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AHHOTauusi: B cratee  npuBeneHBl  pe3yNbTaTbl  WU3YYE€HMs]  HaIPsDKEHHO-
e OpMHPOBAHHOTO COCTOSIHUSI MacCHBa MOPOA THA Kapbepa MNpHU OTpaboTKe KOMOMHHPOBAHHBIM
cnocoboMm. H3BecTHO, YTO TpU KOMOWHHPOBAHHOW pa3paboTKe PYyIHBIX MECTOPOXKIEHUH
NpOBEEHUE BBIPAOOTOK IMOJ THOM Kapbepa M3MEHSET NMEePBOHAYAIBbHOE HANPSDKEHHOE COCTOSIHHE
MaccuBa. [l uccnenoBaHus U OLEHKH HaNpsDKEHHO-Ae()OpMHUPOBAHHOTO COCTOSTHHSI MAaCCHBA JTHA
Kapbepa pPacCMaTPUBAIOTCS HAIMPSUKEHHOE COCTOSTHHE MAacCHBa IOPOJ COTJIACHO pa3paboTaHHOH
TexHojoruu. s  MOAENUPOBaHMsI HAMNPSIKEHHOIO  COCTOSIHMSL  MOJAKAapbepHOro  MaccHuBa
HCIOJIb30BaHa nporpamma «Stress». MoaenupoBaHue MpU 3TOM BINIOJIHSIOCH METOJOM KOHEUHBIX
3JIEMEHTOB.

H3BneueHne NOAKApbEPHBIX 3aMacOB OTKPBITBIMU KaMepamH MPUBOIUT K YBEIMUYEHUIO
TOPU3OHTAJIBHBIX PACTATHBAIOIINX M KACATENbHBIX HANPSKEHUH MEXKAY BUCSYMM OOKOM PYIHOTO
MacCcHBa U CTEHaMH BbIPaOOTaHHOTO MPOCTPAHCTBA.

3aKOHOMEPHOCTH, YCTaHOBJEHHbIE TPHU H3YYEHHH HaNpsDKEHHO-1e(OopMUPOBAaHHOTO
COCTOSIHUSI MacCUBa IOJ KapbepoM IO3BOJISIFOT CYAUTh O ME€OMEXaHMYECKOM COCTOSIHUM MacCHUBa.
[TonyueHHBIE pe3yabTaThl MOTYT OBITH HCIIOJB30BAHBI [IJIs1 OLIEHKH YCTOHYHMBOCTH MAacCHBA, a TAKXKE
0 1LenecooOpa3sHOCTH TPUMEHEHHsI pa3padOTaHHOTO HOBOTO CMocoba BBIEMKH — 3armacoB
NOJKAPbEPHOH 30HBI TPH KOMOMHUPOBAHHOH pa3paboTKe PyIHBIX MECTOPOXKACHUH.
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Abstract: The article presents the results of studying the stress-strain state of the rock mass
in the bottom of the quarry when working in a combined way. It is known that in the combined
development of ore deposits, workings under the pit of the quarry change the initial stressed state of
the massif. To study and evaluate the stress-strain state of the bottom of the pit, the stressed state of
the rock mass is considered according to the developed technology. To simulate the stress state of
the subarray array, the Stress program is used. The simulation was carried out by the finite element
method.

Extraction of the underpasses by open chambers leads to an increase in the horizontal tensile
and shearing stresses between the hanging edge of the ore massif and the walls of the worked out
space.

The patterns established during the study of the stress-strain state of the massif under the
quarry make it possible to judge the geomechanical state of the massif. The obtained results can be
used to assess the stability of the array, as well as the advisability of using the developed new
method of excavating the reserves of the subarrier zone in the combined development of ore
deposits.

Key words: Stress-strain state, massif, combined method, quarry, subarrier zone, bottom of
quarry, reserves, sub-floors, excavation.

