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most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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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 of the 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 of the 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 of the 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 of not 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 of traffic (from 5 to 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 1.2 to 1.5 times respectively. Intensity of cost reduction increases with increase of height of
transported material.
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Change in specific capital costs and operating costs for
cyclic-flow technology complexes depending on the height
of the 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

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 1 t of rock mass developed using cyclic-flow technology varies within
the range of 1.3 - 1.9 W/t. The value of this indicator increases with the height of the 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 of the 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 of the sphere of its application.

5. The solution of the 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. JL. sIxoBaes’, A. B. ['1e6os', C. C. Kyannss®, I, JI. Kapmaes'

'Peceii FhuTbIM aKazeMuschIHbIH Opan GetiMIneciHi Tay-KeH icrepi HHCTHTYTHI, Exatepunbypr, Pecei;
’K. XKy6aHoB aThiHmarsl AKTO0E OHIpIiK MeMIIeKeTTIK yHuBepcuTeTHI, Kazakcran

TIK EHKIIITI KOHBEHUEPJIEP/II KAPLEP/IE
KOJIZAHY bl CAJIBICTBIPMAJIBI TAJIJIAY

AHHOTanmsi. 3epTTeyJIepAiH MaKcaThl — KeH/li KEHOPBIHJApbIH allIbIK TOCIIMEH Ka3y Ke3iHJe TiK eHKIIITi KOH-
Beliepiepai KoigaHa OTHIPHIII, Y31IMEeNi-TOIACChI3 TEXHOIOTUSHBIH OeHiMIey oiCTepiH aHbIKTAY.

Tik eHKimTi KOHBEWEpIi KOTEPYHiH THIMILINI MEH KOJNIaHy >KarmaiapblHBIH apTHIKIIBUIBIFEl TaHAaIFaH
Oaranay KpuTepwuiiepi OOMBIHINA Y31IMETi-TOJIacChI3 TEXHOIOTUSIHBIH ipreiec OeiMIIenepiHiH e3apa OaillaHBICHIH
€CKepe OTBIPHII, FHUIBIMH HETI3ENreH KaFuaaiap/IblH HYCKaIapblH CaJbICThIPA OTBIPHIN aHBIKTATA/bl. TiK eHKIIITI
KOHBEHepi KeTepyAiH THIMAUIITI >KaOABIKTHIH XYMBIC PEXHMiH, TEXHHKAJIBIK MapaMeTpiIepiH jKoHe mMaiinamany
CHUIaTTamMalapblH €CKepe OTHIPBII, IKOHOMHKA-MAaTEMATHKAIBIK MOJIENbCY aPKbUIbI €CEITEeNe/I].

Baranay kpurepuiiiepiHiH e3repyiHiH 9IETTErl JKoHE TIK SHKIIUTI KOHBEHepi y31LIMelNi-TOoJIacChl3 TEeXHOJIO-
TUSIHBIH KeIICHePIH/Ie NMaiaiaHy Ke3iHeri Heri3ri acep eTyii (hakTopiapra TOyeuIiri TajJIaHFaH.
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KpICKBIIT JIEHTANBI TIK CHKIMTI KOHBEWepiiep MeH KYOBIPIBI TiK €HKIIITI KOHBeHepiepaiH mapaMeTpiepi KeH
OHIIPYIiH TepPeH apIIbIKTap/a KOJJaHy XKaflaiiapelHa COMKeC aHBIKTaIFaH.

Kongeiiepmi KeTeprim TpaccachlHBIH €HKEIO OYpPHIIMIBI MEH KEeH MaccachlH KOTepy OWIKTITiHIH, YCaTKBIII-
KOHBEHepIIi KeIIeHACPIHIH Heri3ri KOPCETKIMTEPiHE dCePi aHBIKTAIIFaH.

