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Summary

During the field campaign in August 18-30, 2020 the meteorological regime and heat balance of the glacier surface
were investigated in the crater of Mt Elbrus Eastern Summit (5600 m a.s.l.) together with the GPR measurements of the
ice thickness and seasonal snow cover. Preliminary data analysis allowed the following features: the predominance of
synoptic fluctuations over the diurnal ones; the high values of average and maximum wind speed associated with the
impact of jet streams and with influence of leeward storms; extremely high temporal variability of relative humidity
and its very high deficit in cloudless conditions conducive to intensive evaporation and sublimation from the snow sur-
face. The maximum thickness of ice in the crater reaches 100 m, and the average is 34 m. A new ice core with a length
of 96.01 m from the glacier surface to its bed had been obtained. The drilling speed varied from 11 to 1 m/h, decreasing
with depth from 4.5 to 4.0 m/h on average. The thickness of the snow-firn mass is about 20 m, which is three times less
than on the Western Plateau of Mt Elbrus. According to measurements in the borehole, temperature at the glacier bed
is —0.6 °C. The calculated heat flux is 0.39 W/m?. Air sampling was carried out in the crater of the Eastern Summit of
Elbrus and on the Garabashi glacier. Repeated measurements of the soil temperature in the fumarole field on the outer
edge of the crater of the Elbrus Eastern Summit allow the conclusion that the temperature regime is stable.
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C 18 no 30 asrycTta 2020 r. B KpaTepe BocTouHoin BeplmHbl 3nbbpyca BnepBble NPOBOAUINCL Habno-
[EHNA 33 METEOPOJIOTMUYECKM PEXMMOM U TEMOBbIM 6anaHCOM NefHMKa. BboinonHeHa Takxke paguono-
KaLMOHHaA CbEMKa TOMLWMHbBI NbAia 1 CE30HHOTO CHEXHOro MOKPOBa, NPobypeHa CKBaXkMHa OT NoBepx-
HOCTU JJ0 JIOXKA C MOJyYeHNEM KePHA Jiba, U3MEPEHbI TEMMNEPaTYpPbl B CKBaXKMHe, B LIYpde 13 CE30HHOM
CHEXHOW Tonwm oTobpaHbl 06pa3ubl 4NA U30TOMHOrO, XMMUYECKOTO 1 CMOPOBO-MbIbLEBOrO aHanm3a,
Ha NoOBEPXHOCTM HyMaposIbHOro NosnA 1 B atmochepe Hag NeHMKOM B3sATbl 006pasLbl ra3a, NMPOAOIKEH
MOHWTOPWHTI TemnepaTypbl rpyHTa Ha pymaponbHOI nnoLwagke.

BBenenue ca Ha BbicoTe 5600 M Hag yp. Mopsi (BCe BBICOTHI B

cTaThe JaHbl Hafd yp. Mops) (puc. 1). PaboTs! o us-

B aBrycte 2020 r. cotpyaHukamMu MHCTUTYTA yYEHMIO TJTYOMHHOIO CTPOSHUS JIETHUKOB DIILOPY-
reorpacur PAH Obu1 BBITIOJTHEH KOMILIEKC UCClIe-  ca, UX METEOPOJOTMYECKOro pexXruMa U TEIIOBOIO
JIoBaHMIt B KpaTepe BocTouHoli BepIiHbBI DibOpy- ©OanaHca BeayTcs B MHcTutyTe reorpagum ¢ 2004 r.,
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Touyka 6ypeHus B kpatepe
5621 m I’ BocTo4YHON BEpLUMHBI

Puc. 1. Jlegnuk B kpatepe Boctounoit BepimHa Diasopyca. @oto M. M. JlaBpeHTnena 30 aBrycra 2020 T.
Fig. 1. Glacier in the crater of the Eastern summit of Elbrus. Photo by I.I. Lavrentiev, August 30, 2020

U MX pe3yJIbTaThl OMyOJIMKOBAaHBI B HEJABHO BHI-
mennieii MoHorpadpuun «JlemHUKM U K1uMaT Diab-
opyca [1]. Ha 3anagHom 1iato Das6pyca B 2009 r.
ObLT MOJy4YeH HeHAPYIICHHbBII KEPH Jibaa OT I0-
BEpPXHOCTHU 110 Jioxka ainuHou 182 M. M3-3a BeICO-
KOi1 cKOpoCcTH akKyMyasauuu (okojo 1400 MM B.3.)
BO3pacT MPUIOHHBIX CJIOEB JIba COCTABUII OKOJIO
2 TBIC. JIeT [2].

3HauuTeNbHAs BEeJUYMHA TEIJIOBOrO IMOTOKA
(0,34 Br/M?) [3] ¥ OTHOCHUTEIBHO HEBBICOKAS TEM-
nepaTtypa Ha Jioxe negHuka (—2,4 °C) He UCKIIIO-
YaloT BO3MOXHOCTH JOHHOIO TassHUs B HauboJjee
IyOOKUX CJIOSIX M MOTepU YacTU MH(OpMaAIUU.
ITosTOMyY OBLIO BhICKA3aHO MPEAIIOIOXKEHUE, UTO
B KpaTepe BocTouHo# BeplmHbB Dnbdpyca, pac-
MOJIOXKEHHOM BbIlIe T1ato Ha 500 M, rogoBas ak-
KYMYJISILIMSI CHEra MOXET ObITh 3HAUUTEJIbHO HILKE
M3-3a BETPOBOTO MepepacipeaeicHUs CHera; TeM-
rneparypa Bo3ayXa 311ech, 1o HabmoneHusm 2013—
2015 rr., onmyckaercs no —40 °C [1]. B xone npensa-
PUTEILHBIX UCCIeI0BaHUI Ha BocTouHOI BepIiHe
ObLIa MIpOBeIeHA CepU PAIMOIOKAIMOHHBIX ChE-
MOK, TTOKa3aBlllasi, YTO TOJIIIMHA JbIa JOCTUTACT
100 M, 1 caenaH aHaJIM3 M30TOMMHOIO COCTaBa Jie-
HUKOBOTO Jbaa [4].

