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95 net crapeiimemy rasumnoaory Esrenuio MakcumoBiu4y 3unrepy

27 miong 2021 r. mcnomHMIOCh 95 1eT EBrernto MakcumoBudy 3UHTEpY — cTapeiieMy cCOTpyaHUKY MHcTtuTyTa
reorpacduu PAH, Gosbliias 4yacTh XXU3HU KOTOPOTO CBSI3aHA C APKTUKOM.

B 1943 r. EBrenuii MakcuMoBUY TOCTYMaeT Ha pagurooTaeaeHue KypcoB MOspHBIX panucToB [J1aBceBMOpITY-
TH, TIOCJIE OKOHYAHUS KOTOPKIX JieToM 1944 1. oH B MepBbIil pa3 MomnanaeT B ApKTUKY B KaUeCTBE paaucTa MoJIspHOM
craHunu «byxta AMGapunk» Ha YyKoTKe, a B JajbHEHIIeM — Ha JIMHENHBIN JIenoKoa «Mukosti». B 1946 r. EBrenmii
MaxkcuMoBHUY Bo3BpaIaeTcs u3 ApKTUK B MockBy, a B 1952 1. 3akaHunBaeT Kadeapy reorpaduu nojsspHbIX CTpaH
reorpacduyeckoro dakymsrera MI'Y umernu M.B. JlomoHocoBa. I1pon3BoacTBEHHBIC ITPAKTUKA BO BpeMs YICOBI OH
npoxoaun Ha HUC AH CCCP «Butsasb» B KypunbckoM petice (1950 r.) u Ha peibonoBHOM Tpayiepe «Cémra» B ba-
peHueBoM mMope (1951 r.). ITocne okoHYaHUST YHUBEPCUTETA YEThIpe rofa padboTana MHXEHEPOM-UHTEPIIPETATOPOM B
Tpecte «MocHedTereodursnKa», yuacTBys B YeThIPEX Te0(PU3MIECKUX SKCIEIUIIMSIX Ha TIJIaTO Y CTIOPT.

C auBapst 1957 r. Bcs nanbHeiiinas xu3Hb EBreHnst MakcrMoBrYa CBsI3aHAa € OTICIOM IISILIMoIoruu MiHCTUTYyTa reo-
rpadun. Ero mepBas IByXJIeTHSIS IIIAIIMOIOTMUeCKasl SKCIIETUIINS COCTOSIAaCh B paMKax MexKayHapoIHOTo reodusnye-
ckoro roga — Ha CeBepHBIi ocTpoB HoBoit 3emun, rae, KpoMe UCCIeIOBaHMI JIETHUKOB BMECTE C OCTATbHBIMU 3IMOB-
IIMKaM¥, OH HEOXKUIAHHO CTaJl CBUIETEJIEM UCTIBITAHUI BOIOPOIHBIX 60MO Ha HOBO3EMETbCKOM SIIEPHOM TTOJIUTOHE.

Pa6otsl Ha HoBoit 3emie cnpyxuiau EBrenusi MakcuMoBrYa ¢ COTpYIHUKAMU OTAea MISLIUOJIOTUU UHCTUTY-
ta. B 1962 r. EBrenunii MakcMMOBHY y4yacTBOBaJI B BO3AYIIHOW 3KCIIeAUIMy Ha JeqHuku CeBepHoit 3emin. Emy
TaKXe JIOBEJIOCh paboTaTh B MpeAropbsx xpeodra JIXKyHrapckuii Ajnaray, B JOHEUKMX U acTpaXaHCKUX CTersix, B Kyp-
CKOM 3aIlOBeIHUKE, 3aCHEXKEHHBIX 3aIlaTHO-CUOMPCKUX OooTax Bacioranbs, ooxurarommx rmeckax CpegHeil A3uu.
B 1965 r. EBrenuit MakcuMOBWUY BepHYJICS B APKTUKY U BO3IJIABIIT TIEPBYIO COBETCKYIO IJISILIMOJIOTMUYECKYIO OKCTIe-
nuuuio Ha apxunenare Hlnuudepren (HopBerus), KoTopasi Ajiviach Tpu roaa.

B 1968—1971 rr. E.M. 3unrep Bosmiasisul TamKukcKo-ITaMUPCKYIO BBICOKOTOPHYIO a3pOIJISLIMOJIOIMYECKYIO
skcneauunio Muctutyra reorpaduu AH CCCP, a B 1973 1. cHoBa BepHysica Ha LlnundepreH, rae U ObL1 6ecCCMeH-
HBIM HaYaJIbHUKOM 3KCIEIUIIUM B OOIIIEeii CIOXKHOCTH B TeueHue 43 neT. Ero akcrenuiimonHas aesiTeIbHOCTDb 3aBep-
mmiach Ha Lmunodeprene B 2008 1. — emy ObLI10 y3ke 82 rona.

ITo pe3ynbratam ncciemoBanuii EBreanii MakcuMoBuY orryomukoBait 6ojee 100 HAyIHBIX cTaTeit, OH — COaBTOP
TpEX MOHOTpaduii o legHUKax ApKTUKU. Vsl TIo cTomaM CBOETO M3BECTHOTO OTIIA-TIMCATENS M TIOJIIPHOTO ITyTelle-
CTBeHHWKa, EBrennii MakcMMOBHMY HamycaJl MHOTO HAayYHO-TTONYJISIPHBIX KHUT U CTaTeil O CBOMX 3KCITCAUIIVSIX B
ApkTuke. B mocienHue roabl 3uHrep nucaji MeMyaphbl, KOTOpbI€ B BUIE IBYXTOMHMKA ObUTW M3aaHbl B 2019 T.

E.M. 3uHrepa oTim4aloT BeCENblii HpaB, KOMMYHUKA0EJIbHOCTh, YMEHUE PYKOBOIUTH IKCIIEAULIUSIMU B OCOOEH-
HO CJIOXXHBIX U TSDKEIBIX IPUPOTHBIX yeroBusx. LIImuiibepreHcKast IasuoIornyeckast SKCIeIUIIIs OblIa YCITeITHOM
BO MHOTOM 0J1aromapsi ero ycrimsiM. EBreanii MakcMMOBUY OTMEUCH ICCATHIO ITPaBUTEIbCTBEHHBIMU HAarpagaMu 1,
HECMOTpS Ha BO3PACT, MO-TIPeKHEMY OOp U KU3HEPANOCTeH. MBI BCE TOPAMMCS €T0 KU3HEHHBIM TTyTEM.

Koaneeu nozopasasiom wobuasapa u sxceaarom emy
300p08bs1, cun, 600pocmu U MBOPUECKUX YCnexo8
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Summary

New data on the state of the Suntar-Khayata Mountains glaciers in 2018 are presented and changes in the area
of glaciers in the second half of the 20" and early 21° centuries are estimated. In 2018, the glaciation of the
Suntar-Khayata Mountains was represented by 251 glaciers with a total area of about 133+10 km?. Among
the morphological types in this region, the corrie and corrie-hanging glaciers predominate. The largest areas
are occupied by valley and compound valley glaciers. The main part (82.7%) of the total area of glaciers is
concentrated in the altitude range of 2200-2600 m. The changes in the glaciation area were analyzed over
three periods: 1) from 1944-1947 to 2018; 2) from 1944-1947 to 2003; and 3) from 2003 to 2018. During
the first one, the area of the glaciers registered in the Glacier Inventory of the USSR decreased from 199 to
132410 km?, that is, by 67 km? (33.6%). Of these, 28 km? was lost in the period from 1944-1947 to 2003, and
another 39 km? in 2003-2018. By 2018, the largest reduction of the area occurred in small glaciers with an
area of less than 0.1 km? (more than 80%), the smallest - in large glaciers with an area exceeding 2 km? (less
than 21%). The glaciers with western aspect were the most reduced (39.9%), and with south-western aspect -
the least (25.0%). As compared to the previous period, the significant increase in the rate of the area reduc-
tion was found in 2003-2018 - from 0.24% to 1.52% per year. At the beginning of the 21 century, the acti-
vation of the process of disintegration of glaciers into smaller fragments was recorded. Thus, the average size
of the studied glaciers decreased from 1.03 km? in 1944-1947 to 0.88 km? in 2003 and to 0.59 km? in 2018.
The increase in the rate of the area reduction in the Suntar-Khayata Mountains noted in the early 21°% century
agrees with a stable positive anomaly of summer air temperatures observed from 2007 to 2018. The mean
summer air temperature during this period was 12.2 °C, which was by 1 °C higher its average value for 1981-
2010; in 2008 and 2009, the difference reached 2 °C. In combination with the ongoing decrease in winter pre-
cipitation, this may be one of the main reasons for the increase in the rate of glacier reduction.

Citation: Muraviev A.Ya., Nosenko G.A., Nikitin S.A. Reduction of glaciation in the Suntar-Khayata Mountains from the mid-20" century to 2018. Led i
Sneg. Ice and Snow. 2021, 61 (4): 485-499. [In Russian]. doi: 10.31857/52076673421040103.

Tlocmynuna 23 sneaps 2021 e. / [locae dopabomru 30 anpeas 2021 e. / [lpunama k newamu 4 oxkmsbps 2021 e.

KroueBble cioBa: 20pHole IeOHUKU, COKpaujeHue nioujaou, mopgonozuyeckue munsi, 8bicomHoe pacnpedenerue, Cypmap-Xaama.
MpuBeaeHbl OAaHHble O MOPGOMETPUYECKUX, MOPPOSIOrMUECKUX 1 BbICOTHBIX XapaKTePUCTUKAx ore-
AeHeHua rop CyHTap-Xaata B 2018 r. OueHeHbl M3MeHeHMA onefeHeHnA 3a TPU BPeMeHHbIX Nneproga: C
1944-1947 no 2018 r.,, ¢ 1944-1947 no 2003 r., ¢ 2003 no 2018 r. YcTaHOBNEHO CyLIeCTBEHHOe yBennye-
HVe cpefHeln CKOPOCTU COKpalleHua nnowaaun negHukos B 2003-2018 rr. No cpaBHEHMO C NEPUOAOM
C 1944-1947 no 2003 r. B Hauane XXI B. 3a¢puKCMpOBaHa aKTMBM3aLUs NpoLecca pacnaaa NegHUKoB Ha
¢dparmMeHTbl MeHbLUEro pasmepa.
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BBenenne ceBepo-BocTouHOM yactTu Poccuu (puc. 1) u Bbi-

TsIHYTHIe Oojiee ueM Ha 500 KM B HaIllpaBJIeHUU C

OnuH U3 TPYAHONOCTYNHBIX U OTHOCUTEJb- CEBepO-3amama Ha I0TO-BOCTOK OT JeBOOEPEXbs
HO cJ1ab0 M3Yy4YeHHBIX JIEAHMKOBHIX paiioHoB EB- p. Tommo mo Bogopasnena pexk Mau n Yiaroeu. OHu
pasun — ropsl CyHTap-Xasita, pacIiojloXKeHHBIC B COCTOSIT M3 HECKOJIbKMUX XpeOTOB, KPYITHEHIINe 13

160°B.4.

20 km

T ) ‘ = — - T
141° 142° B.A. 143°

Puc. 1. PaiioH vcciienoBaHMii.
B nmonnoxke — Mo3auka ClyTHUKOBBIX CHUMKOB Sentinel-2 ot 28.08.2018. / — rpaHulibl paiioHa MccaenoBaHuii; 2 — MECTOMOJIO-

JKeHue JenHUKOoB B 2018 r.; rpaHMIIBI 30HBI MMOKPBITUSI JAHHBIMU CITYyTHMKOBOro cHMMKa Landsat-7: 3 — ot 14.08.2003; 4 — ot
31.07.2003; 5 — ot 04.09.2005; 6 — ropHbIe BEpLIXHbBI

Fig. 1. Study area.
On the background — mosaic of satellite images Sentinel-2 28.08.2018. / — research area location; 2 — location of glaciers in 2018;

boundaries of the Landsat-7 image coverage area: 3 — 14.08.2003; 4 — 31.07.2003; 5 — 04.09.2005; 6 — mountain peaks
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A.A. Mypasbes u 0p.

KoTopbelx — CyHTtap-Xagra n FOgmomcknuii. [Toxpo6-
Has (pu3uKo-reorpaduyeckast XapaKTeprucTUKa Top
Cyntap-Xasra naHa B padore [1]. HekoTopsie gaH-
HBIE O COBPEMEHHBIX KJIMMaTUIEeCKNX U3MEHEHHU -
SIX 3TOTO paiioHa MPUBEICHHI B UCCIeA0BaHUN [2].
Jlenauku B ropax CyHTap-XasgTa oOHapyXeHBI B
1939 r., a mepBasl MOIBITKA OLIEHUTh MACIITA0Obl 1
XapaKTepPUCTUKM OJIeACHEHUS paiioHa ObLIa caema-
Ha B pabore [3], OCHOBY KOTOpPOI COCTaBIISITTA TaH-
Hble MacIITaOHBIX a3podoTochéMOK 1944—1946 rr.
U MaplIPYTHBIX HabmoneHuii 1946 r. Karanor nen-
aukos JI.JI. bepmana [3] Bkimtouan B ceos 114 nen-
HUKOB 0011ei miomanpio 358,9 km2. JlanbHelinme
HuccliefoBaHus MoKaszanu, 4yto oueHka JI.JI. bepma-
HOM T1o1Iaau ojiegeHeHns rop CyHTap-Xasita oKa-
3aJlach CyILIECTBEHHO 3aBbIIIEHHON — B paboTe [4]
OHa olleHuBaeTcA B 246 kM2

B 1956—1959 rr. B 3TOM pailoHe MPOBOAMINCH
MMOJIeBBIC TJISLIUOJIOTUYECKNE UCCICAOBAaHUS, pe-
3yJIbTaThl KOTOPBIX OTpaxkeHbl B paboTax [5, 6].
B 1970 r. Ha xp. CyHTap-Xasita paboTtajia 3KCream-
s Uuctutyra reorpadpuu AH CCCP ¢ uenblo co-
craBieHus Karanora nenHukoB CCCP [7]. UMeHHO
co3naHue atoro Karanora [1] cTano BaxXHeWIIUM
3TanoM B U3ydeHuM ojieaeHeHust rop CyHTap-Xas-
ta. CornacHo Karanory [1], 31eCh HACUUTHIBAIOCH
208 ieqHUKOB ob1ei uomanbio 201,6 kM2, M3 Hux
yeThIpe JieAHUKaA ob1eit iomanpio 0,3 KM? umenu
pasmep MeHee 0,1 KM% M He ObLJIM OTMEYEHBI Ha
cxemax Karanora. Hazsanneiii Katanor comepxut
CBeJIeHUs O pa3Mepax, MOpP(OIOrnIecKoM THUIIE,
BBICOTHOM ITOJIOKEHUU JIETHUKOB, a TAKKE ITPUHAJ -
JIEXKHOCTH MX K KOHKPETHOMY PEeYHOMY OacceiiHy;
MPUBEICHBI Y IPYTUe XapaKTePUCTUKHU JICTHUKOB, a
Tak>Ke o0IIMe CBEASHMS O JIEAHUKOBBIX MCCIIeI0Ba-
HUSIX 31ech 10 Havaia 1970-x ronos.

B 2001 r. MexnyHaponHast 3KCIIeAUIIMs B paii-
oHe jenHuKa N 31 BBITOTHMIIA KOMILIEKC HUCClIe-
JMOBaHWI, BKIIIOUABIINII OajaHCOBBIC pabOThI U TO-
norpauyeckyto Cb€MKY 3TOTO JIEIHUKA, a TaKXKe
METEOPOJIOTUYECKHME UCCeNOBaHUS B €T0 MOJIU-
He ¥ MaplIpyTHbIE 00CIeTOBaHUS IPYTUX JCIHU-
KOB ceBepHoro Maccupa xp. CyHTap-Xasita, B paii-
oHe ropsl Myc-Xag [8, 9]. Bo BTopoii mojioBruHe
2000-X rogoB IPeAITPUHUMAIINCH ITOITBITKH OlIe-
HUTH napaMeTphl oneneHeHus rop CyHTap-Xasra u
MX U3MEHEHHME CO BpeMEeHU KaTaJoIM3alku 110 pe-
3yJIbTaTaM 00pabOTKM JTaHHBIX JUCTAHIIMOHHOI'O
3oHaupoBaHus 3emuu ([133). [To oueHke aBTOPOB
pa6oTsl [10], ob1iasa mioimanb JeaHUKoB rop CyH-

Tap-XasiTa, onpeaeaeHHas MPeuMyILIEeCTBEHHO 10
pe3yabTataM aemudprupoBaHus CHUMKA CO CITyT-
Huka Landsat, monygenHoro B aBrycte 2003 r., co-
crasisuia 162,2 kM2, T.e. mpumepHO Ha 20% MeHb-
e, yeMm B Katanore [1]. B pabote [11] uccinenosaHo
M3MCHEHNEe MapaMeTPOB OJICACHEHUSI CEBEPHOTO
maccuBa rop CyHTap-XasiTa CO BpeMeHH KaTaJlo-
rn3auuu mo 2010 r. C ucmonb3oBaHWEM pa3HO-
BpPEMEHHBIX JaHHBIX /133 1 MaTepuraioB IOJEeBBIX
Habmomenuit 2012 r. aBTOPHI YCTAHOBWJIN, YTO 3a
HCCIeIyeMBIi TIEPUO IIJIOIIAAb JISTHUKOB COKpa-
TWIACh 31ech Ha 23 kM2, uau Ha 27%. [lpu sTom
njaowanab JeAHUKOB Ha rope Myc-Xas ¢ 1940-x
ronos 1o 2011 r. cokpartuiachk Ha 36%.

Bospacraromiast ”HTeHCUBHOCTh COKpallleHUS
oJieJlcHEeHUsI BO BCEM Mupe TpedyeT 0oJiee BbICO-
KOI MepUOANIHOCTY HAOIIOOCHUN 3a JIeTHUKAMMU.
[TossBIeHMe MOCTYNHBIX UCTOYHUKOB MH(pOpMa-
LY BBICOKOTO pa3pellleHUsI, HallpuMep CHUMKOB
co cnyTHMKaA Sentinel-2, MO3BOJISIET PELIUTh 3TY
3aJa4y Ha HOBOM Ka4eCTBEHHOM YpPOBHE. 3amauu
JMAHHOTO MCCJICIOBAaHUS — MCCIIEI0BAaTh XapaKTepH-
CTUKM COBpEeMEHHOTO oyieneHeHus: rop CyHrap-Xa-
sITa, a TAKXKE OOHAPYKUTh U3MEHEHUS JIETHUKOB CO
BpeMmeHu co3naHus Karanora nenHunkoB CCCP no
2018 r. Yaanoch Takxke OLEHUTb COCTOSTHUE OJie/e-
HeHus B Havajie 2000-x rogoB, 4TO TTO3BOJIUIIO MTPO-
CJIeAUTD MpoLiecC aerpagalu ojiefeHEeHUsT BO BTO-
poii mojoBuHe XX B. U B Havajie XXI B. U CpaBHUTb
€ro ¢ U3MECHEHUSIMHU B APYTMX FOPHBIX JICTHUKOBBIX
paitoHax EBpazumu.

JlaHHBIE M METOBI

B Hamem vccnenoBaHUM MCHOAb30BAHbI CIEIY-
olIMe MaTepuaibl: 1) 4eTblpe CITyTHMKOBBIX CHUM-
Ka Sentinel-2 ypoBHs o6padotku L1C ot 28.08.2018
(Tab:a. 1) c mpocTpaHCTBEHHbBIM pa3pelueHueM 10 M;
2) cniyTHUKOBbIe cHUMKUM Landsat-7 ypoBHs1 oOpa-
6otku L1TP ot 14.08.2003, 31.07.2003 1 04.09.2005
IUIST CO3MaHMST TIPOMEXYTOIHOTO BpeMEHHOTO CJIOS
rpaHull JeIHUKOB; 3) Mo3auKa LHudpoBoit Moae-
nm penbeda (nanee IMP) ArcticDEM v3.0 [12] ¢
NPOCTPAaHCTBEHHBIM paspelieHueM 2 Mm; 4) IMP
ASTER GDEM V3 [13] ¢ npocTpaHCTBEHHBIM pa3-
pemienueM 30 m; 5) matepuansl KaTtanora jefHUKOB
CCCP [1]; 6) nanHBIe peaHaIN3a METEOMapaMeTPOB
NCEP/NCAR [14]. CnyTHUKOBBIE CHUMKU IIJIsT 00-
paboTKU MmoadUpaNsrch Ha KOHELl mepuoaa adss-
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JIeOHUKU U 1eOHUKOBbIE NOKPOBbI

Tabnuya 1. Matepuansi [133, ucronbp3oBaHHbIE B MCCTETOBAHNI

CryTHUK Jlata cbéMKM Hnentudukarop caumka (ID)
L1C_T54VVQ_A007708_20180828T020644
. L1C_T54VWQ_A007708_20180828T020644
Sentinel-2 28.08.2018 .
LIC_T54VWP_A007708_20180828T020644
L1C_T54VVP_A007708_20180828T020644
14.08.2003 r. LEO7_LITP_114016_20030814_20170124_01_T|1
Landsat-7 31.07.2003 r. LEO7_L1TP_112017_20030731_20170124 _01_T1
04.09.2005 . LEO7_LITP_114016_20050904_20170113_01_T]1

LIUM — BTOPYIO IOJIOBUHY aBrycTa W HA4ajlo CEH-
TSIOpST — IO MEPBBIX CHETOIAI0B, YTO ITO3BOJIMIIO
MWUHUMU3UPOBATh BIUSTHUE CE30HHOTO CHEXXHOTO
MOKpPOBa U CHEXKHUKOB Ha KOPPEKTHOCTh OIpeeie-
HUS TpaHUIL JIEAHUKOB. JIpyruM Kputeprem otdbopa
ObLIO OTCYTCTBME 00JIaYHOCTU HaJ JETHUKAMU.
HemmdpupoBaHue TpaHUIl JEAHUKOB Ha CITYT-
HUMKOBBIX CHUMKax Sentinel-2 u Landsat-7 mipo-
BOIWJIM BPYUHYIO 11O MeTOAMKe MexXayHapoaHOTo
npoekta GLIMS [15]. Caumku Landsat-7 mipen-
BapUTEJIbHO MOArOTaBAMBAIM CIEAYIOIIUM 00pa-
30M: 13 KaHasoB B3, B4 u B5 ¢ mpocTpancTBeHHBIM
paspemenuem 30 M co3gaBay CUHTE3MPOBAaHHOE
n3o0paxkeHne, KOTOPOe 3aTeM MOABEprajiy maH-
IIapIeHUHTY (IOBHIICHUIO NeTaJIn3alli) JaHHBI-
MU MaHXpoMaTH4ecKoro KaHama B8 ¢ mpocTpaH-
CTBeHHBIM paspelueHueM 15 M. CHumok Landsat-7
oT 14.08.2003 oxBaTbiBaeT MOYTU BCE OJieNEeHEHUE
xp. CyHrap-XasTa (cM. puc. 1). BHe 30HBI OXBa-
Ta JaHHOTO CHMMKA HaXOISATCS MSITh HEOOIbIINX
JIETHUKOB Ha I0T€ U IIeCTh JICAHUKOB B BOCTOY-
HOM yacTu paiioHa vcciaenoBaHuid. st ux uccie-
JOBaHUS UCIOJb30BaHbl cHUMKM Landsat-7 ot
31.07.2003 u 04.09.2005. Kpome nemudpupona-
HUSI TPAHUILI LIECTU JISAHUKOB B BOCTOYHOI OKO-
HEYHOCTMU palloHa MCCIeIOBaHUM, C IMTOMOIIbIO
cHuMKa Landsat-7 ot 04.09.2005 nemmdpuposBain
rpaHMIIbI JIEMTHUKOB Ha yJyacTKax, I/l OTCYTCTBYIOT
naHHble cHUMKa Landsat-7 ot 14.08.2003 (1moJso-
Chl U3-3a AedekTa ceHcopa CIIyTHUKA, BO3ZHUKIIIE-
ro nocie 31.05.2003). ITorpenrtHocTh orpenereHus
IUIOIIAAM JIEAHUKOB I10 pe3yjabTaTaM AeIInppupo-
BaHUS CHUMKOB Sentinel-2 oreHMBaNach Kak Ipo-
U3BEICHNE MPOTSKEHHOCTU TPaHUII JIEMHUKOB Ha
TOYHOCTh INPOCTPAHCTBEHHOM MPUBI3KM JaHHBIX
CHUMKOB, COCTaBJISIIONIyI0 11 M ¢ ypOBHEM IOBe-
pust 95,5% [16]. B ciyyae co cHumkamu Landsat-7
3Ta IIOTPEIIHOCTD ONPeIeIsIach KaK IIPOM3BEACHIE
MPOTSKEHHOCTH TpaHUIl JISIHUKOB Ha pa3pela-

IOIIYIO CIIOCOOHOCTh MMAaHXPOMATUYECKOTO KaHaja
B8 (15 m). OTMEeTHM XOpPOIIIYIO TTPOCTPAHCTBEHHYIO
KoperucTpaumnio cHUMKOB Sentinel-2 ot 28.08.2018
n Landsat-7 ot 14.08.2003 — pacxoxaeHue B UX
MIPOCTPAHCTBEHHON MPUBSI3KEe 0Ka3aJIUCh MEHBIIIE
paspemratoineit crrocooHoctu (15 M) manxpomMaTi-
YecKoro KaHaja cHuMKa Landsat-7.

Nudopmanus o miomansx, aamHax, Mopdoiao-
TMU ¥ 9KCno3uuuu JeaHukoB B Katanore [1] npu-
BeleHa Mo COCTOSIHUIO B 1944—1947 rr. DTu naHHbIE
MOJIydeHbl B pe3yJibTaTe 00pabOTKM MaTepuaioB
aspodoTocheéMKU. Cyas 1o 3anogHeHuIo (6e3 mpo-
nyckoB) rpadsl «DrpHOBas TMHUST» (CIIOCOO OTpe-
neneHus v gata) tabauubl Katanora «OcHOBHbBIE
CBeJIeHUS O JIeAHUKaX», MaTepruaiaMu a3podoTo-
CBEMKHM OBIJIM OXBauyeHBI IMTPAKTUYECCKH BCE JICH-
HUKHU, TIpeacTaBicHHbIe B Karaiore Ha paiioH rop
Cynrap-Xasra. [Ipu aToM 115 psina JeTHUKOB He-
KOTOpHBIe TTapaMeTphbl (HallpuMep, BbicoTa (PUPHO-
BOI TMHMHN) OBIJIM YTOUHEHBI UJIM aKTyaJlu3UpoBa-
HBbI 110 JAaHHBIM I10JIeBbIX HaOMoneHuit 1957—1959
u 1970 rr. [yt Bcex TeMHUKOB, UAEHTU(ULIMPOBAH-
HBIX Ha cHUMKax Sentinel-2 2018 r., ObL1 OTIpenenéH
MOP(OTOTNYECKUI TUTI C TTIOMOIIBIO KJTacCu(pUKa-
1y padortsl [17]. Briclive U HU3IIKME TOUKU JESAHU-
KOB, UX CpeIHNE BBICOTHI (CpeIHEB3BELICHHBIE 10
IUIOIIAAN ) M BEPTUKAJIbHYIO IPOTSKEHHOCTD OIIpe-
IEeJISIIM aBTOMaTU3MPOBAHHBIM CIIOCOOOM 110 MO-
3anke LIMP ArcticDEM v3.0 [12]. [list TeTHUKOB,
He TTOKPBITBIX JaHHBIMHA Mo3auku ArcticDEM v3.0
(ox0J10 5%), 3TV MapaMeTpbl HAXOAWIN C UCIIOJIb-
3oBanueM IIMP ASTER GDEM V3 [13]. Pacuét
pacrnipeaeseHus iolaand ojeeHEeH!s MO BbICOTaM
nposoauics ¢ nmomoinpio IMP ArcticDEM v3.0,
IIPY 3TOM YYaCTKU C OTCYTCTBHEM JTAHHBIX 3aI10JIHSI-
Juch o gaHHeiM LIMP ASTER GDEM V3.

I1pu aHanm3e U3MEHEHW JICAHUKOB B 3aBUCH-
MOCTHU OT IUIOLIAAM BCE JIEMHUKU ObLIM pacrmpeae-
JIEHBI TI0 TpyIIIaM corjacHo ux rioiaay B 2018 r.
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Tabnuya 2. Mopdonoruyeckue Tuimsl TegHuKoB rop CyHrap-Xasara B 2018 1.

Mopdonorudeckuii T JeaHUKOB | Yncno nesHukos | [nomans nenHukos, km? | CpeqHuii pa3Mep JeIHuKa, Ky | J10/1s e JHUKOB
CJIOXXHBIN TOJTMHHBIN 9 21,4+1,2 2,38 3,6/16,1
JIONMVHHBI 42 65,3+3,8 1,56 16,7/49,1
[TepeMETHO-TONMHHBII 3 4,91+0,3 1,62 1,2/3,7
KapoBo-a10auHHbII 37 19,3+1,8 0,52 14,8/14,5
KapoBbrit 53 10,0+1,2 0,19 21,1/7,5
KapoBo-Bucsaunii 56 9,9£1,3 0,18 22,3/7,5
Bucsanit 45 1,9+0,5 0,04 17,9/1,4
He onpenenén 6 0,3%0,1 0,05 2,4/0,2

Bcezo 251 133,0+10,1 0,53 100/100

*J10J1s1 JIEAHUKOB TAHHOTO MOP(hOJIOrMYECKOro TUIIA B O0IIeM YKClie JJeMIHUKOB,/B 00IIeil miomanu, %.

J1s1 pacmiaBIIMXCS JIGTHUKOB, 3aperuCTPUPOBAH-
HbIXx B Karajore [1], yuuTbiBaau U3MEHEHUS] CyM-
MapHOH IIoIIaay Beex pparMeHToB. Psan meqHruKoB
(mampumep, neguuku um. H.K. Kmoxunaa, Ne 30
u 31), 3apeructpupoBaHHbiX B Karanore [1], umeror
MPOTSLKEHHBIC JIeA0pa3aeIbl ¢ IPYTUMU JICTHUKA-
MU. YUUTHIBasE HEAOCTYITHOCTh MCIIOJIb30BaHHBIX
s cozpanus Karanora [1] ucxoaHbIx MaTepuraios,
BOCCTAaHOBUTH TOYHOE IMPOCTPAHCTBEHHOE ITOJI0XKE-
HUE JIeTopa3aesioB, MPOBEeAEHHBIX €r0 aBTOpPaMU,
HEBO3MOXKHO. B CBSI31 ¢ 3TUM ITOJI0XKEHUS JIeaopas-
nenoB B Karanore [1] u B 1aHHOM ucCeIOBaHUU
MOTYT pa3jimyaTbcsi. Mbl IpU CpaBHEHUM COBpE-
MEHHBIX TaHHBIX O TUIOIIAAM JIEAHUKOB C JaHHBIMU
Karanora [1] Takue JegHUKU paccMaTpUBaIn Kak
eIMHbI KoMILIeKC. Bce ClyTHUKOBBIE CHUMKU U
1IMP, ucnionp3oBaHHbIE B UCCJIEIOBAHUU, ObUIU 3a-
peructpupoBanbl B mpoekiiuu UTM (3oHa 54N) Ha
snnuriconae WGS 1984. Jlanusie [133 oopabaTbiBa-
1 B iporpaMMHbIX Taketax ESRI ArcGIS n QGIS,
a CTaTUCTUYECKYI0 00pabOTKY JaHHBIX ITPOBOAWIIN B
nporpamme LibreOffice Calc.

Pe3yabTaThl Hcciea0BaHMIA

B pesynbrare memudpprupoBaHUs TpaHUIL JIeI-
HHUKOB Ha CITYTHUKOBBIX CHMMKax Sentinel-2 or
28.08.2018 B ropax CyHTap-Xasita OBIT WUICH-
TUuuUUpoBaH 251 JeaHUK OOLIEH TIOoLIAdbIO
okosno 133+10 xM2. 168 M3 HUX MpeACTABISLIN
co0o0li JIeMHUKHU, 3aperucTpupoBaHHble B Kara-
Jore [1] U coxpaHUBIINE LIETOCTHOCTD; 54 AeaHU-
Ka — (pparMeHThI 24 pacraBILIMXCS JIAHUKOB, 3ape-
ructprupoBaHHbIX B KaTtanore; 29 nenHukoB oOlieit
wiowansio 1,1+0,2 km? He nipencrasinens B Karano-

re; 12 TeTHUKOB, OTMEYEHHBIX Ha cxeMmax Kartanora u
MMEOUIMX OOLIYIO IUI0ImAns 2,6 KM2, He ObUIM OOHA-
PYKEHBI Ha CITYTHUKOBBIX CHUMKax Sentinel-2.

AHanmm3 COBpeMEeHHOU Mopghonoeuu 1e0HUK08 TI0-
Ka3ajl, YTO B KOJIMYECTBEHHOM OTHOIIIEHUU B TOpax
CyHTtap-XasTa npeo0bjiagaroT KapoBble M KapOBO-
BUCSIYWE JeTHUKU (Tabia. 2). MeHbllle Bcero — Te-
PEeMETHO-IOJIMHHBIX W CJIOXHBIX TOJWHHBIX JIelI-
HHUKOB, IJIsI KOTOPBIX XapaKTepHbl HauOOIbIINE
cpeaHue padmepbl. Camble 3HAUNTENIbHBIC TUIOIIAIN
3aHSATHI IPOCTHIMU JOJMHHBIMUA M CIIOXXHBIMU 10-
JUHHBIMU JleqHukamu. B 2018 1. 88,0% nenHnkos
rop CyHTtap-XasiTa MOJJHOCTbIO HaXOIUJIMCh Ha Gbl-
comax 6oiiee 2100 M (Bce BBICOTHI B CTaThe JaHbI Ha
ypoBHeM Mops), 61,4% — Bwimie 2200 m, 37,8% —
Boiie 2300 M, 17,1% — Boiie 2400 M. HaumeHb-
11asi BeicoTa KoHIua JiegHuka (1930 M) 3adpukcu-
pOBaHa y OTHOCHUTEIbHO KpyIHoro (3,240,2 km?)
noauHHoro jenHuka Ne 141 (Ne 145 mo Karano-
ry [1]). Bepmurxanvhas npomsaxcénnocms 98,4% nen-
HuKoB Top CyHTap-Xagra coctaBisgeT MeHee 800 M
(puc. 2, a), 86,9% — menee 600 M, 61,0% — MeHee
400 M, 32,3% — menee 200 M. HanGosnbiast Beptu-
KaJIbHasI IIPOTSKEHHOCTh HAOIIOMAeTCs Y KPYITHE -
IIMX CIOXHBIX JOJVMHHBIX U JOJUHHBIX JIETHUKOB.
MakcuManibHOe 3HaueHue 3Toro napametpa (940 m)
3a(MKCHPOBAHO Y CJIIOXKHOTO JOJIMHHOTO JIETHUKA
Bepur (Ne 120 mo Karamory [1]). CpenHue BBICOTHI
(cpemHeB3BelIeHHBIE 0 MuIowmann) 98,4% nenHu-
KOB paiioHa MCcClIeq0BaHUI HaXOIITCsI B AMAara3oHe
2100—2700 M (cMm. puc. 2, 6), 90,8% — B nuamnasoHe
2200—2600 M, 62,9% — B nuamnazone 2300—2500 M.
MennaHHOe 3HAUEHUE CPEIHEN BhICOTHI JIETIHUKOB
rop CyHrap-XasTa coctaBuiio 2440 M.

WNamenenue negaukoB rop CyHrtap-XasTa, 3ape-
ructpupoBaHHbIX B Kartanore [1] 1 oOHapykKeHHbBIX
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Ha COBPEMEHHBIX CITYyTHUKOBBIX CHUMKAaX, IIPUBE-
neHo B Tabu. 3. C 1944—1947 no 2018 r. cokpaiiie-
HUE naouadu onedeHenus TAaHHOTO pailoHa COCTaBU-
710 oKoJto 67 kM2, wiu 33,6%. Y3 HUX 0KoJI0 28 KM?
ObLIO TTOTEPsIHO B Itepuon ¢ 1944—1947 mo 2003 r., a
octasiecs moytu 39 km? (B 1,4 pasa 6onblue) — B
nepuon 2003—2018 rr. I1pu 3TOM CpeaHsist CKOPOCTb
COKpallleHUs IUIOLIAaau OJieNeHEeHUsI BO3pocia ¢
0,24% (0,48 xm?) B rox B niepuon ¢ 1944—1947 no
2003 1. 1o 1,52% (2,59 xm?) B roa B mepuon 2003—
2018 rr., T.e. MpuMepHO B 1IecTh pa3. CTeneHb co-
KpallleH!s JIEAHUKOB 00paTHO MPONOpIOHAIbHA
nx pasMepaMm. Haunbonbllee oTHOCUTENLHOE CO-
KpallleH1ue CO BpeMEHHM KaTaJoTM3allii UCIbITaIn

Puc. 2. BeptukanabHas NpoTSKEHHOCTh (a) U

CcpeHUe BBICOTHI (0) JEAHUKOB Pa3HOU IJI0-

manu B ropax CyHTap-Xasita

Fig. 2. Vertical extent (a) and mean heights of
6 different size glaciers (6) in the Suntar-Khayata

mountains

camble Menkue (< 0,1 km?) JIeIHUKH, 2 HAUMEHb-
1Iee COKpallleHHe TUIOAAn — HanboJjiee KpyIHbIe
(> 2 xm?). OrmeTuMm, uto B 2018 r. B ropax CyH-
Tap-XasTa OCTajCs BCErO OAWH JICAHUK TLIOIIAIbIO
5,610,3 KM2 — CJIOXHBI TOMMHHBIN JenHUK No 147
(Ne 166 mo Karanory [1]). CokpalieHue J1eTHUKOB
BCeX IJIOIIAIHBIX TPYIII HaOII04aI0Ch B 00a MC-
cienyeMbix nepuonaa — ¢ 1944—1947 no 2003 r. u
B 2003—2018 rr. (cm. Ta6na. 3). [Ipu aTom BO Bcex
rpynmnax JeJHUKOB 3a(pUKCUPOBAHO PE3KOE YCKOpe-
Hue cokpamieHus momanu B 2003—2018 rr. ITocae
2003 r. mpoliecc pacnana JeJTHUKOB MHTEHCU(UILI -
pyercst: ¢ 1944—1947 o 2003 r. pacnajoch BCEero
TPpU JeIHWKA Ha I1ecTb pparMeHTOB, a B 2003—
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Tabnuya 3. VisMmeHeHye 4ncia 1 roiajy nesHuKoB rop CyHrap-XasTa, sapeructpuposanHbix B Karamore [1], ¢ 1944-1947 o 2018 1.

PasMep JIeJHUKOB Yucio 1eIHUKOB I1o1anp IeAHUKOB, KM?2 W3MeHeHMe TI0LIAIM JTEJHUKOB, KM2/%

B2018r.,kM*> | Karanor|2003T.|2018 1. | Karamor| 2003r. 2018 . | Karamor—2018 r. | Katanor—2003 r. |2003—2018 rr.

>35 1 1 1 7,5 6,510,4 5,610,3 —1,9/-25,1 —1,0/—13,6 —0,9/—-13,3

2-5 17 18 22 63,6 59,5£3.4 | 50,7£2,5 | —12,9/-20,3 —4,1/-6,4 —8,8/—14,8

1-2 21 22 25 41,5 36,8+2,8 | 29.8+2,0 | —11,7/-28,2 —4,7/-11,3 —7,0/—19,0

0,5—1 37 37 43 37,9 34,0+£3,0 | 25,3£2,2 | —12,6/-33,2 -3,9/-10,3 —8,7/-25,5
0,1-0,5 75 76 87 38,8 29,24+3,5 | 18,842,3 | —20,1/-51,6 -9,8/-25,1 —10,3/-35,4

<0,1 41 41 44 9,3 4,7+1,0 1,740,5 —7,6/—81,6 —4,6/—49,5 —3,0/—63,6
Bceeo 192 195 222 198,7 |170,7+14,1| 131,949.8 | —66,8/—33,6 —28,1/—14,1 | =38,7/-22,7

140°52' B.A.

62°36' c.ww.

Puc. 3. Orcrynanue rpaHull JIETHUKOB K 3amanay
ot ropsl Myc-Xas B 2003—2018 rr.

B nomioxke — cyTHUKOBBIN CHUMOK Sentinel-2 oT
28.08.2018. I — rpaHunbl JegHukoB B 2018 r.; 2 —
rpaHuubl JeaHukoB B 2003 r.; 3 — HoMepa JISAHUKOB
no Karasory [1]

Fig. 3. Retreat of the glacier boundaries to the
west of the Mus-Khaya Mountain in 2003—2018.
On the background — the satellite image Sentinel-2
28.08.2018. I — glacier boundaries in 2018; 2 — glacier
boundaries in 2003 r.; 3 — glacier numbers by the Gla-

2018 rr. — 21 negHuk Ha 48 pparmeHToB. Han6oab-
1me u3MeHeHus epanuy, nednuxos 3a 2003—2018 rr.
HaOI0mal0TCA B UX (PPOHTANIBHBIX YacTsX (puc. 3).
Tak, ¢pponT neguuka No 31 oTCTynmua B maHHBII

cier Inventory [1]

nepuoa npuMepHo Ha 250 M, a GpoHT ITegHUKa
Bonbmoit Myc-Xast — npuMepHo Ha 290 M. OnHa-
KO OTCTyHaHUE TPaHUIL JICTHUKOB ITPOUCXOINIIO HE
TOJILKO B UX (DpPOHTAJIBLHOI YacTH, HO U Ha MPOTSI-
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Puc. 4. UameHeHue miowmanu (a), yucia (6) U CpeIHuX pa3MepoB (8) JenHukoB rop CyHTap-Xasita, 3aperucTpupo-

BaHHbIX B Kartasnore [1], ¢ 1944—1947 mo 2018 1.

Fig. 4. Change in area (a), number (6) and average size (8) of glaciers in the Suntar-Khayata Mountains, by Inventory

data [1], from 1944—1947 to 2018

>KEHUU OOJIbIICH YaCTH UX IIEPUMETPa, YTO CBSI3aHO
C TIOHMXKEHUEM TTOBEPXHOCTH JIGTHUKOB.

AHalu3 U3MEHEHUI 3aperuCTPUPOBAHHBIX B
Kartanore [1] u oOHapyXeHHBIX Ha CITyTHUKOBBIX
cHuMKax Sentinel-2 2018 r. 1eAHUKOB B 3aBUCHU-
MOCTH OT UX 3Kcno3uyuu 1okasan (puc. 4, a), 4to
HauOoJIbllIee OTHOCUTEIbHOE COKpallleHUe IUIOoNIA-
I CO BPEMEHM KaTaJoTru3aluu MpeTepIiean e -

HUKU, OpUeHTUpOoBaHHbIe Ha 3amnan (39,9%, uiu
5,5 xm?) u cesep (38,0%, wam 16,2 km?). Ipu sTOM
B aOCOJIOTHBIX BEIMYMHAX HAUOOJbIIUE IMOTE-
Y TUIOIIAAN TPUIILIUCH Ha JIEAHUKHM CEBEPO-BOC-
ToyHoit (20,1 km?, nau 31,9%) u ceBepo-3aman-
Hoit (19,1 xm2, wu 31,3%) skcno3uumii. MeHblie
BCET0 COKPATHJIMCh JIEAHUKU, OPUEHTUPOBAHHBIE
Ha 1oro-3amnan (25,0%, viu 0,8 km?). [Topasismoniee

-492 -



A.A. Mypaswes u 0p.

2003 .
2018 r.

> 2800

2700-2800

2600'2700_—‘

2500-2600 ——‘

2400-2500 ﬁ

2300-2400 ——‘

[rana3oH BbICOT, M

2100-2200

2000-2100

< 2000

2200'2300_—‘

0 5 10 15

20 25 30 35 40

2
MNnowaab oneaeHeHns, KM

Puc. 5. BricoTHoe pacnpenesneHue miomanu oaeaeHeHus rop CyHrap-Xasra B 2003 u 2018 rr.
Fig. 5. Altitude distribution of glaciation area in the Suntar-Khayata Mountains via altitude in 2003 and 2018

0OJBIIMHCTBO JefHUKOB rop CyHTap-XasTta B Ka-
tajsore [ 1] uMeeT ceBepo-3amaaHylo, CEBEpHYIO WIN
CEeBEPO-BOCTOUYHYIO SKCHO3ULIMIO (CM. puc. 4, 0).
MHTeHCuBHOCTH pacmiajia JIEAHUKOB CEBEpO-3ara-
HOW M CEBEPO-BOCTOYHOM 3KCIO3UIIMIA OKa3alach
MpakKTUYEeCKU OAMHAKOBOI — B miepuon ¢ 1944—1947
o 2003 r. pacmanoch 1o ogHOMY JIETHUKY (Ha JBa
¢parmenTa Kaxnaplit), a B 2003—2018 rr. yncio nen-
HUKOB YBEJIMYMIOCH € 55 10 65 u ¢ 51 mo 59 coot-
BeTcTBeHHO. [Ipouiecc hparMeHTallMU JI€THUKOB
CEBEPHOM IKCITO3ULIMHU CYLIECTBEHHO MEHEE UHTEH-
cuBeH: 3a 2003—2018 rr. yncio JeAHUKOB YBEIU-
yujock ¢ 57 no 63. CpenHue pasmepbl 1eOHUKOE CO-
kpatuanch ¢ 1,03 km? B 1944—1947 rr. 1o 0,88 km?
B 2003 1. 1 0,59 km? B 2018 1. (cM. puc. 4, 6). Hau-
OoJsbIIMe cpeaHue pa3Mephbl 3apUKCUPOBAHBI Y
JAeqHUKOB BocTouHoi (0,75 kM2 B 2018 1.) U cee-
po-BocTouyHOi1 (0,73 kM2 B 2018 r.) 2KCIIO3ULINIA,
HauMeHbIINe — Y JeIHUKOB 1oxHoi (0,38 km? B
2018 r.), ceBepHoit (0,42 xm? B 2018 r.) 1 10r0-BOC-
tounoi (0,43 kM2 B 2018 r.) sxcriosunuii. [Mono6-
Hble pe3yJbTaThl 3aUKCUPOBAHBl HE TOJBHKO B
2018 1., Ho u B 2003 1 1944—1947 rr.

B 2018 r. 82,7% (109 xM?) 1ruromanym ojeaeHe-
HUS OBLJIO COCPENOTOYEHO B BHICOTHOM JMama3o-
He 2200—2600 M (puc. 5). B 2003 r. Ha JaHHBIIA BbI-

COTHBII [uanas3oH npuxoaunock 80,7% (137,7 km?)
CyMMAapHOM IJollaau JeAHUKOB paiioHa. Jloas
oJieeHeHUs, pacmonoxkeHHas Huxke 2000 M, co-
crapisia okoso 0,1 u 0,3% B 2018 1 2003 1. cooT-
BeTCTBeHHO. Jl0Js T10Iaau oJieACHEHMSI, pacIio-
JoxkeHHoro Boie 2800 M, Takxke Maia (okoso 0,5%
B 2018 1 2003 1.), UTO OOBACHSIETCSI MEHBILIMMU BbI-
cotaMu ocHoBHOIT yactu rop CyHrap-Xagrta. Hau-
OoJiblllee OTHOCUTEIBbHOE cokpaleHue (74,6%) 3a
2003—2018 rr. IpeTepriesia YacTh OJIEICHEHUSI, pac-
nonoxeHHas Huke 2000 m (cm. puc. 5). Cokpatie-
HUE TUIoIIaau JeAHUKOB Ha BbricoTax 2000—2100
(55,9%) 1 2100—2200 M (38,3%) TakKe CylIeCTBEH-
HO MPEBBICUIIO €€ COKpallleHUe Ha 00Jiee BBICOKMX
TUIICOMETPUYCCKUX YPOBHAX. HanMeHblee OTHO-
cuTenbHOe cokpanieHue 3a nepuoa 2003—2018 rr.
HabJIIoJaeTcs B cepelrMHe BHICOTHOTO AMama3o-
Ha, 3aHMMAaeMOTO JIeIHUKAMM paiioHa MCCIIema0-
BaHMil, — Ha BeIcoTax 2300—2500 M (okos0 19%).
Ha 511 e BBICOTBI IPUXOAUTCS OKOJIO MOJOBUHBI
(50,7% B 2018 1. 11 48,5% B 2003 T.) MUTOLIAAM OJie-
neHeHus rop CyHTap-Xasita.

Kak yxe oTmeuanaoch, HaubOJbILIEe 0MCcmynaHue
eparnuy neduuxos B 2003—2018 rT. XapaKTepHO 151 UX
¢dponTanbHbIX yacTeii. Tak, ¢ppoHT TegHuka Ne 31
(cM. puc. 3) 3a JaHHBIN MMepPUOA OTCTYIUJ BBEPX I10
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JOJMHE TIpuMepHO Ha 250 M B T1aHe 1 35 M 110 BBICO-
Te. DTO MpeBBIIIaeT ero orcrynanue 3a 1959—2001 1.,
COCTaBUBILIeE, IT0 JAHHBIM aBTOPOB paboTHI [§], 0KOJI0
200 m B turane n 20 M 110 BBEICcOTEe. DPOHTHI JICTHU-
koB uM. H.K. Kmokuna (Ne 62 o Karazory [1]) u
Ne 30 (Ne 61 o Karazory [1]) 3a 2003—2018 rT. OT-
CTYITIM MeHBbIle — TTpuMepHO Ha 230 1 150 M co-
OTBETCTBEHHO (CM. puc. 3). OO01Iasl IIOMAaab IPyII-
nel megaukoB nM. H.K. Kmokmaa, Ne 30 u 31
cokparunach ¢ 11,4 km?2 (o ganaeiM Karanora [1]) no
9,6+0,5 xm2 B 2003 1. (Ha 15,8%) u no 8,6+0,4 xm? B
2018 1. (Ha 24,6%). CokpalleHure ux oOILIei Iiomanu
B 2003—2018 rT. coctaBmio okoso 1 km?Z, wm 10,4%.

O0cyxkIeHue pe3yJbTaToB

PesynabraThl OLIGHKM U3MEHEHU pa3MepoB CO-
BpeMeHHoro oJjieaeHeHus1 rop CyHTap-XasTta no-
Ka3bIBAIOT MOYTHU IIECTUKPATHOE YBEIMICHHUE CKO-
POCTHU COKpaIlleHMSI TUIOIIAAN JETHUKOB 3a IIEPUOI
2003—2018 rr. 1Mo cpaBHEHUIO C MPEAbIAYIIIAM UH-
TepBajJloM BpeMeHU — OT co3maHust Karanora nem-
HuKoB CCCP no 2003 r. Bo3aMoXHbIe TPUYUHBI
TaKOI'0 YCKOPEHUST — HEOMHOPOIHOCTh MCXOMIHBIX
NAHHBIX W pa3IMdrs B TEXHOJOTUSIX UX 00pabOTKU.
Kpowme Toro, 60ab110it BpeMeHHOI MHTEpPBaJ OC-
penHeHus (mout 60 JIeT) TaKKe MOXKET CIJIaXKUBATh
MIPOUCXOISIINE 3a 3TO BpeMsI pe3KKe, HO KpaTKo-
BpeMEHHBIC OTKJIOHeHUsI. BMecTe ¢ TeM pe3yibra-
TBI WICCIIETOBAHNI M3MEeHEHU JIETHUKOB B JIPYTHUX
permoHax 3a MOCJeIHUE ABa IeCITUICTUSI TTOKA3hI-
BaIOT BaXXHYIO POJIb KIIMMATUUECKUX (PAKTOPOB B UX
MOBCEMECTHO HA0101aeMOM COKpPAILlEHUU.

Hab6noaeHus 3a U3BMEHEHUSIMU TaKUX KJIUMa-
TUYECKMX TTOKa3aTelieil, KaK JICTHUE TeMIIePaTypPhbI
BO3IyXa M 3UMHME OCaIKHu, IIPOBOAUIN B paiioHE
HCCAenoBaHuit snu3oandecku. B 1956—1959 rr. B
paMKax IIporpaMMbl MeXXIyHapOgHOTO reopr3nie-
CKOro roja y si3bika JiemHruka Ne 31 paboTan Kpyr-
JIOTONWYHBINA CTallMOHAp, OBUIM IOJYYEHBI IIep-
Bble YHMKAJIbHbIEC JaHHBIE O METCOPOJOTUUSCKUX
YCJIIOBUSIX U PEXUME JEIHUKOB 3TOr0 TPYAHOI0-
CTymHOTO paitoHa [5]. Pe3yabTaThl UCCeI0BaHUMI
nokas3aju, YTO KOJIUYEeCTBO OCaAKOB CYIIIECTBEH-
HO BO3pacTaeT 10 Mepe YBeIMYeHUST BEICOTHI U O-
cturaet 900 MM/Ton B 00JIaCTH MUTAaHUS JICTHUKOB
Ha ypoBHe 2300—2400 M. B 1957—1959 rr. cpenHsis
TeMIlepaTypa MO Ha BBICOTE JIETHUKOB BapbUpO-
Bajia B untepnaine 2,2—7,0 °C.

IMocne MpoaoXUTEIBLHOTO TIepephiBa HA 3TOM
Ke JIeAHUKe U Tipuieraroiieil teppuropuu B 2001—
2007 rr. ObLIA TIPOBEIECHBI UCCIeIOBAaHUS BAUSHUS
COBPEMEHHBIX KJIMMAaTUYEeCKUX YCIOBUM Ha PEXUM
1 0ajJlaHC MaccChl JISAHUKOB SIMOHCKUMU U POC-
CUIACKUMMU Tassuurosnoramu (8, 18]. bbu1 BelmoJIHEH
KOMILJIEKC METEOPOJIOTMYEeCKUX UCCIIeIOBAaHUI, a ¢
MOMOIIIbIO aBTOMAaTUYECKUX MHTEPBAIbHBIX (OTO-
KaMep — ChEMKa Mpoliecca 3MMHEro CHErOHAKOILIe-
Hus. 3aUKCUPOBaH BpeMeHHOI nHTepBasl (hopMU-
pPOBaHUSI CHEXXHOTO TTIOKPOBa Ha JieAHUKeE (C Havyaia
CEHTSIOpPS Mo Mali) U ompeaeeHa MaKCUMalbHas
BeJIMYMHA CHETOHaKoIIeHus: — 720 MM B.3.

YToOBI MpeacTaBUTh XapaKTep U3MEHEHUS JIeT-
Heil TeMIlepaTypbl BO3AyXa U OCaIKOB 3MMHETO Te-
puoaa Ha BCEM BpEMEHHOM MHTEpPBajie OT CO3MaHUs
Karanora nennukos CCCP go Hacrosilero BpeMe-
HU MBI UCITIOJIb30Baiu AaHHbIe peaHanu3za NCEP/
NCAR [14] ¢ 1948 no 2018 r. OHM He BIIOJIHE CO-
OTBETCTBYIOT peaJibHbIM BEJIMYMHAM UCCIEAYEMbIX
MapaMeTpPOB Ha BBICOTHBIX YPOBHSX JIEAHUKOB, HO
JOCTaTOYHO aJeKBATHO OTPaXKaloT XapaKTep UX U3-
MEHEHMSI BO BpeMEHM Ha MHTEPECYIOlleil HacC Tep-
putopuu. I3MeHEHU NJaHHBIX KJIMMaTUYEeCKUX
(hakTopoB Moka3aHbl Ha puc. 6. [OpU30OHTATbHBI-
MU TIPEPBIBUCTBIMU JIUHUSIMU OTMEUEHBI Cpell-
HY€ BEeJIMYMHBI 3TUX MapaMeTpoB 3a nepuon 1981—
2010 rr., KOTOpBIE UCIIOJIB3YIOTCS IJIsI CpPAaBHEHUS B
KayecTBe KJIMMaTUYecKux HopM. Ha rpaduke nzme-
HEHUI JIeTHE TeMnepaTyphbl BO3Iyxa BUIHO, UYTO C
1960-x romoB HaMETUJICSI TPEH[I MOCTEIIEHHOTO T10-
BBILLIEHUST TeMIiepaTyphl, a rociie 1980 r. yxxe mpe-
00J1a1a10T MOJ0XUTEbHbIE aHOManuu. B 1998 r.
CpenHsisl TeMIepaTypa JieTa JTOCTUTIa MaKCUMaslb-
HOI BEJIMYMHBI 32 BeCh MCCJIENYEeMbIid MEPUOI —
13,8 °C, nipeBbicuB HOpMY Ha 2,6 °C. I1ocie pe3ko-
ro TOXOJI0AaHMs Ha pybeke CTOJIeTUIA STOT TPEeH
oopMuUiics B yCTOMYMBYIO MOJOXKUTEIbHYIO aHO-
MaJliio, KoTopas Ipojaoskanack noutu 10 jgeT — ¢
2007 mo 2019 r. 3 rpacduka 3MMHUX OCaaKOB (CM.
puc. 6) cieayeT, YTO OHU MOCTETIEHHO YObIBaIU 10
cepenuHbl 1990-x rogoB. MOXHO MpPEeaNnoJoXUTh,
YTO TOCJIEIOBABIIEe 32 ITUM YBeJUYEeHUE KOIuJe-
CTBa 3UMHHUX OCaaKOB Ha (DOHE MPOIOJIKAIOIIETO-
cs pocTa JISTHUX TeMIepaTyp B KOHLe XX B. MOIJIO
HECKOJIbKO 3aMeIJINTh TastHUE JIeMHUKOB. OaHaKo
¢ 2007 r. KOIMYECTBO OCAIKOB OISATh CTAJI0 YMEHb-
1IAThCS, a YCTOMUMBAsI MOJOXUTEIbHAST aHOMAJIUS
JIETHUX TeMIIepaTyp MpuBeJia K COKpalleHUIOo JIe/-
HUKOB ¢ 0oJiblIeit cKopocThlo. HebGnaronpusitHoe

-494 -



A.A. Mypasbes u 0p.

Temneparypa, °C

-0,14
0,13
0,12
0,11
0,1

-0,09
0,08
0,07

0,06

Ocaaku, m

0,05
0,04
-0,03

~0,02

0,01

1966
1968 |
1970

1972 ]
1974
1976

1982 |
1984
1986
1988
1990

1948
1950
1952 ]
1954
1956
1958
1960 |
1962
1964 |
1978
1980 |

o'
o
T
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0CaJIKOB 32 XOJIOJHbIM nepuon

(oxTsI0pb—amnpesib) B pailoHe rcciaenoBaHuit mo naHHbIM peaHanuza NCEP/NCAR.
1 — temneparypa; 2 — ocaaku; 3 — cpeHsisl BeJIMYMHa JIeTHell TeMnepatyphbl Bozayxa B iepuof 1981—2010 rr.; 4 — cpenHsist Beau-

YKMHa 0CaAKOB 32 X0JoAHbII nepuoa B 1981—2010 rr.

Fig. 6. Changes in mean summer air temperatures (JJA) and precipitation sum during the cold period (ONDJFMA)
in the study area according to the NCEP/NCAR reanalysis data.

1 — summer air temperatures (JJA); 2 — winter precipitation (ONDJFMA); 3 — the average value of the summer air temperatures in
the period 1981—2010; 4 — the mean value precipitation sum during the cold period in 1981—2010

COYEeTaHUE 3TUX KIMMATUUECKUX (DAKTOPOB COOT-
BETCTBYET BTOPOMY BPEMEHHOMY UHTEPBaJIy Halllel
OLIEHKU M3MEHEeHUI pa3MepoB JiefHUKoB (2003—
2018 rr.) 1 MOXET OBITh OJHOI U3 OCHOBHBIX MPU-
YUH YCKOPEHUS UX COKPAICHMUS.

ITo pacuéram ragumonaoros, mius aegHuka No 31
Ha ocHoBe maHHbIX 2004—2005 rr. [18] pocT Temrie-
patypsl Ha 1,8 °C gomkeH MpuBeCTH K MOBBIIIIEHUIO
BBICOTBI TpaHMLIBI muTaHust 10 2600 M, B pe3yib-
Tare JIGAHUK MOXKET JIUIIUThCS (PUPHOBO-JICASTHOM
30HBI nUTaHud. 1o rpacduky Temmnepatyp Ha puc. 6
MOKHO BUJIETh, YTO B pe3YJIbTaTe YCTONYMBBIX TEM-
MepaTypHbIX aHOMAJIUI MTOCJIEIHEr0 AeCATUICTUS
3TOT MOPOT y3Ke MPAKTUUECKU TOCTUTHYT. BHelHui
BUJ IMMOBEPXHOCTH JIEMHMKA Ha CHUMKax Sentinel-2
(cMm. puc. 3) ato moaTBepxkaaeT — K 2018 r. tenHUK
JIAILIMIICS TTOCICIHUX OCTAaTKOB (PMPHOBBIX MOJICH B
001acTH aKKyMYJISIUMU U (pUpHOBAsI rpaHULIA OTCYT-
cTtByeT. B pabore [2] mpuBoOSITCS CBENEHUS O TOM,

yto yxke B 2012 r. Haba0gan0Ch MOJTHOE CTanuBa-
HUE CHera BO BCeX BBICOTHBIX 30Hax JeTHMKOB Ne 31
u 32. Ha cuumkax 2018 r. MOXXHO BUIIETh aHaJIO-
TMYHYIO KapTUHY M Ha APYTUx jJemHukax rop CyH-
tap-Xasita. Mcue3aHoBeHUe pupHa TakKe YBEJIU-
YyBaeT MHTEHCUBHOCTD IpoleccoB TagHus. [1pu
MepeMelleHUM TPaHUIIbl CE30HHOTO CHEra BBEpX
I10 JICIHUKY Cpa3y OTKPbIBACTCS IIOBEPXHOCTD JIbJIa,
uMmelolas 6ojiee HU3KOE ab0eao MO CPaBHEHUIO C
(UpPHOM U COOTBETCTBEHHO 00Jiee BHICOKUIT KO-
(GULUMEHT TasTHUS.

CornacHo aBTOpaM padoTHI [2], TIOIaAb IPYII-
nel nenHukoB uM. H.K. Kmokuna, Ne 30 u 31 B
2018 1. (cM. puc. 3) mpakKTUYeCKU COBIIaJaeT C e€
miomaneio B 2011 r. (8,55 km?) IMpoBepuTh Mare-
pyajbl 3TOH MyOoaMKaLMK HEBO3MOXHO, TaK KakK
e€ aBTOpBI HE MPUBEIN JAHHBIX, TOCTATOYHBIX IS
UAEHTU(UKALUU UCXOOHBIX MaTepuanoB /133, uc-
MOJIb30BAHHbIX /IS ICIIM(DPUPOBAHUS IPAHULI JIS/I -
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Ta6/1ubm 4. Cpe,IIHH}I CKOPOCTb COKpaILlleHVA TOPHOTO ONENECHEHNA Pa3INYHbIX JIETHNKOBbBIX paﬁ[OHOB BO BTOpOﬁI IMOJIOBMHE

XX u nayane XXI B.
Paiion FOPHONS OleLeHEHI BpeMeHHbBIe TepuoHI, CpenHsisi CKOpoCcTh coKpatieHus | VictouHuku
p A TOMBI IJIOIAAN OJiefieHeHUsI, % B TOIL TAHHBIX
C 1944—1947 o 2003 0,24 Hacrosmias
l'opel CyHTap-Xasita 2003—2018 1,52 pabora
C 1936 o 2002—2004 0,49
3amnannas yactb 3emuin Hopnenmrenbna C 1990 110 2002—2004 051 20
(apxunenar Inuiodeprex) ’
C 2002—2004 o 2016—2017 1,67
3 n K ( T} ) 1990—2008 0,76 a1
emtst [Tpunana Kapia (apxunenar Llnuibepren
2008—2017 1,83
. 1953-2000 0,52
[MonstpHelii Ypan 0002018 54 22
Bbepnckue, [lennuHckue u ['paitaHckue AJbITbI 2000—-2014 1,80 23
1968—2008 0,37
Cesepo-Yyiickuii xpedeT (Anraii) 2008—2017 121 24
1950—2002 0,34*
CesepHas yacTb CpenrHHoro xpe6ta (Kamuarka) C 2002 110 20162017 a5+ 19
o — s
*J1ns nemHUKOB, 3apeructpupoBaHHbix B Karanore nenHukoB CCCP [1]. Ecau yuutsiBaTh Bce JIEAHUKHU, OTMEUEHHbIE B pabo-

Te [19], TO cpenHsist CKOPOCTh COKpAILEHUS TUIOIIAIN OJiefieHeH!sI paiioHa B epuof ¢ 2002 o 2016—2017 rr. cocrasur 1,73% B ro.

HUKOB. ITo cBeneHUsSIM aBTOPOB pPabOTHI [2] «aJist
el prUpoBaHUsI COBPEMEHHOTO COCTOSIHUS JieH -
HUKOB CEBEPHOTO MacCHBa, UX TPaHMIl U TUAPO-
JIOTUYECKUX O0BEKTOB MCMOJIb30BaIMCh KOCMUYE-
ckue cHuMKkM Bing Map 2011 r.». 3nech BO3HMKAET
HeCcKoJIbKO IpobsieM. «Bing Maps» (https://www.
bing.com/maps) — ceTeBOil mopTaj, IIpuHaIIexa-
U KOMMEPYECKOM OpTraHuU3aLs, HE SBIISTIOIIEH -
CsI OTIEPaTOPOM UCKYCCTBEHHBIX CIIYTHUKOB 3€MJIH.
CIyTHMKOBBIE CHUMKM B MOMJIOXKE KapT JAHHOTO
caliTa MOTYT MEHSIThCS.

ITo cocrogumio Ha 05.02.2021 ceBepHBIiT Mac-
cuB rop CyHTap-XasTa IMOKPHIT TPeMs CIIyTHU-
KOBBIMU CHMMKaMM (Hajiee ¢ 3amaga Ha BOCTOK):
WorldView-2 ot 02.08.2011, WorldView-2 or
30.07.2011 u WorldView-2 ot 26.06.2012. LeH-
TpaJibHasI 1 BOCTOYHAsl YacTU JTAaHHOTO paiioHa,
BKJII04as paitoH ropbl Myc-Xas, Ha kapTax «Bing
Maps» ObUIM TMOKPHITHI CIYTHUKOBBIM CHUMKOM
WorldView-2 ot 26.06.2012, y KOTOPOro ecTh ABa
CYIIECTBEHHBIX HepocTaTka. Bo-nepBrix, cyas mo
JaHHOMY CHUMKY, CE30HHBII CHEXHBIN IMOKPOB
B 9Ty JaTy €llE He COLIEN; BO-BTOPHIX, Y JaHHOIO
CHMMKa OTCYTCTBYET OpTOTpaHCc(hOpMalns I OHA
cheslaHa HeKoppekTHo. Ha aTo ykasbiBaeT cyiie-
cTBeHHOe (MecTaMu Ooiiee 70 M) cMellleHUE oce-
BBIX YacCTel TOPHBIX XpeOTOB OTHOCUTEIHHO MX MO-
JIOXKEHMs Ha CIYTHUKOBBLIX cHMMKax Landsat-7 u
Sentinel-2, TOAy4eHHBIX B pe3yJibTaTe ChEMKU B

Haaup. B Takux yciaoBusx npu aemindprupoBaHUN
IpaHMIIL JIETHUKOB HEU30EKHBI CYIIIECTBEHHbIE MC-
KaXXeHMsI TeOMETPUU U, KaK CJIEACTBUE, U3MEPEH-
HOW TJIOIIAAU JIEMHUKOB.

CpenHsisi CKOPOCTb COKpaIlleHUSsI TUIOIIAaaN OJie-
neHenust rop Cynrap-Xasita B Hayane XXI B. (1,52%
B roz B mepuon 2003—2018 rr.) okazanach 6J1m3Ka K
CKOPOCTSIMU COKpaIlleHUs IUIOIIAAN OJeAeHEeHMS
psina Apyrux TOPHBIX pailoHOB EBpasum 1 ocTpoBOB
APKTHUKH 332 COIIOCTABUMBIE IO MPOIOKUTEIHLHO-
¢ty iepuobl (Tabu. 4). CyliecTBeHHOE YBeTUUCHIE
CKOPOCTH COKpaIlleHUsI JIeTHUKOB XpebTa CyHTap-
Xasita B Hauane XXI B. cOmpoBOXaaa0Ch aKTUBU3A-
e mpollecca pacrana JISIHUKOB Ha (hparMeHTH
MeHbIIero padmepa. Iloxoxas cutyauus HaOI0-
JIaeTcs B ceBepHOI yactu CpeguHHOro XpebTa Ha
Kamuatke [19] u B 3anagHoit yactu 3eman HopaeH-
mwenpaa Ha [Inuubeprene [20].

3akioyeHue

Onenenenue rop Cynrap-Xagra B 2018 r. Obu10
npeacTaBieHo 251 JemHUKOM OOIIel TIoIaabio
okoJio 133+10 kM2. 3nech npeobianamT Kapo-
Bbl€, KAPOBO-BUCSIYME U BUCSYME JIAHUKU, a Hau-
OoJsiblIME TUIOMIAAN 3aHUMAIOT JOJMHHBIC, CIOX-
Hble JOJMHHBIC M KapOBO-JAOJMHHBIC JETHUKU
(cM. Tabu. 2). OcHoBHasg JacTh (82,7%) mutomanu
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OJIEIEHEHMST COCPEIOTOYCHA B BEICOTHOM JMAara3o-
He 2200—2600 m. CokpallieHre pa3MepPOB JIeTHUKOB
rop CyHrap-Xasara B Hauasie XXI B. cylnecTBeHHO
YCKOPHUJIOCH 10 CPAaBHEHUIO CO BTOPOIT ITOJIOBUHOM
XX B., OHa yBeJaWuyuaach 0ojee 4eM B IIECTh pa3 —
¢ 0,24% B roa B nepuox ¢ 1944—1947 no 2003 r. no
1,52% B ron B mepuog 2003—2018 rr. bauskue 1o
BEJIMYMHE CKOPOCTHU COKpallleHUs TUIOIIaau Top-
HBIX JICTHUKOB 32 COIIOCTaBMMbIC BpEMEHHbIE TIepH-
oabl B Havaye XXI B. HaOJMIOAAI0TCS B psifie TOPHBIX
palioHOB YMepeHHBIX UpoT EBpazun u B ApKTH-
Ke (cM. Tabn. 4). HanbGosnbIllee cokpalieHne pa3Me-
POB CO BpeMEHH KaTaJIOTU3alliy MpeTepIiesii Majible
(< 0,1 xM?) TeIHUKH, 2 HAUMEHbLIIEE — OTHOCUTE b~
HoO KpymnHble (> 2 kM?%). Bosnblue Beero ¢ cepenu-
HBI XX B. COKpaTWJINCh JICAHUKN, OPUEHTUPOBAH-
Hble Ha 3anazn (39,9%), MeHee Bcero — Ha 1oro-3armaj
(25,0%). B 2003—2018 rr. akTUBU3UPOBAJICI pacran
JIEAHUKOB Ha (hparMEHTHI MEHbIIIETO pa3Mepa.
CpaBHEHMUIO TTOJYYEHHBIX B HACTOSIIEM MCCIIe-
JMOBaHWU JAHHBIX 00 U3MEHEHUSIX OJIEICHEHUS TOp
Cynrap-XasTa B 1eJIOM (W1 OTAENbHBIX PaiilOHOB)
C pe3yJbTaTaMU JPYTUX UCCIENOBATENEN, OMmy0-
JIMKOBAaHHBIMU B 0oJjiee paHHUX padboTtax 2000-x u
2010-X romoB, MPETSITCTBYET HEIOCTATOK CBEACHUIA.
B omHuUX cirygastx OTCyTCTBYIOT JAThl ChEMKU MK
MOJIHbIE MAEHTU(PUKATOPHI CITyTHUKOBBIX CHUMKOB,
He MO3BOJISIONINE TOUHO OIPeAeIUTh UCXOIHbIE Ma-
tepuanbl JI33; B Apyrux — He SICHbI I'PAHULIbI 30H
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CyHnrap-XasitTa BO BTOPOi1 IToJI0BUHE XX 1 Havajie
XXI B. PocT ckopocTu cokpalleHus TI0IAaN Jei-
HUKOB B Havayie XXI B. coBnagaeT ¢ yCTOMUYMBOI MO~
JIOXKUTEIbHOM aHOMAaNIMEH JISTHUX TeMIIlepaTyp BO3-
nyxa, Habmonasiierics ¢ 2007 mo 2018 r. CpengHss
JIETHSIS TeMIiepatypa Bo3ayxa B 2007—2018 rr. co-
crasnsia 12,2 °C, uyro Ha 1 °C npeBbIlIaio e€ cpe-
Hee 3HaueHue 3a 19812010 rr., a B 2008 1 2009 .
pasHuia nocturaia 2 °C. B coueraHuu ¢ Impoucxo-
JIUBIIAM YMEHbIIEHHEM KOJUYECTBa 3MMHUX OCajl-
KOB 3TO MOXET OBbITh OJHOI M3 OCHOBHBIX MPUYMH
YBEJIMYCHMSI CKOPOCTH COKpAIleHUS JICTHUKOB.
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Summary

Based on the analysis of remote data and field observations, we reconstructed the glaciation of the Shapshal
Center (Eastern Altai) for the maximum of the Little Ice Age (LIA) and by the state of the glaciers as of 2001.
At the maximum of the LIA, glaciation was represented by 358 glaciers with a total area of 84.43 km?. It was
found 87% reduction of the total area of glaciers in the interval from the LIA maximum to 2015. During the
reduction, valley glaciers disintegrated and glaciers in the Kargy River basin disappeared. The moraines of the
LIA have low lake coverage (0.17% of area), therefore a probability of their breakthrough is low. We obtained
data on the retreat of the Mushtuk Glacier (Ne 78), the largest one of the Shapshal center, in five time slices
from the LIA maximum. The highest retreat rates were reconstructed in the interval 1989-2001, but in the
interval 2010-2016 the average rates decreased to 5 m/year. Changes in the mass balance index of the Mush-
tuk Glacier between from 1961 to 2018 were calculated. A sharp decrease in the mass balance in the 1990s
and stabilization of values at a low level after 2001 were found. According to the calculations, the response
time of the Mushtuk Glacier was about 9 years. If the current climatic conditions persist, there is reason to
assume stabilization of glaciers in the coming years.

Citation: Ganyushkin D.A., Konkova O.S., Chistyakov K.V., Bantcev D.V., Terekhov A.V., Kunaeva E.P.,, Kurochkin Yu.N., Andreeva T.A., Volkova D.D.
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KiroueBbie cioBa: Masible IeOHUKU, OUHAMUKA JIGOHUKO8, MAbIli IeOHUK08bIL nepuod, Anmae-CasHckas 20pHasa cmpana, Wanwianeckuii xpebem.

PekoHcTpynpoBaHbl negHukn manouccnefgosaHHoro LLanwanbckoro LeHTpa onefgeHeHnA Ha Boctou-
HOM AnTae B MakCMMyM Manoro fIefiHNKOBOro NeproAa, MpoaHann3nMpoBaH XapakTep nx nocnegytoLero
COKpalleHus. [leTanbHO PacCMOTPEHO COKpalleHre KpynHewnwero negHuka Wanwanbckoro xpe6ta no
NATM BPeMeHHbIM cpe3am ¢ 1955 no 2019 r. MpoBefeHbl pacyéTbl MHAEKCa GanaHca Macchbl fefHrKa 1
BPeMeHU ero KInMmMaTuyeckoro oTknka.

BBenenne

IlammuanbcKuii LEHTP OJiIeAeHEHUS COMEPKUT
neagHukuy lammansckoro xpe6ta, xpedToB LlaraH-
1n63Ty 1 CKaJauCThIN, a TaKXKe UX OTPOroB, pac-
MOJIOKEHHBIX Ha CThIKe OacceiitHoB pek EHuceit
(p. Xemuunk u e€ mputokn), O6b (BepxoBbs p. Uy-

JILIIIMaH) ¥ 30HBI BHYTPEHHETro cToka (bacceiiH
p. Kaprsl, Bragatonieit B 6ecCToyHOE 03epo Ypar-
Hyp). XpeoTs lanmansckuit n Laran-1Hu6sty
MPEeICTaBIISIIOT COO0I eqMHOE Tyroo0pa3HOe TOPHOE
COOpYXEHME, BBHITSIHYTOE C CeBepOo-3amaaa Ha I0ro-
BOCTOK. BBINYKJIBIN 10r0-3anagHblii CKJIIOH Pe3KO
00pbIBaeTCsI B CTOPOHY JIXKYJIyKYJICKO# KOTJIOBUHBI
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Puc. 1. [TonoxeHue paitoHa uccaeaoBaHUSI:

vxp. Llaraﬁ-l.l]hGaTy

My PEAKEB]

1 — pexu; 2 — o3€pa; 3 — BeplIUHBI; 4 — OJIMKalIIMe MeTeOCTaHLIMK; 5 — YYacTKU, ITOKa3aHHbIEe Ha puUC. 2

Fig. 1. The position of the study area:

1 — rivers; 2 — lakes; 3 — mountain peaks; 4 — nearest weather stations; 5 — areas shown in Fig. 2

C OJHOMMEHHBLIM 03epoM M KaprmHCKOM BNaguHbl;
BOTHYTBIN CEBEPO-BOCTOUHBIN CKJIOH OCIOXKHEH CU-
cTtemMoii oTporoB. Hanbosblmast BeicoTa XapakTepHa
JIJISI 30HBI cousieHeHUsT XxpeoToB (mo 3400—3500 m),
K CeBepo-3amnaay M I0ro-BOCTOKy 00a xpedTa B oce-
BO 4aCTU ITOCTEIIEHHO CHUXKAIOTCSI 10 OTMETOK
meHee 3200 m. [1pu 3TOM GOKOBBIE OTPOTU XpeOTOB
JOCTUTAIOT OoJiblIeil BhicoTh (10 3613,5 M, ropa
Ax-O1wK). B ceBepHoii yacTu palioHa uccienoBa-
HUM HAXOIUTCSA OTHOCUTEIILHO U30JIUPOBAHHBINA OT
Mpouynx Bo3BbIIeHUI CKaIUCThIN XpedeT, TOCTH-
ratronuit BeICOThI 3485 M (ropa Menrynek) (puc. 1).

CornacHo TaHHBIM OJIMKANIINX METEOPOJIOTH-
yeckux ctanuuii (F'MC) Tasnu (Beicota 983 M, B
cTaTbe Be3/ie MPUBOIUTCS aOCOJIOTHASI BHICOTA) U
Myryp-Akchl (BbicoTa 1830 M), mist jaHHOM Tep-
PUTOPUHU XapaKTepPHbI OTpUIIATEIbHbIE CPEIHETO-
JIOBbIE TeMIIEpaTyphbl, MajJoe TOJ0BOE KOJIUYECTBO
ocankoB (MeHee 200 MM) ¢ BBIpaXKeHHBIM JIETHUM
MaKCUMYMOM, IIpeo0iafaHue 10T0-3aIaaHoro Ha-
MpaBJieHUs] aTMOC(EpHOro MepeHoca 3MMOil 1 3a-

MaJHOTO M CeBepO-3aIlaJHOro IIepeHoca JeTOM, IpU
3TOM C BBICOTOI pacTéT MOBTOPSIEMOCTh IOr0-3a-
nagHbIX BeTpoB [1]. B To e BpeMsT Ha BBICOKOTOp-
HBIX y4acTKaX, 0COOCHHO Ha HaBETPEHHBIX CKJIOHAX
3aIlaJHbIX KCIIO3UIINIA, 0CaIKOB BhINIagaeT CYIIe-
cTBeHHO Oosble: 1o 800—1020 MM [2, 3].
Karanoruzauusa nenHukos Illammanbckoro
LICHTpa BIIEpBbIC ObLJIa MPOBEACHA TOJHKO B Hada-
Je 1960-x ronos [4, 5], npu aToM ntostHOCThIO Iar-
IIaTBLCKUI LIEHTP ofeaeHeHus padotamu E.J1. JloH-
yeHko u H.M. MuxaiisioBa He oxBaTbhIBaJcCs.
IMTonnag nngopmaius o nenHukax Ilanmanscko-
ro LIeHTpa 10 COCTOSIHUIO Ha 1955—1965 rT. Briep-
BbIe OblJ1a TTpUBeAcHA B pa3aene KaTtanora nentHUKOB
CCCP, nocgaménHoM bacceitHy p. Xemuuk [1]. B
Halleil HegaBHeW nmybaukanuu [6] mpuBenén Ka-
TaJIOT JIEAHUKOB I10 cOCTOsiHMIO Ha 2015 T. U BbI-
MOJIHEH aHaJIu3 TePPUTOPUATBHOTIO, BLICOTHOTO U
SKCIIO3UIIMOHHOIO paclpeneeHus JeTHUKOB U UX
Mopdoaornuecknux ocobeHHocreit. Ha ocHoBanuu
3TUX UCCIEAOBAHUI caesiaH BHIBOI O GoJjiee yeM
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IBYKPAaTHOM COKpallleHMM CyMMapHOH IIoIIagu
JICAHUKOB B Iiepuon ¢ 1955—1965 rr. mo 2015 r. Ha
AnTae Mogo0OHOE COKpaIlleHNe COTJIacyeTcsl C IJ10-
OaIbHBIM TPEHIOM, IIPOSIBIISTIOIIMMCS C MAKCUMYyMa
Masoro JemHuKoBoro nepuoga (MJIII). Ha teppu-
TOPUM paiioHa HAIIeTO MCCACIOBAHMS YaCTh JICTHM -
KoB B Makcumym MIJIIT 6bl1a peKOHCTpYUpPOBaHa B
pab6ote E.JI. JloHyeHKo [5].

ITocTanoBka 3agaun

C makcumyma MJIIT, xak TTOKa3bIBAIOT pa3HbIe
ncciaenoBaHus, JeaHUKN Antae-CassHCKOTO pe-
TMOHA CYIIeCTBEHHO M3MEHWINCh, OMHAKO COKpa-
meHue JegHnkKoB lllammanbcKoro meHTpa B 3TOT
MepHoa M3y4eHO HeAOoCTaTOYHO. PeKoHCTpyKIIUM
M OLIEHKM COKpaleHus JeaHukoB nocie MIIII B
cratbe E.JI. JIoHUEHKO OXBaThIBAlOT TOJBKO YaCTh
ncciaeayeMoil tTepputopun. Mcmoib3oBaHue co-
BPEMEHHBIX CHIMKOB CPEIHETO 1 BHICOKOTO pa3pe-
LIEHMS ITO3BOJISIET TOYHEE PEKOHCTPYUPOBATH MO-
peHbl JegHuKoB Makcumyma MJIII, oxBaTtus npu
3TOM BECh LICHTP OJICACHCHUSI, a TAKXKE OIIPEACINTD
CKOPOCTHU COKpAaIleHHUs JeTHUKOB 3a MOCICIHUE
20 met. KpomMe Toro, 3HaHNe TMHAMUKU JICTHUIKOB
1 YTOUHEHNE NX COBPEMEHHBIX ITapaMeTPOB O3B0~
JISIIOT OIIPENeNINTh OMVKANIIe TCHASHINN UX W3-
MeHeHus. Mcxons 3 JOCTYITHOCT KOCMUIECKIX
CHMMKOB M HEIABHO ITOJIyYeHHBIX JAaHHBIX 00 OJIe-
JIEeHEHUH 110 cocTosiHuIo Ha 2015 r. [6], MBI mTocTa-
BWJIY CJICIYIOIINE 3a0aqu:

1) pekoHcTpyupoBath JeagHuku Ilamnimanbckoro
LeHTpa ojeaeHeHus: B MakcumyMm MUJIIT, npoaHanu-
3UPOBAaTh CTPYKTYPY OJICACHEHMS B 3TOT IIEPUOI;

2) BBIIIOJHUTH KapTUPOBaHNUE JICTHUKOB I10 CO-
crostHuto Ha 2001 r.;

3) paccMOTpeTh XapaKTep COKpaIllCHUS JICTHM -
KoB ¢ Mmakcumyma MJITT o 2015 .

4) uccienoBaTh IMHAMUKY JIeTHUKA MYIITYK
110 HECKOJIbKMM BPEMEHHBIM cpe3aM (MaKCUMyM
MJIII, 1955, 1989, 2001, 2010, 2016, 2019 roasr)
IJISI TIPOTHO3a €T0 OyayIIero MOBEACHMSI.

Marepuajbl 1 METOAbI
OcHOBOI PaOOTHI MOCITYKIINA PE3YJIBTATHI OJIe-

BbIX paboT 2016 T. Ha BTOPOM IO ILIOIIAIN JIEIHM -
Ke maHHOI TeppuTopuu (TemHUK MymTyk, No 54),

JemndpupoBaHe B pPYYHOM peXruMe KOCMUYeC-
KMX CHUMKOB 1 a3p0(POTOCHMMKOB, a TAKXKe MO-
JIeJIMpOBaHNUE TOJIIMHBI U BpeMEHHOM M3MEHYM-
BOCTH JiemHUKa Mymtyk. [1oaeBble ucciaenoBaHUs
MU3-3a TPYAHOOOCTYITHOCTU TEPPUTOPUU ITPOBO-
JUJIU B orpaHUYeHHOM oO0béMe. ITpu mocelieHuun
neaHuka Myiutyk 21.07.2016 1. ObLIM IPOBEAEHBI:
GPS-npuBs3ka s13bIKa JegHUKa W 3aKJaaKa pere-
poB; GPS-mapkupoBaHue ero rpaHulbl MUTAHUS;
HaOJoaeHue u portorpadupoBaHue MOPEHHOTO
komriekca MJITI. Tak:ke BbIITOJHEHbI HA3EMHO-
BU3yalbHble HaOMOAeHUS U poTorpadupoBaHue
cocegHux gegHUKoB (Ne 79 u 80). CHUMKU cpeln-
HEero u BbICOKOTO paspelieHus 3a 2012—2015 rr.
(Tabsa. 1) ucnonab30Baau IJs BBIACIEHUS TEOMOP-
(osornyeckx MPU3HAKOB ITOJTOXEHUS JICTHU-
KoB B MakcuMyM MIIII ¢ nenbio ux nocieayroiei
pekoHcTpykuuu. CHumku Landsat 1989, 2001 u
2010 rr. npuMeHsIM Aas Aelun@pupoBaHUs KOH-
TYpOB JIETHUKOB B COOTBETCTBYIOIIIE BpeMEHHEBIE
cpe3bl. s peKOHCTPYKIUU JIEAHUKOBOTO KOM-
iekca MylTyK UCIOJb30BaIU adpOdMOTOCHUMOK
ot 17.08.1955 1.

CHumku SPOT 6 moay4eHBl OT KOMITAaHUU
CKAHEKC ¢ nepBu4HOI1 paiuoMeTpruiecKoit Kop-
pexkuuei u oprorpaHcopmaimeis mo SRTM 90 m.
st hoTorpaMMeTpUIeCcKoii U TeMaTUUeCcKoit oopa-
0OTKM M300paxkeHUIA MBI MCIIOJIB30BaJIA IIPOrpaMM-
HbIl Kommieke Scan ExImage Processor. boiiu
BBIMIOJIHEHBbI: a) paguoMeTpudyeckas obpadboTka
U300paxXeHuii; 0) yaydylieHue MpoCTPAaHCTBEHHO-
ro paspeweHus (Pan-sharpening); B) ¢punbtpauus
M300pakeHMIi; T) aBTOMaTU4YeCcKasl CUCTeMaTnuye-
cKasl TeoMeTprYecKasi KOPPEKIMs PacTPOBBIX JaH-
HBIX; 1) OpTOTpaHCc(poOpMUpPOBaHUE MO LUDPOBOM
monenu peabeda SRTM 3 (The NASA Version 3.0
SRTM Global 1 arcsecond) [7]. Kpome Toro, omnpe-
neneHa v yctaHosiaeHa npoekuus UTM WGS 84 ¢
ABTOMATUYECKMM OIpeaeIeHUEM 30HbI. 19 CHUM-
koB Landsat-4, Landsat-7 u Sentinel-2 npumeHsiaun
KOMOUMHUpoBaHUe KaHaoB (543, 543 u 753, 432 co-
OTBETCTBEHHO); 1JIs1 CHUMKOB Landsat-7 npoBoau-
JIV yAy4dllIeHUe TPOCTPAHCTBEHHOTO pa3pellcHUsI
(Pan-sharpening). A3poh0TOCHMMOK TakKKe reorpa-
(pruecku MpUBSI3bIBAJICS C UCITOJIb30BaHUEM TOUYEK
Ha3eMHOI MMPUBSI3KU U TIlepeBoauicd B MexmyHa-
ponnyio cucrtemy KoopauHat (UTM/WGS 84).

HemudpupoBaHue BEJIOCh B IIPOTPaMMHOM
cpene GIS — Mapinfo u ArcGIS. ITpu aemndpupo-
BaHWU WJI PEKOHCTPYKIIUM JICAHUKOB MUHUMAaJIb-
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JIeOHUKU U 1eOHUKOBbIE NOKPOBbI

Tabnuya 2. OueHka cyObeKTUBHOI ommOku e puposa-
HUS /IS Pa3HBIX {UANIA30HOB IUIONIAJIEN TEHMKOB

JnamnazoH Yuco IeTHUKOB CpenHsis
IoLanei, km? B BbIOOpKE ommbka, %
2-3 1 1,75
1-2 3 3,89
0,1—1 10 5,48
Menee 0,1 50 6,20

Hasl IUIOIIAAb IS KapTUpOBaHUS Obla IMPUHSTA
pasHoit 0,01 km2. CucremaTudeckasl OLIMOKa CO-
craBmsiia +1 mukcen (1,5 m mst ciumkoB SPOT 6 u
15 M nnst Landsat-7). OHa BeruMcisiiach 1o popmyiie

A, = 100%(nm)/ Ay,

rae A, — omnbka, %; n — YUCIO MUKCeeil 1o me-
pUMeTpy JIeIHUKA; m — IMPOCTPAaHCTBEHHOE pa3pe-
IIeHWe CHMMKa, BhIpaXkeHHOEe B BUOE ILIOIIAIN
TMKCeNIs, M%; A, — TUTOIIAIb JTeIHIKA, M2,

ITo pe3ynbTaTaMm pacu€ToB ¢ MOMOIIbLIO 0a30BbIX
CHUMKOB, MCIIOJIb30BaBIIMXCS IJIs1 eI PpUpOBa-
Hus (SPOT 6, manxpomaTuyeckue), JUisl JICTHUKOB
MUJIIT makcuManbHas omiMbKa onpeneaeHus a0~
maneii coctasuia 9,5%, cpennsist — 2,6%. Ipu pa-
6ote co cnumkamu Landsat-7 2001 r. ¢ pa3pelieHu-
eM 15 M MakcuMabHag omoka pasHa 104,4% (nns
naenHuka romansio 0,01 km?), cpenHsas omun6-
Ka cocraBisgeT 33,9%. i oueHKN CyObEKTUB-
HOM «OIMOKN Kaprorpada» MBI B3sSUIM BEIOOPKY U3
64 JeIHUKOB, MPU TOM BHYTPU BBIOOPKU ILIOIIA-
U JISTHUKOB pacCIpeAe/sINCh COOTBETCTBEHHO 00-
IIeMy pacIpeAe/ICcHUI0 PEKOHCTPYUPOBAHHBIX JISI-
HukoB MJIIT no miowmaasam. B pamkax BeIOOpPKU
BBITIOJIHWJIM TIOBTOPHOE KapTUpPOBaHUE JISAHUKOB
MUJIIT. OmubKy onpeneasiain NyTéM CpaBHEHUS C
IUIOIIAASIMU JISAHUKOB, ITOJIyYeHHBIMM B XOJIe Ka-
Tajoruzauuu (tadma. 2). CpenHsis onivoOKa ist BCei
BBIOOpPKM cocTaBmia 5,91%.

ITpu nuarnoctuke MmopeH MJIIT Mbl ucnosb30-
BaJIM CJIEAYIOIIME MPU3HAKK: HE3aJIePHOBAHHOCTD;
YETKOCTb B IJIaHE; OOJIBIIYI0 KPYTU3HY T10 BHEIIIHE-
My IIEpUMETPY; MAJIYIO CTeTIeHb IIEPEMbITOCTH 1 3HA-
YUTEIbHYIO MOIITHOCTb 110 CPaBHEHUIO ¢ 00JjIee IpeB-
HUMU MopeHaMHu [8]. Iasl pernoHa ucciienoBaHUsl
xapakTepHast ocooeHHOcTh MopeH MIJIIT — Hanuuue
JIeAsTHOTO siipa (MOTrpeOEHHBIX JbAOB) U CBSI3aHHBIX
C HUM TEPMOKAPCTOBBIX MPOIECCOB, IIMPOKO pa3-
BUTBIX B perMoHe B nocieaHue roasl [9]. Tepmokap-
CTOBBIE (DOPMBI YETKO BBIIEISIOTCS Ha CHUMKaX C
paspeleHueM Bblille 15 M B BUlle TEMHBIX T10JIOC 1

MSITeH C OTYETIMBBIMU I'paHuLIaMKU. Maas 3amep-
HOBaHHOCTb MopeH MIJIIT Ha MyJbTUCHIEKTpalb-
HBIX CHUMKAaX BBIpaXkaeTcsl CepbIM I KOPUYHEBBIM
LIBETOM, PE3KO KOHTPACTUPYS C 3€JICHOBATHIM 1IBE-
TOM TYHApP 1 00Jiee APEBHUX 3aIePHOBAHHBIX MOPEH.
H71s cMeXHOTo ¢ pailoHOM MCCJIEIOBAaHUSI TOPHOIO
maccuBa MoHryH-Taiira paHee ObLIM pa3paboTa-
HBI 3TAJIOHHI AemndpupoBanus MopeH [10], koTo-
pbie MBI UCIIOJIb30BaJIA IIPU paboTe Hal HACTOSIICH
cratbei. 19 peKOHCTPYKLIUM BUCSIYUX JCIHUKOB
MPUMEHSUIM HUBaJIbHbIC HUIIY C YETKUMU OdepTa-
HUSIMM, MapKUAPYIOIINMU II0JI0OXKEHNE HETaBHO HC-
Ye3HYBIIMX JICTHUKOB JAHHOIO THUIIA, KaK IIPaBUJIO,
C OCTaTOYHBIMU MHOTOJICTHUMHU CHEXXHUKAMHU, 3a-
HUMAIOIINMU YacTh HUIIIN.

OnHa 13 CI0XHOCTEe npu neinGprupoBaHUN —
ornpeaeseHue TpaHULbl MEXIY aKTUBHBIM JIEAHM -
KOM M MEPTBBIM JIBIOM. JI 3TOTO MCIIOIb30BaIN
NOAXOd, MpeaaoXeHHbIN B padoTe [11], B KOTOpOIi K
MHIXKATOpPaM aKTUBHOTO JIba OTHOCST: CIVIaXKEH-
HBII1 XapaKTep CKOILUICHU 00JIOMOYHOIO MaTeprasa
Ha ero MOBEPXHOCTH; €r0 JIMHEITHYIO BEITSIHYTOCTD B
IUIaHE, CBSI3aHHYIO C IBMKEHMEM; OOTEeKaHHUEe ero
BOJIIOTOKAMM, KaK IIPaBUJIO, CXOMSIINMMUCS K HIDK-
Hell TOYKe JIeAHWKA; MHINKATOPHI MEPTBOTO JIbIa —
HEPOBHYIO ITOBEPXHOCTDb CKOIUIEHUIA 00JIOMOYHOTO
MaTepuralia, TepMOKapCTOBbIe BOJOEMbBI Ha €ro I10-
BEPXHOCTH, HECXOAMMOCTh BOIOTOKOB 1 HAJIUYME
MUOHEPHOM PacTUTEIbHOCTU. MBI K 3TUM IpU3HA-
KaM 100aBUJIM TaKXKe YXOHI BOOOTOKOB B TOHHEJIH C
MNOCAeAYIOIIUM BbIXOJOM HUXKE IO CKJIOHY [8].

