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IIPENBAPUTEJBLHBIE PE3YJILTATHI MCCJIETOBAHU

METO/IOM DJEKTPOTOMOTPA®NI MOPEHBI
JEqHUKA UT'AH B 2018-2021 1T.
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Aunomauusa. B ctaTtbe npelcTaBiIeHbl Pe3yJIbTaThl U3BMEPEHUI METOJIOM
anekTporoMorpadguu Ha mopeHbl JieaHuka UTTAH. B 2018-2021 rr. npo-
BOAWJIMCh MOHUTOPUHIOBBIE M3MEpeHUs 110 ceTu npoduieit. Iloctpo-
€HbI IByMEpHbIE TeodJieKTpuueckue pa3pesbl. CpaBHUTEIbHbINA aHAJIU3
pa3pe30B MO3BOJIMJI ONpPEIEeIUTh U3MEHEHUS B TEJIE MOPEHbI: MPOUCXO-
VT Ierpagalys Mep3JIOro MaTepHajia B KpaeBbIX YacTsIX MOpeHBI. Pazmep
BbICOKOOMHOI'O MaTepurasa (KaMeHHO-JICISIHOTO SJipa) YBEJIMUMBAETCS K
LIEHTPY MOPEHBI, UYTO TOBOPUT O TOM, UTO B TeJIe MOPEHBI COAEPKUTCS T0-
CTaTOYHO LeMeHTUpyloliero Mmarepuasna. [lojsyyeHHble faHHbIE MOXHO
HWCIOJIb30BaTh IPY OLICHKE PUCKOB IMIPUPOTHBIX KaTacTpO(d B BUAE CEIICH.
PesynbTaThl MccaenqoBaHus yKa3bIiBalOT HA HEOOXOAMMOCTh ITPOBEASCHUST
JaJbHEN11Iero MOHUTOPUHIA MOPEHbI M MOATBEPXKAAIOT 3(PPEKTUBHOCTh
MeToda 3JeKTpoToMorpadum ISl pelleHus 3agad MOHUTOPUHIA IIpHU-
JIEAHUKOBBIX MOPEH.

Karouesnte caoea: 3nexrporomorpadusi, MmopeHa, [loasspubrit Ypan, nen-
HUK.

IHumupoeanue: A.H. llleun, fA.K. KamueB. IlpeaBaputesibHbIe pe-
3yJIbTaThl ~ MCCJIEAOBAHMIA METOJOM  3JIeKTpoToMorpagpuu  Mope-
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Abstract. The article presents the results of measurements of the IGAN
glacier moraine by electrical resistivity tomography. In 2018-2021
monitoring measurements were carried out for a set of profiles. Two-
dimensional geoelectric sections were obtained. A comparative analysis of
the sections made it possible to determine changes in the moraine body:
degradation of frozen material occurs in the marginal parts of the moraine.
The size of the high-resistance material (rock-ice core) increases towards
the center of the moraine, which indicates that the body of the moraine
contains sufficient cementing material. The data obtained can be used to
assess the risks of natural disasters in the form of mudflows. The results
of the study indicate the need for further monitoring of the moraine and
confirm the effectiveness of the electrical resistivity tomography for solving
the problems of monitoring periglacial moraines.

Keywords: electrical resistivity tomography, moraine, Polar Urals,
glacier.
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Beeodenue

