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ITo naHHBIM U3MEPEHU I BpeMEHU 3aIa3AbIiBaHUsI U aMIUTUTYI PAIMOOTPaKEHU I OT JI0XKa IEMHUKOBOTO Ky~
rojia BaBrioBa, motydeHHBIM B TIepHO OBICTPOI TIOABMIKKH €T0 3aMaHOM YacTH, OIpee/ieHbl 3HAUYSHUST
ko3 duUIIMeHTa OTpaXkeHUs OT JIoXKa MO MOIIHOCTHU, KOTOPbIe KOPPEJUPYIOT C BBICOKMMU CKOPOCTSIMU
(6onee 1000 m/Trom) ABMXKEHMSI JIEAHUKA B 00JIaCTU, HACTYTNUBIIIEH HA yYaCTOK METKOBOIbSI.
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noxa, CeBepHast 3eMIst, JIETHUK, adpOPaauo30HANPOBaHNE
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BBEAEHWE

BriBomHbIe TeTHUKY U JIeAsTHBIEC TIOTOKHW B APKTH-
Ke U AHTaApKTHKE TIPEICTaBIISIOT COO0 OCHOBHBIC
apTepuu, 10 KOTOPBIM JIEMHMKOBBIC KyMoJja U Jeld-
HUKOBBIC ITOKPOBBI CTPYXaloT JIEM B OKpyXKalollune
Mop#I, TepSISI CBoro Maccy. OHM OTIIMYAIOTCS OOIBIITHN -
MU CKOPOCTSIMU IBVXKEHUS (ITOPsIAKa COTEH METPOB B
rox u 60Jee), IIOCTAaBIISIOT OOJbIIEe OOBEMEI JIbIA B
Mope B BHUE aiicOeproB M OKa3bIBAIOT CYIIECTBEH-
HBIM BKJIaJd B TOBBIIIIEHUE YPOBHSI MMpPOBOro okea-
Ha. Hekoropble M3 HUX HUCIILITHIBAIOT PE3KUE ITO-
IBKKU (CEpPIXM), BO BpeMsl KOTOPBIX CKOPOCThb UX
JIBVDKEHMS 1 PacXo JIbAa BO3pacTaloT Ha HECKOJIBKO
MOPSIIKOB, YTO COMNPOBOXKIACTCS 3HAYUTEIbHBIM
MpOABIDKEHEM (DPOHTA JIEOHWKOB M YCUJIEHHBIM
alicbeproodbpazoBaHUEM.

AHanu3 TUHAMUYECKOTO TOBEASHUSI U CTaOWIb-
HOCTU TaKMX JIEAHUKOB, CKOPOCTU WX JBVXKEHUS,
pacxojia Jibaa ¥ peakiluy Ha U3MEHEHUS KJIMMaTa SiB-
JISIeTCSI aKTyaJIbHOM HaydHOM nmpooiaemoii. s e€ pe-
LIeHUs] TpeOyeTcsl 3HaTh CBOMCTBA JIOXKa, IO KOTOPO-
MY IBUXYTCS JIEMHUKW. DTU CBOMCTBA HE TOJbKO 3a-
METHO BapbUPYIOT OT MECTa K MECTY MOJ IEAHUKOM,
HO M MOTYT CYILIECTBEHHO KOJIEOAThCs, TEPEKITIO-
yaThCs WK MepecTpanBaThcs CO BpeMeHeM. TpymaHo-
JIOCTYITHOCTD JIOXKa JIJISI MPSIMBIX MCCIeNOBaHUIA 3a-
METHO 3aTpyAHSIET pelieHue npobiieMsl. B To ke Bpe-
M1 TIpUBJIeYeHUE TeodU3NIECKUX NTaHHBIX, MpexIe
BCEro JaHHBIX PaauO30HAUPOBAHUS, IS OLIEHKU

YCJIIOBUIA Ha JIOXe JISHHUKOB ceifiuac MpakTUYeCKu
OTrpaHUYEHO 00JACTIMU AHTApPKTUYECKOTO U [peH-
JIAHACKOTro JIeOHMKOBBIX MOKpoBoB (Fujita et al.,
2012; MacGregor, et al., 2015; Chu et al., 2016, 2018,
2021; Schlegel et al., 2022) v IipUMEHSIJIOCH JIUILb IS
nenHukoB CBansbapna (Pettersson et al., 2011; Maue-
pet u np., 2021). DT gaHHBIE PEIKO MPUMEHSIINCH
IUUTSI JISTHUKOB B IIPYTUX paiioHaX TOPHOTO U TIOJISIP-
Horo oneaeHeHus (Cacituia, 2015; MauepeT u ap.,
2021; Rutishauser et al., 2022) 1 HUKorma — A1 J€I-
HUKOB Poccmitickoili ApKTUKHU, TOe OHU UCITOJIb30Ba-
JIUCh TJIABHBIM 00pa3oM IJIsl onpeaeIeHUST TOMIIUHbI
1 00BbEMA JIETHUKOB U UX MOMIETHOTO peibeda.

B 5710i1 cTaThe MBI BIiepBbIC ITPUMEHSIEM JaHHEIE
a’popagro30HANPOBAHUS JISI OLIEHKM YCJIOBMIA Ha
TMOBEPXHOCTU UM Ha JIOXKE 3aIlagHOM YacTH JIEAHUKO-
Boro KynoJja BasuinoBa Ha CeBepHoi1 3emJie B IIepU-
o7 e€ moaBIKKU. [J1s1 3TOr0 MBI UCIOb3YEM JaHHBIE
U3MEPEHUIN aMIIJIUTYIbl OTPa*KEHHBIX CUTHAJIOB U I10
HUM OLICHUBaeM KO3(M(OUIMEHT OTpaXkeHUsI OT IT0-
BEpPXHOCTH M JIOXa JIEOHUKA, IU3JEKTPUYECKUE
CBOIICTBa JIbJa U IOPOJ, JIOXKA, UX TUAPOTEPMUYECKOE
COCTOSIHUE U CTeNeHb TPEIIMHOBATOCTU JISAHUKOBOM
TOJIIIM W UX OTJIMYUSI BHYTPU U BHE Y4ACTKOB OBICTPO-
ro ABVKEHUS JIbAa MO JAHHBIM KOCMUYECKUX CHEMOK,
YTOOBI BBIICHUTD CBSI3b CKOPOCTU JIBVIKEHMS JISTHUKA
C YCJIOBUSIMU Ha €r0 MIOBEPXHOCTU U Ha JIOXKE.

PagnonokaliioHHbIE U3MEPEHUSI BHITOJIHSIJIUCH C
oopta BepTosieta Ka-32, 6a3upoBaBiieMcs Ha Hay4-
HO-3KCIIEAUIIMOHHOM CynHe “AxamemMuk TperrHu-
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KOoB”, BbIoIHABIIEM B 2014—2016 rT. UcciienoBaHUs
B paitoHe apxunenaroB HoBas 3emis, 3emusa @paH-
na-Mocudpa u CesepHasa 3emiust (CouHeB u 1p.,
2018). 15.09.2014 o€ Tl OBLUIN BEIIIOJIHEHEI B 3a11a/1-
HOIi yacTM JieTHUMKOBOro Kynosia BaBuioBa (79.30°
c.ur., 95.47° B.n.) Ha 0. OKTSIOPHCKOII PEBOJIIOLUN
(CeBepHas 3emJist), rme MO JaHHBIM KOCMHYECKHMX
cbEMOK B 2012 1. Havanach KpymnHast ISTHUKOBAs IO~
JIBUKKA, COITPOBOXIABIIIASICSI 0Opa30BaHUEM CUJILHO
TPEIIMHOBATOTO JICASTHOTO TTOTOKA B TeJie KYIoJia U
BBIIBIKEHUEM B akBaTopuio Kapckoro Mops negHu-
KOBO# Jonactu (ruromanpio 134.1 km? U 06bEMOM
He MeHee 4 km> B 2014 1.) (Bywryesa u ap., 2018; Willis
et al., 2018; Zheng et al., 2019).

