (Cemenos, 2015). YcuneHHBIH pocT
TeMIIepaTyphl B apKTUYECKUX IUPOTaX BHOCUT CYy-
IIECTBEHHBIN BKJaa B Kojedbanus kiaumata CII u
MOXeT (hOpMUPOBATHCS KaK BHYTPU apKTHUYECKOM
KJIIMMaTUYECKOMW CUCTEMBI, a 3aTEM BO3MIEICTBOBATH
Ha T7100aIbHbIe U3BMEHEHMS TeMITepaTypbl (Semenov
et al., 2010), Tak 1 3a CU€T OTKJIMKA Ha INIOOATBLHBIE
M3MEHEHMS KIMMaTa u3-3a psia paadallMOHHBIX U
TepMOIUHAMUYECKUX TTOJOXUTEIbHBIX OOpaTHBIX
cBs3eit (Pithan, Mauritsen, 2014).

H3menenus niowaou apxmuueckux mMopcKux
6006 6 nepuoo IIC/[B. J1o HegaBHETO BpeMEHU CUM-
TaJIOCh, YTO 3BOJIIOLMS OOIIIEl TUIOIMAAu MOPCKMX
JIBIOB B APKTHMKE 10 Hayaja COBPEMEHHOIO COKpa-
meHus B 1970-X rogax mpeacTaBiisieT CO00i «I1aTo»
0e3 CYIIEeCTBEHHBIX NeKaTHbIX U MYJIbTUAEKATHBIX
KonebaHuit (cM., HanpuMep, Walsh, Chapman,
2001; Rayner et al., 2003). Bmecte ¢ TeM maHHBIC O
JIEMOBUTOCTU Mopeil BocTouHOM ApKTUKHU, MTOTY-
yeHHbIe B ApKTUYecKOM U AHTapkTnyeckom HUU,
yKa3blBaJIl Ha CYIIECTBEHHbIE PerMOHaJbHbIE OT-
puliaTeIbHbIE aHOMaJUU B cepearHe XX B. B JIET-
HuUi nepuon (Anekcees u Ap., 2009), Ho Takue aHO-
MaJIuy CUYMTAJIMCh PETUOHAbHBIM IIPOSIBICHUEM,
KOMIIEHCHPYEMbIM aHOMAJIMSIMU IPOTUBOIIOJIOX-
HOro 3Haka B 3amagHoi ApKTHKEe U He IIPUBOSI-
IIUM K 3HaYMMBbIM M3MEHEHUSIM OOIleli IIoIaau
apkTn4yeckux Mopckux ab10B (Lemke et al., 2007).

B nmocnenHee nmecAaTuieTHE CTaIU IOSIBASITHCS
KocBeHHBIe JaHHBIe (Semenov, Latif, 2012; Ceme-
HoB, 2014) u MaTepuaabl peKOHCTPYKIUI, KOTO-
pble yKa3bIBaJl Ha 3HAYUTEJIbHbIE, CPAaBHUMBIE C
COBPEMEHHBIMU, OTpHUIIATEIbHbIE aHOMAINU TLJIO-
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Puc. 10. CpenHeronosas IIoOIAaAb apKTUUECKAX MOPCKUX JIbIOB (MJIH KM2) I10 CETOYHBIM JaHHBIM:

1 — remnepaTtypHble JaHHbIe (Brennan et al., 2020); 2 — aHomMaIuM cpeaHeromoBoit TeMnepatypbl B CeBepHoM mosyiapuu (°C)
Ha cyue no naHHbIM HaomoaeHuit CRUTEMS (Morice et al., 2021), 7-1eTHee CKob3silee CpeaHee

Fig. 10. The average annual area of Arctic Sea ice (million km?) according to the grid data:

1 — temperature data (Brennan et al., 2020); 2 — average annual surface air temperature anomalies (°C) for Northern Hemisphere
according to CRUTEMS observations (Morice et al., 2021), 7-year running mean

1Iaau MOPCKUX JbI0B B ApkTuke B nepuon [1C/B
(AnekceeB u ap., 2009). [Tomumo olleHOK Bapua-
LU 0o0IIel TUIOIAaa MOPCKUX JIBAOB B APKTHUKE,
B MOCJEIHNE TOAbl MOSBUINCH U CETOUHBIC apXu-
BBI, IIpeICTaBJIsSIOINE CO00I NaHHBIE 10 pacIpo-
cTpaHeHUI0 MopcKux nbaoB B CII, ocHoBaHHBIE
KakK Ha aHalm3e smnupudyeckux naHHbix (Walsh et
al., 2017), coBMecTHOM aHanu3e TaHHBIX HAOIIO-
JEeHUI U MOJENIbHBIX dKcnepuMeHTOB (Brennan et
al., 2020), Tak 1 Ha MaTepuajiaX C UCIIOJb30BaHM-
€M CBs3ell U3MEHEHUN KOHILEHTPAIIUU MOPCKUX
JIbIOB C BapuallMsIMu TemnepaTypsl (MaTBeeBa u
ap., 2020; CemenoB, MarseeBa, 2020).

Ha puc. 10 nokazaHbl cpeHEro10Bble 3HAYEHU ST
IUIOIIAAM MOPCKUX JIbIOB B ApKTHKE I10 TaHHBIM
(CemeHoB, Matseena, 2020) ¢ Hayaina XX B. BMecCTe
¢ anoManussmu I1TB ¢ CII. Bunno, yro IIC/IB co-
MPOBOXIAJIOCH 3HAYUTEIILHON OTPULIATEIbHON aHO-
MaJIMel TIoIIaau JbA0B, KOTopas Oblla IPeBbIIIe-
Ha COBPEMEHHBIM COKpallleHUeM ILIOIIaau JbI0B
B 1990-x romax ¥ Ha HacToslIIee BpeMsl IIPUMEPHO
B 2 pa3a MeHbIIIe 110 aMIUIMTYAE, YeM COBPEeMEH-
Hasg aHoMayusi. OTMETHUM TakKKe B 1IeJIOM CHMH(pa3-
Hele usMeHenus1 [1TB CIT u momany apKTuyecKmnx
MOPCKUX JbA0B. Psin ccnenoBaHuit yka3biBaeT Ha
TECHYIO CBSI3b NOJTONEePUOTHBIX aHOMAMK TIJ10-
Iaau apKTUYEeCKUX MOPCKUX JIba0B ¢ AMO, riaB-
HBbIM 00pa3oM BbI3BaHHYIO U3MEHEHUSIMHM IIPUTOKA

aTJaHTU4YecKux Boa B ApkTuky (Miles et al., 2014;
ITomona, 2018). DTo MO3BOMSAET MPEAITOJIOXKUTE 3HA-
yumoe BausinHue AMO Ha popMupoBaHUe YCKOpPEH-
HOI'O MOTEIJICHUs B BHICOKMX IIMPOTaX BO BpeMs
IICIIB nmyTém n3amMeHeHus TJI0IIAT MOPCKHUX JIBIOB
M COOTBETCTBEHHO aHOMAaJIbHOTO HarpeBa aTMocde-
PbI B 3UMHUI TIEPUOLL.

3aKkiouyeHue

IIpoaHanu3upoBaHbl pe3yabTaThl UCCIEAOBA-
HUI Ha TeMy ToTeruieHus1 cepequHbl XX B. B CI1,
00CyXIaloTcsl BO3MOXKHBIE MEXaHU3MBbI (POPMUPO-
BaHus [1CIIB 3a c4€T BHYTpeHHEN U BHEITHEH 13-
MEHYMBOCTH KJIMMATa U BHEIIHUX BO3JIEWCTBUM, B
toM unciie autponoreHHbIX. [ICJIB B CII cpaBHUMO
C COBPEMEHHBIM IEPHUOIOM I10 TeMIIaM pOCTa TeM-
nepaTypbl U IPOCTPAHCTBEHHBIM OCOOEHHOCTSIM,
HO MEXAHU3MBI 3TOU KJIMMAaTUYECKON aHOMAaJINU
OCTalOTCS IMO-IIPEeXHEMY MTPEAMETOM ITUCKYCCHUU.
IICAB Taxke conmpoBOXAAI0Ch 3HAYUTEILHON OT-
pULIATEIbHON aHOMAaIMEH TUIOIAAU apKTUYECKUX
MOPCKUX JIbIOB, CPABHUMOM C COBPEMEHHOM, 4YTO
OBLIO CBSI3aHO C U3MEHEHUSIMM MPUTOKA aTJaHTHU-
yecKux BoJ B ApKTUKY. K OCHOBHBIM MeXaHM3MaM,
kotopsie mornu npusBectu K [1CJIB, oTHOCATCS:
BHEIIIHEe aHTPOIIOTEHHOE BO3IENCTBIE 13-3a U3ME-
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HEHHUSI KOHLIEHTPALMii MapHUKOBBIX Ta30B U a3pO-
30JIei1 pa3IMIHON IIPUPOIEI; BHEITHNE IIPUPOITHEIC
BO3ICUCTBUS — COJTHEUYHOE M3JIydCHUE U BYJIKAHM-
YyecKasl aKTUBHOCTh; €CTECTBEHHASI BHYTPEHHSIS U3-
MEHYHUBOCTD KIIMMATHIECKOI CUCTEMBI.

Ponb aHTpOMOTeHHBIX MapHUKOBBIX Ta30B B
TICJIB He MOXeT OBITH JOMUHUPYIOIIEH, TaK KakK
MHTEHCUBHBIN pocT KoHUeHTpauuit I1I' B atMocde-
pe HavaJicsl BO BTOpPOIi mojloBHE XX B., @ BO BpeMsI
TICJIB yBenmmuenune konneHTpauuit I[1T" mponcxo-
IWIO B 4—5 pa3 MejieHHee, 4eM BO BPeMsI COBpe-
MEHHOTO ITOTeIJICHUS, IIpU CPaBHUMBIX TeMIIax
pocta TeMnepaTypbl. OTKIOHEHUSI OT MOHOTOHHO-
ro BeKOBOTO TPEHIA MOTEIJICHUS MOXKET YacTHI-
HO OOBSICHSITBCSI POCTOM 3MUCCHUI aHTPOIIOTEHHBIX
a3po30JIeii, IPUBOISIIINX K OTpHUIIATEIBHOMY paara-
IIMOHHOMY BO3IEICTBUIO M KOMIICHCUPYIOIINX d(-
¢exT anTponoreHHbIx I1T'. AHoManuu raodanbHOMU
¥ CPEeTHETOJYIIAPHOM TeMIlepaTyphl Ha BpEMEHHBIX
MacITadax OT MeXIECATIUICTHUX IO MEXBEKOBBIX
KOPPEIUPYIOT C U3MEHEHUSIMI COJTHEYHOM aKTUB-
HOCTH, BOCCTAHOBJICHHOM 110 MHAEKCAM COJTHEYHBIX
IISITeH U M30TOIMHOMY aHanmu3y. Ilay3a B MHTEHCUB-
HOM ByJIKAHNYECKOU akTUBHOCTH B 1920—60-X rogax
Takke Moriia BHectu Bkiazd B [TICIIB. OgHako pe-
3yJIBTAThI 3KCIIEPUMEHTOB ¢ KJIMMATHIECKIMM MOZE-
JIIMU TIOKA3BIBAIOT, YTO JaXKe COBMECTHOTO BO3IEii-
CTBUS BHEIIHUX €CTECTBEHHBIX M aHTPOIIOTCHHBIX
daxTopoB HemocTaTouHO 1Jis 00bsicHeHus [1CJIB.
CratucTuyeckyie MOIeIn, OCHOBaHHbIE Ha HanbosIee
MOCTOBEPHBIX TaHHBIX MOCIETHET0 CTOJIETUS, Olie-
HUBAIOT BKJIAJl COJTHEYHOM aKTUBHOCTH B M3MEHEHMS
TeMIepaTypsl B XX B. KAK OTHOCHUTEIHLHO HEOOIBIIION
110 CPaBHEHMIO C APYTUMU (haKTOpaMH, IO IIOCTIea-
HUM olleHKaM He TipeBbimatomumu 0,15 °C.

