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AxkmyanbHocmb uccnedosaHust 8bi38aHa NOUCKOM NPOSHO3HbIX NapamMempos U KpUMepues UMEHEHUS S1IeKMPUYECcKUX C80lcme 20pHbIX
nopo0, C8s3aHHbIX C PacmeOopPeHUeM U 85IHOCOM Yacmuy 20pHbIX NOPO0 Ha MepPUMOPUSX C pacnpocmpaHeHuem OmmoxeHul kapbo-
HamHo-cynbhamHoeo cocmasa. Kpome moeo, ucnonb3ogaHue 2e0hu3uyeckux Memodos npu 00HOCMOPOHHeM no0Xo0e 80cCmaHogne-
HUSs ¢hu3uYeCKUX c8olicme 2e0/102uyecko20 pa3pesa He gce2da 0aém 00HO3HaYHYI0 OUEHKY nofydaembIx pesynbmamos. Bbiwenepeyuc-
NeHHble thakmbl yKa3biealom Ha HeobxodUMOCMb NOUCKa U OUEHKU 803MOXHOCMeEU KOMNIEKCHbIX peweHull Onsi nosbiweHUsT 00HO3HaY-
HOCMU UCMOITIKO8aHUS 260bU3UYECKUX OaHHbIX U AOCMO8EPHOCMU NPO2HO3HbIX PacYEMmos.

Llene pabomei 3akntoyaemces 8 paspabomke Hay4HO-MemoduYecKux 0CHog cnocoba OUeHKU ONacHOCMU Kapcmogo-Cyghgho3UOHHbIX Npo-
uyeccos.

Obwvekm npedcmagneH maccugom 20pHbIX NOpo0 8 palioHe passumus Kapcmoso-CydhehO3UOHHBIX NPOLUECCO8.

Memodsi, ucnonb308aHHble Onis docmuxeHuss nocmasseHHol yenu, 6a3upylomces Ha YUCIeHHOM MOOeNUPOo8aHUU SeKmpuUYeckKux noned,
HamypHbIx HabmoOeHUsX 8epMUKabHBIM SEKMPUYECKUM 30HOUPOBaHUEM 8 Pa3fUuyHbIX a3uMymarbHbIX HanpaeieHUsx, COBOKYNHOM
aHanuse 2eono2o-eeopusuyeckux 0aHHbIX U n1abopamopHbIx uccredosaHusx. B kayecmee UHCMpyMeHmanbHbIX cpedcme NPUMEHEH!:
annapamypHbii komnnexc AMC-1 u cucmembi npoepamm ZondRes3D, «30HO». M3yueHue ydenbHO20 anekmpuyecko20 conpomueneHus
Ha 0bpasyax eopHbIX NoPod NPo8oOUNOCHL C NOMOWKI0 OpURUHaNLHOU Memoduku 6€3 HapyweHUsT CMPYKMypbI U 8/1aXHOCMU MOHOUMOS.
Pesynbmamsi uccrnedosaHusi omobpaxarom KOMNIEKCHbIU aHanu3 2e0/1020-2e0(u3uyeckux OaHHbIX, 8KIYaWul meopemudeckue
pacyémsi 8 mpéxmepHbIx HE0OHOPOOHbIX cpedax, Nonesoll IKCnepuMeHm U 8epucbukayuro npoeHo3HoU modenu. Mcxods u3 anpuopHol
UHGhopmayuu u nabopamopHbix OaHHbIX 0 ceolicmeax cpedsl, cocmasnena (hu3uko-2eonoeudeckas Modens ¢ ocnabneHHsIMu 0bnacms-
MU, C8A3aHHBIMU C 8bIHOCOM U pacmeopeHueM 20pHbIX Nopod. BrisereHHbIe 3aKOHOMEPHOCMU NOMOXeHbI 8 OCHOBY 011 palioHUPO8aHUs
no 2eoMempu3sayuu nomeHyuansHeIx obnacmel passumusi onacHbIX Kapcmoso-cychehO3UOHHbIX npoueccos U danbHeliwezo ebibopa
3aWUMHbIX Meponpusmull no ykpenneHuro Maccusa nopod unu NPOeKMHbIX peweHu.

Knroyesnie cnosa:
onacHble npouecchbl, Modenuposanue, kapem, cyggho3us, husuyeckue ceolicmesa, snekmpopassedka.

HBI B paMKax JOTOJHATEIBLHOTO 00CcIe0Banus [6, 7] uiu
(usmueckoro MosienupoBaHus [8].

JlpyruM  acrieKToM  BBINICYKA3aHHOM MPOOIEMBbl TpH
OlIEHKE KapCTOBOH OMACHOCTH HAa OCBAMBAEMBIX TEPPUTOPH-
SIX SIBIISICTCS HEBO3MOXKHOCTh M3MEHEHHUS TIONOMKEHHS MpO-
eKTHPYEMBIX COOPYKEHUH OTHOCHTENBHO pa3padaThiBac-
MBIX T€OJIOTUYECKIX 00BEKTOB. B 3TOM cUTyaIy BO3HUKa-
eT HeoOXOAMMOCTh TPOBENCHHUS JOTOMHUTENBHBIX MPOTH-
BOKAPCTOBBIX MEPONPHSATHI, BKIIOYAS aHAIN3 PAcUETHBIX
pelIeHUid ¢ OLEHKOW WX PEHTA0ENBHOCTH TIPH TIPAKTHYe-
ckoil peam3amyy. OTHAM K3 CIOCOOOB TOMyYESHHS HCXO]I-
HBIX JIAHHBIX U PaIiOHATBHOTO BHIOOpA ONTHMAIILHOTO
peleHusl SBIAETCS HMCIONB30BAHUE TeO(U3MISCKIX METO-
JIOB riccnenoBanuii [4, 9-11].

Llenb mpoBOMMMBIX UCCIENOBAHMIA 3aKTIOYAETCSt B 000C-
HOBAHIHM METOJIMKH M3YYEHHS CTETICHN 3aKapCTOBAHHOCTH B
paMKax BHYTPUMETOJHOTO KOMILICKCHPOBAHHS Teodu3nde-
CKUX MeTofoB [12-14] Ha mpuMepe OZHOTO M3 yYacTKOB
Pa3pabaThIBAEMOT0 MECTOPOXKICHHUS YTIIEBOIOPOJIOB.