Hnst coctaBinenust KaTamoros JIeIHUKOB MCITONb-
30Bajlach riao0anbHas LubpoBas Moaelb peabeda
SRTM 3 (The NASA Version 3.0 SRTM Global 1
arcsecond) [7]. MuHUMaIbHbIE U MAaKCUMaJbHbIE
BBICOTHI, CpeIHME YKJIOHBI, 9KCIIO3UIINHU JIETHU-
KOB OIpeeisIM aBToMaTU4YeCcku Ha ocHoBe IIMP
B nporpamme GlobalMapper v.18.0 (digitizertool).
Mg BepudUKalMU JaHHBIX, ITOJYYeHHBIX IO OUC-
TaHIIMOHHBIM MaTepHajaM, IPUMCHSIN MOJIeBhIe
matepuansl ot 21.07.2016 r., Korga Mbl nocelain
JegHuK Ne 78 — BTOpPOIi 110 TUIOIIAAN HA MCCIIemye-
MOi1 TeppuTOopun. BricoTa ¢hupHOBOI TpaHULIBI TSI
nenHuKoB Makcumyma MJIIT u 2001 r. onpenensi-
Jack MmetonoM KypoBCKOro, coriacHo KOTOpOMY
BBICOTA (DMPHOBOI IPAHUIIBI COOTBETCTBYET CPEeIHE-
B3BELLIEHHOM MO MIolaar BeicoTe JeaHuka [12]. B
Halleil paboTe 10 COBPEMEHHOMY COCTOSIHUIO JIeH-
HukoB Lammansckoro HexTpa [6] pac4érsl 1o JaH-
HoMy MeTony mis 30 JTemIHUKOB Nalu Pe3yIbTaThl,
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OJIM3KME K MOJIydeHHBIM TUCTAHIIMOHHBIM TaHHBIM
(cpenHsIsI BeIMIMHA pa3HOCTU CoCTaBMIA +2 M).

J1st XapaKTepUCTUKU OJIeAeHEHUs MCII0JIb30-
BaJIX IIOHSATHE 00 MHTEHCUBHOCTHU OJIeIeHEeHUS R,
MpeacTaBisIoIIeil Co00l OTHOLICHNWE ILIOMIAIN
JIETHUKOB Ha yyacTKe F K IJIMHE OCHOBHOTO I'ped-
Hs L. [Tpumensiiu meronuveckuit nonxon I'.E. I'na-
3pIprHa [13], TIpn KoTOpoM L oTpenensieTcs OT
IIEPBOTO JeAHUKA Ha OOKOBOM IpedHEe OO €ro Co-
SIMHEHMS C OCHOBHBIM I'peOHEM, Jajiee 10 OCHOB-
HOMY IpebHIO, TI0 cleayrlueMy 00KOBOMY rpeod-
HIO IO MOCJIeIHEro JeaHuKa. s 0ojee meTaabHbBIX
OLICHOK IMHAMUKM OJICICHEHMsI, paCU4€TOB TCHICH-
Ui U3MEHEHMI OalaHca MacChl M OIICHOK BO3MOX-
HOTO IIOBeACHUS B OyIyIIeM MbI BBIOpaIN JICTHUK
MymTyK, pacIooXeHHBI B BepXoBbsxX p. YoH-
Xem. BbiOop naHHOrO JegHUKa OOYyCIOBJIEH He-
CKOJIBKVMU IIPUYNHAMU:

1) aT0 — KpynHeimuii tenHuK Ilanmansckoro
LICHTpa OJIEACHEHMSI B HACTOSIIIEe BPEMsI, II03TOMY
€ro IMHAMUKa IOJKHA B MEHBIIIEH CTEIICHU, YeM Y
IPYIUX JIGTHUKOB, OIPEICISThCS JIOKATbHBIMU I'e0-
MOPGOJIOTMIECKUMHI OCOOCHHOCTSIMU TEPPUTOPUM.
OTHOCHUTENIFHO OOJIBIIIME pa3Mephl JIEIHUKA YIIPO-
IIAIOT €ro eI prupoBaHNe 10 TUCTAHIIMOHHBIM
MaTepuajaM;

2) 3TO — JIEMHUK, Ha KOTOPOM IIPH €ro mocelie-
HUM aBTOPHI HACTOSIIIEH CTaThH IIPOBOIMIN HAOJIIO-
neHust, ectb GPS-TIpuBSI3KM XapaKTepHBIX TOUEK,
(oTomMaTepman 1mo pesynabTaTaM IIOCEIICHMS; yCTa-
HOBJICH peIiep y Kpasi JICTHUKA;

3) ObLI HalimeH U MPUBA3aH a3pO(POTOCHUMOK
negHuka ot 17.08.1955 1., 4To pacuIupmiIo BpeMeH-
HBIE pAMKU €0 UCCIICTOBAHUS.

Kaxk yxe ormeuanoch, 1o cux nop Illamnmrans-
CKUI1 LIEHTP OJIeAeHEHUSI He ObLI OXBauyeH Macc-
0alaHCOBBIMM HAOMIONCHUAMU (Ia W ITOJIEBBIMU
IJISIIAOJIOTUIECKUMU MCCIETOBAHUSIMHU B IIEJIOM).
IlosToMy mis ompeneneHUST TEHICHINM U3MEHE-
HUI1 0ajaHca MaccChl JIemHNKa MYIITYK IIPOBOAM-
JI TaKKWe pacuéThl MHIEKca OajJaHCca MacChl, KOIrIa
IIpY OTCYTCTBUM IIPSIMBIX HAOIIOMEHUI 3a OajaH-
COM MAacCChI BEITIOJTHSIETCST SKCTPAIIOJISIIINS METEOPO-
JIOTUYECKUX TTapaMeTPOB IJIST ONIPeaeIEHHOM TOUKHU
WJIM BBICOTHOTO YPOBHSI JIEMHUKA C 1IEJIbI0 €r0 BbI-
YHUCJICHUSI HA OCHOBE SMITUPUIECKIX 3aBUCUMOCTEI
A0JISIUN ¥ aKKYMYJISILIMY OT 9KCTPAIlOIMPOBaHHBIX
napamMeTpoB. st pacuéra uHaeKca 0ajaHca MacChl
ncnonb3oBanack Metoguka I'.E. I'maseipuna [13], B
KOTOPOI IIJIs BRIYMCIICHUS HEOOXOMMMBI TaHHBIE O

TeMmIiepaType Bo3ayxa U ocaakax Ha 6azoBoit TMC,
a TakKe BbICOTa (PUPHOBOM IPaHMIIBL:

I,= A, — Ay,

rae I, — uaaekc 6anaHca Macehbl; A, — aKKyMyJIs-
uus; A, — absauus; Bce pacuéThl TUX BEJIMYUH CLE-
JIaHbI B MM B.3.

st pacu€ra absiLu B KaKOW-JIMOO TOUYKE JIe/-
HUKa HEOOXOIMMO BBIYMCIUTh CPEIHIOI JIETHIOK
TEMIIEpATypy /; HA COOTBETCTBYIOIEH BBICOTE Z; C
MOMOIIBIO BEPTUKAIBHOTO TeMIIepaTypHOTO Ipa-
IVeHTa, BbICOTHI pacnionoxenus 'MCz,,, cpenneit
netHelt temrepatypsl Ha I'MCt,, 1 BBICOTBI TOYKH,
111 KOTOPO#A BBIMTOJIHSIETCS pacyer z;. [1pu nmepexo-
Jie Ha JIEIHUK CJIeAYEeT YUUTHIBATh TeMIIEpaTyPHBII
CKavyoK Af, IPUHSATHINA 110 aHAJIOTUM C JIEHTHUKAMU
0113KO0 pacnojioxkeHHoro MaccuBa MonryH-Taiira
paBHbIM —0,4 °C. B utore nonyvaem:

=t = Gz — 2,) — A

1

[Tocne BeuMCIEHUS f; ONIpeneseTcs absLusl.
151 TOro Mbl UCITOJb30BaIM PErMOHaIbHYIO (hop-
MYJy, TIOJIYYEHHYIO MO pe3yJbTaTaM 0aJlaHCOBBIX
WCClIeIOBaHUM Ha JieMHUKaX TOPHbIX MAacCUBOB
Mounryn-Taiira, Typrenu-Hypy u Xapxupa [14]:

A, = 36,14(1)> + 294,61, + 511,6. (1)

HeobOxonumoe ycinoBue npoBeAeHUsT pacu€ToB
MHAEKca OajaHca MacChl — 3HAHUE BEPTUKATbHBIX
rpagyeHTOB TeMIIepaTypbl M OCAAKOB. 3HaAUECHME
BEPTUKAJIBLHOTO (CKJIOHOBOTO) IpalMeHTa TeMIIepa-
TYPBI MbI BEIYMCJISIM Ha OCHOBE peTMOHAIBHOM 3a-
BUCUMOCTU BBICOTHOTO CKJIOHOBOTO I'pagudeHTa OT
KOJIMUECTBA O0CaAKOB, MOJYYEHHON HAMM IO JaH-
HbIM 'MC Antae-CasiHckoro peruona [15]:

G, = 1,264p~0.1297, )

Ie p — CPEeIHEeroJ0BOe KOJMYECTBO OCAAKOB (110
mapam 'MC).

I1pn pacuérax mo popmyite (2) B KauecTBE BEJIN-
YMHBI MBI MCITOJIb30BAJIA CpeaHEE TOTO0BOE KOIMIE-
CTBO OCaJIKOB, MOJIYICHHOE IO TPEM OJIIKANIINM K
MManmansckomy HeHTpy oneaeHeHuss MC: pac-
nosioxkeHHoi 3ananHee IMC YcTb-Ynaran (1242 m
Had yp. Mopst — 316 MM), pacrnosoXeHHOH! ceBe-
po-BoctouHee 'MC Taamm (983 M — 196 MM) 1 Ha-
xoagueiics oro-soctounee 'MC Myryp-Akchl
(1850 M — 16 mMm). [TosrydeHHOE 3HaYEHME COCTABU -
j0 0,63/100 m. [dns onpenesieHUsT BEICOTHOIO I'pa-
IHMEeHTa OCAJIKOB Ha OCHOBE MOJIYYeHHOTO 3HAYCHMS
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o ¢popmyde (1) pacCUNTHIBAIMCH BETMYNHBI a0JIsI-
IIUW Ha TPAHUIE MUTAHUS MOAEIBHOTO JIEAHUKA
Mymtyk (Ne 78 mo Karamnory 2016 1.). ITockoibKy
Ha BBICOTE CpeAHEl MHOTOJIETHEN IpaHUIIbI ITUTa-
HUS CPEeIHSIsI MHOTOJIETHSISI 0SS U aKKyMYJIsI-
1I1sI paBHBI, TTOIYIEHHOE TAKMM 00pa3oM 3HAUCHUE
CpedHeil MHOTOJIETHEN aKKyMYJISIINU IeJIMIOCh Ha
KO3(GULIMEHT KOHLICHTpaluu (/151 KapOBbIX JIeI-
HMKOB MpUHATO 1,6 [16]) 1 MoTydanoch KOJU4ecTBO
0CaJKoOB Ha (PUPHOBOI rpaHUIIE:

Py = K/Aky,

rne Py — cpeaHee MHOTOJIETHEE rOI0BOE KOJIMYe-
CTBO OCaJIKOB Ha (pUpHOBOM rpaHulle; K — Kkoaphu-
LMEeHT KOHLIeHTpauuu; Akyy — CPEIHSISl MHOTOJIET-
HsIS aKKyMYJIIs Ha (GUPHOBOM TpaHuUlle.

Jlanee BBIUMCIISICSI BBICOTHBIN T'PaIueHT TOI0-
BOTO KOJIMYECTBA OCAIKOB G, 110 hopmyJie

Gp = (PfO - PmO)/(Zf_ Zm)a

rae P,, — KOJIMYeCTBO OCaaKOB Ha METEOCTaH-
Uuu, MM; Z; — BbICOTa GUPHOBO# IPaHUILIbL; Z,, —
BBICOTA PACIOJIOXEHUSI METCOCTAaHIINM, M; 3HaUe-
Hue rapameTpa G, COCTaBUIIO 33,86 MMm/100 M.
ITocne aToro nHaekc 6ajaHca MacChl paCCUMThI-
BaJICS IS KOHKPETHBIX JIET Ha BHICOTE I'PaHUIIbI ITH-
TaHUs JIeTHUKA (U1 OLEHKU TeHACHLIMI U3MEHEHMS
YCIIOBUI MUTAHUS JIGTHUKOB) U Ha SI3bIKAX JICTHM-
KOB. J1J1s1 OLIEHKU COBPEMEHHOTO COCTOSTHUSI U Oy1y-
ILIETO TTOBEeIEeHUS JISTHUKOB MBI IIPOBE/IM BBIUKCIIE-
HUS BpeMEeHM OTKJIMKA JieAHUKa (response time), T.e.
BpeMEHU, HEOOXOAUMOTO JIEIHUKY, YTOObl MPUNATHU
B COOTBETCTBME C HOBBIMM KJIMMAaTUYECKIMU YCIIO-
BUSIMHU. MBI UCTIOIB30BaJIM YIIPOIIEHHBIN MTOAXOI,
VUUTHIBAIOIINI TTapaMeTphl KJIMMaTa U TECOMETPUIO
JIeAHUKA, TIPEJIOKEHHBIN B padote [17] u mo3aHee
JOTIOJTHEHHBIN B uccnenoBanuu [18]. Bpems otkinn-
Ka { paCCUMTBIBACTCSI HA OCHOBE TaHHBIX O TOJIIHE
JenHuKa H v 6anaHce Macchl Ha SI3bIKE JIEHUKA b,

t=H/—b,.

B nonosiHeHHOM BapuaHTe pacy€T BLITIOJHSIETCS
CIIEOYIOIINM 00pa3oM:

3)

T€ fzp — BPEMsI OTKJIMKA MO TOMIOJTHEHHOM METOIU -
K€; f;pyy — BPEMS OTKJIMKA, paCCUUTAHHOE MO Hop-
myde (3); N — KoahGULMEHT CBSI3M BBHICOTHOTO AMa-
nazoHa JieaHuka R v romanu F.

R~ FN.

rp = Lirw/M>

MBzI mpoBOAMIN PacUYET BpeMEHHM OTKJIMKA 10
dopmyie (3), Tak KaK B HEM YITEHBI OCOOCHHOCTH
Tororpaduu jegHuKa. s ornpeaeneHus TOIIIUHEL
MOJIEIBbHOIO JIEMHNKA MCIIOJIb30BaI PACUET TOJI-
IIMHEI JIBIA BIOJb OCEBOI JIMHUY JISTHUKA C YIETOM
penbeda. B aToMm ciydae npuMeHsau GopmMysny Mo-
nenu GlabTop (Glacierbed Topography) [19]:

h=1/fpgsina;
1= 0,005+ 1,598AH — 0,435H?,

e 4 — TONIIMHA JIba, M; T — HalpsDKeHUe CABUTa Ha
noxe, Klla; f— koadduimeHT (GopMbI IOIEPEUHOrO
CeueHMs JIEJHUKA; 0 — TUIOTHOCTD Jibaa (900 kr/m3);
g — yckopeHue cBodoaHoro nageHus (9,81 m/c?); a —
yTOJl HaKJIOHA MOBEPXHOCTU BIOJIb LIEHTpaJbHON
JIMHUU JIeAHUKAa, rpaaychl; AH — BbICOTa JieMHUKA
(pa3HMIIa BBICOT MEXKAY BBICIIIEH M HU3IIEH TOUKAMMN ).

KoadppunueHT popMbl f CBSI3aH ¢ COMPOTUB-
JICHHMEeM, BO3HHMKAIOIIMM Ha KpasX JIEMHUKA B pe-
3yJbTaTe TpeHUs1 o 6opTta moauHb. OH MOXET
n3MeHAThes ot 0,5 mo 0,9 [20]. Berbop 3HaueHMS KO-
sddunreHTa f ornpenensercs ¢hopMoi JOJINHEI (T1a-
pabosa, IOIY3JIIUIIC WX KBagpaT), a TAKKe COOT-
HOIIIEHMEM TOJIIIWHEI JISTHUKA W IMUPUHBI JOJTUHBL.
Hanpumep, 17151 TOpHBIX JIeAHUKOB B padote [21] uc-
nob30Bagoch 3HaueHue 0,7 1751 JeAHUKOBBIX SI3bI-
KOB B objactu abusauuu u 0,9 aisa 6osee mMpoKoit
00J1aCTH aKKyMYJISILIMU. B ciyyae ¢ MoaeabHbIM Jie/-
HUKOM MYIITYK MBI BEIOpaIn 3HaueHne Koapdu-
nueHTa 0,9, 4To MPOAVKTOBAHO OOJIBIION ITMPUHOMN
BMEIIAIOIIETO JEAHUK CI0XKHOIO JIBYXKAMEPHOTIO
LIMPKa U KOPOTKUM SI3bIKOM JIEIHUKA.

Pe3yabTaThi

Jleonuxu Illanwmaavckozo uenmpa oaedeHeHus 6
maxcumym MJIII. CornacHo Hallell peKOHCTPYK-
uuu, B Mmakcumym MIJIIT B IlanmaabCcKoM 1LEeH-
Tpe OJieAeHEeHMSI HaXOAUJI0Ch 358 JTeMIHUKOB CyM-
MapHoii riomanbio 84,43 km?. Kak u B HacTosiee
BpeMsl, OCHOBHBIMHM LICHTPAaMU OJIeIeHEHUS ObLIN
BOCTOUYHBIN CKJIOH Xp. CKaJUCTBIA U CeBEpPHBIMI
ckJioH xp. ammmanbckuii B BepXoBbsx p. YoH-XeMm
(puc. 2). B makcumym MJIIT 3mech cyiiecTBoBa-
JIU NOJIMHHBIE JIEAHUKU, TIPUIEM TPU KPYITHEHUIITUX
13 HUX 10 IUIOIIAAN MpPEBbIIIaan 2,5 KM2, 31eCh
Ke HanbOonbmux 3HaueHuit (0,24—0,28) noctura-
Jla MTHTEeHCUBHOCTH oJieneHeHus (Tadiu. 3). Bmecre
C TeM 110 MaKPOAKCIO3UIIMSIM JIETHUKHU pacIipee-
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Tabnuya 3. Pacupenenenne negunkos Makcumyma MJIIT o peusbiM 6acceiiHaM M y4acTKaM TOPHBIX XpeOTOB

Cymmaphasi | VHTeH- Bricota | Mi3meHeHue
. . Okcnosunusa | Yucno IJIOIIAAb | CUBHOCTb | (PMUPHOBOI | BBICOTHI
T'opHbIit XxpebdeT Bacceitn N
JIeAHUKA | IENHUKOB | JIEMHUKOB, | OJIACHE- | TPaHUILIbl, | (DUPHOBOIA
KM2 HUs, KM M IPaHULBI, M
ammansckuii Yyns-Ya (Kazep, Tamryxosb) B 36 8,92 0,10 2842 63
Vayr-Opyr C 15 3,65 0,21 2957 104
. YuHIO3BIH B 35 13,75 0,24 2985 39
CKaluCThIi
XeMuuK 3 4 0,37 0,06 2929 93
Iarmnait 3 10 2,17 0,16 2873 95
ITarmait OB 3 0,88 0,09 2930 38
Maublii XeMYuK B 10 2,43 0,09 2815 .
I amuranbekmi XeMumnK B 16 1,92 0,06 2793
ApbI-xeM B 12 0,62 0,03 2860 36,5
YoH-XeM CB 60 16,33 0,28 2919 113
M03yp_Taﬁra Uunure-Xem C3 6 2,48 0,22 3083 110
(orpor IHammans- | JleBoGepexxHbIe MPUTOKI
CKOTO XP.) p. Ilyii (Anzbi-Merrry-Xen) B 24 6,43 0,24 3110 26
. ITpaBoGepekHbIE TIPUTOKU
I amuranbekuii Xp. p. Llyit (Y3ysXem i 2p.) C 46 8,56 0,11 3120 81
Caiisibi-XeM CB 17 4,51 0,18 3139 138
Maranarst C 17 4,42 0,14 3113 160
Laran-11u6sTy
Bapnbik CB 4 0,74 0,14 3100 362
Tanaiabik OB 11 1,69 0,05 3305
Kaprer 3 8 1,55 0,05 3051 o
YynblMaH 0] 0,32 0,04 3108
. Tory-O1ok C3 12 1,75 0,09 2918 141
anmanbekuit
Oun-Opy C 1 0,01 * 2736
O3yH-O10K 103 5 0,8 0,04 2681 ok
Caii-T'oHbIn 103 2 0,08 0,02 2741

*HemnocraTouHoe YMCIIO JIGAHUKOB JUISI OoInpeacjacHusad MHTCHCUBHOCTU OJICACHCHU . **B Hacrosiiee BpeMs JIEAHUKU B JaHHBIX

OacceifHax OTCYTCTBYIOT.

JISIIUCh O0Jiee paBHOMEPHO IO CPaBHEHUIO C Ha-
CTOSIIIIMM BpeMeHeM, IOCKOJIbKY OoJblliee, YEM B
HacTosllIee BpeMsl, YMCIIO JIGIHUKOB CYIIIECTBOBA-
JIO Ha I0KHBIX M 3aIlagHbIX CKioHax Illamnmranbscko-
ro xpe6ta. Kpome Toro, uMenuch JIeTHUKU U B Oac-
ceiine p. Kaprel, 1.e. onenenenue Illamnmanbckoro
LIEHTpa B 3TOT MEPUOJ OTHOCHIOCH HE TOJbKO K
bacceitny CesepHoro JleqoBUTOro okeaHa, HO U K
OacceliHy BHyTpeHHero cToka (03. Ypar-Hyp).
Pacnpenenenue nenHukoB Ilanmanbckoro
LIeHTpa 1Mo 3Kcno3ulusaMm B MmakcumyM MUJIIT cyie-
CTBEHHO HE OTJIMYAJIOCh OT COBpeMEHHOTO (puc. 3).
EnmHCcTBeHHOE OTIIMUME — HECKOJBLKO OOJIbIIee
pa3BUTHE JICAHUKOB Ha BOCTOYHBIX CKJIOHaX. I1o-
CKOJIbKY CYILIECTBOBAaHME JIEIHUKOB Ha BOCTOYHBIX
CKJIOHAX MPEeUMYIIIECTBEHHO CBSI3aHO C MEPEHOCOM
CHera C HaBeTPEHHBIX CKJIOHOB 3aIlaJHbIX 9KCIIO-

3ULIMIA, MOXHO MPEINOJ0XUTh, YTO B MAKCUMYM
MUJIIT umeno MecTo HEKOTOPOE YBEIUYEHUE KOJIU-
yecTBa TBEPIBIX OCAAKOB, 32 CUET KOTOPOTO 3TOT
MPOoIECC aKTUBU3UPOBAJICA. B KonmmaecTBeHHOM OT-
HOLLIEHWU cpeau JeaHuKoB MakcumyMa MIJIII, kak
M B HACTOSIIee BpeMsl, Mpeodaaaain KapoBbie U BU-
csuyre gegHuku (tadi. 4). B To xxe Bpems Mo cyM-
MapHOI TIJIOIIaAu OTHOCUTEIBbHO KPYITHbIE JOJMH-
HbIe U KapOBO-IOJMHHBIE JIETHUKU B COBOKYITHOCTHU
JaXke HeCKOJIbKO mpeBocxonuian Kaposwie. Ilocie
makcumyma MIJIIT npoucxoaun Mx UHTEHCUBHBIN
pacrman, KOTOPbIi IIPUBEN K ITOJTHOMY MCYE3HOBE-
HUIO TOJIMHHBIX JIEAHUKOB U YCUJIEHUIO JTOMUHUPO-
BaHUs MaJIbIX (DOPM OJIeACHEHUSI.
CpenHeB3BellleHHAasl BbICOTA I'paHUIIbl TTUTa-
Hus B MakcumyMm MIJIII, o HalIMM BBIYUCICHUSIM,
paBHa 2993 M. TakuMm o6pa3oMm, nernpeccust prupHO-
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Puc. 3. CpaBHeHuME paclipeieieHus TUIOIALEH JTeIHUKOB (KM2) 110 3KCITO3ULIUSAM B MAKCUMYM MAJIOro JIEIHMKOBOTO

nepuoga (/) u B HacTosiee Bpems (2)

Fig. 3. Comparison of the aspect distribution of glacier areas (km?) in the Little Ice Age maximum (/) and at present (2)

BOI1 rpaHuUIIbl cocTaBuia 117 M. OgHaKo mpu 3ToM,
KakK ¥ B HacToslIlee BpeMs, MMesla MeCTO OOblast
MPOCTPAHCTBEHHAsI HEOMHOPOIHOCTD B TTOJI0XEHUU
(brpHOBOII rPaHUIIBL: C CEBEepO-3ariaga Ha I0ro-Boc-
TOK hMpHOBag rpaHuila MogHMMaach Ha 460 M, 4TO
B clydyae MpUOIU3UTEIbHO OJAMHAKOBOI BBICOTHI
oporpaduueckoit 6a3bl 0JeeHEHUSI COOTBETCTBY-
€T Pe3KOMY YXYIILICHUIO YCIOBUM MUTAHUS JISTHU -
KOB B 9TOM HarmpasieHuu. OueBUIHO, ITpeodsiagann
BJaroHecyuue MoTOKM 3anaaHbIX pyMOOB, 32 CUET
yero xp. Llaran-Iln6aTy oka3biBancsa B oporpadu-
YeCKOW TeHU U UMeJT MECTO Ne(ULIUT OCaaKOB, OT-
MeuyaeMbIii 1 B HACTOSIIIIEE BPEeMSI.

Ilosmannoe coxpawenue 1e0HUK08 nocie Max-
cumyma MJIII. CornacHo Karanory negHukos [1],
o coctosiHuIo Ha 1955—1965 rr. B npeaenax Ilamn-
1IaJIbCKOTO IIEHTpa oJieAeHeHus Obuto 128 neaHu-
KOB CyMMapHoii rutomansio 30,3 kM2, T.e. ¢ MakK-
cumyma MIJIII miomans oieneHeHUsT COKpaTUaach
npuban3uTeabHo Ha 64%. CokpallleHue JIeJTHUKOB
110 peYHbIM OacceifHaM 1 yyacTKaM rOpHBIX XpeOTOB
MPOMCXOAUIIO HEpaBHOMEPHO (cM. puc. 2, Tabi. 5).
HaumeHblee cokpallieHue JIeTHUKOB UMEI0 MECTO
B I0KHOM, HanbOosee Beicokoi yactu Ilanmranbcko-

Tabnuya 4. Mopgonoriyeckyie TUIIBI JIEFHIKOB B MakcuMyM MIITT

Mopdonoruueckue TUIBL Yucno/Inomanp,
JICTHUKOB % OT CyMMapHOTO
JlonvHHbBIE 3,1/16,7
KapoBo-m01uHHbIE 9,8/26,6
KapoBbie 42,7/40,2
Kaposo-Bucsiuue 9,8/3,1
Bucsune 23,1/5,6
CKJI0OHOBbBIE 5,9/7,0
TT1oCcKOBEpIIMHHBIC 0,5/0,5
IIpuckiIoHOBBIE 0,2/0,2

ro xpe0Ta, a TakxKe B ITpUJIeralolleii K Heil HanboJiee
BBICOKOI 3amanHoi yactu xp. aran-In6aty (Bep-
xoBbs pek YoH-Xem, Uunre-Xewm, Llyit). Hampo-
TUB, B YCJIOBUSIX JUCIIEPCHOTO OJIEACHEHUS U MaJIoi
MOJOXUTEIbHON Pa3HOCTH OJIENCHEHUS JICTHUKHI
HanMeHee YCTOMYMBEI K U3MEHEHUSIM KuMaTa 1
HCITBITBIBAIOT OCOOEHHO pe3KMe COKpalleHUs TI0-
LIAIK IPYU OABEME TPAHULIBI TUTAHUSI.

I1pu cormocrapieHNN HAIIAX TaHHBIX C JTAaHHBIMUA
Karajora jieTHUKOB ClieyeT y4eCTb METOOUUYECKIE
paznuuust: B Karajiore ydreHbl JIEIHUKHU TUIOLLAIBIO
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Tabnuya 5. A6comotHoe (kM2) 1 oTHOCUTeNbHOE (%) N3MEHeHMe CyMMapHOit wiomany nefuukos (AF), ancna negaukos (AN)
Y MHTEHCUBHOCTH onefieHeHuA (AR) B mepuop ¢ makcumyma MJIIT mo 2015 1. mo peynbiM 6acceifHaM M y4acTKaM TOPHBIX

XpeOTOB pa3HOIT IKCIO3UIIUI

AF, xv? (%) | AN | ARk |AR xvYku
rOp}éblﬁ Bacceiit, peka BJkeno- MEePUOJl BpEMEHU
e e 9 5];4111];62 . 195 5;010916?“ 120012015 rr. MJII - 2015 .
I]fd;“m“""‘ (Kaae;yﬁ;{fym)) B | 69(77%) | 02(09%) | 0.44(24%) | 16(44%) | 7.54(85%) | 0.05 (50%)
Viayr-Opyr C | 28(77%) | 02(2%) | 0,14(20%) | 7(&7%) | 3,09(85%) | 0,13 (62%)
) [T B | 103(75%) | 15 (27%) | 0,51 (13%) | 7(25%) |10,32(75%)| 0,15 (63%)
CKaJIMCTHIN
XeMuuk 3 3(75%) |0,33(89%) ok
Iarmait 3 5(50%) | 1,90 (88%) | 0,12 (75%)
[armait IOB 2(66%) | 0,56 (64%) o
Maursrit XeMunk B 6,9 (82%) 0.2 (13%) 0,54 (41%) 7(70%) | 2,33(96%) | 0,08 (89%)
ﬁ;ﬂmaﬂ"c' XeMunK B 16 (100%)|1,92 (100%)|0,06 (100%)
ApBI-XeM B 9.(75%) | 0,58 (94%) | 0,02 (66%)
YoH-Xem. CB 9,53 (58%) 2,6 (38%) 1,02 (24%) |47 (78%) (13,16 (81%)| 0,16 (57%)
Mo3yp-Taii- Yunre-Xem C3 1,08 (44%) 0,4 (26%) 0,25 (24%) | 1(17%) | 1,69 (68%) | 0,14(64%)
ra (otpor JleBoOepexxHbIE TPUTOKH
lanmase- p. Llyii B 15(63%) | 5,55 (86%) | 0,18 (75%)
KOTO XP.) (Angpl-Merty-Xem
ggn)fg?ﬂbc— %?ﬁ)ﬁ?if;;;eﬁp;g;ljﬂ C 12,3 (55%) 5,7 (49%) 2,18 (37%) | 37 (80%) | 6,85 (80%) | 0,04 (36%)
P. Caitnbi-Xem CB 12(71%) | 3,87(86%) | 0,14(78%)
Llarau-11u- P. Maranarst C 9(53%) | 3,90(88%) | 0,11 (79%)
Oaty P. Bapisix CB 3(75%) | 0,70 (95%)
P. Tanaiinbik (03] L7 (71%) 0.2(35%) 0,26 (67%) 10(91%) | 1,6 (95%) "
Kapro! 3 0 (0%)*** | 8(100%) |1,55 (100%)|0,05 (100%)
(T—— 10 0 (0%)*** | 4(100%) 0,32 (100%)|0,04 (100%)
ammanbe- P. Toty-Orok C3 N 0,07 (44%) | 9(75%) | 1,66 (95%) | 0,08 (89%)
KUt Oun-Opy C 0 (0%)*** | 1(100%) (0,01 (100%) ok
O3yH-Orok 103 0 (0%)*** |5(100%) | 0,8 (100%) |0,04 (100%)
Cati-ToHsm 103 0 (0%)*** | 2(100%) |0,08 (100%)|0,02 (100%)

*OTCYTCTBUE TAHHBIX O JienHUKax Ha 1955—1965 rr. B Karasnore nenHukoB. **M3MeHeHe MHTEHCUBHOCTH OJIEIICHEHMSI HEBO3BMOXHO
BBIUMCIUTD, TaK KaK COBPEMEHHEBIE €T0 3HAYEHUsT He TIOIAI0TCS OTIPENEICHUIO 13-3a MAJIOTO YKCIIA JISTHUKOB B JAHHOM PEYHOM 0ac-
ceitHe. ***Onenenenue 6acceitHoB pek Kaprel, Yynsivan, OuH-Opy, O3yH-O1ok, Caii-I'onbir k 2001 1. yke OTCyTCTBOBAIIO.

He MeHee 0,1 KM, TOrma Kak Mbl YYUTBIBAJIU JISTHUKI
¢ ruomaau 0,01 kM2, B T0 Xe BpeMs B CyMMapHYIO
IJI0IaAb oJjieieHeHusT Ha 1955—1965 rT. 1 B cymMap-
HbIE TUIOLIAAY OJIEACHEHUS TI0 PEYHBIM OacceiiHaMm
B Karanor BKiroyeHsI emig 25 JIeTHUKOB TUIOIIAIbIO
meHee 0,1 KmM2, He 0603HAYEHHBIX HA CXEMAX OJIelIe-
HEHUS U He YKa3aHHBIX MHAVMBUIYAJIbHO B TaOIMIIAX
Katanora. Bc€ aTo obecrieunBaeT rnpueMiaeMyro ToU-
HOCTh CpaBHEHUS IIIomaneii oneneHeHust. CpemHsst
B3BeILIEHHasI T10 IJIOIIaaN BEICOTa (DMPHOBOI TpaHM-
16l o naHHbIM KaTanora coctasisina 3053 M. Takum
obpazom, ¢ makcumyma MIJIIT nonbéM pupHOBOI

rpaHuLbl cocTaBua 60 M, T.e. IPUMEPHO TOJIOBU-
Hy o61ero moabéMa ¢ Makcumyma MJIIT o 2016 .,
YTO ITOKa3bIBAET CPABHUTEJIHLHO MEIJIEHHOE YXY/I-
IIEHUE YCIOBUM MUTaHUs JISAHUKOB Ha 3TOM JTarle.
OpnHako cieayeT yuuThiBaTh, yTo B KaTtanore moso-
>KeHMe (DMPHOBOI I'PaHMIIbI OIIPEASIECHO M0 a3po-
¢oTocHMMKam, Torna Kak misd Mmakcumyma MJITT mut
paccuuThIBaiIu ero MeronoM Kyposckoro.

B 2001 1., cornacHo HammM maHHBIM, B [larm-
LIAILCKOM LIEHTpE oJieAcHeHUs ObL10 140 1enHUKOB
cyMMmapHoil ruomansio 19,48 km2. 3a 36—46 ner
IUIoIIanb JeIHUKOB cokpaTuiach Ha 36%. Ilpu
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3TOM XapaKTep COKpalleHUs JeIHUKOB IT0 Oac-
ceifHaM OBLJI BO MHOTOM OOpaTHBIM IIPEIbIAYIIEMY
3TaIly: MaKCUMaIbHOE OTHOCUTEILHOE COKPAIICHIE
IUIOIIAIN JIETHMKOB MMEJIO MECTO B OacceifHaX peK
Yon-Xem, Yunare-Xewm, Lllyit. DTo cBsI3aHO ¢ ncUe3-
HOBEHNEM 371eCh OOJIBIIOrO YKCIa KapOBbIX JICTHU-
KOB, JHMIIA KOTOPBIX PacIiojlaTajJiich Ha BEICOTaX
B cpeaHeM okoio 3100 m. ITo manueiM KaTasora, B
1955—1965 rr. cpenHeB3BelIeHHAST BHICOTa (DUPHO-
BOI TpaHUIIBI 37ech cocTanisuia 3105 m, a xk 2001 T.
OHa MOIHSIach 10 3135 M.

YxynureHrue KIMMaTU4eCKUX YCIOBUI CyIle-
CTBOBAHMSI JICTHMUKOB UM CBSI3aHHBIN C 9TUM IIOIBEM
(brpHOBOII rpaHUILIBI IIPOUCXOAN 1 B IIPEAIIECTBY-
IOIIIA TIEPHOI, IIO3TOMY O0IIee OcIabIeHME OJIee-
HeHus B OacceiiHe p. YoH-XeM ObLI IIUTEIbHBIM,
a uHTepBan 1955—2001 rr. muinb 3HaMeHyeT co0oit
€ro ouepemaHou 3Tarl. BeposiTHO, yXon cpeaHeil BbI-
COTHI TPAaHUIIBI IIMTAaHMS JICTHUKOB B IIpenesiax oac-
ceifHa Ha HECKOJIBKO JECSITKOB METPOB BHIIIE THUIIL
KapoB IIPY MaJIBIX pa3Mepax JIGTHUKOB 1 OYEHb He-
0OJIBIIIOM BHICOTHOM AMAaIla30HE UX CYIIECTBOBA-
HUSI CIIPOBOLIMPOBAJI NX OpOHMPOBaHNE MOPEHHBIM
M OCBIITHBIM MaTepHajIOM U IEPEXOI B COCTOSTHHE
«MEPTBOTO» JIblIa, a TAaK:K€ B MHOTOJICTHHE CHEXK-
HUKHU (9aCTO 3TU IPOIECChl COBMEIIAOTCS: UAET
OMEpPTBEHUE 1 OTIEJICHNE OT ObIBIIEH 30HBI ITUTA-
HUS, TIpY 3TOM TOCJIEOHSISI paclagaeTcsl Ha CepUuio
CHexXXHMKOB). CpenHsIsl B3BEIIEHHAsI 10 TLIOIIAIMN
BBIcOTa (PUPHOBOM TpaHUIIBI cocTaBisia 3081 M,
a o0mmit moagbeM (UPHOBOM TpaHUNEI ¢ 1955—
1965 rr. — 28 m. B mepuon 2001—-2015 rr. cokpa-
IIEHNUE OITSITH OBLJI0 HAMOOIBIINM IJISI CHUKEHHBIX
YYaCTKOB FOPHBIX XpEOTOB C IIpeodIamaHueM MaJIbIX
JIETHUKOB. B 11e710M, 71011806 OJIEIEHEHMS 32 9TOT
Mmepuoa yMeHblIuiaach Ha 28% mnipu 29-MeTpoBOM
noabeéMe (PUPHOBOM rpaHulibl. UMEHHO I0XXHbBIE U
3aIlagHbIe CKJIOHBI UCTIBITAIN HAanOOJIbIIee OTHOCH-
TeJIbHOE COKpallleHre JeTHUKOB, T1e B OacceiiHax
pex Caii-T'onwmm, O3yH-O1ok, YynsimMaH, Kaprer
JIETHUKY MCYE3]IN TTIOJTHOCTHIO (CM. TaoII. 5).

3a Bech mepuosn ¢ Makcumyma MJIIT mo 2015 T.
oJIeIcHEHNE COKPATUJIOCh B cpeaHeM Ha 85%. AG-
COJIIOTHOE COKpallleHNEe IUIOIIAAH JICTHUKOB OBLIO
HauOOJbIINM B BepXoBbsiX peK HoH-XeM u UuHIo-
3bIH (CM. Tabm. 5, puc. 2, 8). OmHAKO TTPOCTOE CpaB-
HEHME IUIOIIANEeH JISMTHUKOB 10 palfioHaM OJiefcHe-
HUSI HEOOCTAaTOYHO MOKA3aTeNIbHO, IIOCKOJIbKY CaMU
paiioHbI HEOMHOPOMHEI, UMEIOT Pa3HYIO IIPOTSIKEH-
HOCTh HEeCYIIIMX OJIeICHEHIE TOPHBIX IPeOHe 1 pa3-

HOe yKciio JeaHuKoB. bonee yéTko xapakrepusyer
Mpou3oLIeIIe U3MEHEHUS UCTTOJIb30BAHUE MHTEH-
CUBHOCTHU oJiefieHeHus. HauboJiblliee yMeHbIlIEHUE
ATOro MoKa3zaTessi MPOU30IIJI0 B CMEXHBIX paiio-
Hax 6acceitHoB p. HoH-XeM U J1eBoOEepeXKHbIX TPU-
TokoB p. Ilyit (cM. puc. 2, ). 3ameTuM, 4YTO Mexa-
HU3MbI COKpAIlIeHUs JISAHUKOB B 3TUX JIBYX palioHaX
HECKOJIbKO OTJIMYaloTcs: eciu B bacceitHe p. YoH-
Xem En pacnan J0JUHHBIX JIETHUKOB 1 OCHOBHOE
COKpallleHWe MPUXOAUJIOCh Ha YYaCTKU JeTHUKO-
BBIX I3bIKOB, TO B 0acceiiHe JieBbIX MPUTOKOB p. LIlyit
ncye3no MHoro (37) MaibIX JIEITHUKOB, T.€. OCHOB-
Has aerpaganys ojeleHeHUs] TPOUCXOIUIa B MPU-
rpeOHEeBOM YacTu XpeOTOB. DTO OTpaxkaeT M3Havyajlb-
HO MEHbllIee pa3BUTHE 3[eCh OJiefieHEHUsT Ha (hoHe
0oJiee apuaHbIX ycaoBUi. OTHOCUTEIbHOE COKpallle-
HME JIGTHUKOB ObUIO MaKCUMAaIbHbBIM ISl Y4aCTKOB
C HAaMMEHBIIUMHU TIIOIIAASIMU JIEAHUKOB. Tak, Bce
paiioHbI, oJieeHEHNE KOTOPBIX TTOJIHOCTBIO UCUYE3TIO0,
B MakcuMyM MJITT uMenu MHTEeHCUBHOCTD OJieieHe-
Hust 0,06 km2/km u menee. B 2010—2015 rr. cokpa-
LIEHUE JIEAHUKOB YCKOPUJIOCh, YTO XapaKTEePHO JIJIsI
JIETHUKOB CMEXXHBIX paitoHOB AnTas [8] (puc. 4).

YyacTku cokpallieHusl JeTHUKOB MOC/Ie MaKCH-
myMa MIJITT xapakTepu3yroTcsl CpaBHUTEIbHO MaJIoi
3a03¢peHHOoCThI0. OOHapyXeHo Bcero 33 o3epa cyM-
MapHo#i riomansio 0,22 KM%, Bce OHM OTHOCATCS
K Oacceiiny p. Xemuuk. IIpu aToM 1ioanb Kpyr-
Heiimero u3 03ép coctasisier Beero 0,04 km2. Takum
00pa3oM, 3a03€pEHHOCTb MOPEHHBIX KOMILIEK-
coB MJIII (oTHOIlIEHME TUIOIIAAN O3EP K IUIOIIAAN
MopeH) — auib 0,3%. OTcyTCTBUE KPYITHBIX JIETHU-
KOB IIPUBOIUT K TOMY, YTO CPEIM BBIIEJIEHHBIX 03Ep
OTCYTCTBYIOT JIEAHUKOBO-TIOATIPYAHbIE 03€pa, HET
ceiiyac 1 NMpUIeTHUKOBBIX 03€p. BeposiTHOCTB KaTa-
CcTpOo(PUIECKUX MPOPBIBHBIX MPOLIECCOB HA TEPPUTO-
pum lamnmaibcKoro xpedTa U3-3a MaJIbIX pa3MEPOB
JIETHUKOB U BBISIBJIECHHBIX OCOOEHHOCTE! 03Ep clie-
JIyeT IIPU3HATh HU3KOM.

Paznuuusg B ycaoBUSX NMUTAHUS JIETHUKOB
MEXIy pa3HbIMU paiioHamu Illamiiaabckoro meH-
Tpa osneneHeHus rnocje Mmakcumyma MJIIT He Tosb-
KO COXpaHUJKCh, HO U cTaiu 0ojee KOHTPACTHO
BBIPAXKEHHBIMU: €CJIM Ha KpailHeM ceBepo-3araje
TeppuTopuu B OacceiiHe p. Yynb-Ya rpaHuna nu-
TaHMS MOIHSIACh TOJIBKO Ha 63 M, TO Ha BOCTOKE,
B OacceitHe p. bapibik, e€ mombeém mocturan 360 m.
Takoit cuNbHBIN MOABEM TPAaHULBI TUTAHUS IJIS
OacceiiHa p. bapabik nociae makcumyma MJIIT cBs-
3aH C TIOYTH TOJTHOM Aerpagaluueit 31ech JeIHUKOB,
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Puc. 4. COKpaH_[eHI/IC CYMMAapHO MJIOLIANN JIETHUKOB anmansckoro HeHTpa ¢ MakKCMMyMa MaJioro JIEAHMKOBOI'O

nepuoga o 2015 r.

Fig. 4. Reduction of the total glacier area of the Shapshal Center from the Little Ice Age maximum to 2015

MPUYEM MCUE3IM HU3KO PACIIOOXEHHbIe KapOBbie
JIEMTHUKM, a COXPAaHUJICS JIGTHUK IIJIOCKOM BEpIIU-
Hbl. OH HaxoaUTCs Ha OOJIbIIEi BBICOTE (B HACTO-
s1Iee BpeMsl B BEICOTHOM Iuara3oHe 3577—3468 M
HaJ yp. MOPsI) Ha I0KHOM I10JIOTOM CKJIOHE TOpbI
Meunxynuk (3577,4 m), npeBbimatonieit Ha 200—
300 M BBICOTY BOAOpa3aeabHBLIX TPeOHEN B bacceli-
He p. bapabik. B Makcumym MJIIT HokHSI S rpaHuLia
JIETHUKA OITycKajach A0 BLICOTHI 3310 M. Micue3HyB-
mue nocjie Mmakcumyma MIJITI nenHuku B Gacceii-
He p. bapabik ObITM MPUYpPOYEHBI K Oojiee HU3KUM
HecymuM TpedHsaM ¢ Beicotamu 3300—3380 m; ripu
3TOM pacCUYE€THasl BbICOTA IPaHULIbI MATAHUS ObLIa B
cpenHeM Bcero Ha 30—100 M HMXKe BBICOTHI BOJO-
pas3nena. Takum oOpa3oM, TOCTATOYHO OBILIO CO-
BCEM HEOOJIBIIIOTO MOBBIIIEHUS] TPAHMUIIBI TUTAHUS,
YTOOBI JIETHUKU NerpagupoBanu. 3a CUET CBOETO
cymectTBoBaHUS B MakcumyM MJIIT naHHbIe nen-
HUKM CYIIECTBEHHO CHUXKaJU CPeIHEB3BEIICHHYIO
10 TIJIOIIAAM BBICOTY (DMPHOBOI rpaHUIIbI 1151 Oac-
ceifHa B 1IeJIOM, X UCUe3HOBEHUE PE3KO YBEIUUMIIO
«BEC» BBICOKO PACIIOJIOKEHHOTO IIOCKOBEPIIH-
Horo JienHuka. TakuMm o06pa3oM, BeITMUMHA CKauKO-
00pa3Horo noabeéMa cpeiHeB3BeIeHHO (DMPHOBOM
rpaHMIIbI IUTaHUS B OacceliHe p. bapibik He BIo-
He oTpaxaeT peajbHble U3BMEHEHMUS I'PaHUIIbI TTUTA-
HUs. Y COXpaHUBIIETOCs MIOCKOBEPIIMHHOTO JIea-
HUKa TTOIBEM (PUPHOBON IpaHUIIBI ¢ MAKCUMyMa
MUJIIT o HacTosIee BpeMs cocTaBul Bcero 90 M.

Huuamuky oneaeHeHus Llamnmmansckoro ueHTpa
MbI O0Jiee AeTaIbHO HMCCIIeI0Bal Ha IpuMepe Jea-
Huka Mymtyk (Ne 78) — B HacTostiee BpeMsl KpyII-
Heitmero (0,90 km?). Bplin peKOHCTPYUPOBAHEI €ETO
KOHTYPBI IT0 COCTOSIHMIO Ha MakcumyM MJITT, 1955,
1989, 2001, 2010, 2016 u 2019 rr. (puc. 5). AHanu3
MOJYYEHHBIX PEKOHCTPYKIIUIA ITO3BOJISIET caeaTh
BBIBOJ O CPAaBHUTEJIbHO HU3KUX CKOPOCTSIX Jerpa-
Januu Jegauka Mymtyk. Hamnbosee BhIcOKME CKO-
pOCTH OTCTyNaHMs SI3bIKa JIeMHWKa (Tabj. 6) uMenn
MECTO B IOCJIeHee aecsaTuaeTue XX B., IOCIe Yero
SI3bIK OTCTYIIMJI Ha 0oJiee KpYTOiMl U 3aTEHEHHBIN
Y4acTOK, YTO BbI3BaJIO 3aMEIJICHUE €ro coKpalle-
Hus. B To xe Bpems nocie 2010 r. cokpariiaercs He
TOJIBKO SI3BIK JIETHUKA, HO U YYaCTKM B €ro Cpell-
Helt 4acTU U JaXxe B 00JIaCTU aKKyMYJISILIMU, YTO M0~
CJIY>KWJIO IPUYMHON YCKOPEHUS MOTEePU JeTHUKOM
IUIOIIANM B IMOCJIEIHNE TOAbl, HECMOTPS Ha 3aMejl-
JIEHUE OTCTyIlaHUs ero sI3bIKa.

PesynbraThl pacuéTta nHaeKca 6ajlaHca Macchl,
BBIITOJTHEHHbIE HA OCHOBE MHOTOJIETHUX JaHHBIX
I'MC Toasnu (puc. 6), MO3BOJLIOT BbIIECIUTh OTYET-
JINBBIN HETraTUBHBIN TPEeH, ONPeACISIONINiI 0011Iee
oTcTynmaHue jJegHuka. Ha ¢oHe manHOro TpeH-
Jla TIPOSIBJISIIOTCSI TPU MHTEpBaja OTHOCUTEIbHOIO
yJIy4IIeHUsT YCIOBUI MUTAHUA JienHUKa B 1965—
1972, 1983—1992 n 2004—2011 rr., T.e. B CpeaHEM
yepe3 Kaxabie 20 neT. HemoctaTrouHoe yucio Bpe-
MEHHBIX CPE30B, UCIOJIb30BAHHBIX HAMU JIJIsI BbISIB-
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Puc. 5. Cxema riasiuMoreHHOro KoMruiekca JeaHuka MyIITyK U ero CoKpallleHUe Mocjie MaKCMMyMa MaJjioro JISAHU-
KOBOTO Meproaa;

1 — pexu; 2 — o03épa; 3 — UBOTHUIICH, MPOoBeAEHHbBIE Yepe3 50 M; 4 — U30TUIICHI, TpoBeneHHbIe yepe3 200 M; 5 — cKajibl; 6 — OChI-
MH; 7 — MOPEHBI ITO3THETOJIOIIEHOBOM «MCTOPUIECKOI» CTAIUN; YIaCTKN COKpPAIeHUs JeIHKa: § — B IEPUO ¢ MAKCUMyMa Ma-
JIOro JIeAHUKOBOTo nepuoaa no 1955 r.; 9— B nepuon ¢ 1955 nmo 2001 r.; /0 — B nepuon ¢ 2001 mo 2019 r.; /1 — nenHuk Ha 2019 1.;
12 — cHexxHuku; 13 — peniep, MapKUPYIOLIKUI Kpait JieqHUKa

Fig. 5. Schematic diagram of the glaciogenic complex of the Mushtuk Glacier and its reduction after the Little Ice
Age maximum:

1 — rivers; 2 — lakes; 3 — isohypses drawn through 50 m; 4 — isohypses drawn through 200 m; 5 —rocks; 6 — talus; 7 — moraines of
the late Holocene «historical» stage; areas of glacier reduction: & — during the period from the maximum of the Little Ice Age to
1955; 9 — during the period from 1955 to 2001; /0 — in the period from 2001 to 2019; 71 — glacier for 2019; /2 — snow patches; 13 —

benchmark marking the edge of the glacier

JICHUs] IMHAMUKU JIGAHWKA, HE TTIO3BOJISIET OIpeIe-
JINTh Hanu4uue mogooHo# 20-1eTHedt pUTMUYHOCTH
B ero moBeAeHUU. TeM He MeHee, UCXOIs U3 KO-
JiebaHMii cCKOpoCTel cokpauleHus nociue 1989 r.,
MOXKHO TIPEATIONIOXNUTh, YTO HU3KUE CKOPOCTH CO-
KpameHus jgegHuka B 2010—2016 rr. — peakuust Ha
HEKOTOpOe YBeIMUEeHHME MHAeKca OajaHca MacChl
B 2004—2011 rr., a Bpems 3ama3ablBaHUS peaKLuu
(bpoHTa IegHNKA HAa TOMOOHBIC KIMMATUYECKUE KO-
JIe0aHMS COCTABIISIET OKOJIO 5—6 JieT.

ITo nanubiM I'MC Tasnu, ¢ Havana 1990-x 1o
Havayio 2000-x TogoB cpemHss JIETHSAS TeMIiepaTy-
pa BeIpocia B cpeaHeM Ha 1,5 °C, 3aTeM oHa cTa-
ounusupoBanach. [lomodbHoe M3MeHEeHUE JIETHUX
Temmnepatyp xapaktepHo u mist [MC Myryp-AKchl.
Hcxonst U3 HEKOTOPOM MPUOCTAHOBKM ITOTEILIC-
HUS B IOCJICAHME TTOJTOPA ACCIATUICTUSI, MOXHO

MIPEANOJIOXUTh BEPOSITHOCTb CTAOMIN3AIIUN KIIU -
MaTMYECKUX YCIOBUIl B UCCAECIYEMOM palioHE B
omxaiinme rogbl. MBI TIpOBEIN pacyEThl BpeMeHU
OTKJIMKA JIEAHUKA, YTOOBI CIIPOTHO3MPOBATh BO3-
MOXHOE Bpems ero crabunusauuu. [Tpu pacuére
BpPEMEHM OTKJIMKA MaKCUMaJbHas pacyéTHasi TOJI-
IIMHA JIEAHUKA COCTaBUIa 74 M MPU CpeHEM 3Ha-
yeHUU 24 M; cpelHee 3HaueHue UHaeKca OanaHca
Macchl, pacCUMTaHHOE Ha SI3bIKE JIEMHUKA, COCTa-
BuJio —1,327 M B.3. B TOI; caMO BpeMsI OTKJIMKA T10-
JIYYMJIOCh paBHBIM 8,6 seT. Takum o6Gpasom, npu
TUIOTETUYECKON CTAOMIN3aMN KIUMATUIECKUX
YCIIOBUI PEXUM JICIHUKA MOXKET MPUOIM3UTHCS K
CTallMOHAPHOMY 3a BpeMsI, YKJIaJbIBaIOLIeeCs B M-
ara3oH pacCYMTAHHBIX IO Pa3HBIM (popMyJiaM 3Ha-
YEeHU BpeMEeHU OTKJIMKA, IMIPpUYEM 00Jiee BEpOsIT-
HO 3HaueHue, 61M3Koe K AeBsaTtu romam. Mcxonsa us
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Tabnuya 6. OTCTymaHue U COKpalleHye IIOMARN TefHIKA
Mymryk AF nocne makcumyma MIJIIT*

Bpemennoit Cpennee
O61ee )
WHTEpBaJl, otctynanue | AF, km* | AF/ron
OTCTyIaHUe, M
TOMBI B IOI, M

1850—1955 398+11,5 3,8 0,56 | 0,0053
1955—1989 363x11,5 10,7
1989—-2001 160145 13,3 0,79 | 0,016l
20012010 72,8+30 8,1 0,11 0,0141
2010—2016 30,020 5,0 0,17 | 0,0283
2016—2019 31,615 10,5 0,09 0,03

*TOYHOCTD OTIpeieSIeHUs] OTCTYIaHUs Kpasi JIeAHUKA IS UH-
tepBajioB 2016—2019 rr. HaigeHa KaK CyMMa MPOCTPAHCT-
BeHHOTO paspetmeHusi cHUMKOB 2019 1. u Tounoctu GPS-
MpuBSI3KU (£5 M).

TOTO, YTO JISTHUK MYIITYK — OOWUH U3 KPYITHEUIITNX
B IllanagbCKOM LIEHTPE, AJIs1 OCTaIbHOTO MaccuBa
JIETHUKOB 3TO BpeMsl OyeT ellé 6ojiee KOPOTKUM.

Juckyccus

B oneHKax BpeMeHU KyJIbMWHALUU JICTHUKOB
MUJIIT 1 popMuUpoBaHUSI COOTBETCTBYIOIIEH MOpe-
HBI Ha AJTae HeT omHo3HauyHocTh. CoIlacHO JaH-
HBIM OJIHUX aBTOPOB [22], BpeMsl HauOOJIbIIIETO Ha-
CTyHaHU JIETHUKOB cooTBeTcTBOBao XVII B., HO
OOJIBIIIMHCTBO MCCIea0BaTe el CUMTAIOT, YTO CaMOe
3HAYUTEJIbHOE HACTylaHWe JIETHUKOB OTHOCHUT-
cs1 K Havany [23] unu K cepenune XIX B. [8, 24, 25].
Bpems makcumyma MIIIT Ha Antae HeMOCPEACTBEH-
HBIMU HaOJTIOASHUSIMU He 3auKcHupoBaHo. IlepBrie
HaOII0IeHUs TTOJI0XKEHUS Kpasl JIEMHUKA CAeIaHbl
®. I'e6nepom B 1835 r. Ha KatyHckoM nienHuke [26].
B 1835 r. negHuK, BO3MOXHO, ellé HacTynaa. Ha
3TO Ha OCHOBAHUM TeOMOPdOIOTUIYECKHNX TaHHBIX
ykasbiBad [1.A. OxuiieB [27], npu4éM, MO €ero MHe-
HUIO, 3TO HACTYIUIEHNE 3aKOHYMIIOCH Y3Ke B OJIIKaii-
e IT0CJIe 3TOTO TOIbI, T.€. BO BTOPOI ITOJIOBUHE
1830-x romos. B 1880 r. mpu moceiieHUN JeaHUKa
H.M. SnpuHueBbIM JIEAHUK YK€ OTCTYIIIII OT CBOETO
nojioxxeHud B 1835 r. na 350—380 M [26], a k 1895 1.
Kpaii JenHuKa oTCTos1 oT Hero Ha 384 M [27]. Takum
obpa3oMm, Mo KpaitHeit Mmepe, s JegHuka ['ebie-
pa U3BECTHO, 4YTO €T0 MocjeHee HacTyIlaHUe B XOJIe
MUJIIT 3akoHuymunock B uHtepBane 1835—1880 rr.,
NpuYEM BeposiTHee Bcero okojio 1835 .

3a cy€T Manbix pazMepoB JeaHukoB Ilamnianb-
CKOTO LIEHTpa UX pasInyus MeXIy cCO0OH Mo IIHE
M TIOIIANM HEBEJIMKH, ITO3TOMY MOXHO IPEIIT0I0-

KUTh U TIPUOIU3UTEILHO OJMHAKOBOE BPEMSI peak-
1IMY Ha u3MeHeHus KiumaTta. [1o aToit ke nmpuunHe
caMoO BpeMsl peaKlMU ITOKHO OBITh CPaBHUTEIBHO
HEeOOIbIIMM U HET OCHOBAaHMUSI MpearnojaraTb, 4To
MX OTCTyIIaHUE HayajioCh MO3XKe, YeM y KPYITHOTO 1
nHepuuroHHoro Karynckoro nennuka. Koneuno, ne-
JIaTh BBIBOJIBI HA OCHOBE JaHHBIX IO OJHOMY JIETHM-
Ky TpyaHo. IT.A. Oxuies [27, ¢. 312] Ha ocHOBE UC-
cJIeoBaHUsI MHOXeCTBa JeTHUKOB Pycckoro Asrast
MPUIIEN K BBIBOAY, UTO «ITOCACIHUM CTaavalbHbII
IJISILUAIBHBIA UK Y KaXI0ro U3 pacCCMOTPEHHBIX
JIETHUKOB U BOOOIIIE Y KaXKI0r0 KOHKPETHOTO JISTHU-
Ka pa3BUBAJICSI C HEKOTOPBIMU OTJIMUMSIMU OT APYTHUX,
T.€. TIOJTHOTO TTOA00MS B AETAJISIX IIPOLiecca He ObLIO».
E1€ onuH BaxKHBII €ro BHIBOJ «...BCEOOIITHOCTD CTa-
auum XVII—-XIX BB. 1 nByKpaTHas, B 00llIeM paBHO-
MacilTabHasi BHyTpYCTaavaibHasl MOABIKKA JISTHM -
koB». [lon mocneqHUM moipa3yMeBalOTCsl B CpEeIHEM
MPUMEPHO OMHAKOBBIEC pa3Mephl JIGTHUKOB B IIEPUO-
1b1 monBukek Havyana XVII u cepenunnl XIX B.
Haubonee obocHOBaHAa MOIBITKA YBSI3aTh MaK-
cumyM MIJIIT Ha tepputopun Llanmansckoro ueH-
Tpa C JaHHBIMU 10 CMEXHOMY C paiiloHOM HallleTO
nccienoBaHus MmaccuBy MonryH-Tatira. Ha Teppu-
Topuu MaccuBa MoHryH-Talira OblIM TIPOBEIEHBI
PEKOHCTPYKIIMHU TeMIIepaTypbl M OCaAKOB Ha OCHO-
BE JEHIPOXPOHOJOIMYECKUX JTaHHbBIX. PeKoHCTpyH-
pOBaHHBIC JaHHbIE MTO3BOJIMIN IMPOBECTU PACUYETHI
MHIeKca OajlaHCa MacChl Ha BBICOTE PEKOHCTPYH-
POBAHHOM IrpaHUIIbl MUTAHMS JJISI TOJUMHHBIX JIeI-
HUKOB MaccuBa. Ilepexon nHaekca 6ajaHca MacChl
B 00J1aCTh OTpULIATEJbHBIX 3HAYEHUI MPOU3OILENT
okoJ10 1845 r.; ¢ y4éToM MHEPILIMOHHOCTHU JISAHUKOB
KyJAbMUHALIMS JeIHUKOB MaccuBa MoHryH-Taiira
ObL1a OTHeceHa K gecartunetuio 1845—1855 rr. [8].
Hna nennukos Illanmmanbckoro meHTpa oye-
NeHeHus nepuoa cepenutbl XIX B. MbI IpuMeM 3a
Bpems KynbMuHauu MJITI, a ycaoBHBIN TOI Ha-
yaja OTCTyIaHUs JIEAHUKOB JJISI pacuyéTa CKO-
pocteii ux cokpameHnus oymet 1850 r. CoriaacHo
€IMHCTBCHHOM M3BECTHOM K HACTOSIIEMY BpeMe-
HU PEKOHCTPYKUUU JeIHUKOB Makcumyma MIJITIT
[IammanbcKoro LeHTpa oJaeaeHeHUus [5], ux mio-
manb cocrasisia 20,77 km?, Kak yxke 0TMeuanocs,
pa6ota E.JI. JIoHUeHKO He OXBaThIBACT MOJHOCTHIO
BECb PAalOH HAIIETO UCCIEN0BAaHUS, KPOME TOrO, OH
HE MPOBOJAMJI PEKOHCTPYKIIUIO MCUE3HYBIIUX JIEI -
HUKOB. TeM He MeHee, BO3MOXHO COIOCTaBJIEHUE
pe3yabTaTOB ISl TEX palilOHOB, KOTOPhIE 3aTPOHYThI
€ro peKOHCTpyKIIMeit. B kauecTBe mpuMepa BO3bMEM

-514-



A.A. [aHIOWKUH U Op.

1500

1000

&)

o

o
|

o
]

-500—

MHpekc GanaHca macchl, MM B.3.

-1000—

T T
1960 1970 1980

T T T 1
1990 2000 2010 2020

oAbl

Puc. 6. MiIsmeHeHus nHaekca 6ajtaHca MacChl Ha ypOBHE TPaHUIIbI TUTAaHMS JieAHUKa MyIITyK
Fig. 6. Changes in the mass balance index at the Equilibrium line altitude of the Mushtuk Glacier

BepxoBbs OacceiiHa p. YoH-XeM (B HUKHEl yacTu
OacceitHa pekoHcTpykuuu E.JI. JloHUeHKO He Mpo-
BOAMIINCE). 711 9TOI TEpPUTOPUN B PEKOHCTPYK-
uun E.JI. Jonuyenko gna makcumyma MIJIIT 66110
BBIIEJICHO TISTh JIEATHUKOB CYMMapHOM II0IIAIbIo
5,48 xM2. Hamu [U1d 3TO Xe TEpPUTOPUU PEKOH-
CTPYMPOBaAHO 18 JTeTHUKOB CyMMapHOM TUIOIIaAbIO
10,48 xM2. B uesnom, naxe as TeX JeIHUKOB, IO
KOTOPBIM €CTh PEKOHCTPYKUMHU JIOHUEHKO, HaIlll
OLIEHKMU TIJIOIIaAM HECKOJIBKO Bhllle. BeposTHo, 3TO
CBSI3aHO C pa3HbIM MCXOIHBIM MaTepUaIoM: IIPU pa-
0o0Te ¢ a3podOTOCHMMKAMU HEU30EKHBI UCKAXKEHUS
IUIOLIAMEl, KpOMe TOTO, HET BO3MOXHOCTU UCIIOJIb-
30BaTh MYJIbTUCIIEKTPAIbHOE U300paKeHNE.
BoccranoBinennbsle E.JI. JloHYeHKO BeJIMYM-
HBbl AeNpPEeCcCCUU TPaHUIIbI MUTAHUS COCTaBISIOT
30—50 M. DTO CylIeCTBEHHO MEHBIIIE TI0 CPAaBHEHUIO
C Halllel pEKOHCTPYKIMUEH, HO TIPSIMOE CPAaBHEHUE
JNAHHBIX BEJIMUMH C HAILIMMM pe3yJbTaTaMU OISITh-
TaKy HEBO3MOXHO M0 TEM XK€ IIpUUMHAM — HEeToJ-
HOMY OXBaTy TEPPUTOPUU U HEYUETY MCUE3HYBIIIMX
nenHukoB. Kpome Toro, E.Jl. JloHYeHKO paccuu-
ThIBaJ IENpeccuio (PUPHOBOI rpaHUIIBI OTHOCH-
TenbHO 1955 1., Korna oneneHenue llammanbckoro
LIEHTpa IPEBBIIIAJI0 COBPEMEHHOE 10 IUIOIIAAN He

MeHee yeM BrBoe. I1o tepputopun Pycckoro Anrtas
M3BECTHBI OLICHKHM Jenpeccur (PMPHOBOI IPaHUIIbI
JUTSL Han0oJiee KPYIMHBIX TOJTUHHBIX JICTHUKOB B MH-
tepBasie 65—75 M [27]. Ctonb 60JBIINE OTIIMYUS OT
Hameit oumeHku pist Llanmanbckoro meHTpa oje-
JeHEeHUST OOBSICHSIIOTCS OOJbIIeH YCTOMYNBOCTHIO
KPYITHBIX TOJIVMHHBIX JIATHUKOB K U3MEHEHUSIM KJIU -
MaTa 0 CpaBHEHUIO ¢ MajbIMU JegHuKamu. Cle-
JyeT TaKXKe YYUTHIBATh U pa3HbIe METOIbI pacyéTa:
I1.A. OkuieB ucnoab3oBan ¢opmyny JI.A. Bapaa-
HstH1a. CokpallleHHue IUIoIIaneil JeAHUKOB TTocie
makcumyMma MIJIIT I1.A. OxuiieB oueHUBAJ cie-
JyloluM odpa3oM: 8,6% y NOJMHHBIX JETHUKOB;
20,6% y KapoBO-IOJUHHBIX; 34,4% y MaJIbIX J€IHHU-
KoBBIX (popM. TTocnenHsisa olieHKa BIIOJTHE COTIOCTa-
BUMa C HAIlIMMU JaHHBIMM, TIOCKOJIbKY OJICICHEHUE
[lanmanbcKoro ueHTpa MpeacTaBIeHO MalbIMU
negHuKaMu. OIHAKO YUTEM, YTO JJIsI OLIEHKU CO-
BpPEMEHHOTO cocTosTHUS JenHukoB I1.A. Oxuiien
MPUBOJIMII TUIOLIAAN JISAHUKOB 10 COCTOSHUIO Ha
1980 r. B mocnennue 40 net, TeM He MeHee, IUIOIIa-
I JIETHUKOB CUJILHO COKPATUJINCh.

PaccmoTtpenue pekoHcTpykumii seqHukoB MJITT
IUISI OTIAEJBHBIX Y3JI0B OJlIeAeHEHUsT AJiTast A€t 10-
CTATOYHO MECTpyIo KapTuHy. bnuxkaitmmii k [am-
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IIATbCKOMY LICHTPY OJIEICHEHUsI — MaccuB MOH-
ryH-Taiira. ITo Hallei olieHKe, cleJJaHHOM [IJisl Bcel
TEPPUTOPUH STOTO MacCHBAa, JIGTHUKHM C MAaKCMyMa
MUJIII 110 1995 1. yMeHBIIIICH Ha 49,9% T1pu TTOIB-
éMe pupHOBOIT rpaHniB! Ha 135 M [28]. OneneHenne
xp. UnxaueBa, pacIiojI0XKeHHOIO IpuMepHO B 70 KM
roxHee 1llammranbekoro 1eHTpa, B IEPUOL ¢ MAKCH-
Myma MJIIT o 2011 r. cokpatmnoch Ha 56%. CMmex-
Hble ¢ HUM MaccuBbl MoHryH-Taiira Manast u Tai-
IMyalip MUCITBITAIM 3a TOT K€ MePHO COKpallleHre Ha
74 1 61% cootBercTBeHHO [8]. [L1oMIAAb IEAHUKOB
KpYITHEHIIIero neHTpa oneacHeHus Anras — TaBaH-
bormo-Ona ymenpmmrack ¢ Makcumyma MJITT o
2010 r. Ha 43% [29]. [Inowans negHukoB benyxu B
nepuon ¢ Mmakcnmyma MJITT mo 2003 r. coxkpaTtmmach
Ha 14,1% [30]. J1s1 pacoloXeHHbBIX Ha TepPUTOPUU
Momnrommnu (mpumepHo K 130 KM K 10Ty OT paifoHa
HAIIIeTO NCCIICA0OBAHMS) TOPHBIX MacCUBOB TypreHm-
Hypy u Xapxupa ObLJI0 YCTAaHOBJIEHO COKpallleHUEe
TIomany JegHuKoB ¢ Makcnmyma MJIIT o 1991 r.
Ha 56 u 31% npu moxbéMe (UPHOBOIA rpaHULIBI Ha 81
1 76 M coorBercTBeHHO [31]. Ha Teppuropuu pacmno-
JIOXKEHHOTO el oxHee Xp. [lambarapaB e AHUKU K
2015 r. motepstnu 47 % tutomanu [32].

3aKOHOMEPHOCTH COKpAIeHUST JICAHUKOB apy-
HoIi yacTu Antast nocjie makcumyma MIJIIT pac-
CMOTpeHbI B padoTte [8]. B 1iesom mpocnexuBaeTcst
TeHACHIINS K POCTY OTHOCUTEIBHOIO COKPAIICHMUS
IUTOIIAMY JIETHUKOB ¢ YMEHBIIICHUEM TIepBOHAYAIb-
HOM CpeaHel UX IUIOIIANHN, T.e. HalOOJIbIIEMY COKpa-
IIEHUIO TIOABEPIJIMCH LIEHTPHI OJICICHEHUS C IPeo0-
JIaTaHueM MaJIbIX JieMHMKOB. CoKpallleHHE JICTHUKOB
[lammansCKoro LeHTpa OJeAeHeHUS BIIOJIHE YKJIa-
IBIBACTCS B JAHHYIO 3aKOHOMEPHOCTb. OLeHKHU
nogbéMa (UPHOBOIM TPAaHMIIBI IUISI pa3HBIX IICHTPOB
OJIEACHEHMS apUIHON YacTh AJTasi BApbUPYIOT B -
armaszone 15—130 M. Takmm 00pa3oM, peKOHCTPYHPO-
BaHHas1 HaMu BesiMmuMHa 117 M pacrioiaraercs BOJIM3U
BepXHEe IpaHUIIBI JAHHOTO MHTEpBaa.

J71s1 coBpeMeHHOTr0 3Tala COKpaIleHUs JISTHM -
KOB B 3TOM PETHOHE XapaKTepHO YCKOPEHUE OTCTyIa-
HMS KPYITHBIX JIeAHUKOB 10 20—60 M/Tox B IIocIeaHee
necsatuerye [29, 33]; mpu 3ToM GPOHTHI MaIbIX JIed-
HUKOB OTCTYITAIOT IJIAaBHBIM 00pa30M CO CKOPOCTBIO
meHee 10 m/rox [33]. PekoHcTpynpoBaHHBIE HAMU
CKOpPOCTH COKpaIlleHUs JIeMHNKAa MYIITYK MOXKHO
CUMTaTh XapaKTEePHBIMU [JIST MAJIBIX JICTHUKOB PEeTH-
oHa. [l xapoBoro jenHuka IleperomunHa rroma-
nbio 0,34 km? (MaccuB MyHKy-Capabik, BocTouHbIii
CasiH) cpemHss TOIIMHA JeIHUKA MYyTEM MCITOIb30-

Banms popMyibl GlabTop Oblia olleHeHa TIPUMEPHO
B 20 M; 110 pe3y/bTaTaM IeopagapHbIX UCCIICIOBaHUI
CpeIHSII TOIIMHA TaKKe cocTaBmiia okoiro 20 M [34],
YTO GJIM3KO K pe3yJIbTaTaM HalllnX pacyETOoB IS I -
HuKa MymTyk. PagroiokallmoHHbIC UCCIETOBaHNS
TOJIIWHBI JIeTHUKOB, TTpoBeac¢HHbe C.A. Hukutn-
HBIM Ha LlenTpansHOM Antae [35], mokaszanu, 4To TIpr
cpenHeit TonuHe B nrana3ode 40—90 M MakcuMaib-
Hasl TOJIIIMHA JIETHUKOB cocTaBuia 76—235 m. Haim
OLIEHKM MaKCHMAaJIbHOM TOJIIMHEI JeTHNKa MyIi-
TYK MEHBbIIIe, YeM T OJIN3KUX IO Pa3Mepy JISTHUKOB
HentpanbHoro Antas B 1,1—1,6 pas, 4to, ¢ y4€ToM
Pa3HOCTH OPOKIMMATUYECKIX YCIOBHI CYIIIECTBOBA-
HUS JIGTHUKOB 1 Pa3/IMYMsI B NCIIOJIb30BAHHBIX METO-
JaX, MOXKHO CUMTATh IPUEMIIEMOI BEIMIMHOM.

Hcronb30BaHHBII HAMU TTOAXOM K pacyETy Bpe-
MEHH OTKJIMKA JIEAHUKA CPABHUTEIBHO IIPOCT IS
BBINIOJTHEHUSI BEIYMCIICHUIA, HO CYIIECTBYET 3HAUM-
TeJIbHOE pa3HOOOpa3re METOIOB ONpeaeICHNS TaH-
HOIT XapakTepucTuku. Bpemst oTknuka mo ¢popmy-
ne (3) olleHeHO IJId TISITH JIETHUKOB BHYTpeHHEeTO
Taub-1llans B untepsane 152—247 ner [36]. Takoe
0OJIBIIIOE OTJIMYME OT HAIIIMX Pe3Y/IhTaTOB HE BHI3BI-
BaeT BOIIPOCOB, €CIM YIECThb, UTO JEAHUKH, IO KO-
TOPBLIM IIPOBeICHBI pacuéTel, B 6—30 pa3 KpymnHee
JlegHrKa MyIITYK MO IDIOIIAAN ¥ UMEIOT OOIBIIYIO
tonmmuuHy. B pabote [37] BpeMs OTKJIMKA TOJIMHHOTO
nenHnka AX010 B 'mmanasax mmuHoit 1,57 kM, IUio-
manepio 0,57 KM 1 MaKCUMaJIbHOM TOMIIMHON 86 M
OBLIIO OILIEHEHO Pa3HBIMMU METOHAMHU, B TOM YHCIIE
n o ¢popmyie (3). [omydeHHBIe pe3yabTATH Baph-
WpoBaIM B AuamasoHe oT 29, mo ¢opmyie (3), 1o
212 net. DTO MOKa3BIBAET, YTO HAIEKHOCTD ITOTYICH-
HBIX HAMHU Pe3yJIbTaTOB JOCTATOYHO TPYIHO OOBEK-
TUBHO OLICHUTH 0€3 NOTOJHUTEIBHBIX IIPOBEPOYHBIX
BBIUMCIICHUI APYTUMU MeTOmaMU 1 0e3 HaIEKHOTO
000CHOBaHUSsI BbIOOpa Hanbosee MpeanoOUYTUTEb-
HOTO IUISI JAHHOTO palioHa Metona. IloaTomy Hamm
OLIEHKM BpeMEHU OTKJIMKA JIeAHUKa MyIITyK MOXHO
paclieHMBAaTh KaK IePBYIO ITOIBITKY CIEIaTh 3TO IS
paccMaTpuBaeMoro paiioHa. OTMeTUM, 9TO JaHHBII
BOIIPOC TpeOyeT OTIEILHOIO UCCIISIOBAHNSI.

BriBoapI

1. BriepBbie peKOHCTPYMPOBAHO OJIeAEHEHUE
Bcero lllammansckoro eHTpa B MEPUOa MaKCUMY-
ma MIJITI. BrisiBaeHHOe cokpalleHue CyMMapHOi
TIJTOTIAIN JIGTHUKOB Ha 87% TIpeBBINIaeT CoKpaliie-
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HUe [IJIs1 IPOYUX LIEHTPOB ojieaeHeHusT Antas. [1pu-
YUHEI 3TOT0 — MpeodIamaHre B €T0 MpeaeaaX MaIbIX
JIEATHUKOB U TUCIIEPCHOCTH ojieaeHeHNsI. CKOpOCTU
COKpAaIIleHMS TUIOMIANN JIEAHUKOB ObUIM HaMEHb-
mmMu B 1955—2001 rr., a B mepuox 2001—2015 rr.
COKpallleHIe YCKOPUJIOChH.

2. PeKoHCTpynpoOBaHO COKpallleHUe KPYITHEe -
mrero JenHuka lllammmanscKoro meHTpa oJIeaeHeHUS
(My1TyK) mo mecTy BpeMeHHBIM cpe3aM. Hanbomee
BBICOKHE CKOPOCTHU OTCTymnaHus JiegHuka (13,3 M/
rom) otMeueHbl B 1989—-2001 rr. B 2001—-2016 rr.
CKOPOCTH OTCTYITAHMS JIGTHUKA CHU3WINCH B CPEI-
HEM B 2 pa3a, BEpPOSITHO, 3a CUET BBIXOJA Kpasl JIeI-
HUKa Ha OoJiee KPYTOil 1 3aTeHEHHBIN yyacTok. [Ipu
CPaBHUTEIBHO HU3KMX CKOPOCTSIX OTCTYHAHMS Kpast
JIETHKA OTMEUYEHO YCKOPEHUE ITOTepU UM IUIOIIAIN.
M3MeHeHnsT CKOPOCTH COKpAIeHUsI IUIOLIAIN JIe -
HUKAa HE BIIOJIHE CMHXPOHHBI M3MEHEHUSIM CKOPO-
CTU €0 OTCTYIAHUS; OTMEUYEHO YCKOPEHHE ITOTepH
mwomanu (10% cokpalleHus JeIHUKa B MHTEpBae
2016—2019 rr. 61arogapsl COKpallleHUIO y4acTKOB,
PacIOIOXEeHHBIX BHIIIE JISTHUKOBOTIO SI3bIKA).
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3. IlpoBegeHBl pacuyéThl MHIEKCa OajaHca
MAacCHI JIeTHMKa MyIITYK, a TaKKe eTO TOJIINHEI
BIOJIb OCEBOM JTMHUH. YCTAHOBJICHO PEe3KOe CHU-
JKeHMe 3HaYeHUI nHIeKca 0amanca Macchl B 1990-¢
TOIBI ¥ CTAOMIM3aIsI 3HAUCHN Ha HU3KOM YPOBHE
¢ Hayama 2000-x romoB. Ha ocHOBe pacuéToB moy-
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Summary

For the first time, a regional study of the isotopic composition (8'%0 and §?H) of the snow cover in Karelia was
performed using a sub-meridional and two sub-latitudinal profiles (March 2016). Snow nutrition does gener-
ally prevail here in the river and underground runoff. Integral snow samples were taken at 45 sites, three hori-
zons were studied at 39 of them. Monitoring of the isotopic composition of atmospheric precipitation is car-
ried out in the Petrozavodsk city from 2012 to the {)resent. The isotopic composition of snow on the territory
of Karelia varied through the following range: for 8'%0 it is from —15.7 to —21.1 %o, and for 8*H - from —118
to —158 %o, which is significantly less than the isotopic composition of atmospheric precipitation for the same
period: 8130 = —8.7 + =30.9 %o, 8*H = —77 + =239 %o. The exception is snow in the valleys of the large Shuya
and Suna rivers with light isotopes 8'®0 (down to —21 %o). According to two sublatitudinal profiles in southern
and central Karelia, there were no obvious trends in the isotopic composition of snow. The decrease in the con-
tents of deuterium (8*H) and oxygen-18 (8'%0) in the sections of snow cover corresponds to an almost com-
plete loss of snow at the beginning of winter due to the December thaws of 2015 and its intensive accumulation
in abnormally cold January 2016. According to trajectory analysis data, air masses containing isotopically heavy
moisture come mainly from the west and southwest, and those containing isotopically light moisture come from
the north and east. The results of this research demonstrate that the reconstruction of the isotopic composition
of winter precipitation can be approximately performed by the isotopic composition of snow cover.

Citation: Borodulina G.S., Tokarev L.V,, Levichev M.A. Isotopic composition (8'%0, §°H) of the snow cover in Karelia. Led i Sneg. Ice and Snow. 2021,
61 (4): 521-532. [In Russian]. doi: 10.31857/52076673421040105.

THocmynuaa 29 anpens 2021 e. / [locae dopabomiu 12 utonsn 2021 e. / Ipunsma k neuamu 4 okmsops 2021 .
KnioueBsbie cnoBa: Kapenus, cHexHbili nokpos, u30monsl Kuciopooa u 6000poda, ammocghepHoie 0caoku.

MpuBopATCcAa pe3ynbTaTbl M30TOMHOIO aHanM3a CoCTaBa CHEXKHOMo Nokpoa Kapenuu, cdopmrpoBasLue-
rocsi B 3umMHuin nepuog B 2015/16 r., n atmocdepHbix ocagkoB B lNeTpo3aBoacke. lNokKasaHo, YTO COCTaB
CHera nsmeHsetca ot —15,7 o —21,1 %o ana 880 n ot —118 go —158 %o ana 62H, a obnerueHne nsoTon-
HOro COCTaBa MPOUCXOAMT C tora Ha CeBep B COOTBETCTBIUM C MOHVXXEHVEM TeMnepaTypbl BO3ayxa. PEKOH-
CTPYKLMIO U30TOMHOrO COCTaBa 3UMHMX aTMOCHEPHbIX OCAAKOB MPUOAMMKEHHO MOXKHO BbIMOJIHUTL MO
N30TOMHOMY COCTaBY CHEXHOIO MOKPOBa.

BBenenue N3y4eHUS BOIHBIX U JICJOBBIX OOBEKTOB IPU pe-

LIeHUU MPUKIAAHBIX 3a1a4 U B yHIAMEHTAJb-

CaeneHust 00 MUBOTOTTHOM COCTaBe aTMOC(ep- HBIX UCCACIOBAHMAX, TaK KaK OCaIKU — OCHOB-
HBIX OCanKoB (comepxkaHuax aeiitepus — 62H u  HOi ucTOUHUK OPMUPOBAHUSA BOJZHOTO GajaHca
kuciaopona-18 — 8'30) mmpoko ncrmonb3yor aad  Ha KoHTUHeHTax [1—4]. M30TONHbBIA MOAXO0. 1Mo-
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CHexHbIl NOKPOB8 U CHeXKHble J1d8UHbI

JIe3eH U OJISI U3YUYCHUST CE30HHON 3aBUCHUMO-
CTH CTOKa M OLICHKM BKJIaJa CHEra B KpyroBOPOT
Bombl [5]. O0BEM HayUYHBIX MCCIECIOBAHW 10 TaH-
HOI TeMaTnKe B Poccum OTHOCUTENIbHO HEBEIUK,
XOTSI OTIEJIbHBIC TPYIIIILI JaBHO paboTaloT B 00Ja-
ctu ucnoan3osanud 82H u 680 kak ruaponoro-
TUAPOIreOJOTUYESCKUX U KIMMAaTUIEeCKUX Tpacce-
pOB, a B MOCJeIHNE TOABI K JTaHHOMY BUAY padoT
BBIPOC MHTEpPEC U Y npakTukos [6—10]. B ceBepo-
3alagHbIX pernoHax Poccuu m3oToImHBIE Mccie-
MOBaHUSI BOOHBIX OOBEKTOB M CHETa HEMHOTOYMC-
JieHHsl [11, 12]. AHanu3 pe3yabTaToB MOHUTOPUHTA
aTMOC(EpHBIX OCAAKOB M CHEXHOIO IIOKpOBa B
ApKTuKe, B TOM yurciie B GuHCKo Jlanmanauu, no-
Ka3ajl, YTO U30TOIMHBII COCTaB CHEXHOTO MOKPOBa
IaéT IpeacTaBiIeHUe O IIpolleccax IepeHoca u Ha-
KoruieHus ocaakos [13].

C 2009 r. MaCcTUTYT BomHbIX pobiieMm CeBe-
pa KapHII PAH usyuyaeT U30TOnHbINA COCTaB aT-
MOC(EepHBIX 0CaIKOB, IIOBEPXHOCTHBIX U ITOA3EM-
HBIX BoI B peruoHe. McciaenoBanus Ha OHEXCKOM
03epe 1 ero BogocOope ImoKa3ajau, YT0 HU3KOMUHE-
paIM30BaHHBIC U HACBIILIEHHbIE KUCTOPOAOM Tajlble
BOIIbI, IIOCTYITAIONINE BECHOM ¢ IIpUTOKaMu, Ghop-
MUPYIOT B 3aJIMBaX 03epa 3HAUYUTEIbHO O0Jiee UCTO-
IIEHHBIE N30TOIIAMU BOIHBIC MAaCChI IO CPAaBHEHUIO
C ero LeHTpaJIbHBIMU ydacTKamu [14, 15]. Kpome
TOrO, B LIEHTPAJIbHBIX YACTSIX 03epa U30TOIHBINA CO-
CTaB BOIBI U3MEHSIETCS B pe3yjbTaTe UCIIapeHUSI.
YkazaHHbIe 0COOEHHOCTU BOJAHOTO OajaHca BAUSIIOT
U Ha ycJI0BUST (DOPMUPOBAHUS XUMUYECKOIO COCTa-
Ba BOIHBIX O0BEKTOB [ 14].

3agayn HaCTOSIIE pabdOThl — OMPEHEIUTh pe-
TMOHAJIBHBIE 0COOEHHOCTH (hDOPMUPOBAHMSI N30TOII-
HOTO COCTaBa CHEXKHOT'O ITOKPOBA ISl IIOCIICAYIOIIe-
ro U3y4yeHUsI BOMOOOMEHa 1 OLIEHUTh BO3MOXKHOCTH
HUCIIOJIb30BaHMS TAaHHBIX 00 M30TOITHOM COCTaBe
CHera U1 PEKOHCTPYKILIMKA U30TOITHOIO COCTaBa at-
MOC(HEpHBIX 0CATKOB B 3UMHUIA TTIEPHUO]I.

Paiion ucciienosanmii

Kapenus pacmoiioxkeHa B BOCTOUHOM 4YacTH
®ennockanauu (60—70° c.ur. u 30—40° B.1.), 1 Ha
¢€ TeppPUTOPUU HAXOMSITCS KPYITHEHUIIINE BOTHBIC
00beKThl ceBepa EBpomeiickoit Tepputopuu Poc-
cun: bemoe mope, OHexckoe un Jlamoxkckoe (4Ja-
CTUYHO) o3épa. Kapenuss oTHOCUTCS K aTJaHTU-
KO-apKTUYECKOM 30He YMEPEHHOTO I10sICa, UMEET

MEPEXOAHBIN OT MOPCKOTO K KOHTUMHEHTAJILHOMY
KJIMMAaT ¢ XapaKTepHBIM IMpeodiagaHueM MepeHoca
BO3AYIIHBIX MAacC aTJaHTUYECKOTO U apKTUYECKO-
TO MPOUCXOXAeHUS (37eCh U Jajiee KIMMaTUIECKOoe
orMcaHue naHo 1o padote [16]). bauzocts bantuii-
ckoro, benoro u bapeHiieBa Mopeil 1 UHTEHCUBHAasI
KpYTJIOTOAMYHAsI IUKJIOHUYECKasl AeITebHOCTD
00YCJIOBJIMBAIOT MPOIOJKUTEILHYIO, HO HE CYpO-
Bylo 3uMy. CpeaHsisl TeMmIiepaTypa sSsHBapsl u3Me-
Hsetcs oT —9 + —10 °C B 1oxxHbIX 10 —12 + —13 °C
B CEBEPHBIX pailoHaX; BECHA OTIMYAETCS YaCThIMU
BO3BpaTaMu XOJIOJIOB; JIETO MPOXJIaAHOE U KOPOTKOE
Cco cpenHUMHU Temmepatypamu uwias 14—15 °C Ha
ceBepe u 16—17 °C Ha 1ore.

C 1980-x romoB MpOMCXOIAT 3HAYMMbIE U3MEHE-
HUS B KIMMAaTUYeCKON CUCTeMe MMUpa, YETKO TMPO-
SIBUBIIVECS B MOBBIIICHUM CPEIHETOA0BOM TeMIIe-
paTtypsl Bo3nyxa Ha 1—2 °C [16, 17]. B moasipHbIX
00J1acTsIX HanboJiee MHTEHCUBHOE TTOTEIUIEHUE OT-
MeuyaeTcsl B 3MMHUE MECSIIbI, YTO 00YCIOBUJIO Ya-
CTOe HaCTyIUIeHUE OTTeMneNeit, KaK MpaBuiio, Mpu
MPOXOXAEHUM aTIaHTUYEeCKUX IMKIOHOB. Ha Tep-
putopuu Kapenuu, kpome TemriepaTypHOil aHO-
MaJIuM, OTMEUYaeTCsl POCT TOAOBBIX CYMM OCaJIKOB.
CpenHemHorojsieTHue 3HaueHusd 3a 1991—-2013 r.
MPEeBBIIAIOT KJIMMaTUYeCcKyto HopMmy Ha 20—70 MM.
Haubonbiiiee yBeanueHue MECIYHBIX CYMM OCajl-
KOB XapaKTepHO JUIS sTHBapsi, UI0JIs1 U HosiOpsi. He-
YCTOMYMBOCTH MOTOAHBIX YCJIOBUI, BICOKAS OT-
HOCUTEIbHAS BIAXKHOCTb BO3AyXa M 3HAYUTEJIbHOE
KOJIMYECTBO OCAAKOB MPU IIMPOKOM pazHOOOpa3uu
JlaHAIadTOB (pacwWIeHEHHBIN pebed, oOmIne 03Ep
U 00JI0T, 3HAYUTEIbHAS JIECUCTOCTD) MO3BOJISIOT
npeanosaraTh HATMYKE CIOXKHONW KapTUHBI paciipe-
JeJIeHYsI U30TOIMTHOIO COCTaBa OCAIKOB B IIPOCTPaH-
CTBE, B TOM 4HUCJIe 3MUMHUX, BKJIaJ KOTOPBIX B (hop-
MMpOBaHKEe BOIHOTO cTOKa gocturaet 40%.

Metoauka uccie10BaHuit

ITpoGrI cHera oTOMpany Mo CyoMepuANOHATBHO-
My TIPOGUITIO BAOJIb aBTOMOOMILHOM Tpacchl «Koma»
(Cankr-Iletepobypr — MypMmanck) ot r. OyioHel 10
noc. TeauHo (POTSEKEHHOCTL 650 KM) U IBYM CyO-
IMPOTHBIM Mpoduisam: noc. Koukoma — r. Kocto-
mykia (130 km); 1. IleTrpo3aBoack — r. CopTaBajna
(180 kM, puc. 1). ITpoGbI oTOMpaNU B TTOCIETHIOI
nexamy Mapta 2016 1. — B TIeproJ MaKCUMaJbHOTO
CHETOHAKOIUIEHUsI U 10 HaJaja cHeroTassHus. st
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Puc. 1. PacrionoxeHue NyHKTOB 0TO60pa 06pa3LioB cHera 1 3HayeHus 8180 Ha teppuropun Kapenuu.
Lludpsl Ha KapTe: B UUCIUTENIE — HOMEPA CTaHLMI1 0TOopa Mpob, B 3HaMeHarese — conepxaHue 880 B uHTerpanbHOI Mpobe cHera

Fig. 1. Location of snow sampling points and §'0 values.

Figures on map: in the numerator — the numbers of sampling points, in the denominator — §'80 values of integral snow samples
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OIpOOOBaHUSI BbIOUpPAIU OTKPHIThIE, HEOOIBILINE 110
IUIOIIAAM YYACTKU, HE MCIIBITHIBAIOIINE BETPOBOTO
MEPEOTIOKEHUS CHeTa U yoaJd€HHBIe OT gopor. Ha
FOXKHBIX U I0TO-3aMaaHbIX CTAHIIMSIX CHET CPEAHETO TO-
PHU30HTA UMeJT 60Jiee MJIOTHYIO CTPYKTYPY, & TPAHUIIbI
CJI0€B MApPKUPOBAIUCH JIEASTHON KOPKOii. B ceBepHbIX
paiioHax CJIOMCTOCTh CHera Oblia BhIpakeHa c1a0o.

I1po6s1 oTOMpanu Tpyokoit nuamerpoM 100 Mm
M XpaHWJIM Ha XOJIOJE B TePMETUYHBIX IJIACTUKOBBIX
naketax. [Ipu B3sTHMU TTPOO (PUKCUPOBAIM TOIIIN-
HY CHEXHOro nmokpona. Bcero 6bu10 oToOpaHo 45
uHTerpajbHbIX Mpod. Ha 39 craHiusx, kpome Bajio-
BOI1, B3ThI MPOOBI U3 TPEX BU3YATbHO BbIIEIECHHBIX
ropu3oHTOB. B naboparopuu cHer pacTanjuBaiu
MIpY KOMHATHOI TeMIlepaType U 3aMepsiid 00bEM
Tanoit Boawl. B mpobe Tanoit Boasl onpenensau pH
(TTOTEeHLIMOMETPUUECKUI METOM) U 3JEKTPOITPOBOJI-
HOCTB BOJBI (KOHIYKTOMETPUUECKU MeToxm). st
aHaJIM3a M30TOITHOIO COCTaBa BOMY IepenBaInd BO
(makoHBI 006EMOM 50 MJT, TEPMETUYHO 3aKYITOPU-
BaJIM UX U XpaHWIN B Xojone. ATMOC(hepHBIe Ocai-
Ku cobupanu B I. [leTpo3aBoack Ha Kphille 30a-
nust UBIIC KapHILI PAH (61°47" c.i., 34°217 B.1.).
[1poOnI Opanu exeHeneIbHO 1/WIN TI0CIe MACCHUB-
HBIX BhIIANCHUI 0cagKoB. 151 XapaKTepUCTUKK CH-
HONITUYECKUX YCIIOBUI HAa MeTeocTaHIMsIX Kapemn
HCITOJIb30BaHbI JaHHBIE ¢ caiiTa http://rpS.ru. Cpen-
HEB3BEIIEHHBII M30TOITHBIN COCTaB aTMOC(EPHBIX
0CaJIKOB BBIYMCIISIIU TIO COOTHOIICHUIO

0" = X(8; X v)/Lv;, ey

rae O; — U30TOMHBIN COCTaB BOJOPOAA WU KUCIOPO-
1a; v; — 00bEM TaJIOIN BOABI i-TO CJIOSI CHEXKHOTO TIO-
KpOBa; YV; — CyMMa OCaJIKOB 32 PaCUETHbI NIEPUOLI.
Nsmepenus conepxanuii 8°H u 8'80 B Tanoii
BOJE NMPOBOAMIM Ha Jla3epHOM MHQpPaKpacHOM
cnektpometpe Picarro L 2120-i B HayuHoMm mapke
Cankr-IleTepOyprckoro rocynapcTBEHHOTO YHU-
BepcuteTa. Mcrmoib30BaHbBl CleAyIOMINE CTaH-
naptel: V-SMOW-2, GISP, SLAP u USGS-45 u
USGS-46. Ommnbka u3MepeHusl cocTaBsiia: JIJist
880 — +0,1 %o, nna 8*H — £1 %o. Becero npoana-
Ju3upoBaHo 174 npoObl. OTpuLIaTeIbHbBINA AeiTepue-
BBIM 3KCIIECC BOCBMM MPOO OBLT MPUHST KaK JUArHO-
CTUYECKUI TIPU3HAK UCIIOPUYCHHOM MPU MOATOTOBKE
WIX XpaHEHUU TIPOObI; TaKKe pe3yJIbTaThl UCKIIOYa-
JI1 U3 paccMOTpeHus. J1J1si KOHTpOJIst pe3ysIbTaT aHa-
JIN3a TIOJTHOTO pa3pe3a cHera (MHTerpajibHasl mpoba)
CpPaBHUBAJIY C PACUETHBIM CPEIHEB3BEIIIEHHBIM 130-
TOITHBIM COCTaBOM, OTpenessseMbIM 1o popmyiie (1).

