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METANNOTIEHNA

3. . KypbaHos, A. M. AxyHxaHoB, 6. M. A6gypaxmaHoB (I'Y «<UHctutyT TMAPOUHIEOY)

A. [. KaromoB (TI'TY)

NMPEBEHTUBHbBIE MEPbl HA OCHOBE M'APOIEONOIMNM4YECKUX
N UHXEHEPHO-TEOJIOTMYECKUX NMPOLIECCOB, BbI3BBAHHbIX
NMPUPOAOHO-TEXHOINEHHbIMU YCNOBUAMU NPU OOBbIYE
MOJIE3HbIX NCKOMAEMbIX (PECMNYBJIMKA Y3BEKUCTAH)

PaccmaTtpuBaeTcs akTyanbHOCTb 3a4ayum, HEKOTOPble 0COBGEHHOCTU MIMAPOreosIornYecKnx
M UHXXEHEePHO-reoslormMYecknux NpoLeccoB, BbiI3BaHHbIX MPUPOAHO-TEXHOreHHLIMWU YCIIOBUSIMU
npuv Aobblye nornesHbIX UCKoNaeMbIX (Ha NpMMepe oTAeNbHbIX BbICOKOTOPHbIX MecTopoXxae-
Hun Hyparta-3apadaHa). Metoguka nccnepnoBaHui BKIOYaeT n3y4yeHue He TONbKO pacmnorno-
»XeHus npoBana (o6pyLieHus), HO U pa3pe3oB, NPMMbIKaIOLMX K MPOBarbHbLIMM BOPOHKaM, Tak
KaK HemanoBaXHYH0 posib B UX 0Opa3oBaHMU UrpaeT NoToK NOA3eMHbIX BOZ C AeNCTBYHOLUMU
poaHukamu. U3yyeHbl 0COBGEHHOCTU Pa3BUTUSA NMPOYHOCTHbLIX U Ae(OpPMaLMOHHbLIX CBOUCTB
ropHbIX MaccuBoB npu hopMMpPOBaHMM 06BanbHbIX NPOBaNbHbIX 06PYLUEHUIA, NPUBOASALLMX
K U3MEHEHUSAM FOPHO-TEXHMYECKUX YCINOBUI IKCMyaTauMm MecTopoxaeHun. [laeTca xapak-
TepucTMKa npoBana noBepxXHOCTU 3eMIn, 06pasyroLLerocs B pesynbraTte o6pyLLEeHNUs TPYHTOB
B FOpHbIX BblpaboTkax nop BNUSAHWEM B OCHOBHOM MMApOreoriornyeckor U MHxKeHepHo-reo-
rormyeckon AeATenbHOCTMU.

Knroyesbie criosa: noa3emHble BOAbl, KOIDULMEHT punbsTpaummn, TPELNMHOBATOCTH, HEPELLEH-
HOCTb, OOpYLLUEHMS, YCTONYMBOCTb, HanpsixeHue.

E. Sh. Kurbanov, A. M. Akhunzhanov, B. M. Abdurakhmanov (SE «Institute GIDROINGEO»),
A. D. Kayumov (TSTU)

PREVENTIVE MEASURES BASED ON HYDROGEOLOGICAL
AND GEOTECHNICAL PROCESSES CAUSED
BY NATURAL AND MAN-MADE CONDITIONS DURING
MINERAL MINING (REPUBLIC OF UZBEKISTAN)

The relevance of the problem, some features of hydrogeological and engineering-
geological processes caused by natural and man-made conditions during mining operations
are discussed (case study of highland facilities of Nurata-Zarafshan ore deposits). The
investigating procedure includes studying not only the location of a sinkhole (collapse), but
also sections adjacent to the sinkholes, since an important role in their formation is played
by groundwater flows with active springs. Features of the development of strength and
deformation properties of rock masses during the formation of landslide sinkhole collapses,
which result in changes in mining and technical conditions of deposit development, are
studied. Sinkholes formed because of ground failure in mine workings under the impact,
mainly, of the hydrogeological and engineering-geological activities in the mining area are
described.

Keywords: groundwater, coefficient of permeability, fracturing, uncertainty, collapses, stability,
stress.

Onsa yutupoBaHma: Kyp6aHos 3. L. MNpeBeHTMBHbIE MepPLI HA OCHOBE MAPOreornorMyYecknx U MHxe-
HEpPHO-reonorMYecknx NPOLLECCOB, BbI3BaHHbLIX NMPUPOOHO-TEXHOTEHHbIMW YCNOBUAMWU Npu Jo0blbe
nornesHbix nckonaembix (Pecnybnuka Y3bekmctan) / 3. L. KypbaHos, A. M. AxyHxaHoB, b. M. AGay-
paxmaHoB, A. [1. Katomos,// PernoHansHas reonorus n metannorennst. — 2023. — Ne 93. — C. 107-116.
DOI: 10.52349/0869-7892_2023 93 107-116

BBepeHue. [pn paspaboTke MecTopoXOeHul
Nomne3HbIX NCKOMaeMbIX yBenuyeHne o6bLemoB 13Bne-
KaeMbIX rOpHbIX MOPOL, a Takke rmyOuH 1 Noa3eMHbIX
FOpPHbIX BbIPAbOTOK MNPUMBOAMT K YCWUIEHUIO PONU
TEXHOTEHHbIX (PaKTOpPOB B OOpas3oBaHUWM rMaporeo-
nornyecknx npoueccoB. B cBA3M C noBblleHVEM
OypOB3pbIBHbIX PaboT U M3MEHEHUEM CXEM BeOEHUS

ropHbIX PaboT, TEHAEHLMM NPOABMNEHNS TEXHOTEHHbIX
MPOLLECCOB, OCIOXHALLMX pa3paboTky MecTopoxae-
HUA, He TOMbKO YCWUMMUBAKOTCHA, HO U MPOBOLMUPYIOT
pasBUTME Pa3MUYHBLIX MMOPOreONorMYEecKNX 1 UHXKe-
HEepHO-TeonorMyecknx npoueccos. B HacTosiwee
Bpems 6Gornee ObICTPbIMM TeMNaMu McHepnbiBaeT-
cs (POHA MPUMOBEPXHOCTHBIX, NETKO OTKPbIBAEMbIX
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MECTOPOXAEHUI N [anbHelllee paclunpeHve nep-
CMEKTUBHbIX PYOHbIX PANOHOB MOXET OCYLLECTBMAThb-
Cs1 MPEUMYLLECTBEHHO 3a CHET OOHApPY)XEHUS B CIOX-
HbIX F€ONOrMYECKNX YCNOBUSAX MyOOKNUX rOPU3OHTOB,
a Takke NepekpbITbIX MOLLHBIMU MOPHbLIMU NOPOAAMM.
[nsa 6e3onacHoi 1 3hEKTMBHOM NOA3EMHON pa3pa-
OOTKM MECTOPOXAEHUN TBEpAbIX MOME3HbIX MCKona-
embix (MTTMW) HeobxoamMmo NpoBOAWTL AeTarbHble
rMOpPOreoriorMyecke 1 UHXEeHEPHO-reonormyeckme
nccnenosanus [3].

Tak, uccnegoBaHWe NPUPOOHBLIX U TEXHOMEHHbIX
(haKTopoB, WX BMAUSHUSA HaA TMOPOreonornyeckue u
WNH)XEHEePHO-reonormyeckne npoLecchbl Npu OCBOEHUM
MECTOPOXOEHMWI, MPOONEMbl OLEHKN UX Pas3BUTUS,
npeaynpexaeHs U NMKBMaauMm BOOOMPUTOKOB rop-
HbIX BbIpabOTOK CErogHsi ABMNSETCA akTyarnbHbIM [8].

PacwupeHne accopTumMeHTa cCbipbs And Oen-
CTBYIOLLUX Mpeanpuatum pervoHa Tpebyer npegy-
npexaeHnst N NMKBMAauMM BOOOMNPUTOKOB B FOPHbIE
BbIpabOTKN, @ TaKkke CBOEBPEMEHHOE NpPeACTaBrieHne
npakTUYeckMx pekomeHgauum no cnocobam ocylue-
HUS BOAOMPUTOKOB LUTOMbHEBBLIX FOPU30OHTOB, MO3BO-
nswowmn adgekTnBHO 1 GeszonacHo paspabaTbiBaTb
pyaHble 3anexu [7].

®dakTuyeckum matepuan. OCHOBHbIMU NPUPOA-
HbIMW baKToOpamu, onpeaensMM1 TMApPoreonoru-
YecKne YCrnoBus MECTOPOXAEHMS, SABNATCA Knumar
panoHa, reonoro-TEKTOHNYECKoe CTpoeHune, penbed
TeppuTopumn 1 rmgporpadus.

