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COMPARATIVE ANALYSIS OF THE APPLICATION
OF STEEP CONVEYOR LINES ON QUARRIES

Abstract. The aim of the research is to identify methods of adaptation of cycle and flow technology, using
steeply inclined conveyors, in the development of ore deposits in an open way.

Determination of efficiency and conditions of preferable application of steeply inclined conveyor lifting is
carried out using scientifically based principles of versions comparison taking into account relationship of adjacent
links of cycle-flow technology according to selected evaluation criteria trying to calculate according to economic and
mathematical model, taking into account operation mode, technical parameters and operational characteristics of
equipment.

Analysis of dependencies of change of evaluation criteria on the main influencing factors when using traditional
and steeply inclined belt conveyors in systems of cycle-flow technology has been carried out.

Influence of inclination angle of conveyor lift route and height of rock mass lifting on main indices of crushing-
conveyor complexes is determined. Results of technical and economic analysis of application of cycle-flow
technology complexes with steeply inclined conveyor lifts and conventional ones are given. Comparative values of
capital and operating costs are determined at different angles of installation of steeply inclined conveyor lift at lifting
height of transported material 100 - 600 m and lifting angles up to 50 - 60 °.

Effective conditions for the application of steeply inclined belt conveyors were established on the basis of an
analysis of estimated indicators including total and specific capital costs, total and specific operating costs, labor
productivity, specific metal consumption and specific heat saturation, which were determined in general for the
complex of cycle-flow technology.

The results of the studies show that the steeply inclined conveyor lifts at the angles of their installation are more
than 35° more efficient than conventional belt conveyor lifts, which under the conditions makes it possible to reduce
total capital costs by 20-100 million rubles, and total operating costs - by 3.5-4.5 million rubles per year.

Key words: cycle and flow technology, deep quarries, mobile crushing and reloading plants, steeply inclined
conveyor, concentration horizon, unit costs, research.

The problem and its relationship to scientific and practical tasks. Development of open extraction
of mineral raw materials is accompanied by continuous increase of quarries depth, deterioration of
mining-geological and mining technical conditions of development, concentration of mining operations.
The main volume of a production of ores is the share of large pits of 250-300 m in depth and more which
final design depth of development of 700-800 m. In the long term the main volume of dredging of
mountain weight on pits will be carried out by development of deep horizon [1-6].

With increasing depth of quarries, conditions of transportation from lower horizons are complicated,
which are characterized by increase of range and height of rock mass lifting, increase of weighted average
slopes and limitation of capacity of intracarrier transport communications and reduction of reliability of
mining and transport equipment. The reduction of equipment productivity for every 100 m reduction of
mining operations is: in excavating and automobile complexes, excavators - 10-15%, trucks - 25-39%; In
excavator-railway complexes - 17- 19% excavators, locomotive units - 8.5-20%. Height of working zone
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increases to 250-300 m, width of working platforms decreases, availability of reserves ready for extraction
decreases to 0.4-1.0 months, angle of repayment of quarry sides increases [7]. Research confirms that it is
possible to compensate for the negative impact of the factor of increasing the depth of development on the
economic indicators of mining enterprises, to ensure maintenance and increase of ore production volumes
by reconstruction of mining and transport systems of quarries and introduction of flexible technological
schemes of development with high-manmade and productive mining and transport equipment, which is as
adapted as possible to the intra-car infrastructure[8-10].

The efficiency of further development of large quarries is determined by the correctness of the
strategy of selection of technology and technology during mining works on deep horizons. For most
quarries the priority direction of development of deep horizons of quarries is cycle-flow technology
(CFT), the efficiency of which is proved by numerous scientific and design developments, experience of
operation of systems of cycle-flow technology on foreign quarries[11-14].

One of the main ways to increase work efficiency is to use cyclic-flow technologies based on
automobile conveyor transport, using the flow link of cyclic-flow technologies of a steeply inclined
conveyor. Currently, the use of cyclic-flow technologies in a quarry in Muruntau (Republic of Uzbekistan)
is 30-40%, and by dump trucks by 50-70%, and dump trucks by 30% [15].

Application of cycle-flow technology(CFT) in conditions of continuous deepening of open
developments makes it possible to achieve high concentration of production, to improve indicators of use
of mining and transport equipment, to provide high degree of automatic control of technological processes
and to increase efficiency of mine operation as a whole. The studies carried out have so far shown that the
specific energy consumption of cycle-flow technology used in the quarries of Russia and Ukraine is lower
by 14 - 16% compared to cycle technology. Distribution of power consumption by the main technological
processes of cycle-flow technology on average provides: transportation of mining mass 75 - 80%,
crushing 8 - 10%, excavation 16 - 18% [7].

