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Summary

During the summer field season of the 65" Russian Antarctic Expedition a research aimed at studying the struc-
ture of the snow-ice dams of the Lakes Progress and Discussion (Larsemann Hills, East Antarctica), which are
characterized with annual outburst floods, was carried out. Survey was performed using ground-penetrat-
ing radar sounding complemented with non-core drilling and analysis of the aerial photo data acquired with
unmanned aerial vehicle during the last field seasons. The results show that location of the waterways, which
occur during the outbursts of the both lakes, does not change significantly year in year out and fits a linear
depression in basement topography under the dam and a following flexure of the ice layer. During the winter
period, the opened channels are being filled with snow, and thereby a natural softened zone is being formed.
Further outburst flood propagates mainly within this zone. Monitoring survey of the snow-ice dam of the Prog-
ress Lake during the summer period showed that destruction of the dam does not happen rapidly when the out-
burst takes place, but begins a few weeks before it with gradual filtration within the snow layer.
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MprBeneHbl pe3ynbTaThl U3yUYeHNA CTPOEHNA CHEXHO-NIEJOBbIX Nepembluek NpopbiBoonacHbix 03ép Mpo-
rpecc n nckawH (oasunc Xonmbl JlapcemaHH, BoctouHaa AHTapKTu1aa), BbINOHEHHbIE METOAOM reopagmoso-
Kauun. lononHuTenbHO NpoBefeHbl 6eckepHOBOE MeXaHNYecKkoe BypeHune N aapopoToCbEMKA C UCMOMb30-
BaHMeM GeCnnIOTHOrO NeTaTesIbHOro annapata. Ha npumepe r3yyeHHbIX BOLOEMOB YCTaHOB/EHbI OCHOBHblEe
reosioro-rnsAuuonornieckme TeHaeHunn GopMUpPOBaHNA NPOPbIBHbIX MAaBOAKOB JIEAHUKOBbIX 03&p.

BBenenne

OnHa U3 OTJIMYUTENbHBIX (PU3UKO-reorpadu-
YecKHUX 4epT nmojayoctpoBa bpokHec (0a3uc Xoambl
JlapcemanH, BocTouHasi AHTapKTHUIa) — HAJIUYKUE
MHOTOYMCJIEHHBIX PECHOBOAHbBIX BOJIOEMOB, Cpeaun
KOTOPBIX B 0OCOOYIO TPYIITY BXOIUT PSIA 03EP, XapaK-
TEPU3YIOLINUXCS MEPUOAUYESCKUMU MPOPBIBHBIMU

naBogkamu [1]. Kak mpaBuiio, oHU TTOATIPYKEHBI
€CTeCTBEHHBIMM CHEXHO-JIEAOBBIMU TIOTUHAMM.
IIpu nepenonHeHUU BOJOEMA U MOBBIIIEHUN Ha-
MpSIKEHUS Ha MEePEeMbIYKY IIPOUCXOAUT €€ MOJTHOE
WJIM YaCTUYHOE pa3pylIeHHUe, YTO BBI3BIBAET CTPE-
MUTEJBbHYIO pa3rpy3Ky 03€pHBIX BOJ uyepe3 chop-
MUPOBAHHBIN TaKUM 00pa3oM KaHajl croka. Cpenu
MPUMEPOB TAKMX SIBJICHUI, U3BECTHBIX B IIpeieiax
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Puc. 1. XapakrepucTrKa ydyacTka paboT B BOCTOUHOI 4acTH MmoJjiyocTpoBa bpokHec:
a — ob3opHas cxema [3]; 6 — kaHan npopsiBa 03. [Iporpecc (15 suBapsg 2019 r., dporo A.A. UeTBepoBoii); 6 — KaHaJ MIPOPbIBA
03. JIuckain (24 susaps 2018 r., dporo C.B. Ilomnoa). / — nonsipHble CTAaHLIMU U MOJIeBbIe 0a3bl; 2 — TpacChl ABUXKEHUS TPaHC-

MOPTHOM TEXHUKHU

Fig. 1. Characteristics of the area of investigations at the eastern part of the Broknes Peninsula
a — location scheme [3]; 6 — outburst channel of the Progress Lake (15 January, 2019, photo by A.A. Chetverova); ¢ — outburst
channel of the Lake Discussion (24" January 2018, photo by S.V. Popov). I — polar stations and field camps; 2 — logistic routes

oasuca Xoamsbl JlapcemMaHH, MOXXHO OTMETUTH (DOp-
MHUpOBaHHUE MpoBajia B 3aIllalHOM YacTU JeAHUKA
Honk, oopasosasuierocs 30 suBapsa 2017 r. B pe-
3yJbTaTe MPOPHIBA BHYTPUIIEIHUKOBOTO BOgOEMA
U pa3pylIMBIIETO YY4aCTOK TPACChl, COEAUHSIONICH
Poccuiickyio aHTapkTryecKkyto craHiuio Iporpecc
C a3pOJIPOMOM M ITyHKTOM (POPMUPOBAHUS CAHHO-
IYCEHUYHBIX TTOXOI0B BO BHYTPEHHUE pallOHBI AHT-
apktuabl [2, 3]. U3 03€ép BOCTOYHOI YacTH M-0OBa
BpokHec exerogHble MIPOPHIBHBIE TTABOJKU OTME-
yarorcsa Ha o3épax [Iporpecc, Henna n JuckaiiH,
a OoJiee penkue u HeperyasapHble — Ha o3€pax boi-
nep, LH-73, Ckaugperr, Peiin (puc. 1).
Bo3MoxHBIe KaTacTpodUuuecKue Mmocien-
CTBUS TIPOPHIBOB JIEAHUKOBBIX BOJOEMOB ACIAI0T

