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PYBPUKA:

OnbIT H3y4yeHHs NMO/A3eMHBIX 00BeKTOB reo(pu3snuecKUMHM MeTOJaMH Ha y4aCTKe HHTEHCUBHOTO
pa3BUTHUSA Cy/Ib()AaTHOI0 Kapcra
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PAH, r. Ilepms), C.C. CkugaHs (I'opssiii uactutyT YpO PAH, 1. Ilepmb), A.A. Tatinunkuii (I'opHbIit
uHctutyT YpO PAH, 1. [1epmb)

AnHoTanusi: B cTaThe Tpe/icTaB/IeH aHaIM3 TIPUMeHeHHsI Te0(U3UeCKUX MeTOZOB [17isi 0OHApY KeHUsI
VY JIOKa/TM3aLy KapCTOBBIX M0JIOCTeN Ha yYyacTKe MHTEHCHBHOTO Cy/b(aTHOro Kapcta — KyHrypckoit
JlepgsHoii rope. IlpoaHanusupoBaHbl pe3y/ibTaTbl MarHUTOPas3Be Ky, FpaBUMeTpHY, BePTHUKATbHOIO
3/1eKTprUUecKoro 30HupoBanus (B33) u ceticmopasBeaku. I1okazaHo, UTO MarHUTOpa3BeKa
orpaHuueHa B IPUMEHEHUH Ha JaHHOM y4JacTKe K3-3a rioMex. ['paBUMeTpusi BbIsIBU/IA
rpaBUTALIMOHHOE B/IMSIHYE TTelljepbl U aHOMaJTHI0 CHJIBI TSDKeCTH. B3 06Hapy K/t 30HbI
TIOHV)KEHHOTO COTIPOTHBIIEHUSI, KOPPEIMPYIOILIKe C TIonoXKeHreM TpoToB. CelicMopa3BeiKka yKa3asa
Ha CJIOXKHOCTb CTPOEHMUSI ¥ TI03BOJIU/IA BBIJIE/IUTh YUACTKU C OC/IO)KHEHUSIMUA XapaKTePUCTUK
BOJIHOBOTO 10J1s1. KoMIjieKcHBIN aHanu3 pe3y/bTaToB MOZeIMpOBaHUsl reo(pU3NUeCKUX METO/0B
JI0Kas30Bas ocsiabieHHbIN yuacTok. [yis 6osee feTanbHOTO U3yueHusi KApPCTOBBIX 00BEKTOB
pPeKoMeH/[yeTcsi KOMILJIEKCHOe NTpYMeHeH e BhICOKOpa3pellatoleii celicMopasBeiKy,
3/1eKTPOTOMOTrpad¥y ¥ TPaBUMeTPUUeCKUX HabmoaeHui 171st AnddepeHUaiy oc1abieHHbIX
YUYacTKOB.

KroueBrie cioBa: KyHI'ypCKasi jiefisiHasi ropa, KOMILJIEKCHbIe reo(ri3nyeckre MeTO/bl, TOKaIi3aLus
KapCTOBBIX TI0JIOCTEH, KapCTOBO-CY(h(h03MOHHBIE TIPOI]eCChI

The experience of studying underground objects by geophysical methods in the area of intensive
development of sulfate karst

I.Y. Gerasimova (Mining Institute UB RAS), V.Y. Bobrov(Mining Institute UB RAS), S.S.
Skidan(Mining Institute UB RAS), A.A. Tainitsky(Mining Institute UB RAS)

Abstract: The article presents an analysis of the application of geophysical methods for the detection
and localization of karst cavities in an area of intense sulfate karst — the Kungur Ice Mountain. The
results of magnetic exploration, gravimetry, vertical electric sounding (VES) and seismic exploration
are analyzed. It is shown that magnetic exploration is limited in use in this area due to interference.
Gravimetry revealed the gravitational influence of the cave and the gravity anomaly. The VES found
areas of reduced resistance correlating with the position of the grottoes. The seismic survey indicated
the complexity of the structure and allowed us to identify areas with complications in the
characteristics of the wave field. A comprehensive analysis of the modeling results of geophysical
methods localized the weakened area. For a more detailed study of karst objects, the integrated use of
high-resolution seismic surveys, electrotomography and gravimetric observations is recommended to
differentiate weakened areas.
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Beegenue