IIpu cpaBHEHUU pPe3yabTaTOB OMPOOOBAHMS ITOJI-
HOI KOJIOHKHM U CpeIHEeB3BEILIEHHbIX 3HAYEHUI CcTa-
TUCTUYECKU 3HAUMMBIX Pa3IMYUil HE YCTAHOBJIEHO.
OTO MOKa3kIBaeT, YTO ONpoOOBaHUE MYTEM OTOOpa
MOJHOI KOJOHKU — JOCTaTOYHO MH(MOPMATUBHBIA
Ccroco0 M3y4yeHMsT U30TOITHOIO COCTaBa CHEXXHOTO
MOKpPOBa, €CJIM HEe CTOUT 3aJaya pacuieHEeHUs Mpo-
LIECCOB HAKOIJIEHUSI CHEra BO BpPEMEHM.

Pe3yabraThl u 00CyKIeHue

B 3umy 2015/16 1. cHexxHbIM TOKpOB B Kapeauu
Havayl (popMUPOBATLCSA B HOSIOpE, HO M3-3a YaCThIX
OTTeIesIeil 3aIachl CHera Ha OOJIbIIEe YacTu Tep-
pUTOPUM HadajlM HaKaIUIMBAThCS TOJILKO B STHBA-
pe (puc. 2). B auBape 2016 r. 6bu1a 3adduKcrupoBaHa
camag Hu3kas ¢ 2010 r. cpeaHsist Temneparypa Bo3-
nyxa, kotopas coctaBuia —15 °C B r. IleTpozaBoack
u —16 °C Ha ceBepe pecnybauku. AuBapb 2016 1.
OKa3zaJICcsl TaKKe CaMbIM CHEXHBIM 3a ITOCISIHNIE
ronbl: B [leTpo3aBoacke BeIano 65 MM cHera, Ha
I'MC BHrosepo — 49 mMm. @DeBpanb 2016 r. okaza-
¢, Hao0opoT, caMbIiM TEMIbIM ¢ 2010 r. co cpen-
Hell TemniepaTtypoii —2 u —4 °C COOTBETCTBEHHO.
B orrenens 8—11 deBpansa 2016 r. Temneparypa
Bozayxa gocturana +3,8 °C, 4To NpuBeEIo K pe3Ko-
MY COKpallleHWIO CHEXXHOI'0 MMOKPOBa, a B I0XKHO
YacTU PEruoHa OTMEUYaloCh IPaKTUIECKHU ITOJTHOE
€ro cTanBaHUe, IIOCJIE Yero CHErOHAKOILICHUE IIPO-
noJxkuiaock. CyMMapHOe KOJIMYEeCTBO aTMocdep-
HBIX ocankoB 3uMoit 2015/16 1. (HosI6pb—deBpab)
coctaBuio: 207 MM — Ha ceBepe (I'MC DHrosepo),
284 mm — Ha 1ore (1. Ononen) u 190 mm — B 1. Ile-
Tpo3aBoacK. OKOHYATeIbHAS Jerpagaus CHEsKHO-
ro IOKPOBa B I0XHBIX paiioHax Hadajlach B IIepBOI
JeKaae MapTa, a B LIEHTPaJIbHBIX 1 CEBEPHBIX paiio-
Hax — B nocienHeir. Ha MoMeHT ompoOoBaHMS TO-
IIIMHA CHEXXHOTro MOKpoBa Kojebdanach oT 15 ¢cM Ha
tore 10 70 cM Ha ceBepe.

YpaBHEHME JTOKaJIbHON JTMHUU METEOPHBIX
Box (JIIIMB) 6?H = 7,65 x 830 + 5.4 monyue-
HO Ha OCHOBAHMU HEIPEPBHIBHBIX PSA0B HaAOJIIO-
nenuit B 2009—2016 rr. B IleTpo3aBoncke. M3o-
TOITHBIA cocTaB aTMOC(hEPHBIX OCaAKOB 3MMOM
2015/16 r. B [letpo3aBonacke usmeHsuicst ot —10,8
10 —29,5 %o g 880 u ot —75 no —222 %o nusa
82H; cpenHeB3BeLIEHHbIE 3HAYEHUS IS XOJIOLHO-
ro nepuona cocrapwin: 830 = —12,6 + —22.4 %o
n 8’H = —92 + —164 %o; BeIUYMHBI 110 MeCH-
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Puc. 2. Temnepatypa Bo3ayxa (/), KOIM4eCTBO 0cankoB (2), ToaiurHa cHexxHoro nokposa (3) ('MC Ilerpo3aBoack)
u cogepxanue 830 B armocdepHbIX ocankax I. [lerposasonck (4) 3umoii 2015/16 .
Fig. 2. Air temperature (/), amount of precipitation (2), height of snow cover (3) (Petrozavodsk meteorological sta-
tion) and 8'8Ovalues of precipitation samples in Petrozavodsk (4) in winter 2015—2016

11aM TIpMBeaeHbI B Ta0j1. 1. XpOHOJIOTMYeCKU X0
sHauyeHuit 8'80 3umoii 2015/16 r. COOTBETCTBY-
eT TeMIepaTypHOMY NpoGUI0 3UMHETO MePUO-
na (cM. puc. 2). CyoMepuanoHaNbHBINA TPOPUIHL
po0 CHEXHOIo IMOKPOBa XapaKTepu3yeT MPaKTHU-
YyecKu Bce oporpadudeckue paitonsl Kapenun (cm.
puc. 1). AGComoTHBIE OTMETKHM TOYEK OTPOoOOBa-
Hus meHsorcsa oT 9 M (CeBepHoe Ilpunanoxnbe)
no 175 m (Onexcko-beromopckuit Bomopasaen).
CyO1mmpoTHbIe MPOMUIN 0Ka3aJUCh HEAOCTATOUYHO
MPOTSKEHHBIMU, YTOOBI OTPA3UTh BCE PETUOHAb-
HbIE OCOOEHHOCTH.

CHeroBast BoJla XapaKTepu3yeTcsl OUeHb HMU3-
KOl MMHepanu3anueit. DIEKTPONPOBOIHOCTH
BOZIbI B PETMOHAJIBHOM ILIaHE U3MEHSIETCs OT 5,6 10
16,2 MmxCm/cM, B cpenHeM cocTtaBisig 9 MKCM/cMm
npu kuciioil peakunuu — pH = 4,88—6,06 (B cpen-
HeM 5,3) (tabu. 2). B pa3pe3e cHeXXHOTO MOKpPO-
Ba pH eIMHWYHBIX TPO6 U3 HUXHETO M BEPXHETO
cJIO€B mocTuraet 6,4, 4To CBSI3aHO C BO3ACHCTBU-
€M MOYBEHHBIX BOJ MJIM a3pOreHHBIM BIUsSHUEM. B
cpelHeM, MocoiiHble 3HaYeHUsI pH M3MeHs0TCs OT
5,2 (Bepx) o 5,4 (HuU3), cocTaBiisisl B cepenuHe 4,9.
Kakoit-m1n60 4€TKoit 3aKOHOMEPHOCTH pacIipese-
JICHUS 1oKaszaTeJieil B pa3pe3e CHEXXKHOTO IMOKpOBa

Tabnuya 1. CpegHeB3BelleHHble HAa 00BEMBI BBINA/ eHIIT
MeCsAYHble 3HAUeHUs M30TONMHOTO COCTaBa aTMOC(epHBIX
ocagkos B I. [Terpo3aBopck 3umoii 2015/16 1.

Mepuoa HabmoneHuit | Yucao npod | 880, %o | &*H, %o
Hos6ps 2015 1. 7 —16,4 —122
Hexabpb 2015 . 3 —14,6 —113
SAuBapp 2016 1. 6 —-22.4 —164
Deppanb 2016 1. 4 —17,4 —125
Mapr 2016 1. 2 —12,6 —92

He HabmogaeTcd. OmHaKo B OOJBITMHCTBE CITyda-
€B CaMBIMU KUCIIBIMU OKa3aJUCh IIPOOKLI CPEIHETO
ropusoHrta. I1o pesyiabTaTam uccienoBaHuii 1996—
1999 rr. BeanurHa pH cHexXHoro mokpona Ha (¢o-
HOBBIX TeppuTopusax Kapeaum m3MeHsiach B IIpe-
nenax 4,7—5,1, a BOJIM3M IPOMBIIIJICHHBIX LIEHTPOB
ObL1a paBHa 4,9—5,5 [18]. IIpoObl 3UMHUX OCagKOB
2015/16 1. B IleTpo3aBoacKe OTIMYAIOTCS OOJIee BbI-
COKMMHM 3HAYeHUSIMU BeJMYnMH pH 1 31ekTporpo-
BOIHOCTH: B cpeaHeM 5,7 u 16,5 MmxkCM/cM cooT-
BETCTBEHHO, UTO OOBSICHUMO BJIMSIHUEM IIBIJIEBBIX
YacTUIl B TOPOJICKUX YCIOBUSIX.

B pernoHanbHOM IJTaHEe M30TOITHBIN COCTAB UH-
TerpajbHbIX MPOO CHEXXHOIO ITOKPOBa BapbUpyeT B
crenylomem auanasone: 880 = —15,7 + —21,1%o;
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Tabnuya 2. Xumudeckuit ¥ U30TOMHBII cocTaB cHera Kapenun (mapr 2016 1.)

[TyHkT WHTterpanbHast mpoda CpenHeB3BellleHHBI cocTaB™™*
HabmoneHus* | 8'%0, %o | 8°H, %o | dexe,%0 | pH | a2nekTponpoBoaHOCTH, MKCM/CM 8180, %o 8%H, %o

1 —20,9 —150 17,0 5,82 7,3 -21,8 —160
2 -17,1 —127 7,4 5,8 8,3 —16,1 —121
3 —20,6 —158 6,8 5,01 6,3 —20,2 —153
4 —19,6 —151 5,6 5,11 6,1 —20,2 —152
5 —17,6 —136 5,1 5,34 7,0 -17,5 —135
6 —-17,6 —133 8,2 6,02 10,3 -17,3 —130
7 —18,8 —142 8,3 5,84 10,9 —16,4 —123
8 —17,4 —130 9,9 5,27 8,3 —-17,2 —130
9 —15,7 —118 7,7 5,13 7,6 —16,4 —125
10 —16,7 —124 10,4 |5,33 9,2 —16,3 —124
11 —18,0 —135 8,5 5,00 7,7 —17,4 —130
12 —18,1 —137 7,6 4,90 7,4 -17,5 —133
13 —-17,9 —136 7,0 5,18 7,8 —-17,7 —134
14 —16,1 —124 5,1 5,39 15,2 - -

15 —19,9 —148 11,2 | 5,04 10,4 —19,5 —147
16 —19,4 —147 7,9 5,06 8,4 —19,5 —146
17 —17,9 —134 8,8 6,06 9,4 —18,5 —138
18 —19,7 —145 12,7 5,19 10,8 —19,3 —143
19 —19,3 —143 12,2 | 5,78 11,9 —18.,6 —137
20 —18,6 —133 16,2 | 5,00 9,6 —18,4 —136
21 —19,4 —143 11,6 | 5,29 7,7 —19,3 —138
22 —19,6 —146 11,0 5,17 8,6 —18,2 —135
23 —20,7 —153 13,1 5,00 8,5 —20,3 —150
24 —21,0 —157 11,4 | 5,06 7,9 —20,6 —152
25 —21,1 —157 12,3 5,04 10,1 —20,5 —148
26 —19,2 —142 11,3 5,43 7,3 —19,3 —141
27 —18,7 —141 8,8 5,47 16,2 -17,7 —134
28 —18,2 —142 3,2 4,94 7,2 - —

29 —17,6 —134 6,9 5,00 6,4 —19,0 —144
30 —18,2 —137 8,7 5,16 5,6 —18,6 —144
31 —18,4 —140 7,3 5,09 6,2 —18,7 —142
32 —18,0 —137 7,4 4,95 6,3 —18,5 —136
33 —19,1 —138 14,8 5,06 6,0 —18,9 —142
34 —18,8 —140 11,3 5,63 5,9 —19,1 —144
35 —-17,9 —141 2,3 6,04 8,1 —17,6 —137
36 —18,9 —146 5,4 4,88 8,2 - —

37 —18,0 —141 3,0 5,07 7,5 —16,6 —127
38 —17,6 —134 6,3 5,40 7,1 —18,7 —142
39 —18,5 —143 4,6 5,07 6,6 — -

40 —19,5 —153 3,3 4,98 8,6 —18,8 —145
41 —19,5 —145 10,8 5,32 5,9 —19,5 —148
42 —15,7 —121 4,6 4,89 17,3 - -

43 —17,0 —129 7,1 5,01 17,6 — -

44 —18,5 —135 13,6 | 5,30 6,0 —18,8 —142
45 —-17,7 —130 11,6 | 5,40 4,5 —18,2 —135

*HoMepa COOTBETCTBYIOT HyMepalliM ITyHKTOB Ha puc. 1. **CpeaHeB3BellIeHHbIN Ha 00BbEM TajIol BOAbI TPEX CJIOEB CHEXKHOT'O IMTOKPOBA.

8?H = —118 + —158 %o; cpeaHeB3BEllEH-
Hble 3HayeHus mig 8130 = —16,1 + —1,8 %o, a
82H = —121 + —160 %o (cM. Tabm. 2), T.e. Bapu-
ALl M30TOITHOTO COCTaBa CHera HECKOJbKO

MeHbllle, YeM Juara3oH U3MEeHEeHHUs cocTaBa aT-
MmocdepHbiX BoinageHuit B Ilerpo3zaBoncke. Hau-
OoJjiee TSKENble COCTaBbl BaJlOBBIX MPOO cCHera
(6'80 = —15,7 + —16,1 %0) oT™MeueHBI Ha MOGEPE-
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xbe bemoro mops (ctanmns 42, CyMcKoli mocan),
B CeBepHoM Ilpunanoxbe (ctaniuus 9) u B palioHe
r. Ononen (cranmus 14) (cM. puc. 1, Tadm. 2). deii-
TepueBblil sKcuecce d,,. A1 MUHTErPAJIBHBIX P00
cHera BapbupyeT oT 2,3 10 17 %o, a B 3SUMHUX OCal-
Kax — oT 2,4 10 28 %o. B 06oux ciydasix mokasareib
n3Mensietcs B antudase ¢ 8'%0, Ho KoaPPULMEHTB
JIOCTOBEPHOCTHU aMlIpoKcuMaluun HeBbicoku: 0,22
u 0,13 coorBeTcTBEHHO, 1103TOMY d,,. HE MOXET B
JaHHOM CJTydyae OJHO3HAYHO BBIITOJHUTH TUATHO-
CTUYECKYIO POJIb YCIOBMI 00pa3oBaHUSI aTMOC-
(epHBIX ocankoB. TeM He MeHee, TEHICHIINS yBe-
JNYeHUs 3HaYeHuil d,,. Tpu 0OeTHEHUN OCATKOB
TSKENBIMU MU30TONAaMU HabJrogaeTcst. Takoi mpo-
1IeCcC, BEpOSITHO, IIPOMCXOAUT BO BpeMsI IIUTEIbHO-
T0 OCaXIeHMsI, KOTHa BO3MYIIHBIC MACChI IIEpeMe-
1IAI0TCS AajeKo OT UCTOYHMKA mapa [19].

Haubonbuiee nzoronHoe ucrouieHue (820
00 —21,1 %o) B cHere 3apUKCUPOBAHO Ha CEBepe
pecnyOIMKKY U JIOKAJILHO Ha 3armagHoM oepery OHex-
ckoro o3epa B paiione Ilpstxa — I[leTpo3aBoack —
Tupsac (cm. puc. 1). IIpu UCKIIOYEHUN TOYEK DTOM
JIOKQJIbHOM aHOMAJIMA OKa3bIBAeTCSI, UTO IIMPOTa
MECTHOCTU — OTpPEAeNSIoNInii (pakTop B pacmpene-
JIEHUY U30TOMHOTO COCTaBa CHEXXHOTro mokpona Ka-
peauu (cm. puc. 1). KoadduumreHT Koppeasuuu aist
880 — mupora mectHocTH coctaBui 0,7. JlaHHas
KOppEeJSIUSI — pe3yJIbTaT PETMOHAIBLHOTO TPeHIa
3UMHel TeMIepaTyphbl Bo3ayxa [16, 20].

YpaBHeHUE perpeccuu, ONMUCHIBAIOIIEe 3aBUCH-
MOCTb U30TOITHOTO COCTaBa BhIMAJAIOIINX OCAAKOB OT
TeMIlepatypsl Bo3myxa 3umoii 2015/16 r. B Iletposa-
BOJICKe, UMeeT cienyommii um: 880 = 0,497 — 15,3
(R?> =0,5). st BanOBLIX MPO6 CHEra y 3aBUCMMOCTH
cxoxuii Bux: 8'%0 = 0,597 — 12,8, Ho k0o duLEHT
KOppEISLUMK 3HaUnTeIbHO HIke (R? = 0,15). B no-
cJIeTHEM clTyyae HEOOXOIMMO YUECTh, UYTO TeMITepaTy-
pa Bo3ayxa 3a 3MMHUIA IepuoI VT TOYeK 0TOopa mpod
MOJIydeHa METOIOM UHTEPITONISLINN JaHHBIX OrKaii-
mmx I'MC. B nepBoM NpuOIKEHUM MOXKHO CIIEaTh
BBIBOJI, YTO B PETMOHE HAOII0AAEeTCs 3aBUCUMOCTD
M30TOITHOTO COCTaBa BHIMAJAIOIIMX OCATKOB OT TEM-
nepaTtyphl BO3ayxa, Kak 3To ObUIO MOKa3aHo UIS ce-
BepHbBIX obacteit [20—22].

JIErkuit M30TOITHBIN COCTAaB BaJIOBBIX IPOO CHera
AHOMAaJIbHOM 30HBI, BEPOSITHO, CBSI3aH C OOMJIbHBIM
STHBAPCKUM CHETOIa0M U COXPAHHOCTBIO CHEXHO-
ro MOKpoBa Ha yJyacTKax JIelpeccuii Ha Bogocoope
OHEXCKOro o3epa — B JOJIMHAX KPYITHBIX pek LLys
n CyHa. OnHa U3 aHOMaJIbHBIX ToueK (cTaHus 1,

BepxoBne, nonmuna p. Illlyg) pacnonoxeHa Henae-
ko ot [lerpo3aBoacka, 4To Na€T BO3MOXHOCTb CPaB-
HUTH M3O0TOITHBIN COCTaB aTMOC(MEPHBIX BHITIANCHUIT
U CHEXHOro nmokpona. CpenHeB3BellIEeHHbIE 3HaUe-
Hus 880 u 62H mna cuera (—21,8 u —160 %o) oka-
3aJINCh OJM3KU K SHBAapPCKOM CpeaHEB3BEIICHHON
BeJIMUMHe aTMOc(epHBIX ocagkoB B IleTpo3aBoacke
(—22,4 1 —164 %o cOOTBETCTBEHHO) (CM. Tab. 1 u 2).
BeposiTHee Bcero, MacCUBHOE BBITTaIcHUE M30TOITH -
YeCKU JIETKUX STHBAPCKMX OCAIKOB OIPEICIIIIIO N30~
TOITHBIN COCTaB CHEXKHOTO ITOKPOBA B 1LIEJIOM.

B IOxno0it Kapenun B BanoBBIX ITpo0ax cHera Ha
cyommpoTHoOM 1ipoduite moc. Csaro3epo — r. Co-
praBaia oO6HapyxeHbl Bapuaiuu g 880 or —18,8
no —15,7 %o, a B ceBepHoii, Ha npodwie noc. Kou-
koMa — T. Koctomykmia, — or —17,6 mo —19,1 %eo.
ITo cyOIIMPOTHBIM MPOMUIISIM SIBHBIX PETUOHAJIb-
HBIX TPEHAOB M3MEHEHUSI M30TOIMHOTO COCTaBa
cHera He yctaHoBjeHO. Touku HaOnwaeHus 42 u
43 Ha 100XHOM mobepexkbe beioro Mops otriauya-
FOTCSI aHOMAJIBHO TSIKETBIM M30TOITHBIM COCTaBOM:
880 = —15,7 u —17 %o, 4TO, BEPOSATHO, CBSI3AHO
C MOPCKHUM BiIusiHUEeM. JIMHUS anIipoKcuMaluu
IIJIsI UHTETpaJIbHBIX P00 CHeTra MMeET YpaBHEHNE
82H = 6,7 x 830 — 14,5 u nepecekaet JIJIMB B
Touke 8!80 = —22 %o n 8*H = —165 %o (puc. 3), co-
OTBETCTBYIOIIEH CpeJHEMY COCTaBYy STHBAPCKUX aT-
MocdepHbIX ocankoB (cM. Tabj. 1). Touka nepece-
YEHMST YKa3aHHBIX JIMHWI OIIpeAeIsieTCST SHBapCKUM
MHWHUMYMOM T'OJOBBIX TEMIIEPATyp, COBHAAIOIINM
¢ M100aJIbHOM MepecTpoiKoi aTMOchepHON LUp-
KyJISILMU B pacCMaTpuBaeMOM permoHe. PasHuia B
yrjoBbIX KoaddulmenTax JIJIMB u auHuum annpox-
CUMAILIMK CHETa OIpenesiseTcsT IOBeAeHNEM BO Bpe-
MEHU JeUTEPUEBOTO IKCIIECCA.

CaMblii IETKUI1 cpeaHeB3BEeLIeHHbII 1U30TOT-
HBII1 cocTaB aTMOC(EpHBIX BHIMTaAeHU OTMEeUYeH
B ssHBape 2016 r. mpu 3KCTpeMabHbIX 3HAYEHUSIX
880 = —29.5 %o u 8*°H = —222 %o u Temmeparty-
pe Bo3ayxa 1o —26,2 °C, B To BpeMsI KakK B HOsSIOpe U
B nekabpe 2015 r. cpenHeB3BelICHHbII M30TOITHBIN
COCTaB OCAIKOB ObLIT TSIKEIBIM MPU IKCTPEMaTIbHBIX
3HayeHuax 630 = —12,6 %o u 8*H = —96 %o. Ba-
pMaluy M30TOMTHOIO COCTaBa aTMOC(EPHBIX BbIMa-
JNIEHUI CBA3aHbI C MPUXOIOM BO3AYILIHBIX MacC U3
pa3IMYHbIX perMoHOB. OOpaTHbIE TPAEKTOPUHN ABU-
JKEHUSI BO3MYIIHBIX Macc, OIpenesonie Bblina-
JneHue aTMochepHbIX 0CallKOB, PACCUYUTAHBI C TO-
mo1bio monenu HYSPLIT [23] (puc. 4). lns nart ¢
PE3KMMU U3MEHEHUSIMU CUHONTUYECKUX YCIOBUI
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Puc. 3. Conepxanue 8*H u 8'80 B cHere 1o 1aHHBIM BaJIOBBIX TPO0 M3 cHexXHOI Tomm B Mapte 2016 1. (1) u cpen-
HEMECSUHBII M30TOMHbIN COCTaB 3MMHUX aTMOC(EPHbIX 0caaKoB B I. [TeTpo3aBoack:

2 — Hos10pb 2015 1.; 3 — nekabpn 2015 r.; 4 — auBapb 2016 1.; 5 — deBpanb 2016 1.; 6 — TMHAS aNIIPOKCUMALMK U30TOITHOTO CO-
craBa cHera (ypaBHeHHEe Ha auarpamme); 7 — rjiobanabHasi JuHust MmeteopHbix Boa (ITIMB); & — nokajibHast IMHUSI METEOPHBIX
Box (JIJIMB) (ypaBHenue y = 7,65x + 5,4)

Fig. 3. Deuterium and oxygen-18 content in samples whole snow cover of Karelia in March 2016 (/) and the average
monthly isotopic composition of winter atmospheric precipitation in Petrozavodsk:

2 — November 2015; 3 — December 2015; 4 — January 2016; 5 — February 2016; 6 — the line of approximation of the isotopic com-
position of snow (equation in the diagram); 7 — global meteoric water line (GLMYV); § — local meteoric water line (LLMYV) (equa-
tiony =7.65x + 5.4)
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Puc. 4. O6paTHbIe TpaeKTOPUU ABMXKEHUS BO3AYIIHBIX Macc (UCIojib3oBaH oHaitH nuHcTpyMeHT HYSPLIT Ha caiite
NOAA [23]), BbI3bIBato1Me ocanku Ha Tepputopun Kapenuu 24.12.2015 1. (a) u 13.01.2016 . (6).

BoinenenHas oonactb — Tepputopust Kapenuu

Fig. 4. Backward trajectories of air masses causing precipitation in Karelia 24.12.2015 (a) and 13.01.2016 (6). (used
online tool HYSPLIT on NOAA website [23]).

Selected area — the territory of Karelia
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Puc. 5. Pacripenenenue §'30 B cHeXXHBIX KOJOHKAX (UTs IYHKTOB HaOJIIoNeHNs Ha Tepputopun Kapemuu B MapTe

2016 T.) IO CIOSIM:
1 — BepxHUii; 2 — cpenHuil; 3 — HUXKHUMK
Fig. 5. The 880 distribution in the snowpack by layers:

1 —top; 2— middle; 3 — bottom (for snow sampling points on the territory of Karelia in March 2016)

(24.12.2015 1. 1 13.01.2016 r.) BIOpaHa TpaeKTo-
pusi, BOCCTAaHOBJICHHASI Ha TISATh CYTOK U OIMChIBA-
o11[asl IBUXKCHME BO3MYIIHBIX MACC BBIIIEC HYDKHEU
rpaHuibl oomayHocTy (200 M). Bo3ayiiHble Macchl,
coaepxXallre U30TONMUYECKU TSXKEMYIO Biary, mo-
CTYIAIOT NIPEUMYIIIECTBEHHO C 3alaja 1 I0ro-3ama-
1A, a cofepKallre U30TOIMMYECKU JETKYIO — C CeBe-
pa 1 BocToKa (cM. puc. 4).

ITocnoitHbIN aHATM3 CHEXXHOTO MOKpPOBa TTOKa-
3aJ1 3HAUUTEbHbIE U3BMEHEHMS M30TOITHOIO COCTaBa
B paspese: ot —11,1 10 —23,4 %o nna 8'%0 u ot =77
10 —182 %o nna 8*H. TIpnyrH MOXET OBITH MHO-
JKE€CTBO: BETPOBOE MEPEOTIOXKEHHUE CHera, CyoJIm-
manus, 1udoy3noHHOe ABMXKEHNUE U KPUCTAIIN-
3alMs/MCIIapeHe BJIaTU B TOJIIIE CHEra, IEPEeHOC
BJIarv U3 MOYBbI, (GUIBTPAITMOHHOE TBUXXEHUE BOJIbI
MpY OTTETeNsIX U noxXasx [5, 13, 24]. IlosepxHocT-
HBII1 CHET B UCCJIEIOBAaHHbBIX MPO0ax, KakK MpaBuIo,
caMbIii U30TOTIMYECKU TSIXKENBIN 110 CPaBHEHMIO C
HUKenexamumu cinossmu (puc. 5). Pasnuua B co-
nepxanusax 880 mMexmy MOBEpXHOCTHBIM U HUX-
HUM TOpuU30HTOM mocTturaetr —9,7 %o. B cHexkHOM
nokpose 3HayeHus 8'%0 ¢ ry6uHOIl B GOIBIIMH-
CTBE CJIy4aeB CTAHOBATCS 00Jiee OTPULIATEIbHBIMMU,
YTO COOTBETCTBYET MPAKTHMYECCKM MOJTHOI MOTEepe
CHera B HayaJjia 3UMbI 3a CUET IeKaOPbCKUX OTTEIIe-
Jieli 1 THTEHCUBHOMY €r0 HaKOILJICHUIO B aHOMaJIb-
HO XOJIOAHOM SIHBape. B CHEXHBIX KOJIOHKaX I0T0-
3araja B CpeHell YacTu pa3pe3a YETKO BhIICISIETCS

CJION TIJIOTHOTO, YacTo OoJyiee TEMHOTO CHera, oopa-
30BaBIIETOCS MPU 1eKaOPbCKOM IOTEIIEHUU. DTOT
CJIOM HEeOOJIBIIIONH MOIITHOCTH OTINYACTCS TSKETBIM
M30TOITHBIM COCTaBOM, YTO, BEPOSITHO, OOBSICHSIET-
csl TpaHcopMaleid U30TOIMMHOroO cocTaBa CHera B
pe3yybTaTe MPOLIECCOB MepepacIpeneieHus: BoIs-
HOTO Mapa 1 BoIbl B ToJIIe cHera [24]. B ueHTpanb-
HBIX U CeBepHBIX paiioHax Kapenun HUXXHUN clioit
CHera CoxpaHWJI COCTaB U30TOMMUUYECKU OoJiee Ts-
KENTBIX aTMOC(EpHBIX BHITTANCHUN Hayaia 3UMMBI T10
CPaBHEHUIO C SHBAPCKUMU OCaIKaMH.

BoiBoabl

BriepBrie Ha Tepputopun Kapeanu BBITIOJHE-
HbI PeTUOHAIbHBIE MCCIIEI0BAHNS U30TOITHOTO CO-
craBa (8'%0 u 82H) cHexXHOro MoKpoBa B KOHLIE Te-
puona cHeroHakoruieHust (MapT 2016 1.) Ha doHe
nponomkarmmuxcs ¢ 2012 r. HabMOAeHUH 3a U30-
TOITHBIM COCTAaBOM aTMOC(EPHBIX BbIITaAcHMIMA
B Iletpo3aBoncke. Ocagku XapakTepu3yrOTCS HU3-
KOl MUHepanu3aieil 1 KUCIoi peakuuei (B cpen-
HeM asiekTponpoBogHocTh EC = 9 MxCM/cM nipu
pH = 5,3), kxpoMe ropoackux Tepputopuii (B cpen-
HeMm EC = 16,5 MmxCwm/cm nipu pH = 5,7).

M3oTonHbIi cOCTaB CHera U3MEHSIJICS B Clie-
ayoleM auanasoHe: 8180 = —15,7 + —21,1 %o u
82H = —118 + —158 %o, 4TO 3HAUUTEIHLHO MEHb-
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1Ie, YeM Bapuallly cocTaBa aTMOC(HEPHBIX OCa-
KOB 3a 3uMy 2015/16 r.: 8180 = —8,7 + —30,9 %o,
&8?H = —77 + —239 %o. BbigBIeH TpeH yMEHbILLIE-
Hus conepxanuit 82H u 630 c rora Ha cesep B co-
OTBETCTBUU C IOHVKEHUEM 3UMHEN TeMIIepaTyphbl
Bo3nyxa. LlIupoTHasi 3aBUCUMOCTH U30TOITHOTO CO-
ctaBa cHera He pukcupyercs. CorilacHO TaHHBIM
TPaeKTOPHOTO aHAJIM3a, BO3MYIIHbIE MACChl, CONEP-
Kallle M30TOMUUECKU TSKENTYIO BJIary, IMOCTYIIAIOT
MPEeUMMYIIECTBEHHO C 3allaja U l0ro-3amnana, a co-
JepKaliue U30TOMUYECKHU JIETKYIO Bjary — ¢ ceBe-
pa 1 BocToka. OGHapyKEHbI JTOKAIbHbIE aHOMAIUU
00JIerYeHUSI M30TOITHOI'O COCTaBa CHEra, CBSI3aHHbIe
C TeMIlepaTypHOIl MHBEpCUEl BO3ayXa B JOJIMHAX
HIKHEro TedeHust KpynHbix pek Llys u Cyna.
Vmenbiuenue conepxanuii 62H u 880 B cHere
3uMbl 2015/16 r. ¢ TIIyOMHOI COOTBETCTBYET IPaKTH-
YEeCKHU MOJTHOMY CTAaUBAHUIO CHEXHOTO ITOKPOBA B Ha-
yaJjie 3UMbI 3a CYET IeKaOPbCKUX OTTENeENe U UHTEH-
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Summary

Data from satellite observations (1979-2020) showed that over the last 40 years, years with a decrease in the area of
summer ice extent and their thickness have prevail. Over 10 years, negative trends in anomalies of ice area and thick-
ness of the ice are —13 and —15%, respectively. There is also a rapid reduction in the area of old ice (> 4 year-old):
while in 1985 it was estimated at 2.7 million km? while in March 2010 it was 0.34 million km?. The paper analyses
paleo-sea ice extent during the Holocene (the last 12,000 years) based on empirical biomarkers IP,. (a sea ice proxy
with 25 carbon atoms synthesized by the specific Arctic sea ice diatoms Haslea spp. which have been proven to be
a suitable proxy for paleo-sea ice reconstructions) obtained from deep-sea cores from the North Atlantic. The data
obtained showed that during the warm periods of the Early and Middle Holocene, the area of summer sea ice was
reduced to a minimum. This confirms the conclusion made earlier in [28] that the current trend of reducing the area
and thickness of ice is unprecedented over the past 1,500 years. There is no complete analogue of the climate in the
past corresponding to the current level of the CO, concentration in the atmosphere. The closest time interval in terms
of CO, content is the warming of the Middle Pliocene between 3 and 4 million years ago, when the CO, content in
the atmosphere was 450-500 ppm against approximately 420 ppm at present. Paleo-climate reconstructions for this
period estimate the global temperature to be 3.0-3.5+0.5 °C higher than at the end of the 19™ century. Summer air
temperatures in the high latitudes of the Northern Hemisphere exceeded the current ones by 8-10 °C, and the sea
ice in the Arctic shelf seas was completely absent in the summer. Empirical data and model simulations have shown
that presently the main driver of the reduction of the Arctic sea ice area is the increase in concentration of CO, in the
atmosphere. At the present time old sea ice tends to be replaced by seasonal ice demonstrating natural shift from pre-
dominance of permanent ice to the ice-free Arctic. In case of continuous increase in CO, concentration in the atmo-
sphere despite the emission control measures, one of the scenarios, which had happened in the past, may come true.

Citation: Borzenkova LI, Ershova A.A., Zhiltsova E.L., Shapovalova K.O. Arctic sea ice in the light of current and past climate changes. Led i Sneg. Ice and
Snow. 2021, 61 (4): 533-546. [In Russian]. doi: 10.31857/52076673421040106.
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KnroueBbie crioBa: cospemMeHHoe nomensieHue, naowaob U moswuHa Mopckozo nb0a Apkmuku, Mopckoli 1é0, ménsibie 3n0Xu NpowsIozo,
6e3nédHaa Apkmuka e npowisiom u 6yoywem.

3a nepuog cnyTHUKOBbBIX HabntogeHni (1979-2020 rr.) NponcxoanT NOCTOAHHOE YMEeHbLUeHWe NoLWaan
NEeTHUX NbAOB U UX TONLWMHBI CO CKOPOCTbio 13 1 15% 3a 10 neT cooTBeTCTBEHHO. OTMEYaeTCa ObICTpoe
CoKpalleHne NNoLwWwaamn NbAoB cTapLue YeTbIPEX fIeT 1 yBeNuyeHne niowaan ogHONeTHNX NbAoB. AHanu3
OaHHbIX O COCTOAHNN MOPCKUX NbA0B B APKTUKE 3a rofIoLeH, 3a TENYI0 CTagunio MOCNefHEro MexnegHu-
KOBbA U CepefMHy NavoLeHa nokasas, Yto B Ténsble 3MoXm NPOoLAOoro NAowWaAb NeTHMX JibJOB COKpaLLa-
nacb 4O MUHUMANbHbIX 3HAYEHU. DMNMpPUYECKe AaHHble U pe3ynbTaTbl MOAENMPOBAHUA NMOKa3blBaloT,
YTO B HacTosALLee BpeMa 3anyLleH MexaHn3M 3ameLLeHNA MHOMOMIeTHMX NIbAOB CE30HHbIMU, YTO ABNAETCA
€CTECTBEHHbIM COCTOSIHMEM MNepexofa OT 3Tana npeobnagaHna Ce30HHbIX IbAOB K 6e3n1é4HON APKTUKMN.
OcHoBHON fpaviBep COBPEMEHHOIO COKpaALLeHNA MOPCKMX bAoB — pocT cofepxaHuna CO,. Ecnn KoH-
ueHTpauma CO, B aTMochepe ObyaeT yBennumBaTbCaA, TO MOXET cpaboTaTb OAVH 13 CLieHapyeB, MMEeBLLMI
MEeCTO B MPOLLIOM.
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BBenenne

AHanu3 CNyTHUKOBOM MHMOPMALIUY 32 TTOCIeI-
HUE NEeCATUIIETUS] MO3BOJSIET AeTaJbHO MpeacTa-
BUTb IIPOCTPAHCTBEHHYIO U BPEMEHHYIO KapTUHY
M3MEHEHUS TJIOLIAaAu U TOJIIMHBI MOPCKOIO Jibla
B ApkTudyeckom Oacceiine [1—4]. becnpeueneHT-
HO OBICTpOE€ COKpallleHWe MJIOoIaal U TOJIIIMHBI
MOPCKOTO JibJa B APpKTHKE CBUIETEJILCTBYET O HE-
COMHEHHOM POJIU IMOBBIIIEHUs TeMIIEpaTyphl BO3-
nyXa — CJIEACTBUS YCUJIEHUS «IIapHUKOBOIO 3(-
(bexTa» B pe3ynbTaTe BHIOPOCOB YIVIEKHCIOTO Tra3a
U APYTUX NAapHUKOBBIX Ta30B. B cBsI3u ¢ 3TMM BO3-
HUKaeT BOIIPOC O BO3MOXKHOM YaCTUYHOM WM JaKe
MMOJIHOM MCYE€3HOBEHMU MOPCKUX JIBAOB, 10 Kpaii-
HEl Mepe B JIeTHee BpeMsI, Ha 3HAUUTEILHOM YacTu
ApkKTuueckoro 6acceifHa B OJmKaillime aecsaTuie-
tus. Jdaxe npu codmonenuu Ilapukckoro corna-
meHus 2015 r. [5] 06 orpaHMYEeHUN BEIOPOCOB, YTO
HE TO3BOJIUT ITOBBICUTH III00aIbHYIO TEMIIEpaTypy
6osee yeM Ha 1,5—2,0 °C no cpaBHEHUIO ¢ JOUHAY-
CTPUAJIBHBIM ITEPUOIOM, MaKCUMaJIbHOE COKpallle-
HUE TIIOIIAAN MOPCKOTO OJIeAcHEHUSI B APKTHKE ITO
JAHHBIM MOJEJIMPOBAHMSI MOXET HACTYITUTh yKe K
cepeHe HACTOSIIEro croetus [6, 7].

I'eonoruyeckasi UICTOpUS MOPCKOTO OJIeIeHe-
HUS ApKTMYECKOro 0acceliHa Imokasaa, 4To Jaxe
MPU OTHOCUTEIbHO HEOOJbIIIOM TOBBIIIEHUM TJ10-
b6anbHO# Temnepatrypsl Ha 1,0—1,2 °C B cpenHeM
rojoleHe 1 Ha 1,5—1,8 °C Bo BpeMsi MakKcuMyMa
MOTEeTJICHUS TTOCAeIHEeTO MEXIeTHUKOBbS (MOp-
cKas usoronHag moacragus Se, okoao 130 Twic.
JIET Ha3aj) IJI0IIaab MOPCKMX JIBAOB U MX TOJIIIM-
Ha 3HAYMTEJIbHO COKPAIAJIMCh B JIETHEE BpeMs IpU
OTHOBPEMEHHOM YBEJIMYCHUHU IUIOIIAAN OTHOJIET-
HIX THI0B [8—13]. AHaNMM3 MMaaeoKIIMMaTUIeCKOMN
nHGOPMALIMU 3a MOocaeaHNe 65 MIIH JIET IO3BOJISI -
€T CIeNaTh BBIBOM, YTO CHUKECHNE KOHIICHTpALUN
«ITAPHUKOBEIX» Ta30B U, IIpeXIe BCEro, comepxKa-
Hust CO, B atMocepe ObUIO OCHOBHOM MPUYUHON
(GopMUpOBaHMS XOJIOMIHBIX TOHHBIX BOJ B OKEaHE
Ha IpaHUlIe 20lieHa/ouroueHa (0kojo 38 MIIH JeT
Ha3am), 4YTO B JaJIbHEHIIIEM MPUBEIO K MOSIBICHUIO
TOPHOTO, HA3€MHOT'0 U MOPCKOTI'O OJIEAEHEHUS B BbI-
cokux mupoTax [13—15].

COBMECTHBII aHAJIN3 COBPEMEHHBIX JaHHBIX 00
M3MEHEHUHU TUIOIIAIN MOPCKUX JIbIOB B ApKTHUKE
U J1aHHBIX 0 conepxanun CO, B atMmocdepe noxa-
3aJ1 TECHYIO 3aBUCUMOCTb MEXIYy POCTOM KOHIIEHT-
paunu CO, 1 COKpaILEHUEM ILJIOIIAAN OJEAEHEHUS

B nocaeanue 40 et [16]. BeiBom o ToM, 4TO comep-
JKaHWe YIJIEKMCIIOTO ra3a — OCHOBHOM JIpaiiBep u3-
MEHEHHUSI MOPCKOTO OJieAeHEeHHUs] B APKTUIECKOM
OaccelfHe B HACTOsIIIIee BpeMsI, ObUI ITOJIyYeH 1 B pa-
00Tax IT0 MOJEINPOBAHNIO KIIMMaTa APKTUIECKOTO
bacceiina [2, 7, 17].

3agaya HACTOSIIIETO MCCIEIOBAHUS — COIIOCTa-
BUTH JAaHHBIE O COBPEMEHHBIX M3MEHEHUSIX ILIO-
IIaad MOPCKUX JIBAOB C COCTOSTHUEM OJICACHEHUS B
ApPKTHKE BO BpeMsI OTHOCUTEILHO OJIM3KUX K Hallle-
MY BPEMEHH MOTEIUICHUI B IIPOIIIOM, KOIIa IJI0-
OasibHAsI TEMIIepaTypa IIpeBbIllana COBPEMEHHYIO Ha
1,0 m 1,5—1,8 °C, 9To peaqbHO MOXKET ITPOU30UTH B
CpPaBHUTENIBHO OIM3KOM OymyiieMm. CHTyalus, Koraa
MOpPCKOM JI€A B APKTHKE M3 MHOTOJIETHETO IIpeBpa-
IIaJicsl B Ce30HHBIN, HEOMHOKPATHO MMejla MECTO B
MPOIILIOM, JaxXKe TIPY CPAaBHUTEILHO HEOOJIBIIIOM I10-
BBIIIIEHWN TJIO0ATBLHOM TemItepartypsl [9, 11, 12].

CoBpeMeHHOe NOTeNJIeHHEe H COCTOSTHHE MOPCKOT0
JibIa B ApDKTHYECKOM DacceiiHe

Ha puc. 1 npuBeneHsl JaHHbIE 00 U3MEHEHUU
100AIbHON TeMIlepaTyphl M TeMIIepaTyphl BO3oyXa
B BBICOKKX 1IMpoTax (ceBepHee 60° c.u1.) ¢ 1979 o
2020 T., oxBaTBIBAIOIINE TTEPHOI MOHUTOPWHTA TIJTO-
IIaay MOPCKUX JbIOB C IIOMOIIBIO CUCTEMBI CITyT-
HUKOBBIX HaOmoaeHunii. B kauecTBe mHOAMKATOpa
COCTOSIHUSI MOPCKOTO OJiefAicHEeHNUsI APKTUKH Jalle
BCETro MCIIOJIb3YIOTCSI MECSIIHBIC JaHHBIE O IPOTSI-
KEHHOCTH JISAIHOTO TTOKpOBa (sea ice extent) mian
IUIOIIAabh MOPCKOTO JIbAa (sea ice area). JlaHHBIe
IOCTYITHBI Ha calite HammoHanpHOTro IIeHTpa JaH-
HBIX USA no nccnenoBanmio cHera 1 jbpaa (Nation-
al Snow and Ice Dat Center, NSIDC) [19, 20]. Ha
puc. 1, 6 npeacTaBieHbl JaHHbIE O MPOTSKEHHOCTHU
JIensTHOTO TTOKpoBa B Apktrke ¢ 1979 mo 2020 1. B
KOHIIE BECEHHE-JIETHETO ce30Ha (MIOHb—CEHTSIOPB),
KOra IJIoIaabh MOPCKOTO OJIeASCHEHUS TOCTUTAET
MUHUMAaJIbHBIX 3HaueHui. C 1LIenbio pacuéTa 3TOTO
mokazaTteis O KaXaoi S4eiiku ApKTUIECKOTO
bacceitHa pa3MepoM 25 X 25 KM OIleHMBaeTCs Ha-
JINYKE WM OTCYTCTBME Jbla, IIOPOrOBHIM 3HaUe-
HUEM CIIYXUT CIUIOYEHHOCTh MOPCKOro ibaa 15%
u 6oee. Sdeiiku co CrIo4€HHOCThIO MeHee 15%
CYMUTAIOTCS YUCTOM BOIOM, P MPEBHIIICHUN T10-
pora 15%-ii CIIJIOU€HHOCTY JaHHAas sgYeiika cumTa-
€TCsI TIOJTHOCTBIO 3aHSTOM JbA0M. [1poTSKEHHOCTD
JIEASTHOTO TIOKpOBa — yA0OHAs XapaKTepUCTUKA IS
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Puc. 1. I'nobanbHas TeMnepaTypa, TeMIeparypa Bo3ayXa B BRICOKMX IMpoTax (ceBepHee 60° C.111.) 1 MOPCKUE JIbIbI
Apxktuueckoro 6acceiiHa 3a nocienuue 40 jget (1979—2020 rr.).

a: 1 — aHomanuu riaobanbHOi Temmeparypbl Bo3ayxa (90° c.r. — 90° 10.111.) B OTKJIOHEHHUSIX OT TeMIeparyphl 3a nepuon 1981—
2010 rr.; 2 — aHOMaJIMK TEMITEpATyPhl BO3AyXa B IIMPOTHOM Tosice 60—90° c.111. B OTKJIIOHEeHMsIX 3a niepron 1981—2010 rr.; ncrou-
HUK JaHHBIX [18];

6: 1 — MMHUMAaJIbHAsS TUIOLIAAb MOPCKOTO Jibja (sea ice extent) B CEHTAOpE, MJIH KM%, 2 — OTKJIOHEHUs 3HAYeHUII MUHUMAIbHOM
miomanu jgbaa (B %) or HopMbl (1981—2010 rr.) 3a mepuon CyTHUKOBBIX HaGmoaeHuit ¢ 1979 mo 2020 r.; 3 u 4 — AuHeiHbIe
TPEHbl COOTBETCTBEHHO MMHUMAJILHOM TuToIanu Jbaa (3) u e€ OTKIOHEHUsI OT HOPMBI (4); MCTOUHUMK AaHHBIX [19];

6. I — U3BMEHEHMEe CpeHel TOIIIMHBI JIbla B ApKTUYEeCKOM OacceiiHe B ceHTsiope (M) u 2 — B MmapTe ¢ 1979 o 2020 r.; ICTOYHUK
naHHbIX [19, 20]; 3 u 4 — MUHEHbIE TPEHAbI TOJILMHDI JIbJa B CEHTIOpe U B MapTe COOTBETCTBEHHO; 5 — U3MEHEHUE TOJILIMHbI
abaa ¢ 2009 mo 2020 r. mo naHHbIM CryoSAT-2; MCTOYHMK JaHHBIX [21]

Fig. 1. Global air temperature, high-latitude air temperature and sea ice extent in the Arctic Basin over the last
40 years (1979—2020).

a: I — global air temperature anomalies (90° N — 90° S) relative to the 1981—2010 reference period; 2 — air temperature anomalies
averaged for 60—90°N relative to the 1981—2010 reference period; source: [18];

6: 1 — minimum sea ice extent in September (million square kilometers); 2 — curve shows percentage of minimal sea ice extent de-
partures from reference period (1981—2010) from 1979 to 2020; linear trends of the minimal sea ice extent (3) and its departure rela-
tive to the period 1981—-2020 (4); source: [19];

6: mean sea ice thickness (m) in the Arctic Basin in September (/) and in March (2) from 1979 to 2020 [19, 20]; 3 and 4 — linear
trends for September and March respectively; 5 — sea ice thickness from CryoSAT-2 over the period from 2009 to 2020; source: [21]
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TpeH/pI IUTOLIA/{N U TOMIVIHBI Tb/Ia B ceHTsA0pe [19-21]*

Inomanbs MOpcKoro Jibaa TonuuHa nbaa (mo gfaHusiM PIOMAS)

aHOMaJIMM Tutomanu | TpeHa ¢ 1979 r. otHo- aHOMAaJIUM TOJIIMHBI | TpeHI ¢ 1979 r. oTHO-

Tomsl | g centaabpe, | J1ba OTHOCUTENLHO | CUTEILHO CPEIHETO 32 | B CEHTAGPE, | JIba OTHOCUTENLHO | CUTEILHO CPEMHETO 3a

MJIH KM2 | cpenHero 3a nepuon | nepuoa 1981—2010 rr., M cpenHero 3a riepuof, | epuon 1981-2010 rr.,

1981-2010rr., % %/10 ner 1981-2010rr., % %/10 ner

2000 6,25 —2,6 —6,8 1,58 —8,3 —11,1
2001 6,73 5,0 —6,2 1,68 -2,5 —11,0
2002 5,83 —-9,1 -7,2 1,64 —4,9 —11,0
2003 6,12 —4,6 —7,4 1,6 -7,2 —11,2
2004 5,98 —6,7 =7,7 1,57 —8.,9 —11,3
2005 5,50 —14,2 —8,5 1,49 —13,6 —11,7
2006 5,86 —8,6 —8,6 1,44 —16,5 —12,2
2007 4,27 —33,5 —10,4 1,53 —11,2 —12,1
2008 4,69 —26,9 —11,3 1,38 —19,9 —12,5
2009 5,26 —-17,9 —11,5 1,36 —-21,1 —12,9
2010 4,87 —24,1 —11,9 1,01 —41,4 —14,2
2011 4,56 —28.,9 —12,5 1,02 —40,8 —15,3
2012 3,57 —44.4 —13,6 1,14 —33,9 —15,7
2013 5,21 —18.,8 —13,3 1,1 —36,2 —16,1
2014 5,22 —18,6 —13 1,42 —17,6 —15,5
2015 4,62 —28.,0 —13,1 1,34 —22,3 —15,1
2016 4,53 —29.4 —13,1 1,11 —35,6 —15,3
2017 4,82 —24.8 —-13 1,06 —38,5 —15,5
2018 4,79 —25.4 —12.,8 1,11 —35,6 —15,5
2019 4,36 -31,9 —12.,8 1,01 —41,4 —15,7
2020 3,93 —38.8 —13,1 1,06 —38.,5 —15,7

*TpeHI[I)I Tuiom@anaun jJba v TOJIIMWHEBI JibJa 3HAYMMbI Ha 95%-m YPOBHE€ 3HAYUMOCTU.

aHajlM3a Ce30HHBIX U MEXIOdOBbIX U3MEHECHU,
KOTOpasi I03BOJIsIET HanuboJjiee ageKBaTHO ITOCTPO-
WUTb TPAHUILY PacIpOCTpaHEHUs JibIa, OCOOEHHO BO
BpeMsI TassHUS JIbIOB, KOTIa UCIIOIb30BaHUE IPYTUX
MHIWKATOPOB MOXKET IIPUBECTU K HETOOLEHKE TILI0-
maau oyneneHeHms [22].

Kak BunHo u3 puc. 1, 6, NOBBIIIICHAE TeMIIE-
paTyphl BO3ayxa B IIUPOTHOI 30He (60—90° c.11.) B
MMOCJIEIHME TOABI cocTaBsIeT oKoJjio 2 °C 1o cpaB-
HeHuto ¢ HopMmoit (1981—2010 rr.), 4yTo NpakTu-
YeCKHU BIBOE IIPEBHIIIACT M3MEHEHNE TJI00aIbHOMI
temnepatypsbl (90° ¢.11.—90° 10.11.). Kak BUIHO U3
puc. 1, 6 1 TabauLIBI, 32 BeCh MEPUO/J CITyTHUKOBBIX
HaOIIONEHUN TUIOIAAN JIETHUX JILIOB ITOCTOSTHHO
YMEHBIIAIOTCS, IPUYEM CKOPOCTh MX COKPAIIEHMS
yBeJIMYuaach rnpaktuuecku sasoe ¢ 2007 r., u B Ha-
cTosIlIee BpeMsl TPeH, COCTaBlisIeT oKojio —13% 3a
10 net. U3 maHHBIX TaOIMULIBI BUIHO, UTO COKpa-
LIEHWE IO MOPCKUX JIBAOB COMPOBOXIAETCS
YMEHbIIIEHUEM UX TOJIIIUHBI.

Metoabl U3MepEeHUs U OLEHKU TOJIIMHBI Jbaa
JMOCTaTOYHO MHOroo0pa3Hbl. [lepBbIMU MeTogaMU
HaOJIIOICHW, TTO3BOJISIIOIIMMY OLICHUTh TOJIILIMHY
Jiba, ObLIM BU3yaJdbHbIe HAOIIOMEHUS C MOPCKUX
CYIOB U HEMOCPEACTBEHHO ¢ MOBepXHOCTHU Jibaa. C
3apOKICHUEM U pa3BUTHUEM aBUALIUU JIJIsI OTIMCAHUS
IapaMeTpoB JICASTHOTO ITIOKPOBa HaYaIu MCIIOIb30-
BaTh BU3yaJlbHbIe HAOJIOACHUSI BO BpeMsI aBUapas-
BEIOK, ITO3IHEee K HUM T00aBUJIN M UHCTPYMEHTAJIb-
Hble. TeXHOJOTMY TUCTAaHILIMOHHOTO 30HINPOBAHMS,
KOTOpBIE HaYa Il IPUMEHSTh C CepeauHbI XX B., IIO-
3BOJIMJIM YBEJIMYUTH IIPOCTPAHCTBEHHBIN OXBaT U
YMCJI0 HaOMIOgaeMBIX ITapaMETPOB COCTOSTHUS JIe-
JISTHOTO ToKpoBa. bosbllioe 3HaUeHUe 1151 OLleH-
KU TOJIIIMHBI JIbJA UTPAIOT JaHHBIE, TOJIyYeHHbBIC B
XX B. ¢ IOMOIIIBIO TUIPOJTOKATOPOB BEPXHETO 00-
30pa, YCTAaHOBJIEHHBIX Ha MOJABOIHBIX Jlogkax. C
pa3BUTHEM KOCMUYECKMX TEXHOJIOTUI ITOSIBUIIACH
BO3MOXHOCTb MCIIOJIb30BaTh JJsI MOHUTOPHMHTA
CIYTHUKOBYIO MH(MopManuio [3].
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CnyTHMKOBOE NUCTAaHIMOHHOE 30HIUPOBA-
HHE IT03BOJIMJIO PACIIUPUTh 3HAHUSI O IMPOCTPaH-
CTBEHHOM 1 BpEMEHHOM M3MEHEHUU TOJIIWHEI JIbAA
M €ro BO3pacCTHOM COCTaBe. MeTOmbl TUCTAHIIMOH-
HBIX CIIYTHUKOBBIX HAOMIONCHWI pa3BUBAJICh B pa3-
HBIX HAIIPaBJICHUSIX. UCIOJIb30BaHNe NH(MPaKPaCHBIX
CITyTHUKOBBIX CHIMKOB, TaHHBIX ITACCBHOTO MUKPO-
BOJTHOBOTO M3IyYeHUsI, MI3MEPEHMI paarOIOKAIIMOH-
HBIX CTAaHIIMI C CHHTE3UPOBaHHOI1 artepTypoii (PCA),
JIa3epHBIX BHICOTOMEPOB (aJIbTUMETPOB). B HacTos1-
1ee BpeMs JaHHBIE CITyTHUKOBOTO 30HIMPOBAaHMUSI
WUTPAIOT IJIABHYIO POJIb B aHAJIM3E COCTOSIHISI MOPCKO-
TO JIbIAa, TIPY 3TOM JTaHHBIC MTHCTPYMEHTAIbHBIX N3Me-
peHMii in situ ¢ aBUALIMOHHBIX aIlllapaToOB M MOPCKUX
CyI0B 00€CIIeUNBaIOT HEOOXOMMMYIO BaJUIAIIAI0 1
KOPPEKTUPOBKY CITYTHUKOBBIX JTaHHBIX [ 13, 23].

B ampesne 2010 r. EBpormeiickuM KOCMUYECKIM
areHTcTBOM (EKA) OBLT 3amylieH MCKYCCTBEH-
HEIA ciryTHUK 3emu CryoSat-2, ogHa M3 TIIaBHBIX
1eIeil KOToporo — M3MepeHue TOJIIINHBI MOPCKO-
ro ibaa [19, 21]. OCHOBHBIM MHCTPYMEHTOM 30HIA
CIIY>KUAT PagroJIOKAIIMOHHBIN MHTephepoMeTpruie-
CKMI1 BBICOTOMEP C CUHTE3MPOBAHHOW allepTypout
SIRAL, n3Mepsgommnii ¢ BEBICOKOHW CTEITeHbIO TOU-
HOCTH MPEBBIIIEHE MOPCKOIO JIba Hal YPOBHEM
Mops. TomuHa 1baa pacCYUTHIBANIACH IO ypaBHE-
HUIO TMAPOCTATUICCKOTO PAaBHOBECHS HAaIBOMTHOMN
YacTU CHEXHO-JIeASHOrOo IMMOKPOBa U IMOABOIHOM
YacTH JIbAa, YIUTHIBAIOIIEMY Pa3Indusl INIOTHOCTEM
BOJIBI, JIbIA U CHETA.

Haomonenns co crryranka CryoSat-2 moKpbIBa-
0T TI0YTH BCIO Tepputopuio CeBepHoro JlemoBuToro
OKeaHa, 9YTO 00YCIIOBIJIO IIIMPOKOE MCIIOIb30BaHIE
3TUX JAHHBIX B KAYECTBE OCHOBHOTO UCTOYHMKA MH-
(opmanuy mpu oLeHKE KOJEOAHWM TOIIIMUHBL 1
00BEMa apKTUIECKOTO Jbaa. JlaHHbIE NCCIeI0BaHNUSI
¢ TIONBOIHBIX JT0AOK 3a nepuond ¢ 1958 mo 2000 r.,
MOTOJHEHHBIC CITYTHUKOBBIMM HAOTIONCHUSIMUA C
1999 1o 2017 r., moKa3aiu, YTO B IIECTHA paiioHax
ApPKTHYECKOro OKeaHa TOJIIIMHA MOPCKOTO JIbaa 3a
nociaeanue 60 JeT yMeHbIIWIACH B CPeIHEM Ha 2 M,
win Ha 66% [13, 19].

KpomMme HermocpencTBeHHBIX HaOIIOIeHUIA 3a 13-
MEHEeHMEM TOJIIIMHEI JIbaa, OblIa pa3paboTaHa CH-
cTeMa MaHapKTUYEeCKOro YMCIEHHOTO MOIEIMPO-
BaHus J1bpaa 1 okeaHa — PIOMAS (Pan-Arctic Ice
Ocean Modeling and Assimilation System), To3Bo-
JISIIOIIAS TIOJIYyYaTh HeIIpePhIBHBIC JaHHBIE O TOJI-
IIIMHE U 00BbEME MOPCKOTO OJieICHEHUSI B APKTHKE.
IlonHoe ommcaHne JaHHBIX, ITOJIYYaeMBbIX C TIOMO-

mbto cuctembl PIOMAS, naércs B padorax [23, 24].
KommyecTBeHHBIE OLIEHKHU TOJIIWHEI JIbJa B CUCTE-
Me PIOMAS y4uTBIBaIOT XapaKTEepUCTUKU LIAP-
KyJISIMM B BEpXHEM CJIO€ OKeaHa B ITOJISIPHBIX
o0aacTax 3eMJIM, UCHOAb3Ysl MPU 3TOM JaHHBIE pe-
a"Hanu3za NCEP/NCAR. CpaBHeHUe TaHHBIX, I10-
nydyeHHbIX cucteMoil PIOMAS, ¢ matepuanamu
JUCTAaHLIMOHHOI'O 30HAMPOBAHUSI, HAOJIIOAEHU C
cyOMapHH, a3pOChEMOK U APYTMX HATYPHBIX Ha-
OrofeHu, moKa3aao Xopollee BOCIpou3BeacHe
ATOM CUCTEMOM MPOCTPAHCTBEHHOTO pacmpocTpa-
HEHUsI JIbJa Pa3HOM TOMIIMHBI, a TAKXKE CE30HHbIE U
MEKTOA0BbIE U3MEHEHMUSs TOJIIUHEI Jibaa [25]. Yuc-
JICHHBIE OLIEHKHM, ITOJIydeHHBIE B paMKaX CUCTEMbI
PIOMAS, oxBaThIBalOT MJjollaab ceBepHee 43° c.111.,
obecrnevynBas 10CTaTOYHYIO0 BpeMEHHYIO MPOTSIKEH-
HOCTb M MOJIHOTY JaHHBIX, YTO BaXKHO IS KJIMMa-
TUYECKUX MOJEJIei, TpeOYIOIMX IJIUTEeIbHBIX Bpe-
MEHHBIX PSIIOB JaHHBIX. Pe3ynbTaThl BHIUMCICHUI
00BbEMA U TOJIIMHBI Jibaa B cucteMe PIOMAS 6b11n
HCIIOJIb30BaHbI B KAU€CTBE MHCTPYMEHTA JIJIsl OLIeH-
KU JOJITOCPOYHBIX KJIMMAaTUYECKUX TPEHOOB C I0-
Moliblo ceMeiictBa moaeseit CMIP6 [7].

Ha puc. 1, 6 npuBeaeHbl 1aHHbIe 00 U3MEHeE-
HUU TOJIIUHBI IbAa B Apktuke ¢ 1979 no 2020 r.
B MapTe U CEHTSAOpE C UCMOJb30BAaHUEM CBEIEHUM
cucteMbl PIOMAS u naHHbBIX, MOJAYYE€HHBbIX CITyT-
HukoM CryoSat-2 3a nepuon ¢ 2010 mo 2020 r. Kak
BUIHO U3 puc. 1, ¢ u Tabauubl, ¢ 2010 r. oTmMeva-
€TCs 3HAUUTEIbHOE YMEHbIIIEHUE TOIILIMHBI JbJA:
OTpHUIIATEIbHBIN TPeH cocTaBisgeT bosee 15% 3a
10 net. OTMETUM, YTO OTPULIATEAbHBINA TPEHA TOJI-
LLIMHBI JbAa cOoXpaHseTcs 3a Bech repuon ¢ 1979 no
2020 r. kaK B ceHTsI0pe BO BpeMs MUHUMAaJbHOM
roJoBO TJIOLIAAY JbJa, TAK U B MapTe, Koraa Jjie-
ISIHOM TMTOKPOB APKTUKM HOCTUTACT MAaKCUMYyMa.
3a 15-1eTHUil nepuoa CyTHUKOBBIX HAOIIOAEHU I
(ICESat-2 u CS-2) ApKTUYECKU1 OKeaH MOTepsi
okoJio 2100 km? [3].

Hapsiny ¢ naHHBIMM O TOJIIIMHE Jiba, BaXKHbII
rokasareJib COCTOSTHMSI JIEISTHOTO MOKpOBa ApPKTH-
yecKoro 6acceiiHa — Bo3pacrt Jbaa. s ero orpe-
NeJIEHUs UCIOIb3YIOT CITyTHUKOBbBIE HAOIIOAEHUS
U HabIoaeHUs 3a ApeiichoM JAbI0B. DTU UCCIAE0-
BaHMSI MMO3BOJISIIOT MOJYYUTh CBEIEHMSI O BO3pACTE
Jpaa ¢ 1980-x rogoB. CaMble cTapble JbIbl, BO3PACT
KOTOpPBIX 00Jie€ YETBIPEX JIET, — IJIaBHBIA KOMITO-
HEHT JeASIHOrO MOKpoBa ApKTHUYECKOIro bacceil-
Ha, XOTSl B HacTosIllee BpeMsl TaKo# JE cocTaB-
JISIET JIMIIb HeOOJbIIYIO (ppaKIMio MaKOBOTrO Jbaa.
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Ecnu B 1985 1. 33% nb10B ApKTHUecKOro dacceii-
Ha COCTaBJIJIM cTaphie JbIbI, TO B MapTe 2020 T.
Ha IOJII0 CTaporo JibAa B IIaKOBOM JIbIe IIPUXOOM-
jnoch Bcero 4,4%. O61mas mioinaab pacupocTpa-
HeHUS cTapbuiX J00B B MapTe 2010 r. oleHnBaeT-
ca B 0,34 MuIH KM2 110 cpaBHEHUIO ¢ 2,7 MJIH KM2 B
1985 r. Ognako B Mapte 2020 r. KOJMYECTBO CTa-
PBIX JIBIOB JaXe HECKOJIBKO YBEJIUUYMIOCH 110 CpaB-
HeHuto ¢ 2019 r., Korga ero 1iomniagb olleHUBajach
Bcero B 1,2% (umm 0,09 MaH kM?) Beell miommann
MopcKoro ojeneHeHus1. [lmomane TeasTHOTO IO-
KpoBa 3—4-JIeTHEero Bo3pacTta yMeHbIIWIach ¢ 6,4%
B 2019 1. mo 3,7% B 2020 r. (NOAA Arctic Repor
Card, 2020) [1].

Kak 1mmokasan aHanu3 sMIOMPUISCKUX TaHHBIX
0 TeMIIepaTypHOM U JIEIOBOM peXuMe, B APKTHUKE
3a nocjaeaHue 40 jgeT 3a CYET COBPEMEHHOM TEIION
aHOMAaJIMM, KOTJa MOBHIIIeHNE TJI00aIbHOI TeM-
IepaTyphl 110 CPaBHEHUIO C JOMHIYCTPUATbHBIM
nepuoaom coctaBuio okoio 0,8£0,2 °C [6], 3Ha-
YUTEIbHO U3MEHMIOCH COCTOSTHIE MOPCKOTO OJIe-
IeHEeHUs BBICOKMX IPOT CeBEepHOTO MOIYIIAPHSI.
BeposiTHO, 1 B mpolLIoM, KOIIa ITOBKIIIEHNE TJI0-
0aJbHOI TeMIIepaTyphl ObLIO CPABHUMO C COBpe-
MEHHBIM WJIN HECKOJIBKO IIPEBHIIIAN0 €ro, IUIOMAab
MOPCKOTI0 OJIeAeHEeHHUsI COKpalllajach, a B OTOEIIb-
HbIe TEIJIbIC TIEPUOIBI B JIETHEE BpeMs B LIeIb(O-
BbIX MOPSIX APKTUKE MOT HAOJI101aThCsl 0e31EMHbII
pexum [10—12, 15].

Mopckue Jb/bI B roJionene (nociaeannel2 Toic. Jer)

CBeneHMs1 O COCTOSTHUU MOPCKUX JIbAOB B BbICO-
Kux mupoTtax CeBepHOro MnoJjiylapus 3a NocaeaHue
TBHICSIYEJIETUSI HOCIT B OCHOBHOM KauyeCTBEHHbIM
XapakTep, XOTS HEOAHOKPATHO MpeaANpUHUMAINUCH
MOTIBITKY PeKOHCTPYKIIMU I'PaHUIl paclipocTpaHe-
HUS JIbIOB BO BpeMsl TEMJON aHOMAaJUM CPpeaHUX
BekoB (IX—XIII BB. H.3.) U TOXOJOAAHUS «MaJTOKN
JIEMHUKOBOM smoxu» okojo 1450—1850 rr. [e-
TaJbHbIA 0030P COBPEMEHHBIX JAHHBIX O COCTOSI-
HUM MOPCKOTro oyieneHeHus 3a mociaeaHue 1000 et
MpeAcTaBieH B pabote [26]. PEKOHCTpYKLIMU COCTO-
SIHUSI MOPCKOTO OJieAeHEeHUsT B ApKTUKE 3a MOCJIe/-
Hue 1000 net B 3TOI paboTe OCHOBAHbI Ha JaHHBIX
00 M3MEHEHNH BUIOBOTO COCTaBa MOPCKOI MUKPO-
(hayHBI, paCTUTEILHOCTH Ha OCTPOBAaX U B MPUOpEK-
HBIX paifoHax, U3BMEHEHUSIX B COCTaBe rIyOOKOBOI-
HBIX OCAJKOB, MOJIyYaeMbIX B PE3yJIbTaTe MOPCKOTO

oypenus. B pabote [27] caenaHa mepBasi MOIMbIT-
Ka MOJIYYUTh KOJIMYECTBEHHYIO OLICHKY M3MEHEHMSI
IJIOLIAA MOPCKUX JIbAOB B APKTHKE 3a ITOCICIHNIE
1500 et Ha ocHOBe 00OOIIEHUST KOCBEHHBIX TaH-
HbBIX U MPSIMBIX U3MepeHuil. Ha ocHoBe 000011eHUS
0oJIbIIOTO 00BEMA KOCBEHHOI MH(OpPMAILIMKU aBTO-
PHBI clIeIaIy BEIBOJ, O TOM, YTO COBPEMEHHOE COKpa-
LIeHWe TUIOLIAIN JIbIOB B ApDKTUYECKOM OacceliHe —
OecnpelieieHTHOeE 3a nocieaHue 1450 ner.

HMccnenoBaHus mocjieqHUX JIET ObLIM HAIlpaB-
JIEHBI Ha pa3pabOTKy KOJIUYECTBEHHOTO MHIEK-
ca, MO3BOJISIIOIIET0 OLEHUTh U3MEHEHHUE TIJIOIa-
I MOPCKOTO oJieAeHeHus B mpoluiom [28—30].
Kak oHM mokasajin, HEKOTOPbIE BUIbLI IMaTOMO-
BBIX, JKMBYIII€ B MOPCKOM JIBIY TP TeMIIepaTypax
BoJbI, 6;1M3KkKX K 0 °C, MOTYT OBITb UCITOJIb30BaHbI
B KAueCTBE MHAMKATOpA HAJIWYUS UJIM OTCYTCTBUS
MOPCKOTO Jibaa. B pesynabraTe 3TuUX ucciaenoBa-
HUi ObUT TipeaioxeH 6uoMapkep 1P, u pasnuynele
ero mogudukauuu (PglP,s u Py;IP,5), ocHoBan-
HbIC HAa HAJIMYMK B UCKOITAEMOM MOPCKOI MUKPO-
¢aope nuaromoBbix BUaa Haslea spp. ¢ 25 atomamu
yraepona. KonmyecTBeHHBIe 3HAYESHUST OMOMapKe-
pa IP,5 moryt usmenarocs ot 0,2 (MUHUMaJIbHAs
TUIOLIAAb JbAa UK ero orcyrctsue) a0 1,0 (moaHoe
MMOKPBITHE JIbA0M). B HacrosIee BpeMst JOCTYITHEI
HECKOJIBKO AECSITKOB HENpPePhIBHBIX BPEeMEHHbBIX
psanos 6uomapkepa IP,s u3 pasnbix paitonos Ce-
BepHOTO JIeIOBUTOrO OKeaHa, MO3BOJISIIOLINE TTOJTY-
YHUTh ONPeACIEHHYIO ITIPOCTPAHCTBEHHYIO KapTUHY
M3MEHEeHMsI MOPCKOTO OJIeAcHEHUS 3a IOC/IeTHNe
10—12 ThIC. IeT C BpEMEHHBIM 11IarOM OT MEPBLIX Je-
CATWJIETUI 1O TIEPBBIX CTOJIETUMA.

Ha puc. 2 npuBeaeHsl faHHbIE 00 U3BMEHEHUU
TIoIaa MOPCKOTo Jbaa 3a nociaeanue 2000 neT Ha
OCHOBE aHaJM3e 0CagKOB IyOOKOBOMIHOTO KepHa
MSMS5/5-712-1 ¢ BpeMEeHHBIM pa3pelieHrueM 0KOJIO
50 netr. KepH B39T Ha KOHTUHEHTAJIbLHOM IlIeIb(e
3anagHoro Ceanbbapna B rmpojnse ®@pama [31]. B
pe3ysbTare OMOXMMUUYECKOTO aHaau3a BoAopoceit
1 (PUTOIIAHKTOHA B OcCajJKax KepHa ObUIN MOJYy-
YeHbl BpeMEHHBbIE PSIIbl OMOXMUMHUYECKUX MapKe-
poB (IP,s, Py;;IP5s, PglP,s5) or 47 r. H.5. 1o 1989 .
Ha puc. 2, a npuBeneHa peKOHCTPYKLMS TeMIiepa-
TYypbl BO3Ayxa BHETpONUYECKO 30Hb CeBepHOTO
nonymwapus (ceBepHee 30° ¢.111.), BBITTOJHEHHAsI Ha
OCHOBE 00001IeHUs IeHAPOKINMATUUECKON NH-
dopmanuu 3a nocneguue 2000 net [32, 33]. Co-
BMECTHBII aHaIMU3 3TUX JaHHBIX C JAHHBIMU O CO-
CTOSTHUM MOPCKOTO OJIeICHEHUsI O3BOJISIET CAeIaTh
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Puc. 2. AHoManuu TeMmIepatypbl Bo3ayxa BHETpONMU4ecKoit 30HbI CeBepHOTO MOJyIIapus U TJI0OLIAAb MOPCKUX
JpIoB 3a rocnaeanue 2000 ner.

a: 1 — exeroaHble aHOMaJIMU TeMIIEpaTyphbl BO3ayXa BHeTporuyecKoii 30Hbl CeBepHoro mnoyinapus (30—90° c.1u1.) B OTKJIIOHEHU -
SIX OT coBpeMeHHoI, °C; 2 — ocpenHéHHbIe 100-1eTHUE CKOMb3SIEe AaHOMATUU TeMIIepaTyphbl; MICTOYHUK JaHHBIX [33];

0: 6uomapkepsl roumanu Mopckoro Jbaa IP,s, PgIP,5 (sea ice extent), mojgyyeHHble IO JAaHHBIM NyOOKOBOJHOIO KepHa
MSMS5/5-712-1 (78°55' c.1i1., 6°46' B.11.), B3SITOrO Y 3alagHON KOHTMHEHTAIbHOM rpaHuIIbl apxureara 3ananHpii LnunGepreH,
nponuB ®@pama. 1 — [P,5; 2 — PIP,s; unicioBoit MaTepual B3AIT U3 2JEKTPOHHOTO MPUIIOKeHUs K padoTe [31];

6. PUCYHOK M3 paboThI [27]; TUTOIaah MOPCKOTO oyieieHeHusT ApKTUKU Mexmy 1860 u 2000 rr.; / — miomanb MOPCKUX JIbIOB (sea
ice extent) B aBrycTe M0 KOCBEHHBIM JaHHbBIM; 2 — IUIOLIANb JIHAOB B aBTyCTe, TOMOJHEHHAs! OMIMPUIECKUMU (CITYTHUKOBBIMMU )
JAHHBIMU 3a ITOCJIEHMUE TOMbl M CKOPPEKTUPOBAaHHAs aBTOpaMu [27] ¢ MOMOIIBIO CTATUCTUYECKUX CBSI3ei; PUCYHOK U3 dJIeK-
TPOHHOTO MPUJIOXKEHMUS K cTaThe [27]

Fig. 2. Air temperature (°C) for the extratropical zone of the Northern Hemisphere and sea ice extent over the last
2000 years.

a: 1 — annual air temperature anomalies (°C) relative to the reference period 1961—1990 averaged over extratropical part of the
Northern Hemisphere (30—90° N) during the last 2000 years; 2 — 100-year running means. Air temperature reconstruction is based
on tree-ring data; source data: [33];

0 — sea ice proxy indices of the sea ice extent (IP,5 and PgIP,s) from marine core MSMS5/5-712- (78°55' N, 6°46' E).Continental
margin of the West Svalbard, Frame Strait. / — [P,5and 2 — PgIP,s; source: data from electronic supplement of [31];

¢ — figure from [27]; sea ice extent in the Arctic between 1860 and 2000; 7 — curve represents August sea ice extent; 2 — curve shows
improved data of historical August ice extent index derived by statistical interpolation [27]
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BBIBOJ O BBICOKOM YyBCTBUTEJIHLHOCTH ILIOIIAIM
MOPCKOTO JIbJIa K CPAaBHUTEJIbHO HEOOIBIINM KOJIe-
OaHusaM Temirepatypbl CeBepHOTIO ITOTYIIapHsI.
Tpu nepuoaa riao0aTbHOTO MOTEIJICHHUS pa3-
HOM IIPOIOIKUTEIBbHOCTHU (IIepBBII — OT Hadazia
Hamreit 3pbl 1o 200 T. H.3., U3BECTHBIN KaK MOTeTIIe-
Hue PomaHckoro BpemeHu, Roman Warm Period,
RWP; BrOpoit — okomo 700—800 . H.3. 1 TpeTHiT —
mexay X u XIII BB. H.3.) XapaKTepU30BalIUCh CO-
KpallleHHeM IUIOIIaar MOPCKOIO OJIeACHEHUSI B JIeT-
Hee BpeMsl, YTO HAIJIO OTPaKeHUe B BeIMIMHAX
OMOXMMMYECKMX IToKa3aTeseii. JIByM mocieTHuM
TEIUIBIM MHTEpBajiaM, IoTeluieHuIo Mexay 700 u
800 rT. H.3., KOTOPOE CWJIbHEE BCETO MPOSIBUIOCH B
CpennzeMHOMODbE, U ITOTSIUICHUIO CPEIHNX BEKOB
(900—1300 rr.) COOTBETCTBYIOT CaMble HM3KHUE 3Ha-
YyeHHUSI OMOXUMHNYECKUX MHIEKCOB, B OTIOCIbHEIC
TOIBI IUIOIIAAh MOPCKOTO JIbIa MOIJIA COCTaBIISITh
20% u MeHee. AHAJIU3 5TOr0 PUCYHKA MOATBEPK-
JaeT BBIBOJ, CIAEJTaHHEINA B padorte [27], 0 TOM, UTO
COBpeMeHHOe TToTeIUIeHne, HadaBireecsd B 1980-x
romax, — 6ecnpetieneHTHOe 3a mocaeaaue 2000 er.
OrMeTuM elié ABe PEKOHCTPYKLMHU TUIOLIAIN
MOPCKOTO OJICI€HEHMSI, OXBAaThIBAIOIINE ITOCICIHIE
700—800 yeT, BHITTIOJITHEHHBIE Ha OCHOBE aIbTepHa-
TMBHOTO IToAXoaa. PeKOHCTpyKIMs, BHIIIOJIHEHHAS
B pabote [30], ocHOBaHA Ha €XXEroTHBIX JaHHBIX O
MJIoLIAaaM MOPCKUX JbJIOB (sea ice extent) B bapeH-
uesoMm 1 KapckoM Mopsix B JieTHee BpeMs ¢ 1289 1o
1993 r. PeKoHCTpYKIIMSI BBITIOJTHEHA HA OCHOBE KHC-
JIOPOJHO-M30TOITHOIO aHaM3a JeASHBIX KepPHOB,
B3SITBIX 13 IIECTU ITOKPOBHBIX JICTHUKOB apXUIIeia-
ra Cpannbapn, octpoBoB 3emimt dpanna-Mocuda n
CesepHolf 3eM1. DTH JaHHBIE TTOKA3aJId, YTO €CII
B KOHIIE TTOTETIeHUs cpemHnX BekoB (Mexmy 1300 u
1400 rr.) TUTOIIATL MOPCKHX JIBAOB COCTABIISIIIA OKOJIO
5x10° KkM? 1 OblIa 3HAYUTEJIHLHO HUXE IO CpaBHe-
Huto ¢ 810 x10° kM2 BO BpeMs ITOXOJIOLaHUS MAJION
JIeMIHUKOBOM 31oxu, To B 1920—40 romax u B KOHI1Ie
1980-x romoB MPOULIJIOro CTOJETUS JETHUE JIbIbI B
3TUX MOPSIX COCTABJISUIU BCETO OKOJIO 23 X 107 kM2,
Bropast peKoHCTpyKIIMsI OXBaTbIBa€T MPUMEPHO
ToT e nepuoa — ¢ 1200 no 1997 r.— u xapakTepusy-
€T COCTOSTHYE IO 3UMHUX JIbIOB JJIsT OOIINp-
HOIf TEPPUTOPUU CEBEPHBIX MOopei, oT I'peHnaHI-
CKOro Mopsl 10 BocTouHoro 1enbga Kapckoro [34].
PexoHcTpyKIIMsI OCHOBaHa Ha U30TOMTHO-KUCIOPO-
HOM aHaJiu3e KepHa, B3ATOro U3 JEIHUKOB apXu-
nenara CBaibOapm, M JaHHBIX O TeMIlepaType BO3-
nyxa Ha ceBepe CKaHIAMHABUU, BOCCTAHOBJIEHHOM

M0 ASHAPOKIMMATHYECKUM JaHHBIM. [1o maHHBIM
pa6ortsl [34], 3a mocnemnne 700 JeT TIOMIAaTh MOP-
CKUX JIBIOB (sea ice extent) B 3MMHee BpeMsI B ce-
BEPHBIX MOpSX U3MeHs1ach oT 800+1000% 103 km?
BO BpeMsI TTIOXOJIOJaHUS MajIoi JIETHUKOBOM 3IIOXH
10 600% 10° kM2 1 MeHee B KOHLIE TIOTETUIEHNS CPEJI-
HUX BeKOB, B Havajie XX B. (1920—40 ronsl) u B
1980—90-x romax.

Ha puc. 3 npencraBiieHb TaHHBIC O TeMIIepaTy-
pe BO3Iyxa B BBICOKHUX IITMPOTAX U IUIOLIATh MOPCKIX
JIBIOB 3a ToJIoLeH (mmociaemHue 11 ThIC. JIeT), mory-
YEHHBIE 110 MCCIICIOBAHMIO TIIyOOKOBOIHBIX MOPCKIX
KEPHOB C BBICOKOI CTeTIEHbIO BDEeMEHHOI0 pa3peliie-
Hus (okojo 50 yieT u MeHee) U3 IByX palioHOB ApK-
tuku (riposiuB ®pama u baddunos 3amus) |35, 37].
TemmepaTypbl Bo3IyXa BOCCTAaHOBJICHBI Ha OCHOBE
M30TOITHO-KUCIOPOIHOTO aHanu3a I'peHIaHacKoro
KEepHa, B3SITOTO B paMKaxX MEXXIYHapOIHOTO IIPOEKTa
GRIP. PekoHCTpyKILIMS MOPCKUX JIBAOB IIPEACTABIIC-
Ha B BUJI€ BPEMEHHBIX pAnoB 6uomapkepos PpIP,s u
PIP,;. Kak BunHO u3 puc. 3, Ha ¢poHe OBICTPOTO I10-
BBIIIICHYSI TEMIIEpaTyphbl Ha TPaHUIIE TTO3IHETO APH-
aca 1 paHHero rojolieHa (okojo 12,700+11,600+£0,1
KaJIeHIapHBIX JIET Ha3amd) TUI0IIaab MOPCKUX JIbIOB
OBICTPO cOKpallanach (3HaYeHUsT OMOMapPKEPOB
ymeHbLmiochk ¢ 0,8—0,9 1o 0,4—0,3).

XOJOOHBIN 3MMU30/ paHHET'0 TOJIOLIeHA OKOJIO
«8,2 ThHIC. JIET Ha3ad» HallEI YETKOE OTpakeHue B
YBEJIMUECHUH TUIOIIAAN MOPCKOTO OJiefAcHEHMSI (Be-
JInyrMHa 6uomapkepa Bo3pocia 1o 0,8), o 4éM cBuU-
JEeTEILCTBYIOT B TOM YHMCJIe M He3aBUCUMBIC JaHHBIS
W3 Pa3HBbIX palilOHOB CEBEPHBIX IIMPOT W BHICOKOM
Apktuku [38]. OTHOCUTENbHO HU3KAs CTENEHb Jie-
noBUToCcTU (OMomMapkepsl B npeaenax 0,5—0,4) or-
Meydajlach B T€UEHHE BCEro CpeJaHero roJjioleHa,
yBeJIMYEHME TJIOIMAaa MOPCKOTO JIbJa Ha4aJloCh
OKOJIO 4 ThIC. JIET Ha3aJl CUMHXPOHHO C MOXO0J0/aa-
HUEM B BBICOKMX IIMpOTax. B TeueHMe MocCaeaTHNX
3 THIC. JIeT OMOMapKephl HE OTMEYAJIM ITOX0JI0Ha-
HUS B HeoIJIsglKane. YMeHbIIeHUe 3HaUeHUI O1o-
Mapkepos PgIP,s, PIP,s u HBI III (P 1P,5) Mmexny
~ 2,1 m ~ 1,3 ThIC. JIET Ha3aJ MOIJIO OBITh CBsI3a-
HO C TIOTEIUIEHUSIMU BO BpeMsi PoMaHcKoro nepu-
ona (RWP) u Ténoit aHoMaluu B cpeaHUE BeKa
(Medieval Warm Anomaly, MWA), KoTopbie OTMe-
YyaJiiCh Ha 3HaUYUTEIbHON YyacTu CeBepHOro IMoJy-
mapus. Takue CBSI3U MOATBEPXKAAIOTCS U HE3aBU-
cuMoil nHdopmaleit U3 Apyrux paioHoB (paiioH
Hucko B I'pennannuu, Kananckass Apkruka u J1ao-
panopckoe mope) [15, 34, 37].
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Puc. 3 TemnepaTypa Bo3ayxa 1 MOpCKUE JIbAbl ADKTUKHU B rojiolieHe (rociaennue 11 Toic. jer).

a: 1 — TemniepaTypa Bo3ayxa B BLICOKMX LIMPOTax Mo AaHHbIM ['pennanackoro kepHa (8'%0) (mpoexr GRIP); ucrouHuk naH-
HbIX [36]; 2 — XOJOMHBII SMMU301 OKOJIO «8,2 ThIC. JIET Ha3al»;

0: 1 — peKOHCTPYKLMS IJIOLIAAN MOPCKOTO OJIefleHeHNs 3a rocienHue 11 Toic. jieT o gaHHbIM 6romapkepoB IP,s u PgIP,s; Mop-
ckoit kepH (GeoB19927-3, 73°35' c.u1., 58°05' 3.4.) B34T y 3amagHoro nodepexns ['pennannuu B babduHoBoM 3anuse; 2 — xoyo-
HBIi 3MU301 OKOJIO «8,2 ThIC. JIET Ha3aly; 3 — OTMEUEHbI CJIOU MOPCKUX OCAIKOB, JaTMpoBaHHbIe “C; MaTepuabl U3 cTaThu [35];

6: 1, 2 — PEKOHCTPYKLIMS TUIOILAANA MOPCKOTO OJIeleHEHUs AJIs TTO3HEl BECHbI MO JaHHBIM OuomapkepoB PplP,s, PpIP,s; 3 —
PEKOHCTPYKLMS IMJIOLIAAN MOPCKOTO OJieleHeHUs 1o JaHHbIM O6uomMapkepa Py IP,s Ha rpaHuiie paHHeil BeCHbI/TO3IHEN 3UMBI;
GuoMapKephbl OMpeaeeHbl M0 0caaKaM M3 MOPCKUX KEPHOB, B3SITHIX HA KOHTUHEHTaJIbHOM Iieibdhe Bocrounoii ['peHnanmum
mexay 70° u 73° c.111.; 4 — XOJIOAHBII 3MU30/ OKOJIO «8,2 ThIC. JIET Ha3al»; 5 — MHTEPBaJbl FOJOLEHA ¢ HAMMEHBIIEH MIOIIANbI0
MOPCKUX JIbIOB, COOTBETCTBYIOIIME TIEPUOAaM ITOTEIICHNUsI; 6 — MHTepBaJl pAHHErO roJIoleHa ¢ OTCYTCTBUEM PAJIMOYIIePOIHBIX
JaTUPOBOK; 7 — YEPHBIMU TPEYrOJbHUKAMU OTMEUEHBI CJIOM OCAanKOB, JATUPOBaHHbIE 4C; § — 3eJEHBIMU TOUKAMU OTMEYEHBI
MHTEPBaJIbl ¢ MUHUMAJIbHBIM KOJIMYECTBOM MOPCKOTO Jibla; 9 — roJyObIMA TOYKAMM OTMEUYEHBI MHTEPBAJIbI ¢ MAaKCUMAaJbHBIM
KOJIMYECTBOM BECEHHETO JIb/Ia; PUCYHOK U3 paboThl [35]

Fig. 3. High-latitude air temperature and sea ice extent during the Holocene (the last 11,000 yr).

a: 1 — high-latitude air temperature record (8'80) over the last 11,000 years from the GRIP (Greenland Ice Core Project) ice cores;
source [36]; 2 — cool episode about «8.2 ka ago»;

0: 1 — sea ice cover reconstruction over the last 11,000 years from deep-sea marine core sediment core by using biomarkers IP,5 and
PgIP,5 biomarkers; the core (GeoB19927-3, 73°35' N, 58°05" W) was recovered from Baffin Bay offshore West Greenland; 2 — cool
episode about «8.2 ka ago»; 3 — Black solid triangles mark the AMS #C-datings; data are from the supplement to [35];

6: 1, 2— late spring sea ice cover by using biomarkers PgIP,s and PpIP,s and 3 — early spring/winter sea ice cover by biomarker
Py IPys. Time series of the biomarkers based on marine deep cores obtained from the continental margins of East Greenland be-
tween 70° and 73° N; 4 — cool episode about «8.2 ka ago»; 5 — the warm intervals with minimal sea ice cover; 6 — marks the core
base where the age model is extrapolated only; 7 — black solid triangles mark the AMS #C-datings; § — green dots mark intervals
with minimal sea ice cover; 9 — blue dots mark intervals with maxima spring sea ice cover; figure from [35]
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JlaHHBbIE TJIyOOKOBOAHOIO OYypeHUsl MoKa3biBa-
IOT, 4TO B HamOoJiee TEIJIbIe IIePHUOIBI TOJIOIIeHA
CHUTyallusl HaIlOMKHAala COBPEMEHHYIO, KOraa Co-
Kpalllajlach IUIOIIAAb JISTHUX JIBAOB IIPHU OoJiee cTa-
OMJIbHOI TLTOINAIN 3UMHeTO ojledeHeHMns1. CaMoe
3HAYUTEJbHOE COKpallleH!Ee ILIOIIANU JIETHETO
oJIeAeHEeHMS MUMEJI0 MECTO B paHHEM TOJIOLeHEe —
mexmy 10 u 8 ThIC. JIeT Ha3ad, KOrma, 0 OLICHKAM,
clenaHHBIM B pabote [11], rpanuna nbaa B I'peH-
JTAaHIUW OTCTYIIaNa B IIy0b KoHTMHEeHTa Ha 1000 kM.
Bo3MoXHO, 9TO COMKHYTHI JIensiHOM MOKpoB B Ce-
BepHOM JlemoBUTOM OKeaHe MOT OTCYTCTBOBATh WJIN
CHJIBHO COKpAIIaThCs B MIEIb(OBBIX MOPSIX APKTH-
KU B JIETHEE BpeMsl.

O0cyxkneHue pe3yJIbTaToB

CpaBHUTEIbHBIN aHAIN3 SMIIMPUIECKUX TaH-
HBIX O IUIOIIAAN Y TOJIIMHE MOPCKOTO JIbIa 3a IO-
caeaame 40—50 j1eT 1 B 11eJI0M 3a BeCh ToJIOIEeH (1T0-
ciaemHue 12 THIC. JIeT) TIOKa3ajl, YTO eAMHCTBEHHBIN
BpeMeHHOI MHTEPBaJ, KOrma CKOPOCTb M3MEHCHUS
TeMIIepaTyphbl MOIJIa OBITh CpaBHMMA C COBPEMEH-
HOI1, — 3TO OBICTPOE MOTEIUICHNE Ha TPaHMLIC TI031I-
HEJIEMHUKOBBS U royioneHa. JleTanbpHass BpeMeHHAS
IIKajaa KIMMaTUIeCKUX COOBITHIL 3TOr0 BpeMeHM
IaTUpyeT TpaHMILy IIO3MHETO ApHuaca/TojJI0leHa B
12,700-11,600+100 kaneHaapHbBIX JET Ha3amd, a Io-
BBHILIIEHUE TEeMIIEpaTyphl B KOHIIE 3TOr0 IIepHroaa
(okomo 11,320 xkaneHmapHBIX JIeT Ha3am) 10 U30-
TOITHBIM JAHHBIM cocTaBuiIo oT 5—6 °C mo 10£4 °C
3a MpoMexyTok BpeMeHu ot 50 go 100 net [39, 40].
TepMuuecknii MAaKCMMYM paHHETO T'OJIOIEHA sIpue
BCETO IIPOSBUIICS B U3MEHEHHUH IUIOIIAIN JICASTHOTO
MoKpoBa 1eab(oBbIX Mopeit CeBepHoro JlemoBuTo-
ro okeaHa (ot bapennena mo Bocrouno-Cnubupcko-
r0) M pacTUTEILHOCTH Ha OCTpoBax Mopeii Jlamre-
BBIX 1 BocTouno-Cubupckoro [41]. B atnx paitonax
3a(pUKCUPOBAHO IIOSIBJIEHIE IPeBEeCHBIX (hOPM pac-
TUTEJIHOCTH, a JaHHBIE TIyOOKOBOTHOIO OYpPEHUSI
B paitoHe CBanpbapma mokasajaud ObICTPOe CHIKE-
Hue buomapkepa IP,5 oT 3HaYeHUIH, GJIM3KUX K 10JI-
HoMy osieneHeHuto (0,8—0,9), 1o BeJIMYUH MeHee
0,2 [12, 15]. Janubie 6uomapkepa IP,s, nmoaydeH-
HbIE M0 0cajKaM IJTyOOKOBOIHOIO KepHa U3 palioHa
Bocrounoii ['pennananu, mpuBeaeHbl Ha puc. 3, 6.

