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CABHU>KEHHA MACCHBA I'OPHbBIX I10POA

B PE3V/IbTATE EIO ITOAPABOTKH CTO/IBOBOH
CHCTEMOH PA3PABOTKH B YC/IOBHAX
CTAPOBHHCKOI'O MECTOPOKAEHHA KA/THHHBIX

CO/IEH

I'lpeacraBieHpl oOTAe/IbHBIE pe3y/IbTaThl HATYPHBIX HCCASAOBaHHE 10 YCTAHOBICHHIO
KOHGbHIYpaLIMH 30HbI TeXHOTEeHHOH TPEelIMHOBATOCTH H IpoLlecca CABHKEHHS MacCHBa
TOPHBIX ITOPO/ IPH pa3paboTKe Ka/lHHHBIX II/IACTOB CTO/IOOBOK CHCTEMOH pas3pabOoTKH.
KrmioueBbie c/10Ba: MecTopoXxAeHHe, ropHas reoMexaHHKa, TeXHOTeHHAs Harpy3Ka.

Haya/lbHbIM Teproa  OCBOEHHsA
CrapoOHHCKOTO  MeCTOpOXKie-
HUsL Obl/la MpPUHATA KaMepHas
cucteMa paspabotku. B 80-x romax
MPOIIZIOTO BeKa Mo Mepe 6onee rayoo-
KOO M3YUeHHsl TeO/IoOTMYeCKHX M THAPO-
reo/IOTMUeCKUX  YCIOBUIM MeCTOpOXKIe-
HYS, [poBeeHHs Hay4HO-
Hccr1eoBaTe/IbCKUX paboT, cTana Ipu-
MEHATbCA CTO/I0OBasi CHCTeMa paspa-
OOTKM C VIpaB/IeHHeM KpOB/er IIo/-
HBIM OOpYIlIeHHeM, [03BO/IsAoIas 3Ha-
YUTE/IbHO TIOBLICUTL TIO/THOTY H3B/Ieve-
HUS TIO/Ie3HOTO MCKOMaeMoro M3 Heap,
HO YBe/IMUMB ITPH 3TOM HMHTEHCHUBHOCTD
nepopMHUPOBaHMA TOPHOrO MacCHBa,
BK/IOYas OT/IOKEHWS BOAO3AIIMTHOM
TomuMd. B HacTtosiiee Bpems o7
CTONBOBOM CHCTEeMbl Pa3paboTKU B 06-
meM obbeMe AOOBIUM KamWuHHBIX COner
Ha CO/MMIOPCKUX PYAHMKAX COCTAB/SET
6onee 90 %. Ecny panee ropuHeie pa-
6otel Bermich Ha Il v 1l RanuiiHBIX ropu-
30HTax, TO CEerofHs KO/IN4YeCTBO OTpa-
OaTblBae@MbIX TOPHU3OHTOB  /IOCTHraeT
yeThlpex, UTO YBe/IMYMBAeT TeXHOIreH-
HYIO Harpysky Ha [oapabaTbiBaeMblit
MaccuB.
PaspaboTka Ka/mMPHBIX M COMSHBIX
MeCTOPOKACHUI CBSA3aHa C OINACHOCTHIO
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MX 3aTOIVIeHHMs, O YeM CBHAETeNbCTBYET
MMPOBas MpPakTWKa. B 3Toi cBA3K u3y-
YyeHHe MPOLIeCCOB CABUKEHHS B MacCHBe
FOPHBIX TIOPOA HE YTpauuBaeT CBOeM
aktyazibHoCTH. OAHOM M3 3a7au TOPHOM
reoOMexaHWKW SAB/SEeTCS —OllpeaesieHue
MexXaHu3Ma CABWXKEHUs roapaGoTaHHO-
ro MacCHBa rOPHBIX TTOPOA U COBEpIIeH-
CTBOBaHHE METO/IOB pacueTa ero [e-
dopmupoBanusa. VMccneaoBanus B aaH-
HOM HaIlpaB/IeHUN OCYILIeCTB/ISIOTCH I10-
CTOSIHHO, HO WX Oorblliasi akTHBH3ALIMS
OOBIYHO CBsi3aHa C HapabOTKOM HCXO-
HBIX [@HHBIX 718 TMepepaboTKh HopMa-
TUBHbBIX IOKYMEHTOB.

