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Peghepam
Bgeoenue. Pazpabomka 6biCOKOYEHHbIX 3aNacO8 YGEMHbIX MEMailog C Yeablo CHUNCCHUS]
nokaszamenei nomepb U pazyooICUGaAnUs, KAK NPABUILO, OCYWECMBIIAEMCa CUCEeMAMU
paspabomku ¢ 3aKAa0KouU ebipabomanno2o npocmpancmed. Hesasucumo om euoa u cnoco6os
GopMuposanus  3aKiA0OYHO20  MACCUBA  3ANONHEHUe  blpabOMANHO20  NPOCMPAHCTNGA
3AKAAOOYHBIM MAMEPUATOM KAK CHOCOO YNPABIEHUS COCMOSHUEM MACCUBA 2OPHLIX NOPOO
Hapsa0y ¢ 6bICOKOU MPYOO0eMKOCMbIO Hecem OONONHUMENbHbIE 3ampamsl U MAKum 00pazom
yeenuuugaem cebecmoumMocms OHUCMHbIX pabom. B npoyecce dKkcniyamayuu MecmopodicoeHus.
HabnOaomes  meHOeHyuss NOCMOAHHO20 YXVOULeHUA 20PHO-2e0l02UYeCKUX yCaoeull U
opMuposane ClLOHCHLIX SOPHOMEXHUUECKUX VCIO08UL, HINO CONPOBOHCOACMC CHUMCEHUEM
codeparcanus nonesnoz2o komnorenma. Ilpu smom uem codicnee ycaiogus IKCNIyamayuil 3anacos,
mem 8blie 3ampamol Ha nOOdepIcanue 8bipabomanHo20 NPOCMPAHCIMBA 8 COBOKYNHOCMU CO
CHUDdICEHUEeM UHMEHCUBHOCMU 2opHblx padom. COOmeemcmeeHo, no mepe pazeumus 20pHbIxX
pabom npoucxooum nOCMOSHHbILL POCH ceDecmouMocmu 000bIYU NPU CHUNCEHUU COOEPHCAHUSL
NONE3H020 KOMNOHEHMA, YIMO OMPUYAMETbHO CKA3bIBACTINCA HA NOKA3AMENAX ddeKmugHocmu
npouseodcmea 6 yeaom. Iloosmomy nouck nymeu pewienus 3a0a4 no COKPAUJeHUI0 U30epiHCcex Ha
3aKAa00uHbIe PabOMbl OCMAEMCs AKMYANbHOU NPAKMUYECKOU 3a0ayetl 20pHO20 NPoU3600Cmad.
Onmumusuposams 3ampamsl HA 3aK1AO0UHbIE PADOMbL 6 UBMEHAIOWUXCA U NOCMOSHHO
VXYOUAIOWUXCS 20PHO-2€0T02UYECKUX YCLOBUSAX, HE CHUNCAS NPOUEOOUMENbHOCIU OUUCTIHBIX
pabom, B03MOJICHO 3a Cuem NpeoCmasienHol 6 pabome NOO03eMHOU 2e0mMexHON0UU C
DOpMUPOBAHUEM UCKYCCMEEHHO20 MEXHOLEHHO-USMEHACMO20 MACCUBA, UMEIWe20 mpedyemble
2eomexHudecKue xapakxmepucmurxu 0Jis 3¢)PexmusHot ompadomku 3anacos Mecmopo’COeHus..
IL]env pabomel. Pazpabomka u 060cHO8aHUe NAPAMEMPOB NOOZEMHOU 2e0MEXHON02UU C 3AKAAOKOU
BbIPADOMANHO20 NPOCMPAHCMEA, 0bechevusaiowell ynpagieHue 6 npoyecce OYUCIHOU 6bleMKU
2€0MEXHUNECKUMU XAPAKMEPUCMUKAMU UCKYCCIMBEHHO20 MEXHOSEHHO-USMEHAEMO20 MACCUBA.
Memooonozua. B pabome npoussedeno KOHCmMpyuposanue KamepHol cucmemvl paspabomru
u 0bocHoBanbl ee napamempel ¢ yYuemom npupoOHbIX 2OPHO-2e0I02UHECKUX U QOPMUPYEMBIX 6
npoyecce 04UCMHOT 6bleMKU 20PHOMEXHUYECKUX ycaoeuil. Mccneooeanus npogedenvl Ha 0CHOGe
meopemu4eckux paciemos u 2eoMexaHuuecko20 MoOenupo8anus.
Pesynomameut.  Paspaboman eapuanm KamepHOU cucmemvl paspabomiu ¢ 3aKidOKOU
8bIPAOOMAHHO20 NPOCMPAHCMEA CYXOU NOPOOOU ¢ NOCIEOVIOWUM YRPOUHeHUueM meepoerouyelt
cMechio U yniomuenuem nymem omoouku 3anacos 6 3axcumaioweli cpeoe. Ilonyuennvie 6 xooe
UCCIe006aHUA pe3yIbMAMbl HOKA3AU AP PEKMUSHOCIb cucmemyl paspadomku. B uccredosanuu
000CHO8AHBI PAYUOHANLHBIE 3HAYEHUA NAPAMEMPO8 KOHCTNPYKIMUBHBIX DNEMEHIN08 CUCTeMbl
paspabomku, 6 4acCmHOCMU OnpedeieH pasmep CMeHKU Kamepsl, PACHOLONCEHHOU NOO YeIoM
80°, ¢ monwunoll ykpeniennoeo cnos 0o 5 m npu eeo npounocmu 1,5 MIla.
Buvi6oowt. Bapuanm cucmemuvl paspabomxu modcem Oblmb UCNONb3068AH NPU OmMpadomKe
HAKJIOHHBIX U KPYMONAOAIOWUX PYOHBIX MET 8 CLOINCHBIX 2OPHO-2C0NI02ULECKUX YCILOBUSIX.

