Lllaxmue i niozemne 6y0i6HUYMBO

Methodology. Irreversible movement of the ground has been monitored with special gages, which
provide registration of the normal and radial relatively center of the roadway displacements of the
surrounding rocks. These gages were calibrated to determine the ground pressure that loads support-
ing the roadway frames. Nearest neighbor statistic and Skellam factor have been employed to ana-
lyze spatial variance of the load.

Findings. The roadway and surrounding rock mass acts as an open thermodynamic system that
might create dissipative structures, which scatter the potential energy of rock mass deformation.
The dissipative structures were detected through gradient of the load vectors distribution. It turned
out that the dissipative structures are the most active at the beginning of the irreversible develop-
ment of the collapsed zone around the underground roadway. The more the sizes of this zone the
less intensive dissipation of the ground pressure energy was. In spite of the fact that variance of the
load steadily increased as development of collapsed zone was progressing, the dissipative structures
subsided their activity, that was proven with Skellam factor, which diminished magnitude from 400
down to 230 dimensionless units.

Originality. It was in the first time when the fact of the dissipative structures subsidence has been
proven using quantitative data. In addition, nobody proposed to control the dissipative structures
before.

Practical implications. Controlling the dissipative structures provides new opportunities to en-
hance stability of the underground roadways.

Keywords: ground pressure, irreversible ground movement, dissipative structures, Skellam factor.
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BACKFILLING MASSIF FAILUREDEPENDING
ON CONSTRACTION TECHNOLOGY

ITpuBeneHbl pe3ysbTaThl AHATUTUYECKUX HMCCIECIOBAHUN IMPUYUH PA3PYLICHUS 3aKJIaJOYHOTO
MaccHBa B 3aBHCUMOCTH OT TEXHOJOTHM €ro ()OpMHUPOBAHHUsS. YCTAHOBIIEHO, YTO paclpe/ieieHue
IPOYHOCTH 3aKJIAJKU B 3aJI0’KEHHOW Kamepe MMeeT HeJIMHEHHbIN XapakTep, a 00J1acTH BbIBajla COB-
NaJaloT ¢ BBIIYKJIOCTBIO rpauka HAMMEHbIINX 3HAUEHUH pacnpeeneHus NPOoYHOCTH. BrlsBieHO,
YTO Pa3pyLICHUIO 3aKJIAJOYHOTO MAacCHBa CIOCOOCTBYET OTKJIOHEHHE HEKOTOPBIX CBOWCTB 3aKJiia-
JIOYHOW CMECH OT TEXHOJIOTUHU U IMOSIBJIEHUEM Ha €r0 KOHTYpPE ONACHbBIX PaCTATMBAIOIINX HAIpPsDKe-
HUH, 3HaYEHUS KOTOPBIX MOT'YT NPEBOCXOAUTH IPOYHOCTH 3aKJIaJKH HA PAaCTSHKEHHE, YTO BBI3BAHO
HEOJTHOPOJIHOM MPOYHOCTHOM XapaKTEPUCTUKON 3aKJIaZJOYHOIO0 MAacCHBa 110 BBICOTE KaMeEpPHI.

HaBeneHo pe3ynpTaTé aHAJITUYHHUX JOCITIDKEHb NMPUYMH PYHHYBAaHHS 3aKJIaJHOTO MAacuBY B
3QJIKHOCTI BiJI TEXHOJOTIT ioro ¢opMyBaHHSA. BCcTaHOBJIEHO, 110 PO3MOALT MIITHOCTI 3aKJIaJIKU B
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KaMepl Ma€e HeNlHIMHUN XapakTep, a 001acTi BUBay 301ratoThes 3 OMYKIIICTIO rpadika HallMeHIInX
3Ha4eHb PO3IOJIUTY MIIIHOCTI. BusiBiI€eHO, 10 pyHHYBaHHIO 3aKJIaIHOTO MAaCUBY CIPUSE BIAXUICHHS
BJIACTHUBOCTEH 3aKJIaHOI CyMillli BiJi TEXHOJIOTI] 1 MOSIBOIO HA MOTO KOHTYpI HEOE3MEYHUX PO3TATY-
IOYMX HANpyXXeHb, 3HAYCHHS SIKUX MOXYTh IEPEBHUIYBATH MIIHICTh 3aKJIAJKH HA PO3TSAT, IO BU-
KJIMKaHO HEOJIHOPI1AHOIO MILHICHOI XapaKTEPUCTUKOO 3aKJIaJHOTO MAaCHBY I10 BUCOTI KaMepH.