Tik eHKImTi KOHBEHEPIi KOTePrijIepMEH JKa0AbIKTAIBIHFAH Y31IMEITi-TOMACChI3 TEXHOIOTHSIIBIK KEIICHASP MEH
O/IeTTeri KOHBeiepii KeTeprijiepMeH >KaObIKTaIFaH Y31IMENi-TOJIacChl3 TEeXHOJIOTHSIIBIK KelISHAep Il naliaaiany-
JIBIH TEXHUKA-3KOHOMHKAJIBIK TaJIIay HOTHXKEIEPi KEeITIPiIreH.

Tepen keHZl aplubIKTap, KOJJAHy KarlaijaapblHa CoHKec, KbICAThIH Tacajbl TIK SHKIIITI KOHBeHepiep MeH
KYOBIPJIBI TiK €HKIIITI KOHBEHEPIIEPiH 11amMa IapTTapbIH CaJbICTHIPY HOTHXKEIEP] KeTipiireH.

FoubIMU-TEXHUKANBIK JKOHE NAaTEHTTIK aKHmapaTThl Tajjlay HOTWDKENepi, KeH MaccachlH JKoHe Oacka na
CychIMallbl MaTepHalgapAbl TIK €HKIIUTI KeTepy YIIiH KOJIAHBUIATHIH Taclajbl KOHBEHEepJIEpiH KYPbUIMAChIHBIH
TYOereiii aliblpMaIIbUIBIFBI )KYKTI 18 °-TaH )oFaphl MIamMaa KeTepy OapbIChIH/A, OJIapAbl JOMaIall KeTIeyiH cakray
YIIiH KaOBUIIaHFaH TEXHUKANBIK IIemrimae xaragsl. KeHmi xetepy ToxipuOeciHme Keieci Tacmaibl TiK SHKIIITI
KOHBeHepiep i KoiamaHaabl: KeHai 25-27 © OyphImIeH KoTepyai KaMTaMachl3 eTeTiH Keaip-OyapIpiasl KOHBeHepIep;
KengeHeH Ooerertepi Oap (90 °© meitin); Typii KyObpisl (30-50 © meftin); KpIckIM Tacnackl 6ap (50-90 °© meitin).

Peceii rbutbiMU akazeMusiChiHBIH Opai OeiMIIeciHiH Tay-KeH HHCTHTYThl alFallKblad KYPri3reH FhUIbIMU
3epTTeyiepae, TepeH KeH OHIpY aplIbIKTapbIHbIH JKaFIainapbelHa colikec, KOJaHyJa KbICATBIH TACIIaNbl TiK eHKIIITI
KOHBe#epsIiep MEeH KYOBIPJIBI TiK €HKIIITI KOHBEHEPIIePIiH IIamMa MapTTaphl aHBIKTAIFaH.

KyppuibiMaayisl 3epTTeyiepiHiH HOTHXKeNepi KOpCeTKeHAeH, KYObIpIbl TIK €HKIIITI KOHBeiiepiiep, KbICaTblH
Tacmanbl TiK €HKIITI KOHBEWEpiHEH Herisri Iama mapTrapbl OOWBIHIIA €19yip TOMEH €KEeHi aHBIKTAJLAbI, SIFHU
KeTepyliH MakcuMaJibl OuikTiri — 2-3 ece (keTepyaiH MakcuMaiabl OuikTiri — 80-85 m); eHimainiri GoibHmma 1,8-
3,2 ece (MyMKiH OOJATBEIH MAaKCUMAJIBI OHIMIIUTIT] JKbUTBIHA 6,5-7,0 MITH. TOHHA) TOMCH.

CoHbpIMEH Karap KYOBIpJbl KOHBEHEpIiH KYpBLIMAchl KakKallyFa TO3IMALUIIrI >KOFapbl apHaibl ChIM apKaHIbl
KOJIIaHy bl KapacThIPabl.

ArtarraH QaxTopiapIsl JKoHE KOHBEUWEpIiH Keke Kypamaac OeIiKTepiH ecKepe OTBHIPHII, TEPEH apIIbIKTapa
KYOBIPJIBI TiK €HKIIITI KOHBEHepIIepiH THIMII TaiaaaHy MYMKIHAIT] )KOKKa IIbIFapbITaIbl.