Analysis of research and publications. When analyzing the work of various quarries of the
countries, it was revealed that the following complexes of cyclic-flow technologies with steeply inclined
conveyors are currently used. The history of the development and use of the steeply inclined «sandwich»
conveyor is known in the «Maidanpek» quarry and in Canadian diamond quarries[16-17].

Previously performed by the Institute of Mining of the Ural branch of the Russian Academy of
Sciences of scientific research defined parameters of a steeply inclined belt conveyor with a pressure belt
and tubular steeply inclined belt conveyors in relation to conditions of deep mining quarries. The results of
the design work showed that the tubular steeply inclined belt conveyor is significantly lower in the main
parameters than the steeply inclined belt conveyor with pressure belt: in the maximum lifting height by
2-3 times (the limit lifting height - 80-85 m); 1.8-3.2 times (maximum performance is 6.5-7.0 million
tonnes/year. In addition, the construction of the tubular conveyor involves the use of special cables with
increased abrasion resistance, Limitations on minimum permissible values of spiral vertical curve radii
along the conveyor route require the arrangement of horizontal platforms in the quarry to accommodate
conveyor loading units up to 75-80 m wide. Taking into account the set of said factors, As well as a
number of complex design solutions for individual components ofthe conveyor, Elimination of possibility
of effective application of tubular steeply inclined belt conveyors in deep quarries.

Studies have found that for quarries, the most preferred type of steeply inclined lifting of the rock
mass is double-loop belt conveyors of the sandwich type with forced pressing of the upper run of the belt
by special mechanical devices[18-23].

A typical practical application of this conveyor design is the "Muruntau™ gold mine (Republic of
Uzbekistan), where since 2011 the crushing and conveyor complex with a steeply (CCC) inclined belt
conveyor of sandwich type.

The commissioning of the steeply inclined belt conveyor in March 2011 reduced the distance of
transportation ofthe rock mass by road on average by 3,5 km, lifting height by 285-320 m.

As the practice of Muruntau 's quarry shows, the use of the complex with a steeply inclined belt
conveyor allows to increase the productivity of motor vehicles by 30%, reduce the annual mileage of cars
by 30.4%, reduce the number of motor vehicles, drivers and repair workers by 27.2%, the consumption of
petrol and lubricants - by 37% [4]. Thus, the introduction of a cycle-flow technology scheme with a
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steeply inclined conveyor has low running costs associated with reduced demand for dump trucks, drivers,
and maintenance personnel [15].

Presentation of material and results. The results of the technical and economic comparison are
given below, which give a general idea of the feasibility of using steeply inclined conveyors in
comparison with traditional belt conveyors in cycle-flow technology complexes. Double-loop conveyor
with moving pressure elements is considered as steeply inclined lift.

Determination of the field of rational application of steeply inclined conveyors is carried out for
conditions of use of cycle-flow technology complexes in process load flows of rocks and ores with volume
of 5-30 million tons per year at height of lifting of transported material of 100 - 600 m and angles of
lifting up to 50 - 60°. At selection of conveyor equipment parameters rational speed of conveyor belt
movement 3.15 m/s is accepted at movement of rock large-rolled rock mass. The selection ofthe assembly
road transport equipment was carried out on the basis of the rational lifting height of the rock mass by the
motor trucks equal to 60 - 80 m at the weighted average transportation distance ofnot more than 2 km.

The conditions for effective application of steeply inclined belt conveyors were determined on the
basis of an analysis of estimated indicators including total and specific capital costs and operating costs,
labor productivity, specific metal consumption and energy saturation, which were determined in general
for the complex of cycle-flow technology (table).

Analysis of the structure of capital expenditures for cycle-flow technology(CFT) complexes shows
that in the total cost of equipment the main share of expenditures is accounted for by assembly road
transport, which reaches 40 - 60% depending on the annual volume of transportation and height of lifting
of transported material by conveyors. Capital costs for excavating link equipment 15 - 20%, for crushing-
conveyor equipment 20 - 45% of total costs for main equipment of cycle-flow technology complexes. The
share of costs for crushing and conveyor equipment increases significantly (1.6 - 1.7 times) with
increasing height of mining mass rise (from 100 to 600 m) and decreases (by 20 - 23%) with increasing
volume oftraffic (from 5to 30 million tons per year).

It should be noted that in the total costs of complexes the costs of mining and capital works related to
the placement of crushing and reloading points and conveyor lifts in the quarry are very significant. The
general trend of changing the share of costs for them is a significant increase in them with the increase in
the height of rise of the transported material and a less intense decrease with the increase in the annual
volume of transportation of the mountain mass. In this connection, the share of the passive part of capital
investments in the cycle-flow technology with conventional belt conveyors is 14-78%, and with steeply
inclined conveyor lift - within the limits of 12.5 - 47%.

