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AnHoTtanusi. B pabote npeacraBieHsl pe3yibTathl uccienopanus geaanka UI'AH B 2019-2021 rr.
reou3nuecKkUMH MeTofamu. MI3MepeHus TONIKMHBI CHEKHOTO MTOKPOBA U JibJ]a IPOBOAMIIUCEH C TO-
Momsio reopagapos [TMKOP-JIE]] (1600 MI'w), u BUPJI-7 (20 MI'1), cooTBeTcTBeHHO. Mccnemno-
BaHUsI BBISIBUJIM 3HAYUTEIBHOE CHETOHAKOIJICHUWE Ha JIEAHUKE B 3UMHHUN MEPUOJA U €ro MpOCTpaH-
CTBEHHOE pacrmpeielieHne, a TaKkKe MoKa3alu 3HaYUTeNbHYI0 TOJMIIHHY Jbja (10 106 M) 1 monuTep-
MUYECKYI0 CTPYKTYpY JeIHUKa. MeTogoM 3ieKTpoToMorpaduu MpPOBOIUICS MOHUTOPHHT IICH-
TPaJIbHOW 4acTU INPUICAHUKOBOM MOpEHBL. IIoCTpoeHBl NByMEpHBIE I'€OIJIEKTPUUYECKUE DPA3PE3bI
U TpEXMEpPHas Ireo3JIEKTPUUCKas MOJAEIb BHYTPEHHETO CTPOEHUSI MOpeHbl. PasMep kaMeHHO-nexas-
HOTO $1/1pa (BBICOKOOMHBIE MOPO/Ibl) YBEIMYMBAECTCS K IEHTPY MOPEHBI, a B €€ KpaeBbIX YacTAX Mpo-
WCXOJUT aKTUBHAsl Ierpajaliysi Mep3Joro Marepuana.

KiroueBble cjioBa: pajivoIOKaIIMOHHOE 30HAMPOBAHUE, ANEKTPOTOMOTpadus, eaHuk, [lonspHerii
VYpan

Geophysical research on the IGAN Glacier in 2021

A. N. Shein 12", I I. Lavrentiev 3, G. A. Nosenko 3, M. N. Ivanov *, Ya. K. Kamnev ?
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* Lomonosov Moscow State University, Geography dept., Moscow, Russian Federation
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Abstract. The results of radar studies of the IGAN glacier carried out in 2019 and 2021 are presented
in the paper. Measurements of the thickness of the snow cover and ice were carried out using the
PICOR-LED GPR (1600 MHz) and VIRL-7 (20 MHz), respectively. Studies have revealed signifi-
cant winter snow accumulation on the glacier and its stable spatial distribution, and also showed a
significant ice thickness (up to 106 m) and the polythermal structure of the glacier. Electrotomogra-
phy was used to monitor the central part of the glacial moraine. Two-dimensional geoelectric sections
and a three-dimensional geoelectric model of the internal structure of the moraine are constructed.
The size of the rock-ice core (high-resistance rocks) increases towards the center of the moraine,
nevertheless, there is an active degradation of frozen material in the marginal parts of the moraine.

Keywords: radio-echo sounding, electrical resistivity tomography, glacier, Polar Urals
Beeoenue

MOHUTOPUHT JIEIHUKOB BO BCEM MHpPE COCPENOTOYEH B OCHOBHOM Ha CPEIHUX
Y KPYIIHBIX JICAHUKAX, & [IOHUMaHUE MPOLECCOB, MPOUCXOMAIIMNX C MaJIbIMU JICAHU-
Kamu, octaércs HenonHbiM. VMccnenoBanns nennukoB IlomspHoro Ypana, Hadatsle
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B cepeanne XX BeKa, JOMOJHSIIOT OOy KapTUHY: OHU UMEIOT CaMbli JUTMHHBIN Psijl
HAOJIIOICHUI Cpelin JIETHUKOB TOPHBIX PallOHOB MaTepukoBoi yactu Poccuu, pacmo-
JI0’KEHHBIX B nmoJsipHbiX mupoTax [1-3]. K [onsipuomy Ypany oTHOcUTCs camasi ce-
BEpHAas 4YacTh Y paJIbCKOT0 XpeOTa, COBPEMEHHOE OJIEACHEHUE KOTOPOT'O MPEACTABICHO
CHEXXKHO-JIEI0BEIMU 00pa30BaHUSIMU ILIOIIAALI0 10 1 kKM%, Pacmosarasch HUKe KIuMa-
TUYECKON CHErOBOW I'PaHULIbI, JIETHUKH CYIECTBYIOT OJlarojiapsi HU3KUM TeMIIEpaTy-
paM BO3AyXa U BBICOKOW KOHLEHTpAIMU CHEra B Kapax M Ha yCTyIax MOABETPEHHBIX
CKJIOHOB B pe3yJIbTaTe METEJIIEBOTO U JJABUHHOTO NepeHoca cHera. OHU 00pa3yroT OT-
JIebHBIC OYaru OJICJACHEHHs, IPUYpPOUCHHbIE K HanOosiee BO3BBIIIICHHBIM M pacuJie-
HEHHBIM y4yacTKaM xpeOTa.