B 1940-1970-x romax usydyeHueM jaenHukoB IloysipHoro Ypana, Bkiaroyast
MNpUJICAHUKOBbBIE MOPEHBI, 3aHUMAJIMCh uccaenoBarenu uz3 BHUI'N [1], UucTu-
tyta reorpacduu PAH [2, 3, 4]. 1o 1956 r. Ha Ypane Obu10 BbisiBJIcHO OoJiee S0
JIeIHUKOB. BBUY OTCYTCTBUSI CTallMOHAPHBIX HAOJIOIEHUIA, TTpOoLIeCChl, POPMU-
pyloIIre ypajJbCKUE JIEAHUKN U UX PEXUM, OCTaBAIMCh HEe M3ydeHnl [S]. Haun-
Oosiee MOAPOOHBIE MCCIENOBAHMS IPOBOAWIMCH B Meproa MexKayHapOIHOro
reopusndeckoro roga (MI'T) u I'mnponornueckoro necaruerus (1965-1974). B
1959—1964 rr. BbIsIBAEHBI U OIMCAHbI HOBBIE JIEAHUKU CEBEPHBIX pailOHOB Ypa-
Jla. DTy paboTy mpy MOMOIIM MaTtepuaaoB a’podOTOChEMOK U Ha3eMHBIX 00-
caenoBanuii npooauau JI.J1. JonrymmH (1960), A.O. Kemmepux (1960) u JI.C.
Tpounkuii (1963). K 1964 r. Ha Ypane HacuuTbhiBajioch 143 nenHuka, a 0000-
IIEHHBIE CBEIEHUST BCEX JIET MCCleNoBaHni 00 ojeaeHeHUU Bouiu B Karaor
nenaukoB CCCP (1966) nu MoHorpadmio «Onenenenue Ypaina» (1966). C 1981 r.
cucTeMaTuJyecKre HaOJIOASHY 3a JICAHUKAMMU IIPEKPaTWINCh, KpaTKre Ha0JII0-
neHus mpoomynch B akcneguumsax UI' PAH u MI'Y B 1999, 2008-2010, 2012,
2017 rr. C 2017 r. HIIUA u MI'Y npoBoasiT HOBbI€ UCC/IEI0BAHMSI HA JIETHUKAX
B paiioHe XaIaTMHCKUX 03€p, B ToM uuciie Ha JienHuke MUTTAH [6].

Jlennuk MT'’AH naxonurcsa Ha [TonsgpHoMm Ypase u pacnojioxkeH Ha BOCTOYU-
HoM ckJioHe ropbl Xap-Haypnbi-Key Ha BeicoTe 1246 M, B paiioHe o3épa boib-
mas Xanata-kran-Jlop Ha tepputopun ['ocymapcTBEHHOTO OMOJIOTMYECKOTO
(60TaHMYECKOTrO M 300JI0TMYECKOro) 3aKa3HMKa perMOHAIbHOIO (OKPY>KHOTIO)
3HauyeHus «l'opHoxamatuHckuit» Ilpuypanbckoro pailona Amano-HeHenkoro
aBTOHOMHOTO0 oKpyra. OH 0bL1 OTKpHIT B 1953 1. JI.JI. JoarymuubeiM. M3ydyeHn-
eM nenHuka MI'AH 3anumanuce B 1960 — 1970 rr. [3, 7]. 1o pe3ynbTaTam npo-
BeaEHHbIX ucciaeqoBanuii JjenHuku MI'AH n O6GpyueBa Ha [lonspHoMm Ypaie
SBASIUCH 3TatoHaMu udyyeHHoctu B CCCP u gaxe B mupe. B 2007- 2012 rr.
M.H. MiBaHOBBIM MpoOBeIeHBI MOJIeBbIe UccaeaoBaHus Ha gegHukax UTTAH u
OOpyueBa 1 ITOJIydeHbI HOBBIE CBEJIEHUSI 00 X COCTOSTHUM U 3BOJIIOLNH [8]. Bee
3TU UCCaeI0BaHUS Kacainuch camoro jdegHuka MT'AH, Ho cTtpoeHue npuien-
HUKOBBIX TEPPUTOPUIA OCTABAIOCH C1a00 n3ydeHHbIM. [locienHue reopusnye-
ckue uccienoBaHus Ha [TonsipHoM Ypane npoBoauanck B 60-x rogax mpouwio-
ro BeKa METOJaMM 3JIEKTPO- U CEeMCMOpa3BeIKM MO TEXHOJOIMSIM Tex JeT [9].

