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WAYS OF IMPROVEMENT OF TECHNOLOGIES FOR MINING

Abstract. Over the past 5 years, the average monthly speed of horizontal workings at non-ferrous mines has
increased by 37%, rising by 32%, and the productivity of sinkers has increased by 20%. With the increase in the
depth of development and mining pressure, the labor intensity and volume of mining capital and preparatory work
has increased, and in some cases, the time spent working out takes more than 60% of the total time for the
construction of mines and new horizons. In this regard, there is a need to organize high-speed workings with the
effective use of modern means of mechanization.

Recently, non-ferrous metallurgy mines have been equipped with new, more advanced self-propelled drilling,
loading and delivery and auxiliary equipment. Using this equipment allows to increase the productivity of tunnellers
by 3-4 times with bringing the speed of horizontal capital workings to 200-300 m / month and preparatory rifling
workings to 150-250 m / month, while reducing the cost of 1m3 of rock mass by 10-30%. Such speeds allow
significantly reducing the time required for preparing the cleaning blocks for excavation.

Key words: speed of mining operations, non-ferrous metallurgy, technological schemes, sinking equipment,
economic effect, sinking cycle.

Mine shafts in rocks where underground water flows up to 5 m3 / h are constructed in the usual way;
for inflows of more than 5 m3 / h - in special ways, the use of which is determined not only by the factor
of underground water inflow, but also by the stability of the rocks. For example, when conducting
horizontal and inclined workings in unstable rocks (sand, sandy loam, etc.), special methods are used for
water inflows of less than 5 m3/h, and in stable rocks, water inflows even up to 50 m3/h may not cause the
need for a special method. In contrast to conventional methods, special methods are characterized by the
production of works on preliminary fixing of the rock mass in which the mining is being constructed,
which allows to increase its stability and reduce water flows. Special methods include the following:
caisson (see Caisson), injection (see Fixing of soil); freezing of rocks (see freezing of soil); lowering the
level of underground water using wells and drainage means (see Draining of mineral deposits); fixing
rocks along the contour of the mine workings with a lowering or driving support that protects the face
from rock falls, reduces the flow of water into the mine and significantly improves the conditions for
excavating the rock in the face and building a permanent support. Experimental work is underway to fuse
weak water-bearing rocks with electric current. When constructing vertical shafts and sloping workings in
plyvunakh, as a rule, freezing of rocks along the contour of the mine workings is used, and when
conducting horizontal workings — solid freezing of the array from the surface or sinking under
compressed air (caisson method).[1]

The widespread use of self-propelled machine complexes at all stages of mining is a major
achievement of the technical development of the mining industry. At advanced domestic and foreign
mines, this equipment is used, despite its high cost, as it provides highly profitable workings for various
purposes.
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Due to the fact that a large number of various tunneling machines and mechanisms are currently used
in non-ferrous metallurgy mines and considerable experience has been accumulated in their application, it
became necessary to generalize this experience. Standard projects of high-speed sinking of mine workings
for non-ferrous metallurgy mines have been developed, including the following technological schemes:

carrying out horizontal capital workings using rail rollback (17 schemes);

carrying out horizontal workings using self-propelled equipment (8 schemes);

multi-hole horizontal pre-cut workings using self-propelled equipment (6 schemes);

carrying out rising and inclined workings with the help of KPV and KPN complexes (3 schemes);

The developed technological schemes provide for horizontal workings with a speed of 200,300 and
500 m/month, vertical-120 and 140 m/month, inclined - 200 m/month. Analysis of technical data has
shown that at present the majority of horizontal capital and preparatory workings are carried out with a
cross-section of up to 10m, including 21.1% - up to 6m, 61.2% - from 6 to 10m, and only 17.7% of all
workings are carried out with a cross-section of more than 10m.

However, in the next 10-15 years, due to the widespread use of powerful self-propelled equipment,
the number of large-section workings will increase to 60-70% and the productivity of tunnellers will
significantly increase during the complex mechanization of all technological processes. This will
significantly reduce the amount of manual labor in the sinking, eliminate the laying of rail lines in the
main workings and reduce the number of workers in the bottom.[3]

Technological schemes provide for the use of the following tunneling equipment: loading machines
PPN-2,PPN-3,PNB-3K,drilling machine 2pnb-2K,drilling carriages of Il and IV sizes (BUR-2,SBKNS-2,
"mini-Burg"”, "Cavodrill-555", etc.), hand punchers PR-30K, telescopic punchers PT-45, tunneling cars
UVG-2.5, waybill plitarazminovka, shunting truck TM-1, loader PSK-1,concrete machine BM-60,
pneumatic loader ZP-1 in various COMBINATIONS of COMPLEXES. Single-track and double-track
workings intended for rail vehicles are carried out at a speed of 200-500 m / month. Depending on the
tunneling equipment used, labor productivity varies from 2.67 to 7.2 m3/person per shift (table 1).