[lpy wu3yueHUM OMAaCHBIX TeOJIOTUYeCKUX, WH)XXeHEePHO-Te0/IOTHYeCKUX TIPOL[eCCOB U  SIBIEHUH,
BKJIIOUasi KapCT, COTJIaCHO sy perjaMmeHTupyommx aokymentoB (CIT 47.13330.2016, CIT 11-105-
97), reodusuueckre WCCIeAOBaHUsS SIBJISIIOTCS CaMOCTOsITe/IbHBIM BHAOM pabor. Ilpu sToMm, B
3aBUCHMOCTH OT CTPOEHMsI y4YacCTKa, YPOBHsSI TOCTaB/IEHHBIX 33/lay, XapaKTePUCTHK W MapaMeTpOB
TIPOIIeCCOB U SIBJIEHUH, KOMIIJIEKC MCCIeJOBaHUM MOYKET BK/TFOUATh IIUPOKHUH CIIeKTP reou3nuecKrux
MeTO/I0B Y MoAr(DUKAITHIA.

C yesniblo orpefesieHrst ”HPOPMAaTUBHOCTH U PALlMOHAILHOTO COYeTaHUsI MH)KeHepHO-Teo(pr3nyecKrx
HaOJroieHNi, OpUeHTUPOBAHHBIX Ha 0OHapy’KeHHe 1 JIOKaIM3alvio KapCTOBBIX TTO/IOCTeH B Ipefenax
BepxHell uyacTu paspesa, MpOBeJieH aHalW3 JlaHHBIX, TOJIyYeHHbIX [ 00/1aCTM MHTEHCHUBHOTO
pa3BUTHS Cy/bhaTHOTO Kapcta — KyHrypckoii JlefsiHOM Tophbl.

MeTtoabi

Maccug JlefisHOU TOPBI, BK/IIOUAIOIIHMN €CTeCTBeHHBIA KapCTOBbIM 00heKT — KYHI'YPCKYIO JIeZISTHYHO
Telepy — npezcTapssieT co00H MCTOPUKO-TIPUPOIHBIN KOMIUIEKC, PAacIio/IoXKeHHbIH [TepMCcKoM Kpae
Ha okpamHe ropoga Kyuryp, Ha mipaBom Oepery pekud CbuiBbl. Tepputopusi OTIWYaeTCs
pacuseHeHHBIM penbeoM (B T.Uu. U KpyTble OeperoBble CK/IOHBI, 9PO3MOHHO-KapCTOBBIE JIOTa,
MHOTOYHC/IEHHbIe BOPOHKH, TIPOBasibl), C/IOKHBIM T'€0JIOTUYeCKUM U CTPYKTYPHO-TEKTOHUYECKUM
ctpoenueM [1]. OTMeuaeTcss Takke pa3sBUTHE KAapCTOBBIX U KapCTOBO-CY(P(}O3MOHHBIX MPOLIECCOB,
OXBATbIBAIOLIMX IIOMHUMO T[IOBEPXHOCTHBIX, C(ODMHDOBAHHbIE HAa Pa3HBIX THUIICOMETPUYECKUX
YPOBHSIX T10/i3eMHbIe (hOPMBI — OT MeJKHUX KaBepH U 1ijesield pa3MepoM B HECKOIbKO MUJJIMMETPOB 10
MyCTOT IMaMeTPOM B HECKOJIbKO METPOB U 3HAUMUTeJbHBIX 110 00beMaM TelLep.

YyacTok HcciefoBaHUM (TIOJIMIOH) BK/IOYaeT BOCTOYHYH 4yacTb KyHI'ypcKol melepbl C TPOTOM
MeTeopHbIi (HaK/IOHHAsK TI0JI0CTh, IMpuHa 18,5 M, cpeaHss BbicoTa 3,4 M, amrumTyga 13,8 m [2] u
TipyJierarolye rajeper mUpuHOU ot 3 1o 10 M, a Takke obmacTh MaccrBa JleAssHOUM TOPBI C 30HOM
TIPeINI0JIOKUTE/IEHO COXPAaHHOTO MaccuBa MOpoJ. MOIHOCTE TOKPBIBAIOLUX TOPOA (A0 CBOJOB
ToJiocTeld Tell[ephl) B TIpe/iesiax MmoMroHa usmensiercst ot 60 10 70 m.

