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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 II 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 of work on the development of a cross section with an area of 14.86 m?

Watch the change
Process Thiv\(/)(sll(l;me Number of Duration, min &
for the cycle workers 1 21314 |5]|6

Drilling holes, m 98 1 124 . .

Charging, blasting, airing - 4 32

Loading of rock, m? 29,8 1 111

Carrying out a drainage ditch, m 2 2 65

Drilling of the rod holes,m 31,5 1 46 e |-
Mounting with rods, Pcs 15 1-3 65

Expansion of ventilation pipes 2 2 29 .

Auxiliary work - 1-3 328 . . . e |-

Capital horizontal workings with a cross section of 11 to 20 m?, 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 III or IV size (SBU-2m, BKG, "Paramatic", etc.), continuous loading machine
PNB-3K and dump trucks MoAZ-6401, "blow Knox", ANF;

drilling carriage of IIl 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 m*/person 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 m?
in rough on rocks with a fortress of 8 with reinforced concrete rods. A sinking complex is planned as part

—— 4 ——
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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 of the 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,m/MONth...........c.oceviiriiiiiieieieeeceeeee et reetessa e esnens 200

Podvigina slaughter Per CYCIE, M. .....c.oouiiiiiiiiiieiee ettt st be e eneenene 2

The number of cycles Per SHift..........ociiiiiiii ettt

The number of drifters per shift, Man.........cccocoiiiiiiiii e

Labor productivity, m3 / persOn-Shift............ccoccieirieieiieieieieieeser ettt bbb b s saeens 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 of the II standard size (SBNK-2P, SBKN-2M, " mini-Burgy»,»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 II standard size and a ST-2B loading and delivery vehicle. Work in both faces is
performed by a link of three sinkers.(table 3)

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

The speed of the WOrking,m/MONth............ooiiiiiiiiiii bbb et 225
Podvigina Slaughter Per CYCIE,IM ......eviieieiiiiciiciiceec ettt et ae st ese s e s e e ensesebessessesseens 1,7
The number of Cycles Per SNt .........co.iiiiiiii et 0,75
The number of drifters per Shift,Man ............ccoeiiiiiiiiiiii e 3

Productivity,Mm3/PerSOn-Shifl............cecviriiririiieicieiee ettt ettt e te st seese e esaenae e eneens 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
of the work being carried out.

Conclusions

1. Low rates of mining operations are one of the reasons for the long construction and commissioning
of new 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 of all 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 of the extracted rock mass.
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IAMJIAJIBI KA3BAJIAPJIBI OHJIIPY TEXHOJIOTI USIJIAPBIH
KETLIIAIPY XKOJIJAPBI

Annoranus. CoHFBI 5 XKBUIIAa TYCTI METAIUTYPTHsI KSHINTIH/E KoJIeHeH Ka30aaapapl YHTUICYAiH opTalla aiibIK
KeIaMabIFsl 37%-Fa, epremenepniki 32%-ra, an yHrizeyminepain eaoek eHimainiri 20%-ra ecti. Kasy tepenairi
MEH Tay-KeH KbICBIMBIHBIH YJIFAlObl apKbUIBl Tay-KeH Kyplenl »oHe MJallbIHABIK IKYMBICTapbIHBIH CSHOEK
CBHIMBIMABIIBIFEI MEH KOJIeMi apTThl XKOHE JKeKeJlereH JKaFiaiaa Ka30anapisl sKYprisy yakbIT OOHBIHINA IIaxTa MEH
’aHa TOPU3OHT caly YyakbIThIHBIH 60% acTambiH ananpl. OcblFaH OainaHBICTBI 3aMaHayHd MEXaHUKAJIAHIBIPY
KypaJIIapbIH THIMI Nai/iananyaa Ka3oanap/ibl )KbULIaM OTKi3yAl YHBIMAACTBIPY KQKETTUTIr TYbIHIANWIBL.