The operating costs of cycle-flow technology (CFT) complexes are similar to those of capital
expenditures.

The studies have established trends and intensity of change of specific indicators depending on the
annual volume of transportation and height of lifting to conveyor transports of mountain mass. In systems
of cycle-flow technology (CFT) with conventional belt conveyors with capacity of 5 - 30 million tons per
year with increase of height of mining mass lifting from 100 to 600 m, specific capital costs for main
equipment change by 4.9 - 2.1 times, and specific operating costs by 2.1 - 1.6 times. When used in
systems of cycle-flow technology (CFT) of steeply inclined conveyors, the intensity of change of specific
capital costs and specific operating costs is significantly lower and is, respectively, 3.3 - 1.7 and
1.8- 1.5 times (figure 1).

For every 100m increase in lift height the specific values are increased: when conventional belt
conveyors are used in conveyor lines, respectively, by 35 - 16% and 16 - 10%; When used in conveyor
lines, steeply inclined conveyors, respectively, by 25 - 12 and 12 - 8%. The intensity of increasing costs
decreases with the growth of annual productivity of cycle-flow technology complexes.

On the other hand, with the increase in the volume of transport of the rock, the specific capital and
operating costs are reduced (figure 2): when conventional belt conveyors are used in conveyor lines,
respectively, by 1.4 - 3.0 and 1.3 - 1.7 times; When used in conveyor lines, steeply inclined conveyors are
1.3to 2.5 and 1.2to 1.5 times respectively. Intensity of cost reduction increases with increase of height of
transported material.
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Figure 1-

Change in specific capital costs and operating costs for
cyclic-flowtechnology complexes depending on the height
ofthe rock mass: 1,2,3, - respectively, with the annual
productivity of the complex 5, 10, 30 million tons; solid
lines - with conventional conveyors, dashed lines - with
steeply inclined double-circuit conveyors

Figure 2 -
Change in specific capital costs and operating costs for cyclic-
flow technology complexes depending on annual productivity:
1,2,3, - respectively, when the height of the rock mass is 100,
300, 600 m; solid lines - with conventional conveyors, dashed
lines - with steeply inclined double-circuit conveyors

The total energy saturation of cycle-flow technology (CFT) complexes, determined by the required
installed capacity of the main technological equipment, increases significantly with the increase in the
height of mining mass rise and annual productivity. The most energy-saturated is the link of road
transport, the largest share of which in the total installed capacity of equipment of systems of cycle-flow
technology reaches 77% and slightly decreases (to 51 - 57%) with increase of height of mining mass
lifting by conveyor transport and increase of installed capacity of equipment of the complex. The share of
the latter in the total installed capacity of equipment of cycle-flow technology (CFT) complexes varies
within 13 - 37% depending on the height of mining mass lifting and annual productivity. The least energy
intensive process is mining and loading. The share of excavating link in the total installed capacity of
investigated complexes of cycle-flow technology is 8-15%.

Specific energy saturation per 1t of rock mass developed using cyclic-flow technology varies within
the range of 1.3 - 1.9 W/t. The value ofthis indicator increases with the height ofthe rise and is practically
independent of the annual volume of traffic. The influence of the inclination angle of the belt conveyors
on the specific energy saturation of the cycle-flow technology complexes has not been established. When
completing cycle-flow technology complexes, equipment with lower installed capacity should be
accepted. This determines less power consumption during operation.

Annual productivity of one operating complex of cycle-flow technology is 28 - 87 thousand tons of
mining mass. To a large extent it depends on the volume of transported rock mass and used equipment in
the excavation and automobile complex. Thus, the increase in the annual volume of traffic from 5 to
20 million tons when used in the excavating and automobile complex of excavators ECC-5 and trucks
with a load capacity of 42 tons gives an increase in labor productivity per worker by 28 - 32%. On the
other hand, the increase in the annual volume of traffic under the cycle-flow technology from 20 to
30 million tons and the use of excavators on the loading of the mountain mass is ECC-8E, and as an
assembly transport of trucks with a load capacity of 100 - 110 tons allows to increase labor productivity by
almost 2 times.