BBeaeHue

Cyhdo3noHHO-KapCTOBBIE  TIPOIECCHl  HEPa3phIBHO
CBSI3aHBI C TEPPUTOPUSAMU OCBOEHHS M OKCILTyaTallud
PA3TMYHBIX MECTOPOXKICHHH 3aKPHITOTO THIA, HEPEIKO
3aTpyAHAS BECHHE MPOU3BOJCTBEHHON NEATEIBHOCTH,
COTPSDKEHHONH C OIACHBIMU TIPHPOIHBIMH  SBICHHSIMU.
Kpome Toro, ocnoxHstomue hakTopsl BEAYT K yBeTnude-
HUIO PUCKOB TIPH NMPOEKTHPOBAHAU HA3EMHO-TIO3EMHBIX
o0bexToB [1, 2].

Kax mpaBmmo, Ha TeppUTOPHSAX, MOIBEPKEHHBIX Kap-
CTy, TPOBOJUTCS PaHOHUPOBAHHME C MOCIEAYIOMHM CO-
CTaBIICHUEM MPOTHO3HBIX KapT MO CTENEHH OMACHOCTH
TEPPUTOPUH B PAMKAX MHTETPATBHOTO MOJIXO0JA HIH MO-
HHUTOPMHTOBBIe HaOmoneHus [3-5]. PamxupoBanue ocy-
MIECTBIIETCS Ha OCHOBAHHHM MMEIOMIeHCS HH(OpMAIiu
pasmaHoro Macmraba. OmHAKO He BCErja ACTATBHOCTH
BBITIONTHEHHBIX MCCICIOBAHUN MOXKET YIOBICTBOPATH I10-
CTABJICHHBIC L[E)IM ¥ 33/1a4H, KOTOPBIE MOTYT OBITh pelie-
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MeTogonorus u 061LEKT nccneaoBaHus

Jns m3ydeHus 3aKapCTOBAHHBIX TEPPUTOPHUH C LIETHI0
MNOJY4YCHHUSA JAHHBIX O NMPUPOAHBIX YCJIOBUAX U MPOTrHO3E
UX M3MEHEHHH HeoOXOAUM MO3TANHBIA MOAXOI, OCHO-
BAaHHbIN Ha PELICHUH CIEAYIOMIHX 3a1ad:
®  aHAN3 aPHOPHON HHPOPMAIINH;

e BHIOOpD METONOB HCCIENOBAHMH, TOCTATOYHBIX M
OTIpeNeNeHNs TTyOMH 3aNeraHds W JUTOJOTHH TIO-
KPOBHBIX U KapCTYIOIIUXCA OTI0KEHUI;

e cocraBneHue Gpusnko-reonoruueckorn mogenu (OI'M)
UCCIIEyeMOTO 00BEKTa,;

® TIPOBEEHHE HATYPHBIX HAOIIONCHNUI;

® BOCCTAHOBJIEHHE H3y4aeMoOil Cpespl U JIOKaIu3aluus B
IPOCTPAaHCTBE 00JIacTel pa3yIIOTHEHHS;

®  OLIEHKA U3MEHYMBOCTU CBOWUCTB OTJIOXKEHUH U THAPO-
TE€OJNIOTUYECKUX YCIOBHIL;

® KOMIUICKCHBIA aHaJIu3 MNOJIYYCHHBIX PE3YyJIbTaTOB HC-
CJIe/IOBaHMH C BBIBOJAMH O HATMYUU (TEOMETPH3ALIH)
OIACHBIX NPUPOHO-TEXHUYECKHUX MPOLIECCOB.

B xaudectBe MHCTpyMEHTapus BHIOpaHBI TeO(H3MUe-
CKH€ METOJIbI HCCIICOBAHNH, Oa3upyIONIecs Ha UCTIOIb-
30BaHHUM AIEKTPUUECKUX Toner [15], 1 MeToBl uX ymc-
JeHHoro MojenupoBanus [16]. Ind cocraBneHus reono-
TUYECKOIl MOJIENH TIPHUBIIEYEHb! JaHHble OypeHHs Ha Kap-
CTYIOIIEHCS TEPPUTOPUH OJHOTO W3 pa3pabaThIBACMBIX
Mectopoxaenuil B [lepmMckoM Kpae, Tie 1o pe3ybTaTam
BCKPBITHA B XOA€ UHKECHEPHO-I'€OJIOTHICCKUX U3BICKAaHUH
B ckBaxkiHe Ne 2 BBISBIIEHBI OCTa0JICHHbBIE 30HBI U T10JI0-
cru (puc. 1). ['eonorudeckuii pazpes B BepxHel ero yactu
10 TIyOWHBI TOpAAKAa 8§ M TIPEACTABICH TIHHICTHIMU
rpyHTamu. Hroke 3ameraioT KOpeHHBIE IOPOIEI CYIbdaT-
HOTO COCTaBa, IOA3EMHbIE BOJBI HE BCTpeueHHl. IIpu
NPOXOJIKE CKBAKMHBI BBIIENEH Pl 0COOEHHOCTEH B reo-
JIOTMYECKOM CTpOEHHH paspe3a. Tak, B MHTepBale auc-
HIEPCHBIX I'PYHTOB OTMEYEHbI 30HBI Pa3yIUIOTHEHHUS, a B
OTJIOKEHHUSX THIICA BBIJICTICHBI HE3aIIOMHEHHBIE U 3aI0N-
HCHHBIC TJIMHUCTBIM MaTECPUAIOM MOJIOCTH.

