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Aunomayusn: S¢hghexmugnan deamenbHoCHb 20pHOO0DBIBAIOWUX RPeONPUAMULI 80 MHO20M Onpeoensencsa
gb1bOpOM De30nacHoll MexHoNo2UN GeOeHUs OYUCTIHBIX pabom ¢ Y4enoM pealbHblX 2e0MeXaHuiecKux npoyec-
c08, HPOMEKAIOWUX 8 MACCUBE HOPOO.

IIpumenenue cucmem paspabomxu ¢ OMKPbIMbIM BLIPAOORIAHHBIM NPOCHIPAHCTIBOM 00YCNI0BNIEHO NOGbI-
ULEHHBIMU INEeXHONO2UHECKUMU PUCKAMU, CBA3AHHbIMU ¢ 0becneyenuem ycmoiivugocmu maccusa nopod. OcHos-
HBIM HPOU3BOOCHIEEHHBIM NPUEMOM, NOGLIULAIOUJUM HE30NACHOCHIL OYUCHHBIX pabom npu SMUX 2e0mexHoI02UAX
8 VCIIOBUAX 3HAYUMENbHbIX 21VOUH, A8lAemcs MHO2OKpamHoe yeeludeHue pasmMepos pasiuyHo2o pooa yelukos,
geoyuee, 8 Ce010 04epeds, K CYecineeniomy pocity Roneps noje3Ho2o UCKOnaemMoz2o.

H3secmuvie cnocobul paspabomku ¢ 3ak1adKoil ebipabomantoz0 npocmpancmea, obecnevugaiuyie ablco-
Kl ypoeeHb 3e1edents pyo u3 Heop, noGblie e YCMOTYUBOCU 20PHBIX KOHCIPYKYUL 8 YOAPOONACHbIX YClo-
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BUAX U BbICOKYIO OE30RACHOCHIbL 20PHLIX pabom, Xapakmepusylomcs HenoMepHO 8bICOKON cebecmoumMochslo
npou38ooOCcmBa U 8036edeHus UCKYCCMBEHHO20 MACCUBA, KOMOpas npu evleMke MUHepalblio20 Cbipbsi cpedneii U
HU3KOT yeHHOCMU He Onpasobleaemcst, OMHOCA MU 2e0MEeXHON02UU 8 Pa3PS0 YOLIMOUHbIX.

IlepcnekmuenviM HanpagieHueM 8 OAHHBIX YCI0BUAX AGIAEMC cO30anue u 0060cHosane HOBIX pecypco-
cbepezaiowyux MexHONIO2UN, COYEMAWUx KOMOUHaYUIO cucnem paspabomku ¢ pasHelMu cnocobamu ynpagie-
HUA 20PHBIM OaeIeHUeM, RO360NAIOUUX YEEIUHUINL NPEUMVUIECNEA U MUHUMUSUPOBATb HEOOCHAMKU KadlcO020
U3 HUX.

IHosmomy paspabonika HayyHo 06OCHOBAHHBIX BAPUAHMOS U RAPAMENPO8 KOMOUHUPOGAHHBIX 2€0MEXHON0-
2uil aelsemcs aKkmyanbHoll 3a0a4eti oanbHeiiue2o passumis 6e30nacnbix i 2ghgexmushsix cnocobos dobwii,
mpebylowux NoOpobHO20 U3YHEeHU.

Ienvio uccnedosanuii agnaemces pasgumiue 1 obocHosanue napamempos U ycioguii 6e30nacHozo npumete-
HUsL KAMEPHO-CMOoNO080I clcmeMbl paspabontkil 8 KOMOuHayli ¢ obpyuteHuem nopood Kpoemu.

OCHOGHBIM MeMOOOM UCCIeO0GAHUS ABNAEMC MPEeXMePHOe KOHeYHO-3NeMeHmHoe MOJenUposaHile Hanps-
HCEHHO-0eDOPMUPOGAHHOZ0 COCMOAHUSL Ul YCMOUYUBOCHIU MACCUBA 20PHBIX HOPOO 8 KOHCIPYKMUGHbIX 2NeMeH-
max noo3emMHoli 2e0mexHoI02UU.