ABTOpPHI paboThI [12] cuuTaroT, 4TO BO BpeMs
PaHHET0JIOIIEHOBOI'O ONITUMYMa TeMIIEPaTyphI 111eJTb-
¢osbie Mmopst CeBepHoro JlegoBUTOro okeaHa MOTJIu

ObITb CBOOOAHBI OTO JibAA B KOHIIEC JJETHEIO CE30HA.
Bo Bpems Gosiee JIMTEIBLHOTO MOTEMJIEHUS Cpe/ -
HETO roJjiolieHa MexXay 8 1 6 ThIC. JIET Has3al, Koraa
obajabHask TeMIepaTypa IIpeBbhIlajia TeMIIepaTypy
koHua XIX B. Ha 1,0%0,2 °C, 9yTo TTpaKTUYECKN COB-
MagaceT ¢ aHOMaJIMEN COBPEMEHHON TeMIIEpATYpPhl,
rpaHuUIIa JISTHUX MOPCKMX JIBAOB CMeIaaach K CeBe-
Py, O UéM CBUIECTEIICTBYET IOSIBICHUE JICCHOM pac-
TUTEJIbHOCTU B TYHAPOBOM 30HE M OCBOOOXIECHME
oto npaa yactu I'pennannnu [11, 14, 15].

IIpu 6osee 3HAYUTEIBHOM IMOBBIILIEHUU TJ10-
6anmpHOI TemmiepaTypsl Ha 1,5—1,8 °C 110 cpaBHe-
HUIO ¢ KOHIOM XIX B., KOTOpOe MMeI0 MECTO BO
BpeMsI MAKCMMYMa MOTEIICHUS ITOCIeIHET0 MEX-
emHUKOBBs (125—130 TBIC. JTIeT Ha3aa, N30TOITHAS
noacTaaust 5S¢ B MOPCKOM paspese), TpaHulla MOp-
CKOroO JIbJa Jaxe B 3UMHee BpeMsl OTCTymaja K ce-
Bepy, HanpuMep B THUXOOKEaHCKOM CEKTOpe MpH-
mepHo Ha 800 kM [9, 14, 15, 42]. Camble ceBepHBIS
pa3pessl, coaepKallre 0CaaKu IMOCIESIHET0 MeX-
JIEIHUKOBBSI, U3y4YeHbI Ha 0. bosbinoit JIssxoBCcKuiA,
octpoBax CeBepHOI 3eMJM, Ha MOJIyoCTpoBe Taii-
MBIp 1 Ha ceBepe [ 'permangum [43—45]. AHanu3 1a-
JIeOOOTAaHMYECKMX MTaHHBIX MOKa3ajl, 4TO JeTHUE
TeMIepaTypbl BO3ayxa BO BpeMs MaKCHUMyMa I10-
terieHus 125—130 Thic. 6T Ha3am OBIIN CpaBHU-
MBI C TeMIepaTypaMy paHHEro TOJIoLleHa U Ipe-
BBITaJIM WX Bcero Ha 1—2 °C. I'panuna npeBecHOM
PacTUTENLHOCTU MPOABUTANACh K ceBepy Ha 600—
700 xm [9, 42, 43, 45], TemmnepaTypbl BO3Iyxa B CEBe-
po-BocTouHOM CHOMpPHU MpPEeBHIILIATIN COBPEMEHHBIS
Ha 9 °C. Temmepartypa BOIbI B CEBEPHOIl ATIaHTH-
Ke Ob1a Ha 2 °C BBIIIE cOBpeMeHHOM. Temmepa-
Typa BO3[yXa B LIEHTpaJibHOI YacTu I'peHIanaum
M0 JaHHBIM JICASIHBIX KEPHOB IIPEBbIIIaia TEMIIepa-
Typy 3a nocaeanue 1000 et Ha 84 °C [9, 45, 46].
OCHOBHOE OTJINYME MOTETUICHUS TTOCACIHETO MEX-
JIEAHUKOBBS OT MOTETUICHUSI paHHETO roJIolieHa — B
ero npomoyckutebHocTu. Eciu moreruieHue B paH-
HeM roJjoleHe npogomkanock oT 100 mo 1000 rer,
TO IJIMTEIBbHOCTbD TEIJIOr0 Mepuoaa MOoACTaAuu Se
(oxo0m0125—130 THIC. JTET Ha3ax) Morja OBITH He
MeHee MSITH Thicsd JIeT [45, 46].

[IpyunrHa cokpalieHUs IJIOIIAAM MOPCKHX
JIBIOB M CMEIIEHMS K CEBepY I'PaHUIIbI IPEeBECHOM
PacCTUTEIbHOCTU B paHHEM TOJIOIICHE U BO BpeMs
MaKCHUMyMa IOCIEIHEr0 MeXJIeIHUKOBbS CBsI3a-
Ha C BIMSHMEM paguallMOHHOro (pakTopa, Korma
MPUXOM JIETHEU COJIHEYHOM pagualliu B pe3yJibTa-
Te aCTPOHOMMNYECKNX (PaKTOPOB (M3MEHEHUS Ta-
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paMeTpoB 3eMHOI OPOMTHI) IIPEBHIIIA COBPEMEH-
HbII1 ypOBeHb B JieTHee BpeMst Ha 8—10%. He meHee
BaKHOE BIIMSTHME Ha IOBBIIICHNE BECEHHE-JIETHUX
TeMIIepaTyp BO3IyXa M TasHHUE JbI0B OKa3hIBaeT U
YBeIMUYECHNE IPOIOJLKUTEIEHOCTH COJTHEUHOTO CHSI-
HUSI BO BpeMsI ITOJISIPHOTO THST B BBICOKMX IITMPOTAaX.
B pesymnbpraTe cyMMupoBaHMS 3TUX IBYX (DAKTOPOB
KOJIMYECTBO CYMMAapHOI paguamnyy, TOCTUTAIOIIee
3¢MHOM ITOBEPXHOCTU B BBICOKMX IIIMPOTAX, MOTLJIO
OBITH CPAaBHMMO C pagualneii, IToayIaeMoil yMepeH-
HBIMU U Jaxe I0XKHBIMU mpoTtamu [12]. 1o pacué-
TaM, CIeJIaHHBIM B padote [12], BO BpeMsT paHHETO-
JIOLICHOBOTO OIITMMYyMa TeMIIepaTypbl MexXny 12 u
10 TBIC. JIET Ha3ad, KOJMYECTBO COJTHEUHOM pamua-
LI, TIOCTYMAIOIIEH B BBICOKME IMNPOTH CeBepHOTO
MOJTYILIIApHsI, IIPEBHIIIAJIO COBPEMEHHBIN YPOBEHD Ha
5 Bt/M2. To oLieHKaM Mojielieii KauMara, pajanaliy-
OHHBI (hopcHHT ITpU yaBoeHUU KoHueHTpauuu CO,
B aTMocdepe M0 CPaBHEHUIO C JOMHIYCTPUAIBHBIM
YPOBHEM cocTaBisieT okoJio 3,5 Br/m?2 [47]. Xota
MOPSIIOK BEJIMYMH OT BIMSTHUS 3TUX IBYX (DaKTOPOB
JIOBOJILHO OJIU3KUIA, BAMSHNIE COJTHEYHOMN pagualuy
Ha TepMUYECKUI peKMM 3aBUCUT TaKKe OT U3MEHe-
HUS 00JIAYHOCTH U aJIbOEI0 MOBEPXHOCTH.

B Hacrosiiee BpeMs IIpeaItoaraoT, 4To IIpUIrHa
OBICTPOrO COKpAIEHUS TIJIOIIAANA Y TOIIIMHBI MOP-
CKOTO JIbJia B APKTHKE — YBEJIMYCHNE KOHIICHTPAILIU
CO, u Ipyrux NapHUKOBBIX ra3oB [2, 7, 8, 16]. Tak, B
Havase 2020 r. koHueHTpauus CO, yxe npesbicuia
400 ppm u coctaBisieT oKojio 412—418 ppm [48].

I'moGanbHble KIMMaTUUECKHUE MOJCIU CeMEN -
ctBa CMIP (da3br 3 u 5) npu 3agaHUU pa3HbIX
clleHapyeB BHeEIIHero (Hanmpumep, KOHIEeHTpa-
uuun CO,) U eCTECTBEHHOIO BO3AEMCTBUS BOCIIPO-
M3BOIIT OTpULIATEIbHBIE TPEHIBI TUIOIIAIN MOp-
CKOTI'O OJIEA€HEHUSI U OCBOOOXIEeHUE 1eIbhOBBIX
Mopeil ApKTHKU OTO JibJla B KOHIIE TEMJIOrO CE30Ha
K koHuy XXI B. [49, 50]. CpaBHeHUe pe3yJbTaTOB,
MOJYYEHHBIX B aHCaM0OJie KIIMMAaTUYeCKUX MOJe-
sgeit CMIP3 u CMIPS, noka3zao, 4To Npu 3Ha4u-
TeJIbHOM pa30poce TaHHBIX PEXUM CBOOOIHON OTO
JibIa ApKTUKY B JIETHEE BpeMsl B aHCaMOJ1e Mojieseit
CMIPS HacTynaeT paHbllle 10 CPAaBHEHUIO C MOJIE-
assmu CMIP3, xoTs pa3dpoc naHHBIX OCTAETCs 3HA-
yuTeabHbIM [51]. HekoTopblie U3 Moeseli moKa3bl-
BalOT OCBOOOXIEHUE OTO Jibaa yxke K 2060 r. u naxke
paHee. Pe3ynbraThl MOAETMPOBAHMS 1IECTOU (ha3bl
cemerictBa monesieit CMIP moka3zanu 6oJiee BbICO-
KYyI0 YYyBCTBUTEJIBHOCTb MOJIEJICH JIJIsT BCEX BapUaH-
TOB BHelHero BosaeicTsus (SSP1-1.9, SSP1-2.6,

SSP2-4.5 u SSP5-8.5) k koHuenrpauuu CO, B aT-
Mmocdepe. Bo Bcex cueHapusx cBOOOIHEIE OTO
JIbIa B CEHTsIOpe (IUIoIIamb MOPCKUX JIbI0OB MEHEe
1x10% km?) meaphoBble MOPsT APKTUKKM MOTYT 06-
pa3oBaThes maxe panee 2050 T., ecim aHTPOTIOTeH-
Hag smuccust CO, npessicut yposeHb 1000 Gt no
cpaBHeHUIO ¢ ypoBHeM 2019 1. [7].

Nctopust odbpazoBaHusi Kpuocdepbl B BhICO-
kux mupoTax CeBepHoro n KOxHoro nmoaymapuii
CBUIETEILCTBYET, YTO, HAUMHAS C IIO3THEr0 Meja
(oxoso 100 mH et Hazan), koHueHTpauus CO, B
aTMocdepe uUrpajia BeoyIlIylo pojib B 3TOM Ipollec-
ce [10, 15, 16]. MOXHO MPeAnoa0KUTh, YTO OLICTPOE
" pe3Koe cHIKeHue KoHueHtpauuu CO, Ha rpaHu-
e »o1eH/omuroneH (0Kojo 38—37 MIIH JIeT Ha3am)
OT BeanuuH, npesbiatomux 1000 ppm B cepenuHe
90lIeHa, 10 3HaueHuii He Boie 700—600 ppm B 1mo-
caenyolme 36 MJIH JIET, ObLIO OCHOBHOM MTPUYMHOI
CHIDKEHHUS TEMIIepaTyphl BO3AyXa B BBICOKUX W YMe-
peHHBbIX mupoTax [14, 15, 48, 52]. B koH1e 3TOrO
nepuoaa, okojo 3—3,5 MJIH JIET Ha3ajd , Ha4aJoCh
(opMupoBaHUE TTOKPOBHEIX JIETHMKOB BocTouHO
AHTapKTUOH U ['peHIaHIUM: CHaYaia B BUAE TOp-
HOTO OJIEIEHEHUSI, a To3aHee (0OKOJO 3—2 MIIH JIET
Ha3aJ) MOSIBUJIOCh TOCTOSSHHOE MOPCKOE OJIeicHEe-
HUE B BBICOKHMX IIIMPOTaX 00ouX mosayiapuii [15, 16].

[NonHoro aHanora KiuMara B MPOIILIOM, COOT-
BETCTBYIOIIIETO COBPEMEHHOMY YPOBHIO KOHIIEHT-
pauuu CO, B atmocdepe, He cyliecTByeT. Camblii
6sm3kuit mo conepxkanuio CO, BpeMeHHOH UH-
TepBaJl — MOTEIJIEHUE CPEIHETO TUIMOLIeHA MEXITY
3—4 muH sier Haszan, korga cogepxanue CO, B
atMocdepe coctaBisio okoao 450—500 ppm. Pe-
KOHCTPYKLIMU KJIMMaTa JJis 3TOro Mepuoja olie-
HUBAIOT BEJIMUYMHY IJ100aIbHOM TeMITepaTyphl Ha
(3,0-3,5)%0,5 °C BbIllIEe O CPAaBHEHUIO C KOHLIOM
XIX B. [15]. JIeTHUEe TemIiepaTyphl Bo3lyXa B BbICO-
Kux mmpoTtax CeBepHOro IOJIyIapys IMpeBbIIIaIn
coBpeMeHHbIe Ha 8—10 °C, MopcKue JIbIbl B IIEb-
(hOBBIX MOPSIX APKTHKM OTCYTCTBOBAJIM ITOJTHOCTBIO
B JIeTHEe BpeMsI, B 3MMHee BpeMs JICASTHOM ITOKPOB
3aHMMaJ MUHUMAJbHYIO TJIONIAnb, IIPEUMYIIe-
CTBEHHO B LIEHTPaJIbHOI YacT ApKTUKH [14, 15, 51].
Eciu mpenmnoiaoXuThb, 4To, HECMOTPSI Ha OTpaHU-
yHuTeIbHbIe Mephl [1apMKCKOTO CorJialieHust, pocT
CO, B aTmMoc(depe MPOAOIKUTCA B MOCTIEAYIOLIME
20—30 siet n koHueHTpauuss CO, TOCTUTHET HUXXHE-
IO Ipefesia, XapaKTePHOTI'o MJIs1 ITOTEIJIEHUS CpeTHe-
ro IUIMOolieHa, TO IUIOIaAb MOPCKOIO OJieAeHEH S
MOXKET COKPaTUThCS 10 MUHUMMAJIbHBIX 3HAYeHUIA.
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3akinoueHne

AHaN3 SMIUPUYECKUX JAHHBIX O COCTOSTHUU
MOPCKUX JIbIOB APKTUKH 3a TOcaeaHue 12 ThIC. JIeT
Mmokasall, UTo Kpuochepa 3eMJiv, BKItoUaroiias B
ce0s 1 MOPCKOI JIEM, TpeacTaBisieT codboit Hanbo-
Jiee YYBCTBUTEJIbHYIO YacTh I100AJIbHOM KJIMMaTH-
YeCKOI CUCTeMBbI K U3BMEHEHMIO BHEITHUX (hpaKToO-
poOB. YCTOWYMBBIN TPEeH] COKpallleHUs TUIOIAIN U
TOJIIIMHBI MOPCKOTO JibAa B APKTUUECKOM OacceliHe
B TeUEHUE MOCAEAHUX ACCITUICTUN B OMpPeaeaEH-
HOI1 CTeIIeH! MOATBEPXKIAeT 3TO 3aKI0ueHne. bri-
CTPOE€ COKpAIlEHNE TUIOLIAAN CTapPhIX JIbIOB IIPU ONI-
HOBPEMEHHOM YBEIMYCHUM TUIOIIAAN OTHOJICTHUX
JIBIOB ITOKA3bIBACT, UTO B HACTOSIIEE BpeMsI MeXa-
HU3M 3aMeIIeHUs MHOTOJIETHUX JIHAOB CE30HHBIMU
yKe 3alyIlIeH. DTO — eCTeCTBEHHOE COCTOSIHHE TIe-
pexona OT 3Tara IpeodIamaHusl CE30HHBIX JIBIOB K
0e31E€aHOoN ApKTHKE.

Pacu€rhl, BHITTOJTHEHHBIC 110 KIIMMAaTUYECKUM
MOJIEJISIM, TI0Ka3aJIi, YTO B HACTOSIIIEe BpeMsI KOH-
uenrtpanus CO, B atMmocdepe — OCHOBHON Ipaii-
BEp COKpAIlleHUS IJIOMIAA MOPCKOTO OJeICHCHUS
B ApktuuyeckoMm Oacceiine. ITo ouenkam [I. Hortua,
ApKTUYECKUit JIEN TepseT okoso 3+0,3 M2 nipu 1o-
CTyIJIeHUU B aTMocdepy Kaxnoil ToHHel CO, [4].

Borpoc 0 ToM, HACKOJIBKO TODKHA MOBBICUTHCS
TeMmIlepaTypa BO3IyXa B BHICOKUX IIMPOTaX, YTOOBI
IpoliecC TasHUS MOPCKOTO Jbla CTajl HeoOpaTu-
MBIM, — KJIIOYEBOI1 B CBETE COBPEMEHHBIX U3MEHE-
HU# KimMaTa. Takue oLleHK! ObUIM CACIaHBI yXKe
CpaBHUTEIBHO IaBHO, elié B Havyaiae 1960-x romos,
KOrJa Il 3TUX 1ieJIeil UCIIOIb30BaINCh JOCTATOYHO
MpOoCThie TeruiodasaHcoBble pacuéthl [52]. [To MHe-
Huto JIx. CkpuHHa [8], eciu qaxe Bce CTpaHbI UC-
MOJIHAT 00s13aTesibcTBa 1o IlapukcKomy coralie-
Huio 2015 1., To ApKTHKa MOXET OCBOOOAUTLCS OTO
JIbJIA B JIETHEE BpeMsl, Korna rjodajibHasi TeMIiepaTy-
pa ripeBBICUT ypoBeHb KoHIIa XIX B. Ha 1,5 °C. Takas
CUTyallMsl MMeJla MECTO B TIPOIIUIOM BO BpeMsl MaK-
cCUMyMa MOTEIICHUS TTOCAEAHEr0 MeXIeTHUKOBbSI
(okoio 125 TeIC. IET HA3am) U B CPeIHEM TUIMOLICHE.

B pesynbrare manbHeHIIero CoKpalleHus IIo-
IIaay IIOKPOBHOTO ojieAeHeHus [’ peHianaum 1 4a-
CTUYHOTO TassHUSI MOPCKUX JIbAOB JOITOJIHUTEIIFHBIE
00BEMBI IPECHOM BOAKI OYyIyT MocTynath B CeBep-
HYI0 ATJIIAHTUKY, YTO MOXET IPUBECTH K Hapylle-
HUIO HUPKY/ISIUNA TOBEPXHOCTHBIX U ITyOMHHBIX
Box. IlomoOHast cuTyanuss HEOJHOKpAaTHO MMea
MECTO B KOHIIE MO3THEJICAHNKOBBSI M1 B paHHEM TI'O-

JIOLIeHE B IIpollecce BBIXOAA KIMMaTUYECKOM CU-
CTeMbI M3 COCTOSIHUS ojieaeHeHus. B pe3yibTare
OBICTPOTO TasTHUSI TIOKPOBHBIX JIEAHUKOB U COKpa-
IIEeHUs TUIOLIAA MOPCKOTIO OJIeIeHEHUSI OTPOM-
HbI€ MacCChI ITIPECHOI BOABI IIOCTYITAJIM B OKEeaH, YTO
MPUBEJIO K U3BMEHEHUIO CKOPOCTH (hOPMUPOBAHUSI
LJyOMHHBIX BOI B BBICOKUX IIMpoTax CeBepHOit AT-
JIJAHTUKU U BbI3BaJIo ociabieHue ['oabdcTpuma.
CnencrBue 3THX IPOLIECCOB — CePUS OBICTPBIX I10-
xojionaHuit Mexay 13 u 9 Teic. 1eT Ha3an, HauboJiee
CUJIBHO BBIPa’K€HHBIX B KOHTUHEHTAJIbLHbBIX paiioHaX
EBpornbl u CeBepHoii AMepuku [38].

B HacTosiiee BpeMs IiepBble MPU3HAKUA TaKO-
o mpoliecca yxe ooOHapyKeHbl B ToBeAcHUM ['0b-
(GcTprMa, 4TO CBSI3aHO C pacIpecCHEHUEM BEpX-
HEro CJI0sI OKeaHa B CeBEpHOU 4acTu ATIaHTUKU
M3-3a YBEJIWUYEHUS OCAIKOB B BBICOKUX IIMPOTAX U
C OIIPECHEHUEM BEPXHETO CJIOS OKeaHa IpU TastHUK
JIETHUKOB ['peHIaHINM Y MOPCKUX JIbIOB B APKTH-
ke [53, 54]. B pabote [54] BnepBbIe ciesiaHa MOTbIT-
Ka PEKOHCTPYKLMM UHTEHCUBHOCTU MEPUINOHAJIb-
Hoil nupkyasiunu B CeBepHoit Atnantuke (AMOC,
Atlantic Meridional Overturning Circulation) ¢
400 r. H.3. 10 2000 r. PekoHCTpyKuUMS cAelaHa Ha
OCHOBE CMHTE3a U30TOMHBIX u3MepeHuii (8'80 n
8N GeHTOCHOI1 M TUIAHKTOHHO MUKPO(MayHbI U3
IIyOOKOBOIHBIX OCAIKOB), a TAKXKE TaHHBIX O TEM-
nepaType IIyOMHHBIX 1 TIOBEPXHOCTHBIX BOJ C TIPU-
BJIEUEHNEM JAHHBIX KOHTUHEHTAJIbHBIX Pa3pe3oB U
JIEISTHBIX KEPHOB M3 ITOKPOBHBIX JIETHUKOB ['peH-
JIaHIWMW. AHaIU3 3TUX MaTepuaJioB ITOKa3ai, YTo
nepBble Mpu3Haku ocyabdaeHuss AMOC Obu1n oTMe-
yeHkbl elé B XIX B., 3aTeM nocjeaoBaia cleayroias
¢daza ocnabieHus ¢ cepearHbl XX B., KOTOpasl Ipo-
JIOJIKAETCS 10 HACTOSIIIIETO BPEMEHHU, C YCUTICHUEM
B TIocjieaHue necatmiieTrs. Kak 1mokasaiy OLeHKH,
cleJlaHHbIe B paboTe [38], mociaeacTBueM Takux 13-
MeHeHui B uHTeHcuBHOCTY AMOC B Hauajie paH-
Hero roJiolieHa ctajo ociabysenue ['onbdcTpuma
u nioxojioganue B tedyenue 160—200 yer, Haubonee
OTYETINBO MPOSIBUBIIEECS B IMIPUOPEKHBIX PErrO-
Hax CeBepHoli EBporbl.

[MTaneoknumaTryecKrue PeKOHCTPYKIUH s
TEIUIBIX MEXJICTHUKOBUIA TUICIICTOLIEHA, PAHHETO 1
CpeIHero rojioleHa, Koraa riaobanbHasi TeMIepaTypa
npesbilIanga coBpeMeHHyo Ha 1,0—1,5 °C, nokazanu,
YTO TUIOIIAb MOPCKOTO OJIEAICHEHUsI COKpaIllajach
U TIOCTOSIHHBIN MOPCKOM JIEA MpeBpallajicsl B CE30H-
Hbli [12, 15, 47]. OTHOCUTENILHO HEOOIbIINE U3Me-
HEHMSI MPUXOISILE COIHEUHOM pamuaii B BeCeH-
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He-JIeTHee BpeMsI BBICTYNAIN B POJIM TPUTTepa IS
Hayasia TasiHusl. B Hacrosiee Bpemst amuccust CO,
MOKET BBICTYIIATh B pOJIM TpUITepa IJIsS Hadajia IIpo-
1ecca TassHUASI MOPCKUX JIbIOB B APKTHKE.

AHanm3 COBPEMEHHBIX U IMAJIEOKJIMMATHIECKIX
MaHHBIX ITOKA3bIBaeT, YTO MEXaHMU3M 3aMeIICHUSI
MHOTOJIETHHX JIbIIOB CE30HHBIMH B HACTOSIILIEE BPEMSI
yKe 3aIyIIeH. DTO — eCTeCTBEHHOE COCTOSIHHE IIe-
pexona oT 3Tala IpeodIagaHmsI CE30HHBIX JIHI0B K
Oe3nénHoit ApkTuke. Eciu nipeanonoxXurhb, 4To, He-
CMOTpsI Ha IIpMHUMAaeMBbIe MEpHI 110 OTpaHUYSHUIO
BbIOpOcOB CO,, pOCT KOHLIEHTPALIMU YIJIEKUCIOTO
raza v Ipyrux «MapHUKOBBIX» Ta30B OyIAET NPOaOJI-
JKaTbCsI, TO padvallMOHHBIA (POPCUHT MPUBEIET K
TOBBITIIEHUIO TIIO0ATBHOM TeMTiepatyphl Ha 1,5 °C n
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Summary

Using the example of the Kara Sea, the possibility to calculate values of the thickness and strength characteristics of
ice of rare occurrence for areas of marine waters with seasonal ice cover, where field observations are absent, is con-
sidered. A method for obtaining climatic characteristics of meteorological elements for conditions of different occur-
rence (extreme values) has been developed. It is based on the selection of a statistical distribution law for the «freez-
ing degree-days» (FDD). On the basis of the obtained sums of the degree-days, the restoration of daily values of the
air temperature is carried out. This technique can be applied to areas of the Arctic seas with seasonal ice cover. The
obtained climatic characteristics allow us to estimate the strength properties and thickness of sea ice using a thermo-
dynamic model. The proposed method makes it possible to calculate values of the thickness and strength characteris-
tics of ice for the entire water area of the Kara Sea. For average climatic conditions, the calculated estimates of the peri-
ods of stable ice formation, thickness and strength characteristics of ice are in good agreement with the results of field
observations. It is established that the moment of maximum ice strength does not coincide with the time when the ice
reaches its maximum thickness. The characteristics of the ice cover calculated for conditions of rare occurrence also
do not contradict the values observed in nature. The differences in the duration of the ice season in the south-western
part of the sea from the north-eastern part, obtained under climatic conditions of different occurrence, are shown.
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[ns OLEeHKM MPOYHOCTHBIX CBOWCTB W TOMLWMHbI MOPCKOMO Jibfa MCMOSIb30BaHA METoAVKa MojyyeHus
KNMMATUYECKMX AaHHbIX NPU YCIIOBUY Pa3HOI MOBTOPAEMOCTH, KOTOPasA MOXET MPUMEHATLCA 1A APKTU-
YeCKMX Mopel C CE30HHbIM NeAAHbIM NMOKPOBOM. [TpoBefieHbl PacUETbI TONLWMHBI Y MPOYHOCTHbIX XapaK-
TepUCTUK Nbfa Kapckoro Mopsa AnA pasHblX KNMMaTUyYeckux ycnosuii. MonyyeHHble pacyéTHble 3Haue-
HMA CPOKOB YCTOMUYMBOrO Nlefoo0pa3oBaHA, @ Takke TONLWMHbI U NPOYHOCTHBIX XapaKTepuUcTuK Nbaa
XOPOLLO COBMAAAIOT C pe3ysibTaTamMy HaTypPHbIX HabnoaeHnA.

BBenenne

B Hacrosiee Bpemst pernoH Poccuiickoit Apk-
TUKM — BaXXKHEWIIWUHI MOJUTIOH 1T 1OOBIYM TT0JIe3-
HBIX MCKOMAaeMbIX (BKJIOYas 1eab(oBbie pa3pa-
OOTKM) U TUAPOTEXHUYECKOIO CTpoUTeIbcTBa. U3
BCeX apKTUuYeckux Mopeil uMeHHO Kapckoe mope
He TOJIbKO 00raTo Ha 1elb(POoBbIe MECTOPOXKACHUS
YIJIEBOAOPOJOB, HO U XapaKTepu3yeTcsl Hauboiee
MOAXOASILMMMU JUISI UX 1OOBIYM TUAPOTrpapuueCKUMU
yciioBusiMU. Kapckoe Mope — BaxKHast TpaHCITIOPTHAsI

aptepus (yyactok CeBepHOro MOPCKOIro myTu), 1Mo
KOTOPOMY HE TOJIbKO TUIAHUPYETCS, HO U YK€ UAET
BBIBO3 10OBIBA€MOro Chipbsi. OMHAKO aKBaTOPUS
MOpsI OOJIBIIIYIO YaCTh Iofa MOKpPhITA JIbA0OM. MIMeHHO
MO3TOMY K KJTIOYEBBIM MapaMeTpaM, ONPeIeIsIIoIIIM
BO3MOXHOCTb XO3SIIICTBEHHOTO OCBOEHUSI aKBAaTOPUU
Kapckoro Mopsi, oTHOCSITCSI MOp(oMeTpuuecKue 1
MPOYHOCTHBIE XapaKTEPUCTUKHU JICASTHOTO MTOKPOBA.
IIpoekTupoBaHue 1 SKCILTyaTalys TUIPOTEXHU -
YECKHUX COOPYKEHMIT TpeOyeT HaIuursi 0OOCHOBaH-
HBIX OLIEHOK ITOI00HBIX TTPUPOAHBIX XapaKTePHCTUK,
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HO OTHOCHUTEJIFHO PeIKasi CeTh IIPUOPEKHOTO THIPO-
METEOPOJIOTUYECKOTO MOHUTOPUHTA B JAHHOM pe-
TMOHE YaCTO IIPUBOIUT K UX OTCYTCTBHUIO B KOHKPET-
HBIX JIOKAJIBbHBIX paitoHax. Kpome Toro, pe3ynbTraThl
HCCIIeIOBaHUI ITOCIEAHNX JIET II0KA3bIBAlOT COKpa-
IICHUE TIPOIODKUTEILHOCTH JIEIOBOIO CE30HA KaK B
ApkTuke B 11eJioM |1, 2], TaK 1 HEIMOCPEACTBEHHO B
KapckoMm mope [3—6], uTo TpebyeT repecMoTpa Io-
JIy4eHHBIX paHee KIMMAaTUIeCKIX KOHCTAHT C y4€-
TOM noTermieHns. Emmé 66mbiias HeonpeaeIEHHOCTh
BO3HHMKAET, KOrma 000CHOBAaHHBIE OLICHKHU ITapaMeT-
POB JIEISTHOTO IIOKPOBa HEOOXOOMMO ITOIYIUTD IS
JIOKAJIbHBIX PAaliOHOB OTKPBITOIO MOPSI.

CornacHo AeHCTBYIOIIMM HOpMaTUBaM, IIPUOPH-
TeTHBIMU JJISI 000CHOBAHHOM OLIEHKN MOP(OMET-
pHUYECKUX ¥ IIPOYHOCTHBIX CBOMCTB MOPCKOTIO JIbIA
CUMTAIOTCS SKCIIEPUMEHTAJIbHbIC JaHHbBIC, IOTyIeH-
HbIE HETIOCPEACTBEHHO Ha MecTe. Ecm maHHBIe Ipsi-
MBIX HATypHBIX HaOJMIONeHUIA OTCYTCTBYIOT, TO IS
OLIEHKM XapaKTePHUCTHUK JIEISTHOIO ITOKPOBa OOBITHO
MIPUMEHSIIOT METOIBI MaTEMAaTUIECKOTO MOMIEIUPO-
BaHwm |7, 8] ¢ NCTTOTE30BaHNEM METEOPOTIOTUECKIX
nmanaHbIx peaHanm3a (NCEP, ERA u np.) B KadecTBe
BXOIHBIX mapameTpoB [9, 10]. B coorBeTcTBUM C nEeii-
CTBYIOIIMMH POCCUHACKMMU M MEXIYHapOTHBIMU
HOPMaTUBHBIMU JoKymMeHTaM [11, 12] x ompenensi-
IOIIMM ITapamMeTpaM IIpU IMIPOSKTUPOBAHUU U CTPO-
WUTEJIbCTBE OTHOCSTCSI XapaKTePUCTUKY JIbAAa PeIKO
noBTopsieMocTH. OQHAKO Ha IMPAaKTHUKE YaCTO BO3HU-
KaeT He0OXOOMMOCTb OLIEHKM 1 TOAOBOTO XoAa (3BO-
JIIOIMN) TaKMX XapakKTepucTuk. [1pn Hammaum MHO-
TOJIETHUX KPYIJIOTONMYHBIX HATYPHBIX HAOTIOACHMI
3Ta 3ajavya pelraeTcss MeToJaMUd MaTeMaTUIeCKOM
CTaTUCTHUKU. JIJIT METOIOB MaTeMaTUIECKOIO Tep-
MOIMHAMMYECKOTO MOACIMPOBaHUS 000CHOBAaHHAS
OlLIEHKA 3BOJIIOLIY HEOOXOMMMBIX XapaKTEePUCTUK
JISISTHOTO TIOKPOBA PeAKOM ITOBTOPSIEMOCTH BO3MOX-
Ha JINIIb IIPM PeIIeHUH BOIIpoca 00 oIpeneeHUN
BXOIHBIX KIIMMAaTUUECKUX (METEOPOJIOTMUECKIX) Xa-
PaKTEepUCTHUK Pa3HOI CTEIEHU ITIOBTOPSIEMOCTH (Cy-
poBoctu KimMara). OMHOMY M3 CIIOCOOOB PEIICHMS
JAHHOM 3agauM U ITOCBSIIIEHAa HACTOSIIIAS CTaThsI.

ITocranoBka 3agaun

7151 pacuéTa TONIIMMHBI POBHOTO MOPCKOTO JIbIa
BOCITOJIB3YEMCSI OJHOMEPHOI HeCTallMOHAaPHOM
TepMOIMHAMIYECKOI MOENIbIO, pa3paboTaHHON B
AAHMHWMU [13]. Mogens TipeacTaBisieT coO0it Tep-

MOAMHAMUUYECKYI0 CUCTEMY U3 ABYX B3aUMOAei-
CTBYIOILIMX MEXIY COOOI Cpell — CHEra 1 MOPCKOTro
JIbJIa — C TPAHUYHBIMU YCIIOBUSIMH, YIUTHIBAIOIIN-
MM MX B3aMMOCBSI3b ¢ aTMocdepoii 1 okeaHoM. Du-
3MYECKMe CBOMCTBA cpell B MOJEH (TEIIOEMKOCTD,
TEITONPOBOAHOCTD, IJIOTHOCTD, 3¢(h(heKTUBHASI TEIT-
JIOTA TJIaBJIeHUS /KPUCTALIN3ALIMM ) paCCYUTHIBAIOT-
Csl C TIOMOILIbIO MOJIY3MIIMPUYECKUX 3aBUCUMOCTEM
3TUX BEJMYUH OT TeMIIEpaTyphbl U COJEHOCTU (IJIsT
nbaa) [14] u temneparypsl (mis cHera) [8]. UnaTe-
rpajibHasi COJEHOCTD JibAa OIpeaessieTcsl B 3aBUCH-
MOCTH OT €ro ToauHsI [7, 12, 15]. TypOyneHTHbII
TEIIOMaccooOMeH ¢ aTMoc(epoil HaXOIUTCS M0
MHTErpajbHbIM a3poguHaMuuecKuM dopmynam [7].
KopoTkoBoTHOBasI comHeUHas1 paguanus mnepepac-
MpeaesieTcsl B TOJIIE CPeIbl B COOTBETCTBUM CO
3HAUEHUSIMU ajib0eno, a TakxKe KO3 (PULIMEHTOB
nponyckaHusl U ocnabaenus [13]. JIMHHOBOIHO-
BBIII paguallMOHHEIN OajlaHC OIPeNesIsIeTCs C yué-
TOM Gauta ob1Iei ooayHocTH [ 16].
CrnenuanbHbI OJTOK MOAETU TTO3BOJISIET pac-
CUMTBIBATh MPOYHOCTHBIE XapaKTEPUCTUKU JIbJa
B 3aBUCUMMOCTU OT CPEIHEN Mo TOJIIUHE TeMIIe-
patypbl U coji€éHocTH 1o mMetoauke G. Timco u
R. Frederking [17] u3 MexxayHapogHOro HOpMaTHB-
Horo nokymeHTa ISO [12]. Tak, uHTerpaabHbIi 1151
BCEl TOJIIIM Jbaa (CpeaHWiA) TIpeaes MpoYHOCTU Ha
OJTHOOCHOE CXKaTHe pacCUMThIBAETCS MO (hopMyJie

0(T,8) = ae®[1 — (v7/b)"7], )

roe T — teMriepaTypa Jibaa; S — CoJ€HOCTD IbAa; a U
b — smnupuyeckre Ko3PPULMEHTHI, 3aBUCSIINE OT
CTPYKTYPHI JIbJla U HalpaBieHUs BO3AEHUCTBUS; € —
CKOpOCTb 1e€(HOPMUPOBAHUS, V- — OTHOCUTEIBHBII
CBOOOIHBIN O0BEM B TOJIIIE JIbAA (PacCOd M BO3IYX).

IIpenen mpoyHocTH NbAa HA U3TNO (IS BCel
TOJIIIN ) HaXomauTcs 1o popmyde [12, 18]

o/ T,S) = 1,76 exp(—5,88(v;)*~), )

L€ V;, — OTHOCUTEJbHBIA OOBEM paccosia B TOJILIE
JIbJa.

HTak, BeIXOAHBIE TTapaMeTPbl MO — PACUET-
Hble 3HAYEHUS TOJIIMHBI, a TAKXKe MPOYHOCTHbIE
XapaKTEepUCTUKKM POBHOIO MOPCKOTO Jbaa. Havamno
PacuéToB MO MOJEIU OTMpPeAeasieTcsl 1aTol yCTo-
YUBOTIO JieA000pa3oBaHMsl, KOTOpash CIYXUT s
MOJIeJIM BHEIIHUM (3alaBaeMbIM) IapaMeTpoM. K
CTaHAAPTHBIM BXOJHBIM ITapamMeTpaM MOJIEJIU OT-
HOCATCS U CPEIHECYTOUHbIC 3HAYECHUSI OCHOBHBIX
METEOPOJIOrMYECKUX DIIEMEHTOB: TeMIIepaTyphl U
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OTHOCUTEIHLHOM BIAXKHOCTHU BO3IyXa; aTMOC(EepHO-
ro JaBJICHUS; CKOPOCTU IIPU3EMHOTO BeTpa; Oajia
obuieit obnauHocTu. ToJMIIMHA CHEXHOIO MOKPO-
Ba Ha MOBEPXHOCTH JIbJA MOXET OBITh KaK BHEIII-
HUM, TaK ¥ BHYTPEHHUM ITapamMeTpoM moxesn. Kak
ObLT10 MoKa3aHo B pabote [19], nis paccmarpuBae-
MOU MOJeIM Bapyallii TOJbKO JBYX U3 YKa3aHHBIX
BBILLIE 3JIEMEHTOB (TeMIIepaTypa BO3ayXa W TOJIIIIM-
Ha CHera) yxe OInpeaessioT 10 95% n3MeHYInBOCTU
BEJIMYUHbBI pACYETHOI TOJNLIUHBI POBHOTO MOPCKOTO
apaa. OcralbHbIe METEOPOJIOrMYECKUE TapaMeTPhI
IIPU MOJEJIMPOBAHUU MOXHO IIPUHUMATh B BUIIE
CpeIHMX KIMMaTU4YeCKuX 3HauyeHuil. Takum obpa-
30M, OIpene/INB 3HAaUYSHUSI TOJIBKO OBYX YKa3aHHBIX
3JIEMEHTOB UISI KJIMMAaTa pa3HOM CTeTICHU ITIOBTOPSI-
€MOCTHU (CYpPOBOCTH), C TOMOIIBIO TEPMOAUHAMUYE-
CKOIi MOZIEJIM Mbl MOXKEM ITOJIyYUTh UCKOMBIE OLIEH-
KU TOJIIWHBI ¥ TIPOYHOCTHBIX XapaKTePUCTUK JIbJa.

MeTton pacyéTa XapaKTepuCTHK
peaKoi MOBTOPSIEMOCTH

CornacHo onucaHHOM B paboTte [20] Teopun,
CYILLIECTBYET OTHOCUTEILHO IMPOCTON METOM BbIUKC-
JICHUsI 3HAaYCHUI PEeIKOI ITOBTOPSIEMOCTH UHTEPE-
CYIOILIETO MapaMeTpa HeIOCPEeICTBEHHO U3 €0 CTa-
TUCTUYECKOTO TEOPETUUYECKOTO pacrhpeaesieHus.
CyIIHOCTb METO/Ia COCTOUT B TOM, YTO BEPOSITHOCTD
MPEBBILIEHUSI UICKOMOI HAMM BEJIMYMHOM X KAKOT0-
b0 onpeneseéHHOro 3HaueHus: P BbIOUpaeTcst Kak
(yHK1Mg yncaa get N, 3a KoTopoe JaHHOE TIPeBbI-
ILIEHWE TIPOU30MOET:

P=(mN)!,
I1Ie m — YKCJIO YKa3aHHBIX COOBITUI B TEUEHUE roja.

Hcxons u3 pacnpeneneHus BEJIUYUHBI X, O
TpeObyeMOMY 3HAUYCHMIO BEpOSITHOCTA P MOXHO 00-
PaTHBIM IEPECYETOM BBIYUCIUTD BEIMUMHY MHTEPE-
CYIOIIIETO HAaC MmapaMeTpa y 110 COOTHOIIEHUIO Clie-
IYIOIIETO BUAA:
o0
jf(x)dx =P, (3)
¥
rae f(x) — IVIOTHOCTb pacupeneiaeHUsT (BEpOSITHO-
CTeil) NICKOMOI BEJTMUMHBI X.

B npuBenéHHOM BbIpaxkeHuu (3) HUXKHUI TTpe-
NeJT y ¥ TIpeacTaBisieT co00il MCKOMOe HaMU 3Ha-
YyeHMe, KOTOPOEe BeJIMYMHA X MOXET MPEBBIIIATH C
BEpOSITHOCTbIO P. MI3BECTHO, UTO TOJIIIMHA JibIa —

MoKa3aTeJb MHTeTPaJbHOrO TeMIIEPaTypHOI'O BO3-
IefcTBUS, T.€. BO3NEHCTBUS HAKOIIJICHHBIX CYMM
TeMIIepaTyp BO3IyXa 3a OIpeAeIEHHBIN ITIepHOI Bpe-
MeHu [7]. B rugpoMeTeopoiorum faHHbIN MapaMeTp
HOCUT Ha3BaHUE «CyMMa IpaayCoOmTHE MOpO3a».
Takum oO6pa3om, TepBbIii 3TAIl pelIeHus 3aJa4yu 00
OIpeleIcHUN KJIIMMAaTUUeCKUX (METeOpPOIOrude-
CKMX) XapaKTepPUCTUK Pa3HOM CTEIIEHU CYpPOBOCTH,
110 HallleMy MHEHUIO, CBOOUTCSI K PacuéTy 3Haue-
HUI COOTBETCTBYIOLIMX CYMM T'pagyCcOmHEeil Mopo3a
peaKoii TOBTOPSIEMOCTH 3a XOJOMHBIN Ce30H. DTO
MOXHO cAeJiaTh, HallpUMep, C UCIIOJb30BaHUEM
psiia CyMM TpaayCconHell Mopo3a, MOJYyYeHHbBIX IS
TOYKU aKBaTOPUU MOPSI 32 TIEPUO MPOIOJIKUTEb-
HocTbio 30 JeT u peKkoMeHayeMbix BecemupHoit me-
TeopoJiornueckoii opranusauueit (BMO) nns kau-
MaTUYeCKUX pacyeToB [21].

Hanpliie mepexoauM K OlleHKe HeOOXOIUMBbIX
IJIsT TEpPMOJAMHAMUYECKOM MOJEIN CPeaHECYTOU-
HBIX Temrepatyp Bo3ayxa. C 3Toit 1eIblo TogoBO
X0 TeMIIepaTyphl Bo3ayxa (3a ykaszanHbIi 30-1eT-
HUI TIepuon) 111 BBIOpaHHOW HaM1 TOYKY Ha aKBa-
TOPUH MOPSI allIIPOKCUMUPYETCSI CUHYCOMUIOM BUIA

T= Asin(2nBk + C) + D;

rae T — Temriepatypa; A — aMILUIMTyaa KojiebaHU
TeMIepaTypbl Bo3ayxa; kK — MOpsIIKOBbI HOMEP IHS B
roay; B u C — Koa(ppuneHTsl, OTBeUarolue 3a
¢opMy U cMelIeHue CUHYCOUbI O OCU abCLKCC;
D — 3HaueHue CpeTHEroI0BOM TeMITEpaTyphbl BO3AyXa.
O4yeBUIHO, YTO IJIONIAAb, OFPaHUYEHHAST HYJIe-
BOIl OPAMHATON CBEPXY U CUHYCOUAOW CHMU3Y (TIpu
CYTOYHOM ITPEICTaBICHUM OCHU a0CIIMCC), TPeACTaB-
JIsieT coboit cymMmy rpagyconHeir Moposa. CMelas
MOJYYEHHYIO CUHYCOUY 10 OCH OpIMHAT, IoJyJya-
€M pa3Hble 3HAYEHUS CYMM I'padyCOAHEN MOpo3a.
OTMeTHM, YTO IIPU 3TOM MEHSIIOTCS 1 3HAaUeHMST a0-
CLMCC, COOTBETCTBYIOILIMX MEPEXOAY TEMIIEPATypPhl
yepes HyJeBylo opauHary. CiegoBaTebHO, C MC-
MOJb30BaHMEM ONpPEACIEHHBIX HAMM paHee 3Havye-
HUI CyMM rpaaycoaHeid Mopo3a [Jis TOYKW Ha akK-
BaTOPUM MOPSI MYTEM CMEILIEHUS COOTBETCTBYIOLIEH
CUHYCOMAbI MOXXHO OMpeAeIUTb KaK JaThl MEPEXo-
Jla TeMIIepaTypbl BO3Ayxa uyepe3 HOJb (WK J100yIo
WHYIO OpAMHATY), TaK U CaMU TEMIIepaTypbl BO31Y-
Xa Ha KaXIbli KaJEHIAPHBINA O1€Hb OIS NCKOMOTO
HaMM KJIMMaTa pa3HOU CTENEHU CYypPOBOCTH.
TouniyHa cost cHera Ha JIbAy XapakKTepu3yeTcs
KpaiiHe 00JIbILION MU3MEHYMBOCTDIO IaXKe B Mpeaeaax
HeOOJIbIIUX JIOKATbHBIX Y4acTKOB. IIpu aToM cum-
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TaeTCcsl, YTO CHEXKHBIIN ITOKPOB Ha IIPUMAMHBIX JIbIAX
HECKOJILKO TOJIIIEe, YeM Ha aApelipyromux [7, 22].
M3BecTHO Takke [7], 4TO B KIMMATUUYECKU MSIT-
KHe 3UMHUE Ce30HbI TONIIMHA CHEXXHOIO ITOKpOBa
Ha Jpay OoJjblle, 4eM B xosogHble. [loaToMy 3ama-
4ya oIlpele/ieHUs TOMIIMHBI CHEXXHOIO ITOKPOBa Ha
JIBAY B 3aBUCHMOCTHU OT CYPOBOCTH KIIMMATUIECKUX
YCIIOBUII MMeeT BeChMa HeTPUBUAIBHBIN XapaKTep.
B Hacrosmem mcciaeqoBaHMKM HAM 110 MMEIOIIM-
Csl JTaHHBIM HATYpHBIX HAOMIOOeHUI Ha IIPUOpexK-
HBIX TUApoMeTeoponorndeckux ctaHuusax (I'MC)
Kapckoro mMopst ymanoch COCTaBUTh PsIIbl M3 COOT-
HOIIICHMSI «TOJIIIIMHA JIbIa,/TONIIMHA CHera Ha JIbIy»
Ha KOHeIl Ileproaa HapacTaHus abaa. CuauTass 3To
COOTHOIIIEHNE €IMHCTBEHHBIM 3a TOI U OIpeaeInB
COOTBETCTBYIOIINIA BUI €T0 pacupenenacHus (uc-
MMOJIb3YSI TTOJIyIeHHBIE COOTHOIIECHUS 3a HECKOJIb-
KO JIeT), 10 BhIpaxkeHUIO (3) MOXHO OLIEHUTh €TO
B TepMUHAX PEIKON MOBTOPSIEMOCTH (aHAJIOIUYI-
HO HAXOXIEHMIO CYMM IpamycomHeil Mopo3sa). s
noJjiyueHus1 6osiee 000OIIEHHON KapTUHBI COOTHO-
LIeHUS PEIKON MOBTOPSIEMOCTHU IJII KOHKPETHBIX
touek (I'MC) 6put yepenHeHbl. OcpemHEHHOE 3HA-
YeH1Ee COOTHOIIECHUSI ISl KaXKIOTo IIeproaa peaKoi
MMOBTOPSIEMOCTH IMIPUHNUMAJIOCh HAMU €IWHBIM IS
Bcell akBaTopuu Mopsl. JlaHHOe COOTHOIIIEHUE TIPH-
HUMAaJIOCh TaKXKe ITOCTOSIHHBIM (HEM3MEHHBIM) B
TeYeHHUe BCEro Ieproaa pocTa jabaa (T.e. 10 Hadaja
Iepuoaa TassHUSI CHETa).

Pe3ynbTaTsl pacuéTon

JIJIs TeCTOBBIX pacy€TOB Mbl BbIOpalu He-
CKOJIbKO TOYEK, PABHOMEPHO PaCIIOJOXEHHEIX
o Bceit akBaTopum Kapckoro Mops u coBmama-
IOIINX C Y3JIaMU METEOPOJOTUIECKOTO peaHanm3a
(ERA Interim). Touku pacmojoxXeHbl KaK HEITOo-
CPeICTBEHHO Ha aKBAaTOPHUU OTKPBITOTO MOpsI, TaK
¥ OKOJIO TT00epekbsI, BONM3M AeiicTBytomux [ MC.
Paner nanabeix 13 peanammsa (1 gaBapsa 1979 r. —
31 mexadbpsa 2010 r.) mogbupann B COOTBETCTBUU
¢ pekomeHmanusMu BMO 1o niuHe psima u ero
TMepuoay IJId pacuyéTa KIMMaTHIeCcKnX HOpM [21].
H71s1t Kaxkgoli BBIOpaHHOM TOYKM aKBaTOPUHU MOPSI
pacCcUMTHIBAIM CYMMEBI TpagyCcomHeil Mopo3a, Ha-
KOIUICHHBIE 3a KaXIblii JemoBhiid ce30H (30 ce-
30HOB). B pesynbraTe aHanm3a rpamgaliuii CyMM
rpagyCogHe MOpo3a MOJy4eHO, YTO raMMa-pac-
MpeneeHrne HaWIydIInM 00pa3oM OIKUCHIBAET I10-

BTOPACEMOCTDb ITOJYUYCHHbBIX HAMU CYMM. O6mui
BU raMMa-pacCripcacjaCcHuA TaKOB!:

[0)
f(x) _ }V_xotfleka’
r(a)
roe I'(a) — ramma-dpyHKIusS; A — mapamMeTp Mac-
mraba; o — napaMeTp (pOpMBI.

Ilo mpuBen€HHOMY 3aKOHY pacIipeleieHUs
OBLIM pacCUYMTAHBI 3HAUCHHUSI CYMM I'pagyCOIHE
MOpO3a pa3HOl CTEICHU IMOBTOPSIEMOCTH JUIST KaX-
IO 13 BEIOpaHHBIX TOYEK Ha akBatopumn Kapcko-
ro Mops. [ magbHEHUIIMX pacyETOB MBI BBIACIVIIN
HauboJiee 4YaCTO MUCITOIb3yeMbIe B IIPOEKTUPOBA-
Huu [11, 12] mapaMeTpbl peaKoOil TOBTOPSIEMOCTH,
a MMEHHO: MOBTOPSIEMOCTb OJMH pa3 B 2—3 roja
(COOTBETCTBYET CpeAHEMY 3HAUYEHUIO); ITOBTOPSI -
€MOCTb OJIMH pa3 B 25 JieT; MOBTOPSIEMOCTb OAUH
pa3 B 100 neT; moBTOpsieMocTh oauH pa3 B 1000 jerT.
B Ttabiuiie nmpuBeneHbl COOTBETCTBYIOIINE PACUYET-
HblE CYMMBI I'PayCOIHE MOopo3a ISl KaXI0i 13
BBIOpAHHBIX HAMM TOYEK Ha akBatopuu Mops. 1o
MOJYYEHHBIM CYMMaM U C MCIOJb30BaHMEM all-
MPOKCUMAIIMOHHOMN CUHYCOMIBI TOJOBOTO X01a ISt
KaXKI0i TOUYKM OBLIU IOJIYYEeHBI PSIIbI TeMIIepaTyp
BO3/yXa KJIMMaTa pa3Hoil CTeIIeH! ITOBTOPSIEMOCTH.

Bopna Kapckoro Mopsi — coniéHasi, mo3ToMy [Jist
Hayvasa Jiemoo0pa3oBaHUsI HEOOXOIUMO BBIIIOJIHUTD
YCJIOBUE HOCTUKEHUS TeMIIepaTypoil MOBEPXHOCTU
MODSI 3HaUCHMST TeMIlepaTyphl 3aMep3aHus. boxee
TOTO, TIEPHOM BPEMEHH OT MOMEHTA TIepexoaa TeMIle-
paTyphl ITOBEPXHOCTH MOPSI Yepe3 3HAUCHHE TeMIIe-
paTyphl 3aMep3aHMs 1O MOMEHTA, KOTIa HAauMHACTCS
yCTOIMYMBOE JIemoo0pa3oBaHNe, MOXKET JTOCTUTATh He-
CKOJIbKMX AHel (WM Heaenb). C yuéToM JaHHBIX Ha-
TypHbIX HaOmoaeHuii Ha ITMC, 3a gaTy yCTORYMBOIO
JIeqoo0pa30BaHUs MPUHSTA 1aTa TOCTIKEHUS TeM-
TepaTypoii Bo3myxa 3HaYeHsI TeMITepaTyphl 3aMep3a-
HUSI MOPCKOi Bofbl Tmoc 10 cyTok (Bpemsi, 3aTpauu-
BaeMoe Ha McuepriaHue Teryio3arnaca BOIHOM TOJIIIN).
HaHHoe ycioBUe — eAWHOE JJIsI BCEX BbIOPAHHBIX
HaMM ToueK. [lojlydeHHbIe naThl yCTORYMBOTO Jie-
JooOpa3oBaHus (pa3HOI CTENEHU TTOBTOPSIEMOCTH)
Ha Bceil akBatopuu Kapckoro Mopsi mpuBeaeHbI
Ha puc. 1. DTH gaThl U MPEACTABISUIN COOOI BXOTHBIE
napamMeTpbl TepMoauHamMuueckoi monenu. M3 puc. 1
cJeoyeT, YTo JIEN HauMHaeT 00pa30BbIBAaThCS B CEBE-
PO-BOCTOUYHOI1 YacTH MOp#I, a 3aTeM B TEUSHME Mecs1ia
JIOCTUTAET ero KpaiiHelt roro-3anaaHou yactu. JaH-
HBIN (PaKT XapaKTepeH ISl BCEX PACCMOTPEHHBIX I10-
BTOPSIEMOCTEN KIIMMATUYECKUX YCIIOBUIA.
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PacuyéTrHple BeTMIMHbI «CyMM rpa,uyconﬂeﬁ[ MOpoO3a» pem<017[ IMOBTOPAEMOCTH, ITOTYyYE€HHbIE I BbI6paHHI)IX TOYEK Ha aKBa-

topuu Kapckoro mops, °C

Touka KoopauHatel TOYKK CyMMbI, TTOBTOPSIEMOCTBIO OAMH pa3 B N JIeT
aKBaTOPUU IUpoTa, C.II.° JIOJITOTAa, B.I.° N=2+3 N=25 N=100 N=1000
1 71,75 56,63 2705 3345 3655 4090
2 75,13 65,00 3639 4289 4599 5024
3 71,88 61,50 2998 3698 4033 4508
4 74,50 68,38 3750 4430 4755 5200
5 77,75 76,75 4469 5324 5729 6299
6 75,63 79,75 4346 5096 5446 5936
7 78,13 89,00 4903 5738 6128 6678
8 77,13 96,38 4706 5431 5766 6236
ITopt AMzaepma 69,75 61,63 2908 3563 3878 4323
O. Benbiit 73,38 70,00 4255 4950 5325 5812
0. lukcoH 73,50 80,38 4660 5425 5780 6280
O. lNotoMSIHBII 79,50 90,63 5001 5805 6185 6705
O. Buze 79,50 77,00 4773 5713 6158 6783

TomiuHa cost cHera Ha JIbAY IpY HaIIIMX pac-
yéTax 1Mo TepMOIMHAMMYECKON MOIEIN — BHYT-
pEeHHUII mapaMeTp, KOTOPHI OIpemelIsacs u3
COOTHOIIIEHHSI TOJIIIIMHA JIbAa/TOJIIIMHA CHeTa, TI0-
JydeHHOro JJis Bceil akBaTopuu Kapckoro mops
M COOTBETCTBYIOIIMX KJIMMATUUYECKUX YCIOBUN
penkoil moBTopsieMocTu. Tak, mis mepuona mo-
BTOPSIEMOCTH KJIMMAaTUYECKUX YCJIOBUIA OAUH pa3
B 2—3 roga (cpeaHue yclIOoBUSI) YKa3aHHOE COOT-
HOIIIEHUE T10 MPUBEAEHHON 31eCh METOAMKE I10-
JIydeHO B pa3mepe 7,5, AJ1sl HOBTOPSIeMOCTU OJIUH
pa3 B 25 et — 15, a 115 TIOBTOPSIEMOCTH OAWH pa3
B 100 et m oguH pa3 B 1000 mer — 20 n 30 coor-
BeTCTBeHHO. [1pu MomeaupoBaHNM IMHAMUKA CHE-
TOHAKOIUICHUS (B TOIBI CpeIHE 1 9KCTpeMaIbHOM
TOJIIMHBI POBHOTO MOPCKOTO JibJia) MPUHUMAJIaCh
WUCXOMAS U3 3TUX COOTHoIIeHUM. [1M1oTHOCTh cHera
B MEPUOJ CHETOHAKOIUIEHUSI cUuuTadach paBHOM
280 Kr/M?3, TIIOTHOCTB Taloero cHera — 380 kr/m>.

Pesynbrarhl pacyéToB 3BOIIOLMU TOJIIMHBI POB-
HOT'O MOPCKOTO JibjJa U €ro TepMUYECKOM CTPYKTY-
poI (pacripeneneHne TeMIiepaTyp B TOJIIE JIbIA) JJIsT
paiioHa ropTta AMaepMa, TOJIydeHHbIE TIPY UCITOb-
30BaHUU TTapaMEeTPOB CHEra M KIIMMATHYECKUX YCII0-
BUIi pa3HOI OBTOPSIEMOCTH, IPUBEACHEI Ha puC. 2.
Bunen 3HaUMTENBHBIN POCT TOIIIWHEI JIbAa U IIPO-
JOJDKUTESTLHOCTH €T0 CYIIIeCTBOBAHMS C YBETMYEHUEM
CYpPOBOCTH 3UMHMUX YCJIOBHI, OMHAKO MPH 3TOM CHE-
TOHAKOIJICHUE Ha TTIOBEPXHOCTH JibAa CHIKaeTcs. M3
puc. 2 TaKKe 3aMeTeH HEeJMHEMHBII XapaKTep BepTU-
KaJbHOTO TPOGUJIsi TeMIepaTyphl Jibla B HavyaJe re-
pyoa ero TastHUS IPOIOLKUTEIBHOCTBIO 10 HECKOJIb-
KuX cyToK. Pe3ynbTaThl pacu€ToB MaKCUMaJIbHOM

TOJIIIUHEI POBHOTO MOPCKOTO JIbIa ISl BCEI aKBa-
topun Kapckoro Mopsi mpu KIMMaTUIECKHUX YCIIO-
BUSIX Pa3HOU MTOBTOPSIEMOCTH IIPUBEICHEBI Ha puC. 3.
BunHo, yTo HanboJIee TOJICThIC JIbALI HAXOMSTCS B Ce-
BEpO-BOCTOYHOI YacTH MOpsI, a HanboJjiee TOHKKE — B
1oro-3anaaHoi. Ilpy aToM IS cpemHUX KIMMaThuye-
CKMX YCJIOBUI pa3HUIIA B TOJILIUHE IUISI STUX PAiOHOB
cocrapisieT 25—30%, a ¢ pocTOM CypOBOCTH ITOTOAHBIX
YCJIOBUIA OHA CHIKaeTces 1o 15—20%.

Ha puc. 4 n 5 mpencraBiaeHbI pe3yIbTaThl pacyé-
TOB MHTETPAJIbHBIX I10 TOJIIMHE MAaKCUMAJIbHBIX 3a
TOJI IIPeIeIOB IIPOYHOCTU MOPCKOTO JIbIa Ha OJHO-
OCHOE CXXaTue W M3TU0 coOoTBeTCTBeHHO. OHU MOITy-
YeHBI 110 MpUBEAEHHBIM paHee dopmyaam (1) u (2)
IUIST Bceil akBaToprun Kapckoro Mopst Ipy MCIOJIb-
30BaHMM KJIMMATUYECKUX YCIIOBUI pa3HOI MTOBTO-
psieMocTU. [IpOYHOCTHBIE XapaKTePUCTUKHU JbIa
PacCUUTHIBAJIUCH B COOTBETCTBUU C TPEOOBaHUSIMU
poccuiickoro HopmaTuBHOro JokymeHTta CIT 38 [11],
T.€. IIpees MPOYHOCTU Ha OMHOOCHOE CXKaTue IOy~
YeH IS YCJIOBUS MPUIOXKEHMS CUJIBI HapajliesIbHO
MOBEPXHOCTH JICASTHOI'O ITOKPOBa, a MPeaes IIpod-
HOCTH Ha M3TU0 COOTBETCTBYET M3rM0y KOHCOJIEH
Ha maBy [23]. Y3 puc. 4 1 5 BUAHO, YTO MPOYHOCTh
JIbJa B CEBEPO-BOCTOYHOI YAaCTH MOPSI IIPEBOCXOINT
MPOYHOCTH JIbJa B IOro-3amnaaHoii yactu. [1peBsI-
meHue coctapiisieT 10—15% Kak mist TpoYyHOCTEl Ha
cxkaTue, Tak 1 Ha u3rud. Poct npoyHocTeil 1baa npu
paccMaTpuBaeMbIX KIMMATUYECKUX YCIOBUSIX pel-
KOIi TTOBTOPSIEMOCTH, KaK BUTHO U3 COMOCTABICHUS
puc. 4 1 5, Takke HeBbICOK. Hampumep, oH moctura-
et nipeBbileHNs 20—30% cBOEro cpeaHero 3HaYeHUsI
TOJIBKO K TToBTOpsieMocTH 1 pa3 B 1000 seT.
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Puc. 1. CpegHue 1 3KCTpeMallbHbIe pacu€THbIC 1aThl YCTOMYMBOIO Jie1000pa3oBaHus Ha akBaTopun Kapckoro mopsi:
a — 1 pa3 B 2—3 rona (cpenHue); 6 — 1 pa3 B 25 net; ¢ — 1 pa3 B 100 set; e — 1 pa3 B 1000 jet

Fig. 1. Average and extreme estimated dates of steady ice formation in the Kara Sea.

a — once every 2—3 years (average); 6 — once every 25 years; ¢ — 1 time in 100 years; e — 1 time in 1000 years

Juckyccus JIOKQJIM3YIOTCS KaK B I0TO-3amagHOi 4acTu MOps

(HoBo3eMenbcKkuii MaccuB), TaK U B CEBEPO-BOC-

B pe3yabrate MHOTOJETHUX HAOMIOAEHUIA ycTa- To4YHOM yacTu Mops (Kapckuii ceBepHbiit 1 CeBepo-
HOBJIEHO, UTO B MEPUOJ TasHUS JIEASTHOTO TIOKpOBa  3eMeJIbcKUii MaccuBbl). HoBo3eMenbekuii neassHoi
apKTUYECKUX MOpeil criouy€HHbIe Jbabl (8—10 6an- MaccuB MpeacTaBisieT co00i OOIMPHOE CKOTIe-
JIOB) OOBIYHO CKATIMBAIOTCS B OMPENeJEHHBIX 00- HUE TOJCTOrO0 OJHOJIETHETO JbJa, HaXOISIIeTrocs
JIACTSIX aKBATOPUM. DTU CKOIUICHMSI, MOJyUYMBIINE MeXAy apxunenarom HoBasg 3emist U moayocTpo-
Ha3BaHUe JIeASHbIX MAaCCUBOB, I Kapckoro Mopst  BoMm SIMaji, OOBIYHO MOJTHOCThIO MCUE3AIOIIETO K Ce-
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TonwmHa nbaa u cHera, m

|
|
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Puc. 2. Pe3yabpTaThl pacy€éTOB BOJIOLMN CPeIHEN M 3KCTPEMaIbHOM TOJIIMHEI, M, cHera (/) 1 pOBHOTO MOPCKOTO
Jbaa (2), a TakxkKe TepMUUYECKO# CTPYKTYpHI Jibaa, *C, misl paiioHa mopta Amaepma.

a—e — cM. puc. 1

Fig. 2. The results of calculations of the evolution of the average and extreme thickness, m, of snow (/) and smooth
sea ice (2), as well as thermal structure of ice, °C, for point of Amderma.

a—e — see Fig. 1

penuHe ceHTs0ps. JlensiHoit MmaccuB Kapckuii ce- Hoit yactu Mopst. CeBepo3eMeNIbCKUIA JIeAsTHOM Mac-
BEPHBIl — OTPOT JIeASHOro MaccuBa LIeHTpaJbHOrO CUB COCTOUT M3 MECTHBIX OMHOJIETHMX JIBIOB paiio-
apKTUYECKOro OacceifHa — pacIiojioXeH B ceBep- Ha apxunenara CesepHas 3emuist. U3BecTHO, uTO 00a
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Puc. 3. CpenHue 1 aKCTpeMaslbHble PACUETHBIE 3HAYEHUSI MAKCUMAaJIbHOM TOJIILIMHBI MOPCKOTO JIbAA, M.
a—e — cM. puc. 1
a—e — see Fig. 1

Fig. 3. Average and extreme calculated values of the maximum thickness of sea ice, m:

OTHU MacCCHUBa MOTIYT IIEPECAKUTDL IEPUOA JICTHETO Tad-
HUA. O,ZI,HaKO B pE3yjabTaTeC NOTCINVICHUA KJINMaTa B

MarTa, CYMTaau akBaToputo Kapckoro mopst nsHa-
nociieaHue roabl Kapckoe Mope K KOHILY mepuoaa

YaJIbHO TIOJIHOCTBIO CBOOOIHOIM OT JIEASTHOTO ITOKPO-
TastHUSI 4acTo IIPEACTaBIsIeT COO0I BOMTOEM C SIPKO

Ba. JIg manpHe#Iero aHaan3a BaXKHO TMTOHUMATh,
BBbIpaxkeHHBIM CE30HHBIM JIEASTHBIM TOKPOBOM, T.€.
JIeNsTHbIe MacCUBBI K HavaJly rmepuoja 3aMep3aHust

YTO UCIIOJIb30BaHUE HAMM JAHHBIX METEOPOJIOTHYEC-
OTCYTCTBYIOT Ha Bceli akBaTopuu Mops. Takum o0-

CKOro peaHajn3a, CIIaXKUBAOIIEro HauboJee CrUJib-
HbIe KOJeOaHUs METCOPOJOrMYECKNX MapaMeTPOB
(xapakTepHbIX 7151 HaTypHbIX u3MepeHuit Ha TMC),
MPUBOIUT K CHIKCHUIO UX TUCIICPCUU. DTO MOXKET

HECKOJIbKO 3aHIKaTh IMOJy9aeMble Pe3yIbTaThl pac-
-554-

pa3oM, MbI, paccMaTpuBasi BOIIPoc 00 onpeneieHun
CPOKOB JIeIo00pa30oBaHusl Jaxe Ui CYpOBOTO KJIU-
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Puc. 4. CpCI[HI/IC " 3KCTPEMAJIbHBIC paC‘{éTHbIe 3HAYCHUS ITPOYHOCTU MOPCKOTIO JibJa Ha CXKaTue,

a—e — cM. puc. 1

Fig. 4. Average and extreme calculated values of compressive strength of sea ice, MPa.

a—e — see Fig. 1

YETOB IIJISI pacCMaTpUBaeMbIX HAMU MMapaMeTpPOB

Cpeabl PeIKOM MOBTOPSIEMOCTH.

CpaBHuUBas MOIy4eHHbIE HAMU AAaThl yCTOMYMBO-
ro lepoodpazoBaHus Ha akBatopuu Kapckoro Mopst
(cMm. puc. 1) ¢ matepuanamu pabot [24—27], miony-
YeHHBIMM B pe3yJbTaTe 00pabOTKM JAaHHBIX HATYp-
HBIX HaOJIOACHMI, OTMETUM XOpOlllee COBIAACHUE
(cyTKM MpaKTUYECKU IJIs BCell aKBAaTOPUU MOPS)
MIPOCTPAHCTBEHHO-BPEMEHHOTO paclpencacHUs
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IUIS YCIOBUI KJIMMATUYECKU cpeaHero roaa (Io-
BTOPSIEMOCTb OJMH pa3 B 2—3 roga). DTo Takxke Moj-
TBEPKIAeT ¥ aHAJIOTMYHOE COBITACHUE PACUETHBIX
CPOKOB C pe3yJIbTaTaMy MHOTOJICTHUX HAOIIONeHUI
npubpexHbix 'MC. PanHue cpoku yCTOHUMBOTro
Jenoo6pa3oBaHus Ha akBaTopuu Kapckoro mops,
npuBeIEHHBIC B paboTax [26, 27], TakKe CBUACTE/b-
CTBYIOT O XOpOIIIEM COOTBETCTBUHU (+1-+3 CcyTOK) TT0-
JIYYEHHBIX HAMU PE3YJbTaTOB JJISI CYPOBBIX KJIMMa-
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Puc. 5. CpenHue 1 aKcTpeMalibHble pacy€THbIE 3HAYeHUSI TPOYHOCTU MOPCKOTO Jibaa Ha u3ruo, Mlla.

a—e — cM. puc. 1

Fig. 5. Average and extreme calculated values of sea ice flexural strength, MPa.

a—e — see Fig. 1

TUYECKUX YCIOBUI (TTOBTOpsieMOCTh 1 pa3 B 25 Jer).
K cokaneHuio, CpaBHUTD pacu€THBIC AAThl yCTONYM-
BOTO JIeIOO0Opa3oBaHUs IJIst 0oJiee peaKoii ITOBTOPSI-
€MOCTH C COOTBETCTBYIOIIMMU HATYPHBIMU U3MEPE-
HUSIMU IIOKA HEBO3MOXKHO.

HanbGonee anekBaTHO CpaBHUTH IOJyYCHHBIE
pacyéTHbIE TOJIIMHBI JbAa (CM. pUC. 3) MOXHO
JIUIIIb ¢ Pe3yJibTaTaMU MHOTOJICTHUX HAOJIOICHUIM

Ha 'MC (3a nepuon HaGmMOaeHUI, OJU3KUN K UC-
MOJb30BAaHHOMY HaMU mepuonay pacuétoB 1980—
2010 rr.), TaK KaK 1JIst KOPPEKTHOTO COMOCTABICHUS
PACYETHBIX TOMILIMH C Pe3yIbTaTaMU KCICIUIINOH -
HBIX HAOJIOACHWM B LIEHTPAIbHBIX YaCTAX MOpSI He-
JOCTATOYHO COOTBETCTBYIONIEH nHpopMalu. I1o
MMEIOIIMMCS B HallleM PaCIOPSKEHUM TaHHBIM,
cpeaHee 3HAaYeHME TOJIIMHBI JbIa 10 MHOIOJIET-
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HUM HaTypHBIM HaomoneHusM mst 'MC Ammepma
coctasnser 1,31 M, mrg I'MC Mappecane — 1,42 M,
anst TMC o. Benwiit — 1,56 M, gt TMC o. Juk-
coH — 1,67 M, a m1st TMC o. Buse — 1,73 M. BunHo,
YTO COBIAICHME C ITOJYIYCHHBIMU HAMM PaCYETHBI-
MU 3HaYCHUSIMU TOJIIMUHEI Jbaa (CM. pHC. 3) O4eHb
xopolee (pa3Hulla MeX1y HaOMAEHHBIMUA U pac-
YETHBIMM 3HAYCHUSMH TOJIIUHEL JIbIa COCTABISIET
+1-+3 cm). MakcnManbHOE U3MepeHHOEe 3HaYeHIEe
TOJIIIWHEI AbIa, 3adpukcupoBanHoe Ha [MC Am-
nepma, paBHo 1,75 M, ra T'MC Mappecane — 1,95 m;
Ha 'MC o. benprit — 1,98 m, Ha 'MC o. /IlukcoH —
2,13 M, 4TO TakXe CBUIAETEIBCTBYET O XOPOIIEeM
(pa3Hmua cocrasisieT £1+5 ¢cM) COOTBETCTBUU C
HUMM ITOJIYy9eHHBIX HAMM Pe3yJIbTaTOB pacdeéTa ToMI-
IIMHBI POBHOTO JIbIA PEIKOI IIOBTOPSIEMOCTH. 3aMe-
THAM, YTO C YYETOM COKPALIEHNSI BPEMEHU TTPOTPEBA
MOpSI B €ro LIEHTPaJIbHOM YacTu (IIpu Jiemooopaso-
BaHUM PEAKOU IMOBTOPSIEMOCTH Y COOTBETCTBYIOIIEM
COKpaIlleHWH TeTIo3arnaca BOTJHON TOIIIN) Kade-
CTBO BOCIIPOM3BEICHUS TOJIIIMHEBI B IIPUOPEXKHON 1
OTKPBITOM YaCTSIX MOPSI TOJKHO OBITh, IO HAIIIEMY
MHEHHIO, IPUMEPHO OMMHAKOBBIM.

B akcTpemanbHO CypoBEIe 3UMHUE CE30HHI (I10-
BTOpsieMOCThIO pa3 B 100 JieT) JeassHol ITOKPOB ce-
BEPO-BOCTOYHOI 9aCTU MOPS HE yCIeBaeT IIOJIHO-
CTBIO pacTasiTh. ['paHMIIa MeXOy palloHaAMU MOpSI,
rae TasHUe BCE-TaKU IMPOMCXOMUT, M HepacTasB-
IIMMH JIbAAMH IPOXOIUT IIPUMEPHO MO JTUHUU MBIC
XKenanust — o. JIukcoH. Pe3ynabTaThl pacy€ToB, Bbl-
MMOJIHEHHBIX IUISI SKCTPEeMaJIbHO CYPOBBIX 3UM (I10-
BTOpsieMocThio 1 pa3 B 1000 meT), Moka3anu, 4To
MOPCKOM JIeAsIHOU TTOKPOB B TEILIbIN Mepuo roga
He yCIIeBaeT pacTasATh Ha BCeil aKBaTOPUU MOPSI.
IIpuuém B paitoHax ceBepHOIi U CEBEPO-BOCTOUHOMI
rpaHuil Mopst (paitoHsl Kapckoro ceBepHoro u Ce-
BEPO3EMEIJILCKOTO JICASHBIX MACCUBOB) TIEPHOI TasI-
HUsI JIbIa BOOOIIIe He HacTynaeT. JlaHHbIe pe3ysibTa-
THI HYXXIaI0TCSI B HEKOTOPOM MOsICHeHUH. B Hammmx
pacuérax MBI IIPUHUMAIIHN BCE TIEPUOIBI IIOBTOPSIE-
MOCTH KJIIMMAaTUYECKHUX YCIOBUM MOCTOSIHHBIMU B
TeUYeHMe He TOJIbKO XOJIOMTHOr0, HO U TEIUIOTO IIe-
puona roma. OmHAKO B IIPUPOIHBIX YCIOBUSIX BO3-
MOXHO WM MHOE€ COYeTaHHUE, T.€. 32 SIKCTPEMaJIbHO
XOJIOMHOM 3MUMOM MOXET CJIEIOBATh OYEHD TEILIOE
sero. Torma 1 COOTBETCTBYIOIINE Pe3yIbTaThl OTHO-
CHUTEIbHO IPOLIECCOB TASTHUSI HAa aKBaTOPUM MOPSI
MOTYT OBITh HECKOJIBKO MHBIMM.

MHoOTOJIeTHIUX HEIIPePBIBHBIX HAaOIIOOEHMI
MIPOYHOCTHHIX XapaKTepUCTHK Jbaa Kapckoro mopst

Ha ceTu npudbpexHbix 'MC He Besock. JJoCTymHBI
JIMIIb pa3pO3HEHHbBIE Pe3yJbTaThl SKCIEeAUIIUOH-
HbIX HaOmoneHuit. CpaBHUBAs TTOJyYeHHbIE HAMU
pe3yabTaThl PaCUETOB MPOYHOCTHBIX XapaKTepu-
CTHUK Jbaa mjs1 akBatopuu Kapckoro mops ¢ Ma-
Tepuajsamu, NpuBeAEHHBIMU B padborax [22, 28],
OTMETHUM BIIOJIHE XOpOlllee X COOTBETCTBUE IS
CpeIHMX KIUMaTUUeCKMX ycaoBuii. Tak, ajs Kiu-
MaTUYECKU CpeaHero roja Ha akBatopuu Kapcko-
ro MOp$l B BeCEHHME Mecsllbl (anpesib—mMaii) mpoyd-
HOCTb JIbJla HA OMTHOOCHOE cXaTue (MpUBEAEHHOE
KO BCel TOJILIMHE JIbJa) MO JaHHBIM HAaTYPHbIX HA0-
moaeHuit cocrasuser 1,9—4,3 MIla, a no gfaHHBIM
Halux pacuétoB — 2,7—5,1 MITIa. ITpuBeaéHHbII
Juana3oH U3MEHEHUI BKJIOYaeT B ce0sl Kak Mpo-
CTPAHCTBEHHYIO (OT TOYKU K TOUYKE), TaK U BpeMEH-
HYI0 (2BOJIIOLMS MTPOUYHOCTHBIX XapaKTePUCTUK)
cocTtapjsgiomyto. ITpouHocTu aAbaa Ha U3ruo, Mo
JaHHBIM 3KCNEANLIMOHHBIX HAOIIOAEHUN B aripeie—
Mae, oleHuBatoTcd B auanasone 0,2—0,4 MIla. Ilo
pe3yjabTaTaM HalllMX Pacy€ToB, AMana3oH U3MeHe-
nus cocrasui 0,27—0,46 MIla. OnHako ¢ Te4yeHu-
eM BpeMeHHU (anpeib—Malii) yKazaHHble pacuETHbIE
MPOYHOCTHBIE XapaKTEPUCTUKU JIbJAa CHUXKAIOTCS
OT BepXHeTo Tpeaeia NPUBEAEHHBIX IMAMa30HOB K
HUKHEMY B COTTPOBOXIEHUM He3HAUUTEIbHBIX MPO-
CTPaHCTBEHHbBIX KOJIeOaHUIA.

Jng ycinoBuii peaKoil IMOBTOPSIEMOCTH CpaB-
HUTb pacUYETHBIE U HATYpHbIE 3HAYEHUSI TIPOYHOCTU
JIOBOJIBHO CJIOXKHO, TaK KaK HaTypHbIE UBMEPEHUST
MPOYHOCTHBIX CBOWCTB MPOBOMSATCS B OIpeneaeH-
HBIX BpeMEHHbBIX paMKax (Tepuo MpoBeIeHUs IKC-
MeAULIMU), HAMMPSIMYIO HEe CBSI3aHHBIX C KJIMMaTU-
yeckumu ¢aktopamu. Ha puc. 4 u 5 npuBeneHbl
MaKCHMaJIbHbI€ 3a O/l BeIMYMHBI PACYETHBIX MPOU-
HOcTel Jbaa (MmoJlydeHHbIe HeIOCPEACTBEHHO U3
pSIAOB pacyETHOrO roJ0OBOroO xoJa A KaxXaoi
TOYKM). 3aMEeTUM, UYTO Jaxe A1 KIUMaTU4eCKHU
CpellHero roja npuBeaéHHbIE Ha puc. 4 u 5 3Ha-
YeHUsI MPOYHOCTEN BbIlIE, YeM yKa3aHHbIe HAMU
CpelHUe BeJWYUHBI TPOYHOCTEN, MOJTydYeHHbIE 110
JaHHBIM DKCIEeIULIMOHHBIX HAOIIOAEHUI. DTOT MO-
MEHT BaXXeH JJIs TOHUMAaHUSI CYTU SBOJIIOLIMOHHbBIX
U3MEHEHUI TTPOYHOCTHBIX XapaKTepPUCTUK Jbla,
MPOUCXOISIIMX B TeUYeHUE TogoBoro nepuoga. OH
TaKXe CBUAETEIbCTBYET O HEOOXOAUMOCTU KOp-
PEeKTHOTO BbIOOpA BpEMEHU MPOBEASHUST DKCIIeaU-
LIMOHHBIX UCCIeT0BaHUMA.

Wcnonb3yemass HaMu MeTOAMKA pacyéTa Mmpoy-
HOCTHBIX XapakTepucTuk apaa us ISO [12] nas
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POCCHUICKUX MPOEKTHBIX KOMIIAHUN HE SIBISCTCS
o0s13aTenpHOM. [loydyeHHBIE IO 3TOI METOMUKE
OLIEHKM IIPOYHOCTHBIX CBOMCTB JIblIa, KaK CIEIyeT
W3 MIPaKTUKH, IS TIpeaesia IPOYHOCTH Ha CcxKaTue
00BIYHO pPaClIeHMBAIOT KaK 3aBhIlIeHHBIC. [1pu 3TOM
MIPOBENCHNE PACYETOB SBOIIOLMHY IIPOYHOCTHBIX Xa-
pakTepucTHK Jibaa o metoanke n3 CIT 38 [11] Ha
HACTOSIIIINI MOMEHT OCJIOXKHEHO OTCYTCTBHEM IIpsI-
MO (PyHKIIMOHAJIBHOM CBSI3M YKa3aHHBIX XapaKTe-
PUCTUK JIbIA C ero (pU3NIECKUMHU CBOiCTBaMU (KakK,
Harpumep, ¢dopmynsl (1) n (2) mrg meroanku 1SO).

st pacuéra mpeaesioB IPOYHOCTH Ha CxKaTue
MBI UCITOIb30BaIX (OPMYIY IJIsI MOPCKOIO JIbAa
3ePHUCTON CTPYKTYPHI KaK 00Jiee KOHCEPBATUBHYIO.
OpmHako, Kak ObITO YKa3aHo B padote [22], 1€x Kap-
CKOTO MOPSI B IIPUPOIHBIX YCIOBUSIX MMEET CIIOXK-
HYIO CJIOMCTYIO CTPYKTYpY, YTO OCOOEHHO Xapak-
TepHO IS palfiOHOB OTKPHITOTO Mopsi. PaboTsr [22,
23], a TakxKe OPUIIMAILHBI HOPMATUBHEIN JTOKY-
MeHT [11] pjist Takoro ciaydasi peKOMEHAYIOT BECTU
pacuéT 1o ciaosM (rae BEpXHSISI YeTBEPTh TOJIIINU
JIbIA TIPEACTaBICHA 36 PHUCTOI CTPYKTYPOIi, a HIK-
HHE TPHU YETBEPTU — BOJOKHMCTOI). Takxke mpu
pacuérte mpenesia IPOYHOCTH JIbIA Ha CXKaTHE TOJIIO
CBOOOIHOrO 00BEMA V- MBI IPUPABHSIIN K JOJIE, 3a-
HMMAaeMO# TOJIBKO PAacCOJIOM V,, YTO MPUBOAMUIO K
HEKOTOPOMY 3aBBIIIEHUIO IMOJIyJYaeMbIX BEJIUUNH.
OnHako, ITOCKOJIBLKY TTPOBOAMIN PACUEThI IKCTPE-
MaJIbHBIX (MAKCUMAaJIbHBIX) 3HAUEHUI IIPOYHOCTH,
C YyU4ETOM CKa3aHHOTO TMOJy4aeMoe UCKYCCTBEHHOE
3aBbIIIEHUE W MPUOIMIKAET HAC K OLIEHKE BepXHel
IrpaHMIIBI UX BO3MOXHBIX 3HaUeHWi. Hammm oneHku
npezesia TPOYHOCTH Ha OJJHOOCHOE CXKaTre MPeBOC-
XOASIT aHAJIOTUYHbIE PE3yabTaThl U3 padoThHI [29],
OCHOBAaHHOI Ha MPUHLIMITHAJILHO WHOM ITOAXO0Ie K
Pacy€Ty MPOUYHOCTHBIX XapaKTEPUCTUK U TOJIIUHBI
nabaa Kapckoro mopsi.

W3 npuBen€HHbBIX HA pUC. 2 PE3yAbTaTOB pacyé-
TOB 3BOJIFOLIMY TOJIILIMHBI JIbIA U €T0 TEPMUICCKOU
CTPYKTYPBI IJISI aKBATOPMU MOPsSI BOJIM3U ITOpTa AM-
JepMa XOpOIIo BUIHO HECOBIIAJIEHHUE 110 BpEMEHH
1711 HanboJiee HU3KUX TeMIlepaTyp TOJIIIN U 3Ha-
YeHUI MaKCUMaJbHOM TOJIIMHBI Jbaa. C yyéToM
TEMIIOB CHVKEHMSI CpeIHEMHTEIPAIbHON COJIEHO-
CTU HM3KHE TeMIIepaTyphl TOJIIIN JIbIa B (peBpajie—
MapTe MPUBOMASAT K ITOBBILICHUIO 3HAYEHMI ITPOY-
Hoctu Jbaa. TakuM ob6pasom, B (peBpajie—mapTte Ha
akBaTopun Kapckoro Mopst HabJ11ogaeTcst Tak Hasbl-
BaeMBbIll TTIepUOa MaKCUMaJIbHO MPOYHOCTH JIbJA,
a B Mae — IepHOa MaKCUMaJIbHbIX 3HAUCHUI TOJI-

IIMHBI Jbaa. Bce HalM pe3yabTaThl OTHOCUTEIHLHO
TOJIIIMHBI U TPOYHOCTHBIX XapaKTEPUCTUK JIbIA IS
KaXIIoi pacYETHON TOUKM MOJYYEHBI TIPU YCIOBUU
00pa3oBaHUs U JajbHEHIIIEH BOJIOLIMY JIEASTHOTO
MOKpoBa (BKJII0UYast €ro TasiHME) B OTHOCUTEILHO He-
0O0JIBIIIOM JIOKAJIbHOM palioHe. B mpeacraBieHHOM
HCCIeNOBAaHUM HE YUMTHIBAIOTCS BO3MOXKHBIN Apeitd
JIbla U3 3TOTO pailoHa (BKJIo4Yas OTPBHIB U BHIHOC
npuriasi) 1 oOpa3oBaHMe Ha €ro MECTe HOBOTO JibJa.

BoiBoabl

Ha npumepe Kapckoro Mops mokazaHa BO3-
MOXHOCTbD ITOJIyYeHUS paCUYETHBIX 3HAYEHUM TOJI-
ILMHBI U TPOYHOCTHBIX XapaKTEPUCTHUK JIba PEIKOM
MOBTOPSIEMOCTH IJIsI PAaAOHOB MOPCKUX aKBATOPUIA
C CE€30HHBIM JIEASHBIM ITOKPOBOM, IJIe OTCYTCTBY-
IOT JaHHBIE HATYPHBIX HaOmoneHuit. PaccMoTpen
CII0CO0 MOJTyYeHUs KIMMaTUYeCKUX JaHHbBIX, COOT-
BETCTBYIOIIMX YCAOBHUSIM Pa3HON MOBTOPSIEMOCTH,
JUI JaJlbHEMIIEH OLEHKU ITPOYHOCTHBIX CBOWICTB
U TOJIIMHBI MOPCKOIO JIbJa C IIOMOIIIbIO TepMO-
IUHAMMUYECKOro MojaearupoBaHus. JlaHHbBI cIlo-
c0o0 OCHOBaH Ha IMOA0OpPe CTaTUCTUUYECKOIo 3aKOHa
pacrpeneaeHus 1jis «CyMM T'paaycoaHell Mopo3a»
U MOJIYYEHUU 3HAYCHUU UX PEIKOM IMOBTOPSIEMO-
ctu. JIna akBatopun Kapckoro Mopst BBITTOJTHEHBI
pacy€Thl TOJIIMHBI U MIPOYHOCTHBIX XapaKTepu-
CTUK JIbJIa I KJIMMAaTUYECKUX YCIOBUM pa3sHOM
TMOBTOPsIEMOCTH. JLJTs1 cpeTHUX KITMMaTUYEeCKUX yC-
JIOBUM pacu€THbIe 3HAYEHUS TOJIIMHBI U IIPOY-
HOCTHBIX XapaKTePUCTUK JibJa XOPOIIIO COBIAIHU C
COOTBETCTBYIOIIMMMU pe3yabTaTaMM HAaTYpPHBIX Ha-
omoneHuit. JIns KIMMaTUYECKUX YCIOBUN peaKoit
MOBTOPSIEMOCTHU ITOJYUEHHbIe PAaCUETHBIE CPOKU
YCTOMUMBOTO JIeI000pa30BaHUS U pPacYETHBIC MaK-
CHMMaJIbHbIE TOJIILIMHBI POBHOTO JibJa TaKXKe COOT-
BETCTBYIOT pe3yJibTaTaM HaTypHBIX HaOIOIeHU Ha
npubpexHbix 'MC Kapckoro mopsi.

PesynbTaThl pacy€ToB TOJIIUHBI U TPOYHOCT-
HBIX XapaKTePUCTUK JIbla PEIKON MOBTOPSIEMOCTH
MOHO PEKOMEHI0BATh K UCIIOJIb30BaAHUIO TSI TIPO-
€KTHBIX OpraHu3aluii B KauyecTBe rpy0oii OLleHKU
(«1mepBOro NMpUOJMXKEHMsI») Ha HayaJbHBIX dTamnax
npoekTrupoBaHus. OnHAKO B JajbHEHIIIEeM OHU MO-
TPEOYIOT YTOUHEHUSI ¢ YIYETOM TUAPOMETEOPOIOTH -
YeCKMX, 0aTUMETPUUYECKUX U MHBIX OCOOEHHOCTEN
JIOKaJILHOTO pailoHa, IJIsi KOTOpOro OyneT BeCTUCh
MPOEeKTUPOBaHUE.
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Summary

The data on the strength of sea ice obtained in the course of explorations in the Sea of Okhotsk are compared with
the results of calculations for the purpose to test the applicability of analytical methods to the conditions of this Sea.
Two groups of samples were used to determine the ice strength limit. The first group included samples obtained from
smooth drifting ice fields, and the second one were samples obtained from ice blocks similar to hummocks on a sur-
face of an ice field. The measured characteristics of the temperature and electrical conductivity of ice were used in
calculations using empirical formulas. The calculated values of the ice strength limits were compared with the mea-
surements. Note, that application of the ISO 19906:2008 methodology (International Technical Standard) provided
greater variety of strength values of both smooth and hummocky ice, and the SP 38.13330.2012 methodology (Rus-
sian Technical Standard) underestimated the values. The algorithms from the «Guidelines for Calculating Ice Strength
Limits» are suitable for estimating mean values, but do not provide comparable root-mean-square deviation values
with real data of direct measurements. The results of calculating the strength characteristics allow us to conclude that
to obtain the extremely possible strength values the direct measurements (field tests) are necessary. ISO 19906:2008 is
most suitable for estimating the values of smooth ice from the methods under consideration, and the algorithm from
the «Methodical Letter on calculating Ice Strength Limits» is better to use for an average assessment of ice blocks.
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KiroueBsbie cmoBa: Mopckoli 1€0, o0HonemHuli 1é0, Oxomckoe Mope, npeden NnpoYHOCMU HA 00HOOCHOe Cxamue.

Brnepgble ana gpendyowero nbga OXOTCKOro MOps NMPOBEAEHO CPAaBHEHME M3MEPEHHbIX 1 pacCUUTaH-
HbIX MO MHXEHEePHbIM MeToAMKaM 3HauyeHW MPOYHOCTV MOPCKOrO NbAla Ha OAHOOCHOe Cxatwue. [po-
aHanM3MpoBaHa TOYHOCTb POCCUNCKMX U 3apyOexKHbIX anropyvTMOB pPacyéta C YYETOM pPermoHanbHom
0COBEHHOCTM NlefjoBbIX YcnoBuiA. CenaH BbIBOA, YTO CPeAHMe 3HaYeHNA NPOYHOCTY Nbja YAOBETBOPU-
TeJIbHO BOCMPOM3BOAATCA MY NomMoLm anroputma B.B. boropogckoro, B To Bpemsa Kak MakCMMasbHble
3HaueHVA NPOYHOCTU Hosee TOUHO paccumMTbiBaloTCA No metogumke [SO 19906:2008.

BBenenne

OnuH U3 KIToYeBbIX (DAKTOPOB, BAMSIOIINAX HA O€3-
OITACHOCTD XO3SMCTBEHHOM IeITeIbHOCTH B POCCHUIA-
CKUX MOpsIX, — Mopckoit ién [1]. CBolicTBa jibaa 3aBu-
CSIT OT MHOTHIX TIapaMETPOB: TeMITIEpaTyphl, COTEHOCTH,
IOPUCTOCTH, TTPOYHOCTH, IUTOTHOCTH, HATTMIMS MU-
HepaJIbHBIX M OPTAaHMYECKUX BKITIOUCHUI U T.10. DTH
XapaKTepUCTUKHU CYIIECTBEHHO MEHSIIOTCS B 3aBUCH-
MOCTHU OT ycJ0BUM popmupoBaHus jbaa [2, 3]. Co-
IJIACHO TpeOOBaHUSIM HOPMATUBHON TOKYMEHTALWH,

MPY MPOEKTUPOBAHNY TEXHOTCHHBIX KOHCTPYKIIMIA Ha
1eb(e HeOOXOAMMO YUUTHIBATH IPOYHOCTh MOPCKOTO
Jbna [4, 5]. AJITOPUTMBI [UTl pacyéTa IIPOYHOCTH JIbAa,
OMNUCaHHbIE B METOIUYECKMX PYKOBOJCTBAX, Oa3upy-
I0TCSI HA MaTepuaiax IMoJIeBbIX UCCIIENOBAHUIA, BHITTON-
HEHHBIX MTPEUMYILIECTBEHHO B APKTUUYECKUX MOPSIX,
WJIM Ha JAaHHBIX J1JA00PAaTOPHBIX SKCIIEPUMEHTOB.
I'nmaBHas mpoOjieMa UCKYCCTBEHHBIX OIBITOB —
CJIOXKHOCTh BOCCO3/IaHUSI BCEX YCJIOBUI 1 (DAKTOPOB,
BJIMSIOIIMX HAa (DOPMUPOBAHUE JIbIa B €CTECTBEH-
Hoil cpene. OCHOBHAS CJIOKHOCTD MOJIEBBIX 9KCITe-
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PMMEHTOB CBSI3aHA C MOJIyYeHUEM JICIOBBIX KEPHOB
1 BapUaTUBHOCTBIO YCIIOBUI, B KOTOPBIX BEIETCS MX
JaTbHEUINIA T1abopaTopHEINA aHanu3 [2]. Poccmii-
CKUe 1 3apyOeskHbIe HOPMATHUBBI 110 PACUYETy IPOU-
HOCTH JIbJa Ha OMHOOCHOE CXKaTHe JaroT pa3dpoc Be-
suuuH ot 0,3 1o 3,3 MIa [6]. 3HayeHMsI TPOYHOCTH
JIbIa Ha aKBaTOpUsX Mopeli Poccuu, 1o maHHBIM 110-
JIEBBIX UccileqoBaHmil, MeHsroTes oT 0,5 no 12 MI1a,
YTO OOBSICHSIETCSI HE TOJIBKO PeTMOHATBHBIMU CBOM-
CTBaMM JIbla, HO ¥ IIMPOKAMU CIIEKTpaMU N3MEHe-
HUSI TeMIIepaTypbl 00pa3lioB M CKOPOCTU MX HArpy-
SKEHHMSI C TIOMOILBIO CITELIMaIbHBIX IIPEccoB [6].