MHTepec K JienHMKaM CBsI3aH ¢ HECKOJbKMMU puyrHamu. [Ipexne Bcero,
MOHUTOPUHT COCTOSIHUS JICAHMKOB KaK MHAMKATOPOB HEOOXOAMM JJisl pellie-
HUST QyHIAMEHTaJIbHBIX 3a/1a4 M3y4eHUs] KIIMMaTUUYeCKUX u3MeHeHuil. [Tomu-
MO 3TOTO, TassHHWE U COKpallleHWe JIAHUKOB IPUBOAUT K aKTUMBU3aLMU psiaa
OITACHBIX IIPOLIECCOB, TaKMX KakK IVISILHAAJIbHBIE IMAaBOJIKMW, CEJIEBbIE MOTOKM,
CHEXXHBIE JIJABUHBI. MOHUTOPHUHT NPWIETHUKOBBIX MOPEH ITO3BOJISIET OLIEHUTh
[JISILMAIbHYIO OMACHOCTb M CIIPOTHO3MPOBATh BO3MOXHbBIE PUCKU, YTO KpaliHe
BaXKHO B CBSI3U C NIPOXMBAHUEM Ha OJIM3/1eKalUX TEPPUTOPUSIX KOPEHHbBIX Ma-
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JIOUMCJICHHBIX HapOJIOB U PeKPEallMOHHOMN MPUBIEKATEIbHOCTHIO JIEIHUKOB U
palioHOB UX pacnpocTpaHeHus. HekoTopbie U3 3THX 3a1a4 MOXHO PEINUTh, UC-
M0Jb3ys1 MaTepUasbl IMCTAHLIMOHHOIO 30HAUPOBaHUS 3eMin. OTHAKO pe3yJib-
TaThl UCCJIENOBAHUI MaJbIX JISAHUKOB Ypajia B CUJIy KX MaJIbIX pa3MepoB Mo-
KaszaJlu HeoOXOAMMOCTb MOCTOSIHHOTO Ha3eMHOIO MOHUTOPUHTIA OJICACHEHMUSI.
Bcé BbllienepeuncieHHOe AeaeT aKTyaJlbHOM 3aJayy MOHUTOPUHIA MOPEHbI
neqauka UTTAH. B 2018-2021 rr. npoBoaniIcsS MOHUTOPUHT LIEHTPAJIbHOM Ya-
CTU IIPUJIETHUKOBOM MOPEHBI METOJIOM 3JIEKTPOTOMOIPaAdUHU C LEJIbIO TOCTPO-
€HMS T€ORJIEKTPUIECKOI MOAECIN BHYTPEHHETO CTPOEHUSI MOPEHBI, YTO B CBOIO
oyepeab HeOOXOAUMO JJISI OLIEHKM PUCKOB pa3pylLIeHUs] €CTECTBEHHON JaMOBI.

Memooduka uccaedosanus

BAnekrporomorpadus (BT) oTHOCUTCS K TpyMIie METOAOB COMPOTUBIICHUS
M COYETAET B ce0e 2JIEMEHThI BEPTUKAIBLHOTIO 3JIEKTPUIECKOr0 30HANPOBAHMSI
(BD3) u npopunupoBanus (DII).

TexHonorusg DT ocHoBaHa Ha U3MEPEHUSIX C ITOMOIIbIO MHOTO3JIeKTPOI-
HbIX YCTAHOBOK M JIBYMEPHOMW aBTOMATUUYE€CKOU MHBEPCUU IOJYYEHHbIX JaH-
HbIX [10]. ITpu snekTpoToMorpaduu B KaUeCTBE MUTAIOLIMX U U3MEPUTETbHbBIX
BJIEKTPOAOB HCIIOJbL3YIOTCSI OJHU U T€ K€ PacroJioKeHHble Ha npoduie 3a-
demieHus (puc. 1). Mx KoanyecTBo MOXKET JOCTUTaTh HECKOJbKUX JECITKOB
W JaXe COTEH IITYK. DJEKTPOAbI 3a3eMISIOTCS ¢ (PMKCUPOBAHHBIM IIaTOM
(B HaILIEM clIyyae 5 M) 1 HOAKIIOYAIOTCI K KOMMYTAllMOHHOMY Kabeo (Koce).
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Puc. 1. Cxema uaMepeHMii Ipu 3JIeKTpoTOMOrpaduu: a — MOAKIIOUYECHUE 2JICKTPOIOB
1 KabeJieit K mpuobopy; 0 — MNoJ0XKEeHNWE TOUKU 3alTUCU B CUMMETPUYHOM YCTAaHOBKE;
B — MOJIOKEHWE TOYKM 3aIliCHU Ha MCceBIopa3pese
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Takas cxema M3MEpeHU IIPUBOIUT K CYIIECTBEHHOMY YBEJIMUYEHUIO IIOTHO-
CTU HAOJIONEHUI TT0 CPAaBHEHUIO C TPAAUILIMOHHBIM METOJNOM BEPTUKAIbHBIX
2JIEKTPUUYECKUX 30HAMpPOBaHUM. IIpu 3TOM IJIOTHOCTb U3MEPEHUI COOTBET-
CTBYET ACTAIbHOCTH MHOTOPA3HOCHOTO 3J1EKTPONPOMUINPOBAHMS C LLIATOM 10
npoduto 5 M. Takoil MexKaMEeKTPOAHBIN 1LAaT MO3BOJISIET JOCTUTaTh IJTyOMHHO-
CTU uccyeaoBaHust oT 25 10 40 M B 3aBUCMMOCTHU OT MCITOJb3yEMOI YCTaHOBKU
(IImromMOepke v AUTIONb-IUTIOND).