IIpuBenéHHBIC pe3yIbTaThl NCCIEIOBAHUN I10-
Ka3bIBaIOT, YTO €CTECTBEHHAsI BHYTPEHHSST U3MEH-
YUBOCTh KJIMMaTa MOXET OOBSICHUTh 3HAYUTEIIBHYIO
JacTh U3MeHeHU TemMnepaTypsl Bo BpeMs [1CJIB.
WMamenenus I1TB cBsizaHbl ¢ KoJleOaHUSIMU BEIYIIUX
peX1MOB BHYTPEeHHE! KPYIHOMACIITAOHO! IUP-
KyJsauumn atMocdepsl 1 okeana B CI1. MHorue uc-
cjaenoBaHUS yKa3biBaloT HA AMO Kak Ha TJIaBHBII
(akTop BHYTpEeHHEIl N3MEHYUBOCTHU 11 (DOPMH-
posanmg I1CJIB BBuny cuH(pa3HBIX TOJITOIIEPUOL-
HbIX Bapuaumii mHaekca AMO u temmieparypsl B CI1,
0COOEHHO B BBICOKUX IIIMPOTax. MexaH!3M BIMSHUS
AMO TakKe TECHO CBS3aH ¢ KOJIeOaHUSIMH TIIOIIA-
I MOPCKMX apKTUIECKMX JIbIOB, YTO MOXET BBI3bI-
BaTh M3MEHEHMS IIPUTOKA TEIUIBIX aTIAHTUICCKUX

BOJI U3 HU3KMX B Bhicokue 11poThl CII. K BazkHOMY
dakTopy otHocutcsa U CAK, popmupyloiee 3uM-
HUE aHOMAaJIMM TeMIlepaTyphl HaJl CPpeAHUMU U Ce-
BepHbIMU 1MpoTamMu EBpazuu. B nocienHue rogbl
psii UCCNeAOBAHMIA BbIASSIET TAKXKE €CTECTBEHHYIO
KJIUMAaTUUYECKYI0 U3BMEHUMBOCTh B CEBEPHOI YacTu
Tuxoro okeaHa Kak BaxXHbIi (pakTop B (hOpMUPOBA-
Huu [TCIIB. OueHku, caeaaHHble B JaHHOM padoTe ¢
MMOMOIIBIO PErPECCMOHHOIO aHa/IM3a, MOKa3bIBaIoT,
YTO MHAEKCHI BeAYILIUX MOJI €CTeCTBEHHOM M3MEH-
YUBOCTHU LUPKYJISILUU OKeaHa U aTMocdepbl 00bsIc-
HSIOT IpUMePHO 87% MOJITOIIEpUOAHOI U3MEHY M-
Boctu IITB B CII B XX B. 110cJie BbIUETa JIMHEHHOTO
BEKOBOIo TpeHaa (cM. puc. 9, 6). IIpu 3ToM OCHOB-
Hoit BkJiag BHocAT AMO, CAK u TCAK. MHorouuc-
JIEHHbIe MOJEJIbHbIE 3KCIIEPUMEHTHI TT0Ka3bIBAIOT,
YTO BHYTPEHHSISI UBMEHYMBOCTh KaK €IMHCTBEHHBIM
akTop HE MOXKET OOBSICHUTD BCIO aMIUIUTYAY U3Me-
HeHMii TeMnepaTypsl Bo Bpems ITCIB u nomkHa no-
MOJIHSATLCS BO3/IECTBMEM BHEIIHUX aHTPONOTeHHBIX
U €CTECTBEHHbBIX (DAKTOPOB, KOTOPhIE TaKXKe BHOCST
BKJIaJ Kak B noreruieHue 1920—40-x rogos, Tak U B
rocJiefoBasliee noxojaoganue 1960-x ronos.

Takum oO6pa3zoM, BHYTPEHHSISI U3MEHUUBOCTh
KJIMMaTUYECKOW CUCTEMbI, YCUJIEHHAS MOJIOXKUTEb-
HBIMU OOpaTHBIMU CBSI3SIMU B BhICOKMX 1upoTtax CIT
U BHEIIHVM aHTPONOIeHHbIM U €CTECTBEHHBLIM BO3-
JIelicTBEM Ha KJIMMAaT, BHECJIa CpaBHUMBII BKJIaJ B
¢opmupoBanue ITCB B CII. BmecTe ¢ Tem Koynye-
CTBEHHasI OLIeHKA BKJIaJa KaxKa0ro MexaHu3Ma, 0co-
OEHHO BHYTpPEHHE! eCTECTBEHHOM M3MEHUUBOCTHU B
100aJIbHbIE U perMOHalIbHbIE U3BMEHEHUS KI1MMaTa,
OCTa€Tcsl HeonpeAaeaEHHOM!, MMOCKOIbKY CYylLLIECTBEH-
HO 3aBHCHUT OT pa3iUuuil KJIMMaTUUECKUX MOJEJIe,
MOCTAHOBKM YMCJIEHHBIX 9KCIIEPUMEHTOB, HEAOCTAT-
Ka BMIOUPUUECKUX JAaHHBIX B cepearHe XX B., OCO-
OEHHO B BBICOKMX ILMPOTaX, a TakKxKe BCE ellé He-
JIOCTaTOYHOTO MOHMMAaHUS JMHAMUKY KJIMMaTa, B
YAaCTHOCTHM ME€XaHU3MOB OOpaTHBIX cBsizeit. OTaenb-
Hasl 3ajJa4ya Ha TEeKYILLIUA MOMEHT — MCCJeI0BaHUE U
onpeaeseH1ue OCHOBHOM poii ATJIAaHTUYECKOTO WU
THxo0KeaHCKOTo ceKTopa B COOLITUM MOTEIJIEHUS
cepenuHbl XX B. B CIT.

Baaronapnoctu. Pa6oTa BbinojiHeHa ITpU (PUHAHCO-
Boit mopnmepxke PO®U B pamkax mpoekrta Ne 20-
15-50314.

Acknowledgments. The work was performed with the
financial support of the Russian Foundation for
Basic Research, project Ne 20-15-50314.

-470-



A.[. bokyyasa, B.A. CemeHos

References

Alekseev G.V., Asarin A.E., Baloshnikova J.A., Bitkov L.M.,
Bulygina O.N., Bugrov L.Y., Vinogradova V.V.,
Gavrilova S.Y., Ganushkin D.A., Ginzburg A.1., Geor-
gievsky M.V. Vtoroj ocenochnyj doklad Rosgidrometa ob
izmeneniyah klimata i ih posledstviyah na territorii Ros-
sijskoj Federacii. The second evaluation report of Ros-
hydromet on climate change and its consequences on
the territory of the Russian Federation. Leningrad: Ro-
shydromet, 2014: 7. [In Russian].

Alekseev G.V., Danilov A.l., Kattsov V.M., Kuzmina S.1.,
Ivanov N.E. Changes in the area of sea ice in the
Northern hemisphere in the XX and XXI centuries ac-
cording to observations and modeling data. Izvestiya
Ros. Akad. Nauk. Fizika atmosfery i okeana. Proc. of
RAS. Physics of Atmosphere and Ocean. 2009, 45 (6):
723—735. [In Russian].

Bokuchava D.D., Semenov V.A. Analysis of surface air tem-
perature anomalies in the Northern Hemisphere in the
20th century using observational and reanalysis data.
Fundamentalnaya i Prikladnaya Klimatologiya. Funda-
mental and Applied Climatology. 2018, 1: 28—51. doi:
10.21513/2410-8758-2018-1-28-51. [In Russian].

Vize V.Y. Causes of the Arctic warming. Sovetskaya Ark-
tika. Soviet Arctic. 1937, 1: 3—12. [In Russian].

FEliseev A.V. Global methane cycle: a review. Fundamen-
talnaya i Prikladnaya Klimatologiya. Fundamental and
Applied Climatology. 2018, 1: 52. [In Russian].

Zolotokrylin A.N., Titkova T.B., Mikhailov A.Yu. Climatic
variations of the Arctic front and the Barents sea ice
cover in winter time. Led i Sneg. Ice and Snow. 2015,
54 (1): 85-90. [In Russian].

Kattsov V.M., Meleshko V.P., Govorkova V.A. Models de-
signed to assess future climate changes. Trudy Gos.
Hydrophysics. Observatories. Proc. of the State Hydro-
physical Observatory. 2008, 5: 112—151. [In Russian].

Lappo S.S., Gulev S.K., Rozhdestvenskii A.E. Krupno-
masshtabnoe teplovoe vzaimodeistvie v sisteme ocean—at-
mosfera i energoaktivnye oblasti Mirovogo okeana. Large-
scale heat interaction in the ocean—atmosphere system
and energy-active zones in the world ocean. Leningrad:
Hydrometeoizdat, 1990: 10—15. [In Russian].

Malinin V.N., Vainovsky PA. On the causes of the first warm-
ing of the Arctic in the XX century Uchenye zapiski
RGGMU. Scientific notes of the Russian State Hydro-
meteorological University. 2018, 53: 34—55. [In Russian].

Matveeva T.A., Semenov V.A., Astaf’eva E.S. Arctic sea ice
extent and its connection to the surface air tempera-
ture in the Northern Hemisphere. Led i Sneg. Ice and
Snow. 2020, 60 (1): 134—48. [In Russian].

Mokhov I.1., Smirnov D.A. Diagnostics of the causal re-
lationship of solar activity and changes in the global
near-surface temperature of the Earth. Izvestiya Ros.
Akad. Nauk. Fizika atmosfery i okeana. Proc. of RAS.

Physics of Atmosphere and Ocean. 2008, 44 (3): 283—
293. [In Russian].

Popova V.V, Present-Day Changes in Climate in the North
of Eurasia as a Manifestation of Variation of the Large-
Scale Atmospheric Circulation. Fundam. Prikl. Klima-
tol. Fundamental and Applied Climatology. 2018, 1:
84—111. doi. org/10.21513/2410-8758-2018-1-84-111.
[In Russian].

Popova V.V., Matskovsky V.V., Mikhailov A.Y. Modern
changes in the land climate of the extratropical zone of
the Northern Hemisphere. Vestnik Moskovskogo Uni-
versiteta. Bulletin of the Moscow University. 2018, 1:
5. [In Russian].

Semenov V.A. Role of sea ice in formation of wintertime
arctic temperature anomalies. Izvestiya Ros. Akad.
Nauk. Fizika atmosfery i okeana. Proc. of RAS. Atmo-
spheric and Oceanic Physics. 2014, 50 (4): 343—349.
[In Russian].

Semenov V.A. Modern climate fluctuations caused by feed-
backs in the atmosphere-Arctic ice-ocean system. Fun-
damentalnaya i Prikladnaya Klimatologiya. Fundamen-
tal and Applied Climatology. 2015, 1 (1): 232—248. [In
Russian].

Semenov V.A., Matveeva T.A. Changes in Arctic sea ice in
the first half of the XX century: spatial and temporal
reconstruction based on temperature data. Izvestiya
Ros. Akad. Nauk. Fizika atmosfery i okeana. Proc. of
RAS. Atmospheric and Oceanic Physics. 2020, 56 (5):
611—616. [In Russian].

Ambaum M.H., Hoskins B.J., Stephenson D.B. Arctic os-
cillation or North Atlantic oscillation? Journ. of Cli-
mate. 2001, 14 (16): 3495—3507. doi.org/10.1175/1520-
0442(2001)014<3495:A00NA0>2.0.CO;2.

Barnston A.G., Livezey R.E. Classification, seasonality and
persistence of low-frequency atmospheric circulation
patterns. Monthly Weather Review. 1987, 115 (6): 1083—
1126. doi.org/10.1175/1520-0493(1987)115<1083:CSAP
0OL>2.0.CO;2.

Bekryaev R.V., Polyakov 1.V., Alexeev V.A. Role of
polar amplification in long-term surface air tem-
perature variations and modern Arctic warming.
Journ. of Climate. 2010, 23 (14): 3888—3906. doi.
org/10.1175/2010JCLI3297.1.

Bengtsson L., Semenov V.A., Johannessen O.M. The early
twentieth-century warming in the Arctic-A possible
mechanism. Journ. of Climate. 2004, 17 (20): 4045—
4057. doi.org/10.1175/1520-0442(2004)017<4045:TE
TWIT>2.0.CO;2.

Booth B.B., Dunstone N.J., Halloran PR., Andrews T., Bellouin
N. Aerosols implicated as a prime driver of twentieth-cen-
tury North Atlantic climate variability. Nature. 2012, 484
(7393): 228—232. doi.org/10.1038 /nature 10946.

Bokuchava D.D., Semenov V.A. Mechanisms of the Early
20th Century Warming in the Arctic. Earth-Science
Reviews. 2021, 222: 103820.

-471 -



0O630pbl U XpOHUKA

Brennan M.K., Hakim G.J., Blanchard Wriggles-
worth E. Arctic sea ice variability during the instru-
mental era. Geophys. Research Letter. 2020, 47 (7):
€2019GL086843. doi.org/10.1029/2019GL086843.

Bronnimann S. Early twentieth-century warming. Nature
Geoscience. 2009, 2 (11): 735. doi.org/10.1038 /ngeo670.

Chen L., Francis J., Hanna E. The «Warm Arctic / Cold
continents» pattern during 1901—2010. Intern. Journ.
of Climatology. 2018, 38 (14): 5245—5254. doi.
org/10.1002/joc.5725.