X OMACHBIMHU JJISI PACIIONIOXEHHBIX TTOOIU30CTU
00BEKTOB MHGPPACTPYKTYPHI MOJSIPHBIX CTAHIIUAN.
MHorojieTHUEe HaOII0IeHUS TTO3BOJISIIOT YCTAHO-
BUTh BOJOEMBI, KOTOPHIM CBOMCTBEHHBI ITPOPHIB-
HBIE MaBOJAKMU, OJHAKO IOJHOCTbIO UCKIIOYUTH
XO3SMCTBEHHYIO NeSITeIbHOCTh Ha y4acTKax, IMpu-
MBIKAIOIIUX K HUM, Hellb3s. Tak, B paiiloHe CTaH-
uuu [Iporpecc BO3MOXHOCTb OpraHU3aly TPAHC-
MMOPTHBIX MapIlIPyTOB 3HAYUTEJIBHO OTpaHUYECHA
paculieHEHHBIM pebeoM MecTHOCTU. [ obec-
nevyeHust 6e30MacHOCTU JIOTUCTUYECKUX OTlepaliuii
BOJIM3U OMACHBIX TUAPOJIOTUYECKUX OOBEKTOB BE-
HOETCSI KOMILIEKC MOHUTOPUHTOBBIX MEPOIIPUSITHIA,
KOTOpbIE BKJIIOYAIOT B Ce0S1 MCMOJIb30BAHNE THIPO-
JIOTUYECKUX METOJ0B, a TAaKXKe peryJsipHoe reodu-
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CJ. Ipuzopbesa u dp.

3UM9IeCcKOe 00CIeNOBaHNE COCTOSTHMS CHEXXKHO-JIe-
JTOBBIX TIJIOTWH TTPOPBIBHBIX BOJOEMOB [4].

B xonme paGort IETHEro IOJIEBOTO ce30Ha 65-ii
Poccuiickoii aHTapKTUYECKOU 3KCHMEIAUILIUU
(2019/20 r.) ¢ MOMOIIIBIO TEOPAANOTIOKAITMOHHOTO
npoduanpoBaHus ObLIM 00CIeTOBAHbBI CHEXXHO-JIe-
JnoBble nepeMbluku 03€p IIporpecc u JAuckaiiH, na-
BOJKHU KOTOPBIX HAOIIOOAINCh aBTOPAMM B TEUCHUE
JeTHUX nepuonoB 2017/18 u 2018/19 rr. (cMm. puc. 1,
6, 8). 'eopusnmyeckre pabOTHI OBIJIN HAIIPaBJICHEI
Ha pellleHHe ABYX OCHOBHBIX 3amad: 1) M3ydeHHe
BHYTPEHHETO CTPOeHUs (BEIIeCTBEHHOI'O COCTaBa,
MOpPGOJIOTHUH CJIOMCTHIX CPEll) CHEXXKHO-JICIOBBIX IIe-
peMBIUEK 1 BBISIBJICHUE X FeOMOP(POIOTIIeCKIX
0COOEHHOCTEH, CITOCOOCTBYIOLIMX PA3BUTUIO MPO-
PBIBHBIX KaHAJIOB; 2) OLleHKA U3MEHEHUI, IIPOKC-
XOMISIIINX B TeJIe CHEXXHO-JIETOBBIX IIEPEMbIUYEK B Te-
YeHUe JICTHETO IIepuoaa.

MeTtoauka pador

IInanupoBaHue ceTu HAOMIOAEHUIA IPU 0OCIEN0-
BaHUN CHEXHO-JIETIOBBIX IlepeMbrdek 03¢p IIporpecc
u JIYIcKalIH BEeJIOCh C YIETOM MaTepHUaJioB, ITOJIyIeH-
HBIX B XOJ€ MPEIbIIYIINX MOJEBBIX CE30HOB [2, 5, 6].
CormacHo UM, IocJIeTHUM TIpopeIB 03. IIporpecc
npouzomrén 14 saBapst 2019 r., o3. JluckaiiH — B me-
puoxn ¢ nekadpst mo 12 ssaaps 2019 r. (He HabmomaI-
cs aBropamn). biaromapst sTaHHBEIM a3p0odOTOCHEEMOK,
BBITTOJIHEHHKIX B (peBpasie 2019 r. (ce3oH 64-it PAD)
IIpY TIOMOIIM OECIIMJIOTHOTO JIETaTeJIbHOTO aIlrapa-
Ta, YCTAaHOBJICHO ITOJIOXXKEHUE KaHAJIOB CTOKa, chop-
MHUPOBAHHBIX B X0 MaBOJKOB 000ux 03€p. K Hauany
MoJeBbIX padoT 65-it PAD oHu GbUIN 3aHECEHBI CHE-
TOM 1 He HaOJIIOOAINCh C TIOBEPXHOCTH.