AKTyaJabHOCTH PadoThl. [lom3emHuas pa3paboTka 3anexeil >KeJIE3HbIX PYI C
BBICOKMM COJIEpKaHUEM LIEHHOI'O0 KOMIIOHEHTa OCYILECTBJISETCA KaK IPaBUJIO C 3a-
KJIQJKOM BBIpaOOTaHHOrO mpocTpaHcTBa. [lpm 3TOM pacnpocTpaHeHue MoJydusa
TBEpJCIOLIAsl 3aKJIajgKa, YTO OOYCIIOBIEHO BBICOKOM MPOYHOCTHIO (POPMHPYEMOro
MacCHBa U CPaBHUTEIILHO HE3HAYMTEIbHOU ero ycankoi (10 4%) [1]. Morsbie kpy-
TOMAJAIOINE PYIHBIC 3aJI€KHU OOBIYHO OTPA0ATHIBAIOT MO 3TAXKHO-KAMEPHOU CUCTEME
pa3paboTku ¢ TBepAeromieil 3akmankon. [Ipu Takux cucremax pa3paboTKu M3BIEUe-
HUE PYJHBIX 3aM1acOB MO IUIONIAAN MAXTHOTO MOJISl YePEIyETCs C 3aKIaJOUYHbIMU pa-
00TaMH, OTCTAIOIIMMH OT OYUCTHBIX KamMep MepBOil ouepeid Ha BpeMsi, He0OX0IUMOe
JUISL 3aTBEPAEHUS UCKYCCTBEHHOTO MaccuBa. OUKMCTHBIE KAMEPBI BTOPOM OYEPEAU OT-
pabOTKU PYIHBIX 3aI1acOB HAXOJSATCS B OKPY>KEHUU PYJbl U 3aKJIAJKH BHIPaOOTaHHO-
r'o MPOCTPAHCTBA KaMep MEPBOM OUEPEIH.

[IpuMmeHeHne BBHICOKMX OYHCTHBIX Kamep ¢ OonbmuMu 00beMaMu OTOMBAaEMOM
pPYIbl  COMPOBOXAAETCS YBEIUYEHHEM IUIOIIAAM OOHAaXKEHUS MCKYCCTBEHHO-
BO3BEJICHHOI'O0 MAacCHBa, KOTOPbIA HAaXOJIWUTCA B HAMNPSHKEHHOM COCTOSIHUM, OTJIMYA-
IOIIMMCSI Pa3HOM CTEIIEHU HAIPSHKEHHOCTU IO KOHTYPY OYMCTHOM Kamepsl. I1o mepe
OTOOMKM KaMEpHBIX 3alacoB pPy/Abl IUIOLAAb OOHAKEHUS YBEJIWYUBACTCS, U3MEHSIS
HaIIPSDKEHHOE COCTOSIHUE MAacCHBA U €ro0 YCTOMYMBOCTH K CEMCMUYECKOMY BO3JEH-
CTBHIO BO BpeMeHH. [Ipu HeToCcTaTOuHON yCTOMYUBOCTH 3aKIaJ0YHbIA MAaCCUB CKJIO-
HEH K OOpYLIEHUIO B OYHCTHOE MPOCTPAHCTBO OTPAadATHIBAEMBIX KaMep, BBI3BAHHOE
HEOAHOPOJHOCTBIO CTPYKTYpPBI IIPH €r0 BO3BEACHUM, YTO NPUBOAUT K 3arpsA3HEHUIO
PYZbl U CHUKEHHIO COIEPKaHUSI [IEHHOTO KOMIIOHEHTA.

CrnenoBaresibHO, COXpAaHEHUE YCTOMYMBOCTH IJIOCKOCTH OOHAKEHUS 3aKjajoy-
HOTO MacCHBa Ha KOHTaKTe C OTpabaThIBAEMOM KaMepoul P BEJIEHUU OYHCTHBIX pa-
00T sIBJISIETCS BeCbMa aKTyaJlbHBIM BOIPOCOM ISl TOPHOW HAyKH, TaK KaK YpOBEHb
TEXHUKO-DKOHOMUYECKHUX [IOKa3aTelied MO CHCTeME pa3pabOTKU OIpeaessercs
MMEHHO TIOKa3aTeNIIMU U3BJICUCHUS U pa3yO00KUBaHUSI.

