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Summary

Evolution of permafrost under thermokarst lakes is an actual question in the light of such
problems of cryolythic zone research as greenhouse gas emission, permafrost degradation and
cryovolcanism. Recently drained thermokarst lake provide an opportunity to study under-lake
permafrost state with ground geophysical methods. This lake located on Kurungnakh island
(composed of Yedoma ice complex deposits) in the Lena delta was studied with electrical resistivity
tomography. Local low-resistivity anomaly in the central part of the lake was found during previous
geophysical research. Main goal of this work is detection of residual thermal effect from a frozen
under-lake talik in an electric field. Satellite images of different years show that the drainage has
taken place about 30 years ago. The area of the lake was covered in 2016 by high-resolution aerial
imagery (5 cm/pixel), then digital elevation model was built using photogrammetry. These data were
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used for geomorphological description of the alas (depression in permafrost after lake drainage).
The alas depth reaches 8 m, its size is about 300 x 500 m. It was formed probably on the last stage
of Holocene thermokarst activity and it is relatively shallow in comparison to other typical alases
on the island. A number of baijarachs (as a result of polygonal ice wedges thawing) were observed
on the alas bottom. A line of the steepest slope marks a coast line of the lake, which allows to
estimate a volume of water, which was contained in it earlier. Electrical resistivity tomography was
implemented on 8 parallel profiles of 235 m. Measurements were conducted with dipole-dipole
array. Basing on 3-dimensional inversion results a 3-dimensional resistivity model of under-lake
deposits up to 40 m deep was made. Relatively low resistivity area (16-25 kOhm-m in comparison
to 50-100 kOhm-m) was registered at the depth of 15-35 m. It is probably linked to a temperature
anomaly (-3...—5 °C in comparison with —8.5 °C average value of the region). Therefore the under
lake talik was fully frozen but the rest of temperature anomaly is still observable. 3-dimensional
finite-element modeling of talik propagation (500 years) and refreezing (30 years) was done in
axisymmetric setting taking phase transition into account. Temperature anomaly up to 0 °C in its
center at the depth of 35 m was obtained as a result of the modeling. It qualitatively confirms the
interpretation of electrical resistivity tomography data on the residual temperature anomaly below
the basin of the drained lake.

Ilocmynuna 21 nosabps 2018 a. Ipunsima x newamu 11 gpespans 2018 e.

Kntouegvie ciosa: MHOTONIETHEMEP3IIBIE TOPOJIBI, TEPMOKAPCTOBOE 03€PO, MIEKTPOTOMOrpadHs.

B cratke mpecTaBieHbl pe3ynbTaThl H3y4eHHs T€0IEKTPUIECKOr0 CTPOEHHUS pa3pesa B Ipejie-
Jlax yYallk TepMOKapCTOBOIO 03epa, ApeHuposasuiero okono 30 et Hazax. IIpeamecTByromummu
IEKTPOPA3BEIOYHBIMU HCCIICAO0BAHUSAMY B LIEHTPE KOTJIOBUHBI 3apErHCTPUPOBAHA 30HA TIOHUKEH-
HBIX CONPOTHUBIICHUH, MIPEANOIOKUTEIBHO CBA3aHHAsl ¢ OCTATOYHOI TeMIlepaTypHOH aHOMaJMeH.
I'maBHOM LiebI0 HACTOAIIECH PAOOTHI ABISIIOCH YCTAHOBIICHHE MIPOSIBICHUS OCTATOYHOTO TEILIOBOTO
s dexra OT NPOMEP3IIETro M0A03EPHOrO TAIUKA B ICKTPUUECKOM I10JIe. 30HAUPOBAHUS IPOBE/IE-
HBI METOJIOM DJIEKTPOTOMOTrpa(uy C HCIIOIb30BAHMEM JUIOIBHO-0CEBOIl yCTaHOBKH. B 00beMHOM
reodJIeKTPUYECKOH MOZEIM, IIOCTPOCHHOM 10 pe3ynsrataM 3D-MHBepcuM, OKOHTYPEHA aHOMAaIus
TIOHIKEHHOTO Y/IEJIbHOTO AIEKTPUUECKOr0 CONPOTUBICHUS Ha NryouHe 25 M. Ha ocHoBe nputim-
JKEHHOH 3aBUCUMOCTH YAEIbHOIO 3JIEKTPOCOIPOTUBIICHHSI IOPOJL OT TEMIIEPATypPhl IPEANOI0KEHO,
YTO TEeMIIEpaTypa MOPOJ, IPOrHO3UpYyEeMasi 110 IaHHBIM 3JIEKTPOPa3BEIKH, IO aJlaCOM B LICHTPAJIbHOM
YyacTH IpoMep3IIero Tanuka Ha 5—6 °C Bblllle, YeM TeMIIepaTypa opoJl B JaHHOM paiioHe. YncIeHHbIM
MOZIEJTIPOBAHHEM TETIIIOBOTO 107151 HOATBEPKIECHO CYILIIECTBOBAHUE OCTATOYHOI TEMIOBOM aHOMATTNU
1ocJie IPOMEP3aHHus MOA03EPHOTO TAJTHKA.