C 2008 roma aKTMBU3MPOBAHbI
Hay4HO-UCC/Ie1oBaTeIbCKe PaboThl 0
M3Y4YEeHUIO YC/IOBUM OOpa30BaHUs U Bbl-
cotbl pacrpoctparHenus 3BT B cBsizu ¢
HeobxXxoaUMOCThIO TepepaboTku  «[ Ipa-
BU/ MO 3alllMTe PYAHUKOB OT 3aTorlie-
Hus B ycnoBusax CTapoBUHCKOrO MecTo-
poxaeHuss KamubiHbix coneir, 2006.
HccrnenoBaHust MpoBOAATCS Ha  IIATU
yyactkax 1 u 3PY PYIT J10 «bemna-
PYCBKa/IUi» B PA3IMUYHBIX TOPHO-TEX-
HHUUECKUX CUTYaLMsAX [pyh  OTpaboTKe
Ka/IMMHBIX T/IaCTOB CTO/IOOBOM  CHCTe-
MOM Pa3pabOTKH, HOCAT KOMIVICKCHBIL
XapakTep M BK/IIOUAIOT B cebs: Mapk-
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Puc. 1. Inan yuactka npoxoAKH HccaeAoBaTe/lbCKHX BbIpaboToK Ha I kanuiiHoM ropu-

30HTe

menaepckue M reodusuyeckrie Hab/mo-
[IeHUs1 B TOPHBIX BBIPABOTKAX M Ha 3eM-
HOM TOBEPXHOCTH; GYpeHrie CKBaXUH U
WCC/Ie[IOBAHMA B HHUX (TMOporeosioruye-
CKHYie Hab/moaeHys], aspoKapoTaxk, OIlpec-
COBOUHBIE PabOThl); OrnpezencHue Husu-
KO-M@XaHHUYeCKUX CBOMCTB TOPHBIX I1O-
pO1; MaTeMaTHIeCKOe MO/Ie/TMPOBAHHE.

Ha pyanvke 1PY  uccnenoBanus
[MPOBOAATCH Ha | Ka/MAHOM TOpPH3OHTE
(rop. -200 M) ¥ TOPU3OHTE KaMeHHOM
comu (rop. -305 m).

B 2004 r. Ha rop. -200 M pyaHrKa
1PY npotineHs! vccrieaoBaTe/IbcKUe Bhi-
paboTKM Ha YdacTKe paHee MpoU3Be-
[eHHOM ABOMHOM MoApaboOTKM MacCHBa
TOPHBIX TMOPOA CTO/IOOBOM CHCTEMOM
paspabotru I (rop. -264 m) u Il (rop.
-430 M) KanUMHBIX TOPU3OHTOB (pHc. 1 U
2). Paccrosinve mexay I v Il kanuiHbMu
rOPU30HTaMU COCTaB/seT okozo 60 M, a
mexay Il u Il KammitHBIME ropr3oHTaMU
— okoro 170 m.

HccnenoBarensckon BBIPAOOTKOM
Ne5.2 BCKpBITH TpelHB OOpYIIeHus,
HabmonaeMble Mo 06erM CTeHKaM (puc.