IlockoaBKY IO CHEXHO-JICTOBOM ILJIOTHUHE
03. Ilpoepecc IPOXOONT Tpacca ABUKEHUS TpaHC-
MOPTHOM TEXHUKW, MHTEHCHBHO MCIIOJIb3yeMasl
B JIETHEe BpeMs, pabOTHl Ha 3TOM yJacTKe B IIep-
BYIO ouepenb OBLIM HAIpaBJICHBI HA 00cCIIeYeHNE
0e30MacHOCTH JIOTUCTUYECKUX omepauuii. s
3TOTO reopagapHoe NpoGUINPOBAHNE BBHIIIOIHSI-
JIA C IEPUOANIHOCTBIO OOVH pa3 B TPU HENEIHN — C
Hayaja Hosg0ps nmo KoHell aekabps 2019 r. Pa6o-
TBI IIPOBOAMJIN IO OTHOM 1 TOM XK€ CETH PSIOBBIX
MapIIPyTOB, OPTOTOHAJIBPHBIX MOJIOKEHMIO IIPOIILIO-
TOIHEro KaHajla CTOKA 1 JTOTOJTHEHHBIX IBYMS Ce-
KymuMu IpoduirsiMu. ChEMKY BEIU ¢ IIOMOIIBIO
reopamapa Zond 12e (RadSys, JlaTBust) ¢ aHTeH-

HbIM OJjokoM 900 MT'Li; m1aHOBO-BBICOTHAS MpPU-
BsI3Ka HaOJIIoAeHUIA obecrieunBagach COBMECTHBIM
MMpUMeHEeHMEeM IITAaTHOTO OJOMeTpa reopamapa u
DGPS-kxomnnekca EFT (OO0 «BddekTuBHbBIE
TeXHOJ0ruu», Poccus).

03. Jluckawn pacrnoyioXeHo Ha yJajJeHUU OT
00BbeKTOB UH(MPACTPYKTYypbl PAD, 1 ero npophiBbl
HE YTPOXKAaIOT BBIIOJIHEHWIO TPAHCITOPTHBIX OIlepa-
LM, TT09TOMY HEOOXOIUMOCTA MOHUTOPUHTOBBIX
MEepOIIPUATUI B IIpeneliax 3Toro ygactka HeT. 'eo-
¢usnyeckue padoThl HA HEM MPOBOMAMIM, KaK U Ha
03. IIporpecc, ¢ MCOIb30BaHUEM aHAJTOTMYHOTO
KOMIIJIEKCa anIapaTyphl, HO TOJILKO OOUH pa3 — B
Hayvajie HosiOpst 2019 r. Ha oboux oObekTax reopa-
JapHble ChEMKU, BBIMOJIHEHHbIE B HOsiOpe 2019 T.,
OB ITOITOJTHEHBI MEXaHUYECKUM OeCKEpHOBBIM
OypeHHeM ¢ IIPOMEPOM MOIITHOCTEM CHera U JIbIa.

T'eopanuonokaliMoHHbIe JAHHBIE 00EUX ChEMOK
oOpabaThIBajIU MO CTAHJAAPTHONM METOJUKE, Mpe/-
yCMaTpuBalolleil: a) IepBUYHYIO OLIEHKY KadyecTBa
MaTepuaaoB; 0) BbIOOp MPOdUIIsl YCUIEHUS; B) Io-
PU3OHTAJIbHYIO (PUILTpAllMIO, HAallpaBJIEHHYIO Ha
MMOJaBJIcHEe MHTEHCUBHOM MPSIMOM BOJIHEI, T) Ya-
CTOTHYIO (PUIbTpALIUIO; 1) MEPECUET BPEeMEHHBIX
pa3pe3oB B NIyOMHHEBIE C TPUMEHEHHUEM TTOCIOMHO-
TO aJIrTOPUTMa Y4€Ta CKOPOCTHBIX ITapaMeTPOB CPel.

3HadYeHUsI OTHOCUTEIbHOM TU3JIECKTPUUIECKOI
MMPOHUIIAEMOCTH OIPeAeIsIIA METOAOM oadopa ¢
y4€ToM naHHbIX OypeHus. [TogobpaHHOe 3HaUYeHUE
CUYNTAJIOCh KOPPEKTHBIM, €CJIM MOIIIHOCTb COOTBET-
CTBYIOLIEH TOJIIIM, ONpeaessieMast 1o JaHHBIM T'eO-
pagMoIOKALIMM TIPA STOM 3HAYeHMHU, COBIAaja C
MOIITHOCTBIO, U3MEPEHHOI B 3TO Xe TouKe Npodu-
Jist ipu OypoBbIX padoTax. OnpeneéHHbIe TAKUM 00-
pa3oM OTHOCUTEJIbHBIC AU3JIEKTPUIECKHE TTPOHU-
1IaeMOCTH Ha yJyacTKax paboT coctaBuiu 1,4 en. nns
cHera u 3,05 exn. mist apga. OUEHKU UX MJIOTHOCTU
MOXHO TIOJIYYUTh MO popmyJie, BoiBeaeHHOH A. Ko-
BakcoM [7]: € = (1 + 0,845p)%. CoriaacHo npuBeaEH-
HOMY COOTHOIIIEHHIO, TUIOTHOCTh CHeTa JIJIsT N3y4YeH-
HBIX y4acTKOB cocTasisgeT 210 kr/mM3, yto oTBeuaer
CYXOMY MeTeJIeBOMY cHery [8], a ibaa — 883 kr/m> —
3HaueHME, XapaKTEePHOE /IS IIPECHOTO JIbAa C XaoTH-
YECKOI OpMEHTUPOBKOM KPUCTAILIOB [9].

T'eopusunyeckue paboOThl JOMOJHSIIN a3podo-
TOCBHEMKOI, BHITTOJJHEHHOM ¢ MpUMEHEeHUEeM Oec-
MMUJIOTHOTO JIeTaTeJIbHOTrO alfapaTa CaMOJETHOTO
tuma ZALA 421-08M (OOO «IICT», Poccus). 3to
TO3BOJIAJIO BU3YaJbHO 3a(pKCUpPOBaTh U3MEHEHMS,
MPOUCXOMASIINE Ha yJ4acTKax paboT Mo Mepe HaroJI-

-293-



MpuknadHvle npobremol

HeHUs 03€p, GOPMUPOBAHUS U Pa3BUTUS UX IIPO-
PBIBHBIX TIABOJKOB, IIPOU3OIISAIINX B CE30H 65-i1
PAD 19 nexkabpst 2019 r. Ha 03. JIuckaniH u 6 ssHBa-
ps 2020 1. Ha 03. IIporpecc.