JlenoBrie ycnoBust OXOTCKOTO MOpSI CYIIIECTBEH-
HO OTJIMYAIOTCSI OT yCJoBUM B Mopsix Poccuiickoii
ApPKTHUKM: BECh JIEA MMEET MECTHOE IIPOMCXOXKIIE-
HHUE, HeT MHOTOJICTHUX JICIOBBIX ITOJIEi, TOMIIIHA
JIbIa MOXeT focTurarh 180 cMm u Gosee 3a CUET MHO-
TOKPaTHOI'O HACIOCHUS B TMHAMUYECKN aKTHUBHBIX
paitoHax, apeiid JIbaa XapaKTepu3yeTcsl BEICOKIMU
ckopoctsimu — 10 130—140 cm/c [7].

AHanu3 HayYHOI JTUTepaTypbl X UCTOPUUIECKOMI
nH(OPMALINK T10 JICTOBBIM MCCSIOBAHUSIM, PACUET-
HBIX JaHHBIX, pab0Ta Hal apXUBaMH KapT, IIOCTPOCH-
HBIX Ha OCHOBE CIIYTHUKOBBIX CHUMKOB BUINMOTO 1
PaIroI0KAIIMOHHOIO AMAara30HOB, IO3BOJISTIOT COe-
JIaTh BBIBOJI O TOM, YTO B JIGASTHOM ITOKpoBe OXOTCKO-
IO MOPSI Ha BCEX CTAIMSIX €r0 pa3BUTHSI (POPMUPYIOTCS
peTrrOHAIbHBIC CTA0WIBHBIC 30HBI 1 JIOKAJIbHASI OTHO-
POIHOCTh IIApaMeTPOB MX JICASHOTO ITOKPOBA MOXET
OBITh yCI0BUEM 151 pailoHnpoBaHusl. Paiton IlanTap-
CKHX O0CTpOBOB, CaxaIMHCKUIA 3aJIMB, OTJINIAETCS aK-
THUBHBIM (DOPMHUPOBAHMEM 30H CKaTUI 1 neopmariuii
nbna. [lon Bo3aeiicTBreM HUBKMX TeMIIepaTyp BO3oyXa
MIPOMCXOASIT CMep3aHKe 1 BEIHOC CIJIBHO Ie(hOpMHPO-
BaHHOTO 1 BCTOPOIIIEHHOTO JIbIa K CEBEPO-BOCTOYHO-
My nobepexpio CaxamHa. Bkimrouasich B reHepalbHbII
npeii, OH IBIDKETCS BOOJIb BOCTOYHOI'O MTOOEPEXKbsI
0. CaxaiuH Ha 1or, 00pa3ysI IosIC MAKCUMAJIbHOM 1~
PUHBI 10 48 KM TPYIHOIIPOXOIMMOTO JIbaa (Haxe IS
COBpPEMEHHBIX CYIOB JiemoBoro kiacca) [8]. C cesepa
Ha 10T JpeiidyioT Jbabl ¢ 00Jiee HU3KOM COIEHOCTHIO,
KOTOpBIE 00Pa30BajIICh B TAK HA3BIBAEMOM <«MEIIIKE
xonona» y lllantapckux octpoBoB 1 CaxaIMHCKOTO 3a-
JIMBa U3 TIOBEPXHOCTHBIX BOM, CHJIBHO PaCIIPECHEHHBIX
pedHbIM cToKOM AMypa [9]. IIpounocts 1paa B OX0T-
CKOM MOpe€ ITOKa M3ydeHa HeIOCTATOYHO.

3agaya HACTOSIIIIETO MCCIeIOBAaHUS — OLCHUTh
MIPUMEHUMOCTD HeCIeIN(PUISCKNX METOIUK pac-
yéTa IPOYHOCTH JIba, ONMCAHHBIX B POCCUICKUX
" 3apy0eXXHBIX MHXEHEPHBIX PYKOBOACTBaX [4,

10, 14], x ycroBussMm OXOTCKOro Mopsl IyTéM CpaB-
HEHUS Pe3yJbTaTOB BbIUMCICHUIA ¢ SMITUPUIECKU -
MM JaHHBIMHU, TIOJIyYeHHBIMH B XOJI€ TTOJICBBIX padOT
Ha BOCTOUHOM lLienbde 0. CaxanuH

MaTepI/IaJIbI U METOJbI

IToneBwie MccnenoBaHMsI IPOXOAUIIN B arpeie
2016 1 2019 1. PaGoThl Beu B yCIOBUAX YMEPEHHOMI
(2016 r.) u msarkoit 3um (2019 r.) [9]. YHUKATBHOCTD
HCCIIEAOBAHMSI COCTOUT B TOM, UYTO HAKOILIEH 0OJIb-
110 MacCUB JaHHBIX. 3a IBa JIeAoBbIX ce3oHa 2016
u 2019 r. 6pUIM OTOOPaAHBI U UCCEA0OBAHbBI 0OPa3LIbI
C pa3HbIX ApelidyolmmX JIbI0B. MccaenoBaHus mpo-
XOIWIN B OJHO BpeMs (arpejib) Ha OMHOM U TOM 3Ke
yuyactke OxoTckoro mops. PailoH paboT oxBaTbIBal
ceBepo-BOCTOYHOE NModepexbe 0. CaxaauH — oT JIyHb-
CKOTO 3aj1mBa 10 3aiuBa [TunbtyH. M3mMepeHus Benmm
IIPY TIOMOIIM JIETOKOJIBHOTO CyIHa KaK BIOJb IT0-
Oepexbs, Tak U B Mope (o1 30 1o 80 KM 1Mo HopMaJIu
oT Oepera) [13]. st paccMOTpeHUsI B JaHHOM cTa-
ThE€ BBIIEJICHBI IBE TPYIIIBI KEpHOB Jibaa. K nmepBoit
IPYIIIIE OTHOCSATCSI 00pa3lbl, IMOJyYeHHbIE U3 POB-
HOro apeidyrolero Jbiaa (aajiee — poBHbIN JIEM), KO
BTOPOI1 — TTOJTydeHHbIC M3 OJIOKOB JIbJA B Pe3y/IbTaTe
JTMHAMUYECKHUX MPOLIECCOB HA IIOBEPXHOCTH POBHOTO
JIpeiyrolIero jgpaa 1 00pa3oBaBILIMX Pa3IMUHbIE Jie-
JsTHbIE (hOopMBI (Hasiee — 6J10Ku Jibaa) (puc. 1).

AHanM3 colepKaHus XUIKOM (da3bl B KEPHAX
roxasaj, 4To GopMHpoBaHKUE OJIOKOB JbAa MOXKET
CYILLIECTBEHHO pa3jiMyaThCsl, OAHAKO BCE OHU ITOCTIE
TOro KaK OKa3bIBalOTCSI Ha ITOBEPXHOCTU POBHOTO
JIbJIa 1 TIepecTaloT B3aMMOJEICTBOBATh C MOPCKOI
BOIOI «OCYIIAIOTCSI» W MIPUOOPETAIOT OTIUYHBIE OT
POBHOTIO JIbaa (GU3NKO-MeXaHUYeCKNEe CBOMCTBA.
OnuH 13 BaXXHBIX aCIIEKTOB HACTOSIIEH CTaThby —
CpaBHEHUE HEOJHOPOMIHOCTU U BapUATMBHOCTU
MpeeIOB IIPOYHOCTH TSI «OCYIIEHHBIX» OJIOKOB 1
poBHOTO U Apeidytoiiero apaa. OopasLbl a1 Uc-
MMBITAHWSI HA OOJHOOCHOE CXaTue MPeICcTaBIsSIOT
€000 LIMJIMHIPHI JIbA BEICOTOM 15 ¢cM 1 nMaMeTpoM
7,5 cM (Bce reoMeTpuUeCcKMe mapaMeTphbl U3MEPSIU
CIeMATU3UPOBAHHBIM 000PYAOBaHUEM). Y KaXk/I0-
ro oOpaslia Jibaa UCCIeOBalIM CASAYIOIINEe TPU Xa-
PaKTEPUCTUKMU: TIpeaesl IIPOYHOCTH HAa OJHOOCHOE
cxkartue, MIla; temmeparypy, °C; conéHoctb, %o.

IIpenen MpoYHOCTH U3MEPSIICS Ha CIICIUATA31-
POBaHHOM 3JICKTPOHHOM MEXaHUYECKOM JIEIOBOM
Ipecce, B KOTOPOM (PUKCHPYIOTCST BBICOTA TTOMHSITHS
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Puc. 1. IIpouecca orbopa KepHa:

a — POBHBII JIEA; 6 — OJIOKHU JIbja.

B craThe paccMaTpuBaroTCs ABe TPYIIBI KEPHOB Jibaa. B mep-
BYIO IPYIIITY BXOISIT OOPa3Ibl, TOJIyYeHHBIE U3 IJIOCKOTO Apeii-
¢dyrolero abaa (poBHBIN Jied), BO BTOPYIO I'PYIIY BXOIST 00-
pasiibl, TOJyYeHHbIe M3 OJOKOB JIbla, KOTOPhIE B Pe3yJbTaTe
MUHAMHMYECKMX ITPOLIECCOB OKa3aIMCh Ha TOBEPXHOCTH POBHO-
ro npeidyooIiero jJbia 1 00pa3oBaik pa3IddHbIe JeATHbIC
dopmbl (6JIOKM Jibaa)

Fig. 1. Coring process:

a — level ice; 6 — ice blocks.

The article discusses two groups of ice cores. The first group in-
cludes samples obtained from flat drifting ice (level ice), the sec-
ond group includes samples obtained from ice blocks, which, as
a result of dynamic processes, appeared on the surface of flat
drifting ice and formed various ice forms (ice blocks)

IUIMTHI TIpecca, a TakKe BpeMsl M CUJIa Harpy>KeHUsI
oOpasiua (kéctkoe HarpyxkeHue). [lepen BeImonIHEe-
HMEM TOJIEBBIX pabOT U3MEPUTEIEHOE 00OPYIOBaHUE
MPOIILIO TOBepKY. [1penen oTHOCUTEIbHOM TTorpel-
HOCTHU U3MepeHMs cocTaBiisl 1%, yacToTta 3anucu
naHHbIX — 2 ', cpeaHsist CKOPOCTh HArpyKeHust 00-
pasua — 0,23 MIla/c. I1pecc HaxoauiICs B OTKPHITOM
Jnaboparopum Ha nanyoe cynHa. CpeaHsisl TeMIiepaTypa
BO3/IyXa BO BpeMs paboT, 110 JAaHHBIM CYIOBOI METEO-
cranuu, B 2016 r. cocrasimsia —3 °C, 82019 1. — 0 °C.

Puc. 2. Paspymenue o6pasiia mpy UCITBITAHUM Ha OJHO-
OCHOE€ CXaThe B MOMEHT perucTpalvy pa3pyliaroei
(MMKOBOI1) HArpy3Ku

Fig. 2. Fracture of a specimen during testing for uniaxial
compression at the moment of registration of the break-
ing (peak) load

I1nocko-napanienbHOCTh 00pa3lioB obecreyrBa-
Jlach pa3iesiKoil Ha CelUau3UPOBaHHOM CTaHKE C
3aKpeIIEHHBIMY LUPKYISIPHBIMU MUJIaMU, UYTO I1O-
3BOJISIIIO OOECTICYNTh OJMHAKOBYIO BBICOTY 00pa3iioB
M aKKypaTHbII NpoaoiabHbIi cpe3. [1py BbioHEHUT
3KCIIEPUMEHTOB MCIIOJIb30BaIN ITPOKIAIKH 13 TTOJID-
TUJIEHA, KOTOPhIEe TIOMEIAIN Ha BEPXHIOIO 1 HYDKHIOO
IUIATHI /IS TIOBBIIICHUS TPSHUS 1 IIPeIoTBpaIeHUS
CMeIIeHUs 00pa3LoB M3-TI0x IUTUT Iipecca. Ha puc. 2
NpuBEIEH (PparMeHT UCIIbITaHMs 00pa3lia B MOMEHT
perucTpanuy paspyliaroiieii (IIMKOBOI) Harpy3Ku.
Bpewmst monroToBKi 00pa3oB MaKCUMAaIbHO MUHIMM-
3MPOBAJIOCH: TTOCIIE U3BJICUEHMS KEPHA IO UCITBITAHUI
npoxoawio He 6osiee 10—15 MuH.

IIpenen mpoYHOCTU BLIYUCISICSA 1O (popmyIie [4]

o= P/S,

rae o — Ipeaes IpoYHOCTH JbJa Ha cxkatue, I1a;
P — Harpy3ska, mpy KOTOPO#1 TIPOUCXOIUT pa3pyle-
Hue, H; S — ruomans ceyeHus: oopasua, cm2.
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Tabnuya 1. IlpuMep onycaHMs TeKCTYPHI KepHA IbJa, 0TOOPAHHOTO IIPH MONEeBbIX paboTax 2016 I.

I'nyouHa, cm OnucaHue ropu3oHTa
0—115 CepoggTo-6enbn71 JIENT, KOJIMYECTBO BO3AYILHBIX U COJIEBBIX BKIIIOYEeHMIT — 4 6ajuia. [110THBII, ¢ paBHOMEPHO pac-
npeaeeHHbIMU cpeprueckumu mmy3bipbkamMu d = 0,1--0,5 MM, HUTSIMU JUTUHO# 10 5 MM U LiwjuHapamu d = 0,5 MM.
115-220 Benéco-cepblii 1€1 ¢ paBHOMEPHO pacripeaeIéHHBIMUA BO3MYIITHBIMU BKITFOUeHUsIMHU (1—2 6asuia), chepruuecKumm
ny3bipbkaMu d = 0,51 MM, BEpTUKaJIbHO BBITSIHYTHIMU IuMHApaMu d = 0,1--0,5 MM BBICOTOI 10 4 MM.
Cepblii TPO3paYHbIii €M, My3bIPEKOB IIpaKTUYecKu HeT (<5% — no 1 6ajia), BU3yaJlbHO — MEJIKOKPHUCTAII-
229-243 JIMYEeCKUiA JIE€ ¢ M30MeTpUIHBIMU 3€pHamMu 1X 1, 1 X2 mm. [Ipu HarpeBe KepHa pyKoil BO3AYIIHBIE ITy3bIPEKU
TOSIBJISIIOTCSI MEXKIY KPUCTALJIAMU JIbJIA.
B1ok mpo3pauHoro ceporo Jbaa, pa3apobieHHbIe, ¢ KpYITHBIMUA HAKJIOHHBIMU KaHaJlaMU CTOKa paccoJa,
243-282 KaBepHaMU, 3aII0JJHEHHBIMU MEJTKOKPUCTAITMYECKUM JIBIOM — 3€pHa d = 13 MM,
4acTh KAHAJIOB CTOKA — IOJIbIE, d = 56 MM.
282320 Cepblii TTpo3pavyHbIit né,.q (1 6ajuT) ¢ KaHaJIaMU CTOKA paccoJia TMaMeTpoM 0 5—6 MM.
JI€n 3epHUCTBIN, KpUCTAUTBI d = 23 MM.
320-390 TlepeMerianHas Toia — 3épHa-KpUCTauIbl baa d = 23 MM,
0JIOKM CEporo MoJIyNpo3pavyHoro jbaa (1—2 6ana), rpaHULIbI MEXKIY CJIOSIMU HAaKJIOHHBIE.
390—420 [Monynpospaunsiii 1€ (2 6anna), 3epHa d = 2+3 MM, IpU nepeBopaqMBaﬂng KepHa MeXX1y KpUcTaljlaMu
(MozowBa Kepta) BO3HMKAIOT BO3AYIIHbIE MY3bIPbKU. [10THOCTBIO TOPOC HE TPOOYPEH — JIEA MPONOJIKAETCS U HUXE;
MPoOYPeH Ha MaKCUMAaJIbHYIO TIIYOMHY, KOTOPYIO ITO3BOJISIOT UMEIOIIUECS IIITAaHTH.

I[Ipu u3mepeHUHn MPOYHOCTH JIbla 3aMEUYCH
00JIbIION pa3dpoc uccaenyeMoil BEUUYMHbI, UTO
CBSI3aHO C MPOCTPAHCTBEHHO-BPEMEHHOW U3MEH-
YUBOCTBIO TEKCTYPbI U TTOATBEPXKIAETCSI OIMMMCaHEeM
KepHOB. TeKCTypy HUCCAea0BaIM Ha KaxKI0M JIeno-
BoM ctaHLuu. [Ipumep e€ onurcaHus gaH B TadJ. 1.

TeMrmepaTtypa 1 COJIEHOCTD JIbJa U3MEPSIINCH
y KepHa, otoopaHHoro B 10—15 cM oT MecT B3§I-
THST 00pa31I0B [JIs1 UCTIBITAHMS Mpeaesia TPOYHOCTH.
Temnepatypy usmepsiau ¢ marom 10 cMm 1o Bceit
Tonue KepHa. [Tokazarenn coi€EHOCTU moJjy4dallu
MyTEM U3MEPEHHUS 3JIEKTPOIIPOBOTHOCTHU TAJOTO
JIBIA; 00pa3Ibl TAKKe OTOMpaIH ¢ maromM 10 cm.

W3 Bcero MaccuBa I10JIEBBIX JAHHBIX OBIJIA OTO-
OpaHbl M pa3fesieHbl Ha IPYIIbI TOJBKO T€ KEPHBI
Jibla, KOTOPbIE IPUMEPHO COOTBETCTBOBAIM TOJI-
IIMHE JIbIa NpU €CTeCTBEHHOM HapacTaHUU B
anpeiae 2016 u 2019 rr. Bo3aMoxxHoe HapacTaHue
MOPCKOTO JIbJIa Ha MOMEHT IIPOBEIeHNS 3MMHUX UC-
cJIenoBaTeIbCKUX paboT OBLIO OLIEHEHO C TIOMOIIBIO
M3BECTHBIX AMITUPUIECKUX (DOPMYII:

a) H.H. 3y6oBa [15] —

h? + 50h; = 82(—T,);

6) B.I1. I'aBpmio u K.K. Cyxopykosa [16] —
h?+6,7Th,=6,1Z(—T,);

B) B.I1. loponuna [17] —
h? — h0? = 122(—T),

rae h; — ToJMHa Jbaa; 2,0 — HayaabHas TOJIIIMHA
npna; 2(—17,) — cyMMa rpagyconHeil Mopo3a.

HanHbie GOpMYJIBI He YIUTHIBAIOT TEIIO(PU3U-
YeCcKMe CBOMCTBA CHEXHOIO MIOKPOBA U MX BIIMSHUE
Ha HapacTaHue Jibaa. PacyéThl ObLIU BBINTOJHEHBI
no CI'’IM (cymme rpaaycoaHeil Mopo3a), paccuu-
TaHHOU IO 3HAYEHUSIM TeMIlepaTyp, 3a(hUKCUPO-
BaHHBIM Ha MeTeocTaHLMU ceTu Pocrumpomera Ha
o. bonpmoit Hlantap (magekc BMO 31174). Pe-
3ynbTaThl pacu€éToB CI'JIM COOTBETCTBYIOT BpeMe-
HU BBITIOJTHEHUSI TOJIEBBIX M3MEPEHMII Ha aKBaTO-
puu Oxotrckoro Mopsi. OHU NpUBEAEHBbI B Ta0JI. 2.
ITocne pacuéroB CI'JIM 1o smnupudyeckum ¢Gop-
MyJiaM ObLjIa BBITIOJTHEHA OLIEHKA HapacTaHMs Jba.
HMTtoroBbie pe3yibTaTbl BO3BMOXHOM TEOPETUUYECKOM
TOJIIMHBI JIbIA TaHbI B Ta0I. 3.

HMcxonst 13 pacu€THBIX JTaHHBIX Ta0JI. 3 1 cpaB-
HEHMS UX C IOJYYCHHBIMHU U3MEPEHUSIMHU, ObLIN
BBIIEJICHBI KPUTEPUHU IJIST aHaiau3a. PoBHEI €D B
HCCIIeIyeMOM paiioHe B TaHHOE BpeMsI roja Ipu-
MepHO cooTBeTcTBOBad TojmuHe 110—120 u
100—110 cm ast 2016 1 2019 rT. COOTBETCTBEHHO.
g ganbHeIIero ucciaenoBaHusI ObIN BhIOpa-
HBl U3MEPEHUs B TeX KepHaX, MOIIHOCTh KOTO-
PBIX COOTBETCTBOBAJIAa YKa3aHHBIM 34eCh IT0Ka3a-
tensiM. [Ipenen MpoYHOCTY IbIa 10 METOAUKE U3
CIT 38.13330.2012 [4] moay4yaroT Npu MOMOLLIU Tad-
JIMYHBIX 3HAYEHUH U pacCYUTAHHOIO KOJMYECTBA
Kuakoit ¢aswl. [1pu pacuére KonmyecTBa XUIKOM
¢a3bl Mcionb30Banach ciaeaymomas ¢gopmyna [4]:

Ei = Swr(1 — 0,018£)/0,0181i, 0 < ti < —7,3 °C,

rae £ — KOJIMYECTBO XKUAKOM da3bl; Swt — cojé-
HOCTb JIbJIA; f — TeMIiepaTypa Jiba.
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Tabnuya 2. Pac4éTsl CyMMBI IPagycORHell MOpo3a MO JAaH-
HbIM 'MC Bonbmoii lllantap

Tabnuya 3. PacyéTHas TOMIIMHA MOPCKOTO /IbJIa TI0 PAa3HBIM
¢dopmynam pisa 2016 1. (uncvrens) v 2019 . (3HaMeHaTeNb), CM

CyMMa rpanycoaHeit Mopo3sa, “C B.I1. T'aBpuio u

Jatbt 2}(/)16 o paiy 132019 - Hater | H.H. 3y6oBa| B.I1. JlopoHuHa KK, nycE)pyKOBa
1 anpenst —2324 —2025 1 anpenst 114/105 167/156 121/113
10 ampest —2348 —2055 10 anpens 114/106 168/157 122/114
20 amperst —2406 —2072 20 ampenst 116/106 170/158 124/115

Pacuérnl no metonuke 13 ISO 19906:2008 [12] no-
X03K1 Ha pacuétsl o metonrke CIT 38.13330.2012 [4],
Tak KakK B 000UMX cjiyyasix TpeOyeTcsl onpeaeanuTh
KoJanuyecTBO Xkuakoi dassl. [To MexnyHapoagHomy
cra"Haapty [12] paccuuTeIBaTh JaHHYIO BEIUIUHY
npeajiaraeTcst ¢ IpuMeHeHrneM (POpPMYJIb

v=S8(49,18/|T| + 0,53),

rae v — o0bEMHas A0Js paccoia; S — cCoIéHOCTb
nbaa; T — temnepatypa Jbaa.

IIpenen MpOYHOCTU BHIYMCISIIOT MO (popMy-
ne [12]

0 = 37e"22(1 — (,/0,27)0),

IIe O — Ipenes IpoOYHOCTH Jiba Ha cxkaTue, [1a; e —
CKOpOCTb fedopmanuu; v, — o01asa o0bEMHas 1011
MyCTOT.

MeToauKa IOMyCcKaeT UCIIOJIb30BaHIUE BMECTO
rnapamerpa v, napamerp v. CKopocTtsb aedopmanuu &
MOXHO 3aMeHUTb Ha KoadduuueHT 0,22 [12]. dus
pacudéra Ipenena IPOYHOCTH MO alITOpuTMy «Me-
TOOUYECKOTO MUChMa IO PacyETy IMpeaesoB Mpoy-
HocTH nbaa» [11] Obta oumndpoBaHa HOMOrpaMMa
3aBUCUMOCTH 00OOIIEHHOTO (CpeaHero) mpeaena
MPOYHOCTU 00pa3uoB Jbaa npu cxkatuu (MIlIa) ot
TeMIIepaTyphl IS pa3IMIHBIX cONEHoCcTel (puc. 3);
Kaxkiast KpuBasi COOTBETCTBYET OoNpeAe/I€HHOM COJIE-
HOCTH JibAa. JIJ1sl 3TOro MpUMEHSIIOCh TPOrpaMMHOE
obecnieuenme GetData Graph Digitizer. C mensio
VIIPOIIEHUS AaJbHEUIIeTo Mpollecca pacueéTa s
KpUBBIX (CM. puc. 3) ObUIM BBIYMCIEHBI TTOJIMHOMU-
anpHble (yHKUIUM (Tabi. 4). M3yunTsh moBeaecHNUE
(byHKIIMM Ha rpacuKe, alpPOKCUMUPOBAB €€ HEKO-
TOPBIM MHOTOWIEHOM, YacTo JieTye, YeM HUCCIea0-
BaTh Ty XKe (PYHKIINIO HEITOCPEACTBEHHO ¢ TpaduKa.

IIpu moMoIIM MOTYYEHHBIX TTOJIMHOMUATBHBIX
(¢yHKLMI 1 anropuTMa, yKazaHHOTO B padore [11],
OBUIM pacCUMTAHBI IIpeaesIbl IIPOYHOCTHU JbIa IIpHU
cxkaTtuu. B pacuérax Mcrob3oBaayd 3HaYEHUS TEM-
TepaTyphl M COJIEHOCTH JIbAa, ITOJIYyYeHHBIE IIPU 110~
JIEBBIX UCCTIEIOBAHUSIX.

Mpepen npoyHoctn, Mla
N w N
\
_'—; K‘J 6‘ o O » DN o
ConéHocTtb nbaa S, %o

T l T | T | T I
0 5 -10 -15 20
Temnepartypa nbaa, °C

Puc. 3. 3aBucMMOCTH MPOYHOCTH JIbJa HA OTHOOCHOE
cxatue (MIla) ot remmepatypsl (°C) mpu pa3sHOI COé-
HOCTHU Jibaa (%o), MOCTPOEHHBIE C MCIOJIb30BaHUEM
MPEeAPACCUYNTAHHBIX TTOTMHOMUATLHBIX (DYHKIIWIA TI0 aJi-
roputMy B.B. boroponckoro [11]

Fig. 3. Dependence of ice uniaxial compressive strength
(MPa) on temperature (°C) and salinity (%o) of ice, based
on calculated polynomial functions, using algorithm of
V.V. Bogorodsky [11]

Pe3syabTaThi

JaHHBIE O YMCJie MCITBITAHHBIX 00pa3lloB MOP-
CKOTroO JibJa U OJIOKaX CyXOoro JibAa, pe3yJbTaThbl pac-
4Y€TOB cpelHeKBaapaTuyeckoro orkjioHeHus (CKO)
U CpeAHUX 3HAYEHU I Mpeaesia MPOYHOCTH JibJa Mpu-
BelleHbI B Ta0J1. 5. BeiunciaeHus ObLIM pa3aeieHbl Ha
IPYINbI 0 UBMEPEHHBIM TeMITepaTypaM Ucceaye-
MOTO0 KepHa. 3aBUCUMOCTHU CPEeIHUX 3HAUECHUI Tpe-
JieJia TIPOYHOCTH JibAa OT TeMIlepaTyphl OKa3aHbl HA
puc. 4. IIpoyHOCTb JbJa Ha OAHOOCHOE CXaTue Mo
anroputMy [11] yuutsiBaeT u3MeHeHUE TeMIiepaTy-
pPbl U COJIEHOCTHU Jbaa. [IpouyHOCTb, paccunMTaHHas
o Mmetonuke [4] u [12], 3aBUCUT OT 0OBEMHON 10U
paccoJjia. CaMblii 00JIBIIONH MAacCUB MOJIEBbIX JaH-
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Tabnuya 4. IlomuHoMuanbHble GyHKIMM A/ Mpefena MPOYHOCTY /IbJa Ha OJHOOCHOE CXKaTie IPY PAs3TNYHOll COMEHOCTH, 110
JaHHBIM U3 MeToaMyeckoro mucbMa B.B. Boropopckoro (X - temneparypa obpasua, °C; Y - mpefen mpoyHocty 06pasnos

npu cxaruu, MITa)

Conénoctb, %o

[MonmmHoMManbHbIe QyHKIIMHT

0 Y=1,29—0,65X—9,081072X2 — 7,2:1073X3 — 2,8-10~4X* — 4,2:107°X°
2 Y=1,17—0,555X—7,3-1072X? = 5,67-103X% — 2,2:107*X* — 3,3-1070X°
4 Y=0,91—0,53X—7,1-1072X> — 5,565:1073X% — 2,19-10~4X* — 3,4-107°X°
6 Y=0,83—0,44X—5,41072X2 — 4-1073X° — 1,55:X* — 2,35-1070X°

8 Y=0,72—0,365X — 3,78:1072X% — 2,5:103X* = 9,1-107°X* — 1,37-107°X°

Y=0,44—0,42X — 4,8:1072X2 = 3,1-103X° — 1074X* — 1,26:107°X°

12 Y=0,39—0,368X — 4,4-1072X% — 3,2:1073X> — 1,2:1074X* — 1,76-107°X°

Y=0,52—-0,2X—1,16:1072X? — 2,89-107*X® + 3,3-107X* + 9,12-108Xx°

Tabnuya 5. Pacuér cpenHeapudMeTHIeCKUX 3HAYCHMIT (SHAMEHATeNb) U CPEJHMX KBAJPATUYeCKUX OTKIOHEHWIT (YMCIINTeNb)

IIPOYHOCTH 1b/Ja HAa OJHOOCHO€ C)KaT€ pa3HbIMU METOAMM

Temniepartypa | [ToneBble naHHbIE, [1o anroputmy ITo meTonMKE U3 ITo meTonuKe U3 Yucno
Jbaa, ‘C MIla B.B. Boroponckoro, MIla | CIT 38.13330.2012, MIla | ISO 19906:2008 r, MIla | o6pa3iioB

PosHbiii 1é0

-1 1,21/1,70 0,11/1,45 0,19/0,90 0,83/1,82 18

-2 1,44/2,03 0,13/1,58 0,15/1,01 0,67/2,34 124

-3 0,60/1,03 0,34/1,95 0,37/1,42 1,27/3,76 9
broku avda

-1 0,77/1,74 0,12/1,50 0,94/1,37 1,20/3,90 27

-2 0,55/1,88 0,24/1,74 0,71/1,04 1,46/3,43 5

HBIX ITOJIyYeH M3 KEPHOB POBHOIO JIbAa IIPU TeM-
nepatype —2 °C, 124 o6pa3na). 3HaueHUsI COJIEHO-
CTH JAHHBIX 00pa3l0B HaXOASTCS B AUAaIla30HE OT
2 10 8,5 %o. BeposaTHO, Takue Kojae0aHUs 00YCI0B-
JIEHBI pacroJioKeHUEM 00pa31oB Ha Pa3IUUHBIX TO-
pu3oHTax. B kepHax u3 GJ0KOB jbJa — pa3dpoc OT
0 1o 4 %o. 3nech HEOTHOPOAHOCTh COIEHOCTH 00YC-
JIOBJICHA Pa3HBIM BpEeMEHEM «OCYIIEHUs» TaHHBIX
0JIOKOB TT0CJIe MOAbEMA Ha TTOBEPXHOCTh Apeidy-
IOLIETro JbJa B pe3yabTaTe TOW WM MHOM nedopma-
MU JeastHoro nokposa. Ha puc. 5 npencraBiieHbl
OaHHBIe TIpeneia IPOYHOCTH JIbaa, pacIpeneiCH-
HBIC 10 IIyOMHE X 0TOOpa, IJIST ABYX 3UMHMX HC-
caenoBaTenbckux padot: 2016 u 2019 rr. Takxke Ha
puc. 5 mpuBeIeHBI TaHHBIE, MTOJyUYeHHBIE 10 pac-
YETHBIM SMIUPUYECKUM (POPMYJIaM.

OO0cyxkaeHue pe3yJbTaToB

I'maBHas 3amaya JaHHOU pabOTHI — U3YYUTh He-
OIHOPOAHOCTh Y BapMaTUBHOCTb IMPOYHOCTHBIX
CBOMCTB JIbJa, a TAKXKE BO3MOXKXHOCTb ITOBTOPUTH
X C TOMOIIbIO AMITUPUYECKUX POopMyI. DTH 3a1a-

Y1 MMEIOT KaK MPUKIATHOMN, TaK U HAYYHbIA MHTE-
pec, Tak KaK paHee He ObUIO MOMOOHBIX CpaBHEHMIT
JUISI JAHHOTO BUJa MOPCKOTO JibJa B paccMaTpu-
BaeMoM paitoHe OxoTckoro mops. B padore [18]
n3ydaeTcs MPOYHOCTh JEASTHOTO IMOJs B 3aJ11Be
IleTpa Benukoro, paccMarpuBaeTCsi pOBHbIMA MpU-
MaHBIN 1€, KOG GUIIMEHT HEOTHOPOIHOCTU KO-
toporo 0,75. PaccmaTpuBaeMbiii B JaHHOU paboTe
pOBHBII Apelidyloluit 1€a nMeeT KoaPULUEHT
HeogHoponHocTu 0,23, 61oku apaa — 0,5. DTo cBs-
3aHO C TeM, UYTO Apelidyroinuil 1€a1 umeeT 6oJiee
CJIOXKHYIO TEKCTYPY U ITOJBEPXKEH ITOCTOSIHHBIM -
HaMWUYECKUM Harpy3KaM B OTJIMYME OT U3ydaeMoO-
ro B 3anuBe IleTrpa Benukoro npunaiiHoro abaa.
Kak yxe oTrMedanoch, HEOQHOPOJAHOCTb OJIOKOB
npaa — 0,5, oHu 6osee OJHOPOMHBI, YeM paccMma-
TpUBaeMbIil POBHBIN Opelidyromuit 1€, a 3HaUUT
€CTb OOJIbIIIE BOZMOXHOCTEM KOPPEKTHO OIKCATh
X IIPOYHOCTHBIE CBOMCTBA SMIUPUIECKUMU (Pop-
MyJlaMU, HECMOTPS Ha TO, YTO OHU HAXOISITCS IO
HEKOHTPOJHUPYEMBIM aTMOC(EpHBIM BO3AEHCTBU-
€M, BEpOSITHO, JaXe MHCOJSIIUU. BO3MOXHOCTH
BOCCO3[aHMs TIPOYHOCTHBIX CBOMCTB Jiblla BHI3bI-
BacT OOJIBIION MHTEpeC, TaK KaK UMEHHO Apeiidy-
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Puc. 4. 3aBUCUMOCTb TTPOYHOCTU
MOPCKOTIO JibJa Ha OJHOOCHOE
cxatue (MIla) oT TeMmmepary-
peI (°C):

a — pOBHBII N€N; 6 — OJ10KM Jbaa; 1 —
IIOJIEBBIC NAHHBIC, 2 — AJITOPUTM

0 : :

B.B. boroponckoro [11]; 3 — meTonu-
ka u3 CIT 38. 13330.2012 [4]; 4 — me-
toauka u3 ISO 19906:2008 [12]

Fig. 4. Dependence of ice uniaxi-
al compressive strength (MPa) on
temperature (°C):

a — level ice;6 — ice blocks; 1 — field da-

-1 -2 341
Temnepartypa nbaa, °C

0L 1€ MPenCcTaBIsIeT CO00il CYLIECTBEHHYIO
YIpo3y JJis TEXHOTEHHbBIX COOpYXeHui [4, 5, 12].
I1o rpadukam 3aBUCMMOCTU TIPOYHOCTH POBHO-
ro JbAa OT ero TemIeparyphl (cM. puc. 4, 5) MOXHO
cIeslaTh BBIBOJ, UTO PacUETHbIE BEIMYUHBI CPE-
Hero apu(METUIECKOTO 3HAUCHUS IIPOYHOCTH I10-
JIYIUJINCh MAKCUMAaJIbHO MPUOJMKEHHBIMU K T10-
JIEBBIM TaHHBIM IO aaroputmy [11] m MeTomuke
ISO 19906:2008 [12] m1st 06Gpa3LoB Jbia TeMIepa-
Typoit —1 u —2 °C. dna npaa temnepatypoii —3 °C
OJIM3KMMU T10 pacyéTaM OKa3ajJucCh 3HAYEHMUsI, IO-
JydyeHHble o meTonuke u3 CIT 38.13330.2012 [4],
OJIHAKO MCITbITAaHUI TaKuX 0Opa3loB B paMKax I10-
JIEBBIX MCCIeAOBaHUI ObLIO MPOBEAEHO 3HAYUTEIb-
HO MEHbIIIe, TO3TOMY UX BIUSIHUE CTaTUCTUYECKU
MeHee 3HauuMo. Ilpu Mcmonb30BaHUU METOIUKU
CIT 38.13330.2012 [4] HEOOXOOMMO PaCCUUTHIBATH
KOJINYECTBO XKUIKOM (a3l («0OOBOTHEHHOCTD»).
Ecam xonmmuecTBO XMIKoii (ha3bl CpaBHUTEILHO MaJlo
(1—10 r/kr), TO MOKAa3aTea1 IIPOYHOCTH JIbAa OKa3bI-
BaIOTCSI 3aBBIIICHHBIMU B 3—4 pa3a OTHOCUTEJIBHO
TeX, KOTOpbIe OBLIM MOJYIEHBI IIPH IT0JIEBbIX UCIIbI-
TaHusAX. Ecm ke KomM4ecTBO XKUAKOM (ha3bl COCTaB-
ssieT 6osee 10 T/KT, TO moKa3aTesId IPOYHOCTU B OC-
HOBHOM OKAa3bIBAIOTCS 3aHIKEHBI. B 3aBUcUMOCTHI
OT 00BOAHEHHOCTU 00Pa3L0B K COMMXKEHUIO Teope-

ta; 2 — V.V. Bogorodsky algorithm [11];
2 3 _ method of SP 38. 13330.2012 [4];
4 — method of ISO 19906:2008 [12])

TUYECKMX BBIYMCICHUM U TTOJEBbIX JaHHBIX TIPHUBO-
JSIT pa3Hble (DOPMYIIBI pacuéTa nmpeaesia MpoOYHOCTH.

OTMeTHM, YTO KOJMYECTBO NaHHBIX ISl TEMIIE-
patyp —3 °C B 15 pa3 MeHbIIIe, 4YeM IJIsT TeMIlepa-
typ —1 1 —2 °C. Paszopoc 3nauenuit CKO, Beramc-
JICHHBIX IO 3MITMPUYECKUM (DopMyIaM, MEHBIIIE,
yeM 3HadeHut CKO, mmonydeHHBIX TIPU TTOMOIIHN
HWCHOBITAHUM HA OJHOOCHOE CXaThe B paMKax I10-
JIEBBIX MCITbITaHNI. HaTypHbIe maHHBIE TTOKA3bIBa-
IOT OOJIBIION AMAITa30H M3MEHEHMS IIPOUYHOCTHBIX
XapaKTePUCTUK M3-3a MIPOCTPAHCTBEHHOM HEOIHO-
POIHOCTH TEKCTYpHI Jbaa. boibiree pazHooOpa-
3¢ BEJWYMH IIpeelia IIPOYHOCTU KaK pOBHOTO,
TaK 1 OJIOKOB JIbJa JAET MPUMEHEHNE METOIUKH U3
I1SO 19906:2008 [12]. Just 06pa3LioB poOBHOIO JIbaa
metoauka us CIT 38.13330.2012 [4] ckopee 3aHU-
>Xajla 3HaYeHUs, a JJIsl 00pa3loB Jibjla, MOoJydeH-
HBIX 13 OJIOKOB JIbJa, 3HAYeHUs Mpeaeia IpoYHO-
CTH, HAIIPOTUB, ObLIM 3aBbIIIEHBI. AropuTt™ [11]
13 MHCTPYKLIMU He AaJl cpaBHUMBIX 3HaueHuit CKO
C peaJIbHBIMU MOJIEBBIMU JTaHHBIMU KakK B cliydae C
POBHBIM JIBIOM, TaK M B ClIydasix ¢ OJIOKaMM Jibaa.
OnHako MpUu CpaBHEHUU cpeaHeaprudMeTUIeCKUX
3HAUEHUI TIpeesioB MPOYHOCTH Jibjla TaHHbIe, pac-
yeThl [11] agekBaTHO MpUOJIMXKAIOTCS K MOJEBbIM
3HaYeHUSIM (CM. Tab. 5).

-567 -



Mopckue, peuHble u 03épHble 1b0bl

0_
1@ o
10 g *
® 3
A4
@ + 5
&
g
%;120 T T T T T I T T
O
g 6
10— 4h e
1Ta@e™2
20—
1 aee ++
30— A .t
] A -
40— .@ J -|-+
50—_A gy -
7 A
ol odS® +, .+
70—
80— A%* .+ oo
90—_ A % 0 +
100—_ AA @0 = fe
1o | ! | ]
0 2 4 6 8 10

Mpeaen npoyHocTtu, MMa

Puc. 5. BeptuxkanbHoe pacrnpeneneHue npoyHoctH Jibaa (MIa) mo ropuzonTam (cM) oTO0opa 00pasiioB:

a — pOBHBIN N€nM; 6 — 6JIoKU Jbaa; I — noaesble gaHHbIe 2019 1.; 2 — anroput™ B.B. Boropoackoro [11]; 3 — noneBbie 1aHHbIE
2016 r.; 4 — metonuka u3 CIT 38. 13330.2012 [4]; 5 — meToauka u3 ISO 19906:2008[12])

Fig. 5. Vertical distribution of ice uniaxial compressive strength (MPa) along the horizons (cm) of sampling:

a — level ice; 6 — ice blocks; I — field data 2019; 2 — V.V. Bogorodsky algorithm [11]; 3 — field data 2016; 4 — method of
SP 38. 13330.2012 [4]; 5 — method of ISO 19906:2008[12])
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BriBoabl

Ha ocHoBe MaccuBa I0JIeBBIX HAOIIOIEHMI 3a
IIPOYHOCTHIO JIbJa MPOaHAIM3UPOBAHBI CBOMCTBA
Jpericyrolero Jbaa Ha CEBepPO-BOCTOYHOM Ilebghe
OXOTCKOro MOpsl. YHUKAJbHOCTb JaHHBIX COCTOUT
B TOM, YTO HaKOIIJIEH OOJIbIIIONH MacCUB TaHHBIX 3a
nBa jenoBbix ce3oHa 2016 u 2019 rr., Korma ObUTH
OTOOpaHbI M MCCIeAOBAaHbI 00pa3LIbl C pa3HbIX Apeii-
dyrommx mpa0B. CpeaHsIs TPOYHOCTL POBHOTO JIbaa
cocraBmna 1,93 MIla (CKO = 1,38 MIla), makcu-
manbHasg — 8,31 MITa. CpenHsiss mpoYHOCTE OJIOKOB
nmpaa — 1,78 MIla (CKO = 0,7 MIla), makcumainb-
Has — 3,58 MIla.

BriepBhbie uta ceBepo-BocToYHOTO 1ebda o. Ca-
XaJIMH B MIEPUO MAKCUMAJIBLHOTO Pa3BUTHS JIEASTHOTO
MOKPOBAa IMPOBEIEHO CPaBHEHME 3HAYEHUI TTPOYHOCTH
JIbJa Ha OMHOOCHOE CXKaTue, IOJTYyYeHHBIX Ha Ipeii-
(yromieM JIbAY ¥ paCCUNTAHHBIX 10 UMEIOIIMMCS 3M-
nprdeckuM GopMysiaM. YCTaHOBJIEHO, YTO B IIEJIOM
CpelHNe 3HaUYeHUs KaK B CJIydae ¢ pPOBHBIM JIbIOM,
TaK M ¢ 0JI0KaMU YIOBJIETBOPUTEIEHO BOCIIPOU3BO-
JSTCs TIpy oMoty anroputma B.B. boropoackoro.
MaxkcuMaibHbIe 3HaUYEeHUS IJIs1 POBHOTO Jibaa 0oJjiee
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Summary

The research aims to provide insight into reconstruction of the Late Pleistocene glaciations and ice retreat that fol-
lowed the Last Glacial Maximum. The study is based on multi-channel seismic profiling and multibeam survey con-
ducted on the shelf during the 63-rd Russian Antarctic Expedition (2018) on RV «Akademik Alexander Karpinsky».
The 560-channel, 7000-m-long streamer and the Atlas Hydrosweep MD-3/30 multibeam echo-sounder were used
for seismic and multibeam survey, respectively. In addition, previously collected seismic data available from the Ant-
arctic Seismic Data Library System and bathymetry data from the «International Bathymetry Chart of the Southern
Ocean» (IBCSO) Project were involved for interpretation. The multibeam survey was carried out within the Signy
Trough and its flanks with depths ranging from 180 to 400 m, and covered the area of about 1500 km?. The data
were collected along 43 profiles spaced at 750 m to ensure enough overlap between swaths. Variety of submarine
glacial landforms formed by grounded ice was identified on shelf of the South Orkney Plateau with use of seismic
and multibeam data. The most prominent of these features is the large terminal moraine at the middle shelf (previ-
ously described as the mid-shelf break) marking the greatest ice extent at the LGM. Oceanward of the large termi-
nal moraine, the plateau-like feature (delineated by 350 and 425 m isobaths) with relatively steep outer slope is rec-
ognized from seismic data and interpreted as the distal terminal moraine formed during the pre-LGM Pleistocene
glaciation. Within the Signy Trough, submarine glacial landforms mapped by multibeam survey, reflect ice retreat
after the LGM; these landforms include: subglacial lineation at the western flank of the northern Signy Trough indi-
cating fast flowing grounded ice, transverse recessional moraine ridges, lateral shear moraine on the western flank
and lateral marginal moraine on the eastern flank of the Trough, two grounding zone wedges, streamlined features
(drumlins) and an ice-proximal fan (presumably). The end moraine was also identified in the eastern flank of Signy
Trough. It is thought to be formed due to ice (outlet glacier) re-advance during the Antarctic Cold Reversal. Numer-
ous iceberg plough-marks were observed at least down to 370 m water depths.

Citation: Leitchenkov G.L., Bazhenova E.A. Late Pleistocene glaciation and retreat of ice sheet on the shelf of the South Orkney Plateau, West Antarctica.
Led i Sneg. Ice and Snow. 2021, 61 (4): 571-586. [In Russian]. doi:10.31857/S2076673421040109.

Tlocmynuaa 2 ageycma 2021 e. / [locae dopabomku 22 cenmsbps 2021 e. / [Ipunama k neuamu 4 oxkmsops 2021 e.

KmroueBsie cnoBa: Anmapkmuka, 0xHo-0pKHelickoe nnamo, wienbg, MHO20/1y4egoe 3X0/10muposaHue, celicmopaseedka, 6amumempus,
MopeHa, nnelicmoyeH, onedeHeHue, deznAyuayus.

Mo paHHbIM CeiCMMYEcKoro NPOGUINPOBAHNA U AETANIbHON CbEMKM C MOMOLLIbIO MHOFOJTYUYE€BOI0 3XO0JI0Ta Ha
wenboe KxHO-OPKHENCKOro naTo naeHTMULMPOBaHbl NOABOAHbIE JIEAHMKOBbIE GOpMbI penbeda, KOTo-
pble MapKUPYIOT PacnpoCTPaHEHNE NeJHUKOBOMO NMOKPOBa B Neprofbl YeTBEPTUYHDBIX OflefleHeHNI 1 STanbl
€ro OTCTYMaHWsA B NO3AHeM nnencToueHe. MpegnonaraeTcs, YTO MakCMMarnbHOE pacrpocTpaHeHre NnefHrKa
C ero HaneraHvem Ha JHO NPOK3OLLIO B OAVH 13 NEPUOLOB NOXoNofaHnaA nnelcroleHa. Bo Bpemsa nocnes-
Hero NefHMKOBOro MakcMyMa NefHVK Jocturan cpegHero wenbda u chopMmnpoBan KpyrHy KOHEUHYo
MopeHy. [locne 3Toro Hayanock ero oTCTynaHme, KOTOPoe NPOUCXOAUIO HEPaBHOMEPHO. B nepurop AHTapk-
TYECKOTO XONOAHOrO peBepca B parioHe JonuHbI CUMHI0 YCTaHOBIEHO MOBTOPHOE HAaCcTyNaHve nefHuKa.
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llaneoznayuonoeusa

BBenenne

B HacTosiee BpeMst uccienoBaHus MOPMOJIoruu
MOPCKOTO JTHA JJISl TOJSIPHBIX PEeTMOHOB — BaXKHast
4acTh KOMIUIEKCHBIX MOPCKMX I'€0JIOro-reodusnye-
ckux pabdot. Hanbosee akTyanbHbBI Ch€MKa C TTIOMO-
11IbI0 MHOTOJIy4€BOI'0 3X0JI0Ta U BhICOKOpa3pella-
11as ceficMopa3BeliKa B KOMIUIEKCE ¢ OTOOPOM Ipood
JOHHBIX ocankoB. B ApkTnke 1 AHTapKTUKE TaKue
pabOThl OTHOCSITCS K MPUOPUTETHBIM TSI M3yUEeHUS
M3MEHEHU NPUPOIHOU Cpelbl MOCIETHUX ThICSIUYEe-
JIETU, peKOHCTPYKIIMHY TTaJIeONMHAMUKHY JIETHUKOB
U OLIEHKM YCTOMYMBOCTHU JIETHUKOBBIX IIOKPOBOB.

Ha monspHbIx menbgax COXpaHUIUCH CIIEIbI
HaCTyIaHUSI JICTHUKOB BO BpeMsl MO3IHEILIeCTO-
LIEHOBOTO INISIMAIbHOTO MAaKCUMYyMa 1 UX OTCTYyIIa-
HUS B TIO3IHEM IUICHCTOIIEHE — PaHHEM TOJIOLICHE.
OHU IIPOSIBJICHBI B pa3JIMYHBIX, BEChMa pa3HO00pa3-
HBIX TTOABOAHBIX (hopMax penbeda, 00pa3oBaHHBIX B
OCHOBAaHMU Y Ha Kpasx JeAHUKOBBIX MOKPOBOB [1].
AHaJIN3 CTPOCHUS U TIPOCTPAHCTBEHHOTO Pa3BUTHSI
3TUX (OPM MO3BOJISCT YCTAHOBUTH HaIlpaBICHUE
TeYeHUSI U TPaHUIIbI pacIIPOCTpaHEHUS JIbAa, OT-
HOCHTEIbHYIO CKOPOCTh €TI0 JABMXKCHUS, MEXaHM3-

MBI U TeMMbl AETasILUMALUU, YCIOBUS B MOAOIIBE
JIEMHUKOB, XapaKTEePUCTUKU 0a3aJbHOU THAPOJIO-
TMYECKOI CUCTEMbl U B KOHEYHOM CUYETe — KJIUMa-
TUYecKMe 00CTaHOBKU mpouuioro. ITogBoaHbie
¢dopMbl penbeda MOJSIPHBIX PErTMOHOB, HAXOIUB-
IIMXCS MOA AeCTBUEM HACTyMaHUS U OTCTYIaHUS
paHee CyIIeCTBOBABIINX JETHUKOB, (DOPMUPYIOTCS
B CyOTIIIMaIbHbBIX, OKPAMHHO-JEAHUKOBBIX, JIeI-
HUKOBO-MOPCKHUX U MOPCKMX MPUPOIHBIX OOCTa-
HoBKax [1]. OgHU U3 HUX IO CTPYKTYpE U MPUPOIL
00pa3oBaHUs aHAJOTMYHBI PacIPOCTPAaHEHHBIM Ha
cyllle, Ipyrrue MMEIOT CBOIO CEMMUKY U XapaKTep-
HBI TOJILKO JIJIS1 MOPCKMX YCJTOBUIA.

K ocHoBHBIM opMaM penbeda Cyorasiiuanb-
HBIX 00CTAaHOBOK OTHOCSITCS: JIGTHUKOBBIC TOJWHBI
(4acTo nepecekaroliue Bech leabd) U Gropabl; IS -
HuogaIOBUabHbIE TYHHEIbHbIC JOJAUHBI U KaHa-
JIbI; CKEPHI, IPYMIUHBI, O0PO3Ibl U MPOTIKEHHDbIC
JIMHEHHBIE CTPYKTYPhI JEAHUKOBOTO BhITTAXUBAHUSI;
JlaTepajibHble (OOKOBBIE) CIBUTOBBIE U OKPAaWHHbBIE
MopeHbI (puc. 1). béabiras yacte 3TUX popM co3-
NaéTcs MOMIETHON 3pO3Ueil MOACTUIAIONIMX OCaI-
KOB B OCHOBAHUM OBICTPO TEKYILUX JIEAHUKOBBIX I10-
TOKOB 1 YKa3bIBaeT HalpaBjieHUe UX ABMxXKeHus [1].

Puc. 1. JlegHukoBbie (hopMbI peibeha MOPCKOTO JIHA 1IeIb(OB:

1 — nonuHa, o0pa3oBaHHas JETHUKOBOM 3po3ueil; 2 — KOHeYHass MOpeHa, MapKUpPYIolilasi MaKCUMaJIbHOE paCIIPOCTPpaHEHUE JIe-
HUKa; 3 —IuHelHbIe (OPMBbI BbIMAXMBaHUs; 4 — IPYMJIMH; 5 — MOpeHa KIMHOBUIHOM (hOpMbI, OOpa3oBaHHasl B 30HE HaJleraHUs
JIETOBOTO MOTOKA Ha JHO; 6 — MOPEHHBIE TPSIbl, BO3HUKIIIKME IIPU OTCTYIIAHUM JIEAHUKA; 7 — OOKOBasl CIBUIOBasi MOpeHa; & —
0OOKOBasl OKpauHHas MOpeHa; 9 — KOHeuHasl MopeHa; /0 — KOHYC BbIHOCA, C(hOPMUPOBAHHBIN B pe3yJibTaTe MOMIEAHOTO CTOKA;

11 — cienpl aitcObeproBoro BuINaxMBaHUS

Fig. 1. Schematic diagram of the assemblages of submarine glacial landforms:
1 — cross-shelf glacial troughs; 2 — terminal moraine, marking the maximum extent of an ice sheet; 3 — glacial lineation; 4 — drum-
line; 5 — grounding-zone wedge; 6 — retreat moraines; 7 — lateral shear moraine; § — lateral marginal moraine; 9 — end moraine;

10 — ice-proximal fan; /7 — iceberg plough marks
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®opmbl penbeda OKpauHHO-JIETHUKOBEIX 00CTaHO-
BOK 00pa3yIoTcsl B 30HE HaJleTaHUS BCIUIBIBAIOIIIMX
1Ie1b(OBBIX JIETHUKOB 1 OOBIYHO OPMEHTUPOBAHBI
MOIMEePEeYHO K HaIlpaBICHUIO TeueHus Jibga. OHM co-
Iep>KaT KOHEYHBIE 1 CTaaraIbHbIe MOPEHBI (MOpPEH-
HBIC TPSIOBI, CBSI3aHHBIC C OTCTyIIaHUEM JIETHUKA),
MOpPEHHBIe KJIMHBSI 30HBI HaymeraHus («grounding-
zone wedges»), KOHYCHI BBIHOCA 0CaIKOB, ChOpMU-
poBaHHBIE Ha IIeIb(hax 3a CYET TaIbIX MOMICTHINKO-
BBIX BOJI, WUIM HA KOHTMHEHTAIbHBIX CKIIOHAX B YCTHSIX
JIeMHUKOBEIX nonuH [1, 2] (cMm. puc. 1). Hanbonee
MPOTSKEHHBIE M MOP(POIOTUUECKN BBIpaXKeHHBIE
(opMBI MOOBOTHOTO penbeda — KOHEYHBIE MOPEH-
HBIE TPSIAbI, KOTOPhIE MAapKUPYIOT TPAHUILY MaKCH-
MaJIBHOTO PacIpOCTpaHEeHUsI JICTHUKOBBIX IIOKPOBOB
B IEPUOIHI IJISIIUATBHBIX MAKCUMYMOB. B nemHmko-
BO-MOPCKHUX 00CTaHOBKAX JOMUHUPYIOT CJIEIBI aiic-
OeproBoro Wiu JeJ0BOro (IJisi MeJIKUX MOpeii) BbI-
MMaX1MBaHUS ¥ 0CaIOYHbIe HAHOCHI, OTJIaraBIIMECs U3
0CaJOYHBIX TJTIOMOB TajbIX Bof [1].

B AHTapkTuKe OeTanbHOE U3yuyeHHUE LIeIb(PoB
C IpUMEHEHNEM MHOTOIYYEBOTO 3X0JI0TUPOBAHUS
Havajoch B niepBoit mekane 2000-x romoB B paMKax
HalMOHAJIbHBIX TIpoekToB I'epMmaHuu, Benukobpu-
tanuu, CIIA u 1pyrux cTpaH noj arujoi npuopu-
TeTHOM HayYHO-HUCCJIeIOBaTEIbCKOI IIPOTPaMMBL
Hayuynoro xomureTa mo n3ydyeHuio AHTapKTUKHA
(SCAR) «DBomionns aHTapKTUIECKOro KJIMMaTa»
(Antarctic Climate Evolution, ACE; 2003—2011 rr.),
a 3aTeM «JlmHaMyKa aHTapKTUYECKOTO JICAHNKOBO-
ro mokpona B TiponraioM» (Past Antarctic Ice Sheet
Dynamics, PAIS; 2012—2020 rr.). Ha meabde KOx-
HO-OpKHENCKOTIO IJIaTO ChEMKa ¢ MHOTOIYIEBBIM
AXO0JIOTOM BIIepBbIe OblTa BeITTONHeHa B 2011 T. aKc-
neaunueir BenmkoOpuTaHUM M COMPOBOXKIAIACH
0TOOPOM IOHHBIX OCAIKOB 1 BEICOKOYACTOTHBIM (110
200 I'm) ceficMmYecKnM UccaegoBanueM [3—5].

HayuHo-3kcneaunmonHbIe cyna Poccuiickoit
aHTapkTuueckoit sakcrenunnu (PAD) «AkameMuk
DdEnopos» 1 «AkageMuK TpEITHUKOB», a TAKKe Ha-
YIHO-HCCIIenoBaTeIbcKoe cynHo IlomsipHoii Mop-
CKOW reoJioropa3Beo4YHOM SKCIEANIINN «AKaAEMUK
Anekcannp KaprnuHckuii», peryJsipHO BBIITOJIHSIO-
mue reopusnyeckue UCCaeIoBaHUSI B AHTapKTH-
Ke, OBUIM OCHAIIIEHBI MHOTOIYyYeBBIMU 3XOJIOTAMH B
2010, 2012 1 2015 1. COOTBETCTBEHHO, HO PETYJISIp-
HbIE MCCIeIOBaHMUSI MOPCKOTO THA HA STHUX CyIax He
npoBoguinck. Tompko B 2017 T. B IPOEKT UCCIEI0-
BaHUU Ha cymgHe «AkagemMuk Anexkcanap KapnuH-
CKMii», KOTOphie puHaHCcupyoTcsa PenepaaibHBIM

areHTCTBOM IO HeapomnoJib3oBaHUIO (PocHenpa)
Munnpupoabsl Poccun, ynainoch BKIFOYUT 3aIaun
10 TIPOBEACHUIO ChEMKM C MHOTOJIYYEBBIM 3XO0JIO-
toM. B 2018 r., B pamkax 63-it PAD, Takue paboThbI
ObLTM BBINOJHEHBI Ha wefabdhe KOxHo-OpKkHeiicko-
ro IUIATO, CYIIECTBEHHO AOITOJHUB UMEIOIIHUECS B
5TOM palioHe OaTMMeTpUUYeCKNe JaHHBIE.

K 3amayam HaCcTOSIIIINX UCCIIeIOBAHUI OTHOCSITCSI:

1) aHanu3 ¢opm penbeda wmenbda FOxHo-Op-
KHEICKOTO IIJIaTO B TIIpeeliax paifoHa BBITOJIHEHHOMN
CbEMKM, a TaKKe Ha 0oJjiee OOLIMPHOI aKBaTOPUU C
HCITOJIb30BaHMEM 0a3bl JaHHBIX MeXIyHapOoIHOTO
npoekta CKAP «MexayHapoaHas 6aTuMeTpudeckast
kapta FOxHoro okeana (International Bathymetric
Chart of the Southern Ocean, IBCSO) u ceiicmuue-
CKUX JAHHBIX, MOJYYEeHHBIX 3apyOeKHBIMU U OTeUe-
CTBEHHBIMM SKCIIEIULIMSIMU B 3TOI YacTH AHTAPKTU-
KU, BKJIIOUYast Matepuabl 63-it PAD;

2) pekoHcTpykuus ojgeaeHeHus KOxHo-Op-
KHEMCKOTO IUIaTO B IIEPHMOJI ITOCIEIHETO JISAHUKO-
BOTO MaKCUMyMa 1 0oJjiee paHHUX IIePUOIOB OJie-
JIIEHEHMSI, a TaKKe XapaKTepa OTCTYIIaHUS JISTHUKA
(mernsiiuanys) B MO3IHEM ILJIEHCTOLIEHE.

Mopdo.iorus u reojiornieckoe cTpoeHue menbha
OxH0- OpKHEICKOro MIaTo: M3y4eHHOCTDb
U CYLIeCTBYIOLIME NPEACTABICHUS

IOxHOo-OpKHelicKoe mJIaTo HaXOauTCcsl BOIU-
31 reorpaduyeckoil TpaHull AHTAapKTUKWA U pac-
moJjioxkeHo B 600 KM K BOCTOKY OT CEBEPHOM OKO-
HEYHOCTH AHTapKTHYeCKOro nojyoctpona. Iliaro
BKJIOYAaeT B ce0s1 KOHTMHEHTAJbHBIN ILIEJb(
¢ rnyouHamu ot 100 no 500 M miolaablo OKOJIO
48 teic. KM% 1 apxunenar FOxHbix OpKHERCKUX
OCTPOBOB (pUC. 2), CIIOXKEHHBIX ME3030MCKUMU Me-
TaMop(hU30BaHHBIMU M HEMeTaMOp(hU30BaHHBI-
MM OCaJIOYHBIMU MOpoAaMKU AHICKOTO CKJIamadaTo-
ro mosica [6]. Bonblast 4acTh OCTPOBOB MepPeKpPhITa
TOPHBIMU JIeAHUKAMU. B TEKTOHMYECKOM OTHO-
meHuu FOxHo-OpKHelcKoe MIaTo mpeacTaBiisi-
€T co00li KOHTMHEHTAIbHbBIN 00K (MUKPOKOHTH-
HEHT), KOTOPBI OTAEIUIICSI OT AHTAPKTUUYECKOTO
MOJIyOCTPOBaA 3a CUET OKEAHUUYECKOIo CIpeauHTa
30—23 maH Jiet Hazax (J1.H.) [7]. CBeneHus o cTpoe-
HMU ocagodHoro yexya KOxxHo-OpKHecKoro miaTo
MOJYYEHBI TI0 CEMCMUYECKUM JaHHBIM U Pe3yJIbTa-
TaM OypeHHs B paMKax IMporpaMMbl IJTyOOKOBOIHO-
ro oypenust (Ocean Drilling Project, ODP). Ycra-
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Puc. 2. Penbed Mopckoro nHa menbda KOxxHo-OpkHeiickoro miato (CocTaBiaeH Ha OCHOBe 0a3bl JaHHBIX MPOEKTa
CKAP «MexnyHapoaHast baTuMeTpuueckas Kapta FOxHoro okeana», IBCSO) u npoduan MHOrokaHaJIbHbIX Ceiic-
MUYECKUX HAOJIIOAEHUIA, UCTTOJIb3yeMbI€ B HACTOSIIIEM UCCEIOBAHUM.

CeueHue n3o00at 25 M Ha meiabge g0 rryounsl 500 m 1 500 M 3a npenenamu meiabga B auanazoHe rayouH ot 500 go 5000 m.
1-5 — nonoxenue npoduieit: 1 — Poccun, 1990 r.; 2 — Poccuun, 2018 r. (yronaméHHble TMHUU — (parMeHThl poduieit, moka-
3aHHbIe Ha puc. 4); 3 — Benmukobpuranuu, 1988 r.; 4 — Utamuu, 1991 u 1993 rr.; 5 — SAnonuu, 1988 r.; 6 — 1uromiags CbEMKH ¢
MHOTOJIy4eBbIM 3X0si0ToM 2018 T.; 7 — cKBaxXuHa r1ybokoBomHoro 6ypeHus mno nporpamme ODP; & — ocagouHbie GacceliHb
(rpaHulIbl 6ACCEHOB YTOYHEHBI B paMKaX HACTOSIIETO MCCAeNOBaHs); Ha Bpe3Ke 0eJloil CTpesIKoii moKa3aHo moJioxkeHue FOx-
Ho-OpkHerickoro miaro B AHTapkTuke; KOOO — KOxHo-OpkHeiickue ocTpoBa

Fig. 2. Bathymetry of the South Orkney Plateau (compiled with use of IBCSO database) and multichannel seismic
lines used in this study:

Isobaths are drawn at 100-m intervals on the shelf until 500 m and 500 m out of the shelf between depths 500 and 5000 m. /—5 —lo-
cation of seismic lines: / — Russia, 1990; 2 — Russia, 2018 (thickened are seismic sections shown on Fig. 4); 3 — Great Britain,
1988; 4 — Italy, 1991 and 1993; 5 — Japan; 6 — area of multibeam survey; 7 — Site 696 of the ODP Drilling; & — sedimentary basins.
Inset shows Antarctica and white arrow indicates the South Orkney Plateau; KOOO — South Orkney Islands

HOBJIEHO, UTO OCaJ0OYHBIN YEX0JI UMEET MOIIHOCTh (hyHIaMeHTa Pa3BUThI IENIPECCUM ITUPOTHOTO U Me-

oT 0,5 10 2,5 KM U MOJACTUIIAETCS ME3030MCKUM
CKJIag4aThIM KOMITJIEKCOM ((pyHIaAaMEHT OCagOYHOro
yexia), ooHaxaromumes Ha FOxHbIXx OpKHENCKIX
octpoBax. Hauamno ¢opmMupoBaHUsI 0CagKoB JaTU-
pyeTcs mo3nHuM 3011eHoM [7, 8]. B moBepxHOCTH

PUANOHATBLHOTO MTPOCTUPaHUS (CM. puc. 2), obpaso-
BaHHbIC B pe3yJIbTaTe MO3IHEI0IICHOBOIO PACTSIKE-
HUS U TPOrubaHus 3eMHOM Kophl [7].

CormacHo naHHBIM OypeHUs1, Ha menbde HOx-
HO-OpKHECKOro MmIaTo B MO3IHEM MUOLICHE YCU-
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JIMJIOCH (PU3MUECKOEe BEIBETPUBAHIE TOPHBIX IIOPO/,
a B 0CallKaX KOHTUHEHTAIbHBIX OKpanH MOSIBUJINCH
00JIOMKM JIemoBoro pazHoca [9]. Oba aTux ¢akropa
CBHUIECTEIILCTBYIOT O IIOXOJIONAHUY U OJIeACHCHUU B
3amnagHoii AutapkTuke [9]. BoaMoxHO, 4TO € 3TOTO
’K€ BPeMEHMU JICTHUKOBBII ITOKPOB Pa3BUBAJICI U Ha
menbde KxHo-OpKHENWCKOTO TUIATO, XOTS Mps-
MBIX JJOKA3aTeILCTB 3TOro MokKa HeT. Ha ceiicMmuue-
CKHUX pa3pe3ax, KOTOPhIe IIPUBSI3aHbI K CKBaXKITHAM
Ha mIenbde, Hadyajao MO3THEMUOLIEHOBOTO OJIecHE -
HUS TIPOSIBJICHO OTYETIMBOI OTpaxKaroleil rpaHu-
neti [10], odpa3oBaHUe KOTOPOIA, BEpOSTHEE BCETO,
CBSI3aHO C M3MEHEHMEM COCTaBa MOPCKUX OCAIKOB.
ITo pesyabratam O0ypeHust ckBaxuusl ODP-696,
pacmojioXKeHHOM Ha OTHOCHTEIILHO TIIyOOKOBOI-
HOIi Teppace menbda (cM. puc. 2), yCTAaHOBIICHO,
YTO B Te€UCHUE IJIMOIIeHA TEMIIBI OCaaKOHAKOILIE-
HUS pe3Ko (0oJiee YeM Ha IMOPSI0K) CHU3WIINCH,
YTO, BUAMMO, YKa3bIBaeT Ha Pa3BUTHE OTHOCHUTEIIb-
HO CTaOMJIBPHOTO JIEAHUKOBOI'O ITOKPOBA B MO3THEM
mwmoleHe [9]. bonee onpenenénHas mHOOpPMAaIISI
0 pacmpocTpaHeHnM Jibaa Ha meiabde KOxxHo-Opk-
HEMCKOro IIaTo IMOJyYeHa ISl IIO3MHEeTo IIeCTO-
IIeHa — paHHETo ToJI0lleHa Ha OCHOBAaHUU OIIPO00-
BaHUS TOHHBIX OCAIKOB U Te0PU3NICCKUX, B TOM
YuCiIe 0aTUMETPUICCKUX, MCCIeA0BaHII mIebda.
Penmved mensda KOxHO-OpKHEHCKOTO TIJIaTO
U3y4yawT ¢ cepeauHbl XX B. [11], HO meTalibHEBIE
HCCIeO0OBaHUS ¢ aHaAu30M (opM peiabeda Mop-
CKOTO IHA BHIIIOJIHEHEI 31eCh OTHOCUTEIILHO He-
JIABHO IIyTEM HUCCIETOBAaHUI C MHOTOJIYIeBBIM 3X0-
JIOTOM, MHTETPaIlNi BCEX ITOJIYICHHBIX 32 MHOTHE
roAbl JAHHBIX U COCTaBJICHMS LM(GPOBOTO MaKe-
Ta 6aTmMeTpudeckoi KapTsl [3]. 1o pesynbpTatam
3THX pabOT YCTAaHOBJICHBI OCHOBHBIE MOP(OCTPYK-
Typsl FOxHO-OpKHEICKOro IIaTo 1 00JacTh MaK-
CHMAJIBHOTO pacIIpOCTPaHEHMS Jbla B IIEPUOI I10-
cllemHero JegHnKoBoro makcnMyMma [3]. K ceBepy
oT IOxupIx llleTaaHaCcKNX OCTPOBOB IIelb(] m0-
CTaTOYHO y3KUi — 20—25 KM — U orpaHWYeH KpPYy-
TBIM W JIMHEHHO-OPUECHTUPOBAHHBIM KOHTUHEH-
TaJbHBIM CKJIOHOM, KOTOPBIIA C(pOpMHUPOBAIICS B
YCIIOBUSIX CABHUTIA MEXKIY JIMTOCHEPHBIMU ITUTAMMU.
DTy 9acTh 1eabda mepecekaroT IISITh KOPOTKMX K-
3apallMOHHBIX JOJWH IMUPUHON 5—10 KM 1 JInHOMI
20—30 kM. K 10Ty OT OCTpOBOB 1IeNb( JOCTUTACT
mpuHBl 100—150 KM 1 TIepeceKaeTcs IBYMS J0-
mmHaMmy — CurHio n Opyamr (eMm. puc. 2). Ilepsas
nMeeT JIuHYy 125 KM 1 cpeaaoo mupuHy 30 KM,
a BTopas — 57 m 25 KM cOOTBeTCTBeHHO. [lonmmHa

CUTHIO OTJIMYAeTCsI U3BUIIMCTOM (hOPMOIL C Tpems
CerMeHTaMM pa3JIMYHOro mpocTupaHust — ot C3—
OB no CB—HO3 (cm. puc. 2). Mopdosorus 1ieib-
(¢a B 3HAUNTEJIBHO CTEIleHU (pOpMUpOBAIIACh MO
BAUsIHUEM ojeneHeHui [3]. OOpa3oBaHue NOJUH
CBSI3aHO C CYIIESCTBOBAaHMEM OBICTPOTEKYIINUX BHI-
BOJIHBIX JICAHUKOB, KOTOPHIE IPEHUPOBAIN MEHEE
MOABUKHBIN JIEAHUKOBBIN KYMOJI, IEPEKPbIBABIINI
meabd B IePUOIbI JISATHUKOBBIX MAKCUMYMOB.

ITo Mepe HakoILUIEHUS TeOPU3NISCKOM U Teo-
JIOTUYECKO MHGOpMallMM MacluTaObl pa3Bu-
TUS TIOCTeAHero ojieneHeHus1 Ha 1eiabde KOxkHo-
OpkHeiickoro miato yrouHsuiuchk. JI.E. CyraeH u
K.M. KnanneptoH [11] Ha ocHOBaHUM aHanu3a Oa-
TUMETPUYECKUX TaHHBIX MPEAIOI0XMIN, YTO JIeI-
HUK PacIpOCTPaHSJICS OT OCTPOBOB A0 INIYOMHBI
Mops okoJjio 200 M — mpumepHo Ha 30—50 KM OT 1o-
oepexnbs KOxHo-OpkHelickux octpoBoB. ITocie us-
YYeHHUSI TOHHBIX OCAAKOB B 3allaIHON YacTU IIe/Tb-
¢a KOxHo-OpkHeiickoro niaato M./x. XeppoH u
Hx.b. AHaepcoH [12] npuiuiy K BeIBoay o 6osee
IIMPOKOM Pa3BUTUM JIETHUKA B IIEPUO, IIOCIICIHETO
JIEAHUKOBOTrO MakcumMyMa. Bo Bcex ocamoyHbIX KO-
JIOHKax A0 r1yorHbl Mopst 250—300 M OHM yCTaHOBU-
JIU pa3BUTUE IUAMUKTOHA, TIPEACTaBISIOIEro Co0O0N
0a3aIbHbIN THJIb, CBUAETEILCTBYIONINI O TTOMJICIH-
KOBOM OCaJIKOHAKOITJICHNU. [ eojtornueckue naHHbIe
MOATBEPXKIEHBI BEICOKOUYACTOTHBIMU CEMCMUUECKU-
MU pa3pe3aMi, Ha KOTOPHIX OOHapyKeHa ITOBepX-
HOCTb JIETHUKOBOI 3po3un. KpoMe Toro, nzyueHue
Martepuaa JISAOBOTO pa3HOca U3 KOJIOHOK Ha 3amaj-
HOM KOHTMHEHTaJIbHOM cKJIoHe FOxxHOo-OpKHelicKo-
ro IJIaTo Moka3ajio MPUCYTCTBUE 11eb(hOBOrO Jie-
HUKa B IIEPUOJ JICAHUKOBOIO MAaKCUMYyMa.

B pesynbraTe aHanm3a 0aTUMETPUYECKUX JTaH-
HbIX B.A. JIlukeHc ¢ coaBTopamu [3] BbISIBUJIM Ha
cpenHeM Lienabde (Mexay nzodaramu 250—300 M)
CTPYKTYPY MOPCKOTO JTHA KJIMHOBUIHOM Mn OoJjiee
CJIOXKHOM (POPMBI C YCTYIIOM Ha BHEIIHEW €€ YyacTu
amnautyaoi no 100 M u 6osiee (cMm. puc. 2). OTta
CTPYKTYpa, M0 UX MHEHMIO, TIPpEACTABISIET COOOI JIe-
MOLEHTP JIETHUKOBOTO OCaIKOHAKOIIJICHUS U Map-
KMpYeT I'paHUIly HauOOJIbIIEro pacIpoCTpaHEeHUS
HaJIeraBIlIero Ha MOPCKOE JTHO JibJa B Mepuo Io-
cJieAHero 1, BO3MOXHO, MPeALleCTBYIOIIUX JIeI -
HUKOBBIX MAaKCUMYMOB (T.€. SBJISIETCS KOHEUHON
mopeHoii). ITo matepuanaM ceiicMUYECKUX UCCIIe-
JIOBaHUIi C BBICOKAM pa3pellleHeM OHa COCTOUT U3
YETBHIPEX ITPOTPaTallMOHHBIX KIMHOOOOPAa3HBIX TOJIIII
¢ MaKCMMaJIbHOM MOIIHOCTBIO OT 40 10 65 M, KOTO-
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phie (POPMUPOBAINCH B CYOITISIIIATBHBIX YCIOBHUSIX,
U IBYX IIOJIOr03aJIeTal0IINX MaJIOMOIIHBIX BHYTPEH-
HUX IPOCJIOEB, OTJIATaBIIMXCS B JIETHUKOBO-MOP-
CKOI1 UJIM OTKPBITO-MOPCKO# 00cTaHOBKE [J].

OrcTynaHue JeTHrKa II0Cje OJIeACHEHNS B IIO3/-
HEM IUIEHCTOLIEHe — paHHEM T'OJIOIeHEe IPAKTUIECKI
He u3ydyeHo. B ycrhe mommuabl Opysit mo ceiicMu-
YeCKUM U 9XOJOTHBIM JaHHBIM OOHAapyKeHBI MO-
peHHBIE KIMHbBSI (MOPEHBI), C(OOPMUPOBABIIIMECS Ha
paHHEM 3Talle IerISIaluy IIPY OTCTYIIAaHUM U Bpe-
MEHHOM CTaO0MIM3allNy JIMHUW HaJjleTaHUsI JICTHU-
Ka [4, 5]. K ceBepy oT HUX, B CpeaHEel 9acTH TOJTUHBI
U1 Ha e€ (jaHTax, ycTaHOBJEHA cepusl AJyroobdpas-
HBIX (BOTHYTHIX BHYTPb) MOPEHHBIX I'PSII, KOTOPHIE
YKa3bIBaIOT HA HEPABHOMEPHOE OTCTYIIAaHUE JIMHUU
HajieTaHus JeOHUKa (M, BEpOSITHO, JICOTHUKOBOTO
OGapbepa) ¢ 00pa3oBaHKEM BAAIOILIEICS B 11IeIb(] CBO-
0omHOIT 0TO JTbIA OYXTHI [4, 5]. B BepXOBBSIX JOTMHEI
Opya71, Ha HAKJIOHHOM B CTOPOHY MOPSI IIOBEPX-
HOCTH Ha, ycTaHOBJIeHa MopeHa Jle ['eepa, Mapku-
pylolasi Ce30HHbIe OTCTYIIaHUS JieAHUKa [5].

Ilo maHHBIM pagUOYIIEPOTHOTO TAaTUPOBAHUS
JIEMTHUKOBO-MOPCKHMX OCaAKOB B 3allalHOI 9acTu
menbda KxHo-OpKHEHCKOTO TIATO M B BEPXO-
BbsIX TOJUHBI CUTHIO (CM. PUC. 2) YCTaHOBIICHO,
YTO IerVISIIralis Ipou30Inia 30eCh B MHTepBa-
ae 13,9-9,5 teic. 1.H. [12, 13]. UccaemoBaHus B
nonauHe OpysJil moKa3alu, YTO JMHUS HaJleTaHUS
JIEIIOBOTO IIOTOKA OTCTyIIajla OT CpedHEeil K BHY-
TpeHHEH YacTsIM JOJUHBLI B MHTepBaie oT 14,6 0o
12,95 ThIC. 1.H. [5]. Pa3zBUTHE TMATOMOBBIX WJIOB B
JOHHBIX OcaJKaX ¢ BO3pacTOM OKOJIO 8,6 ThIC. JIeT
BOIM3HU 3amagHoro mobdepexbs HOxHo-OpKkHeii-
CKOTO MJIAaTO YKa3bIBAET Ha CYLIECTBOBAHUE 3[1€Ch
OTKPBITO-MOPCKHUX YCIOBUI, T.€. O IIOJITHOM OCBO-
ooxneHun menbda KOxHo-OpKHeiIcKoro miaro ot
JIETHUKOBOTO MTOKPOBa K 3TOMY BpeMeHH [ 14].

Mertonapl Hccie10BaHMI

Hu1st iccnenoBaHUiA MUCIOJIb30BaHbI ceiicMuYe-
CKUe€ pa3pe3bl U JaHHbIE MHOTOJIy4€BOTO 9XOJIOTUPO-
BaHWUs, TTOJydeHHbIE B Xo1€e 63-i1 PAD (cm. puc. 2).
CeiicMmuueckoe IMpoGIMPOBaHNE BBIIIOTHEHO Me-
TomoM obtieit TimyonHHoi Touky (OI'T) ¢ mpnémMHoii
paccTaHOBKOM AJIMHOI 7 KM UM TPYIIION IMMTHEBMO-
VICTOYHNKOB 00IIIM 00BhEMOM 37 1. McTionb3yemble
TeXHUYECKHE CPEACTBA U METOAUKA PadOT MO3BOJISI-
IOT MOJTy4aTh MH(MOPMAIINIO O CTPOCHUH OCAIOYHBIX

OacceifHOB 10 OOJBIINX MIYOUH, HO UX BO3MOXKHO-
CTU B U3yYEHUM BEPXHEI YacCTU OCaZOUYHOIO Yexja
OrpaHMYEHBI, TAK KaK F'eHepUpYyeMBbIii aKycTU4e-
CKUI1 CUTHAJI UMEET OTHOCUTEJIbHO HU3KHE YaCTOTHI.
CeiicMuueckue JaHHbBIE 00padaThIBaIM C TIOMOILIBIO
nporpaMMHoro naxkera «ProMAX». [ls yaydiiueHus
paspeluarolleil 3arcu BepXHEer 4acTu 0CaJ0YHOIro
yexyia IpUMEHSIJIM JOMOJIHUTEIbHBIE (IO CpaBHE-
HUIO CO CTaHAAPTHBIM IpacdomM 0O0pabOTKM) Mpolie-
IyPbI BEICOKOYACTOTHOM (DMIIBTPALINU, TEKOHBOJIIO-
LIMA U aBTOMAaTUUYECKOI PEryJIUpPOBKU YCUJICHUS C
KOPOTKOI IIMHOI onepaTopa. i aHanuza ¢opm
penbeda MCITONIb30BaIM TaKXKe CYMMUPOBAHHBIE
ceiicMuyeckue pa3pe3bl Apyrux sakcneanuii (Beau-
KoOputaHuu, Utanuu, u SnoHumn), 10CTymHbIe U3
MexnyHapoaHOi OMOIUOTEKN CEMCMUYECKMX JaH-
HbIX o AHTapkTuke (Seismic Data Library System,
SDLS), HO X KayecTBO MO CpaBHEHMIO C pa3pe3amMu
63-i1 PAD ObI10 3aMETHO HILKE.

MHoroJjiyueBoe 3XO0JOTUPOBAHUE BBINOJIHSI-
JIM BAOJIb CEUCMUYECKUX IMpoduUiIeii 1 Ha OTaeb-
HOM TIPSIMOYTOJILHOM y4YacTKe Ieabda IJI0aabio
1760 xm?2 (55 x 32 kM) B paiioHe nonuHbl CUTHIO C 11~
anmazoHoMm ryouH oT 170 go 430 M (cM. puc. 2). Ipo-
¢dunu pacnonaraau Ha pacctostHuu 750 M aApyr ot
JIpyTa IjIsT 00eCIIeYeHNST TOPU30HTAILHOTO TIEPEKPhI-
THsI, paBHOTO HE MeHee ABYX 3HAUCHMIT MaKCHMaJlb-
HO TOITyCTUMOM TOPM30HTAJIEHOM OIIMOKM IIJIsT TaH-
HbBIX IIyOWH TIPU ONTUMAJIBHOM YIUIe pa3BEPTKH £65°
OT LeHTpajibHOTO Jy4ya. [IIupuHa monockl 0630pa no
IByM O0optam coctaBisiia 730—1840 M B 3aBUCHUMO-
CTU OT n1youHbl Mops. OO1Ias AaMHa OaTUMeTpUYe-
cKuX mpoduieit — 2765 kM. 11 CbEMKU UCIIOIb30-
Bajiu MHorosydeBoii a3xonoT Atlas HYDROSWEEP
MD/30, natunku KpeHa, nuddepeHTa, peICKaHUSI 1
BepTUKaJIbHOTO TepemelneHus cyaHa Teledyne TSS
MAHRS, a Takke HaBUTALIMOHHBII TPUEMONHANKA -
Top GPS/GLONASS Transas T-701. 3naueHust mpo-
MEPOB INIYOMHBI KOPPEKTUPOBAIIA ITyTEM BBEICHUS
MOITPAaBOK Ha CKOPOCTH 3ByKa B BOZIE, M3MEPEHHYIO 10
BEepTUKAIbHBIM TTPOGWISM B IISITU ITyHKTAX Ha Kpasix
M B LICHTPE TIOIIAIN ChEMKH.

O06paboTKy JaHHBIX MHOTOJIyY€BOI'O 3XOJIOTH-
POBaHMS BEJM C TTOMOIIBIO ITPOrPaMMHOTO 00ec-
neueHus «QPS Qimera». OHa npenycmaTpuBalia
MPOBEPKY BPEMEHHBIX pSA0B (YUET MOKa3aHMIA HaT-
YMKOB OpHMEHTAllMU cyaHa — KpeHa, auddepeHTa,
BEPTUKAJIBHOTO IIepeMEeIeHNsT U MTOKa3aHU JaT-
YMKa CKOPOCTH 3BYKa; BBeIeHUE TeoTrpaduiecKux
KOOPAMHAT) U YUET (DyHKLIMU CKOPOCTU B BOIHOI
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tome. Bo3neiicTBue npuinBoB Ha mieiibge KOxHo-
OpPKHEHCKOro IJIaTO He YYUTHIBAIOCH U3-32 OTCYT-
CTBUSI JAHHBIX B IIEPHOJ ChEMKM, HO 110 UMEIOIIEi-
cst uHgopmanuu [15] ux aMIuIMTya B 3TOM peruoHe
MupoBoro okeaHa HeBeJIMKa, [IO3TOMY BIIMSIHIE Ha
U3MepeHre INIyOMH MOXHO CYUTATh HE3HAYUTEIIb-
HBEIM. batTmMeTpuueckast KapTa Ha y9aCTOK ChEM-
KM C MHOTOJIyYEBBIM 3X0JOTOM CTPOMIIACH ITO CETKE
20 x 20 M. B mpouecce 006pabOTKM He ymajaoch W3-
OexaTh IIPUPOTHBIX IIOMEX — MapaUIeIbHBIX II0JI0C
110 LEHTPaIbHOMY JIyay IIpodujieii ¢ MHOToIy4Ye-
BBIM 3x0JI0TOM. OHU IIpOSIBJIEHBI, TJIaBHBIM 00Opa-
30M, B TJIyOOKMX JacTgx gHa (6onee 300 M) u CBSI-
3aHBI ¢ HAJIMIMEM AOITOJIHUTEIbHBIX OTPaKaIOIINX
CJI0€B Ha I'paHMIIC THA 1 BOTHOM TOJIIM, KOTOPHIE
BO3HUKJIY 32 CYET pacIIPOCTPAHECHUSI PBIXJIBIX BOITO-
HACBIIIIEHHBIX TOHHBIX OTJI0XEHUI Ha ITIOBEPXHOCTHU
0osiee TBEPAOro OCATOUYHOIO CJIO.

Pesyabrarsel ucciaenoanuii. Murepnperamus
ceiicCMHYeCKHX ¥ 0ATHUMETPUYECKIX JTAHHBIX

CeficMuueckas rpaHHIIa MO3THEMHUOLICHOBO-
ro Bo3pacTa, o0pa3oBaHNEe KOTOPOL 00YCIOBIEHO
M3MEHEeHHEM O0CTAaHOBKM OCAaIKOHAKOIICHUS U
COCTaBa OCagKOB Ha Iueabde B CBI3U C Ha9aJIOM
oneneHeHUs 3anagHoil AHTapKTUObI, JOCTATOYHO
HaAEXXHO BBIACISIETCS HAa CeMCMUUECKHNX pa3pesax
63-i1 PAD (puc. 3). Hazg stoit rpaHuLeii, Ha Tyou-
Hax 10 350 M HIKe ITOBEPXHOCTHU JTHA, IPOCIexkKe-
Ha emé omHa rpaHuna (cM. puc. 3). OHa He Be3ne
OIMHAKOBO XOPOIIIO IIPOSIBJeHA B CEMCMUYECKON
3alKCH, HO pa3BUTa B MpeaeiiaX BCero Imenbda u
MOKET COOTBETCTBOBATh PE3KOMY M3MEHEHMIO TEM-
0B CeAMMEHTALIMU B IUIMOILIEHE, BEIIBICHHOMY B
ckBaxuHe ODP-696, u pazButuio 6oiiee CTabUIbL-
HOTI0 JIETHUKOBOTO IIOKPOBa B ITO3IHEM ILIMOIIE-
He [9]. B camoii BepxHell YacTH 0CagOIHOIO Yexja
yCTaHOBJIEHA HeIIpepbiBHAsI KOHTpAacTHAsl OTpa-
JKarolas rpaHUlla ¢ IIpU3HAKaMK YIJIOBOIO HECO-
rnacus (cMm. puc. 3). E€ oopa3oBaHue, BEpOSITHO,
yXKe CBSI3aHO C YCTOMYMBBIM pa3pacTaHHUEM JIbIa
U 5po3Keil MOACTUIAIOIINX OTIOXEHUIN B MO3-
HeM IJIMOLieHe — IUlelicToneHe. B mepekpriBaio-
IIeil 3Ty rpaHUIly TOJIIE HAOII0JaI0TCSI BHYTPEH-
HUE OTPaKCHUS, TUITMYHBIC IJISI JISTHUKOBBIX (pOpM
CO CTPYKTypaMu OOKOBOI'O HapalllBaHUS, XOTS B €€
(opMHpOBaHMM YIaCTBOBAJIM 1 MOPCKHE OCAOKHU,
OTJIaraBIIKMECS B IEPUOIbI MEXKJIETHUKOBUI [5].

Ha zanagHom ¢aanre nonuHbl CUTHIO B TIJIMO-
LICHOBOI TOJIIIIE, 3aJIeTalolIeii MEeXIy IBYMSI BEpX-
HUMU TpaHULAMU (CM. puc. 3, a), HabaoaaeTCs ac-
CUMETPUYHAsI IMH30BUAHASI CTPYKTYPa MOIITHOCTBIO
okoJio 80 M ¢ mporpagallMOHHbBIMWA BHYTPEHHUMU
oTpaxkeHusiMu. OHa MHTEPIPETUPYETCS HAMM KakK
MOpEeHHasI Tpsina, oOpa3oBaHHAs B 30HE HajeTaHUS
JIEAHUKA Ha MOPCKOE THO. DTa CTPYKTYpa, BEPOSIT-
HO, CBUJIETEJILCTBYET O CAMOM paHHEM HACTYITaHUU
JIeTHUKOBOTO Mokposa Ha weiabdp KOxHo-OpkHeli-
CKOTO IIJIaTO.

HaubGonee oT4éTaMBLIE cleabl JeIHUKOBOM
gesaTesibHOCTU Ha 1ejbde FOxHo-OpKHelcKo-
ro IJIaTO COXPAaHUJIMCh B COBPEMEHHOM MOPCKOM
noxe (puc. 4, 5). B 6onblieil Mepe OHU CBsI3aHbI C
JUHAMUWKOM JIbJIa TTOCJIEAHET0 JISAHNKOBOI'O MAKCH -
MyMa U TTOCJIeIOBaBIIeii 32 HUM AT/, XOTS
KpyTmHble (hopMbI pesibea MOTIM HayaTb (DOPMUPO-
BaThCsl B MPEAIIECTBYIONINE JISTHUKOBbBIEC TTIEPHOIBI
IUIeiicTolleHa. AHAJIU3 JaHHBIX, MOJyYeHHBIX B XO/Ie
JIeTaIbHOI ChbEMKM C MHOTOJIYYEBBIM 3XOJIOTOM U
ceiicmuueckoro npoduauposanus 2018 r. (63-i
PAD), cyliecTBeHHO pacllUpseT UMEBIIUECS Mpe-
cTaBjieHUsI 00 3BOJIIOLINY ITPUPOIHOM cpeabl FOx-
HO-OpKHecKoro niaTo.

CeiicMuuecKye TaHHbIE MO3BOJISIIOT YTOUYHUTh
CTPYKTYpPY KOHEUHOM MOpPEHBI CpeaHEro menbda,
YCTAHOBJICHHYIO paHee IT0 0aTUMETpUYECKUM JaH-
HbIM [3]. OHa mpoTsATruBaeTcs ¢ BOCTOKA Ha 3amaj
Ha 160 kM (cM. puc. 5), umeer wupuHy 15—25 kM
M JOCTUTAET BBICOTHI (OT ITOJHOXMS OO BEPIIUHBI)
110—130 M (cMm. puc. 3). B yctbe nonunbl CUTHIO
KOHeUHass MopeHa nmpuobpeTaeT B IIaHE IYro-
00pa3Hy0, BBIITYKJIYIO B IOKHOM HaIIpaBJIICHUM
dopmy (cM. puc. 5), a o poduIo OTIUYAETCS ac-
CUMETPUYHOM KJIMHOOOPA3HOM CTPYKTYpOl ¢ OT-
HOCHUTEJIbHO KPYThIM CKJIOHOM, HaIlpaBJIEHHBIM B
CTOPOHY MODPSI, U IOJIOTUM HPOTUBOIIOJIOXHBIM. B
celiCMMYECKOI 3alucy 31ech HAOII0AAI0TCS TIPO-
rpagallMOHHbIC BHYTPEHHNE OTPaXXEHUS, TeMOH-
cTpupyolue e€ BepTUKAJIbHBIM U TOPU30HTAIb-
HBI pOCT 3a CYET MOCTYIJICHUS MOIJIeIHUKOBBIX
ocankoB (cM. puc. 3, a). CelicMuuecKkue ucciaeao-
BaHUS C BEICOKMM pa3pelleHueM 3aluiCH, BBIIOJI-
HeHHBIe Ha MPOJOJKEHUU OOJUMHBI Opya3J, IMo-
3BOJIMJIM O0Jiee NeTalbHO PACWICHUTh KOHEUHYIO
MOpPEHY U YCTaHOBUTh, YTO OHAa (hOpMUpOBaIaCh
Ha MPOTSKEHMH HECKOJBKUX LIMKJIOB HACTYIaHUS
nenHuka [3—5]. Ha mogHsATUM AHA MEXAy AOJIMHA-
MU KOHEYHasI MOpeHa OCTaETCs 3HAUUTEJIbHOM 10
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Puc. 3. Ceiicmuueckue paspesbl 63-i1 PAD (2018 r.), IeMOHCTpUPYIOIINE CTPOSHNE OCATOYHOTO YeXjia U OTACTbHBIX

JIEIHUKOBBIX (DOpM pelibeda.

[—3 — rnaBHbIe ceiicMUYecKUe rpaHULIbl: / — TO3IHUI MUOLICH (Havyasio oJjiefiecHeHUsT B 3araaHoil AHTapKTHKe); 2 — MO3IHMIA TUIMO-
1eH; 3 — MO3MHUI IUIMOLIEH — IUICHCTOIIeH; 4 — BHYTpEeHHME TPAaHUIIbI BEPXHEIUTMOLIEHOBOM — YeTBepTUYHOM Tom. KpacHoit
CTPEJIKOI Ha pa3pe3ax oTMeueHa (DpOHTaIbHAST YacTh AMCTAIbHOM KOHEeYHOI MopeHbl. [TooxkeHure mpoduieii mokazaHo Ha pHc. 2
Fig. 3. Seismic sections showing acoustic pattern of the sedimentary cover and submarine glacial landforms.

1—3 — major seismic horizons: / — Late Miocene (onset of West Antarctic glaciation); 2 — Late Pliocene; 3 — Late Pliocene —
Pleistocene; 4 — internal seismic horizons. Red arrow on sections shows the age of distal terminal moraine. See Fig. 2 for the loca-

tion of sections.

MOIITHOCTH, HO CTAaHOBUTCS 00Jiee CUMMETPUYHOIMA,
a Jajee K BOCTOKY IproOpeTaeT CI0XHYI0 Mopdho-
JIOTHIO ¥ YMeHbI1aeTcs 1o BeicoTe 10 80—100 M (cM.
puc. 3, 6, 6 u puc. 5). KoHeuHast MopeHa CpeaHero
menbda FOxHo-OpKHecKoro miaTo cornocTaBuma
O pa3MepaM C KOHEYHOU MOPEHOM HOPBEXKCKOTO
menbda CKbENAPUITEH — KPYITHEHNIIe U3 U3BeCT-
HBIX JICTHUKOBBIX (hopMm [16].