Exxerognpie cucremMarnueckue HAONIOACHUS 3a JIEAHUKAMH TPOJOJIKAIHUCH
c 1958 r. mo 1981 r. Ilo3xe nmpoBoauINCh KpaTtkue HaOmoaeHus [4-7]. MOHUTOPUHT
COCTOSIHUS JIEAHUKOB, KaK MH/IMKATOPOB OKPYXKAIOIIeH cpelibl, HeOOXO0IUM /IS perie-
HUsl QyHIaMEHTAIBHBIX 3a/1a4 U3yUYeHUS KIIMMAaTU4eCKuX n3MeHenuii. [lomumo storo,
TasiHUE U COKPAICHUE JIEAHUKOB IPUBOJUT K aKTUBU3ALMH Psiia ONACHBIX IPOILIECCOB,
TaKUX KaK TIslHalbHbIe MaBOAKU, CEJIEBbIC MOTOKH, CHE)KHBIC JIABUHBI.

OnHUM U3 KITFOUEBBIX 00bEKTOB sBsieTcs JeqHuK MI'AH, KoTopblid pacronokeH
Ha BOCTOYHOM ckJIOHe ropbl Xap-Haypawi-Key (Boicota 1246 M), B paiioHe 03€pa
bonpmas Xapara-lOran-Jlop Ha tepputopuu ['ocyaapcTBEHHOro OMOJIOIHMYECKOTO
(0OTaHMYECKOTO M 300J0TMYECKOI0) 3aKa3HUKA PErMOHAIBHOTO (OKPYKHOT0) 3Haue-
Hus «l'opHoxanatuHckun» Ilpuypanbckoro panona SImano-Henenkoro aBTOHOMHOTO
okpyra. OH ObLT OTKPHIT U Ha3BaH B 1953 r. JI.JI. JloArymuHbIM.