AHau3 NMy0JJMKANMA U MOCTAHOBKA 3a4a4u. BornpocaM ycToiiunBoOCTH pyao-
MIOPOJHOTO U 3aKJIaJOYHOTO MAcCHBa MPU OCBOCHUU KEJIE30PYAHBIX MECTOPOKICHUN
3aHUMAJIUCh MHOTHE yUYCHbBIE-CIICIUAIMCTEI TOPHON Hayku. B paborax [2, 3] mpuse-
JIEHBI PE3yNbTAaThl BIUSHUSA (DOPMBI OYUCTHBIX KaMep Ha HamNps>KeHHOE COCTOSIHUE
PYIOIIOPOAHOIO MACCHBA M YCTOMYMBOCTh OOHa)keHus. BonpocaMm BiausiHUS ceiicmu-
YECKOr0 BO3JCHCTBHS HA 3aKJIAJOYHBIA MAacCUB, a TAKXKE BBISBICHHE 30H INOTEPH
YCTOMYUBOCTH 3aKJIQJIOYHOTO MAaCcCHBa MOCBSIIEHBI PabOTHI 3apyOeKHBIX YUCHBIX [4,
5]. UccnenoBaHuio BIUSHUS OYMCTHOIO IMPOCTPAHCTBA KaMmep Ha (OpMHUpPOBaHUE
HAIPSHKEHHOTO COCTOSIHHSI MaCCHBA TOPHBIX TIOPOJI TIOCBSAIICHBI Takke padoThl [6-8],
a MOPsIIKY OTPaOOTKU OYMCTHBIX KaMep Ha MOoKa3aTelH 3acopeHust pyabl padora [9].
Pe3ynbraThl nccnen0BaHUS KOJTMYECTBEHHBIX MTAPAMETPOB HAMPSHKEHHOTO COCTOSIHUS
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MacCHBa, YTO MO3BOJIIIO XapaKTePU30BaTh COCTOSTHUE MAacCHBa B 30HE BEACHUS WU
BJIMSIHUS TOPHBIX pabOT aBTOpaMu npuBoadrcs B padore [10].

Hecmotps Ha mpoBeeHHbIE MHOTOYMCIICHHBIE HCCIIEIOBAaHUS, BOIMPOCHl (op-
MUPOBAHUS HANPSHDKEHHOTO COCTOSIHUSI 3aKJIaJIOYHOTO0 MacCHBa CKOpee SIBISETCS
CJIEICTBUEM 0CcOoOeHHOCTEH (DOPMHUPOBAHMS 3aKJIAI0YHOTO MacCHBa M TEXHOJIOTHYE-
CKHX acCIIeKTOB M3BJIEUEHUs pyAbl U3 Kamep. Bompocam neTanbHOro TeXHOJIOrHYe-
CKOIO M HAy4yHOI'O aHajiu3a TOPHOW CHUTyallud, CJIOKUBILIEWCS MpPU HapyUICHUU
CIUTOIIHOCTH 3aKJIaJI0YHOT0 MAacCHBa U €ro MOCIEAYIONEMY OOpYIIEHHIO0 B OYUCTHOE
MIPOCTPAHCTBO KaMepP HEJAOCTATOYHO YAEICHO BHUMaHMs. B YKpanHe 3HaYNUTEIIbHBIN
OTIBIT BEJCHMSI TOPHBIX PabOT C TBEPICIOUIEH 3aKIaJKOW HAKOIUJIEH MpH OTpaboTKe
IOxHO0-Beno3epckoro mectopoxaeHus 0orateix xeae3Hbix pya YAO «3anmopoxckuii
xene3opyaHbiii komouHat» (namee 3KPK), rae taxke GuKCHpYIOTCS ciiydan oOpy-
HICHUH 3aKJIaJJ0YHOTO MacCHBa.

Lenpto pa®oOThl ABISETCS YCTAHOBJICHHE MPUYMH pa3pyLICHUs 3aKJIaI0YHOrO
MaccHBa MPH BEJACHUH OYUCTHBIX PadOT Ha MpHUMEpPEe KamMephl BTOPOM ouepeau oTpa-
ootk 1/10 1o B ataxke 605-740 m B ycnoBusax 3XKPK, rae Ob10 3adukcupoBano 00-
pYIICHHE 3aKIaJ0YHOI0 MacCHBa U3 3a10keHHON kamepsl 1/11 1o.

Pe3syabTathl uccienoBannii. OTpaboTKa 3a1macoB Keae3HbIX pya B aTaxe 605-
740 m 3anexu «I'maBHas» HOxHO-beno3epckoro MecTopoKaeHus B OTIMYUU OT 3Ta-
xeit 480-548 u 548-640 M cipoekTupoBaHa ¢ TPUMEHEHUEM BBICOKMX OYMCTHBIX Ka-
mep (BeicoToit 6osiee 100 M), 9TO MO3BOJIMIO OKOHTYPUBAThH OOJIBIIE 3aIIaCOB HKEIe3-
HOUW pyJIbl M 3HAYUTEIBHO COKPATUTh 00BEeMbI Hape3HbIX BeipaboTok (M/1000 T). Ho
BMECTE C 3TUM 3HAYUTEIbHO YBEIMUMUIIUCH BEPTUKAIbHbIE TUIOIMIAI OOHAKEHHS, KaK
¥ PYIHOTO, TaK M MCKyCcCTBEeHHOro maccusa 10 4000 M?, a mpu oTpalGOTKU CABOEH-
HBIX dTaxel (BbicoTa Kamep 10 180 M) u BoBce 10 6000 M%. DTO IPHBENO K MOSBIIE-
HUIO CIIy4aeB OOpYIICHUS 3aKJIaJ0YHOTO MAacCHBa, KOTOPBIM H3BJIEKAJICS B OKpYyXKe-
HUU 3aKJIaJJOYHOTO MACCHBA.