CorjacHO COBpEMEHHBIM T¢OJIOTUYECKUM U
reo(U3NYECKUM UCCIEAOBAaHMSIM, BYJIKaH DIbOpyC
HE YTpaTWJI CBOEil aKTUBHOCTH, HO HaXOOUTCS B

naccuBHoOM dase. Kanpaepa Dapdopyca odpa3oBa-
Jack okosio 800 ThIC. JIeT TOMY Ha3a/, a 3aTeM Mepu-
OlIbl aKTUBHOM BYJIKAHUYECKOU NeATCIHLHOCTH Ye-
peIoBaIuCh C 3aTUIILSIMU IMPOAOJIKUTEIbHOCTBIO
1o 50 Teic. 1eT. B 3TOT mepuon mpoucXoauam oT-
JeTbHBIC U3BEPXKEHUS, B pe3yJIbTaTe Yero MarMaTu-
YECKHUi1 oYar ocTaBajicsl B TOPSTYEM COCTOSIHMU [5—
7]. B ronoueHe MHTEHCUBHOCTh BYJIKAHUYECKON
IeaTeIbHOCTA DIbOpyca yewiIniaach, 4YTo IIPUBEIO
K ¢popmupoBanunio BoctouHoit BepmmHsbl. [Tocnen-
Hee CUJIbHOE M3BepXKeHue DIbopyca MpOuCXoam-
o B I-II Bekax, a MeHee MHTEHCMBHOE — OKOJIO
900 net Tomy Hazand [8]. O coBpeMeHHOI ByJKa-
HUYECKOM aKTMBHOCTH BJbOpyca KOCBEHHO CBU-
IeTeIbCTBYET HaIM4YKUe (PyMapoJIbHBIX IMOJEH Ha
cKJIoHaX BocTouHO# BepIIMHBI M TEILILIX MUHE-
PaJbHBIX UICTOYHUKOB BOKPYT BYJIKAHA.

C 18 mmo 30 aBrycrta 2020 r. B kpatepe BocTou-
HOI1 BepILIMHBI MPOBOAUIN HAOIIONCHUS 32 METEO-
POJIOTUYECKHUM PEXUMOM U TEIUIOBBHIM 0ajlaHCOM
JieIHWKA, OblIa BBIIIOJHEHA paauooKallMOHHAas
CcbhEMKA TOJIIIMHBI JIbIa U CE30HHOTO CHEXHOTO T10-
KpoBa, IpoObypeHa CKBaXXMHa OT ITOBEPXHOCTHU IO
JIOXa ¢ TIOJIyYeHUEeM KepHa JIbia, U3MEPEHbI TeMIIe-
paTtyphl B CKBaXuHe, B IIypde U3 Ce30HHOM CHEX-
HOI TOJIIIM OTOOpaHbl 00pa3Ibl IISI U30TOITHOTO,
XUMUYECKOTO U CIIOPOBO-TIBLIBLIEBOTO aHAIN30B,
mpoBenéH OoTOOP 00pa3loB raza Ha MOBEPXHOCTHU
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Puc. 2. O0bexTh UccaeaoBaHus B KpaTtepe BocTouHoit BepimHbl Dabopyca B aBrycre 2020 r.:

1 — npodunu panuozoHarpoBaHus Ha yactote 20 MI'u; 2 — npodunu PJI3 Ha yactote 1400 MI'; 3 — aBTOMaTnyeckass MeTeo-
CTaHIIMS; 4 — CKBaXHWHA NIYOMHOM 96 M; 5 — CHEXHBI 1Iypd; 6 — TOUYKA U3MEPEHUs TeMITepaTypbl CHEXXHOM TOJIIIN; 7 — TOYKK
oToopa npod raza U U3MepeHUsI TeMIepaTypbl TPyHTa Ha (hyMapoJIbHOM IUIOLIaaKe; § — TOUKM OTOopa mpo0d rasza Ha JieqHuKe; 9 —
TOYKHM OTOOpa 00Pa3LOB MBUIBILI C TIOBEPXHOCTH JIEAHUKA; /0 — U3OTUIICH TOBEPXHOCTH JieMfHUKa (IIPOBEICHBI Yyepe3 5 M).
A—Al, b—b1 — npodwunu, paraporpaMmMbl BIOJb KOTOPBIX MPUBEISHBI Ha puc. 4. B KauecTBe MOMIOXKH MCIOJIb30BaH CHUMOK
19 aBrycra 2020 r. ¢ npoHa DJI MAVIC 2 Pro B Hagup ¢ BbicoThl 200 M (¢poTo A.A. AGpamoBa); cozgaHue opTodoToIlIaHa U
Hu¢poBoii Moaen pelibeda BBIMOJIHEHO B porpammMe Agisoft Metashape

Fig. 2. Research objects in the crater of the Eastern summit of Elbrus in August 2020:

1 — radar profiles at a frequency of 20 MHz; 2 — radar profiles at 1400 MHz; 3 — automatic weather station; 4 — borehole 96 m; 5 —
Snow pit; 6 — snow cover temperature measurement site; 7 — points of gas sampling and measurement of soil temperature at the fu-
marole site; & — points of gas sampling on the glacier; 9 — points of pollen sampling on the glacier surface; /0 — isohypses of the
glacier surface (drawn every 5 m). A—Al, b—B1 — the profiles along which the radarograms are shown in Fig. 4. A photograph of
August 19, 2020 from a DJI MAVIC 2 Pro unmanned aero vehicle in nadir from a height of 200 m (photo by A.A. Abramov) was
used as a background, orthomosaic and digital elevation model creation in the Agisoft Metashape sortware

¢dyMaponbHoOTO MoJist U B aTtMocdepe Haxd negHu- (puc. 2). Kparep BocTouHoli BepimiHbl Dapopyca
KOM, TPOIOJKEH MOHUTOPUHT TEMIIEPATYPLI TPYH-  3aIlOJIHEH JeTHUKOM Iomansio 0,09 kM2, pacro-
Ta Ha (pyMapoJIbHOI IUIolmaake, Hadyatelii B 2013 1. JIO(KEHHOM B AMana3oHe BBICOT OT 5621 mo 5520 M.
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HaxkiioH moBepXHOCTH JbIa B IIpeaesiax Kparepa B
cpenHeM cocTtaBisteT 11° u MmeHsIeTCsS oT 2—5° B TIpH-
BepIIMHHOM obmacth 10 25—30° B BOCTOUYHOM, Kpy-
ToHakJIoHEHHOU yacTu. Kpatep BocTouHoil Bep-
IIMHBI — caMasl BEPXHsISI 9acTh 00J1aCTH MUTAHUS
JnenHukoB Upuk u JKUKUyraHkes.