At the height of rock lifting by conveyor and 100 m, the number of workers in the excavating and
automobile complex reaches 76-90% of the total number of workers in the complexes of cycle and flow
technology. With the increase of the height of the mountain mass rise to 600 m, the share of the service
personnel of excavating and automobile complexes decreases to the 60 - 82% of the total number of
workers, at the same time the link of assembly road transport serves the 45 - 65% of all working in the
system of cycle-flow technology. Number of maintenance personnel of crushing-conveyor complexes
varies slightly with increase of annual volume of transportation and increases with increase of height of
lifting of rock mass by conveyor lift up to 6 - 7%.
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Analysis of the calculated data showed that the annual productivity of one operating complex of
cycle-flow technology with steeply inclined conveyor lift in most cases is higher than that of complexes of
cycle-flow technology (CFT), conveyor lines of which are equipped with conventional belt conveyors.
The general trend of reduction of labor productivity (by 10-25%) with increase of lifting height from 100
to 600 m will continue regardless of annual volumes of processing of mining mass by complexes of cycle-
flow technology (CFT). It has been found that at their annual capacity of up to 10 million tonnes, steeply
inclined conveyors should be used at a rock lifting height of more than 100 - 200 m. Under these
conditions, at lower specific operating costs (per 5-15%), the specific capital costs of cycle-flow
technology complexes with steeply inclined conveyors are significantly lower (per 13-30%) than with
conventional belt conveyors. In addition, the use of steeply inclined conveyors is preferable in
productivity per worker (higher per 8 - 20%). With increase of productivity of cycle-flow technology
(CFT) complexes up to 20 - 30 million tons per year, it is expedient to use steeply inclined conveyors at
height of rock mass lifting more than 200 - 300 m. Under these conditions, at practically equal specific
operating expenses, specific capital costs for cycle-flow technology (CFT) complexes with steeply
inclined belt conveyors are lower by 6 - 20%.

From the point of view of environmental protection, the use of steeply inclined double-loop
conveyors on quarries is also more preferable: additional volumes of rock mass are reduced by 1.4 -
1.6 times along the extension of quarries sides, and therefore the need for land withdrawal for empty rocks
is reduced; Dust and gas emissions to the atmosphere are significantly reduced.

Conclusions and further directions of research.

1. The results of the performed studies show high efficiency of application on deep quarries of
complexes of cycle-flow technology with steeply inclined conveyors.

2. Technological parameters and composition of the equipment should be determined taking into
account the dynamics of mining operations and the transport system ofthe quarry as a whole.

3. When selecting the equipment of the crushing-conveyer complex, priority should be given to the
equipment of the block-modular open design, which will allow to ensure technological flexibility of the
used complexes of cyclic-flow technology in changing mining technical conditions.

4. In the future, the development of personal and flow technology on deep quarries should be based
on progressive technological and technological solutions, ensuring increased efficiency, competitiveness,
as well as expansion ofthe sphere of its application.

5. The solution ofthe problem of development of deep horizons of quarries is closely connected with
improvement of technological schemes in cycle-flow technology, transition to flexible technologies. The
requirements of deep pit development are best met by cycle-and-flow technology(CFT) systems using
mobile crushing and reloading plants and steeply inclined belt conveyors, which ensure rapid installation
and dismantling of complexes. Technical and economic calculations and data on foreign firms show high
efficiency and prospects of cycle-flow technology with application of steeply inclined conveyor lifting.

B. /1. AkoBneBl, A. B. F'ne6osl, C. C. ‘ynHuunas2 I'. 4. Kapmaesl

TPecein rbinbiM akagemMmachiHbLL, Opan GenimMLecLULL, Tay-KeH icrepi MHCTUTYTbI, EkaTepuHbypr, Peceit;
XK. XKybaHoB aTbiHAarb AKTe6e ewpmk MEMIEKETTK yHMBepcMTeThI, KasaxcTaH

T1K ELUK1LWT1 KOHBEWEPNEPAL KAPLEPIE
LUONAAHY bl CANBLICTBIPMANBI TANOAY

AHHOTauua. 3epTTeynepaL, MakcaTbl - KeHAi KEHOPbIHAAPbIH allbIK TICLUMEH Kasy Keslufe TX eLLILn KOH-
BeliepniepAi KongaHa oTbIpbin, Y3iIMeNi-ToNacchi3 TEXHOMOMUAHDILLY, 6eLUMAENY SAKTEPLU aHbIKTay.

T euywwwn KoHBehepni KeTepyAl, TWMALWMN MEH KOAAaHy >XarfaifapbiHbIl, apTbIKLbIIbIbl TaH4aaraH
6aranay KpuTepuiinepi 6oiibiHLWA Y3iIMeNi-To1acchi3 TEXHOMOMMAHLIL, iprenec 6enimMwenepLuly, e3apa 6ainaHbICbIH
€cKepe OTbIpbIM, MbIIbIMW HeM34eNreH Karuaanapapiil HycKanapblH CafbICTbipa OTbIPbIN aHbIKTanagbl. TXX eLyKLwn
KOHBeliepni KeTepyAl, TWMALWN XababIKTbill, XXYMbIC PEXUMLL, TEXHWUKa/IbIK NapameTpriepLll 3He naiifanaHy
cunaTTaManapblH eCKepe OTbIpPbIM, 3KOHOMUKa-MaTeMaTUKa/IbIK MOZENbAEY apKbl/bl ecentenear

