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OB30P TEO®U3NYECKHUX
METOJIOB, IPUMEHSIMBIX
ITPU ITOUCKE
TEOMEXAHUYECKHUX
HAPYIIIEHUN BBJIU3U
TOPHBIX BHIPABOTOK

BakHOCTb 0becneyeHns 6€30MacHOCTM roOpHbIX PaboT M Haa/exKallen
NMKBUAAUMM 3a6pOoLLeHHbIX BbIpabOTOK AOKa3blBaeTCA Ha Mpumepe
BepXxHEeKaMCKOro MeCTOPOXAEHMSA KAaNMMHO-MarHMeBbIX CO/el, 3a-
TOM/IeHHbIe PYAHUKM KOTOPOro CTasu MPUYMHOMN KaTacTpodUuecKux
NpOBasOB NOBEPXHOCTU B HACeNEHHOM MecTHOCTU. CBOeBPEMEHHbI
MOHUTOPUHI reodU3NYECKMX CBOWCTB COOPYXKEHWIA PYAHUKOB MOMOT
6bl U36eXKaTb CTONb PA3PYLIMTENbHBIX NOCNEACTBUI U CBOEBPEMEHHO
NPUHATL Mepbl UHMKEHEPHOM 3aWuTbl. PacCMOTPEHbl BO3MOMKHOCTU
reodumsnyeckmx MeTogoB, 3GGEKTUBHbLIX NMPU NOUCKE M NOKANU3aLMM
CKPbITbIX MNOA3EMHbIX MOJOCTEMN, HECYLIMX MOTEHLUMANbHYIO OMAaCHOCTb
017 OTKPbITBIX Y NOA3EMHbIX TOPHbIX BbIPaboTOK. K Takum metogam
OTHOCATCA: CelMcmopasBesKa, CeMCMOAKYCTUKA, MUKpOCeMcMmYeckoe
30HAMPOBaHME, 3NeKTpoToMorpadumsa M cerMcmoTomorpadus, rpasu-
pasBesKa M reopagmonokaums. MepeyncieHbl OCHOBHbIE MPU3HAKK
CKPbITbIX NMOOCTEN B NOAAX Pa3HOW NPMPOAbl, B OCHOBHOM 3/1E€KTpU-
YeCcKOoro 1 ceCMMYEeCKoro.

Kntouesble cnoBa: ropHble BbIpaboTKM, reodmsanyeckme meToabl, onac-
Hble reosorMyeckne ABNEHUA, CeMcMopasBesKa, 3NEKTPOPa3BeaKa,
KOMMAEeKCUpoBaHue reodpmanyeckmx MeTog0B.

pPM BeICHUU TOPHBIX PA0OT aKTyaIbHOI 3agadycii SIBISICTCS
M3y4eHHE OTIACHBIX T€0JIOTUYECKUX SIBJICHUIA, KOTOPHIE BO3-

HUKAIOT 1o BJIMAHUEM PA3JINYHbIX IPUPOAHDBIX, TCOJTOITMYCCKUX 1

TEXHOTEHHBIX (pakTOpoB. OmacHbIe IBJASHUS, TAKUE KaK 3eMIETPSI-
CeHUsl, KapcT, cyddo3us, onoji3HU, Npocaaka, MOATOIJIEHUE, OKa-

3bIBAIOT 3HAYUTCIIbHOC MOPAXKAaIOUICC BINAHNEC Ha OTKPBITBIC U IO -

3eMHbIe TOpHbIe BbIpaboTKU [2]. IToa aeficTBUEM OMacHBIX SIBASHUMN
YMEHbIIIAeTCsl MPOYHOCTh IOA3eMHBIX ToOHHeel [1], nedpopmMupy-
IOTCSl U MOATAIUIMBAIOTCS CKJIOHBI KapbepoB. C Apyroil CTOPOHBI,
caMM BBIPAOOTKM YMEHBIIAIOT TMTPOYHOCTh MAacCUBa TOPHBIX TTOPOJ
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M MOTYT CITPOBOIIMPOBATH OITACHBIEC TeOJIOTUYeCKUEe IBJIeHu. Jlaxke
CIIYCTSI TONBI TTOCJIE OKOHYAHMS pa3pabOTKU MECTOPOXKICHUs, 3a-
OpollleHHbIC TOpPHBIE BBHIPAOOTKM CIIOCOOHBI AKTMBHO BJIMSTH Ha
3JIeMEHTHI THPPaCcTPyKTYPhl Ha IIOBEPXHOCTU U BBI3bIBATh XUMUYEC-
CKOe 3arpsi3HeHUe reoyiornueckoit cpeabl [3]. OcHOBHBIE MUHEpa-
JIbI MECTOPOXKIEHUS, CUJIbBUH M KapHAJUIUT, JIETKO PacTBOPSIOTCS
MOA3EMHBIMHI BOJAMM, a B TOAPadAaTEIBAEMOM MaCCUBE COIEPKUTCS
BOJIOHOCHBIN TOpM30HT. Iloce psima aBapuit 4acTh pyTHUKOB OBLIN
3aTOIUICHBI, YTO MPUBEIO K 00pa30BaHUIO KPYITHBIX IIPOBAajJOB Ha
noBepxHocTH (puc. 1).

