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AKTYaJIbHOCTB. BOTBIIMHCTBO Pyl IBETHBIX METAILIOB JOOBIBACTCS MAIOTIPOU3BOAUTEIIEHON M OIIACHOM TEXHOJIOTHEH
B YCJIOBHSIX, KOT/Ia BBICOKOIIPOU3BOAUTEIBHYIO TEXHOJIOTHIO IPUMEHHUTD HEMb3S.

Heab 1aHHON PabOTHI COCTOUT B IOMCKE PE3EPBOB MOBBIIIEHHS IPOU3BOIUTEIBHOCTH U 0€30MIaCHOCTH TPyAa MPH pa3-
paboTKe TAKUX MECTOPOKACHHUHN 3a CUET UCIIOJIb30BAHUSI CKPBITBIX BO3MOXKHOCTEH TEXHOJIOTHHA.

MeToa mccnenoBaHusl — CpaBHEHHE TPAJULMOHHOTO BapHaHTa OTOOMKM pyA ¢ HOBBIMH BapHMaHTaMU B paMKax Ipo-
MBIIIJIEHHOT'O HATYPHOI'O 3KCIICPUMEHTA C HHTepnpeTauneﬁ IMOJYUYCHHBIX PE3YJIbTATOB.

Pesyabratsl. [TonydeHsl KoJIMYeCTBEHHbIE 3HAYCHUS ITOKa3aTeleil 3(PEKTUBHOCTH OTOOMKH Pybl U3 OYpOBBIX BbIpa-
0OOTOK 1O CpaBHEHHIO C TPAIUIMOHHBIM BapHaHTOM C OTOOMKOHM ycTymamu M3 BhIPaOOTaHHOTO IPOCTpaHCcTBa. JlokaszaHo,
YTO NPUMEHEHHE HOBOM TEXHOJOIMH, HECMOTPSI Ha TPYJOEMKOCTh ITPOXOJKH OypOBBIX BBIPAOOTOK, HE YXYALIA€T TEXHUKO-
HKOHOMHYECKHE IOKa3aTean pa3pabOTKH, paauKaibHO yiydinas Oe3onacHocTh padot. I[lomydeHHbIE pe3ysbTaThl alpoK-
CHUMHUPOBaHBI Ipaduiecku.

BsiBoapbl. [lokazarenn oTOOMKN U3 OYPOBBIX BEIPAOOTOK IMPEBOCXOIAT TPAIUIMOHHBIA BapUaHT OTOOWKHU 3a CUET He-
HCTIOJB3YEMBIX paHee 0COOEHHOCTEH OTOOWKH M pa3MElIeHUs B BHIPAOOTaHHOM IMPOCTPAHCTBE PYyIbI, N30aBIsis paboTaro-
XX OT ONACHOCTH HAXO0XKJCHUS B OTKPHITOM BBIPAOOTaHHOM ITPOCTPAHCTBE.

KuaroueBblie ciioBa: pyaa, ot0oiika, OypoBbie BBIPaOOTKH, TToKa3arenu 3(h(GeKTUBHOCTH, TEXHOJIOTH, 0€30aCHOCTD

BBenenue

Pa3paboTka MecTopokIeHHH pya peakux, Oma-
ropoOAHBIX W HBETHBIX METAJJIOB, CJIOXCHHBIX II0JIO-
TO3AJICTAIOIUMY PYIHBIMH TETaMH MaJIOM MOIIHO-
CTH, XapaKTepUu3yeTcsi CTaOMIbHBIM YXyAIICHUEM
TEXHUKO-I)KOHOMUYECKUX II0Ka3aTenel, CHIKEHHEM
KadecTBa J0OBIBAEMBIX Py B MIEPBYIO OUepe/lb 3a CUET
pa3yOOoXHBaHUS M YBEJIMYEHHUs ONMAacHOCTH paboTa-
romx. OrpaHUyYeHHbIE pPa3Mepbl OYUCTHOTO IIPO-
CTpaHCTBa U MOP(OJIOTHYECKHE O0COOEHHOCTH OpYy-
JEHEHUS MPEeMNsSTCTBYIOT NPUMEHEHUIO COBPEMEHHON
TexHukKH [ 1-3].

B Taxux ycnoBUsIX TpaaULMOHHO MPUMEHSIOT OT-
pabOTKy pYOHOTO Teja CIUIOIIHBIM 3a00eM Ha TOJ-
HYIO MOIIHOCTb, & ONACHOCTh PaOOTAIOIIUX CHHKa-
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FOT OTPAaHUYECHUEM BPEMEHH HAXOXJIEHUS B OTKPBITOM
OUYHCTHOM IIPOCTPAHCTBE.

K monorum oTHOCAT pyAHBIE TE€la MOLIHOCTHIO
1o 15 M u yrimom manenus 0 25°.