Memoouxa zeopadapHoii cvémKu

B Becennwmii nepuon 2021 r. «Hayunsim nieHTpoM n3yueHust Apktukm» (r. Caie-
xapa) comectHo ¢ MuctutyTom reorpaduu PAH u I'eorpaduueckum daxynpreTrom
MI'Y um. M.B. JlomoHocoBa Oblia IPOBEACHA TIISIIUOIOTUYECKAs SKCTICTUITHS Ha JIeT-
auk UI'AH. Ilensto ncciaenoBanuii ObIIIO U3MEPEHUE aKKYMYJISIIMKA CHETa W TOJIIIHMHBI
JIEAHUKA C KCTIOJIb30BAHUEM I'eOopafapHOn CbEMKHU. [lomyueHHbIE JaHHBIE IPU CPABHEHUH
C MPOIUIEIMHA W3MEPEHUSMH TIO3BOJIST OLICHUTH OaJlaHC MACCHI JIHHUKA (M3yduTh MPO-
CTPaHCTBEHHO-BPEMEHHYI0 U3MEHUYUBOCTH JIEAHUKA). J1Ji1 M3MEepEeHU TOJIIMHBI CHEX-
HOT'O MTOKPOBA UCHOJBL30BajICs BhicokouacToTHbIN (1600 MI't) paauosnokarop «IIukop-
JIE», cOBMEIIEHHBIN aHTEHHBIN OJIOK KOTOPOT'0, 3aKPEIIEHHBIN Ha ITACTUKOBBIX CaHSIX-
BOJIOKYIIIAX, IIEpEMELIAJICA 110 TIOBEPXHOCTH JIEIHUKA ONIEPATOPOM Ha JIbLbKaX. bbuio mo-
JY4€HO OKOJIO 5,6 KUJIOMETPOB cCHEroMepHbIX npoduieii (B 2019 r. — okono 4 km) (puc.2).
JIi1st i3MepeHuit TONIIMHEI JibAa puMeHsuics paauosniokarop BUPJI-7 (20 MI'tr), komrio-
HEHTBI KOTOPOro (MpUEMHUK, MepenaTirK, 010K yrpasienus, GPS u ucrounuku nura-
HUS1) ObUTH 3a(PUKCUPOBAHBI HA 2-X CAHAX-BOJIOKYIIAX. Best KOHCTpYyKIUs nepeMenianach
0 JIOCTYITHOM ILTOIIA M JIEJHUKA OIIEpaTOPOM Ha JIbDKAX MO CETU MPOAOIbHBIX U TOIIEe-
peunbix npoduieit. Busyanuzamus u o0paboTka pagapHbBIX JaHHBIX MPOU3BOIUIACH
B iporpamme RadexPro Plus 2011.1. I'pad 06paboTKu cOCTOST U3 CTaHAAPTHBIX MPOIIe-
yp: YAAJIEHHUE 3aJIePXKKH, YAAJICHUE 3BOHA AHTEHHBI (BBIYMTAHUE CPEIHETO), TOJI0COBAs
GuIpTpaMA U aMIUTUTYTHAS KOPPEKIHS 3a ChepruuecKoe pacxoxaeHue, a Takke Stolt-
FK Murpanpys mis Koppekuuy pajgapHbIX 3anMcel ¢ npuMeHeHneM Oyppe-aHanusa, mo3-
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BOJISIFOIIETO YTOUHUTH TONIIUHY JIbJIa U TEOMETPHUIO JIOKA 33 CUET KOPPEKIIUU TITyOUHBI
Y TIOJIOKEHHSI OOKOBBIX OTpaxkeHuid. [IprmMepsl pasaporpamm, MOTy9eHHBIX Ha JICTHUKE
000MMH JIOKaTOpamMH, IPUBEJEHBI HA pUC. 1.

Memoouka snekmpomomozpaghuu

B nertuuii nepuoxa 2021 rr. B 105)KHOM 4acTH KOHEUHOU MopeHsb! neauuka MI'AH
MPOBEICHBI U3MEPEHUSI METOJIOM AJIEKTpOTOMOrpaduu mo TpéM mapaaieabHbIM Mpo-
bunsm nnuHou 235 M. VcenenoBanus NPOBOJUINCH C LIEJbIO U3YUYEHUS] BHYTPEHHETO
CTPOCHUSI MOPEHBI U ISl TPOIOKEHNS MOHUTOpUHTA €€ cocTosiHus. V3MepeHust BbI-
MOJIHEHBI MHOTOJIEKTPOIHOM JIEKTpopa3BeiouHoM ctaniueit «Ckana-48» (coBmecT-
Hast pazpaborka UHI'T CO PAH u OOO «Kb Dnexrpomerpun»), KoTopas mooue-
PEAHO KOMMYTHUPYET M OIpAalllMBAaEeT pa3IMuHble KOMOMHAIIMHU AIEKTPO0B. M3mMepe-
HUSI MPOBOJAWJIMCH MO CTaHJAapTHOW MeToauke [8-10] ycTaHOBKOW AUIIOJb-IUIONb
C MEXDJIEKTPOIHBIM PACCTOSIHUEM 5 M, 4TO obecreunBaio rayOouHHocTs 30-35 M.