B nacrosiiiee Bpemst orpaborano 6oisiee 75% 3amnacoB pyzsl B aTaxe 605-740 m,
a MO pe3yJbTaTaM aHAJINW3a IIAXTHOM JOKYMEHTAUWMHW W MapKUIEHIAEPCKUX CHEMOK
ouuCTHBIX mpocTpaHcTB Kamep (2006-2015 r.) cimyyaeB oOpymieHHsI 3aKIaaku 3aduK-
CHUpPOBaHO HE MEHee yeM B 18 kamepax, MpuueM OCHOBHBIMU 30HaMU BBIBAJIOB SIBIISI-
eTcst KpoBisa U Ooka kamep. Kposmnst orpabaTeiBaeMoil Kamephl MpeicTaBiIeHa 3aKiia-
JIOYHBIM MAaCCHBOM 3aJI0’KEHHOW KaMephbl MPEebIIyLIEro 3Taxa oTpadoTKH, a OoKa —
3aKJ1aI0YHBIA MAaCCUB 3aJI0KEHHOM COCETHEN KaMephl.

[Tpu otpadoTke kamepsr 1/1010 B sTarke 605-740 M ¢ FOXKHOI CTOPOHBI, TJIE pac-
TIOJIOKEH 3aKJIaIOUHBId MacCUB OTpadoTaHHbIX kamep 1/11iw m 2/11lro mpowmsonuio
oOpy1ieHue 3aKiaaku B 00beme 18 Thic. T, IpH 3TOM pa3yO0KUBAHUE PYIbI IO Kame-
pe 1/10r0 nocturio 5%. BeiBan 3akmaaku oxBaTHaI 00acTh ¢ T. 665 10 715 M, HO oc-
HOBHOW 00beM pa3pylieHus: maccuBa npumiencs Ha rop. 690 m. Kamepa 1/10r0 ¢ 3a-
nacamu 350 ThIC. T MMelIa CIEAYIONIME TapaMeTPhl B TIpoIiecce €e OTPaOOTKH: BhICOTA
— 105 m; cpennsia mmpuHa — 26 M, cpeanss mmHa — 38 M. ['opu3oHTaNIBHAS MOIII-
HOCTh PYJHOM 3aJie)KH Ha ydacTke, orpadareiBacMoM kamepoi 1/10r0, cocrapisiia B
cpemnem 33 M. [Tagenue pyasl ceBepo-BocTOYHOE o1 yriioM 68°-75°. Kamepa 1/10r0
rpaHUymniIa ¢ paHee OTPaOOTaHHBIMU U 3aJI0)KEHHBIMU KaMepamu: B ataxe 605-640m
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¢ 1ora — kamepa 4/1110; ¢ ceBepa — kamepa 4/10r0 (muuIIe Kamep); B dTaxke 640-735m
¢ tora — kamepa 1/1110, 2/1110; ¢ ceBepa — kamepa 1/910 u kamepa 2/910 B 3taxe 690-
715m. CnenoBareinbHO, OYMCTHASI KaMepa BO BpeMsl OTpabOTKH nMela 4 KOHTAaKTa C
Pa3HOMOAYJILHBIM MAacCCHMBOM — Ha 3arajie KOHTAKT C MOpOoJiaMHu BUCAYEro OOoka, Ha
BOCTOKE C pyAHBIM MaccuBoM (Oymyias kamepa 2/10 10), Ha ceBepe | Iore JaBa KOH-
TaKTa C 3aKJIaI0YHBIM MaCCUBOM.

Bmemaronmumu  moposaMu  BUCSIUETO OOKa  SIBISIFOTCS  KBapUUTHI T€MaTHT-
MapTUTOBBIC, cpenHecioucthie, f = 14, ¢ mpociosiMu CIIAHIIEB KBapIl-MapTUT-
XJIOPUTOBBIX, KBapI-CEPULIUT-XJIOPUTOBBIX, CPEIHEPACCIAHIIOBAHHBIX, OKBAPI[OBAH-
HBIX cepbIM kBapieM, f = 8-9+10-12, mopoabl cpenHel TPEIUMHOBATOCTH, TI0 TPEIIIU-
HaM BCTpeYaeTcs KBapil-kapOOHATHBIN MaTepHall, yCTOWYUBOCTD CPETHSIS.