Table 1 - Executive cyclogram ofwork on the development of a cross section with an area of 14.86 m2

The volume ) ) Watch the change
Process works Number of Duration, min

for the cycle workers 1 2 3 4 5 6
Drilling holes, m 98 1 124 . .
Charging, blasting, airing - 4 32 .
Loading of rock, m3 29,8 1 11 i .
Carrying out a drainage ditch, m 2 2 65 .
Drilling of the rod holes,m 315 1 46 LI
Mounting with rods, Pcs 15 1-3 65
Expansion of ventilation pipes 2 2 29 .
Auxiliary work - 13 328 . . LI

Capital horizontal workings with a cross section of 11 to 20 m2, intended for the movement of self-
propelled equipment with single-row movement are carried out on rocks with a fortress of 8-16 on
Protodyakonovu with the use of rod support or without attachment at a speed of 200-300 m/month. Two
main tunneling complexes of self-propelled equipment are used:

drilling carriage Il or IV size (SBU-2m, BKG, "Paramatic", etc.), continuous loading machine
PNB-3K and dump trucks MoAZ-6401, "blow Knox", ANF;
drilling carriage of IlIl or IV standard size and loading and delivery vehicle with diesel drive

(DK-2,8 D, ST-2B, ST-5A, LK-1, "Toro-500D").

Additionally, two schemes with the use of manual drilling with PR-30K punches are considered. The
PT-45 telescopic puncher is used for drilling rod holes. It is recommended to use granulated
EXPLOSIVES with mechanized loading of spurs of ZP-1 pneumatic loaders. The productivity of
tunnellers varies from 5.1 to 13.9 m3person per shift, depending on the cross-section area of the workings
and the self-propelled equipment used.[2]

As an example, a project for organizing work during the development of a cross-section of 14.86 m2
in rough on rocks with a fortress of 8 with reinforced concrete rods. A sinking complex is planned as part
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of the SBU-2m drilling carriage of the IV standard size and the ST-5A loading and delivery vehicle. The
PT-45 telescopic puncher is used for drilling rod bores. For rice.1 shows the cyclogram ofthe organization
of work in the face. A link consisting of four tunnellers performs a full tunneling cycle in a six-hour shift.
(table 2)

Table 2 - Technical and economic indicators of the accepted tunneling complex

The speed of the Working, mM/MONTH..........ccoiiiiii et e e 200
Podvigina slaughter PEr CYCIE, M. ....cuiiiiieie ettt a e es 2
The number 0f CYCIES PEr SNift.........ooviiiee et e

The number of drifters per Shift, Man...........cccooiiii e

Labor productivity, M3 / Person-Shift..........cccciiiiiiiiiiiiiiiieci e 7,49

The multi-hole method of conducting pre-cut workings is adopted in order to maximize the use of
high-performance self-propelled equipment with a speed of workings from 200 to 600 m / month. During
these workings, it is planned to use loading and delivery vehicles with pneumatic drive MPDN-1 ("KaVo-
310", "KaVo-511"), with diesel drive ST-2B, loading machine PPN-2G, tunneling cars VS-5P and drilling
carriages ofthe Il standard size (SBNK-2P, SBKN-2M, " mini-Burg»,»Cavodrill-555", "Minimatic") [1].

Labor productivity varies from 6.2 to 12.37 m3/person per shift, depending on the number of faces in
the applied sinking system.

Pre-cut workings under favorable mining and geological conditions are carried out without fixing due
to their short service life. As an example, the project of technology and organization of work when
bringing preparatory rifling workings with two faces with a cross section of 9, 23m2 in rough on rocks
with a fortress of 10-12 without fastening is given. In this case, the tunneling complex consists of two
drilling carriages of the Il standard size and a ST-2B loading and delivery vehicle. Work in both faces is
performed by a link ofthree sinkers.(table 3)

Table 3 - Technical and economic indicators of the accepted tunneling complex

The speed of the Working, mM/MONTH..........ccoiiiii e a s e 225
Podvigina Slaughter PEr CYCIE,M ... .....c.i et s 1,7
The NUMDBEF OF CYCIES PEI SNITL.......c.oeiiece e s 0,75
The number of drifters Per SNITLMAN. ..o e 3