BBEJEHUE

CocTosiHIEe MHOTOJICTHEMEP3IIBIX OTIOKEHHUH O TePMOKAPCTOBBIMH O3€paMH SIB-
JIA€TCA MPEAMETOM MHOTHUX HCCJ’[G}IOBaHHﬁ. DTO CBA3aHO C TAKUMU AKTyaJIbHbIMU IIPO-
O11eMaMu U3y4YeHUst KPUOJIUTO30HBI, KaK KPUOBYJIKaHU3M [1-3] 1 aMUCCHUsI OPraHU4eCKOro
yIIepoia BCIeCTBUE JIerpaaliii MHOToeTHeMep3ibix opoa (MMIT) [4-6]. T'eodusu-
YCCKHUEC MECTObI IMO3BOJIAIOT IMOJYYUTH I/IH(l)OpMaHI/IIO O MOIIHOCTU OOHHBIX OTJIOKEHUH
n Q)opMe TaJInKa, OUCHUTH I'paHUIbl 30HBI TCIIJIOBOTO BJIHMAHUA O03€pa Ha BMCIIAIOIIHNE
noponsl [7-8]. JIpeHupoBaBiue B HEAAaBHEM BPEMEHH 03€pa MPEIOCTABIISIIOT BO3MOXK-
HOCTh U3YYUTh CTPOCHHUE MTOJ03EPHOTO pa3pe3a Ha3eMHBIMH Ire0()U3NUECKIMHU METOIAMH,
n30erasi MHOYKECTBA TEXHUUECKHUX CIIOKHOCTEH, CBSI3AHHBIX C IPUMEHEHHUEM allapaTypbl
¥ 0TOOPOM JIOHHBIX TIPOO B BOZIHOI cpefie. M3BecTeH ciyuail MCKYCCTBEHHOTO CITyCKa BOJIbI
TEPMOKapCTOBOTO 03€pa B Hay4HBIX HemsX [9]. JlaHHbIE O CTPOCHUU TOJ03EPHBIX TOJIIL
TIO3BOJISIIOT CKOPPEKTUPOBATh YHCIEHHBIE MOJEIH TEPMOKApCTa B KproauTo3oHe [ 10—14].
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Hacrostast paboTta mocBsIieHa UCCIEI0BAHUIO MOJO3EPHBIX OTIOKEHUI OTHOCH-
TEJIbHO HEeIaBHO JPEHHPOBABIIETO TEPMOKApCTOBOTO o3epa Ha 0. KypyHrHax B JensTe
p. Jlensl. B xone mocnenHuX UcCleq0BaHUI MHOTOJIETHEMEP3IIBIX OTIIOKeHHH Ha 0. Ky-
pyHrHax [15] B meHTpe o3epa 3aperHCTpHUpOBaHa 30HA MOHMKEHHBIX COMPOTHBIICHUH,
MIPEIONIOKUTENILHO CBSI3aHHAsi C OCTaTOYHOM TeMIlepaTypHOi aHOMauel. [ TaBHO 1esbio
HACTOsIIIEeH padOThI SIBJISIIOCH YCTAHOBJICHUE TIPOSIBIICHUS OCTATOYHOTO TEIIOBOTO d(deKTa
OT MPOMEP3IIETO MOI03EPHOTO TAIHUKA B JIEKTPUUIESCKOM IIOJIE.

TEOJIOTO-TEOMOP®OJIOI'HTYECKASA XAPAKTEPUCTHKA
OBBEKTA UCCJIEJOBAHUSA

W3zygaemast TepMOKapCcTOBasi KOTJIOBHUHA (J1aJiee ajlac) pacloyiaraeTcesi B l0ro-BOCTOU-
HOIf yactu octpoBa KypyHrHax (puc. la). DTo BRITSIHYTas OTpUIaTeNbHAsS (GopMa pebe-
¢a c pazmepamu 330 x 530 M u TiyOuHOHI okono 8 M (puc. 16). JIHO amaca OCIOXKHSIOT
MHOTOYHCJICHHBIE COBPEMEHHBIE Oaipkapaxy BBICOTOH He Ooree 1,5 M. Amac pa3Bmics Ha
TUTOCKOHM TTOBEPXHOCTH TPeThell HanmoliMeHHO# Teppacs! [16, 17]. BeicoTta Teppacs! Hax
YpE30M pEKU B JaHHOM MecTe gocturaet nopska 50 M. B nenom tperbst HaanoiMeHHas
Teppaca octpoBa KypyHrHax MMeeT TPEXWICHHOE CTPOCHUE: HIDKHSSI 4acTh — BEpPXHe-
HEOIUICHCTOIICHOBBIE MECKH; CPEAHSS YaCTh — OTIIOXKECHUS JISOBOTO KOMIUIEKCA JEITBTHI
p. JIeHBI KaprUHCKOTO BO3pacTa; CaMylo BEPXHIOIO YaCTh pa3pesa ClararoT roJOIEHOBbIC
AJIEBPUTHI M IIMHBI ¢ TH3aMHK Topda [18]. Anac pa3BuiICs HETOCPEACTBEHHO B TOJIONEHO-
BBIX OTJIOKEHHUSIX 1 00pa30BaHMSX JIEAOBOTO KOMILIEKCa. [ eoornueckoe CTpoeHne 0cTpoBa
OBLIO HEOTHOKPATHO M3Y4YCHO MPEANICCTBEHHUKAMHI IIyTEM HCCIIEIOBAHHS OEPETOBBIX
oOHa)KEHUH, pacmoararomuxcs B 1-2 kM oT n3ydaemoro anaca. CortacHO TaHHBIM [17],
MK TEPMOKApCTOBON aKTMBHOCTH HA JAHHOM TEPPUTOPHUH IIPOM3O0IIET B HAYajIe TOJIOLCHA.
Hcxonst n3 HeOOIbIION ITyOMHBI KOTIIOBHUHBI, @ TAKXKE MaJIbIX Pa3MEPOB ajaca B CPAaBHECHUH
C COCEIHMMH OOJIBIIEro pa3Mepa M JOKAa3aHHBIM PAHHE-CPETHETOIOICHOBBIM BO3pac-
TOM, MOKHO TPEJIIOJIOKNTh, YTO JAAHHBIH anac chopMuUpoBaics Ha (GUHAIBHON CTaIuu
TOJIOIIEHOBOM TEPMOKAPCTOBON aKTUBHOCTH YK€ MOciIe (POPMUPOBAHMUS TTEPEKPHIBAIOIINX
JIEOBBIN KOMITJIEKC TOJIOLEHOBBIX 00Pa30BaHHM.