2a, 3). I'lo neBoit cTeHKe TpelMHa UMe-
eT pOpMyY YCeueHHOro OBazla CO CMellle-
HHeM TOPOAHBIX C/I0eB B HUXHEM YacT
(amriimtyna c6poca 0,07—0,12 M) u
6e3 cMellleHHs TIOPOAHBIX C/IOEB B Bepx-
Heit yacTu (pyc. 36). ['lo nmpaBo creHke
TpellyHa MMPOXOAWUT OT IIOUBbI 10 KPOB-
n BbIpaboTku noa yraom 26—30°, co
CMEllIeHUAMH TIOPOHBIX C/I0EB, KaK B
BepPTHKA/IbHOM, TakK U B TOPU3OHTA/ILHOM
r7iockocTax (puc. 3B). AMriMtyaa c6po-
ca B BepPTUKA/IbHOM I/IOCKOCTU COCTaB-
nger 0,19—0,21 M, ropusoHTa/IbHOE
cMelenyie cnoes aoctyraer 0,9—1,1 m.

HccnenoBatensckom BBIPAOOTKOM
Ne7.1 BCKpBITa 30Ha CMeLIeHWs T10PO-
HBIX C/I0€B Ha/l LIEHTPa/IbHBIM YYaCTKOM
naBbl Ne6 rop. -264 M (puc. 26). Beptu-
Ka/lbHOE CMellleHWe TMOPOAHBIX C/I0eB Ha
aToM yuyactke cocraeaser 0,61—0,63
M, UYros IZIOCKOCTH CMeCTUTe/ls paBeH
64—68°. B KkpoBnme U CTeHKax Ha
y4acTKe CMellleHMs] [IOPOAHBIX C/I0eB
MMEIOTCS OTKPHIThIE ITO/IOCTH, pacc/ioe-
HUS Y TPeIlVHBIL.
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Puc. 2. Xapaktep aechopMHpOBaHHS MacCHBa CO/ASIHbIX Mopoa Ha ypoBHe I kaauriHoro
ropH3oHTa B pe3yabTaTe ero ABoiiHoM noapaborku nasamu II u IIl kaauiiHbIX ropu-
3oHuTOB: [Ipumeyanne — INo3uuun npeacraBaexsl Ha pHuc. 1

Wccnenoarensckor BbIPabOTKOMN
Neb5.1 v pasBenouHol BbIpaGOTKOM Ne2
BCKPBITBI 30HBI CMEIeHUsl TTOPOAHBIX
cnoeB y GOKOBOM TpaHHIbl 71aBbl Neb
rop. -264 M (puc. 1, 2, B, 2, ). Beptu-
Ka/ZlbHOe CMellleHWe TOPOAHBIX C/I0eB
cocrapnger 0,19—0,21 m u 0,13—
0,15 M cootBetcTBeHHO. Yron Mmocko-
CTH cMecTuTess paBeH 58—62°.

B mnponomxkeHue wuccnenoBaHWi IO
M3YUeHHIO XapaKTepa CABMXKEHHs Mac-
CHBa, MoApabOTaHHOrO CTOMOOBOM CH-
creMoit pas3pabotky, Ha I kanuiiHOM
ropusonte (rop. -420 M) pyaHvka 3PY
[IpOMAEHbl TOpHbIe BLIPAOOTKH B IIO/E
panee otpabotanHHoi B 2004 r. naBbl
Nel ¢ motonoumHoMt 3 M 5 M Bbille
KPOB/IM I/1aCTa W TIO/ICEUEHUEM 30HbI
TEeXHOTEHHBIX TpeIMH Haa OOPTOBBIM
IITPeKOM /aBhl (puc. 4).

CnenyeT OTMeTWUTh, UTO Ha BBICOTE
3—8 M mpu obieM oceaaHuy noapabo-
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TQHHOM TO/IIM Ha Be/IMYMHY BbIHUMae-
Mot MomHoctu naBel Nel I KaauiiHoro
ropy3oHTa paBHOM 2,45 M Haa rpaHu-
1ler «BblpaboTaHHOE MMPOCTPAHCTBO —
MacCMB» Ha CTEHKax BBIPDAGOTOK BHISAB-
NleHbl BepTUKa/IbHbIe CEeKYIIre TPeINHBI.
B BeIpabOTaHHOM IIPOCTPAHCTBE I1O/
yraoM 55° Haz ero rpaHuiie BhIsIB/ICHBI
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Puc. 3. TexHOoreHHble TpelIHHbI Ha CTeHKaX HCC/AeAoBaTe/lIbCKOH BbIpaboTKH Ne5.2

30HBI PA3PBIBOB U MTporuba C/10eB ropoa
¢ amriavtyaoit 1o 0,9 m.