Takum 06pa3oM, MOUCK CKPBITHIX MOA3EMHBIX IMOJIOCTE U 30H
MOHWXXEHHBIX 3HAYeHU (PU3MKO-MEXaHUYECKUX CBOMCTB TOPHBIX
MOpOoA NMeeT OOJbIIIoe 3HAUSHUE TSI TIPOTHO3a Pa3BUTHS OTTACHBIX
reoJIOTMYECKUX SBJIEHUI Ha MoapadaThIBa€MbIX TEPPUTOPUSIX |3, 6].

I[Ipu momomm reopu3MIecKUX METOMOB JOCTATOYHO OBICTPO
OlLICHMBAETCsI MOTEHIIMaIbHAsI OMACHOCTh TI'€OJIOTMYECKOM Cpelbl
JIJISI TOPHBIX BBIPAOOTOK, UTO TTO3BOJISIET BbIOMpATh O0Jice Oe3orac-
HbIE€ YYaCTKM U METOJBI IS pa3pabOTKU, a TaKxKe MPUHUMATh He-
00XomMMBbIe Mepbl MHXKEeHEepHOI 3amuThl. Cpean reodu3ndecKmnx
METOIOB, IPUMEHSIEMBIX JIUISI NCCIEAOBAHMS POSBIICHUN OITAaCHBIX
TeOJIOrMYECKUX IIPOIIECCOB, BBIICISIFOTCS:

* CelCMOaKyCTUYECKNE UCCICIOBaHNS;

* celicMopa3BelIKa Ha IIOBEPXHOCTHBIX BoJTHAX Pajies;

* CKBaKMHHasl, MeXKCKBaXKMHHAs 1 Ha3eMHasl ceiicMoToMOorpadus;

e perucrTpaunmsi MUKpoCceCMHUUECKNX KOJIeOaHUA;

* MUKpOTrpaBUpa3BelIKa;

* CKBaKMHHasl, MCXKCKBaxKITHHAST 1 Ha3¢MHasI 3JIEKTPOTOMOTpaust;

* BEPTUKAIbHOE 3JICKTPUICCKOE 30HIMPOBAHUE U DJIIEKTPOIIPO-
dunupoBaHue;

Puc. 1. Ilposan 6 Coaukamcke
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* YaCTOTHOE€ 30HJAMPOBAHUE U METOJbl CTAHOBJECHUS DJIEKTPO-
MarHUTHBIX MOJIeH

ITpuzHakamu, 61aromgapsi KOTOPbIM MOXHO OMpPeAeIUTb HaTUUUe
B TOJIILE TOPHBIX MOPOI, CKPBITYIO MOJIOCTb SIBJSIOTCS:

* OHUXXEHME CKOPOCTH MPOJIO0JbHBIX, ITOMEPEYHBIX U TTOBEPX-
HOCTHBIX BOJIH;

* pe3Koe yBeJIMUeHUE WUJIU MaJeHue YIeIbHOTO COIMPOTUBIEHUS;

* U3rubaHue oceil CMH(pA3HOCTU, YMEHbIIIEHHUE YaCTOThI U aMII-
JIMTYAbI OTPaXXEHHBIX BOJIH;

* BO3pacTaHUE YPOBHS MUKPOCEMCMUUYECKUX KOJIeOaHUIA.