M3 BbilenepeuncneHHbix akTopoB HanbonbLuee
BNUsiHe Ha ¢opMMpoBaHMEe BOLOMPUTOKOB B rop-
Hble BbIpaboOTKM OKa3biBalOT aTMOCHEPHbIE OCaaKu
N TEXHOreHHble (QaKTOpPbl, SABMASKLMNECA OCHOBHbLIM
WUCTOYHUKOM MUTaHUA POPMUPOBaAHUSA MNOA3EMHbIX
BOL, MECTOPOXOEHWUN.

Knumat parvioHa pe3ko KOHTUMHEHTanbHbI, C
NPOAOIKUTENBHBLIM JIETOM W KOPOTKOW XOITOOHOW
3MMon. Knumartuyeckue ycrnoBusi pamoHa MeCTo-
POXOEHNST XapakKTepusylTCcss MO OaHHbIM MEeTeo-
ctaHuun «Kowpabaa». CpegHeroqoBoe KOnM4ecTBO
ocagkoB (cymma 3a rog) — 388 MM, mMakcumanbHoe
— 596 MM, MUHMManbHoe — 289 MM, CpeaHEMHOroneT-
Hee — 400 mm. OCHOBHOE KONMUYEeCTBO OCaZKOB (40
70-80%) npmuxoguTcsl Ha BECEHHEe-OCEHHUI nepuog,.

B ycnoBusix pes3Ko KOHTMHEHTanbHOro Krivmarta
Oonbluas YacTb BbiNagatoLWMX OCaAKOB McnapsieTcs
C MOBEPXHOCTU MOYBbI M pacTuTenbHocTu. [pyras
YacTb B CBA3M C YKIIOHOM MECTHOCTU MAET Ha Nornos-
HeHVe MOBEPXHOCTHOrO CTOKa B Mepuop BECEHHEro
naeogka. Jlnwb B MecTax Bbixoga OOHaXeHHbIX Tpe-
LMHOBATbLIX Maneo3oMckux nopod cosgatotcs bnaro-
NPUATHbIE YCNOBUSA A58 MHPUINBTPaLMM aTMOCepHbIX
0OCaJKOB M MOMOMHEHUS 3anacoB NoA3eMHbIX BOA,.

Hypatay-3apaLuaHCkuin  ropHO-pYAHbIN  parioH
no agMUHUCTPATMBHOMY AerneHuio BkrwyaeT [xu-
3akckyto, CamapkaHackyto, Hasouickyto 1 Kawkaga-
PbMHCKY0 obractu. B coctaB pervoHa BXOASAT peku
BapadwaH n CaHrsap. B ceBepHon yactu HypaTtuH-
ckoro xpebTta Haxogatcs ropbl CeBepHbii Hyparay,
Kovitaw, [lMMuctanutay, XaHbangutay, a B HOxHOW
yactu — Aktay, Kapauuutay, Mabgutay. K ceBepHbim
ropam 3apaduaHa oTHocsTed ropbl Kapatena, 3upa-
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Oynak-3nsatamH, a Ha tore WMpPOKO pacnpocTpaHe-
Hbl Hebonblme ropsel Kowpabart, KOxHbii Hypatay
n Opacan. 3anagHas 4YacTb 3apadluaHCKoro xpeob-
Ta pacnonoxeHa BOnu3n TaHb-LLlaHbckoro xpebTta
n coctouT K3 rop Kapartena (puc. 1).

B reonormyeckom cTpoeHun [y>Kymcamnckoro
MECTOPOXOEHNS NPUHMMAIOT y4acTUe MHTPY3UBHbIE
nopoabl Maneo3oMCcKoro Bo3pacTta W nepekpbiBato-
wme nx 4exsioMm mollHocTbio Ao 100 M HeoreH-4et-
BEPTUYHbIE OTNOXeHUA. [MoCcTynneHne noa3eMHbIX
BOO B rOpHble BbIpaboOTKM 3aBUCUT OT fUTOsIOrM4ye-
CKOrO COCTaBa lOpHbIX MOpOo4, TPELMHOBATOCTU U
X BOOHO-KOMIEKTopckmMx ceoncTB. Ha [lyxymcan-
CKOM MeCTOPOXOEHUN OCHOBHOE pa3BuUTUE MOMy4Yunun
WHTPY3un rpaHuTongHoro coctaBa (Kowpabagckas
WHTPY3Ks1), NpeacTaBrneHHble rpaHOCUEHMTamMK, cue-
HUTaMn 1 rpaHuTamn. BooonpoBoaAMMOCTb CKanbHbIX
nopog 3aBUCUT OT xapaktepa, rmybuHbl pacnpocTpa-
HEHWsT TPELLUMH U UHTEHCMBHOCTW 3aTyxaHus TpeLyu-
HOBaTOCTW MO MNyOuHe.

Ha Oonbwen vactu nnowagn [yxymcamnckoro
MECTOPOXOEHNST WUHTPY3MBHbIE MOPOAbLI MEpeKpbl-
Tbl C MOBEPXHOCTW CrNaboBOOOMPOHMLAEMBIMY HEO-
reH-4eTBEPTUYHLIMU OTNOXeHusAMU. [lo reHesucy
BEPXHEMNSMOLEHOBbIE OTMNOXEHUS MNPOSBUArbHbIE
W npeacTaBreHbl anesponMrtaMu ¢ NpocrosiMy pas-
HoraneyHbIX KOHrromepaTtoB. YeTBepTuYHble OTHO-
XKEHMS NepeKpPbIBAOT NOPOAbl HEOrEHOBOrO Bo3pacTta
W npeacTaBreHbl annBUanbHO-NPONoBMUanbHbIMU
WeBHNCTBIMM nopogamMn ¢ Menkosemom. Mo aHy
AonuHbl p. NyXymcam nony4mnu passuTue nporio-
BManbHble 00pa3oBaHUs, NPeACTaBEHHbIE TPaBUii-
HO-rane4YHNKOBLIMU MOPOAAMM C BKITHOYEHUSIMM Bary-
HOB. YumnTbIBada reonormyeckoe crtpoeHue lNyxxymcan-
CKOTO MECTOPOXAEHUS, MO CTENEHN OOHaKEHHOCTU
OHO OTHOCUTCA K 3aKkpblToMy TUNy [2]. Ha 3aKpbITbIX
MECTOPOXOEHNSIX BOAOMPUTOKM B FOpHbIE BbIpaboT-
kn ByoyT hopmMMpoBaTLCS B CTPOUTENbHLIA Nepuos
3a CYEeT CTaTUYeCKMX 3anacoB MOA3EMHbIX BOd, a B
JanbHenwem npu 3Kcnnyataumm MeCTOpPOXOAeHUS
NMOATOKOM BOAbI CO CTOPOHbI OCHOBHbIX ObnacTew
nutanmna [9].

Ha o6BOAHEHHOCTb MECTOPOXAEHMS CyLLECTBEH-
HOe BO34EeNCTBME OKasblBAeT TEKTOHUYECKOe CTPO-
eHne. M3 30H TEeKTOHMYECKMX HapyLleHun Habmo-
[anocb MOCTYMfEeHWEe 3HaYUTENbHbIX BOAHbIX Macc
BOObl B ropHble BbipaboTku [6]. MonoxeHune Myxym-
CalncKoro MeECTOPOXAEHUSI B CTPYKTYPE PyAHOrO nons
onpegensieTcs MOLLHON 30HOW AOPYAHbIX Pa3pbiBOB
BOCTOYHO-CEBEPO-BOCTOYHOIO MPOCTUPaHUS, SBASIHO-
Lenca sanagHon rpaHuuen YapmmuTaHCKOro mMecTto-
poxaeHus. [laHHasi 30Ha paspbIBOB 1 PySOBMELLAO-
LiMe CTPYKTYpbl NPEACTaBNAT COOOM COMPSXKEHHYO
CUCTEMY Bblgep)KaHHbIX CKOMOBbIX TPELLMH, BO3HUKA-
FOLLIMX NMPY OTHOCUTENbHbBIX NepeMeLleHnsIX 60MnbLInX
6nokoB nopopg no KapaynxoHa-YapmMunTaHCKON 30He
pa3nomoB rry0boKoro 3anoXeHusi, ABMAsHOLLENCS pyao-
KOHTPONUPYIOLLIEN CTPYKTYPON BCEro pyAHOro norsi.