Knrwueswie cnosa: mexnozennoiii maccus; KoMOUHUPOBAHHBIT 3AKIAVOUHBII MACCUG, 3AKIAOKA
8bIPAOOMAHHO20 NPOCMPAHCMEA.
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Beenenue. BonbIIMHCTBO MEIHOKOIYETAHHBIX MECTOPOXKICHUN OTpadaThIBaeTCs
cUcTeMaMHU pa3pabOTKU ¢ 3aKJIaJKOH BbIpaOOTaHHOIO MPOCTpaHcTBa. B 3aBucuMocTH
OT TEXHOJIOTMM BEACHUSI TOPHBIX PabOT NMPUMEHSIOTCS PA3IMuYHbIC BBl 3aKJIa04-
HOTO Marepuaia: 3aKjajka cyxas, THIpaBlIndecKas, TBEepAColasi, JbJI0MOpOIHasl,
OyroberoHHas u apyrue [1-5], a Takxke pa3Hblii HOpsiok oTpadoTku [6]. Hanbomee
pecypco3arpaTHbIM U TPYIOEMKHUM SIBJISIETCSI MCIIONB30BaHUE TBEPJCIOIIMX cMecel
Ha OCHOBE BSDKYIIMX KOMIOHEHTOB [7—10]. OpHako UX NpUMEHEHHUE LelIecoo0pazHo
pu oTpaboTKe IeHHbIX pya [11, 12] 1 HeoOXoMUMO B CIIOKHBIX TOPHO-TEOJIOTHIECKIX
yeaosmsx [13, 14].
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Pucynok 1. BapuaHT KaMepHOW CHCTEMBI pa3pabOTKU C WHBEKIHOHHBIM YIPOYHCHHUEM 3aKIaJ0YHOTO
MaccuBa: / — OypoJOCTaBOYHBIH OPT; 2 — 3aKJIaJ04YHble CKBAKHUHBL, 3 — 30HA BIMSHUS WHBEKLUH;
4 — 0TOOMHBIC CKBaKUHBI; 5 — Beep CKBAKUH
Figure 1. A variant of a room-and-pillar mining method with injection hardening of the backfilling mass:
1 — drill haulage crosscut; 2 — backfill wells; 3 — injection influence zone; 4 — blast holes; 5 — well ring

Kak moka3piBaeT TpakTHKa, IMOJ3EMHAs pa3padOTKa PYAHBIX MECTOPOKIACHUI
XapaKTCepUu3zyeTCsa MOCTOAHHBIM CHUIKXCHUEM COACPIKAHUA ITIOJIE3HOTO KOMIIOHCHTA U
YXYIIIIEHUEM TOPHO-TEOJIOTNYECKHUX YCIOBHM, UTO BJIEUET 3a CO00H pocT cebecTonmo-
CTH 3aKJIaJIOYHBIX Pa0OT U, KaK CJIeCTBUE, CHUKEHUE YIKOHOMUYIECKOM (D (HEKTHBHOCTH
OCBOCHHSA y4acTKa MECTOPOXKJICHHUS UM OTKa3 OT OTPaOOTKM 3a11acOB BBUIY X HU3KOM
pentabenbHOCTH. C yXyAIIEHHEM YCIOBUH SKCIUTyaTallu MPOU3BOIUTCS ONTHUMHU3AIINS
napamMeTpoB KOHCTPYKTHBHBIX 3JIEMEHTOB CUCTEM pa3padOTKH, YTO BEJIET K CHIKCHUIO
WHTEHCUBHOCTH OTPa0OTKH 3aracoB yyactka. [loaToMy ncciieoBanusi, HarpaBlieHHbIC
Ha CHIDKEHHE 3arpaT Mo (OPMHUPOBAHWIO HMCKYCCTBEHHOTO 3aKJIaJOYHOTO MaccHBa,
SIBJISIFOTCSL aKTYaJIbHOM HAyYHO-IPAKTUYECKOM 3a7a4ueil.

Coxkparrenue 3aTpat Ha 3aKJIaJ0qHbIe PaOOThI TPU U3MEHSIOIIUXCSI TOPHO-TEOJIOTH-
YCCKHUX YCIIOBUAX U COXpPAaHCHHUEC NPOU3BOJUTCIILHOCTU OYHNCTHOM BBIEMKHU Ha YPOBHE
KaMEepHBIX CHCTEM pa3pabOTKH BO3MOXKHO 3a CUET MPEJIOKEHHOTO B padoTe BapHaHTa
MOA3EMHOM T€OTEXHOIIOTHH C (POPMUPOBAHUEM CYXOTO 3aKJIaIOYHOTO MACCHBA C MTOCIIe-
IYIOLIUM €T0 YIIPOUHEHUEM.

OcHoBHast yacTh. KOHCTPYKTHBHONH 0COOGHHOCTBIO MPEAIaracMoro BapuanTa Kamep-
HOW CHCTEMBI Pa3paOOTKH SIBIACTCS HAJIMYUE YKPEIUIEHHOTO cJosi, (POPMHUPYEMOTO
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Figure 1. A variant of a room-and-pillar mining method with injection hardening of the backfilling mass:
1 — drill haulage crosscut; 2 — backfill wells; 3 — injection influence zone; 4 — blast holes; 5 — well ring
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MyTeM WHBEKIMOHHOTO YIIPOYHEHHUS OOHa)KaeMBIX CTEHOK CyXOTrO 3aKJIaJJO4YHOTO
MaccHBa € TMOCEMYIOINM YIUIOTHEHHEM B3PHIBOM CKBAXMHHBIX 3aps/IOB HA 3a)KHMa-
IOIYIO Cpely MpH OTPabOTKE OYMCTHBIX KaMep, pacroyiaraeéMbix HakioHHO. [lnpuna
YKPEIUICHHOTO CJI0SI ¥ KaMEPhl ONIPEACIISIOTCS] HCXOAS U3 TOPHO-TEOJIOTHIECKUX U TOP-
HOTEXHUYECKUX XapaKTEPUCTUK OTPadaThIBAEMOr0 y4acTKa. YIPOYHEHUE CYXOTo I0-
POIIHOTO MAacCHBa, HAPSIAY CO CIOKHOCTBIO YIIPABJICHUS MIPOLIECCOM, SIBISIETCS MHOTO-
(hakTOpHBIM, 3aBHCAIINM OT CBOMCTB MacCHBa M IIEMEHTHPYIOIIETO PAacTBOPA, a TaKKe
€ro KHHeMAaTHKH ¥ TUHAMHKH.
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Pucynok 2. 3aBucuMocTh OOKOBOTO JIABICHHS CHITY4eH 3aKJIaJKU OT yIia
HAKJIOHA KaMepbl
Figure 2. Dependence between the loose backfill lateral pressure and the
chamber elevation angle

[MpuHnunuanpHas cxemMa KOHCTPYKIMH KaMEpPHOH CHCTEMBI pa3pabOTKH C MHBEK-
LMOHHBIM YIPOYHEHUEM 3aKJIaJI0YHOrO MaccuBa npezacTasieHa Ha puc. 1. [loarotosu-
TeNbHBIE PA00THI HAYMHAIOTCS C TIPOBEIEHUS JOCTABOYHOTO M BEHTHIISIIUOHHOTO IITPe-
KOB Ha dTakax (MMOJITaKax), COCAMHIEMBIX BEHTHIIAIIMOHHO-XOIOBBIM BOCCTAIOIINM.
W3 mocTaBOYHBIX MITPEKOB MPOBOAATCS OypomaocTaBodHbIE OPThl. OUHCTHBIE KaMephl
pacronaraloT BKpeCT pyIHOTO Tella, PACCTOSIHUE MEKIY OpTaMH ONpEACIsieT ITHPHHY
Kamepsl. J[mrHa KaMepbl COOTBETCTBYET MOIIHOCTH pyaHoro Tena. C nenbio odecrieue-
HUS yCTOWYMBOCTH BO3BOAMMOTO HCKYCCTBEHHOT'O MacCHBa 00HAaKaeMyI0 TIOBEPXHOCTb
pacmonaraioT 1moJi yriiom, paBHbIM mpumepHo 80°. OTpaboTka Kamep BeIeTCs B CILIOII-
HOM Topsizike. [1Jist TOBBIIIEHNST HTHTEHCHBHOCTH OYUCTHBIX pa0OT KaMephl 0TpadaThiBa-
FOT OT IIEHTpa K (haHTam.