NOYBEHHO-PaCTUTENEHBIA CNOWR
CYIMWHOK APECBSHbIA TBEPAbIN

2114
210
209
2081
2074
206
2054
204 1
2034
202
201
200+
199 1
1598 1
1597
196 1
1951
194 4

30Ha pa3ynnaTHeHUs (CyrnUHoK)
CYIMUHOK APeCBAHbIA NoNyTBEpablA

30Ha pasynnoTHeHUs
CYIMWHOK OPECBAHbINA NonyTBepabli

30Ha pa3ynnoTHEHKN (CYIMUHOK)

NONoCcTb 3aMnonHeHHas (runc)

rmnc
NoNocTh He3anonHeHHas (rune)

rmnc
nonocTb He3anonHeHHas (runc)
TUNG CUNBEHOBBLIBETPENbIA

Puc. 1. Obobwénnasn mooens ceonocuteckoil cpedvl
Fig. 1. Generalized model of the geological environment
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[To pesynbraTam aHanu3a ampuOpHO HHGpOPMALUU
COCTaBIeH O00OOMIEHHEI pa3pe3 TeONOrHYECKOr Cpeml,
KOTODBINA OB MOJI0kKEH B OCHOBY MporHo3upyemoit ®I'M.
B nepudepuiinoit gactu, rie 0TCYTCTBYIOT OClabIeHHbIE
30HBI, pa3pe3 MOJENH MPEACTABICH YEThIPbMS UHXEHEp-
HO-T€OJIOTHYECKAMH SJIEMEHTAMH: CYTJIMHOK TBEPABIH
(1a), momyTtBepapiit (10), THIIC CHIBHOBBIBETPENbIA (2a),
TpemmHoBaThIi (20). UTo Kacaercs HapymIeHHBIX oOia-
CcTell MaccuBa rOPHBIX TIOPOJI, TO IOOABIEHBI €IIE YeThIpe
9NIEMEHTa C MHAEKCAMHU «pP», «H» U «3», KOTOpbIE CBA3a-
HHI ¢ cy()(O3HOHHO-KAPCTOBBIME MPOIIECCaMH B 0ToOpa-
KaloT H3MEHEHHS B BHIE 30H Pa3yILIOTHEHNUS B BEIIICTIE-
PEUMCIEHHBIX CTPYKTYPHBIX €IWHHIAX T€OJOTHIECKOM
cpensl (Tabm. 1).

Onpenenenre GU3NIECKUX CBOHCTB 3JIEMEHTOB JIHC-
MIEPCHBIX TPYHTOB, BBIICICHHBIX HA PHCYHKE, BBHITIOJHS-
JOCh ¢ YIETOM JHarpaMMBl pacTipesieNieHus HJIeKTpide-
ckux comporuBneHnit mst [IpuBomkckoro u Ceepo-
3anagHoro ®enepanbHoro okpyros [17]. Juarpamma co-
CTaBlICHa HAa OCHOBaHWH PE3yJbTAaTOB JIaOOPATOPHBIX U3-
MEpEHHH YHETBHOTO SIEKTPHYECKOTO CONPOTHBICHUS
(Y3C) ¢ mpumeHeHHEM OpUrHHATBEHON MeToauKH. CyTh
METOJMKH 3aKII0YAeTCS B HCIOJB30BAHUUM MHKpPOYCTa-
HOBKH Ha TIOBEPXHOCTH 00pa3L0B MPOU3BOIBHON (OPMBI
U pa3MepoB 0e3 HapyLIeHHs UX FepMETH3ALUN U CIUIONI-
HOCTH. BimsHue reoMeTphdecKux pa3MepoB 00pa3ioB
OIICHHUBAETCS TI0 PACCUMTAHHBIM B XOZI€ YHCICHHOTO MO-
JIeUPOBaHus ManeTkaM. JIaHHBIH Ccmoco0 MO3BONSET
OIEpaTUBHO U JOCTOBEpHO oueHuTh YIC rpyHTOB 03
JOTIOJIHUTENBHOTO 0TOOpa Tpo0. XapakTepucTUKU Cyib-
(aTHBIX TIOPOI TMONYYEHBI MCXOIS W3 aHANW3a CpeIHe-
CTATHCTHYCCKHX TAHHBIX B PAMKAX H3y4acMOTO PETHOHA.

[To pe3ynbTaTam aHamu3a mapameTpuyueckod uHpop-
Mal{H 71 COCTaBIEHHOM Te0JIOrUYeCcKOil MOJIENH BbIje-
JICHBI IUATIA30HBI I3MEHEHHS! YAETBHOTO JEKTPHIECKOTO
COTIPOTHBIICHHS TIPH YCIOBHH OTCYTCTBUS IIOJI3€MHBIX

BOJI ¥ HOpMaJIbHOW MuHepaiu3anuu nopsaka 0,3-0,5 r/n
(Tabm. 1).

Tabnuua 1. Dnexmpuyeckue xapaxmepucmuxu nopoo

Table 1.  Electrical characteristics of rocks

Homep VY aenabHOE JIeKTpUIECKOe
JNIEMEHTa Topona conportusieHue, OM'M
Item Rock Electrical resistivity,
number Ohms'm
CyrianHOK
la, 106 (TBEpbIi, MOy TBEP/IbII) 2045
Loam (solid, semi-solid)
30Ha pa3yIuIOTHEHUS
Ip (CYTJIMHOK) _ 10-20
Decompression zone
(loam)
I'unc (cubHOBBIBETpE-
2a,26 B, TPELIMHOBATBHIN ) 200-700
Gypsum (strongly weath-
ered, cracked)
ITosocTh HE3anoIHeHHAs
(rurmc)
2u Cavity is unfilled 100-2000
(gypsum)
INonocts 3anonHeHHas
23 (turc) 20-50
Filled cavity (gypsum)
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ITpuBen€HHBIE BBINIE NCXOAHBIE JaHHBIE IPOTHO3UPY- IIpocTpaHCTBEHHOE PACIPEAETICHHUE YAEIBHOIO JIEK-
emoit ®I'M OBLTH TONOKEHB! B OCHOBY YHCJICHHBIX pac-  TPHYECKOTO COMPOTHBICHHS MCXOTHON MOIENTH oToOpa-
4y€ToB B TPEXMEpHOHM cpene. B kauecTBa MHCTPYMEHTa  JKaeT UETHIPE OCHOBHBIX HMHXKEHEPHO-TEOJIOTHYECKUX
UCTIONB30BaHO TporpamMMHoe obecrnedenne A.E. KaMuH-  3meMeHTa: CYTNIMHOK TBEPABIH, CYTIHHOK MOMyTBEPABIH,
CKOTO 171 MOJEIUPOBAHUS HNEKTPUUECKUX MOJEH Ha I0-  TUIC CHJIbHOBBIBETPENBIH (TPEIIMHOBATBIA) U  IATh
crosHHOM Toke ZondRes3D [18]. 0CNa0ICHHBIX aCCUMETPHYHBIX 30H (Ta0. 1, puc. 2, ).
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Puc. 2. Pezynbmamovl YUCieHHO20 MOOEIUPOBAHUsL HA PAZTUUHBIX YOANCHUSX OM 0O0BbEKMO8 6 6ePMUKAIbHOU (A—8) U 20pu-
30HMANLHOU NIOCKOCMSX (2)