Pyna Oymymeii kameps 2/10t0 1Mo coctaBy M CBOWCTBaM aHAJOTHYHA pyJe Ka-
mepol 1/10r0: 1Mo cocTaBy reMaTuT-MapTHTOBAs, MApPTUT-TEMAaTUTOBAs, TEMaTHTOBAs,
TeMaTUT-KEJIE30CIII0IKO-MapTUTOBAst, OT TOHKO- JO TpyOOCIIOMCTOH, KOMKOBAaTas,
myioiyarasi, mojiocuaTtas, MECTaMU CJIAHIIEBATOM TEKCTYpbl, Ha Top. 690M B oTAE/B-
HBIX MHTEpBAJIaXx MACCHUBHAsA, IO HAIUIACTOBAHHIO YacTO ¢ OeibIM KapOOHATHBIM Ma-
TEepHajoM, 10 KpPenmocTH HepaBHOMepHas oT f=3-5 no f=7-8, tpemmHoBaTOCTH OT
C1aboil 70 CpeaHeH, TPeUIMHBI B3aWMOTICPECEKAIONIUECs, YacTO OTKPBITOTO THIIA,
YCTONYHMBOCTH B OCHOBHOM CPEHSIS.

3akiaouHblii MacuB KaMepbl 1/1110, OTKy1a MPOU30III0 OOpYyIICHHE B OYHMCT-
Hoe mpocTtpancTBO kamepbl 1/10r0 Bo3Benen 3a 30 mueit (¢ 23.06.07 no 23.07.07), a
CIycTsl 2 Mecslla MPOU3BECHA J03aKIIaKa OCTABIINXCS MycTOT. OObeM yIOKEHHON
3aKJIAJIOYHOM CMECH B BBIPaOOTaHHOE MPOCTpaHCTBO Kamepbl 1/11¥0 coctaBumn 64,6
ThIC. M® (3amackl KaMephbl cocTaBisin 258 Thic. T). [ BO3BENEHUS 3aKIaJ04YHOIO
MaccuBa kKamepbl 1/1110 ucroib30Baics OTMHAKOBEIM COCTAB TBEP/ICIOIICH 3aKIIa IKH:
MOJIOTBIA JIOMEHHBIN TpaHyJIHpoBaHHBIN Twiak — 17,6 %, orceB dumroca — 44,2%;
npoOieHHas ropHas nopoaa — 22%, Boja — 16,2%. [ToaBuKHOCTh 3aKJIaI0YHON cMe-
cu Haxoawiach B npenenax 11,4-11,7 cm.

Y CTOWYMBOCTh BEPTUKAIBHBIX OOHAXEHHUH 3aKJIaJ0YHOTO MAacCHBa 3aBUCUT OT
KayecTBa C(HOPMUPOBAHHOTO 3aKJIAJ0YHOTO MacCHBa, TJIABHBIM IMOKa3aTeleM KOTO-
poro ciefyeT CYUTaTh €ro OJHOPOJHOCTh IO HOPMATHBHOM NpouyHocTu. [l ycTa-
HOBJICHHSI pPacIpeleieHus] TIPOYHOCTH 3aKJIAIKU 10 BeicoTe Kamepbl 1/1110 mpoana-
JU3UPOBAHBI CJEAYIONIME TapaMeTphbl 3aKIaJOYHBIX PaOOT. MPOU3BOIUTEIHHOCTH
KOMILIEKCa, BpeMsl pabOThI MIAPOBBIX METBHHUII, TTOJIBUKHOCTh CMECH, COCTaB 3aKJia-
JIOYHOW CMeCH, TPOYHOCTh 3aKJIAJ0YHON CMECH Tepe Mmoiadeil B kKaMepy B BO3pacTe
90 u 180 mgHeit TBepaACHUS, KOHTPOJIb TOHKOCTH M3MENBYCHHS BSKYIIETO MaTepHana.
ITo rpaduueckoii TOKyMEHTAIlUU YCTaHOBJICHBI (haKTUYECKUE KOHTYpHI, (hopMa U ma-
pamerpbl ourcTHOW Kamepbl 1/11r0. Beumm paccuMtanbl 00bEM M BBICOTA Ka)JIOTO
CJIOSl TBEPICIOLIECH 3aKIaJKH, KOTOpble OOpa3yloTCs MPH OCTAHOBKE 3aKJIaJ0YHOTO
KOMIIJIEKCA B MPOIIECCE YKIIAIKU 3aKIaJ0YHON CMECH B KaMepe. YUuThIBas, KaK Ia-
paMeTpsl 3aKJIaJ0YHBIX padoT, TaK U MapaMeTpbl OYMCTHOTO MPOCTPAHCTBA paccMar-
pUBaEMOi KaMephbl aHATUTHYECKUM CIIOCOOOM BOCTIPOHM3BEACHA UCTOPHUS €T0 (GOopMHU-
poBanus (puc. a, 0).
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Puc. O6nacTh BpIBaja 3aKIaI09HOTO MAacCHBa MO MPOYHOCTH U BHICOTE
3a10)KeHHOI KaMepbl 1/1110: a — BRIKOMMPOBKA U3 IJIaHA TOPHBIX padoT ¢
dukcanuet 0061acTy BhIBaja 3aKJIaku; O — pacrpenesieHne TPOYHOCTH 3aKIa KU
0 BBICOTE KaMepHhl.