MeTteoposiornuecKue ycaoBus
Ha BocTo4Hoii BepmuHe

MeTteoposorudyeckue HabaogeHus Ha Boc-
TOYHOM BepmmHe npoBommin ¢ 20 mo 30 aBrycra
2020 r. ¢ 1IeJIbI0 HAKOIUICHMS PSIIOB TaHHEIX O THU-
MAYHBIX 1 9KCTPEMaJIbHBIX 3HAUCHHUSIX METEOPO-
JIOTHYECKUX IIapaMeTPOB B BEICOKOTOPHBIX 30HAX
JIETHUKOB, IIJIsI BaJIUIAIIUN TeIJI00aIaHCOBEIX 0JI0-
KOB JICIHUKOBBIX Monenei [9—11] u maHHBIX pea-
Hamm3oB [12, 13], a Takke n1d pu3ngecku odboc-
HOBaHHOI OLIEHKHM IIOTePH MACChl CHEra BO BpeMs
CHJIBHBIX METeJNIel 3a CIET BOBTOHKU JICASTHBIX KPH-
CTaJIJIOB Y UI3MEHEHUI TypOyJIeHTHOTO TEILJI000Me-
Ha [14, 15]. Takre gauTeabHBIE W TTOJHBIE METEO-
poJornaeckue u3MepeHust Ha BocrouHoit BepiiHe
Dnapbpyca BBEINOJHEHBI BliepBbie. OHM BKJIIOYa-
1 B ce0s: M3MEPEeHUST TeMIIepaTyphl 1 BIaxKHO-
CTH BO3IyXa Ha ypOBHSX 1 u 2 M Haa CHEXHOM I10-
BepXHOCTHIO (BeTpoBBIe Jatumku Campbell, Davis
n akyctnuecknii anemometrp GILL), ckopocTn,
HaIlpaBJeHUS W IIOPBIBUCTOCTH BETpa Ha BBICO-
tax 0,25, 0,5 u 2 M (matuuku Campbell u Davis),
KOMIIOHEHTOB paauallMoHHOTO OanaHca (pammo-
MeTpel KIPP&Zonen), TypOyIeHTHBIX MyJIbCAILINIA
TpEX KOMIIOHEHTOB CKOPOCTH BeTpa U TeMIIepaTy-
pol (akycTuueckuii aneMomeTp GILL). BpemenHas
OIVCKPETHOCTh M3MEPEHUI cocTaBisiaa 1 MuH, y
aKkyctmyeckoro anemomerpa — 10 I'tr. Pe3ynbraTsr
HaOIIONCHMI IIpeACTaBJICHBI HA pUC. 3 1 B TaOJIHIIE.

IlepBoHaYanbHBINM aHAIN3 TAaHHBIX MO3BOJIMII
YCTAaHOBUTH CJIEIYIOIINE OCOOEHHOCTA METEOPOJIO-
ru4ecKoro pexrma Ha BoctouHoii BepiiuHe: 1) aM-
IUIMTYOA KOoJIeOaHWI CHHONTHUYECKOro MacIuTada
MPEBHIIACT aMIUIMTYAY CYTOYHOTO XOJIa OCHOBHEBIX
BEJIMYMH; 2) BEICOKME 3HAYCHUSI CpeaHEe 1 MaKCH-
MAaJIbHO# CKOPOCTEll BeTpa, CBA3aHHEIE C IIPOXOXK-
IeHrueM aTMochepHBIX (DPOHTOB, IIEPEHOCOM KMHE-
TUYECKON SHEPTUU CTPYNHOTO TEUCHUS U3 BEPXHEN
Tpomocdephl B CPeIHIO, a TakxXe ¢ 3ddekTaMu
MMOABETPEHHEIX Oypb, KOTOPEIE IIPOSIBIISIIOTCSI U B
BBICOKOTOPHBIX paioHax Dapbpyca [1]; 3) upes-

IIpocreitmue cTaTMCTUYECKUE XapAKTEPUCTUKN OCHOBHBIX
METEOPOIOTNYECKNX BENMNYNH HaA BocrouHoit BepLINHE Inb-
Opyca 3a nepuop, 20-30 aBrycra 2020 r. (B cKkoOKax yka3aHO
CTaH/JApPTHOE OTK/IOHEHMe)

3HavyeHus
ITapameTpsl
CpeoHUe | MaKCUMaJlbHbIC | MUHUMAJIbHBIE

Temrmeparypa, °C | —10,2(£3,7) 0,5 —19,7
OTHoOcUTeTbHAS 51(+£33) 100 5
BJIAXHOCTb, %
IMapuumansHoe
nasjieHue mapa, | 1,3(£0,9) 5,6 0,2
rlla
CKOpoCTb BeTpa, 6.1(+4.0) 20,8 _
M/c

BBIYAITHO BBICOKAas BPEMEHHASI U3MEHYMBOCTh OT-
HOCUTEJIbHOM BIXKHOCTU (CTaHIAPTHOE OTKJIOHE-
HUE BABOE BHIIIIE, YeM B CPEIHETOPHEIX YCIOBUSIX) U
OYeHb BBICOKMIA AeGULIUT BIAXXKHOCTU B 6e300/1au-
HEBIX YCIIOBUSIX, YTO CITOCOOCTBYET MHTEHCUBHOMY
HCHapeHnIo U CyOJIMMAalIK C TIOBEPXHOCTH CHETa.