B HacTosmMit MOMEHT 03€po, CYIIECTBOBABILEE HA MECTE aJlaca, MOJTHOCTHIO APEHH-
poBasio. OHAKO OHO MPUCYTCTBYET HA CTAphIX TOHOTrpauuecKknx KapTrax, OCHOBAHHBIX
Ha marepuainax 1971-1973 rr., u Ha cTapoOM MYJIBTHUCIIEKTPaIbHOM KOCMHUYECKOM CHUMKE
Landsat 1 (otkimouen B 1978 1.). Ha Gonee mo3naux kocMudeckux cHuMkax LandsatETM+
2000 m 2002 TT., HAXOIAIINXCS B OTKPBITOM JOCTYIIE, 03€pPO yKe OTCyTCTBYyeT. O3epo
JIPEHUPOBAJIO Yepe3 OBpar B I0r0-BOCTOYHOM 4acTH anaca. Yrke MocJe CITycka BOJbI anaca
MIOBEPXHOCTH JIHA ajlaca MOKPhIJIach MHOTOYHMCICHHBIMU Oaiikapaxamu. Kpome Toro,
BZIOJIb OEPEroBOii JIMHUH CIYIIEHHOTO 03epa HAOIIOAAI0TCS MHOTOUNCIICHHBIC HATCUHBIC
CONMMQITIOKIINOHHBIE MUKPO(OPMBI penbeda.

B 2016 1. actp 0. KypyHraax, BKIrO9aromas UCCIeayeMblil anac, ObUIa TIOKPHITa
a’pooToCcHeMKOH BhICOKOTO paspemerns (0,05 M Ha MUKCENb) ¢ MPUMEHEHHEM OeCITi-
JIOTHOTO JieTaTenpHoro ammapara [15]. [To maTepuanam a’pooToCcheMKH METOIOM (OTO-
rpaMMeTpHUH ObIIa MTOCTpoeHa udpoBas Monenb penseda (LIMP) ¢ mpocTpaHCTBEHHBIM
TOpPH30HTANBHEIM paspemeHueM 0,5 M u BepTukansHeM 0,2 M (puc. 16). DT maHHBIC
OBUTH TIPOAHATM3UPOBAHKI C IPUMEHEHHeM mporpaMMHoro maketa ESRIArcGIS 10.2.2.
B pesynbrare anannza HaMu ObUI BBISIBICH KOHTYP OEpeToBOM JIMHUH CIYIIEHHOTO 03epa.
Ota IMHUS MapKUPYETCsl PE3KUM HEBBICOKUM BEPTUKAIBHBIM YCTYIIOM (puC. 16) MexIy
HEZIErpaAnpOBAaBIICH TIIOCKON MTOBEPXHOCTHIO JIEJOBOTO KOMIUIEKCA MITH CIIETKA HAKIIOHHON
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Puc. 1. Cxema pacrionoxeHus yqacTka uccienoBannii (a), mudposast Moaens penbeda (6) u mpopuin
BBICOTHI BKPECT CKIJIOHA anaca no JuHuu Ab ().

I — HezmerpaaupoBaBIas MOBEPXHOCTh TPEThEH HAANMOWMEHHOI Teppackl, Il — noBepXHOCTh, U3MEHEHHAs CO-
TQIOKIMOHHBIME MUKpodopMamH, Il — 1HO ApeHnpoBaBIero 03epa; oTMeTKa / — CyOBEPTHKAIIBHBIN yCTYT,
MapKHpYIOIIMii Geper CryIeHHOro 03epa

Fig. 1. Digital elevation model (@) and height profile across the alas slope (6). The boundary of the
coastline of the lowered lake is marked with a blue line (@), and a topographic profile (s).