Crpoenne CHeXHO-J1eI0BbIX epeMbIYeK 03€p
IIporpecc u Iuckammn

Osepo Ilpoepecc. T1pumMepsl reopagapHbIX pas-
pe30B, OTpaxKalIlue OCHOBHBIE Y€PThl CTPOEHMS
CHEXHO-JIEI0BOI IepeMbluku 03. [Iporpecc, mo-
KasaHbl Ha puc. 2. Ha puc. 2, a, 6 mpuBoasITCS IaH-
HBIE, TIOJyYeHHBIE IT0 OMHOMY U TOMY K€ MapIIpyTy
cueMKU 5 HOos10pst 2019 1. 1 24 mexadbpst 2019 r. co-
oTBeTCTBEeHHO. Ha paspesax OTUETIMBO MPOCIIEKM-

p 2 05.11.19

- a,m_@m

BalOTCSI TpaHMIIBI CHeTa 1 ybaa (I Ha puc. 2, a, 0),
JIbIa W CKaJIbHOTO OCHOBaHUs (2 Ha puc. 2, a, 0).
K yyacTtky nmpoduiisi, oTBedalomeMy MMOJOXEHHUIO
MPOIIJIOrOAHEro KaHaja CTOKa 03€pHBIX Boa (3 Ha
puc. 2, a, 6), IpuypoYeH Nporud, BeIpakeHHBINA B
peibede KOPeHHBIX HOPOI W TOJIIIE JIbIa U 3aChI-
MaHHBIIA cHeroM. Ero rpaHMIIbI, a TaKXKe KPOBJIS U
MPUIOHHAS YaCTh KaHaja MapKUPYIOTCS MHTCHCHB-
HBIMU T parupoBaHHBIMYM BojiHaMU (4 Ha puc. 2,
a, 6). MOILIHOCTh CHera BAOJIb MPOMIWIIS BapbUpYyeT
ot 0,5 1o 4 M B HOs1Ope m oT 0 10 3 M B KOHIIE JeKa0-
ps, JOCTUTast MAaKCMMAJIbHBIX 3HAYeHUWIA B Ipeaeiax
MPOIIOrOIHETO KaHalla, IIPU 3TOM MOIIIHOCTb JIbAa
3a MepuoJ, HaOMIOAECHUI CYIIECTBEHHO He MEHSIET-
cs. Ha puc. 2, 6 oTpaxkeHbl U3MEHEHMSI, IIPOUCXO-
ISIIME B TeJle CHEXXHO-JIEHOBOM MepeMbIYKU B JIET-
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Puc. 2. IIpumMep rimyOMHHOTO reopagapHOTo pa3pe3a repeMbluku 03. I1porpecc:

a — 5 Hosi0ps1 2019 1.; 6 — 24 nexa6pst 2019 r.; 6 — cxeMa BBITTOJIHEHHBIX PaboT;

0003Ha4YeHus K a, 6: 1 — rpaHMLIa CHera 1 Jibja; 2 — rpaHulla JbJa U CKaJIbHBIX IMOPOJ; 3 — MOJIOXKEHWE MPOIIUIOroIHEro KaHajia
CcTOKa; 4 — nudparupoBaHHbIE BOJIHBI OT CTEHOK IMPOILIJIOrOAHEro KaHaja; 0003Ha4eHUsI K a: 5 — CHer; 6 — 1€n; 0003HaYeHUs K 6:
1 — xoHTYpBI 03€p [3]; 2 — Tpacchl ABMXKEHUS TPaHCHOPTHOM TeXHUKU (2.1 — Bcece3oHHas, 2.2 — 3UMHsIsA); 3 — reopaaapHbie

npodunu (3.1 — npoduiib, moKazaHHBIN Ha puc. a, 0; 3.2 — Bce

OCTaJIbHbIE); 4 — MYHKTHI MEXaHUYECKOTO OYpeHUsI; 5 — MOJIOXKe-

HMe MPOLLIOrOTHEro KaHajla CTOKa IO JaHHBIM a3po(OTOChEMKU; 6 — HalpaBJIeHHUe ITePeTOKa BOIHBIX MACC IPU MPOPHIBE

Fig. 2. An example of GPR section of the snow-ice dam of the Progress Lake:

a — 5™ November, 2019; 6 — 24" December, 2019; ¢ — survey scheme;

legend for a, 6: 1 — boundary between snow and ice; 2 — boundary between ice and rock; 3 — location of the last year’s waterway; 4 — dif-
fracted waves formed with the walls of the last year’s channel; legend for a: 5 — snow; 6 — ice; legend for 6: I — coastlines of the lakes [3];
2 — logistic routes (2.1 — whole-year, 2.2 — winter); 3 — GPR lines (3.7 — the one showed at the sections a, 6; 3.2 — all other GPR lines);
4 — points of non-core drilling; 5 — last year’s waterway due to aerial photo data; 6 — direction of water flow during the outburst
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Puc. 3. Crpoenue nepeMbiuku 03. [Iporpecc mo jaHHbBIM TeOopaguoOKaUK:
a — BBICOTa KPOBJIM CKaJIbHBIX IIOPOJ Hall YPOBHEM MODsI, M; 6 — BbICOTa IPAHMIIBI CHETa 1 JIbJia Hall YypPOBHEM MODsI, M; 8 — TOJI-
IIMHA cHera, M; ¢ — oprodoTtoraH ydyactka Ha 10 ssHBapst 2020 r.; / — reopamapHblie poduan; 2 — U30JIUHUU LIEJIEBOro

napaMeTpa; 3 — MoJIoXeHue TIPOIJIOTOAHETO KaHasla CTOKa

Fig. 3. Structure of the dam of the Progress Lake on GPR data:
a — altitude of the bed top above sea level, m; 6 — altitude of the snow-ice boundary above sea level, m; 8 — snow thickness, m; ¢ —
aerial photo taken on 10" January, 2020; / — GPR lines; 2 — contours of the target values; 3 — location of the last year’s waterway