HMcnionb3oBaHue reopru3anyecKuX MeTOA0B UMEET PsII OTpaHuYe-
HUIi, KOTOpbIE CBSI3aHbI C HEOIIPEAEJIEHHOCTBIO PE3yJbTaTOB U pa3-
penawIleil crmocooHocThi0. ONUH U TOT Ke Ie0JOrMYeCKUil 00b-
eKT MO-pa3HOMY MPOSIBIISIET ce0s1 B Pa3IMYHbIX (DU3UYECKUX TTOJISIX.
Hanpumep, mioTHbIA M3BECTHSIK CBOOOJHO MPOMNYyCKaeT YMpyrue
BOJIHBI M MPAaKTUYECKU IKPAHUPYET MOCTOSIHHBINA 2JeKTPUUECKUIA
TOK. MHOTOTpaHHOCTb (PU3UUYECKUX CBOMCTB I'e0OJIOTMUYECKUX U TEX~
HOTE€HHbIX OOBEKTOB TMO3BOJISIIOT MyTEM KOMIIJIEKCUPOBAHUS PE3KO
CHU3UTb CTETIeHb HEOMPEAETEeHHOCTb PEIIeHUS U MOJYyYUTh MPUH-
LUIMUATIBHO HOBYIO MH(MOPMALIMIO, HEAOCTYITHYIO A1 KaXA0Iro OT-
JeJIbHOTO MeToa.

Teodusnueckue MeTonbl JaBHO TMPUMEHSIOTCS B 3KOJOTUMU U
MHXXEHEPHOM 3al[UTe TOPHBIX pabOT, OMHAKO HAPSIAY C TpPaAULIMOH-
HbIMU CE€MCMOpa3BEJKOM Ha MPEeJOMJEHHBIX BOJHAX U MeTOAaMU
COIPOTHUBJIEHUIA, BCE Yallle YIOTPeOasIIOTCS HOBbIE TEXHOJOTUU U
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Puc. 2. Boidenenue n063eMHoeo myHHens (OUa2OHANbHAS WMPUX0BKA) U Kap-

€cmogoli nosocmu (Kocas Wmpuxoexka) Ha meppumopuu 3a0poueHH020 PYOHUKA
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Puc. 3. Ceiicmomomoepaguueckuii pazpe3 deKpemeHma 3amyxaHusi NONepeuHbixX
604H. B a1eeom yeny evidensemes ocrabneHnas 30Ha Kpyeaoeo cevenus

dusnueckue ssBiaeHUs. Ha puc. 2 mokas pa3pes oTpaxkeHHbBIX BOJIH,
rie Ha TIIyOuHe 25 M yBepEHHO BBIACIISICTCS BEPXHSISI KPOMKA MO -
3eMHOTIO TYHHES.

[TpruMeHeHne MOBEPXHOCTHBIX CEMCMUYECKMX BOJTH 1 Ire0paauro-
JIOKAILIMM TTO3BOJINJIO BECTU MCCIIENOBAHUS Te0(pU3NIECKUMMI METO-
JaMy Ha MaJIbIX IIyOMHAX M ¢ BBICOKMM paspeineHrneM. OcoOeHHO
BBICOKME MOKAa3aTeIn pa3peliaionieii CIIOCOOHOCTH Y T€OPaaroIo-
KallM{, KOTOpask UCIIOJIb3YeT U3IYyYeHNEe M PErUCTPALIMI0 BBICOKO-
YAaCTOTHBIX 2JIEKTPOMArHUTHBIX BOJH. OCHOBHOI HEIOCTATOK Ireo-
panuoIoKaly — Majasi TTyOMHHOCTB, KOTOpPast BO BIIAXKHBIX TJIMHAX
MoxkeT cHrkaThes 10 ( 0,5—1,0 ) M.

[Ipu nokanmmzanum HEOOJBIINX M30METPUUHBIX ITOJIOCTEN WJIN
ocJ1a0JIeHHBIX 30H HalOOJIBIITYIO pa3pelIaioIylo CIIOCOOHOCTb MMe-
0T ToMorpaguueckue Metoabl. Tomorpaguueckuii moaxoa 6a3upy-
€TCsI Ha BOCCTAHOBJICHUM BHYTPEHHE YIIPYTroil MU reo3JIeKTpuyde-
CKOI CTPYKTYphl MacCHBA MO pe3yJbTaTaM YacThIX U U30BITOUHBIX
M3MEPEeHUI Ha ero MOBEPXHOCTH. JIyun ceitcMUYeCKMX BOJIH WJIN
CHJIOBBIC JIMHUM TIOCTOSTHHOTIO TOKa IMEPEeCEKaroT JOKaJIM3yeMBbIi
O0BEKT 110 MHOXKECTBY TPAeKTOPHii, UYTO ITO3BOJISIET HOCTATOUYHO
TOYHO BOCCTAHOBUTH €TI0 KOOPAMHATHI U TEOMETPUIECKHE ITapaMe-
Tphl. [ToMuMoO pacnpeneneHusI CKOPOCTU U YIAEJIbHOIO SJIEKTpUYe-
CKOTO COMPOTUBJICHUS, TOMOTpadus TIpUMEHSIEeTCS IS HaXoXe-
HUSA JeKpeMeHTa 3aryxaHus (puc. 3) [4] 1 aHu30TpONnu.