Hape3sHbie paboThI 3aKITIOUAIOTCS B MPOXOJIKE OTPE3HOTO BOCCTAIOMIETO M (HOPMHPO-
BaHHMM OTPE3HOH IIEIH TOJBKO B MEPBOW M3 OTpabaTHIBAEMBIX KaMep B Taxke. 3amachl
MOCIIETYIOIINX KaMep OTOMBAIOTCS Ha COKUMAIOIYIO CPEAY, YTO SIBISICTCS OTIIMUNTEIb-
HOW OCOOEHHOCTBIO TIpeIaraeMoil KOHCTPYKIIMHM CHCTEMBI pa3padoTku. OTOoiKa B
3aKUMeE TIPOU3BOJUTCS HA HE TIOTEPSBIINH IMOIBUKHOCTh 3aKJIQIOYHBI MACCUB U 00e-
CIIEYMBACT JOMOJHUTEIHHOE €r0 YIUIOTHEHHE. B KadecTBe 3aKiIiaflo4HOTO Marepuaia
UCIIONIB3YETCsl CyXasi Mopojia ¢ IMPOXOJIKH BBIPAOOTOK U C OTBAJIOB MYCTBIX IOPOJI.
[Ipouecc 3aknaaky BKIIOYAET ABA MOCIEA0BATEIbHBIX 3Tara, POPMHUPYSI KOMOMHHPOBAH-
HBIW 3aKJ1aJ04HbId MaccuB. [lepBbIM 3TanoM BeIpabOTaHHOE MPOCTPAHCTBO 3aAIOIHS-
eTcs cyxoi mopopoi. [Ipu 3ToM 0JJHOBpEMEHHO TIPOM3BOUTCS OypeHHe 3aKIIaI0UHBIX
CKBaXMH B PYIHOM MAacCHBE TOCIEAyIomeil orpabaTsiBaeMoli kamepsl. [lamee uepes
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Figure 3. Dependence of the hardened layer thickness on: the mining depth — a; and the chamber
height — 6

55



FEOTEXHONOIUA  boposuros E. B. u op. / Mzeecmust ay306. [oprwiii scypran. Ne 2, 2023. C. 52—61

CKB@XMHBI TTOJJACTCSI IEMEHTHBIN pacTBOp. Koin4ecTBO CKBaXXKUH OINpEAEeNsIeTcs KOH-
CTPYKTUBHBIMH NapaMeTpaMu CHUCTEMbI Pa3paOOTKU C Y4EeTOM 3aBHCHUMOCTEH, Mpen-
CTaBJICHHBIX Jlajiee.

Wnes oTOolKN KaMepHBIX 3aMacoB B 3aKMMAIOIIEH cpelie Ha 3aKJIaJ0YHbIi MacCHB
B OTCTYMAIONIEM MOPSAKE BO3HUKIA M3 OINbITa paboThl TOPHOPYAHBIX MPEANPHATHI,
MOKa3bIBAOIIETO, YTO HACBIITHOM MaTepuai yIioTHsercs Ha 25-35 %, a 3¢ ekt B3pbiBa
pacrpocTpaHsieTcs B ITyOb MaccuBa 70 20 M B 3aBUCHMOCTH OT €T0 IpaHyJIOMeTprye-
CKOTO COCTaBa M MIoTHOCTH [15—19].
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PucyHok 4. 3aBHCHMOCTh MaKCHMAIIBHBIX CKHMAIOIIUX HAMpPSKCHUH
NPH Pa3INYHBIX 3HAUYCHUSIX IIUPHUHBI KaMepbI
Figure 4. Dependence between the maximum compressive stresses and
different values of the chamber width

CornacHo mpeasiaraeMoil KOHCTPYKIMK CUCTEMbI pa3pabOoTKH MpeAroaaraeTcs OT-
CYTCTBHE T'€OMEXaHUUECKON CBSI3U CyXOH MOPOAHOM 3aKIaKU U IPUPOAHOTO MacCUBa.
HanHoe oOcTosiTenbecTBO oOecnieunBaeTcs CHenU(UKON TEXHOIOTMH (HOPMHUPOBAHUS
CYXOTO 3aKJIaZJOYHOT0 MAacCHBa M HEBO3MOXXHOCTBIO OCYIIECTBIICHHS IOJTHOM 3aKiIaiKu
oz kporito. [Ipu onpeneneHun Harpy30K Ha YINPOUHEHHBIM CIIONW yUYUTBIBAETCS pac-
IPE/ICJICHUE TOPU30HTAIBHBIX U BEPTUKAIBHBIX HAarpy30K, BO3HHKAIOLINX B MAacCHUBE
nopoj; Bucs4dero 6oxa. Kpome Toro, aisi HCKIIIOYEHNST BO3MOXKHOCTH OTIPOKHIBIBAHUS
YIPOYHEHHOTO CJIOSl B CTOPOHY BBIPAOOTAHHOTO MPOCTPAHCTBA HEOOXOUMO PACCMOT-
peTh BO3/ieicTBHE HArpy30K OT CyXOro 3aKjaJIoYHOr0 MaccuBa. [laHHbIe HAPSYKeHUS B
MaKCHMaJIbHOM CBOEM 3HaU€HHH BO3HHKAIOT Ha PACCTOSHUU 1/3 BBICOTHI yIPOUYHEHHO-
ro cJosi, B Mpeeniax MPU3Mbl CION3aHus, OTPAaHUUYEHHON YITIOM BHYTPEHHETO TPEHHUS
[IOPOABI, BEICOTOW, INUPUHOMN U JIMHUEH YIvIa HAKJIIOHA KaMephl.

PacueTHbIM MyTeM, B IJIOCKOW MOCTAHOBKE 337a4H, ONPEAEICHa BeIMYrHa OOKOBO-
rO JIaBJICHUS] Ha YIPOUHEHHBINA CIIOM MpU U3MEHEHUH yINa HaKJIoHa kamepbl oT 90° no
60° 1 mocTosiHHOM BbICOTE, paBHOU 30 M (pucC. 2), 1 MOKa3aHa 3aBUCHMOCTh MOIITHOCTH
YIPOYHEHHOTO CIIOS OT TITyOWHBI pa3padoTKu (IIpH MTOCTOSTHHON BbIcOTe Kamepsl 30 M)
¥ BBICOTHI KaMepsl (TIpH ee JTiHe, paBHOU 15 M) (puc. 3).