Cpenn MeTeopoJIoTUYECKUX SIBJICHUI Hanboee
4acTo IOBTOPSIETCSI HU30Basi MeTelb, CyMMapHas
MPOJIOTKUTEBHOCTh KOTOPOI B MEPUOJ IKCHEAU -
LM cocTaBujia okoyio 48 4. B ycimoBusix 6e300au-
HOM TI0T0/Ibl BO BPEMSI HU30BOM METEJIN IIPOUCXOIUT
MHTEHCUBHAS CYOJIMMAIIMM CHEXHbBIX KPUCTAJLJIOB
B Bo3ayxe [14], 4To MOXKET CYIIECTBEHHO YBEJINYM-
BaTh IIOTEPIO MACCHI B 00JIACTH aKKYMYJISIIIAM 310~
pyCCKUX JieqHUKOB. IloaydeHHbIe JaHHBIE TTO3BOJISIT
OLIEHUTH 3TOT 3 (HEKT KOIMIECTBEHHO.

M3 KOMITOHEHTOB TEIUIOBOTO OaylaHca IIpeBaji-
PYIOIIYIO POJIb UTPAET IIPUXOISIIast KOPOTKOBOJI-
HOBasI pagyainus, BeIMIMHA KOTOPOI B OKOJIOIIOMY-
neHHble yacel gocturana 1150 Br/m2. OgHako npu
cpenHeM anbbeno 70% u cnabooTpuLaTeIbHBIX 3HA-
YEHUSAX JJIMHHOBOJHOBOTIO OIOIXKEeTa UTOTOBBII pa-
JMALIMOHHBIN 6anaHc He npesbiman 350 Br/M2, uto B
CpemHEM BIBOE HIKE, YeM B 00JIaCTH a0JISILINK JIe/-
HukoB KaBkas3a [16]. MUHTepecHBI pe3yabTaT — Mpe-
o0amaHue OTpULIATSILHBIX 3HAUCHUM TypOyIIeHT-
HbIX MOTOKOB TeIJla, CpeHee 3HAYeHUE KOTOPBIX
coctaBwio —35 Br/M2. OcobGeHHO MHTEHCUBHBIM
OTBOJI TETJIA OT MOBEPXHOCTH OBbLI B IIITOPMOBBIX YC-
JoBusix 21 u 23—24 aBrycra, Koraa MaKCUMaJIbHbIE
3HauYeHUs TypOYJIEHTHOTO MOTOKA Teljia Mo MOAY-
o npesbiany 200 Br/m2. Takum 06pa3oM, Typ-
OyJIEHTHBIN Tel1000MeH B yclioBUSIX BocToyHoit
BEPIIMHBI MPEICTaBIIET COOOI PaCXOMHYIO COCTaB-
JISTIOIIIYIO TETUIOBOTO OanaHca. [Toxoxue pe3ynbTaThl
J71 3anagHoro Ijiato Dabpdpyca Ha OCHOBE pacuéra
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Puc. 3. MeTteoponoruyeckue
HabmoneHuss Ha BocTouHoit
BeplIMHe Dabopyca:

a — aBTOMAaTU3UPOBAHHBIM METEO0-
POJIOTMYECKUII KOMIUIEKC, Comep-
XAl DaTYIUKKM TeMIIEPaTyphl,
BJIaXHOCTU U CKOPOCTH BeTpa
Campbell u Davis, panuoMeTpbl
KIPP&ZONNEN; 6 — akycTtuue-
ckuit anemometp GILL; 6 — xon
OCHOBHBIX METEOPOJIOTUYECKUX
BEJIMYMH Ha YpOBHE 2 M Hai IO-
BEPXHOCTBIO: | — TeMIepaTyphl
Bo3nyxa, °C; 2 — MakcMMaJbHOM
CKOPOCTH BeTpa, M/C; 3 — OTHOCH-
TeJbHOU BiIaxXHOCTU, %; ¢ — U3-
MEHYMBOCTh OCHOBHBIX KOMITIO-
HEHT TeruIoBoro OromxeTa: 4 — pa-
IMalnyoHHoro 6anaHca R, Br/m2;
5 — TypOyJI€HTHOrO IMOTOKa Teria
H, Br/m?

Fig. 3. Meteorological obser-
vations at the Eastern Summit
of Elbrus:

a — an automated meteorological
complex, including Campbell and
Davis temperature, humidity and
wind speed sensors, KIPP & ZON-
NEN radiometers; 6 — the GILL
acoustic anemometer; ¢ — the
course of the main meteorological
values at the level of 2 meters above
the surface: I — air tempera-
ture, °C; 2 — maximum wind
speed, m/s; 3 — relative humidi-
ty, %; e — variability of main heat
budget’s components: 4 — radia-
tion balance R, W/mZ; 5 — turbu-
lent heat flux, W/m?

IMOTOKOB TeIlIa MO a3pOoAMHAMUYECKUM (DOpMyJiaM TMpeaBapUTEIbHBIM OLICHKAM JTaHHbBIX TeMIIepaTyp-
npuBeAeHBI B padote [17]. OTMeTUM TakKe 3HAUM-
TeJIbHBIN MOTOK TEIIa B TOJIILY CHETa, KOTOPLIA M0 TUIOIIAAKE JOCTUTA B OTAEIbHbIE 10U 30 Br/M2.

HBIX UBMEPECHUN B ISITUMETPOI CKBAXXMHE HA METEO-
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PaauonokanuoHHble HCCIeI0BaAHUS