CormocTaBuB B MaciTade 3aKkjIaIoYHbIA MAacCHB C YKa3aHHEM 00JIaCTU BhIBaJIA
(puc. a) u pacnpeziesicHHe TPOYHOCTH B OYMCTHOW KamMepe, MOYKHO KOHCTaTUPOBATh,
YTO paspylieHHe 3aKJIaJ0YHOr0 MAacCHBa MPOM3OIILIO MO MPUYKUHE €T0 HEYAOBIETBO-
PUTEIBPHON IIPOYHOCTHOM XapaKTEPUCTUKHU B OIpeAeNeHHOM uHTepBaine. Ilox nmei-
CTBHEM TOPHOTO JIaBJICHUS MPOU3OIILIO BHIJABIMBAHUE CIIOEB MOHIKEHHONW TTPOYHO-
CTH B OTKPBITOE OYMCTHOE MTPOCTPAHCTBO OTPabaTHIBAEMOI KaMepHhl.

Anamm3 pacrnpenencaus (puc. 0) oObemMa BbIBaJia 1O BBICOTE Kamephbl CBHIC-
TEJIBCTBYET O TOM, YTO MPOYHOCTH 3aKJIAJJOYHOTO MACCHBA PACIPEICISICTCS HEJU-
HEIHO ¥ HanOoJiee TOYHO ONMMCHIBAETCSI KPUBOM BTOPOTO MOPS/IKA, a €€ KojebaHue 1mo
cnosim kamepbl gocturaet 3 Mlla umu 35 % ot makcumanbHOTO 3HaueHus 8,8 Mlla.
VYcTaHoBI€HO, YTO 00J1acTh BbIBaJIa 3aKjaaJkd M3 kKaMmepbl 1/110 B OYHCTHOE IIPO-
ctpancTBO Kamephbl 1/1010 (1o JaHHBIM MapKIICHIECPCKON CheMKH) HAXOIUTCS B MH-
TepBasie 665 — 700 M U coBmagaeT ¢ HAMMEHBUIMMH 3HAYCHUSIMH PACIPEICICHUS
MPOYHOCTH 3aKJIAIKA B Kamepe. B 3TomM MecTe pacroyioKeHbl 3aKJIaJOYHbIE CIIOU C
HaMMEHBIIMM 3HaueHueM mnpouHocTH (5,8 u 6,2 MIla) IIpu 3TOM HOpMATHBHOE 3HA-
YeHHEe MPOYHOCTH 3aKjagku B 3Taxke 640-740 M MOJDKHO COCTaBIISITH HE MeHee /-8
MllIa.

VY CcTaHOBUTH MPUYNHY CHIDKCHHSI TTPOYHOCTH 3aKJIaIOYHOTO MacCHMBa B WHTEP-
Bajie MoAdTaxei rop. 665 n 690 M 10CTaTOUYHO CIIOKHO, MTOCKOJIBKY KOJMYECTBO BIIU-
SFOIIUX GakTOpOB (KaK OYMCTHBIX, TaK U 3aKJIaJ0YHBIX) JOCTATOYHO Berko. Ho, Tem
HE MEHee, aHaJu3 JAaHHBIX JTAOOPATOPHOTO KOHTPOJISI CBOMCTB 3aKJIAIOYHON CMECH
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MOKAa3bIBACT, YTO MPH M3MEIBYCHHH JIOMEHHOTO TPaHyJIMPOBAHHOTO IIIJIaKa B IIAPO-
BBIX MEJBHUIIAX OTMEYACTCS HEMOCTOSHCTBO TOHKOCTH TIOMOJa JOMEHHOTO TpaH-
nuraka. [Io HOpMaTHBHBIM TPEOOBaHUSAM K 3aKJIaJ0YHOH CMECH TOHKOCTH IIOMOJIA
BSDKYIIETO BEIIECTBA JOJKHA COCTABIISIThL He MeHee 55% dactui kpynHocThio -0,074
MM. DakTUUECKH K€ MPOLEHT ITUX YacTull coctabisieT 49-55%, ¢ mpeobiananuem
50-52%.