CocTossHMEM pPYAOBMEIIAIOIIET0 MAacCHBa, OIpe-
JEeTSIeMBbIM TUTOIIA/IBI0 OOHaKEHUST TOPOJT KPOBIIH,
YIPAaBJSIFOT OCTaBJIEHUEM PYIHBIX LEIUKOB U TOAJEP-
JKaHUEM IIOPOJ| KPOBIHU Kpenbio. BrICOKMI ypOBEHb
HaIPsLKEHUH B PYJIOBMEILAIOLIEM HAKIIOHHBIE PYyIHBIE
3aJ7e)KH MacCHBe OOBACHSETCS CIIOKHBIMH W3MEHSIO-
LIMMHCS BO BPEMEHH YCIOBUAMH OTPAOOTKH.

MecTopoxaeHus pyJ UBETHBIX METAIUIOB Yalle
BCET0 MPEJICTABISIOT COO0I H30METPHUYECKYIO 3aJIekKb
B TEKTOHWYECKH HAPYIICHHBIX BMEIIAOLIUX IOPOaax
C THIPOTEPMaNBHON 00paboTKOW. MecTopoXKIeHUS
paccMaTpuBaeMoro TUMa pa3padaTbIBalOTCS ¢ 00py-
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HIEHUEM PYABI M MOPOJ M C €CTECTBEHHBIM TOAIEP-
>KaHUEM OYMCTHOTO MpOCTpaHcTBa [4—6]. YnpasieHue
TOPHBIM JIaBJICHUEM OCYILIECTBIISIETCS IIyTEM OCTaBJIe-
HUSL LIETMKOB Pa3INuHOrO Ha3HAYECHUS], YTO CHUKAET
SKOHOMUYECKYIO 3 pexTuBHOCTh H0OBHH. Mcxons
U3 ONACHOCTH BO3HMKHOBEHMS KPUTUYECKUX HAIpA-
JKEHUH B MaccuBe, HAIIPABJICHUEM ITTOBBIIICHUS 0e3-
OMAacHOCTH PadOoT SBJIETCS CIUIOIIHAS BbIEMKa PYy-
Horo Tena. OJHUM U3 Ba)XKHBIX HAINPABJICHUI MOBBHI-
HICHUS TOKa3aTeneld pa3pabOTKH SBISETCS HCIOIb-
30BaHUE DHEPTUU B3PHIBA IJIsl MEPEMCELICHHS OTAe-
JICHHBIX OT MaccuBa pyI.

ITockonpKy Kpemnb B BbIpaOOTAHHOM IIPOCTPAHCTBE
HE BBITIOJHSAET CBOCTO HAa3HAUCHHS U SIBIISICTCS MpPU-
YMHOW TpaBMaTH3Ma, MOJIy4al0T paclpoCcTpaHeHHE
BapUaHThl CIUIOIIHON BBIEMKH C OypeHHUEeM Hu3 clie-
[IUAJIbHBIX BBIPAOOTOK YMEHBIIEHHOTO CEYCHUSI.

Hean paGoTsl

Jlnst obecrieueHusl MaKCUMAIBHOM TPOM3BOTUTEITh-
HOCTH TPYJa KOHCTPYKIIMU JOJDKHBI UMETh OOJbIINE
CEUYCHHS, OJTHAKO TPeOOBaHUS OE30IMACHOCTH U KO-
HOMMKH TIPEINHUCHIBAIOT UX Pa3yMHOE OTpaHHUYCHHUE
[7-9].

Ienpio uccnenoBanuii mpobiaem pa3pabOTKH Ma-
JIOMOIIHBIX PYIHBIX TEJ ¥ HACTOSIICH CTaThH SBJISCT-
Csl ONTHMU3AIMSI 3aTPaT Ha YIPaBJICHUE PYIOBMEINa-
IOIIMMHM MacCUBaMHU ¢ 00ECTICUCHUEM OJTHOBPEMEHHO
1 DKOHOMHYECKHX ITOKa3aTejeld MpOIeCCOB IMOA3EM-
HOU JI00bIYH, U 0€30MIaCHOCTU PaOOTHHUKOB.

MeToabl Uccae10BaHUA

HCJIB JOCTUTaCTCA NMPUMCHECHUEM METOIOB CTPO-
UTEIbHON MEXaHWKU JUIs TOBBIEHHUS 3(H(HEKTHBHO-
CTH SKCIUTyaTalluy HEJIP 3a CYET PallMOHATBHOTO KC-
MOJIb30BaHUsI PE3EPBOB YIPABJICHUS T€OMEXaHUKOM
pyzaoBMeraromero maccusa. CpaBHHBaeMble BapHaH-
TBI B PaMKax MPOMBIIIICHHOTO SKCIIEPUMEHTA OIICHH-
BAaIOTCS C TOYKU 3PCHUSI TPYAOBBIX 3aTpaT U KauecTBa
JIOOBIBaEMBIX Py U oOecIieueHusi 6€30macHOCTH pa-
OoTatomux. BeIOOp onTHMATBEHOTO BapraHTa CUCTEMBI
pa3pabOTKH MPOU3BOUTCS MyTEM CPABHEHHS ANbTEp-
HATUBHBIX BApHAHTOB, PA3JIMUYAIONIMXCS PACIIONIONKE-
HUEM CKBRXXMHHBIX 3aps/IOB B3phIBUaThIX BellecTB (BB)
JUTSL OTJIENICHUS OT MacCHBa M JAPOOJICHUS PY/I C LETBIO
YBEIMYCHUS PAallMOHAIBHOCTU HCIOJIb30BAHUS CH-
JIbI B3phIBa.