Kpome KpymmHO# KOHEYHOM MOPEHBI CpeaHe-
ro meiab@da, XXHee Mbl BIIEPBbIE BBIACIUIN €IIE
OIIHY OCalIOYHYIO CTPYKTYPY, KOTOpasi pacIojoxeHa
Mexnay uzodaramu 350 1 425 M 1 06pasyeT IMI0CKYIO
Teppacy oBaibHOI opMbl pazMepoM 30 X 70 KM ¢

CyOTOPM30HTAILHON MOBEPXHOCTBIO JHA U Kpae-
BBIM ycTynoM BbicoToit 30—40 M (cM. puc. 3, 6—e
M puc. 5). DTa CTPYKTypa UHTEPIIPETUPYETCSI KaK
caMasi paHHsIs 110 BpeMEHM HaKOTUICHUSI U Hanbo-
nee ynanéHHas oT FOxHo-OpKHENCKNX OCTPOBOB
(nucTanbHast) KOHEUYHast MOpeHa, oOpa3oBaBIIa-
sicsl BO (PPOHTANILHOM YaCcTH BBIBOJAHOIO JICIHUKA.
E€ mnockas moBepXHOCTh C YKIOHOM B I0XKHOM Ha-
MPaBJICHUU MOXET CBUACTEILCTBOBATh O YACTUUHOM
3aXOPOHEHUM MOPEHBI B Mepuoj 00jiee MO3aHETO
oneaeHeHUs (MIM HECKOJIbKUX OJICIeHEeHUI) ¢ Ha-
KOIUICHUEM OCAIKOB MOJI IIeIb(DOBLIM JIEAHUKOM,
JIMHUS HaJleraHusl KOTOPOro HaxoIujIach Ha pac-
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Puc. 4. Penbed mopckoro gHa
paiioHa moiauHbl CUTHIO TIO TaH-
HBIM ChEMKHU C MCIOJIb30BaHUEM
MHOT0JIy4eBOro 3xoJjioTa (a) u 6a-
TUMETpPUYEeCKUe MPODUIN MOp-
CKOTO JIHA, JEMOHCTPMpPYIOLIHE

MOP(HOJIOTUI0 MOPCKUX JIEAHUKO-
BBIX (hopM (0).

Pumckumu nudppamum 0603HaYeHBI
THUITHl JIGTHUKOBBIX U JIETHUKOBO-
Mopckux ¢opMm penbeda: I — negHu-
KOBasl IMHEIHOCTh, 0Opa3oBaHHasl B
pe3yJibTaTe OeiCTBUS OBICTPOTEKY-
IIero JiemHUWKa (Ha Bpe3Ke IMOoKa3aH
YBEJIUUYEHHBI (pparMeHT KapThl);
I — momepeyHble MOpPeHHbIE TPSIIBI,
copMupoBaHHbBIE MPHU OTCTYIAHUU
nennuka; 111 — GokoBasi caBurosasi
mopeHa; IV — KoHeuHass MOpeHa;

V — KJIMHbS Ha JUHUU HaJIeraHuA;

VI — KOHyC BBIHOCA IOJIETHUKOBO-
ro croka; VII — GokoBasi okpauHHast
mopena; VIII — apymnun; IX — dop-
Ma pesibeda ¢ HesICHBIM TeHe3UCOM

Fig. 4. Submarine glacial land-
forms of the Signy Island area with

11 12

position of bathymetric pro-
files (a) and bathymetric profiles
across different landforms derived
from multibeam survey (0).

Roman numerals denote types of sub-

w

marine glacial landforms: I — stream-
lined subglacial lineation indicating
fast flowing grounded ice (inset shows
enlarge part of the map); Il — trans-
verse recessional moraine ridges; 111 —

13 14

el

5 km

lateral shear moraine; IV — end mo-
raine; V — grounding zone wedges;
VI — ice-proximal fan; VII — lateral
marginal moraine; VIII — drumline;

|4O M

IX — landform with unclear genesis

MOJIOXKEHHOU CEBEPHEE MOPEHHOM I'PSAe CPEAHETO
menbda. LleHTpanbHas yacTh IUCTAIBLHONM KOHEU-
HO# MOpEHBI COBITagacT ¢ Aernpeccueit B pyHma-
MEHTE 0CaZOYHOro yexja (CM. puc. 2), KOTopasl Ha-
CJIeyeTCs U B BEPXHUX JIETHUKOBBIX OTJIOXKEHMSIX
(cM. puc. 3, ¢). BoaMoxHo, TeueHMe TegHuKa, cop-
MHPOBABIIEr0 OTHOCUTEIBbHO IPEBHIOI MOPEHY,

MOAYMHSIIIOCH CYILIECTBOBABILIEMY B TO BpeMs TEKTO-
HUYECKHU 00YCIOBJIEHHOMY Tajieopesibedy JHa.
HetanbHas chéMKa ¢ MPUMEHEHUEM MHOTOIY-
YEeBOTO 3X0JIOTA MMO3BOJIMIA YCTAHOBUTh HECKOJIb-
KO TUIIOB JIEAHUKOBBIX (hOpM pelibeda, KOTophie
CBSI3aHBI C AeSTEIbHOCTHIO U JUHAMUKOM JICISTHOTO
notoka B nonuHe CUTHIO BO BpeMsl 00ILeit aeriisi-
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Puc. 5. JlenHukoBbie hopMbl peibeda eibda KOxHo-OpKHENCKOro I1aTo:

1 — nucraibHas KOHeYHasi MOpeHa, MapKHMpylolllas HauboJIblliee pacipocTpaHeHHe JeIHMKOBOIO ITOKPOBa Hajeraloliero Ha
MOPCKO€ JTHO; 2 — KOHeYHast MOpeHa CpeaHero Iieibda, 00pa3oBaHKe KOTOPOil 3aBepLIMIOCH B IEPUO TIOCIESTHETO JISTHUKOBO-
ro Makcumyma (6oJiee TEMHBIM LIBETOM ITOKa3aH KPYTOil CKJIOH B KpaeBOii yacTH); 3 — KOHeYHast MOpeHa, 00pa30BaBILasicsl Ipu
IOBTOPHOM HACTYHaHUH JIETHUKA B Mepruoa AHTAPKTUIECKOrO XOJIOMHOIO peBepca; 4 — GOKOBasi CIBUTOBasi MOpeHa; 5 — GOKO-
Basi OKpalHHasi MOpeHa; 6 — KJIMHbSI B 30He HaJleraHusi ObICTPOTEKYIIETo JeqHrKa; 7 — (GpOHTaJbHbIE (hparMeHTHI (IeMOLIeH-
TPbI) KIIMHBEB B 30HEe HaJIETaHUsT OBICTPOTEKYIIIMX JIETHUKOB, BBISIBICHHBIE TI0 CEMCMUYECKUM TaHHBIM; & — MOIepeYHbIe MOpe-
Hbl OTCTYIaHUs; 9 — rpeOHU (AEMOLEHTPhI) JIEAHUKOBBIX (hopM HesicHOI mpupoabl; /0 — ceiicMuueckre Npoduiaun, UCIoab3ye-
MbI€ B HACTOSIILIEM UCCeA0BAaHUU (CM. pUC. 2)

Fig. 5. Submarine glacial landforms on the shelf of the South Orkney Plateau:

1 — distal terminal moraine marking the maximum extent of grounded ice; 2 — mid-shelf terminal moraine (darker color shows the
steep slope at the outer rim); 3 — end moraine formed due to re-advance of ice during the Antarctic Cold Reversal; 4 — lateral shear
moraine; 5 — lateral marginal moraine; 6 — grounding zone wedge; 7 — edges (depocenters) of grounding zone wedges; & — trans-
verse recessional moraines; 9 — depocenters of non-identified submarine glacial landforms; /0 — seismic lines used in this study

LMALMU 1eabda nocie MocaeIHero JeAHUKOBOTO
Makcumyma. B 6oprax gonmabsl CUTHIO HAOMIOOAI0T-
csg cepuu napaienbHbix Tpsig CB—HO3 nmpoctupa-
Hus mmpuHoit 0,5—1 kM, BeicoToit 10—20 M u pac-
cTosiHueM Jpyr ot apyra 1—1,5 kM (cM. puc. 4, a, I1;
puc. 4, 6 u puc. 5). Takue rpaabl — XapaKkTepHas
0COOEHHOCTD TIISIUATbHBIX OKpauH. OHU TIpen-
CTaBJISIOT CO0O cTanuaabHbIe MOPEHBI, (DOPMUPY-
folecs B YCIOBUSIX JOCTATOYHO OBICTPOTO OTCTY-

MaHUs HaJeTralollero Ha JHO JICAHUKA B IIEPUOILI
€ro BpeMEeHHOM CTa0UIN3aluu.

3amagHbli Kpall TOJMHBI 3aHUMAET MPOTSKEH -
Hag (6omee 40 KM) Tpsga IMUPUHON 3—5 KM U BBICO-
toii 10—30 m (cm. puc. 4, a, 111 u puc. 4, 6). D1a rpsina
MpeacTaBisIeT cO00il TUITMYHYIO OOKOBYIO CIBUTIO-
BYIO MOpPeHY, KoTopasi (popMUpoBaiach B MOIJIEN-
HOIi 0OCTaHOBKE B 30HE CIBUTA MEXKTYy OTHOCUTEIBHO
OBICTPO TEKYIIVM JIeASTHBIM IIOTOKOM Y MEHEee IO/~
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BIKHBIM JIETHUKOBBIM KyrioyioMm [17]. B mecTe pa3-
BOPOTa JOJIMHEI OOKOBasi MOPEHA YBEJIMUMBACTCS 10
IMprHe 1 MolHocT. Ha ocHOBaHMM aHanm3a He-
CKOJIBKMX CeMCMUUYECKUX MPpOoduiIeil n IeTaTbHbIX
0aTUMETPUYECKUX JAaHHBIX pa3BUTHC aHAJIOTUIHON
MOPEHEI IIPEIIoIaracTcs B 3allafHOM OOPTY ITOJTMHEI
Opyat (cM. puc. 3, 6). B 1or0-BOCTOYHOM YyTIIy ChEM-
KJ TOMHHUPYET aCUMMETPUYHOE MOTHSITHE ¢ Oojee
KPYTBIM CKJIOHOM BBICOTOM oKoJio 30 M, HampaBJIeH-
HBIM B CTOPOHY OT HOJIMHHEI (cM. puc. 4, a, VII). D10
MOTHSITHE POMOJIKACTCS I0XKHEee 3a IPeAe/Ibl ChEM-
KM, TO¢ BBIIBICHO CeiCMUUYECKUM MmpoduiieM (CM.
puc. 2 1 puc. 3, 2) 1 IpeacTaBiIsIeT cO00I JOCTATOYHO
KPYIHBIN ocamouyHblil gerroneHTp (10 X 30 kM), BTSI-
HYTBIII B CTOPOHY OOIIIEr0 HaIlpaBJICHUS IBVKEHUS
npaa. Ilo pacnonoxenuro, pa3mMepy 1 MOpGhOJIOTrH-
YeCKOMY OOJIMKY 3Ty CTPYKTYPY MOXHO MHTEpIIpe-
THPOBATh KaK OOKOBYIO OKpaMHHYIO MOpeHy. Takoii
TUII MOPEH ObL1 YCTAHOBJICH 1 M3YYeH OTHOCUTEIEHO
HemaBHoO [17, 18],  ero oOpa3oBaHMe CBI3LIBACTCS C
OTJIOXEHUSIMU TEPPUTCHHOTO MaTeprajia Ha OOKOBOI
TpaHULIe HaJIeTAIOIEro Ha JHO JICASHOTO ITOTOKA.

BryTpu monmHbI, B MecTe €€ pa3BOpOTa U B ThI-
JIOBOI1 4acTH, BBISIBJIEHBI (DOPMHEI pesibea MOPCKO-
ro IHA, N3BECTHBIC KaK «KJIWHbS B 30HE HaJeTaHUS
neganKa» («grounding zone wedges», GZWs) |1,
19] (cm. puc. 4, a, V). OHI UMEIOT aCCUMETPUIHYIO
CTPYKTYPY B pa3pe3e ¢ KpyTbIM (PPOHTATBLHBIM CKIIO-
HOM, OOpalll€HHBIM B CTOPOHY ABIDKCHMUS JICTHUKA,
U TOJIOTUM IIPOTUBOIIOIOXHBIM CKJIOHOM. Takue
KJIMHBSI 00pa3yIoTCsI IPU OTCTYIIAHUHM OBICTPOTEKY-
IIMX JIEOSHBIX ITIOTOKOB B IIEPUOIBI OTHOCUTEIbHOM
CTaOMIM3alIK TTOJIOKEHUS IMHUM HaJleTaHUsI, HO
B YCJIOBUSIX TIPOMOJIKAIOIIETOCST IBVKCHMUS JICTHI-
KOBOIT MacCHI C OTKOJIOM Jibaa ¥ ()OpMUPOBAaHUEM
aiicoeproB. CTabMIM3ays MOXET 3aHUMATh AECST-
KM — COTHM JIET ¥ IPUBOIUT K aKTUBHOMY OCaIKO-
HAKOIUICHUIO Ha JIMHUM €T0 HaJleraHus W B HEKO-
TOPOIi YaCTH IO JIETHUKOM 3a CYET HEIIPEPHIBHOTO
MMOCTYIUIEHHST 0a3aIbHOIO 00JIOMOYHOTO MaTepura-
na [19]. B monsipHBIX peTnoHaX MOIIHOCTh JICTHM -
KOBBIX OCAIKOB, CJaramlnX KJIWH, IIPU IJIUTEIb-
HOI1 3a/IepKKe B OTCTYIIAHUM JICTHUKOB 1 OBICTPOM
IBIDKEHUH ITOTOKa MoxeT gocturath 100 M. JImmHa
3TUX KJIMHBEB B 10o1MHe CUTHIO COCTaBIISIET 5—8 KM
(cOOTBETCTBYS €€ IMOMEepPEeYHBIM pa3MepaM), K-
puHa — 5—6 KM, a BbIcoTa (MOIIHOCTb OCAIKOB) —
15—-30 M (cm. puc. 4, a, Vu puc. 4, 6).

Kpome kinmnHBEB B 30HE HaJleTaHUS, B TOJMHE
CurHIo HabIIOgat0TCs TUHEIHBIE (POPMBI perrbeda,

00pa3oBaBIIMeECs MO ISUCTBUEM TCUEHUS JIGTHUKA.
K HMM oTHOCSITCS Kejioba JIEHOBOrO BhIIIAXUBAHUS
W CTPYKTYpPHI, BEpOSITHEES BCETO, MPEACTaBIISIONINE
coboit apymanHbl. M3-3a HEOOJbLIUX pa3MepPOB U
PACIOJIOKEHUS, TPAKTUUIECKM COBITAIAIOIIETO C 10~
JIOCOBBIMU ITOMEXaMU 3aIlMCH, OHU ITPOSIBIICHBI HE-
JIOCTATOYHO KOHTPACTHO, HO BCE Xe HaAEXKHO pac-
MO3HAIOTCS B MOJIyYeHHOM M300pakeHMU MOPCKOTO
nHa (cM. puc. 4, a, I, VIII). XKenoba pacrnoyioxeHbl
B BEpPXOBbE JOJMHBI Ha €€ 3armagHoM cKJIoHe. OHU
UMeIoT IWupuHy okono 100 M, gnuny — 1,0—2,5 km
U BBICOTY — IIepBbIe METPHI M YKA3bIBAIOT HAIIpaBJIe-
HUE IBVDKEHMST ObICTPOTEKYILETO JIEIHUKA B TIEPUO]
ero cyuiectBoBaHus (cM. puc. 4, a, I). JIpymanHbl
(unu 6;M3KKe K HUM (hOpMBI pelibeda) HaxoasaTcs B
cpenHei yrayoJéHHO YacTu pycia U UMEIOT IJIMHY
1—2 kM 1 umpuHy ot 200 1o 600 M. CaMble 10KHBIE
13 HUX HEMHOTO U3MEHSIOTCS 10 IMPOCTUPAHUIO,
MapKupysl pa3BopoT JeaoToka (cm. puc. 4, a, VIII).

Ha nomHaTin MexXay DOoJUHAMU B CEBEPO-BOC-
TOYHOM YacTH IUIOLIAAM CHhEMKM PacHoJIOKeHa
KpyHnHasi 1 HauboJjiee BhIpa3uTeIbHAsI B IIPEICTaB-
JIEHHOM H300paxkeHuu opMa peiabeda MOPCKOTO
JHA JJAUHOM 25 KM, IUMPUHOM 4—5 KM U BBICOTOM
(Mo HOCTb 0caakoB B aernoueHTpe) 30—35 M (cM.
puc. 4, a, IV u puc. 4, 6). LleHTpaabHbIli CETMEHT
3TOI (hOPMBI B IJIaHE UMEET AYrooOpa3Hblii U3rKo,
K TBIJIOBOI YaCTU KOTOPOIrO IPUMBIKAEeT HeOOIb-
1ast J0JMHA IUPUHOM 0KOJIO 2 KM U IIIyOUHOH! 6 M
(cMm. puc. 4, a, IV). YkazaHHbIe 0COOEHHOCTU MOP-
(bostoruu MoO3BOJISIOT CAEIATh BBIBOM, YTO OHA IIPEI-
CTaBJIsIeT COOOM KOHEUHYI0 MOpPEHY MO3IHEeH cTa-
IWU ASTISIIMALAM 1efbda, a JoJMHA MapKUpPYeT
HallpaBJCHUE TeueHUs Jbaa. B ceBepo-BOCTOUHOIM
YaCTU YK€ BBIpOXIAaIoIIecss KOHEYHOU MOpPEHBI
BBIICJISICTCST OBAJIbHASI CTPYKTYpa pa3MepoM 2 X 3 KM
u BbicoToit 20 M (cM. puc. 4, a, VI u puc. 4, 6), Ko-
TOpast MOXKET ObITh MHTEPIIPETUPOBaHA KaK KOHYC
BbIHOCA MOAJIEAHMKOBOTO CTOKa TajbiX BoAd. [Tomo0-
HbIe KOHYChI BEIHOCA 00pa3yloTcs 3a JIMHUEH Haje-
raHusI B MeCTax, TI¢ MOTOK TaJIbIX BOJA U3-TI0J JIe]I-
HUKa BXOIMUT B MOpE, TEPsIsl SHEPTUIO ABVKECHUS, 1
B3BelLIEHHbIE OCAJKM OCeaaloT Ha JHO [1].

Eme ogHa akkyMyasumoHHas (popma penbeda
pacIIojIoKeHa I0T0-BOCTOYHEE MpPeaIrogaraeMoii Ko-
HEYHOI MOpeHbl. OHa UMeeT aCUMMETPUIHYIO KJTH-
HOOOPAa3HYIO CTPYKTYPY C KPYTHIM BOCTOYHBIM CKJIO-
HOM MEPUANOHAIBHOTO IMPOCTUPaHUS (IPAKTUIECKU
napajiienbHoro nojarHe CUrHio) Beicotoit 15—20 m
U IJIMHOM okosio 15 kM. Mopdoiorust ¢hopMbl CBU-
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JETEJbCTBYET 00 €€ 00pa3oBaHMU B 30HE HaJeTaHUs
JIeAHNKA, HO JMHAMUKA JISIOBOIO ITIOTOKA, KOTOpast
o0OecIieurBajia HaKOIUIEHHE OCaIKOB, OCTAETCs He-
sicHOM. B mpenenax mreabda MmrpoKo pacipocTpaHe-
HBI CJIeIBI alicOEPTOBOTO BBIMAXMBAHUS C Bpe3aMU B
MopcKoe THO 10 4—5 M (cM. puc. 4, a). OHI UMEIoT
Xa0TUYECKYI0 KOH(MUTYPALINIO X PA3BUTHI 10 TIyOUH
350—370 M. MecTtamMu TakkKe HAOIIOOAIOTCS aiicoep-
roBbl€ SIMBl U30METPUUECKOI (PopMbl. AiicOepru,
MHUIIE KOTOPBIX JOCTUTAJIO HAMOOIbIINX TIyOUH,
JOJDKHBI OBLTM MMeTh TommnHy He MeHee 400 M. Be-
POSITHO, 3TO — IIPOAYKTHI pa3pylleHNs KPYIHBIX
mebMOoBhIX IeNHNKOB PonHe m PuibxHEpa, pac-
MOJIOXKEHHEBIX B I0XKHOM 9aCTH MOPSI Y3maesia, KOTo-
pbie nocturanu menbga FOxHo-OpKHECKOro I1aTo
Oyaromapsi IeICTBUIO BOOOBOPOTA Yaaaelia — Teue-
HUsI, IBUTAIOIIETOCS 110 YacoBoii cTpeske [20].

O0cyxkIeHue pe3yJIbTaToB

[lomyyeHHbIE TaHHBIC O PA3BUTUN TOHHBIX (POPM
penbeda, a Takke nH(pOpMAaIIXs 0 BO3pacTe JOHHBIX
omoxeHnii [12—14] n u3sMeHeHNN KiIMMaTa B AHT-
APKTHUKE MO3BOJISIIOT CAeJaTh BBIBOABI O XapaKTe-
pe oJleleHeHUsI U TMHAMUKE JICTHUKOBOTO MTOKPO-
Ba meabda HOxHo-OpkHelickoro miato. Bo BpeMs
MOCJIETHET0 JETHUKOBOIO MakKCUMyMa (M, BEPOSIT-
HO, B IPEIIIeCTBYIOIINE OJICICHEHNS YeTBePTUY-
HOIO meprojaa) IMpakKTUIeCKU BO BCeil AHTapKTU-
Ke JIEAHUKOBBII TTOKPOB PACIIPOCTPAHSIICS IO Kpast
KOHTHHEHTaJbHOTO IIenbda. CoriracHo pe3ybTa-
TaM MOIEIUPOBAHMS U T€OJIOTMIECKUX UCCIeI0Ba-
HUM, JTeTHUKOBLIN TTOKpoB IOxkxH0o-OpKHEiicKoro
IUIaTO OCTABaJICS U30JIMPOBAHHBIM, HE COSIUHSIISIChH
¢ AHTapKTHYeCcKNM TToiryocTpoBoM [21]. ITpu aTom
C HaJIeTaHWEM Ha JTHO OH IIepeKpHhIBaJl TOJIBKO YacTh
mreabda, Ho, BO3MOXKHO, 3a JIMTHHUEI OTphIBa pacIipo-
CTPaHsUICS B KAUeCTBE LIEIb(MOBOTO JICIHUKA.

JucTanbHast KOHEYHAss MOpeHa B I0XKHO 4acTu
IOxHO0-OpKHeicKoro miaTo, KOTopast OKOHTypHUBa-
eTcd m3o6aroif 400 M 1 pacTionoxkeHa 3a IpeneraMu
Pa3BUTUSI KPYITHOM KOHEYHON MOPEHEI CPEeIHETO
menbda (cM. puc. 3, 6, 6 1 puc. 5), Moria chopMu-
pOBaThCS B OMMH U3 LIMKJIOB IIOCIIEIHETO JICTHNKO-
BOTO IIeproAa WX B IIPEAIICCTBYIOIINE JIETHUKO-
BBIC IIEPUOILI IUIelicToleHA. JIoKanbHOE pa3BUTHE
OUCTAIbHOM KOHEYHOM MOPEHBI, BUIUMO, CBSI3aHO
C IeSITeIbHOCTBIO BEIBOOIHOTO JIGAHMKA, CYIIECTBO-
BaBIIIETO B IIpeneliax JeIHUKOBOIO ITOoKpoBa. Bep-

XOBbE 3TOr0 BHIBOIHOTO JIEAHUKA MOTJIO pacIiojia-
raThCsl B CEBEPHBIX YacTaX JouH CurHio u Opyait
U COCTOSITh M3 IBYX OTIEJBHBIX ITOTOKOB, KOTOPhIE
CIUBAJINCh B OOLIMIT, 00pa30BaBIINil JUCTAJTBHYIO
KOHEYHYI0 MOpeHy (puc. 6, a). B nanbHeliiiem je-
JSTHBIE TTOTOKU Pa3aenIrich, 00pa30BaB ABE 3PO3H-
OHHBbIE TOJUHLI (CM. puc. 6, 0).

BpeMmst 1 mpoaoKuTeIbHOCTh (OPMUPOBAHUSI
KPYIMHOU KOHEYHO! MOpEeHBbI CpeaHero ueiabda
OCTarOTCs HesICHbIMU. Bo3MOXHO, OHa Havyaja Ha-
KaIUIMBaThCS €IIE B MIEPUOJ CYIIECTBOBAHUS 00be-
JTUHEHHOTO JIEASTHOTO IMOTOKA, TaK KaK MHaYe TPy -
HO O0BSICHUTH cXOnHYIO (10 120—130 M) MOIITHOCTH
MOPEHHI B ycThe NoanHbl CUTHIO, 00pa30BaHHOM
OBICTPOTEKYIINM JCAHUKOM, U Ha TTOJHATUM THA
MEXAy TOJMHAMM, e JISTHUKOBBIM IMTOKPOB OBLIT
MeHee MOIBMKHBIM. BHYTpeHHee cTpoeHre KOHEeU-
HO1 MOPEHBI CPEeIHETO IIeb(da ¢ IepecianBaroI-
MMUCSI JIETHUKOBBIMU (IIpOrpaJalliOHHBIMM) U MOP-
CKUMU (T10JIOT03aJIeTafoIIMI ) TOIIIAMK YKa3bIBAeT
Ha He MeHee YeM TPEXKPaTHOe HaCTyITaHUe JIeIHIUKA
JIO0 CBOETO KPaiHero MOJIOXKEHMSI B IIEPHUO. TJISIIIM -
aJIbHBIX MAaKCUMYMOB TuIelicToueHa [5]. Ha camom
JeJie, TAKMX HACTyHaHUi MOIJIO OBbITh OOJIbIIIE, HO
CBSI3aHHbIE C HUMU OTJIOKEHUSI 3POIMPOBAHBI WIIN
HE pacIio3HAlOTCSI B ceiicMuYecKoil 3anucu. B me-
pHOI TIOCJIENHEro OJieAeHEHsI, BO3MOXHO, cop-
MUPOBAJINCh M OOKOBBIE MOPEHBI, BbIIEIsIeMble Ha
3anagHbiX (aaHrax poauH CurHio u Opyaii (CM.
puc. 4, a, II1 u puc. 5).

Hctopus n nuHaMUKa OTCTYHaHUS JeAHUKA B
MO3IHEM TUIeCTOlIeHE, MOoCc/e MOCIeHEro JeIHM -
KOBOTO MaKCHMyMa, IposiBJieHa B (popMax peibe-
¢a MOpPCKOTO JHA, YCTAHOBJIEHHBIX 110 Pe3yJIbTaTaM
CBhEMKHM C MHOTOJIyUYEeBBIM 3XOJIOTOM M CeiCMUYe-
cKMM IaHHBIM. COrjlacHO JaHHBIM M3Y4YeHUsI JOH-
HBIX 0CaJKoOB, nerasuuauus meabda FOxHo-Op-
KHENCKOrO IJ1aTO Hayaiack He mo3xe 16,7 Thic. JI.H.
(uHpopMaLMg MOJydyeHa TOJbKO MO CeBEPHOU
yacTu, K ceBepy oT HOxHO-OpKHENCKUX OCTPO-
BoB) [5]. Ha 3amagHoM (p1aHre U B BEpXOBbSIX J0-
JHbl CUTHIO OTCTYITaHUE JISAHUKA ITIPOMCXOINIIO B
nepuon 13,9—9,5 teic. 1.H. [12], a B npeaenax 10Ju-
Hbl OpyaJI1 JIETHUKOBBIN ITOTOK OTCTYITUI OT CPell-
HEro 0 BHYTPEHHETO 1ieibda ot 14,6 ThiC. JI.H. 10
12 959 1.H. ¢ BO3BMOKHBIM ITOBTOPHBIM HACTyIaHU-
€M B 2TOT MPOMEXKYTOK BpeMeHU [5]. BrisiBaeHHbBIE
WHTEPBaJIbl BpeMEHU COOTBETCTBYET OOIIEMY OCBO-
0oxaeHUIo 1eJb(a AHTAPKTUYECKOIO MOJIYOCTPO-
Ba oTo jbaa oT 15 go 10 TeIc. 1.H. [22].
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Puc. 6. 'unoreTnueckre MoaeI pacpoCTpaHEeHUs JISAHUKA.

a — oJieleHeHKe, TIPEIIIeCTBYIOIIee MOCIeTHEMY JIEAHMKOBOMY MaKCUMYMY; 0 — TOCJSIHMIA JeTHUKOBBIA MAaKCUMyM; 6 — Ha-
yaJibHasl CTaausl OTCTYMAaHUs JIGAHUKA; ¢ — CTaaus OTCTYIaHus JeIHUKA Ha pyOexke oKoJio 14,5 ThIC. JI.H.; 0 — IIOBTOPHOE HACTY-
MaHue JeIHUKa B Mepuoa AHTApKTUUECKOTO X0JoaHoro pesepca 14,5—13 Thic. 1.H. CBEeTI0-ToJyObIM LIBETOM IMOKa3aH JIETHUKO-
BBIii TIOKPOB, TOJIyObIM — BBIBOJHBIEC JISTHUKU, KOPUIHEBBIM — KOkHO-OpKHEelicK1e 0CTpoBa

Fig. 6. Schematic models of ice distribution on the shelf of the South Orkney Plateau during the Late Pleistocene.

a — Pre-LGM glaciation; 6 — LGM; ¢ — Early stage of ice retreat; ¢ — Ice retreat stage at about 14 500 yrs. BP; 0 — Ice re-advance within the
Antarctic Cold Reversal between 14 500—13 000 yrs. BP. Light blue — ice sheep/cap, dark blue — ice streams, brown — South Orkney Islands
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C paHHUM 3TaIloM IerISIHUalNy Ieabga CBs-
3aHO HaKOIUIEHHE OOKOBOII OKpaMHHON MOPEHBI
(cm. puc. 4, a, VII u puc. 5), KoTopast MapKupy-
€T TPaHUIly HaJIeTalolIero Ha THO OBICTPOTEKYIIe-
ro JICASTHOTO ITOTOKA CO CBOOOMHOI OTO JIbAa Ya-
cThio 1eabga. Hammume 3T0i1 MOPEHBI TO3BOJISET
MIPEIITOI0XKUTh, YTO HAJIETAIOIINIA Ha THO JIETHUKO-
BBII MOTOK JOMMHBI CUTHIO BCE eIIE TOCTUTAN CPEe-
Hero meibda B pailoHe KOHEYHOI MOPEHEHI, B TO
BpeMsI KaK K BOCTOKY OT HEro JISHHUK OTCTYIII He
meHee yeM Ha 20 kM (cM. puc. 6, ¢). B ycrbe monn-
HbI Opy3JUI OTCTyIIaHUE IIPOSIBICHO B BUIE MOPEH,
c(OpMHUPOBABIINXCS B 30HE HAJIETAHUS JIeTHUKA [5]
(cM. puc. 3, 6). JlanpHelilee yObIBaHIE JIGTHUKOBO-
ro mokpoBa FOxxHo-OpKHENCKOro IJ1aTO IIPOsIBIIC-
HO B (popMmax penbeda JHa, BEIIBICHHBIX ChEMKaMU
C MHOTOJIYYEBBIM 3X0JI0TOM. MOpeHHbIe KIUHbS B
nonuHe CUrHio OPMHUPOBAIKCH IIPU BPEMEHHOI
CcTa0MIM3aluy JTUHUY HaJIeTaHUs JICASTHOIO II0TO-
Ka Ha 1HO (cM. puc. 4, V u puc. 5), a peryiasipHO BbI-
CTPOCHHBIC TapalIeIbHbIe MOPEHHBIE I'PSIIBI, KO-
TOPBIC JIYUIIle IPOSIBICHB HA BOCTOYHOM (hjIaHTe
IOJWHBI, OTJIOXWJINCHh Ha TPaHUIIE OTCTYIIAIOIIETO
JIETHUKOBOTO KyToJia (cm. puc. 4, a, 11 n puc. 5).

Cawmpble 10XKHBIE MOPEHHBIE TPSIIBI palioHa 10-
mHBI CUTHIO 110 BpeMeHU 00pa30BaHUsI, BEPOSTHO,
COOTBETCTBYIOT CEpUU AYTOOOpa3HBIX I'PSI TaKo-
r0 XK€ TUIIA, BHIIBICHHBIX B CpeAHE 9acTU JOIU-
"Bl Opyamt. Mx oOiiee moaoXeHNe yKa3biBaeT Ha
HepaBHOMEPHOE OTCTYIIaHUE JIEAHUKA B OIpeae-
JIEHHBIN MepuoI MO3OHEro IjieiicTolieHa (0KOJI0
14,6 TbIC. J1.H. [5]): OoNblIEM — BHYTPU JOJUHBI
Opy2/UI 1 MEHBIIEM — Ha MOMHSTHIX yJyacTKaX JHa
(cM. puc. 6, 2). MopeHHbIe KIIMHbsI JOJHMHBI CUTHIO
(cMm. puc. 4, a, V u puc. 4, 6) UIMEIOT BBICOTY KPY-
Toif vact 40—50 M, 3aMeTHO TIPEBHITIAS TTO BBI-
COTe KJIMHbSI B 30He HaJleraHWs BHEIIHE 4acTu
nonuHbl Opyamr (cM. puc. 3, 6). Bpems u mpomos-
KUTEIbHOCTh 00pa30BaHUs KIIMHBEB B 30HE HaJle-
raHus JIeTHUKA B JOJMHAX, a TaAKXKe XPOHOJIOIU-
YeCcKOe B3aMMOOTHOIIIEHHE C IPYIUMHU (opMaMu
MOPCKOI'0 THA OCTAaIOTCS HEeM3BeCTHBIMU. [lay3nl
B OTCTYIIAaHUM OBICTPOTEKYIIMX JIETHUKOBBIX I10-
TOKOB, KOTOPBI€ MMPUBOMSAT K HAKOIUICHUIO KJIH-
HBEB B 30HE HaJIeTaHUsI, MOTYT IOCTUIATh JECSITKOB
" coTeH jeT [2]. MOXHO TIPeaIToNoXNATh, UTO 3TN
may3bl OBLIM CUHXPOHHBI B 00€MX ITOJMHAX W KJIH-
HbsI Hayaau (pOpMUPOBATHCSI OMHOBPEMEHHO, HO B
nonauHe OpysJil IJIUTEIbHOCTh HaKOIUIEHUs ObLIa
MEHBIIIE ¥ JIETHUK OBICTPO OTCTYITMJI B CPEIHIONI e€

4acTh. DTO MPOU3OIILIO M3-3a TOTO, YTO AHUIIE HO-
JINHBI 00pallleHO BHYTPh U UMEET IOCTATOYHO KpY-
TOI HAKJIOH (OKOJIO 3 M/KM; CM. pHC. 2), 4TO CIIO-
COOCTBYeT OBICTPOMY Pa3pylIeHUIO JeaHuKa [23].
ITocne 3HAYNTEILHOTO COKpAIEHUS JIEAHUKO-
BOTO ITOKPOBa ITPOU3O0LIET SMTU30/, €r0 ITOBTOPHOTO
HacTyrmaHust. OH JOCTaTOYHO OTYETIIUBO IMPOSIBIICH
B (popMHUPOBAaHNM KOHEUHOI MOPEHBI HA BOCTOUHOM
(nanre nonmuuel CurHio (cM. puc. 4, IV). Beinsrxke-
HUE JIeMTHUKA, BEpOSITHO, HAYaJIOCh B CEBEPHOI YacTH
CcaMoli TOJWHBI U MPOIOJIKUIOCH 10 €€ IMPOCTUpa-
HUIO (CM. puc. 6, 0). DTO COOLITHE MOIJIO ITPOU30-
TH B TIeprod AHTapKTUIECKOTO XOJOIHOTO peBepca
(Antarctic cold reversal, ACR), koTopoe HaagxxHO
BBISIBJICHO B AHTapKTHKE IO pe3yjIbTaTaM U3y4eHUs!
JICIOBBIX KEPHOB, Ha3¢MHbBIX OTJIOKEHUI 1 MOPCKUX
0CaJIKOB M TIPENICTaBJIsIeT CO00I1 JIOKATbHOE TTOXO0JIO-
JaHue B nepuon mexay 14,7 v 13 Teic. JI.H. Ha (poHe
0011Ier0 YCTOMYMBOIO MTOTETUIEHUS KJIMMATa IOo3IHe-
ro ruieiicroleHa [24]. Ha aHTapkTuyeckux 1enabdax
JIOKaJIbHAsT DKCITAaHCUS JIETHUKOBOTO ITOKPOBA XO-
JIOIIHOTO peBepca Ha (poHe oblIel nerisiuuanuu, B
OOoJIBLIIEH Mepe, OMpeaeIsieTCsT IT0 KOCBEHHBIM TTpH-
3HaKaM [25], u n1eafHUKOBbIe (POPMbI pebeca MOp-
CKOTO JIHA, CBSI3aHHbBIE C 3TUM SIBIICHUEM, 10 CHUX
nop ObUIM OOHapyXkeHbl TONbKO B CyDaHTapKTUKE
(wenbd octposa FOxHas 'eoprus) [26].
O06pa3oBaHUE aCUMMETPUYHOI (POPMBI pesibe-
da ¢ ycTyrmoM MepuIMOHAJILHOIO ITPOCTUPAHUS,
oTJlaraBIlIelics 10XKHee KOHEYHOI MOpeHHI (CM.
puc. 4, a, IX), octaétcs HescHbIM. ITo cBoeMy Me-
CTOITOJIOXKEHUIO U MOP(OJIOrMIecKOMY OOJIMKY OHa
MOX0Xa Ha OOKOBYIO OKPAaMHHYIO MOPEHY, KOTOpast
copmupoBanach Ha TpaHUIIE JISAHUKOBOTO ITOTOKA,
HaJIeraloliero Ha JHO, M OTKPBITOro Mopsi. Eciiu ato
MPEATOJIOXKEHE IIPAaBMILHOE, TO B IIEPHO, XOJIOTHO-
ro peBepca HacTyllaHue JieAHUKA Ha (DJIaHTe TOJIMHBI
CurHio ObIJIO IBYKPAaTHBIM M MIPUBEJIO K HaKOILIE-
HUIO OOKOBOI M KOHEYHOU MopeH. OKoHYaTe b-
HOEe OTCTYITaHUE JIeMHUKa (JIMHUM €TO HajleTaHus Ha
MOPCKO€ THO) MPOU3011LI0 0KOJ1o 11,7 ThIC. 1.H. [12].

3ak/oueHune

AHaIN3 CEMCMUYECKUX Pa3pe3oB U DATUMETPU-
YeCKMX JAHHBIX, MOJIyUYCHHBIX B Pe3yJIbTaTe UCCIIe-
JIOBAaHWI ¢ MHOTOJIYYEBBIM 3XOJIOTOM, TTO3BOJIVII
YCTAaHOBUTH BaXKHbBIE DJIEMEHTHI peibeda MOPCKOTO
nHa Ha wmeabde KOxHo-OpKHeNHCKOoro MmiaTo, CBsI-
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3aHHBIE C JICTHUKOBO ACSATEIbHOCTHIO — HACTYIIA-
HHEM JICTHUKOBOTO ITOKPOBa Ha IIeJb( B IIEPUOI
JIETHUKOBBIX MAaKCMMYMOB ILICICTOLIEHA W €TO MO-
ClIeayIolIeM OTCTyIIaHKEM B KOHIIE IJICHCTOIICHA.
MaxkcuManbHOe pacIIpoCcTpaHeHME JIbIa MapKUpy-
eTCS HeIPEPBIBHOM MOPEHHOM TpsAmoit (KOHEYHOU
MOPEHOIA), pacIIONI0XEeHHOI BIOJIb CPEIHETO IIIe/Ib-
da HxnHo-OpKHEIICKOro mjaaTo Mexmny n3obarTa-
mu 300 m 400 M 1 oOpa3oBaBIIeiiCS B 30HE HaJleTa-
HUS JIETHAKA Ha MOPCKOE THO IPEUMYIIECTBEHHO
B IEpUOI ITOCIEOHErO JISMTHUKOBOIO MaKCHUMYyMa.
B pesynbraTe mHTEpIIpeTalny CECMUYECKIX TaH-
HBIX BIIEPBBIC yIAJI0Ch YCTAHOBUTH CaMYIO yIOaI&H-
Hy!0 OT HOxHO0-OpKHENCKUX OCTPOBOB MOPEHHYIO
rpsany (IMCTaIbHYIO KOHEUYHYI0 MOPEHY) BBEICOTO
30—40 M, KoTOpas pacmoyioXKeHa Ha BHEIITHEI 9acTh
menabda, MMeeT TIPOTIKEHHOCTL oKojio 100 kM n
MoTJIa 00pa30BaThCs B ONMH U3 IIEPUOIOB OJieae-
HEHUSI, MIPEINIeCTBYIONINI ITOCIeIHEMY JIETHUKO-
BOMY MakcuMyMy. B KoHIIe TjIeiicTorieHa, He 03I~
Hee 16,7 THIC. JIeT Ha3al, HA4ajJ0Ch HEPAaBHOMEPHOE
OTCTyIIAaHUE JIEAHUKA, COIPOBOXKIABIIEECS IIepu-
oIaMHU CTaOMIM3allUM JUHUU €T0 HaJleraHus 1 00-
pa3oBaHMEM MOPEHHBIX IPSII U KJIMHBEB B 30HE Ha-
JleTaHUsI OBICTPOTEKYIINX BHIBOAHBIX JICTHUKOB B
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JISAHUKOBBIX AojinHax. [locie mernsuuanuy mesib-
(a, B mepron AHTAPKTUYECKOTO XOJIOTHOIO PeBep-
ca (14,7—13 TBIC. JI.H.) TIPOU3OIIJIO HACTyNIaHWE
JIC[IHUKA, KOTOPbIi chOpMUPOBAIl KOHEUHYIO MOpE-
HY Ha BOCTOYHOM (hjiaHre JoJuHbI CUTHIO.

baaromapuoctu. I1onesbie padoThl Ha 1menbhe KOx-
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Summary

Antarctica was discovered by the First Russian Antarctic expedition in 1820. Subsequent studies were mainly
descriptive in nature, and measurements were few in number. Only from the end of the 19" century systematic
scientific observations were started in Antarctica. The first stage of studying the continent was completed in the
middle of the 20 century, when the coastline was completely mapped and inland studies were carried on. The
First International Geophysical Year (1957-1958) marked the beginning of systematic geophysical researches in
Antarctica. Russia (USSR) took an active part in the work, opening Mirny and Pionerskaya stations in 1956. At
the same time, seismic sounding, first conducted by the R. Byrd's expedition in 1933-1935, began to be carried
out in Antarctica. In the first two decades after the International Geophysical Year, international scientific com-
munities carried out the first comprehensive multidisciplinary research; a network of permanent year-round sci-
entific stations was created, and a new method of radar sounding was introduced into the practice of work. The
results of this stage are presented in the two-volume Atlas of Antarctica, published in the USSR. In the 1970s and
90s, most of the continent was covered by complex airborne geophysical surveys. The huge amount of accumu-
lated data has been combined for generalization them into a single database within the framework of the Inter-
national Bedmap project. Recent studies are mainly focused in unexplored areas of Antarctica, which by now are
actually absent. Further accumulation of data promoted the two subsequent generations of the Bedmap project -
Bedmap2 and Bedmap3. The use of GPR methods since the late 1990s has allowed us to study the structure of the
snow-firn thickness at a new scientific and technical level, as well as to perform important engineering surveys
aimed at ensuring the safety of transport operations in Antarctica. Currently, Russian research is focused on the
study of the subglacial Lake Vostok and airborne geophysical works in the sector of 60°-100° E.
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Kinrouessie cnosa: AHmapkmuda, paduosnokayuoHHble 30HOUPOBAHUS, celicMuyecKue 30HOUPOBAHUS, UCMOPUSA AHMAPKMUYecKux
uccned08aHull, wecme decamusiemuti aHMApKMuYecKux uccaed08aHull.

MpencTaBneH 0630p OTeUECTBEHHbIX U 3aPYOEXKHbIX PaLMONOKALMOHHDBIX, reopajapHbIXx U cencMmuye-
CKUX UCCNeaoBaHnin B AHTapKTUZe 3a nepuog C cepeputbl XX B. MO HacTosuee Bpems. B paboTy BKito-
YEH HebosbloWN 0630p Gonee paHHUX SKCNeAULMOHHbIX paboT. OTaeNbHO pPaccMaTPUBaOTCS BOMPOChI
nccnefoBaHNUii NOANEAHNKOBOIO 03epa BocTok v onepaummn «diimepu». NpUBOaATCS CXeMbl N3YyYEHHO-
CTW, JAéTCA XapaKTePUCTUKA CENCMMYECKOW 1N PAAMOIIOKALMOHHOW annapaTypbl, a Tak»Ke reofesnyeckmx
NprbOPOB, NCNOMNb3yeMbIX AN MNIAHOBO-BbICOTHOW NPUBA3KN OTEUECTBEHHbIX PAabOT.

BBenenue AnTtapkTtuge. Jpyrue reopusndeckre METOIbI YIIO-

MMHAIOTCS TOJIBKO B KOHTEKCTE COBMECTHOM PabOThI

Hactosmas cratbst — 3TO 0030p OMyOJMKO- ¢ yKazaHHbIMU. O030p OXBaThIBAeT MEePUOJ C cepe-
BaHHBIX OTEUECTBEHHBIX U 3apyO0EXHbBIX paauo- IWHBI XX B., T.e. ¢ HayaJla IUNITAHOMEPHOTO U3yYeHUS
JIOKAIIMOHHBIX M CEMCMUYECKUX UCCIeA0BAaHUI B KOHTUMHEHTA, IT0 HacTosee BpeMs. KpaTko onuchl-
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BaeTCs U IMPEIIICCTBYIOLINI ITIEPUOL UCCISIOBAHUIA.
00630p MpeacTaBicH B XPOHOJIOTMYECKOM ITOPSIAKE C
pasmejieHHeM Ha 3Tallbl paboT ¢ Y4ETOM JIOTMKU KX
npoBeneHus. ONUCcaHKsST COITPOBOXKIAIOTCS CXeMa-
MU PaACIIOJIOKEHUSI ChEMOK U (poTorpadusMu, M-
JIIOCTPUPYIOLIMMU IIPOLIECC BHIITOJHEHUST paboT U
HCIOJIb3YEMYIO TeXHUKY. [IpUBOASATCS TaKXKe TEXHU -
YyeCcKUe XapaKTepUCTUKH pubopos. Kpome pamuo-
JIOKALIMOHHBIX U CEMCMUYECKUX MCCIIeTOBAaHUI, B
CTaThe €CTh pa3zien Imo reopaguonokauuu. [pema-
raemasl CTaThsl MPEACTABISICT COOOM PaCIIMPEHHbIIA
JOKJIAI aBTopa, cae/laHHbIi B PycckoM reorpacduue-
ckoMm obmecTse B 2020 1. Ha 3aceTaHNM, TIOCBITIIEH-
HOoM 200-71eTII0 OTKPBITUS AHTAPKTUILI.

IIpenucnosue

IllecToif KOHTUHEHT, CKPBITHIA BO Jbaax FOx-
HOM MOJISIPHOM 00JIaCTH, OBLI OTKPBIT MOPSIKAMU
poccuiickoro ¢yota. DTo cOOBITHE OBIIO 1IEJbIO,
CMBICJIOM U TJIaBHBIM mocTizkeHneM [lepBoit Pyc-
CKOI aHTapKTUYECKOM 3KCIIEAUIINU, KOTopas Ha
nutorax «BocTok», mom KoMaHIOBaHUEM KamuTa-
Ha 2-to paHra @. . beaaunceayszena, n «MUPHBIit»,
noa KoMaHaoBaHueM jeiteHanTa M.I1. Jlazapesa
28 ausaps (16 ausaps 1o ctapomy crutio) 1820 r.,
nogomnuia K 6eperam AHTapkTunsl [1, 2]. OngHako
M3y4aTh 3TOT MaTePUK B COBPEMEHHOM ITOHMMa-
HUM HavaJIu TOJIBKO CIIYCTsI IIOJITOpA BeKa B paMKax
MexnyHapoaHoro reogusndeckoro roga (1957—
1958 1T.), KOTIa TeXHUYECKUI IIPOrpecc MO3BOIMI
MIPOBOAUTH HayYHBIE UCCICAOBAHUSI B CIOXHBIX
KIIMMaTUYECKNX YCIOBUSIX.

Ycnexu B 0CBOCHUM AHTapKTHUIBI CBSI3aHBI C
apuauueit. IlepBrlid moJ€T 6paTheB PailT cocTosii-
cs B 1903 1. B nonmuae Kurtu-Xoyk (CeBepHas Ka-
ponuna, CIIIA), a mepen [lepBoit MUpOBOIT BOIHOIT
caMOJIETHI HAYaJId UCIIOJb30BaTh JOCTATOUYHO IIIK-
poko. B 1914 r. 4u Haeypckuii cCOBEpIINI IEPBBIi
MOJIET B ApPKTHKE, J0Ka3aB BO3MOXHOCTh UCITOJIb-
30BaHUS aBHALIUM B IMOJISIPHBIX pernoHax. Ilocie
BOUHBI, B cepeanHe 1920-x romos, bopuc Yyx-
HOGCKUIl COBEpIIajl HEOOHOKPATHBIC ITOJIETH Hal
HoBoit 3emieit, bapentieBeiM 1 Kapcknm Mopsimn.
Ycnex u TOCTHKEeHMS B IIPUMEHEHUU CaMOJIETOB
IUIST IICCIIeAOBaHMsI APKTHKY IIPUBENIH K UX UCTIOJIb-
3oBaHMIo 1 B KOXHOIT TToNIspHOIT obmactr. B 1928 .
X. Yuakuuc opraHN30BaJI ¥ BO3IJIABIJI IIEPBYIO aBHA-
LUOHHYI0 3Kcneaunuio. OHa IOJIy9njia Ha3BaHHE

AHTapKTHYecKas 3KCreanums YuikuHca—Xepcra
U BBITTOJIHSIIACh HA ABYX camonéTrax Jlokxun Bera Ha
3emne I'peitamMa (AHTApKTUYECKUIA MTOJYOCTPOB).
[lepBElii B MCTOPUM TOJNET HAM IIECTHIM KOHTHUHEH -
TOM coctostics 16 HostOpst 1928 r. C aT0oro BpeMeHuU
B AHTapKTHKe HaydaJicsl BeK aBuauuu. BaxHbie pe-
3yJbTAThl BKCIIEAULIMU — adPOPOTOCHEMKA U adPO-
BU3yaJIbHBIE HAOJIOAEHUS B XO/¢ ITOJIETOB B INIyOb
nosayoctpona [3, 4]. B aT0 Xe BpeMsl KanutaH 3-ro
panra P. bspd, BocaeaCTBUM KOHTP-aaAMUpaJl, BO3-
[JIABWJI CBOIO TIEPBYIO SKCIEAUINIO B AHTAPKTUKY
(1928—1930 rr.) B paiton mopst Pocca. Mcrnonb3o-
BaHME aBMALlUU ITO3BOJIMJIO CPa3y MOJYYUTh 3HA-
YUMBIE pe3yJbTaThl. «Bceeo 3a Heckoabko uacos, —
Myrcajl OH B CBO€U KHUTE, — Obliu obcaedosanst 1200
K8aO0pamHubIX MUAb HEU38ECIH020 NPOCMPancmea» |5].
B 510 ke Bpemst ObIJT COBEPILEH IePBLINA B UCTOPUU
noy€t Ha FOxHbIi mostoc.

Bropoii MexayHapoaHblii MOJASPHBIA IO
(1932/33 r.) OTKPBIT HOBBII 3Tamn U3y4eHUs1 AHTapK-
tuku. OH IpeaycMaTpUBall IUPOKUIA KOMILJIEKC
COTJIAaCOBAHHBIX HaYYHBIX MEPONPUATUIL B 00eUX
MTOJISIPHBIX 00JIACTSX [IJIsI TOHUMAaHUS IIPUPOIHBIX
MIPOLIECCOB, IMIPOUCXOASIINX Ha HaIllel IJIaHETe.
Bonblioe BHUMaHMe yaOEIsIOCh COBEPIIIEHCTBOBA-
HUIO METOIMKHM BBITTOJTHEHUSI MCCIIEAOBaHMI, pa3-
paboTKe HOBOro 000pyI0BaHUs U 00eCIICYEHHIO T10-
JISPHBIX CTAHLIMI. BBUT IPUHST reHepallbHBIN TIaH
pa3MelleHusI CeTU HaOMIOIeHU MO CeKTopaM —
30HaM OTBETCTBEHHOCTH CTPAaH-YyYaCTHUII 3TOrO Ha-
yyHoro opyma. COTpyaHUKM OPraHM30BAaHHOTO B
1920 r. Bcecoro3HOro apKTUYECKOro MHCTUTYTA (C
1939 r. AAHUMWN) P.JI. Camotinosuu, M.M. Epmona-
ee 1 A.D. Jlakmuornos OATOTOBUIIN TIpoeKT IlepBoit
CoBeTCcKOI aHTapKTUUECKOI 3KCITeIULINN, KOTO-
pasi, K COXaJIeHUIO, He cocTosutach [6].

B moBoeHHBIN mepuoa caMbIMU KPYITHBIMU
cTajli Hay4uyHble akcneauuuu P. bapoa B mope Pocca
u Ha 3emmo Mapu bapa B 1933—1941 rr. B 1934 r.
B HUX, KPOME CaMOJIETOB, BIIEPBbIE MCITOJIb30Ba-
JINCh BE3IEeXOIbl ST UCCIACHOBAHNI BHYTPEHHUX
pailioHoB KoHTUHeHTa [7]. B akcneauuuu 1933—
1935 rr. BoepBble B AHTaApKTUAE ObILT MPUMEHEH
HOBBII ceiicMuyeckuit Mmeton. Mnues ucnonb3oBa-
HUSI aKyCTUYECKUX BOJIH IJI U3YYESHUST TIPUPO/I-
HBIX cpel nosiBuaach B KoHLe XIX B., HO TOJILKO B
1917 1. P. @eccenden TIOMYINI TIATEHT HA IIPUMEHE-
HUE 3TOro MeToja sl pa3BeJOUHbIX padboT. Takum
obpasom, ¢ 1920-x ronoB ceiicMopa3BeaKa Havajia
AKTUBHO MCIIOJIb30BaThCI CHA4aja JJIsI BBISIBJICHUS
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He(Tera3oHOCHBIX 00IacTell, a ITOTOM M IJIST pelie-
HUS 6oJiee IMMPOKOTo KpyTa 3amad [8]. O6cyxmas eé
MOCTOMHCTBA MPUMEHUTEILHO K AHTApKTHIE, UC-
CJIeI0BaTeIN YKa3bIBaIM, UTO «...celicMu4ecKue us-
Meperus ueavgosoeo nednuxka Pocca npedocmasunu
nepeyr peanbHyr UHGOPMAUUI0 0 e20 MOAUUHe, MO~
wuHe 105 600bl OO NAAsy4eil 4acmoio, peavege OHa
no0o 1b0oM, HaAUMUU KPYIHBIX MOPEH U peabege noo-
A€0H0I nosepxnocmu» [9]. CelicMopasBenKa II0IoJI-
HUJIa apceHall Teo(U3NIECKIX METOIOB U3YUeHUS
AHTapKTUIBI, HO IIAPOKOE BHEIPEHNE B IPAKTUKY
MOJIEBBIX pabOT OHA IOJIYYMJIA TOJBKO CITYCTSI 9eT-
BEPTh ACCATUICTUS.

WccnenoBanuss AHTapKTUKM BO BpeMsi BTopoit
MUPOBOI BOMHBI OBUIM IIPHMOCTAHOBIICHBI, OTHAKO
yxe B 1946 r. ux Bo3ooHoBwIn. Ho emé B 1945 r.
B nokuane nupekropa AAHWUWN, B.X. byiinuyxo-
20, TIOCBSIIIEHHOTO 25-JIETUIO CO3MaHUSI MHCTUTY-
Ta, OBLIO MPEII0XKEHO OPTaHM30BaTh Ha IT00epeKbe
AHTapKTuIbl reou3nueckyo odoceppatopuio. B
3TO BpeMsl pa3InyHble MUHUCTEPCTBA U BEIOMCTBA
CCCP cTanu mposgBASITh MOBBIIIIEHHBI MHTEpPEC
K IOxHoIt TTosipHOIT 001aCcTH, a B KOHIIE HOSIOpSI
1946 r. B AHTapKTUKY ObUIM HaIlpaBJIEHbI CyIa CO-
BETCKOM KUTOOOITHOM (hnotmmu «CiaBa». C 1947 1.
B €€ cocTaB ObUIa BKJIIOYEHA Hay4YHas rpymnima [6].

HavanbHblii 3Tan NJIaAHOMEPHBIX re0(U3nIeCcKux
uccaeaosanmii: 1950—1970 roaw

C HavajaoM mepBoro MexmyHapogHOTO reodu-
3uueckoro roma (MI'T, 1957—1958 rr.) 3aBepimi-
CsI BaXXHBIN 3Tall aHTaPKTUUCCKUX UCCIEeIOBAaHNA,
KOTOPBIH ITpomosrkajcs 6ojee 100 1eT 1 HOCHIT BBI-
paxXeHHYI0 TeorpaUIeCcKyr HalpaBJIeHHOCTD.
Hecmotpst Ha To, 4TO 3a 3TO BpeMsl ObLI MPOBEAEH
0O0JBIION 00BEM OKeaHOTpapMIESCKIX U METEOPO-
JIOTUIECKMX M3MEPEHUIA, a TaKKe IPYTUX HayUHBIX
paboT, 3HaHUSI 0 KOHTUHEHTE HOCUJIN OTPHIBOUHBII
U omucaTeNIbHbIN XapakTep. Hanbonee 3HaumMBbIC
TOCTIVKEHUSI 9TOTO 3Tala — OIlpeAe/ieHe KOHTYPOB
HOBOT'O KOHTUHEHTA, HAHECEHME Ha KapTy KPYITHBIX
JICTHUKOB M TOPHBIX MAaCCHBOB, a TAKXKe CO3IaHIe
CHUCTEMBI TeorpadnIecKrX Ha3BaHUIA 3eMellb, Oepe-
TOB, MOpPell U 1pyrux 06bekToB. C OHON CTOPOHBI,
TeXHUYECKNE BO3MOXHOCTH TOTO BPEMEHU HE I10-
3BOJISUIM JOCTAYD OOJIBIIETO, a C APYIOil — 3TO JIO-
TUYHBIA ¥ IPUHATHIN B HayKe CIIOCO0 ITO3HAHUS
OKpY>KaIOIIeTo MUpa.

B nmanbpHeiieM Havanoch aKTUBHOE U3YYeHUE
AHTtapktunbl. IIpexae Bcero — ucciaeaoBaHue eé
MOMJIEMHOTO pelibeda U oIpeneacHUe MOITHOCTH
JIETHUKOBOIO TIOKpOBa. DTU 3HAHMSI KpaliHE He00-
XOIVMBI TSI CMEXKHBIX 00JIacTell HAyKU U CITyKaT OC-
HOBOI1 1JIs1 OOJIBILIMHCTBA MccienoBanuii. Tak, Kapra
MOIJIEMHOIO pelibepa — OCHOBA IJISI COCTABJIEHUS
CTPYKTYPHO-TEKTOHMYECKUX CXEM U TeOMOPdOJIOTH-
YECKUX KapT, a CXeMa MOILHOCTH JIEAHUKA — OCHOBA
LIISILIMOJIOTMYECKHUX MOCTPOSCHUI U Pa3IMYHBIX pe-
KOHCTPYKIIWIA, BKJIIOUasi KIMMaTHUECKHUE.

Omeuecmeennbie uccaedosanus. Borpoc o6 op-
ranuzanuu MI'T kak Hayaja cleayrollero ararna uc-
clieqoBaHui oocyxaasncs eé B Hayaue 1950-x ronos.
Bru1o pemieHo npoBecTu ero B epuon 1957—1958 rr.
B nporpamme, yTBepKAEHHON HAa KOH(MEPEHLIMH CIie-
uuanbHoro komutera MI'T, koTopast cocTosiiach B
Pume B 1954 r., noguépkuBajiach He0OOXOAUMOCTh
0CO0EHHO MHTEHCUBHOI'O M3YYeHUST AHTApKTUKM.
Ha Bropoii aHTapkTHuueckoii KoHdepeHIuu, KO-
Topas nmpoxoauia B bpioccene B 1955 r., coBeTckast
Jeseranust oObsIBUJIA O TUIAHAX CTPOUTEIILCTBA TIep-
BbiX cTaHLuii CCCP Ha mobGepekbe MHI0-OKeaH-
cKoro cekTopa, mexay 85° u 105° B.A., Ha reomar-
HUTHOM TOJII0Ce U ToJtoce HegoctynHocTu [10].
B miane noarorosku Kk MI'T Haleii ctpaHoii Oblia
opraHu3oBaHa [lepBast KOMIUIEKCHasI aHTapKTUYe-
ckas akcrnenuuus non pykosoactsoM M. M. Como-
6a, B pesyabrate KoTopoii 13 despass 1956 r. Oblia
OCHOBaHa TiepBast OTeUeCTBeHHasH CTaHIsI MUpHbIi
(puc. 1, a), a yxe 2 anpesiss BO BHyTpeHHUE paiiOHbI
KOHTWMHEHTA BBIIIE ITEPBBI OTEeYSCTBEHHBINM caH-
HO-TYCEeHWYHBIN Toxox (cM. puc. 1, 6). Ero 3agava
COCTOSIJIa B OpraHU3aly BHYTPUKOHTUHEHTAJIBHOM
cranuu I[InoHepckasi, Kotopast 1 OblJla OTKpPbITa
27 mas toro ke roga B 370 KM OT cTaHLIMU MUPHBI
(cMm. puc. 1, 6). B atom noxoae reopusuk A.11. Ka-
nuya BEITOMHUI 11 ceiicMO30HIUPOBAHUIA METOIOM
oTpaxEéHHbIX BoJH (MOB), nonyuyuB Takum odpa-
30M IIEpPBOE IPeICTaBIeHUE O MOITHOCTH JIeIHUKA 1
noIEAHOM penbede Baaau ot nodepexbs [11]. On-
HOBPEMEHHO C CEICMMYECKNM 30HANPOBAHUSIM BbI-
MTOJIHSUIMCH TPaBUMETPUUYCCKIE U3MEPEHUSI, TaKKe
MMO3BOJISIONINE OLIEHUTh MOIIHOCTD JIEAHUKOBOTO
IMOKPOBa. DTO ObLI MEPBBIl OTEUECTBEHHBIM OIBIT
MOJOOHBIX pabOT BO BHYTPEHHUX paiioHax AHTapK-
TUIBI HA JIEAHUKE 3HAYUTEIbHOM MOITHOCTHU IIPU UC-
KJTFOUMTEJIbHO HU3KUX TeMITepaTypax.

B 1956—1970 rr. ceiicMuYecKre U TpaBUMETPUYE-
CKUE MCCIeAOBaHMS IPOBOIMIIN Ha 3araagHoM IIeIb-
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(oBoM nemHMKe, mIeah(hOBOM JeqHUKe Jla3apesa, B paii-
OHe cTaHuMu MupHbIid 1 B oasuce [llupmaxepa [14—17].
OpnHako OCHOBHBIE M HamOoJiee 3HaUMMBble paOOThI BbI-
TIOJTHSUTA B CAHHO-TYCEHUYHBIX IT0XO0IaX, reorpadus Ko-
TOPBIX HEYKJIIOHHO pacilypsiiack. BMecte ¢ HMMU mcciie-
JTOBATeJIM MOJTyYald HOBBIE JaHHbBIE O TTO/UIEMHOM peJibedhe
AnTapktuabl. Bo Bpemst BTOpoil aKcreauliuu B AeKadpe
1957 r. Ha FOxHOM reoMarHMTHOM MOJItOCe ObLIa OTKPhITA
ctanuys Boctok. B cienyroiiem romy — rnoxon Ha Ilostoc
HEIOCTYITHOCTH, B PE3yJIbTaTe KOTOPOTO ObUIM OTKPHI-
THI TOpbI 'aMOyplieBa, camast OOIIMpHAsI TOpHasl CTpaHa,
CKpbITasl MOJl aHTAPKTUYECKUM JIETHUKOM. E€ uzyueHue
MPOAOJIKMIOCH B 11ecToi akcneaumu (1960—1962 rr.)
BBIMOJIHEHVEM Teou3ndeckoro npodus ctaHuus Kom-
coMoJibcKast — cTaHuus Boctok — cranimst CoBeTcKasi —
cranuyst Komcomonbckas [18, 19], a 3aTem, B Xxone paboT
12-i1 CAD (1966—1968 rr.) no mapipyty craniust MoJio-
nexHast — [lomoc HemocTynmHocTH — cTaHuus HoBota-
3apeBckas [20—22]. B 1958—1960 rr. 6bu1 opraHn30BaH
noxon Ha KOxwubIi TToroc. Bee mmoxomsr commpoBokaa-
JIUCh BBITTOJTHEHUEM CEMCMUYECKUX 30HAMPOBAHUM
MOB nng omnpeneneHus MOITHOCTU JISAHUKA U BBICOT
nomnémHoro penbeda [17, 19, 22]. IlomoxeHune Mapii-
PYTOB CAHHO-TYCEHWYHBIX ITOXO/IOB ITOKa3aHO Ha puc. 2.

CeticMuueckue paboThI, KaK TPaBUJIO, BBITIOJIHS -
JIX C UCIIOJIb30BaHWEM 24-KaHAJbHOI CeCMOCTaHIINHI
TICC-24, nng npuéma UCIOJb30BAIUCH cericMorpadbl
CIIM-16, muraHoBbIe KOOPAMHATHI OMPEIEISIIA aCTPO-
HOMMYECKUM cItocoboM (MeTtomoM CoMHepa), a BBICO-
Ty — MeTofoM OapoHuBenrpoBaHus [23]. Bo3oyxaeHue
BOJIH IPOM3BOIMIM B CKBaXKMHAX Pa3IMYHOMN TJTyOMHBI
(xak mpaBuio, 30—50 M) 3apsimaMy TPUHUTPOTOJIYOJIa
(THT) maccoit no 5 xr. CeiicMmuueckue HaOM0IeHUS
COTIPOBOXIAIUCH TpaBUMeTpudYeckumu [21, 24—27].
IToMrMO JTOTMCTHYECKUX 3a1a4, LIEIb IIOXOIO0B COCTOS -
JIa B BBISIBJICHUM KPYIHBIX YePT CTPOCHUSI KOHTUHEHTA.

Puc. 1. I1epBbie oTeuecTBeHHbIE aHTAPKTUYECKUE SKCITCANIINN.
OTKpbITUE CTaHIUMM MUpPHBIA (a), epBblli CAHHO-TYCEHUYHBII
MOXO[I, BBIIIEAIINI B ITyOb AHTapKTUABI (0), cTaHlus [TuoHep-
ckast, 1956 r. (¢) u nepenBuxXHas reobusndeckas 1adbopaTopus ¢
aHTeHHaMu JJokaTopa TFOMC-1M4, 1966 1. (2).

a — obj0xKa XypHaia «OroHék», mwoiab 1956 r., Ne 28; 6 — dorto
JI.A. JoarymuHa u3 GpoHa0B My3est APKTUKM U AHTApKTUKU; 6 —
3alMCTBOBAHO 13 paboThI [12]; 2 — 3aMMCcTBOBaHO U3 padoThI [13]
Fig. 1. The firsts Soviet Antarctic expeditions.

Establishing of Mirny Station (a), the first scientific traverse to the
Antarctic inland (6), Pionerskaya Station at 1956 (¢), mobile geo-
physical laboratory with ice radar Guis-1M4 antennas, 1966 (e).

a — cover of Ogonek journal, July 1956, Ne 28; 6 — photo by L. Dol-
gushin from the collection of Arctic and Antarctic Museum; ¢ —
photo from [12]; ¢ — photo from [13]
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Puc. 2. CxeMa pacnosioxeHuss MapLIPyTOB CAHHO-TYCEHUYHbIX MToxoa0B 1951—1970 rr.

Mapmpytsl akcneauumii: / — CCCP; 2 — CIIA; 3 — Asctpanuu; 4 — Slnoncko-1lIBenckue; 5 — benbruu; 6 — ®@panuuu; 7 —
Hopsexcko-bpurancko-IlIBenckoii; § — BpuraHckoro coapyxecrna

Fig. 2. Location scheme of the scientific traverses of 1951—1970.

Expeditions by: 1 — USSR; 2 — US; 3 — Australia; 4 — Japan-Sweden; 5 — Belgium; 6 — France; 7 — Norway-British-Sweden; § —

The British Commonwealth

OTMETUM, YTO B 3TOT MEPHOJ BBHITOTHSIIA BaXkK-
HbIe METOAMYEeCKUEe PabOThl, HAIlpaBJICHHBIC Ha
yAy4dllleHe KayecTBa MOJy4aeMbIX CEMCMMIECKUX
JAHHBIX ¥ CKOPOCTHBIX ITApaMETPOB JICITOBO TOJIIIIN.
TTonyyeHHBI OMBIT U3JIOKEH B psiae padot [20, 21,
28], a Takxxe 00001IEH B (pyHIAMEHTAJILHON MO-
Horpaduu [29]. YcraHoBIeHO, UTO HauboIee Ka-
YECTBEHHBIC TaHHBIC MOTYT OBITh IOJIyUYEHBI ITYTEM
BO30YX/ICeHUS BOJH B CKBaXXUHaX, MPOOYPEHHBIX
HIXe CHEeXHO-(QUPHOBOM Toamu. B paiioHe craH-
uuu [MroHepckoii Bo30yXIeHe BOJIH Ha MOBEPX-
HOCTU WJIM Ha MaJIoil T1yOMHe He TIPUBEJIO K 10-
JIYYEHUIO YIOBIETBOPUTENbHBIX pe3yabTaToB [27].
BaxHoe nocTuxkeHUe 3TOro 3Tama — Co3JaHue U
BHEIPEHUE B IIPAKTUKY OTEYCCTBEHHBIX aHTAPKTUYC-
CKUX UCCIIeI0BaHUI HOBOTO re0(U3NUECKOTO METO-
Ja paduosokauuonHvix 30H0uposanui. B padote [30]
MPUBOIUTCS MHTEPECHBIN (DaKT, YTO BOZHUK OH B
pe3yJbTaTe OBTOPEHUS KaK HE3HAYUTE/IbHBIX aBUa-

LIMOHHBIX MPOUCIIECTBUI, TaK U aBUaKaTacTpod.
B 1950-x romax moka3zaHMUsI paalOBBICOTOMEPOB,
HMCIOJIb3YEeMBbIX BO BpeMs MOJETOB Hall JeIHUKa-
MU, OBIJIM XaOTUYHBIMU. Ternepb MOHSITHO, UTO 3TO
00BSICHSIETCS TIOUYTH ITOJTHON MPO3PaYHOCThHIO JIeII-
HUKOBOTIO IOKPOBA JJIs1 3JIEKTPOMAarHUTHBIX BOJIH.
[ToaTOoMy 1 TpUOOPHI YACTO PETUCTPUPOBAIIN MO -
JNIEAHYIO TTOBEPXHOCTh WM KaKOW-TO CJI0OU B Jiel-
HUKE, a He IMMOBEPXHOCTD JienHUKa. CUUTHIBasI He-
MpaBUJIbHYIO BBICOTY, IMUJIOTHI MHOTAA COBEpIIaIn
OIIMOKM MPU CHUKEHUU U B pe3yJbTaTe TepHean
KpylieHus. AHaJIU3 MOAOOHBIX CIy4aeB U MPUBET K
MOSIBJICHUIO HOBOTO reo(du3nYeCcKOoro MeToa.
IlepBBie OTEeYEeCTBEHHBIE OMBITHO-METOAUYE-
cKMe paOoThl MO BHEAPEHUIO PaaroJ0KaIIMOHHOTO
MeTolla ObLIM BBIMIOJIHEHBI HAa CTaHIIUU MUPHBIN B
(despane 1964 . (9-9 CAD) coTpyaHUKaMU OTAEIIA
¢u3uKy Jp1a U OKeaHa APKTUYECKOTO U AHTApKTH -
YeCKOIro HayYHO-HUCCIeI0BaTEIbCKOTO MHCTUTYTA
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(AAHHHN) [31]. OHM mpOBOOMINCH HA JOCTATOYHO
MOIIIHOM JIETHUKE B paiioHe 32-ro KIJIOMETpa TpacChl
«MupHhsiii — BocTok». MccnemoBaHusT BBIITOIHSUIN
IITATHBIM BOEHHO-MOpcKuM pagapom ['TONC-1M4
(cMm. puc. 1, ¢). Yepe3 nBa roma ObLIM IIPOBEACHEI
OIBITHO-METOMYECKHE paboThl ¢ OopTa caMojETa
Wn-14. D10 ObIT NCKITIOUNTEITBHO BAXKHBIN 3TAlT, TaK

KakK yCIIeX UX IIPOBeIeHUsI 00eCIIeUlI MOSIBJICHUE Lie-
JIOTO HampapJeHUs MPUKJIAAHBIX U (yHIaMEeHTalb-
HBIX UCCIICIOBAHUI — aspopaduosokayuiu, a BCKOpe, B
despane 1968 r., corpynnukamu AAHWUUW Ha 3emie
DHaepbu Obljla BHIITOJHEHA IepBasl OTeYeCTBEHHAS
TJIOIIAHAST a3POPATMOIOKAIIMOHHAS ChEMKA C MEX-
MapIIPYTHBIM paccTosTHUEM okojio 50 kM (puc. 3).
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Puc. 3. OtedecTBeHHBIE CEICMUUECKIE U PAINOJIOKALIMOHHBIC UCCIICAOBAHNS B AHTapKTHIC.

1 — asporeodmznieckrie MapIIpyThl; 2 — Ha3eMHbIE PAIMOIOKAITMOHHBIE MapPIIPYTHI; 3 — MYHKTHI CEMCMUYECKUX 30HIMPOBAHMIA
MOB; 4 — pailoHBI AeTATBHBIX HA3eMHBIX PATUOTOKAIIMOHHBIX Pab0T; 5 — pailoH NeTATbHBIX HA3eMHBIX CEICMOPaTOIOKAIIMOHHBIX
paboT; 6 — BBIXOIBI TOPHBIX TTOPOJT HA TIOBEPXHOCTH JISTHNKA, 110 [33]; 7 — momienHnKoBoe 03epo Boctok; & — GeperoBast TMHUS U M-
HUSI HAJIeTAHUS TeJTh(OBBIX JISTHUKOB, TI0 [33]; 9 — M30TUTICHI BBICOT THEBHOM MIOBEPXHOCTHU B MeTpax; cedeHue nzorutc 500 m.
BykBennsbie cokpatenusi: AIS — menbdoBeiil nenuuk Ditmepu, AP — AntapkTudeckuit momyoctpos, CL — 3emna Kotca, DA —

kymon Apryc, DF — kynon ®ymxu, DML — 3emist Koponesst M

on, DS — mope [IsitBuca, EL — 3emnsa Dunep6u, FRIS — menb-

dosewrit teqnuk Ouibxaepa—Ponne, KGI — o. Kunr-Ixopmx (Barepnoo), MRL — 3emnsa Maxk-Po6eptcona, PB — 3anus
[pronc, PCM — ropsr [Tpunc-Yapis3, PEL — 3emusa [punneccst Enmuzasets, PM — ropwr [lencakona, PMC — beper [TpuH-
eccol Maptel, RB — Jlemopasnen B, SRM — ropst Cép—Ponnane, TAM — TpaHcaHTapkTHdeckue ropsl, VSL — momie THUKOBoe

o3epo Boctox, WS — mope Yamnenna, YM — ropsr SImato

Fig. 3. Russian (Soviet) reflection seismic and radio—echo sounding research in Antarctica.

1 — airborne radio-echo sounding; 2 — ground—based radio—echo sounding; 3 — reflection seismic soundings; 4 — area of ground-
based radio-cho sounding survey; 5 — area of ground-based radio-echo sounding and reflection seismic survey; 6 — outcrops
on [33]; 7— subglacial Lake Vostok; § — ice front on [33]; 9 — ice surface contours in meters; contour interval is 500 m.

Abbreviations: AIS — Amery Ice Shelf, AP — Antarctic Peninsu
DML — Dronning Maud Land, DS — Davis Sea, EL — Enderby

la, CL — Cotes Land, DA — Dome Argus, DF — Dome Fuji,
Land, FRIS — Filchner—Ronne Ice Shelf, KGI — King George

(Waterloo) Island, MRL — Mac. Robertson Land, PB — Prydz Bay, PCM — Prince Charles Mountains, PEL — Princess Elizabeth
Land, PM — Pensacola Mountains, PMC — Princess Martha Coast, RB — Ridge B, SRM — Mount Ser-Ronnane, TAM — Trans-
antarctic Mountains, VSL — subglacial Lake Vostok, WS — Weddell Sea, YM — Yamato Mountains
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XapaKTCPI/ICTI/IKI/I OCHOBHBIX OT€YECTBEHHBIX T1€JOBbIX IOKATOPOB, IPUMEHABIINXCA B AHTapKTMI[e

XapaKkrepucTiku TTOMC-1M4 | PJIC-60-67 | MITM-60 | PJIC-60-74 |PIK-130| PJIC-60-98 | PJIC-60-06
1964—1976 rr.| 1967—1975 rr. |1980—2015 rr. 1974—1990 rr.| 20151. [1998—2006 rr.|2006—2012 IT.
E;i[;‘;::cff:ﬁ‘ﬁﬁ‘om”x 210 60 60 60 130 60 60
o | s | e e
JImHa UMITYJIbCOB, MKC 2,5 0,5u 1,0 0,08 0,3—-1,0 0,5—15 0,5 1
MOIIHOCTD B UMITYJIbCE, KBT 50 20 5,7 1-60 0,2 60 80
JAnHamuuyeckuit nuarnasoH, n1b 133 130 165 130 — 180 180
ITonoca nporyckanus, MI'x 0,6 1u?2 - 1u3 15 3 3

B kauecTtBe HocuTens ucnosib3oBayiv camosieT Mi-14.
30HIMPOBAHYS BEJIU ¢ IOMOLIBI0 parapa [FOMC-1M4.
O61ast MPOTSKEHHOCTb MapILIPYTOB COCTABUIIA OKO-
Jio 11 ThIC. KM [32].

Baxxwolt 3agaueii BHeIpeHU HOBOTO MeToa CTa-
JIO CpaBHEHME PaIOIOKAIIMOHHBIX 1 CEMCMMYECKIX
JaHHBIX, KOTOPOE ObLIO BBIMOJHEHO B ce30H 11-i
CAD (1965/66 1.) Ha 260-KrmITOMETPOBOM TIpoduIe
oT MupHoro no IluoHepckoit. PannonokauroHHbIe
30HAMPOBaHMS BeJv Ha yacTotax 213 u 440 MI'u on-
HOBPEMEHHO ¢ celicMuuecKUMH. PacxoxneHue pe-
3yJIBTaTOB cOCTaBUIO 6—7% [34], 4To TTOATBEpAMIIO
NPUMEHUMOCTb METOAA IJISl U3yYEeHUSs JEAHUKOB U
MNOIEAHOTO peibeda.

B 1967 r. B AAHWU pa3pabotanu mepBblii oTeue-
CTBEHHBIIA JIeAoBbIi TokaTop PJIC-60-67 mist uzyde-
HUS MOIIHBIX MOJISIPHBIX JJeAHUKOB [35]. ITo3nHee B
AAHWMMUM 6b110 CO30aHO MHOTO JIEAOBBIX JJOKATOPOB
IUIS1 pa3IMYHBIX LieJIei, BKItouask paboThl B APKTHKE.
OHU JOCTATOYHO MOAPOOHO OMUCAHbI B MOHOTpadu-
ax [35, 36]. XapakTepUCTHUKKM OCHOBHBIX OT€4E€CTBEH-
HBIX JIEAOBBIX JIOKATOPOB MPUBEAEHbBI B TAOIMLIE.

OIHOBPEMEHHO C OIMMCAHHBIMU COOBITUSIMU
1966—1968 rr. pagroaoKallMOHHbBIE UCCIEA0BA-
HUS BBINOJHSIM B pailoHe cTaHuMU MononéxHasl,
a TakK>Xe Mo Tpacce MPOTSKEHHOCThIO 0KoJo 150 kM
B r1yob KkoHTuHeHTa [37]. [To3ke B paiioHe cTaH-
uuu MononéxHas Bejach padboTra Mo oOIMpPHOK
Hay4YHOI IporpamMMe, B IIpo1iecce KOTOPOoil n3ydann
BpallleHNe TIJIOCKOCTHU ITOJIIPU3ali OTPAXKEHHOTO
pPaaroJIOKAllMOHHOTO CUTHaJla, CKOPOCTh pacipo-
CTPaHEHMUS 2JEKTPOMATHUTHBIX BOJIH B JIEAHUKE,
OLIEHEHA TaKxKe TeMIlepaTypa JeTHUKOBOTO ITOKPO-
Ba Ha OCHOBE PaIMOJ0KALIMOHHBIX JaHHBIX [38—41].
OTH paboThl MOKA3aJIu NPUMEHUMOCTD JIEA0BOM J10-
Kaluy JJIsT pellleHUs IIMPOKOIo CIIEKTpa HayYHBIX
U TIPAaKTUYECKUX 3a1a4. AHAJIOTMYHBIC paOOTHI BBI-
IOJTHSUTA U 3apy0OeskHbIe yuéHsie [35, 36].

B anpene 1970 r., mociie orkpbiTUs B 1968 T.
ctranuuu bennuHcrayseH, Ha ocTpoBe KuHT-
Hxopax (Batepioo) OblIM TIpoOBeAeHBI TepBbIe
OTeUEeCTBEHHbIEC PaJIUOJOKAIIMOHHbIE UCCIeI0Ba-
Hus B CybaHTapkTuke [42]. O01as npoTskKEHHOCTh
MapuIpyToB — 0KoJio 24 KM (cM. puc. 3). OHU BBI-
MOJIHSIIUCH JIEAOBBIM JIOKATOPOM Ha OCHOBE pa-
auoBbsicoTromepa PB-10 ¢ yacrotoit 440 MT'u. Ilo-
JIydeHHbIe MaTepuajbl IMoKa3aad NPUMEHUMOCTb
METO/Ia He TOJIBKO JIJIST «XOJOAHBIX», HO U JIJIST «TETI-
JIBIX» JIEMHUKOB, TeMIIepaTypa KOTOPbIX OJIM3Ka K
TeMIlepaType TassHUsI, YTO MPUBOAUT K 3HAYUTEJb-
HBIM 9HEPreTUYEeCKUM ITOTEPSIM IPU pacrpocTpaHe-
HUM 2JIEKTPOMATHUTHBIX BOJIH.

3apybexncnvie uccaedosanus. B 1949—1952 rr.
Ha 3emine KoponeBsl Mo paboTtana o0ObeAMHEH-
Has Hopsexcko-bputancko-IlIBeackas akcnean-
1us noja pykoBojactBoM kanutaHa BBC Hopserun
0. Esepa. DTo Obla BTOpast SKCIEAUINS, B KOTO-
PO TIPUMEHSIJICI CEMCMUYECKUI METO IJIST OTIpe-
JeJIEHUsI MOIITHOCTH JIeAHUKA U U3YyYeHUS TOMIE -
Horo penbeda. UccaengoBanus nposoaun I. Pobun
Ha menbdoBom JenHuke KyopuceH, B paiioHe op-
raHM30BaHHOU 0a3bl MoaxeiiM, a TakxKe Ha Mapli-
pyTe MPOTKEHHOCTHIO 615 KM B I1yOb KOHTUHEHTA
(cM. puc. 2). I1pu padbote Mcnonb30BaIM 6-KaHaIb-
HYIO ceiicMocTaHLMIo. PaccTosiHUST MexXy ceiicMo-
npuéMHukKamu coctapisuin 10 M. BoaHbl Bo30yK1a-
s 3apsinamu THT maccoii ot 90 no 720 r, koTopbie
MoMeIaan B CKBaXKMHbBI TJYOMHOU OT 2 10 12 M.
MaxcumainbHasi U3MepeHHasi MOIITHOCTb JIeTHUKA —
3500 m. Metoauka u pe3yJbTaThl UCCIASAOBAHUN 13-
JIOXKeHBI B paboTax [43—45].

B 1954—1959 rT. 001mIMpHBIE MISLIMOIOTUYECKIE
pabotsl Ha 3emie Mak-Pobeprcona u B ropax [1puHc-
YapJib3 BBITOIHSIIN aBCTPATUACKNE UCCIIeI0BATEIN.
OHU BKIJTIOYAIIU B ce0s1 celicMUYeCKUe 30HINPOBaHUS
JUIS OTIpeNiesIeHUs] MOIITHOCTH JienHuKa [46, 47]. OnHo
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13 HanboJIee 3HAYMMBIX 3apyOesKHBIX HAyIHBIX MCCIIEIOBa-
HUIT 3TOro Ieprona — TpaHcaHTapKTUYeCcKash SKCITCAUIINS
bputanckoro conpyxkecta (TAE) 1955—1957 1. mon pyko-
BoncTBOM B. @ykca (puc. 4, a), KoTopasi BIIEpBBIE B MUPO-
BOI HAyYHOI MPAKTHUKE YCIEIIHO IepeceKyia AHTapKTHIY.
MapmpyT TpoTSEKEHHOCTRIO 3473 KM HaYMHAJCS CO CTaH-
uvnu lexnToH 24 Hos6ps 1957 r. u 3aBepiuunics 2 Mapra
1957 1. Ha cranuum CkoTT (cM. puc. 2). Bo Bpems 3kcrIie-
IUIIAY TaKKe BEITIOIHSIIA CEMCMUYECKIE 30HINPOBAHMS
IJIST OTIpeNesIeHNs] MOIITHOCTH JIETHMKOBOTO ITOKpoBa [48].
B 1958—1961 rT. ceiicMuyecKyie UCCIeNOBAaHUS B CAHHO-TY-
CEHMYHBIX IOXOIaX BEeJIM M aMEPUKAHCKUE MCCIIeI0BATEIN.
HauGoiee 3HaYMMBIE C TTO3MLMI PE3yIBTaTUBHOCTU B 3TO
BpeMsI — pabOTHI BOKPYT IenbdoBoro gegHuka Pocca, Ha
3eMIIIX DicyapTa, Mapu bapna, Yunkca n Bukropnm (cM.
puc. 2 u puc. 4, 6, 8). Ha ocHOBe BBITIOTHEHHO TUTOIIAI-
HOI ChEMKM BIIePBbIe ObUIN IIOJTYIeHBI JAHHBIE O MOIITHOCTH
JIEAHUKOBOTO ITOKPOBA U MOMIEMHOM pefibede oOImmMpHOi
Tepputopuu 3anagHoit AHTapkTuabl [49, 50].

B nexabpe 1963 r. Ha menbgoBoM JlenHuke bpanra
Ha TIpoduie TMPOTKEHHOCTRIO 0K0JI0 370 KM, HACKOJIb-
KO MOXHO CYIUTbH I10 ITyOJIMKAILWSIM, BIIEPBBIC B UCTOPUU
OBLTN BBIIIOJTHEHBI padrOIOKAIIMOHHBIC UCCICIOBAHMUSI CO-
TpymHUKaMu MHCTHTYTA Mo pHBIX uccienoBanmii (SPRI).
ITpumensics nemnoBoIi TokaTop MK 1 ¢ yacToTolt 30HIMpY-
FOIIIMX UMITYJIBCOB 35 MI'1I, MOIITHOCTH MMITYJIbCA COCTABIIS -
nma 40 Br, mmrenpHOCTh — 0,3 MKc. JIJIS MATAaHWS UCTIONb-
30BaJIM aKKYMYJISITOpHEIE OaTapen [52]. AHTEHHEBI JIOKaTopa
pacIoyiarajii B IIeHTpaJIbHOI YacTh Be3nexoma Muskeg mmor-
JIaHICKOTO Mpou3BoacTBa. Best ammapartypa, 3a MCKITIO-
YyeHHeM AUCIUIes, HaXOOWJIach CHapyxXu (CM. puc. 4, ).
MaxkcuMaabHO M3MEePeHHAasl MOIMHOCTh JieqHrKa — 200 M.
OTpaxkeHusI OT TIOIOIIBHI JICHHMKA ObUIM ITOJIy4CeHBI HE Ha
BCEM IIPOTSLKEHUM MapIlpyTa, OMHAKO pe3yIbTaT MoKa3ajl
MIPUHIUTTNAIBHYIO TIPUMEHUMOCTE MeToa [53].

Puc. 4. Texnuka 3apy0esKHbIX SKCIISAULINIA.

IMpuxon caHHO-TYCEHUYHOTO Toxoaa TpaHCAaHTAPKTUYECKO IKCTIe-
nuuuu bpurtaHckoro coapyxecTBa Ha ctaHuuio basa Ckorra,
1957 r. (a), amepuKaHCKUe ceiicMUYeCKHUe 30HAMPOBaHUS B pailoHe
cranumu bapm, 1957—1958 rr. (6), canHo-rycennunsiii moxon CLLIA B
paiione rop Centunen, 1957—1958 rr. (¢), Tpancrnoptép Muskeg ¢
MPUEMHBIMU U TIEpeIalOIIIMU aHTEHHAMU (&).

a — dotorpadus M. Beebe (CORBIS); 6 — 3ammcTBOBaHO 13 pabo-
Thl [51]; 6 — 3auMcTBOBaHO U3 padoThl [50]; ¢ — 3aMMCTBOBAHO U3 pa-
60ThI [53]

Fig. 4. Foreign vehicles.

Arriving of the Commonwealth Trans-Antarctic Expedition to Scott
Base, 1957 (a), US seismic soundings in the Bird Station area, 1957—
1958 (6), US scientific traverse in the Sentinel Mountains, 1957—
1958 (8), vechicle Muskeg with transmitting and receiving antennas (e).
a — photo by M. Beebe (CORBIS); 6 — photo from [51]; ¢ — photo
from [50]; ¢ — photo from [53]
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B mocnenyromue roagsl B AHTapKTUOAE BeIu
ceiicMrUYecKne 30HINPOBAaHUS, a TaKKe Ha3eMHBIS
¥ aBHALIMOHHBIE PaAMOJOKALIMOHHBIE MCCIIEI0Ba-
HUS 11T PellleHUs TeX Xe caMbIx 3amad. Hambomnee
pe3yabTaTUBHBIMU OBLIN aHIJIO-aMEePUKAHCKUE pa-
OOTBI, BHIITOJIHSIEMbIC B paMKaxX COBMECTHOI Hayd-
HOI1 porpaMmbl. B 1966/67 r. Ha AHTapKTUYECKOM
IMOJIYOCTPOBE IIPOBOIMIN aBUAllMOHHEIE PaOOTHI.
Ha cnenyrommii ron ceTbio MapuIpyTOB PerMOHANIb-
HOro Maciutada ObLI MOKPHIT 1eIb(OBbI IeIHUK
Pocca, otnenbHbIe TI0JIETH ObUIM B palilOH CTaHLIMI
boapn, Boctok, CoBerckast, a Takke Ha 3emie Buk-
topuu [54]. Hakonel, B ce3oH 1969/70 r. 3Haum-
TeJIbHBIN 00BEM PagroOJIOKAIIMOHHBIX MCCIIeI0Ba-
HUI1 OBLT BEITIOJIHEH Ha JiemHuke Pocca, Ha ydacTke
Mmexny JegHukamMu Pocca u ®@uinbxHepa-PonHe, a
Takxe B cTopoHy rop I'amOypuena [55]. Bce yka-
3aHHBIC paOOTHI BHIIIOIHSIIN JIEAOBBIM JIOKATOPOM
Mk 11, o6HOBNIEHHBIM BapuaHnToM MK 1, paboTras-
LM Ha TOH e 4acToTe.

ko

PaguonokaliMoHHbIE U celicMUYECKHUE PAOOThI
MepBbIX ABYX OECATUIIETUN HOCUIMU PEKOTHOCIM-
POBOYHBIN XapakTep. VX 3agauu — BbISIBJICHUE OC-
HOBHBIX YePT NOMIEAHOTO pefibea KOHTUHEHTA U
pacmpenesieHre MOIIHOCTH JIETHUKA. DTO ObUIH CO-
BEPILIEHHO HOBBIE TaHHbIC, KOTOPbIC BIEPBBIE ITO-
KazaJii LIEJJOCTHYIO KapTUHY TOr0, KaK BBITJISAUT
AHTapKTHAA MO JICAHUKOM. [ 1aBHBIA UTOT 3TOrO
aTarna — CO3JaHMUe CETU MOCTOSIHHO IEeHCTBYIOIINUX
KPYIJIOTOAMYHBIX HAYYHBIX CTAHIIMIA, HA KOTOPBIX
BBITTOJTHSICS OOLLIMPHBINA KOMILIEKC CTallMOHAPHBIX
HabJIoAeHUIA M0 TeodU3uKe, METEOPOJIOTUH, TJISI-
LIAOJIOTUH, OMOJIOTUU, MEAULIMHE U CMEXHBIM Ha-
ykaM. B 3170 Bpems ObLTO OTKPHITO MHOT'O 3UMOBOY-
HBIX CTAaHLIMI U ToJeBbIX 0a3. HekoTopble M3 HUX
nociie mpoeaeHust MI'T Obu1n 3akpbiThl. Hanbomee
KPYITHBIMM OT€YECTBEHHBIMU TOCTUKEHUSIMUA TOTO
nepruoaa MOXHO Ha3BaTh OTKPBITUE TTOAJEAHBIX TOP
Tonunpina B paitone cranuuu I[TuoHepckas [56], a
TaK>Xe caMoli OOIIMPHON MOAAeAHUKOBOI TOpHOM
CUCTEMbl KOHTMHeHTa — rop 'amOyplieBa B paiio-
He [lomtoca HemocTymHOCTU. 3HAYMMBbIE HayIHBIC
pe3yJIbTaThl ObIIM TOCTUTHYTHI aHIJI0-aMepUKaH-
CKMMU 3KCIEeININSIMU B 3aIlagHON AHTapKTUIC U B
paitoHe negHuka Pocca. Pe3ynbTaThl, yuuThIBasI 3a-
pyOe:KHbIC UCCeIOBaHMSsI, TAKXKE ObLIM MpeacTaB-
JIeHBbI B (DyHIaMEHTaJbHOM HAyYHOM TPYAE — IBYX-
ToMHOM ATiiace AHTapktnku [10, 57], a TakXKe B

moHorpaduu [58]. HemanoBaxkKHBIM METOANYECKIM
pe3yJbTaTOM 3TOTrO 3Tara cTajlo BHeApEeHUEe B IpaK-
TUKY METOJa PaIuOoJI0KALIMOHHBIX 30HAUPOBAHUI, a
Tak:kKe OTpabOTKa METOIMKM BBIMIOJHEHUS CECMU-
YECKUX UCCIIEJOBAHUIA.