I — not degraded surface of the third above-flood terrace, II — surface modified by solifluction microforms,
III — bottom of the drained lake; mark / — subvertical bench marking the shore of a lowered lake

MIOBEPXHOCTBIO JICIOBOTO KOMIUIEKCA, H3MEHEHHON COMM(IIOKIIMOHHBIMU MIPOLIECCAMHU,
1 THOM anaca ¢ Oaifpkapaxamu.

Y MoxHOXbS JaHHOTO YCTyIla HaOIIOAA0TCs BEITSHYTHIC BOZOEMBI M 03epku. Ha
MPOTSXKEHNUH BCETO BBISBICHHOTO KOHTYpa OTMEYAeTCs BBIIEPKAHHOCTh a0COMIOTHOM
BBICOTHI (46,5 M Hax ypoBHeM Mops (H.y.M)). [Tocne Toro, kak GBI BOCCTAHOBIICHBI
TpaHUIBI 03epa, OBUT OIIEHEH er0 MPUMEPHBIH 00beM — okosto 554 779 m3. Koneuro,
JaHHAs OLIEHKA SBJIACTCS IPUMEPHON U HE YUUTHIBACT MHOTOUYHCIICHHBIC H3MEHEHUS,
[IPOM3OLICIINE C IOBEPXHOCTHIO IPEHUPOBAHHOTO ajaca I0CJe ero IpeHaxa, TaKue
KaK CONM(IIOKIMOHHBIE HATEKH, TEPMOIPO3ZHOHHOE JasbHElIIee pa3BUTHE OBpara
u 1.4. OlHaKO AaHHAas OLEHKA JaeT IPUMEPHOE MIPECTAaBICHNE O BEIMYHHE CITyIIEH-
HOTO 03epa.

Taxum 00pa3oM, TEPMOKAPCTOBOE 03€pO OBUIO CITYLICHO B Pe3yiIbTaTe OBPAKHOM
9po3uu OeperoBoil TuHUK mpuoau3nTensHo 30 et Ha3zad. 3a 3TO BpeMs MPOUCXOAUIIO0
[IpOMEp3aHue MO03EPHOTO TAJIUKA.

[Ipu npoBeneHUH reoGU3MUSCKUX UCCIEAOBAHUN HCIOIb30BaIaCh MHOTOAIICK-
TpOxHAas dJIEeKTpopa3BepouHas ammaparypa «Ckamna-48» [19]. 3oraupoBaHus BHIION-
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HEHbI Ha 8 mpoduisx IauHOM o 235 M. PaccTosinne Mexay mpopuIsiMU COCTABIISIIO
25 M, niar usMepeHui mo npoduiao — 5 M. YpOBEHb CONPOTHBICHUN 3a3eMIICHHIA
n3mensuics B npezaenax 0,5-6 kOM, B 3aBUCUMOCTH OT MPUIIOBEPXHOCTHBIX YCIOBUH.
Camble HU3KHE COTPOTHUBICHUS 3a3eMJICHUIN OBIIIM MPHU 3a3€MJICHUU B CE30HHOTAIYIO
nouyBy noa mox. Ha yuacTtkax, rje moj TOJICTOH MOXOBOM MOAYIIKON MPHUCYTCTBOBAI
JIel, COMPOTUBIICHUE 3a3eMIICHHS Bo3pacTano a0 Heckoabkux kKOwm. [TocnenoBaresns-
HOCTH MOAKJIIOUEHHUS 3JIEKTPOJIOB COOTBETCTBOBAJIA AUIOIBHO-OCEBOH yCTaHOBKE.
YpoBeHb H3MEPAEMOTO CHTHaja Ha MPUEMHBIX 3JEKTPOJAaX COCTABISI OT MEPBBIX
JIECSATKOB /10 MepBbIX Thicsy MB. IIpu 3TOM cuia Toka B MUTAIONIEH JUHUU U3MEHS-
J1ach OT NEPBBIX JECATKOB 10 MepBbIX coTeH MA. Takoil BEICOKHN YPOBEHb BXOJHOTO
CHTHajJa U OTCYTCTBUE MPOMBIIIIEHHBIX MOMEX 00ecleuynBain Xopoliee KadyecTBO
JTaHHBIX, MPUOOPHAs OTPEIIHOCTH ONPECICHHS COMPOTUBICHHUS B CPETHEM COCTaB-
nsna 0,025 %, a equHUYHBIE BEIOPOCHI ¢ TOTPETHOCThIO Oomee 1 % oTOpakoBHIBAIKCH
IpH TepBUYHOI 00padoTke naHHBIX B mporpamme RiPPP. MuBepcus BwImonHsIach
npu nomoru nporpaMMm RES2DINV u RES3DINYV [20]. [Ipu aByxMepHONH HHBEpCUH
mocie 5 urepanuii omubka mogdopa cocrasisia 3,3—-10,1 %, a mocne 6 urepanuii
TpexMmepHoi uHBepcuu — 13,6%.