ATITIAPATYPA, METOJIMKA U3BMEPEHU I
N OBPABOTKA JAHHbIX
ABPOPAIMO3OHAMNPOBAHUA

st u3aMepeHuit MPUMEHSLIICSI MOHOUMITYJIbCHBIM
panuonokatop BUPJI-7 ¢ LieHTpalbHOI 4YacTOTOIt
20 MTI1, cHaOXeHHBI aBTOMATHMYECKON CHUCTEMOM
uGpPOBOI perucTpalluid pagapHbIX 1 HaBUTAIIMOH-
HbIX GPS mannbix (Vasilenko et al., 2011). Ero niepe-
Jatoliiee, MpMueMHOE U peTUCTpUpYlollee yCTpoiCTBa
BMECTE€ C UCTOYHUKAMU MUTAHUS U Mepenaroiieiin u
MIpUEeMHOM aHTeHHaMH ITHHOM 110 6 M, GPS-tiprieM-
HUKOM, CUCTEMOW CUHXPOHM3ALIMU TIO0 OINTOBOJIO-
KOHHOMY Ka0eJllo U BUIEOKAMEPOU pa3MeliaiuCh Ha
JIepeBSIHHOU (epMe KpecTooOpa3Hoit OopMbl M-
Ho1 12 M, moaBelIeHHOI Ha 20-MeTPOBOM ITOJIMIIPO-
MUJIEHOBOM Tpoce Mo (hIo3esKeM BEPTOIeTa.

Perucrpanms pagapHbIX 1 HaBuranoHHBIX GPS-
JIaHHBIX BeJIach B aBTOMAaTUUYECKOM PEXUME C MUHTEP-
BasioM (.2 ¢ TIpM CKOPOCTH TI0JIeTa BEPTOJIeTa OKOJIO
120 xm/9ac. JmMTenbHOCTD 30HIUPYIONIETO UMITYJIhb-
ca cocTaBpJistiia 25 He, Tiepuod IMCKpeTU3alliy — 5 He.
st TMpUBSI3KM pagapHbIX JaHHBIX MPUMEHSIICS
GPS-npuemnuk Garmin GPSMAP 76, obecrieun-
BaBIIIMIf TOYHOCTD OTIPENCICHUST KOOPAMHAT U BBICO-
ThI MTOJIETa OKOJIO 5 M.

st Bu3yanuzaluu M OajdbHelIneil oopadboTku
pagapHbBIX JAHHBIX UCIIOIb30BAJICA ITAKeT IIPOrpaMM
RadexPro (KyapHunkwmii u np., 2001). Monyns Pick-
ing MIPUMEHSIIA JTST TTMKUPOBKY (OLM(PPOBKHU) Bpe-
MEHU 3aIla3ablBaHUSI OTPasKEHHBIX CUTHAJIOB OT ITO-
BEPXHOCTH M JIOXa, MOmyiab Apply Statics — mrsa
omnpenejeHus] Ha4ajJbHOTO BPEMEHM 3alla3IbIBaHUS
30HIUPYIOLIUX UMITYJILCOB. AMIUIUTYIa OTPaXKEHHO-
0 CUTHAJIa OT MOPsI, IIOBEPXHOCTU M JIOXKA JIETHUKA
n3MepsuIach ¢ ITOMOIIBIO MOy SSAA Kak cpenHsist
KBaJparuyeckasi aMILUIUTya BO BpeMeHHOM OKHe,
CUMMETPUYHOM OTHOCHUTEJIBHO IMMKUPOBKU M IIOJI-
HOCTBIO II€PEKPHIBAIOIIEM JIMTEIBHOCTh OTPaKEeH-
HBIX CUTHAJIOB Ha pagaporpamMmmmax. [lpensapurenb-
HO MbI OLICHWIN pa3Mep UMIYyJbca OTPaKeHUs ISl
pa3IUIHBIX TPACC M OIIBITHBIM IIyTEM BBIOpaIM 3Ha-
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YeHUsI, YTOOBI B OKHO TTONaaal BeCh UMITYJIbC: JIOXE
nemHuka — 100 He (20 OTCUETOB); IIOBEPXHOCTH JIEI-
Huka — 80 Hc (16 OTCUETOB); MOBEPXHOCTh BOIBI —
90 HC (18 OTCYETOB) AMIUIUTYIbl PACCUUTHIBATIUCH
0 HeoOpaboTaHHBIM pamaporpaMMaM: K JTaHHBIM
MpenBapuTeIbHO HE TIPUMEHSIJIMCh YaCTOTHasI (PUJIb-
Tpalus U aMIJIUTYIHas KOPPEKLIUS.

OTpaxkeHust OT MOBEPXHOCTHU JIEMHWKA U BOIBI MU~
KUPOBAJIUCh TIO TpaHUIIE MOJOXUTEJIbHAs/OTpULIa-
TeJbHas daza (max/min). Jloxe JeqHUKA MUKUPOBa-
JIOCh KakK 10 max,/min, Tak 1 Mo min/max B 3aBUCUMO-
CTU OT MPOCJEXXUBAEMOCTHU JIOXa Ha pamzaporpaMmme.
ITpumep pe3yabTaToB U3MEPEHUI BOOJIb OMHOTO U3
npoduiieid aspopaaro30HIMPOBAHUSI TOKa3aH Ha
puc. 1. BugHo, 4TO aMIuIMTy1a U3Ty4EHHOTO CUTHA-
Jia B€3€ MEHbIIIEe aMITJIMTYIbI OTPaKEHU I OT TTOBEPX-
HOCTH JIEMHWKA W, HA HEKOTOPBIX yYacTKaxX, MEHbIIIE
aMIUIUTYIbl OTPAXXE€HHOIO OT JioXa cCUrHajia. Takoe
COOTHOIIIEHNE MOXET UMETh MECTO, €CJIM aMIUIUTYaa
WU3JIy4EHHOTO CUTHaJIa peTuCTPpUpOBajach He MOJIHO-
CTbIO, a OblJIa OrpaHUYeHa TMHAMUYECKUM AUana3o-
HOM MPUEMHOIO U PEruCTPUPYIOILIETO YCTPOUCTB.
ITosToMy 1J1s1 HaJbHEHIIUX BBIYUCICHUN MBI HC-
MOJAB30BAIY TOJIBKO aMIUTUTYABI OTPAXXEHUN OT ITO-
BEPXHOCTHU U JIOXKA JIEAHUKA.

JlaHHbIE U3BMEPEHUI BpeMEHU 3aIla3abIBaHUSI OT-
pPaxkeHU OT MOBEPXHOCTU U JIOXKA JIEMHUKA ObLIN HC-
MOJIb30BaHbBI IS IOCTPOSHMSI KaPTOCXEM TOJIIIMHBI
JIbIa U MOJIEAHOTO penbeda B 3alagHoM YacTu JIed -
HHMKOBOTO KymnoJjia Basuiosa (puc. 2). s BBICOTHI
MOBEPXHOCTHU JIEAHUKA OpaiiCh MaHHBIE, MOTyUYEeH-
HbIE€ BO BpeMsi UBMEPEHM (C MONpPaBKOil HA pa3HUILY
BBICOTHI YpOBHSI Mops 1o WGS-84 1 110 pagapHBIM
IaHHBIM). HeMHoroumnciieHHbIe, HO BCE XK€ MMEIo-
mecs 6aTUMETPpUYECKUE TaHHbBIE ObLIN B3SITHI C TO-
nokapTthl Macirrada 1:200 000.

IMonoxenue mnpodwieii aspopagrno30HIUPOBA-
HUS B 3alagHOI YacTH JIETHUKOBOTrO Kyroyia BaBu-
JIOBa MMOKAa3aHO Ha puc. 2, a.