IIpu npoexkTHpoBaHUU KapbepoB CIEAYET YUHUTHIBATH BIUSHUE OCHOBHBIX I'€OJOTMUYECKUX U
TOPHOTEXHHYECKUX (PAKTOPOB Ha paclpenesieHue HamnpsDKeHHH B MaccuBe IMopon. B cBsi3u ¢
BBILIEH3JIOKEHHBIM, HCCIEIOBAHUE HANPSIKEHHO-Ie(OPMHUPOBAHHOTO COCTOSIHUSI MO KapbepoM
SIBJISIETCS] BAKHOM HAYYHO-TEXHUYECKOU 3a1a4uen.

ITocne mpoBeneHus: BCeX MOAITAKHBIX BBIPAOOTOK B MOAKAPHEPHOM MACCHBE HAINpPSIKEHHO-
ne(OpMUPOBAHHOE COCTOsIHME MaccmBa MeHsietcss  [12]. Jlns  w3ydeHuWss HampsipKEHHO-
neGOpPMHPOBAHHOIO COCTOSIHUSI MacCHBa IOPOJ [HA Kapbepa pPacCMaTPUBAETCS HAINPSDKEHHOE
COCTOSIHME MacCHuBa TOPOJ TPH PA3IUYHBIX YCIOBUSIX BeNeHHMs TOpHbIX pador. s
MOJEIUPOBAHMS  HAPSKEHHO-IE(POPMHUPOBAHHOTO COCTOSIHUSL OBLIM  TPHUHATBHI  CIENYIOIINE
napameTpsl Kapbepa: BeICOTa mpaBoro bopra 160m, neBoro dopra — 100M, mupwuHa 1HA Kapbepa —
30mM. Yros HakJOHa MpaBoro u Jjesoro 6optoB —50°. MomenupoBaHHue TPHU STOM BBIIOIHAIOCH
METOJIOM KOHEUHBIX 3JieMeHTOB[ 12]. bbuti npuHsTHI clenyromie GU3nKo-MeXaHUYeCKHe CBOMCTBA
BMEIIAFOIINX TIOPOJ] ¥ 30HBI pyIHON MuHepamu3auu (tabi. 1):
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Tabmmua 1.-®Pu3nko-MexaHUIeCKHe CBOWCTBA PYAbl M BMeIarmux nopox [10]

monynb FOura, | koadpdunuent | odbemHsIit | Yron BHYTp. | CuerieHue,
marepuan | E Ilyaccona, BEC, TPeHUs, ¢ rpag C, MIla
Mlla U v, H/m3
nopoyna 3,5*104 0,2600 26600 40 12,5
pyna 2,1*104 0,2300 27900 41 11,5

PacueTpl moka3bIBalOT 4YTO B JaHHOM CJydae KOHLIEHTPaLMsl BEPTUKAJIbHBIX HaNps KEeHUH
HaOmrolaeTcst B Tpenenax PyOHOW 3alie)kd BOKPYT TOPU3OHTAJBHBIX TOPHBIX BbIpaOOTOK. B
npuOOpPTOBOM  MAacCHUBE  BEPTUKAJbHBIE HAMNPSDKEHUS C  POCTOM  TIyOMHBI  3ajieraHust
paccMaTpuBaeMOl 30HbI MJIM YYaCTKa MOCTETICHHO YBEIUIUBAIOTCS [S].