Chernokulsky A., Esau I. Cloud cover and cloud types
in the Eurasian Arctic in 1936—2012. Intern. Journ.
of Climatology. 2019, 39 (15): 5771-5790. doi.
org/10.1002/joc.6187.

Chylek P, Klett J.D., Dubey M.K., Hengartner N. The role
of Atlantic Multi-decadal Oscillation in the global
mean temperature variability. Journ. of Climate Dy-
namic. 2016, 47 (9—10): 3271—3279. doi.org/10.1007/
s00382-016-3025-7.

Compo G.P, Whitaker J.S., Sardeshmukh P.D., Matsui N.,
Allan R.J., Yin X., Gleason B.E., Vose R.S., Rutledge G.,
Bessemoulin P., Bronnimann S. The twentieth century
reanalysis project. Quaternary Journ. of Royal Meteo-
rol. Society. 2011, 137 (654): 1-28. doi: 10.1002/qj.776.

Delworth T L., Knutson T.R. Simulation of early 20th cen-
tury global warming. Science. 2005, 287 (5461): 2246—
2250. doi: 10.1126/science.287.5461.2246.

Delworth T.L., Mann M.E. Observed and simulated mul-
tidecadal variability in the Northern Hemisphere.
Journ. of Climate Dynamic. 2000, 16 (9): 661—676.
doi.org/10.1007/s003820000075.

Dickson R.R., Osborn T.J., Hurrell J.W., Meincke J., Blind-
heim J., Adlandsvik B., Vinje T., Alekseev G., Maslows-
ki W, The Arctic ocean response to the North Atlantic
oscillation. Journ. of Climate. 2000, 13 (15): 2671—2696.

Enfield D.B., Mestas Nuniez A.M., Trimble PJ. The Atlan-
tic multidecadal oscillation and its relation to rainfall
and river flows in the continental US. Geophys. Re-
search Letter. 2001, 15 (28—10): 2077—2080.

Etheridge D.M., Steele L.P., Langenfelds R.L.,
Francey R.J., Barnola J.M., Morgan V.I. Historical CO,
records from the Law Dome DE08, DE08-2 and DSS
ice cores. Trends: a compendium of data on global
change. 1998: 351—-364.

Forster P, Ramaswamy V., Artaxo P., Berntsen T., Betts R.,
Fahey, D.W., Haywood J., Lean J., Lowe D.C.,
Myhre G., Nganga J., Prinn R., Raga G., Schulz M., Van
Dorland R. Changes in atmospheric constituents and in
radiative forcing. Chapter 2. Climate change 2007: The
physical science basis.

Hansen J., Ruedy R., Sato M., Lo K. Global surface tem-
perature change. Reviews of Geophysics. 2010, 48 (4).
doi.org/10.1029/2010RG000345.

Haywood J., Boucher O. Estimates of the direct and in-
direct radiative forcing due to tropospheric aerosols:

Reviews of Geophysics. 2000, 38 (4): 513—543. doi.
org/10.1029/1999RG000078.

Hegerl G.C., Bronnimann S., Schurer A., Cowan T. The early
20th century warming: anomalies, causes, and conse-
quences. Wiley Interdisciplinary Review of Climate
Change. 2018, 9 (4): €522. doi.org/10.1002/wcc.522.

Intergovernmental Panel of Climate Change (IPCC). [ii
W.G. Third assessment report. Summary for policy-
makers. 2001.

Intergovernmental Panel of Climate Change (IPCC). Sol-
omon S. The physical science basis: Contribution of
Working Group I to the fourth assessment report of the
Intergovernmental Panel on Climate Change. Clim.
Change. 2007: P. 996.

Intergovernmental Panel of Climate Change (IPCC).
Stocker T.F.,, Qin D., Plattner G.K., Tignor M., Allen
S.K., Boschung J., Nauels A., Xia Y., Bex V., Midgley
P.M. The physical science basis. Contribution of work-
ing group I to the fifth assessment report of the inter-
governmental panel on climate change. Clim. Change.
2013: 1535.

Johannessen O.M., Bengtsson L., Miles M.W., Kuzmi-
na S.1., Semenov V.A., Alekseev G.V., Nagurnyi A.P,,
Zakharov V.F, Bobylev L.P., Pettersson L.H., Hassel-
mann K. Arctic climate change: observed and modelled
temperature and sea-ice variability. Tellus A: Dynam-
ic Meteorol. Oceanogr. 2004, 56 (4): 328—341. doi.
org/10.3402/tellusa.v56i4.14418.

Jones PD., Raper S.C.B., Wigley T_M.L. Southern Hemi-
sphere surface air temperature variations: 1851—1984.
Journ. of Climate and Applied Meteorology. 1986, 25
(9): 1213—1230.

Kravitz B., Robock A. Climate effects of high latitude vol-
canic eruptions: Role of the time of year. Journ. of
Geophys. Research: Atmosphere. 2011, 116: D01105.
doi.org/10.1029/2010JD014448.

Laloyaux P, de Boisseson E., Balmaseda M., Bidlot J.R.,
Broennimann S., Buizza R., Dalhgren P., Dee D., Haim-
berger L., Hersbach H., and Kosaka Y. CERA 20C: A
coupled reanalysis of the twentieth century. Journ. of
Adv. Model. Earth Syst. 2018, 10 (5): 1172—1195. doi.
org/10.1029/2018MS001273.

Latonin M.M., Bashmachnikov I.L., Bobylev L.P., Davy R.
Multi-model ensemble mean of global climate mod-
els fails to reproduce early twentieth century Arctic
warming. Journ. of Polar Science. 2021: 100677. doi.
org/10.1016/j.polar.2021.100677.

Lean J.L., Rind D.H. How natural and anthropogenic in-
fluences alter global and regional surface temperatures:
1889 to 2006. Geophys. Research Letter. 2008, 35 (18).
doi.org/10.1029/2008GL.034864.

Lemke P, Ren J., Alley R.B., Allison 1., Carrasco J., Flato
G., Fujii Y., Kaser G., Mote P, Thomas R.H., Zhang T.
Observations: changes in snow, ice and frozen ground,
Climat. Change 2007: The Physical Science Basis.

-472-



A.[. bokyyasa, B.A. CemeHos

Contribution of Working Group I to the Fourth As-
sessment Report of the Intergovernmental Panel on
Climate Change. 2007: 337—383.

Lenssen N., Schmidt G., Hansen J., Menne M., Per-
sin A., Ruedy R., Zyss D. Improvements in the GIS-
TEMP uncertainty model. Journ. Geophys. Re-
search. Atmosphere. 2019, 124 (12): 6307—6326. doi:
10.1029/2018JD029522.

Lindsay R., Wensnahan M., Schweiger A., Zhang J. Evalua-
tion of seven different atmospheric reanalysis products
in the Arctic Journ. of Climate. 2014, 27 (7): 2588—
2606. doi.org/10.1175/JCLI-D-13-00014.1.

Macfarling Meure C., Etheridge D., Trudinger C., Steele P,
Langenfelds R., Van Ommen T., Smith A., Elkins J. Law
Dome CO,, CH, and N,O ice core records extended
to 2000 years BP. Geophys. Research Letter. 2006, 33
(14). doi.org/10.1029/2006GL026152.

Mantua N.J., Hare S.R., Zhang Y., Wallace J.M., Fran-
cis R.C. A Pacific interdecadal climate oscillation with
impacts on salmon production. Bull. of Amer. Meteorol.
Society. 1997, 78 (6): 1069—1080. doi.org/10.1175/1520-
0477(1997)078<1069:APICOW>2.0.CO;2.

Meehl G.A., Washington WM., Ammann C.M., Arblaster J.M.,
Wigley T.M.L., Tebaldi C. Combinations of natural and an-
thropogenic forcings in twentieth-century climate. Journ. of
Climate. 2004, 17 (19): 3721-3727. doi.org/10.1175/1520-
0442(2004)017<3721:CONAAF>2.0.CO;2.

Meng Q., Latif M., Park W., Keenlyside N.S., Semenov V.A.,
Martin T. Twentieth century Walker circulation change:
Data analysis and model experiments. Journ. of Cli-
mate Dynamic. 2012, 9: 1757—1773.

Miles M.W., Divine D.V., Furevik T., Jansen E., Mo-
ros M., Ogilvie A.E. A signal of persistent Atlan-
tic multidecadal variability in Arctic sea ice. Geo-
phys. Research Letter. 2014, 41 (2): 463—469. doi.
org/10.1002/2013GL058084.

Miller R.L., Schmidt G.A., Nazarenko L.S., Tausnev N.,
Bauer S.E., Del Genio A.D., Kelley M., Lo K.K.,
Ruedy R., Shindell D.T., Aleinov I. CMIP5 histori-
cal simulations (1850—2012) with GISS Model
E2. Journ. Adv. Model. 2014, 6 (2): 441—478. doi.
org/10.1002/2013MS000266.

Morice C.P., Kennedy J.J., Rayner N.A., Winn J.P,
Hogan E., Killick R.E., Dunn R.J.H., Osborn T.J.,
Jones P.D., Simpson I.R. An updated assessment
of near surface temperature change from 1850: The
HadCRUTS data set. Journ. of Geophys. Research:
Atmosphere. 2021, 126 (3): e2019JD032361. doi.
org/10.1029/2019JD032361.

Nidheesh A.G., Lengaigne M., Vialard J., Izumo T., Un-
nikrishnan A.S., Cassou C. Influence of ENSO on the
Pacific decadal oscillation in CMIP models. Journ. of
Climate Dynamic. 2017, 49 (9): 3309—3326.

Nozawa T., Nagashima T., Shiogama H., Crooks S.A.
Detecting natural influence on surface air tem-

perature change in the early twentieth centu-
ry. Geophys. Research Letter. 2005, 32 (20). doi.
org/10.1029/2005GL023540.

Overland J.E., Wood K.R., Wang M. Warm Arctic-cold
continents: climate impacts of the newly open Arctic
Sea. Journ. of Polar Research. 2011, 30 (1): 15787.

Pithan F, Mauritsen T. Arctic amplification dominated
by temperature feedbacks in contemporary climate
models. Nature Geoscience. 2014, 7 (3): 181—184. doi.
org/10.1038/ngeo2071.

Poli P, Hersbach H., Dee D.P.,, Berrisford P., Simmons A.J.,
Vitart F.,, Trémolet Y. ERA-20C: An atmospheric re-
analysis of the twentieth century. Journ. of Climate.
2016, 29 (11): 4083—4097. doi.org/10.1175/JCLI-
D-15-0556.1

Polyakov 1.V., Alekseev G.V., Timokhov L.A., Bhatt U.S.,
Colony R.L., Simmons H.L., Walsh D., Walsh J.E.,
Zakharov V.F. Variability of the intermediate Atlan-
tic water of the Arctic Ocean over the last 100 years.
Journ. of Climate. 2004, 17 (23): 4485—4497. doi.
org/10.1175/JCLI-3224.1.

Przybylak R., Svyashchennikov P.N., Uscka-Kowalkows-
ka J., Wyszynski P. Solar radiation in the Arctic during
the Early Twentieth Century Warming (1921—1950):
Presenting a compilation of newly available data.
Journ. of Climate. 2020: 1—44. doi.org/10.1175/JCLI-
D-20-0257.1.

Rayner N.A, Parker D.E., Horton E.B., Folland C.K., Alexan-
der L.V., Rowell D.P, Kent E.C., Kaplan A. Global analy-
ses of sea surface temperature, sea ice, and night marine
air temperature since the late nineteenth century. Journ.
of Geophys. Research: Atmosphere. 2003, 108 (14).

Renwick J.A., Wallace J.M. Relationships between North Pa-
cific wintertime blocking, El Nifio and the PNA pattern.
Monthly weather review. 1996, 124 (9): 2071-2076.

Ritchie H., Roser M., Rosado P. CO, and greenhouse gas
emissions. Our world in data. 2020.

Roe G. Feedbacks, timescales, and seeing red. Annual Re-
view of Earth. Planetary Science. 2009, 37: 93—115.
doi.org/10.1146 /annurev.earth.061008.134734.

Robock A. Volcanic eruptions and climate. Review
Geophys. 2000, 38 (2): 191-219. doi.org/10.1029/
1998RG000054.

Rohde R. Comparison of Berkeley Earth, NASA GISS,
and Hadley CRU averaging techniques on ideal syn-
thetic data. Berkeley Earth Memo. 2013: 013.

Semenov V.A., Bengtsson L. Modes of the wintertime Arc-
tic temperature variability. Geophys. Research Letters.
2003, 30 (15). doi.org/10.1029/2003GL017112.