CoHFBI yakbITTa TYCTI METAaUTyprusi KEHIIiHIEe YHIUIEY JKYMBICTapbl jKaHa, aca KETUIHIpUIreH, o3iriHeH
JKYpETiH Oyprbuiay, THEY-)KETKI3y JKOHE KOCAJIKbl »KaOIbIKTapbIMEH »KapaKTaHIbIpbUIaibl. by kaOIbIKThI
naiijanany KeJJeHeH KypJesi Ka30anappl )KYprizy KeuiaaMabirbiH aiibiHa 200-300 M ieiiiH xKoHe TailbIHIbIK-TiIME
ka30anapbiH aiibia 150-250 M feifin KeTKizy HeriziHme Tay-keH MaccachiHbiH 1 M3 kymbl 10-30% azaitranna
YHruteyminaepaiy eHbex eHiMaimirin 3-4 ece apTThpyFa MYMKIHIIK Oepeni. MyHnal S>KbUITaMIBIK Ta3ajiay
OJIOKTapBIH Ka3yFra NaibIHAay Mep3iMiH alTapIbIKTai KBICKAPTyFa MYMKIHIIIK TYIBIPAJIBL.

ThIFBI3, JKapTHUIAM KOHE XKapTac Tay JKBIHBICTAPhl ApKbUIBI KAJIBINTACKAH IMaiigaipl Ka30a KeH OpbIHIAPBIHBIH
KONIILTri IOCTYpii Typae Oypreutay-Kapy KYMBICTapBIH KOJAaHy HeriziHAe o3ipmeHeni [2, 4]. Tay-ken
’KYMBICTapBIHBIH (D)POHTEHI eNiMEKeHIepre HeMece HHPPaKypbUIBIM HbICAHIapbIHA JKaKbIHIAFaH XKaFJali1a >KapbuUIbIC
’KYMBICTapbIH JXYpri3yre keOiHece MYMKIHIIK TyMaWabl. By perte TyprbIH yiire skoHe 6acka HbICAaHAApFa JKAKbIH
Kepae OYphIHHAH MaimaraHblIaThIH OipKaTap KeH OpBIHIAAPBIHIA Maiaanbl Kaz0aaapblH HETI3r1 jKOHE aHaFypJIbIM
camainbl Kopsapbl enaenmeil kannbl. Iladnanel kasOamapabl O0aibITY KOHE TepeH OHJCY YIEepICIH JKeTULIpyAiH
NIepPCIIEKTUBAJIBIK OarbITTapbl, HHHOBALMSIIAP/bIH 9JI€yMETTIK-OKOHOMHUKAJIBIK THIMALTIK Macelelepi, SKOJOTHsLIbIK
Mocelelep MEH ToyeKenJep KapacThIpbUIIbl. MHUHEpaIABIK  KEUIeHAlI Je3UHTerpalysuiay/iblH  JHEeprus
CHIMBIMIIBIIBIFBIH ~ TOMEHJETY  acleKTiiepi, OJHEprodKOHOMHUKANBIK KOHYCTBIK YCAaKTarblIITapAbl  KOJJIAHY
TEXHOJIOTHSCHIH KOCa ajJfaHla, KeH jaaiiblHnay OOWBIHIIA JaMBITYIbIH MEpPCIEKTHBAIBIK OarbITTapbl, COHIAM-aK
NJBIH ajla IIOFBIPJaHy S3JEMEHTTEpiH KOCy ambuibl. [ paBUTAaNMSIBIK Oeiy oniCTepiHiH aaMy OarbITTapbl
KapacThIpsUIABL. JKyTipeTiH MarHUTTIK epici Oap cemapaTopiapIsl KOJIIaHyFa, COHIai-aK (pIoTamus TeXHOIOTHACHH
KETUIIPY cCallachIHAAFBl TEpPCIEKTHBANBl  d3ipjeMeriepre, OHBIH INIIHAEC JKYKAa TYTaTy Ke3iHAE KaKblH
TEXHOJIOTHSUTBIK, KacHeTTepl Oap MUHEpanIapIsl CEIEKTHBTI 00y MOCENECiH IISTy >KOJaphlHa Ha3ap aydapbUIIbL.
Anmac OaiibiTy YIepicTepiHiH Macenenepi MeH OaFbITTapbl TAJAAH/bL, OJNapIblH IIIHAE aJJIbIH aja OalbITy
(haOpuKanapblHBIH KOHLENIMACHIH JKY3ere achlpy >KOHE KbUIIaM KECUITeH HEHTPOHAAp oMiciMEeH anMasibl KeHAl
QJIIBIH ana GalbITy TEXHOJIOTMACHIH JaMBITY IIEPCTICKTUBTI OOJIBIN CaHaIaIbL.