PE3VJIBTATBI JIEKTPOTOMOI' PAOU N

Ha puc. 2 nmpuBeneHa cxema pacroiioxeHus: reopu3ndeckux npoduiei B axace
(2a) m oOBeMHAS TE0dTIEKTPUIECKas MOACTh yIacTKa (20), MOCTPOCHHAS 110 pe3yIbTaraM
3D-unBepcun 1 BU3yaJIM3UPOBAHHAS C TIOMOIIBIO TporpaMmbl Voxler. O0beMHast Mozielb
MIpe/ICTaBIsIeT cOOOH pacIpeneseHue yIelbHOro d1eKkTprieckoro conporusiaerus (Y2IC)
nopoz. Bepxusist yacTh Mozenu cpeszaHa 70 TIyOWHBI 6 M, AJISL TOTO YTOOBI UCKITIOUUTH
0TOOpaKeHNE TIPUTIOBEPXHOCTHOH 001acTi Hu3koro YOC, CBA3aHHON C BIUSHUEM Jes-
TEJIHOTO CJIOSL.

OO6ummit ypoBerb YOC mopox o4eHb BEICOKHH u m3MeHsercs or 150000 Om-Mm 1o
100000 Om-M. Takue OompIIHe 3HAYCHUS IIEKTPOCOIPOTHUBICHUS CBS3aHBI C HU3KOM
TeMIIepaTypoil MHOTOJIETHEMEP3JION TOJIIM, HU3KOW MUHEpald3aleil mopoBoi Biaru,
a TaK)Ke BBICOKOH JIBANCTOCTBIO OT/IENBHBIX CJIOEB, KOTOPBIE BBIJCISIOTCS B MOZEIH aHO-
ManmrsaMu MakcuMaiabHOTO YOC (tmdpa 1 Ha puc. 20).

OO6macth MOHMWKEHHBIX 3HaueHn YOC TOpOI BEIACISICTCS C TIIYOMHBI OKOIIO
20 M (mmdpa 2 Ha puc. 20). DTa aHOMAIHS, BEPOSTHO, CBsI3aHA C TIPOMEP3IITAM TTO03EPHBIM
TAJIMKOM, CYIIECTBOBABIINM 11071 O0IbIIMM BotoeMoM. [Ipearonaraercs, 9To TeMneparypa
MEp3IIBIX MTOPOJ] B KOHTYPax OBIBIIETO TaJMKa HECKOJIBKO BBIIIE, YEM B OKPY)KAIOMIEM
MIPOCTPAHCTBE, U 3TO OTpakaeTcs B noje YOC.

Ha puc. 3 nokaszaHn reosynexkTpuyeckuil pazpes no pesynbraram 2D-uHBEpCcUu 1o
npo¢uiro 3. Ha pazpese B mpUIIOBEpXHOCTHOM YacTH BBIEISCTCS CIOH MOPOJ OTHO-
cutenbHO HU3KOro (1000-2500 OMm-M) YOC. Takue Huskue 3HaueHUss YIC CBI3aHbBI
C TIOBBIIICHHOW TEMIIepaTypol MOpPOJa B AEATEIBHOM CJIOC M HEJIUTOBBIM COCTABOM
MEPEKPBIBAIOMNX OTIOKEHNH. [Tpu 3TOM JTOKaTbHBIMH BEPTHKAIBHBIMHA aHOMAJIHSI-
My HU3K0ro YOC 0TMEUaloTcsl yBIAXKHEHHbBIE YYaCTKH BBITAWBAHUS MOJIUTOHAIBHO-
JKUJIBHBIX JIBJI0B. Ha TiryOnHe HIKe aKTHBHOTO CIIOS O] JIOKAJIBHBIMHA aHOMAJHSIMH
Hu3koro YOC BHUAHBI y3KHE BEPTUKAIbHBIE aHOMAIHHU BBICOKOTO YOC, CBSI3aHHBIE
C JeASHBIMH KHUJIaMH. J[eTambHOCTD 37IEKTPOTOMOTpady ¢ MaroM 5 M Mo MpoQHITo
HE TO3BOJISIET TOYHO ONPENEIUTh ITyOnHY 3aeraHus )K1il, OAHAKO MX ITOJIOKEHHUE Ha
mpo¢uiIe BUIHO OTYETIHBO.
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Puc. 2. Cxema pacnonoxenns npouiei anekrporomMorpadun B anace () 1 00beMHast Te0EKTPH-
Yyeckast MOJIelb y4acTka (6): [ — cJoi aHOMabHO BBICOKOTO YJC; 2 — aHOMaIus TIOHIKEHHOTO

VY3C, cBs3aHHasI C IPOMEP3IINM TOJJ03EPHBIM TaTHKOM

Fig. 2. The layout of the profiles of electrical resistivity tomography in alas (a) and the 3-dimensional
geoelectrical model of the site (6): / — a layer of anomalous high resistivity; 2 — anomaly of low

resistivity associated with a frozen under-lake talik
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Puc. 3. Teoanekrpuueckuii paspes mo npoduitio 3 mo pesyasratam 2D-unBepcuu (@) U yBeTHMICHHBIN

¢dparment (6).
1 — cnoit Huzkoro YOC, cBs3aHHbIH C MOBBILIEHHON TEMIIEPATy POl B JIESTEIILHOM CJI0€; 2 — HU3KOTEMIIEpaTypHbIE
MHOTOJIETHEMEP3JIbIE TTOPOJIbI; 3 — aHOMaIst HOHKeHHOTro YOC B 06/1aCTH MPOMEP3IIETo MOI03ePHOTO TaInKa