OLIEHKA OTPAXKAIOLIIMX CBOMCTB
[TOBEPXHOCTHU U JIOXA JIJEAHUKA
1O JAHHBIM ABDPOPAINO30OHIANPOBAHWA

Koagppuuuenm ompasxcenus om nogepxnocmu u 1A0-
aca. [1o TaHHBIM a3pOPanoO30HINPOBAHUS U3MEPSI-
JINCh BpeMeHa 3ara3nbplBaHus U CpemHeKBaIpaTuie-
ckue (RMS) amMmnuTynpl oTpaxkeHHBIX CUTHAJIOB OT
TTOBEPXHOCTH U JIOXKa JISTHUKA BO BpeMEHHOM OKHE,
COOTBETCTBYIOIIEM TPEXKPATHOM IITUTETbHOCTH 30H-
IUPYIOIIETO MMITYJIbca. DTH MaHHBIE MCITOIb30Ba-
JIUCh IJ1s OLleHKU KoadduumeHTa orpaxeHus R no
MOIIHOCTHU OT MOBEPXHOCTU U Jioxa JieqHuka (RCO u
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Puc. 1. [Tpumep panapnoii 3anucu 035_014_10 ¢ oTIMKUPOBAaHHBIMU OTPaKeHUsIMU OT roBepxHocTH (b0) u noxa (bl) enHu-
Ka (a) v ocpenHeHHBIe o 50 TpaccaM aMIUTUTYAbI 3TUX OTpaxkeHU (6) oT moBepxHocTH (/) 1 jtoxka (2). JIuHus (3) moKa3bIBaeT

aMIUIMTYIY 30HAMPYIOLIETO UMITYJIbCA.

Fig. 1. Example of radar record 035_014_10 with picked reflections from the surface (b0) and bedrock (b1) of the glacier () and
the amplitudes of these reflections (6) from the surface (/) and bed (2) averaged over 50 traces. The line (3) shows the amplitude

of the sounding pulse.

RCb) ¢ nmpumeHeHreM ypaBHEHUSI paguOJIOKAIINH,
npencrtasieHHoro B Buiae (Bamber, 1989):

1Mg%=20g-——§ﬁL——-nogR— 0
! Sm| H + %
5
— 2Bz-101g L,

e P, u P, — MOUIHOCTb MPUHSITHIX U U3TYYEHHBIX
CUTHAJIOB; G — yCWJIeHUE aHTeHH; A, — [UTMHA BOJHBI
Jokaropa B Boznyxe (15 M nisg nokatopa BUPJI-7);
H — BbICOTa aHTEHH HaJ| TTIOBEPXHOCTHIO JISTHUKA; € —
OTHOCHUTENbHAsA IURJIeKTpUuYecKas MPOHULIAEMOCTb
JIpIA, 7 — TOJIIWHA JIEMTHUKA; B — ymeabHOe MOII0-
IIEeHWe 1 paccesiHue paJivuoBOJH B JieAHUKE, 1b/M;
L — notepu B Kabensix, 1b. OTo ypaBHeHUE HE YUU-
ThiBaeT HeOonbiine (—0.7 n1Bb) motepu N; 3a cuér

NMBYKPATHOTO IIPOXOXICHUS PATVOBOJIH TPaHUIIHI
pasnena Bo3nyx—Jien. B unen 2Bz B hopmyiie (1) Bxo-
IWT BEJIMYUHA B — yaenbHOe MONIOIIeHUE U paccesi-
HUE paIvoOBOJIH B JiemHUKe. ETo BeanunHa mpuHsTa
paBHoit 4.25 1b6/100 M — cpenHell BeIMYMHE MEXIY
BeanunHaMmu 4.0 u 4.5 1b/100 M, TUMAYHBIMU TSI
JnenHuKoB ApkTtuku (Bamber, 1989).

Kaaubopoexa ompaxcenuii no mowrnocmu. J1nst xa-
JIMOPOBKHU OTpakeHU Mo MOLIHOCTU UCITOJIb30BaHbI
3alucu, CAEJTAHHBIE C PAa3HBIX BBICOT TOJIETA Ha
y4yacTKe MaplIpyTa, IpOoXOAsILIEeTro Hal MOPCKOM TO-
BEPXHOCTHI0. B ciiyuae mosieta Hag MOpeM ypaBHEHUE
pPagroNoKalM MOXHO MPEICTABUTH B BUE U3BECT-
HOM JIEBO U HEU3BECTHOM IMPaBOM YacTu:

201g( 2 )~ 101g(R,) =

StH
» 2
= IOIgKF’j +101g(L)—-201g(G),
t
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Puc. 2. [TonoxeHnue nmpoduseii a3popaaro30HINPOBAHNS B 3aITaTHOI YaCTH JISTHUKOBOTO KyTiojia BaBmioBa (a), KapTocxemMbl
TOJIIIUHBI Jiba (6) ¥ momienHoro penbeda (8) 1Mo 3TUM JaHHBIM. JIJIsT KapThl MOIJIETHOTO pejibeda MCIOoIb30BaUCh TAKKE
naHHbIe OaTUMeTpuu Y PpoHTa JenHuka. JInnus (/) mokasbiBaeT MOJIOXEHME Kpasl JISATHMKOBOIO KyroJia B aBrycte 2014 r.

Fig. 2. Location of airborne RES profiles in the western part of the Vavilov Ice Cap (a), and maps of ice thickness (6) and sub-

177

glacial topography (&) based on these data. For the subglacial topography map, the bathymetry data near the glacier front were

also used. The line (/) shows the ice cap margin in August 2014.
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TJIA3OBCKUM u np.

PacuétHble cpeqHeKBagpaTUIECKe aMIUTUTYIbI, 1B
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DMIIUpUYECKUe CpeTHeKBaIpaTHIecKe aMILUTUTY b, 1b

Puc. 3. Kanu6poBka n3MepeHHbBIX 3HaYEHU I OTPakeHHBIX CUTHAJIOB. [10 TOPU3OHTAIBHOM OCU SMITUPUYECKUE CPeTHEKBal-
paTUYeCcKHe aMIUTUTYIbI OTPaXkKeHU OT MOBEPXHOCTU MOpsI, 1B; 110 BEepTUKAIBHOI OCH €€ pacCUMTaHHbIC 3HAYEHUS C YYETOM
reOMETPUUYECKOI MOMpPaBKHU 3a BBICOTY ITOJIETa U MOCTOSIHHOTO KO3GhMUIIMEHTa OTPaXKEHMUSI IO MOIITHOCTH OT MOPCKOI BOJIbI,

nb. (/) — xkamuOpoBOYHAS JIMHUS.

Fig. 3. Calibration of the measured values of the reflected signals. On the horizontal axis, the empirical RMS amplitudes of re-
flections from the sea surface, dB; and on the vertical axis, its calculated values taking into account the geometric correction for
the flight altitude and the constant power reflection coefficient from sea water, dB. (/) is a calibration line.

rne R, — Ko3hPUUMEHT OTpakeHUs MO MOIIIHOCTU OT
MOPCKOM BOJIbI, pACCUMTAHHBII 151 TemIiepaTypbl 4°C
u cosneHoctH 30%o0 ¢ MOMOIIIBIO ypaBHEHUH (5—8) 1
paBHbIid —0.7 1b.

IMonarasi, 9T0 MOIITHOCTh OTPaAXKEHUl OT ITOBEPX-
HOCTU MOpPSsI, BhIpaXkKeHHasl yepe3 cpelHeKBaapaTu-
yecKylo aMrnautyay otpaxenuid 201g(RMS,.,), ipo-
MOPLMOHATbHA ITPaBOil HEM3BECTHOM YaCTU ypaBHE-
HUS, T.€.:

mx20Ig(RMS,)+C =

= 101g(%j+101g(L)—201g(G)

t

3

MBI HaxognM KoaduimeHTsl m n C 13 sMITMpude-
ckoii cBs3u RMS,,, ¢ U3BECTHOIA JIeBOIi 4aCThIO ypaB-
HEHWSsI, UCTIOJIb3Ys CBSI3b TEOMETPUUECKUX MOTEPD B
Bozayxe 201g(15/(8nH) c BricoTOit monera H Han yp.
MOpSI.