KapaynxoHa-YapmuTaHckas 30Ha pasrioMOB OXBa-
TbIBAET KOKHYKO 4YacTb Mfowaan MeCTOPOXAEHUS,
MOLLIHOCTb €€ AOCTUraeT HECKOSbKNX COT METPOB Npw
nageHun, 6nmskom Kk BepTuKaribHOMY, NPOCTMpaHe —
cybwmpoTHoe. CocTonT 13 cepum cybnapannenbHbIX
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Puc. 1. O63opHas kapTa HypoTta-3apadwonckoro pyaHoro nons

N KOconepecekarLWwmnxcs pa3rnoMoB MOLLHOCTBIO OT eAVHUL, A0
HECKOIbKMX OecAaTkoB MeTpoB. KapaynxoHa-HapmutaHckasa 30Ha
pas3noMoB Haubornee ApPeBHAS (QOUHTPY3WBHAs!) U OOMNTOXUBY-
as cuctema, Mo KOTOPOW B pasHble MEpPUOAbl MPOUCXOOWMn
3HaYMTENbHbIE W, BO3MOXHO, Pa3HOHaMNpaBIiEHHblE Nepeme-
weHuss 6nokoB nopog. KpynHble TEKTOHUYECKME HapyLUEeHUs,
nepecekawLllme ckarnbHble Maneo3onckMe nopogbl, O0ObIYHO
COMpPOBOXAAKOTCS 30HaMK JpobreHns 1 GpekunpoBaHnsa U MOryT
CNY>XWUTb MPOBOAHMKAMU MeXAY BOLOHOCHBIMW KOMIMIeKcamm
Naneo30nCKOro N HeOreH-4eTBEPTUYHOIO Bo3pacTa.

Penbed nnowaam MectopoXxaeHuss — OOuH U3 BaXKHEMLLNX
(haKkToOpOB, OMNPEedENsLNX YCIOBUA MNUTaHUS, TpaH3uTa W
HaKOMMeHUs noA3eMHbIX BOA. PacuneHeHHOCTb MOBEPXHOCTU
CYLLIECTBEHHO BIMSIET Ha CTENEHb OOBOAHEHUS MECTOPOXAEHNS,
onpeaenss ycrnoBusi NOBEPXHOCTHOrO CTOKa M APEHUPOBaHUA
noa3emMHbIX Bog. Penbed Ha nnowaau NyXymcamckoro Mecro-
POXAEHUS HU3KOTOPHbIW, pacyneHeHHbIn. ABC. OTM. U3MEHSIOT-
cst or 900 go 1025 m 1 6onee. OTHOCUTENbBHbBIE NPEBbLILLEHUS
cocTapnsoT B cpegHem 50—100 m. KpytumsHa cknoHo 10-30°,
pexe pocturaer 35-40°. HesHaumTenbHas KpyTU3HA CKITOHOB
OnaronpusaTHa 4N npocadvBaHns Bbinagarowmnx atMocdepHbIX
0CajKoB, @ pacyrieHeHHOCTb MECTHOCTU CMocoBCTByEeT co3fa-
HUO BraronpUsITHLIX YCNOBUIA ANS APEeHMPOBaHNUS NOA3EMHbIX
BoA. Ho nonoxeHne MeCTOpOXAEHUS MO OTHOLUEHUIO K MeCT-
Homy ©Gasucy asposum ([yxymcar) HebraronpusiTHoe, Tak Kak
pacnosnoXeHO OHO HKKE MECTHOro Gasuca apo3un (ropu3oHTbI
oTtpabotkn ot +600 go +820 M), YTO BbI3blBAET MOBbILLIEHHYIO
06BOOHEHHOCTb FOPHbIX BbIpaboTok waxtbl Ne 1.

mpporpaduyeckas ceTb B paioHe MECTOPOXAeHUA obpaso-
BaHa p. [yxymcan, npoTekaroLlen Ha 3anagHoM donaHre MecTo-
poxaeHus. [oBepXHOCTHBIN CTOK Mo lNy>xymcaro urpaet onpe-

METANNOTIEHNA

OErNeHHy0 ponb B BOCMOSMIHEHUU pecyp-
COB MOA3EMHbIX BOA MECTOPOXOEHUSA U
06BOAHEHNM FOPHBIX BbIPabOTOK, YTO NoA-
TBEPXOAETCA pe3ynsrataMu  PEXMMHbIX
HabnogeHn 3a NOBEPXHOCTHLIM CTOKOM
no MNyxymcaw v BOOONpUTOKaMu B Mog-
3eMHble ropHble BblpaboTkm waxtbl Ne 1.
Hanbonblune BOAOMPUTOKM OTMEYatoTCH
B Nnepvog MpPOXOXAEHUS MO cakw Makcu-
MarbHOro CToka (MapT—anpenb), OgHaKo
MOTYT NPOXoAuUTb W No3xe. ITO 3aBUCUT
OT reonorMyecKknx yCrioBu panoHa.
lMpoaHannampoBaB OCHOBHbIE NPUPOA-
Hble bakTopbl POPMMPOBAHUS NOA3EMHbIX
BOO MECTOPOXAEHUS, HWXKEe NPUBOAMM
onuvcaHne rMaporeoriorM4yeckmx ycrnoBun
[y>XymMCcanckoro MecTopoXaeHus.

Ha nnowaan MecTtopoxgeHus no
YCNOBUSAM pacnpoCTpaHeHUs, 3aneraHus,
NUTaHUA W pasrpysky MNoA3EeMHbIX BOA
BbIOENSATCS:

1) BOQOHOCHbIN KOMMIEKC anmntoBmarnb-
HbIX COBPEMEHHbIX U anmnoBuanbHO-MPo-
NOBUANbHBIX BEPXHEYETBEPTUYHBIX OTI0-
xeHui (aQy—apQy);

2) BOOOHOCHbIV KOMIMIEKC CpeaHeYeT-
BEPTMYHbIX, NPOMOBUATTBHBIX OTIOXEHUN
(PQu);

3) BOOOHOCHbI KOMMNIEKC BEPXHEMINO-
LIEHOBbIX OTHOXeHun (N3);

4) TpeLUMHHble BOAbl BEpXHENaneo3on-
ckux nopog (yPz);

5) TpeLUMHHO-XNIbHbIE BOAbI 30H TEK-
TOHMYECKNX HapyLLUEHWUN.

[MuTaHne rpyHTOBbLIX BOA COBPEMEH-
HbIX N BEPXHEYETBEPTUYHBIX OTIOXEHUN
NMPOUCXOANT 3a CHET aTMOCEpPHbIX Ocaa-
KOB M NOA3EMHbIX BO Maneosos, Kotopble
OPEHUPYIOTCHA B PaBUIHO-Tane4YHnKoBON
Tonuwe MNyxymcas.

B TpewmMHHO-XUINbHBIX Mopodax W
(rpaHocKeHnTax) pacxon BoAbl Koneobnert-
cs ot 0,01 go 0,18 n/c, noatomy ApeHax-
HbI adpdekT mecTopoxaeHus Myxymcan
OygeT HesHauuTenbHbiM. OcyweHve no
CKB&XXMHaM C MOBEPXHOCTM 3eMnn He
peKkomMeHayeTcs.

OcyLueHre noaseMHbIX FOpHbIX Ty6o-
KX ropn3oHToB +540, +480, +420 n +360 m
BbIpaboTOK HEOOXOAMMO MPOM3BOAUTL Crie-
ayloLwmmm cnocobamu:

— KPYFIOCYTOYHas OTKayka pPyAHUYHbIX
BOJ Hacocamu;

— OTKayka BOAObl W3 OMepexaroLmx
CKBa>XWH 1, BOSMOXXHO, BOOOMOHMKAOLLNX
Korogues;

—  UCKMIOYUTb MHUABTpaUMio nog-
3eMHbIX BOA M3 BCEX BblLLEPACMONOXeH-
HbIX (OTpabOTaHHbIX 1 3aKPbITbIX) FOPHbLIX
BblpaboTok (+820, +780, +720, +660
n +600 M) B HWKHNE TOPU3OHTHI.

Takum obpasom, Ha nnowaan MNyxym-
CalCKOro MEeCTOPOXOEHUS TPYHTOBbIE
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BOAbl HEOreH-4YETBEPTUYHBIX OTIOXEHUI ByayT y4ya-
CTBOBaTb B MUTaHUU TPELLUHHbLIX BOA Naneo3os npu
oTpaboTke MecTopoXaeHus. WCKyCCTBEHHbBIA TuM
pexuma HaknaablBaeTCsi Ha €CTECTBEHHOE CHUXe-
HUEe UNW NOBbILLEHNE YPOBHS NMOA3EMHbIX BOA.

Mpn BCKPbITUM MOLLHbIX 30H APOBMEHUS TOPHbIX
Nopo4 OTMEYaltTCH BOAOMPOSBIIEHUA C PacXO4oM
1-8 n/c n pesko yBenuuMBaeTcs BOOOMNPUTOK B CUCTE-
My TOpHbIX BbipaboTok B uenoM. Kak npaBwno, ¢
TeYEeHNEeM BPEMEHU PACXOL BOOOMNPOSIBNEHUI N3 30H
pas3rnomMoB HEYKINOHHO CHuXaeTcs u yepes 1-2 roga
COBEpLUEHHO MCcYe3aeT.

