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BbimonHeH aHamM3 TOPHOTEXHUYECKHUX  YCIOBUH TOJ3€MHOM  pa3pabOTKHM  MapraHIEBBIX
MECTOPOXXICHUAX YKpauHbl. I[IpoBeneHO TeopeTHyeckoe MOJEIMPOBaHUE U J1abOpaToOpHbIE
HKCHEPUMEHTHI [0 UCCIIEAOBAHUIO YCTOMUYNBOCTH INIOCKOCTH 32005 MOJATOTOBUTEIBHBIX BEIPAOOTOK.
O0ocHOBaHbI NapaMeTpbl KPEIUIeHus: 32005 BBIPAOOTOK C IMPUMEHEHHEM aHKEPOB MHOI'OPAa30BOI0
ucnonp3oBanus. OmpeneneHa 3KoHOMHYECKas 3(PQPEKTUBHOCTD HCIIOIB30BAHUS IPEIIAaraeMoro
BapHUaHTa KPEIUIEHUS BBIPAOOTOK 110 CPAaBHEHHUIO C 0A30BBIM.

BukoHaHo aHai3 TipHUYOTEXHIYHUX YMOB I1/I36MHOT PO3POOKH MapraHIeBUX POJIOBHIAX Y KpaiHH.
[IpoBenaeHO TeopeTHYHE MOJETIOBaHHS 1 JJAOOpPATOPHI €KCIEPUMEHTH 3 JOCTIIKCHHS CTIMKOCTI
IUTOIIMHYU BHOOIO MiATOTOBUYMX BUPOOOK. OOTpYyHTOBAHO MapaMeTpH KPIilUIEeHHS BUOOIO BHPOOOK i3
3aCTOCYBaHHSIM aHKepiB 0araTopa3oBOro BHKOPUCTaHHS. BU3HAYeHO EKOHOMIYHY €(EKTHBHICTBH
BUKOPHCTAHHSA 3aIIPOIIOHOBAHOTO BAapiaHTy KPIIJICHHS BUPOOOK y IOPIBHAHHI 3 0a30BHM.

The analysis of mining and technical conditions of underground mining of Ukrainian manganeze
deposits was executed. Theoretical modeling and laboratory experiments for investigation the
stability of the bottom plane of development workings was conducted. Parameters of face support
using reusable anchors were determined. The economical efficiency of the proposed variant of face
support was compared with traditional method.

Breaenne. Ca0xHbIe TOPHOTEXHUYECKUE YCIIOBUS JOOBIUM Pyl HA MapTaHIIEeBbIX
mraxTax YKpauHbl, KOTOPhIE BXOJSAT B COCTaB MyOJMYHOTO aKIIMOHEPHOTO OOIIeCcTBa
«MapraHenukuii ropHO-OOOTaTUTENbHBI KOMOWHAT», BBI3BAHBI TOBCEMECTHBIM
CBOpAaYMBAaHUEM TOPHBIX PabOT, YTO MPUBOMAT K Pa3pyIlICHUIO OApbEPHBIX IEIHKOB,
MOBBIIIIEHUIO 0OBOTHEHHOCTH 3a00€B M Pa3MOKAHUIO IMOYB B BRIPAOOTKAX. DTO CHUKACT
KaueCTBO YCTAHOBKM M JKCIUIyaTalluu MNPEIOXPAaHUTEIbHBIX KpEerel U MPUBOJIUT K
BbIBaJIaM PYbI, OOPYIICHUSAM TJMH KPYIMHBIMH OJIOKaMH W TpopbiBaM Boubl [1].
CnosxHbIe TUIPOTEOJOTHIYECKIE, OPTaHU3alMOHHbBIC U (DMHAHCOBBIE YCIIOBUS PAOOTHI
MapraHUeBbIX MAXT Y KpauHbl JEa0T padoTy MPOXOIYECKUX KOMOAHOB MPAKTUYECKU
aBapHitHOM, a 3a4acTyI0 MPUBOAAT K TIOpYE U MOTepe 00opyoBaHus. B cBs3U ¢ 3TUM Ha
[IaXTaX I[OBCEMECTHO WCMOJIB3YIOTCS NAcnopTa W3BJICYEHHsS KOMOAWHOB W3-TIOA
3aBAJIOB W 3aTOIUICHUWA. B Takux ycioBHsSX 0CO00 BOCTPEOOBAHHBIM SIBISIETCS
pa3paboTka HOBOTO BHUJA NPEIOXPAHUTEIBHOTO KPEIUIEHUSI IIOCKOCTU 32005
NOJITOTOBUTENIbHBIX ~ BBIPA0OTOK, COCTOAILIErO0 M3 MAaTEepUalioB  MHOIOPa3oBOTO
WCIIOJI30BAaHUS W YYHUTHIBAIONIETO OCOOCHHOCTH CJIOXKHBIX TOPHOTEXHUYECKUX U
THIPOTEOJIOTHYECKUX YCIOBUH pa3pabOTKH MECTOPOKACHHUH [2].