HasemHble panyonokaliMOHHbIE U3MEPEHUS TOJI-
LIMHBI JIbIA B KpaTepe BBIMOJIHEHBI ¢ TIOMOIIBIO MO-
HouMmMnyJbcHOTO reopagapa BUPJI-7 (20 MTI') no
ceTu npoduiieil oolIeil MPOTIKEHHOCTRIO 2,6 KM
(8700 Touek namepenuii). OdbopynobaHue (MIpUEMHUK,
repenaTyrK, OJI0K YIpaBiIeHMs, UICTOUHUKY TTUTaHUS
1 GPS) ObIJI0 CMOHTUPOBAHO HA PIOK3aKaX M IiepeMe-
1IAJIOCh TTO JIETHUKY TPYITIION M3 TpeX yenoBek. Pamap-
Has ¥ HaBUTALMOHHAs MH(OpMAaLIMS 3alChiBajIach
B aBTOMATUYECKOM pexkuMe ¢ uHTepBajioM 0,5 ¢, i

npumMmepHo Kaxabie 30 cM. IlpenBaputenbHbBIN aHa-
JIM3 TIOJTyYE€HHBIX JAHHBIX B TOJI€ TO3BOJII MPAaBUIb-
HO BBIOpaTh TOUKY OypeHus:: B 70 M K BOCTOKY OT I'€0-
METPUYECKOTO IIEHTPa KpaTepa, B CaMOM TITyOOKOM eTo
yacTu. [IprMep pagroIoKaloHHOTO pa3pesa, IIPOX0-
JISIIEeTO BOJIM3M CKBaKUHBI, TIpUBEIEH Ha puc. 4, a. Ha
pamaporpaMMe XOpOIIIO BUIHA TeOMETPHUSI ITOIIETHOTO
JloXa — ero ¢hopMa TUIIMYHA 11 KpaTepa ByJKaHa U
HAIIOMMHAET BOPOHKY C JOBOJIBHO KPYTBIMU OOPTAMHU.
I1o npenBapuTeILHBIM OLICHKAM, MAKCUMAJIbHAsI TOJ-
IIWHA JIhIa B KpaTepe mocturaeT 100 M, a B cpegHeM
cocrapisteT 45 M. CoBMellieHre BCeX PaTroIOKaI-

Homepa Tpacc

Bpemsa 3anasabiBaHus CUrHanoB, HC
=)
=]
=]

-
o

20

Puc. 4. [ITpuMepsl panaporpamm, mojiydeHHbIX Ha yacTotax 20 Mru (a) u 1400 MI' (6) B kpatepe BocTouHoit Bep-

IIWHBI DIL0pyca.

I1 — noBepxHoCTb JienHuKa; JI — oxe neaHuka; C — ¢J0M B CE30HHOM CHeXXHOI Toie. [TonoxeHue pa3pe3oB NMpUBEACHO Ha puC. 2
Fig. 4. Examples of radarograms obtained at frequencies of 20 MHz (a) and 1400 MHz (6) in the crater of the Eastern

summit of Elbrus.

IT — glacier surface; JI — glacier bed; C — layers in the seasonal snow mass. The position of the sections is shown in Fig. 2
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Puc. 5. Pe3yabraThl u3MepeHUsl MJIOTHOCTU U

TEMIIEpATyphbl B CKBAXKMHE Ha JIEIHUKE B Kpare-
pe BocTouHoii BepiunHbl Diabopyca.
ITyHKTHMpHO# JIMHMEN TOKa3aHa JIMHeHas aIrpoK-
cUMalMs TEMIEepaTypHOro rpaaueHTa

s 40
©
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Fig. 5. Density and temperature measurements
in a borehole on a glacier in the crater of the
Q Eastern Summit of Elbrus.

o The dotted line shows the linear approximation of the

OHHBIX JaHHBIX ITO3BOJIUT YTOYHUTH KAPThl TOJIIIMHBI
JIbla U peibeda MoMIEAHOTO JIoXka, IIOCTPOSHHbIE Ha
OCHOBAaHUM IAHHBIX TPEIbIIYIINX PaTAOIOKAIIMOH-
HbIX cb€MOK 2006 1 2017 rr. ¢ mtokatopamut BUPJI-6
reopogapoM «30Hx, 12-e» cooTBeTCTBEHHO [1].

Kpome Ttoro, Ha BocTouyHoi#t BepiinHe HaMU
BIIepBBIC ObLIAa BBHINTOJHEHA IUIOLIAAHASA PAdUOJIO0-
KallMOHHAas ChEMKa TOJIIUHEI CHEXXHO-(PUPHOBOIT
TOJIILIU C TOMOIIBIO BeicoKoyacToTHOTO (1400 MI'1)
reopagapa «Ilukop-JI€n». Ha npoduisx obuieit
JUTMHOM OKOJIO 2 KM XOPOIIO Pa3IMYaroTcs CJIOU B
CHEXHO-(UPHOBOM TOJIIIIE OO0 TJYOUHBI OKOJIO 5 M
(cMm. puc. 4, 6). CoBMecTHast 06paboTKa paguoIo-
KalIMOHHBIX TaHHBIX, KEPHA U 00pa3LIOB CE30HHOMU
CHEXHOM TOJIIIM U3 HEeTTyoOoKOoro 1ypda mo3BoJuT
BBIZICJIMNTh TOJOBLIE CJION Ha pagaporpaMmax 1 ole-
HUTh MPOCTPAHCTBEHHO-BpEeMEHHOE pacmpeaeie-
HUe aKKYMYJISILIMU B 3TOl obiacTu Dibpdpyca.

Bypenue cKBaxKuHbI

CxkBaxxuHa B ieqHuke (43,34804° c.1u1., 42,45606° B.1.,
H = 5565 M) 6bu1a pobypeHa B repuon ¢ 20 mo 26 aB-
rycta 2020 r. 3a AT paboOYMX AHEHN C MOMOIIBIO
9JIEKTPOMEXaHUYECKOI ycTaHOBKY KoMmnaHuu Geo
Tech (AAnonwmst). ITpoMBIBOYHBIE XXMIKOCTU HE TIPU-
MeHsutnch. CKOpoCcTh OypeHUsT BapbupoBaja ot 11
1o 1 M/4, B cpeHEM yMEHBIIAsICh ¢ TIIyOUHOI oT 4,5