YeunuBaeT 3dexT pa3pylieHus 3aKiIaJ0YHOT0 MacCUBa TAKXKe IMOSBJICHUE Ha
€ro KOHTYpPE OIACHBIX PACTITUBAIONINX HAMPSKCHUH, 3HAYCHHS KOTOPBIX MOTYT
PEBOCXOIUTh MPOYHOCTh 3aKiaJKu Ha pactsokeHue B 1,3 u Oonee pa3 [7]. Kpome
TOTO, CJ1a00yCTOWYMBBIC 00IaCTH BEPTUKAIBHBIX OOHAKEHUH 3aKJIaJI0YHOTO MacCHBa
JIeJal0T €ro HEOJHOPOIHBIM M CIIOCOOCTBYIOT (DOPMUPOBAHUIO KOHIIEHTpAIIUN
HaIPsDKCHW Ha ero KOHTYpe, OPUEHTHPYIOT HANpPaBJICHUS BBIBAJIOB 3aKJIaJ0YHOIO
MacCHBa B OYHCTHOE MPOCTPAHCTBO.

Takum 00pa3oM Ha OCHOBAaHWUHU IPOBEJICHHBIX HMCCICIOBAHHWM MPEICTaBISCTCS
BO3MOXHBIM MTPOTHO3WPOBATH 00JIACTH BHIBAJIOB 3aKJIaJ0YHOTO MACCHBA, ONITUMHU3H-
pOBaTh TEXHOJIOTHMUECKHUM TMPOIECC 3aKIAJT0YHBIX paboT yisi GopMUpPOBAHUS OHO-
POJHOTO MO MPOYHOCTH 3aKJIaJJOYHOTO MAacCHBa, a TaKKe KOPPEKTUPOBATh MapameT-
pbI OTOOMKM PYJTHOTO MAacCHMBa Ha KOHTAKTE C 3aKJIaJIOYHBIM MAaCCUBOM JJISI MIPEOT-
BpAIICHUS CEMCMUYECKOTO BO3CUCTBHUSI.

BoiBoabl. B pe3ynbrare npoBeeHHBIX UCCIE0BAaHUN HA (PAKTHUYECKOM MPUMeE-
pe 3aKIa7049HOro MaccuBa kaMmephsl 1/1110 ycTaHOBJICHBI IPUYKHBI €I0 Pa3pyIICHHS C
MOCJICTYIOIIMM BBIBAIOOOPA30BAHMEM B OYHMCTHOE MPOCTPAHCTBO OTpabaThIBaeMOM
KaMepbl, a IMCHHO:

— IIPOYHOCTH 3aKJIaJI0YHOTO MACcCHBA MO €ro BBICOTE OT JHHUIIA JO KPOBJIHU pac-
IpenemsaeTcss HeTMHEHHO, a KOJIeOaHus IPOYHOCTH CIIOEB M0 aHATU3YPYEeMOH Kamepe
nocturaroT 3 MIla winum 35 % ot MakcMMaIbHOTO 3HAYEHUS,

— BBISIBJICHO, 4TO 00J1aCTh BbIBaJia 3aKJIaaKku U3 Kamepbl 1/1110 B O4HCTHOE IPO-
ctpancTBO Kamepbl 1/1010 HaxomuTcst B uHTEpBajie 665 — 700 M 1 10Ka3aHO, YTO 00-
JacTh BhIBajJa COBIAJAET C BBIMTYKJIOCTBIO TpaduKa pacrupeerecHus] TPOYHOCTH, TC
BO3BEJICHBI 3aKJaJ04YHbIC CJIIOM C HAaMMCHBIIMM 3HaueHueM mpodHoctd (5,8 u 6,2
MI1Ia) B TO¥ ke camoii 00J1aCTH 1O BBICOTE KaMEPBI;

— OTKJIOHEHWE CBOMCTB 3aKJIaJIOYHONM CMECH OT HEKOTOPHIX TEXHOJIOTHYCCKUX
TpeOOBaHW, & UMEHHO IUPOKHK HEMOCTOSIHHBIM JHara30H TOHKOCTH IIOMOJIAa BS-
XKYIIIETO BEIeCTBAa M BPEMEHW OCTAaHOBKH IMOJIaYW 3aKJIaAKU JUIsl TIPEKpaIieHus ape-
Haka BOJIbI M3 KAMEPHI;

— a(dexT paspymieHns 3aKIaI0YHOTO MAcCCHUBA YCHUJIMBAETCS TOSBICHUEM Ha
€ro KOHTYpPE OMNACHBIX PACTATHBAIONIMX HANPSDKCHHM, 3HAYEHUS KOTOPHIX MOTYT
MPEBOCXOAUTHh MPOYHOCTh 3aKJIAJKA Ha PACTSHKEHHUE, YTO BBI3BAHO HEOTHOPOTHOMN
MIPOYHOCTHON XapaKTEPUCTUKON 3aKJIaIOYHOTO MAacCHBa IO BBICOTE KaMEPHI.
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ABSTRACT
Purpose. Substantiation into reasons of the filling massif destruction during mining operations with
the example of the second stage quarrying of south chamber 1/10 in the floor of 605-740 m in the
conditions of the ZZHRK, where it was recorded that the filling massif was collapsed from the en-
closed south chamber 1/11.