M3mepeHurs1 BEINOJTHEHbBI MHOTO2JIEKTPOTHOM 3JI€KTPOPA3BEIOYHOM CTaH-
nueii «Ckana-48» (coBmectHas pazpadorka MHI'T CO PAH 1 OO0 «Kb Diek-
TPOMETPUU»), KOTOPAsl MMOOYEPEAHO KOMMYTUPYET U OMpallMBaeT pa3jinuvyHbIe
KOMOMHALMU 2JEKTPOAOB. Pe3yabraToM M3MepeHUid SBAsieTCsl MHGOpMaLUS
0 pacnpeieseHUN KaxXyILIerocss YAeJAbHOro 3JeKTPUUECKOrOo COMPOTUBICHUS
Mo TJIyOuHE BIOJIbL MPOodUIst u3MepeHUit (reoaeKTpuueckuii paspes). JdianHa
npodpuieii (mpu MeX3JIEKTPOJHOM pacCTOSTHUHM 5 M) cocTaBisijia 235 M.

KauecTBo n3MepeHMii OLIEHUBAJIOCH allllapaTHBIMU CpeACcTBaMU Ipudopa
«Ckana-48» 1Mo OTHOCUTEIbHOMY CTAaHIAPTHOMY OTKJIOHEHUIO U3MEPEHHO-
o COMPOTUBIACHUS I KaXA0ro 3amepa. 3aMepbl, B KOTOPBIX MMOTPEITHOCTh
oIpeaesieHUsI CONPOTUBJICHUS NpeBbiiana 1%, BbIOpaKOBBIBAJIUCH MPU TMEP-
BUUYHOI1 00paboTKe naHHbIX. KpoMme Toro, olieHKHBaaach BOCOPOU3BOAUMOCTh
JAHHbIX MPU MOBTOPHBIX 30HAUMpPOoBaHUAX. [Ipu 3TOM cpenHsIsi OTHOCUTEb-
Hasl MOTrPEeLIHOCTb He TpeBblliasia 5%, 4TO yHOBJETBOpSIET TpeOOBaHUSIM
HOPMATUBHBIX TOKyMeHTOB [11]. M3mMepeHHbIe TpoduibHBIE TaHHBIE 00pa-
O0aThIBAIOTCS COBMECTHO. Takoil MOAXOH IO3BOJISIET IMTOCTPOUTH ABYMEPHBIN
reo3JIEKTPUIECKUA pa3pe3. PenreHre oOpaTHOM AByMEpHOI 3a1aun (AByMep-
Hasl MHBEPCHUS MTAHHBIX) BBIMOJHSIETCS C ITOMOIIBIO CHEHUATIU3UPOBAHHBIX
MpOrpamm.

Ha mopene negnuka MI'AH usmepenust metogom DT npoBonunuch Ha-
VUYHBIM LIEHTPOM M3ydeHUsI ApKTUKM coBMecTHO ¢ MI'Y B 2018 1., 2020 r. n
BO BpeMms jeTHel akcnenuunu 2021 r. [loBTopHbIE 30HAMPOBAHUS 110 OAHUM
U TeM Xe TIPOMUIISIM TTO3BOJISIOT OTCAESAUTh JUHAMUKY M3MEHEHUS YIeJIbHOTO
3JIEKTpHUIECKOro conpotuniieHUs (YOC) cpenbl CO BpEMEHEM.