Semenov V.A., Latif M. The early twentieth century warming
and winter Arctic sea ice. The Cryosphere. 2012, 6 (6):
1231—1237. https: doi.org/10.5194/tc-6-1231-2012, 2012.

Semenov V.A., Latif M., Dommenget D., Keenly-
side N.S., Strehz A., Martin T., Park W. The im-
pact of North Atlantic-Arctic multidecadal variabil-

-473 -



0O630pbl U XpOHUKA

ity on Northern Hemisphere surface air temperature.
Journ. of Climate. 2010, 23 (21): 5668—5677. doi.
org/10.1175/2010JCLI3347.1.

Semenov V.A., Latif M., Jungclaus J.H., Park W. 1s the ob-
served NAO variability during the instrumental record
unusual? Geophys. Research Letters. 2008, 35: L11701.

Shindell D., Faluvegi G. Climate response to regional
radiative forcing during the twentieth century. Nat.
Geoscience. 2009, 2 (4): 294—300. doi.org/10.1038/
ngeo473.

Shiogama H., Nagashima 1., Yokohata T., Crooks S.A., No-
zawa T. Influence of volcanic activity and changes in
solar irradiance on surface air temperatures in the early
twentieth century. Geophys. Research Letter. 2006,
33 (9). doi.org/10.1029/2005GL025622.

Sigurdsson H. Evidence of volcanic loading of the atmo-
sphere and climate response. Palaeogeography. Pal-
aeoclimatology. Palacoecology. 1990, 89 (3): 277—289.
doi.org/10.1016/0031-0182(90)90069-J.

Smedsrud L.H., Esau 1., Ingvaldsen R.B., Eldevik T,
Haugan PM., Li.C., Lien V.S., Olsen A., Omar A.M.,
Ottera O.H., Risebrobakken B. The role of the Barents
Sea in the Arctic climate system. Review Geophys.
2013, 51 (3): 415—449. doi.org/10.1002/rog.20017.

Stenseth N.C., Ottersen G., Hurrell J.W., Mysterud A.,
Lima M., Chan K.S., Yoccoz N.G., Adlandsvik B.
Studying climate effects on ecology through the use
of climate indices: the North Atlantic Oscillation, El
Nino Southern Oscillation and beyond. Proceedings
of the Royal Society of London. Series B: Biolog. Sci-
ence. 2003, 270 (1529): 2087—2096.

Stephenson D.B., Wanner H., Bronnimann S., Luter-
bacher J. The history of scientific research on the
North Atlantic Oscillation. Geophys. Monogra-
phy. Amer. Geophys. Union. 2003, 134: 37—50. doi.
org/10.1029/134GMO02.

Stolpe M.B., Medhaug 1., Knutti R. Contribution of At-
lantic and Pacific multidecadal variability to twenti-
eth-century temperature changes. Journ. of Climate.
2017, 30 (16): 6279—6295. doi.org/10.1175/JCLI-
D-16-0803.1.

Straus D.M., Shukla J. Does ENSO force the PNA? Journ.
of Climate. 2002, 15 (17): 2340—2358.

Svendsen L., Keenlyside N., Bethke 1., Gao Y., Omrani N.E.
Pacific contribution to the early twentieth-centu-
ry warming in the Arctic. National Climate Change.
2018, 8 (9): 793—797. doi.org/10.1038/s41558-018-
0247-1.

Suo L., Ottera O.H., Bentsen M., Gao Y., Johannessen O.M.
External forcing of the early 20th century Arctic warm-
ing. Tellus A: Dynamic. Meteorology Oceanog-
raphy. 2013, 65 (1): 20578. doi.org/10.3402/tellusa.
v65i0.20578.

Tans P, Keeling R. Annual mean atmospheric CO, values
for Mauna Loa from Pieter Tans, NOAA/ESRL and
Dr. Ralph Keeling, Scripps Institution of Oceanogra-
phy: https:.www.esrl.noaa.gov/gmd/ccgg/trends/data.
html, last access: 24th April 2020.

Titchner H.A., Rayner N.A. The Met Office Hadley Cen-
tre sea ice and sea surface temperature data set, version
2: 1. Sea ice concentrations. Journ. of Geophys. Re-
search: Atmosphere. 2014, 119 (6): 2864—2889.

Tokinaga H., Xie S.P, Mukougawa H. Early 20th-centu-
ry Arctic warming intensified by Pacific and Atlantic
multidecadal variability. PNAS. 2017, 114 (24): 6227—
6232. doi.org/10.1073 /pnas.1615880114.

Undorf S., Bollasina M.A., Hegerl G.C. Impacts of the
1900-74 increase in anthropogenic aerosol emissions
from North America and Europe on Eurasian summer
climate. Journ. of Climate. 2018, 31 (20): 8381—8399.

Walsh J.E., Chapman W.L. 20th-century sea-ice variations
from observational data. Annals of Glaciology. 2001,
33:444—448.

Walsh J.E., Fetterer F., Scott Stewart J., Chapman W.L. A
database for depicting Arctic sea ice variations back to
1850. Geogr. Review. 2017, 107 (1): 89—107.

Wang B., Liu J., Kim H.J., Webster PJ., Yim S.Y., Xiang B.
Northern Hemisphere summer monsoon intensified by
mega-El Nifio/southern oscillation and Atlantic mul-
tidecadal oscillation. Proc. of the National Academy of
Sciences. 2013, 110 (14): 5347—5352.

Wang M., Overland J.E., Kattsov V., Walsh J.E., Zhang
X., Paviova T. Intrinsic versus forced variation in cou-
pled climate model simulations over the Arctic during
the twentieth century. Journ. of Climate. 2007, 20 (6):
1093—1107. doi.org/10.1175/JCLI4043.1.

Webb E.J., Magi B.I. The Ensemble Oceanic Nifno
Index. Intern. Journ. of Climatology. 2022: 1-21. doi.
org/10.1002/joc.7535.

Wegmann M., Bronnimann S., Compo G.P. Tropospheric
circulation during the early twentieth century Arctic
warming. Journ. of Climate Dynamic. 2017, 48 (7—8):
2405—2418. doi.org/10.1007/s00382-016-3212-6.

Wood K.R., Overland J.E. Early 20th century Arctic warm-
ing in retrospect. Intern. Journ. of Climatology. 2010,
30 (9): 1269—1279. doi.org/10.1002/joc.1973.

Yamanouchi T. Early 20th century warming in the Arc-
tic: A review. Polar Research. 2011, 5 (1): 53—71. doi.
org/10.1016/j.polar.2010.10.002.

Yu B., Zwiers W, The impact of combined ENSO and
PDO on the PNA climate: A 1,000-year climate mod-
eling study. Journ. of Climate Dynamic. 2007, 29 (7):
837—851.

Zhang Y., Wallace J.M., Battisti D.S. ENSO-like inter-
decadal variability: 1900—93. Journ. of Climate. 1997,
10 (5): 1004—1020.

-474 -



J1é0 u CHez - 2022 - T.62 - N° 3

YK 551.32

K 25-1eTHIO BbIX0A B CBET ATIIACA CHEXHO-JIEA0BbIX PECYPCOB MHPAa
© 2022 r. B.M. KotskoB

Hucruryr reorpapuu PAH, Mocksa, Poccust
vladkot4@gmail.com

On the 25'™ anniversary of the publication of the World Atlas of Snow and Ice Resources

V.M. Kotlyakov

Institute of Geography, Russian Academy of Sciences, Moscow, Russia
vladkot4@gmail.com

Received March 5, 2022 / Revised March 9, 2022 / Accepted July 11, 2022

Keywords: Geographical atlas, editorial board of the atlas, compilation and printing of maps.

Summary

The World Atlas of Snow and Ice Resources was compiled from 1976 to 1993 by a team of 300 people under the
auspices of the USSR Academy of Sciences and UNESCO. The relationship within the large group of authors
was governed by the Atlas Statute, approved by the Editorial Board. A special program for Soviet cosmonauts
was created to collect materials in poorly studied high-altitude glacial areas. The maps prepared for the Atlas
were discussed annually at special seminars, and a special trip of section editors and leading map authors to the
high-mountain glaciers of the Pamirs was made to gain experience in map-making. Compilation work contin-
ued from 1976 to 1993. The layout of the Atlas was prepared and the maps were printed in Minsk and Kiev. The
Atlas was published in 1997 and in 2001 it was awarded the State Prize of Russia in the field of science and tech-
nology. 18 years after its publication, an electronic version of the atlas was prepared. The World Atlas of Snow
and Ice Resources is an outstanding achievement of modern geography, cartography and glaciology.
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Knrouessie ciosa: feozpapuyeckuii amnac, pedkonnezus amnaca, cocmasneHue u usdaxue kapm.

CocTaBneHuvie ATnaca CHeXHO-N1eloBblX PeCypCoB MMpa BbINONHANOCL C 1976 no 1993 r. KONNeKTNBOM
n3 300 yenoBek nop arvaoin Akagemun Hayk CCCP n IOHECKO. B3aumooTHOLEHUS BHYTPU 60JbLIOro
aBTOPCKOIO KOJINIEKTVBA pPerfiameHTMpoBano MonoxeHne 06 Atnace, yTBep>KAEHHOE ero pefKonierven.
B cbope maTepuanoB AnA Manouv3y4yeHHbIX BbICOKOTOPHbIX NEeAHUKOBbLIX PalioOHOB y4acTBOBaIN COBET-
CKune KocmoHaBTbl. CocTaBnAemble anA ATnaca KapTbl €XKerofHo o6Cy»KAanuncb Ha crneLmanbHbiX CEMUHa-
pax, a AnA NoNyyYeHna onbiTa B COCTaBNEHMM KapT COCTOANAch CneunanbHasa noesjka pefakropos pasfge-
NOB 1 BeAyLLMX aBTOPOB KapT Ha BbICOKOropHble nefHukn Mamupa. MNogrotoBka makeTa Atnaca v neyatb
KapT BbinosfiHeHbl B MuHcke n Knese. Atnac Bbiwen B ceeT B 1997 . n B 2001 r. nonyuun focygapcTBeH-
Hyto npemuto Poccuiickon Mepepauymm B obnact Haykm 1 TexHukmn. Cnycta 18 net nocne ero msgaHma
6blN NOArOTOBNEH 3MIEKTPOHHBIM BapUaHT atnaca. ATnac CHEXHO-NIe[OBbIX PeCcypcoB MMpa — BblgatoLle-
ecs JOCTUXeHre coBpeMeHHo reorpadum, Kaptorpadum n rmaunonornu.

DOI: 10.31857/52076673422030145, EDN: JGYPTC

IIpomyio yxXe HECKOJbKO JeT, KaK Hhcue3-
JIO ¢ KapThl IPUBBIYHOE HAa3BaHME Halllei CTpa-
HBl «CoBeTckuit Coio3», HACTYNUIMN TSIXKENBIE
roipl CTaHOBJIEHUSI HOBoIt Poccuu, U1 uMeHHO B
5TO BpEeMs, HAKOHEIl, YBUAEIO CBET ACTUIIE CO-
BETCKHUX IJISLIMOJOTOB, CO3aBaBIlIceCcsd BCEU KO-
TOpTOM CIELMAIMCTOB Halllell TOTHAIlIHEN CcTpa-
HbI, — ATJIaC CHEXHO-JIEJOBBIX PECYypPCOB MUpa.
WU ceiiuac, ¢ «BBICOTBI» MPOIIEAIIEi YETBEPTHU BeKa
CTOUT pacckaszaTb 00 UCTOPUM E€ro CO3AAHUI U O
TOI pOJIM, KOTOPYIO OH ChIrpajl Ha 3aKaTe COBET-
CKOM TJISIIIMOJIOTUM M Ha 3ape BO3POXIECHUS pOC-
CUMCKOM IISIIMUOJIOTUM, XU O TOM, KaK BbIPOC aBTO-

pUTET TISILUAOJOTUY Halleil CTpaHbl Cpeau BCEro
IJISIIMOJIOTMYECKOTO COOOIIECTBA TOTO BPEMEHH.
Koneuno, B HoBeiilllee BpeMsl, KOrlia Mbl BUIM
KOHTYpPHI JIETHUKOB Ha KOCMMUYECKHUX CHUMKAX,
MOXHO 3aIaTh BOIIPOC: «A 3a4eM HaM 3TOT atJjac,
Bellb B HEM CTaTMYHAsl KApTUHA OJICACHEHMS TIPO-
LIIJIOTO BeKa, a KocMU4ecKasi MHGpopMalKs IPUHO-
CUT CUIOMMHYTHYIO JICTHUKOBYIO KapTHHY, KOTOPYIO
U CJIenyeT u3ydaTh». JlymMarh Tak — ri1yboKoe 3a-
OJIy>KIeHUE, KOTOPOMY ITOIBEPKEHBI MHOIME MOJIO-
IIbIe TJISIIIAOJIOTY, BOCIIMTAHHBIC JIMIIIh HA KOCMUYE-
CKOIT MH(OpMAaLIUY 1 UCKITIOUUTESTHHO Ha e€ aHaJi3e.
B Atnace — xuBast KapTuHa caMord ojieieHeHUsT U
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YCJIOBUIA €r0 CYIIeCTBOBAHUSI BO BTOPOI ITOJIOBUHE
XX B., TTIO3BOJISTIONIAST AaHAJIM3UPOBATh U M3y4aTh MHO-
rUe IPUPOIHBIE CBSI3M, OIPEACISIBIINE B IIPOLILIOM
¥ OIIpeIeISIIONINe ceifuac CyIecTBOBaHME Ha 3eMile
3TOr0 (peHOMEHA IIPUPOIBI, KOTOPHIN IIPUCYTCTBYET B
OKpYKaIOIIeH cpele MOCIeTHIE ThICSIH JIET, COIIPO-
BOXKIIaJI BECh IIepHO CYIIIECTBOBAHE YeIOBEUECTBA 1
CIIOCOOCTBOBAJI Pa3BUTHIO YEJIOBEKA HA CAMBIX paH-
HUX 3Tarax ero BOSHNKHOBEHMS ¥ CTAHOBJICHHS.