IonyuyeHHbIe pe3yabTaThI

BapuaHThl CIUTONIHON CHCTEMBI Pa3pabOTKH Olle-
HUBAIOTCS IO TIOKa3aTento 0e30MacHOCTH Tpyjaa pa-
0ounx. B paBHBIX yCIOBHSX TPAAUIIMOHHBIN BapuaHT

PACYET NOA3EMHbIX COOPYXXEHUN

C OTOOMKOM pyABbl yCTYNIaMU M3 OYHCTHOTO TPOCTPAH-
CTBa CPAaBHHMBAETCS C BapUaHTaMH OTOONKHU U3 Oypo-
BBIX BEIpa0OTOK (puc. 1, 2).
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Puc. 1. Ilian 3xcniepuMeHTAIBHOrO 0J10Ka ¢ 0T00M KO0
M3 NOMITAKHBIX IITPEKOB:
1 — Boccraromuit; 2 — NO3TaXKHbIE IITPEKH; 3 — pyAHbIE NAHEIN
[Figure 1. The plan of the experimental block

with the breaking from the sub-floor drifts:
1 —revolting; 2 — sub-floor drifts; 3 — mining panels]
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Puc. 2. IliaH 3xcniepuMeHTAIBHOrO 0J10Ka ¢ 0T00N KO0
13 OYPOBBIX BOCCTAIOIINX:

1 — mrtpeku; 2 — BoccTaromue; 3 — pyJHbIC HaHEIN
[Figure 2. The plan of the experimental block
with the breaking of the drilling uprising:

1 — mine tunnels; 2 — revolting; 3 — mining panels]
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U3 BoccTaromero npoiaeHsl MOA3TaKHBIE MITpe-
KA pasMepamu 2X3 M, oOpasyloliue MaHeln MIAPH-
HO1 6 M.

W3 mTpeka ckpernepoBaHus IPOXOIUiIu Oypo-
BBIe BOCCTAIONIME TaK, YTOOBI OJHAa MaHEeNb ObLIa
B 0TpaboTKe, a BTOpas — TOTOBUJIACH K OTPabOT-
ke. lllupuHa 1METNKOB MEXIy OypOBBIMH BOCCTa-
IOIUMHU — 6 M, BBICOTa BOCCTarOMMUX — 1,7 M, mu-
puHa — 3 M.

[epBas monoBuHa LENHMKa OTOMBaIACh U3 OAHO-
ro OypoBOro BOCCTAIOLIEr0, & OCTABIIASCS — U3 APY-
roro. PazBopor mmnypos 1o najgeHuro odecrneuynBai
HaTpaBJICHHYIO OTOOHKY.

B Tabn. 1 u 2 npuBeneHsl oka3aTenu oTpadoT-
KM PYJHBIX TeEIL.

B cpaBHUMBIX yCIOBHSIX OTOOMKA U3 IITPEKOB
HMeeT Jyullne MoKa3aTeldu, YeM OTOOoiKa M3 Boc-
craromux (Taor. 3).