Pemenne ObUIO MMOMYyYEHO YUCIASHHBIM METOIOM
W ONTUMHU3UPOBAHO TaKMM O0Opa3zoM, YTOObI AMIIU-
prudecKuii Ko3PPUIINSHT OTpasKeHUs IO MOIITHOCTH
OT y4acTKa HETPEIIMHOBATOI JIEMHUKOBOM MOBEPX-

HOCTU COOTBETCTBOBAJ TEOPETUUECKOMY 3HAYEHUIO
—11 n1b (ripu €€ MUANEeKTPUUECKOUN MTPOHUIIAEMOCTH
€,ce» PaBHOI 3.19). B pe3ynbraTe 6bUIO0 TTOJTYyUYEHO 00-
1iee KaTMOpOBOUHOE YpaBHEHMeE ISl OLIEHKU KO3~
duLIMeHTa OTPaKeHUSI IO MOLIIHOCTMU:

R =1.6x201g(RMS)-162.61—

Ao 4

+ 2Bz,
87{ H+ L)
V 8ice

HeonpeneneHHocTh pacy€ToB Mo 310l hopmyre,
OLICHEHHAas 110 Pa3dpocy SMIUPUIYECKUX TaHHBIX OT-
HOCUTETLHO TEOPEeTUYECKUX 3HAYEeHUM, JIEKUT B
npenenax 1.5 nb (puc. 3).

-20lg

Koagppuuuenm ompasicenuss om naockoil zpanuuybt
pazdeaa deyx cped. i1 HEMarHUTHBIX Cpell aMILIM-
TYIHBII KO3(PUIMEHT OTpakeHMsl F BbIpaxkaeTcsl
yepe3 adbcommoTHyo BeanunHy Kak (Tulaczyk, Foley,
2020)
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Taomna 1. TunuyHbIe TUANa30HbI TUINEKTPUUECKUX CBOMCTB HEKOTOPHIX MaTepruaioB Ha yactore 100 MItr (Daniels,

2004)

OTHOCHUTETbHAS JUBJICKTPpUYCCKasd

W3BecTHSK Cyxoii/BlaxKHBIN

Matepuain [MpoBomumMocTs, CM/M
MPOHUITAEMOCTh
ImuHa cyxasi/BiaaxkHast 0.1-1/0.1-1 2—6/5—40
ITecuaHuK Cyxoii/BiaaxKHbI 107°—1075/10~%=102 2-5/5—-10
[Tecok cyxoit/BnaxKHbIi 1077—=1073/1073-102 2—6/10—30

10-8-107¢/10"2—10"" 7/8

CrnaHlbl cyxue/HachIIICHHbBIC 1073-1072/1073—10"! 4—-9/9—16

2 2 0.05R,\?
_ oy —0on)” + (B - By) 5 ¢ —g| 110 R ©)

|r| = 2 2 (&) 275 1070k |

(o +0,)" + (B +B2) -
e 3aBUCUMOCTL Ko3(dduImeHTa OTpakeHUs II0
MOIIIHOCTU R OT DUBJICKTPUUYECKOI ITPOHUIIAeMO-
> % CTH €, M IPOBOAMMOCTHU G ITOPO JIOXKA, TOCTPOEHHAsI
o=t 1+9 41 : 11t yactotsl 20 MIT1 o ypaBHeHUsaM (5—8), TTokasa-
2 20’ Ha Ha puc. 4.
(6)

N | —

2
s/ c
B=ow e+ S
2 '’

v rae o = 27f — Kpyrosas 4yacTtora, [, |l — MarHur-
Hasl MPOHUIIAEMOCTb, € — NUAJEKTpUUECKasd IMIPOHU-
1Ia€MOCTbh, G — IIPOBOAMMOCTb CPEIbI.

B cpenax ¢ HUBKMMM NOTepSIMU TTapaMeTp G/ (€W) =
=yxlnoxl

[ MaJIomomIONIalomMnX cpel, K KaKUM OTHO-
CUTCS U IEAHUKOBBIN Jell, 6/(Ew) =y K luo<k lu
BiuP,<lm

0CI_OC2:\/£':_1_\/£':—2 (7)
o + 0, \/8_1*‘\/8_2’

T.€. 3aBUCUT TOJIBKO OT OTHOCUTEJIbHON AU3IEKTPU-
YECKOU MPOHUILIAEMOCTH €; U €, BEPXHEN U HUXKHEN
cpen. [ns Bo3nyxa €, = 1, mig nbaa €, = 3.19, musa
Mopckoii Boawl € = 87 (Tulaczek, Foley, 2020). Koad-
(ULMEeHT OTpaxkeHusI MO MOIIHOCTU OT TPAHULBI
cpen 1 u 2 onpenensieTcss COOTHOILIEHUEM

r =

\/EI_V&:Z
=20lg——=. 8
Rl,z g\/gl_i_\/gz ( )

Jis1 mmockoi TpaHUIBl pasfaena BO3MyX—JEM U
BO3IyX—MOpCKasl Boja KO3(MMUIIMEHT OTpakKeHUs
10 MOIITHOCTH, COIJIACHO ypaBHEHMIO (4), paBeH cO-
orBercTBeHHO —11 1 —1.9 nb. JI1a xanmbpoBKuU 110
MOIITHOCTH OTPa>k€HUl NCITOIb30BaH yYacTOK MOJIETA
HaJ MOpeM, Ha KOTOPOM BBICOTA IOJieTa U3MEHSIIaCh
or 200 mo 500 m. ITo BenmuuuHe R; ; MOXHO OUEHHUTh
OTHOCHUTEJIbHYIO IU3JEKTPUYECKYIO TTPOHUIIAEMOCTh

HVDKHEN Cpelbl €5, 3Has WIK OLEHUBAsl IU3JIEKTPUIE-
CKYIO IIPOHUIIAEMOCTb BEPXHEIA CPe/IbI €;:
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W3 puc. 4 cnemyer, YTo TaHHBIE U3MEPEHUIT KO3 (-
¢duLIMeHTa OTpaXKeHUSs OT JIOKa MOTYT OBITb UCITOJIb-
30BaHBl JUISI OLEHOK OTPaXKAIOIIMX CBOMCTB JIOXa
JIETHUKOB 1 TIO BeJIMIMHE Ko3(ddummenTa oTpaxe-
HUS — JUTS OIIEHKU VX TUSJIEKTPUIECKOM ITPOHMIIae-
MOCTHU 1 BO3MOXHBIX MoAcTUIaoIuX mopond. C yué-
TOM MMEIOIINXCS JaHHBIX (TabJ1. 1), TakKuMu mopoaa-
MM Ha JIoXKe KyTojia BaBmitioBa MOTYT OBITH CyXUe WITH
BJIQXKHbBIE TJIMHBI, MIECOK, U3BECTHSIK U CJIAHIIBI.

B AHTapkTuIe Takasl olleHKa MO3BOJIWJA BblIe-
JIUTh YYACTKU C CYXMM M BJIaXXHBIM JioxkeM (Bentley
etal., 1998), c BBICOKOIf M1 HU3KOI OTHOCUTEJIHHOI
OoTpaxaTeJbHOI crocoOHocThio Joxka (Pettersson
etal., 2011), c mpumep3aHUEM U TasTHUEM Ha JIOXKe
(Fujita et al., 2012).