Bo II keaprane 2010 r. BhipaboTKH
Nel, 2-1 m 2-2 6yayt noapaboTaHs! n1a-
Bort Ne80 Il kanmiiHoro ropusoHTa Mo
IV cunbBHHHMTOBOMY €100 C BBIHHUMae-
Mol MomHocThio 1,2 M. Paccrosnue
Mexay Il u Il KaauitHBIMU ropy3oHTaMU
Ha [aHHOM YuyacCTKe COCTaB/seT OKO/IO
200 m.

Ha ropuzoHTe KaMeHHO# conu (rop.
-305 M) pyanrka 1PY npooavavck uc-
CrlefoBaHUsl TMpoliecca CABMKEHHUs Mac-
CHBa MpU ero MOBTOPHOM MoapaboTKe
naBoit Ne68 Il kamuiitoro ropusonra. C
LIe/IbI0 MCC/Ie/IOBaHUsl XapakTepa pasBu-
i nedpopMalivii B roapabaTbiBaeMoM
MaccuBe Topod, ObiM 06OPYAOBaHBI
aBe MpodU/bHbIe TMHUK PerepoB, pac-
TO/102KeHHble MePIIeHANKYIAPHO TOABU-
raHUio 3a60s1 /1aBbl B OZIHOM BEpPTHKA/Ib-
HOM CTBOpe: O/lHa Ha 3eMHON MOBepx-
HOCTH, a BTOpas B TOPHOM BbIpabOTKe
rop. -305 M Ha ray6uxe 454 M.

[lepBruHas mnoapaboTKa MaccuBa
ocyectsieHa nasort Ne39 o IV cunb-
BuHHuTOBOMY cr1oto Il KazmiiHOrO ropu-
3oHTa ¢ my = 1,23 M B siHBape 1999 r.
[laBa Ne68 1o caosm II, -, III Tpertbe-
ro Ka/IMMHOIO FOPH3OHTA C My = 2,22 M
Mpoll/ia B CTBOPE MPOMUIBHBIX /TUHHI
periepoB B HossOpe 2005 .

[lepBble pe3y/bTaThl BAMSHUSA TOP-
HbIX paboT naBbl Ne68 ronyueHbl Ha
3eMHOM TMOBEPXHOCTH, Korza 3aboM /1a-
Bbl OTCTOsin OT mpocuas Ha 300 m.
Yron caBvxKeHHs B ABHKYILEHCA My/ibae
Ha 3eMHOM MTOBePXHOCTH cocTaBu1 63°,
KOTOPBIM OMpe/ie/ieH Mo OCelaHuio pe-
nepa Nel02 paHomy 17 mm. Tlo Mmepe
MO/IBUTAHWST 30HBI OTIOPHOTO /AB/ICHHS
Briepean 3abos naBbl Ne68 CKOPOCTH
oceflaHWsl 3MHOM TTOBEPXHOCTH BO3pac-
TaeT U B MOMEHT ITpoxo/a 3aboeM /1aBbl
CTBOpa IMPOQU/Is COCTaBIACT 3 MM/ CYT.
Xapakrep pas3BUTHsS BO BpPEMEHH I1pO-
lecca CABMKEHUs B MOAPabOTaHHOM
MacCHBe Tpe/ACTaB/IeH Ha puc. 5 1 6.
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Puc. 4. Maan yuacTka NpoXoaKH HCCeA0BaTeAbCKHX BbIPaBOTOK H 30HbI Pa3pbIBOB H
nporuba NMOpoAHbIX CIOEB HaA TpaHHUeH BbipaboTaHHOro npocrpaHcTBa naBbl Nl