Jna enyouner 1000 M 6 Maccugax ¢ epagumayuOHHbIM XapaKmepom pacnpedeneHus UCXOOHbIX NPUPOOHbIX
Hanpajicenuii YCmanosnetsl OCHOGHbIE HaApaMempsl 8PeMeHHbIX CIObYamvlx yenukos u obracme GezonacHozo
NpUMeHeHUs. paccMampugaeMoti citcnieMsbl papabonxil.

Abstract: Effective performance of mining operations is largely determined by the choice of safe technology
of extraction, taking into account the real geomechanical processes occurring in the rock mass.

The use of open stope systems is determined by increased technological risks associated with ensuring the
stability of the rock mass. The main production method that increases the safety of extraction operations in these
geotechnologies in conditions of considerable depth is the multiple increase in the sizes of various types of pil-
lars, which leads to a significant increase in the losses of the mineral.

Known methods of development with stowing of worked-out space, ensuring a high level of ore extraction,
increasing the stability of mine structures under rock bump hazard conditions and high safety of mining opera-
tions, are characterized by an unreasonably high cost of production and erection of an artificial massif. Produc-
tion costs of medium and low value minerals are not justified, thus referring these geotechnologies to the catego-
ry of unprofitable.

A promising direction under these conditions is the development and justification of new resource-saving
technologies combining the development systems with different methods of rock pressure control, which allow us
fo increase the advantages and minimize the shoricomings of each of them.

Therefore, the development of scientifically justified options and parameters of combined geotechnologies is
an urgent task for the further development of safe and efficient mining methods requiring the detailed study.

The aim of the study is to develop and substantiate the parameters and conditions for the safe application of
the board-and-pillar development system in combination with the roof rock caving.

The main study method is a three-dimensional finite element simulation of the stress-strain state and stabil-
ity of a rock massif in structural elements of underground geotechnology.

The basic parameters of temporary columnar pillars and the area of safe application of technology are es-
tablished for a depth of 1000 m in massif with gravitational distribution of initial stresses.

Knrwuesvie cnoea: Cucmema paspabomku, Oonvuiue 2iy0umbl, yenuxu, Maccug nopoo, HANPA*CEHHO-
deghopmuposantoe cocmosinue, Kposis, YCmoiuugocns, 0e30nacHocms
Key words: Development system, large depths, pillars, rock massif, stress-strain state, roof, stability, safety

AKTYAJILHOCTH

B MupoBoii mpakTuke OTPabOTKH IOJOTHX H
HAKJIOHHBIX PYIHBIX 3AJICKCH CpeIHEH MOINHOCTH H
Ja’Ke BeChbMa MOINHBIX (Hampumep, Ha JKeskasras-
CKOM MECTOPOIKICHUH), LIHPOKOE PACHPOCTPAHEHHE
NoJTy4Mia CHcTeMa  pa3paboTKH € KaMepHo-
cT000BOI BBIEMKOi1 [1-6]. DT0T cmoco® nodbruu pya
Ha 0a3c KOMILICKCOB CAMOXOJTHBIX TOPHBIX MAIITHH
XapaKTEpH3YETCA CPABHUTCIBHO HU3KHMH H3ICPKKA-
MU TIPOM3BOJCTBA, BHICOKOH WHTCHCHBHOCTBIO BBIEM-
KH U IIPOH3BOAHTCILHOCTBIO TPYAa FOPHOPado4uX [2,
5].

['nyOuHa mpUMEHEHUs KaMepHO-CTOI00BOi reo-
TEXHOJIOTHH NPH OTPabOTKE NOJIOTHX PYAHBIX 3ale-
sKeH OrpaHMYEHA H ONpPEEIAETCA FEOMEXAHMYECKHMHU

ycnoBusaMH BbleMKH. Ilo ouenke [2] Ha ravOmHe
1000 M 111 HAOEKHOTO MOIICPIKAHUA OYHCTHOTO
MPOCTPAHCTBA OKOJO TOJOBHHBI 3aMacoB TAHCTH
JOJIKHO OCTABATBCH B LEIMKAX, KOTOPBIC CO BpeMe-
HCM pa3pylIAaKTCA H TCPAKT CBOK YCTOHYHBOCTSH |7-
8]. Paspymenue uennkos o0yCIOBIMBAET 00pyLIEHHE
KpoBJH 3anexkei [1-3].