OINPEJEJNEHUWE JOIMMOJIHUTEJIbHbIX
XAPAKTEPUCTUK ITOBEPXHOCTHA
JEAHUKA

[MoBepxHOCTh JIEAHWKA SIBISIETCS TEpBOil KOH-
TpaCcTHOI IpaHULIEN, Yepe3 KOTOPYIO MMPOXOAUT CUT-
HaJ reopaaapa. B 3aBUCMMOCTH OT yCJIOBUi1 Ha MO-
BEPXHOCTH OTPAKEHHBIN M IIPETOMIICHHBI UMITYJTb-
CHI 3HAYUTEIIFHO Mpeobpasyrorcs. B pamkax paboTsl
MOBEPXHOCTh JIGAHWKA W3ydyaJli He3aBUCUMbIMU
rmogxomamMu. KoMIUTeKC MeTomoB BKIIIOYAld B ceOst
CJIEAYIONINE TTOAXObI: BhIICICHNE 30H TPEIIMHOBA-
TOCTU MO BHEIIHUM TIpU3HAKaM Ha KOCMMYECKUX
CHUMKAaX; aHaJW3 aMIUIATYIBl OTpaXXeHWil OT ITO-
BEPXHOCTH JISTHUKA 110 Pe3yJIbTaTaM pPaaluoIOKaIIUH;
aHaJIu3 paJapHbIX KOCMUUYECKUX N300paXkeHUl Sen-
tinel-1 B pexxume EW GRD Ha neHTpaibHOI YacToTe
5.405 I'Tu B nmonsipuszauusx HH u HV ot 04.12.2014
(Modified..., 2014); kiacTepHbIii aHAJIM3 Ha OCHOBE
aJITOPUTMOB MAIIMHHOTO OOYYeHUS IO JTaHHBIM pa-
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KoadduumeHT orpakeHus mo moutHoctu R, nb

O_

¢=285

0.1 1 10
BOneKTpOonpoBOAHOCTh G, CM/M

Puc. 4. KoaddunmeHTt orpaxkeHust o MoiHoctu (R, n1b) Ha yactote 20 MI1 Kak (hyHKIIMS 371€KTPONPOBOAHOCTH (G, CM/M)
W OTHOCUTEJIbHOM JTUBJIEKTPUUECKOUN IPOHUIIAEMOCTH MaTepraiia (€), HaXOMsIIerocs moao JbaoM. KpuBbie TTOCTPOEHBI TS
3HAYEHU I OTHOCUTEILHON MTPOHUIIAEMOCTH MaTepuaiia ot S 10 85 (¢ maroM S). I1st Jibaa MpUHSITa OTHOCUTEJIbHASI TPOHULIA -
eMocTb 3.19 u anekrpornpoBogHocTh 107> CM/M. 3eIeHbIM MyHKTUPOM BbiIe/IeHa 06J1acTh 3HaUeHU I Koadh duiimeHTa oTpaxe-

HUI Ha T0Ke KyI1ioJjia Basuosa.

Fig. 4. The power reflection coefficient (R, dB) plotted for the case of 20 MHz frequency as a function of electrical conductivity
(o, Sm m_l), and relative permittivity (€) of the sub-ice material. The relative permittivity curves are plotted from 5 to 85 (at the
increment of 5). For ice, we use relative permittivity of 3.19 and the electrical conductivity of Smm™ ! The green dashed line high-
lights the area of reflection coefficient values obtained for the Vavilov ice cap bed.

JIUOJIOKALIMU; O0Iasi WHTepIpeTalus IOJyIeHHBIX
pe3yabTaToB U nuddepeHIalnsg yCIoBUiA Ha I10-
BEPXHOCTH JIEAHUKA.

JInst momydeHust o01Ieil KapTUHBI O CTPOSHUM I10-
BEPXHOCTHU JIeAHMKA NPUMEHSUIMCH aJITOPUTMBI, OC-
HOBaHHBIE Ha MallMHHOM OOydyeHMM. B KadecTBe
00BEKTOB Ha BXOH aJTOPUTMa IOJABAIMCH TPACChI
BO3IYIITHONM paguoJIOKAIIMOHHON CBhEMKH, IPU3HA-
KaMM 00BEKTOB (KaxXIIoil Tpacchl) OBLIM aMILUIATYIbI
nepBbix 50 OTCYETOB HAaUMHAsI C IIMKUPOBKY ITOBEPX-
HOCTHM negHuKa (1mosoca B 250 MKc Ha pagaporpam-
me). Mcmonb3oBanuchk Mmetoabl K-cpemHux u arioMme-
paTHUBHOI KiacTepu3anmuu. TakmMm oOpa3oM, ajro-
PUTM OILIEHMBAJI CXOXKECTh Tpacc 110 (popMe CUTHaIa U
pas3aensii X Ha COOTBETCTBYIOIIME KITACTEPHhI.

OIIPEAEJIEHUE ITOBEPXHOCTHBIX
CKOPOCTEUN ABMXKEHHWA JEAHNUKA

s ompenelieHUsI CKOPOCTE IBMKEHUS JbIa B
3armagHoM OacceiiHe Kyrona BaBmioBa Ha mepuon,
MaKCUMaJIbHO OJM3KUIL KO BpEeMEHM paJapHOiA
CBbEMKM, OBIIM MCHONL30BAaHbLI TPU U300paKCHUS

Landsat-7 ot 10, 12 u 28 aBrycra 2014 r., umelomime
MHWHHUMAJIBbHOC ITOKPbLITUEC o0JlakaMU U B aocTraTtou-
HOM CTEINEeHU OTpaxKalollle CTPYKTYPY JEIHUKOBOM
MOBEPXHOCTHU OacceiiHa B I3bIKOBOIA ero yactu. B ka-
YeCcTBE METO/a UCIIOJIb30BaJjics ImpueM “feature track-
ing”, 3aKJIFOYaAIOIIUIACS B UTEHTU(DUKALIMU OTUHAKO-
BBIX 3JIEMEHTOB Ha pa3HOBPEMEHHBIX N300paKeHUSIX
U OTIpeAcICHUN BeJIMYMHEI X CMellleHus. B maHHOM
cliy4ae MCHOJIb30BaJICs IIPOrPaMMHBI MHCTPYMEH-
Tapuii oTkpeIToro gocryna Glacier Image Velocime-
try GIV (Van Wyk de Vries, Wickert, 2021), ¢ Bo3MoX-
HOCTSIMMU IIPEIBAPUTEIbHON (PMIBTpALIM U YIIydIlIe-
HUST U300pakeHU, IIe IOCaeayIoniasi KOppeasius
BBITOJHSIETCSI B YaCTOTHOM 00J1aCTU. Y4acTOK M3 UC-
XOJTHOTO M300pakeHus A 1 00J1aCTh ITOMCKa Ha U300-
paxeHuu B nmpeobpasyloTcst ¢ MOMOIIBIO aJITOpUTMa
opIcTporo IpeodpasoBanus Mypbe, CpaBHUBAIOTCS,
a 3aTeM npeoOpa3yloTcss oO0paTHO. DTOT HOMOJHU-
TEJILHBIN IIar ITOBBIIIAeT CKOPOCTh PAOOTHI aJITOPUT -
Ma corocTtaBieHus. IlocaenqHuii 3Tar corocrabiie-
HUSI BKJIIOYAET B ceOsl MOATOHKY ITMKAa MaKCHUMyMa
KOppEIILnM, OOBIYHO TayCCOBOI KpUBOIA, IT0 3HAYe-
HUSIM KOppEIILMM B COCeMHMX siueiikax. Pacue€rnr
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OBLITU BBLITTOJTHEHBI 11 CETKU C sTueitkoit 60 X 60 M,
ONpeneieHbl CMEIICHUS, PAaCCUYUTAHbl BEKTOPHI U
MOJIYJIU CKOpOCTei ABvxkeHus. s majabHeuIiero
WCIIOJIb30BaHUSI BBIMIOJIHEHO MEIMAHHOE CIVIaXKMBa-
HME T10JI1 CKOPOCTEN C 3aIIOJTHEHUEM MPOITYCKOB MO
omkaiiimuM  cocemHuM sdeiikaMm. IlocTpoeHHas
KapTa MOJIsI CKOPOCTeil IBUKEHUSI TTOKAa3bIBAEeT, YTO
CKOPOCTM 3aKOHOMEPHO HapacTaloT K Kparo Jiora-
CTU, C MAKCUMAIbHBIMU CKOPOCTSIMU BAOJIb OCHU I10-
TOKa, IOCTUTasi B KpaeBOW 4YacTW 3HA4YeHUii OoJjiee
2.5 xm/ron (puc. 5).