B 2021 r. B 10)XHOI 4yacTu LeHTpaibHOUI MopeHbI JeaHuka MI'AH npoBe-
JI€HbI U3MEPEHUSI METOAOM 3JIEKTPpOTOMOTpaduu 1o TpéM npoduism (puc. 2).
ITpoduns 1 coBnanan ¢ uamepeHussMu, rposenéHHbIMU B 2018 1. (puc. 2, cepas
kpuBasi) u 2020 r. (puc. 2, cuHss kpusas). [Ipopunb 2 (puc. 2, KpacHast Kpu-
Basl) pacnoJarajcs napasiejabHo nepsomy B 30 M ceBepHee (0JiKe K LEHTPY
MOpPEHBI) U COBMNAaaaa ¢ u3MepeHusiMu, rmposen¢HHbIMU B 2020 1. [Ipoduis 3
(puc. 2, 3e€Has KpuBas) pacroJjiarajacs IapajuieJbHO IIepBbIM IABYM B 30 M
ceBepHee npoduiida 2. B pe3yibTate TaKOro pacrnoaoKeHus Mpoduieii MoXHO
MPOCIEAUTb U3MEHEHN S, TIPOU3OIIEIIINE B TEJIE MOPEHKI 3a 2-3 To1a, ITOCTPO-
UTb F€0RJIEKTPUYECKYIO MOJIE/Ib 1 MPOCIEAUTh BHYTPEHHEE CTPOEHUE MOPEHbI
OT Kpag K LUEHTpPY, UCITOJIb3Ysl JTaHHbIE TPEX MpoduIei.
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Pe3zyavmamut uzmepenuii memodom 3.1exkmpomomozpagpuu

M3mepeHusi MpoOBOAUINUCH YCTAHOBKOM AUIOJb-AUIIONb C MEXIIEKTPOI -
HbIM paccTtosiHueM 5 M. [Tpodunau aavHoi 235 M OpueHTUPOBAHKI C 3alaaa Ha
BoCTOK (puc. 2). MakcuManbHasl rmyoOMHHOCTb UccaeaoBaHuil nocturaia 30-
35 M. IIpu M3MepeHMsIX cuja ToKa B MUTaOLIEH JUHUM MOAAepXKrBajlach He
HiKe 20 MA, ypOBEeHb HAIIPSDKEHUSI Ha TIPUEMHBIX 2JIEKTPOJAX COCTABIISLI OT
50 mB. CTOUT OTMETUTH CIOXKHOCTH IPU 3a3€MJICHUSIX B KPYITHOOOJIOMOYHBIM
MaTepHal MOPEHBI: SJIEKTPOIbI 3a3€MJISUIMCh ¢ ITOMOIIBIO BIAXKHOTO ITOICOJIE-
HOIO IPYHTa, KOTOPbIMA pa3Mellaicsd MEXIy KaMEeHHbIM MatepuajioMm. Takue
JNEeUCTBUSI TPUBOIUIN K 3HAUYMTEJIbHOMY YBEJIMUYEHMIO Tpyao3aTpaT MpU pa-
0oTax, TeM HEe MEHee 3TO MO3BOJISIJIO CHU3UTh CONPOTUBIIEHUE 3a3€MJICHUIA 10
npuemaeMbix (= 10 Om-m) 3HayeHunit. O0OLMiE 00bEM padot DT cocraBua 705
.M. MI3BeCTHO, 4TO oceBast AUIOJIbHAsI YCTAHOBKA (IMITOIb-IUIIOb) 001agaeT
XOpolllei 4yBCTBUTEILHOCTBIO K BEPTUKAJIbHBIM IT'paHULIAM, CpeIHEei YyBCTBU -
TEeJILHOCTBIO K TOPU30HTAJbHBIM IpaHuLaM. YcraHoBka IllmromGepxe o6ia-
JTAaeT ONMHAKOBOUW YyBCTBUTEIBHOCTBHIO K TOPU30HTAJIILHBIM M BEPTUKAIbHBIM
rpaHuuam. Haunyulime xe pe3yabTarhl 1Py UHBEPCUU NJaHHBIX DT MOryT ObITh
MOJIy4YeHbl NPU KOMOMHUPOBAHUM PA3JIMYHbIX TUMIOB YCTAHOBOK C TMOCJENYIO-
1iei copMectTHol uHBepcueii [10, 12, 13]. Mcxoas U3 aToro, KpoMe OCHOBHbBIX
U3MEPEHUM YCTAaHOBKOW AMMOJb-AUIIO0Nb, HA KaXIOM Mpodujie NpoBOAUIUCH
KOHTPOJIbHBIE U3MepeHUs ycTaHOBKOM LIlrombepxke.
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Puc. 2. Cxema npoduiieit DT B 10XKHOI YacTu LEHTpaJIbHOI MopeHbl JeaHuka MTAH.
Cepag kpuBas — npodwib 2018 1., cunss Kpubas — npoduisb 1 2020/21 1., KpacHas
kpuBast — rpodpuib 2 2020/21 r., 3enéHas kpuBas — npoguib 3 2021 r.
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[TosrydeHHBIE pa3HBIMU YCTAHOBKAMHU Pa3pe3bl MOABEPrajiiCh CPAaBHUTEIIb-
HOMY aHaJIM3y, YTO CIYKIJIO MHCTPYMEHTOM KOHTPOJISI KAY€CTBA M KOPPEKTHO-
CTU MPOBOAUMBIX U3MepeHUii. OaUH U3 IPUMEPOB CPABHEHUSI MOXXHO YBUIETh
Ha pucyHke 3. Ha KaueCTBEHHOM ypOBHE€ pe3y/bTaTbl MHBEPCUU COBIIAAAIOT:
M30METPUUYHBbIE aHOMAJIMKU BbiCOKOro YOC U MpoBOAsIIME 30HbI COBIAAAIOT.
OaHaKo CTOUT cKa3aThb, UTO JETAJIbHOCTbh I€03JIEKTPUYECKOTO pa3pesa, IMoJly-
YEHHOTO MPHY MCIIOJIb30BAHUU YCTAHOBKU IUMOJIb-AUNONb (puc. 3A) nydiie,
yeM IIpY UCHojab30BaHMM ycTaHOBKM IllmomOepxke (puc. 3b). LleHTpaibHas
BBICOKOOMHad 4JacTh pa3pesa (90-150 M, puc. 3b, cuHe-3eJIEHbIE OTTEHKW) U
10>kHast 6oJiee mpoBoasiias yactb MopeHsl (150-200 m, puc. 3b, oTTeHKM Kpac-
HOTI0) BBITJISIAAT HanboJiee KOHCOJUAUPOBAHHO B OTJIMUME OT pe3ysbTaTa, Io-
JIyYYEHHOTO MPU UCIOJb30BAHUN YCTAHOBKU AUMOJb-AUIIOND (pUc. 3A). Takoe
CTpO€HUE ell¢ CTOUT MOATBEPAUTh JOMOJHUTEIbHBIMU UCCIEI0BAHUSIMU, HO
(axT NMPUCYTCTBUSI KAMEHHO-JICASTHBIX SIASP MOATBEPKAACTCST TIPU KaxKIOM U3
MPOBeIEHHBIX U3BMEHEHUIA.
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Puc. 3. 'eoanekTpuyeckue pa3pe3bl, ITIOCTPOSHHbBIE 10 JAHHBIM 3JIEKTPOTOMOTpa-
¢un, monyuyeHHbIM B 2021 1. Ha MmopeHe Jenauka MTTAH. A — nmpoduns 1, yctaHoBKa
IUIOJAb-AUIOoJb; b — mpoduis 1, yctaHoBka IlmoMmbepxe