Productivity,M3/Person-Shift...........ccccciiiiiiii e bbb nes 7,85

Each project of high-speed horizontal workings includes: characteristics of the production, the list of
equipment used, the scheme of its placement in the face, passport, indicators of drilling and blasting
operations, technical and economic indicators and the schedule of work organization.[4] The projects
provide an overview of the state of mining operations at non-ferrous metallurgy mines, methods for
calculating the parameters of drilling and blasting operations and mining operations, and analyze the
applied technological schemes and means of mechanization of tunneling operations. The calculation of
ventilation in the projects is not given since the choice of the final ventilation scheme, the type and
number of fans for local ventilation is carried out taking into account the specific conditions and the length
ofthe work being carried out.

Conclusions

1. Low rates of mining operations are one of the reasons for the long construction and commissioning
ofnew mines.

2. The most significant reduction in the cost of 1m3 is achieved at the speed of mining operations
from 200 to 400 m / month. At the same time, the greatest economic effect can be obtained when using
equipment that allows complex mechanization ofall operations of the tunneling cycle.

3. The developed technological schemes for the use of self-propelled equipment complexes for
mining operations at a speed of 200,300 and 500 m / month allow us to efficiently operate expensive high-
performance equipment, to increase the productivity of workers by 3-4 times while reducing the cost of
1m3 ofthe extracted rock mass.
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MAVOANBI LA3BANAPAbLI OHA1PY TEXHONOTUANAPLIH
XET1N41PY XXONAAPBI

AHHoTaumsa. CoHrbl 5binga TYCTi MeTannyprus KeHiwiHge KengeHeH Kasdanapabl YHrineyfiH opralla ainbik
Xblngamabirsl 37%-ra, epnemenepaiki 32%-ra, an YHrineywinepaiH eHbek eHimainiri 20%-ra ecti. Kasy TepeHgiri
MeH Tay-KeH KbICbIMbIHbIH “NTalobl apkbiabl Tay-KeH KYPgeni >KaHe pfailblHAbIK X MbICTapblHbIH eH6eK
CbIMbIMABINBLITEI MEH KefieMi apTThl XX3HE XeKenereH xargainga kasbanapabl XYprizy yakblT 60/bIHLIA WaxXTa MeH
aHa rOpu30HT cany YyakbITbiHbiH 60% acTtaMmblH anafbl. OcbiraH 6ainaHbICTbl 3amMaHayu MeXaHWKanaHablpy
K¥pangapbiH TMiMai naingananyga kasbanappl Xbiagam eTkisygi ibIMAacTblipy KaXXeTTwn TybIHAANAbI.

CoHrbl yakbITTa TYCTi MeTannyprus KeHiwiHge YHriney >X“MbiCTapbl XaHa, aca XXeTingipinreH, esgiriHeH
XYpeTiH 67prbinay, Tuey-XeTk13y >K3He KOCaNKbl abAblKTapbiMeH YapaKTaHablpblnagbl. BAn XabAblKThl
naiipanany kengeHeH KYPgeni kazbanapabl XYprisy XbingamasirbiH aibiHa 200-300 M ellH X3He AalibIHAbIK-Tiime
KasbanapblH aiibiHa 150-250 M AeliiH XeTw3y HerisiHge Tay-KeH MaccacblHblH 1 M3 K¥Hbl 10-30% asaitraHga
YHrineywinepgiH eHbek eHimginirin 3-4 ece apTTbipyra MYMKiHAIK 6epegi. M”Hpain >Kbingamfablk Tasanay
610KTapbIH Kasyra gaiibiHaay Mep3iMiH aiTapnbikTail KbiCKapTyra MYMKIHAIK TyAblpagb!.