Tyiiin ce3gep: keH Ka30alapblH YHIUIEY JKbUIJAMIBIFBI, TYCTI METAJUTyprusi, TEXHOJIOTHSJIBIK CXemalap,
YHI'JIey KOH/BIPFBICHI, SKOHOMUKAIIBIK 9CEPi, YHIJIey LIUKIII.

W.J. Aprictan!, A.K. Maraes!, P.M. A6apamesr?, A.C. Kyanraii?

'KaparannuHCKHI rocy1apCTBEHHBII TEXHMUIECKHH yHUBEPCHTET, Kaparanna, Pecrry6mika Kazaxcram;
2 AKTIOOMHCKHI pETHOHATBHBIN TOCYJapCTBEHHBIN yHHBepcuTeT nMenn K. JKy6anosa, Akto6e, Kazaxcran

MYTHU COBEPIIEHCTBOBAHMSA TEXHOJIOTMM JOBBIYY MOJE3HBIX UCKOMMAEMbBIX

AHHOTAUMsA. 3a TOCJICAHUE 5 JIET CPEIHEMECSYHBIC CKOPOCTU MPOBEICHHS TOPU30HTAIBHBIX BHIPAOOTOK Ha
PYIHHKAaX I[BETHOM MeTajumypruu Bo3pociu Ha 37%, Boccramomux — Ha 32%, a NpOU3BOAUTENHHOCTH TpyJaa
NpoXOauuKOB yBennumiack Ha 20%. C yBenuueHneM riryOuHbBI pa3paboTKu M FOPHOTO JAaBJICHHS TPYIOEMKOCTh U
00BEM TOPHO-KAMUTAIBHBIX W TOATOTOBUTENBHBIX pPAa0OT IMOBBICHINCH, U B OTICIBHBIX CIyYasX IMPOBEIACHUE
BBIPabOTOK MO BpeMeHHU 3aHnmaeT 6onee 60% oT oOIIero BpeMeHH CTPOUTEIbCTBA IIaXT W HOBBIX T'OPU30HTOB. B
CBSI3U C THM BO3HHMKaeT HEOOXOIMMOCTh OpraHH3alli CKOPOCTHOTO NMPOBEICHHUS BHIPAOOTOK NpH 3((PEKTHUBHOM
HCTIOJTh30BaHUN COBPEMEHHBIX CPEICTB MEXaHHU3AINH.

3a mocienHee BpeMs Ha PYJHHUKAX IIBETHOW METaJUTypTHU IPOXOJIecKHe paboThl OCHANIAIOTCS HOBBIM, Ooee
COBEPIICHHBIM CaMOXOJHBIM OYypOBBIM, TOTPY30YHO-IIOCTABOYHBIM H BCIOMOTATEIBHBIM 000pYIOBaHHEM.
Hcnonp3oBanue 3T0oro 000pyI0BaHHUS MO3BOJSAET B 3-4 pa3a MOBBICUTH MIPOU3BOIUTEILHOCT TPYAa IPOXOAIUKOB C
JIOBEICHMEM CKOPOCTH TMPOBEIACHUS T'OPU30HTAJIBHBIX KalUTaAbHBIX BbIpaboTok g0 200-300 m/mMec wu
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MOJIrOTOBUTENBHO-HAPE3HBIX BbIpaboTOK 10 150-250 M/Mec npu CHIKEHWH CTOMMOCTH 1M® TOpPHOW Macchl Ha
10-30%. Takue CKOPOCTH MO3BOJISIIOT 3HAYUTEIBHO COKPATUTh CPOKH TTOATOTOBKY OUUCTHBIX OJIOKOB K BBIEMKE.