temperature gradient

1o 4,0 m/4. CKBaxXWHa JOCTUTJIA JIOXKa Ha TIIyOMHE
96,01 M. B xepHe nociie cTpaturpauyecKoro omnm-
CaHUS U3MEPSIU TUIOTHOCTh CHera, (pupHa 1 jbaa
(puc. 5). KepH ap1a MTUIIEH JeISTHBIX TIPOCIOEB, YTO
yKa3bIBaeT Ha OTCYTCTBHE ITOBEPXHOCTHOTO TasTHUSI.
MoOIIHOCTh CHEXXHO-(UPHOBOM TOJIIIU COCTaBIISIET
okoJ10 20 M, 4TO B TP pa3a MeHbIIIe, YeM Ha 3aragHoOM
mato. Ilepexon ¢upHa B 1€, B OTIMYME OT TIJ1aTO,
MPOUCXOIUT AOCTAaTOYHO pe3ko. bonee Toro, 3Haue-
HUE DIYOMHBI 3aMbIKaHUS IIOP — OTHO M3 CaMbIX HU3-
KUX JIJISI CYyXUX YCIIOBUI Tbaooopa3zoBaHus. K ocHOB-
HbIM (baKTOpaM, BBI3BIBAIOIIM MPOLECC YIIOTHEHMS
CHEXXHO-(DUPHOBON TOJIIIN, OTHOCSTCSI CPEIHET010-
Basl TeMIiepaTypa 1 CKOPOCTb aKKYMYJISILIMM CHETa; 10-
TOJTHUTEIHO Ha MPOLECC YIUIOTHEHUST MOTYT BIIUSITh
U Ipyrue MeTeonapamMeTphl (CKOPOCTh BeTpa, Blaxk-
HOCTb, U T.11.). BeposiTHO, OBICTpEI ITepexon (pupHa B
JIEM MOXET OBITh CBSI3aH C ITOCTOSSHHBIMM CUJIbHBIMU
BeTpamMu Ha BocTouHOI BepIlIMHE U MOBBIILIEHHON Be-
TPOBOI YITaKOBKOI BepXHeli YaCTH CHEXXHO-(PUPHOBOIT
Toyu. OIHAKO He UCKIIIOUEHO BIUSIHUE U IPYTUX Me-
XaHU3MOB, HaIIpuMep TEIUIOBOTO ITOTOKA.

TemnepatypHble U3MepeHUs B CKBAXKHHE
ITocne 3aBepiieHus OypeHUsS U BbICTAUBAHUS

TaMIIOHUPOBAHHOI CKBaXXWHBI B T€YEHHUE CYTOK C
TMOMOIIIbIO TEPMUCTOPA B HEM ObLIa U3MEpEeHa TeM-
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nepatypa ¢ ToaHocThio 0,1 °C. Pe3ynbTaThl M3Me-
peHuii mpuBenaeHbl Ha puc. 5. Ha riryomnaax qo 8 M
OTMeYaeTCs pe3Koe M3MEHEHHEe TeMIIepaTyphl —
npumepHo Ha 4 °C, cBSI3aHHOE C CE30HHBIMU KO-
JIe0aHUSIMU TeMIlepaTypbl Ha IMTOBEPXHOCTU. TeM-
nmepaTtypa Ha Jioxe JeaHuka cocrasisgia —0,6 °C.
Ha rinyounax ot 20 M 10 JioxXa JeJHUKA U3MEHEHUe
TeMIIepaTyphl MPaKTUIECKU JTUHEIHO, YTO CBUIE-
TEIbCTBYET 00 YCTAHOBUBIIEMCS peXUMeE TEIlIO-
TepeHoca 1 MO3BOJISICT ONPEACINTD BETMUMHY TeIl-
JIJOBOTO MoToka. [I10THOCTH TEMJI0BOro MoToKa
g (B1/M?) ponopuyoHaibHa BEPTUKAJIBHOMY Tpa-
IWEHTY TeMITepaTypbl U MOXeT OBITh 3amucaHa B
CJIeMyIOIEeM BUJIE:

g = —Agrad T unu

§=—MT, = Ty)/An, ey

rae A — Ko3dPPUIUEHT TeTUIOIIPOBOIHOCTH JIbIA,
Br/Mm'K; T, u T, — reMniepaTypa B BEpXHEl U HUXK-
Hel 9acTsIX JUHEMHOro yJyacTka TeMIIepaTyp COOT-
BeTcTBeHHO, °C; Ah — paccTosTHUE MEXIY TOUYKa-
mulm2, ™m[3].

YuauThiBas, 4TO B AMAIa3oHe TeMmepaTyp oT —20
10 0 °C ko3 GUIUEHT TeIIONPOBOIHOCTH JIbIa
A = 2,25 Br/m'K, moiayyaem 3HaYeHHUE TUIOTHOCTHU
TEIUIOBOTO MOTOKA B TOYKE M3MEPEHUI, paBHOE
0,39 Br/M2. OHO HECKOJIBKO MPEBOCXOIUT BEJIMYM-
Hy, DOJYyYEeHHYI0 1)1 3anagHoro miato Dibopyca,
kotopag coctasiser 0,34 Br/m? [1]. Kpatep Boc-
TOYHOM BepPLIMHBI DIbOpyca pacroaoXeH Mpu-
mepHo Ha 500 M BheIllIe 3anagHOIo M1aTo, MO3TOMY
CpeIHsIsI TOIOBasI TeMIIepaTypa BO3ayxa Ha IOBEpX-
HocTu npuMepHo Ha 3 °C Huxe. Temreparypa Ha
JIOXKe JeIHUKA B YCIOBUSIX 3alagHOTO ILJIaTO Ha
rnyouHe 181,8 m cocraBaseTr —2,4 °C, npu 3ToM
B Kpatepe BocTOUHOII BEepIIMHBI IIPU TOJIINHE
Jpaa okoJio 100 M e€ 3HaueHue CyIeCTBEHHO BhIIIIE
(—0,6 °C). D1oT 3D (DEKT MOXKHO OOBICHUTH OONb-
1€}l TJIOTHOCTBIO T€0TePMaJbHOIO TEIJIOBOIO IO~
ToKa B KpaTepe BocTouHOIT BepIlIMHBI 110 CpaBHE-
HUIO ¢ 3amagHbIM I1JIaTo.