WrTak, naBaiiTe BCIIOMHUM, a 111 MOJIOIBIX ITISILIO-
JIOTOB — JaBaliTe IIO3HAKOMUMCS, KaK XK€ CO3IaBaJIOCh
3TO YHUKAJIFHOE HayYHOE IIPOM3BEICHIE, OCTABUBIIICE
CBOM CJIe[l B MIPOBOIA INISIIIMOJIOTUM XX CTOJIETHSL.

3apoxaenue uaen. Bo Bropoii monosuHe XX B.
Coserckuit Co1o3, Toxamnyi, UMeJl HauOOJIbIITNA
OITHIT KapTorpaduIecKoil OLIEHKH OKPYKaIoUIei
cpennl. B 1964 r. B Uncturyte reorpacduu AH CCCP
ObLI cocTaBlieH 1 n3gaH Pu3nko-reorpaduIecKuii
aTjac MHUpa, BIEPBBIE KapTOrpadUIeCKUMU Cpell-
CTBAMH ITOKa3aBIIMI CIOXHYIO TeorpadpuiyecKyro
KapTUHY MHpa. B 4rcie npyriux KOMIUIEKCHBIX KapTo-
rpa¢UIeCKIX IPOU3BEACHUI CTOUT HAa3BaTh COCTAB-
JICHHBIM KapTorpadaMy BOGHHO-MOPCKOT0O (hjIoTa
YeThIPEXTOMHBIN ATnac okeaHoB (Tuxuii okeaH —
1974 r.; Atnantndecknii 1 UHaniicknii okeaHbl —
1977 r.; CeBepHubiii JlenoButslii okean — 1980 r.; AHT-
apktuka — 2005 r.), amiacel AHTapkTUKu (1966 1.) 1
ApxkTuku (1985 r.). Ha3zoBy Takke M3naHHEIA B AB-
CTPUH, HO COCTaBJICHHBIN B MHCcTHUTYTE Teorpadun
AH CCCP/PAH u n3maHHBINI IOYTA OMHOBPEMEH-
HO C HaIllMM aTjracoM IBYXTOMHBEIIT World Atlas of
Resources and Environment, cuITpaBIIfii BaXXHYIO
poJIb B M3OaHNM ATJIaca CHEXXHO-JICIOBBIX PECYPCOB
MUpa, 0 UéM OyaeT ckazaHo aanee. Jlo0aBiio K 3TOMY,
yTo B 1960—70-¢ Tombl 51 ObLI TeCHO CBsI3aH ¢ UH-
CTUTYTOM TIOJISIPHBIX MccaenoBaHmnii mmeHn CKoTTa
B KemOpumxe, rae mom pyKOBOICTBOM TOTIAIITHETO
IPEKTOpa MHCTUTYTA X MOETO XOPOIIIEro 3HAKOMOIO
HetiBuna [ propu 3aBepIIaioch U3TaHNE aHTapKTIIe-
ckoro amiaca «Antarctic Folio» (u3nan B 1973 1.).

B 10 Bpems1, mociie 3aBepireHnst MexXmyHapomHO-
ro reogusundeckoro roga (MIT), B Mupe ObLI1O TTOJTY-
YEeHO OTPOMHOE KOJIMYECTBO HOBBIX MaTEPHAJIOB II0
COBpPEMEHHOMY OJICICHEHUIO 3eMJIM, KOTOPBIE XA
cBoeil 00paboTk 1 cuctemMatn3anun. CodpaHHBIE
MaTepHUajIbl IIOCTYHAIN B LIEHTPHI XpaHeHUsI TaHHBIX
MIT, kotopsix ObLIO Tpu: B MockBe, KeMbpuixe
(Benuko6puranus) u boynnepe (CLLA). Onu xpa-
HIJIMCH Ha JOBOJBHO IMPUMUTUBHBIX HOCUTEIISIX WU
B ITOJIEBBIX THEBHUKAX. B Te Tombl 1 ObLT KOHCY/IBTaH-

TOM TIO IJISSIIMOJIOTMM MOCKOBCKOTO 1IEHTpa JaHHBIX
MIT, Buaen HECOBEPILIEHCTBO XPaHEHUS IIEPBUYHBIX
JAHHBIX Y TIOHMMaJI HEOOXOAUMOCTb UX 00PadOTKU U
TMpEeACTaBICHUS] B THOM BUIIE, TOCTYITHOM 1 YIOOHOM
JIJ1s1 najibHEIIeil pabOoThI.

B 1960-e u B Hauazne 1970-x romoB MbI ellIé He
MPeACTaBISIIA BCe KapTUHEI OJIeIeHEHUST 3eMIU U
OUYeHb MaJIO 3HAJIA O MPUPOIHBIX IIpoIIeccax, IIPOUC-
XOISIIMX B JIETHUKOBBIX paiioHax. OOLIMpHbIE MaTe-
puanabl MIT oTHOCUIUCH K OTAEABHBIM paiioHaM U
JIeAHUKAM W HUKAK He TIOKPBIBAJIA BCETO MPOCTPaH-
CTBa 3¢MHOTO IIIapa, XOTSI MAaTepUAJIbl C KOCMIYECKUX
arlmapaToB HAYMHAJIM ITOCTYNATh B LICHTPBI XpaHEHUS
JaHHbIX. MIMeBIIMecs Torma MaTepyaitbl JaBaIu IIpU-
MEpHYIO KApTUHY COBPEMEHHOTO OJIeIeHEHNSI, HO B
MOEH TOJIOBE «ITOCENIMIIACh» Apyrasi uaesl — IToKa3aTh
BCIO KapTUHY CHEXXHO-JIEMOBBIX SIBJICHUI Ha 3eMiie,
BKJIIOUAsT pacCIIpOCTPaHEHUE CHEXKHOTO ITOKPOBa, MOp-
CKUX M PEYHBIX JILIOB, a IS JISHHUKOB MCCIIEIOBATh
U TToKa3aThb 0COOEHHOCTH MPUPOIHBIX IIPOLECCOB,
OIpeACIISIONINX UX pacIpOCTpaHEeHE U CYIIECTBO-
BaHUE Ha 3eMHOM Imape. OmHaKo 3T0 TpeOoBaJlo He
TOJIbKO 3HaHUSI KOHTYPOB CHEXXHO-JICTHUKOBEIX 00-
pa3oBaHMi, HO ¥ BCEX IIPUPOIHBIX YCIIOBUI UX CYIIIE-
CTBOBaHUSI, a TAKXKe ONPEAEIISIIONINX MX IPUPOTHBIX
rpoueccoB. QK010 moJyroaa s IPOaYMBIBAJ TTOAXO0-
IbI K CO30aHUIO TaKOTO ATIIaca, COCTaBUII YePHOBUK
HabOpa BOBMOXKHBIX KAPT 1 TTOHSLI, YTO TAKYIO 3a1a4yy
MOXHO BBITIOJTHUTH TOJIBKO OOIIMPHBIM M MOHOJIUT-
HBIM KOJUIEKTUBOM Pa3HOOOPAa3HBIX CIICIIUATIMCTOB.

IlepBbie marn. DT UaeH s OOHAPOIOBAI B OKTSIOpe
1973 r. Ha paclIMpeHHOM 3aceaaHnu MexXIyBeaoM-
ctBeHHOro reogusndyeckoro komureta AH CCCP, ko-
TOPHIiA TTOTHOCTBIO TTOIAEPXKAaJ 3a1a4y CO3MaHMS TAKO-
ro Atiaca. Ho mockosibKy 3T0 ObLT BCEMUPHBIH aTjiac
1 OH TpeboBaJl cOopa 1 MCIIOIb30BaHUSI MAaTepHUAIOB
MHOTHUX CTpaH, HEOOXOIUMO OBLUIO BBEIXOIUTH Ha MU-
poBoit ypoBeHb. [ToaTomy B MapTe 1974 1. 51 pacckazan
00 3Toil uaee Ha 3acenaHuu 010po MexayHapomHoi
KOMMCCHY CHETa M JibJa, IMPOXOIMBIIEil B MecTeu-
ke I'puHneneBanb B LlBeliapun, KoTopast akKTHBHO
MeHs noaaepxana. Crycts ron, B anpesie 1975 r. B I1a-
prxxe FOHECKO o6cyxknana aecsatuieTHioro Mexnay-
HapOIHYIO TUAPOJIOTMYECKYIO IIPOrpaMmy, 1 paboThI
Hax OyoyIIdM aT/IacOM ObLIY BKJIFOUEHKI B 3TY IIPO-
rpammy. Teneps OHECKO Bbiaeasiia HeOonblIMe
CpEICTBa Ha €XETOMHBIE TTOE3IKH B pa3HbIe CTPAHKI
JUTS TIOJTy9eHUsI MaTepUaioB, HEAOCTAIOIIMX I CO-
ctaBiaeHus KapT Atiaca. 9tu cpeacrsa OHECKO
MO3BOJIMJIN TTOCETUTH psiit cTpaH EBpomnsl, A3un, Ce-
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BepHoOi1 1 FOXHOM AMEpUKH 1 TOOBITH KapTorpadmde-
CKHE ¥ MHBIE MaTepHalibl, HEOOXOOMUMEIE P COCTaB-
JICHAH PsiIa KapT Ha 3apyOeKHbIE TEPPUTOPHLL.

VYxe B 1974 1. B otnene rsiumosorud MHCTUTYTA
reorpapum AH CCCP 651u1a chopMmrpoBaHa TpyIIIa
3HTY3MAaCTOB, C MHTEPECOM B3SIBIIIMXCSI 32 3TO AEJIO.
Bckope K Hell IprCOeAMHIIINCH KapTorpadbl U IJIs-
uojoru u3z MI'Y umenu M. B. JlomoHOCOBa U Apyrux
yupexaeHuii co Bcex yronkoB Coperckoro Coro3a: u3
Jlenunrpana, Anaruros, TauiuHa, PoctoBa-Ha-/loHy,
Tounucu, Anma-Artsl, TaiikenTa, Jymanoe, Upkyrt-
cka, ITerponasioBcka-Kamaarckoro. Dto ObLIa TPYIT-
na eIMHOMBIIUIEHHUKOB. Kaxmyto 3umMy Mbl cobupa-
JIICh BMECTE Ha HeNEeJIbHBIA CeMUHAp, KaK IIPaBUIIO,
o, MockBoli, 00CyKIaId XKMBOTPEIICIIYIINe 1 He-
IIPOCTBIE BOIIPOCHI COAEPKAHMSI COCTABIISIEMbBIX KapT.