B mogoOHBIX YCAOBUSX TOTAMCHHC TCIUKOB H
JIOH3BJICYCHUC OCTABJICHHBIX 3aMacOB Py COTPOBOK-
JaeTcsi OONMBUIMMH 3aTPaTaAMH HA JOTIOJTHHTCIBHYIO
MPOXOJKY BBIPAOOTOK OypeHHA M JOCTABKH PYIBL
MOBBINICHHBIMH TIOTCPAMH MHHCPATBHOTO CHIPBA |1-
5].

OtMeucHHbIC BbIIIE INPSHMYIIECTBA H HEAOCTAT-
KM KJACCHYECKOTO BApPHAHTA KaMEPHO-CTOI00BOIM
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BBIEMKH PyJ OOYCIOBHIH MOWCK NyTeH COBEpIUCH-
CTBOBAHWA 3TOH TE€OTCXHOJNOTHU NPHMCHHUTCIBHO K
OJHOMY TIOJIOTOMAJAOIEMY MECTOPOKACHHIO MOJTH-
METANIMYECKHX PYA. MecTopoKIacHHE MPEICTABICHO
00mIMpPHOI PYJHOH 3aNEKbBH), CYLICCTBCHHAA 4YaCTh
KOTOPOI HMEET CPEIHIO MOLIHOCTEL 8-12 M, 3anera-
et mozx yriaoMm 5-10° ma royomnax 700-1100 m. @u3n-
KO-MCXAHHYCCKHC CBOWCTBA PYA M MOPOJ MCCTOPOXK-
JICHHSI TIPHBEACHBI B TAOIHIIE.

TexHoJIOTHA BEICMKH

B npeamaracMoM BapHAHTC CHCTCMBI pa3padOTKH
(puc. 1) nNpeayCMOTPEHO COYCTAHME PA3IHYHBIX CIO-
co0OB MOJICP/KAHUS OYHMCTHOTO MPOCTPAHCTBA —
BPEMEHHBIMH LEIHKAMH ¥ 00pyLIEHHEM KPOBIH. JTO
MO3BOJHT, KAK HOKA3aMH pPacdeTsl, d(P(PEeKTHBHO H
0c30IacHO HCIONB30BATh KAMCPHO-CTOIOOBYIO BEI-
MKy Ha OOJbIHX TIyOWHAX, COXPAHHTH OCHOBHBIC
NPEMMYLICCTBA 3TOH ICOTEXHOJOTHH MPH 3aMETHOM

HHE BPEMEHHBIX PYIHBIX LEIHKOB C IOCIEAYOIIHM
O0OpyHICHHEM TOPOX KPOBJIH HA BBICOTY, oOecreun-
BAIOIIVIO 3ATIOTHCHHE BBIPAOOTAHHOTO MPOCTPAHCTEA,
Janee moa OOPYIIECHHBIMH TOPOAAMH H3BICKAKOTCS
JICHTOYHBIC NIAHCIbHBIC LCTHKH.

ITapameTpsl BHYTPHOJOKOBBIX H NAHEILHBIX LE-
JIMKOB, a TAKXKE PACCTOSHHC MCKIY HUMH BBHIOHPAIOT
H3 YCITOBHUSA 00CCICUCHNS YCTOMYMBOCTH TIOPO KPOB-
JH OYHCTHBIX Kamep. [naMeTp cTonO4aThIX LETHKOB
OpH MOIHOCTH 3anexu 6-10 M Ha rmydmmax 700-
1000 M 1O mpeaBAPHTEILHBIM PAcUCTaM MOMKET CO-
cTaBIATh OT 6-10 1 10-14 M COOTBETCTBECHHO IO Tpa-
HHUI[AM TAHETH H B ¢¢ LeHTpe. PaccTosHue Mexay
HUMHU H3MeHsercsa oT 8 go 12 m. [IInpuHa naHe TbHBIX
JCHTOYHBIX LEIHKOB HA 3THX INIYOHHAX 3aBHCHT OT
pasMcpoB CaMOH BBICMOYHOH MAHCTH H MOJKCT JOCTH-
ratb 30 M u Ooee.