Huit nepuon. B yactHocTH, Mo maHHBIM 24 nekadpst
2019 r. oTMeUyaeTCsa MHTEHCUBHASI OOBOIHEHHOCTD
IrpaHMIBI CHETa M JibJa Ha yJ4acTKe Tpoduiis, oTBe-
YaplleM ITOJIOXKEHUIO MPOLIJIOrogHero kaHama. B
MOJIb3Y 3TOTO CBUIETENLCTBYET YBEJIMUECHHUE aMIl-
JIMTYIBI OTPAXKEHHON 3JIEKTPOMArHUTHOM BOJIHBI.
KpoMe Toro, rpaHuiia CTAaHOBUTCSI MEHee KOHTPACT-
HOI 1 pa3peli€HHOoM 1o BepTukKanu. CienoBaTellb-

HO, MOXHO TIPEATONIOXUTh, YTO DUIBTPAIIMS BOI -
HBIX Macc yepe3 IMepeMbIUKy IIPOMCXOAuia eié 3a
JIBE HEICIU A0 MPOXOXIECHUS IPOPLIBHOTO ITABO/I -
Ka, OTHAKO pa3pylIeHMs e€ Toraa He MPOU30IILIO.
ITo pesyabTraTaM reopagapHoOil CbéMKU B HOSIO-
pe 2019 r. MOCTPOEHBI CXEMBbI, OTpaXKalOIIue CTPOe-
HUE CHEXXHO-JIEAOBOM TUIOTUHHI HAa HAYaJIO JIETHETO
nepuona (puc. 3). CormacHo UM, B Ipeaeiax Uc-
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Puc. 4. IIpumMep r1yOMHHOTrO reopagapHoOro pa3pesa repeMbluky 03. JIucKaliH:

a — TIyOMHHBIN reopagapHblil pa3pes; 6 — cXeMa BBIIIOJHEHHBIX padoT;

0003HAYEHMUS K CEKLIUM a: ] — TpaHKIIa CHETa ¥ Jbaa; 2 — IPaHKIIA JIbIA ¥ CKAJIbHBIX ITOPOI; 3 — MOJOXEHKE MPOILIOTrOIHEr0 KaHaia
cToKa; 4 — cHer; 5 — ném; 0603HaYeHUs K ceKLu 0: I — reopagapHble npodwiu (1.1 — npoduib, MoKa3aHHbIM Ha puc. a; 1.2 — Bce
OCTaJIbHBIE); 2 — ITYHKThI MEXaHUYECKOTO OypeHust; 3 — MOJIOXKEHME MPOIILIOTOIHEr0 KaHaIa CTOKA [0 JAHHBIM a3pohOTOCHEMKI

Fig. 4. An example of GPR section of the snow-ice dam of the Lake Discussion

a — GPR section, 2019; 6 — survey scheme;

legend for a: 1 — boundary between snow and ice; 2 — boundary between ice and rock; 3 — location of the last year’s waterway; 4 —
snow; 5 — ice; legend for 6: 1 — GPR lines (/.1 — the one showed at the Fig. a; 1.2 — all other GPR lines); 2 — points of non-core

drilling; 3 — last year’s waterway due to aerial photo data

CJeIyeMOTO yJyacTKa pa3BUTa IoJIoras ACIpPeccusi B
penbede KopeHHBIX mopos (cM. puc. 3, a), oouit
YKJIOH KOTOpOIi HallpaBJieH ot 03. [Iporpecc B cTo-
pony 03. CubTtopr, a repenan a0COTIOTHBIX BEICOT
Haja ypoBHEM MOpS cocTaBisgeT okoyio 4 M. Ilo-
HUXKEHUIO CKaJIbHOM KOTJOBUHBLI OTBEYAET BHITSI -
HYTBIN TIPOTrUO B MOBEPXHOCTHOM CJIOE JbJa (CM.
puc. 3, 6), B mpeaesiax KOTOPOro oTMeyaeTcsl MaK-
cuMalbHOe CHeroHakoruieHue (cm. puc. 3, 8). Co-
IOCTaBJICHUE MOJIyUeHHBIX MAaTEPUAJIOB C JaHHBI-
MU a3p0(OTOCHEMOK, BBITTOJJHEHHBIX B CE30H 64-i1
PAD, no3BoimnI0 yCTaHOBUTD, YTO MPOUIJIOTOTHUMN
KaHaJI CTOKa MPUYyPOYEH MMEHHO K JOKaJIbHOMY
MMOHIXEHUIO B pesibe)e KOPEHHBIX IMOPO U JIeI0-
BoIi Tou (3 Ha puc. 3).