OT060p 00pa3nos raza Ha ¢pymMapoJbHOI
IUIOINAJKE H HA OBEPXHOCTH JIeTHUKA

KoHLeHTpanusg MeTaHa B BO3IYXE, 3aKIIIO-
yéHHOM BO Jbay KepHa 2009 r., Ob1a usmepe-
Ha METOJOM HEIPEPHIBHOTO ITOTOKA (continuous
flow analysis — CFA — [18]) B UucTUTyTE HayK

o 3emiue (IGE), I'peno6ab, @®pannus, B 2014 T.
ITonyyen curHan, mokpeiBaromuii 1815—1995 rr.
¥ OTIMCHIBAIOIINI PETrMOHAIBHBINA POCT KOHIIEHT-
pauuu MeTaHa B aTMocdepe B MHIYCTpUATbHbBIN
M MOCTUHAYCTPUANbHBIN nepuonsl. CpaBHEHNE
JAaHHBIX C IPYTUMU PETMOHAIBHBIMHA PEKOHCTPYK-
HUSIMU aTMOC(HEpHOTO MeTaHa 110 JaHHBIM JIel-
HUKOBBIX KEPHOB TOPHBIX PaiiOHOB, a Takke I peH-
JTaHAUU W AHTApKTHIB 1MOKa3aJio OTJIUYUS B
obpa3siax, BepOSITHO, BO3HHUKIINE U3-3a pa3HOM
AHTPOITOTEHHON Harpy3KM Ha 3TU paiioHbl. OmHa-
KO OCTaJICI OTKPBITBIM BOIIPOC O CpaBHEHUM ab-
COJIIOTHBIX 3HAUYEHUU KOHIICHTpAallMM MeTaHa U
BpPEeMEeHHOM M3MEHYMBOCTH IIIMPOTHOTO IPagreHTa
3TOTO ITapHUKOBOTO Ta3a.

C nmenbio KaJIuOPOBKU aOCOJIOTHBIX 3HaUe-
HUM, ToJlydeHHbIX 1o KepHy 2009 ., MBI IPOBEIU
oTOop Npob Bo3ayxa B KpaTepe BocTouHOI Beplu-
HbI Da60pyca (yci. obo3HauyeHus1 7 U § Ha puc. 2) U
Mo BBICOTHOMY Tpoduito JeagHuka I'apadammu (He
npeacraBieHo Ha cxeme). Becero otodopano 29 obpasz-
1IOB BO3ayxa Ha BeicoTax 3387—5598 m. I'az otbupain-
cs1 150-MUITMMETPOBBIM IHITPULIEM B CTaHAAPTHBIN
MEeHNIWIIMHOBBINA (DIaAKOH BMECTUMOCTBIO 10 MII ¢
pPe3UHOBOI MPOOKOI 1 MeTalIu4ecKoil 00CaaKoil.
Di1akOHBI PEABAPUTEIHHO OBIIN 3aITOTHEHBI Iepe-
HaCBIIIEHHBIM COJIeBBIM pacTBopoM. O0Opa3sell raza
BBOAWJICS B MEpeBEPHYTHIN (hJIAKOH, pacTBOP CJIM-
BaJICSI IO TIOJIOBMHBI Yepe3 BTOPOI IIPOKOJI ITPOOKHU
MEIUIIMHCKOM UTJIoi (puc. 6, 6). Buansl xpaHwimch
¥ TPAHCIIOPTUPOBAINCH B TIEPEBEPHYTOM ITOJIOKE-
HUM B EMKOCTSIX TSI MEAUIIMHCKUX aHAJIMU30B, 3a-
TIOJTHEHHBIX COJIEBBIM PACTBOPOM [IJIST CO3MAHUS THI-
po3aTBOpa, yaepKaHUs ra30BOi ITPOOBI IpU Habope
aTMocgepHOro maBjieHNUsI Ha YpoBHe I. MockBa u
npeaoTBpalleHuss 00pa3oBaHUs MeTaHa in-situ. KoH-
LIeHTpal1s MeTaHa Obljla u3MepeHa B Hostope 2020 T.
B IOYBEHHO-3KOJIOTMUECKOI Jlabopatopun ArpapHo-
TexHojornueckoro nHctutyra PYJIH (r. Mocksa)
METOIOM ra3oBoit xpomatorpaduu. ITonydyeHHbIE
JAaHHBIE TIAHMPOBAJIOCh UCITOIL30BaTh UIST KaJlno-
POBKHM a0OCOIOTHBIX 3HAYCHUIA METAHOBOTO psa 3a
MOCJIEAHNE ABA CTOJETHS IT0 JAHHBIM JIEAHNKOBOTO
KepHa Dnbopyca. Pe3yabTarsl aHaIU30B He TTO3BOJIS-
IOT CHIeJIaTh 3aKJII0UeHre 00 aOCOMIOTHOM KOHIIEHT-
paluy MeTaHa B IIPU3EMHOM cjioe aTMOochepHhl, 0-
CKOJIBKY pa3HMIIa MeXIy o0pa3laMu-Iy0oInKaTaMu
B HECKOJIBKO pa3 IIPEBHIIIAET IOTPEITHOCTL U3Mepe-
Huii. OT60p 00pa3LoB BO3Ayxa IJIAHUPYETCSI TOBTO-
pUTH B MoJieBoit ce3oH 2021 1.
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N3mepenune TemMnepaTypbl rpyHTa
Ha (pyMapoIbHO¥ IIIOIIATKe

O cymectBoBaHUU (DyMapOIbHBIX TTOJENH B BEp-
IIMHHON 4acTU BYJIKAaHWUYECKOW MOCTPOUKU Dib-
Opyca M3BeCTHO HaBHO. [Ipyu 3TOM MHCTpyMEH-
TaJIbHBIE U3MEPEHUST TEMIIEPATYp, €CIU U BEJIU, TO
€IMHOPA30BO, ITOATOMY OPTaHU3alUs MMyHKTa TeM-
nepaTypHoro MoHutopuHra B 2013 r. ctaja ogHoit
W3 3a1a4 MPOBOAMBIIMXCS UCcaeqoBaHUi. Temre-
paTypHble TaTYUKU OBLIM pa3MelleHbl Y MOBEPX-
HocTH U Ha riyouHax 40 u 80 cm. Ilo pesynbTatam
TrOJI0BOTO IMKJIa 3aMEPOB YCTAHOBJIEHO, UTO TeMIIE-
paTyphl B nipeaeax ¢pyMapoJbHOM IUIOMIAAKU M0~

Puc. 6. dymaponbHoe none (1mo-
Ka3aHO XEJITHIM 3JUIMIICOM) Ha
BHeIlIHEell KpoMKe KpaTepa Boc-
TOUYHO! BepIIMHBI Dibdpyca (a)
(dboto A.A. Abpamona 19 aprycra
2020 r.). 4.0. Bnagumupona npo-
BOJIUT OTOOP 00pa3LIoB IJIsl Ta30-
Boro aHaju3za (6) (poro B.H. Mu-
XaJIEHKO).