Fig. 2. Results of numerical simulation at various distances from objects in the vertical (a—c) and horizontal planes (d)
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[MepBbie Tpu ocnabIeHHBIX 30HBI MONIHOCTBIO OT 0,5
70 2,0 M JIOKaTM30BaHbl B AUCTIEPCHBIX TPYHTAX U XapakK-
Tepu3yroTcs yMeHblieHHeM YOC Ha (oHEe BMEIIAIOIINXK
OTJIOXeHHH 32 cu4€T cy(hPO3MOHHBIX MPOILECCOB U HH-
(bunbTpaIK TOBEPXHOCTHBIX BOA. J[Be OCTAIBHBIC 30HBI
pacronararoTcsl B KOPEHHBIX OTJIOKEHHUSIX U TPEJICTaBIIE-
HBI KapCTOBBIMHU TOJOCTAMU. B BepXHEW 4acTH THIICOB
TIOJIOCTD SIBIISIETCS 3aMONHEHHOM, YTO eIlé pa3 yKa3bIBaeT
Ha e€ CBA3b C TIIMHUCTHIMU TPYHTAMH M BEPTHKANBHYIO
MUTPAIHIO MX 32 CUET Pa3MbIBA KPOBIH CYIb(aTHBIX MO-
pox ¥ cy(h(HO3HOHHBIX TIPOIIECCOB.

B cBs13u ¢ 3TUM maHHasg 00JacTh BEIACICHA TOHMKEH-
HBIMH 3HA4YEHUSMH COTpPOTHBIECHHS. Bropas ke 30Ha
00BeIMHSAET JIBE HE3AMOIHEHHBIE TIOJOCTH B THIICAX 00-
Iel MOMIHOCTBIO 2 M |, KaK CIIEJICTBHUE, XapaKTepU3yeT-
cs noBbinieHreM YOC oTHOCHTENBHO oommero ¢ona. Jlo-
KaJbHBIA XapakTep W OTCYTCTBHE 3aIlONHUTENS B 30HE
Pa3yIUIOTHEHHUS YKa3bIBA€T HA TE€HE3WC, OMPEAENSIEMBIi
JBIDKEHHUEM TIO/I3EMHBIX BOJ B TOPU30HTAIBHOM HaIpas-
JIeHUH, ¥ TacCUBHYIO a3y kapcroobpazosanus [19, 20].

Pe3ynbraTel 4MCIEHHBIX pPacyETOB NI  OMMCAHHOM
BBIIIIE MOJIENH MPE/ICTABIICHBI B BHIE BEPTHKAIBHBIX U TO-
PYBOHTATBHBIX CEYSHUH MO KAKYIIHXCS CONPOTUBIICHHH

(KC), Ha KOTOpBIX BBLIEISETCS PsiT OCOOEHHOCTEH (pHC. 2).

Tak, Hanpumep, Ha IPOEKLHH Pa3pe3a, IOMy4EHHOTO
TI0 JTMHUY HaOIIOCHNH, POXOAAIIEH B HEMOCPEACTBEH-
HOH OJTM30CTH K 30HaM PasyIUIOTHEHHMs, OTMEYaeTcsl T0-
BBILIIEHHE AU(DepeHINaH SIEKTPUUECKUX CBOHCTB KaK
0 BepTHKANM, Tak M 1o natepand. [Ipu yrpameHun ot
00BbEKTa Ha PAacCTOSHUE MONYTOpa JUIMH €ro MPOCTHpa-
HUS 3NEKTPUIECKHEe CBOiCTBA crmabo muddepennupona-
HBI BKPECT NMPOCTHPAHUS TIOMCKOBBIX 00BEKTOB, HO IPH
3TOM OTMEYAIOTCsl MOP(OTOTHUECKHE W3MEHEHHUs MO
KaXYIIUXCS CONPOTUBNEHUH.

BBuzy acuMMeTpnIHOCTH OCITa0NEeHHBIX 30H W HalH-
9HS UX BEPTUKATBHOTO KOHTAKTa C HEHAPYIICHHBIMH T10-

9. "%ckB-234 e
@3 73
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1e -Toyka B33, ee Homep

Puc. 3. Ob3opnas cxema yuacmra uccie0o8aHus,
Fig. 3. Overview scheme of the research area

B xozme Bm3yansHOro 00CIIeIOBAHNS IIPH TIPOBEICHHUH
TI0JIEBBIX HAOMIOJEHUH OBLIO BBIABICHO, YTO YYACTOK HC-
CJIeIOBaHUI OCTI0KHEH HAJTMUUEM KapCTOBBIX 00pa3oBa-
Huil. Ha tepputopun u3yyaemol Miomany BBEIAIOTCS
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poJaMH Ha TOPH3OHTANBHBIX CEUYEHHSAX PACCUMTAHHOH
MOJIEITH MBI MOKEM HAONIOAATh BBITAHYTOCTb aHOMAJIHIA
¥ WHBEPCHIO CBOMCTB Ha mepudepun. [lomyueHHbt Ha
JTale KaueCTBEHHOM MHTEPIPETaliy KOHTPACT CBOKMCTB
T03BOJIIET OLEHUTh BEIMYMHY OXUIAEMOTO [HAana3oHa
AHOMAJIBHOTO MPOSBIEHHUS 30H Pa3yIUIOTHEHHS B Ipele-
nax 5-8 %.