I'opu3oHTaNBHBIE HAIPSDKEHUS! KOHLEHTPUPYIOTCS B PYIHOMH 3a51€KU BOKPYT BbIpaOOTOK, a B
npubOPTOBOM MacCHBE KOHLEHTpanus HaONIofaeTcss Ha YpPOBHE AHA Kapbepa, W HA YpPOBHE
PACIIONIOKEHHsI TTOASTAXKHBIX BeIpaboTOK. Ilo BCceMy paccMaTpuBaeMOMY VHYACTKY CYIIECTBYIOT
TOPU3OHTAJbHBIE HANPSDKEHUS, KOTOPbIe B MPHUOOPTOBOM MAacCHBE HAa YPOBHE JHA Kapbepa U TOA
JTHOM Kapbepa CTaHOBSITCS pacTsruparoiuMu. [lox 1HOM kapbepa MakcUMasbHbIE PacTITHUBAOIINE
HanpspkeHus: cocTtaBisitoT 2,520MIla. PacrsaruBaromue HampsokeHHss HaONMIONAIOTCST B MAacCUBE
NEePBOTO MOA3TaKa B paliOHAX BbIIIE MOASTAXKHBIX BbIPAOOTOK. 31eCh MX 3HAYEHUS] PABHSIOTCS OT
1,220MIla no 0,058MIla. Hmke NOA3TaXXKHBIX BBIPAOOTOK TMEPBOrO MOAITaAKAa B OCHOBHOM
npeodaamaroT TrOPU3OHTAIBHBIE CXKUMAKOLIHe HarpspkeHus. OCOOCHHO OHM 3aMETHBI B HIDKHEM
MPaBOM YTJIy CO CTOPOHBI BUCSYEro OOKa. 3HAUEHUS 3THX HANPsDKEHUH B 3TOH o0nacTu kojednercs
ot 0,907MIla no 0,484MIla (puc.1). Ha ypoHe BbIpabOTOK MEPBOr0 U BTOPOTO MOASTAXKEH CO
CTOPOHBI JIexKadero 0OKa BO3HUKAIOT 30HbI CXKIMAIOLINX HAMPSDKEHHUH.

MakcumanbpHble 3HAU€HHUS KacaTeJbHBIX HANpsDKEHUH KOHLEHTPUPYIOTCA B Ipedenax
pyaHOro Tena BOKpyr BbipaboTok. [lox mHOM kapbepa BeilIe BRIPAOOTOK MX 3HAYEHUSI COCTABIISIOT
no 1,340MIla. B mpaBoM BbICOKOM OOpTYy HamOOJbIINE 3HAUYEHUS MAKCUMAJBbHBIX KacaTeIbHBIX
HANpSDKEHUH BO3HUKAIOT B MPUIMOBEPXHOCTHON 4YacTH MaccuBa OOpTa Ha BBICOTE€ OT YPOBHS JHA
Kapbepa, pasHoii (1,5-1,8)H, (rme H,- mupuna nHa xapbepa).
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Puc.1. Pacnpenenenue ropH3OHTANBHBIX HANPSDKEHWH B MacCHBE MOPOA A0 Havana
OUYHCTHBIX paboT
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IMocne BbIEMKH 3amacoB TIEPBOOYEPENHOrO OYHCTHOrO OJioKa MEpPBOTO IMOAdTaXKA
KOHLIEHTPALUsl BEPTUKAJIBHBIX HAMPSKEHUN MPOUCXOOUT B MpeAesiax MacCuBa PyAHOTO Tena, U
CMEILAIOTCA B OCHOBHOM Ha HIJKHHE MOA3TAXKH U 32 MpenesiaMu PyIHOrO Tejla B CTOPOHY JIEKauero
Ooka mpaBoro BbIcOKOro 6opra. B Bucsiuem Ooky 3a mpenenamu pyaHOro Tena odpasyercs 30HA
KOHLIGHTPALlU! BEPTUKAJIBHBIX HANpPSDKEHUNH BBICOTOM, PaBHOM BBICOTE NoasTaka. Ha mepsom
MONPTAKE B MACCHBE MEXKIY BbIPAOOTKON U CTEHKOH BBIPAOOTAHHOTO MPOCTPAHCTBA MPOUCKOIUT
pasrpy3ka 3HAUYEHUN BEPTUKAJIbHBIX HAMNPSUKEHUH, 4YTO CBSI3aHO CO CHATHEM BbILIEEKALIEH
Harpy3Ku.