B TteueHue ce30HHBIX paboT 65-i1 PAD mocnie
npopeiBa 03. [Iporpecc, mpousonieaniero 6 ssHBa-
ps 2020 r., Obl1a MpoBeaeHa a3podOTOCHEMKA TI0-
AW UCCIIEI0BAHMS C UCIIOJI30BAaHUEM OECITUIIOT-
HOTO JIeTaTeJbHOTO armnapara. JdemudpprupoBaHue
¢ororpacduit moxkasano, YTo KOHPUTYpaLIUs U TT0-
JIOXKEeHMEe KaHajla CToKa 03¢pPHBIX BOJ, C(DOPMUPO-
BaBirerocs B 2020 r., TOUHO COBITAAAIOT C TAKOBBIMU
JUUIS1 IPOIIUIOTOTHETO KaHaja (CM. puc. 3, ). Takum
0o0pa3oM, B X0J¢e KatacTpoUuUIeCK1X MaBOJAKOB 03.
IIporpecc HampaBieHUE MepeTOKAa BOAHBIX Macc

KaXXIbIi To OCTaéTcsl HEU3MEHHBIM, OyIy4u TIpo-
JUKTOBAaHHBIM T'€0JIOTO-TJISIIMOJIOTUIECKUMU Xa-
pakTepUCTUKaMU yyacTKa paboT.

Ozepo Jluckawn. CHeXHO-Ie10Bas MepeMbIu-
Ka TakXe XapaKTepU3yeTCs IIPOCThIM TPEXCIION-
HBIM cTpoeHueM (puc. 4). Tounmia cHera, MOIITHOCTh
KoTopoit mocturaetr 2,48 M, B ceBepo-3anagHoOi
yacTU NpoduIs MOACTUIAETCS CJIOEM Jiba, OMHA-
KO Ha paccTossHUM 35 M oT Havana rmpoduis (cMm.
puc. 4, a) negoBas mayka BRIKJIMHUBAETCS U Hajee
K I0OT0-BOCTOKY CHET 3ajieraeT Ha CKaJIbHOM OCHO-
BaHuu. Kak u B cimyyae o3. [Iporpecc, mpounioron-
HUI MPOPBLIBHON KaHaJ MPUYPOUYCH K OTYETIIMBOMY
nporu0y B KPOBJie KOPEHHBIX ITOPO U TOJIIIIE JIbIA.
DTO OTMEYAETCs M Ha CXeMaX CTPOSHMUSI TIePEMbIUKU
(puc. 5): MoJIoXeHUe MpeabIayIIero KaHajga CToKa
03EPHBIX BOJI, UMEIOIIETO HEeTIPaBUJIbHYIO U30THY-
Ty10 (popMy, OTBeUaeT y3KOI AEMPECCUU B pebe-
¢e KpoBIIM CKaJbHOTO OCHOBAHUS (CM. pUC. 5, a)
M COOTBETCTBYIOIIEMY MOHUXEHUIO B KPOBJIE Jie-
JISTHOM TIauykKu (CM. pucC. 5, 6), TIPU 3TOM B €TO0 TIpe-
Jejlax HabJrogaloTCs MaKCUMallbHbIe I ydacTKa
MoIITHOCTU cHera. Ero ¢oopMmy B TOUHOCTH TTOBTOPSI-
€T KaHaJI, 00pa30BaBILIMIiCs IIPU IIpophiBe 03. Jluc-
KalllH B ce30H 65-i1 PAD u 3apuKcHpoBaHHBIN MIPU
TMOMOIIY a3POPOTOCHEMKY (CM. pHC. 5, o).
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Puc. 5. CtpoeHue nepeMbIUKM 03. JIMCKalllH M0 JaHHBIM re0paaroJ0KalIuu:
a — BBICOTa KPOBJIY CKaJIbHBIX IMIOPOJ Hall YpOBHEM MODsI, M; 6 — BbICOTa IPAHMIIBI CHETa 1 JIbJa Hall YypPOBHEM MODsI, M; 8 — TOJI-
IIIMHA cHera, M; ¢ — oprodoTtoriaH ydyactka Ha 7 ¢eBpanst 2020 r.; / — reopamgapHbie nmpoduau; 2 — U30JIUHUU LEJIEBOro

napamMeTpa; 3 — MOJIoXeHUe TPOIJIOTOAHETO KaHasla CTOKa

Fig. 5. Structure of the dam of the Lake Discussion on GPR data.
a — altitude of the bed top above sea level, m; 6 — altitude of the snow-ice boundary above sea level, m; 6 — snow depth, m; ¢ — aer-
ial photo taken on 7t February, 2020; 7 — GPR lines; 2 — contours of the target values; 3 — location of the last year’s waterway

O0cyxnenue

MexaHW3M MpOpBIBa 03Ep, MOMIIPYKEHHBIX
CHEXXHO-JIEIOBBIMM TIEPEMbIYKAMM, Ha CETOMHSIIII-
HUM AeHb U3y4eH HemocTtaroyHo. HecMoTps Ha To,
YTO 3HAYUTEJbHBIX Pe3yJIbTaTOB B 3TOM HampaB-