IMocranoBka 3ananus. [Ipy mpoBeaeHUM MOATOTOBUTEIBHBIX BBIPAOOTOK Ha
MapraHieBOPYAHBIX IIaXTaX TPUMEHSAETCI BPEMEHHOE MTPEIOXPAHUTEIILHOE KPETIICHHE
MI0CKOCTU 3a00st. [Imst mpenoTBparieHusi BBIBAJIOB PyAbl U3 32008 BBIPAOOTOK
HCIIOJIB3YIOT BPEMEHHYIO JEPEBSHHYIO KpEIb, KOTOPas COCTOMT W3 METaJNIMYECKOro



nosica  3,5%0,1x0,2 M, Tpex [AepeBSHHbIX MEpPeOOPOK y KPOBIM BBIPAOOTKH
1,5%0,2x0,03 M, BEpTUKAJIBHO YCTAHOBJIEHHON peMOHTHHBI 3,5%0,2x0,15 M, koTOpas
IPKUMAET IIOCKOCTh 32005 ABYMSI TOPU30HTAIBHBIMU Jockamu 1,8%0,2%0,04 m. Ha
1 m.M BbIpaOOTKM YCTaHABIMBAIOT MO 2 PEMOHTUHBI U 6 MepedOPOK, HA YTO B CyMMeE
pacxomyerca 0,026 M®° necomarepuanoB. TpyZOE€MKOCTh YCTAaHOBKM U CHSATHUS
JICPEBSIHHON  TIPEIOXPAHUTEILHOM Kpermu B KOMIUIEKCHOW HOpPME BBIPaOOTKH
npoxoaueckor Opuramoit cocrtaBiser 1,4 den.-u. [lomumo »3TOro, ycraHoBKa
JICPEBSIHHON BPEMEHHOM KPEMH SBIISIETCS TSHKEIBIM PYYHBIM TPYAOM, & IPUMEHSIEMBIC
NPy  KPEIUICHUH JiecOMaTepuaibl HE MPEeAHA3HAYEHbI ISl JOJITOBPEMEHHOIO U
3¢ PEKTUBHOTO UCTIOIH30BAHUS B YCIIOBHUAX ITOCTOSTHHOTO MOHTa)Ka-IeMOHTaxa [3].
OcHoBHoii maTepuaJt. [IpoBeneHne NOATOTOBUTEEHBIX BHIPAOOTOK HA KOMOMHATE
OCYILIECTBIAETCS KPYIJIBIM CEYEHHEM M COCTABIIET B POXOAKE 9 M2, a B cBETy 6 M? pu
MakcUMasIbHOUM TiyonHe mpoBeaennss 100 M u mpoyroctr BMemaronwx nopoxa 20 — 40
MIla. Kperuienre BbIpaOOTOK MPOU3BOJUTCS KOJIBIIEBOW cerMeHTHOM Kkperbio CBIIT-27
muamerpoM 3 M. PaccrostHue Mexny pamamu kpenu coctaBisieT 0,5 — 0,33 M, koTtopoe
3aBUCHUT OT TOPHOTEXHUYECKUX YCIIOBHMA. YUaCTOK BBIPAOOTKH CO CPOKOM CITy»ObI OoJiee
2-X JIeT 3aTSATUBACTCS IO CBOJAY BCIUIONIHYIO METAJUIMYECKOM WM JKeIe300€TOHHON
3aTspKkKoi. [Ipy HamMuuKM B TIOYBE BBIPAOOTKU TMOPOJ], HE CKIOHHBIX K MYYEHHUIO U TMPH
CpOKe CITy>KObI MEHee 2-X JIET, JOIMYCKaeTCs MPOXO0/IKa BHIPAOOTOK O€3 3aTSYKKU MOYBHI.
JIist  mpemoTBpalleHus]  BBIBAIOB  IUIOCKOCTH  3a00s1  MCIOJIB3YIOT — BPEMEHHYIO
MIPEIOXPAHUTENIBHYIO Kpelb, KOTOpas MO CBOEM CYTH SIBJISICTCS TMOJCPKUBAIOIICH.
[TpumeHneHue kpemneil Takoro BUJAa B CIOKHBIX TOPHOTEXHUYECKUX YCIIOBUSIX SIBISICTCS
MaJIOA(PEKTUBHBIM K JOPOTOCTOSIINM MepornpustieM [4]. Pe3ynbraThl BBITOJIHEHHOTO
TEOPETUUYECKOTO MOJICIMPOBAHUS C TIOMOIIBIO YHEPTETUUECKOT0 METOJIa MOKA3alu, YTO
[TyOrHA 30HBI PA3YMPOYHEHHUsI COCTaBISIET 2,9 M, a TiIyOMHAa BO3MOXKHOTO Pa3pyIICHUs
MmaccuBa pyasl — 0,39 M (puc. 1, a) [5]. JTaboparopHbie Ucciie0BaHNs Ha SKBUBATICHTHBIX
MarepHaax IMmoKasaiu pa3pylieHue 3a00s BbipaboTKH Ha riryouny 1o 0,45 M (puc. 1, 6).