Methods. To determine the distribution of the backfill strength on the height of the chamber, the
following parameters of the backfilling operations were analyzed: the productivity of the backfilling
complex, the operating time of the grinding mills, the mobility of the mixture, the composition of
the filling mixture, the strength of the backfilling mixture before feeding into the chamber at the age
of 90 and 180 days of hardening, and the control of the mog of the cementitious matter. The vol-
umes and heights of each layer of hardening layer are calculated and the history of its formations is
reproduced. Analysis of the mine documentation allowed to establish the actual contours, shape,
and parameters of the backfilling massif of the south chamber 1/11.

Findings. The strength of the backfilling massif is determined from the bottom to the roof, it is dis-
tributed nonlinearly, and the strength of the layers along the analyzed chamber reaches 3 MPa or
35% of the maximum value. It was revealed that failure area of the backfilling massif from the
chamber south 1/11 into the extraction chamber of the south chamber 1/10 is in the interval 665-700
m and it is proved that the region of the collapse coincides with the convexity of the graph where
the laying layers with the lowest strength (5.8 and 6.2 MPa) in the same region by the height of the
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chamber. The deviation of the properties of the filling mixture from certain technological require-
ments has been established, namely a wide non-constant range of the fineness grinding of the ce-
mentitious matter and the stoppage time of the filling mixture feed for stopping the drainage of wa-
ter.

Originality. It is established that the strength of the backfilling massif in the extraction chamber
varies nonlinearly with the concentration of dips on the convexities of its strength distribution
curve. Taking into account the established dependence in determining the technological parameters
of the filling mixture allows reducing the formation of the filling massif, to increase its resistance to
the outcropping and to reduce clogging of the ore.

Practical implications. On the basis of the conducted researches, it is possible to predict the areas
of dumping of the backfilling massif, to optimize the technological process of backfilling operations
to form a homogeneous in the strength of the backfilling massif, and also to adjust the parameters of
the ore breaking on contact with the backfilling massif to prevent seismic action.

Keywords: filling massif, ore deposits, filling mixture, failure area
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PHENOMENON OF UNDERGROUND WORKING ENCAPSULATION:
IDENTIFICATION, MODELING & APPLIANCE

Po3kputo, onrcaHo Ta BUKOPUCTAHO ()EHOMEH 30HAIBHOTO KAaIlCYJFOBAHHSI IMI3EMHUX BUPOOOK
HIISIXOM PO3POOKHU Ta BUKOPUCTAHHS CHHEPTeTUYHUX METOJIIB JIOCTIIKEHHS, CHCTEMHOTO ypaxyBaH-
HSl GHEPreTUYHUX YMHHUKIB 1 ONTMCAHHS MEXaHi3MiB ()OpMYBaHHS 3al00DKHHUX Karcyd, IO JO3BOJIU-
JIO CTBOPHTH TEXHOJIOTIT PO3POOKH PYITHUX POJIOBUII, SIKI BAKOPUCTOBYIOTH /10 86% reoeHeprii Ta
3201aJKYIOTh 10 37% pecypciB.

PackpsbIT, onricaH U MpUMEHEeH ()eHOMEH 30HAIBHOTO KalCyIUpOBaHUS MO/I3EMHBIX BBIPAOOTOK
yTeM pa3padOTKU U MCIOIh30BAHUS CHHEPTETHYECKIX METOJIOB HCCIIE0BAaHMS, CHCTEMHOTO y4eTa
JHEpreTUYecKux (aKTOPOB U OMHUCAHUS MEXaHU3MOB (POPMUPOBAHUS MTPEIOXPAHUTEIBHBIX KAICYJ,
YTO MO3BOJHMJIO CO3JaTh TEXHOJOTHH pPa3pabOTKU PYIHBIX MECTOPOXKIECHHUH, MCIOIB3YIOUINX 0
86% reosHeprun M SKOHOMSIHUX 10 37% pecypcoB.

Beryn. ['no6anizaiiisi CBITOBOT €KOHOMIKH BHUCYBA€E KOPCTKI BUMOTH, sIKI TIEpe-
0auaroTh 30€peKEHHsI EHEPTii B CUCTEM] BUPOOHHUIITBA 1 CIIOKUBAHHS, 1110 ONTUMIZYE
BUKOPUCTAHHSI CHPOBHHHHUX PECYPCIB IUIAHETH 3a MPUHIIUIIAMHU MIXXHAPOJHOI 1HTET-
pamii. 3a TakuX yMOB IpHOYTOK J€paBU BU3HAYAETHCS €PEKTUBHICTIO W oOcaramu
BUIOOYTKY KOPUCHHMX KOMAJIHWH. Tak po3BiJlaHl 3armacu PyJHUX POJIOBHII CTaBJISTh
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