Jlna aetanbHOM reoMeXaHH4ECKOH OLECHKH mapa-

Tabmuna. Gu3HKO-MEXaHHYECKUE CBOICTBA Py H BMEIIAKIINX MOPOT

Table. Physicomechanical properties of ores and host rocks
Mo-
ITaot- Cuen- | Yron BHyT- Koag- -
[Tpounocts | IIpounocTh ay71b
HOCTB JICHHE pEeHHEro (puLHEeHT
HaumernoBanne HA C’KATHE, | HA pacTske- KOHra
. (O), tpenus (¢), | Ilyacco-
T MIIa Huec, MI1a MTTa — i} (L),
ITla
PoroBuk 2.9 80-120 5-8 10-18 37-47 0,25 40-60
bazamet 2.9 90-130 8-13.7 13-24 35-50 0,24 60-80
T T
4D0P0 28 | 100-140 18-30 33-50 022 | 60-70
JOJTICPHT
["ab6po-
JOJICPHT C 27 84-128 7-14 12-20 33-52 0.23 50-60
OpYACHCHUCM
Pyna 4,0 120-140 6-12 15-25 35-55 0.25 50

COKpAIICHIH NOTCPb PYIBI B HCTHKAX.

[ToaAroToBKa 3aMCiKH 3aKIFOYACTCA B MPOBCACHHH
IIIABHOTO TPAHCIIOPTHOTO IITPEKA, H3 KOTOPOro Hape-
3A10TCA MAHCTBHEIC OPTHL. IIIMpHHA NMaHCTH NMPHHATA
100-120 m.

OunctHble PadOTH B NMAHEIH HAYHHAKOTCH C 00-
pasoBanus oTpe3Hod menn. OTOOMKY pyasl BeIyT
mmypamu  royomsoi 3,0-4.5 M ¢ opmupoBaHHEM
BPEMEHHBIX DPYIHBIX LIETHKOB C KPYTJI0H MM KBaa-
parsoii (hopmoii monepeunoro ceueHus. [lorpyszka u
JOCTaBKa TOPHOM MACChl OCYLIECCTBIISETCA CaMOXO.-
HBIMH  TOTPY304YHO-IOCTABOYHBIMH  MAIIHHAMH
(ITOAM). ITo mMepe BBIEMKM OCHOBHBIX 3AaIIACOB IAHEIIH
C OTCTAaBaHHEM OT ()POHTA OYHMCTHBIX padoT Ha 30-
35 M (2 paga cTon04AThIX LEIHKOB MO OTHOMICHUH K
JMHHHM OYHCTHOro 3a00s) OCYIUECTBILICTCA MOTaile-

MCTPOB TPCATOKCHHOTO crmoco0a BBICMKH NPUHATHI
CICOYHOLMIHEC HMCXOOHBIC OAHHBIC: rnyﬁnHa BCOCHUA
ropHeIx pador 1000 m: mmpuHa nmaHemn — 130 M
mupuHa Kamepsl — 100 M: MHpPHHA TAHETBHOTO JCH-
TOYHOTO UEauKa — 30 M AMAMETpP CTONOYATHIX LE-
mukoB 8,0 m 10,0 M COOTBETCTBCHHO MO TPAaHHLAM
KaMEPHI H B €€ LEHTPE, PACCTOAHHE MEKIY LETHKAMH
— 8.,0-10,0 M; ceTka pACHOTOMKCHHA LETHKOB —
16x18 m 18x18 m; BBICOTA OOPYICHHS TIOPOJ KPOBJIH
— 20 M; oTCTaBaHME (DPOHTA BBICMKH MAHCILHOIO
JICHTOYHOTO LICJTHKA II0 OTHOIUCHHIO K Kamepe — 24
M, OTCTABAHHE TIOTAMIECHHSA BBIPAOOTAHHOTO MpPO-
CTpPaHCTBA OT OYMUCTHOrO 3a00s Kamepsl — 26 M (co-
OTBCTCTBYCT 2-M PAIAM CTOIOHATHIX LICTHKOB).