B mnpepenax JlensHOW ropbl HEOJHOKDPATHO TPOBOJWIUCH OTZENbHbIE TeO(pHU3NUecKre OIMbITHO-
MeTouuecKde HAO/IOfIeHWss B TOM UKCIe W B TeueHWe TMoCieAHero paecsatunetusi (puc. 1).
PaccMOTpyM MO/TyueHHbIe pPe3y/bTaThbl C TOUKW 3DeHUs pellleHus 3aJaud JOKaau3aluy MOA3eMHBIX
nosiocteil. OTMETHM, UTO ee pelleHHe OCTOKHSETCS JOCTaTOYHO OOJBIION T/IyOMHOM 3aieraHus
TOUCKOBBIX 00BEKTOB (TIeIIephbl) U UX pa3MepaMy, COTTOCTaBUMBLIMU C pa3pelaroleil criocoOHOCTBI0
reodu3nUeCKNX METO/OB.

Cnepyer pobaBuTh, UTO B HacToslllee BpeMs B Tielljepe pa3BepHyTa JIOKalbHas CHCTeMa
CeliCMOJIOTUYeCKOT0 MOHHUTOpMHIA, obecrieunBaroiljasi NpoBefieHHe Hab/mofeHui 3a mporjeccamu
pa3pyllIeHys ¥ M03BOJISA0Lasi KOHTPOJIUPOBaTh YCTOMUYUBOCTh CBOJA.

OpHuM U3 TeopU3NUeCKUX METO/IOB, OMPOOYyeMBbIX /IS JIOKaIW3al[ui TIOJ3eMHBIX KAapCTOBBIX
MOJIOCTeH, SAB/ISETCS MarHUTOpas3Be/ika. B Tipeziesiax Mo/IMroOHa MarHUTOMETpUYeCKre HaOJIo/ieHus
MPOBOJU/IUCH B TJIOMIAAHOM U NMPOGUILHOM BapHaHTaX. Y/IOB/IETBOPUTE/bHBIE Pe3y/IbTaThl MOTYT
OBbITH TO/yYeHbl TOJILKO B BapuaHTe TUIOMAJHBIX HCCAeAOBAHUM TIPU YCIOBUM CUHXPOHU3AIUU
paboThl C MarHMTOBAapUAIlMOHHOW cTaHIMed. OTMeTHM TakXKe, UYTO WCC/IelyeMbId y4acToOK
repecekaeT AelCTBYOLIasl JTMHUS 3JIeKTporiepe/jad, HeraTUBHO B/MSIIOIIAs Ha XapakTep U BeJIMUUHY
PerucTprpyeMbIx rMapameTpoB (puc. 2a). YKaszaHHble OCOOEHHOCTH W TIO/yueHHble B pe3yJbTare
00paboTKH JJaHHBIE TT03BOJISTIOT PEKOMEH/I0BaTh U3MePeHHsi MarHUTHOTO TI0JIs B Tipeiesiax Jle/stHOM
rOpbl TOJBKO B KaueCTBe UCTOYHMKA /IOTIO/THUTeIbHOM NH(OopMaLiu.
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PucyHok 1. O630pHas cxema yuacmka uccne0o8aHutl

Ha3emHble rpaBUMeTpUYeCKHe H3MepeHHUs TakKKe peasM30BaHbl B IUIOLUIAJHOM U TPOGUIBHOM
BApUAHTAaX M [IOTOJIHEHbI HaO/HOJEHUAMU CHJIBI TsDKeCTH B Temiepe [3]. B pesynbrtaTte aHanusa
TpaHC($HOPMaHT TI0JIsl, BBLINOJHEHHOTO /il TUIOLIAJHBIX WCC/IE0BAaHUN C yUeTOM [JBYX YDPOBHeEM
HaO/FO/IEHNI, YCTAHOBJIEHO, UTO TPaBUTALMOHHBIA 3(GdeKT BAUSHUS Telepbl  (GopMUpyeT
00TekaeMyt0 00/1aCTb OTpPHIIATE/ILHBIX 3HaueHWi mapametpoB (puc. 26). Kpome 3Toro, B mipesenax
MOJIMTOHA BbISIB/IEHA JIMHeWHasi aHOMasiusi CW/Ibl TSDKeCTH, TMpeBbIILAoIasi Mo CBOMM pa3Mepam
M3BeCTHYIO YacTh KyHrypcKoii rerepsi.