[Ipy u3MepeHusix cuiaa TOKa B MUTAIOIIEH JUHUU MOJAJIEPKUBAIACH HE HUXKE
20 MA, ypOoBeHb HaIpSKEHUS! Ha MPUEMHBIX 3JIeKTpojiax coctapiisui oT 50 mB. Ctout
OTMETHTbH CJIOKHOCTH TPHU 3a36MJICHHSIX B KPYMTHOOOJIOMOOYHBIN MaTepral MOPEHBI:
AIEKTPOABI 3a3EMJIISITUCH C MOMOIIBIO BIIAXKHOTO MOJCOJIEHOTO IPYHTA, KOTOPBIA pa3-
MeIlacsa MEXAY KaMeHHBIM MaTepuanioM. Takue JelCTBUSL MPUBOAWINA K 3HAUUTEb-
HOMY yBEJIMUYEHUIO TPYA03aTpaT npu paboTax, TeM HE MEHEE ATO MO3BOJISIIO CHU3UTh
CONMPOTHUBJIEHUE 3a3eMiIeHH 10 puemieMsbix (= 10 kOm-M) 3Hauenuil. Bo Bpems pa-
00THI HAOTIOIAJIMCH MaJIbIe BEJIMUUHBI AJICKTPUUECKUX TTOMEX.

B pesynbrare nonyuena nndopmaius o pacipeeieHu KaKyerocs yeabHoro
ANEKTPUUECKOTO CONMPOTHUBIICHHS] BHYTPEHHETO CTPOCHHSI MOpEHBI (puc. 3).

Pe3ynbmamol 2ceopadapnoii coémku

Pe3ynbTarhl 00pabOTKH JAaHHBIX paJlapHON CHETOMEPHOUW ChEMKHM MOKa3aJd T0-
CTENIEHHOE yBEJIMYECHHE TOJIIMHBI CHETa OT sI3bIKa JICIHUKA K THUIOBOM CTEHKE Kapa,
rje e€ Benu4nHa focturaina 7 M u 6omnee. Takoe pacipeneneHne CHeEra COOTBETCTBYET
YCJIOBUSIM JITABUHHOTO MUTAHUS JTAHHOTO JIETHUKA U MPeo0IaIaroiero ceBepo-3amna/-
HOTO METEJIEBOTro nepenoca (puc. 2). smepeHnust B KOHTPOIBHBIX IIypdax Ha mepece-
YEHUH MPOJIO0JIBHOTO W MOTIEPEYHOTO Mpoduiiel MOATBEPAMIA PE3YIbTAThl PATHOJIO-
KaIyu ¢ TOYHOCTRIO 0,1 M.

927 1027 1127 1227 1327

AL R, HG

Bpays aana

Puc. 1. Pagaporpammsl, noiaydenasie Ha yactore 1600 MI'tt (a) u 20 MI'1; (6) Ha
npoduiie BIOJIb EHTPATIBLHON OCH JICTHHUKA.
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M3mepenuns TONIIMHBI JIb/1a HU3KOYAaCTOTHBIM JIOKATOPOM IOKa3aJId, YTO OHA J10-
cturaet 106 m, a B cpeiHeM cocTaBisieT 47 M. AHalIU3 OJTYUYEHHBIX pajlaporpaMm Io-
Kazan, 4yro JegHuk MI'AH ummeer monmMrTepMuYecKyl0 CTPYKTYpy CKaHIWHABCKOTO
Tuna. BepxHuii X0JI0AHbIN CJIOH JIbJa UMEET CPEAHIOI0 TOIIIMHY 12 M (MaKCUMaJbHbIE
3Ha4YEeHUs AOCTUTalOT 44 M), a TONIIMHA TEIUIOrO HUXKHErO cos Jibaa pocrturaetr 106
M (cpeansisi BenuuuHa 36 m).

Ouenka cHeroHakoruieHus: B 3uMHHUE ce30HbI 2018-2019 n 2020-2021 nmoka3bl-
BaeT, YTO akKymyJsius Ha aeaHuke MI'AH naxomurtcs Ha cpeaHEM MHOIOJIETHEM
YPOBHE 3HAYEHUH, YTO MTO3BOJIAET JIEAHUKY CYLIECTBOBATh B YCIOBUSAX COBPEMEHHBIX
KJIMMaTHYECKUX U3MEHEHUH (yBEIMUYEHUE TEMIIEPATYPhl U COKPAILEHUE OCAJIKOB).