Onenka yCTOHYNBOCTH JJIEMEHTOB TEXHOJIO0-
rHH
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Puc. 1. Kamepro-cmonbosas cucmema paspabomru ¢ pezyiapHolM u3gieqeHueM yenuKoe u oopyuieHuem
nopoo kposau: 1 — nanenvHulli mpancnopmHelli wmpex, 2 — nanenbHbiili GeHMUIAYUOHHbII opm, 3 — pas-
pesnoit opm; 4 — Oypo-0ocmagoutivlii opm, 5 — GeHMUIAYUOHHO-NOCAOOUHBIH WMPeEK; 6 — NOcadoynbiil

opm; 7 — apeMenivie cnionbuanivie yenKku

Fig. 1. Chamber-pillar development system with regular extraction of the pillars and collapse of the roof
rocks: I - panel transport drift; 2 - panel ventilation horn; 3 - the split unit; 4 - boring and delivery ort; 5 -
ventilation and landing drifi; 6 - landing ort; 7 - temporary columnar pillars

Moaemmposanue HAMPSKCHHO -
nepopmuposannoro coctosuua (HAC) u ycroiium-
BOCTH MAaCCHBA IOPHBIX IIOPOJ BBINOJTHCHO MCTOIOM
KOHCYHBIX 31cMcHTOB (MK3) mo ympyroit Moaenn B
TPEXMEPHOH MOCTAHOBKE 3a7a4M AN VCIOBHH FPaBH-
TALHOHHOTO (BHJ HANpPsKCHHOIO COCTOAHHUA IO
"JlunHuKY") XapakTepa pacnpeaeNneHHs HCXOJTHOIO
N0JIs1 HANPSDKCHUH B Heapax [9-14]. Pesyasrarter pac-
YCTOB BEIJAKOTCA B ITABHBIX ), 03 H MAKCHUMAIbHBIX
KACATENBHBIX Tyex HATMPSHKCHUSIX. 32 MAKCHMAIBHOE
[JIABHOC HANPSKCHHE NPHHUMAJIOCH 0], 3a MHHH-
MaNbHOE — 03. AHATH3 PEe3yIbTATOB PACUYETOB MOKA-

3a1 caeayromee (puc. 2-4).

Haubonee Harpy>KeHHBIMH 3JIEMEHTAMH T€OTEX-
HOJIOTHH SIBJLIOTCS BPCMCHHBIC CTOJIOYATHIC LCTHKH,
KOHTAKTHPYIOIOUC C (DPOHTOM TOCATKH HAJCTAFOIIIX
MOPOJ, B KOTOPBIX CKHMAKOIIUC HAMPSHKCHUA o) J10-
cruraroT BesuyuuH 130+150 Mlla, yto comsmepumo c
MPOYHOCTHBIMH XAPAKTEPHCTHKAMH MAacCHBA TOPHBIX
nopoa. Ilpu 3T0M OTMEHACTCA, YTO BO3ZHHMKAOIUUC B
HUX MHHHUMAJIGHBIC TJIABHBIC HATNPSUKCHUS 03 ABIAKOT-
ca nonoxuteabHbiMH (10+20 MIIa). B sTtom cayuae
COXPAHHOCTb LIEIUKOB BO3PACTACT.

MeHpImHe HArpy3KH HCHBITBIBAIOT CTOIOHYATHIE
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Puc. 2. Xapaxmep pacnpedeiienus nanpsicenuil 8 YyeHmpaibiom 20pUsoHmMaibHOM cedyenuu Cmoioyamuix
yenuxog (em. pazpes C-C na pucynxe 1)
Fig. 2. The nature of stress distribution in the central horizontal cross-section of columnar pillars (see sec-
tion C-Cin Figure 1)

LEMHKH, YJAJICHHBIC OT JTHHHH (JPOHTA 30HEBI 00pYy-
meHus (o1 = 90120 MIla). [lelicTByrOmuE HATIPSKE-
HHSl B TIAHETBHBIX JTEHTOYHBIX LETHKAX HE JOCTHTAFOT
KPHTHYCCKUX 3Ha4YeHUll (g1 = 60+70 Mlla, g3 = 5+15
MITa, twax = 24+32 MITa).