3aBUCUMOCTb, NPEICTABICHHAs HA PUC. 2, TOKA3bIBACT, YTO M3MEHEHUE yIla Ha-
KJIOHA CTEHKH KaMephl B CTOPOHY BBIPaOOTaHHOTO MPOCTPAHCTBA MPUBOIUT K CHIKE-
HUIO HaNpsSKEHUH B YIIPOYHEHHOM CJIO€, BBI3BIBAEMBIX MOPOAHOM 3akmaakoit [20, 21].
O4eBHIHO, TPOMCXOIUT HM3MEHEHHE 00BbeMa MPU3MBI CIIOJ3aHUS NMPU HEU3MEHHBIX
napameTpax Kamepbl, 00yCJIOBIEHHOE MepeMelleHeM Beca €€ HEMOABMKHOW YacTu
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MOPOAHON 3aKiaaku. Tak, JaBjeHWE NPH BEIMYMHE YIVIa HAKJIOHA CTEHKH KaMepbl,
paBHoii 80°, He mpeBbimaet 1,5 Mlla. CnenoBarenbHO, HEOOXOMUMAs U JJOCTATOYHAS
MIPOYHOCTh UHBEKTHUPYEMOTO ciosi cocTaBisier 1,5 Mlla.

C 1enpI0 OLEHKU TOCTOBEPHOCTH PACUETHBIX MApaMETPOB YIIPOYHEHHOTO CJIOSI TPO-
BE/ICHO I'€OMEXaHMUECKOE MOJCIUPOBAHKUE HAIPSHKEHHO-IC()OPMUPOBAHHOTO COCTOSI-
nus (HZC) 3axiagouHoro maccuBa. AHaJIN3 PE3yJbTaTOB MOACIMPOBAHUS IOKA3all,
YTO BBICOKHE CKMMAIOIIUE HAMPSKCHUS TIPOSBIIIOTCS] B HIDKHEH YacTH yIPOUHEHHOTO
ciost. To ecTh BenMKa BEpOSITHOCTH €ro BBIJABIMBAHUS y OCHOBaHMs. [loaTomy mene-
co00pa3HO LIMPHHY CJIOSI yBEIMYUTH BHU3Y, CO3JaB TEM CaMbIM Ha/ICXKHYIO (DUKCALHIO.
[Ipy 5TOM 3HA4YECHUS CKUMAIOIINX HANPSHKEHUH HE MPEBBIIAIOT TPOYHOCTHBIX XapaK-
TEPUCTHK YHPOYHEHHOTO CJIOS, YTO CBHUJETEILCTBYET O TOM, YTO pacyeTHas IIUpUHA
obecrieunBaeT ycroifunBoe coctosiHue. Pesymbrarel momenupoBanus H/IC maccuBa
YIPOYHEHHOTI'O CJI0s [10 CKMMAIOILUM HAIPSDKEHUSIM IPUBEIEHBI Ha PUC. 4.

W
=)

N
W

N
[«

MakcHrMaabHOE CMEIEHHE
TBEPJICIOIIETO MAaCCUBA, MM

1,5
y=-0,025x2+0551x — 0,211
1,0 R2=0,9491
0,5 1 1 1
10 12 14 16 18 20

JlmmHa nienuka, M

Pucynok 5. 3aBUCHMOCTh MaKCUMAJIBHBIX CMEUIEHUH YIIPOUYHEHHOTO CIIOS
MIPH Pa3IMYHBIX 3HAYCHUSIX IIUPUHBI KAMEPHI
Figure 5. Dependence between the maximum shifts of the hardened layer
and different values of the chamber width

Pe3ynbraThl MOEIMPOBAHUS CMEIIEHHUS YIIPOYHEHHOTO CJI0S OTHOCUTEIHHO BEPTH-
KaJIbHOW TJIOCKOCTH MOKa3aJli, YTO BO3MOYKEH CABHTI B BEPXHEH 4acTH yIPOUYHEHHOTO
ciosi. B yacTHOCTH, B yCIIOBUSX OTPaOOTKH KaMephl JJTMHON 15 M MakCUMaJIbHbIE TOPH-
30HTAJIbHBIE CMEIEHHUs COCTaBIAOT He Oornee 2,62 mMm. Ilpu aToM ocHOBaHME ympou-
HEHHOTO CJI0sl He cMelaeTcs. BeposTHo, 4To 0OCHOBaHHE YIIPOYHEHHOTO CIIOSI Harpy»Ke-
HO COOCTBEHHOM CHUJION TSKECTH, @ BEPXHSIS YaCTh HAXOJUTCS B CBOOOTHOM COCTOSIHUU
Y HE 3aleMJIeHa HU MacCHBOM BMEIIAIONIUX TTOPOJI, HU BBIMIEIEKAIIUM PYIHBIM Mac-
CUBOM. 3aBHCUMOCTb U3MEHEHHSI 3HAYCHUH TOPU3OHTAIBHBIX CMEIEHUH YIIPOYHEHHO-
TO CJI0S OT JUIMHBI KaMephl Mpe/IcTaBIeHa Ha puc. 5.

CHmxeHne rokasaTenieil CMEIIeHnsl OT yBEeJIWYEHHUs JUTMHBI KaMephl OOBSCHSIETCS
MTOBBIIIICHUEM YCTOWYMBOCTH MCKYCCTBEHHOTO TBEPJICIOLIETO0 MAacCHBa 3a CUET YBEIH-
YEHUS €ro TOPU3OHTAIBHON Iuloniaay. B 1esioM 3HaueHus CMELEHUN yIIPOYHEHHOIO
CJIOSI HE3HAYUTEIbHBI M HEJOCTATOYHBI JJISI CIBUTA JTMOO ONPOKHJIBIBAHUSA B CTOPOHY
BbIpabOTaHHOTO MpocTpaHcTBa. Hanbomnee omacHBIMM HANPSHKEHUSAMH, BO3HUKAIOIIN-
MU B HCKyCCTBEHHOM TBEP/ICIOIIEM MAaCCUBE, SIBISIIOTCS PACTATHBAIOIINE U3-32 CIa00T0
COTIPOTHBIICHUS OCTOHA JAaHHOMY BUIY BO3ICHCTBUS [22].

AHanu3 pe3yabTaToB MOAETUPOBAHMS IO PACTATHBAIOIINM HANPSKEHUSIM, BO3HU-
KalolUM B YIPOYHEHHOM CJIO€ TOJ| JICHCTBHEM MOPOJIHON 3aKJIaJKH, BBISIBHI 30HBI
KOHILIEHTPALIMK, KOTOPBIE pacloylaratoTcsl Tak ke, Kak W CXKUMAIOIUe, Y OCHOBAHMS.
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IIpenenbHOE 3HAUECHUE PACTATUBAIOLINX HAMIPSKEHUM JU1s1 Kamepbl JIMHOU 15 M cocra-
o 0,3184 Mlla, uTo He MpeBBILLIAET NPEAEIbHOIO 3HAYECHHsI Ha PACTSIKEHUE YIPOU-
HEHHOI'O CJIOS.