DTan JIAHOMEPHBIX IIOMIAIHBIX HCCJIEI0BAHMIL:
1970—1990-¢ roast

Ilepuon ot Havana 1970-x no koHua 1980-x
TOJIOB IO MpPaBy MOXHO CYMTATh «30JIOTHIM BEKOM
reou3ukmn». DTo 00YCIOBIEHO, C OMHON CTOPOHHI,
BO3POCIIMM MHTEPECOM K MUHEPaIbHO-CHIPhEBhIM
pecypcaM AHTapKTUKU, YTO ObLIO CBA3aHO C Hed-
TIHBIM Kpu3ucoM 1970-X rogoB M OBICTPBIM pa3-
BUTHUEM TEXHOJIOTUIA MOPCKOI HedpTeno0bIuu, a ¢
JIPYroii — reonoJIUTUIeCKUMU UHTEepecaMy Hallei
cTpaHbl. B pe3ynabrate B 1985 r. BBILLIO MOCTAaHOB-
nenue Coeta MuHuctpoB CCCP «O pesxom pac-
Wuperuu 2e01020-2e0Q)u3u4ecKux ucciedo8anull 8
Aumapkmuke u yKpenaeHuu mMamepuaibHO-mexHu-
yeckoil 6azvl pabom». T1osiBIIEeHUE 3TOTO JOKYMEH-
Ta CIIOCOOCTBOBAIO IMUKY aKTUBHOCTH MUHTEO
CCCP B AHTtapkTuke [59], 4To MpUBEIO K PE3KOMY
poCcTy 00bEMOB KOMILIEKCHBIX a3POreo(pu3nyecKmux
pabdoT, BBHIMIOJTHSIEMbBIX IJIsI U3yUYeHUs TIIyOMHHOTO
cTpoeHust KoHTUHeHTa. [1pu aTOM MeTon pamrosio-
Kalliy JIOTUMYHO BXOAWJ B JAHHBIM KOMILIeKc. Tak
KakK OH ObLI OoJiee 2(pheKTUBHBIN, MEHEE TPYIO-
€MKUI1 1 He oYeHb (DMHAHCOBO 3aTPaTHBINM, UMEH-
HO OH M CTaJl OCHOBHBIM JJISI U3YYEHMUSI TTOIJIETHOTO
penbeda u cTpoeHUd JegHnKa. [1pu aToM celicMu-
YecKMe UCCIeA0BaHMs BEJIU TOJIbKO Ha IIETb(OBBIX
JIETHUKAX TS OIpene/IeHUs] MOPCKUX TTyOUH.

OmeuecmeenHble uccaedo8anus 6 paione ueabgho-
6020 aednuxa Dimepu ¢ 1971-2020 ee. D111 pabOTHI
HECKOJIBKO HE YKJIAAbIBAIOTCS B JIOTUKY ITOBECTBOBA-
Hust. OHM Havauch B 1971 1. U ¢ HEKOTOPBIMU TIepe-
PBIBAMM TIPOJIOJIKAIOTCS A0 CUX ITOpP, MMPUYEM 3a 3TO
BpeMsI 3a1aui M METOAMKA BBITTOJTHEHUs paboT Kap-
JUHAJIBHO He U3MEHUIIUCh. UMEHHO IT03TOMY, He-
CMOTpS Ha TO, YTO (hOPMaIbHO OHM OXBAThIBAIOT pa3-
HBIe TIEPUOIBI UCCIeIOBaHUM, UX 1IeJeco00pa3Ho
O0BEAMHUTD, YTO ABTOP CTATHU U JIC/IaeT.

Haubonee MacmtabHOIi oTeyeCTBEHHON pa-
00TOi1 B AHTAapKTUKE MOXHO CUMTATh ONepalnio
«DiiMepr», KOTOPYIO BBIMOJHSJIN B TEUCHUE TPEX
noJieBbIX ce30HOB 17—19-it CAD (1971/74 1T.) co-
TpyaHuku IlonsgpHoii reopusnyeckoit skcre-
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gunnn (mo3xe AO «[TMI'PD») Ha 3emirssx Mak-
PoGeprcona u Ilpunueccs EnmmzaseTsr (cM. puc. 3).
B e€ 3amaun BXommiIo KOMILIEKCHOE M3YIeHHE paii-
OHa cHCTeMBI JIeTHNKOB Jlambepra—Ditmepu. s
BBITNIOJTHEHUSI paAlOJIOKALIMOHHBIX MCCIIeIOBAaHUI B
KauyecTBe HOCUTEIISI UCIIOJIb30BaIM caMoJieT Ui-14
(puc. 5, a). I1onETE MPOBOAMIN 1O PETYISIPHOM
CETH MapIIPYTOB C MEXMAPIIPYTHBIM pacCTOSTHUEM
okoJjio 20 kM. PanmosokanimonHoe TTpo@uImpoBa-
Hue BITOIHAIM JJokaTtopoM PJIC-60-67 ¢ yactoToit
60 MTI'x (cM. Tabnuiy). ChEMKY BelId Ha OOLIMPHOM
TePPUTOPUM: OT CTaHIIUM MoJjtomExHasi 10 cepean-
HBI 3aIagHoro mejib(OoBOro JeAHMKA, a TAKXKe I10
OTIEJbHBIM MapIIpyTaM — OT II0JIEBO 0a3bl Ditme-
pH, CIIeLIMAJIbHO OTKPBITOH y Oaphbepa meab(poBo-
ro jJegHuKa Ditmepu, mo Ilomxroca HemoCTyIMHOCTH,
cranuuii Mupnsblii u Boctok [60]. duist onpenene-
HUSI MOPCKMX IJIyOUH T10A IIeJIH(OBEIM JICTHUKOM
MIPOBOOWIN celicMuuecKue 3oHaupoBanus MOB
o cetu ripumepHo 30 X 30 km (cm. puc. 3). Ipu
pab6oTte mcrionb3oBanu ceicmMoctanumu CC-2411 n
CMII-24. Peructpaumio Bea Ha CEUCMOTIPUEMHI -
ku C-120. BosHBI BO30Y:KAaIM TPOTUIOBBIMU IITAIII-
Kamu paszmepoM 60 X 60 X 150 MM, KOTOpbIE TTOME-
LI B CKBaXXWHBI TIyOMHOM 2—3,5 M CO CHEXHOI
YKYIIOPKOI1 3apsimoB. Macca 3apsiga BapbrpoBaiia OT
0,2 mo 15 KT B 3aBUCMMOCTH OT I'€0JIOTUICCKOI CH-
tyanuu. OTpaxXE€HHbIE BOJHBI PETUCTPUPOBAINCH
Ha IBYX B3aUMHO OPTOTOHAJIbHBIX IMPOMUIISIX IJIH-
HOM 275 M, Ha KaxXIOM M3 KOTOPBIX HAXOIMJIOCH
10 IIECTh CECMOIPUEMHUKOB, PACIIOJOXKEHHBIX B
50 M gpyr ot apyra. [11aHOBYIO IIPUBSI3KY IPOBOIM -
mm metomoMm Comuepa [23] ¢ morpemrHocThIO 0,5 ¢
110 BpeMeHH. JIJIst 3TOTO MCITOIb30BaIl CEMb OCHOB-
Heix cBetwin: Connue, Benepy, Kanomyc (o Kus),
Cupuyc (o bompsmoro Ilca), a LleaTtaBpa, Axep-
Hap (o Opunana) u @omansrayt (o KOxHoit PeiOb!).
I1o pesymbpTaTaMm pabOT COCTABIEH KOMILIEKT KapT
MOIITHOCTH JIEIHUKOBOTO MTOKPOBa U KOPEHHOTO pe-
nbeda [61], B3ATHIN 32 OCHOBY IJIsl TTOCJIEAYIOLINX
CTPYKTYPHO-TEKTOHUYECKNX ITocTpoeHuil. Kpome
PaIMoIOKALIMOHHBIX U CeICMUYECKUX UCCIen0Ba-
HU, 30€Ch BBIITOJIHSIA a3pOMarHUTOMETPUUECKIE
U TpaBUMETpUUECKIE U3MEPEHHUSI, a TAKKE TIIyOrH-
HBIe ceiicmuyeckne 3oHaupoBanus (I'C3). DroT
KOMIUIEKC paboT IIpenycMaTpuBal U3y4eHUE TIIy-
OMHHOTO CTPOEHMUSI pailoHa. YCTaHOBJIEHO, YTO CH-
creMa JIemTHUKOB JlambGepra—ditMepu IIpuypodyeHa
K OOLIMPHOM, caMOii MPOTSLKEHHONW B AHTapKTUIE
pudToBOIi 30HE [62].

B 1985 1. (31-9 CAD), nocJie 3HaYUTEJIBbHOTO
IepepoiBa, B 3TOM pailoHe BO30OHOBWIN PETYIISIP-
Hble KOMILJIEKCHBIE a3poreodr3ndecKue Ucciieno-
BaHMSI, KOTOpPBIE C HEOOIbIINMHU IEPEPhIBAMU BbI-
MMOJIHSIOTCS U ceiiuac. 3amayu padoT — U3yueHUe
CTPOCHUSI JIEMHWKA, MOMIEAHOTO penbeda U IiIy-
OMHHOTO CTPOEHUSI OOLIMPHON MPUOPEXKHON TEP-
PUTOPUM UHIO-O0KEaHCKOTO cekTopa BocTtouHoit
AHrtapkTuabsl. McciienoBaHus BeAyT IO CETHU MapIii-
PYTOB C MEXMAapIIPYTHLIM PACCTOSSHUEM 5 KM,
3a UCKJIIOYEHUEM ChEMKM, BbITTOJHEHHON B 31-i1
CAD ¢ MexXMapUIpyTHBIM PACCTOSTHUEM 2 KM (CM.
puc. 3). MccienoBaHus NPOBOAMJIN C CaMOJIETa
Nn-14, a ¢ 36-it CAD ucnoan3yloT caMoJiéT AH-2
(cMm. puc. 5, 6). B pabore npumMeHsICS JIeAOBBI J10-
katop MITHN-60 (cMm. Tabauily), CO3OaHHBIIA paHee
B paMKaX HayYHO-TE€XHUYECKOTO COTPYIHUYECTBA
IIMI'PD ¢ MapuiicKuM NOJIUTEXHUYECKUM UHCTU-
tyToM. Ho 2000 r. paguosioKallMOHHbIE MaTepUaibl
perucTpupoBain Ha 35-MUIUMETPOBOUM KUHOGO-
toruiéHke. ITepexon Ha UMGPOBYIO perucTpaumio
MPOU3BEJ PEBOJIIOLINIO B reopU3NKe, TaK KaK I10-
3BOJIMJI HE TOJIBKO ITOJIy4aTh 00Jiee KaueCTBEHHBIC
JaHHBbIE, HO U BECTU KOMITLIOTEPHYIO 00pabOTKY
CHTHAJIOB, YTO pacCIIMpIIO chepy BO3MOXKHOCTEM
metoda. IlepBriii aHanoro-uuMdpoBoii nmpeobdpa-
3oBareb (ALIT) uMen mHTepBan AMCKpeTU3aLuu
140 HC 1 6-OUTHYIO AUCKPETU3ALIMIO 10 AMILTUTY/IE,
KOTOpast B JaJIbHEUIIIEM YIy4YIIUIach 10 MHTEPBaja
peructpauuu 80 Hc u paspsiaHoctu ALLIT B 8 Our.
Hoseiit nokatop PJIK-130 (cMm. Tabauuy), paspa-
ooranHblil B 2013 r., umeetr ALIII ¢ 24 6utamu u
38,46 Hc nuckperusanuu [19, 63, 64].

ITnaHoBoe monoxeHue caMmojiéra B padoTtax 17—
19-i1, 31-it u 33-i1 CAD onpenensiii ¢ MOMOILIbLIO
a3podOTONMPUBSI3KH, a TaKxke MeTonoM Jlomiaepa
(MeToaoM cuuciaeHus KoopauHar). s aToro uc-
MOJIb30BaJIM IITATHYIO HABUTALIMOHHYIO aIlapaTypy
ANCC-013 u aBuauuoHHbIii rupokomnac I'TIK-2.
O030p paguoreo1e3MYeCcKrx 1 JOMIEPOBCKUX METO-
JIOB OIIpeae/IeHUs] TUIAHOBOM IPUBSI3KU MPEACTaB-
JieH B paboTtax [65, 66]. AopodoTonpuBsA3KY BeJIu
¢ omolbio aspodoroanmnapara ADA-TD 55. Ha
OCHOBE ITOJIYYEHHBIX (POTOCHMMKOB CTPOMJIM Ha-
KMIHbIE MOHTaX1, Ha KOTOPBIX BBISIBIISIIM €CTe-
CTBEHHBIE OpUEHTUPHI. BEICOTY MoJIéTa ycTaHABIIM-
Basiu 1o pagroBbicoToMepy PB-182K. TTorpemHocTb
onpeaeeHust KOOpAUHAT B IJIaHe cocTaBuiaa 175 M;
MOTPELIHOCTb OIpeaeeHUs BLICOThI MojiéTa — 50 M.
Hauunas ¢ ce3ona 35-it CAD, naaHOBO-BBICOTHYIO
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Puc. 5. TexHuka oTe4eCTBEHHbIX UCCIICIOBAHUIA.

CnémouHble caMonéThl Ui-14 (a) u AH-2 (6), a TakKe TeXHUMKA CaHHO-TyCeHMYHbIX TToxonoB: Taraun JIT-30 (¢) u Kéassbohrer
Pisten Bully Polar (e).

a, 6 — ¢potorpacdpuu us apxusa [IMI'PD; ¢, e — potorpacduu aBTopa

Fig. 5. Russian (Soviet) vehicles.

Survey airplanes IL-14 (a) and An-2 (6), also tractors which used in the scientific traverses DT-30 (¢) and Kassbohrer Pisten Bully Polar (e).
a, 6 — photos from the collection of PMGE; 6, 2 — photos by S. Popov
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MIPUBSI3KY BEJIU 10 CIIYTHUKOBOM HAaBUTALIMOHHOM
CHUCTEME, YTO CYIIECTBEHHO YIYYIINI0 TOYHOCTHBIE
XapaKTepPUCTUKH, TOBEAS IIOTPEITHOCTh N3MEPEHMUSI
IIO TIEPBBIX JECSITKOB METPOB KaK B IJIaHE, TaK U I10
BbIcoTE [19, 64].

Omeuecmeennsle aspopaouoioKuyuoHnsle u celic-
Muueckue uccaedoeanus. B ce3onnl 16-ii m 20-i
CAD Ha 3emie DHIepON BBITIOJTHSIN ceiicMUUe-
ckue 3oHaupoBanus MOB s n3ydeHust KOpeHHO-
ro peabeda 310l Tepputopun. PaboThl mpoBoauIn
mo cetu 20 X 20 xm (cm. puc. 3). Ilocie HEOOb-
IIOTO IIepephiBa, CBI3aHHOIO C 00PabOTKOI reo-
JIOrO-reo(M3NIeCKIX JaHHBIX, ITIOJYIYCHHBIX B X0
onepauuu «diiMepu», B nepuof ¢ 21-i nmo 29-1w0
CAD (1975—1984 rT.) oTeyeCTBEHHBIE MCCIIEIOBA-
HUS OBUIM IIepeHEeCeHHI B 3almagHyio AHTapKTHULY.
B aT0 Bpems Ha menbdoBoM negHuKe PuiabxHe-
pa—PoHHe BBHITTOTHSIIN CEiCMUYECKHE 30HIUPOBa-
IS MOB w1 n3ydyeHUS KOpeHHOTO peiabeda paiio-
Ha. Pabotsr poBomuim no cett 10—20 X 10—20 xm
(cM. puc. 3). Pe3ynpraThl 3TUX MacIITaOHBIX PabOT
U ceifyac He MoTepsin cBoel 3HaumMocTu. Ilocie
MX 3aBepIICHUS ObLT M30aH KOMIUICKT KapT, BKIIIO-
Jaomuii B ce0sI cXeMBbl BEICOT THEBHOI ITOBEPX-
HOCTH, MOIIIHOCTHU JIEAHNKA U KOPEHHOTO pelibe-
da [67, 68]. CeitcMmuyeckne padbOThI BBIITOJHIIN
110 METOAUKE, aHAJIOTUYHOM TOM, KOTOPYIO IIPHU-
MEHSIIA B paboTax Ha IIeJb(MOBOM JIeTIHUKE Dii-
Mepu. B 3710 xXe BpeMs, B TeUeHUE OBYX MOJIEBHIX
CE30HOB, B 3aIlalHOI YacCTH IIeIb(OBOTO JICTHN-
ka OuiabxHepa—Ponne (26-s1 CAD, 1980/81r.) u B
ropax Ilencakoma (27-s1 CAD, 1981/82 r.) BHIIIOI-
HSUIA a3pOopagroIOKAlIMOHHYIO ChEMKY IO PEry-
JISIPHOM CETU MapIIPYTOB C MEXMapIIPYTHHIM pac-
crostHueM 20 kM (cM. puc. 3). B kauecTBe HOCUTEIS
HCITOoIb30Bau camMoieT Mi-14 ¢ ycTaHOBICHHBIM
Ha HEM s1e10BbIM JIoKaTopoM MITU-60, KoTopsIit
MIPUMEHSIICS BO BCEX OTEYECTBEHHBIX aBUAIIMOHHBIX
MUCCIIeAOBaHUSIX 3TOro 3Tana (cM. TabauLLy).

B nonessie ce3onbl 31—34-i1 u 36-it CAD (1985—
1989 1 1990/91 1T.), TOMMMO HCCIIEOIOBAaHUI B paii-
oHe neaHukKa JlamOepTa, Beau paboThl HA 3eMJISIX
Korca, Koponessr Mox 1 DHaepou 10 peryasspHOi
CeTH MapIIPYTOB C MEXMAapIIPYTHBIM PaCcCTOSHU-
eM 20 kM; B paitone maccuBa bopra (32-g CAD) n
Ha iato Putuep (34-9 CAD) mipoBeneHa Ooiee jie-
TaJIbHasI ChbEMKa ¢ MEXMAapIIPYTHBIM PACCTOSHUEM
5 kM, a B xoae pador 36-it CAD BbINOJIHEH TpaHC-
KOHTHHEHTaJbHbIN MepeaéT craHusg Mojonéx-
Hast — ctaHUus Mak-Mépao — ctaHuust Mojioaéx-

Has (cM. puc. 3). Hocurtenem Takke ObLT CAaMOJET
Mn-14 [19]. B neTHue noneBblie ce30HbI 33—35-i1
CAD (1987—1990 rr.) npoBoauau paboThl Peruo-
HaJIbHOTO MacluTaba (MeXMapllIpyTHOE pacCTOSIHUE
50 kM) 17151 U3y4eHUsI BHYTPEHHUX pailoHoB BocTou-
HOI AHTapKTHUIbI, BKJIIOUasl OTKPHBITBIE B TPEThEil
KAD ropsl 'amOypuesa. X BBIONHSIM Ha JieTa-
folel 1adopaTopuu, CO3AaHHON Ha 6ase caMoJiéTa
Nn-18]1 T'AJI. B 33-11 CAD (1987/88 1.) OBLI BBITION -
HEH IepesET 0 peTMOHAJILHOMY MapLIpyTy CTaH-
uusg MonoaéxHast — ctaHLUsl BocTok — cTaHIMs
Mononéxnas (cM. puc. 3). Ha yuacTke mpOTsiKEH-
HOCTBIO OKOJIO 9 KM B palioHe cTaHLIMu BocTok Ha-
OJ1Io1aJIoCh OTpakeHUe, CXOAHOE C OTPAXKEHUSIMU,
MoJy4yaeMbIMU HaJ 111eJ1b(OBBIMU JIeAHUKaMU [69].
K coxaneHuio, B To BpeMsl 3ToMy (hakTy He ObLIO
yaeJeHO N0KHOro BHUMaHus. Ceituac U3BECTHO,
YTO yKa3aHHBII (heHOMEH CBSI3aH C IPOJIETOM HaJ
aKBaTopMei MomJIeAHMKOBOTO 03epa BocTok.
I11aHOBYIO M BBICOTHYIO IIPUBSI3KU aBUALIOH-
HBIX pabOT BBITIOJIHSIIN 110 €AWHON MeToauke. B mc-
cnenoBaHusx 10 33-ii CAD (1987 r.) BKIIOYUTENb-
Ho npumeHsuica meton Joriepa [66]. [TorpemHoctsb
IUTIAHOBOM NPUBS3KMU COCTaBJIslIa IePBhIe KUJIOMe-
TPHI U 3aBHCENIA OT MPOTSKEHHOCTU MaplIpyToB. B
paborax 33-it CAD (Mn-18), 34-ii u 35-i1t CAD uc-
MOJIb30BAINCH PafMoreoe3ndeckasi cucrema aajib-
Heit HaBurauuu PCIH «CBOJI», a TakxXe CIyTHU-
KOBasi HaBUTALIMOHHAsI CUCTeMa, KOTopas TOJIbKO
HauyMHaja BHeIPSAThCs. JIJIsT BRICOTHOI IPUBSI3KHU
ncrnonb3oBanu 6apossicoromep BC-6. C 36-it CAD
(1990 r.) MIaHOBO-BBHICOTHYIO MPUBS3KY BBITTOTHSIIN
10 CITyTHUKOBBIM HAaBUTAalIMOHHBIM crcTeMaM. Beero
OTEYEeCTBEHHBIMM a3poreoPU3nIecKUMM paboTaMu
ObLIa IIOKPbITA TEPPUTOPHSI OKOJIO 5 MITH KM2 [19].
OmeuecmeenHble HaA3eMHble PAOUOAOKUUOHHDLE
uccaedosanus. Ilocne cozmaHusi HOBOTO JIeIOBO-
ro nokartopa PJIC-60-74 (cM. Tabauiy), B CE30H
21-i1 CAD (1975/76 r.) B CaHHO-TYCEHUYHOM TOXO-
Je OT cTaHLMKM MononéxHas 10 JefHUKOB Xeiica,
Kamnoenna u KapHedpesH npoBoauand paanuoio-
KalMOHHBIE 30HAUPOBAHUS JJIST U3ydeHUsT OajlaH-
ca JIeOBBIX Macc 3TOro paioHa. [IpoTsK€HHOCTD
MaplipyTa cocTaBuia yyTh 6osiee 100 kM. Kpome
TOro, oTpabaThIBajach HOBasi METOIMKA OTIpenesie-
HUSI CKOPOCTU IBMKEHMS JIEIHUKA 10 XapaKTepy
OTpak€HHbBIX CUTHAJIOB, OMyOJMKOBaHHas B pabo-
te [70]. CpaBHEHME MOJYYEHHBIX JaHHBIX C TeojIe-
3UYECKMMU U3MEPEHUSIMU T0KAa3aJI0 CXOOUMOCTh
METOIO0B C MOIPELIHOCTHIO 0KoJio 15% [71].
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B ceson 24-it CAD (1978/79 1.), B CBSI3M C U3-
yueHueM paitoHa Kymoma b, Benu paguonokamu-
OHHBIE MCCIEHOBAaHMS II0 Tpacce cTaHIUs Mup-
Hbeli — ctaHuuss Komcomonnckas — Kymnon b.
PaboThl, BeIOMHSIeMbIE HAa HOBOM TEXHHMYECKOM
YPOBHE C OMOLIBIO JeaoBoro Jokatopa PJIC-60-74
(cM. TabuILy), ITO3BOIMIN CYIIECTBEHHO YTOUYHUTH
npoduiib NOAJEAHOrO pefibeda MeXay CTaHLUSIMU
Mupnsblii 1 KoMcoMoIbCKast, a TAKKe TOIyYUTh Ma-
Tepuabl IO HOBOMY paiioHy [72]. B TeueHme nByx
MOJIeBBIX Ce30HOB 28-1i 1 29-11 CAD (1982—1984 rT.)
Ha KynoJie b ripoBoauiu crienaan3upoBaHHBIE pa-
0OTHI, KOTOpHBIC, KpOME KapTUPOBaHUsI, ObLIA Ha-
MpaBJICHbl HA U3MEPEHNE CKOPOCTH TCUCHUS JICTHM -
Ka MeTomoM paanosokamnuu [70], a Takske CKOpOCTH
pacpocTpaHeHHsI 3JIEKTPOMAarHUTHEIX BOJIH B Telle
JIETHUKA C 1IeJIbIO ITOBBIIIEHUSI TOYHOCTH U3Mepe-
HUi1 ero MomIHOCTHA. COINIaCHO IMOJIy9YeHHBIM JaH-
HBIM IBYXJIETHUX HaOJIOOEHUI, CKOPOCTh IBU-
JKeHUS JIeMHUKa cocTaBMjaa okKoio 1 m/rom [73].
IIpumeHeHue B paboTe METONMKHU OO1IEH TIyOuH-
Hoit Touku (OI'T) mokasajo, 9To CKOPOCTh pacipo-
CTpaHEHUSI BJIEKTPOMArHUTHBIX BOJH COCTABIISIET
165,9£2,3 m/mKc [74]. I1pu uccinenoBaHKUSIX Ha Ky-
nosie b 66U10 06HAPYKEHO HECKOJIBKO MOMIEIHUKO-
BBIX BOJOEMOB pasMmepoM a0 10—15 km. Hag omamum
13 HUX OB YCTAaHOBJIEH OypoBOIT KoMIUIeKC [73].
DTO — MepBOE OTKPHITUE TOIJICTHUKOBBIX BOTOEMOB
OTEUYEeCTBEHHBIMM MCCJICIOBATEIISIMM.

B ampene 1970 r. (15-1 CAD) BrepBBIe OTeUe-
CTBEHHBIE CIICLIMAIMCTHI BeIM PaarloJI0KALIMOHHEIE
HUCCICOOBAaHMS TEMIBIX JIeTHUKOB CybaHTapKTHU-
ku. OHM poBOAWINCH Ha ocTpoBe KuHT-JIXopmk
(BaTtepnoo). Mcrmonb3oBaau MaJOMOIIHBIN JIOKA-
Top PB-10 ¢ 9acToToi 30HAUPYIOMINX UMITYJIb-
coB 440 MTI11 [42]. AHanornaHbie pabOTHI BeIU N
B ce30H 37-it CAD (1991/92 rr.), a Takxke B 41-ii u
42-11 PAD (1995—1997 1T.) 011 u3ydeHus MOMIEN-
HOTO pebeda, IMHAMUKY JIEAHUKA 1 BEIOOpa MecTa
IUIS1 TIocieaytoliero oypenusi [ 75, 76] (cm. puc. 3).

3apybesxncnvte uccaedosanus. Ilocne BHeIpeHUS
MeToIa paaroI0KAIIMOHHBIX 30HIUPOBAHUIL OCHOB-
HOE¢ BHUMAaHUE IIpY U3YYCHUM AHTApPKTUIBI CTaIn
VIEIATh KOMIUIEKCHBIM aBUALIMOHHBIM ChEMKAM.
OnmHako Ha3eMHBIE UCCIEOOBAHUS HE MOTEPSIIN
CBOCI 3HAYMMOCTH, TaK KaK, HaIlpuMep, TJIsIo-
JIOTUYECKIE WIIM CECMUUIECKIEe U3MEePEeHUSI HEBO3-
MOXHEI ¢ camoJiéTa. B mesioM mcciriemoBaHus 3apy-
OeXXHBIX SKCHEAUILINI ITPOBOAMINCH, KaK IPaBUIIO,
B Te€X Xe PeTHMOHAaX, YTO U paHee, IIPU 3TOM BBIIIOJ-

HSIJIMCh OTIIEJIbHbIE TPAHCKOHTMHEHTAIbHbIC MapIII-
pyThl. Takoil moaxoa ObLI CBSI3aH C JJOTUCTUKOM:
HaJIMYUeM COOCTBEHHBIX CTAHIIUIA, a3POJPOMOB,
obecIieYeHUEM C IIOMOIIBIO CAHHO-TYCEHUYHBIX I10-
xonoB. I[1pu 3ToM co3maHHast paHee MH(PPACTPYKTY-
pa ITo3BOoJIsIIa HapalluBaTh OOBEMBI MCCIIEIOBAHUIA.

HauGonpmux ycrieXxoB JOCTUTIIU COBMECTHBIC
AHTJI0-aMePUKAHO-IaTCKUE DKCIIEAULINN, paboTaB-
1IKe 1Mo OOl IMporpaMMe U3y4eHus IMOIJIETHOTO
penbeda, CTPOSHUS JIETHUKA U TITYOMHHOTO CTPO-
eHUsI KOHTMHeHTa (puc. 6, a). PaHee HayaThle KOM-
MJeKCHbIE a3popaaroaoKallMOHHbIe UCCaea0Ba-
HUs Ha 3emJsax Bukropuu, Yunkca u Maspu bapa, a
TakKe Ha 1IejbGoBOM JieqHuKe Pocca BBITTOIHSIN
B 1971/72, 1974/75, 1977—1979 ronax. CoBepiuanu
peruoHaJIbHbIe MapIIPYThI U B pailoH cTaHIMii Boc-
ToK U CoBetrckas. [Ipu uccaeaoBaHUSIX UCIOIb30-
BaJics JeaoBblid tokatop Mk 4, pazpaboTaHHBIN B
nHctutyTe [MonsipHbix uccneagoBanuii (SPRI). 3o0H-
OUpoBaHus Beau Ha yactorax 60 u 300 MI'. B ka-
YyeCcTBe HOCUTENS ucrnojb3oBaiu camojieéT C-130
Hercules, BO3MOXHOCTH KOTOPOTO MO3BOJISLIN 00ec-
MEYUTH BHITIOJTHEHNE 3HAYNTEIbHBIX 00BEMOB a3p0-
reodusnueckux padot [77]. [TomuMo nojryyeHust
JAHHBIX O MOIITHOCTH JIEIHUKA W MOIJIEMHOM TOMO-
rpaduu, B IIpoliecce 3TUX UCCeI0BaHUil BIIEPBbIC B
WCTOPUHU OBLIM BBISIBIICHBI MOMJIEAHUKOBBIE BOITOE-
MBI B paiioHe ctanumii CoBetckasi, BocTok, a Takke
kynosaa Konkopaus [77]. OTpaxeHus1 OT BOIHOTO
cjiosl, 3aperucTpupoBaHHbie B 1971/72 1. B paiio-
He cTaHLMKU BOCTOK, TOTJa BOCIIPUHUMAJINCh KaK
(parMeHTHI OTHEIbHBIX HEOOJBIINX MOIJIETHUKO-
BBIX BOIOEMOB, a HE eIrHasl BOOHAsI IIOBEPXHOCTD,
Kak 3To oka3zajoch Briocaeactsuu [78]. ITo pesynab-
TaTaM MCCIeAOBaHUI ObLJI MOATOTOBJIEH KOMILJIEKT
KapT, BKJII0Yas CXeMbI MOIITHOCTH JICTHUKOBOTO I0-
KpOBa U BbICOTHI NOAIEAHOIO penbeda [79].

B 1973—1978 rr. Ha mienbdoBoM neaHuke Pocca
BBITIOJIHSUIA MacIITaOHble reopU3nIecKre 1ccie-
JIOBaHUSI aMepuKaHcKue yuéHble. DuHaHCHUpOBa-
Juch padboTsel HalMoHanbHBIM HayYHBIM (DOHIOM
CIIA (NSF). Benu KoMIieKCHOE U3yYeHUE Je -
HUKa. Ero MOIIHOCTh OIpeaesisijii ¢ TIOMOIIbIO pa-
IMOJIOKALINM, a TIIYOMHY MOpPSI — CeMCMMYECKUM
MeronoM. B Tom xe paiione B 1996/97 r. Ha ocTpo-
Be Py3BenbTa mpoBoaMIach Ha3eMHas paguoJioKa-
nroHHas chémka [80]. B 1991—1996 rr. B paiioHe
craHuuy Bapa BHITTOJHSUINCH KOMILIEKCHBIE a3pO-
reousnyeckKkue UccaeaoBaHus 00IIUM 00BEMOM
50 ThIc. mor. KM Ha camonére Twin Otter [80].
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Puc. 6. PanuonokalioHHBIE U CEICMUYECKKE MapIIPyThl, BbIMOJIHEHHBIE 10 1999 1. (@) 1 2020 1. (6).
Cexuus a. Mapuupytbl: I — CCCP—Poccuu; 2 — ABctpanuu; 3 — ['epmanuu; 4 — BenukooputaHuu; 5 — cCOBMeCTHbIe paboThl Be-

mukooputanuu, CIIA u Januu; 6 — Utamuu (o [80]).

Cexyus 6. Mapupytsl: 1 — Poccun; 2 — CIIA; 3 — Benukoopuranuu; 4 — I'epmanun; 5 — Kutast; 6 — ABcTpanun; 7 — oCTallb-

Hele ctpanbl (SCAR Bedmap3 project, He onyoiukoBaHo, 2021)

Fig. 6. Radio-echo and reflection seismic profiles, carried out by 1999 (@) and by 2020 r. (6).
Section a. Profiles of: 1 — Russia (USSR); 2 — Australia; 3 — Germany; 4 — The United Kingdom; 5 — join research of UK, US and

Denmark; 6 — Italy (on [80]).

Section 6. Profiles of: 1 — Russia (USSR); 2 — US; 3 — The United Kingdom; 4 — Germany; 5 — China; 6 — Australia; 7 — other

countries (on SCAR Bedmap3 project, unpublished, 2021)

TpaaMIMOHHO aHTIUICKKME UCCIENOBaHUS, Ha-
MpaBJIeHHBIE Ha U3y4eHUe MOMIEAHOTO penbeda,
JieAHUKA U TIyOMHHOIO CTPOEHUS, ObLIU COCPENo-
TOYEHHI IJIaBHBIM 00pa3oM Ha AHTApKTUYECKOM T10-
JIyOCTPOBE, B paiioHe 1eIb(hoBoro JenHuka Ouibx-
Hepa—PonHe 1 Ha 3emute Diicyspta (cM. puc. 6, a).
B pa3HbIx yacTsax AHTaAPKTUYECKOIO MOJyOCTpOBa
PaanoJIOKAIMOHHbBIE UCCIEI0BAHUS C TIPUMEHEHM -
eMm camoniéra Twin Otter Belu B TeUeHUE YETHIPEX
Ce30HOB B nepuof 1966—1975 rr., 3aTeM ¢ mepepbi-
Bamu — B nepuon 1980—1997 rr. Ha mensdoBom
nennuke Pyrdopna B 1985/86 r. Takke BBITTOJIHS-
JIM Ha3eMHbIE PabOThI, KOTOPBIC COMPOBOXIATNCH
CEMCMUUECKUMM UCCIICIOBAHUSAMMU JJISI OTIpeIeiie-
HUSI MOPCKUX TIYOUH. 31ech Xe TMPOBOAUIIN 1Lieie-
HarpaBJieHHbIe ceiicMuuyeckue ucciegoBanus MOB
B 1984/85 r., a Takxke B 1990—1999 rr. ¢ nepepbiBa-
. PaGoThl Betu ¢ momoIbio 24-KaHaabHOM ceiic-
Mocrtaniu BISON 9024 [68, 80].

ITocne oTKpBITHS B paiioHe JieMHUKA DiiMepu
craHit MoycoH (1954 r.) u HeiiBuc (1957 r.), a
zateM Keiicu (1969 r.) Ha 3emie Yuikca ABctpa-
numitckasg antapktudeckas skcrneauuus (ANARE)
COCPEeNOTOYMIA CBOU YCUJIMS HAa U3YYCHUM DTUX

peruoHoB. B TeyeHMe MSITU MOJIEBBIX CE30HOB
(1989—1995 rr.) 3aech BBINOJHSIIU Ha3eMHBIE
MISIIAOPAANOIOKAIIMOHHBIC UCCIeI0BAHUS B Ha-
YUYHBIX ITOX0AaX BOKPYT JeaHuka JlambepTa 11 us-
yU4eHUs aKKyMyJISILUKM 1 OajlaHca JIeMOBBIX Macc.
OO01mas MpoTIKEHHOCTh MapIIpyToB — 2250 KM.
ChHauasa paboThI BeJIU MPHU TTOMOIIU JISTOBOTO JIO-
katopa SPRI Mk II ¢ yacroroii 35 MTI'u, a 3atem —
nokatopoM ANARE c vactotoit 100 MTI'y [81].
AHAaJIOTUYHbIC UCCICAOBAHUS B CAHHO-TYCEHUY-
HBIX TToX0Aax MpoBoawin B 1978—1986 rr. Ha 3emiie
Yunkca (cM. puc. 6, a). B 1972—1974 rr. B paiioHe
negHuka JlamOeprta M roxHOI yactu rop IlpuHc-
Yapaw3 corpynHuku ANARE BoInmonHSIM aspo-
panvoIoKalMOHHbIC UCCICA0BAHUS ISl U3YUCHUS
CTPOEHUS JIeMHUKA U TIOAJEMHOro pejbeda (cM.
puc. 6, a). Ilpumensiics nenosblii Jokatop ANARE
c yactotoit 100 MTI'u. HocureneM ciayskuin caMmoneT
Pilatus PC-6 Porter. AHajornyHbie paboThl ObLIN
B 1989/90 r. Torna ucnojb3oBanu BepToaeéT ASS50
Ecureuil u camonér Twin Otter. B 1979/80 r. ¢ Toii
K€ anmnapaTypoil IMpOBOAMIM UCCICIOBAHUS Ha
3emne DHaepou. Hocurtenem ow1 camonéT Pilatus
PC-6 Porter. AHajlornyHble pabOTHI C BEPTOJIETA
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Sikorsky S76 Benu B 1998 1. B paiioHe cTaHumu [eii-
Buc Ha 3emine [lpunneccesr EmmzaBeTs! [82, 83].

B nepuonsr 1969—1971 u 1982—1988 rr. paguo-
JIOKALIMOHHEBIE MCCIICIOBAHMSI, MHOIIA COIIPOBOXKIAC-
MBblIe CECMMYECKIMHK 30HANPOBAHUSIMU, ITIPOBOIVIIN
SIMTOHCKME 3KCIEINIINN B COCTaBe HAyYHBIX CAHHO-
TYCEHMYHBIX TOX0H0B. OHM MCIIOJIb30BAJIM JICAOBbII
smokaTop SPRI Mk II ¢ gacToToit 30HIMPYIOIINX M-
nyiabcoB 35 MI't. Perucrpamust mpoxonuiaa Ha aHa-
JIOTOBYIO 35-MUJUTMMETPOBYIO KWHO(OTOTUIEHKY [84].

Ha 3emie KoponeBsl Moj 3HaYuUTeIbHEIE 110
00BbEMY KOMILIEKCHBIE asporeodusnyeckue uc-
CJIeJOBaHMS C IIOMOIIBIO JIeTaloMIell JabopaTopun
Polar-2 B 1994—1999 rr. BBIITOIHWIN CHELINATNCTEI
nHcTuTyTa Atbdpena Berenepa (I'epmanus). CnéM-
KO#l 6bUIa TOKPBITA TEPPUTOPUS OKOJIO 1 MIIH KM?
(cM. puc. 6, a). Mcnonb3oBaau JIeAOBLIA JIOKATOP
C 4aCTOTOM 30HAMPYIOIUX UMITYJIbCOB 150 MTILI.
Tak:xke B 9TOT mepuo Beau padoThl Oeabruiickue,
UTAJIbIHCKME, HOPBEXXCKUE, YMITUHACKIE U apTeH-
TUHCKUE 3KCMHEeAULIMN, KOTOPbIE HOCUJIM MEHEee Mac-
IITabHBIN xapakTep [85]. YkazaHHbIe UccaeaoBaHUs
B LIEJIOM pelllajii CXOAHbIE 3aa4l, CBSI3aHHbIE C U3-
y4eHUEM CTPOEHUS JIeMHUKA U TTOAJIEAHOIO pesibe-
¢a, a TakKe NIyOMHHOTO CTPOSHUSI KOHTUHEHTA.

sk

I'maBHBIN UTOT 3TOTO 3Tana — HaKOIUIEHHUE KO-
JIoCcCaJbHOTO 00BbEMA paTMOJIOKALIMOHHBIX U Celic-
MUYECKHMX TAaHHBIX MO MOIIHOCTU JIETHUKOBOI'O
MOKpoBa M BbIcOTaM ToajénHoro peabeda. K ero
3aBepIIeHNIO AHTapKTHAA OblJIa ITPAaKTUUECKU T10JI-
HOCTBIO MTOKPHBITa ChéMKaMU (cM. puc. 6, a). D1o
CO3aJI0 MIPEANOCHIIKN IJISI 00beTMHEHUS pa3po3-
HEHHBIX JaHHBIX B ¢IMHYIO 0a3y, YTO W OBLIO Cle-
JJaHO B paMKax aMOMIIMO3HOTO MeXIyHapOaHOTO
npoekTta Bedmap [80].

CoBpeMeHHbIE MCCJIeT0BAHMS:
1990-e u moceay0mue roabl

TIpenpinyiuii meprosa ycJIOBHO MOXHO OXapak-
TepU30BaTh KaK 3TaIl HAKOIJIEHUS TaHHBIX JTU0O B
paMKax HallMOHAJIbHBIX HaYYHBIX IIPOrpamMm, JTU00
AKCIIEAUIUSIMUA B paMKaxX YCTOMYMBOIO MHOTOJIET-
HEeTro MeXJIyHapoaHoro corpygHudecTna. K KoHy
1990-x ronoB yxe ObLI HAKOIJIEH BeCbMa 3HAYM-
TEeJIbHBIM MaTepra Mo pagruoJIOKallid U CEMCMUKE,
OXBATBIBAIOIIWIA B TOW MM WHOU Mepe BeCh KOH-

TUHEHT (CM. puc. 6, a), ¥ co3aIUCh MPEANIOCUIKN
JUJIs1 OOBbENMHEHUS JaHHBIX B paMKaX €IMHOIO MeX-
JIyHApOJIHOIo nmpoekTa. Bce joructuyecku 1ocTym-
HbIe paliOHBI ObIIM U3YUYEHBI, a JaJbHeIee 3aKphl-
THe «OeJbIX TSITeH» TpebdoBaio ropa3no 0OJAbIINX
YCUJIUI U Koomepauuu, yeM paHbliie. 1990-e roabt
MPUHECIU PEBOJIOLIMOHHbBIE U3MEHEHUS] B MUKPO-
3JIEKTPOHUKE, UTO TIPUBEJIO K €€ YAEeIIEBIeHUIO U,
KaK CJeICTBUE, K OypHOMY pa3BUTUIO U BHEApe-
HUIO KOMITBIOTEPHON TEXHUKU U LHU(DPOBBIX TEX-
HoJioTU#i B reou3uky. JlaHHOe 00CTOSITEILCTBO HE
TOJIBKO YJIYUILUIO KaYeCTBO IOJydyaeMbIX TaHHBIX,
HO U pacIIMpUSIO BO3MOXKXHOCTY PaJvOI0OKalluU 3a
CY€T UMPPOBOI perncTpalv JaHHBIX U TPUMEHe-
HUSI MaTeMaTUYECKUX CITOCOOOB UX 00pabOTKU. DTO
BbI3BAJIO CMEHY IMMPUOPUTETOB B HAyYHBIX paboTax.
Ha nepBoe MecTo BBILLIM HE 3a1a4d KapTUpOBa-
HUs (32 UCKITIIOUEHUEM 3aKPbITUSI HEMHOTOUMCIIEH-
HBIX OCTaBIIUXCS «O€bIX MATEH»), a YIAyOJEH-
HOE U3yYyeHME CTPOEHUS JiefHUKa (Hanpumep, mo
CJIOUCTOCTH, BBISIBJISIEMON IO paanMoOIOKallMOH-
HBIM JAaHHBIM), CYOTJISILIMAIbHBIX TUAPOTEPMUYE-
CKHUX MPOLECCOB (JOHHOTro TastHus, ¢OpMHUPOBa-
HUS MOJJIEAHUKOBBIX BOJOEMOB 1 UX MPOPHIBHI),
S5PO3UMOHHBIX MPOLECCOB U Tp. BuauMo, 1o tem xe
MpUYMHAM 3TOT MEPUO COBIAJ ¢ KAYeCTBEHHBIMU
U3MEHEHUSIMU CIIYTHUKOBBIX CUCTEM, YTO IPUBEJIO
K TIOBBIILIEHUIO TOUHOCTH I1JTAHOBO-BBICOTHOM MpH-
BSI3KM, a TaKXKe K MOJIyUeHUIO BBICOKOTOUHBIX aJlb-
TUMETpUYECKUX AaHHbIX. K coxaneHuto, B CUIy U3-
BECTHBIX IIPUYMH, JUISI HAlllel CTpaHbl 3TOT MEPUO
COBITAJI C COKpallleHueM padoT B AHTApKTUKE.
Poccuiickue uccaedosanus na ozepe Bocmok u 6
CanHo-2yceHu4HbIX noxodax. CaMoe rpaHIMO3HOE Ha-
Y4HOE COObITHE KOHIA XX B. — OTKPBITUE MO~
HUKOBOI'0 03epa BocTok B paitoHe 0OqHOMMEHHOMN
oTeuyecTBeHHON cTtaHumu [78]. B cuny reorpadu-
YECKOIo IOJIOXKEHUsI U BO3MOXHOCTEM JJOTMCTHYE-
ckoro obecrieueHus yxe B 1995 r. poccuiickue uc-
cjenoBare/id Hayajli IJIaHOMEPHOE U3yYEHUE ITOTO
palioHa Ha3eMHBIMU AMCTaHIIMOHHBIMUA MeToda-
Mu. OHU BKJOYaau B ceds ceficmuyeckue MOB
(c 1995 r.) u pannonoxkauroHHbie (¢ 1998 r.) 30H-
nupoBaHus. st aToro B 1998 r. ObLI cniennaib-
HO pa3paboraH JienoBblil Jjokatop PJIC-60-98, Ha
cMeHy KotopoMmy B 2006 T. mpuLIén HOBBIN TTpUOOP
PJIC-60-06 (cMm. Tabnuiy). Ha HayaibHOM 3Tare pa-
0OTHI OBUIM COCPEIOTOYEHBI B palilOHe CTaHIIUU, TIe
¢ 1970 r. Beiu KepHOBOE OypeHue. 3a1aun, CTOSIIIUE
nepea reopr3nYeCKUMU UCCIeTOBaHUSIMU, TIPEI-
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yCMaTpUBaJIU OIIpenesieHre MOIITHOCTH JIeAHUKA C
MaKCHMaJbHO BO3MOXHOM TOYHOCTBIO, UTO OBLIO
KpaliHe BaXXHO IUIsI 0€30MaCHOTO IPOHUKHOBEHUS B
o3epo BocTok, a Takske BBISICHEHUE TIOJIOKEHUS €TI0
oeperoBoii tmHUKM. B 1996—1998 rr. OBUTO BBHITION-
HEHO BepPTUKAJIbHOE CelicMUUecKoe IIpoduInpoBa-
HUe B ckBaxkuHe SI'-1 11 onpeaeaeHust CKOpoCT-
HBIX ITapaMeTPOB cpenbl. M3aMepeHmsI IToKa3auu, 4To
CKOPOCTh B YMCTOM aTMOC(epHOM Jbay (IJIacToBast
ckopocTb) coctapisgeT 3920120 M/c, a MOLIHOCTh
JiefHUKa B IyHKTe OypeHust — 3760130 m. B ce3on
1999/2000 r. TIpoBenn 3JIeKTPOMAarHUTHEIE 30HIM-
poBanust MmeromoM OI'T mist ompeneneHust CKOpo-
CTU PacIpOCTPaHEHUS DIIEKTPOMArHUTHBIX BOJIH B
tesie tegHuka. CornacHO M3MepeHUsIM, OHAa COCTa-
Buia 168,4£0,5 M/MKC, a MOLIIHOCTb JIETHUKA B paii-
OHe IyHKTa OypeHust oteHeHa B 3775115 m [69, 86].
ITocne mpoHnkHOBeHUS B 03epo B 2012 T. BBI-
SICHUJIOCh, YTO UCTMHHOE 3HAaYe€HUE COCTaBIISCT
375943 m [87], T.e. TOUHOCTH re0U3NICCKUX TaH-
HBIX COCTaBIISICT OKOJIO ITOJIOBUHBI ITPOLICHTA.

B nponiecce pabdort, mpongoirkasmxesd mo 2008 1.,
6n1T0 BRITTONMHEHO 318 ceiicMo3onmmpoBannit MOB n
noayaeHo 5190 mor. KM pamroI0KallMOHHBIX MapIiI-
pyToB. [Jis1 moBbilIeHUS! 3PPEKTUBHOCTU CEHCMU-
YeCKMX M3MEPEeHUI Ha HavYaJlbHOM 3Talle IIPOBe-
JIM OTIBITHO-METOAnYecKre padboThl IO OTPabOTKe
¥ BHEIPEHUIO HOBOI TEXHOJIOTUHU: I (POPMUPO-
BaHMSI BO30YXKICHUS UCIOIb30BAJICS ITOAPBIB 5—6
JIMHUN JETOHUPYIOLIETO IIHypa WIMHOI 50 M, KOTO-
pbI€ YKJIaObIBAJIMCh Ha CHEXXHOM ITOBEPXHOCTH [69].

Anporeodursnaeckie pabOTHI WISl peIIeHUs 3a1a4
KapTHUPOBaHUS U U3YyYEeHUS TTTyOMHHOIO CTPOSHUS
B paifoHe o3epa BocTok B 3TO BpeMsl BBIIIOJIHSIIN
U 3apy0exHbie crienuaaucTel. B 1999 r. uranbsaH-
CKM€ HMCCIIeNOBAaTeIM MPOBEIN MAPIIPYTHYIO ChEM-
Ky, a TaKXKe HECKOJIbKO PEeTMOHAIBHBIX MapIIPYTOB,
COCMMHSIOIINX 3TOT pailoH ¢ KymnojoM KoHkop-
nus [88]. Ha caemyrommii rom, B ce3oH 2000/01 .,
aMEepUKAHCKNE YIEHBIE BBHIITOJHWIN MacIITaOHYIO
KOMILIEKCHYIO a3pOoreo(n3nIecKyio ChEMKY ¢ MEX-
MapIIPYTHBIM pacCTOSHUEM 7,5 KM B palioHe o3epa
BocTox Ha momany okojo 53 teic. kM2, ChEMKa
BKJIIOYasia B ce0sl: Jla3epHYIO albTUMETPUIO, Mar-
HUTO- U I'PAaBUMETPUIO, a TaKXKe paauoJoKaluIo.
OcHOBHas ceTh NMpoduieil MOKpbIBaeT IIOLIAdb
157 % 330 kM (puc. 7). Kpome T0Oro, Ob110 BbITIOIHE-
HO HECKOJIbKO PerMOHaIbHBIX MapIIpyToB [89].

B pesynbrate uccienoBaHuii YCTaHOBJEHO, YTO
IUToLIAAb BOIHOIO 3epKaja o3epa BocTok cocrapisi-

er 15,79 toic. kM2. Fro BBICOTHOE TOJIOKEHUE U3Me-
nsiercst ot —600 1o —150 M. Ha akBaTopuu BbISIBIIEHO
11 ocTpoBOB, a 3a e€ npenenaMu — 56 N30JIMPOBAHHBIX
MOMIETHUKOBBIX BOT0EMOB [90]. MOIITHOCTD JIeTHUKA
Haz akBaTopueil o3epo Bocrok mamensiercs or 3600
10 4350 M. O0BEM BOTHOTO Tejla COCTABIISIET OKOJIO
6100 kM3 pu cpeaHeit nyorHe Bonoéma okosto 400 M
¥ MakcuMabHo riyoune 1200 M (cMm. puc. 7) [69].
Ha cremyroieM atare Ha IpOTSDKEHUH YETHIPEX IT0JIe-
BBIX CE30HOB BHIITOJIHSIM CeiICMUYEeCKIe 30HIUPOBa-
HUST METOIOM MPEIOMIIEHHBIX BOJIH TSI OTIPeAesICHIS
CKOPOCTHBIX XapaKTePUCTUK TOPHBIX ITOPOII, CJIararo-
VX MOUTETHYIO TOBEPXHOCTD [91].

OnHoBpeMeHHO ¢ pabdoTraMu Ha o3epe BocTok
B TE€UEHHUE JICTHUX I10JIeBBIX ce30HOB 2004—2013 rr.
(49—58-s1 PAD) BBRIMOMHSAIN Ha3eMHBIC PAINOJIO-
KallMOHHBIE UCCJIEHOBAaHUS B IOJIOCE TPACC CIIEHO-
BaHUSI CAHHO-TYCEHUYHBIX ITOXOH0B «MUPHBINA —
Boctok» u «ITporpecc — Boctok» (cM. puc. 3). Ha
HayaJbHOM ATane padoT ucrnojb3oBanu Tsirauu ATT,
CTT-2 «XapbkoBuaHka-2» u IT-30, a Takke nepe-
IBUKHYIO Te0(pU3NUIECKYIO JIa0OpaTOpHIO, CO30aH-
HyI0 Ha 0a3e Xujaoro koMmruiekca «Butsasp» Mium-
0aiickoro MeXxaHM4eCcKoTo 3aBoja (CM. puc. 3, §).
OHa e IIpUMEHSIaCh 1 UIST U3y4eHUsI pailoHa o3epa
Boctok. C 2007 r., nociie nepeHoca TpaHCIIOPTHOTO
y371a Ha ctaHuuio Ilporpecc, Moxoasl coBeplIaIiCh
Ha HoBoI1 TexHuke Ha 0a3e Kissbohrer Pisten Bully
Polar (cm. puc. 5, ¢). Takue rccienoBaHus Ha BbICO-
KOM OPraHM3alliOHHOM M TeXHUYECKOM YPOBHE I10-
3BOJIMJIA YTOUHUTH UMEIOIINECs JaHHBIC, a TaKxKe
MOJIYIUTh HOBEIE 110 Tpacce «IIporpecc — BocTok».
Kpowme Toro, B mipoliecce 3Tux pabot ObL1 00HaApYKEeH
MOIJIEAHUKOBBII BOIOEM B paiioHe 821-ro Kuaome-
Tpa Tpacchl «MupHbiii — BocTok» (50 KM ceBepHee
craHiuu KoMcoMoibckasi). DTOT BOTHBIU OOBEKT
OBbLT Ha3BaH MCCIeI0BaTeISIMU 03epoM Komcomoib-
CKOe, ero JjuHa COCTaBIsIeT 0Koio 5 KM. B 55-10 u
58-10 PAD OH ObUI NpakTUYECKU TTOJHOCTBIO 3aKap-
TUPOBaH [92], HO MpeKpalleHUe UCCIEeN0BaHUI He
MO3BOJIMJIO TOBeCcTH padoTy Oo KoHua. B 49-10 PAD
B paiioHe ctaHuuu ITnoHepckas Takxke ObU1 0OHApY-
>KeH MOIJICAHUKOBBIM BOJOEM, Ha3BaHHbII 03¢pOM
INuonepckoe. B 50—53-10 PAD (2005—2008 rr.) ero
JETAIbHO M3YYMIM C TIOMOIIBIO PaIUOI0KAIIMOHHO-
ro nipodwmpoBaHus. I1poBeaeHO TakKe OMHO ceiic-
MUYECKOe 30HINPOBaHUE, KOTOPOE IT0Ka3auio, 4To
r1youHa Bogoéma — okoso 30 M. PaguosokaunoH-
HbIE€ MCCJICIOBAHMUSI ITO3BOIMIM OOHAPYXKUTH B 3TOM
paiioHe 1LIeTyI0 CUCTEMY MOIJIeTHNKOBEIX 03¢p [93].
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Puc. 7. KopeHHoii penbed 1 rIyOMHBI MOMJIEAHUKOBOTO 03epa BocTok.

1 — u30TUIICHl KOPEHHOTOo pelibeda, ceueHue nzoauHuii 150 M; 2 — ypoBeHb Mopsi; 3 — GeperoBasi TuHMs o3epa BocTok, mo [90];
roJIyObIM ILIBETOM ITOKa3aHbI MOIJIeTHUKOBBIE BOTOEMBI. Ha cekiinm a mpuBeneHa cxemMa pacrojioKeHHUsT UCITOIb30BaHHBIX Te0-
Gu3nIecKMX TaHHBIX; KPACHBIM IIBETOM IOKa3aHbl OT€YECTBEHHbIC PaIMOJOKAIIMOHHBIE MAPIIPYThI; 3€JEHBIM — MapIIPyThl
aMEPUKAHCKOM ChbEMKU; XKEJIThIe TOYKM — IyHKTHI celicMuueckux 3oHaupoBanuii MOB. Ha cexiuuu 6 nipeacraBiieHa cxema Iiy-
ouH o3epa Bocrok, ceuenue uzoaunuit 150 m

Fig. 7. Bedrock and the depth of subglacial Lake Vostok

1 — bedrock contours with space 150 m; 2 — sea level; 3 — grounding line on [90]; small subglacial lakes are depicted by blue. Loca-
tion of the geophysical data is depicted by Section a. Russian radio-echo profiles are shown by red; US profiles are shown by green;
Russian seismic points are depicted by yellow dots. The depth of Lake Vostok is shown in the Section 6. Contour interval is 150 m
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Puc. 8. 3apyOexHast TexHUKA.

CoémouHble camoniéThl: ['epmanuu Polar-2 (a) u CIJA Twin Otter (6); caHHO-TYCEHUYHbIE TTOXObI: aBCTPATUUCKUI B paMKax
npoekta PCMEGA 2002 r. (8), aMepuKaHO-HOPBEXKCKUIA IMOXO/ ATl U3yYeHMsI MoaJieAHUKOBOro o3epa Pukasepu 2007/08 r. (e),
Ha3eMHBII paJuoJOKAIMOHHBIN KOMILIEKC SIMOHCKO-1BeacKo# akenenuiuu 2007/08 . (0).

a — dotorpadus u3z noknana D. Steinhage (AWI), 2008 r.; 6 — dboTtorpacduu u3 padotsl [S1]; 6 — poro Australian Antarctic Divi-
sion, 2002 r.; e — doto u3 padbotsl [51]; d — boTo U3 noknana S. Fujita

Fig. 8. Foreign vehicles.

Flight laboratories: Polar-2 by Germany (a) and Twin Otter by US (6); scientific traverses: Australian in framework of PCMEGA
Project, 2002 (8), US-Norway traverse to study of the Ricovery Lake (e), ground-based mobile geophysical laboratory by the Jan-
an-Sweden Expedition, 2007/08 (d).

a — photo by D. Steinhage (AWI), 2008; 6 — photo from [51]; ¢ — photo by Australian Antarctic Division, 2002; ¢ — photo from [51];

d — photo by S. Fujita

3apyoeichbte uccaedoseanus. HoBblii aTam Hampas-
JICH Ha pabOThI IJIs1 3aKPBITUSI OCTABIIMXCS «OSJIbIX
rsiTeH». ChEMKU BBITIOJHSIIM C MCTIOIh30BaHUEM I10JI-
HOTO a3poreor3nIecKoro KOMILIeKca (MarHuTo- u
IpaBUMETPUSI, a TAKXKE JIeIOBast JJOKALIMS), KOTOPbIi
IO3BOJISI HE TOJIBLKO M3y4aTh MOIEIHBIN peibed 1
CTPOCHME JIEMHUKA, HO U BBISBJISITh 0COOEHHOCTHU TITY-
OMHHOTO CTpOoeHMS U3ydaemoit Tepputopun. B 2001—
2005 rr. HemeLKMe yuyéHble B paMKax Ipoekta VISA
BBITIOJHWIM MAacCIITA0HYIO0 KOMIUIEKCHYIO a3poreo-
(GU3NYECKYIO CHEMKY, BKITIOUAIOIIIYIO B ce0sI U panvo-
JIOKallMOHHBIe 30HaMpoBaHus Ha 3emie KoposeBbl
Mon. PaboThl Beu JIeIOBBIM JIOKATOPOM C YacTOTOM
30HAMPYIOIMX UMIYJIbcoB 150 MTI'11, ycTaHOBIIEH-
HBIM Ha JieTatolieit 1adopatopuu Polar-2 (puc. 8, a),
co3naHHOM Ha 0a3e camosiéra Dornier 228-101.
Mapuipytsl npoxoaunau yepe3 10 n 20 KM 1 MOKPbI-
JIN OOIIMPHYIO TEPPUTOPUIO B ceKTOpe OT 14° 3.1. 10
20° B.11. TUTOLIANBIO OKOJIO 1,2 MiTH KM?2 [94].

B 2002/03 r. B 10xxHO#1 yactu rop I1punc-Yapiab3
Ha TeppuTtopus 81 Thic. KM? ObLIA TIPOBEAEHA KOM-
IUIEKCHas asporeodusndeckasl CbéMKa B paMKax
COBMECTHOIO aBCTPaJO-TepMAaHCKOTO MPOECKTa
PCMEGA [95]. DTu ucciienoBaHusl TakxKe IPOXO-
IWIUA Ha 0a3e JeTalleil reopu3ndeckoi madbopa-
topuu Polar-2 (cM. puc. 8, a) 1 ripenycMaTpuBaIn
OOIIMpPHBIC Ha3eMHBIC INISSLIMOJIOTMYECKIE PAOOTHI
MPpY Ha3eMHBIX UCCJICAOBAHUSIX B COCTABE HAyYHOTO
CaHHO-TYCEHUYHOTO noxoxaa (cM. puc. 8, 8).

K nHaubosee 3HaUMMOMY, BEepOSITHO, MOXXHO OT-
HecTu npoekT AGAP, MOCBSIIEHHBIN U3YYEHUIO
noanénHbIX rop I'amOypiieBa — camoit OOIBIION TTOI-
JIETHUKOBOI TOPHOI CUCTeMbl AHTapKTUIbI. OH BbI-
MOJIHSJICSA B paMKaX MexXIyHapOaHOIO MOJISIPHOTO
roga (2007—2009 rr.). B pabotax yyacTBoBaJIu CIie-
nuanuctel ceMu crpaH: CIHIA, Beaukobputanuu,
T'epmanum Ascrpanuu, Kutas, Anonnu n KaHamsr.
HccnenoBaHuss HOCUIM KOMILJIEKCHBIM XapakTep.

-604 -



C.B.Tonos

AsporeopusnyecKkyro Cb€MKY BbIMOJHSUIM HAa CaMO-
nére Twin Otter (cm. puc. 8, 6). PagmonoxammoHHbBIe
30HIMPOBAHMS TPOBOAWIN Ha yactote 150 MTI'1y [96].
IMonoxeHre MapIIPyTOB ITOKA3aHO Ha puc. 6, 0.

B mocnennmne roasr B cextope 70°—110° B.1.
CTaJyd aKTUBHO paboTaTh KMTAMCKHME MCCIeqoBaTe-
. Havano ObL10 TTon0XXeHO B MexXayHapoaHbIi
MOJISIPHBIN TOM; TIOCJIE BBIITOTHEHUSI KOMILIEKCHBIX
Ha3eMHBIX MCCJICIOBAaHUI HA YJAaCTKE OT CTAaHIIUM
Usxynmanb (xoaMmel JlapcemaHH) 0o Kymoia Apryc
B 2004/05 u 2007/08 1r., e mo3xe, B 2009 r. 6bu1a
oTKpbiTa HOBas ctaHuusl KyHnyH. Takxke paGoThl
OBLIM IIPOJOJIKEHBI B paMKax MeXayHapOoaHOTro
mpoekta AGAP [97, 98]. OHu npenycMmarpuBaiu
[JISILIMOJIOTUYECKIE 1 METEOPOIOTHIeCKIEe Ha0I0-
IEHMS, a TAKXKe paaroIOKAlIMOHHOE ITpodUInpoBa-
Hue. [locieqHne mMpoBOOMINCH Ha y4AaCTKE TPACCHL B
2011—-2013 rr. Kpome HaygyHBIX pabOT, TECTUPOBATI-
CsI HOBBIIA JIeAOBBIH JIokaTop [99]. Cnemyromuii sTan
paboOTHI KNTAICKMX MCCIeo0BaTeIe 3aKII04Yaics B
opraHm3ann U OTKpeITHU B 2014 T. TT071€BOIT Oa3hI
Taitimanp, ocHAIIEHHON MOCAaTOYHON IIJIOIIAdKOM.
BaxxHocTh 3TOr0 COOBITHS CBSI3aHA C TEM, YTO, Ha-
YyMHAas ¢ JIETHEero ImoyeBoro cesona 2013/14 r., B
MMPaKTUKE KUTANCKMX 3KCIEAUIINI CTaja UCIIOJIb-
30BaThcs JeTatolnas gadopatopust «CroenHb-601»
(Cuexnblit Opén-601), co3ganHas Ha 6a3e cpeaHe-
MarucrtpajbHoro camosiéta Basler BT-67. Ha na-
CTOSIIIMIA MOMEHT OHA BKJIIOYAeT B ceOs: JISAOBBII
snokatop HiCARS (yactora 60 MTI'1); rpaBumerp
GT-2A; ne3uennrit MaruntoMeTp CS-3; ma3epHEBIi
BeicotoMmep Riegl LD90-3800-HiP u Bumeokame-
py [100]. C ce3ona 2015 r. kuTaiickne a3poreodu-
3MYECKME UCCIeA0BAHMUS BEITIOIHSIIOTCS HA YIaCTKE
Mexay ctaHuusaMu YxkyHmaHb, KyHinyH u Boc-
ToK [101]. OHM noKa3aHbI Ha puc. 6, 0.

C 2013 . pa 3emnax Yunkca n Buktopnu mpoBo-
IIT paOOThI aBCTPAINIICKIE, HEMEIIKIEe, aMepUKaH-
CKME W UTAIbSIHCKHE CIIEIUAINCTHI B paMKax IIpo-
extoB IceCap n IceBridge. Onn npemxycMaTpuBaioT
MarHUTO-, TPABUMETPUYCCKHE W PaINOJIOKAIIMOH-
HbIe nccaenoBaHus. M3ydalor Takke OajaHC Jemo-
BbIX Macc. ChEMOUHBIE MAPIIPYTHI PacIIoaraiy o
BeepHOMY IPUHIIUITY ¢ 0a3MpOBaHMEM Ha a3poapo-
Me aBcTpajuiickoil craniuu Keiicu (cM. puc. 6, 6).
B TpamuimoHHBIX paiioHaX IIPOIOKAIN BEITOIHSITh
paOoOTHI aHTINIICKIE, HEMELIKIE M aMepUKaHCKIe
cnenranncTel. HazeMHBIe MccaemoBaHUsI IPOBOIN-
JIM aMEepPUKAaHO-HOPBEXCKasl (CM. puC. 8, ) U SIIOH-
cKo-1IBencKasg (cM. puc. 8, d) SKCIIEIUIINA B paM-

Kax MexnyHaponHoro nojsipHoro roaa [51, 102]. B
JIETHUI moJieBoit ce3oH 2005/06 r. amepuKaHCKUE
YUY€HbIE BBIMTOJHUINU a3pOreo(u3nuecKyro CbEM-
Ky B 3aragHoii AHTapKTHUIE Ha TEPPUTOPHUU OKOJIO
250 TeIc. KM2. B seTHuit nonesoii cezon 2006 r. B
palioHe saroHcKol cTaHumy Césa u 3aimBa JIIoTIoB-
XombM B pamkax rTpoekta WEGAS 6butr mpoBeie HBI
COBMECTHEIE SITTOHCKO-TepMaHckue (AWI) asporeo-
dnsmueckme uccnemoBanud [103]. ITonoxenue pa-
IOJI0KAIIMOHHBIX MapIIPyTOB B AHTapKTUIE K CEH-
t6pro 2020 r. mokasaHo Ha puc. 6, 0.

IIpoekTsr Bedmap, Bedmap2 n Bedmap3

3HaYUTeIbHEIC 110 00BEMY pPagMOJIOKAIIMOH-
HBIE U celiCMUUEeCKUe UCCAeHOBaHUSI B AHTapKTH-
Iie TIPUBEIA K HEOOXOAUMOCTA O0beIMHEHMS JaH-
HBIX B paMKaX OTHOTO OOJIBbIIOro MexXmyHapogHOIo
npoekTa mIst popMUpOBaHUS HamboJIee TOYHON 1
IeTaJbHOI KapThl BBICOT MOMIEAHOIO peiabeda u
MOIIHOCTH JIEAHUKOBOTO MoKpoBa. C 3Toil MHUIINA-
THUBOI BBICTYITIJI COTPYIHUK BpUTaHCKOM aHTapKTH-
yeckoll ciyxkOnl D. Vaughan, a B okts16pe 1996 1. B
Kem6pumxe(BennkodpuTaHus) COCTOSIIIOCH TTEPBOE
pabouee coBemaHune npoekra Bedmap. OHo ObLIO
TIOCBSIIIICHO OLICHKE COCTOSTHUS N3YYEHHOCTH JICTHH -
KOBOTO ITOKPOBa 1 KOPEHHOTO peibeda AHTaApKTH-
IIBI. DTO IMPUBENIO K (POPMUPOBAHNIO HOBOTO MEXKIY-
HApOIHOTO IPOEKTa IO CO3MaHNI0 MU(PPOBHIX KapT
MOIEAHOTO peNtbea M MOIIHOCTH JISTHUKOBOTO T10-
KpoBa AHTapKTuAbl. Ero cBoeBpeMeHHOCTh 00YCI0B-
JIeHa TeM, YTO ITOCJIeIHee 3HAUMMOe 0000IIeHE 110
JIAHHOI TeMaTHKe BBIILIO B 1983 I. (cepus KapT IJIsd-
1oGHU3NIECKOTO U Te0(pU3NISCKOrO COAEPKAHUS
non pegakuueit D. Drewry u S. Jordan [79]). Ilocne
3TOr0 HAIIMOHAJBHBIMM M MEXIYHAPOIHBIMH 9KC-
MeIUIMSIMU, BKITIOYAsI 1 HAIly CTpaHy, ObLT ITOJIyYeH
OrpOMHBIN 00BEM HOBBIX JaHHBIX. [IpoekT 3aBep-
uics B 1999 1., 1 B utojie TOTo e roga Ha BTOPOM
pabouem coBemiaHuu (puc. 9) ObBUIM IpenCcTaBICHE
ero pesynbrarel. B 2000 r. 110 pe3yabpraTaM MpoeK-
Ta U3Ma€TCsl CBOAHAsI KapTa MOIJIEAHOTO pelibeda
AHTapKTUIBI, a CII¢ Yepe3 TOI BEIXOIUT B CBET CTa-
ThsI C OIMMCAHUEM COCTaBa 0a3bl JAHHBIX 1 METOIMYE-
CKUX acCIIeKTOB KapTococTaBieHus [80].

Bxutan Hameit cTpaHbl B 3TOT IPOEKT OBLI Olle-
HEH I10 TOCTOMHCTBY, TaK KaK HaIlll MCCIeA0BaTEIN
MIPOBEIM KOMIUICKCHBIE a3poreon3nIecKre ChbeM-
K1 OoJiee YeM Ha TpeTU BCero KOHTUHEHTA.
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Puc. 9. YuactHuku BTOporo pabouero copelianus npoekra Bedmap, utoab 1999 r.

Opranuzarop npoekrta D. Vaughan cTOUT TpeTbUM B TIEpBOM psiny ciieBa. DOTO 13 KOJJIEKIIMHU aBTOpa

Fig. 9. Participants of the Second Bedmap Workshop, July 1999.

D. Vaughan, the leader of the project, stays the third in the first row on the left. Photo from the collection of S. Popov

3a necAaTuiieTue, IpolleIllee Moce 3aBePIIeHUs
npoekta Bedmap, MexxnyHapoaHBIM HayYHBIM CO-
00111eCTBOM B AHTapKTUIE ObIIA BBIMIOJIHEHBI 3HAYN -
TeJIbHBIE TI0 00BbEMY HCCIICIOBAHMS. DTO MOCITYKUIO
NPUYMHON OpraHuU3alid HOBOM T'€HEPALIMU TIPOCK-
ta Bedmap — Bedmap2, KoTophbIii 3aBepImnics Moa-
rotoBkoii B 2013 r. uu@poBbIX Moaesei MOIITHOCTH
JIEMHUKOBOI'O TIOKPOBa AHTApKTUIIBI, a TAKXKE BBHICOT
KaMEHHOT0 OCHOBAaHMsI KOHTMHEHTA U OK€aHUUYECKOM
yacTtu 1o 60° 1o.11. Bkian Haieit ctpaHbl — TaHHBIE,
MoJTydeHHBIE B MPUOpeKHOI yacTi BocTouHoit AHT-
apKTUJIbI, a TaKXKe B XOJIe HA36MHBIX MCCJIeIOBaHUI
B COCTaB€ CAaHHO-TYCEHUYHBIX MTOXOJ0B, BKIIOUYas
paitoH noaeTHUKOBOro o3epa Boctok. PesynbraThl
MpOoeKTa MpeacTaBieHbl B padote [102].

Haxonen, B ¢cBSI3U ¢ MOJIydeHEM HOBBIX 3Ha-
YUTEJbHBIX OOBEMOB PAAUOJOKALIMOHHBIX JaH-
HbIx, B utoHe 2018 1. Ha XXXV SCAR Open Science
Conference Obl1 MOOHST BOIIPOC 00 opraHu3a-
LUK cleayiolleil reHepauu rmpoekra — Bedmap3.
Jlerom 2019 r. B pamMKax IBYX HayYHBIX KOH(pepeH-

muit (International Symposium on Radioglaciology
n XIII International Symposium on Antarctic Earth
Sciences) ObLIM MpOBeNeHB padboyne COBEIIAHMS
HOBOTO HAy4YHOTO IpoecKTa. JlaHHbIe, BKJIOUas U
poccuiickue, obLM TIepenaHbl B 0a3y Bedmap3, a B
ceHts10pe 2020 1. cCOCTOSIOCH AUCTAHLIMOHHOE pa-
Oouee coBelllaHMe, Ha KOTOPOM OOCYKIaIUCh TeX-
HUYECKUEe BOMPOCHI MPEACTaBICHUS PE3yIbTATOB.
PannonokanoHHble MapUIpyThl, BOLIEAIINE B CO-
cTaB 0a3bl, IpUBEIEHBI Ha puc. 6, 6. 3aBeplIeHne
npoekta Bedmap3, B 3aBUCUMOCTU OT 0OCTOSI-
TeNbCTB, T1aHupyetcs B 2021 unu B 2022 1T.

I'eopanaphsie uccienoBaHus

T'eopamapHbie pabOTHI CTOST HECKOJIBLKO 0CO0-
HSIKOM BBUY allllapaTypHbIX OCOOCHHOCTEH U, KaK
CJIeNCTBUE, Kpyra pelaemMbix 3agad. Lleab paguosno-
KallMOHHBIX UCCJCIOBAaHUI — IOJydeHUe TaHHbBIX
10 BCeMy pa3pesy JedHUKa OT IMOBEPXHOCTU IO €ro
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JI0xa. DTO MO3BOJISIET U3yJYaTh HE TOJIBKO €ro CTPOe-
HHE, HO ¥ XapaKTep MOMIETHOTO pebeda: ero Mop-
(omoruio u rmIpoTepMmUIecKoe cocTosiHe. iMeHHO
pannoJOKallMOHHBIE TaHHBIE JIETJIA B OCHOBY CO-
CTaBJICHUS KAPT MOIIIHOCTH JICTHUKOBOTO IIOKPOBa 1
nomnéaHoro penbeda [80, 102]. Kpome Toro, mmeH-
HO METOJ PagrOJIOKAILIMU ITO3BOJIM BRISIBUTH IIepP-
Bbl€ MOJJIEAHUKOBBLIE BOOOEMbI AHTapKTUABL [77].
HMubopmaius, moxydaemasi C €ro IIOMOIIbIO, CTOJIb
3HAYMTEIbHA ¥ MHOTOOOpa3Ha, YTO MO3BOJISIET Cy-
IUTH O CTPOCHUM JIETHUKA Yepe3 ero CJIOMCTOCTh Ha
BpPEMEHHBIX PagUOJIOKAIIMOHHBIX pa3pe3ax [104], o
€ro TepMOAMHAMNYIECKOM COCTOSIHUHU 4Yepe3 Kodd-
(unmeHTH! OTpaxeHus [36, 96, 105], a Takxke o psae
IpYyrux ero ocooenHocreii [106], Bkiaoyast fuHAMK-
Ky negumka [70, 72, 107].

B otimume ot pannonoKanroHHBIX UCCIea0Ba-
HUI, 3aJa4a reopagapHbIX padO0T IIPUMEHUTEIBHO K
JIeTHUKAM 3aKJIF09aeTCs B IeTaJIbHOM U3YYECHUH €T0
MIPUITOBEpXHOCTHOM YacTu. ['eopamap — 10CTaTOYHO
MAaJIOMOIITHBIN ITproOop. Jlaxke Ha caMbIX HU3KUX UC-
MOJIb3YEMBIX 9aCTOTaX OH ITO3BOJISIET JOCTUYD TITy-
OMHHOCTH JIUIIb B COTHU METPOB U TOJIBKO IIPU yC-
JIOBUU JIOLIMPOBAHUS XOJIOAHOTO Jbaa. OQHAKO €ro
MepenaTyuK MCIYyCKAaeT KOPOTKUM 3JIeKTPOMAarHuT-
HBII UMITYJIbC, YTO, B CBOIO OUYEPElb, IIO3BOJISICT ITO-
JIy4aTh 3HAYMTEIbHOE pa3pelleHne 110 ITyOnHe, He-
TOCTIDKMMOE IS TIIyOMHHOTO JISIOBOTO JIOKATOpa.
MMeHHO mo3TOMY JaHHBIM METOI He3aMEHUM IIpU
W3Y4eHNU CTPOCHUS CHEXXHO-(UPHOBOI TOJIIH, a
TakoKe BBISIBJICHMU 30H TPeIMH B JieqHuke. Kpome
TOro, OH BecbMa 3(p(PeKTUBEeH IPU KapTUPOBAHUU
MIPECHOBOIHBIX 03EP, MOKPBITHIX JILIOM U, CJIEI0Ba-
TeJIbHO, HeAOCTYITHBIX MIJIsI 3X0JIoTHpoBaHus [108—
110]. Bunumo, 13-3a cBOei Maoi TIIYOMHHOCTH
reopamapHbIe MCCIeA0BaHUS KaK IMOJTHOIIPABHBIN
reopU3NIeCKMii METOH CTaIM IIPOBOAUTHCS B AH-
TapKTUAC 3HAYUTEIbHO IT03Xe, YeM Ha ropasmo
MEHEee MOIIHBIX JICAHUKAX apKTUIECKIX OCTPOBOB
VTV TOPHBIX JTegHuKax [108].

[InaHoMepHBIe OTeYeCTBEHHBIE reopagapHbIe
HCCIenOBaHNSI B AHTapKTHUIE ObUIM HAa4aThl IO, py-
KOBOJCTBOM U HEIIOCPEICTBEHHOM YJacTUM aBTOpa
3TOM cTaThl B ce30H 58-if PAD (2012/13 1.). Ilepen
HavyaJaoM HMCCJIeTOBAHUI BHIIIOJIHSUIACH ONBITHO-
MeToamueckKue paboThl Ha cTaHIMM BocTok mis
OTPabOTKM METOAUKU IIPOBEICHUS U3MEPECHUI B
COCTaBe CaHHO-TYCEeHMYHOIO IT0X0Ia, a TAKXKe I10-
CJIemyIOLIei MHTePIIpeTalluy JaHHBIX: COOTHECEHUS
CII0€B B CHEXXHO-(DUPHOBOI TOJIIIE, BBISIBISIEMBIX

10 TeopagapHbIM JaHHBIM U TJISIIAOJIOTNUYECKUM
HabmoneHussM B mypde. ITocae aToro 06111 1Ipo-
BeJleHbl KOMITJICKCHBIE TJISIIOreopanapHbIe ucclie-
JIOBaHUS B paiioHe MeTadIOH, HEaJIeKO OT CTAHLIMU
BocTok, 1 B caHHO-TYCEeHMYHOM mnoxoje «BocTok —
ITporpecc», B pe3yiabrare KOTOPBIX ObUIM YCTAHOB-
JIEHBI OCOOEHHOCTHU CTPOCHUSI CHEXHO-(HUPHOBOM
TOJIIIY OOIIMPHOTO y4yacTKa MEXIY YKa3aHHBIMU
CTaHLIMSIMU U B paiioHe o3epa Boctok. Mccnenona-
HUSI BBITIOJTHSIIN C TIOMOIIIBIO TTIPOMBIIIIEHHOTO T'e0-
pagapa GSSI SIR10B (Geophysical Survey Systems,
Inc., USA) ¢ anrenHoii «5106» (4actota 30HAUPO-
BaHusg 200 MT'), KoTophlii 11006€3HO MpenocTaBu-
JIM COTPYIHMKKM HallmoHalIbHOr0 MHCTUTYTA Ie0-
¢u3uku u BynkaHosoruu Puma (Instituto Nazionale
di Geofisica e Vulcanologia, INGV) — Dr. Achille
Zirizzotti v Dr. Stefano Urbini [111, 112]. ITocne
3TOr0 TeopagapHbie paboThl HEOTHOKPATHO ITPOBO-
JIAJIM B HAYIHBIX CAHHO-TYCEHUYHBIX ITOXOJAaX C Cy-
ry00 INISILIMOJIOTUYECKMMH 3aJadaMM Kak 110 Tpacce
«[Iporpecc — BocTok», Tak 1 B pailoHe MpearnoJia-
raeMoro rjayooxkoro 0ypeHus Ha kyroJjie b [113].

B ToT Xe moJieBoii ce30H HaYaIMCh IJIAaHOMEPHBIE
reopagapHble paOOTHI, CBSI3aHHbBIE C O0CCIIeUeHEM
0e30IMacHOCTU TpaHCIOPTHHIX ornepauuii Poccuii-
CKOI aHTapKTUYeCcKoi skcneauuu. OHU mpeayc-
MaTpUBAJIM UCCIIEAOBAHUE OCOOEHHOCTEM CTPOSHUSI
MIPUIIOBEPXHOCTHOM YaCTH JICIHUKA, B YACTHOCTU BbI-
sIBJIEHYsI 30H TpellnH. Ha HauaapHOM 3Tarie, Ha IIpo-
TSDKEHMU IBYX TOJIEBBIX ce30HOB 58-i1 (2012/13 1.)
u 60-it PAD (2014/15 r.), ObUIM IIPOBEAEHBI OITBIT-
HO-METOIMYeCKHe paboThl Ha TpelllMHaX B palioHe
cranumii [Tporpecc 1 MupHBIii 1T BBISCHEHHS TOTO,
KaK OHU BBITJISIAST Ha BpeMeHHBIX pa3pesax [114].
[To3zxe 3T pabOTHI HEOTHOKPATHO ITOBTOPSIIIN IIJIst
OTpabOTKM CIOCOOOB pellIeHUs] KOHKPETHBIX 3a7ay.
B 59—61-it PAD (2013—2016 rr.) B paiiloHe CTaHLIUU
MupHBIi1 OBUIM TTPOBEACHBI MHKEHEPHBIE M3bICKA-
HUsI, HalIpaBJICHHbIE Ha OIpeleicHrue MecTa, IIpH-
TOIHOTO JIJIsSI CTPOMTEJIBCTBA MOCANOYHOM TUIOLIAAKM
JJ1sl mpuéMa caMoJIETOB Ha JbIKHOM 1uaccu. Pabo-
Thl Beau reopagapamu GSSI Ha yactorax 270, 400 u
900 MT 1. ITocne ux 3aBepilieHUs] B KOHLIE TTOJIEBOTO
ce3oHa 61-i1 PAD moianka Oblia MOArOTOBIEHA U
10 deBpasns 2016 1. Ha Heit ObLT IPUHAT CpeaHEMA-
ructpanbHblil camonér DC-3T (BT-67) «Typ6obac-
Jep» [115]. Takum oOpa3oM, aBUALIMOHHOE COODIIIE-
HUe, IIpepBaHHOE CO CTAHIIMEH Ha JBa IECSITUICTHSI,
ObI10 BoccTaHoBIeHO. HaunHas ¢ ce3oHa 62-it PAD,
3/1ech 0a3upyeTcst CaMOJAET AH-2, MPpUMEHsIeMbliA ISt
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BBIIIOJTHEHMST OTEUECTBEHHBIX KOMIUIEKCHBIX a3pO-
reopm3nmIecKx paboT. DT pabOTHI, BAXKHEIE C TT0-
3ULUKA PyHIAMEHTAIbHOM HAYKU W IIPUKJIATHBIX
3a/1a4, HalpaBJIeHHBIX Ha o0ecreueHre 0e30IacHo-
CTHU TPAHCIIOPTHBIX OIEPaInii, a TAKKe IS OIIpelie-
JICHUST MECT Pa3rpy3KHu CyIOB, BBIIIOJIHSIOTCS B paii-
OHe cTaHUMK 1 1noneBbix 0a3 IIporpecc, MupHbIi,
oasuc banrepa u Pycckas ¢ 63-i1 PAD (2017/18 1.) o
Hacrosiee Bpemst [109, 116—118].

OTaenbHO OTMETUM MacIITaOHBIe paboTHI (Teo-
panuojioKallMOHHbBIE 30HIMPOBAaHUS, KEPHOBOE U
TeIUIOBOE OypeHHUE, Ireole3nIeCKre U3MEPEHUSI,
a TakXe a’podOTOCHEMKY C OCCIMIOTHBIX JeTa-
TeJIbHBIX alllapaToB) 10 U3yYEeHUIO IIPOPhIBAa BHYT-
PUICTHUKOBOIO BOIOEMa, PACIIONIOXEHHOTIO B 3a-
nmagHoM 4yacTu jJemHuka Jlonk (paiioH CTaHLIUU
ITporpecc). Onu BoimosHsauch B 2017—2019 rr.
W3ydyeHne aToro ¢peHOMEHA IMO3BOJIMIIO JIYUIIE IT0-
HSITh, KaK MOTYT IIPOMCXOOUTH ITOTOOHKIE SIBICHUS
10l MHOTOKMJIOMETPOBOM ToJjiei 1baa. [lomumo
pemieHUsT yHIaMEeHTaJIbHBIX HAyYHBIX BOIIPOCOB,
MIpUMEHEHNE TeOpaaroJIOKAIIMOHHOM ammapaTyphl
IIOMOTJIO BBHIITOJTHEHUIO BaXKHOW MPUKIATHON 3a-
Iadyyl — BOCCTAHOBIIEHHUIO TPACChI, COCIMHSIONMICH
cranumo IIporpecc ¢ aapoapomMoM 1 MyHKTOM (op-
MUPOBaHMSI CAHHO-TYCEHUYHBIX TIOXOA0B Ha CTaH-
nuto BocTok, pa3pyieHHo# 00pa30BaBIIMMCS IIPO-
Basiom [109, 110]. Yka3aHHBIe paOOTHI BHIITOJIHSLIIN
Kak ¢ 3apyoexxHbiMu reopagapamu GSSI Ha yacro-
tax 270, 400 1 900 MI'l, a takke Zond-12e (Radar
Systems, Inc, JlarBust) Ha vactorax 38, 75, 150, 500
u 900 MI'11, Tak ¥ ¢ OT€YECTBEHHOI aImapaTypoi
OKO-2 (000 «Jlornueckue cucrtembl», Poccust) Ha
yacrorax 400 1 900 MI.

OTeuyecTBeHHBIE TeopagapHbIe paOdOTH Hada-
JINCh B AHTApKTHUIE IECSTh JIET Ha3ad, a UCTOPUS
3apy0eKHBIX MCCICIOBAHNI HACUYUTHIBACT IIPUMED-
HO 4eTBepTh BeKa. B 0OCHOBHOM OHU TakxXe ObLIN
HaIIpaBJIeHbl Ha PellleHre BOIIPOCOB 00CCIIeUeHMSI
0€30ITaCHOCTH TPAHCIIOPTHBIX ONEpalnii, MpexKae
BCEro, BBHISIBJIeHHE 30H TpelInH. C 3TUM CBSI3aHBI
IUTaHUpYyeMble PaOOThl MHAWNCKUX CICIIUAINCTOB
B paiioHe cTaHUUM Mautpu (He onmyO0JMKOBAHO),
a Takxke 0oJiee paHHUe ucciaegoBanus 1991/92 r.
amepukKaHCcKUX yu€HbIX. [To-BuauMomMy, 3T0 ObLIU
OJJHU U3 MEepPBbIX MOJO00OHBIX pabOT. AMEepUKaH-
CKMe CIICUAJMCTHl BBIITOJHSIIM 3THU MCCIenoBa-
HUS Ha JeasgHoM notoke B (3amamHas AHTapKTH-
na) ¢ moMomsio reopamapa GSSI SIRS8 ¢ anTenHoiI
50 MTI'. 3amaum paboT — BBEISIBIEHWE CKPBITHIX TPE-

LIMH, a TAKXKe U3MEPEHUE CKOPOCTU paclpoCcTpaHe-
HUSI 3JIEKTPOMATrHUTHBIX BOJIH B CHEXKHO-(PUPHOBOIT
ToJie. s 3Toro perucTpupoBanuch OTpaKeHUs
OT OypoOBOIo CHapsjaa, MOMEIIEHHOrO Ha pa3iny-
Hble TJIyOMHBI B crielaabHyto ckBaxkuHy [119, 120].
B 1995—2001 rr. aas BBISIBIEHUSI CKPBITHIX Tpe-
IMWH aMepUKaHCKUE CIELMAJIUCThl BHIOJIHMU-
JIN UccliefOBaHMs BAOJb TPacChl, COeNMHSIONIE
ctaHuuu Mak-Mépao u AmynaceH-Ckott. Ucche-
noBaHus Beau pagapoMm GSSI Ha yactotax 400 u
500 MTI'x [121]. C noMoubio TaKOTO Xe Ipudopa B
1990-x romax u3ydyajoch CTpOeHMeE JIeAHMKA, Ha KO-
TOpOM Oblla OpraHM30BaHa B3JETHO-TTOCAI0UYHAas
rnosioca B pailoHe ctaHuuu Mak-Mépno [122].

PaboTel, HanpaBieHHbIC Ha BBISIBIICHHE 30H
TpeLIUH A5 obecreyeHusl 6€630MacHOCTA CAaHHO-
I'YCEHUYHBIX ITOXOHA0B, BBITIOJHSIJIN U UTaJbsIH-
CKMe creuuanucTtsl B ce30H 1997/98 r. ¢ momo-
mibto reopagapa GSSI Sirl0B Ha yactote 400 M1,
YCTAaHOBJIEHHOTro Ha BepToséTe. [IpuBenéHHbIC B
ctathe [123] BpeMeHHbIe pa3pe3bl TOKA3bIBAIOT yBe-
pEHHOE BBISIBIICHUE TPEIIMH. PaGOThI 1151 peleHust
AHAJIOTUYHBIX 3a7a4 BBINOJHSUIM U B paiflOHE CTaH-
uuu Tposn B ce3oH 2005/06 . HOpBEXKCKUE CITe-
uuanuctel. MccienoBaHuss MpoOBOAMIM HA YacTOTe
400 MTI'u [124]. Ewé ogHo npukaagHoe Hampaslie-
HUE reopaJapHbIX UCCIeIOBaHUI — BbISIBIICHUE 3a-
rpsi3HeHuii. [1ogoOHbBIe M3BICKAHUS TTIPOBOIST HO-
BO3eJaHACKME crienuanucThl [125].

IToMrMoO 6e3yCIOBHO BaXXHbIX MPUKIATHBIX
3a7a4, B Xo/e 3apy0e>KHbIX TeopaJapHbIX padOT U3-
y4yajaoch CTPO€HUE MPUMOBEPXHOCTHOM YacTH JielI-
HUKa B TIOMOIIb TJISIIIUOJIOIMYECKUM MCCIeI0Ba-
HusSM. K HUM, B 4aCTHOCTH, OTHOCSTCSI paOOTHI,
BBINIOJTHEHHBIE B CAHHO-TYCEHUYHOM IT0XOJIe MTa-
JIbTHCKOU aHTapkThueckoit akcrenuiuu (PNRA) B
ce3oH 1998/99 r. uz 3anusa Tepa-Hosa 1o kynona
Konkopnus. MccinenoBaHus BBITIOJIHSIIM reopaia-
pom GSSI Sir10B Ha yactote 400 MI'u. bbinu noy-
YeHbl TeopagapHbie TpodUIn, OTpaxKarolire CTpo-
eHue CHeXHOo-(pupHoBoit Tonwu [123]. B atom xe
IMOXOJe BBHIITOJIHEHBI padOThI 110 M3YYEHUIO Mera-
IIoH [126]. AHAIOrMYHbIE U3BICKAHUS HA JeIHUKAX
octpoBa Kunr-/I>xopmax (BaTepioo) Ben HeMelKue
cneuuanuctsl [127], kuTaiickue yuéHble — B Topax
I'poB [128], a uHaMiicKKE cienUaIucThl — B paiioHe
oasuca Illupmaxepa [129]. PaboTbl mo onpeaeacHUO
aKKyMYJISILUM C TIOMOILBIO TeopagapHbIX 30HANUPO-
BaHUI MPOBOAUIM MO 860-KUIOMETPOBOMY MPOdU-
JIto Ha BOCTOUHO-AHTapKTUUECKOM ILIATO B XOJE CO-

- 608 -



C.B.Tonos

BMECTHOI HOPBEXKCKO-aMEPUKAHCKOM 3KCIeIULINI
2007/08 r. MUconb3oBanue yacToThl 5,3 I'T'r obecrre-
YMIIO Xopoliree pa3penreHue 1o rryonne [130]. Cxon-
HbIE 3aJa4d pelllaii aMepUKAHCKUE CIICIUATNCTI
Ha 3ammagHo-AHTapKTHIecKoM Tiato Ha 100-kmmo-
MeTpoBoM Ipoduie B gekadbpe 2000 r. 3oHaMpoBa-
HUS TipoBoaman Ha yactoTe 400 MI1x [131].

3aKioueHne

C Hauaja rmepBoro MexmyHapomgHOIo reousu-
yeckoro roga (1957—1958 rr.), KOTOPHI ITOJIOXIT
HayvaJio IJJAHOMEPHOMY BCECTOPOHHEMY M3YyUCHUIO
IOxxHoI1 TToNsIpHOI 00JIaCTH, TMPOILIO IIECTh de-
CIATUIETU. 32 3TOT OTHOCHUTEJIHHO KOPOTKHMI IO
HCTOPMYECKUM MepKaM IMepuon AHTapKTUIa U3
Oes1oro IsITHA Ha reorpadudyecKoil KapTe IpeBpa-
TUJIAaCh B 00J1aCTh, HUYYTh HE MEHee U3YYCHHYIO,
yeM ApPKTHUKA. DTOMY CIIOCOOCTBOBAJIO BHEAPEHUE
B MPaKTHUKY ITOJISIPHBIX UCCICIOBAaHUN ceiicMuue-
ckux MeTomoB. OIHAKO HACTOSIIIas peBOIIOLNS B
M3YYeHUW AHTApKTHUIBI IIPOM30IILIA IIOCIE pa3pa-
OOTKM abCOJIOTHO HOBOIO reo(u3n4ecKoro MeTo-
Ia N3y4eHUsI JIeMHUKOB — pamuojiokanuu. MMeHHO
3TOT YHUKAJbHBIA METOM, a TaKXKe MCIOJbh30Ba-
HUeE MOJISIPHOM aBUAILIMK ITO3BOJIIN B OTHOCHUTEIIb-
HO KOPOTKO€ BpeMs IOKPHITh re0PU3nIeCKUMU
chéMKaMH BeCh KOHTMHEHT. BKian Hameit ctpa-
HBI — BeCbMa 3HAUMTEIbHBIN. PamnooKkanmoHHbI-
MU ChEMKaMM, BBIIIOJTHEHHBIMHU II0 PETYISIpHON
CETU MapIIPyTOB, IOKPHITA TEPPUTOPHSI, COCTABIIS-
folIast TPeTh IUIOIIAaN BceTo KOHTHHeHTA. [lomydeH
KOJIOCCAJIbHBIN 00BEM CeCMMYECKUX TaHHBIX Ha
merb@oBeIX TegHMKax OribxHepa-Ponte n Ditme-
pu. [IpoBeneHBI TakKe MacIITaOHBIE CelicMOpaIo-
JIOKALIMOHHBIE MCCIENOBAaHMS B palioHe MOIJICTHU-
KoBoro o3epa BocTok.