K okts6pio 1975 1. 66118 chopMUpOBaHA pemaK-
IIMOHHAs KOJuTernst Ataca — 1modt 40 4yemoBeKk — U B
He€ BXOIWIM BeAyIye Teorpadbl 1 aIMAHUCTPATOPHL:
mupextop Muctnryra reorpadpum AH CCCP akane-
muk WU.I1. I'epacmmoB, 3aB. Kadenpoit Kaprorpadpni
MI'Y ipodeccop K.A. Camuies, ipodeccop JlenmH-
rpamckoro yauBepcutera O.A. JIpo3nos. Ha mepBBIx
3aceJaHMsIX penKoJUIerny ATnaca ObIBaIM HaYaIbHUK
T'VI'K renepan NM.A. Kyty3oB, pykoBoautenb I'mapo-
meTeocaykobl B.. Kop3yH 1 KOHEUHO Bcerga npu-
CYTCTBOBAJIM WICHBI PEIKOJUIETUN M3 CaMbIX Pa3HBIX
COBETCKHUX roponoB. Ha omHoM 13 IepBhIX 3aceqaHuii
penxkojuierun ATiaca ObLIO YTBEPXKIEHO COCTABIICH-
Hoe MHOI0, a 3aTeM yTBepxaeHHoe ['YT'K «ITonmoxke-
HHE 00 ATiIace CHEXXHO-JICIIOBBIX PECYPCOB MUPa» —
pa3BEpHYTHIC IIpaBUJjIa B3aMMOOTHOIICHWI aBTOPOB
KapT, peIaKTOPOB Pa3IesioB M PEAKOJUICTAN B IICIOM.
Ha niepBbix 3Tanax padoTsl Hag ATJIACOM PeIKOJUIeT s
nox, pykoBoacTBoM 4i1.-kopp. AH CCCP I''A. Ascio-
Ka coOMpasach IBaXKIbI B TOM, IUII OOCYKIEHMS COMep-
>KaHUS OTHEJIBHBIX pa3neoB ATiiaca M yTBEPXKICHUS
KOHTYPHBIX OCHOB OYIYIIIX KapT.

CocraBurenbckue padorsl. YepHOBOI MakeT
Bcero ATjaca, caeJaHHBIM MHOI Ha CaMOM IIEPBOM,
IIpeaBapuTEIbHOM 3Talle, MIOCTEIIEHHO IIpHoope-
TaJl peajJbHOE COAEPKAHNE W B KOHIIE KOHIIOB JIET
B OCHOBY Bcex pasuesioB Atrinaca. Pabora Hag AT-
JIacOM IIOTpeOoBaia y4acTus OOIIMPHOTO KOJIIEK-
THBA IJISIIIMOJIOTOB M KapTorpad)oB, U MOCTEIICHHO
ATOT KOJUIEKTUB BEIpoc 10 300 denoBek, paboTas-
mmx B pa3HbiX ropogax Coperckoro Coro3a. Takoit
KOJUIEKTUB TPpeOOBaJl 1 OYHOTO OOIIEHMSI, IIOITOMY
€XeTrOTHO, KakK S yKe YIOMSHYJI, MBI COOMpaIncCh
BMecTe (0ko0;10 100 yemoBeK) Ha HEAEIbHYIO OYHYIO

BCTpeyvy, Kak MpaBWIo, B aKaAeMUYEeCKOM TMaHCHO-
HaTe «3BEHUTOPOACKUN».

Bclo Heneno »KU3Hb B MaHCUOHATE «KUIIeaa»:
MPOBOAUJIUCH OOIIME U YAaCTHbIE CEMMHAPBI, 00CYXK-
JaJINCh HOBbIE UAEU, MOJOXEHHbIE B OCHOBY ATJia-
ca, U KOHKPETHBIE COCTaBJIsieMble KapThl, BHOCUJIUCH
KOPPEKTUBBI B YK€ MOATOTOBJIEHHbIE MAaTEpUAJIbI.
B Takux 4aCTHBIX 1 OOIIMX OOCYXXIEHUSIX POXKIAIVCh
HOBbIE MIIEU, a cofepKaHe ATlaca CTaHOBWIOCH BCE
IIMpPe U LIUPE, OXBATbIBasl HE TOJbKO CHEXHBIN I10-
KpOB U JIGTHUKM, HO TaKxXKe pa3HOOOpa3HbIe MpU-
pPOAHBIC YCIOBUS UX CYLLIECTBOBAHUSI, TIPEXKAE BCErO
penabed U KJIMMaT, a TakKe CTOK C JISAHUKOB U Aesl-
TeJbHOCTb JIIOAEH B IEMHUKOBBIX paitoHax. B aTux 00-
CYXIEHUSX, YYaCTHUKAMU KOTOPBIX ObUIM U pelak-
TOPbI pa3nesioB, U BEAyILLME aBTOPhI OTAEIbHBIX KapT,
poxaanuch [IporpaMma u MeTOAMYECKUE YKa3aHUS
10 COCTaBJIEHUIO PA3HOOOPA3HBIX KapT 1151 ATiaca.

MMeHHO B 3TU roabl BOZHMKJIA U Hayaja Ipe-
TBOPSITBCS B XXWU3Hb Uaes co3gaHus BcemupHoro
Karajora JleAHUKOB, IJIJaBHbIM 00pa3oM Ha OCHOBE
KOCMUUYECKUX MaTepuaoB. OqHAKO MBI ITPpOaOJIKa-
JIM HACTOMYMBO pa3BUBAaTh U0 UCIOJIb30BAHUS HE
TOJIbKO KOCMUYECKMX, a TIPEXK]Ie BCEro BCECTOPOH-
HUX «Ha3€MHBbIX» MaTepUaJIOB, a TAKXKE PACUETHBIX
JaHHBIX, MOJYYEHHbIX HA OCHOBE HAIlMUX 3HAHUU O
npoueccax popMUPOBAHUS CHEXXHO-JIEIOBBIX SIBJIe-
HU Ha 36MHOU MTOBEPXHOCTU.

TlepBblit MexXIyHApOAHBIA CEMUHAP B CBSI3U C Ha-
yajoM paboT 1o cocTapiieHn0o BcemupHoOro kartano-
ra JeaHUKoB coctosiica B IIIBeitliapuu, B MeCTEUKe
Punepanbn, Ha rpeOHe OOKOBOIO XpeOTa Hajl SI3bIKOM
KpymHe¥iiero B Ajibrax Ajedckoro JienHuka. Ha atom
ceMHuHape 1 IoApoOHO paccKaszaj O IporpaMme Co-
CTaBJIEHUs] HAlIero atjaca U ObLI ropsyo Mmoaaep-
KaH BCEMM ydyacTHUMKaMU cemuHapa. O0cyxkaeHue B
Punepainbiie nokaszajio MHTepeC MEKIyHApOIHOTO TJIsi-
LIMOJIOTMYECKOTO COOOILECTBa K 3aAyMaHHOMY HaMU
amiacy, 4To Npuaaao Ham OoJblilieil SHepruu B padboTe.

Jletom 1977 1. MBI pellIMIM OPraHM30BaTh JKCIIe-
aunuto Ha LeHtpanbHbiii [Tamup ns anpobdanyu He-
JAaBHO HAMMCAHHBIX METOIMYECKMX YKa3aHUI MO CO-
CTaBJICHMIO KapT IJ1s1 AT/aca ¢ ydacTMEM PelakTOpPOB
pasnesoB U BeAylMX aBTOPOB KapT ATiaca. DKcHean-
LI1s OKa3ajaach Ype3BblYaiiHO MHTEPECHON U MOoJIe3-
HOI1: HaM yJaJioCh Ha ABYX aBTOMAalllMHAX MOAHSATHCS
Ha Bocrounslii [Tamup, moObiBaTh B Anaiickoii 011~
He, y nuka JleHnHa, Ha o3epe Kapakysib U B 1oJIMHE
p. AKOGariTa, MoJHSThCS Ha JIEAHUK AKOaiiTal Ha Bbl-
coty 5100 M Hax yp. MOpsI U YBUIETh CTPOEHUE BbICO-
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KOJIEXKAIIIETOo JIeTHNUKA; 00CYKIATNCh TAKXKE METOINKA
¥ 0COOEHHOCTH COCTABJICHUS TIISIIIMOIOTTIECKIX KAapT
Ha BBICOKOTOpHBIE 0bacTit 3emiit. Okosro 20 wieHoB
penxosurerny Atjaca 1 BeOyIIUX COCTaBUTENIEi KapT
PpacCcMOTpeH ITOAXOIBI K MX KapTorpadMpOBaHUIO.

B o111 Xe roapl ObUIa pa3paboTaHa crieluaabHast
IporpamMma Jijisi COBETCKIX KOCMOHABTOB, KOTOPhIE
JIOJKHBI ObUIM HAOMI0aaTh U (hoTorpadupoBaTh Jed-
HUKOBBIE PAaiOHBI 3eMJIM — IIPEXIIe BCEro JIGTHUKN
LenTpanproii A3 1 KOxHoM AMEepUKH, TT0 KOTO-
PBIM OBUTO OYEHB MAJIO MCXOMHBIX TaHHBIX. C IIeJIbIo
MpHOOPETeHNSI KOCMOHABTaMU CIIEHIM(PUIECKIX Ha-
BBIKOB [IJIST HUX OBLIH ITPEIyCMOTPEHEI CIIeIIaIbHEBIC
METONMYECKME MOJETH Ha BEPTOIETAX HAL JICTHU-
kamu LlenTpansHoro Ilamupa, roe oHu npruodpenu
OIIBIT TMCTAHIIMOHHBIX HAOIIONCHUI JIGTHUKOB. DTa
ImporpaMMa ObLIa IPEeKpacHO BEIIIOJIHEHA, U B I10-
CJIeIyIoIIeM KOCMOHABTHI IIPOBEIM UCKITIOUNTEIHHO
MnoJie3HbIe IJIs1 Halllero Atiaca HaboaeHus1 ¢ bopTa
KocMuuecko craHumu «Camaior-6» 3a JefTHUKaMU
Kapaxkopyma n FOxaoamepukancknx Aan. B cioydae
¢ AHIaMM HaM JOIIOJTHUTEILHO ITOBE3JI0: B 00IACTSIX
MUTaHUS JIeTHUKOB FOXHOaMeprKaHCKUX AHII TIpe-
o0jamaeT obIavHast IT0roaa, HO B IEPBBIC STHBAPCKUE
mam 1980 1., Ha Halle cyacThe, HECKOJIBKO THEM, KaK
pa3 Koraa Hax 3TOl TeppUTOpHEi IposieTaaa KOCMH-
yeckasl CTaHLUSI, He00 ObLIO COBEpILIeHHO 6e3001a4-
HO 1 KOCMOHABTHI CYMEJIN CIeIaTh 3aMedaTe/IbHbIe
¢oTorpacduu 1egHUKOB AH/I.

A netom 1984 1., BepHee cKa3aTh I0KHOAMEPH-
KaHckoit 3umoii 1984 r., cpencrea FOHECKO 1o-
3BOJIMJIV HaM TTOOBIBaTh B AHmax KOxHoiT AMepu-
K{ ¥ IPUHATH YIaCTHE B JIETHUKOBOM CHUMIIO3HYME
MIPSIMO PSIIOM C SI3bIKAaMU OTPOMHBIX JIETHUKOB, CTE-
KaIOIINX IT0 CKJIOHaM AHII, Ha KOTOPOM $I paccKazajl
BCeil MeXXIyHAPOTHOM KOMITAHUY O 3ACIITHUX JICTHH-
Kax Ha OCHOBE KOCMMYECKNX CHUMKOB, ITOJTYIeHHBIX
Ha ctaHumu «Camor-6». Moit gokian okasajics oT-
KPOBEHHEM HE TOJIBKO IJIsSI €eBPONEHCKNX, HO W IS
APTeHTHHCKUX IVISIIMOJIOrOB, HUKOTAA He BUIEBIIMX
o0JIacTell MUTaHMS 3MCIIHUX JISTHUKOB, KaK IIpaBH-
JIO, CKPBITHIX CILUTOITHOM 00JIAYHOCTHIO.