Fig. 3. Geoelectrical section along profile 3 according to the results of the 2D-inversion (a) and

enlarged fragment (b).
1 — alayer of low resistivity associated with an elevated temperature in the active layer; 2 — low—temperature
permafrost; 3 — anomaly of lowered resistivity in the area of frozen under-lake talik
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C m1yOMHBI OKOJIO 5 M 3aJieraroT nopojs! ¢ oueHb BhIcOKHM (50000—100000 Om-m)
Y3C, cpenu kotopsix B uHTepBajie npoduis 100—-170 m ¢ riryounsl 10 M BbLAEISCTCS
061acTh nmoHmwxeHHoro 10 16000-25000 OM-M 37eKTpOCONpOTHBIEHUS. JTa 001acTh
MHTEPIPETUPYETCs KaK TeMIlepaTypHasi aHOMaJIUS OT IIPOMEP3IIETo MO03ePHOTO TaIHKA.
OTnoxeHus nenbThl JIGHBI IpeicTaBlIeHbl BepXHEe-HeoIIeicToeHOBRIMY TieckamH [18].
CornacHo npubmkeHHo 3asucumoctu YOC nopos oT Temneparypsl [21] ams Mep3ibIx
MIPECHBIX MEeCKOB compoTusiaeHuio nopsiaka 100000 OM-M COOTBETCTBYET TeMIlepary-
pa—6°C, a YOC 16000 Om-m Temmieparypa okosio —3 °C. M3BecTHO [22], UTO Ha OCTpPOBE
CaMOIIIOBCKHH, PAcIONIOKEHHOM B TOM kK€ palioHe HCCIeI0BaHuM, TeMIepaTypa Mopoja Ha
nyoune ot 10,7 no 27 m cocrasisier —8,6... 8,9 °C. Takum 00pa3om, MpOrHO3UPYEMBIE 1O
OJICKTPOPA3BEJOUYHBIM JTaHHBIM TEMIICPATYpPhbl TOPOJ BBILIC, YEM XapaKTCpHasd JJid 3TOro
pervoHa Temmeparypa Mep3JIoi TOJIIH, Ha 5—6 rpaaycoB. ITO CBA3aHO C TEM, YTO IO
aJ1acoM CYILECTBOBAI TIOJI03EPHBII TAJIMK, KOTOPBII MPOMEP3 B HACTOSIIIEE BPEMsI, OTHAKO
TeMIIepaTypa MEP3JIbIX [IOPOJ UMEET MOBBILIEHHBIE 3HaUeHus. IlocKkoibKy Temmeparypa
Mep3JbIX MecKoB BimsieT Ha uX YOC, TO 0COOEHHOCTH CTPOCHUSI TEeMIIEPaTypHOIo MOJIst
OTpaXkaroTcsl B Te0dJIeKTprudecKkoil monenu. [Ipeamnonaraercs, 4To OTI0KEHUSI UMEIOT
MPUOTU3UTEILHO OJHOPOIHBIN JINTOIOTUICCKHI COCTaB (IIECOK), CIICIOBATEIILHO, TAKYIO
aHomanio YOC MOKHO MHTEPIPETHPOBATh KaK CIIEACTBHE aHOMAJIMU TeMIIepaTyphbl.

Takum 00pa3zoM, B pe3yJbTare JIEeKTPUUECKUX 30HANPOBAHUI YCTAaHOBICHO MTPOSIB-
JICHUE OCTATOYHOTO TETUIOBOTO 3((hexTa OT MOJ03EPHOTO TAIMKA B MOJIE IEKTPUIECKOTO
COTIPOTHUBIICHUS B BUJE aHOMaJNU MoHWkeHHoro YOC. O6muit Beicokuii yposens YOC
NopoJl B 00bEMHOM Te€0AIEKTPHUYECKON MOJIENTH TOBOPUT O TOM, YTO MOJ03EPHBIN TaINK
npomep3 MoNMHOCThI0. OIHAKO TemMIieparypa Mopo/l, IPOTHO3UpyeMast TI0 JAHHBIM 3JIEKTPO-
pa3BeKU MO/ anacoM, B IEHTPAJILHON YacTH MpoMep3Iero Tainuka Ha 5—6 °C Bblle, yeM
TeMIiepatrypa nopoJi B JaHHOM paioHe.