Cawmasi 601bl111as TOYHOCTb TOMOTpa(UX MOXET OBITh MOJy4YeHa B
cilydae, €CJI Ha TepPUTOPUM MECTOPOXKISHUS IIPOOYPEHO OOJIBIIIOE
KOJINYECTBO Pa3BeIOYHBIX WM JTOOBIBAIOIINX CKBaXKMH Ha OJIM3KOM
pacCTOSTHUM APYT OT apyra. s Toucka CKPBITBIX MOJIOCTe Mpu-
MEHSIETCS TEXHOJIOTHSI, KOT/Ia CUTHAJI OT HEMMOABUKHOIO UCTOUHMKA
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MPUHUMAETCS TPYNIONM TaTYNKOB, MOCIIe Yero UCTOYHUK TIepeMe-
IIIAaeTCsI TaJIbIIe IO CTBOJIY CKBaXXKMHBI. MexKCKBaXKMHHAsI TOMOIpa-
(ust crasa OCHOBHBIM METOIOB OIIPEIe/ICHUS KOHTYPOB KapCTOBBIX
MOJIOCTEM ¥ YTOUHEHMSI CTPOCHUSI PYIHBIX 3aJIeKeit.

BricokouacToTHasl ceiicMOaKyCcTUKa MPUMEHSIETCS IJIs1 ToOMcKa
HeOOoJbIINX Ae(EKTOB B CBasAX M (pyHIaMEHTaX, TakK KaK MOBEPXHO-
CTH TaKnX Ae(EeKTOB OTPAXKAIOT CEMCMOAKyCTUUECKIE BOJTHBI.

B 1ieom reodusrka ¢ KaXKIbpIM TOJIOM BCe aKTMBHO ITPUMEHSI-
IOTCsI B TOPHOM [IeJie, OSIBJISIIOTCSI HOBBIC HAIIpaBJIeHUS M TEXHOJIO-
ruu, oopasyroT apHeKTUBHBbIE KOMILIEKChI MeTOA0B. [IpuBeaeHHBIM
0030p JaeT MOHSTb, YTO HEIMPEPbIBHBIM MOHUTOPUHT (hU3UUYECKUX
CBOMCTB MOPOA, KOTOPHIX PACIOIaraloTcsl BLIPaOOTKHU, CYILIECTBEH-
HO yBeJIMUYMBaeT 6€30MacHOCTh TOPHBIX padoT.
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UDC 550.83 V.V. Romanov, A.l. Poserenin, A.N. Dronov, K.S. Mal’skiy

REVIEW OF GEOPHYSICAL METHODS
TO DETECT MECHANICAL DAMAGES
IN ROCK MASS AROUND EXCAVATIONS

The importance of mine safety and the proper disposal of abandoned mines is proved by
the example of the infamous Verkhnekamsk potassium and magnesium salts, mine flooding
which caused the catastrophic failure surface in populated areas. Timely monitoring of geo-
physical properties of the mine facilities would help to avoid such devastating consequences,
and take timely measures to protect engineering. The article tells about the possibilities of
geophysical methods that are effective in finding and locating hidden underground cavities,
carrying the potential danger for surface and underground mining.

Browse Groups geophysical methods are actively applied in the study of undermined
area, based on consideration of their strengths and weaknesses in relation to the task. Among
mentioned in Article geophysical methods — seismic, seismic acoustics, microseismic sensing,
electrical resistivity tomography and Seismotomography, gravimetric and georadar. Are the
main signs of cavities in the fields of different nature, mainly electrical and seismic. The article
is accompanied by a number of illustrations with examples geophysical sections.

Key words: mine workings, geophysical methods, geological hazards, seismic, electromag-
netics, integration of geophysical methods.
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