3aBepmienue cocTaBuTeIbcKux pador. CocraBu-
TeJIbCKUE PaboThI, HaYaThie B 1976 T., ynanoch 3aBep-
mmTh B KoHIIEe 1980-X TomoB. YKe Torma crajo sICHO,
yTO ATJIAC CHEXXHO-JIEAOBBIX PECypCOB MUpa — YHH-
KaJIbHOE reorpaduieckoe 1 Kaprorpapuieckoe Ipo-
u3BeAeHue, KOTopoe OyIeT CrocoOCTBOBaThL Ooiee
INIyOOKOMY TTIO3HAHUIO COBPEMEHHOIO OJICACHEHMSI.
TToguepkHEM, 4TO KapThl ATJIaca OXBaThIBaJIU BCce 00-

JIACTU OKpPYKAIOIIIEei cpelbl, CBI3aHHBIE C CYIIIECTBO-
BaHUEM JIETHUKOB: pejibed, KIMMaT, MOP(OJIOTUIO U
WHBbIE 0COOEHHOCTHU CaMUX JIETHUKOB, U3BMEHEHUST MX
pa3MepoB 3a TToCIeTHIE AeCATUIETHSI, CHEXXHBIN 10~
KPOB M JIABUHBI, JICTHUKOBEII CTOK M MHOTOE JIPYTOE.
B cootBeTcTBIM C 3TUM HAOOPOM IMTPUPOTHBIX MPOLIEC-
COB, TIPOUCXOMISIIINX B JISTHUKOBBLIX M CHEXXHBIX paii-
OHax 3eMHOTO IIIapa, TIPU COCTaBJIEHNM ATiiaca ObUT
BBIJIEJICH Psia TeMaTU4YecKuX pasaesioB. KapTel pa3-
HBIX Pa3IesIoB AOTIOTHSUIA APYT IPYyTa ¥ OB B3aNMO-
CBgI3aHBI MeXy coboit. ITpyn nx cocTaBieHnM TIpruMe-
HSUIMCh ODIIE CIIOCOOBI PACUETOB, UCIOIL30BAIUCH
o011IMe TTapaMeTpbl JIM0O OOIIMe MoKa3aTeau uccie-
JIyeMBIX TIPOIIECCOB U MX Pe3yNIbTATOB, a Ha 3aKITIOUM-
TeJIHLHOM 3Talle — COIIACOBBIBAJIOCH COMEpKaHNe pe-
TMOHANbHBIX KapT B TeMaTUUeCKUX pasneiax. Bcé ato
TTO3BOJIWJIO JIaTh BECbMa MOJTHYIO M KOMITJIEKCHYIO Xa-
PaKTEepUCTUKY JIEAHUKOBOI IIPUPOILI 3EMITH.
ITomeniénHble B ATiace KapThl B COOTBETCTBUU
¢ pa3mMepaMu M300paxkaeMoil Ha HUX TEPPUTOPUU
00BeAMHEHBI B IIECThb TPYIII B COOTBETCTBUU C Mac-
mrabamMu KapT:
— 1:60 000 000 & 1:90 000 000
—ort 1:20 000 000 mo 1:40 000 000;
—ort 1:3 000 000 mo 1:10 000 000;
ropHO-JIeqHUKOBBIE objactu — oT 1:1 500 000 mo 1:5 000 000;
— 1:600 000 1 1:1 000 000;
— ot 1:25 000 mo 1:250 000.

3eMHOM 11ap B LEJOM
MaTepuK

TIPUPOTHBIE PETHOHBI

JICAHUKOBLIC paﬁOHbI

OTACJBbHBIC JICIHUKU

[Tpu cocTaBneHUM KapT IIMPOKO UCTIOIB30BaH Ka-
JACTPOBBIN MaTepHall, B TOM YMCJIe KaTajoru, crpa-
BOYHUKM, MaTepHalIbl PEKMMHBIX HAOIIOAeHUH 110
MEXXIyHApOIHBIM IIporpaMMaM, pa3HOOOpa3HbIe CBE-
JIEHUS O KoJieOaHUsIX JIEMHUKOB, MacCoBasi TUApOMe-
Teopojiornyeckast nHdopmaius. B ciiyyae HemocraTka
Ha3eMHBIX HAOIIOACHUI MbI HCIIOIb30BAI KOCMH-
YecKyl0 MHGOPMALIMIO U yKe YITOMMHABIIIMECS Ha0-
JIIOEHUSI KOCMOHABTOB Ha OpOUTAIbHOM CTaHIIUU
«Camor-6», BeimosiHeHHBIE B 1978—80 IT. cietaib-
HO TSI AT/1aca CHEXXHO-JIEIOBBIX PeCypCOB MHUpa.

Maker n nyosmkamus Ariaca. 3aBepilieHre CoCTa-
BUTEJILCKUX pa0bOT, IMBLIMXCS 9yTh OoJble 15 JeT,
COBMAJIO C ApaMaTUYECKUM BpeMeHeM paciiaga Co-
BeTckoro Coro3a, U ABe Oiumkaiiiime kaprorpadu-
yeckue (padprKu OKa3aauch B IPYTMX TOCYyAapCTBaXx:;
onHa B Kuese, a gpyrag B Muncke. f npennpu-
HSUI TIONBITKY MOMCKaTh BO3MOXHOCTD HareJyaTaTh
atiac B 3amagHoii EBporie u ¢ 3Toit 11eJ1bi0 OTIpa-
Bwics B FOHECKO, koTopast koMaHaupoBaaa MeHs
B KeMOpuIK, roe neyataay reorpapmyeckie KapThl.
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3aellHUe CIIeUATNCTbl, 03HAKOMMBIIUCH C COIEP-
>KaHMEM Halllero aTjiaca, B OOUH rojioc 3asiBUJIU, YTO
CTOMMOCTb ITyOJIMKAIIMY TaKOro aTjaca OyIeT «3a00-
JayHoi». [IpuIIIoCch MHE OT 3TOil UIEH OTKA3aThCs
1 00paTUTBCS ¢ TPOChOOI 0 myoauKanuu B Kuies u
Munck. [Touemy Ha 06e PadbpUKKN — OOBSICHIO.

IMy6aukauus KapT Mo TPaguLMOHHOM, TOXM-
BaloOllell B TO BpeMsl CBOIl BeK METOAMKE COCTOSLIA
M3 ABYX IJIaBHBIX YacTeii: cHavajia mpodeccruoHallb-
HbIe KapTorpadbl JOJLKHBI ObUIM 3aHOBO, I10 BCEM
KapTorpauyecknuM KaHOHaM, «HapuCOBaTb» MAKeT
KaXkI0il KapThl, a 3aTeM, TIepeHeCsT BCE 5TO Ha TUIIO-
rpadckyro ¢popMy, HarleyaTaTh B HECKOJIBKO KPaCOoK.
IlepByro YacTh Ipoliecca T0JKHA OblIa cieaTh K-
eBckas ¢abpuka, a BTopylo — MUHCKas. KoHeyHo,
Ha OIUIaTy BCeX 3TUX PabOT OBbLIY 3aIIpOIICHBI ITOPS-
JIOYHbIC IEHBI'M, KOTOPBIX Y HAC He OBLIO.

Ha xueBckoii kKapTdabpuke MOATOTOBICHHEIC
HaMU aBTOPCKUE OPMTHHAJIBI IIEPECOCTABIISINCH Ha
TUITOBOI OCHOBE, T.€. Ha BATMaHE C XKECTKOM alloMU-
HMEBOM MOAJI0XKoM. Takum 006pa3oM co3maBaid U3-
JarelibCKue OpUTrHaJbl, B MUHCKe ux ¢potorpadu-
pOoBaIv U IeIajIv AMANIO3UTHUBEI Ha TUIACTUKE, a 3aTeM
IrpaBUPOBAIM Ha HUX 3JEMEHTHI COACPXKAHUS IJIsI
KaXKI0i KpacKU OTIENIBHO. A YK€ C 9TUX IUAIIO3UTH -
BOB M3TrOTaB/IMBAJIU ITIeYaTHbIC (DOPMBI IJIsT TUPaKa.

CTONT HAITOMHUTbD, YTO BCE 3TO IIPOUCXOAWIO B
camoe cioxHoe BpeMs pacrana Coerckoro Coro3a
U Hayvajia ¢opmupoBaHus Poccuiickoro rocynap-
CTBa, U BCE-TAKU TOJIOBUHY TPEOYEMBIX CPEACTB OT

@

ATIAC
CHEXHO-NEAOBWX
PECYPCOB MUPA

ATIAC
CHEXHO-TENOBHIX
PECYPCOB MUPA

I19Th KHUT, COCTABJISIONINX MOJ-
HBII KOMIUIEKT ATjlaca CHEXHO-
JIETOBBIX PECYpPCOB MMpa

Five books of the full complect of
the World Atlas of Snow and Ice
Resources

Poccuiickoil akameMuu HayK Mbl TTOJYYUIN. A CO
BTOPOI1 TIOJIOBMHOM HAM MPOCTO MCKIIOUUTEIBLHO
«II0Be3J10». JIeIo B TOM, YTO KakK pa3 B 3TU T'OJbI B
Nucturyre reorpadpun AH CCCP 65110 3aBepiiieHO
COCTaBJICHUE yX€ YIIOMUHABIIIETOCS MHOIO aTjaca
«IIpupona u pecypchl MUpa», IUIsl U3TAHKUST KOTOPO-
IO MbI MCKaJIM KOMMepYeCcKylo ¢upMy. MBI HallLu
e€ B ABCTpMH, UTO JAJI0 BO3MOXHOCTE MHCTUTYTY
reorpadu IOJIy4YUTh HEOOJIBIIYIO CYyMMY TOHOpPapa,
KOTOPYIO MbI BJIOXKWJIM B Ka4€CTBE BTOPOI ITOJIOBU -
HBI CPEICTB, HEOOXOAUMBIX JJIs TyOJIMKaLu ATiia-
ca CHEXXHO-JICAOBBIX PECYPCOB MUpa.

Jlemo moumio OBICTPO, TaK KaK B TO TSXKEIOe
BpeMsI BCe HYXKIAIUCh B cpeAcTBax. i myoaukanuu
aTyiaca B MUHCKe HCIIOJIb30BaIM CTAPYIO METOIUKY,
OTKMBAIOIILYIO CBOM BEeK: HA KAaXIbIi1 JTUCT aTjiaca Ha-
HOCUJIY POBHO CTOJILKO KPAacOK, CKOJIBKO OBLIO 3a.1y-
MaHo Kaprtorpadamu. Takum obpa3om, Il TTeUaTu
KaXIO0i CTpaHUIIBLI aTjaca UCITOJb30BalIu 24 Kpa-
CKHU, T.€. KaXKIbIi JUCT «IIPOTOHSUIN» Yepe3 Malllu-
HY HECKOJIbKO pa3, 4YTO TPeOOBaJIO UCKIIOYUTEIBHO
YETKOI pabOThl Ha KaXKIO CTaluM 3TOTO Ipoliecca.
ITosToMy ATiac CHEXXHO-JIEIOBBIX PECYPCOB MUpa —
nocjeaHee B MUpe KapTorpacduueckoe Mpou3Bee-
HUe, HarleyaTaHHoe B 24 Kpacku. Ceityac Juist ieyaT
aTJIACOB MCIIOIb3YIOT BCero 3—4 Kpacku, 4To, KOHEeY -
HO, CUJIbHO YIIPOCTUJIO Y YASIICBUIO BECh IPOIIECC.

TeM He MeHee B MuHCKe ObLI HareyaTtaH BeCh
TpeOyeMbIii TUpax ATiiaca CHEXHO-JEAOBBIX pe-
CYpCOB MUpa ILTIOC eI IBe KHUTU: IIEPEBO BCexX
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0O630pbl U XpOHUKA

HaJITICEN BHE OIS KapT HA AHIJIMUCKUI SI3bIK M aHIJIO-
SI3pIYHASI MOHOTPAa(dUSI O COCTOSTHUM OJICACHEHUS
3eMHOTO IIIapa BO BTOPOI MoJIoBHHE XX B. (ATiac..,
1997 a, World.., 1997 a, 6). DTa MmoHOrpadus B pac-
IIMPEHHOM BapuaHTe OblJIa M3IaHa Ha PyCCKOM
sI3BIKE B ABYX KHUTaX (ATiac.., 1997 6). Takum obpa-
30M, BeCh Ha0Op ATiIaca CHEXXHO-JICIOBBIX PECYPCOB
MHpa COCTOUT U3 ISTU KHUT (pUCYHOK). TTo 3ampo-
caM 13 3arpaHulbl Mbl pa3ocialv aTjiac Mo BCeMy
MUpPY 1 B CBOE BpeMsI MOJIYIMIN U3 MHOTUX CTpaH
BOCTOPXKEHHBIE OT3BIBBI O CONEPKAHNU 1 0hOpMIIe-
Huu atiaca. Cyms 110 OT3bIBaM, ATJIac CHEXXHO-JIEIO-
BBIX PECYPCOB MHpPA IO CHX IIOp MpHUBJIeKAeT BHAMA-
HHe IJISIIMOJIOrOB 1 TeorpadoB BO MHOTHX CTpaHaXx.
IIponwno Bcero 4eTsipe roja IIoCie OIIyOJIMKO-
BaHMS ATjiaca CHEXHO-JIEIOBBIX PECYPCOB MHpa, 1
B 1991 r. o ObLT yoocToeH I'ocymapcTBeHHOIT mpe-
mun Poccuiickoit Penepaniny B 001acTH HAyKU U
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TeXHUKHU. B crircke Bcex HarpaXK A€HHBIX, a X ObLIO
OKOJIO COpPOKa, ATJIac CHEXHO-JIETOBBIX PECYPCOB
0Ka3aJICs IIEPBBIM, OCTABUB I103aIM JaXe HOOEIeB-
ckoro maypeata K.U. Andépona. S cripocun torma
omHOro n3 WieHoB KoMuccnu, Kak MOIJIO TakK CITy-
YHUTHCS, YTO HAIll ATJIaC OKAa3aJjIcs B CIIMCKE Jlaypea-
TOB BEIIIIE Bcex. OTBET ObLI IIPOCT: B PEIIaIOIIeM Io-
JIOCOBAaHUM Bce WieHb KoMuccuu mporojiocoBaiu
«3a», HA OTHOTO TOJIOCa «ITPOTHUB» He OBITIO.