ITomy4ueHHbIe 3HAYCHISI MAKCUMATBHBIX PACTATHBAIOININX HATIPSDKEHUN TIPH pa3Inud-
HBIX 3HAYCHUSIX UTMHBI KaMEPHhI MPEACTABICHEI Ha pUC. 0.

038
037 |
036 |

y=-0,12x+0,369
035 | -]
0,34
0,33
0,32
0,31

0,30 1 1 1 1 J
10 12 14 16 18 20

JlnmuHa 1nenvka, M

MaxkcuMalibHOE pacTATHBAIOIINE
Hanpexenus, Mlla

Pucynox 6. 3aBHCMMOCTh MAaKCHMAaJIbHBIX PACTSTHBAIONINX HANPSOKESHUI
HPH Pa3IMYHbIX 3HAYCHUSAX JUTMHBI KaMEpbI
Figure 6. Dependence between the maximum tensile stresses and different
values of the chamber length

Takum 00pa3oM, reoMexaHHYECKOEe MOJICIMPOBAHUE MOKA3aJI0, YTO CKUMAFOIIHE,
pacTSIruBarONIMe HANPsHKCHHUS U JeopMaluy, TPOSIBIIIEMbIC B YIPOYHECHHOM CIIOE,
HE MPEBBIIIAIOT €r0 3a/JaHHOro Inpenaena npoyHocTH. ClieoBaTenbHO, YIPOUYHEHHBIH
clon HaxXoguTcCA B yCTOI\/'I‘II/IBOM COCTOAHHUHU, YTO obecrieunT 6630HaCHOCTB BCACHUA
TOPHBIX PadOT NPU U3BJICYCHHUH 3aI1ACOB CMEKHON KaMephl.

3akiarouenne. [IpencTaBicHHBIH BapHaHT KaMEpPHOH CHUCTEMBI pa3padOTKH C 3a-
KJIQJIKOW IMyTEM HUHBEKLIMOHHOTO YIIPOUYHEHUSI CYyXOU MOPO/Ibl, YIOKEHHON B OUUCTHOM
MIPOCTPAHCTBE, MTO3BOJISICT CHU3UTh 3aTPaThl HAa 3aKJIaJ04HbIe paObOThl U 0OecIeunBacT
BBICOKYIO UHTCHCUBHOCTD OTpaGOTKI/I 3aIracoB B YCJIIOBUAX HGyCTOfI‘IHBLIX BMEIIArOmux
nopofi. KoHCTpyKTHBHAs 0COOEHHOCTb, 3aKTIOYAIOIIAACSA B pa3MEIIeHUH 3aKIIaI09HBIX
CKBOXHH B PYJHOM MacCHBE IMOCIEAYIONel oTpabaTekiBaeMoil KaMepsl, 00ecreunBaeT
CHIDKEHHUE 3aTpaT Ha OypoOB3pHIBHBIE PaOOTHI 32 CUET MCIONB30BAHUS IMOJIOCTH ITHUX
CKB2XMH B KaueCTBE JIOTOJIHUTEILHOW OOHAKEHHON MOBEPXHOCTH M PETYIMPOBaHUE
CTETICHU YIJIOTHEHHMsI CyXOr0 3aKJIaIOYHOT0 Marepuala mpu oTOoMKe B 3aKaTol cpeje.
Takum 00pa3oM, 3a CYET COBMEIICHHSI ITPOIIECCOB OUUCTHON BBIEMKHU TIPECTABICHHBIN
BapMaHT CHUCTEMBI Pa3pabOTKU IMMO3BOJISIET YNPaBIATH CBONCTBAMU PYIHOTO M HCKYC-
CTBEHHOI'O MacCHUBOB.
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The technology of forming a backfill mass with the specified geotechnical
characteristics

Evgenii V. Borovikov!, Artur M. Mazhitov'
"Nosov Magnitogorsk State Technical University, Magnitogorsk, Russia.

Abstract
Introduction. To reduce ore loss and impoverishment, high-value non-ferrous metal reserves are
commonly developed by the mining methods with worked-out area backfilling. Regardless of the
type and methods of backfill mass formation, worked-out area backfilling, being a way to control
the rock state, is highly labor intensive and incurs additional costs, therefore increasing the cost of
stoping. During field exploitation, mining and geological conditions tend to constantly deteriorate,
and complex mining conditions form, which is accompanied by decreased content of the commercial
component. The more complex the mining conditions are, the higher goaf maintenance costs is and
the lower the mining intensity is. So, as mining develops, production cost constantly grows while the
commercial component content decreases, which negatively affects total production performance
indicators. Therefore, searching for ways to solve the problem of backfill cost reduction remains
an urgent practical task of mining. It is possible to optimize backfill costs under changing and
constantly deteriorating mining and geological conditions without reducing mining productivity
by means of the underground geotechnology with artificial industrially-modified mass formation
with the required geotechnical characteristics. The technology is presented in this work and is
aimed at the effective development of the field reserves.
Research objective is to develop and substantiate the parameters of underground geotechnology
with worked-out area backfilling, which controls geotechnical characteristics of an artificial
industrially-modified mass during the stoping.
Methods of research. A room-and-pillar mining method was designed and its parameters were
substantiated, taking into account natural mining and geological conditions and mining technical
conditions formed in the course of stoping. The research was based on theoretical calculations and
geomechanical modeling.
Results. A variant of a room-and-pillar mining method has been developed with worked-out area
backfilling with dry rock and further consolidation with a hardening mixture and compaction by
breaking reserves in a compressive medium. The results obtained showed the mining method s
effectiveness. The study substantiates the rational values of the mining method structural element
parameters. In particular, the size of the chamber wall is determined, located at an angle of 80°,
with the reinforced layer up to 5 m thick and 1.5 MPa strong.
Conclusions. A variant of the mining method can be used when mining inclined and steeply
pitching ore bodies in difficult mining and geological conditions.

Keywords: technogenic massif; combined backfill mass,; worked-out area.
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MyTeM HHBEKIMOHHOTO YIIPOYHEHHUS OOHa)KaeMBIX CTEHOK CyXOTrO 3aKJIaJJOYHOTO
MaccHBa C TMOCJEMYIOINM YIUIOTHEHHEM B3PHIBOM CKBAXHMHHBIX 3aps/IOB HA 3a)KHMa-
IOIIYIO Cpely MpH OTPabOTKE OYMCTHBIX KaMep, pacroyiaraeéMbix HakioHHO. [llnpuna
YKPEIUICHHOTO CJI0SI ¥ KaMEPhI ONPEACIISIOTCS] HCXOAS M3 TOPHO-TEOJIOTHIECKUX U TOP-
HOTEXHUYECCKUX XapaKTEPUCTUK OTPabaThIBAEMOr0 y4acTKa. YIPOYHEHUE CYXOTo IO0-
POIIHOTO MAcCHBa, HAPSAY CO CIOKHOCTBIO YIIPABJICHUS MPOLIECCOM, SIBIISIETCS MHOTO-
(hakTOpHBIM, 3aBHCAIINM OT CBOMCTB MacCHBa M IIEMEHTHPYIOIIETO PACTBOPA, a TaKKe
€ro KHHeMAaTHKH ¥ TUHAMHKH.