B pesynbrate npoBen€HHBIX U3MEPEHUI TTOCTPOEHO 3 Ire03JIeKTPUIYECKUX
pa3pe3sa 1o npodunasam 1-3. OHu npeacTaBieHbl HA pUCYHKE 4 B TTOPsIIKE, CO-
OTBETCTBYIOLLIEM cxeMe npoduieii (puc. 2): cBepxy (puc. 4A) camblii CEBEpPHbI
npodunb 3, cHusy (puc. 4B) — roxHbIil podunb 1. Ha reosnekrpuyeckux
pa3pe3ax MOXHO TIPOCJICAUTH Tajible 30HBI C COMPOTUBJICHUEM MaTepuraia He
oosbiie 10 KOMM (puc. 4, OTTEHKH KpacHOTO): B JieBoi (1o 20 M) yacTu Ha
npoduie 1 (puc. 4B) mpoBoaginas 30Ha ¢BsI3aHa C MOA03EPHBIM TaJIMKOM, a B
npaBoil Ha Bcex mpoduiisax (mocie 150 M) ¢ MapTUHAJILHBIM KaHAJIOM, 110 KOTO-
POMY MPOUCXOIUT CTOK BOJIbl. BHYTpU MOpPEHBI BbIAESIIOTCS aHOMAJIUU BbICO-
koro YOC (6oabuie 10 kOM M, puc. 4, OTTEHKM CMHETO0), MPEANOJOXUTEIbHO,
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CBSI3aHHbBIE C KAMEHHO-JICASTHBIMU SIIpaMU. DTU OTI0KEHUS SIBISIOTCSI CBOETO
poaa LIeMEHTOM €CTeCTBEHHOI TaMObl OAIpyaHOro o3epa. CTOUT OTMETUTD,
YTO MPU CMELIEHUHU K LIEHTPY MOPEHBI pa3Mep KaMEHHO-JIEASHbIX S1Iep BO3-
pacTaer.