Cnycrga 18 ner, crapanusmu T.E. XpoMmoBoii ¢
KoJuteraMu ObLjIa IIPUTOTOBJICHA JIEKTPOHHAS Bep-
cusl «Atiaca CHEXHO-JIEOOBEIX PECypCOB», DUCK
C 9TOM BepcHeii OBLT pacIpoCTpaHEH BMECTE C OUe-
pemHBIM HOMepoM KypHaia «JIEm m CHer» (XpomoBa
n 1p., 2015). Tak cHACTIMBO 3aBePIIIICS TTATETHHBINA
M TIPEKPacHBI IEPUOI B CTAHOBJICHUY M PAa3BUTUU
COBETCKOU IVISILIMOJIOTUH, O KOTOPOM BCE YIaCTHHKH
pabOT BCIIOMMHAIOT ¢ 01ar0mapHOCTHIO M CYACTBEM.
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BbIaHO DepiepabHOI CITY>K00¥1 110 HafI30py B cpepe CBA3Y, MH(OPMALVOHHDBIX TEXHOJIOTHIL 1 MaCCOBBIX KOMMyHMKaimii (PockoMHaznzop).

Yupepmurenn: Poccuiickas akafeMus Hayk, VIHCTUTyT reorpadum Poccuiickoit akafemun Hayk, Pycckoe reorpaduyeckoe o611ecTso.

OpuruHan-MakeT HOATOTOBIeH B DeflepaIbHOM rOCYAapCTBEHHOM OIOKETHOM YUPEX/[eHNN HayKu
MucturyT reorpaduu Poccuitckoit akageMmnu Hayk.
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MPABWUJIA JIJISI ABTOPOB )KYPHAJIA «JIEJ M CHEI»

KypHan myOnuKyeT Hay4HbIE CTaThH 10 MPOoOJieMaM DIISIUOIOTHH, BKIIIOYAs TEOPETUYECKUE, METOINYECKHE,
SKCIIEPUMEHTATBHBIC W TPHUKIAIHBIC COOOIICHHS, TEeMAaTHIECKHE 0030phl, OMOIHorpadnIecKue CBOIAKU, XPOHUKY
Hay4yHOH >kxu3HU. CTaTby MPOXOIAT IBOMHOE BHEIIHEe pereH3upoBanue. [lnara 3a mybnukanuo He B3uMaeTcs. AB-
TOPBI IPEACTABIISIIOT B PEAAKLHUIO PYKOIIUCH CTaThH, COMPOBOAMTEIFHOE TMCEMO M aBTOPCKUI IOTOBOP C U3AATeNeM
KypHaJa, 3all0JTHEHHBIN 1 MONMUCaHHBIA BCEMH aBTOpaMu. JloroBop BCTyHaeT B CHIIy B CiIydae M C MOMEHTA IpH-
HSTHS CTaThH K MyOTHKALIUH.

Bce aTH MaTepualnbl 3arpykaroTcs aBTOpoM Ha caiit xkypHaina (http://ice-snow.igras.ru) depe3 QpyHkiuo «OT-
NPaBUTh CTAThIO». J[pyrue BapuaHThl ofa4yu crareil He npexycMorpensl. IIpu noaroroBke crarbu Ajs my0Jim-
KALMHU aBTOPbI J0JIKHBI 03HAKOMHUTbCS € 00s1ee MOAPOOHBIMHU NPaBUIaAMH 0()OPMIICHHS CTaTel Ha caliTe Kyp-
Hasa «JIéx m CHer» https://ice-snow.igras.ru/jour/about/submissions. TekcTsl cTareil MpeaCcTaBISIOTCS Ha PYCCKOM
SI3BIKE WK XOopoteM aHruiickoM. O0béM crareit — 1o 20 ctpanul Tekcra (depes 1,5 naTepBana), BKIro4ast TaOIuIIbI
U CITUCOK JINTEpaTyphl; pUCYHKOB — He Oomnee 4—6. Texct Habupaercs B popmare Word. [Tapamerpsr Habopa: mpudt
Times New Roman, kxers 12, uaTepsan 1,5; momns: BepxHee u HIDKHEE 2 ¢M, JieBoe 3 cM, mpaBoe 1,5 cMm. CtpaHHUIIBI
U CTPOKHU CTaThbH HyMEPYIOTCSI.

Cratpu opopmisitores cieayromum obpasom. Crauana patorcst: YIK; wa pycckom s3vike — Ha3BaHUE CTaThy,
WHULOKANGI ¥ (paMUIIMN BCeX aBTOPOB; MOJHOE HA3BaHME OpraHu3alMu(IMi), e BBIIOIHEHA padoTa; 3IeKTPOHHBIH
aJipec aBTOpa, OTBETCTBEHHOTO 3a CBS3b C pelakiield. 3aTeM 3TH K€ CBEJCHUS IPUBOASTCS HA AH2IULICKOM 5A3bIKe B
TOM JK€ MOPS/IKE, YTO 1 Ha pycckoM. [locie aToro na anenutickom si3vike IMUIYTCS KIFOYeBbIe cioBa (He 6omnee 10) u
aBTOpckoe Summary craTbtl Ha 2025 cTpoK (31ech ke 00A3aTeNbHO MpHIIaraeTcs mepeBo] Summary Ha pyCCKHd
s3BIK). Jlamee mpomgomkaeTcs nH(poOpManys Ha PYCCKOM SI3bIKe: KiroueBbIe cioBa (He O0osee 10); amHoTarms (10—15
CTPOK). 3aTeM HauWHAETCS TEKCT CTaTbu.

OCHOBHOH TeKCT pa3OuBaeTCsl Ha PyOPHKH: BBEICHUE, IIOCTAHOBKA MPOOJIEMbI, METOIMKA HCCIEIOBaHHUH, pe-
3yJBTaThl HCCIIEAOBAHUH, 00CYXKIEHHE Pe3yIbTaToB, 3aKiIoueHUe (BBIBOMIBI). B KoHIIE cTaThu mpuBoaaTcs Oiaro-
JApHOCTH (Ha PyCCKOM W aHIIIMICKOM SI3bIKax) JIUIAM, OKa3aBIIMM ITOMOIb B MOATOTOBKE CTATBhH, JAIOTCS CCHUIKH
Ha IPaHT, CIIOCOOCTBOBABIINI BBIMTOIHEHUIO 3TOW paboThL. [t cTarbu, mpencTaBisieMoil Ha AaHIVINHCKOM f3bIKe,
tpedytorest: YIIK; nepesoo na pycckuii sizvik Beelt nHGOpManuy, KoTopas JaéTcs mepe HaqajloM CTaThH B KypHAJIS.
Kpowme Toro, B koHILIE CTaThi HEOOXOANMO TOMECTHUTh PacUIMPEHHBIN pedepar Ha pycckoM s3bike (1-1,5 crp.). Jomxk-
HBI OBITH TaK)Ke MEPEBEACHBI HA PYCCKHM S3bIK MOJMHUCH K PUCYHKAM.

CchIIKY Ha TUTEpaTypy B TEKCTE HE HYMEPYIOTCS U AAIOTCS B KPYIVIBIX CKOOKAX, TA€ YKa3bIBAIOTCS aBTOP H TOI.
Ecnu y cchUIKM ONMH WM 1B aBTOpa, TO MPUBOAAT MX moiHOcThio (MBanoB, 1998; Ilerpos, Cokomnos, 1994), B
ciyuae 6oinee nByx — (MBaHoB u ap., 1984); eciiu npuBoAKMTCS CChUIKa HAa MOHOTrpaduu, To (Amiac ..., 2007). B ciu-
CKe JIUTEepaTyphl IO 3arojIOBKOM «JIuTeparypa» yka3bIBatOTCs TOJIBKO OITyOIMKOBaHHBIE PabOTHI, HA KOTOPBIE €CTh
CCBUIKHM B TekcTe. Jlanee mpuiiaraercst BTopoil ciiucok yinteparypsl (References) Ha natunune as1s pa3MeLeHus ero
B JKypHaJie MapajiebHO CO CIMCKOM JIUTEPaTyphl Ha PycCKOM si3bIke. CIIMCOK IUTEpaTyphl 10JHKEH OBITH 0(hOpMIIeH
1 BBIBEPEH aBTOPaMH B COOTBETCTBHH C MpaBUIIaMu KypHaia (cM. https://ice-snow.igras.ru/jour/about/submissions).
3aTeM ClieIyroT OAPUCYHOUYHBIE MOANMCH HA PYCCKOM M aHTJIMICKOM si3bIKax. Jlanee momemniarorcst Tabauibl B Gop-
mare Word. B TekcTe naroTces CChIIKM Ha Bee TaOmuIlbl. TaOmuilbl ¥ rpadbl B HUX JO/DKHBI KMETh 3ar0JIOBKH, COKpa-
LICHUS CJIOB B TAOIHUIIAX HE IOIYCKAIOTCS.

Maremarnueckue 0003HaYeHUs, CHMBOJIBI M MPOCThIE (OPMYJbl HAOUPAIOTCST OCHOBHBIM IIPU(TOM CTaThH, a
cioxusle popmyasl — B MathType. Hymepyrorcst Tonbko Te pOpMyIbl, Ha KOTOpBIE €CTh CCBUIKH 10 TeKcTy. Pyc-
CKHe U Tpedeckre OyKBbI B (hOpMyNax U TEKCTE, a TAaK)Ke XMMUYECKHE SIEMEHTHl HAOMPAIOTCs MPSIMBIM IIPUGTOM,
JaTUHCKHE OYyKBBI — KypCHUBOM. AOOpEBHATYpHI B TEKCTE, KPOME OOLICTIPHHATHIX, HE AOMyCKaroTcs. PUCYHKH H
(dororpadun momeniaroTcs B OTACNbHBIX (aiiimax: 1ist pacTpoBbix nzobpaxenuit B hopmare JPEG/ TIFF/PSD, mis
IBETHBIX — B dopMmate, coBmecTuMoM ¢ Core Draw mimm Adobe Illustrator (He morryckaroTcs puCYHKH B hopMare
Word unu Excel). [lyOnukanys 1BeTHbIX WIUTIOCTPALMK OrpaHudeHa. PUCYHKH JOIKHBI OBITH BBIYEPUYECHBI JICKTPOH-
HBIM 00pa3oM U HE MeperpykeHsl JUIIHeH nHpopManuend. Ecnu pucyHku TpeOyroT 3JIeKTpoHHOTO 00bEMa Oonee
800—1000 Kb, nHanpumep doTorpaduu UK KapThl, TO X CIEAYET MPOLyOIUpOBaTh, MAKCHMAIbHO YMEHBIIHNB (MEHEE
200 Kb), u nats B JPEG (a5 nepecsiiku perieH3eHTam). CiaoBecHbIe HAAMKUCH Ha PUCYHKaX Aal0Tcs TOJIBKO Ha pyc-
CKOM SI3BIKE; YCIOBHBIE 3HAKK 0003Ha4aI0TCA I(paMu (KypcHBOM) ¢ pacii(poBKoil B MOAPUCYHOUHBIX TTOAINCX.

Hanee Heo0X0AUMO COOOLIUTE (HhaMUIINIO, UM U OTYECTBO aBTOPA, OTBETCTBEHHOTO 32 CBA3b C peJaKkiuel, HoMep
€ro KOHTaKTHOTO TenedoHa U KpaTkue ciyxeOHble qaHHble. CTaThby, HE COOTBETCTBYIOIINE YKAa3aHHBIM TPeOOBaHH-
sIM, paccMarpuBarbest He OynyT. [Ipu paGote Han pyKONMCBHIO peJakiys BIpaBe €€ COKpaTuThb. ABTOP, MOAMKCHIBAS
CTaThIO U HAMpPaBJsisl € B PEAaKIUIO, TEM CaMbIM ITEpeAa&T aBTOPCKHUE MpaBa Ha U3JaHUeE ATOM CTAaThU KypHaTy «JI€n
u CHer».

Anpec penakiun xypHana «JI€x u Caer»: 117312, . Mocksa, yn. BaBunosa, 37, Mactutyt reorpadpuu PAH.
Ten. +7 (499) 124-73-82, e-mail: ice-snow(@igras.ru
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