rop. -420 m pyauuka 3PY

Ha 3eMHOM MOBEepxXHOCTH B My/b/e
CABVXKEHUS OTUeT/IMBO MPOSABH/IACH
30Ha CXKaTUM Had CepearHOMN /1aBbl
Ne68 M 30Ha pacTsKeHUM — Hal Mac-
cvBOoM. B 30He pacTskeHMI BequunHa
TOPU30OHTA/IbHBIX CMEIeHUM AOCTUI/Ia
213 MM, a B 30He cxaTWH KpanHHe
periepsl cMecTunnch Ha 714 MM mpu
Haubo/bIIeM OCefaHuu B  My/bae
1200 mm.

B ropHo#l BbIpabOTKEe TOpPH30HTa
KaMeHHo# comu (rop. -305 ™) mpu
raybuHe noapabotku 133 M BausHMe
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rOpHbIX paboT aaBel Ne68 Hauano
MpOSBAATHCHA, Koraa 3aboM  /1aBhl
Haxoauzacs B 140 M oT npoduibHON
muHun. Yepes 1,5—2 wmecsua mnocne
Mpoxosa /71aBoil CTBOpa Mpodouast
HabaoAaTenbHOM CTaHLIMKM TIPH CKOPO-
CTU MoABHraHus 3abos naBbl okorno 80
M/MeC CKOPOCTb oOcefaHus mnoapabo-
TAHHOrO MacCHBa [OCTUI/Ia MaKCH-
ManbHOM Be/MWYMHBI OKO/O 16 MM/cyT
U, Mpounasa 4epe3 MaKCHMYyM, CHU3U-
nack 1o 1,5—2,0 MM/cyT B TeueHue
roceayIomMx 5 MecslieB.
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Puc. 5. Ckopoct oceaaHHH noapaboTaHHOro MacCHBa Ha ypoBHe rop. -305 m u 3em-
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Puc. 6. Oceaanus noapaboraHHOro MaccHBa Ha ypoBHe rop. -305 M u 3eMHO# no-
BEepXHOCTH BO BpeMeHH OTHOCHTe/IbHO MOMEHTa npoxoda 3abos aasbl rop. -430 m B

cTBOope npouast

BoiBoabl

1) Orpabortka Il kanuiiHOro ropysoHTa
CTOBOBOM CHUCTEMOM Pa3pabOTKH C Bbl-
HMMaeMoM MOLIHOCTEIO 2,45 M u anvHoM
naBbl 150 M BbI3bIBaeT 0Opa3oBaHye 30HbI
TEeXHOTEHHbIX HapyYIIeHU! B roapaboTaH-
HOM MacCHBe Ha YpoBHe | KasMiHOro ro-

PH30HTa CO CMEIlIeHHeM TOPHBIX [IOPOoa U
packpeitieM TpeumH a0 0,1 M. Beicora
30HBI @KTHMBHOTIO OCelaHUs TMOPOAHOU
TO/IIN COCTaBsgeT 62—64 M.

2) I'lpu oTXone NMaBbl OT MOHTAXKHOTO
IITPeKa BO BpeMsl [1epBOi (reHeparb-
HOM) ITOCAZKK OCHOBHOM KpOB/IM Hasl
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MOCTOAAHHOM T'paHHLEH BbIPabOOTaHHOTO
MPOCTPAHCTBA (MOHTAXKHBIM IITPEK) Mpo-
HCXOIUT Pe3Koe OIMYCKaHHe TOPHBIX [10-
pon ¢ of6pa3oBaHUEeM 30H TeXHOreHHBIX
HapyieHuit. /115 TakKUX YJacTKOB Xapak-
TepHb! TMOBBILICHHbIC 3HAYEHUST aMIT/IUTY-
bl CMeEllleHHsl C/I0eB U yI/ia TM/I0CKOCTH
cMecTHTess.