Kak yxe roBopuioch, pa3Mmep BBICOKOOMHOro matepuaia (KaMeHHO-Jie-
JNSTHBIX sSiAep) YBEIUYMUBACTCSl K LIEHTPY MOPEHBI, YTO FTOBOPUT O TOM, YTO
B TeJie MOPEHBI CONEPXKUTCS JOCTATOUYHO LIEMEHTUPYIOIIETO MaTepuaia u
PUCK BO3HMKHOBEHMS KaTacTpOo(pUuecKoro IaBojKa M3-3a IMpOphIBa MpU-
JIEAHUKOBOTO 03¢pa MUHUMaJeH. OQHAKO CYIIECTBYET BEPOSITHOCTD pa3py-
HieHus1 (TasiHUSs1) LeMeHTUpylollero mMatepuana. YToObl mpocaeauTbh BO3-
MOXKHbIE M3MEHEHUS, TIPOUCXOISAIINE B CTPYKTYpe JEAsSHbIX Saep, ObLIu
OpraHMU30BaHbI IEPUOANYECKIEC HAOIIOICHMS 110 OTHUM U TEM XKE PO UIISIM.
B 2020/21 rr. 66111 IpoBeAeHbl U3MEPEHUST IO MOPEHHOM YacTu npoduis,
OTCHSITOTO BO Bpems aKkcrieauuuu 2018 r. (cMm. puc. 2, cepast U CUHSIST KPU-
Bas1). M3mepeHusa u ob6paboTKa IMIPOBOAUINCH UAEHTUYHBIM 00pa3oM, OX-
HUM aJITOPUTMOM B OJMHAKOBBIX MPOTpaMMax: YCTAHOBKA AUIIOJb-AUIIOb
1 pobacTHasI MHBEPCUS.
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Puc. 4. I'eoanekTpuyeckue pa3pe3bl, IOCTPOEHHBIE IO JaHHBIM 3JIeKTpOTOMOIrpaduu,
nonydyeHHbIM B 2021 r. Ha mopeHe enHuka MTTAH. A — npoduns 3, b — npoduin 2,
B — npoduib 1
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Ha pucynke 5A nipeacraBiieH y4acTOK Ie03JIEKTPUYECKOro pa3pesa, IoIy-
yeHHoro B 2018 r. Huxxe nmpuBonuTcs pe3yabTaT MHBEPCUM TaHHBIX 3JIEKTPOTO-
morpacduu 2020 r. u 2021 r. no npoduato 1 (puc. Sb u 5B). BugHo, yto 6oJiee
BbIpaXXeHHas Tajas (IIpoBosILasi) 30Ha MOsSBUIACH B MPUO3EPHOI YaCTU MPO-
dunsa (40-60 m). Takke MPOMCXOAUT paclIMpeHue TaJoi (ITPOBOSIICI) 30HbI
(OTTEHKM KpacHOIo Ha pUcC. 5, BO BTOPO MOJOBUHE Npoduieit) ¢ Te4eHueM
JIeT B BOCTOYHOM yacTu MopeHHBI: B 2018-2020 rr. — oCHOBHAas 4acTh MPOBOISI-
1Iei 30HbI pacaopocTtpansiaack ot 140 o 230 M o mpodprmo 1, a B 2021-M — oT
100 mo 230 m. Takue n3MeHeHMSI BHYTPEHHETO CTPOSHMS MOXXHO CBSI3aTh C Ta-
sSIHUEM KaMEeHHO-JIEISIHOTO MaTepuraja MOPEHbI.
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Puc. 5. I'eoanekTpuyeckue pa3pesbl, MOCTPOSHHBIE TTO JaHHBIM 3JIEKTpOTOMOrpaduu,
noyrydeHHbIM Ha MmopeHe jJegHuka MTTAH B 2018 1. (A), 2020 r. (b) 1 2021 r. (B) o
npoduiato 1 ycTaHOBKOM TUMNOJb-AUNOb