B nmanHOM caydae B mpenenax NEPBOro MNOA3Ta)KAa M HA €ro ypPOBHE IPOUCXOIUT
KOHIEHTPAINsI TOPU3OHTANTBHBIX HANpsoKeHUH. Bo BTOpOM momdTaske KOHLIEHTpALHs HAOII0IaeTCst
CO CTOPOHBI BUCSYETO OOKa 3aJIeKH U 3a MpeeiaMu 3aJIeKH B BUIE Y3KOH MOJIOCHI HA YPOBHE JHA
BbIPAOOTAHHOTO MPOCTPAHCTBA BHICOTON, PABHOH BBICOTE BBIPAOOTKH.

B wmaccuBe Oyner cCymecTBOBaTh TOPU3OHTANbHBIE HAMPSIKCHHS] CXKUMAIOMIETO U
pactsruBaromero xapakrepa (puc.2.). C:xuMaroniue HampsoKeHUsT O JHOM Kapbepa HaXOASATCS B
JIeBOM OOpPTY 3a MpenejiaMu PyIHOH 3aJIeKH Ha YPOBHE MOOIMIBBI BEIPAOOTAHHOTO MPOCTPAHCTBA.
MakcumanbHble UX 3HadeHusi cocTaBisitoT oT 0,362MIla mo 1,460MIla. Iloxg oTtpaboTaHHBIM
MPOCTPAHCTBOM BO3HHMKAET 30HBI CXKUMAIOLIUX M PACTSITUBAOLIMX HANPSKEHUN, MNPUYEM CO
CTOPOHBI BHCSYEro OOKa CYIIECTBYIOT CIKUMAIOIIME, a B OOPaTHYI CTOPOHY - PaCTSTHBAIOIINE
HanpspkeHus. Cxxumaromne Mensirorest oT 1,07MIla no 0,628MIla. PactsruBaromue MEHSIFOTCS 10

2,140MITa.
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Puc. 2. Pacnpenenenue ropusOHTANbHBIX HANPSPKEHWM B MAcCHUBE IOPOJ IOCHE Hadasia
OUYHCTHBIX paboT

Hauunast ¢ rnyOunHbl, paBHOH ng (rme ng -mupwHa OTPabOTAHHOTO MPOCTPAHCTBA)
BO3HUKAKOT PACTATUBAKOIINE HAMNPSDKEHUs, KOTOPBbIE PACHPOCTPAHSIOTCS [0 MNOASTAKHBIX
BBIPAOOTOK HIKHETO momdTaxka. Mx 3HaueHus 3aeck coctasisiroT ot 0,551 MIla no 2,220MI1a.

B maccuBe Mexxay MOASTaXKHOW BBIPAOOTKOW M CTEHKOW OTpabOTaHHOTO MPOCTPAHCTBA
CYIIECTBYET 30HA TMOBBIIMICHHBIX PACTITUBAIOLINX HANPSDKEHUN. 3HAUYEHHE STUX HANPSDKCHUHA B
5TOM 30He cocTasiuseT oT 3,10MIIa no 0,387MlIa. BepxHsisa rpaHuLia 3TOM 30HbBI paCIPOCTPAHAETCA
10 moBepxHOCTH AHa Kapbepa. Co cTopoHBI Jekadero Ooka B mpedesax PyIHOrO Teja U 3a €ro
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npeaenamMy Ha BbICOTE, paBHOU 1,25 mupuHbl BEIpaOOTKY, T.€., Ha BBICOTE 1,25nB BO3HHKAET ele
O/lHA 30HAa TMOBBIIIEHHBIX PACTATMBAIOLINX HAMpPsDKEHUH. 37ech 3HA4YeHUs] pacTITMBaIOIINUX
TOPU30HTAJbHBIX HamnpsbkeHuil MeHsoTea oT 3,420MlIla no 1,110MIla. IlosiBneHue 3TON 30HBI
cBsizaHO ¢ orpaboTkoi Ojoka B BucsieM Ooky. Jlo oTpaboTku Onoka 3Ta 30Ha HAaXOOWIACh B
Mpenenax 3ajaexu NoJ AHOM Kapbepa .