1 — negHuk J>KukuyraHkes; 2 — jaea-
Huk Mpukyat

Fig. 6. Fumarole field (shown by
a yellow ellipse) on the outer rim
of the crater of the Eastern Sum-
mit of Elbrus (a) (photo by
A.A. Abramov, August 19, 2020)
and D.O. Vladimirova takes sam-
ples for gas analysis (6) (photo by
V.N.Mikhalenko).

1 — glacier Djikiugankez; 2 — glacier
Irikchat

JoxutenbHbl (17—26 °C) B TeyeHHe roga M ciaabo
3aBUCST OT TEMIIEpaTYpHOIro pexkuma Bo3ayxa [1].
JaHHBIE ¢ JaTYMKa, pa3MellEéHHOro Ha TIyOu-
He 80 cM, cuuTtath He ypanock. B 2020 r. s yTou-
HEeHUS TeMIIepaTypHOro pexuma 0oyiee rimyooKnx
CJIOEB TPYHTA B Ipenesiax pyMapoabHON TIOIAIKU
MPOLLIU U3MEPEHUS ¢ TIOMOIIBIO TepMOIIymna (IIpo-
usBoactBa Kpuomnad, Ha 6a3ze matunka DS1920).
OTtBepcTue IS 1yna MOoATrOTaBIMBAIU C TIOMOIIIBIO
nepdoparopa ¢ 6ypom gnunHoit 120 cm. [Mopomsr
B Ipenenaax (pyMapoJIbHOTO IOJISI — PBIXJIbIE, 3HA-
YUTEJIbHO Mpeodpa3oBaHHbIC TUAPOTEPMAaTbHBIMU
npoiieccaMu. B nmepuon uamMepeHUil MOBEpXHOCTh
ObL1a 3aKPbITa CBEXKMM CHEIOM, a I10 F0XKHOMY Kpalo
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Puc. 7. TemniepaTypHBbIil peXXuUM MOPOJ B pa3IUUHbIX Ya-
cTsIX (pyMapospHOro moJisl Ha 3amajgHoM OOpTy Kpartepa
BocTtouHoii BepinHbI Dbbpyca.

Hamepenus nposonuau 19 aBrycra 2020. /—4 — TOYKU U3Me-
peHuii Ha cxeMe (@) U COOTBETCTBYIOIIME UM TeMIlepaTypHbIe
rpacduku (6)

Fig. 7. Ground temperature regime in different parts of
the fumarole field on the western side of the crater of the

Elbrus Eastern Summit.

The measurements were taken on August 19, 2020. /—4 — the
measurement points on the plan (a) and the corresponding tem-
perature graphs (0)

chopmMupoBanach CHexxHas relniepa. O01acTh MoJio-
JKUTEJILHBIX TEMIIEpATyp 3aHUMaeT ropsanaka 450 m2.
PesynbraThl M13MepeHU B pa3HbIX YacTAX IUIOLIAMI-
KM mpuBeneHbl Ha puc. 7. TemriepaTypa Ha Tyou-
He 120 cm He nipeBsIimana 30 °C, a B KpaeBoit yacTu
10 °C. CpaBHeHUeE ¢ pe3yabTaTaMU, ITOJIyYeHHBIMU B
2013—2014 rr., O3BOJISIET TIPEATIOJIOXUTH CTAOMITE-
HOCTb TEMIIEPATYpPHOIO pexXuMa Ha dyMapoIbHOM
noJie B paiioHe BocTouHOI BepIIMHEI DInOpyca.

Baaromaproctn. PaGoTta BhINOJIHEHA HA TEPPUTOPUU
HanwvonansHoro napka «IIpuaasbpychbe» npu ou-
HaHcoBoi noagepxkke PH® (mpoexkt Ne 17-17-
01270-IT). ABtophl 6marogapHbl A.l. ApaboBy n
K.A. Apa6oBy (MHcTUTYT PU3UKU aTMOChEpBI
M. A.M. OdyxoBa PAH) 3a rmomoIiis B opraHu3anuu
pa6ort, J1.B. Kapenuny u A.B. Joarux (MHCTUTYT Te-
orpacduu PAH) 3a meTonnyeckue peKOMeHIALIUN U
MpeaoCcTaBIeHHOE 000pyI0BaHNE ISl OTOOpa 0Opas-

VY4yacTHUKU 3KCNEIULIMU MOCJe 3aBeplieHus] OYpPOBbIX
pa6or.

Cnesa nHanpaBo: C.C. Kyry3oB, U.W. JlaBpeHtbeB, B.H. Muxa-
nenko, I1.A. Toponos, 1.0. Bnagumupona, B.B. MalkoBckuii.
®oto B.H. MuxaneHko

Expedition members after completion of drilling.
S.S. Kutuzov, I.I. Lavrentiev, V.N. Mikhalenko, P.A. Toropov,
D.O. Vladimirova, V.V. Matskovsky. Photo by V.N. Mikhalenko

1oB rasza, B.. Muukesnuy (MHcTUTYT reorpadpumn
PAH), xoTopslit KoopaAMHUPOBaa pabOThI, KOMIIA-
Hum Heliaction u A. bonawipeBy 3a JOCTaBKYy BEpPTO-
JIETOM YYaCTHUKOB BKCIIEIUIINN, OOOPYIOBaHUS U
CHapsXKEHUsI K MECTY MPOBENEeHUS UCCIeNOBaHUM,
A.1O. ApramonoBy (MHcTUTYT (pr3uku aTMochepbl
M. A.M. Obyxosa PAH) 3a coneiicTBue mpu moaro-
TOBKE METEOPOJIOTUYECKOTO 000PYI0BaHHUS.
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