Puc. 1 — Pe3ynbTaThl TeopeTndeckux (a) U gabopaTopHblil (6) uccneaoBaHU
IyOWMHBI  pa3pylieHuss  3a00si  MOATOTOBUTENBHOW  BBIPAOOTKH
U TEXHOJIOTMYECKas CXeMa aHKEPHOT'O KperieHus (8)



[TapaMeTpbl yCTAaHOBKHM aHKEPOB OMNPEACISIMCH IO CTaHAAPTHONH METOHKE,
103BOJIsIFOIIEH 3()(HEKTUBHO 3aKPEIUIATh 00JACTh BO3MOYKHOTO Pa3pyIICHUs MacCHUBa
B IUTIOCKOCTH 320051 BeIpaOboTKH [6].

1. JInuna aHkepa, M

L=U+ +1 +I, (1)

rae U = 0,45 M — BelnunMHa BO3MOKHOTO pa3pylICHHUs] MACCHBA B IUIOCKOCTH 32004
I,= 0,3 — 0,5M — BenmumHa 3arnyOJcHHUS aHKepa B YCTOMYHMBYIO 30HY MAacCHBA,
I, = 0,022 M — IMiHA BBICTYMAOIICH M3 MITypa NUIANKH ankepa; |, = 0,04 M — qymHa
KOHYCHOM 4aCTH aHKepa.

ITo pacueTHOM nuMHE aHKepa, Kotopas coctaBigeT 0,81 — 1,01 M, npuHuMaemM

dakTHUecKyl0 UIMHY W3 ONrpKaifiiero TUMopasMmepa 3a0MBHOTO aHKEpa, PaBHYIO
1,25 m (puc. 2).
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Puc. 2 — Bueuinuii Bu1 3a0UBHOTO aHKEpa MPUHATOTO TUTIOpa3Mepa

2. IIOTHOCTh pacCTAaHOBKH AHKEPOB, HIT.

P.Uyrk
n: 8 n
=Dl @

a

rae P, = 10,1 M — akTUBHBII epuMeTp 32005 BepaboTky; y = 21,8 kH/M3*— 06beMHbIIA
BEC PY/IbI WM TOPHBIX TIOPOJI B Mpe/iesiaX 00JIaCTH BOZMOKHOTO paspyiieHus; K, = 1,2
— ko3 unmeHT neperpysku ankepa; P, = 20 kH — necymas cnoco6HOCTh 3a0MBHOTO
METaJJTNYECKOr0 aHKepa.

PacueTHast n10THOCTH 3a0MBKU aHKEPOB COCTABIISIET 5,9, (pakTuyeckas 6 1mir.

3. PaccTostnue Mex Iy aHKEpamMu, M

a,= [~ 3)



PacueTHOE 3HAUEHUE PACCTOSHUS MEXIAY aHKEPaMHU d, COcTaBisieT 1,3 m.