Ha mecrte nepecedenus: monomsel OTPaOOTAHHOTO MPOCTPAHCTBA U TPAHMLIBI BUCSUETO O0OKa
3anekn 00pa3yercsi 30Ha TOBBIIEHHBIX TOPHU3OHTAJBHBIX CXKUMAIOLINX HANPSDKEHWH. 3HAYSHHs
HanpspKeHUH B ATOW 30He MeHswTcea oT 1,240MlIla no 1,00MIIa. Huske 3TON 30HBI B MacCHBE
MeXAy OTpabOTaHHBIM TNPOCTPAHCTBOM U BbIPAOOTKAMH HIDKHETO IOASTaXKa CYLIECTBYIOT
CKMMaIOIUe U PacTArUBalollNe rOpU30HTaNIbHbIE HanpskeHus. Ilox nmepBoil MOJOBUHON INPUHbI
BbIPAOOTAHHOTO MPOCTPAHCTBA, HAXOMSALIEHCS CO CTOPOHBI BUCSYEro OOKa BO3HUKAIOT CKUMAOIINE
HanpspkeHuss co  3HadeHusmu ot 1,150MIla go 0,165MIla. Hwuxke BTOpOH MNOJOBUHBI
BbIPaOOTAHHOTO MPOCTPAHCTBA O BBIPAOOTOK BTOPOTO MOASTAKa HAOJIOAAIOTCS TOPU3OHTAIBHBIE
pacTsruBarole HanpspkeHus. | Opu3oHTalbHbIE PacTIrMBaOIUe HAMIPSKEHUs 3€Ch MEHSIFOTCS OT
2,290MIla no 1,116MIla Hag BbIpaGoTkoi u ot 2,260MIla mo 1,510MIla nox BbIpaOOTaHHBIM
MIPOCTPAHCTBOM.

B npaBom BeicOkOM 6OPTY Ha YPOBHE TIEPBOTO MOI3TAKA CYIIECTBYET 30HA PACTSATUBAOLINX
TOPU3OHTAJIBHBIX HANPSDKEHWH, KOTOpas HAXOOUTCS TMPU  yAAJeHHH BLUIyOb MaccuBa IO
TOPU30HTANIN Ha paccTosinue, paBHoe (2,0-3,0)Nn (roe N —mmupuHa qHa Kapbepa).

Haubonbuine 3HaueHUs] TOPU3OHTANBHBIX HAINPSDKEHUH B 3TOM OOpPTYy HAXOOUTCS B
NPUITOBEPXHOCTHOM YacTh OOpTa Kapbepa Ha BHICOTE, PaBHOW 1,73 LIMPUHBI IHA Kapbepa, T.€. Ha
BbicoTe 1,73Nn. 3HaueHus 3TUX HaNpsKeHUi coctasysitoT ot 1,22MIla no 1,00MI1a.

Haubonpume 3HaueHNs] MaKCHMaJIbHBIX KacaTeNbHBIX HANPSIKEHUH HAXONATCS B MAcCHBE
MEXIy BBIPAOOTaHHBIM MPOCTPAHCTBOM M MMON3eMHOH BbIpadoTkol (ot 2,550MIla m Humke), a
TAK)Ke Ha TPaHULIE JIeXkauero OOKa 3ajieky B mpenesax nepBoro nomtaka (ot 2,730MIla u Huke) u
B MaccuBe MpaBoro Oopra Ha BBICOTE OT KPOBIH BBIPAOOTKH, paBHOH (2,0-2,5),B IIUPUHBI
BbIpaboTku (ot 3,150MIla mo 1,810MIla). Takue ke 3HAUYEHUS MAaKCHMAaJbHBIX KacCaTEJbHBIX
HanpsDKeHUH HAOMIOMAIOTCS M B 30HE MEXKAY IMONOIIBOM OTpabOTAaHHOTO MpPOCTPAHCTBA U
BbIpaboTkamu BToporo nogstaxa (ot 2,020MlI1a no 1,340MITa).