3) Ha CrapobuHckoM MecTopoxae-
HUM Ka/IMMHBIX CO/MIeM B YC/IOBUSX TIPU-
MeHeHUsl 71aB C YrpaB/ieHUeM KpOB/eHr
[IO/IHBIM OOPYILIEHHEM CABMMKEHUe I10-
paboTaHHOTO MacCHBa IMPOMCXOAUT OZ-
HOBpPEMeHHO 0 Bcell raybuHe noapa-
GOTKU OT FOPHOM BHIPaOOTKU 0 3eMHOM
MMOBEPXHOCTH.

[lo mepe yBennueHus raybHHBI TOA-
paboTKH, B TMoApaboOTaHHOM MacCHBe

KOPOTKO OB ABTOPAX

CKOPOCTb OCeflaHHsl TIOPO YMEHblIaeT-
cd, BepTHKa/IbHble fedopMallii B MY/Ib-
e CABVXKEHUS] YMEHBINAIOTCsH, TOPHU30H-
Ta/lbHBIe 1ePOPMaLI BO3PACTaloT.

Otnumsi B CKOPOCTAX OCe/laHWM Ha
PABMHUUHBIX TOPU30HTAaX [103BO/IAIOT Cle-
MaTh 3aK/AIOYeHHe O BO3MOXKHBIX pac-
C/IOGHHSX MO T/IOCKOCTSM Har/lacToBa-
HUM B NoapabOTaHHOM MacCHBE T'OPHBIX
ropo.

4) AKTMBHas cTaaus Ipoliecca
COABMKEHHs TMOAPabOTaHHOTO MacCHBa
Ha CTapoOWHCKOM MeCTOPOXICHUN Ka-
MUMHBIX CO/leM B 30He HeriocpeacTBeH-
HOM TNoApaboTKY aBaMu ¢ OOpyIleHHeM
KPOB/N AMTCs 6—7 MecsleB Mpy CKO-
POCTU TIOABWTAHUS OUYMCTHOTO 3abos
80—100 m/mec.ard

LlenikoBckuri Bacrmmri HHKoaeBHY — KaHAWAAT TEXHUUECKUX HayK, CTapIIMM HaydHBIM COTPYI-
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Hopokiioros Bukrop HukaHOpoBHY — KaHAWAAT TeXHUYECKUK HayK, CTapLIMP HAYUHBIA COTPYA-
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PaccMotpens! dusrka mpoliecca BOSHHKHOBEHUS M PacClpOCTpaHeHHs celt-
CMHUYeCKHX BO/IH, TeopHs KorebaTe/IbHbIX MMPOLIeCCOB MPUMEHUTe/bHO K 3TOM
obnacty Hayku. [lpuBeneHbl MeToabl pacyeTa YCTOHYMBOCTH OOPTOB Kapbe-
POB, COXPaHHOCTH IIOA3eMHBbIX BBIPAOOTOK, HHMKEHepHbIX KOHCTPYKLMH, a

CelicMuyeckas 6e30nacHOCTb NPH B3PbIBHBIX paboTax
B.K. Coemen, B.H. Kyrysos, A./1. Mapsscos, B.B. Okeuct, A.B. Tokapenko

Tak®e PaboTOCMIOCOBHOCTH 3/IEKTPOHHOM TEXHWKM, HaXOsIIeHCsl B 30HE MPOM3BOICTBA B3PbIB-
HbIX paboT. [IpoaHannsrMpoBaHO cericMUYecKoe BO3AeHCTBHE KOPOTKO3a-Me/IeHHOTO B3pPbIBaHHs
Ha OKPVYKaIOIYIO MHPaCTPYKTYPY FOPHOTO MPEeANpPUATHSA C UCITIONb30BaHUeM Pas3IMyHbIX CHCTeM
VHHLIMUPOBaHMUA.
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