Tabnuya 1
Iloka3aTeju BapuaHTa CIJIOMIHON BbIEMKH € 0T0OIKOIi pyabl U3 MOIITAKHBIX IITPEKOB
[Table 1. Indicators with a solid groove with the breaking of ore from the sublevel drifts]
Baok Bupn pa6or O6nem, m> | Ilmomans, M?| MolHoCTh Pa3zy0o:xxuBanue, % IIpou3BoaUTEILHOCTH
[Block] [Type of work] [Volume, m®] | [Area, m?] pyaHasi, M [Impoverishment, %] 3a00iimuKa, M3/cM
[Mining [Productivity of
height, m] the miner, m%/ cm]
Otb6oiika nenuka
[Whole breaking] 1300 1000 1,1 15 3,5
1 Il
pOXOJKa IITPEKOB
[Passage of drifts] 1000 600 L1 33 3,9
Bcero [Total] 2300 1600 1,1 22 3,7
Ot06oiika nenmnka
[Whole breaking] 3300 1800 1,6 13 44
2 IIpoxoaka mTpexkoB
[Passage of drifts] 1300 800 1.4 21 4.6
Bcero [Total] 4600 2600 1,5 15 4,5
Otb6oiika nenuxa
[Whole breaking] 2200 2200 0,7 27 34
3 IIpoxoaka mTpexkoB
[Passage of drifts] 900 >00 0.9 46 2.8
Bcero [Total] 3100 2700 0,7 35 3,0
Tabauya 2
IToxa3aTe/n BapuaHTA BbIEMKH C 0TOOHKOM Py/Abl U3 0yPOBBIX BOCCTAIOIIMX
[Table 2. Indicators of the option of excavation with the breaking of ore from the drilling rebels]
Baok Bup pador Oo6bem, m* Iliowaas, M2 | Momuocts | Pasyboxusanue, % IIpousBoauTebHOCTH
[Block] | [Type of work] | [Volume,m?] [Area, m?] pyanasi, m | [Impoverishment, %] | 3aGoiimuka, M3 /cMena
[Mining [Productivity of
height, m] the miner, m*/shift]
Or6oiika nenuka
[Whole breaking] 1000 700 1,2 18 3,1
1 IIpoxonka
BOCCTAOIINX 600 300 1,1 32 34
[Raise driving]
Bceero [Total] 1600 1000 1,2 22 4,2
Or6oiika nenmka
[Whole breaking] 700 800 0,5 40 4,9
5 IIpoxonka
BOCCTAOIINX 1300 800 0,7 52 4,6
[Raise driving]
Bceero [Total] 2000 1600 1,2 22 4,9
Or6oiika nenmka
[Whole breaking] 1300 1600 0,6 30 3,0
3 IIpoxonka
BOCCTAOIINX 1800 800 0,6 65 34
[Raise driving]
Bceero [Total] 3100 2400 0,6 49 3,0
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Tabauya 3
ConocraBuMble NMOKa3aTeJ Il BAPMAHTOB OTOOHKHU PyabI
[Table 3. Comparable indicators of variants of breakage of ore mineral]

Bapunanrt Buoku Yroa Pa3mepsbl, M | MomHoCTh Hoas Pazy6o:xnBanue, % | Ilpon3BognTeILHOCTD

0TOOHKHN [Blocks] | mapenus, ° | [Size, m] pyanasi, M | Hapesubix |[Impoverishment,%]| 3a0oiimuka, M3/ cm

[Option [Angle of [Mining padot, % [Productivity of

breakings] incidence, °] height, m] [Share of the miner, m%cm]

rifled
works, %]
" 1 12 40x40 1,1 45 22 3,7
3 rl‘li’ﬁ;f:;“""‘ 2 30 45%55 1,5 28 15 4,5
[From the sub- - 3 30 50x55 0,7 40 35 4,4
floor drifts] pejee — — 1,1 37 23 3,7
[Average]
1 10 45x%35 0,7 47 47 4,7
5 Bocer X 2 15 40x25 1,2 32 22 3,2
3 POCCTAIONI 3 30 55%50 0,6 34 49 3.2
[From rising] C
peaee - - 0.7 38 42 3,8
[Average]
N3 ounctHOTO
HPOCTPAHCTBA Cpennee B B
[From [Average] 1.0 >0 41 37
the treatment space]

IIo mpou3BOAUTENBHOCTH TPyJa BAPUAHTHI OT- PazyboxuBanue pynbl Mopogoil mpu oTOO-
0OMKHU 6J'II/13KI/I, YTO OOBICHAETCS MNpeBaAJIMPOBAHUCM K€ Oompeacia€T Kadye€CTBO TOBapHOﬁ OpoAyKIHH
nonu OypeHus B Tpyno3arparax (puc. 3). (puc. 4).

=
L2 38
g%
>
E . 3,78 -
ﬁ B
2 g
z é’ 3,76 -
=}
5 9
£ &
= § 3,74 -
/M
Gl
52 3,72 -
= =
=35
s 37 4
3,68 -
3,66 -
3,64 T r 1
1 2 3

Puc. 3. IIpon3BoauTeIbHOCTD TPY/A NPH ATbTEPHATHUBHBIX BAPHAHTAX O0TOOIKHU pyA:
1 — 13 IOAPTAXKHEIX IITPEKOB; 2 — U3 OyPOBBIX BOCCTAIONINX; 3 — YCTyIaMH
[Figure 3. Labor productivity in alternative types of ore separation:
1 — from sub-floor drifts; 2 — drilling rising; 3 — terraces]
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Puc. 4. Pa3y6o:xuBaHue Npu aa1bTePHATHBHBIX BADHAHTAX OTOOWKH py.a:
1 — M3 MOAPTAXKHBIX IITPEKOB; 2 — U3 OYPOBBIX BOCCTAIOLINX; 3 — YCTyHaMH
[Figure 4. Disintegration in alternative types of ore caving:

1 — from sub-floor drifts; 2 — drilling rising; 3 — terraces]

Ot6oiika U3 OypOBBIX BBIPAOOTOK HE TOJBKO YC-
TpaHsieT He0OX0ANMOCTb HaXOXXICHHUS PabOTaroLINX
B OTKPBITOM BBIPAaOOTAaHHOM IIPOCTPAHCTBE, HO U (-
@eKTHBHee IO MOKaszaTeJIsIM MPOU3BOAUTCILHOCTHU
TpyZAa 1 KadecTBa 100BIBAEMBIX PY/I.