200
150 r

100 ¢

i
(e}
T

BokoBoe nasnenue, 1/m2

0 1 1 J
60 70 80 90

Vroi HaKIIOHA CTEHOK KaMEphl, Tpaj

Pucynok 2. 3aBucuMocTs OOKOBOTO JIABICHHS CHITYYeH 3aKJIaJKU OT yIia
HAKJIOHA KaMepbl
Figure 2. Dependence between the loose backfill lateral pressure and the
chamber elevation angle

[IpuHnunuanbHas cxemMa KOHCTPYKIMU KaMEpPHOH CHCTEMBI pa3pabOTKU C MHBEK-
LUOHHBIM YIIPOYHEHUEM 3aKJIaIOUHOTO MaccuBa IpeacTapieHa Ha puc. 1. [logrorosu-
TeNbHBIE PA0OTHI HAYMHAIOTCS C TIPOBEIEHUS JOCTABOYHOTO M BEHTHIISIIUOHHOTO IITPE-
KOB Ha dTakax (MMOJITaKaxX), COSAMHIEMBIX BEHTHIIAIIMOHHO-XOIOBBIM BOCCTAIOIINM.
W3 mocTaBOYHBIX MITPEKOB MPOBOAATCS OypomaocTaBOYHbIE OPThI. OUHMCTHBIE KaMephl
pacronaraioT BKpeCT pyIHOTO Tejla, PACCTOSHUE MEXIy OpTaMH ONpeessaeT MHUPUHY
Kamepsl. J[mrHa KaMepbl COOTBETCTBYET MOIIHOCTH pyaHoro Tena. C nenbio odecrieue-
HUSl YCTOHYHMBOCTH BO3BOJJUMOI0 HCKYCCTBEHHOTO MacCHBa 00HAKAEMY0 ITIOBEPXHOCTh
pacmonararoT 1moJ| yriiom, paBHbIM mpumepHo 80°. OTpaboTka Kamep BEIeTCs B CILIOII-
HOM Topsizike. [1Jist TOBBIIIEHNST HTHTEHCHBHOCTH OYUCTHBIX pa0OT KaMephl 0TpadaThiBa-
FOT OT IIEHTpa K (hraHTaMm.

Hape3sHbie paboThI 3aKITIOUAIOTCS B MPOXOJIKE OTPE3HOTO BOCCTAIOMIETO M (hOPMHPO-
BaHUM OTPE3HOM IEJH TOJLKO B MEPBOM U3 OTpadaThiBA€MbIX KaMep B 3Ta)e. 3amachl
MOCJICAYIONUX KaMep OTOMBAIOTCS Ha CKUMAFOIILYIO CPEY, UTO SBISCTCS OTIUYUTEIb-
HOW OCOOEHHOCTBIO TpeIaraeMoil KOHCTPYKIIMHM CHCTEMBI pa3padoTku. OTOoiiKka B
3aKUMeE TIPOU3BOJUTCS HA HE TIOTEPSBIINH IMOIBUKHOCTH 3aKJIQIOYHBI MACCUB U 00e-
CIIEYMBACT JONOJIHUTEIHHOE €r0 YIUIOTHEHHE. B KadecTBe 3aKiIiaflo4HOTO Marepuaia
HCIIONIB3YETCSL CyXasl MOpo/a C MPOXOIKH BBIPAOOTOK W C OTBAJIOB ITYCTBHIX MOPOJ.
[pouecc 3aknaaky BKIIOYAET ABA MOCIIEA0BATEIbHBIX 3Tara, POPMHUPYsI KOMOMHHPOBAH-
HBII 3aKJIa/04HbId MaccuB. [lepBbIM 3TaroM BBIpaOOTAHHOE MPOCTPAHCTBO 3aIIONHS-
eTcs cyxoi mopomoii. [Ipu 3ToM 0JJHOBpEMEHHO TIPOU3BOUTCS OypeHHe 3aKIIaI09HBIX
CKBaXMH B PYIHOM MAacCHBE TOCIEAyHome orpabaTsiBaeMoli kamepsl. [lanee uepes
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Figure 3. Dependence of the hardened layer thickness on: the mining depth — a; and the chamber
height — 6
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CKB@KMHBI TTOJIA€TCSI IEMEHTHBIN pacTBOp. Koimn4ecTBO CKBaXXUH OINpEAeNseTcs KOH-
CTPYKTUBHBIMH NapaMeTpaMu CHUCTEMbl pa3paOOTKU C Y4EeTOM 3aBHCHUMOCTEH, Mpen-
CTaBJICHHBIX JlaJIee.

Wnes oTOolKK KaMepHBIX 3aMacoB B 3aKMMAIOIIEH cpeie Ha 3aKJIaJ0YHbIi MacCHB
B OTCTYMAIOMIEM IOPSAKE BO3HUKIA M3 OINBITa paboThl TOPHOPYAHBIX MPEANPHATHI,
MOKa3bIBAOIIETO, YTO HACBITHOM MaTepuai yIioTHsercs Ha 25-35 %, a 3¢ ekt B3pbiBa
pacrpocTpaHsieTcs B IyOb MaccuBa 70 20 M B 3aBUCHMOCTH OT €T0 IpaHyJIOMEeTpUye-
CKOTO cOCTaBa M MIoTHOCTH [15—19].
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PucyHok 4. 3aBHCHMOCTh MaKCHMAIIbHBIX CKHMAIOIIUX HAMpPSKCHUH
HpH Pa3INYHBIX 3HAUYCHHUSIX IIUPHUHBI KaMephl
Figure 4. Dependence between the maximum compressive stresses and
different values of the chamber width

CornacHo mpeayiaraeMoii KOHCTPYKIIMK CHCTEMbI pa3pabOoTKH MpeAIojaraeTcs oT-
CYTCTBHE T€OMEXaHUUECKON CBSI3U CyXOH MOPOAHOM 3aKIaKU U IPUPOAHOTO MacCUBa.
Jannoe oOcTosiTenbecTBO oOecrieunBaeTcs CenU(UKON TEXHOIOTHMH (HOPMHUPOBAHUS
CYXOTO 3aKJIaZJOYHOT0 MAacCHBa M HEBO3MOXXHOCTBIO OCYIIECTBIICHHS OJTHOM 3aKiIaiKu
oz kporito. [Ipu onpeneneHuy HaArpy30K Ha YINPOUHEHHBIM CIIOH yYUTBIBAETCS pac-
IIpEZiCJICHNe TOPU30HTAIBHBIX U BEPTUKAJIbHBIX HArpy30K, BO3HUKAIOIIUX B MAaCCHUBE
nopoJ; Bucs4dero 6oxa. Kpome Toro, Al HCKIIIOYEHNST BO3MOKHOCTH OTIPOKHIBIBAHUS
YIIPOYHEHHOTO CJIOSl B CTOPOHY BBIPAOOTAHHOTO MPOCTPAHCTBA HEOOXOUMO PACCMOT-
peTh BO3/ieicTBHE HArpy30K OT CyXOro 3aKjaJIoYHOr0 MaccuBa. [laHHbIe HAPSYKEHNS B
MaKCHMaJIbHOM CBOEM 3HAU€HHH BO3HHKAIOT Ha PACCTOSHUU 1/3 BBICOTHI yIPOUYHEHHO-
ro cJIosl, B MpejeniaX MPU3MbI CIOI3aHus, OTPAaHUUEHHON YITIOM BHYTPEHHETO TPEHHS
[IOPOABI, BEICOTOW, INUPUHOMN U JIMHUEH YIvIa HAKJIIOHA KaMephl.