[IpuHuMas Bo BHUMaHHE, YTO B €CTECTBEHHBIX YCIIO-
BHSIX M3yYaeMble MACCUBBI TOPHBIX MOPOJ, KaK MPaBUIIO,
HEOJJHOPO/IHBI, M3MEHEHHS SNMEKTPUYECKHX CBOMCTB 3a-
YaCTYI0 MOTYT OBITh CBA3aHBI C BAPHALMAME HHKCHEPHO-
TEOJIOTHYECKIX YCIOBHH, a HE ¢ HATMIUAEM OCIA0JICHHBIX
30H. Kpome Toro, Gorproe BIMsSHAE Ha Pe3yJIbTaTH U3-
MEpEHUH, PacXOXJeHHEe KOTOPBIX COMOCTABUMO C BEJH-
YUHOH aHOMaNbHOTO d(deKTa, OKa3pIBAaET HAIMYHE TeX-
HOT€HHBIX WJIU I€0JIOTUYECKHUX TTOMEX.

V4uThiBas BBILIECKA3aHHOE, B YCIOBUAX HEOJHOPO.-
HOTO COCTaBa OTJIOKEHUH JUIS MOBBIIEHUS TOCTOBEPHO-
CTH BBIJIETICHHS OCTA0bIEHHBIX 30H HEOOXOIUMO JOU3Y-
YeHHE aHU30TPOIHBIX CBOKCTB TEOJIOTHIECKOTO pas3pesa,
00yCIOBIEHHBIX OCNa0NeHNEM —(U3UKO-MEXaHMIECKIX
XapaKkTEePUCTUK ero AIeMEeHToB [21].

BrimonHeHne HaTypHBIX HaOMIOEHUI IIPOBOAMIOCH
Ha TEPPUTOPHH OJHOTO W3 MECTOPOXNKICHHH HEePTH B
paifoHe TIPOEKTUPYEMOTO CTPOMTENbCTBA HHXKEHEPHBIX
coopyxeHuil. Ha ocHOBaHHMM pPe3yJbTaTOB YHMCIECHHOTO
MOJENHUPOBAHUS U3MEPEHUS BBIIONHAIMCH METOJIOM BEp-
THKAJIBHOTO JJIEKTPUYECKOro 30HAupoBanus (BI3) B
IJIOMAAHOM BapHaHTE MO HECKONBKHM a3UMYTaJbHBIM
HalpaBlACHUSAM C JeTalu3alueil B paiioHE BCKPBITON
ocabnenHol 30mbI [1IK 56, 71, ckB. 2 (puc. 3). Paccros-
HHE MEXITy NpPOo(MISIMH COCTaBILLIO B cpenHeMm 10 wm,
MexkIy nmukeramu — Takke 10 M. M3Mmepenus mpoBoau-
JUCH € TOMONIBI0  UU(POBOrO  ammapaTypHo-
nporpammuoro kommiekca AMC-1. I'myOuna wmccnemo-
BaHMH cocTasisa nopsaka 30 M.

15 16

14
38
12 13 a7 39
35 36
57
55

LIECTh KAapCTOBBIX BOPOHOK, IUIAHOBAs MpPHBS3KA KOTO-
PBIX TIpEZCTaBIeHA B Ta0M. 2.

[TomyyeHHBIe KCIIEPUMEHTANIEHO 3HAYECHHUS Kaxylle-
rocs CONPOTHBICHHMS HCCICIyeMOr0 MAacCHBa TOPHBIX
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nopot u3MeHstotest B npeaenax 20-500 Om-m. Bepxwsis
qacTh pazpesa 10 dQPeKTHBHBIX TyOHH 2—7 M XapakTe-
pu3yeTcsl HATHIAEM CPABHUTEIBHO HI3KOOMHBIX MOPOJ
(pk=20-50 Om-M), MO BeNMYMHE HIEKTPUUECKOTO COIMPO-
THUBIIEHUSA COOTBETCTBYIOIIMX TOPOAAM TJIMHHCTOTO CO-
cTaBa (CYTJIMHKN).

Tabauya 2. Bvioenennvie hopmul penvepa

Table 2. Selected landforms
KapcroBsle [Tuker BepTUKAIBHOTO 3JIEKTPUUECKOTO

BOPOHKH 30HAUPOBAHUS

Sinkholes Vertical electric sounding picket
1 10
2 21
3 30
4 35
5 47
6 43, 64-66

C rnyOuHOH MoNe 3aKOHOMEPHO MEHSETCs, XapaKTe-
pU3yACh OOIIMM yBENMYEHHEM COMPOTHBIECHUS MO IIO-
Magd U YMEHBIICHHEM COIEPKAaHUA B COCTaBE IOPOI
DJIMHACTOTO MaTepHaja, 9TO YKa3bIBAacT HA IOSBICHHC B
pazpese KOpeHHBIX MopoA. Mop¢oiorus KapcTyrommxcst
OTJIOKEHUH Hambonee OTUETIMBO MPOCIEKHUBACTCA MPH
TPEXMEPHON BU3yalM3aUK 00IACTH BBHICOKUX COMPOTHB-
JIeHWH TPU U3MEPEHUAX B OPTOTOHAILHOM HATIPaBICHHH
(puc. 4), Tie BeImENseTcS pAn 0COOCHHOCTEH B paifoHe
nuketoB 47K, 56K, 63K, cBsI3aHHBIX ¢ H3MCHCHHEM a0-
COJIIOTHBIX OTMETOK KPOBIHU OO,

rry6unas

F261904
" 419278
419296

419314 y

004/63.

1K e -Toyka B33, ee Homep

Puc. 4. Tpéxmepnan eusyamuzayus Kpoenu 6blCOKOOMHBIX
Kapemyowuxcsi nopoo

Fig. 4. Three-dimensional visualization of the roof of high-
resistance karst rocks

B cooTBeTCTBMY € NONYYEHHBIMU paHEE pe3yJIbTaTa-
MH TIOJIEBBIX M JIAOOPATOPHBIX HMCCIEAOBAHUH JUCIIEpC-
HBIX TPYHTOB JUIS JAHHOTO pervoHa [4] ompeneeHsl
JIAMa30Hbl H3MEHEHHI DJICKTPUIECKAX CBOKCTB MOPOL
HCCNeyeMoro yyacTka (Tadm. 3).