MckntoyeHne cocTaBnsaoT KpyTonagaroline pas-
NOMbI, BbIXOAsLINE HENOCPEACTBEHHO MO Heo-
reH-4eTBEPTUYHBbIE OTIOXEHMS U MMEILLME CBSA3b C
rPyHTOBbIMM BOZamMu. Pacxon BoOOMpOSsIBNEHUN U3
Taknux pasnomMoB, Kak MpaBUNoO, OCTAeTCsl MOCTOSIH-
HbIM (LWTpek 26). [Npn BCKpbITUM BbipaboTkaMy MeHee
MOLLHbIX Pa3fioMOB M 30H ApobrneHun Habnoganucb
BOZONPOSABEHNSA TPELLMHHO-KMUITbHbBIX BOL, C Pacxo-
gom ot 0,02 go 1,5 n/c. B uenom BogooOUnbLHOCTb
NMopo4 B 30HAX TEKTOHUYECKMX HapyLUEeHW Bbllle,
YyeM B HeHapyLLUeHHOW 30He [4].

Pesynbratbl ctatuctnyeckon ob6paboTkm husu-
KO-MEXaHN4YEeCKMX CBOWCTB TPAHOCUEHUTOB MECTO-
poxaeHus yxymcan ropusoHToB +660 n +600 m
MOKa3bIBaKT MX MEXaHUYECKMe CBOWCTBA U B3aMMO-
CBA3b C KO3(PDULIMEHTOM N3MEHYMBOCTU. Tak, cpea-
HekBagpaTUYHOE OTKIMOHEHNE MEXaHNYECKNX CBOMCTB
nameHsietca B npegenax 0,01-13,2 n koagpdpuumeHT
M3MeH4YMBOCTN mnokasartensa coctaensetr 0,18-30,9.
dusmnyeckme CBOMCTBA rOPHbIX NOPOS, rPaHOCUEHNTOB
cpenHeKBagpaTUYHOrO OTKIOHEHWST U3MEHSIHOTCS OT
0,061 go 1,00 1 kO3PPULNEHT N3MEHUYMBOCTI NOKa-
3atens cocrtasnset 2,2-100,76 [1].

MeToabl uccnegoBaHusA. [Maporeonornyeckoe
nccrnenoBaHue Nnoas3eMHbIX TOPHbIX BbIPABOoTOK LaXThI
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Ne 1 n pexvmHble HabnogeHns 3a BO4OMPUTOKaMM
nokasanu, 4TO OCHOBHbIMM MOCTYNNEHUAMU MOA3EM-
HbIX BOZ B BbIpabOTKM ABMASOTCS 30HbI TEKTOHUYECKMX
HapyLleHuin, ApobneHns N NOBbILLEHHOW TPeLLNHOBa-
TOCTU, T. €. TPELLMHHO-XMMNbHble Boab! [10].

Ha ropusoHTtax +780, +720, +660 1 +600 M no
waxte Ne 1 HabnogeHnst obLLMIA BOAONPUTOK COCTaB-
nsiet ot 35,7 po 136,0 n/c (puc. 2).

Ha ropusoHTax +660 n +600 m no waxte HTC-5I
HabntogeHnsa 3a Bogonputokamm nposogatest ¢ 2017 .
3a nepviog HabnoaeHW 3a BOAONPUTOKaMM MO LuaxTe
HTC-5I" nponsoLLnmM n3aMeHeHust: ropu3oHT +660 M oT
23,8 (noHb) go 18,4 n/c (mapt); ropmsoHT +600 m oT
3,5 (noHb) pgo 30 n/c (mapT) (puc. 3) [3].

TpewuHHO-KubHble 800bl 30H MEKMOHUYECKUX
HapyweHud. Mmaporeonornyeckme CTpykTypbl 06BoA-
HEHHbIX PasfoMOB OTMMYAKOTCH OT APYrMX TEM, YTO
TPELLMHHO-XKWIbHbIE MOA3EMHbIE BOAObI OBWXKYTCS
NPeuMyLLEeCTBEHHO B KpPyTOMagaloLwmxX paspbiBHbIX
Ancnokauusax, CekyLmx nopogsl yHaaMeHTa.

lMpoBedeHMe KOMMIEKCHOTO MOHUTOPWUHIa rva-
pOreonorM4yecknx YcrioBum MeCTOPOXOEHUS MO3BO-
NsgeT CBOEBPEMEHHO BbISIBUTb OCHOBHbIE UCTOYHUKM
nuTaHua nogsemMHbix Bog (MB), B yacTHocTu no
perMoHanbHbIM MOBEPXHOCTHLIM pa3nomam unu ar-
MOCepHbIM Ocazikam, UILTPYOLWMNECS MO casMm,
A€ UMETCS BbIXOAbl KOPEHHbBIX OTIOXKEHWI, a Takke
nMTaHue, BO3MOXHOE 3a npegenamm MecTopoXaeHns
MO CKPbITbIM BOOOHOCHbLIM FOPU3OHTaM.

B HacToslee Bpems TpebyeTcsa npuvMeHeHue
COBpPEMEHHbIX METOOOB, TakMX Kak reodusnmyeckme
nccnepgosaHus no cksaxxkunHam (MC). PaumoHansHo
KOMMIEKCHBIN METOA (KapoTaX CKBaXKWHbI) MO3BONSAET
onpeaenuTb MIIOTHOCTb FOPHbIX MOPOA MO NAOLAaAN 1
rnybuHe, 4YTO NO3BOSMSIET COCTaBUTb KapTy MIIOTHOCTU
FOPHbIX NOPOA MecTopoxaeHusi. Kpome Toro, npeBeH-
TUBHbIE Mepbl AN NMKB1AALUM NPpoLECCOB C OLEHKON
UX pasBUTUS, a Takke Bblgadya pekoMeHdauun Ans
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Puc. 2. ConoctaBuTenbHbIi rpadmk M3MeHeHMs pacxoaa BoAbl B MOA3EMHbIX FOPHbIX BbipaboTkax MecTopoxaeHus yxymcaii c

aTMocchepHbIMU OCcagKamu
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Puc. 3. M'pacdmk nameHeHns pacxopa BoAbl BOAONPUTOKOB B FOPHbIe BbIPOGOTKM MecTopoxaeHus Myxymcan.

ahheKTMBHOIO 1 6e3onacHoro NPOBELAEHMS TOPHO-A0-
OblYHbIX paboT. Ha gaHHoM aTane npumeHerve TMIC
TEXHOMOINN, OCBOEHME U npumeHeHne 3D mopgenu
Heobxogumo gopaboTtaTb M AOBECTU A0 FOMMYECKOro
3aBepLueHnsa npumeHuTensHo Kk MTTIN.

O6cyxneHue pesynbsraTtoB. B o0BogHeHuUM noa-
3eMHbIX TOpPHbIX BblpaboTok OyayT y4vacTBoBaTb
B OCHOBHOM TPELLMHHO-TPYHTOBbIE U TPELLMHHO-KUIb-
Hble BOAbl Maneo3oMckux nopod. pyHTOBble BOAbI
HEOreH-4YeTBEPTUYHBIX OTIIOXKEHWUA TOXe MPUHMMALOT
yyactme B 0GBOOHEHWMM TOPHbIX BbIpaboTOK, HO, B
CUMY HU3KMUX 3HAYEeHU KO3 PULIMEHTOB (PUnbTpaLmMu
KOPEHHbIX MOpo4 MOCTYMNfieHMe WX B FOpPHblE Bbipa-
OOTKM OrpaHU4eHo, HEeCMOTPs Ha CyLLECTBEHHbIE
3anacbl rpyHTOBbIX BOA. [PyHTOBbIE BOAbI HEOrEeH-4eT-
BEPTMYHBLIX OTIIOXKEHWUWA MOCTYMAKT B FOpHbIE BbIpa-
©O0TKM rMaBHbIM 06pa3oM Yepes3 30Hbl TEKTOHNYECKNX
HapyLleHuin, obnagatowwme Gonee BbICOKUMU KOID-
dmumeHTamn punsTpauunn.

TpeLmHOBaTOCTb — OfHA U3 BaXKHEWLLUMX XapaKTe-
PUCTUK MaCCMBOB CKarbHbIX U NONycKarbHbIX NOpos,
onpegensioLas:

- BOAY W rasonpoHuLaemMocTb Nopos;

— MPOYHOCTHble U AedopMaLMOHHbIE CBOMCTBA
MaccuBa;

— pas3BUTME TMOPOreosiorMyecknx N UHXEHEepPHO-re-
ONOrMYECKNX NPOLECCOB.