Brla ocTpoeHa KapTa M30KOPPEIIT MEXAY 1o~
JeM Ko3(pPUIIMEHTOB OTpaxkeHUsI OT JESAHUKOBOTO
JIOXKa U TOoJIeM CKOPOCTU ABUKEHUS JenHuka. Yuc-
JIEHHO€ 3HaYeH1e KO3 PUIIeHTa KOPPETSIINU ABYX
BEJIUYUH ONpPEIESIsUIOCh KaK KOCHMHYC YIJIa MEXIy
HamnpaBJICHUSIMU HanOOJIBIINX IPAJIUEHTOB ABYX ITO-
JIeil 3TUX XapaKTEepUCTHUK ST KaKIOM X COBMECT-
HOIf TOUKM. 119 3TOro cHayajga CTPOWJIMCh KapThl
HampaBJIEHUS IO CTOPOHAM CBeTa IJIsI 3TUX ITOJICH,
3aTeM BBIUKCJISUIOCH TI0JIe Pa3HULIBI 3TUX aCIIEKTOB U
KOCHHYca yIJIa 3Toit pa3Hulibl. [1pu 1mojHOM coBna-
JICHUM HaIlpaBJcHUSI HanOOJbIINX I'PagUCHTOB MO~
JIeli — KOCUHYC yIia (U COOTBETCTBEHHO KO3 (pUIIm-
€HT KOPPEJISIIIMN) MEXKIY HUMU paBeH 1, TIpu opToro-
HaJbHOM ToyioXeHuu oH paBeH (. Koppensius
MOJIOXKUTEbHAS, €ClIN YKJIOHBI TI0JIeil OMHOHAIIpaB-
JIEHHBI, U OTpUlIaTe/ibHasA — MpPU pa3HOHAIpPAaBJIEH-
HOCTHU YKJIOHOB.

YCJIOBUA HA ITOBEPXHOCTH M JIOXKE
B 3ATTAIHOUN YACTH JIEAHNUKOBOTO
KVYIIOJIA BABUJIOBA 110 JAHHBIM
ADPOPAIIMO3OHAMPOBAHUA
U KOCMHWYECKHNX CbEMOK

Ycaosusa na noeepxmocmu u aoxuce. Ilo naHHBIM
a3popPagrO30HINPOBAHUS U KOCMUYECKHNX CHEMOK
YCIIOBHSI Ha TIOBEPXHOCTH M JIOXKE JISTHUKA XapaKTe-
pU3YIOT KO3 OUIMEHTH OTpaXXeHUsI OT 3THX T'pa-
HUI, UTHTEHCUBHOCTb OTPaXXeHUl OT IMOBEPXHOCTHU

JIETHUKA U TIOBEPXHOCTHAsI CKOPOCTh €T0 IBVKESHUS
MO JaHHBIM M3MEpPeHUW co cmyTHUKOB Sentinel-1 n
Landsat-7 (cM. puc. 5).

CpaBHeHHE JaHHBIX a3pOPaaru030HAUPOBAHUS U
CITyTHUKOBBIX ChEMOK, MTPUBEAEHHBIX HA PUC. 5, MO-
Ka3bIBAET CJIEIYIOLLICE.

1. Ha kapte KoadhdulmeHTa oTpaxkeHus1 OT 1Mo-
BepxHoctH jemHuka RCO (puc. 5, a). BBIOEISIOTCS
4 xapakTepHble 30HbI. 30Ha Ne | pacniosnaraercs B 3a-
MagHOM YacTU M XapaKTepU3yeTCs HauMEHBIINMU
amrumiutynamMu RCO ot —24 no —14 nb. B aT0i1 yactn
MOBEPXHOCTU JIEAHUKA IIIUPOKO Pa3BUThI TYCThbIE
TPEILIMHBI, C MHOXECTBOM OJIOKOB. B CcBSI3M ¢ 3TUM
OTpaxkeHMsI OT MOBEPXHOCTU UCITHLITHIBAIOT CUILHOE
paccessHHE, YTO MPUBOOUT K 3HAYUTEILHOMY ITaze-
HUIO aMIUIMTYIbI OTPaXKeHHOTO CUTHAJIA Y BETUYMNHBI
RCO0. 3ona Ne 2 pacrnionaraercst BOCTouHee 30HbI Ne 1
1 XapaKTepusyeTcsl OJIM3KUMHU K CpeTHEeMY 3HaYeHU -
smu orpakenuniit RCO or —13 go —8 nb. B aToii yactu
JIEMHUKA IIMPOKO pacIpOCTpaHEHBI IIYOOKHUE Tpe-
IIWHBI, IPOHU3BIBAIOIINE TOJIILY JIEMHUKA, KOTOPEIE
TaK>K€ YMEHBIIIAIOT YPOBEHb OTPaXXEHUI OT MOBEPX-
HOCTH JIETHUKA 1 e€ BeJu4ynHy. 3oHa Ne 3 pacnoia-
raeTcsl B IEeHTPaJbHOM YaCTH JISASTHOTO TTOTOKA U TsI-
HETCS ¢ I0Ta Ha ceBep, 00pamiIsis 30Hy Ne 2 ¢ BOCTOU-
HOU cTOpoHHL. s HJaHHOI 30HBI XapaKTepHbI
MaKCHUMaJIbHBIe 3HAYEHUSI aMIUIMTYObl OTpaxkKeHUIA
RCO ot —5 10 —0.6 n1b. [ToBEpXHOCTH JIETHUKA B 3TOM
yacTU MEHee TpelIMHOBAaTa, OTYaCTU MOKPhITA CHE-
r'OM U IO BCEM BUAUMOCTU OOBOIHEHA, C YeM U MO-
>KeT OBITh CBSI3aH BBICOKMIA YPOBEHb OTPaKeHHOIO
curHaja. 3oHa Ne 4 pacrojiaraeTcs elie BOCTOYHEe U
HaXOIUTCS AaJIbIlle OCTAJIbHBIX OT (PpOHTA JIETHUKA 1
BBILIIE HUX. AMIUIUTYIBI OTPaXXeHUI OT KPOBJIU 3IECh
3HAYUTEJBbHO OTJIMYAIOTCSI OT coceaHeil 30HbI Ne 3 u
BapbUpyIOT B auamna3oHe 3HayeHuit RCO ot —10 no
—16 nb. Ilpu 3TOM aMITUTYObI OTPaKEHUM B 3TOM
30HE MEHbIIIe, YeM B 30He N0 2, 111 KOTOpOil Xxapak-
TepHa TPEIIMHOBATOCTh. BO3MOXHO, mageHe ypOBHS
curHaia B 30He N2 4 MOXeT OBITh CBSI3aHO C TeM, YTO
OHa HaXoauTCs yKe B GUPHOBOIT 00JIaCTH JIETHUKA.

Puc. 5. YcioBust Ha MOBEPXHOCTH 1 JIOXKE B 3aI1aJHOM YaCTH JISAHUKOBOTO KyIojia BaBuioBa v MoBepXHOCTHAsI CKOPOCTb JIBU -
JKEeHUS JIbJia TIO JaHHBIM a3pOPaano30HIUPOBAHUS U CITYTHUKOBBIX ChEMOK.