AHaJiornyHasi, Ho MeHee IMHaAMUYHasl KapTuHa HabJoaaeTcs: Ha npodu-
Je 2 (puc. 6). Ha puc. 6 npencraBieHbl T€O3JIEKTPUUECKUE pa3pe3bl, IMOJy-
YeHHbIE METOIOM 3JieKTpoToMorpaduu no npoduiio 2 B 2020 r. (puc. 6A) u
B 2021 1. (puc. 6b). ComporuBieHne Mopoa MOPEeHBI B BOCTOYHOHN dYacTh
(130-230 M) yMeHBIIMJIOCH, a caMa Tayias 30Ha (puc. 6, OTTEHKHN KpacHOTO)
yBeanumiachk B 2021 r. mo cpaBHeHu1o ¢ 2020 r. OTMETHM, YTO UBMEHEHUS B
crpoeHnn MopeHbl ieqHuKa MI'AH nipoucxoast B KpaeBoit yactu. I1pu nBike-
HUM K LICHTPY 3HAYUTEAbHbIX UBMEHEHUI B KAMEHHO-JIEASIHOM YaCTU MOPEHbI
He HalJII0JaeTCs.
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B manpHelimeM nmpeacTaBisieTcss HEOOXOIUMBIM ITPOIOKUTh MOHUTOPUHT
LIEHTPAJIbHOM YacTU MOPEHBI METOIOM BdJieKTpoToMorpadun. PacmmpeHue
CeTU HaOMIOJAEeHUS MO3BOJUT OoJiee AeTaabHO MOCTPOUTh T'€03IEKTPUUECKYIO
MOJieJIb BHYTPEHHETO CTPOEHUSI MOPEHbI, YTO B CBOIO 0UYepeb HEOOXOAUMO JJIsI
OLICHKM PUCKOB pa3pylLIeHUs €CTeCTBEHHOI 1aMOBI.
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Puc. 6. I'eonsnekTpuyeckue pa3pesbl, IOCTPOSHHbBIE IO JTaHHBIM 3JIeKTpOoTOMOrpadumu,
noysrydeHHbIM Ha MmopeHe jegHuka MT'AH B 2020 r. (A) u 2021 r. (b) no npoduiio 2
YCTaHOBKOI AUMNOJIb-AUMNOb

Jakarouenue

B 2021 r. na mopene nennuka UI'AH TlonsspHoro Ypana Obuiu npomoJ-
>)KeHbl MOHMTOPUHTOBbIC M3MEpPEHMUsI METOAOM 3jekTpoTroMorpaduu. Ilocne
MpeaBapuTeIbHOI 00pabOTKM MOJYYEHHOTO MaTepuajia MOXHO clejiaTh Cle-
JYIOLLM€ BIBO/IbI:

* CpPaBHUTEJbHBIN aHaIN3 pa3pe30B MO3BOJUJI OIPEae/INTh U3MEHEHUS
B TeJie MOPEHBI: IPOMCXOAUT Aerpanalusl Mep30Tro MaTepraia B KpaeBhIX Ya-
CTSIX MOPEHBI;

* pa3mep BBICOKOOMHOTIO Matepuaja (KaMeHHO-JIEASTHOTO siapa) YBeJIU-
YMBAETCS K LIEHTPY MOPEHbI, UTO TOBOPUT O TOM, UTO B TeJie MOPEHbI COAEP-
JKUTCS JOCTAaTOUHO LIEeMEHTUpYlollero Matepuaia. [TonydyeHHbIe TaHHbIE MOXK-
HO MCIIOJIb30BaTh MPU OLIEHKE PUCKOB MPUPOJHBIX KaTacTpod B BUJE CEIeii;

*  pe3yJbTaThl MCCIENOBaHUS YKa3bIBalOT HA HEOOXOAMMOCTbH TPOBEAC-
HUS JaJbHENIIEro MOHUTOPUHIa MOPEHbI M MOATBEPXKAal0T 3(P(PeKTUBHOCTD
MeTOJIa JIEKTpOTOMOIpaduu IS pellieHus 3a7ad MOHUTOPUHTA IIPUIeTHUKO-
BBIX MODEH.
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