YUCJIEHHOE MOJEJIUPOBAHUE

JU71st TOATBEP K ICHUSI TUTIOTE3BI O TEMIIEPaTypHON aHOMAIINH, BBIICIISIOMICHCS B 3JIeK-
TPUIECKOM I10J1€, OBUIO MPOBEICHO YHCIEHHOE MOAEINPOBAHKE TEIUIOBOTO 1MoJist. OneHKa
OCTaTOYHOM TeMIepaTypHOW aHOMAJIMH IO 03€POM IOCIIE IPEHUPOBAHUS U IpOMep3a-
HUS OTJIOKCHUH OblTa BBITONHEHA B mporpamMMHOM makete Comsol Multiphysics v.4.4.
MeTo10M KOHEUHBIX JIEMEHTOB PeIlasiach 3aJa4a TEIUIONPOBOAHOCTH B OCECHMMETPHY-
HOH MOCTaHOBKE ¢ yueToM (hazoBoro nepexona. [1ockonbKy pacrpezeneHue TeMneparyp
n (hopma Tanuka Moy 03epOM Ha MOMEHT JAPEHHUPOBAHUS HEN3BECTHBI, 33ja4a pellanach
B ABa 3Tana. Ha mepBom 3Tare ObIIO BBIMOJIHEHO MOJCIMPOBAHUE MPOLECca pa3BUTHS
TaJIMKa IO 03€POM, Ha BTOPOM — Mpoliecca IpoMep3anus. Takum o0pa3om, pe3ysbrar
pacdeTa Ha IEpPBOM 3TaIle ONPEIENINII HadaJlbHbIE YCIOBUS IJIsl BTOPOro. Mojienb cpeibl
mpeacTaBisieT codor auck pamgmycoM 1000 M u tommmuOo#R 500 M, B IEHTpE KOTOPOTO
pacrioioyKeHa BIIaJiiHa TIIYOMHOW 7 M B caMOl ITyOOKoi ee gacTu — neHTpe. Ha 6oko-

Tabnuya 1
TenJioBble CBOHCTBA MOPO B MOJAETH
CaoiicTBa Mep3inas nopona Tasnas mopoza
TemnonposoguocTs, B1/(M'K) 1,82 1,46
O6bemMHast TEMI0EMKOCTh, /M K 1920 2630
Temora ¢azoBoro npespartieHust, JHx/m? 113970 113970
TInotHOCTB, KI/M3 1700 1700
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BBIX ¥ HW)KHEW TrpaHuIax 3anaHa tremmneparypa —8,5 °C [23]. TeruoBble cBOMCTBA cpeabl
3a/laHbl COIVIACHO OMPEICICHHBIM SKCIIEPUMEHTAIBHO IS THIIHYHBIX MMOPOI B JaHHOM
paiione [7, 16] u npuBeneHs! B Tadmuie 1.
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Puc. 4. O6mmii BU MOJEIH U pacdeTHOE pacTpeeeHne Temreparypsl yepes 500 et mocie Havana
IIporpeBsa JHa 03epa

Fig. 4. General view of the model and temperature distribution obtained as a result of the first stage
of calculation — 500 years after the beginning of the warming up of the lake bottom
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Puc. 5. CunreTnueckoe pacrpe/ienieHie TeMIepaTyphbl B MOJ03EPHbBIX OTIIOKEHUSIX HEMOCPEACTBEHHO
nepen ApeHnpoBanueM (a) u gepes 30 Jet mocie IpeHupoBaHus o3epa (0)

Fig. 5. Synthetic temperature distribution in under-lake sediments immediately before draining (a)
and 30 years after draining of the lake (6)
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Juist mepBoro sTamna pacdera TeMmIreparypa Ha MOBEPXHOCTH 3ajlaHa paBHOI B Ha-
YaJbHBII MOMEHT BpeMeHHt —8,5 °C, Ha MOBEPXHOCTH BIAJANHBI — IrpajgueHT oT —8,5 °C Ha
BEpPXHEM Kparo BnaauHel 10 +4 °C B HIKHEH ee yacTu (TemrepaTrypa Hanbolee TUIOTHON
BO/IbI). TakuM 00pa3oM B MOJEIH 33JaHO TEIUIOBOE BIMSHHUE 03epa. TemMiieparypa Beei
cpelbl B HadaJbHBIN MOMEHT BpeMeHH paBHa Takke —8,5 °C. MojensHOe BpeMs MepBOro
stana — 500 ner. Ha puc. 4 npuBenaeH oOmuil BUA MOACTH M PacHpeaeIcHUS TeMIiepa-
TYpBI, MOJY4eHHOE B Pe3yJibTaTe IepBOro dTara pacyera.

Ha BTOpOM 3Tane Temmneparypa Ha TIOBEPXHOCTH BIAJWHBI 3aaHa paBHO —8,5 °C,
HavyallbHOE paclipe/iejieHue TeMIIepaTypbl COBIANAET C MOJYYSHHBIM Ha IIEPBOM JTarle.
Tak B Monenu 3a1ad 2pdexT qpeHupoBaHus o3epa (CUUTAETCS, YTO 3TO MPOU3OLLIO 32
OTHOCHUTEJIBHO KOPOTKOE BpeMsl, B T€YEHHE OJTHOTO Ce30Ha). MojienbHOe BpeMsi BTOPOTo
stana — 30 jeT. 3TO COOTBETCTBYET OIICHKaM Ha OCHOBE aHAJIN3a CITyTHUKOBBIX CHUM-
KOB — JIPEHUPOBAHME O3epa MpOoH30ILI0 B nepuoa mexay 1973 u 2000 rr., T.e. npu-
MmepHo 30 ster Hazax. Ha puc. 5 npuBeeHbI pacrnpeesieHns] TeMIepaTyp, Moay4eHHbIX
B pe3yJbTare IepBOro U BTOPOro ATAIOB.