HamnpssxeHHO -1¢ (popMEPOBAHHOE COCTOsIHHE
npu3a0oifHOil 001acTH OTPabOTKHM pYIHOI 3ameku
XapakTepu3yeTcss 0OBEMHBIM CHKATHEM, YTO CIOco0-
CTBYET YCTOHYUBOCTH TOPHBIX nopoa
(o1 = 60+80 MIla, o3 = 10+20 MIlIa). O6mactu mno-
BBIIICHHBIX PACTATHBAONINX HANMPSKCHHH B TOPHO-
TEXHUYCCKOH KOHCTPYKIMH (DOPMHPYHOTCA B KPOBIE
H THOYBE MAHENH, BOIH3U (DPPOHTA 30HBI MOTAIISHHS
HaJeTarWeH Toamu nopos (o3 = -3+-6 MIla).

Pacueter HJIC MaccuBa TOPHBIX MOPOJ BOKPYT
BBIPA0OTOK MOKA3aJIH, YTO YPOBCHb HANIPSDKCHUI B HX
CTCHKAX COCTABIICT, COOTBETCTBCHHO 17151 KOMIIOHCHT
01, 03 H Tmax — 60+80, 15+20 u 16+32 MITa. Anano-
THYHO B KPOBJC BeIpaGoTok — 20--40, 0+10 u 8+16
MIIa. Ilpu JaHHBIX BCIAMYHHAX JCHCTBYHOMIHMX
HANPSKCHUH, VYMTBIBAS NPOYHOCTHBIC CBOMHCTBA,
CYIIECTBYIOIIHUX HA MECTOPOKICHHH PYI H BMEMIAO-
LHX NOpoA, 0OCCHCYHBACTCA COXPAHHOCTH TOPHBIX

BBIPAOOTOK.

B menmom oTMeTHM, YTO yCTOHYHBOCTE MOPOA IPH
JAHHOH TEXHOIOTHYECKOoil cxeme OyaeT oOycroBmm-
BAThCs JCHCTBHEM B MACCHBE HE TOJBKO MOBBIIICH-
HbIX KOHHGHTpalll/lﬁ CKUMAHOIIUX H MAKCHMAJIbHBIX
KACATCIbHBIX HANPUKCHUH, HO M CCTCCTBCHHOH €ro
HAPYIICHHOCTBIO.

Ha ocnose ucciaenosannii HAC maccuBa ropHbIx
nopoa ObUl BBHIMOTHEH AHATH3 HX YCTOHYHBOCTH B
KOHCTPYKIHH pPacCMATPUBACMOH TCOTEXHOTOIHH IO
kputepuro Kynona —Mopa [12-14, 17]. PesynsraTsl
pacucTOB MPHBOJASATCH B BHAC OTPHCOBAHHBIX 30H
KPHTUYECKOTO COCTOSHHS (BO3MOKHBIX pa3pyLICHHI)
0opoa € yueToM KOI(PPHUUUCHTA CTPYKTYPHOrO
ocmadnenus maccusa (K, = 0,5 u 0,8).

Ha puc. 5 npuseacHs! KapTHHBI 001aCTCH NOTEPH
VCTOWYHBOCTH MOPO (MOKA3AHBI YEPHBIM IIBETOM) TIO
paspeszaM B XapaKTEPHBIX CEYEHHSIX PacCMaTpHBAe-
MO CHCTEMBI pa3paboTKH COTJIAcHO pHUC. 1 B 3aBHCH-
MOCTH OT CTENICHN HAPYIICHHOCTH FOPHOTO MACCHEA.
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Puc. 3. Xapaxmep pacnpeodenenia nanpsasjicenuii 6 nonepeqynom cedenuu naweau (cMm. paspes b-b
Ha pucynke 1)
Fig. 3. The nature of stress distribution in the cross-section of the panel (see section B-B in Figure 1)