JICHUUW OOCTUIJU Pa3IMuHbIe HaAYYHBIC LIKOJHI,
npuMeHsone MmetToasl ¢usudeckoro [10, 11] u
MmaTemaTudeckoro [10, 12] MmogeaupoBaHus, 10 Ha-
CTOSIIIIETO BPEMEHU BasKHBIM 3TAIlOM UCCIeI0BaHUS
KaTtacTpouYeCKMX MPUPOIHBIX MPOLECCOB OCTa-
I0TCS JAeTajibHbIe HaTypHble HabmoneHus. O3épa
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IIporpecc u JluckauH, paccMaTpuBaeMble B JaH-
HOIi paboTe, MpeacTaBJISIOT cCOO0 CBOEro poaa ata-
JIOHHBIE OOBEKThI, U3yUyasi KOTOPbIE MOXHO yCTa-
HOBUTb OCHOBHBIE 3aKOHOMEPHOCTU Pa3BUTHUS U
NpOTEeKaHUS MPOPBIBHBIX ITABOIKOB, YaCTO UMEIO-
11X ropasno 0oJiee pa3pylIUTEIbHbINA XapakTep.
MHoroJjieTHUEe HAOMIOAeHUS 332 MPOPhIBAMU 3TUX
BOIOEMOB ITOKA3ajId, YTO IIOJIOXKEeHHE U (popma Ka-
HaJIOB CTOKa, (POPMUPYIOIIUXCS IIPU IIPOXOXKICHUI
MaBOAKOB, 13 rojla B IOl COXPAHSIIOTCS MpaKkTUie-
CKM HEU3MEHHBIMU — HauboJjiee YETKO 3TO yCTaHAB-
JIMBAETCS C MOMOIIBIO aHAAM3a IJIOLIATHBIX Op-
TO(OTOCHMMKOB pa3HBIX JieT. OCHOBHOI (akTop,
OIpeAe/IIIOINI MOJIOKEHUE MPOPBIBHBIX KAHAJIOB, —
T€0JIOTO-TJISIIAOJOTMYECKME OCOOEHHOCTU CTPOCHUS
nepeMblueK, MoANnpyxuBamux o3épa. IlocneqHue,
COIVIACHO JAaHHBIM FeOpaaMoJIOKALIMK, XapaKTepUu3y-
IOTCSI TOCTATOYHO MPOCTHIM Pa3pe30M: CKaJabHOE OC-
HOBaHMeE MEePEKPhIBACTCS TOILEH JIbA, BbIIIE KOTO-
poii 3ajeraet cHexXHbIN cioit. [IpeumyliecTBeHHOE
HaIpaBJIeHVE TIepeTOKa BOOHbBIX MacC MPU MPOPbIBAX
0001X 03€p IIPUYPOUYEHO K JUHEWUHOMY IPOTrudy B pe-
Jibe(he KOPEHHBIX MOPOI O[T IEPEMBIUYKOI, KOTOPOMY
OTBEYAET MOHVKEHUE KPOBJIU JEISTHOM MayKu.
ITonyyeHHBIE pe3yabTaThl XOPOIIO COOTHOCSTCS
C HaTYpHBIMM HAOIIOAEHUSIMU 32 3BOJIIOLIMEN ILJ10-
1anei uccienoBaHusl B TEYEHME T10JIEBOIO CE30Ha.
Kak Ha 03. IIporpecc, Tak 1 Ha 03. JlucKauiH B nep-
BbI€ Yachl IPOPBIBHOIO MAaBOAKA KaHaJ CTOKa Mpe-
CTaBJISIET COOOI YACTUYHO 3aKPbIThIli TOHHENID B TEJIE
nepembruky. @parMeHTapHO HAN HUM COXPAHSIIOTCS
CHEXXHbIE MOCThBI; THO KaHaja JIeAsIHOe, T.€. Iepe-
TOK BOIHBIX MacC BHa4aje MPOMCXOIUT MO KPOBJIE
TOJIIIM Jbda. B TeyeHre omHOro—aByX THEHW mocie
HayaJjia IIpopbIBa MOTOK JOCTUraeT CKaJIbHOTO OCHO-
BaHUS Y TIPOMCXOIUT TOJTHOE OOPYILIEHUE CHEXHBIX
1acToB. JanbHeias pa3rpy3ka 03€pHbIX BOI MPO-
HWCXOIUT IO OTKPBITOMY PYCJy C TPYHTOBBIM THOM
U MPOIOJIKAETCS B CJTAOOMHTEHCUBHOM PEXUME 10
OKOHYaHUS JIeTHeTo Iepuona. C HacTyIUIeHHEM
3UMBI 3TOT BOAOTOK IepeMep3aeT, a KaHaJl MOJIHO-
CTBIO 3achIIaeTcs cHeroM. IMeHHO Takasl KapThHa —
TOHKMI (IIepBbIC OECSITKA CAHTUMETPOB) CJIOM JIbIa,
MEPEKPHITHIN CHEXXHOM TOILEN, MOIITHOCTh KOTOPOI
JOCTUTaeT HECKOJbKUX METPOB, — HabJIIoAaeTCs Ha
y4JacTKax reopamgapHbIX IIPOQIIICH, OTBEIAIOIINX I10-
JIOKEHUIO MPOIUIOTOIHUX MPOPBIBHBIX KAHAJIOB.
OnuH 13 KJII0YeBBIX MOMEHTOB, BaXKHBIX IIJIST TIO-
HUMAaHUS Mpolecca pa3BUTUS KaTacTpOPUIECKUX
NaBOAKOB, 3aKJIIOYAETCSI B OTBETE Ha BOIIPOC, KaK

MPOUCXOAUT pa3pyllieHue CHEXHO-JIEAOBOM mepe-
MBIYKM — CTPEMUTEILHO BO BpeMsI Hadajla MpophiBa
WJIM TIOCTENIEHHO B TeUYeHHE JIMTEILHOTO Mepruoaa
BpeMeHU, MPelIeCTBYIOLIEro cOpocy 03€pHbBIX BO/.
Pe3ymbTaThl MOHUTOPUHIOBBIX Fe0(pM3MIeCKIX padoT,
BBITIOJTHEHHBIX B paMKaX IPOBEAEHHOTO MCCIIeI0Ba-
HMSI, CKOpee CBUAETEIbCTBYIOT B II0JIb3y BTOPOTO Ba-
puanTa. I[IpopsiB 03. [Iporpecc B TeueHUe CE30HHOTO
nepyviona 65-it PAD npousowén 6 susapst 2020 . Co-
TTOCTaBJIEHNE MaTepUaJIOB FeOpagapHbIX ChEMOK, BbI-
MOJHEHHBIX 5 HOSI0Ps 1 24 nekadps 2019 r., yka3bipa-
€T Ha TO, YTO K KOHIIY AeKaOps TpaHu1Ia CHETra 1 Jibaa
Ha y4yacTKe, OTBEYaloIleM MOJOXEHUIO TTPOILIOTO-
Hero (4, Kak yCTaHOBJIEHO TO3:Xe, OyylIllero) KaHaua
CTOKa Obljla MTHTEHCUBHO OOBOAHEHA. DTO MO3BOJISET
MPEITOJIOKUTh, UTO Y3KE 3a IBE HENEU 10 TIPOXOKIIE-
HUSI TIPOPBIBHOTO TTABOAKA ITPOMCXOINIIA TIOCTETIEH-
Hast ubTpanus Bof o3. [Iporpecc uepe3 cHeXXHbII
cJIoli — HauMeHee TUIOTHBIN 1 Hanbosiee MpoHuLIae-
Mblii. [ToaTBep:kaeHNEe 3TOl TMIOTe3bl OTPEOYET A0-
TTOJTHUTEIbHBIX UCCIENOBaHNI, B YACTHOCTU, Oype-
HMSI C OTOOPOM KEPHA U TTOC/ISAYIOIIEeTO ONpPeAeIeHUS
BJIaXKHOCTH CHEXKHOM TOJIIIM B pa3pe3e MepeMbIuKH.