Baranay KpuTepuiinepLuLy e3repyLill 34eTTen X3He TXK eljKwn KoHBeliepni Y3inmeni-Tonacchbi3 TeEXHO/O-
MVSHBILL, KELLeHAEepLAe NaiifanaHy Ke3iHAEeri Heri3ri acep eTywi hakTopnapra Tayenginiri TangaHraH.
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KbICKbILI NeHTanbl TX eLLILIN KOHBeepep MeH K™ObIp/bl TX EHKILITI KOHBeepepAiH napameTpnepi ke
eHAIPYALL TepPeH apLublKTapa KonjaHy XarfainnapblHa CINKec aHbIKTa/raH.

KoHBeiiepni KeTepriw TpaccacbiHbiH €HKEK 6pbilbl MEH KEeH MaccacblH KeTepy OWIKTIriHIH, “caTKbil-
KOHBENepNi KeLeHAepLULL, HETi3ri KePCETKILLTEPIHE 3Cepi aHbIKTa/raH.

T>X eHKILUTI KOHBenepAi KeTeprinepMeH XabablKTanbiHIaH Y3i/IMeNi-TONAcChI3 TEXHOMOTUAMbIK KeLleHaep MeH
3[eTTeri KOHBelep/i KeTeprinepmeH >xabablKTanraH Y3inmeni-Tonacchbi3 TEXHOMOMUAMbIK KelleHAepai naiganaHy-
ObIH TEXHUKA-3KOHOMUKa/IbIK Tasigay HaTUXenepi KenTipifireH.

TepeH KeHAi apLubIKTap, KOnfaHy >KarfainapblHa CaliKec, KblCaTblH Tacmasibl TX eHKILITI KOHBeliepnep MeH
K" ObIp/bl TX EHKILITI KOHBEMEpNepAiH WamMa WapTTapbiH CabICTbIPY HITVDKENEPi KeNTIpireH.

FbibIMU-TEXHUKA/IBIK X3HEe MATEHTTK aknapaTTbl Tanfay HITWXKenepi, KeH mMaccacblH >X3He 6Gacka fAa
CycbIMasibl MaTepuasigapapbl TiK eHKIWTI keTepy YLiH KOMgaHblnaTbliH Tacnasabl KOHBeepnepaiH K pbliMachiHbIH
TYGerelini aibipmalubInbIrbl XXYKTI 18 °-TaH >xorapbl Wamaga ketepy 6apbiCbiHAa, 0napabl AoOMaian KeTheyL cakTtay
YWiH kabbingaHraH TeXHUKaNbIK wWellimae xatagbl. KeHpi ketepy TaxipubeciHae Kenec Tacnasbl TiK eHKILUTI
KOHBeliepnepAi KongaHadbl: KeHAi 25-27 ° 6/ \pblluneH KeTepyfi KamTamacbl3 eTeTiH Kedip-6¥abip/bl KOHBeRepnep;
afnaeHeH Gerettepi 6ap (90 © gewH); TYpni k¥6bIpabl (30-50 ° gelwH); Kbickim Tacnackl 6ap (50-90 ° geiiiH).

Peceil rbinbiMM akafeMuscbiHbiH Opan 6eniMLIeciHLL Tay-KeH WHCTUTYTbl anralwkbia >XYpPnsreH rblibiMu
3epTTeynepae, TepeH KeH eHAIpY apLUbIKTapbIHbIH XarjainapbiHa Calikec, KongaHyaa KbiCcaTblH Tacnabl TX eHKILLTI
KOHBeliepnep MeH K¥6bIp/bl TiK eHKILUTI KOHBeepnepaiH Wama WapTTapbl aHbIKTa/IraH.

K¥pbinbiMayLbl 3epTTeyNepiHiH HITVKeNepi KepceTKeHAeln, K¥ObIp/bl TiK eHKILWTI KOHBeliepnep, KbicaTblH
Tacnanbl TXX EHKIWTI KOHBEMepLUeH HErisri wama wapTTapbl 60MbIHWA efdyip TEMEH €KeHi aHbIKTangbl, SrHu
anTepyaL, Makcumanibl 6umikTiri - 2-3 ece (agTepyfL, Makcumangbl 6uikTiri - 80-85 m); eHimginiri 6oiibiHWa 1,8-
3,2 ece (MYMKiH 601aTbIH MaKCUMaAbl eHIMAINIMT XblbIHA 6,5-7,0 MAH. TOHHA) TEMEH.