AHTapKTuga — KOHTUHEHT MEXIYHapOIHO-
ro corpynHudectBa. OH TakK BEJIUK, YTO HU OTHO
roCyIapCTBO B OAMHOYKY HE CMOXKET U3YIUTh €TO
noiaHoneHHo. HeoOxommMocTh HaydHOI KOOIIe-
paluy MeXIy CTpaHaMH 3aKpeluieHa B Tperbeit
ctaTtbe JloroBopa 060 AHTapKTHKe, 3aKII0YEHHOTO
1.12.1959 r. u patuduLMpOBaHHOTO HaIlleil cTpa-
Hoit 23.06.1961 1. BoablIuM TOCTUKEHUEM CTaJIO
co3maHue Ha pyOexke BeKOB MeXXmyHapOomgHOIO IIpo-
ekta Bedmap, KoTophblii 00beAMHWI pe3yIbTaThl a0-
COJIIOTHOTO OOJIBIIMHCTBA CTPaH W MO3BOJIMI CO3-
IaTh MOMOJHsIeMYyI0 0a3y JaHHBIX II0 MOIIHOCTHU

JIETHUKOBOTO MOKPOBA U BbICOTaM TOJAJIEAHOTO pe-
Jbea. AHaJIOrMYHbIe 0a3bl CO3AaBAIUCh U T10 IpY-
I'MM Hay4YHBIM HampaBieHusIM. WX pmanbHelilee
pa3BUTHE U TTOTOJHEHUE — OJHA U3 MEePCIeKTUB
MPOIOJKeHUST paboT B AHTApKTU/E.

Crenymoniee BakHOE 00CTOSITETBCTBO COCTOUT
B TOM, UTO ITIepUOJ MOITOJHEHUS TaHHBIX B LIEJIOM
3aKOHUYEH, a BCE CKOJIb-HUOYIb 3HAUUMBbIe «Oejibie
MSATHa» YXe MOKPBITHI Ire0PU3NIeCKUMU ChEM-
KaMu. Ha nepBbIii nj1aH ceifuac BBIXOAST 3a1auM,
CBSI3aHHBIE C U3YUYEHUEM IISILMAIbHBIX U CYyOTJIs-
LIMAJIbHBIX MPOLECCOB, MPEXAe BCEro rMAPOTEPMU-
yeckux. B cBsI3U ¢ mMOBCEMECTHO HAOII0AaeMbIMU
KJIMMATUIEeCKUMU U3MEHEHUSIMU TTPUMEHUTEIIb-
HO K AHTapKTUAE OHU OCOOEHHO aKTyaJlbHbI, MO-
CKOJIbKY UMEHHO €€ JIAIHUKW BHOCSIT HauOObILINMI
BKJIaJ B MOBBIILIEHME YPOBHSI MUPOBOro okeaHa u
BO3MOXKHYIO MEPECTPONKY CUCTEMbl OKEAHUYECKUX
TeyeHui. HakomieHHbIe TaHHbIE, a TaKXe UMelo-
muecs u pazpadaTbiBaeMble MaTeMaTUYECKUE MO-
JIeJIU MO3BOJISIT B TOW WM MHOM Mepe U3ydaTb 3TOT
BaxXKHbIN [J151 BCEro yejoBeyecTBa Bompoc. B Haeit
CTpaHe M3YYeHUI0 AHTApKTUAbI, a TAKXKe paclluupe-
HUIO re0J0ro-reo(u3nyeckux 1 rssuruoI0TUYeCKUX
HCclieoBaHUN yaelsieTcs ocodoe BHUMaHKE. DTO
HaIUIO oTpaxeHue B «CTpaTerun pa3BUTUS Jes-
teabHOCTU Poccuiickoit Penepaumn B AHTapKTH-
ke 10 2030 roga», yrBepKaeHHOU IIpaBuTebCTBOM
P® 19.08.2020 r., uTO 0O3HAYaAET IIPOAOJIKEHUE OTE-
YeCTBEHHBIX asporeodusnyeckux pabdoT, HampaB-
JIEHHBIX Ha JajibHeilllee nucciaeaoBaHUe MOIIEAHOM
Ccpelbl Y CTPOSHUSI JIeAHUKA.

BaaromapHocTu. ABTOp BhIpaxkaeT IIPU3HATEIBHOCTh
A.C. BopoHUHOIi 3a TIOMOILb B TOATOTOBKE HACTOSI-
uieit ctathu, P. Fretwell — 3a npegocrasieHue Kap-
TOorpaMMbl 1o npoekTy Bedmap3, peueH3zeHTaM
10.4. Mauepery nu A.®@. ['mazoBcKOMy — 3a KOH-
CTPYKTUBHYIO KPUTHKY, BaxKHbIE JOIIOJTHEHUS U pe-
KomeHaaluu. Pabora BelmoaHeHa ITpU (PUHAHCOBOM
nonnepxkke PODU B pamkax mpoekra Ne 20-15-
50015 DkcnaHcus.
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Summary

For several decades, mathematical models of mountain glaciers and ice sheets have been used to study the
dynamics of the cryosphere. In recent years, a new step in glaciological modeling has made possible to recon-
struct processes in mountain-glacial systems both regionally and globally. The proposed review analyses rea-
sons to use this possibility for global glaciological models, key assumptions and methods, general approaches
and differences between individual models. Global glacier modeling is a rapidly developing field. This became
possible only after the data on all glaciers of the world appeared in the Randolph Glacier Inventory in 2012.
The ice thickness inversion procedures discussed in this review made it possible to calculate the initial volume
and geometry of glaciers. Methods of varying complexity were used to regionalize global climate data and cal-
culate glacier mass balance. Modeling the dynamics of glaciers required the adaptation of simplified schemes
to represent the fluidity of ice (or the flow of ice). To date, only two global glacier models contain ice dynamics
calculations based on Glenn's law and the diffusion equation: OGGM and GloGEMflow. Simulation results are
subject to uncertainties due to input errors, climate predictions, model approximations, and calibration proce-
dures. A new stage in the development of methods opens up opportunities to use a number of new directions
in the study of the mechanisms that control the evolution of glaciation, depending on the implementation of
a particular climatic scenario. Global glacier models make possible to build glaciological projections, calculate
potential changes in the regime of glacial runoff, as well as assess risks and predict the occurrence of dangerous
processes caused by changes in glaciation parameters, such as mudflows, landslides, and glacial lake outbursts.

Citation: Postnikova T.N., Rybak O.O. Global glaciological models: a new stage in the development of methods for predicting glacier evolution. Part 1.
General approach and model architecture. Led i Sneg. Ice and Snow. 2021, 61 (4): 620-636. [In Russian]. doi: 10.31857/52076673421040111.
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KnroueBbie cioBa: 20pHele Je0HUKuU, 2nAYUono2uYeckoe MOBEHUPOBGHUG, YucJieHHble 3KcnepumeHmel, Memoob! Npo2HOo3uposaHus,
UsmMeHeHUA Knumama.

B 0630pe paccMoTpeHbl NPeAnoChINIKU BO3HMKHOBEHMSA MMO0aNbHbIX MALNONOIMYECKUX MOAeNen, Knto-
yeBble JOMYLLEHNA 1 MeTOfbl, 06LMe NOAXOAb! U PA3NNUNA MeXAay OTAeNbHbIMY Mogensamu. MnobanbHble
MOAeNN NIeAHNKOB MO3BONIAT CTPOUTb MALMONOrMYecKkre NPOEKLUN, PaccUnTbiBaTb MNOTEHLMUANbHble
N3MEHEHNA B PeXUMe NeHMKOBOIO CTOKa, a TakXe OLeHMBaTb PUCKN 1 MPOrHO3MpPOoBaTb BO3HMKHOBE-
HMe oMnacHbIX NPOLECCOB (Cenu, onon3Hu, MPOPbIBbI IEAHNKOBbIX 03ep), 00YCOBAEHHbIX U3MEHEHUAMU
napameTpoB OflefeHEHNS.

BBenenne HEHUe KJIuMmaTta. DTO — TaK Ha3bIBaeMble 2100a.1b-

Hble enayuonoeuveckue modeau (I'TM). Uctopuue-

N3MeHeHus B riisuuocdepe caefaiu akTyalb- CKU CIOXMIOCHh TaK, YTO paHbllle BCE BHUMaHUeE
HOU pa3paboTKy 3(h(HEKTUBHBIX UHCTPYMEHTOB OBLIO COCPENOTOYEHO Ha MOACIMPOBAHUN OTIEIIb-
MPOTHO3MPOBAHUS peaklMU JIEATHUKOB Ha M3Me- HBIX JIAHUKOB, IJITaBHBIM 00pa3oM, U3-3a HeJOCTaT-
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Ka MCXOMHBIX JaHHBIX. OTHOBPEMEHHO IOCTEIICHHO
YCIOXHSUINCH CaMU MaTeMaTUIECKIEe MOIEIH, YTO
MIPUBOIMIIO K POCTY BRIYMCINTEIbHBIX 3aTpaT. Orpa-
HUYEHHUS B JOCTYITHOCTU HAHHBIX HAOIIOOEHUN U
CJI0KHOCTh MOZEJICH MPEeNsITCTBOBAIA MAaCIITaAOHBIM
(B IpOCTPaHCTBEHHOM CMBICJIE) IIPOTHOCTUIECKUM
ncciaenoBanusaM. [IpakTuueckast HeOOXOOUMOCTD B
OIHOBPEMEHHOM IIMPOKOM IIPOCTPAHCTBEHHOM OX-
BaTe IIPY MaKCHUMAaJIbHO BO3MOXHOM COXpPaHEHUU
KayecTBa INISILIMOJIOTUYECKUX IIPOTHO30B (haKTHIe-
CKM IIpHMBeJIa K CMEHE IapaguTrMbl MOJEIbHBIX MC-
ciaenoBaHuii. OTHOBPEMEHHO C SBOJIIOLIMEH YCIOB-
HO TPagUIIMOHHBIX MOJENel BO3HMK HOBBII KjIacc
I100AJIbHBIX IJISLUUOJIOTUYECKNX Moaeseil. DToT,
B KaKOM-TO CMBICJI€, PEBOJIOIMOHHBIN IIar CTall
BO3MOXEH B pe3yJIbTaTe HAKOILICHUSI JTOCTaTOYHO-
ro o0bEMa JOCTYIHBIX JaHHBIX, ITOJy4aeMBbIX IIpe-
K€ BCEro TUCTAHIIMOHHBIMHU METOIaMM, a TaKKe
nosiBIIeHUsI 3(P(OEKTUBHBIX M OMHOBPEMEHHO OTHO-
CUTEJIBHO IIPOCTHIX paCYETHBIX METONOB. Peub MaeT
00 aBTOMAaTU3allMUM OKOHTYpUBaHUS JIEAHUKOB [1],
NIeHTU(OUKAIINN OCEBBIX JIMHUIA JIETHUKOB [2], mH-
Bepcuu Tororpadun joxa [3] 1 mosBiaeHUM Habo-
pOB TJIOOATBHBIX TOMOTpapuIecKUX JaHHBIX [4].
bnaromaps atum pa3paboTKaMm U CYIIECTBEHHBIM
VIIPOIIEHMUSM B ONIMCAHUY TWHAMUKU JICTHUKOB,
ucnoab3zoBaHue I'TM mo3BoIMIO ONUCHIBATh 9BO-
JIIOIIUIO JISTHUKOB KaK Ha peTMOHAIIBHOM, TaK M Ha
IJI00AJIbHOM YpPOBHSX. VX TTOSIBICHME OTKPBLIO, 110
CyTH, HOBYIO CTPAaHUIIY B IPOTHO3MPOBAHUU CO-
CTOSTHMS OJIEICHEHUS M, YTO BaXXKHO C IIpaKTHYe-
CKOM TOYKM 3peHUsl, JIEAHUKOBOTO cToKa [5]. s
0oJiee TOYHOI OLICHKY OyayIIero BKJIaaa JeTHUKOB B
MOIBEM TTI00AIBHOTO YPOBHS MOPSI X KOJTMIECTBEH-
HOI1 OLIEHKU HEOIIpeAeIEHHOCTE! B paMKaX IIPOeK-
Ta [0 B3aMMHOMY CPaBHEHHUIO MOJEJIEH JICTHUKOB
(GlacierMIP) Ob11a mocTaBIeHa 3aga4a pa3padoTaTh
CEPUI0 CKOOPAUHNPOBAHHBIX AKCIIepuMeHTOB. Ilep-
BbIe ABe da3nl GlacierMIP GbITM cocpemoTOYeHEI
Ha 3BOJIIOLMHA JIETHUKOB Ha npoTskeHnn XXI B. [6,
7]. Ha tpetbem stame GlacierMIPIII mnanupyetcs
HOBBII HA0Op SKCIEPUMEHTOB IJI MCCIeI0BaHMSI
TMOCTVZKEHHS PaBHOBECHOTO COCTOSTHUS JISTHUKAMU
B CTAOMIBLHBIX KIIMMAaTUUIECKHX YCIOBUSX [8].

B nepBoii yactu cTaThu MOAPOOHO pa3o0paHbI
o01IMe NPUHLMUIIBI, HA KOTOPbIX CTposTcs: I'TM,
OITICHIBAIOTCSI M KPUTUIECKM OLICHUBAIOTCS METOIBI
U TIOOXOABI K IIPOTHO3MPOBAHUIO ITapaMeTPOB OJIe-
neHeHust. Bo BTopoil yacTi pacCMOTpPEeHBI BOIIPOCHI
IIOCTAaHOBKM ITIPOTHOCTUYECKUX SKCIIEPUMEHTOB, Me-

TOAbI KaJ'II/IﬁpOBKI/I n BaJIngaunumn MOI[G.TICI‘/)I, a TaKXKe
HauboJsiee 3HaUMMbIe pPE3YAbTAThl UX IPUMCECHCHUA.

OO0mue NPUHIMIIBI.
Hasnauenue 1 npeMMyniecTBa rJ00aIbHBIX MOJIEIeH

B 6onbimmHcTBe I'TM Kaxaplii TeAHUK paccMma-
TPUBAETCS OTIEIbHO HA OCHOBAaHWM JAHHBIX MHBEH-
tapuzanuu Randolph Glacier Inventory (RGI) [9].
[Tpu HanTMUMM KOHTYPOB JIeAHMKA, Tomorpaduye-
CKUX U KJIMMAaTUYECKMX JaHHBIX C pa3yMHBIM pa3pe-
IIEHWEM U TOYHOCTBIO TaKasi MOAE/Ib JOJIKHA ObITh
crocobHa: 1) oueHuBaTh OOLIMI OOBEM JIeAHUKA U
BBIYUCIISITH TONOTpaduio Joxa; 2) pacCUMThIBaTh
OCpPeIHEHHBIN 3a HEKOTOPKIN ITPOMEXYTOK BpeMe-
HU 0ajlaHC MacChl Ha TTOBEPXHOCTH JIEAHUKA U Ha
ero poHTe, eCU MPOUCXOIUT (DPOHTaAILHAS a0JIsI-
uus; 3) MoAeaMpoOBaTh AMHAMUYECKYIO DBOJIOLIUIO
JIeIHUKA MIPU Pa3IMIHOM KIMMaTH4eCKOM (op-
cuHre; 4) naBaTh OLIEHKY HeonpeaeaéHHocTel. s
KaXJI0TO M3 3TUX IIaroB BO3MOXHO HECKOJIBKO Ba-
PUAHTOB UCITOIb30BaHMsI BXOIHBIX TaHHBIX, YMCIIO-
BBIX METOIOB MJIY IIPUMEHSIEMbIX TTapaMeTpU3allnii.
JT1060i1 BBIOOp 00YCIOBJIEH CYOBEKTUBHBIMU COO0-
paxXeHUSIMU O JTOCTYITHOCTH JAHHBIX, IIpearoiara-
€MOI TOYHOCTH T'PAHUYHBIX YCJIOBUM (TaKMX, KaK
Tororpadusi) U TEXHUYECKUMU BO3MOXKHOCTSIMU
(moCTyIHBIE BBIYMCIMTEIbLHBIE PECYPCHI).

B Hacrosieii ctaThbe MbI IIPEICTABISIEM CITOCOOBI
peanu3alyy 3TUX 11aroB ¢ MOMOLIbIO pa3Hbix ['TM,
OJIHAKO oOLMi mpuHUMII 1000 I'TM Ha HacTosIIIMiA
MOMEHT — CBEJICHHME CJIOKHBIX TPEXMEPHBIX MOJIeIeit
K (paKTUYECKU OHOMEPHBIM. DTO OOYCJIOBJICHO TEM,
YTO OOJIBIIMHCTBO (TI0 00BEMY) TOPHBIX JIETHUKOB —
TOPHO-JIOJIMHHBIE, Y VX SBOJIIOLIIO MOXKHO YITPOILIEH-
HO paccMaTpuBaTh BIOJb X OCEBBIX JIMHUIA. McKimo-
YeHUE COCTAaBISIOT JIEMHUKOBBIC KYIToia (HaIpuMep,
Austfonna Ha IIInuuoeprene, Vatnajokull B Ucnan-
M) U CJIOKHBIE JISAHUKOBbIE KOMIUIEKCHI (HAIIpU-
Mep, JJeTHUKM Dapopyca Ha KaBkase).

[Mpenmy1iecTBO I7100aTbHBIX TJISILIMOJIOTMUYECKIX
MOJIEJIei COCTOUT B TOM, UTO OHHM ITO3BOJISIIOT OLIECHUTh
U3MEHEHUEe 00bEMa OJieIeHEHUSI TOPHbBIX CTpaH, Oac-
CEITHOB PEK MJIM TOPHOTO OJIeAeHeHUsI Bcero Mupa. Mx
TTOSIBJICHHE TTO3BOJIVIIO OLICHUBATh N3MEHEHUST CTOKA
peK, KOTOpbIe MOTYT ITUTAThCSI MHOTUMU JIETHUKA-
MM Cpa3y, a TaKKe ITPOBOIUThL YMCJIEHHBIE SKCIIepHU-
MEHTBHI, CBSI3aHHbIE C YYBCTBUTEJILHOCTBIO JICTHUKOB
K KJIMMaTy ¥ 3aKOHOMEPHOCTSIMUA BPEMEHU peaKIInu.

-621 -



0O630pbl U XpOHUKA

ApXUTEKTypa IJ100aTbHBIX
TJISAIMOJIOTHYECKUX MOIeiei

bnounas crpykrypa I'TM noxka3aHa Ha puc. 1.
YcnoBHO 6JJOKA MOAEIN MOXHO OOBETUHUTH B IBa
momys. IlepBast rpynma 6;10k0B (modyas | — «HM-
Maau3alusi») peaHa3HaueHa sl (opMUpPOBAHUS
CTallMOHAPHOM TEOMETPUM JIGAHMKA, COOTBETCTBYIO-
1ei 3a7aHHBIM 3HAaYeHMSIM ITOBEPXHOCTHOTO OaaHca
Macchl. [TonydeHHbIe B pe3y/ibTaTe PacyéToB paBHO-
BeCHbIe KOH(UTYpALIMU UCTIOAb3YIOT Ha 3Tare mpo-
THO3UPOBaHUS (Modyab 2 — «IIporHocTryeckue pac-
Y€Thl»). MoenpoBaHue peakliMi TeOMEeTPUIECKIX
XapaKTePUCTHK JIETHUKA HA COBPEMEHHBIE U TTPOTHO-
3UpyeMble KIMMaTUUECKUE YCIOBUS TpeOyeT COBMe-
IIeHUS ABYX OJIOKOB: Macc-0aaanco8020, B KOTOPOM
M3MEHEHUST METEOPOJIOTMYECKUX YCIIOBUI TpaHChOp-
MMPYIOTCSI B UBMEHEHUS YIeIbHOTO OajlaHca Macchl
JUTSI KaXK/I0TO BBICOTHOTO Tiosica JISAHUKA, U OUHAMU-
yeckoeo [10], mpegHa3HAUYEHHOIO JIs1 pacuéra Bep-
TUKAJILHOTO Tiepepacipee/icHUsT MacChl 1 OOHOBJIE-
HUS TeOMETPUM JienHuKa. B Moayne 1 coBpeMeHHbIe
KJIMMaTUYeCKHE YCIOBUS MpeodpasyloTcsl B COBpe-
MEHHBI («MCTOpHUYeCcKMit») OaaHC MacChl, B MOIY-
Je 2 — KJIIMMaTu4ecKre MpoeKIInU ITpeodpasyioTes B
MpoeKIK O6amaHca Macchl. Pe3ysbraT paboThl Macc-
OaTaHCOBOTO OJ10Ka CIY>KUT (POPCUHTOM JIJIST TUHAMM-
yecKoro 0Ji0Ka, KOTOPBI obecreynBaeT U3MEHEHe
TeOMEeTpUU JIeMHUKA C TeYeHUeM BpeMeHu. B momy-

/ MHUUMANN3ALUA AN

~,
-

Je 1 1MHa 1 TOJIIMHA JIEAHUKOB 3BOJIIOLIMOHUPYIOT
JI0 TOTO MOMEHTA, TIOKa PacYETHhIE XapaKTePUCTUKHU B
CTalIMOHAPHOM COCTOSIHUM He OyIyT OTKJIOHSITHCSI OT
HaOTIONEHHBIX HA 3aJaHHYIO0 MAJTYIO BEIMUUHY.

PaccMoTpuM oTaefbHbBIE 2JIEMEHThI apXUTEK-
Typel I'TM Ha mpuMepe Monesell mNocJeTHUX He-
ckonbkux jet (OGGM, GloGEM, GloGEMflow,
PyGEM, JULES, HYOGAZ2; ux noapobHas xa-
pakTepuCTHKa JaHa BO BTOPOI YacTu ctaTbu). Bee
I00aTbHbBIE TIISILIMOJIOTUYECKUE MOJIEN TIepedmC-
JIEHBI B TaOJIMIIE C KPATKOU XapaKTepUCTUKOM Macc-
0aJlaHCOBOTO U TUHAMUYECKOTO OJIOKOB.

1. Macc-6aaancosntii 6a0k. /11151 pacuéra 6anaHca
Macchl JIETHUKA MCTIONb3YIOT METOABI, pa3anyaro-
1Kecs IIaBHBIM 00pa3oM JeTasiIMU MapaMeTpr3a-
1IMY KJTIOUEBBIX TTPOIIECCOB:

a) unoexcHo-memnepamypHuiii memod [11—13]:
pacuéT GajlaHca MacChl HA OCHOBE DMITUPUYECKUX
COOTHOIIEHMI MEXAy TeMrepaTypoil Bo3ayxa u
ckopocThlio TasgHus [14—20];

0) cmamucmuueckuii memoo u Memoo MAulUHHO20
00yuenus: 1Sl TPOTHO3a UCTOJIB3YIOTCS CTaTUCTH -
YyecKure B3aMMOCBSI31, YCTAHOBJICHHbBIC MEXITY psiia-
MM OajiaHca MacChl U psiiaMy MPEAUKTOPOB — TOIO-
rpauyecKrX U KauMaTudeckux [21, 22];

B) 9HepeobanaHcosblii Memod: yUUTHIBAeT TMTOTOKU
SHEPruU MEXy JeTHUKOM U aTMocdepoii [23—25];

T) KOMOUHUPOBAHHbIE MemOoOdbl COUETAIOT B pa3-
HOIi cTeTieHM TpU (a—B) MEPEUMCICHHBIX METOIa

—_——
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Puc. 1. biok-cxeMa, MUTIOCTpUPYIOIIAsl apXUTEKTYPY ITOOATBHBIX INISILIMOJIOTMYECKUX MOIEIICHt.

BHyTpeHHMe KBagpaTHbIE OJJOKM 03HAYAIOT BXOAHBIE JaHHBIC, HEOOXOAUMBIE JIJISI PACUETHBIX OJIOKOB, 0003HAYEHHBIX KpyraMu. BHy-
TpeHHUe 0JI0KH, 0003HAYCHHbIE ITYHKTHUPOM, — 3TO OJIOKH, MOSIBICHUE KOTOPBIX B TJIO0ATBHBIX MOIEIISIX OXKUIAETCSI B TIEPCIIEKTUBE
Fig. 1. Block diagram illustrating the global glacier model architecture.

The inner square blocks represent the input required for the computational blocks indicated by the circles. Inner blocks, indicated
by a dotted line, are blocks that are expected to appear in global glacier models in the future
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XapaKTepI/ICTI/IKa I7100a/TbHBIX TTEAIUOIOTNYECKUX MOI[CTICI?I C YKa3aHMEM MX CXEMbI Macc-6a1aHCcOBOTO U JUHAMUYECKOTO 6710K0B

['moGanbHas rsimo-
ABTOpBI lon DBOTIOLUS TECOMETPUM banaHc maccol
JIoTUIecKast MOIelb
WAL2001 van de Wal & Wild | 2001 HyBCTBUTENLHOCTD K ICTHE 1
. 3UMHEN TeMIiepatype
REMOgacier Kotlarski et al. 2010 Macurrabuposane 0onEma DHeprobdayaHCOBBIN METOI
U TUTOIIAN q
SLA2012 Slangenetal. | 2012 YBCTBHTENPHOCTD
K TeMIIepaType 1 ocajkam
MAR2012 Marzeion et al. 2012 Macurrabuposanue 061Ema, o, YyBCTBUTEJIBHOCTD K TEMITEpAType
JUTMHBI ¥ BpDEMEHU pesTakcaliuy
AND2012 Andersi(r)lrtloichMack— 2012 | Anmpokcumauusi MeJikoro jbaa 1D TemrmeparypHo-uHIEKCHasE MOJIEIb
MacmrabupoBaHue 00bEMa, IJIOLIAIN,
GIE2013 Giesen & Oerlemans | 2013 |  KOppeKIIMS TUTOIIAIM TSI KaXKIIOTO [Ipocrast sHEeprobdanaHcoBas cxeMa
BBICOTHOTO TT0sICa
HYOGA2 Hirabayashietal. |2013| MacmrabupoBaHue o0béMa U IJIUHBI,
N KOPPEKLHMS TUIOLLAAN Ha HUXKHEM
RAD2014 Radi¢ et al. 2014 BBICOTHOM TTOSCe
TemmiepatypHO-UHAEKCHAS MOJENb
Ah-niapameTpu3anusi, KOppeKIUs MIo-
GloGEM Huss & Hock 2015 | maay v TOMIMHBI JU1S1 KaXKJA0TO BbICOT-
HOTO TT0sICa C COXpPAaHEHUEM MacChl
GLIMB Sakai & Fujita 2017 DHeprobalaHCOBast MOJIETb
MacmrabupoBaHue o0bEMa U MIOLIANN g
KRA2017 Kraaijenbrink et al. | 2017 P Tpanuent Gananca maccai, yuer
MOPEHHOTO Yexyia
GloGEMflow Zekollari et al. 2019 TemneparypHO-UHIEKCHAs MOAECIb
- ATnpokcuMaliusi MeakKoro jbaa 1D
OGGM Maussion et al. 2019 UyBCTBUTENBHOCTD K TEMIIEpaType
JULES Shannon et al. 2019 M3meHeHre TONMHB DHeprobdasaHcoBast MOIE/Ib
TemmepatypHO-MHIAEKCHAsT
PyGEM Rounce et al. 20201 Ah-napameTpusaus, Koppeiys 110- MozieNb, baiiecoBcKast MHBEPCUST
AU Y TOJIIIVHBI 15T KaKIIOTO BBICOT-
BOL2020 Bolibar et al. 2020| HOro Mosica ¢ COXpaHeHMEM Macchl CyuMynSILHMS C TIOMOLIBIO
MaITUHHOTO O0YyYeHUsI

(HampuMmep, paclIMpeHHasi UHAEKCHO-TeMIepaTyp-
Has MOJeJIb, BKIIIOYAIOIIAs B C€0sI KOPOTKOBOIHO-
BYIO PafMallMOHHYIO COCTaBIISIONIYIO [26—29], nim
YIIpOLIEHHAs 3HEeprodaaHCcoBast MOJENb C TapaMe-
TPU30BAaHHBIMU JUIMHHOBOJHOBBIMU U TYPOYJICHT-
HBIMU TIoTOKamMu sHepruu [30]).

2. lunamuueckuii 610k.

a) napamempuszyrowue modeau (IIM). Ilocnenaune
SIBHO HE pa3pellaloT Kakue-11mdo pu3ndecKue IIpo-
LIECChI, HO HESIBHO MPUHUMAIOT UX BO BHUMaHUE C
MOMOIIIbIO TTapaMeTpU3allui, OCHOBAaHHOI Ha cTa-
TUCTUYECKUX U/WUJIN SMIIMPUUYECKUX COOTHOILICHU-
SIX, JUISI U3BMEHEHUS TeOMETPUHU JICIHUKA. DTOT TUII
MOJE/IM BapbUpyeT OT OYeHb IIPOCTHIX [31] mo Gosee
CJIOXHBIX CTaTUCTUYECKUX, HATTPUMEDP KaauOpoBaH-
Hasl MOJEJb rpaHulibl uTaHus [32—34], mapame-
Tpu3alusl OTCTyIaHUs JeTHUKa, CrieluuIHas 11s
JIEMHUKOB oIpeaeeéHHOTo pa3mepa [17], uim mac-
ITabMpoBaHUeE MIMHBI U rutoianu [15, 16];

0) modeau, wacmuuno eKarouaowlUe 6 ceds OUHaAMU-
yecKue npoyeccol, — OTPAHUYEHHBIE TUHAMUYECKIE
mopenu (OAM) — GloGEMflow [19] 1 OGGM [18].
B Hux anmpokcumupyercs psa pU3NIEeCKUX Mpo-
LIECCOB, YIPABISIOUIMX TEYEHUEM JIbAA, UCITOJIb-
3yeTcs almpoKCcUManus MelKoro Jibaa (shallow ice
approximation) [35] (cM. IIpwioxeHue 2) u paccuu-
THIBAETCS TONIIMHA JIbIa Ha OCHOBE PEIICHUS YpaBHe-
HUS Hepa3pbIBHOCTH BIOJIb OCEBOI JIMHUMY;

B) MOJIIeJIM, He colepKallue AUHAMMYEeCKUN
610K [36].

B pamkax anmpokcuManuyu MeJKOTO JibAa CKO-
POCTb TE€UEHUS JIbJa 3aBUCUT TOJbKO OT HampsixkKe-
HUS CIBUTA MapajuIeIbHO TJIOCKOCTH JIOXa, YTO TIPU
MaJiIoOM MPOCTPAHCTBEHHOM pa3pellieHUH OTHOCUTCS
K CWJIBHOMY JIOMYIICHUIO, ITO3BOJISIIOIIEMY 3HAUM-
TEIBHO COKPATUTh BpeMs BblunciieHuit. [lpuHimm-
ajibHas pa3HuLia cocTOUT B ToM, 4T0 B OGGM BbI-
YMCJICHUS BeAyT BIOJb OCEBBIX JUHUI JTEAHUKOB, K
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KOTOPBIM IIPUBOASITCSI BCE HEOOXOIMMBIEC XapaKTe-
puctuku, a B GloGEMflow paccmaTpuBaroTcs xa-
PaKTepUCTUKM, OCPETHEHHBIC IT0 BEICOTHBIM TOSICAaM
(tmocne Beimycka Bepcu 1.4 B 2021 1. B OGGM 110-
SIBIJIACH OIILIMS Pacu€Ta OCEBBIX JIMHUI OTHOCUTEIb-
HO BBICOTHBIX TTOSICOB [37]). 1St TIPOCTBIX JOMMHHBIX
JICTHUKOB PAa3INIMsI B IIOAXOIAX HE MMEIOT OOJIbIIIO-
IO 3HAYEeHUs B OTVIMYME OT JICTHUKOB C JEHIPUTOBOI
CTPYKTYPOIi 1 HAOOPOM Pa3BETBIISTFOIINXCS OCEBBIX
mmHni. OgHaKo B epBoHavanbHOM Bepcnt OGGM
3TO BBI3BIBAJIO OIPENEIEHHBIC TPYIHOCTH IIPU «Cpa-
IIMBaHUM» BETBE JJeMHNKA (TaHHBIN 3(PDEKT MOKHO
BUIETh, HAIIpUMeED, IIPU UCIIOJIb30BaHUU MOIEIIN
OGGM « nemnnky /:kaHKyaT, UMEIOIIEMY YeThIpe
oceBbIe IMHNY [38]) 1 yBemMIMBaIio BpeMs pacyEToB.
Heomnpenen€HHOCTH TIpU TaKOM ITOIXOAE TaKKe
ocTarTcs 6oabmnmu [7]. Kpome Toro, cama mpo-
Lemypa ompeneaeHUs IOJ0XKEeHWI OCEBBIX JTUMHUII,
omrcaHHasg B paboTe [2], 3aBUCUT OT BBIOOpA
psima reoMeTpuuecKux mmapaMmeTpoB. IlosBieHue B
OGGM B03MOKXHOCTH BEIOOpa pacdyETOB BIOJIb OCE-
BBIX JJUHUI WJIM OTHOCUTEIBHO BBICOTHBIX MOSICOB,
Kak B GloGEMflow, no3BojsgeT UCHOIb30BaTh TOT
WJIM MHOM ITOAXOMd B 3aBUCUMOCTHU OT THUIIA 3KCIIe-
pUMeHTa WIK TUIla JegHuKoB. Hammpumep, B cirydae
KPYITHOMACIITAaOHBIX 9KCIIEPUMEHTOB, KOTIa BaskKHa
YCTOMUYMBOCTD K OIIMOKAM BO BXOMTHBIX JaHHBIX,
a TOYHOE BOCIPOM3BEACHNE T€OMETPHUU JIeTHUKA
He TpeOyeTcs, Jaydllle IMPUMEHITh MEeTOI pacuéTa
OTHOCUTEJIPHO BBEICOTHBIX ITOSICOB. MeTom pacuéra
BIIOJIb CUCTEMBI OCEBBIX JIMHUI 00JIee YyBCTBUTEICH
K ommbokaM B im@poBoit Mmoaenu penabeda (LIMP) u
OYePTAaHMUSIM JICAHUKA, IIO3TOMY MCIIOJIb30BaTh €Tro
171 IETHUKOBBIX KYIOJIOB, KOTOPBIE PacIpocTpa-
HEeHBI B BBICOKUMX IIMPOTAaX, HexXenaTeabHo [18].
IIpakTnyeckoe MpuUMeHEHHE PacCCMOTPEH-
HBIX 3[€Ch METOIOB 3aBHUCUT OT OCOOCHHOCTEI HC-
MMOJIb3YeMBIX B pacuéTaxX MCXOOHBIX HJaHHBIX. WX
MIPOCTPAHCTBEHHOE M BpeMeHHOE pa3pelleHure
oIpenesisieT Ka4eCTBO Pe3yIbTaTOB M OLIMOKU BbI-
yucaeHuit [39]. [lapamerpusyloliye, a TakxKe M-
MUPUYECKUE U CTAaTUCTUUECKUE MOoAeaH OajaHca
MAacCHl TpeOyIOT 3TAJIOHHOTO MJIM O0YyJaloIero Ha-
Oopa maHHBIX IJI1 KaJUOPOBKHU B3aMMOCBSI3El, KO-
TOpPBIE 3aTeM MOXHO MCIIOJIB30BaTh WIS IIPOTrHO30B,
Mpeariojarasi, YTo B3aMMOCBSI31 ITIOCTOSTHHBI BO Bpe-
MEHH, YTO, BOOOIIIEe TOBOPSI, HEOUeBUIHOE JOITYIIE-
Hue. OAM u sHeprobdasaHCOBBIE MOAESTN NMEIOT
MIPEUMYIIECTBO B CUMYJISILINU (PU3MIECKUX IIPOIIEeC-
COB, HO UM TPeOyloTCs1 00JblIMe HAOOPHI JAHHBIX C

0oJiee BLICOKMM IIPOCTPAHCTBEHHBIM Y BpEMEHHBIM
paspelIeHueM, YTO COOTBETCTBEHHO MPUBOIUT K
0oJiee BICOKMM BBIYMCIUTEbHBIM 3aTpaTaM [39].

I/ICXOIl]-lble JAHHbIE: reOMETPHUA rOPHbIX JIEJHUKOB

B kauecTBe BXOAHBIX AaHHBIX 111 [TM B 60J1b-
LIMHCTBE CJIydyaeB MCMOJIb3yeTcsl 0a3a JaHHbIX Ran-
dolph Glacier Inventory (RGI) [1, 9]. B RGI conep-
XKaTcsl JaHHbIe 00 00bEMe, TOJIIMHE U TIOLAan
JIba, YIJie HaKJIOHA JIeMIHUKA B BHICOTHBIX TOsICaX.
YacTb 3TUX JaHHbBIX MOJYyYeHa OTUCTAHLIMOHHBIMU
MEeTOJaMM, OJHAKO TOJIIIMHA JibJa — pacyéTHasl Be-
JuyuHa. [TpgIMbIMU U3MEPEHUSIMU TOJIUKUHBI JibIa
OxBaueHa HUUTOXHAasl I0JIsl JeAHUKOB Mupa. Tak,
0aza JaHHbIX ToalMHbL JenHukoB GlaThiDa, 06b-
eIUHSIoAas] U3MEPEHUS] TONLIMHBI JJeTHUKOB 3a
npeaenamMu ABYX JEAHUKOBBIX IIUTOB, B HACTOS -
111ee BpeMsl COACPKUT MOpPsiAKa ThIcSIYU Oojiee yeM
un3 200 Toic. negHukoB Mupa [40]. TToaToMy 181 T10-
JIyUeHUS] BXOAHbBIX JAHHBIX O TOJIIMHE JEIHUKOB B
rao6aabHOM MaciuTabe HeoOXoAuM (pU3UYECKUt
WU cTaTucTUudeckuii nmoaxona. O630p METOLOB JIJIsl
MHBEPCUU TOJIIMHBI JIbAa TIPUBEJAEH B cTaThe [41],
npakTU4Yeckoe MpUMeHeHUe K JeaHukam TsHb-
IIansa — B padote [42]. OnuH 13 caMbIX pacIrpocTpa-
HEHHBIX MOJAX0A0B OCHOBAH Ha 3aKOHE COXpaHEHUs
macchl [43, 44] (cm. ITpunoxenue 1). OH e BCTpoeH
B Mojenb OGGM ag pacyéra TOJIIMHBI KaXI0TO
neanuka RGI Baonb oceBbIx TuHui (puc. 2, 6).

MOXXHO BbIIEIUTh TPU OCHOBHBIX UCTOUHMKA
HeomnpeaeaéHHOCTe! TP OLIEHKE TOJIILIMHBI JibIa C
MOMOIIIbIO MHBEPCUU: MapaMeTpU3alluy U JOMylle-
HUS, UCTIOJIb3yeMble B 3TUX MOJesIX (Harpumep,
napamMeTp MOJ3y4yecTu U MPUOIUKEHUE MEJTKOTro
Jabaa); BxonHble faHHble (IIMP); HekoppekTHas
npupopa 3agauu [45]. Jeao B ToM, 4TO NPU UHBEP-
CHU TOJIIIMHBI/00BEMA JICAHNKA TPAHUYHbBIE YCIIO-
BUSI HA TTOBEPXHOCTHU TepeorpeacieHbl, a y Jloxa
HEeJ0OIpeneJeHbl, UTO OOBSICHSIET XOPOILLIO U3BECT-
HYIO TIPUYMHY NOSBIEHUS HEYCTOMUYMBBIX pellle-
Huit [46]. OTMETUM, UTO YCOBEPILIECHCTBOBAHUE
MoJeJieil UIn co3JaHue HOBBIX 3Ty MpoOaeMy He
pewut [45]. U3BecTHO, YTO 3aJa4a OTHOCUTCS K He-
KOPPEKTHOM, €C/IM pelleHue: He eIUMHCTBEHHO; He
YCTOMYMBO (HE SIBSIETCS HEMPEPbIBHO 3aBUCUMBIM
OT TPaHUYHBIX JAHHBIX); HEe cyllecTByeT [47].

Bo-nepBbIX, MHTYUTUBHO MOHSITHO, UTO JIBA JIe -
HUKa C OMHAKOBOI MOBEPXHOCTHOM Tomorpaduei
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Puc. 2. Jlennuk besenru, nipeacrasineHHbiii B Mmonenn OGGM.

a — CHCTeMa OCEBBIX JIMHUI, BIOJb KOTOPBIX PACCMATPUBAETCS JIEAHUK, JEAHUK pa3ae/€éH Ha JieMocOOphl, KOTOPble OTMEUEHBI
pa3HbBIMU LIBETAMM; 6 — B CpEeIHEM peaJMcTUuYHas [78] ToJIMHA JeIHUKA, pacCUYMTaHHAas ¢ TIOMOIIbI0 MeToAa MHBepcum [43],
BcTpoeHHOro B OGGM, 11 KaxKaoii CeKLIMU CETKU BIOJIb OCEBOM JIMHUN

Fig. 2. Bezengi glacier represented by the OGGM model.

a — the centerline system, which is used to calculate the glacier dynamics; the glacier is divided into catchments, which are marked
with different colors; 6 — the thickness of the glacier calculated for each section along the flowline in general realistically [78] using

the inversion method [43] embedded into the OGGM

MOTYT UMETh pa3Hyio (popMy J0Xka, TaK KaK Teue-
HUE JIbIa «yCPEIHSICT» HEPOBHOCTH JIOXa, M TAKUM
00pa3oM pelieHre He MOXKET ObITh eAMHCTBCHHBIM.
Tem He MeHee, CYLIECTBYIOT METOIBI PETY/ISIpU3aLINT
WHBEPCHUIA, IPU KOTOPBIX IEIAIOTCS TOMYIISHMS,
OorpaHuUYMBaOlIMe pellleHre, 1 3aa4a CTAaHOBUTCS
KoppekTHOoI [47]. Bo-BTOpBIX, cllyyailHble OLINO-
KU IJIST pa3HbIX JICTHUKOB OYyIyT pa3HBIMU, U T10 3a-
KOHY OOJIBIIIMX YMCEeJI TP CYMMUPOBAHUU CMOJIE-
JIMPOBAHHBIX 00BEMOB MHOTHX JICAHUKOB MOXKHO
MOJIYYUTh XOPOIIYIO OLIEHKY 00111ero o0bEéMa Jbaa.
Takum o6pa3oM, XOTs OlLieHKa, MOJTYyYEeHHAasT U3 He-
KOPPEKTHO IMOCTaBJIEHHOM 3a1a4uu, 1Sl OTAEJIbHOTO
JIeIHUKA MOXET JaBaTh OOJIBIIIYIO OLIIMOKY, CpelIHIe
VI cCyMMapHble 3HaYeHUS JJisI 00bEMa OOJILIIOTO
qucia JeIHUKOB, HallpuMep TOPHOTO OJIeAeHEeHUS
peruoHa B 1I€JIOM, MOXXHO CUMUTATh YAOBJIETBOPHU-
TebHBIMU [45]. OmmobKa, BO3HUKAOIIAs 1M3-3a He-
YCTOMUMBOCTHU PEIIeHUsI, PaCTET SKCIIOHEHIIMAJb-
HO C pa3MepoM JIEIHUKA U MOXKET IPEeB30MTU BCe
OCTaJIbHbIE NICTOYHUKM HeonpeaeaeHHocT. Heob-
XOAMMO €€ YUUThIBaTh, 0OCOOEHHO KOTJa Pe3yJIbTaThl

WCITOJIB3YIOT IS 3alau, KOTOPhIE MOTYT OBITh YyB-
CTBUTEJIbHBI K MEJIKOMacIITaOHoOI Tororpaguu [45].

IIpoexT ITMIX (Ice Thickness Models Inter-
comparison eXperiment) mokasaji, YTO OTIEJb-
HbIe MOJIEJIM MOTYT UMEThb OOJIbIIYIO OIIMOKY [41].
MmMeHHO mosToMy Obl1a co3gaHa Moaelb [48], 00b-
eIMHSIoIIAasl pe3yJIbTaThbl PacyE€TOB MSITU Pa3HBIX
moneneit [3, 18, 49 — 51]. I3 HUX TOJIbKO MOJE/b
HF (Huss, Farinotti) [3] oxBaTbiBajia Bce JIETHUKU
mupa (u3 RGI v.2.0) 1o npoBeaeHUsT 3TOTO IKCIIe-
puMeHTa. Pe3ynbTaThl pacy€TOB Ha IISITU MOJIEJISIX
CPaBHUBAJIU C U3MEPEHHOM TOJIIIMHON JIEAHUKOB,
U IIPU TIOMOIIIM KPOCC-BaluAalluy KaXI0il U3 HUX
MPUMMCHIBAJICS BEC, YIUTHIBAIOIIUICS TIPU pacué-
Te (prHanbHON ToMIMHE IemHNKOB RGI. B pabo-
te [48] ¢ momombio monenu GloGEM [17] moka3a-
HO, YTO OLIEHKAa COBPEMEHHOTO 00BbEMA JIba CUIBLHO
BJIUSIET HA IPOTHO3BI U3MEHEHMS OJIeACHEHUS U
croka. Tak, negHuku BbicokoropHoit A3uu (peru-
oHbl 13 — 15 RGI) npu HavaapHOM 00BEME JbAA IO
olieHKaM ucciaenoBaHus [3] cokpalllaloTcs BABOE K
KoH1y 2070-x ronoB, a Npy MeHbIIEM HayaJlbHOM
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00BEME ThIa TT0 OIleHKaM paboTHl [48] — K KOHILY
2060-x romoB.

H71s1 MomeTMpoBaHUS TOJNIIUHEI JICTHUKOB MC-
MOJIB3YeTCs Ta WM MHas IU(ppoBasi MOAEIIb Peibe-
¢a. C 11empio OIIEHKN 00BEMA JIETHUKOB B TJIO0AITb-
HOM MaciTabe B ooact Mexay 60° c.i1. 1 60° 10.111.
B pabote [52] ncmons3yetcsa LIMP Bepcun 4 Shuttle
Radar Topography Mission (SRTM) ¢ mpocTtpan-
CTBEHHBIM paspemeHneM okoio 90 m [53]; K 10Ty
ot 60° — Advanced Space-borne Thermal Emission
and Reflection Radiometer (ASTER) Global DEM
Bepcun 2 (paspemenne okono 30 M) [54] wnm 6onee
TouHbIe JaHHBIe Radarsat Antarctic Mapping Project
(RAMP) (paspemienue 25 M) [55]; x ceBepy ot 60° —
ASTER DEM, Arctic DEM [56] niu DEM3 [57].
HeomnpenenénHocts BbicoT B 06oux LIMP onieHuBa-
ercs B 10—20 M 1711 TOpHBIX paitoHOB [53].

Macc-0a1aHCOBBIIi 0JI0K

Kaxk ormeuanock, Mogenu 0aaHca MacChl IEJISIT
Ha IBe KaTeropuu: 1) Momenu 3HepTeTUIeCKOTro
0ajaHca, B KOTOPHIX TassHUE OMpPEAesIeTCs KOIK-
YeCTBEHHO KaK OCTATOK B YpaBHEHUM TEIIJIOBOTO
OayaHca; 2) MHIEKCHO-TeMIIepaTypHbIe MOIEIH,
MpenIoaraloniue dSMINPUIECKYIO CBSI3bh MEXIY
TeMIIepaTypoii BO3ayxa 1 CKOpocThio TasgHuusd [13]. B
INIO0ATBHBIX [IISILIMOJIOTHISCKIX MOJEISIX, KaK IIpa-
BUJIO, a0JISIIIAST PACCUMTBHIBACTCSI C MCIOIb30BaHU -
eM MHIEKCHO-TEMIIEPATYPHBIX Moaeneit [6, 15—20,
33, 58, 59], B KOTOPBIX TasTHUE PACCUUTHIBACTCS HC-
XOIISI 13 CYMMBI THEH C ITOJIOKUTEIbHOM TeMIlepa-
Typoii Bo3ayxa (PDD — positive degree-day — mHu ¢
MOJIOKUTEJIFHOM TeMIIEpaTypoii BO3myXa) IIIaBHBIM
00pa3oM M3-3a UX IIPOCTOTHI. DHEPTUS, JOCTYITHAS
IJIs1 TasTHUSI B TeYEHUE HEKOTOPOTO IIeproaa Bpe-
MeHU, Tipubanxaercss cyMmmoit PDD, yMHOXeHHO
Ha KoHcTtaHTy [60]. BToT Koadduuuent (PDDF —
positive degree-day factor — ko3 GULIMEHT B cXeMe
rpamyco-gHeit PDD) Bapsupyer oT JegHMKa K JIea-
HUKY, ITOCKOJIBbKY JOJIK€H HEeSIBHO YUMTHIBAaTh BCE
(bakTOpHI, KOTOPBIC BBHI3BIBAIOT U3MEHEHHUS B pa-
JUalMOHHOM OanaHce (0COOeHHO anbbemso U 00-
JIAaYHOCTh). I103TOMY B r100aIbHBIX TIISIIOIOTYE-
ckux Monensax koadpduument PDDF kamm6pyercsa
B COOTBETCTBUM C UMEIOIIMMUCS TaHHBIMU OalaH-
ca Macchl JegHuKoB [16, 17, 20]. MeToabl Kaiu-
OpoBKHU Macc-0ajaHCOBOro 0JioKa NoApOOHO pac-
CMOTpPEHBI BO BTOPOM YaCTU JaHHOM cTaThu. s

CHera U JbJa UCIIOJb3YIOT pa3dHble KO3 PruureH-
Tol PDDF, KOoTOpbIE NOJXKHBI YUUTHIBATH Pa3HULLY
B IIOBEPXHOCTHOM ayib0eno. JIjisi yMeHbIIEHUS KO-
JIM4ecTBa MapamMeTpoB MOJEJIM YacTo Tpearnoara-
10T, uto PDDF n71s cHera, nbaa v (pupHa CBsI3aHbI
apyr ¢ apyrom [20]. Hanpumep, B PyGEM [20] ans
JienHUKOB BricokoropHoit Azuu otHomeHrue PDDF
anst cHera kK PDDF nng nbaa npuHumaetcs 3a 0,7,
a B GloGEMflow mnsg Anen — 0,5 [19]. PDDF msa
(upHa yacTo MPUHUMAETCS KaK CpeaHee 3HaUeHHe
Koa(duLeHTOoB a1l cHera u abaa [17, 20].

PacuéT sHeprum, DOCTYITHOM JJIsT TasSTHUS, C T10-
MOIIbIO METOAA SHEPreTUYeCcKoro dajaHca puznye-
cKu 6osiee o0ocHoBaH. ITpu pacuére GamaHca Macchl
C WCII0JIb30BAaHUEM ZHEProdaiaHCOBOUM MOAEIN He
3aBbIIIAETCSI YYBCTBUTEJIBHOCTD K MU3MEHEHUIO TEM-
repaTypbl, YYUTHIBACTCSI BIMSHUE U3MEHEHUS CKO-
pOCTHU BeTpa, 00JIAYHOCTH, paauallid Ha TasHUE.
C 2Toli TOUKM 3peHUs] S3HEProdajaHCOBbIE MOIEIIN
0oJjiee 0ObEKTUBHBI, 0COOEHHO €CJIU ITO KacaeTcs
MMPOrHOCTUYECKUX pacyéToB. OMHAKO UMEHHO M3-3a
OOJIbIIIEH CIIOKHOCTU U B CBSI3U C TEM, UTO DHEPIoO-
OaaHCOBBIE MOJEIU TPEOYIOT OOJbIIE UCXOAHBIX
JNAHHBIX, IO HACTOSIIEIO BpeMEHU OHU PEIKO TIPU-
MeHsaauch B I'TM.

Ha monenun GloGEM BbINOJHEHO UHTEPECHOE
CpaBHEHHME MHAECKCHO-TEMIIEPATypPHOTO U YIIPO-
ILIEHHOTO AHepProbdaaaHcoOBOro MeTon0B. B oqHOM 13
BKCIIEPUMEHTOB B Macc-0a1aHCOBOM OJIOKE MOJEIN
ObL1a MCMOJIb30BaHa MPOCTasl CXxeMa pacyéra sHep-
reTuyeckoro danaHca [17], B KOTOpoil TypOyJeHT-
HbI€ TIOTOKHM TeIlJla 1 JUIMHHOBOJIHOBASI pagualus
ObUIM 3aMEHEHBI ITapaMeTpaMu, OTKAIMOPOBAHHBI-
MM KaK Y B KCIIEPUMEHTAX C UCIIOIb30BAaHUEM MH-
JIEeKCHO-TeMIIepaTypHOI CXeMbl (KaauOpoBKa MO-
nenv GloGEM onucaHa Bo BTOpoii yacTu 0030pa).
B pesynbrare pacu€THBIC TTOTEPH JIbIA ITOTYYaINCh
3HAUYMTEILHO MEHbIIE, YeM B aHAJIOTMYHBIX KCIIE-
PUMEHTAX C MHIEKCHO-TEMIIEPAaTypPHOI CXeMOI, HO
cpelHEeKBaIpaTUYHOE OTKJIOHEHUE OT HAOIIOAEH -
HbIX 0aJlaHCOB Macchl oKa3ajoch Ooblie. Takum
00pa3oM, yIpolleHHas PDHEProdaJaHCoOBasT MOJIENb
He TToKasaja JyJYIIuX pe3yJabTaToB, YeM IIpocTas
WHIEKCHO-TeMIIepaTypHast MOAEJIb TP Bajauaa-
LIMU Ha psiaax HabmoaéHHOoro 6anaHca Macchl. Bos-
MOKHAsI IIPUYNHA 3TOTO COCTOUT B TOM, UTO ITOTOKH
DHEPIruM, OTIIMYHBIE OT OajlaHCa KOPOTKOBOJIHO-
BOI1 pagualnu, 00beIMHEHBI B 3TOM MOJE/IN B IIPO-
CTYIO JIMHEIHYIO TEMIIEpaTypPHYIO 3aBUCMOCTb U HE
MpeacTaBlieHbl JOJKHBIM obpa3om [17].
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BimsiHue moBepXHOCTHOI MOpPEHbI HA 0aJIAHC MACChI

OOwmmit HengoCTaTOK MpakTuyecku Bcex I'TM —
WTHOPUPOBAHUE BAMSIHUS ITOBEPXHOCTHON MOpe-
HbI Ha TETIJI000MEH 3aMOPEHEHHBIX TOBEPXHOCTEM
JIETHUKOB ¢ aTMocepoil. MopeHHbI YexoJ urpa-
€T BaXKHYIO POJIb B PEryJIMPOBaHUU IIPOLIECCOB Tasi-
HUS 1eTHUKOB. TOHKUIA CIIOI MOpPEHBI, a TAKKe pa3-
PO3HEHHBIE MEJIKAE YACTULIBI Ha JIEMHUKE YCKOPSIOT
ero TasiHUe, TaK KaK UMEIOT 00Jiee HU3KOe ajboe10 1Mo
CPaBHEHUIO C YMCTBIM JIBIOM U ITOIJIOIIAOT OOJIbIIIE
KOPOTKOBOJIHOBOM paguauuu [61—63]. Cioit MOpeHbI
TOJIIIMHOM 00Jiee HECKOIBLKIX CAHTUMETPOB («KPUTH-
YyecKasl TONIIMHA») CHIDKAST TasiHUE BILIOTH JIO ITOJI-
HOTO MpeKpaIIeHNsI, ITOCKOIBbKY M30JIUPYET JIeXKAIII
non HUM Jéxn [62, 64—66]. MopeHHBIi TTOKPOB J10-
CTAaTOYHOI MOIITHOCTH CMSITYaeT BO3NEIICTBIE M3Me-
HEeHUs KJIIMMarta, IIOCKOJIbKY 00Jjiee HU3KME CKOPOCTH
TasgHUS 3aMeUISIIOT OTCTYITaHUE JISTHUKOB U ITOTEPIO
MacChI IIPU TTOBBIIIIEHNY TeMITepaTypHhI.

Mogens KRA2017 — nepBast u 10 HACTOSIIIETO
BpPEMEHM €IMHCTBEHHAsI, B KOTOPOI 3TOT 3(PpPeKT
yuTéH [64]. 1 5TOi1 MOAEIM TOJIMHA MOPEHHOIO
yexJa JeAHUKOB BricokoropHoit A3uu Oblja orpe-
JieJIeHa ¢ TIOMOIIBIO YITPOILIEHHOTO METOAa UHBEP-
CUU TeMIlepaTypbl IOBEPXHOCTHU, TTOJTyJaeMO U3 TeTl-
JIOBBIX MH(ppakpacHbIX cHUMKOB Landsat-8. ITocie
3TOro ObLTa COCTaBJIEHA KapTa YMEHbIIEHUS TassHUS
C HCII0JIb30BaHUEM OTHOCUTEIbHOI 3aBUCUMOCTU
MEXIy TOJIIMHOM MOpeHbI 1 abnsuneii. HampoTus,
IUIS1 TIMKCeNIel, MAeHTU(PUIIMPOBAaHHBIX B KaUeCTBE
HaUIEMHBIX 03€P, YACTO BCTPEUYAIOLIMXCSI HA TTOKPbI-
TBIX MOPEHOI JIeJHUKAX, ObLT MMPUMEHEH KO3 PU-
LIMEHT yBeJIMYeHUs TasiHUA. [I7151 Kaknoro BEICOTHOTO
osica B COOTBETCTBUU C KApTOil YMEHBIIICHNST/YBEIM-
YeHMSI TasTHUST ObLT IIOCYMTAH CBOI (paKTOp Tpamyco-
IHSI, KOTOPBII MCIIOJIB30BAJICS [IJII KOPPEKIINU a0-
msun. Aomsaus B momenu KRA2017 3amaBanach
METOJOM Macc-0a1aHCOBOro rpagueHTa [62]: Temiie-
paTypHO-MHAEKCHBIM METOIOM PaCCUMTBIBAJICS Oa-
JIAaHC MaccChl Ha ()POHTE JISAHMKA C UCIOJIb30BaHEM
PDDF st yncroro nbaa, pasaoro 7 mm “C-lo! [67];
0ajlaHC MacChl JJISI OCTaJbHBIX BBICOTHBIX ITOSICOB
PacCUMTHIBAJICS C TIOMOIIBIO IMHEWHHOTO TpaJueHTa,
KOTOPBIH onpeaessiicsa U3 HabI0IeHUIA.

Dponmaavuasa abaayus. [lorepn mMacchl npu
(poHTaNBEHOI a0ISILIMY JIETHUKOB, OKAHYMBAIOIIINX-
Csl MOPCKMMU WJIM O3EPHBIMM BOJAaMU, COCTaBJISI-
10T npumepHo 10% oO1eii absAMu BO BCEM MUpE,
MMO3TOMY JAHHBIN KOMIIOHEHT HEOOXOIMMO YUUThI-

BaTh, XOTSI TastTHUE SIBHO IIpeobIamaeT BO BCEX PETry-
oHax [17]. U3 Bcex moneneit Tonbko OGGM [68] u
GloGEM [17] yuuTbiBaloT GPOHTAIBHYIO aOJISILINIO
JIEAHUKOB, IpaHUYAIUX C MOPSIMU WU O3EpPaMMU.
OCHOBHO€ OTJIMUME TaKUX JIETHUKOB — JOMOJHU-
TeJbHasl MOTepsI Macchl Ha (DPOHTE JeAHUKA. DTO
MMeeT 3HauYeHME IS AMHAMUKU JIEAHUKA U UHBEp-
CUM TOJILMHBI JIEAHWKA, KOTOpas Ha HACTOSIIIMIA
MOMEHT IIPEIIIojIaraeT, 4To IT0TOK Macchl Ha (DpOH-
T€ paBeH HYJI0. YUET (DpOHTATbHOI a0JSLIMU B Me-
TOJaX MHBEPCUU TOJIIMHBI JIbAa, OCHOBAHHBIX Ha
COXpaHEHUU MAacChl, YBEJIMUYUBAET OLICHKU PErUoO-
HaJIbHOM Macchl Jibaa mpuMepHo Ha 11—-19% [68]. B
I'TM dpoHTanbHA abJsILMsI BHIYUCISIETCSI B KOHIIE
Kaxa0ro 6aJaHCOBOrO roja u 100aBasSIeTcs K KIu-
MaTU4YeCKOMY OajaHCy MaccChl ISl TOJYyYeHUsT 00-
1Iero romoBoro 6ananca Maccol [17, 68]. CoriacHo
cxeMe pacuéta [69], hpoHTabHas a0 — QyHK-
LM TOJALMHBI, INUPUHBI JIETHUKA U TIIYOMHBI BOJbI
Ha ¢poHte. Paznuua mexay moaeiasamu GloGEM
n OGGM cocTOUT B TOM, YTO TOJIIMHA (PpoHTa
JIEMHNKA MAcCIITa0UpyeTCsI B 3aBUCUMOCTHU OT €TO
JIJIMHBI U TJIyOMHBI BoAbl [17] Wau pacCUMThIBAETCS
M3 MPEaroIoOXKEHUsI, YTO KOJUYECTBO OTKOJIOTOrO
JIbJA TOJIKHO OBITh PABHO KOJIMYECTBY JIbJa, JOCTaB-
JIeHHOTO Ha ¢poHT [68]. diasg KanubpoBKU OJI0Ka
¢dpoHTanbHol abasguuu B GloGEM ucnonb3oBa-
JIMCh pernoHabHble oueHku [17], B OGGM napa-
MeTpbI Opajuch 3a KOHCTAHTY [68].

JIuHaMmdecKuii 010K

Panee 6b10 oTMeueHO, 4To I'TM 1o ypoBHIO
CJIOXKHOCTH MX TMHAMUYECKNX OJIOKOB MOXKHO pa3-
JIEeJIUTh Ha IBE TPYIIIIhL:

1) napamempuszosannovie modeau. GloGEM/
PyGEM wu Bce ocTajibHble MOAEIN, 32 UCKIIOUEHM -
eM GloGEMflow u PyGEM, Gonee mpocTtheie, Tak
KaK B HUX SIBHBIM 00pa3oM HE OITMCHIBAE€TCSI OT-
cTynaHue (HacTynaHue) JIeAHWKA, a UCIIOIb3YIOTCS
pa3HOro poIa IapaMeTpU3aly: MacIITaOMpOBaHUE
MEXIy ITUIOIIAAbI0, 00bEMOM U IIMHON JIEIHUKOB,
OCHOBAaHHOE Ha CTaTUCTUYCCKUX U/WIIN SMIIUpUAUC-
CKMX COOTHOIIICHMSIX;

2) oepanuuenuvlie Junamuueckue modensu. B
GloGEMf{low BKIIIOU€H TMHAMUYECKUIA OJIOK, HO Te-
YeHHe JICTHNKA pacCMaTpUBAETCsT KaK eIMHBIN ITOTOK,
a MCXOMHBIMU TaHHBIMU CJIYKAT XapaKTepPUCTUKU,
OCPEeTHEHHBIE M0 BBICOTHBIM Tosicam (puc. 3). Ecimn
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Puc. 3. ITpodunb neqHuka besenru B 2016 1., cMoaenupoBaHHbIii ¢ momolbsio Monenu GloGEMflow.

OcraBmasics K 2016 r. Tomia Jbaa nokasaHa roayobiM 1BetoM [TyHkTHpHas auHuUsA (/) COOTBETCTBYET MPOMUIIIO TOBEPXHOCTH
JenHuka Ha aaty uHBeHTapuzauuu RGI (2001 r.). Pacnpenenenue oobeéma sibaa B 2015 1., ycpeAHEHHOTO MO BBICOTHBIM IOsICaM,
JlaHo Ha nuarpamme cripasa. [TyHKTUpom 00603HayeHo pacnipenesieHue oobeéMa baa B 2001 r. CMoaenmpoBaHHas TOJIIIMHA JIed-
Huka (10 400 M) BBIIJIIIUT PeATMCTUYHO MO CPAaBHEHUIO ¢ HAOMIOAEHHBIMU 3HaYeHUSIMU [ 78]

Fig. 3. Cross-section of the Bezengi glacier by 2016, modeled using GloGEMflow.

The remaining glacier ice by 2016 is shown in blue. The dotted line (/) represents the surface profile of the glacier at the date of the
RGI inventory (2001). The distribution of ice volume as of 2015 averaged across elevation bins is shown in the diagram on the right.
The dotted line represents the ice volume as of 2001. The modeled glacier thickness (up to 400 m) looks realistic in comparison with

the observed values [78]

JICTHUK MMEET BETBSIIIYIOCS CTPYKTYPY, TO B MOACIN
GloGEMflow oH paccmaTpuBaeTcs KakK OIUH IINPO-
Kuit negHuK. TeopeTnyeck — 3T0 HeOOoJIbIash IMpo-
onema 1t npuMmeHeHus1 GloGEM{flow B ciydae Takux
JICTHUKOBBIX KOMIUIEKCOB, KaK DJIbOpYC, TaK KaK OH
pasnenén Ha otaenbHbIe TenHuKU B RGI. OnHako emé
MPEICTOUT OLICHUTh, HACKOJIBKO PEATUCTUYHO B paM-
KaxX TaKoro IOaX0/a OIMMChIBACTCS TMHAMMKA ITOI00-
HBIX JICTHUKOB.

Mopgens OGGM — HamboJjiee caoxHas U3 Cy-
LIECTBYIOIIMX B HACTOSAIIIEE BpeMsI TJI00aTbHbBIX TJIsI-
LIMOJIOTMYECKMX MOJIeJIeld, TaK KaK B €€ TUHaMUJe-
CKOM OJIoKe OepeTcs B pacuéT BCsl CUCTeMa ITOTOKOB
JIeMHUKA BAOJIb OCEBBIX IMHUM (CM. puc. 2, a).

BBOJIIOI.W[}I reoMeTpum JICAHUKOB

TonmuHa JieAHWKaA B UAEaTIbHOM COCTOSHUU
paBHOBecUsI (HE CYILEeCTBYIOILETO B I€ICTBUTEIbHO-
CTU) HE U3MEHSIETCs, TaK KaK BCe MPOCTPAHCTBEH-
HbIe pa3jinyus B OajlaHCEe IMTOBEPXHOCTHOM MacChl

KOMIIEHCUPYIOTCS JUHAMMYECKUM IepepacIipesc-
JICHUEM MaccChl JibJa U3 001aCTU aKKyMYJISILIUU B
obnacTh abnsguuu. HepaBHoBecue 6ajlaHca MaccChl
M MOTOKa JibJia IIPUBOIUT K 3BOJIOLMY T€OMETPUN
JIETHUKA, KOTOpast MOXeT ObITh PACCUMTaHA C [IOMO-
LIbIO YPaBHEHUI AMHAMUKU JICTHUKA WU C TIOMO-
LIBIO PA3IMYHBIX ITApaMeTPU3alnii, OCHOBAHHBIX Ha
HaOmoneHus1x. He Tak maBHO cuuTaaoch, 4TO MpU-
MEHEHME TMHAMMYCCKUX MOJEJICH TeYeHUs JIeIHM -
KOB Ha perMoHaJIbHOM YPOBHE HEBO3MOXHO [70],
OITHAKO ceiyac MOSIBUJINCH ABE MOJIEIH, TTO3BOJISTIO-
1IMe OBICTPO PACCUMTHIBATH AMHAMUKY JICTHUKOB Ha
peruoHaJbHOM YPOBHE Ha MEPCOHATBHOM KOMIIBIO-
tepe: OGGM un GloGEMflow [17, 18]. Jlnst aTOTO C
MOMOIIbIO 3aK0HA [JIeHa B armpoKCcUMaIuyl MeIKO-
TO JIbIa BBIYUCIISIETCSI CPEIHSISI CKOPOCTh IBYKCHUS
nenHuka (mo ¢opmyie I101, cm. IIpunoxenue 2),
KOTOpasl 3aTeM IOACTABISIETCS B IPOTHOCTUIECKOE
ypaBHEHUE ISl BBIMUCICHUS U3MEHEHUS TOJIIIMHbI
nepnuka (1102, cm. I[MpunoxeHue 2), ocHOBaHHOE Ha
3aKOHE coxpaHeHUs Macchl. IlojlyueHHOE ypaBHE-
nue nuddysuu (I105, cMm. IMpunoxeHue 2) cBsA3bIBa-
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eT IMHAMMKY JISTHNKA C IIOBEPXHOCTHBIM 0aJIaHCOM
MAacChl B TJISIAOJIOTUYECKO Monenu (cM. puc. 1).

B ocranbhbix I'TM BMeCTO ypaBHEHUI TMHAMUKHA
HCTIOJIB3YIOT ITapaMeTpU3aliMK IUIsI pacuéTa IepeHoca
JbAa. DT MapaMeTpU3alMOHHBIE COOTHOIIIEHUS OC-
HOBaHbI Ha TOM (haKTe, YTO UBMEHEHUE MMOBEPXHOCTHU
JIeJITHMKA OTBEYaeT YETKUM MPOCTPAHCTBEHHBIM 3a-
KoHOMepHocTsM. Kak mpaBuio, 13BMeHeHUsT BBICOThI
Ah TIpY OTCTYNIaHWM JIETHUKA — HEOOJIbIIIME B pailo-
He aKKyMYJISILIAN, a cCaMble OOJIbIIINE — BOJIM3U SI3bIKa
TOpHBIX JIeMHUKOB [71]. Mcxonst U3 3TOro, B MOJEISIX
GloGEM u PyGEM Ah paccuutbiBaeTcsl KaKk OTBET
Ha U3MeHeHue OajlaHca MacChl IPU YIOBJIETBOpE-
HUU 3aKoHa coxpaHeHust macchl [70]. Pacripenenenue
Ah 3aBUCHUT OT pa3MepoB, TEOMETPUU, peKrMa Teue-
HUS JIbla 1 U3MEHUYMBOCTU OajaHca MacChl JIETHHUKA.
®opma A/-iapaMeTpu3alMy OTJIMYACTCS OT JICTHUKA
K JIEAHUKY, IIO3TOMY B 3TUX ABYX MOJEJISIX IIPUMEHSI -
10T pa3Hble MMapaMeTpbl LI JIEAHUKOB Pa3HbIX pa3Me-
poB. Harmpumep, B GIoGEM [17] ucrionb3yeTrcst M-
npuyecKast (PyHKIVS

Ah=(h,+a)"+ b(h,+a)+c,

rae Al — U3MEeHEeHUE BbICOTBI IIOBEPXHOCTH JICTHUKA;
h,, — pa3HULIA B BBICOTE MEXIY /-M W HVYDKHUM BBICOT-
HBIM TIOSICOM JIETHMKA (HOpMaIN30BaHHBIC BHICOTHBIM
MATIa30HOM JISHUKA); CTETIeHb Y, 3a1a01ast KpUBU3-
Hy GYHKUMY A/, YMEHBIIIASTCS C pa3MepPOM JICTHMKA:
JUTS OOJTBININX TOIMHHBIX JJETHUKOB (> 20 kM?) — Ah =
(h, — 0,02)% + 0,12(h, — 0,02); nas cpenHUX
(5—20 xm?) — Ah=(h,—0,05)*+0,19(h,—0,05) +0,01;
it ManeHbKux (5—20 km?) — Ak = (h, — 0,30)% +
+0,60(h, —0,30) + 0,09 [73].

B npyrux mopensx [15, 16, 58, 72, 73] ucmonb-
3yeTCcs MaclITabupoBaHME MEXAY OObEMOM JIETHMU-
Ka W ero MIMHOW unu miowaneio [74]. Ilpu aTom
TJToIIAaab U O0BEM CBSI3BIBAIOTCSI 9KCTIOHEHTOM Mac-
IITaOMPOBAHMSI, KOTOPast OOBIYHO paCCUMTHIBACTCS
Ha OCHOBE HEOOJBIIOTO 00bEMA JOCTYITHBIX JaH-
HbIX. 17151 pa3HbIX PETMOHOB 3Ta AKCIIOHEHTA MOXET
ObITH pa3Hoii. O6a nmonxona (kpome [15]) mpenmno-
JlaraloT, YTO paBHOBECHasl T€OMETPUSI JIeIHUKA 10-
CTUTaeTCsl MTHOBEHHO B OTBET Ha U3MEHEHUE 00b-
éma. B pabote [17] ¢ mOMOILIbIO 3KCIIEPUMEHTOB MO
OLIEHKE YyYBCTBUTEJIbHOCTH K BHIOOPY OJI0Ka 3BOJIIO-
LIMM TeOMETPUM JIETHUKOB ITOKa3aHO, UYTO IIpUMe-
HeHWe MacIITaOupOBaHUS MEXIy OOBEMOM U TIIO-
IIaIbI0 IPUBOIUT K OOIBIINM MOTEPSIM MACCHI JIbIa
yeM IIpU UCMIOJIb30BaHUN AA-TrapameTpusannu. B
monenu KRA2017 [64] nnsg cuMyasuuyd IMHAMUKA

JIEMHWKA MCITOJIb30BaH METOJ, Iepepacipeae/IeHUS
macchl. O0BEM bl1a, TIepeTeKaroluili U3 TaHHOTO
BBICOTHOTO TTOsICa B TIOSIC, HAXOISIIIINIACS HIDKe, 3a-
JaéTtcs yHKLMEeR ero miolaau, cpeaHei ToMIu-
HBI ¥ HaKJIOHA TToBepXxHOCTH. [ToTOK perynmpyercs
HacTpanBaeMbIM PEOJIOTMYECKIM TTapaMeTPOM.

3akiouyeHue

B 00630pe paccMoTpeHBl IPeAnoChUIKM BO3HUK-
HOBEHUSI 1 0COOEHHOCTH apXUTEKTYPhI TTI00aTbHBIX
IJISIMOIOTHYeCKUX Mojeseii. OCHOBBIBasICh Ha HO-
CTYITHOCTH 0a3 TaHHBIX JICAHUKOB B TJI00ATbHOM
Maciutabde 1 pa3padboTke 3¢ (HEeKTUBHBIX C BBIYMCIN-
TEJIbHOW TOYKHU 3PCHUSI METOIOB MOICIMPOBAHUS
JIIOTMHHBIX JIETHUKOB, TI00AJIbHBIC INISILINOI0THYC-
CKME MOJEJIN TT03BOJISIOT BOCIIPOU3BOINTD 3BOJIIO-
1O OJICICHEHUS TOPHBIX CTpaH M Bcero mupa. Kak
MpaBUIO, TaKME MOJENIU CoAepKaT 0J0K 00pabdoT-
KM KJIMMaTUYECKUX JAHHBIX IS YCIOBUM KaxKI0TO
OTIEJIBHOTO JIeAHNKAa — Macc-0aJlaHCOBBIN 1 TUHA-
Muueckuit. s kaxxaoro 6J10ka BO3MOXKEH BHIOOD B
MoJib3y 0oJiee I MeHee MPOCTOM MOAESIU, J100ast
M3 KOTOPBIX COIEPKUT MapaMeTphl, KOTOPbIE Tpe-
OyIOT KaJIMOPOBKY Ha CTaAUW WHUIIMAJN3AINU B
COOTBETCTBUM C MMCIOIIMMMUCS TaHHBIMM OayiaHca
MaccChl ¥ TeOMETPUU JICTHUKOB.

[Tpu ncnonp30BaHNM TII00ATBHBIX TJISIIOJIOT Y -
YeCKUX MoJelieli He0OXOIMMO YUUTHIBaTh PSII He-
TOYHOCTEU M YIIPOIIECHMIA: a) JaHHbIe OUuepTaHUI
nenHukoB U3 RGI Bcé ewé cogepaT MHOIO OIU-
00K; 6) HETOUHOCTU, HEM3OEXKHbIC MPU MOJIyUe-
HUM HAYaJIbHOTO 00bEMA JIbJa C MOMOIIbIO METOAOB
WHBEPCUM, CWJIbHO BJIUSIOT Ha IIPOTHO3HEIE OLICH-
Kku [17]; B) MHULIMAIW3ALMS MOJIEIU, KaK MPaBuio,
TpeOyeT OOIYIICHU O CTAIIMOHAPHOCTH JIGAHUKOB
Ha ompeneJ€HHBIII MOMEHT BPEMEHU; T) KIUMaTH-
yecKue TaHHBIe, KOTOPhIE MOXKHO MCITOJIb30BaTh B
peruoHaJbHOM U INIOOAJIbHOM MaciuTabax, MMEIOT
HEIOCTATOYHOE pa3pelleHUe ST YCIOBUM TOPHBIX
JIEMTHUKOB; 1) MOJIeJIb IIepeHoca Jibaa, JaXe eCu
OHA OCHOBaHAa Ha YpaBHEHUSIX TUHAMUKU BIOJb
0CEBOI1 IMHUM, HE TTOAXOINT IJIsI JIEISIHBIX KyIIO-
noB. TeM He MeHee, XOTS IpUMEHEeHNe T100alb-
HBIX TJISIHAOJIOTUYECKUX MOIEJIell ISl OTHEeTbHBIX
JIETHUKOB HelleJecoo0pa3HO BBUIY MEPEUMCIICH-
HBIX TIpO0JIEM, IO 3aKOHY OOJIBIIIMX YMCEIl Ha PeTH-
OHAJIbHOM YPOBHE INIOOAJIbHBIE TIISIIIMOJIOTUYCCKIE
MOJENU Nal0T MEHbIIYI0 olIuOKy. B mepcnekTu-
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BE, IIPU JOCTYITHOCTH AOCTATOYHOM BHIYMCIUTEIIb-
HOM MOIITHOCTH, BO3MOXKHO TPEXMEPHOE MOMACIN-
poBaHUeE JIEMHUKOB BCETO MUpa B MPUOIMKECHUN
MEJIKOTO JIbA. DTO ITO3BOJIMIIO OBl 100ABUTH B IJI0-
OanpHbBIC TISLUOJOTHICCKIE MOACIN MOALIb OT-
KaJbplBaHUS alicOeproB, KOTOpasi OTCYTCTBYET B
OOJIBIIMHCTBE MOMOOHBIX Moneneii. dpoHTanbHAS
a0JISILINST CYIIECTBeHHA ISl JISTHUKOB APKTHUKHM, KO-
TOpbIe MAKCUMAaJIbHO BIMSIOT Ha M3MEHEHHUE YPOB-
Hs Mopd cpenu JegHuKoB RGI [17]. [Tpu Hammaum
0a3pl JTAaHHBIX MOPEHHOTO ITIOKPHITUS JIEAIHUKOB B
OMMKaMIIKMe TOOBI B I100AMbHYIO TJISLUOJIOTHYE-
CKYIO MOZeNb OyaeT 1o0aBIeHa yIpoIlleHHas CXeMa
IUIST pacdéTa 3BOJIIOIMK MOPEHHOTIO YeXJia, KOTOPHIN
BIIMSIET Ha OajlaHC MacChl JETHUKOB (CM. puc. 1).

B mocnemnune romgpl maHHBIE MHBEHTapHU3a-
UM JICOHUKOB, HEOOXOMMMEBIe IS MHUIIMAIN3a-
LUK MOJeau (HallpuMep, IUIOMIAaab 1 00bEM), ObUIH
OOHOBJICHHI U YJIy4YIIeHHI |9, 48], 94TO IMO3BOJISIET
YMEHBIIIUTH ITOTPEIIHOCTH MOMAECICH, CBSI3aHHbBIE C
WCXOMHBIMM OTaHHBIMU. B manpHeieM OObIINit
00BbEM HAHHBIX TMCTAHIIMOHHOTO 30HIMPOBAHMSI
Pa3HBIX JIET MOXET OBITh MCIIOJIB30BaH INIO0ATbHBI-
MU TJISLIUOJOTUYSCKUMU MOIEISIMU IJIST JTydIleil
OTJIAIKU W BaTUAAILIMN MOJEIICH.

Bo BTOpOI1 YacTH maHHOM CTAaThbU OYAyT OITMCAa-
HBI BOIIPOCHI IIOCTAHOBKM 3KCIIEPUMEHTOB, KIMMa-
TUYEeCKUI (DOPCUHT, METOIBI KaTUOPOBKU U BaJll-
Jalny TI00aIbHBIX INISIIIMOJIOIMYEeCKUX MOIEIeH.

B Heit MBI no;[pOGHee OCTAaHOBMMCA Ha OCHOBHBIX
peE3yiibTaTax, MOJYYCHHBIX C ITIOMOIIBLIO riao0anb-
HbIX I''TATTNOJIOTUYCCKUX MOHCHCﬁ, cJIabbIX MecTax 1
IICPCIICKTUBAX pa3dBUTHUA B 3TOIi 00JIaCTHU.
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HpﬂJIO)KeHﬂe 1. (I)opMaJmsamm pac'l'éTa TOJIIMHBI JIEAHUKA C MOMOIIBIO 3AKOHA COXPAHECHUA MACChI

Pacxon sibna g, M3/c, uepes MornepeyHoe ceYyeHne JEeIHNKA C IUIOIAALIo S, M2, paBeH

q=us,

I1Ie il — CPEIHSISI CKOPOCTh TeUEHMsI Jibaa, M/C.

Hcnonb3yst OLIeHKHU i U ¢, HalineHHbIe U3 (PU3UKKU TeYSHMS JIbIa U I10J1s1 6ajlaHCca MacChl, MOXKHO BBI-
YUCIUTH S 1 JOKaJbHYIO TOJIIMHY Jibaa H, M, mojarasch Ha OIpeaeJéHHbIe JOIYIIEHUSI O TeOMEeTPUU
Joxa. HTerpupoBaHHas IO TOJIIMHE CKOPOCTH JIba BHIYMCISIETCS U3 allllPOKCUMAIIMM MEIKOTO JIbIa

(cMm. [Mpunoxenune 2):

i=2A(n+2)" Ht",

rane A — napamerp nonsydectu, ¢ 'I1a=3; n — sxcrioHeHTa 3akoHa [ieHa (n = 3); T — 6a3aIbHOE HAIIPSIKe-

HUE CABUTra:

1= pgHa,

IzIe P — MIOTHOCTH Jbaa (900 kr/m3); g — ycKOpeHMe cBOOOIHOrO naaeHus, paBHoe 9,81 M/c2; o — HAKJIOH
JIEJIHUKA, BBIYMCICHHBIN YMCICHHO BIOJIb OCEBOM JIMHUM.

CKOpOCTb CKOJIBXEHUSI TI0 JIOXY U, MOXKET ObITh 100aB/ieHa K CKOPOCTH iehopMaliu, HO 3TO He BCeraa
006s13aTebHO [75]. YTOOBI BHITOIHSJICH 3aKOH COXPaHEHMS MACChl, TOBEPXHOCTHBIN OaJlaHC MACCHI 71 JOJDKEH
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YPaBHOBEIIIMBAThCS TUBEPIEHIINEH IMOTOKA Jibaa Vg 1 M3MEHEHHEeM BBICOTHI MoBepxHocTH dH/df. Cormac-
HO [43], m u 0H/0t 00beIMHEHBI B HOBYIO TIEPEMEHHYIO — «KaXYIIUIACSI» OaIaHC MACChI, OIPeaesISIeMbIil Kak
m= m — p(dH/0t). Eciu 1eqHUK HaXOOUTCS B PABHOBECHOM COCTOSTHUM, TO «KAXKYLIUICS» GallaHC MacChl
paBeH UCTMHHOMY OajlaHcy Macchl. YTOObI onucaTh nepexoaHoe (T.e. HEpaBHOBECHOE) COCTOSIHUE JIEAHUKA,
B padotax [43] u [3] onuchIBalOT NpoUIb «Kaxyllerocs» 0ajaHca Macchl B BUIe MapaMeTpU30BaHHOTO JIU -
HEWHOro rpaguenTa dm/dz,, v dm/dz,,. 1 obaacteit abissLiMK M aKKyMYJISILMY COOTBETCTBEHHO. [IpnuéM,
rpaHula MUTAHUS ONPEAesIsieTCsl TaK, YTOObI BBIMOIHSIICSI 3aKOH COXPaHEHMSI MacCChI: j. mdIl =0, roe IT —

I
Iiomaab JEAHMUKA. HapaMeTpmaumI 3aBUCHUT KaK OT KOHTMHCHTAJIbHOCTH KJIMMAaTa (IUUI MOPCKOI'O KlImMaTa

TpagueHT dimy/dz 6oJblie), TaK 1 OT pa3Mepa JieTHUKA (TpanueHT difi/dz yMeHBIIIaeTCsl ¢ pa3MepOM JISTHUKA).
YMeHbleHUE difl/dz HEOOXOIUMO TSl Y4éTa KOMOMHALUU m v 0H/0t B pacripeaeieHUU KaxyIlerocs: bajaHca
Macchl /71 MaJTbIX JIeTHUKOB. HampuMep, CHeXXHUK Oe3 TMHAMUKK TeUeHMSI OyIeT pearipoBaTh Ha MOTEIJICHNE
KJIMMAaTa TOJIbKO ITOHIKEeHNEM IToBepxHoCcTU. Torma #i = dH/0t, a #ii (1, clienoBaTelIbHO, difi/dz) paBHO HYJIIO.
BMecte ¢ TeM Oosbllve JIGAHUKU OTPearupyroT U3MEHEHNEM TeUEHMSI, HO OTHOCUTEIbHO MaJIbIM M3MEHe-
HUEM BBICOTBI Ha OOJIBIIIEH YacTH CBOETO BHICOTHOTO nuarna3oHa [71]. CrienoBatesibHO, m NPUOIU3UTETHHO
COOTBETCTBYET 1, a dii/dz OJTU3KO K rpagrieHTaM OajlaHca MacChl, HaOII01aeMbIM B ITOJIEBBIX YCJIOBMSIX | 76].

OOBEMHBIN pacxo Jba ¢; IJIs1 KaXI0T0 BBICOTHOTO I0sICa { BBIYUCISAETCS MYTEM UHTETPUPOBAHUS
M BOOMB JIEMHWKA, TOTIa TOJIIWHY JIbaa JIJIs Mosica i MOXKHO BBIPAa3UTh (DOPMYJIIOi

H = (l_fsl)qi' n+2
i n+2 24

—\n ’
(Fs,ipgSinai)

rae F, ; — xoaduureHT, 3aBucAmil oT GopMbl JOJIUHBL; f;; — (GAKTOP, CBSI3AHHBIN CO CKOJIbXEHUEM JIe]I-
HUKa Mo JoxXYy [3].

IIpunoxenue 2. @opmManu3anus ypaBHeHUil JUHAMHUKY JIeJTHUKA B OJJHOMEPHOM CJiyyae

PaccMoTpuM OCHOBHBIE AOITYIIIEHYS M YpaBHEHMSI, Ha KOTOpbIX ocHoBaHbI Mofies i GloGEMflow u OGGM.

1. ITpubnukeHue MeJIKOro Jibaa [35] mpennoaraer, 4To TOJILMHA JIbIa Majla T0 CPAaBHEHUIO C €ro MpOoTs-
JKEHHOCTBIO (JISAHUK HETTYOOKMIT), BepTUKAIbHbIC TPaIUEeHThI HATIPSDKEHUsI CABUTA TTpeo0IanaoT Hal Topu-
30HTaJIbHBIMU, a JIEI MEJIEHHO TEUET 10 JIOXKY. Torna ABrKeHre oIpenesieTcsl OMHOM KOMIIOHEHTOM TeH30pa
HarpsokeHui T = 1,, = pg(H — 7)., rae 7 — BepTUKalbHas, a X — FTOPU30HTAIbHAsA KOOPAMHATA B HATIPABJIEHUU
[TOTOKA; . = |0h/0X| — HAKJIOH JIEAHUKA; /I — BBICOTA IIOBEPXHOCTH JIETHUKA.

2. I1o 3akony I'eHa, ¢ 3KCIMOHEHTOM # = 3 MOXKHO BBIYMCIUTH CKOPOCTH Ae(hOpMaIlii JIbaa U3 HaliaeH-
HBIX B I1. | HanpsbKeHuit: € = A'13, tie A' — BSI3KOCTD JIbJA, 3aBUCALLAS OT pPa3Mepa KPUCTAJUIOB, KOHIIEHT-
pamum, TUIIa BKIIOYeHWI 1 TeMmepaTypsl Jbaa. B I'TM mpeamonaraercs, uto A' = const, HO 3Ty BeJIMUNHY
MOXHO Kanmuoposats [19]. CkopocTb aechopmalivu Jibaa, Mo orpeaeeHUI0, BbIpaxkaeTcs yepe3 MpOU3BO/I -
HYIO CKOPOCTH € = du/dz. Takum oGpasom:

du/dz = 2A'1 = 2A4'(0g(H — 2)0)>.
WHTerpupys nocjegHee ypaBHeHMe OT JIOXa 10 Z, OJydaeM:
u(z) = 0,54'(oga)*(H* — (H —2)*%) + U,

rae U; — ckopocTb 6a3a1bHOrO (IJIbI0OBOTO) CKOJIBXKEHUS.
WMHTerpupyd oT J0Xa 10 MOBEPXHOCTH JIEMHUKA, TIOJIy4aeM CPEeHIOI0 CKOPOCTH (T10 TOJIIIIUHE):

u=U+0,JAH?=U,+ U,

rae U, — ckopocTb nedhopmaium Jibaa.

-631 -



0O630pbl U XpOHUKA

CormacHo [10], KoMITOHEHTa CKOIBKEHUS MOXKET OBITh BRIpaXkeHa CIACAYIONINM 00pa3oM:
u=U+ U,=fHT + /P,

rae f; — 00001IEHHAs BA3KOCTD; P, — 1aBIeHUe BOBI Yy JIOXa.
[TapameTpsl f; ¥ ¢, — MOIYSMIIMPUYECKUE, BAPBUPYIOT OT JIeAHUKA K JieAHUKY. B I'TM Bbruncinenus P, He
rpousBoIATcs. BMecTo aToro npearnosaraercs, 4to P, NponopuyMoHaIbHO JAaBJIeHUIO Jbla pgH, Torna

i=U,+ Uy=f,Ht + f73/H. (I101)

JI1st mapaMeTpoB BSI3KOCTH U CKOJIbXKeHUs B cTaThe [10], ocHOBBIBasich Ha uccaenoBaHusx [77] u [78],
NPEJUIOKEHO UCIONb30BaTh 3HaYeHus f; = 1,9-1072% Ta Mm%~ u £, = 5,7-1072 [Ta—3m?c™!, Tak Kak oHM
JAl0T XOPOLIME Pe3yJbTaThl IPU MOIEIMPOBAHNU peasIbHBIX JeJHUKOB [30]; mapamerp f;, KaK npaBuo,
TpedyeT KanubposBku [18, 19]. B HekoTopbix pabdoTtax [19] ucronb3yercs ennHas napamMeTpusanus ajs
CKOJIbXXEHUsI U BHYTPEeHHEe# nedopMaiu, yIuTbIBasi OTHOCUTEJIHLHO OOJIBIIYIO HEOIPeaeIEHHOCTD, CBSI-
3aHHYIO C TTapaMeTpH3allieil CKOPOCTU CKOIbXeHMsI. CKOJIbXKeHNE 1 BHYTPEeHHSS AeopMalis CBSI3aHbI
KaK ¢ YKJIOHOM IMOBEPXHOCTH, TaK U C JOKAJIbHOI TOJIIMHOMN Jibaa; ObLIO MOKA3aHO, UYTO OHU UMEIOT CXO/I-
Hbl€ IPOCTPAHCTBEHHbIE CTPYKTYPhI Ha aJIbIIMMCKUX JieIHUKaX [75].

3. CoriacHO 3aKOHY COXPaHEHHUSI MacChl, CKOPOCTh M3MEHEHUS TOJILIMHBI TOJKHA OBITH O0YCIIOBIIE-
Ha TeYeHUeM JibJa, OOLIMM KOJMYECTBOM Jibaa, 100aBIsSIeMOro Ha MOBEPXHOCTh B pe3yJibTaTe CHeromnaaa, u
MOTepsIMU OT TasiHUS Ha KOHIIe JienHuKa [79]. [IporHocTyeckoe ypaBHEHUE TIPeACTaBIsIeT CO00i ypaBHe-
HUE Hepa3pbIBHOCTHU B IIPEAIIOIOXKEHNH, YTO JIEN — HeCKrMaemasl cpefa:

divU=0,

rone U= (u,v,w) — BEKTOp CKOPOCTH C KOOPIMHATAMHU B OPTOTOHAJIBHBIX HAIIpaBJIeHUSIX X, , Z.
WUrHopupys pa3sHUIY B IJIOTHOCTH JIbAA I10 JIEAHUKY, MHTETPUPYEM YpaBHEHUE HEIPEePHIBHOCTH
ou/ox + dv/dy + ow/dz = 0 1o z oT 1oxKa (z = b) 10 TTOBEPXHOCTH (7 = h):

w(n)-w(b)=—J, Sz}

b ox by
W3 s10ro ypaBHeHus (¢ moMollibio TipaBuia Jleitonuua) [79] HeTpyIHO BBIBECTH CeAylolliee ypaBHEHUE:
dH/ot=—V(uH) + B. (I102)

JleBast yacTh B 3TOM YpaBHEHUM — IIPOM3BOAHAS II0 BpeMEHMU JIOKAJIBHOI TOJIIIWHEI, YTO JAejIacT ypaB-
HEHME HEIPEPhIBHOCTU IMMPOTHOCTUYECKUM, T.€. €r0 MOXKHO MCIIOJIb30BaTh JJIsSI ONPEACICHUS TOJIIMHBI
JIbJa B KAXKBII CIeIYIOIINIA MOMEHT BpeMEHU, €CJIU U3BECTHBI TEPMUHEI B IIpaBoil yactu [79]. s ympo-
IIEHHBIX YMCIIEHHBIX MOJIEJICH TOJUHHBIX JICATHUKOB 3TO YpaBHEHUE UCITOIL3YETCSI B OMHOMEPHOIT (popme,
Korja AMHAMUKA JIEAHUKA BBIYUCISETCS BIOJIb OCEBOM JIMHUM (YYUTHIBAsI BapHalluy IIUPUHEI JICAHUKA).

ITycTb S — mioniaak MOMEePeYHOro CeUeHUs JeIHUKA MePIeHAUKYISPHO JIMHUY MOTOKA.
IIpeanonoxum, 4To hopma JioxKa — Tpaneuus ¢ irupuHoit goxa w: S = H(w + 0,50H). Torna

0S/ot = (0H/0f)(w + LH).
ITpu aTOM 3aKOH coxpaHeHust Macchl (I102) MoxkHO nepenucaTh B BUAE
0H/ot = —0uS/ox + B(w + \H), (I103)
CJIEIOBATEIbHO,

%Z;QZ__IQ uH w+& +B. (T104)
ot w+AH ot w+AH ox 2

CornacHo BeipaxeHuto (I101), cpeaHsisi cKOpocTb

i = f;H(pgHa)’ + f(ohHo)/H = (fH*(0h/0x)* + fH*\(0h/0x)?)(0h/0x), ¥ = (pg)’.
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Iloncrapnsisa ato Beipakenue B (I1103), moryyaem, 4To n3MeHEeHUE TOIIIUHBI JICTHUKA OIICHIBASTCS He-
JIMHEHBIM ypaBHeHUEeM nuddysun [10]:

— O\H+b
on ! a[D ( i )}rB, (IT05)

or  w+aH ox ox

rie koahdbuuuent xuddysun D = (w + 0,5 H)(f,H>Y(0h/0x)* + f.H>y(0h/dx)?).

DTO ypaBHEHNE CBSI3bIBACT TUHAMMKY JICTHUKA C IIOBEPXHOCTHBIM 0alaHCOM MacChl B Moenn. B yact-
HOCTH, OHO ucnonb3yercs: B monen GloGEMflow B uyTh Bumon3MeHEHHOI opMe (MHAYe 0003HaYeHA
LIMpPUHA J0Xa U MOBepXHOCTH JeaHuka), a B OGGM peiaetcs ypaBHeHue (1103), a He (IT05), yToOBI ync-
JIeHHOe peleHune He 3aBrcesio oT popMel Joxka. I1pu atom B GloGEMflow ncronb3yeTcsd o0beIMHEHHAS
mapaMeTpu3alus CKOJbXeHUs 1 nedopmannu B otimarie o OGGM, rie napaMeTp CKONbXEHUS OepETCS
u3 qutepatypsl [10].
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VicnonmHuTenb Mo TOCKOHTPaKTy Ne 4Y-9A-068-20
000 «Ob6penunénnas pegakius», 109028, r. Mocksa, [TogkomaeBckuii nep., . 5, kab. 6.
OrtneyaraHo B tunorpagun «Book Jet» (VIIT Konsixua A.B.), 390005, r. Psizanb, yi. [TyikuHa, 18, Tem. (4912) 466-151.
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