PacueTHbIM IyTeM, B IJIOCKOW MOCTAHOBKE 3a7a4H, ONPEAEICHa BeIMYrHa OOKOBO-
rO JIaBJICHUSI Ha YIPOUHEHHBINA CIIOM MpU U3MEHEHUH yINa HaKJIoHa Kamepsl oT 90° no
60° 1 mocTosiHHOM BbICOTE, paBHOU 30 M (puC. 2), 1 MOKa3aHa 3aBUCHMOCTh MOIITHOCTH
YIPOYHEHHOTO CIIOS OT TITyOWHBI pa3padoTKu (IIPpH MTOCTOSTHHON BbICOTe Kamepsl 30 M)
¥ BBICOTHI KaMepsl (TIpH ee JUIhHe, paBHOU 15 M) (puc. 3).

3aBUCUMOCTb, NPEICTABICHHAS HA PUC. 2, TOKA3bIBACT, YTO M3MEHEHUE yIla Ha-
KJIOHAa CTEHKH KaMephl B CTOPOHY BBIPAOOTaHHOTO MPOCTPAHCTBA MPUBOIUT K CHIKE-
HUIO HaNpPsSKeHUH B YIIPOYHEHHOM CJIO€, BBI3BIBAEMBIX MOPOAHOM 3akmaaxoit [20, 21].
O4eBHIHO, TPOMCXOIUT HM3MEHEHHE 00BbeMa MPU3MBI CIIOJ3aHUS NMPU HEU3MEHHBIX
napamerpax Kamepbl, 00yCJIOBIEHHOE MepeMelleHeM Beca €€ HEMOABMKHOW YacTh

56



Borovikov E. V. et al. / Minerals and Mining Engineering. No. 2, 2023. Pp. 52-61 = GEOTECHNOLOGY

MOPOAHON 3aKiaaku. Tak, JaBjieHWE NPH BEIMYMHE YIVIa HAKJIOHA CTEHKH KaMephbl,
paBHoii 80°, He npeBbimaet 1,5 Mlla. CnenoBarenbHO, HEOOXOUMAS U JJOCTATOYHAS
MIPOYHOCTh UHBEKTHUPYEMOTO ciosi cocTaBsier 1,5 Mlla.

C 1enpI0 OLEHKN TOCTOBEPHOCTH PACUETHBIX MAPaMETPOB YIIPOYHEHHOTO CJIOSI ITPO-
BE/ICHO I'€OMEXaHMUECKOE MOJICIMPOBAHNUE HAIPSHKEHHO-AC()OPMUPOBAHHOTO COCTOSI-
nus (HZC) 3axiagouHoro maccuBa. AHaIn3 PE3yJbTaToOB MOICIMPOBAHUS IOKA3al,
YTO BBICOKHE CKUMAIOIIUE HAMPSKCHNS TIPOSBIIIOTCS B HIDKHEH 4acTH yIPOYHEHHOTO
ciost. To ecTh BenMKa BEPOSITHOCTb €ro BBIJABIMBAHUS Y OCHOBaHMs. [loaTomy 1ene-
c000pa3HO MIMPHHY CJIOSI yBEIMYUTH BHU3Y, CO3J1aB TEM CaMbIM Ha/ICXKHYIO (DUKCAIHIO.
[Ipy 5TOM 3HAYECHUS CRUMAIOIIUX HANPSHKEHUH HE MPEBBIIAIOT TPOYHOCTHBIX XapaK-
TEPUCTHK YHPOYHEHHOTO CJIOS, YTO CBHUJETEILCTBYET O TOM, YTO pacyueTHas IIUpUHA
oOecniednBaeT ycroitumBoe cocrossHue. Pesymbrater mopenmupoBanus HJIC maccusa
YIPOYHEHHOTI'O CJI0S IT0 CKMMAOILUM HAIPSDKEHUSIM IPUBEIEHBI Ha PUC. 4.
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Pucynok 5. 3aBUCMMOCTh MaKCUMAJIbHBIX CMEUIEHUN YIIPOUYHEHHOTO CIIOS
MIPH Pa3IMYHBIX 3HAYCHUSIX IIUPUHBI KAMEPHI
Figure 5. Dependence between the maximum shifts of the hardened layer
and different values of the chamber width

Pe3ynbraTsl MOEIMPOBAHUS CMEIIIEHHUS YIIPOYHEHHOTO CJI0Si OTHOCUTEIBHO BEPTHU-
KaJIbHOW TJIOCKOCTH MOKa3aJli, YTO BO3MOYKEH CABHT B BEPXHEH 4acTH yHpPOUYHEHHOTO
cyosi. B yacTHOCTH, B yCJIOBUSX OTPaOOTKH KaMephl JJTMHON 15 M MakCUMalIbHbIE TOPH-
30HTAJIbHBIE CMEIIEHHUs COCTaBIAIOT He Oomnee 2,62 mMm. Ilpu aToM ocHOBaHME ympou-
HEHHOTO CJI0sl He cMelaeTcs. BeposTHo, 4To 0OCHOBaHHE YIIPOYHEHHOTO CJIOS Harpy»e-
HO COOCTBEHHOM CHUJION TSKECTH, @ BEPXHsIS YaCTh HAXOJUTCS B CBOOOTHOM COCTOSIHUU
Y HE 3aleMJIeHa HU MacCHBOM BMEIIAIONIUX TTOPOJI, HU BBIIIEIEKAIIUM PYIHBIM Mac-
CUBOM. 3aBUCUMOCTb U3MEHEHHsI 3HAYCHUH TOPU3OHTAIBHBIX CMEIEHUH YIIPOYHEHHO-
O CJI0s OT JUIMHBI KaMephl Mpe/ICTaBIeHa Ha puc. 5.