66°0'E 66°1E 66°0'E 66°1'E

67°35'N
B7°35'N

B67°35'N

66°1'E

B66°0'E 66°1E

B66°0'E

Puc. 2. Ilpodunu paarno30HANPOBAHUS M KapThI TOJIIUHBI CHE)KHOTO TIOKPOBA
(axkkymynsmuu) u Ha eaanke UTTAH B 2019 1. (a) u 2021 r. (6)

Pezynomamot usmepenuii memooom neKmpomomozpaguu

B pe3ynbpTaTe npoBeAEHHBIX U3BMEPEHUN METOJOM JIEKTPOTOMOrpapuu MOoCTpo-
€HO 3 TeodJIeKTpUUeCcKuX paspesa no npoduisim 1-3: cBepxy (puc. 3A) camblii ceBep-
HBII poduiib 3, pacmooKeHHBIN OJMXKe K [IEHTPY MOPEHBI, cCHU3Y (puc. 3B) — rox-
HBIM poduiib 1, pacmnosaokeHHbI B KpaeBOM yacTu MOpeHbl. Ha reosnexkTpruueckux
paspesax MOXHO MPOCJIEAUTh Tallble 30HbI C COMPOTUBICHUEM MaTepuaia He 0oJbIIe
10 kOm M (puc. 3, OTTEHKH KpacHOro): B jeBoi (mo0 20 M) wactu Ha mpoduie 1
(puc. 3B) npoBosias 30Ha CBsi3aHa ¢ MOJ03EPHBIM TAJIUKOM, a B MIPAaBOM Ha BCEX
npoduax (mocne 150 M) ¢ MapruHaIbHBIM KaHAJIOM, TI0O KOTOPOMY MTPOUCXOHUT CTOK
BOJBL. BHYTpu MopeHs! BbienstoTcs anoManuu BeIcOkoro YIC (6onbire 10 kOm- M,
puc. 3, OTTEHKH CHHET0), NPEANOI0KUTENbHO, CBI3aHHBIE ¢ KAMEHHO-JICASIHBIMU SI/1-
pamMu. DTH OTJIOKEHUS ABJISIFOTCS CBOETO POJIa LIEMEHTOM €CTECTBEHHOM JamMObl MO~
npyaHoro o3epa. CTOUT OTMETUTh, YTO MPHU CMELIEHUH K LIECHTPY MOPEHBI pa3Mep Ka-
MEHHO-JIEJITHBIX sJIep BO3PACTAET.

CTOUT OTMETUThH, YTO CPABHEHUE C UCCIICIOBAHUSIMU, POBEIEHHBIMU B IPOIILIHIC
rozsl [11], mO3BOJISIOT yTBEPKAATh, UTO B KPAEBBIX YACTSIX MOPEHBI MPOUCXOIUT JE-
rpajamnust Mep3JiIoro MaTepuaia.
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Puc. 3. I'eosnekTpuueckre pa3pesbl, MOCTPOSHHBIE MO JaHHBIM JJIEKTpoTOMOrpaduu,

nosiyueHHbIM B 2021 1. Ha mopene neanuka UI'AH. A — npoduis 3, b — npoduins 2,
B — npoduis 1

3aknwuenue

B pe3ynbrare reopagapHoil CbEMKH YCTAaHOBJIEHO MTOCTENEHHOE YBEIUYEHUE TOJI-
IIMHBI CHETa OT fA3bIKa JIEHUKA K ThUIOBOM CTEHKE Kapa, rje e€ BeIMUnHa JI0CTUraga
7 M u 6onee. Tonmmab! Abaa qOCTUTAOT 106 M, a B cpegHeM cocTaBiisieT 47 M.

[Ipumenenne mMerona 3IEKTPOTOMOrpady MO3BOJIMIO OMPEACIUTh T€OIIEKTPH-
YECKYIO0 MOJIe]Ib BHYTPEHHETO CTPOCHUS LICHTPAJILHON MOPEHBI: pPa3Mep BBICOKOOMHOTO
Marepuaia (KaMEHHO-JICJITHOTO s/Ipa) YBEJIMYUBAETCA K IIEHTpY MOpeHbl. Cam mMeTon
MOATBEPAMII CBOIO 3D (DEKTUBHOCTH MPHU MUCCIICOBAHUA U MOHUTOPUHTE MOPEHHBIX OT-
JIOKEHU.
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