VismepeHuss MeTO/IOM BepPTHKA/JbHOIO 3/eKTPUUECKOIO 30HAMPOBaHMs B Ipejesax II0JUroHa
peanu3oBaHbl 10 CeTH Ilepecekaroliuxcs mnpoduaed. Ilo pe3synbraTaM — KO/IMUeCTBEHHOMH
VIHTeprpeTaluy B BepxXHel YacTW pa3pe3a IPOC/IeKUBAeTCs] HeoreH-UeTBepTUYHbIE OT/IOXKEHUs U
Mayvky T0POJ, KYHI'YPCKOTO sIpyca, MPOSIB/ISIIOLIMeCs MOBBILIEHHBIMU CONPOTHB/IeHUsIMU. B nipegenax
L[e/IeBOTO0 WHTEPBa/ia BbIJ€/IeHbl YUYaCTKU TIOHV)KEHHBIX COMPOTHB/IEHWH, KakK COBIAJAIoIIve
TPOCTPaHCTBEHHO C M3BECTHBIM T0J/I0’KeHHUEM TPOTOB Mellephl (PUC. 2T), TaK M pacIiojio’KeHHbIe 3a ee
KOHTYPOM. /I/is1 TIOBBIIIEHUS JIeTaTbHOCTU Te03/IeKTPHUEeCKUX Pas3pe30B U JIOKaIM3aly obsacTe,
CBSI3aHHBIX C TpoOLieccaMy KapcTooOpa3oBaHus, B TpeJiesiaX IMOMMTOHAa PeKOMEeH/YeTCsl TIpoBeZieHHe
WCC/IeI0BaHMH 37IeKTPOMAarHUTHOTO TIOJSI METO/IaMH 3IeKTPOTOMOrpaduu.
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PucyHok 2. OKcnepuMeHmManbHas  npopuibHAs — AUHUSL:  NpuMep  U3MeHeHUusi  2pagukos
HANPAXCeHHOCMU AHOMA/NIbHO20 MAZHUMHO20 NoAs (a), cedeHue MpaHchopmaHmbl 2pasUMAyUOHHO20
noas (6), paspe3 Kajxcywuxcsi conpomueieHull (8), 2eosnekmpuyeckuil paspe3 (2), CYMMAapHbiil
epemeHHoll paspe3(0)

CeiicMopa3Be/iouHble  WCC/I€JJOBAaHUS, HapsAy C MeTOAaMH  3JIeKTPOpa3BelKH,  SIBIISIOTCS
HEOTHEMJIEMOM UaCThI0 KOMIUIEKCa Teo(U3UYeCKUX MeTO/[0B, HalpaBJIeHHOTO Ha U3y4yeHue
KapCTOBBIX TIOIOCTEH.

ITpn 06paboTKe W aHanM3e IMEpPBLIX BCTYIUIEHWH CeliCMOrpaMM, YCTaHOBJIEH HeBbIlep>KaHHBIN (IO
BepTHKa/W U JlaTepa/ii) XapakTep pacripejie/ieHUsl PbIX/IbIX OTJIOXKEeHHUH, MO3BOJISIIOLIMM OrpeensiTh
TOJBbKO 00I1{1ie 3aKOHOMEePHOCTH paclpoCTpaHeHUsl yIIpyrux KosiebaHuil.

CyMMapHbIii BpeMeHHO pa3pe3 (0Tpa’keHHbIe BOJIHBI) YKa3bIBaeT Ha C/0KHOe CTpPOeHHe W3y4aeMoro
MacCMBa — OTCYTCTBYIOT Bbllep)KaHHble OCH CHH(A3HOCTH, Hab/ojaeTcsi BBIKIMHUBAHHE
OTPa)KalOLX TOPHU30HTOB, BBIAEMSAIOTCA 00/acTU AUGPaKIWY, OTMEYaeTcsi IMOTepsl KOppessiiiuu
3anucu (puc. 27). B cBg3M € 3TUM, CTaHAApTHBIE TPU3HAKU OIpefie/ieHHss Haauuvsl B pa3pese
KapCTOBBIX TIOIOCTel TI0 HabOpy BOJTHOBBIX XapaKTEePUCTUK B [JAHHOM Cjyuyae He TO3BOJIM/IH
JOOUTBCS  YZIOB/IETBOPUTEILHOTO — pe3ysibTaTa. BiusiHWe Tielljeppl Ha YIIpyruie IapaMeTpbl
TMIPOC/IEXXMBAETCS] BO BCEM M3yyaeMOM JMarnasoHe BpeMeH.