COHbIMEH KaTap K¥ObIp/ibl KOHBEMepAiH KpbliMackl Kakanyra Te3iMAINiri »orapbl apHaiibl CbIM apKaHzbl
KOMJaHy bl Kapactbipagpbl.

ATanraH (hakTopnapfbl XX3He KOHBeWepALy >xeke K“pampaac GenikTepiH eckepe OTbIpbiM, TepeH apLublKTapaa
K¥ObIP/bl TIK EHMLLUMN KOHBeWepnepiH TMiMai naiganaHy MYMKIHAIM )KOKKa LUbIrapbliagbl.

TiK eHKILTI KOHBeepni agTepnaepaL, apTYpAi opHaTty 6”\poiluTapbiHa caiikec 50-60° »3He TacbiManjaHaTbIH
maTepuangbiH KeTepy 6mxTw 100-600 M apaibirbiHgarsl, KYPOeni )sHe naiiganaHy WbIrbIHAAPbIHbIH CaMbICTbIP-
Masibl LaManapbl aHbIKTa/IbIHTaH.

TiK eHKIWTi KOHBeepnepiH naviganaHyfbiH Tuimgi xargaiinapbl KYPgeni YnecTi WbIrbiHAap MeH XXaanbl
WbIrbIHAAP, NainganaHy YNeCTi WhIrbIHAAP MEH Xannbl WbIrbIHAAP, eH6eK eHiMAiniri, YIecTi MeTa/IChbIMbIMAbIbITb
X3He YNIeCTi SHePrmAChINbIMABIIbINbIH KOCKaHAArbl eCenTiK KepceTKiluTepai Tangay Hensw/ie aHbIKTanabl.

3epTTey H3TWDKeNepi afpCeTKeHAeW, TiK eHKILTI KOHBeliep/i KeTeprifepgiH opHaTy 6/ pbiwTapbl 35°-TaH
orapbl 60raH Xarfaiga, 3geTTeri KoHBenepnik KeTepriluTepaeH repi TMiMAI XXaHe 3epTTey Xargalinapga xannsol
KYPgeni WhirbiHAapAb! XbiibiHa 20-100 MaH.py6., an Xannbl Nainganady LWbIrbIHAAPAb! XblabiHa 3,5-4,5 MAH.pyo.
asainTyra MYMKiHZiK 6epegi.

TywH ce3gep: Y3inMeni-Tonaccbl3 TEXHOMOTWS, TepeH aplublKTap, Mo6unbai “cakTay >3He KalTa-Tuey
KOHAbIPrblNapbl, TIK eHKILUTI KOHBEep, Worbipnay AeHrelkuek, YNecTiK WbirbiHAap, 3epTTey.

B. /1. AkoBnesl, A. B. Tne6osl, C. C. *nHna32 I'. 4. Kapmaesl

WIHCTUTYT ropHOTO fiena Y paibCKoro o0TaeneHus Poccuiickoii akagemun Hayk, EkatepuHGypr, Poccus;
2AKTIOOMHCKMIA pernoHanbHbIli rocy1apCTBEHHbIN YHUBEPCUTET UM. K. XKy6aHoBa, KasaxcTaH

CPABHUTENbHbIN AHANN3 NMPUMEHEHNA
KPYTOHAKNOHHbBIX KOHBEVMEPOB HA KAPbEPAX

AHHoTauus. Llenblo nccneaoBaHns SBASETCS OnpeaeneHne METOA0B afanTauyy LMKIMYHO-MOTOUYHON TEXHOIOM N
C MPUMEHEHVEM KPYTOHAK/TOHHbIX KOHBENEPOB Npu pa3paboTke pyAHbIX MECTOPOXAEHWIA OTKPbITbIM COCOBOM.

YcTaHoBneHWe 3EKTUBHOCTU 1 YCOBWIA NPEAMNOYTATENBHOrO MPUMEHEHUS KPYTOHAKNOHHOIO KOHBeliep-
HOro MoAbemMa NPOBOAUTCA C UCMO/b30BaHNEM Hay4YHO 060CHOBaHHbLIX MPUHLMMNOB CPaBHEHUS BApUAHTOB C YYETOM
B3aMMOCBSA3M CMEXHbIX 3BEHbEB LIMK/IMYHO-MOTOYHON TEXHONOMUM MO  BbIOPaHHBIM  KPUTEPUAM  OLEHKM,
paccuMTbiBaeMbIX MO 3KOHOMMKO-MaTEMAaTUYECKOA MOAENM, YUMTHIBAOLLEA PEXMM 3KCMyaTauun, TeXHWYecKne
napameTpbl 1 3KCMTyaTalMOHHbIE XapaKTepUCTUKN 060PYLOBaHUS.