BuIBOABI

IIpn BBRIEMKE 3amacoB MEPBOOUYEPEAHOrO OJIOKA, PACIIONIOKEHHOTO CO CTOPOHBI BUCSUETO
Ooka, B BHCSYeM OOKy 3a TpenejaMHu PyAHOH 3ajie)kd Ha YPOBHE MOJOIIBBI BBIPAOOTAHHOTO
NPOCTPaHCTBAa O0pa3yercss 30Ha TOPU3OHTAIBHBIX CXKUMAIOMINX HanpspkeHud. Iloxg odncTHBIM
MIPOCTPAHCTBOM BO3HHUKAIOT 30HBI COKUMAIOLIUX M PACTATMBAIOIIMUX HAMNpsOKEHUH, MpUYeM CO
CTOPOHBI BHCSYEro OOKa CYIIECTBYIOT CXXHMAIOIIUE, a B OOpaTHYIO CTOPOHY - PacTSITHUBAIOLIHE
HanpspkeHus. llpu 3TOM, HaumHas C TJAOyOMHBI, PaBHOW IIMPUHE OYHUCTHOTO MPOCTPAHCTBA
BO3HUKAIOT pACTSATMBAIOIINE HAINpPSDKEHUs, KOTOpblE pACHpPOCTPAHSIOTCA 1O TMOA3TAXKHBIX
BbIpabOTOK HIkHero nmomataxka. Co CTOpOHBI Jexadero O0Ka B Mpenenax pyJHOrO Tesa U 3a €ro
npeaegaMu Ha BBICOTE, paBHOH 1,25 mupuHbI BRIPaOOTKH BO3HUKAET €IIe OJHA 30HA MOBBIIIEHHBIX
pacTATHBANOLINX HanpsDkeHUi. B neskauem OOKy CO CTOPOHBI IPABOTO BBICOKOTO OOPTa Ha YPOBHE
MEPBOro MOJ3Taka BO3HMKAET 30HA PACTATMBAIOLIMX TOPU3OHTAJbHBIX HANpsDKEHWH, KoTopas
HAXOMAWTCS TPHU YAAJEHWHM BrIyOb MaccHBa IO TOPU3OHTAIM Ha paccTosiHue, paBHoe 2,0-3,0
LIMPHHA J1HA Kapbepa.

MakcumanbpHble 3HAUYE€HMsI KacaTeNbHbIX HAaNpsDKEHUN Haxo[ATCs B MAacCUBE MEXAY
BbIPaOOTAHHBIM MPOCTPAHCTBOM M MOA3E€MHON BbIPAOOTKOM, a TaKKe Ha IpaHUIle Jiexkadero Ooka
3aNe)kH B TIpeAesiax IMEepBOro MoI3Taka M B MAcCHBE INPABOro OOpTa HAa BBICOTE OT KPOBIHU
BbIpa®oTKH, paBHOW (2,0-2,5) mupuHbl BhIpaOOTKH. Takue K€ 3HAYEHUS MaKCHMAJIbHBIX
KacaTeNbHBIX HAIMpPSDKEHUH HAOMIODAIOTCs M B 30HE MEXAYy MOJOLIBOW  BBIPAaOOTAHHOTO
IPOCTPAHCTBA M BBIPAOOTKAMHU BTOPOTO IMOAITAXKA.

[Tony4yeHHBIC 3aKOHOMEPHOCTH TPH HM3VUCHHH HAMPSKCHHO-IC(GOPMUPOBAHHOTO  COCTOSHHS
MacCuBa IIOA KapbCpoOM MO3BOJIAKOT CYAUTHh O ICOMCXaHUUCCKOM COCTOAHUU MACCUBA. C3YJIbTaTbl MOI'YT
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OBITh HCIOTIB30BAHBl AN OLECHKH YCTOMYHMBOCTH MAacCHBa, a4 TAKKE O LIENCCOOOPA3HOCTH HPUMCHCHUS
pa3paboTaHHOrO HOBOTO Crmocoba [5] BbIEMKH 3amacoB MOAKAPHEPHOH 30HBI MPH KOMOMHHPOBAHHOM
paspaboTKe PYAHBIX MECTOPOXKIACHHUH.
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