(a) KoadduimeHT otpaxkeHus:, 1b, OT MOBepXHOCTH JIGAHWKA BHYTPU M BHE 30HBI CUJIbHO TPEIIMHOBATOCTH ; UHTEHCUBHOCTh
OTpaXkeHUsI OT IIOBEPXHOCTHU JIeAHUKA T10 JaHHBIM padapHOi ChEMKM co cnyTHHKA Sentinel-1 Ha yactorte 5.405 I'Tix ¢ ropu-
3oHTanbHOU HH (6) 1 BepTukansHoit HV (0) monspuzanusmu (Modified..., 2014). [Tpodunu 3ornmposanus (/); (6) koadhdu-
IIMEHT oTpaxkeHus , 1B oT JoXa JiemHMKa Ha yJacTKax ObICTPO M MEIEHHO ABMXKYIIETOCS JIbIA 10 JaHHBIM a3pOopaino30HI-
poBaHus. (2) uzoraxu aBuxeHus japaa, 500, 1000, 2000 1 2500 m/ron. VX LIBET COOTBETCTBYET LIKaJIe HA PUC. 5, ¢; (&) moBepx-
HOCTHAs1 CKOPOCTh JBWXKEHWUS JIEAHWKA, M/TOJl, pacCCYMTaHHAsA HAa OCHOBe m3oOpaxkeHnuii Landsat-7 ot 10, 12 u 28 aBrycra
2014 1.; (e) KoppelsainoHHas1 CBA3b MEXIy KO3(hGhHUIIMEHTOM OTPaKEHUSI IT0 MOIIIHOCTH OT JIOXKa JISMHUKA U eT0 OBEPXHOCT-
HOM CKOPOCTHIO.

Fig. 5. Surface and bedrock conditions in the western part of the Vavilov Ice Cap and surface glacier velocity from airborne radio-
echo sounding and satellite imagery data.

(a) Reflection coefficient, dB, from the glacier surface inside and outside the zone of strong fracturing; reflection intensity from
the glacier surface according to Sentinel-1 radar imagery at 5.405 GHz with horizontal HH (e) and vertical HV (9) polarizations
(Modified..., 2014). (1) is sounding tracks; (6) reflection coefficient, dB from the glacier bed in the areas of fast- and slow-moving
ice according to airborne radio-echo sounding data. (2) isotahs of ice motion, 500, 1000, 2000 and 2500 m/year. Their color cor-
responds to the scale in Fig. 5 r; (2) surface velocity of the glacier, m/year, calculated from Landsat-7 images from August 10, 12,
and 28, 2014.; (e) correlation between the power reflection coefficient from the glacier bed and its surface velocity.
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Puc. 6. KoadduiimeHT oTpakeHUst OT moBepxHOCcTH (/) 1 JJoXa (2) JeMHUKA ¥ TTIOBEPXHOCTHAsI CKOPOCTh IBMIKEHUSI JIGTHUKA
(3) Ha mpomoabHOM (a) U TTonepeyHoM (6) TpoGUIISX MO0 JAaHHBIM a3pOpaaro30HAUPOBaHUs 15 ceHTs6pst 2014 r. 1 CHUMKaM
Landsat-7 ot 10, 12 u 28 aBrycra 2014 .

Fig. 6. Reflection coefficient from the surface (/) and bedrock (2) of the glacier and the surface velocity of the glacier (3) on the
longitudinal (a) and transverse (b) profiles according to airborne radio-echo sounding data from September 15, 2014, and Land-
sat-7 images from August 10, 12, and 28, 2014.

2. 1o pagapHBIM TaHHBIM CO CITyTHUKA Sentinel-1  XXeHus curHaja B o6enx noiasgpuszanusax. [Ipu atom B
Ha TIOBEPXHOCTU JIEMHUKOBOTO KyrioJjia Beiaensiercss  HH monsipusalium B 103KHOI MTOJIOBUHE JTaHHOM 30HBI
IIIECTh XapaKTePHBIX 30H (CM. puc. 5, 6—0). 3oHa Ne 1  HabGmomaeTcsl TOBBLILICHWE YPOBHS CHUTHaja. 30Ha
XapakTepu3yeTcsl MOBbIIIEHHON aMIuTydoil otpa- No 2, BoTinuue oT 30HbI Ne 1, mo-pa3HoMy NTpOSIBIISI-
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ercss B HH u HV nonsgpuzanusix. AMIUIUTYIOBL OTpa-
xenuit B HH nonspuzanuu B cpeaqHeM MOYTU BABOE
BbIme. 3oHa Ne 3 cxoxka ¢ 30HOM Ne 2, omHako Ha-
OromaroTcs noBblIeHre aMIuiuTyn B HH nmonsipusa-
nuu v ToHmkeHre B HV. 3ona Ne 4 B 06enx rmonsgpu-
3alMsIX XapaKTepu3yeTcsl OTHOCUTEIbHO HU3KUMMU
3HAQYEHUSIMU OTPAXEHUM CO CPEIHEU aMIUIUTYIOM
okojio 200. Takoe moHMXEHHWE 3HAYCHUM MOXKET
OBITH CBSI3aHO C OOBOTHEHHBIMU yYacTKaMU MOBEPX-
HOCTH JIemHUKa. 30Ha Ne 5 mpeacraBiisieT co00ii 30HY
rpagveHTa MOBbILIEHUI 3HAYeHU aMILIMTY/, OT 30-
HBI No 3 k 30He Ne 3. 3oHa Ne 6 ormMchIBaETCS MUHM-
MaJIbHBIMM aMIUIMTYOaMU Ui BCeil UCCIeTIOBAaHHOM
00J1aCTH M COOTBETCTBYET MOPCKOM ITOBEpXHOCTU. B
1IeJTOM Ha OMHOPOIHBIX INIAAKUX y9aCTKaX, TAKUX KakK
MoOpcKasl ITOBEPXHOCTb, AMIUTUTYIBI OTpaxkeHMii B C-
JIurara3oHe ObLIM MUHMMAaJIbHBI, B TO BpeMs KakK Ha
y4acTKax BBICOKOI CTeIIeHU TPEIIMHOBATOCTU (30Ha
Ne 1) oHM pocTuraiym MakcuMyma.

3. CpaBHeHME HJAaHHBIX MO KO3(hGUIIUEHTY OTpa-
JKEHMSI OT JIOXKa JIEAHMKA ITOKA3aJI0 €T0 TTOJTIOKUTETb-
HYIO KOPPEJSILUIO ¢ TeEMIIaMU ABUKEHUS JIeNHUKA B
00J1acTH, KOTOpasi COOTBETCTBYET OBICTPOIABUIKY-
1Ie¥ics 4acTH JJeMHUKOBOM JIOTIaCTU, HACTYIIMBIIEN B
pesysibTaTe €€ MOABMXKU Ha Y4aCTOK MEJKOBOIbSI
nepea npexkHUM pPOHTOM JiemHuKa. Ha aTom ygact-
Ke Koo PUIMeHT oTpaxkeHus oT Jioxa Ha 20 nb BbI-
11Ie, YeM Ha COCETHUX YJacTKaX MEIJICHHO JIBVKYIIS-
rocst mpaa. Takast pasHMIIA MOXET OBITh CBSI3aHA He
TOJIBKO C U3BMEHEHUSIMU YCJIOBUSI OOBOTHEHMS JIOXKA
Ha 3THUX ydyacTKax, 4TO Jajo Obl pa3HUIYy OKOJIO
10 ob, HO 1 ¢ TeM, UTO JIETHUK HACTYIIUI Ha MOPCKUE
pPBIXJIBIE OTJIOXEHUS, OOJamalonine OOJbIIeit 3JIeK-
TPONIPOBOAVMMOCTBIO U, B CBSA3U C 3TUM, BBICOKUMU
Ko punmeHTaMu oTpaxkeHus (cMm. puc. 5). Best 00-
JIacTh TTOJTYyYeHHBIX 3HAaYeHN KoaPPHUIeHTa orpa-
JKeHUS OT JIoXa, Jiexalasl B [uana3oHe oT —22 1o —
42 1B, cOOTBETCTBYET ydacTKaM OLICTPO U MEIJIEHHO
JIBIDKYIIETocs Jibaa (CM. puc. 4), Iae 3TUM 3HaUYeHU-
sIM OTBEYAIOT 3HAUYCHUSI OTHOCUTEIbHOM TU3IEKTPU-
YeCKMI1 IMPOHMULIAeMOCT! MaTepuaiia € ot 5 mo 10 u
€ro ayieKTponpoBogHocTy ot 107> 1o 1072 Cm/Mm.