3akioyenue

PesynbTaThl reopagapHbIX padoT, BHIMOIHEH-
HBIX B ce€30H 65-i1 Poccuiickoii aHTapKTUYeCKOM
AKCIEeAULUN U NOTOJHEHHBIX HATYpHBIMU HAOI10-
JEeHUSIMUA U MaTepuaiaMu a3po¢doTOChEMOK pa3HbIX
JIET, TIO3BOJIWJIM YCTAHOBUTH OCHOBHBIE 3aKOHOMEP-
HOCTH B CTPOEHUM CHEXHO-JIETOBBIX MEPEMBIUEK U
¢opMUpPOBaHUU KaHAJIOB CTOKA MPOPHIBHBIX BOJIOE-
MoB Ha npumepe 03eép IIporpecc u JduckaiuH. ITo-
Ka3aHO, YTO MOJIOXKEHUE TyTel pa3rpy3KU BOTHBIX
Macc B XOJI€ TTaBOJKOB B IIEJIOM OCTA€TCSI HEU3MEH-
HBIM MPU KaXIOM MPOPHIBE U OTBEYAET JIMHEHHBIM
MOHWXEHUSIM B KPOBJIE CKAJIbHBIX TTOPOJ, U TOJIIIE
npaa. @opMupyoIIrecs KaxXablii ToJ IPOPEIBHBIE
KaHaJibl B TEYEHUE 3UMHETO TIEPUOIa 3aChINaloTCs
CHETOM, U TaKUM 00pa3oM CO3MaETCs €CTECTBEH-
Has ocjiabjieHHas 30Ha, MO KOTOPOUl B majbHei-
1eM pa3BUBaeTCs cleaytomuii naBogok. Cornac-
HO TIpPeIBapUTEIbHBIM JaHHBIM, CTPEMUTEIBHOMN
pasrpy3ke 03€pHbIX BO MPEIIIeCTBYET MPOAOIKI-
TeJibHAsl (pUIbTpaLIMsl, MPOUCXOASIIAS CO CTOPOHBI
MPOPBIBAIOIIETOCS BOAOEMA UYepe3 TOJILY CHeTra U
CIOCOOCTBYIOIIAs MOCTENIEHHOMY pa3pyIIeHUIO TTe-
pembruku. IToyyeHHbIe pe3yabTaThl NPEACTABASIOT
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WHTEpeC Kak ¢ TMo3UINii yHIaMeHTATbHOW HayKH,
TaK U C YYETOM NPUKIIATHBIX ACTIEKTOB M3yUYEeHUS
KaTtacTpo(pnIeCcKNX MaBOAKOB JIETHUKOBBIX 03EP.
MeTonuka, onmMcaHHasg B HacTosIei pabo-
Te, TIPUMEeHNMa JJTS BBITTOJTHEHUS peKOTHOCIIPO-
BOYHBIX pabOT MO OlLiEHKEe 0e30MacHOCTU O0BEKTOB
MHPPpACTPYKTYPHI TTONSIPHBIX CTAHLIWI, pacIIoio-
JKEHHBIX BOJIM3U MMOTEHIIMAJIBHO ITPOPHIBOOIIACHBIX
03€p. OHa TTO3BOJIIET YCTAHOBUTH T€0JIOTO-TIISIIINO-
JIOTMYECKME XapaKTepUCTUKM yJacTKa, CIIOCOOCTBY-
JoIIye pa3BUTHIO TaBogka. Kpome Toro, mposene-
HHUEe TeopagapHOl ChEMKHM B peXXMMe MOHUTOPHWHTA
JaéT BO3MOKHOCTh CBOEBPEMEHHO YCTAaHOBUTHL Ha-
mmyre GUIBTPAIIMOHHOTO MOTOKA B TeJIe CHEXHO-
JIEIOBOM MepeMBIUYKH, 3(PGEeKTUBHO TOTOTHSS TH-
JIPOJIOTHYECKME pabOTHI (TTpeskIe BCETO MOHUTOPUHT
YPOBEHHOTI'O peXrMa BogoéMa) 1 IO3BOJISII Ha de-
HOMEHOJIOTMYECKOM YPOBHE TIEPENTH K 3amade TIpor-
HO3WPOBAHMS BEPOSITHOCTH ITPOPLIBHOTO MAaBOIKA.

baarogapHocT. ABTOPHI BhIpaXaloT 6J1arofapHOCThb
CBOMM KoJuaeram mno 65-it Poccuiickoit aHTapkTHhye-
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