ThIrbI3, XapTblnaii )X3He XapTac Tay >XbIHbICTapbl apKblabl KanbiNTackaH nainfanbl Ka3ba KeH OpblHAAPbIHbIH
MnwTuK gactYpni TYPge 67proinay-xapy X MbICTapblH KOAAaHy HerisiHge 33ipneHegdi [2, 4]. Tay-keH
X/ MbICTapbIHbIH ()POHTLI effiMeKeHepre HeMece MH(PaK¥pbIibIM HbiCaHAAPbIHA XaKbIHAAraH Xaraaiia apbiibic
X AMbICTapbIH XYprisyre kebiHece MYMKiHAIK TyMaingbl. B~n peTte T proiH Yiire »KaHe 6acka HbiCaH4apra >XakblH
Xepae 6”pblHHaH MainganaHbinaTblH GipkaTap KeH opblHAapbiHAA Naligansl ka3banaphblH Heri3ri XKaHe aHar\psbim
canmanbl Kopfiapbl eHAenmen kangbl. Maigansl Kasbanapabl 6GaibiTy >3He TepeH eHpey YAepiciH XeTingipygiH
nepcnekTUBanbliK 6arbiTTapbl, MHHOBALMANAPAbIH 3/1eYMETMNK-3KOHOMUKANbIK TLWMALW K Macenenepi, 3KoNoruanbik
M3cenenep MeH TIyeKengep KapacTbipbingbl. MwuHepangblk — KelleHAi  Ae3vHTerpauyusnaygblH — 3Heprus
CbIMbIMAbLILITBIH ~ TEMEHAETY  acnekTinepi, 3HEPro3KOHOMMUKA/NbIK  KOHYCTbIK — “caKTarbilTapAbl  KongaHy
TEXHOMOTUACLIH KOCa anraHfa, KeH fJalibiHAay 60MblHILA AaMbITYAbIH NepPCrneKTUBablK 6GarbiTTapbl, COHAai-ak
anfblH ana LWorbipfaHy 3MeMeHTTepiH Kocy auwbingsl. [paBUTauMsnbiK 6eny 3AicTepiHiH famy 6arbiTTapbl
KapacTblpbingbl. XXYTipeTiH MarHUTTIK epici 6ap cenapaTopnapibl KongaHyra, CoHaali-ak noTaums TeXHONOMMACHIH
XKETINGIpY canacbiHAarbl MnepcrnekTMBanbl  33ipnemenepre, OHbIH iWiHAe >K"Ka TyraTy Ke3iH4e >KaKblH
TEXHOMOMUANbIK Kacue'w”™ 6ap MUHepangapAbl CENeKTUBTI 6eny Macenecll Lelly XojapblHa Hasap ayfapbiigbl.
Anmac 6aibiTy Y[epicTepiHiH M3acenenepi MeH 6arbiTTapbl TanfaHfbl, OnapfblH iWiHAe anfiblH ana 6aibiTy
(habprKanapbiHbIH KOHLENUMACBIH XY3ere acbipy XX3He Xbl1AaM KecinreH HelTpoHAap 3fAramMeH aiMasfbl KeHfi
anablH ana 6alibITy TEXHOMOMMACKIH AaMbITy NepcreKTUBTI 60MbIN caHanagb!.

TYWin cesmep: KeH KasbanapblH YHriney >bingamfpirsl, TYCTi MeTannyprus, TexXHONOrUANbIK CXemanap,
YHriney KOHAbIPrbIiCbl, 3KOHOMMWKaNbIK 3cepi, YHriney umkni.
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MYTW COBEPLWUEHCTBOBAHUA TEXHOMOT W AOBbLIYM MONE3HbLIX NCKOMAEMbIX

AHHOTaumsA. 3a nocnegHue 5 neT cpefHeMecsyHble CKOPOCTU NPOBeLEHUS TOPU3OHTaNbHbIX BbIPabOTOK Ha
pPYAHWKax LBETHOW MeTannyprum BO3pocinm Ha 37%, BOCCTalOWMX - Ha 32%, a MpoOM3BOAMTENbHOCTb Tpyaa
NMPOX0AYMKOB yBenmunnack Ha 20%. C yBennyeHuemM rny6uHbl paspaboTku M rOPHOro AaBfieHUs TPYAOEMKOCTb U
06bEM TOpPHO-KaNUTabHbIX U MNOArOTOBUTENbHLIX PaboT MOBLICUAUCL, W B OTAE/bHbLIX CAy4YasxX MNpPOBeAeHue
BbIpabOTOK MO BpPeMeHW 3aHWMaeT 6onee 60% OT 06LLEro BpeMeHU CTPOMUTENLCTBA LWAXT U HOBbIX FOPU30OHTOB. B
CBAI3W C 3TUM BO3HMKaeT HeoOXOAMMOCTb OpraHM3auum CKOPOCTHOro MpoBefeHUs BblpaboToK Mpu 3aHEKTUBHOM
NCMO0Jb30BaHUM COBPEMEHHbIX CPeSCTB MexaHU3auuu.