Bospacraromyro ¢ yBemuueHHeM III0Maau o0Ha-
JKCHUSI KPOBJIM OIACHOCTh OOpYIICHHS MOPOJ C PHUC-
KOM /1 pabOvrX M yBEITMYEHHEM Pa3yO0KUBaHHUS Py
CHIDKAIOT OTpaHWYeHHEM BPEMEHH HaXOXJEHHUE pa-
OoTaronx B BHIPAOOTAHHOM IPOCTPAHCTBE IS BbI-
TIOJTHEHUS TIPOU3BOJICTBEHHBIX OMepaIuii (Hampumep,
00CITyKMBaHHs CKPETICPHON YCTAaHOBKH).

IIpu omeHke cTemeHn prcka pa3pylIeHUsT Hecy-
el TOpOJHON KOHCTPYKLMU B KpPOBJIE OYMCTHOH
BBIPAa0OTKM MCXOMAT U3 TOTO, YTO CKAIBHBIE TOPOIBI
pasOuTHl TpeIMHAMH Ha CTPYKTYypHBIE OJIOKH, KOTO-
pBIE TIPH OIPEJIENIEHHBIX yCIOBHIX 00pa3yroT Hecy-
HIyI0 apKy, HECYIIyI0 MPUTPY3KY MOpoJaMH B Mpe-
Jefiax CBOJa €CTECTBEHHOI'O PaBHOBECHSI.

[Ipu HETOCTATOYHOM 3aKIIMHUBAHHUH ITOPOJ apKa
MOYKET pa3pyIIUThCs, U KPOBJIS M3 TUIOCKOH 10 (op-
Me MpeBpaTUTC B cBoavaryro. HamexHoe 3akIuHU-
BaHME IOPOJ B MpeAesax CBOJa ECTECTBEHHOIO PaB-
HOBECHI 00eCTIeYrBACTCSI IIPH YCIOBUH

o
L paxm < L o’
rae quam — (pakTHUeckoii mposIeT KPOBIU BEIPabOT-

KU, M; L — MPEeNeNbHO TOMYCTHMBIN MPoJIeT 00Ha-
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JKEHHUS TIIOCKON KPOBIIM MPU JAHHOM HAKJIOHE BbIpa-
0O0TKH, M.
CBsI3b MEKILy pa3Mepamu MpoJIeTOB MOPO KPOB-

o

JI (Lu) B PYAHBIX TCJIaX C YIJIOM MaACHUS O BbIpa-
KaCTCsAa 3aBUCUMOCTBIO

L=K.L"

rae L - IIPEICIIbHBIN SKBUBAJIEHTHBIN IPOJIET IIOPOJ

KPOBJIM TOPH30HTAILHON BBIPAOOTKH; K. - Ko3(-
(UIMEHT yueTa yriia HaKJIOHA BEIPaOOTKH:

1
K(,z 2 L2
cos ¢*Msin ¢
rae O — yroJs majeHusi pyJHoro tena, °; 1 — Koagd-
¢unHreHT 60KOBOT0 Pacropa MOPOAHBIX OJIOKOB:

v
n=-—o.
l-p
rae | — koadduuuent Ilyaccona.

Bemmanna K. 3asucur ot yria majieHus pyn-
Horo Tena. [Ipum n3meHenuu yria mageHus ot 0 1o
50° ko3¢ ¢punmenT ysenuuusaercs ot 1 1o 1,5.

Pacuer 6e3omacHOCTH HECYIINX KOHCTPYKITHM
13 3aKJIMHUBIINXCS B KPOBJIE MOPOJ MCXOAMUT U3 THU-
MOTETUYECKOTO BPEMEHHU HACTYIJICHUS! OOpYLICHUS
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KPOBJIM B TIpe/ieIaX CBOJIa €CTECTBEHHOTO PAaBHOBECHSI
MIPY HAPYIICHUH yCIOBUS MPOYHOCTH.

IIpu oTOoOliKe pyIBI B YCTyIIE pabOTAIOIIHE OKa3hI-
BalOTCS B CAMBIX OMACHBIX YCIIOBUSX, TOCKOJIBKY 0(hop-
MJICHHE YCTYMOB MPOU3BOIUTCS B TO BpeMs, Korma

L paxm  JJOCTUTACT MAKCHMAJBHOW ISl TaHHBIX YC-
JIOBUH BENUUYUHEI (pUC. 5).

TpanuuMoOHHBIA BapHaHT XapaKTEPH3YyeTCs II0-
BBIIIEHHON OTTACHOCTHIO IS pabodnX, HaXOSMIINXCS
B OTKPBITOM BBIPAa0OTaHHOM MPOCTPAHCTBE IJIs Op-
TaHU3AIUU JOCTaBKH pa30OpOCaHHON B3PHIBOM PYIbI.