[nsi nony4eHnst Ka4eCTBEHHbIX U KONTUYECTBEHHbIX
nokasaTternen TpeLiMHOBaTOCT! MOPOA, UCMONb30Ba-
nacb cratnyeckas o6paboTka noryyYeHHbIX NoneBbIX
1N nabopaTopHbIX pesynsratoB. MTorom obpaboTku
ABMSIETCA aHanM3 B3anMOCBA3M TPELLMHOBATOCTN CO
CTPYKTypamu panioHa paboT 1 ee BNUSIHWSA Ha YCTOW-
UYMBOCTb MOA3EMHbIX FOPHbIX BbIpaboTok [5].

Ha T[yxXymcanickoMm MeCTOpPOXOEHUN OCHOBHOE
pasBUTUE NOMNYYUU TEKTOHNYECKNE TPELLMHbI, KpOME
TOTO, MMEKTCS TPELUMHbI Pa3rpy3KknM U MCKYCCTBEHHOTO

npoucxoxaeHus. TeKTOHMYecKne TpeLlnHbl NpeacTas-
NeHbl TpeLMHaMKN OTpbiBa. TpeLLnHbl OTpbiBa KPYTO-
HaKIMoOHHbIE, BepTMKarbHble, CnocobCcTByOT 0bpaso-
BaHWIO BbIBANOB. VICKYCCTBEHHbIE TPEeLLMHbI BO3HUKIN
NnoA BIUSIHUEM BbIBETPMBAHMSI U B3PbIBHbIX paboT.

TpewwnHbl OTpbIBa KPYTOHAKIOHHbIE, BEpTUKalb-
Hble, cnocobcTByoT obpasoBaHuio BbiBanoB. Bonb-
Lasi YacTb TPELUUH 3amnofiHeHa KBapLeM, XJTOpUToMm,
oKUCriamMu Xenesa unvM nNepeTepTbiM MaTtepuasniom.
VIcKyccTBEHHbIE (TEXHOTEHHbIE) TPELLMHbI BO3HWUKMN
NnoA BNUsIHUEM B3PbIBHbLIX paboT 1 rOpHOro AaBreHus.
OHM 06bl4HO MoONiorne, ropusoHTanbHbIE, C YITIOM
nageHus 40-45°.

Mpu pasBegke MECTOPOXAEHMSI TBepAbIX Mores-
HbIX MCKOMaeMbiX PU3NKO-MEXaHNYECKUM CBONCTBaM
rOpHbIX MOPOA YAENsieTCd BaXHoe 3HaveHue. 370
CBSI3HO C TEM, YTO PU3INKO-MEXAHNYECKME CBOWMCTBA
FOPHbIX MOPOA 3aBUCAT OT KOHCTPYKLMM TOPHbIX
BblpabOTOK, WUX YCTOMYMBOCTW, pPas3BUTUSA pPasHO-
06pa3Hbix HebrnaronpuATHBIX TEONOrMYecknx sBre-
HWU, 0OBOAHEHHOCTU, FOPHbIX BbIPAabOTOK, a Takke OT
BblOOpa crnocoba BCKPbITUS U cUCTEMbI pa3paboTku
MECTOPOXOEHNSS U, B LENOM, YCIOBUA BefeHus
ropHbix pabor. CnepoBaTtenbHO, nokasaTenu 3TuUx
CBOWCTB MO3BOMAT KONMMYECTBEHHO M Ka4yeCTBEHHO
OLEHUTb FOpHblE Mopoabl, a TaKkke pa3BuTne Hebna-
rONPUATHBLIX FEONOrMYeCcKMX NPoLEeCcCcoB.

[MeTporpaduyeckne CBOWCTBA FOPHbIX MOpoa —
Ba)XkKHENLIasl XxapakTepucTuka reoriorm4eckoro CTpo-
eHus, onpegenswowas 0ocobeHHOCTU PU3NKO-Me-
XaHUYECKNX CBOWCTB, YCTOMYMBOCTU W MOBEAEHUsI
B rOpPHbIX BblpaboTkax.

Ha npoYHOCTHbIE XapaKTEPUCTUKN FOPHbLIX MOPOL
B OCHOBHOM BIMSIET MUKPOTPELUMHOBATOCTb U Hamu-
yMe TEMHOLBETHbIX MWHeparnoB (OMoTMUTa, POroBOWN
obmaHkK), KOTopble YacTo NpeobpasoBaHbl BTOPUYHbI-
MM NpoLeccamu, T. €. OHU XJTOPUTU3NPOBaHbI, NHOrAa
3aMeLLatoTcsa kapboHaToOM M rMapPOCIHOA0MN.
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TexHonornsa NpoxoaKuM ropHbIX BbIpaboToOK B Tpe-
LMHOoBaTLIX nopogax (B 3oHax ApobnexHus):

- npu obHapyxeHnn (ropHonpoxogyeckumu pabo-
Tamu) 30H [pOOneHust U paspbiBHbIX HapyLleHWi
NpobypuTb HaKMOHHbIE, OnepeXarLmne CKBaXKWHbI
rmy6uHon 10-15 m;

- B 3a60e Mo onepexarLwmnm HaKMOHHbIM B CKBa-
XVMHE MOXXHO NpPOBECTU KOMMIEKC reodun3nyeckmx
uccriegoanmin (FMC): akyctudeckuin, ramma-kapo-
Tax, Kaxylleecs yderibHOe 3reKkTpuyeckoe Comnpo-
TUBMEHUE Mop U Ap. OTW UCCreLoBaHUs NO3BOMNAIOT
onpefenuTb TPELLMHOBATOCTb, BOOOHOCHOCTb FOPHbIX
nopog 1 MMHepanusaumio NoA3eMHbIX BOA.

MC wncnonb3oBaHWe AOMONHUTENbHBIX MOAYMen
0N TPEXMEPHOrO MOLENMPOBAHNUS TEONOMMYECKMX,
rMOpPOreoniorMYyecknx 1  NHXEHEPHO-reororm4yeckmnx
NpPOLEeCCOB MO3BONSAET WU3MEHUTb HayYHO-NPUKNag-
Hble noaxodbl ObWKUX nccrnegoBaHni, KoTopble npu-
MEHSIIOT OTHOCUTENbHO HeaaBHo. [pu aTom Tpeby-
€TCsi MOCTaHOBKa HOBbIX 3aday 1 paspaboTka HOBbIX
NMOAXOOOB B UCCRefoBaHMAX MOpOreoriormyeckmx
N NHXEHEPHO-reorIorMyeckmMx MpoLEecCoB C YyYeTOM
uccnegosaHus (puc. 4).

[Insa 6onee KOPPEKTHOIO OTOOPaXKEHNST HEKOTOPbIX
OCODEHHOCTEN reonorMyeckoro CTPOEHUs MeCTO-
poxaeHus yxymcan no reonorm4eckon U TeKTOHU-
YecKkom KapTaMm npoBoguriacb oumdpoBka 0ObLEK-
TOB. JIMHUM HanpaBneHui paspbiBHbIX HapyLUeHW
oTOOpaxalT NMHENHbIe CTPYKTYpbl yyacTka. Takke
ouMpPOBLIBANUCE [AaHHble MOMEBbIX W3MepeHui
TPELLUMHHOBATOCTW, pacnpoCTpaHeHns Ocbinen, pac-
NONOXEHUS BLIKNMHUBAHNST NOA3EMHbIX BOZ, POAHM-
KOB ¥ Ap.

B ueHTpe mecTopoxaeHus [yxymcam npoxoguT
BpEeMEHHbI BOAOTOK YapMuTaHcai, CRoXeHHbIN oca-
[IOYHBIM YETBEPTUYHO-HEOreHOBbLIM Yexniom (Q+N3)
MoLHocTblo 100-125 M, KOTOPLIN CAYXWUT UCTOYHU-

KOM NMUTaHuA TPEeLMHHBLIX BOO Nnarneo304.
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Mo reonoropa3BegoyHbIM AaHHBIM WM TMApPOreo-
normyecknum pabotam LieHTpankbHbI pasnom (B BUAE
«KoHckoro» xBocta) nepecekaer YapmuTaHcaw
B 500 m (Ha ceep) oT noc. YapmuTaH (obLuexu-
TMe — roctuHuua). BeisiBneHbl Ha 0GBOOHEHHOCTb
MECTOPOXAEHNs, KOTOpble CYLIECTBEHHO BMUSHOT
Ha paspbiBHblE HapyLUEHUS, MOMy4YMBLUME LLUMPOKOE
pasBuUTME Ha Mowaan MectopoxaeHusi. KpynHble
TEKTOHMYECKME HapyLUEeHUs, nepecekarwme ckarb-
Hble Naneo3omnckmne Nopoabl, 0ObIYHO CONPOBOXAAOT-
csl 30HaMu OpobrieHns 1 BpekYMpoBaHNs U criyxaT
NPOBOAHWKAMM MeXdy BOOOHOCHBIMM KOMMMeKcamu
HeoreH-4eTBEPTUYHOIO Bo3pacTa naneosos.