BekTopbl HampsKeHMH B MacCHBE TOPHBIX IIOpOJ| HAmpaBJICHBl B
reOMETPUUYECKUN LEHTp 3a00s, CJIEeI0BaTEIbHO 3a0MBAaHUE AHKEPOB JIOJKHO
IPOU3BOAUTCS OT €T0 LIEHTPa B MACCUB I10J] COOTBETCTBYIOIIMMH YIJIaMU HaKJIOHA (CM.
puc. 1, 6).

JkoHOMHYecKass I(PPeKTHBHOCTb IPUMEHEHMsS] 3a0MBHBIX  AaHKEPOB
MHOTOpPA30BOT0 HCIOJB30BAaHUSl ONPENENAECTCd 10 pa3HULE B Ce0ECTOMMOCTU
KperuieHus | m.M BbIpaOOTKH MpeasaraeMoro u 0a30BOr0 BapHAHTOB KPEIUICHUS
3a00s. Tak Ha 1 .M BeIpaOOTKHU Mpu 0a30BOM BapUaHTE KPEIJICHHs YCTAHABIMBAIOT
0 2 PEMOHTUHBI U 6 mepebopok, uto cocrasuser 0,026 M® nmecomarepuanoB u
cooTBeTCTBYeT 3arpataM B 35,8 r1pH. TpymoeMKOCTb YCTaHOBKH W CHATHUA
MpeI0OXPaHUTEIFHOM BPEMEHHOM Kpemu JJIs TPOXOTYeCKO OpUraapl B KOMIUIEKCHON
HOpMeE BBIpaOOTKHU cocTaBisieT 1,4 yen.-4, uro coorBeTcTBYET 87,91 rpH. 1o naHHBIM
IOPOU3BOACTBEHHBIX CIYXKO IMIAaXT KOMOWHATa, MCIIOJB30BAHME OJHHUX M TEX XK€
MaTEpUAIIOB JUISI COOPYXKEHUS JEPEBSHHOM Kpemu cocrasisier | Mec., 49TO
COOTBETCTBYET 94 pazaM yCTaHOBKH KpEIH C CEOECTOMMOCTBIO KpEIMEeXHbIX padoT,
paBHo# 0,38 rpH Ha M. Mcronb30BaHHE OJHUX M TEX K€ METAUIMYECKUX AHKEPOB
OCYLIECTBJISIETCS B TEUYEHHMHM 3 JIET, YTO COOTBETCTBYET 3350 pa3am YCTAaHOBKH C
cebecroumocThto, paBHoi 0,002 rpH Ha M. Kanbkysius ce0eCTOMMOCTH BYX BUJIOB
Kperiel BeinoJiHeHa 1o 1eHam 2013 roga u cBejeHa B Tadl.

Tabnuua
Kanbkynsnust cebecTouMoCcTH 1o 6a30BOMY
U TIpeIjlaraeMoOMy BapuaHTaM KPETICHUS
HaumenoBanue 3aTpatrhl Ha YCTaHOBKY | 3aTpaThl HA YCTAHOBKY
cTaTei 3aTpaT JICPEBSIHHOM KPEMH, TPH/M| aHKEPHOU Kperu, TpH/M
@doHJ1 oTUIaTHI TPpyAa pabounx 62,35 62,35
®onp omnatel Tpyaa UTP 27,79 27,79
Hauncnenus Ha 3apriary 51,35 51,35
CTOMMOCTh MaTepUaJIOB 0,38 0,002
CTOMMOCTB DHEPIUHU 0,57 0,57
AMOpPTH3aIMOHHbBIE 0,08 0,08
OTYHUCJICHUS
3arpaThl Ha TEKYIIUHA PEMOHT 0.07 0,07
U COJIepKaHKre 000PYI0BAHUS
Umoeo 189,42 189,04

D¢ DHEeKTUBHOCTh AHKEPHOT'O KPEIUICHHS 320051 TTOJITOTOBUTEIBHBIX BBIPAOOTOK
peanu3yercsi 3a CYEeT MHOIOpPa30BOTO HCIOJb30BaHUS, OBICTPOrO 3a0MBaHUS U
0e30macHOro M3BJICYEHUS, 4YTO TOo3BoJsieT B3KoHOMUTh 0,38 TpH Ha 1 mMm
MIOJIrOTOBUTEIILHOW BBIPAOOTKH [7].