AJbTepHATUBHBIC BAPHUAHTHI C OTOOMKOW pPyIBI W3
TOZPTAKHBIX IITPEKOB U BOCCTAIOIINX XapaKTEPH3YIOTCS

HaXOKJICHUEM pa0OTaoIIMX B MPE/IeNax BhIPaOOTOK Ma-
JIOTO CEYEHHUs], UTO CHIDKAET BEPOSTHOCTh TPaBMaTH3Ma.
[Ipu oTOO¥KE M3 TOIPTAKHBIX MTPEKOB YCIOBHE

L,..=< L. voxer 6ors HapyLICHO UCKITIOYUTEITh-
HO Ha 3aKJIIOYUTEIbHOM cTaguu 0TpabOTKU MaHeNeH.
OmacHocTb 111 padovnX MOKET IPECTaBIATh TOJIBKO
B3pBIBHAS BOJIHA IIPU THUIIOTETHYECKH MAacCOBOM 00-
pYyLIEHUH KPOBIH (pHcC. 6).

[Tpu oTOoliKe U3 OYPOBBIX BOCCTAIONIUX OMac-
HOCTh TPaBMAaTH3Ma IIPH THIOTETHYECKOM 00pyIe-
HUHM MOXET BO3HUKHYThH TAKXKE TOJBKO Ha 3aKIIIOUYH-
TEJNILHOW CTaJuy IMocje OTPaOOTKU PYAHBIX LIETHKOB

(puc. 7).

Puc. 5. Bapuanr ¢ ordoiikoii ycrynamm:
1 — nanpasneHue ¢ppoHTa padoT; 2 — pacIoI0KEeHHE OTOUTON PybI
[Figure 5. Variant with rebind steps:
1 — the work front direction; 2 — the location of the broken ore]

Puc. 6. BapuaHT ¢ 0T00iiK0Ii U3 MOJ3TA’KHBIX IITPEKOB:
1 — 6ypoBble mTpeKH; 2 — 0TOHTAs pya
[Figure 6. Option with a breakdown from the sub-floor drifts:
1 — drilling drifts; 2 — repulsed ore]
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Puc. 7. BapuanT ¢ 0160iiKk0ii U3 0ypOBBIX BOCCTAIOINHX:
1 — pynHbIit MaccuB; 2 — BEIpaOOTaHHOE NMPOCTPAHCTBO
[Figure 7. The option of breaking from drilling rising:
1 — ore massif; 2 — mined-out space]

AHanum3 BapraHTOB OTOOWKY PyJI IO3BOJISET OIIe-
HUTH NPOYHOCTH KOHCTPYKIUU IO YBEJIIMYCHHUIO OIlac-
HOCTH ISl pabOTalOMMX: U3 BOCCTAIOLINX, U3 IITpe-
KOB, 13 BBIPa0OTaHHOTO MPOCTPAHCTBA.

CoBMeCTHOE pacCMOTpPEHHE TTapaMeTPOB OTOOM-
KH Py ¥ YCTOWYMBOCTH HECYIIUX TMOPOJHBIX KOH-
CTPYKIWH U3 3aKIMHUBIIMXCS TOPOJ] TIO3BOJSIET YT-
BEpXKIaTh, YTO JIYUIIHE TOKA3aTelIH O0OECIeYHBAIOT
BAapUaHTHl ¢ OTOOWKOW W3 OypOBBIX BBIPAOOTOK,
MPU ATOM SIBIISSICH MEHEE OMACHBIMU IS pabouyux
M0 CPaBHEHUIO C TPATUIIMOHHBIM BapHAHTOM OTOOI-
KU U3 BRIPaOOTaHHOTO MTPOCTPAHCTRA.

Jlns Hax oK JIeHHs TPUEMIIEMOTO KOMIIPOMHUCCA
MeXIy TpeOOBaHUSIMHU HAICKHOCTH MOPOJHON KOH-
CTPYKIWUU U S3KOHOMHYHOCTH TOOBIBAEMBIX PY[ B TIPO-
1[eCCe MPOCKTHPOBAHUSI M YKCILTyaTallud TOPHBIX BbI-
paboTOK 11eIeco00pa3HO UCTIOIH30BATh TOTYUYSHHBIE
3akoHoMepHocTH [10-13].

BbiBoabI

1. IToka3zaTenu pa3pabOTKH MECTOPOXKAECHUH pyA
PEIOKHX, OJaropoIHBIX M IBETHBIX METAJLIOB, CJI0KEH-
HBIX TIOJIOTO3AJICTAIOIIMMHU PYJHBIMU TEJIAMH MaJIOH
MOIIHOCTH, MOTYT OBITh YJIy4IIEHBI IIPH KOMILIEKC-
HOU OIICHKE MapaMeTpoB 00OHKH Py/I.