[peHnpoBaHMe NOO3EMHbIX BOA B HWKHUX [Ny-
DOOKMX ropM3OHTax B €CTECTBEHHbIX YCOBUSAX OOIMK-
HO yMeHbLuaTb pacxof BOAbl, @ B 3TUX YCMOBUSIX
HaobopoT — pacxog BoAbl YBENUUMBAETCs, T. K.
NPOUCXOONT BMUSIHAE TEXHOMEHHbIX (hakTopoB, YTO
OCIOXHSIET ropHonpoxogveckne paboTbl B CBA3M C
yBENMYEHMEM BOLOMPUTOKA B TFOPHblE BbIpabOTKM.
MOXHO yCTaHOBWUTb, Kak MPUTOK MUTAeT MOA3EMHbIEe
BOAbl Ha HWXHMX rMyBokMx ropudoHTax. Ha npupoga-
HOWM MOBEPXHOCTW paspe3a Npu HanMynm OBYX-TPeEX
LUTOMbHEBbBIX FTOPU30OHTOB, OTKa4yka BCEX MOA3EMHbIX
BOO AOIMKHA MpPOU3BOAUTLCA MO OTAENbHOCTU U3
Ka)kZoro LUTONbHEBOrO rOPU30HTA.

VIHxeHepHo-reonornyeckme npoLecchl, pa3Butbie
npyu nogsemHom crnocobe paspaboTku, dakTopbl U
NpUYMHbl OPMUPOBAHUS CBOASITCS K CreayoLWeMy:
npv Mo43eMHON pa3Begke u pa3paboTke MecTo-
POXAEHUS MOME3HbIX UCKONaeMblX LUMPOKOEe pa3Bu-
TMe nonyy4nnun obpasoBaHus 0OpyLLeHMs, NpoBarbl
1 BbIBarbl FOPHbIX Nopos.

Mo npuypoyeHHOCTN OBGpyLUEHNA yHAcneaoBaHbl
OT rOpU30OHTAasIbHbIX U HAKITOHHbIX FOPHBLIX BbIPA0OTOK
n obpasyroTcs:

— 0OpyLleHnss KPOBMM TOPHbIX BbIpabOTOK, KOTO-
pble NpuobpeTtatoT KynonoobpasHyto dopmy;

Puc. 4. O6wwii Bup mectopoxaeHus MNyxymcai B TPEXMEPHOM
npeacTaBneHnu



— BONbLINHCTBO OOPYLUEHUN 30HblI — CHOXHblE
CUNbHOTPELLMHOBaTble cpeaHebnoYHble TUMbl NOPOA,
UX NageHne napannenbHo ocy Belpabotok. OCHOBHas
cucTemMa TpelMH HanpasneHa AuaroHanbHO Wnu
napannernbHO K ropHbIM (MPodorbHLIM) BbipaboTkam.
Yacto pedopmupyemas Toruia TAroTEET K 30HaM
paspbIBHbIX HApPyLUEeHUN 1 OpobreHni;

— BblBalnbl CBfA3a@Hbl C rE0MNOro-TeKTOHUYECKNMN
ycnosusMmn (MPOCTpaHCTBamMK), MpuUrerarowmMmm K
KPOBME W CTEHKaM MNOA3EMHbIX TOPU3OHTasbHbIX
BbIpaboToOK, a ux hopmMa 1 pasmepbl onpeaenstoTcs
LUMPVHON M BbLICOTOW NpoJieTa BbIpabOTKM, TyCTOW
CeTblo TpeLuH, obpasyLwmx xaoTnyeckme opMbl
paspbIXNeHns, KOTOpble TECHO CBA3aHbl MeTannore-
HWYECKOW PasHOCTbIO MOPOA KaK YrNNCTO-CrIoaNCThbIe
cnaHupl;

— npoBarnbl BOPOHKM (POPMUPYIOTCA B Herryboko
3aN0XeHHbIX FOPU3OHTarbHbIX FOPHbIX BblpaboTkax,
npoxoasawWwmx BAOMNb 30HblI ApPOGNEeHus pasfnoMoB,
KpyTO 3anerarowux pyaHblx Ten v nNpu Hanu4um pas-
FNIOMOB B BEPXHUX YaCTSX.

OTpaboTaHHble pyaHble 30HbI 0OpPa3yrT BOPOH-
KM 0OpylleHus, OanbHelllee pasBUTUE KOTOPbIX
B 6Goree rnybokmx ropusoHTax OpMUpPYOT Myrb-
Abl cawkeHus. OcnabneHHbIMM 30HaMK SBMASHOTCS
TEKTOHMYECKNE pas3pbiBbl U KPYMHblIE TPELLMHbI, a
TakKe MEXKOHTakTHble npocnon. OHM B OCHOBHOM

METANNOTIEHNA

pacnonoXeHbl BEPTUKANbHO UMW MOA KOCbIM YriioM
OTHOCUTENBHO BblpaboTaHHOrO NPOCTPaHCTBA.

Ha noBepxHOCTM MECTOPOXAEHWsI pa3BMBaOTCH
pasnuyHble BUAbI gedopmaumm U TUMbl CMELLEHMS.
OTK npoBanbl roOpHbLIX NMOPOL, BOPOHKM OOpYLUEHMS
B3aMMOCBSI3aHbl M MOIyT pasBMBaTbCHA MNOCenoBa-
TenbHo. lMpoBanbl ropHbix Nopoa hopMUpYHTCA Ha
TeX yyacTKax, rae ropHble BblpaboTK/ 3anoXeHbl Ha
HebonbLMX MyboKMX pasnomMax BOonb 30H Apobre-
HWUA, Haf, BEPXHEN YacTbio OTPaABOTaHHbBIX XUMbHbIX
30H BbI3bIBAOT BOPOHKM 0OpYLLEHNS.

B paiioHe ot waxTbl Ne 1 mectopoxaeHust [Nykym-
can 10 oktabps 2017 r. B8 300-400 m nposiBMnach
npoBanbHas BopoHka (puc. 5). Ee npusHak — obpa-
30BaHME TPELNH Ha MOBEPXHOCTM B TOMLLE fecco-
BMAHbIX CyrnuHKoB Anametpom 30-40 m, rmybuHown
3axBara o nepsoro ropu3oHTa 80-100 m.

Mpouecc nposiBuncs 3a cytkn. Co BpemeHeM 3a
npegenaMy BOPOHOK Hayanocb obpasoBaHue Ayro-
obpasHbIX TpeLuWH, ycaTble BOPOHKM Hayanu obpy-
wartbcs. BbisBrneHne u oueHka ycnosuin hopmMupo-
BaHWS CyLLECTBYHOLLEN NPOBaribHON BOPOHKW, MECTO
pa3BUTUS, a Takke N3ydeHne reornoro-TEKTOHUYECKOro
BNoKOBOro CTPOEHNS PyAHOW 30HbI 1 OPYTMX YHaCTKOB
B LerioM JaeT BO3MOXHOCTb nonaratb, YTO Ha aHa-
NOTNYHbIX y4acTKax npu oTpaboTke ropHO40ObIYHBLIX
paboT BO3MOXHO NPOSIBIIEHME KPYMHbIX AedopMaLui
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Puc. 5. Bua npoBanbHbIX BOPOHOK

1 — HEOreH-YeTBEPTUYHbIE OTIIOXEHUSI; 2 — FPAHOCUEHUTOBbIE MOPOLbI;
3 - pyAHble Tena; 4 — kBapLEeBble Tena; 5 — TeKTOHUYECKIe pasniombl;
6 — ropHble BblpaboTku
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B BuAe BHe3anHoro npoceganus 6onblioro odbbema
NnopoaHbIX Macc.

PekomeHOayuu no 8000MNOHUWXEHUI MPeeeH-
mueHbIX Mep U Jlukeudayuu e0d0rMpuimoKoe 8
20pHble 8bIpabomKu MecmopoKOeHUsI.

A. [llepeooyepedHbie npeeeHMuUBHbIe Mepbl
6e3onacHocmu Onsi 6ezomsiazamesibHol NMPoxoo-
KU 20pHbIX 8bIPabomoK CJ/I0XKHbLIX 2uGpPo2e0osio2u-
4eCcKUX U UHXXeHepHO-2e0J102u4ecKux ycriosudl.
OCHOBHbIe NPUYUHbI 3amornsieHusl NPuU3abolHbIx
yyacmkoe mecmopoxxdeHusi 'yxymcadl.