3 16 24 32 40 48 56
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64 MIla

6

Puc. 4. Xapaxmep pacnpedeieniis Hanpsajicenuil 6 S1eMeHmax Kamepuo-cmonboeoi cucmemsl paspabonixii:
a — 8 8ePMUKAILHOM HPOOOJbHOM cedeHull Ha ghianze nanei (cm. paspes 1'-1" na pucynke 1): 6 — e eepmu-
KalbHOM RPOOOJILHOM cedeHull @ yenmpe namelu (cm. paspes /[-/[ na pucyuke 1)

Fig. 4. The nature of the distribution of stresses in the elements of the chamber-pillar development system: a
- in the vertical longitudinal section on the flank of the panel (see the section of G-G in Figure 1): b - in the
vertical longitudinal section in the center of the panel (see D-D cut in Figure 1)

Kax BHIHO pa3pylICHHE CTOJ0YATHIX ICIHMKOB H
NOPOJA KPOBIH MNAHENH HAKIAABIBAKOT OrPAHHYEHHE
Ha MCNOJIb30BAHHE 3TOH IEOTEXHOIOTHM IIPH OTpa-
OOTKE MECTOPOKICHHH C TPEIMMHOBATOCTHIO MACCHBA
(K. << 0,5). IloBbimeHre yCTOHYUBOCTH BHYTpHIA-
HCTBHBIX CTOJIOYATHIX LCIHKOB B 3THX YCIOBHAX MO-
SKET OBITh JOCTHIHYTO 3a CYET YBEIHYEHHs HX JHA-

Metpa a0 12-16 M. B HauGonee OnaronpusTHOM CUTY-
auMU HAXOJATCs crojiduaTsie uenuku mpu K. = 0.8.
Takum obOpa3om, 00nacTe NPHMCHCHHMA JAHHOH reo-
TCXHOTOTHH Ha TaybmHax 1000 M orpaHmvHBacTCA
0TpabOTKOH NPEeUMYLICCTBEHHO cpeaHe- (caabo-)
HAPYLICHHBIX MACCHBOB TOPHBIX MOPOJ MPH YCIOBHH
MOCJIeI0BATEILHOTO H3BJICYEHHA CTONOYATHIX LIENTH-
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Puc. 5. lIpoznosupyemvie 3016l GOZMONCHBIX PA3PYULEHUTE ROPOO 8 DNEMEHMAX KaMepHO-CIoN6060tl gbleMKU
C pecyiapHbM U3gNedeHiteM Yeaukos u 00pyuteHteM Kpoeiu coziacho puc. 1: a — npu koadghuyuenme
cmpykmypHozo ocaabnenus maccuea K. = 0,5, 6 — mo oce K. = 0,8

Fig. 5. The predicted zones of possible fracture of rocks in the elements of the chamber-pillar recess with
regular exiraction of the pillars and collapse of the roof'in accordance with Fig. 1: a— at the coefficient of
structural weakening of the massif K. = 0,5, 6 — same K. = 0,8

KOB ¥ 00pYyIIEHHs MOPOA KPOBIH BCIIEJ 32 HHTEHCHB-
HBIM IPOJBUIAHHCM (PPOHTA BBICMKH KAMCPHBIX 3a-
MACOB PY/IbL

Kax noxaseiBaroT uccaegoeanus [1, 3, 9], BbI-
MOTHCHHBIC AMA YCIOBHH JKe3KkasraHckoro MecTo-
pokaeHums, yike Ha rayomHax 400-500 M crondovaTeie
LETHKH THAMETPOM 6 M i MeHee B manemix 150 x 200
M TIpH K0d(()UIHCHTE CTPYKTypHOTO OoCaadacuus K.
= (),5 TEPSIIOT CBOK YCTOHYHBOCTh B TCUCHHE MEPBBIX
mATH Jer. YcraHoeineHo, uro npu K. = 0.3, He3aBu-
CHMO OT MOIIHOCTH 3aJICKH, LCIHKH H3HAYAIBHO
HeycToiunesl, MCcnoas30BaHUE CTOMOUATHIX LEIHKOB
auaMeTpom 10 M MO3BOJHIO COXPAHUTh MX YCTOWYH-
BOCTh B TeueHHe 15 ner.
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