2. HecMOTps Ha IOBBIIEHHYIO TPYAOEMKOCTB IIPO-
XOIKH OypPOBBIX BBIPAOOTOK, MPOU3BOAUTEIIHHOCTE TPY-
Jla 3a00UIIMKa HE YMEHbBIACTCs, TIOTOMY YTO 3aTpa-
THI HA MPOXOAKY KOMIIEHCHUPYIOTCS YOOOCTBOM J0-
CTaBKH PYAbI IIPH CO3JaHHU PYIHOTO Baja, a pasy-
0OXMBaHWME YMEHBIIACTCS.

3. BapuanTsl 0TOOHKH U3 OYpOBBIX BBIPaOOTOK
NPEBOCXOAST BapUaHT OTOOWKU M3 BHIPAOOTaHHOTO
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MIPOCTPAHCTBA 3a CUET CO3MaHus 0oyiee KOMGPOPTHBIX
YCIIOBHM IS pabOTHI B3PHIBA.

4. Ot0Ooiika u3 OypoBBIX BEIpabOTOK mpH Oojee
BBICOKHX TIOKa3aTelsX JOOBYU pyabl H30aBIseT pa-
0oTaromux OT HEOOXOAMMOCTH OIACHOTO HaXOXKIe-
HUS B OTKPBITOM BBIPa0OTaHHOM MIPOCTPAHCTBE.
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Abstract. Relevancy. Most of the non-ferrous metal ores are produced by low-productivity and dangerous technology

in conditions when high-performance technology cannot be used.

The aim of many studies and this work is to find reserves for increasing productivity and safety in the development of

such deposits through the use of hidden technology capabilities.

The method of investigation is a comparison of the traditional version of ore breakage with new variants of ore brea-
king in the framework of an industrial field experiment with interpretation of the results obtained.

Results. Quantitative values of the efficiency indices of ore breakage from drilling workings are obtained in compari-
son with the traditional version with the breakage of the ledges and the worked out space. It is proved that the application of
the new technology, despite the laboriousness of penetrating the drilling workings, does not worsen the technical and eco-
nomic performance of the design, radically improving the safety of work. The results obtained are approximated graphically.

Conclusions. The indicators of the breakage from the drilling workings outstrip the traditional version of the breakage
due to the previously unavailable features of the breakage and placement in the worked out space of the ore, saving
the workers from the danger of being in the open worked-out space.

Keywords: ore, underground mining, drilling, labor productivity, explosive rebound, ledges, drilling, drifts, rising

References

1. Golik V., Komashchenko V., Morkun V., Khashe-
va Z. (2015). The effectiveness of combining the stages of
ore fields development. Metallurgical and Mining Indus-
try, 7(5), 401-405.

2. Ben-Awuah E., Richter O., Elkington T., Pourrahi-
mian Y. (2016). Strategic mining options optimization: Open
pit mining, underground mining or both. International Jour-
nal of Mining Science and Technology, 26(6), 1065-1071.

3. Ryl'nikova M.V., Korneev S.A., Mazhitov A.M.,
Korneeva V.S. (2014). Obosnovanie sposobov osvoeniya i
sistem razrabotki malomoshchnyh rudnyh tel Kamagan-
skogo mednokolchedanskogo mestorozhdeniya [The sub-
stantiation of ways of development and development sys-
tems thin ore bodies Kamaganskaya mediocolegal field].
Gornyi Zhurnal [Mining journal], (5), 56—63. (In Russ.)

4. Golik V., Komashchenko V., Morkun V., Irina G.
(2015). Improving the effectiveness of explosive breaking on
the bade of new methods of borehole charges initiation in
quarries. Metallurgical and Mining Industry, (7), 383-387.

444

5. Bonsu J., Dyk W., Franzidis J.P., Petersen F., Isa-
fiade A. (2017). A systemic study of mining accident cau-
sality: an analysis of 91 mining accidents from a platinum
mine in South Africa. The Journal of the Southern African
Institute of Mining and Metallurgy, 117, 59-66.

6. Dmitrak Yu.V., Kamnev E.N. (2016). AO “Vedu-
shchij proektno-izyskatel'skij i nauchno-issledovatel'skij
institut promyshlennoj tekhnologii” — Put' dlinoj v 65 let”
[The Leading Design and Research Institute of Industrial
Technology — the Path of 65 years]. Gornyi Zhurnal [Mi-
ning journal], (3), 6— 2. (In Russ.)

7. Golik V.I., Razorenov Yu.l.,, Ignatov V.N., Kha-
sheva Z.M. (2016). The history of Russian Caucasus ore
deposit development. Journal of the Social Sciences, 11(15),
3742-3746.

8. Jang H., Topal E., Kawamura Y. (2015). Decision
support system of unplanned dilution and ore-loss in under-
ground stopping operations using a neuro-fuzzy system.
Applied Soft Computing Journal, 32, 1-12.