MpoBeaéH aHann3 3aBUCMMOCTEN U3MEHEHUS OLIEHOYHBIX KPUTEPUEB OT OCHOBHbIX BAMSAOLMX (PAKTOPOB Mpu
NCMO/Mb30BaHNN B KOMMIEKCAX LMKANYHO-MOTOYHOM TEXHONOTUM TPaANLMOHHBIX U KPYTOHAKNOHHBIX IEHTOUHbIX
KOHBeWiepoB.
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MpuBeaeHbl pe3ynbTaTbl CPaBHEHUA MapamMeTPOB KPYTOHAK/OHHbIX KOHBEMEepOoB C MPVXKMMHOWM /IEHTOW 1
TPy6UaTbIX KPYTOHAKIOHHbIX KOHBEEPOB MPUMEHUTE/LHO K YCAOBUAM FTy60KMX FOPHOPYAHbIX KapbepoB.

Pe3ynbTaTbl aHaiM3a Hay4HO-TEXHWYECKOW W MNaTeHTHOW MHGOpMaLMn CBUAETENbCTBYIOT, 4YTO MPUHLM-
MWa/IbHOE OTIMYME B KOHCTPYKTUBHOM MCMOMHEHWUN IEHTOUHbIX KOHBEepOB, UCMO/Mb3YEMbIX A1 KPYTOHaKIOHHOIO
noAbeMa ropHOM Maccbl U APYrMX CbiMyunx MaTepuasnos, 3aKOYaeTcs B MPUHATOM TEXHUYECKOM peLLeHWN Mo
YOEPXKaHMIO Tpy3a OT CKaTbiBaHWS Npu yrnax nogbema 6Gonee 18°. CyllecTBYHOT Crefytolime Bufipl
KPYTOHAKMOHHbIX NIEHTOYHbIX KOHBEEPOB C puUthIeHbIMU NeHTaMK, 06ecreUnBatoLLMN NOAbEM rpy3a MOA Yriom
[0 25-27°; ¢ nonepeyHbIMK neperopogkamm (8o 90°); Tpy6uatoro tmna (o 30-50°); ¢ NpYKMMHON neHTol (8o 50-90°).

OfHUM 13 rnaBHbIX HanpasfeHUii NOBbILLEHWA 3((PEKTUBHOCTM PaboThl ry6OKNX KapbepoB ABMSAETCA NpUMe-
HEHWE LMKIMYHO-NOTOUHON TEXHOMNOMMM Ha OCHOBE aBTOMOOM/IbHO-KOHBEEPHOr0 TPaHCNopTa, C UCMOb30BaHNEM
B MoTo4YHOM 3BeHe LIMT KpyTOHaK/IOHHOrO KOHBeiepa. B HacTosiee Bpems npumeHeHve LIMNT Ha kapbepe
MypyHTay  (Pecnybnvka Y¥Y36ekucTaH) MO3BOAWIO  COKPaTUTb  PacCTOsHWE  TPaHCMOPTUPOBKM  pyabl
asToTpaHcnoptom Ha 30-40%, CHU3UTL BbICOTY eé nogbéma asTocamocBaniamy Ha 50-70%, COKpaTUTb KOIMYECTBO
aBTOCaMOCBa/10B, paboTatoLLMX Kapbepe U YMeHbLUUTL 3ara3oBaHHOCTb Ha 30%.