OrnpeneneHre KOJTHYECTBEHHBIX XapaKTEPHCTHK H3Y-
4aeMOro 00BEKTa M KOPPEJIALHS BBIACIIEMbIX HHXKEHEp-
HO-T€0JIOTHYECKUX SIIEMEHTOB BBIOJHEHBI HA OCHOBA-
HAH WMHTEPHPETAINA MapaMETPUUCCKUX 30HIUPOBAHHIT
BOJM3M CYIIECTBYIONIMX CKBAXHH. AHAIN3 MOTYYEHHBIX

JIAHHBIX TIO3BOJIMII BBIJCIUTH MIECTUCIONHBIN paspes, rac:

®  TIepBBIA TEOIEKTPUUECKUNA TOPU3OHT COMPOTHBICHHU-
eM 56 OM'M XapaKTepus3yeT OTJIOKEHHS MOYBEHHO-
PACTUTENBHOTO CJI0S U CYIJIMHKA,;

e 00BaNbHO-KAPCTOBBIE OTIOKEHHS OO0BETUHAIOTCS BO
BTOpOM, TPETHHl W 4YETBEPTHI ropu3oHT. [Ipu 3TOM
BTOpOIi CJI0HM Npe/IcCTaBIeH OTIOKEHUAMHU CYTJIMHKA U
30HOW pasymioTHeHus: B HuX. CompoTuBIEHHE CIlOs
cocrapisier 27 Om'M. Tpetuil ropu30HT XapakTepH-
3yercs Ooniee BBHICOKUMM 3HAUEHUSAMU COIPOTHBIE-
Huit (87 OM'M) 3a CUET YBENMYEHHS COJEPKaHHST
IpecBBl KOPEHHBIX TIOPOI (M3BECTHSKA, MEpreds,
rumca) 10 20 %. UeTBepThlil Te0dTeKTPUIECKAN TO-
PU30HT, obnamaromuil comportusieHneM 70 OMm-M,
3ajieraer B MHTepBane rnyouH ot 4 10 8§ M U COOTBET-
CTBYET OTJIOKEHUAM CYIJIMHKA C BKIIOYEHHAMH Jpe-
CBBI U 30H pa3yILUIOTHEHHUS;

® MATHIA TOPU3OHT OTHOCUTENHHO MOBBHIIEHHOTO CO-
TPOTUBIICHNS OOBEINHSIET BCKPBITYIO KAPCTOBYIO T10-
JOCTh, 3aMOJHEHHYIO CYTJIMHKOM C ApecBOd M ed-
HeM Cyib(aTHO-KapOOHATHOTO COCTaBa, THIICOM, a
TaKKe HE3alONHEHHYI0 KapCTOBYIO MOJIOCTh B UHTEp-
Bae rayoun 14,5-16,7 m. CompoTHBICHHE MATOrO
ropusoHTa coctaisieT 233 Om M;

® OMNOPHBIKA CebMOIl TOPH3OHT, 3aNeraroluii ¢ riayou-
Hbl Topsaaka 17 M, Ha JaHHOW KPUBOHM MpeacTaBlieH
OTJIOXKEHUSIMU THIICa ¢ mpocnosmu anruapura. Co-
HpoTHBJIEHHE clost cocTasnseT 1560 Om-m, 4To CBU-
JIETeTLCTBYET 00 YBENMUYEHUH TIOTHOCTH KOPEHHBIX
TOPOJl ¥ YMEHBIIEHUH UX TPEIIMHOBATOCTH C TIyOH-
HOM.

Tabnuya 3. Juanason uzmenenus y0erbHbIX dNeKMPULECKUX
CONPOMUBLEHULL TUMONOSUYECKUX PAZHOCIEN

Table 3.  Range of variation of specific electrical re-

sistances of lithological differences

HaumeHoBaHHE MH)XEHEPHO- Jlnana3oH U3MEHEHUS JIEKTPU-
TEO0JIOTHYECKHUX 3IEMCHTOB YECKUX COMPOTHUBICHHI, OM'M
Name of engineering- Range of variation of electrical
geological elements resistances, Ohms'm
Cyrqm{o.x HOJIy TBEPABIit 20-40
Semi-solid loam
CyTJIMHOK TBEpABIH
Solid loam 30-50
CyYIIIHHOK C BKIIOUYCHHAMHI
JIPECBBI U IEOHS .
Loam with inclusions 60-100
of gravel and crushed stone
I'unc TpenHOBaTHIH 500-1000
Cracked gypsum
I'unc (aHruapuT, U3BECTHSK,
JIOJIOMHT)
o 1000-10000
Gypsum (anhydrite, limestone,
dolomite)

[eodnexTpuueckas MOJAETb CPEABl, MPEICTaBICHHAS
Ha pHC. 5, TMONyYeHa MO pe3yJbTaTaM KOIHYECTBEHHON
UHTEPIPETAMU HIEKTPUYECKUX 30HAUPOBAHUI U Xapak-
TepU3yeTcs CUIBbHOM TH(depeHIuanyeil CBOHCTB Hece-
JTyeMOH TOJIIN.

JlnanazoH W3MeHEeHHH (U3MIECKUX CBOWCTB BEpXHEH
YaCcTH pa3pe3a yKa3blBaeT Ha TpeobnagaHne B Hel OTIO-
’KeHUN TTIMHUACTOTO cOCTaBa. B jaHHOM MHTEpBane Juc-
HEPCHBIX TPYHTOB 30HBI MOBBHIIIEHHOTO COMPOTHBICHHUS
CBSI3aHBI KaK C BO3MOXKHBIM HANMYUEM 30H Pa3yILIOTHE-
HUS, TAK U C YBEIMUYCHUEM COJCP)KaHUs BKIIOUEHUHN Jpe-
CBBI, MICOHS KapOOHATHBIX (CYJIb(ATHBIX) MOPOA HIH
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necHaHoro Marepuaia. Hapsmy C 3TUM HH3KOOMHBIC 00- C MAcCCONEPEHOCOM U YBCIMYCHUEM COACPIKAHUSA TTIMHU-
JaCcTH B TOJIIE, 3ajieraronen HIKE, IMCIOT KOPPEIIALUIO CTOro Matr€puajia, BJIaXKHOCTHU OTJIOKEHHH.
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Fig. 5. Geoelectric model based on the results of quantitative interpretation of electrical soundings