bonpmmHCcTBO MeCTOpO)K[leHI/Iﬁ TMOJIC3HBIX HUCKOIIACMbIX, CJIOKCHHBIX IUIOTHBIMU, TOJNYCKaJIbHBIMU U
CKJIHBIMHM TOPHBIMH MIOPOJIaMH, TPAIUIMOHHO Pa3padaThIBAIOTCs C MPUMEHEHHEM OypoB3pHIBHBIX pador [2,4]. B
ciryyae npuOIMKeHus (GpoHTa TOPHBIX Pa0dOT BIUIOTHYIO K HACEJICHHBIM ITyHKTaM MM 00beKTaM MH(pacTpyKTyphl
BE/ICHHE B3PBHIBHBIX Pa0OT 3a4acTylO0 CTAHOBHTCSI HEBO3MOXHBIM. [IpM 3TOM B HEMOCPEICTBEHHOI OMM30CTH K
JKWIBIO W JIPyTUM OOBEKTaM Ha pANE AABHO 3KCIUTyaTHPYEMBIX MECTOPOKACHHH OCTalINCh HEBBIPAOOTAaHHBIMHU
OCHOBHBIE U HanboJiee KaueCTBEHHBIE 3aI1achl IMOJIE3HBIX NCKOMAaeMbIX. PacCMOTpEHBI NIEpCIIEKTUBHBIEC HAIIPaBICHUS
COBEpILICHCTBOBAHUS Ipolecca oOOraimeHuss W TIIyOOKOH IepepabOTKH IIOJE3HBIX HCKONAEMBIX, BOIIPOCHI
COLMATIBHO-I)KOHOMHUECKOH 3((EKTUBHOCTH MHHOBAIMH, SKOJOTHYECKUE MPOOIEMBI M PUCKU. PaCKpPBITHI acIIeKTHI
CHIDKCHUSI SHEPrOEMKOCTH JAE3MHTETpallill MHHEPAIbHBIX KOMIUIEKCOB, MEPCIEKTUBHBIE HANPABICHHUS Pa3BUTHSA
pyaonoAroToBKu, BKIIOYas TEXHOJOTHU C MNPUMCHCHUEM OSHCPIrO3KOHOMUYHBIX KOHYCHBIX )lpO6I/IJ'IOK, a TaKXe
BKJIKOYCHHUEC DJICMCHTOB npeuBapMTeanoi& KOHIICHTpaluu. PaCCMOTpeHI)I HalpaBJICHUA pa3BUTHUA I'PaBUTALIMOHHBIX
METONI0B pazzaeneHus. OOpaleHo BHUMaHKWE Ha IPUMEHEHUE CEeNnapaTopoB ¢ OEryIlUM MarHUTHBIM IIOJIEM, a TaKXKe
Ha IEepCIeKTUBHbIE pa3paboTKH B chepe COBEPIICHCTBOBAHMS TEXHOJIOTUH (DIOTALMH, B TOM YHCIE IyTH PEICHUs
npoOJIeMBl CENEKTUBHOTO DPAa3JeNIeHus] MHUHEpaloB C ONM3KUMHM TEXHOJOTMUYECKHMMH CBOMCTBAMH IIPH TOHKOH
BKParuIeHHOCTH.

Ki1roueBble cjI0Ba: CKOPOCTh IPOBEACHHS TOPHBIX BBIPAOOTOK, IIBETHAS METALIYPrHs, TEXHOJIOTHYECKHE
CXEMBI, IPOXOT9ecKoe 000pyIOBaHHEe, SKOHOMUIECKAH 3P ()eKT, MPOXOTISCKUIT IUKII.
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