3a nocnefHee Bpemsa Ha pygHMKaxX LUBETHOW MeTannypruy npoxogveckume paboTbl OCHALLAKOTCA HOBbIM, 60ee
COBEpPLUEHHbIM CaMOXOAHbIM  6GYpPOBbIM, MOrPy304YHO-AOCTABOYHLIM M BCMOMOraTeslbHbIM  060pYA0OBaHUEM.
Mcnonb3oBaHWe 3TOro 060pyAoBaHuNsA No3BoNseT B 3-4 pasa MoBbICUTL NMPOU3BOAUTENBHOCTL TPYAa NPOXOYMKOB C
[OBefieHNEM CKOPOCTM TMPOBEAEHMS TOPU3OHTaNbHbIX KanuTalbHbIX BblpaboTok fo 200-300 m/mec u
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NOAroTOBUTE/IbHO-HAPE3HbIX BbIpaboToK A0 150-250 M/Mec MpU CHWKEHUW CTOMMOCTM 1M3 ropHoi Maccbl Ha
10-30%. Takune CKOPOCTY NO3BOAAIOT 3HAUYNTENbHO COKPATUTb CPOKM MOAFOTOBKM OUYUCTHBLIX 6/I0KOB K BbIEMKE.

BONbLWMNHCTBO MECTOPOXAEHWUIA MOME3HbIX WCKOMAEMbIX, CAOXEHHbIX MAOTHbIMW, MOMYCKaNbHbIMU 1
CKa/ibHbIMW FOpPHLIMK MOpoAaMu, TPaAULMOHHO pa3pabaTbiBalOTCA C NPUMeHeHMEM GYpOB3pbIBHbLIX paboT [2,4]. B
cnyyae NpubAMKeHNs (POHTA FOPHbIX paboT BMIOTHYIO K HACENEHHbIM MYHKTaM UAK 06beKTaM UHPaCTPYKTypbI
BefleHMe B3pbIBHbIX PaboT 3a4acTyl0 CTaHOBWTCA HEBO3MOXHbIM. [Mpu 3TOM B HEMOCPeACTBEHHOW 611M30CcTU K
XUNb0 U APYTUM OOBEKTAM Ha psje AaBHO 3IKCMAyaTMPYeMbIX MECTOPOXAEHMIA OCTannCb HeBblpaboTaHHbIMU
OCHOBHbIe U Hanbonee Ka4yeCcTBeHHbIE 3amnachl NOME3HbIX UCKOMaeMbIX. PacCMOTPEHbI NepCreKTUBHbIE HampaBieHNs
COBEpLUEHCTBOBaHMA Mpolecca oborawieHuss U r1y6oKoii nepepaboTKM MNOME3HbIX WCKOMaeMblX, BOMPOCHI
COLMaNbHO-3KOHOMUYECKOA 3EKTUBHOCTM MHHOBALMIA, 3KONOrMYecKne npobnemsbl M PUCKK. PacKpbiTbl acneKTbl
CHVXEHUA 3HEPrOeMKOCTW Ae3VHTerpauuy MuHepasibHbIX KOMM/IEKCOB, MepPCreKTVBHbIE HanpaBneHus pasBuTus
pPyZLONOArOTOBKM, BKAKOYAA TEXHONOTUW C MPUMEHEHUEM 3HEPrO3KOHOMUYHbIX KOHYCHbIX APOOGWNOK, a Takxe
BK/IIOYEHME 3/1EMEHTOB NpeABapuUTeNbHON KOHLUEeHTpauun. PaccMOTpeHbl HanpaBieHNs pa3BUTUS rpaBUTaLMOHHBIX
MeTOZ0B pasgeneHus. Ob6palleHO BHUMaHWe Ha NpUMeHeHWe cenapaTopoB C Gerywmum MarHMTHLIM NOEM, a Takxe
Ha nepcrnekTVBHbIe pa3paboTKU B Chepe COBEPLUEHCTBOBAHUSA TEXHOMOMMW (hoTauum, B TOM YMCNe NYTU peLleHus
npo6/seMbl CENEKTUBHOIO pa3feneHns MUHEepanoB C 6GAM3KMMU TEXHOMOTMYECKMMM CBOWCTBaMM MpU TOHKOM
BKparnaeHHOCTH.

KntoueBble c/ioBa: CKOPOCTb MPOBEAEHWS TOPHbIX BbIPAOOTOK, LBETHAs MeTayprus, TEeXHOAO0rM4eckue
CXEMbI, NPOX0A4eckoe 060py0BaHNE, SKOHOMUYECKUNIA 3(h(eKT, MPOXOAUECKUIA LMK,
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