1. HapyweHne TexHomnormm ropHbIX BbIpaboToOK
Ha ropusoHTax +820, +780 n +720 m, BogocbopHu-
K/ He 3aLeMeHTUPOBaHbI, YTO SABMSIETCA MPUYUHON
WH(UMIBTPaUMM B HWKHWE TOPU30OHTLI; LUAXTHbIE
BOAblI CaMOTEKOM cobumpatoTca B BOOOCOOPHUKAX Mo
HaKMOHHbLIM FOPHbLIM BblpaboTkam 6e3 LeMeHTauum —
3TO eXeOHEBHbIE CUCTEMHbIE BbINOMTHEHWST; MPONCXO-
AVT ANUTENbHOE HaKoMeHne Boabl B BOAOCOOPHMKaX
BO BCEX rOPU3OHTax; CUCTEMA OTKaYKM C ropu3oHTa
Ha OpYrow ropu3oHT CO3[AET YCIOBUSI MEPOMNPUATUS.
Kpyroeas umpkynauua (ropmdoHTtbl +820, +780, +720,
+660 1 +600 m) no noasemHbIM BblpaboTkam. C y4ye-
TOM pearibHbIX YCITOBUI HY>KHO NpopaboTaTb OTKauKy
Ha NPsIMyt0 NOBEPXHOCTb.

2. YcTaHOBMEHO, YTO OCHOBHOE NUTaHWe Boda-
MK MecTopoxaeHus [y)Kymcan ocyLecTBrsieTca no
pervoHarnbHbIM NPUNOBEPXHOCTHBIM pasfiomam W,
BO3MOXXHO, CKpbITbIM CyOMepuanoHarnbHbIM Hanpas-
neHusaMm no gonvHe p. MyXymcaw, KOTopble HavuHa-
IOTCA C HOXXHOMO CKIIOHA MO BbIXOAAM CUMYPUACKUX
oTnoxeHun no xpebty CeeepHon Hyparbl.

3. MNpy Noa3eMHbIX rOPHOMPOXOAYECKMX paboTax
(n ocobeHHO B3pbIBHbLIX pPaboT) M3MEHATCA MNpu-
POAHbIE TMOPOreoriorMyeckne yCcrnoBms: NOSIBISOTCA
WCKYCCTBEHHbIE TpeLMHbl (MOLHOCTb [OCTUraeT
3-4 M OT CTeHOK BbIpaboTOoK), KOTOpblE CNOCOGCTBY-
HOT M YCKOPSIIOT BbIKITMHMBAHME MOA3EMHbLIX BOA, [0
10-15 n/c, npu cpaBHUTENbHO OOMNbLUOM YKIIOHE
NOA3EMHbBIX FOPHbIX BbIpaboToK (0OCOBEHHO B TpaHC-
NMOPTHOM LUTPEKE) PyOHWUYHbIE BOAbI CKannmMBatoTcs
(camoTekom) B 3aboe LUTOMNEH, YTO MPUBOAMUT K MOA-
TOMMEHWIO NOCNeAHMX, @ 3TO 3aTPYAHSIET rOPHOMNPO-
xopdeckue paboTbl.

b. 3abnazoepemeHHoe npedynpexoeHue U JTUK-
eudauyusi 8000NMPUMOKO8 8 20PHbIe 8bipabomkKu.
Hanbonblumm 3aTpygHeHem npu Nog3eMHOM NpoXoa-
Ke ropHbIX BbIpabOTOK ABMSAETCS BOAONPUTOK, OTMM4Ya-
rowmncs beicTpbiM passutrem. Onpegenutb 3apaHee
MEeCTO (MHTepBarn) NPOSBIEHNS NOA3EMHbIX BOA, U UX
KONMYEeCTBEHHbIE MOKasaTenu (pacxog BOAOMNPUTOKA)
MOXXHO TONbKO B NPOLIECce NPOXOAKM BbIpabOTOK U MO
KpynHomacLUTabHbIM MCCrnegoBaHUSIM.

Ons npegynpexaeHns (M NMKBMAALMW) UBMEHEHUS
rMOpPOreonorMyecknx n UHXEeHEePHO-Teororm4yeckmnx
YCINOBUI MpK ropHoNpoxoa4vecknx pabortax Ha rny6o-
KMX FOPU3OHTax MectopoxaeHus Nyxxymcar Heobxo-
AvMa nHOopMaLmsl, KOTOPYD MOXHO MOMyYUTb Mpu
NpOBeLEHNM MOHUTOPUHIA MOA3EMHBLIX BOA: pacxXosd
BOObl B LUTONbHEBLIX FOPW3OHTaX, HabniogeHue 3a
YPOBHEM MOA3EMHbLIX BOZA MO FMAPOreosiormyeckum
CKBaXXMHAM W HanpasfieHVeM WX OBWXEHUS. OTu
Ka4yeCTBEHHbIA M KONMMYECTBEHHbIV MoKasaTenu nog-
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3eMHbIX BOA, 4at0T BO3MOXHOCTb npeackasatb yBenm-
YeHne pacxodoB BOAbl B MECTax pa3fioMOB 1 30H Apo-
BneHus, oCnoXxHsLLee BeAeHE TOPHOMPOXOAYECKNX
paboT. B KOHEYHOM WTOre MOXHO KOpPPEKTMPOBaTb
©e3onacHble MPOEKTHbIE PELUEHUs M HarnpaBreHus
ropHonpoxogyeckux pabor. 3To nos3BonseT oue-
HUTb COCTOSIHME W3MEHEHMUS1 TMAPOreoriormyecknx u
WH)XEHEPHO-TEONOMMYECKNX YCITOBUIA ANst UBMEHEHUS
06CTaHOBKM MpM TOPHOMPOXOAYECKMX paboTtax, u
YTOObI NMPUHSATL CBOEBPEMEHHbIE HEOTIOXHbIE MEpbI
0 NUKBMOAUMMW HEMPEeABUOEHHbIX CUTYaLMI: NPOpbIB
NoA3eMHbIX BOA, B rOpHble BbIpaboTky, a Takke Bnus-
HMe B3PbIBOB HA TOPHOTEXHNYECKMNE YCITOBUSA IKCMIY-
atauun. o MaccmBam ropHblx BblpabOTOK 4OMOSHM-
TEMNbHO CO3[Al0TCA TEXHOMeHHblE TPEeLUMHbI OAJIMHON
5-10 cm, 4yTO co3gaeT BrnaronpusTHblE YCNoBUSA ANs
BbIKIMTMHUBaHWUSI MHOUINLTPALIMN BOAbI U KOHLEHTPaLUN
NnoA3eMHbIX BOA B OTAENbHbIX MHTEpBanax Mnpoek-
TMPYeMbIX IUHWIA ropHonpoxogdeckux pabort. [Mpu
Npoxodke BO3MOXHbI NepeceyeHne 30H ApobneHns u
BbIXOA, Noa3eMHbIx Bog Ao 7—10 n/c.

MecTta BO3MOXXHOro NOKarbHOr0 HAKOMMEHUs NOA-
3eMHbIX BOA, 3apaHee npegckasatb TpygHoO. JTO
CBS13aHO CO MHOMMMM (hakTopamu: B3aUMOAENCTBMEM
NMOBEPXHOCTHLIX BOA C NOA3EMHbIMU, C Pa3pblBHLIMA
HapyLlleHUsMKN, a TaKkke C nepeTekaHuem BOAbl C
BEPXHEro BOAOHOCHOIO rOPU30HTA B HYDKHWIA; M3MEHe-
HMEM eCTECTBEHHO NPUPOAHbLIX YCIOBUN, SBMSHOLLMX-
Csl OCHOBHbIMU bakTopamu, NPUYNHON OOBOLHEHMS
M MNpopbiBa BOAbl, KOTOpble 3aTPYOHAT MPOXOOKY
NOA3EMHBIX FTOPHbLIX BbIPabOTOK.

B. CeoespemMeHHbIe npakmuyeckue peKoMeH-
dayuu no cnocobam ocyuweHusi (nNukeudauyuu)
800onpumokoe 8 3abosix WmoJsibHU 20PU30HIMO8
+660 u +600 m.

1. TopusoHTbl +820, +780 n +720 M ocywmnTb
Hacocamu.

2. [Ina cTtoka BoAbl MO LUTOSIbHEBBLIM FOPM30OHTaM
NpegycMOTpeTb CbEMHbIE FOTKM AN yperynupo-
BaHWSI CTOMHBLIX BOA WM BOOOMPOBOAHLIE TPYObI.
CbeMHble NOoTKM HeobxoauMbl B Criydae BHE3anHOro
npuToka BoAdbl B 3aboii ¢ GoMblIMM pacxogom o
15 n/c v gna n3onauumn ¢ HWKHUMKU rOPU3OHTaMu.

3. B npouecce npoxogyeckux paboT Heobxoam-
MO (30Ha [pobneHus) npobypuTb onepexaroLine
CKBaXMHbI B 3aboe wwtoneH rmybuHon 10-15 m. 31o
No3BonuT 3abrnaroBpeMeHHO 06HaPYXNTb BO3MOXHbIE
06BOOHEHHBIE Yy4acTKM (CO BpeEMEHeM pacxop Mnof-
3eMHbIX BOf, M3MEHSIETCS U CHIDKaeTCs ).