BoiBOABI

1. B pe3ynbrare npoBeAEHUSI TEOPETUUECKUX U JTA0OPATOPHBIX MCCIIEIOBAHUN
OBLJIO TIONYYEHO MOATBEPXKIECHUE HEOOXOAMMOCTH NPUMEHEHHS MHOTIOpPa3oBOT0
AHKEPHOTO KPEeIJIEHUs TUIOCKOCTU 320051 MTOATOTOBUTENIBHBIX BHIPAOOTOK B YCIOBUSIX
maxt [TAO «Mapranenkuii ['OK». VYcranoBieHo, uyTo 3a0uMBaHHE aHKEPOB
1eJ1eco00pa3HO MPOU3BOAUTh KaK B TOPU3OHTAIBHOM, TaK M BEPTUKAJILHOM
HaIpaBJICHUSIX 32005 MOATOTOBUTEIBHBIX BBIPAOOTOK.

2. YBenuueHue OOBOJHEHHOCTH BBIPAOOTOK MPEONPEAETSET YCTaHOBKY
aHKEpOB 10 BCEMY MEPUMETPY 320031, a €€ CHUKEHHE — TOJIBKO 10 IIeHTPY. Pe3ynpTaThl
MCCJIEIOBAaHUM MOKa3alM, YTO MPH HOPMAIbHBIX YCIOBHUSIX MPOBEIACHHS BBIPAOOTOK
JNOCTATOYHBIM SIBJISIETCS. YCTAHOBKA IISITH OCHOBHBIX AaHKEPOB, PACIOJIOKEHHBIX
KpectooOpa3Ho. [lpyu mMOBBIIEHHOW OOBOJHEHHOCTH TOPOJ WM MPU HATHMYUH
AKTUBHOTO MPOSIBJIEHUSI (DAKTOPOB TOPHOTO JABJICHHS KOJIUYECTBO AHKEPOB MOMKET
OBITH YBEJIMYEHO JIO CEMHU 3a CUET KPEIJICHUS YacTH 32005 Y KPOBJIM BHIPAOOTKH.

3.B YCIOBUAX  JKOHOMHH  PECypcOB BO3MOYHO IPUMEHEHUE
KOMOMHUPOBAHHOTO BPEMEHHOTO KpEIUIEHUs 32005 MOJrOTOBUTEIBHBIX BBIPAOOTOK,
T.€. COBMECTHAsi YCTAHOBKA IO LEHTPY ISITH AHKEPOB, YAEPKUBAIOIIUX MIOCKOCTh
320051, ¥ ABYX JE€PEBSHHBIX IEPEOOPOK JIJIsl MOAJAEPKAHUS €€ KpOBIH. D(H(PEKTUBHOCTD
[PENIAaracMoro TEXHOJOTHYECKOIO PELICHUs JOCTUTaeTCsl 3a CYET NPUMEHEHUs
METAIMYECKUX AaHKEpPOB MHOIOpPa30BOTO  HMCIOJB30BaHUS, KOTOpPbIE OBICTPO
YCTaHABIMBAIOTCS U 0€30MACHO U3BJIEKAIOTCA.
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ABSTRACT
Purpose. To substantiate the rational parameters and procedure for the use of reusable anchor support
of development workings of manganese mines of Ukraine
The methods. Using energy method was conducted theoretical modeling and using substitute
laboratory experiments for investigation the stability of the bottom plane of development workings.
Parameters of face support using reusable anchors were determined. The economical efficiency of
the proposed variant of face support was compared with traditional method.
Findings. Substantiated the use of reusable anchoring development of workings bottom plane in
conditions of mines PJSC "Marganets Mine." At higher water content of rocks or manifestations of
rock pressure factors, the number of anchors can be increased from five to seven due to the face
support at the top of the development. Efficiency is achieved by the use of metal reusable anchors,
which quickly established and safely retrieved.
The originality It consists in the application of reusable drop-in anchors for working face support.
Practical implications. The method of determining the length, density of arrangement and distances
between the anchors, as well as sound economic efficiency of their use.
Keywords: working face, rock massif stability, temporary support kpens, drop-in anchors, prime
cost