CHmxeHne rokasaTeneil CMEIIeHUsI OT yBEeJIWYEHHUs JUTMHBI KaMepbl OOBSCHSIETCS
MTOBBIIIICHUEM YCTOWYMBOCTH MCKYCCTBEHHOTO TBEPJICIOLIET0 MAacCHBa 3a CUET YBEIH-
YEHUS €ro TOPU3OHTAIBHON Iuloniaay. B 1esioM 3HaueHus CMELEHUN yIIPOYHEHHOIO
CJIOSl HE3HAYUTEIbHBI M HEJOCTATOYHBI JJISl CIBUTA JTMOO ONPOKHJIBIBAHUSA B CTOPOHY
BbIpa0OTaHHOTO TMpocTpaHcTBa. Hanbonee omacHBIMM HANPSHKEHUSIMH, BO3HUKAIOIIN-
MU B UCKyCCTBEHHOM TBEP/ICIOIIEM MAaCCHUBE, SIBISIIOTCS PACTATHBAIOIINE U3-32 CIIa00T0
COTIPOTHBIICHUS OCTOHA JAaHHOMY BUAY BO3ICHCTBUS [22].

AHanu3 pe3yabTaToB MOAETUPOBAHMS IO PACTATHBAIOIINM HANPSKECHHUSIM, BO3HU-
KaloIUM B YIPOYHEHHOM CJIO€ TOJ| JICHCTBHEM MOPOJHON 3aKJIaJKH, BBISIBHI 30HBI
KOHLIEHTPALIMK, KOTOPBIE pacloylaratoTcsl Tak ke, Kak U CXKUMAIOIIUE, Y OCHOBAHMS.
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IIpenenbHOE 3HAUCHUE PACTATUBAIOLINX HAMIPSKEHUM TSt Kamephl JIHHOU 15 M cocra-
Bwio 0,3184 Mlla, 4To He MpeBBIIAET NPEAEIBHOIO 3HAYECHHSI Ha PACTSKEHUE YIPOU-
HEHHOI'O CJIOS.

ITomy4yeHHbIe 3HAYCHIS MAKCUMATBHBIX PACTATHBAIONINX HATIPSDKCHUN TIPH pa3Iud-
HBIX 3HAYCHUSX JUTMHBI KaMepHhI MIPEACTABICHEI HAa pUC. 0.
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Pucynox 6. 3aBHCMMOCTh MAaKCHMaJIbHBIX PACTSITHBAIONINX HANPSDKESHUI
HPH Pa3IMYHbIX 3HAYCHUSAX JUTMHBI KAMEpBI
Figure 6. Dependence between the maximum tensile stresses and different
values of the chamber length

Takum 00pa3oM, reoMexaHHYECKOEe MOJICIMPOBAHUE TMOKA3aJI0, YTO CKUMAFOIIHE,
pacTSIruBaIONIMe HANPSHKCHHUS U JedopMaluy, TPOsIBIIEMbIC B YIPOYHECHHOM CIIOE,
HE TPEBBIIIAIOT €ro 3aJaHHOro mpefena mpodHocTd. ClenoBaTenbHO, YIPOUHEHHBIH
clon HaxXoguTcCA B yCTOﬁ‘IHBOM COCTOAHHUHU, YTO obecrieunT 6e3OHaCHOCTL BCACHUA
TOPHBIX PadOT IPU U3BJICYCHHUH 3aI1ACOB CMEXHON KaMephl.

3akiarouenue. [IpencraBicHHBIH BapHaHT KaMEpHOH CHUCTEMBI pa3padOTKH C 3a-
KJIQJIKOW IMyTEM MHBEKLMOHHOTO YIIPOUYHEHUS CYyXOU MOPO/Ibl, YIOKEHHON B OUUCTHOM
IIPOCTPAHCTBE, MO3BOJISICT CHU3UTh 3aTPaThl HAa 3aKJIaJ04HbIe paObOThl U 00eCIeYnBacT
BBICOKYIO UHTCHCUBHOCTD OTpaGOTKI/I 3aIacoB B YCJIOBUAX HGyCTOfI‘IHBLIX BMEIIArOmux
nopofi. KoHCTpyKTHBHAsS 0COOEHHOCTh, 3aKTIOYAIOIIAACS B pa3MEIIeHUH 3aKIIaI09HBIX
CKB2XUH B PYJHOM MAacCHBE IMOCIENYIONel oTpabdaTeiBaeMoil KaMepsl, 00ecrieunBaeT
CHIDKEHHUE 3aTpaT Ha OypoB3pHIBHBIE PaOOTHI 32 CUET UCIONB30BAHUS TOJIOCTH ITHUX
CKB2XMH B KauyeCTBE JIOTOJIHUTEIHLHOW OOHAKEHHON MOBEPXHOCTH M PETYINPOBaHUE
CTETICHU YIJIOTHEHHsI CyXOr0o 3aKJIaIOYHOT0 Marepuaia rnpu oTOoiKe B 3aKaTol cpeje.
Takum 00pa3oM, 3a CYET COBMEIICHHSI ITPOIECCOB OUUCTHOMN BHIEMKHU TPEACTABICHHBIN
BapHaHT CHUCTEMBI Pa3pabOTKU IMO3BOJISET YNPaBIATh CBONCTBAMU PYIHOTO M HCKYC-
CTBEHHOI'O MacCHUBOB.
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Abstract
Introduction. To reduce ore loss and impoverishment, high-value non-ferrous metal reserves are
commonly developed by the mining methods with worked-out area backfilling. Regardless of the
type and methods of backfill mass formation, worked-out area backfilling, being a way to control
the rock state, is highly labor intensive and incurs additional costs, therefore increasing the cost of
stoping. During field exploitation, mining and geological conditions tend to constantly deteriorate,
and complex mining conditions form, which is accompanied by decreased content of the commercial
component. The more complex the mining conditions are, the higher goaf maintenance costs is and
the lower the mining intensity is. So, as mining develops, production cost constantly grows while the
commercial component content decreases, which negatively affects total production performance
indicators. Therefore, searching for ways to solve the problem of backfill cost reduction remains
an urgent practical task of mining. It is possible to optimize backfill costs under changing and
constantly deteriorating mining and geological conditions without reducing mining productivity
by means of the underground geotechnology with artificial industrially-modified mass formation
with the required geotechnical characteristics. The technology is presented in this work and is
aimed at the effective development of the field reserves.
Research objective is to develop and substantiate the parameters of underground geotechnology
with worked-out area backfilling, which controls geotechnical characteristics of an artificial
industrially-modified mass during the stoping.
Methods of research. A room-and-pillar mining method was designed and its parameters were
substantiated, taking into account natural mining and geological conditions and mining technical
conditions formed in the course of stoping. The research was based on theoretical calculations and
geomechanical modeling.
Results. A variant of a room-and-pillar mining method has been developed with worked-out area
backfilling with dry rock and further consolidation with a hardening mixture and compaction by
breaking reserves in a compressive medium. The results obtained showed the mining method s
effectiveness. The study substantiates the rational values of the mining method structural element
parameters. In particular, the size of the chamber wall is determined, located at an angle of 80°,
with the reinforced layer up to 5 m thick and 1.5 MPa strong.
Conclusions. A variant of the mining method can be used when mining inclined and steeply
pitching ore bodies in difficult mining and geological conditions.

Keywords: technogenic massif; combined backfill mass, worked-out area.
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