Kak BugHO M3 pesynbrara pacuera (puc. 50), pacrupenelieHne TeMIeparypsl B 1o-
JIO3EPHBIX OTIIOXKEHUSIX MMEEeT MaKCUMyM Ha TIyOMHEe 35 M, IPU 9TOM TeMIieparypa He
npesbiiaet 0, T.e. MOI03ePHbIN TAIUK MOJHOCTHIO TPOMOpoXKeH. [TyOuHa 3aneraHus Bepx-
Hell rpaHuIbl (TPaHHIBI MAKCUMAILHOTO TPaIEeHTa TeMIIEPaTyphl) TEIIOBOH aHOMAIHN
IOJ] THOM CITYIIIEHHOTO 03epa cocTaBisieT okono 10 M. Temneparypa mopoj B KOHTypax
TEIUIOBOM aHOMAJMH CyIecTBeHHO BhImIe (5—8 °C), 4eM B OKpy:KarolleM IMPOCTPaHCTBE,
u coctapnser —0,2...—1 °C B snuueHTpanbHOM yacti 1 —1...—3 °C B KpaeBbIX 4aCTAX
Tanuka. [1o TaHHBIM DIEKTPOPa3BEAKH TeMIlepaTypa mopona Ha rmyoune 10-25 m mon
aimacoM —3 °C, a B kpaeBbIx yacTsax —6 °C. To ecTb oIleHKa TeMIepaTypsl Opo/ MO JaH-
HBIM 3JIEKTPOPa3BEIKU U YHCIEHHOMY MOJEIMPOBAHUIO TEIUIOBBIX IMOJIEH COMIACyIOTCs
HE B MOJHOUN Mepe.

HeoOXonmumMo 0TMETHTb, YTO pe3yIIbTaThl JAHHOTO MOJIETUPOBAHHMSI TIO3BOJISIIOT MTPO-
M3BECTH JIMIIIb BEChMa MPUOIM3UTENBHYIO OIIEHKY pacnpe/ielIeHus TeMIIepaTyp — MOZEb
HE YYHUTHIBAET MHOXKECTBA (JAKTOPOB, TAKMX KaK KOHBEKTUBHBIN TEINIONEPEHOC, IMHAMHUKA
YPOBHS JTHA B TIPOIIECCE OTTAlKH, BO3MOXKHBIE U3MEHEHHUSI COCTOSIHHUSI 03€pa B IIPOLIECCe ero
(OKU3HW», HEOITHOPOTHOCTh CTPOCHUS OTIIOKEHUH (JISJOBBIC YKUJIbI, Pa3IUuusl B COCTaBe
cinoeB) u T.1. Kpome Toro, nHpopManys 0 BHEUIHUX YCIOBHSIX M TEIUIOBBIX CBOMCTBAX
Cpe/bl M3BECTHA JIMIIb Ha OCHOBAHHMH JIMTEPATYpPHBIX JIAHHBIX, & HEIMOCPEICTBEHHBIX
COOTBETCTBYIIUX IMOJIEBBIX WM Ja0OPaTOPHBIX MCCIIEOBAaHUI HE TIPOBOAMIOCH. TeM He
MeHee YHCIICHHOE MOJIETMPOBAHNE TTOKa3bIBAET KOHTYP TEIUIOBOI aHOMAJIHMH T10]] aJlacoM
U TIOATBEpXk/IaeT ee cymecTBoBanue. OHAKO UCTUHHOE 3HAYCHUE TEMIeparyp Mopo.
MOYKHO YCTaHOBUTbH TOJIBKO I10 JIaHHBIM TEPMOMETPHH.

3AK/IIOYEHHUE

B pesynbrare reopusHUecKUX MCCIIENOBAHUN B MpeJesiax Jalld JIPEHUPOBAHHOTO
TEPMOKapCTOBOTO 03epa ObUIAa OKOHTYPEHa 00J1acTh MOHIKEHHOTO Y/IEIBHOTO 3JIeKTpHYe-
CKOTO COTPOTHUBIICHHSI, IPETOIOKUTEIIBHO CBA3aHHAS C OCTATOYHBIM TEIIOBBIM 3(DPEeKTOM
OT IIPOMEP3IIETO MOI03EPHOTO TAJIMKA.

OO6mnii BeICOKUH ypoBeHb YOC MOPOA MO3BOISAET CACNIATh MPEAIONIOKEHHE, 9TO
3a nocsieguue 30 JIeT TaJUK MPOMEP3 MOJHOCTHIO, HO TEMIIepaTypa Mopoj B IEHTpE
Tanuka Ha rayoune 10-20 m Ha 5 °C BBIIIE, YeM CpemHssS TEMIlepaTypa Mopoja B JaH-
HOM paiioHe.
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YucneHHOEe MOACIMPOBAHUE TEIIOBOTO MOJIS OATBEPIKIAeT CyIeCTBOBaHuE, (GopMy
U [TyOMHY 3aJIeTaHus TeMIEPaTypHOU aHOMAJIMH IO AJIacCOM IIOCIIe CITycKa 03epa 4epes
30 ner. OLeHKH pacTlpeneNeHUs TeMIepaTyphl, paCCUUTaHHOTO METOJOM YHCIEHHOTO
MOZCIMPOBAHUA U TTOJTYUCHHOT'O B PE3YJIbTAaTC MPUMEHCHUSA 3J'IeKTpOTOMOFpa(1)I/II/I, Kaue-
CTBEHHO CXOJSITCS, HO PAa3JIMYAIOTCsl KOJIMYECTBEHHO.
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