CpaBHeHUE TOro Xe Habopa JaHHBIX IS MpO-
JIOJIBHBIX U TIOTIepeYHbIX Mpodueii (puc. 6) mokasa-
JIO, YTO Ha y4yacTKax Ipoduiieii, Iae CKOPOCTH TIpe-
BeimratoT 1000 Mm/rom, HaGmMIOmaeTCsI KOPPEISILIOH-
Has CcBSI3b KOd(d(dUIMEeHTa OTpaxkeHWI OT JioXa M
CKOPOCTH JABUKEHMUS JiemHUKa. [lajiee rpu yMmeHbllIe-
HUU CKOPOCTH KOPPEJISILUS TEPSIETCSI, OMHAKO MPO-
SBJISIETCS CBSI3b C KOA(MMUIIMEHTOM OTpPaXKeHUsS OT
TMOBEPXHOCTH JIEAHUKA.

BbIBO1bI

1. ITpennoxeHHast MeToaMKa pacuéra Koahduiim-
€HTOB OTPaXKeHMSsI MO MOIIHOCTU OT MOBEPXHOCTU U
JIoXa JIEMHUKA 10 U3MEPEHHBIM aMIUIUTYAaM OTpa-
XEHUU OT 3TUX TPAHUIL TIOAXOIUT B CJIy4ae, €CJIU UC-
MOJIL3YIOTCSI KAJIMOPOBAHHBIE TI0 MOIIIHOCTU 3Haye-

HUs aMIuInTya. OHU MOTYT ObITh MOJYYeHbI MO TaH-
HBIM U3MEPEHUI aMIUIMTY bl IPU TTOJIETE HA PAa3HBIX
BBICOTaX Haja yp. Mopsl (C U3BECTHBIM KO3 hUIIECH-
TOM OTpake€HHUsI MO MOILIIHOCTU) WJIU TIPU U3MEPEHU-
SIX aMIIUTYbl OTPAXXEHUM C TOMOIIIBIO CTYIIEHYATO-
ro aTTeHIoaTopa Ha BXOJE MPUEMHOTO YCTPOMCTBA
MOHOUMITYJIbCHOTO WJIU UMMYJIbCHOTO paluooKa-
TOpa.

2. YcTaHOBJIEHO, UTO KO3((MUILIMEHT OTpaskeHUs
OT TIOBEPXHOCTH JIEIHUKA CYIIIECTBEHHO 3aBUCHUT OT
CTeIeHU e€ TpelmHoBaToCTU. MI3MepeHus Koahdu-
IIAEHTAa OTPAXEHUS OT JIoXa JEAHWKA TMO3BOJISTIOT
BBISIBUTh YYaCTKM C BBICOKUMU U HU3KMMU OTpaxa-
IOIIMMHU CBOMCTBAMM IMOJIEAHOTO J0XKa Ha yJyacTKax
OBICTPOTO W MEIJICHHOTO IBWXEHWS Jbda, U JAI0T
BO3MOXHOCTb OILIEHUTh IUAJIEKTPUYECKYIO MPOHU-
11a€MOCTb MOPOJI JIOXKa, U MO €€ BeJIUYUHE OLIEHUTh
XapakTep MOPOI, MOACTUIAIOININX JETHUK.

3. BeIgBJIeHO, 4TO B 3aIlagHOM YacTH JIETHUKOBO-
ro kymnosia BaBuioBa Koap@dUIIMEHT OTpaKeHUs OT
JI0Xa u3MeHsieTcss oT —22 no —42 nb u Ha yyacTkax
OBICTPO M MEJIEHHO IBMXKYIIETOCS JibIa OTINYaeTCs
Ha 20 n1b, TeCHO KOppeaupyeT ¢ TIOBEPXHOCTHOM CKO-
POCTBIO IBMXKEHUS 1 BEIIBUHYBIIIEICS B MOpPE ITOCIIE
HavaBiercsa B 2012 1. MOIBMKKHM HUKHEN YacTH e -
HMKa. DTO MOXKET OBITh CBSI3aHO C OOBOAHEHUEM JIO-
XKa Ha 3TOM Y4YacTKe M HACTyIIaHUEM JiefHUKa Ha
MOPCKHE PHIXJIbIE OTJIOXEHUS, 00IadalolIre ITOBbI-
IIIEHHOM 3JIeKTPONPOBOANMOCTBIO, U B CBSI3U C 3TUM
BBICOKMMHY KO3(P(PHUIIMEHTOM OTPaKeHMSI.

4. Pa3paboTaHHasi MeTonuKa 00pabOTKU MHTEP-
npeTaluy JaHHBIX a3pOpaaroIOKALIMOHHBIX M3Me-
penmit ¢ 20 MI11 mokaropom BUPJI-7 1 m3o6pake-
Huii Sentinel-1 u Landsat-7 MoxeT ObITh IPUMEHEHA
B IpyIrux paiioHaxX TOPHOTO U1 IIOJISIPHOTO OJielcHe-
HUSI JUISI OLICHKM CBSI3UM XapaKTEPUCTUK ITOBEPXHOCTU
1 JIoXa JISTHUKOB CO CKOPOCTBIO UX JBUXKECHWUSI.
B 3TOM OTHOIIEHUM HAUOONBIINIT WHTEpPEC Mpeld-
CTaBJISTIOT BRIBOIHBIE JJeqHUK HoBoit 3emn, 3emuu
®panua-Nocuda n Ceseproit 3emuu, tae B 2014—
2015 rr. ¢ BepTonera Ka-32 BBIITOIHSIINCH U3MEpeE-
HUS TOJIIMHEI JIbIa W IIOIJIEAHOTO pelibeda ¢ HeIblo
OILIEHKM UX aiicOeproBoii OMIacHOCTU.
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Conditions on the Bedrock and Surface of the Vavilov Ice Cap (Severnaya Zemlya)

During its Surge According To Airborne Radar Data
A. F. Glazovsky**, N. A. Kabanov’, Yu. Ya Macheret’, and A. M. Soldatenko®

¢ Institute of Geography, Russian Academy of Sciences, Moscow, Russia
b Lomonosov Moscow State University, Moscow, Russia
*e-mail: glazovsky @igras.ru

The glacier surge at Vavilov Ice Cap, Severnaya Zemlya, Russia (79°18" N, 94°40” E) began as early as the
mid-1960s with a slow advance of its margin in the western part. Since 2012, the advance switched to the
phase of catastrophic movement, which reached its climax in 2016, when the glacier velocity reached 9.2 km
a~!. An ice fan with an area of about 140 km? advanced into the Kara Sea water area 11 km from the shore,
and a strongly crevassed ice stream was formed in the ice cap itself, which continues to move now with speeds
ofabout 2 km a~!. The dynamic instability of Vavilov Ice Cap can be triggered by changes in basal conditions,
which are still poorly known. In this study, we used airborne radio-echo sounding data acquired in September
2014 over the ice cap to characterize its surface and bedrock conditions. Based on the delay time and reflec-
tion amplitudes, the power reflection coefficient (PRC) from glacier surface and bedrock was estimated. For
its calibration, we used the amplitude of reflections from the sea surface registered from different altitudes.
The bedrock PRC values were converted to dielectric permittivity and compared with the glacier surface ve-
locities in 2014 obtained from Landsat-7 images. We found a high positive correlation between the bedrock
PRCs and velocities in the area with glacier speed higher than 1000 m a!. In this area, the PRC is 20 dB higher
than in the neighboring slower moving areas. Such a difference may be because the ice stream advanced on
marine loose sediments with higher dielectric permittivity and conductivity and a higher reflection coeffi-
cient. The range of estimated bedrock PRCs corresponds to bed materials with relative dielectric permittivity
from 5 to 10 and electrical conductivity from 105 to 1072 Sm m~".

Keywords: Arctic, ice cap, surge, power reflection coefficient from bedrock, Severnaya Zemlya, airborne ra-

dio-echo sounding
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