OOBaJBHO-KAPCTOBBIC OTIOKECHUS OOBENUHSIOTCA BO  MPOTHBJICHWH CYrMHKOB g0 11-20 OM'M yKasbiBaeT Ha
BTOPOH, TPETHI M YETBEPTHIM TOPU3OHTHI U MPEICTABNCHBl  YBEIMUCHHE CONEPKAHUS TIMHUCTOTO MaTepuana, BIax-
CYTJIMHKOM C BKJIFOUECHUSAMH JIPECBBI M IEOHS Mepreis, HOCTH OTJIOXEHWH, BOSMOMKHOE MOBBIICHHE MUHEPaIH3a-
rumca, u3BecTHAKa. CyTIMHKY XapaKTepU3yloTcs U3MEHe-  IIMH, BO3MOXHOE 3aCOJICHHE TPYHTOB, a TAKKe Pa3yIlioT-
uueM conpotusienus ot 30 1o 60 Om-m. [lormkenne co-  Henme nmopoa. B paitone [TK B33 9, 13, 14, 25, 45, 53-55,
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57, 60, 69, 70, 74 compoTHBJIEHNE TONIIM MOBBIIAECTCS 10
120-260 OM-M, 9TO CBHIETENBCTBYET O HATMYAH OOIBIIO-
T0 KOJNHMYECTBA BKIIOYCHUH IPECBBI M IIEOHS, & TakKe O
BO3MOKHOM BKJTIOUEHHH IJTHI00BOTO MaTepuana.

B T0 e BpeMs KpOBIS KApCTYIOUIMXCS CYIb(ATHBIX
HOPOJl MMEET BApHALMH MO BEPTUKATH ¢ HAHOOIBIINM
M3MEHEHHEM CBOWCTB B paiioHe makeToB 9, 13, 19, 29, 42,
69, 49, 57, 63. Ha ¢oHe BHICOKHMX 3HAUCHHI SIEKTpHYIC-
CKOTO COTPOTUBJICHHS BBIIENAIOTCS YYaCTKU aHOMAJBHO
HOBBIIICHHBIX 3HaueHu YOC, KOTOpble MOTYT OBITb
00yCIOBIEHB KAapCTOBBHIMU (HE3AMOTHEHHBIMH) IOJIO-
CTSMH IUTH TIPUCYTCTBHEM Ooliee TUIOTHBIX MOPOJ CYIb-
(aTHO-KapOOHATHOTO COCTABA.

Cnenyer oOpaTuTh BHUMAHHE HA TO, YTO B PsE CIy-
YaeB BBIICTICHHBIX aHOMANHI OTCYTCTBYET YETKas Koppe-
AU MEKTY 00OHAPYKCHHBIMH KapCTOBBIMH MOJOCTSIMI
1 U3MCHEHHEM (PH3MUYECKHX CBOWCTB CPEMbl. ITO MOXKHO
OOBSACHUTD TEM, YTO NPHYMHOW aHOMAJBHBIX 3PHEKTOB

HanpasneHue TPELWHOBATOCTH

ceBepHoe BOCTOYHOE A‘
—, T ea

066 08 09111 12

135 15 16 18 19 2 2,25

ABNAIOTCS BapHallid JIUTOJNOTMYECKOTO COCTaBa HIIH
mopdonornn mopon. B To ke BpeMs HeOmarompuATHEIE
CLEHAPUN Pa3BHUTHS KApPCTOBBIX MPOIECCOB B IEPBYIO
oyepe/b CBSI3aHBI C HATMYKMEM 30H TPEIMHOBATOCTH. Kak
TIPaBUJIO, JJAHHBIE 30HBI OTMEYAIOTCS YBENHYEHHEM IJIH-
HHCTOTO MaTepHaia B IOPOBOM NPOCTPAHCTBE CyNIb(ar-
HO-KapOOHATHEIX TOpo. [Ipu 3TOM ceKymiie TPEmHE B
COBOKYITHOCTH C HAa3¢MHBIMH W II0J3¢MHBIMH KapCTOBBI-
MH (OpPMaMH COIPOBOXK/IAIOTC PE3KUMH M3MEHEHUSAMH
(uzmgeckux cBoict cpensl [11, 22].

Ha ocHOBaHWE BBINICH3TOXEHHOTO B KawyecTBE [I0-
TONHUTENBHOTO ~ KPUTEPUS — BBLABICHHS — KapCTOBO-
cy(h(O3MOHHBIX TIPOIIECCOB HCIOB30BaH KOA(DHUIMEHT
amoTpormu. Jlnst 310l menu ObLIM MPOM3BEEHBI pac-
4€THl MPOCTPAHCTBEHHOTO paclpeleseHns TaHHOTO Ia-
pamerpa, KOTOpBIC MPEACTABICHBl B BHAC PA3IMUHBIX
TPOCKIHi OTHOCHTEIEHO TIOBEPXHOCTHBIX (hopM penbeda
(puc. 6, a, 0).

|T|-1 ’T‘-z [@-3 [ |4

Puc. 6. Ipoexyuu omobpadxcenus Kodgh@uyuenma aHusomponuu 8 pasnuiHslX NIOCKOCMAX OMHOCUMENbHO NOBEPXHOCIHBIX
gopm penvegpa (a, 6) u kapma paioHUpo8aHUs Kapcmoso-cyh@osuonroii onacvocmu (8) (1, 2 — obracmu anomans-
HO HU3BKUX U BbICOKUX 3HAUEHUll Kodpuyuenma anuzomponuu, 3, 4 — 30Hbl NOGBIUEHHOU MPEUWUHOBAMOCU U

Pa3yniomuenus nopoo)

Fig. 6. Projections of the anisotropy coefficient in various planes relative to surface relief forms (a, b) and the zoning map of
karst-suffusion hazard (c) (1, 2 — areas of abnormally low and high values of the anisotropy coefficient; 3, 4 — zones

of increased fracturing and decompression of rocks)

123



M3BecTis TOMCKOrO NOMUTEXHUYECKOrO YHUBEpCUTETa. MHXUHMPUHT reopecypcos. 2022. T. 333. Ne 10. 117-127
TatapkuH A.B. v ap. K oLeHke onacHoCTH kapcToBo-Cydhh03NOHHbIX NPOLECCcoB

B xozie aHami3a aHU30TPOIHBIX CBOKHCTB BBIABIEHO, YTO
Jana3oH M3MeHeHN! (P)OHOBBIX 3HAYEHHH HAXOIUTCS B UH-
tepBasie ot 0,8 1o 1,2 emuann. Ha oTobpaxkaeMbIx mpoek-
IUAX OTYETIMBO TIPOCIEKMBAIOTCS 3aKOHOMEPHOCTH aHO-
MaJIbHOTO pactpeieneHus KO3 HIMeHTa aHU30TPOIUH.