4. Yyactknm c GonblUMM BOOOMNPUTOKOM HEmMb3st
TaMnoHupoBaTb (LEMEHTOM) BO M3bexaHne nx npo-
pbiBa B ApYrom Mecrte.

5. BomootnvB u3 ropHbIx BblpaboOTOK cregyet
BECTU KPYrIOCYTOYHO.

6. Msonaumsa ropHbIX BblpabOTOK OT MNOBepx-
HOCTHbIX BOA, MUTAOLUX PeErvoHarbHble PasfoMbl:
npomexyToyHoe, LleHTpanbHbii n ap. N3onuposatb
MecTa BbIXOLOB Ha MOBEPXHOCTb KOPEHHbLIX Mopos
C pa3pbIiBHbIMW HapyLLEHUSIMU B 30HaX ApobneHus.

7. lNpoBeaeHne OCyLUMTENBbHbLIX MEPOMNPUATUA B
npouecce aKcnnyataumMm mecTopoxgeHus (ocylue-
HWUSI U3 TOPHBIX BbIPAbOTOK), CHMKEHME YPOBHSA (MNn
Hanopa) NoA3eMHbIX BOA4 B MPOLEcce 3Kcnnyatauum



MOXET ObITb NMPOM3BEAEHO C MOMOLLBIO PasfNYHbIX
OPEHaXHbIX YCTPONCTB:

1) onepexarLwmx CKBaXuH, NPoOypeHHbIX ropu-
30HTanNbHO B 3aboe wWToONeH Ha rmybuHy (anvHy)
10-15 M. 310 nos3BonsieT 3abnaroBpemMeHHO ObOHa-
PYXUTb OOBOOHEHHbIE Y4YaCTKM (Mbl CYMTAEM, YTO
BOAa B CKBaxuHe (B 3aboe) AormKkHa M3nmMBaTbCsa U3
TPELNH eCTeCTBEHHO (He TamnoHupoBaTtb). Kpome
TOro, A4Ns OTKa4yKM BOAbl HEOOXOAMMO NpPeayCMOTpeTh
BoAoCOOpHbIN Konogel, rmybuHon 1-3 m (Boonb 6op-
Ta BbIpaboTKKN) AN OTKAYKN BOAbI;

2) HeobXxoOMMO CTPOUTb ApPEHaXHble KaHaBbl,
KOTOpble pacnonaralTca nocepeauHe BblpaboToK,;

3) MOXHO ucCMblTaTb 3(PEPEKTUBHOCTL MOHMXKA-
IOLLMX KONOoALEB, KOTOpble HaxogdATCcsi B MOAOLUBE
LUTPEKOB (LUTOMNEH) Ha rmybuHe 2-4 M (guameTp nx —
152 MM, paccTosiHne mexay ckBaxuHamu 5-10 m)
C nocrnefyoLwen oTkadkon Boabl M3 HuX. NMoHwmxa-
oLLMe Konoaubl peKkoMeHOyeTcsa 3aknagbiBaTb npwu
nepeceyeHnmn BolpaboTkamu 30H Apobnexus (B6nman
oT 3abos).

8. Ha mectopoxaeHusix, rge BO3MOXHbI MPOPbIBbI
OonbLIMX Macc BOAbl HA CUMbHO OPOOMEHbIX yyYacT-
Kax, HeobXoAMMO NepeBOaUTb PYAHVKM Ha Tak Ha3bl-
BaeMblll «BOAHbIA PEXMM», NpeaycMaTpuBatoLLnii
npoeefeHve psga Mep, B 3HAYUTENbHOW CTEneHu
3alUmLIaLLMecs ropHble BbipaboTKy OT 3aTOMMeHus.
370 — veTkasi opraHu3auus BOOOOTNMBA Nof YyCcu-
NeHHbIM HaA30pPOM, Hanmnune pe3epBHOrO HACOCHOTO
napka 4OCTaTOYHOM MOLLHOCTBIO Ha Cry4ai npopbiBa
OOnbLUMX MacC TPELYMHHO-KMITbHbBIX BOA.

BogocOopHUKM Ha Takmx MeCTOPOXOEHMAX OOIDK-
Hbl MMETb JOCTATOYHYI0 EMKOCTb AN Mpuema yBenu-
YeHHoro nputoka. Bce ycTponcTea, npegHasHayeHHbIe
anst 6opbObI Konogua ¢ NoA3eMHbIMM BOAaMM: Haco-
CHbI NMapK pyaHuKa, BOO4OCOOpHbIE Komoaubl, BOOO-
HenpoHULUAeMble NepPeMbIYKN, BOAOCTOYHbIE KaHaBbI
W Np. OOMKHbl coaepXaTbCs B MOMHOM MOPSAKe.
Takum obpa3om, opraHM3aums MoLHoro, becnpepbiB-
HOro BOAOOTMMBA NPUBOAMUT K CO34aHMIO HA MECTOPO-
XOEHUM OBLUMPHOM BOPOHKM OENPECCUN.

9. Ins pa3paboTkn peKkomMeHAauunin no BoOOMOHU-
XKEHUI0, NPeaynpexXaeHnto 1 NMKB1AAUMMN BOLOMNPUTO-
KOB FOpHble BbIpabOTKN HWDKHMX U [IyOOKMX rOpU30H-
TOB MecTopoxaeHusi MNyxymcan HeobxoamMmMo NpoBECTU
ANUTEnNbHBbIM  MOHUTOPUHT  (3—-4 roga) nog3eMHbIX
BOA M TOPHbIX BbIpabOTOK, OCYLLECTBUTL AeTallbHble
WHXXEHEPHO-TMOPOreorniornyeckne  nccrnegoBaHus o
CTPYKTYPHO-TEKTOHMYECKOMY CTPOEHUIO PYAHOro Nors
0N YCTaHOBMNEHUS1 B3aMMOCBSA3M MOBEPXHOCTHbLIX U
Noa3eMHbIX BOA U UX BMMSIHUA Ha rOpHble BbIpaboTku
rnyGoKMX FOPU3OHTOB, a TaKkKe MpoaHanM3npoBaTb U
0600LWNTL TMAPOreonorMyeckyo 1 NHXEHEePHO-Teoso-
rMYecKyto MHAOPMaLIMIO C Ha4ana akcnnyarauum (npo-
MbILLIIEHHOTO OCBOEHWS) MecTopoXaeHus yxxymcan.
370 NO3BONUT COCTaBUTbL MaTeMaTU4ecKyto, reoMmexa-
HUYECKYIO 1 reoUnbTPaLMOHHYHO MOLENU, KOTOpble
ABNSATCS OCHOBHOMN pa3paboTKoW.

3akntouyeHue. AHanua, ob6o0LLEeHNe N KOMMIEeKC-
HOEe M3y4YeHUe TUAPOreoNnormMYecknX M MHXEHepPHOo-
reosniormyeckmx YCrioBMA MECTOPOXAEHUS MO3BONUT
YCTaHOBUTb W BbISIBUTb YBEMWYEHUE BOAOMPUTOKA

METANNOTIEHNA

B AOObIYHbIE LUTONBHEBbLIE MOPU3OHTLI, 3abnarospe-
MEHHO MpUHATbL HeobxoanMble Mepbl 6e3onacHoOCTH
FOPHOMPOXOAYECKMX paboT.

BoponoHmwkeHne npuToOKOB B rOPHbIX BbipaboTkax
OCHOBbIBAETCH Ha CUCTEMATUYECKOM OBCreaoBaHMm
MOBEPXHOCTM NOPOA MOA3EMHbIX FOPHbIX BbIpaboToK
MEeCTOpPOXAEHMS B MeCTax BbIx04a KOPEHHbIX Nopos,
BOJ03abopHbIX Nnowaaen v T. 4. Pesyneratsl obcne-
AOBaHWA MO3BOMAT OLEHWUTb COCTOSIHME NPONAeH-
HbIX MOA3EMHbIX TOPHbIX BbIPAOOTOK M BO3MOXHbIE
rMOPOreorniornyeckme 1 UHXeHepHO-reonormyeckne
npoLecchl Npy NAaHMPOBaHNUMN FOPHOA0ObLIYHBIX paboT
Ha NepcrneKkTMBHbIX MoLaasX.

lMpeBeHTVBHbIE Mepbl U NMKBMAALMSA BOAOMNPU-
TOKOB, OCMOXHSIOLWMNX MNPOXOAKY FOPHO-[OOBIYHBIX
paborT, a Takke oLeHKa 06CTaHOBKN UMEET PEKOMEH-
AartenbHbIN XapakTep, NO3BOMAIOLWMIA CBOEBPEMEHHO
nNpeaycMOTPETb 3aLUMTHbIE Mepbl, OrpaHnYMBatoLLme
N VCKITIOYaloLLMe HeraTuBHbIE SBMEHUS.
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