B paHee BbIMOMHEHHbIX VHCTUTYTOM rOPHOro Aena YpanbCKOro OTAeneHus POCCUIACKON akafemuy Hayk
Hay4HbIX UCCNEA0BaHMAX ONpeaeneHbl NapaMeTpbl KPYTOHAK/IOHHOTO /IEHTOYHOrO KOHBeliepa C NPYKMMHOW NeHTOM
N TPyOUaTbIX KPYTOHAKNOHHbIX NEHTOYHbIX KOHBEWEPOB MPUMEHWUTENIbHO K YCMOBUAM TIy6OKUX FOPHOPYAHbIX
KapbepoB. Pe3ynbTaTbl KOHCTPYKTOPCKMX MPOPaboTOK MOKasanu, YTo TpybuaTblii KPyTOHAKMOHHbIA SIEHTOYHbINA
KOHBeliep MO OCHOBHbIM MNapamMeTpaM 3HauuTeNbHO YCTYNaltT KPYTOHAK/IOHHOMY /EHTOYHOMY KOHBelepy c
MPVDKMMHOM IEHTOIA: N0 MakCMMa/bHOW BbICOTe nogbema B 2-3 pasa (npegesbHas BbicoTa nogbema - 80-85 m); no
npounsBoanTeNbHOCTM B 1,8- 3,2 pa3a (MakCMManbHO BO3MOXHa NPOM3BOAMTENBHOCTL - 6,5-7,0 MAH T/rog. Kpome
TOr0, KOHCTPYKUMA Tpy6uyaToro KoHBeliepa npeanofnaraeT UCMOAb30BaHUE CheLuanbHbIX TPOCOB C MOBbILIEHHOW
YCTOMUMBOCTBIO Ha UCTUPaHWe, a OrpaHNYeHns N0 MUHUMAaNbHO AOMYCTUMbIM BENUYMHAM PagMyCoB NepexoiHbIX
BEPTUKaNbHbIX KPMBbLIX MO Tpacce KoHBeliepa TPebyloT YCTPONCTBa B Kapbepe rOPM3OHTa/IbHbIX MAOLWAA0K AN
pasmeLLLEeHNs Y3/10B 3arpy3ku KoHBeiepa LWupnHoi go 75-80 M. C y4yeTOM COBOKYMHOCTM YKa3aHHbIX ()aKTOpOB, a
TaKKe PAfA CNOXHbBIX KOHCTPYKTUBHBIX PELLEHU A MO OTAe/bHbIM COCTaBHbIM 4acTsM KOHBeliepa UCKIHYaeTcs
BO3MOXHOCTb 3(PDEKTMBHOTO MNPUMEHEHWSI TPY6YaTbIX KPYTOHAKNOHHBIX /IEHTOYHbIX KOHBEWEepoB B TyOOKMX
Kapbepax.

OnpegeneHo BAUsSHWE Yria HaK/OHa TPAcChl KOHBEMNEPHOr0 NOAbEMHMKA U BbICOTbI NOAbEeMa rOPHON Macchl Ha
OCHOBHbIE MOKa3aTenM ApobUNbHO-KOHBENEPHbIX KOMMAEKCOB. [puBefeHbl pesynbTaTbl TEXHUKO-3KOHOMMYECKOTO
aHanM3a MNpUMEHEHUS KOMMIEKCOB LMKAUYHO-NMOTOYHOM TEXHOMOrMU C  KPYTOHAKIOHHLIMUA KOHBENEpHbIMU
NogbeMHUKaMy 1 06blYHbIMK. OnpefeneHbl CPaBHUTENbHbIE BENWUMHBI KAMUTAIbHBIX W 3KCMIyaTaLMOHHbIX
pacxofoB MpU pasfMyHbIX Yraax YCTaHOBKM KPYTOHAK/IOHHOrO KOHBeWiepHOro MOAbeMHUKA MPU BbICOTE MOAbeMa
TpaHcnopTtupyemoro matepuana 100 - 600 m 1 yrnax nogbema go 50 - 60°.

ShheKTMBHbIE YCNOBMA MPUMEHEHNS KPYTOHAKIOHHBIX IEHTOUHbIX KOHBEEPOB yCTaHaBNMBa/MCb Ha OCHOBAHWM
aHa/M3a OLEHOYHbIX MOKa3aTenei, BKIHOYAOLWMX CyMMapHble W yAerbHble KanuTaibHble 3aTpatbl, CyMMapHble U
YOe/bHble 3KCrJyaTaluMoOHHbIE PacxXofpl, MPOU3BOAMTENBHOCTL TPYARA, YAENbHYI0 METa/IOEMKOCTb W YAeNbHYHO
3HEProHaChILLEHHOCTb, KOTOPbIE ONPeAeNsAnUCh B LIENOM A5 KOMMIEKCA LIMKINYHO-MOTOUHOM TEXHOMOT UK.

Pe3ynbTaTbl MCCMEef0BaHWA NOKa3bIBAKOT, YTO KPYTOHAK/IOHHblE KOHBeNepHble MOLBEMHUMKM MPU Yrnax ux
ycTaHoBKM 60nee 35° athheKTMBHEE 06bIYHBIX IEHTOUHbIX KOHBEMEPHbLIX MOABEMHMKOB, YTO B PacCMaTpuBaeMbixX
YCNOBUAX AaeT BO3MOXHOCTb YMEHbLUNTL CyMMapHble KanutanbHble 3atpatbl Ha 20-100 MfH pyb., a cymMMapHble
3KCMyaTalMOHHbIe pacxofpl - Ha 3,5-4,5 MaH py6nei B rog,

KntoueBble cnoBa: UMKIMYHO-MOTOYHAA TEXHOMOTWA, TNyO6oKMe Kapbepbl, MOOWIbHbIE  APOBUNLHO-
neperpysouHble YCTaHOBKM, KPYTOHAKIOHHBIA KOHBelep, KOHLEHTPAUMOHHBIA TFOPU3OHT, Y[e/bHble 3aTpartbl,
nccnepoBaHue.
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