TeM He MeHee, OCHOBBLIBAsSCh HA OIbITE€ WCC/IEAOBAHMIM Ha KApCTOOIMACHBIX TEPPUTOpUSX [4], B
pe3y/bTaTe aHaaM3a 3HAUMTENBHOTO KOJMYecTBa MH(OpMalvy B IpeZienax LieJeBOr0 MHTEepBasa,
BbI/Ie/IEHO HECKOJBbKO JIOKAJbHBIX YYacTKOB, TPeIONOKATENEHO 00YC/IOBIEHHBIX HalduueM B
MaccHBe KapCTOBBIX MOJIOCTeM.

CoBMmelrieHre obOsiacTeli  OTpUIIATENBHBIX AHOMAJUM  TPAaHCHOPMAHT TIONS CUJBI  TSDKECTH,
TIOHIKEHHBIX ~ 3HAUeHHWH  y/Ie/IbHOTO  37eKTPUUeCKOro  COTIPOTHB/IEHHMST M y4acTKa,
XapaKTepU3YIOLIerocsi 3HauMTe/bHBIMA OCTOKHEHUSIMH XapaKTePUCTUK BOJHOBOTO TIOJIs, CAEaso
BO3MOYKHBIM JIOKA3aL|I0 BJIUSHUS TIelephl.
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BbiBoj,

V3yuaeMblii WHTepBajq paspe3a B IIpefesiaXx >SKCIIEPUMEHTalbHOIO IOAMIOHA XapaKTepu3yeTcs
CJ10)KHBIM cTpoeHreM. CoBpeMeHHbIe anmnapaTypHO-TeXHO/IOTMUeckre KOMILIEKCh], MCII0/Ib30BaHHbIe
MPH  OTBITHO-METOJUUEeCKUX paboTax Ha TOJUrOHe, TI03BOJIWIM 3a(UKCUPOBaTh HM3MEHEHUs
¢bu3ryeckux moseid, 00yCI0B/IeHHbIE KADCTOBOW MPUPO/IO TIOMCKOBBLIX 0OBEKTOB.

OTMeTHM, YTO TPAZWIIMOHHO MPHMeHsieMble [JIs JIOKaIU3alii HeOJHOPOJHOCTel METO/bl PeLIeHUs
obpaTHBIX 3371au obecreunnd BO3MOXKHOCTb (POPMHUPOBAHHUSI TOIBKO OOIIMX, JOCTATOYHO Pa3MBITHIX
30H, OT/IMYAOLIMXCS 110 CBOMM CBOMCTBaM OT BMeILjaOIlero Maccusa 1mopoi. CoBMeCTHbIM aHanu3
pe3ysnbTaToB 00pabOTKM W HMHTeprpeTaliil TPeX MeTO/O0B, 0a3sMpyHOIUXCS Ha PpelleHdH 3afiau
MO/Ie/IMPOBaHMs], TI03BOJIA/ JIOKANM30BaTh OC/Aa0/eHHbIH YYacTOK, COBMeIEHHBI B IUIaHE C
WCCIe/I0BaHHOM YaCThIO TIellephl.

YunTeiBasi CAOKHOCTb  JIOKa/JM3alMM  Lie/ieBbIX  00beKkToB  (TyOMHa, pa3Mepbl, MOIHOCTD
MOKpBIBAIOIIUX [OpOJ, W [Ap.), /A pelleHWs 33flayd  JONOJHUTENbHO  MCII0JIb30BaHbl
JKCIIepUMEeHTa/IbHbIe TEXHOJIOTWHU JIeTalbHON MHTepIipeTauuu. IIpuMeHeHre pa3paboToK M03BOJUIIO
mddepeHLIMpOBaTh B MpeZienax eJUHbIX aHOMAaJbHBIX 00/1acTel OT/e/bHbIe 0C/labeHHbIe YUacTKH,
pacrio/ioykKeHHbIe B [pejiesiaX U3BeCcTHOM yacTh KyHIypckoil nelijepsl 1 3a ee KOHTYpaMH.

Takum obpa3om, i TIOTHOMACIITabHOTO W3y4YeHHs] 3aKOHOMEPHOCTEH CTPOeHHs] M OKOHTYPUBaHUS
MPOTSKEHHBIX KapCTOBBIX OOBEKTOB B Tipefenax JlegsHOW ropbl peKOMeHZYeTcsl WCIO/Ib30BaHHe
KOMIUTEKCHBIX HaOJIIOZleHni MeTo/laM1 BBICOKOpa3pellaroleil celicMopa3BeJiKi OTpPa’kKeHHBIX BOJIH,
3/1IeKTPOTOMOTPady ¥ TpaBUMEeTPUUeCKUX HabmojeHni.
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