Haumenbiie 3naueHust kodduImeHta cocpenoTo-
YeHEl B [EHTPATBHON YacTH U Ha TepupepHu uccieye-
MOTO MaccuBa Mopoj. Brinenennsie 061acT aHOMaIBHO
TOHWKEHHBIX 3HAYEHWH YKa3pIBAIOT Ha TpeoOdiagaHue
TPELMHOBATOCTH B CE€BEPHOM HampasneHuu. Kpome toro,
OTMEYAETCSl HAMYHE JIOKATBHBIX aHOMAJBHBIX 30H IIO-
BBIIICHHOM aHWU30TPOIMU Ha PA3TMYHBIX A(DEKTHBHBIX
rJTyOuHaX.

KommekcHblil aHam3 reopu3Mueckux JaHHBIX U pe-
3yNIBTAaTOB 3aBEPOYHOr0 OYypeHHs MO3BOJNMI BBIIOIHUTH
paifOHMPOBAHKE M OKOHTYPHTH TOTCHIMATBHBIE 00MACTH
JUTS Pa3BUTHS OTACHBIX KapCTOBO-CY(h(O3MOHHBIX MpoIIec-
coB (puc. 6, 6). KoHurypamus BBIICICHHBIX 30H
Pa3yIuIOTHEHUSA B COBOKYIMHOCTU C IIIOLIAIHBIM HM3MCHE-
HHEM SJEKTPUYECKUX M aHU3OTPOMHBIX CBOMCTB KapcTy-
TOIMXCS OTNIOKEHHI CBHCTENBCTBYET O TPE0OTIanaHii
30H TPEMIMHOBATOCTH CYOMEpHAHOHAILHOTO HAMPABICHHS,
CBSI3AHHBIX C HapyIIEHHeM CILIONHOCTH mopoa. Heobxo-
AUMO TIOMYEPKHYTD, YTO BCKPBITHIC MOJOCTU MMEIOT KOpP-
PEJLMI0 C MECTOMOJIOKEHHEM aHOMANBbHBIX 30H aHU30-
TPOIIHH, COMPOBOKIAIONINXCSI HHBEPCHEH «3HAKa», TO €CTh
HATIMYAEM TPEIMHOBATOCTH B ABYX HATIpaBJiCHISX. [aH-
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HbI (DakT ykas3plBaeT Ha BO3MOXKHOCTH HCIIONB30BAHHUA
KOMIUIEKCHBIX IApaMETPOB VI OCYILECTBIEHHUS MPOTHO3-
HBIX OLIEHOK M pAaH)KUPOBAHUS 30H PHUCKA.

3aknioyeHve

Takum o0pasoM, B pe3ynbTate NPOBEAEHHBIX HCCIe-
JOBaHUH PacCMOTPEH IOAXOA UL OLUEHKH U PaliOHUpO-
BAHHUS KApPCTOJNOTMYECKOH OMNACHOCTH U AKTHBHOCTH
Cy(Q(O3HOHHEIX TPOIECCOB HA TEPPUTOPHSX, IMOIBEP-
’KEHHBIX PHCKY MX BO3HHMKHOBEHHs. OCHOBHBIE MPUHIH-
Ibl, PACCMOTPCHHBIC BHIIIIEC, 6a31/1py}oTc>1 Ha 4YHUCJIICHHOM
MOJZIENUPOBAHUH 3NIEKTPUUCCKUX XapaKTEPUCTUK B TPEX-
MEPHBIX HEOIXHOPOIHBIX Cpelax M HATYpHBIX HaOmone-
HUAX, BBIMOJHSEMBIX 110 HECKOIBKMM a3MMYTalbHBIM
HaOmrozieHusIM.  [lomydeHHbIEe [aHHBIC YKasbIBAlOT Ha
NPUHIUIHATBHYI0 BO3MOXKHOCTb BBIICTCHUS OCIa0IIeH-
HBIX 30H U MOTYT OBITh MCIIONb30BAHbI KK JUIS TEOPETH-
YeCKUX PacuéTOB MPOTHO3UPYEMBIX NPOBANIOB, TAK U IS
BBIOOpA 3AIIUTHBIX MEPONPHUATHH 110 YKPEILICHUIO TI0POJ
WJIM TIPOEKTHBIX penteHui [23].
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The relevance of the research is caused by the search for predictive parameters and criteria for changes in the electrical properties of
rocks associated with the dissolution and removal of rock particles in areas with the spread of deposits of carbonate-sulfate composition. In
addition, the use of geophysical methods with a one-sided approach to restoring the physical properties of a geological section does not
always give an unambiguous assessment of the results obtained. The above facts indicate the need to search for and evaluate the possi-
bilities of integrated solutions to increase the unambiguity of the interpretation of geophysical data and the reliability of forecast calculations.
The purpose of the work consists in the development of scientific and methodological foundations of a method for assessing the danger of
karst-suffusion processes.

The object is represented by an array of rocks in the area of karst-suffusion processes.

The methods used to achieve this goal are based on numerical modeling of electric fields, field observations by vertical electric sounding
in various azimuthal directions, combined analysis of geological and geophysical data and laboratory studies. The AMS-1 hardware com-
plex and the ZondRes3D, «Zond» software systems were used as tools. The study of electrical resistivity on rock samples was carried out
using an original technique without disturbing the structure and humidity of monoliths.

The research results reflect a comprehensive analysis of geological and geophysical data, including theoretical calculations in three-
dimensional inhomogeneous media, field experiment and verification of the forecast model. Based on a priori information and laboratory
data on the properties of the medium, a physico-geological model with weakened areas associated with the removal and dissolution of
rocks was compiled. The revealed patterns are the basis for zoning on geometrization of potential areas of development of dangerous
karst-suffusion processes and further selection of protective measures to strengthen the rock mass or design solutions.

Key words:
hazardous processes, modeling, karst, suffusion, physical properties, electrical exploration.
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