9. Belousov A.S., Alekseev O.N. (2017). Tekhnolo-
gicheskie skhemy podgotovki otrabotki malomoshchnyh

ANALYSIS OF UNDERGROUND STRUCTURES



lomvk B.W., Benogenos AA., INorayes A.B., Wypbiruk [1.H. CTpouTensHas MexaHuka MHXEHEPHbIX KOHCTPYKLA 1 coopyxweHiin. 2018. T. 14. Ne 5. C. 436445

uranovyh plastov [Process flow charts for preparing thin
uranium strata for mining]. Gorny Informatsionno-Analiti-
cheskiy Byulleten (nauchno-teknicheskii zhurnal) [Mining
Informational and Analytical Bulletin (scientific and tech-
nical journal], (9), 102-108. (In Russ.)

10. Wang G., Li R., Carranza E.J.M., Yang F. (2015).
3D geological modeling for prediction of subsurface Mo
targets in the Luanchuan district, China. Ore Geology Re-
views, 71, 592-610.

11. Lyashenko V.I. (2015). Prirodoohrannye techno-
logii osvoeniya slozhnostrukturnyh mestorozhdenij polez-
nyh iskopaemyh [Nature protection technologies of devel-
opment of complex fields of minerals]. Markshejderskij
vestnik [Mine Surveying Bulletin], (1), 10-15. (In Russ.)

12. Kalmykov V.N., Petrova O.V., Mambetova Yu.D.
(2017). Obosnovanie parametrov tekhnologicheskih rezer-
vov ustojchivogo funkcionirovaniya gornotekhnicheskoj
sistemy pri podzemnoj razrabotke medno-kolchedannyh
mestorozhdenij [Justification of parameters of technologi-
cal resources for stable performance of geotechnical sys-
tem in underground pyritic-copper ore mining]. Gorny
Informatsionno-Analiticheskiy Byulleten (nauchno-teknicheskii
zhurnal) [Mining Informational and Analytical Bulletin
(scientific and technical journal], (8), 5-16. (In Russ.)

13. Vasil'ev P.V., Stas' G.V., Smirnova E.V. (2016).
Ocenka riska travmatizma pri dobyche poleznyh iskopaemyh
[Assessment of the risk of injury in mining]. Lzvestiya TulGU
[Izvestiya Tula State University], (2), 39-45. (In Russ.)

About the authors

Vladimir 1. Golik — Professor, Dr Sci. (Eng.), Profes-
sor of the Department of Mining, North Caucasus State
Technological University (Vladikavkaz, Russia). Research
interests: technologies of development of mineral deposits
by open and underground method, environmental methods
of extraction, methods of extraction of metals by leaching,
utilization of waste production and processing of minerals
with the activation of components, training of highly quali-

PACYET NOA3EMHbIX COOPYXXEHUN

fied personnel. Contact: e-mail — v.i.golik@mail.ru.
ORCID iD: 0000-0002-1181-8452. eLIBRARY SPIN-code:
7931-6546.

Andrey A. Belodedov — Cand. Sci. (Eng.), Associate
Professor of the Department of Mining, Dean of the Mining
Faculty, South-Russian State Polytechnic University (Novo-
cherkassk, Russia). Research interests: development of
deposits of minerals, methods of coal mining by innova-
tive technologies, utilization of production and processing
waste, training of highly qualified personnel. Contact:
e-mail — a.a.belodedov@mail.ru. ORCID iD: 0000-0001-
5050-8783. eLIBRARY SPIN-code: 8235-2491.

Alexander V. Logachev — Cand. Sci. (Eng.), Associ-
ate Professor of the Department of Mining, South-Russian
State Polytechnic University (Novocherkassk, Russia). Re-
search interests: development of mineral deposits, methods
of mining metals by leaching, utilization of mining and
mineral processing wastes with the activation of compo-
nents, training of highly qualified personnel. Contact:
e-mail — log.a@bk.ru. ORCID iD: 0000-0002-0011-6367.
eLIBRARY SPIN-code: 4908-7257.

Dmitriy N. Shurygin — Cand. Sci. (Eng.), Associate
Professor of the Department of Mining, South-Russian
State Polytechnic University (Novocherkassk, Russia).
Research interests: development of mineral deposits, in-
terpretation of research results using information techno-
logy methods, training of highly qualified personnel.
Contact: e-mail — shurygind@mail.ru. ORCID iD: 0000-
0001-9173-4090. eLIBRARY SPIN-code: 1817-0360.

For citation

Golik V.I., Belodedov A.A., Logachev A.V.,
Shurygin D.N. (2018). Modeling and monitoring of
rock structures on the geotechnical factor in the deve-
lopment of shallow deposits. Structural Mechanics
of Engineering Constructions and Buildings, 14(5),
436-445. DOI: 10.22363/1815-5235-2018-14-5-436-445.
(In Russ.)

445