Tik eHKIITI KOHBeWepsl KoTeprijiepiH apTyp:i opHary OypbiTapbiHa coiikec 50-60° jxoHE TachIMaNaHATHIH
MarepuanbiH ketepy Ouiktiri 100-600 M apanbIFbIHIAFbI, KYpAENi KOHE MaiiiaNaHy IIbIFbIHIAPBIHBIH CaIbICTBIP-
MaJlbl IIaManapbl aHBIKTAJIBIHFaH.

Tik eHKIIITI KOHBEHEpJIEpiH NaiIaNaHyIblH THIMII S>KaFmaiiapbl KYpAETl YJIECTi IIBIFBIHAAP MEH >KajIlbl
NIBIFBIHIAD, MalIaIaHy YJICCTI MIBIFBIHAAD MEH JKaJIbI MIBIFBIHAAD, CHOCK OHIMIUIIT, YICCTI METAIChIHBIMIBLIBIFBI
JKOHE YJICCTI DHEPTUSACHIABIMIBUIBIFBIH KOCKAHIAFbI €CCNTIK KOPCETKIIITEPIi TaJ1ay HETi31H/IC aHBIKTAJIIbI.

3epTTey HOTIDKeNepi KOpCeTKeHAEH, TIK eHKIIITI KOHBeHepii KeTeprilepiiH opHaTy Oypslmrtapsl 35°-TaH
JKOFapbl OOJIFaH Kafnaiina, oeTTeri KOHBeHepIliK KOTeprilTepeH ropi THIM/I JKoHE 3epTTey >Karaaiiapa sKaibl
KypAeni mbIFsIHAApAb! KbUTbiHA 20-100 MiTH.pyO., an Kajirmsl naianaHy MIBIFBIHAAPIBI KbUIBIHA 3,5-4,5 MIIH.pyO.
azafTyra MYMKIiHIIK Oepei.

Tyiiin ce3mep: Y3UIMENi-TONACCHI3 TEXHOJOTHS, TepeH apINbIKTap, MOOWIBII YCakTay >KOHE KaiTa-THey
KOHBIPFBUIAPEI, TIK €HKIIITI KOHBEHep, MOFBIPIIay JCHTCHKIEK, YIIECTIK IIBIFRIHAAD, 3ePTTEY.

B. JL. SIxoBaes’, A. B. [1e6os', C. C. Kyanns3®, I. JI. Kapmaes'

lI/IHCTMTyT rOpHOTO Jiesia Y paJibCKoro oTneNieHnst Poceuniickoit akanemun Hayk, ExarepunOypr, Poccus;
? AKTIOOHHCKHIT perioHaNbHbIH Tocy1apcTBeH bl yrnBepenter nm. K. XKy6anosa, Kaszaxcran

CPABHUTEJIbHBIN AHAJIA3 IPUMEHEHUWA
KPYTOHAKJIOHHBIX KOHBEMEPOB HA KAPBEPAX

AunHoTauus. [{enbio nccieoBaHus SIBISETCS ONMpPEeICHAE METOIOB a/IANTAIMK [UKJINYHO-TIOTOYHOH TEXHOJIOTUH
C NPUMEHEHHEM KPYTOHAKJIOHHBIX KOHBEHEPOB MPH pa3paboTKe PYAHBIX MECTOPOIKICHHI OTKPBITHIM CIIOCOOOM.

YcraHosneHrne 3QPEKTUBHOCTH M YCIOBUI MPEANOYTHTEILHOIO MPUMEHEHHUsI KPYTOHAKIIOHHOTO KOHBeitep-
HOT'O MOZbEMA ITPOBOAUTCS C UCIIOJIb30BAHUEM HAy4YHO OOOCHOBaHHBIX NPUHIIMIIOB CPABHEHHsI BAPHAHTOB C YYETOM
B3aUMOCBSI3M CMEXHBIX 3BEHBEB IMKIMYHO-MIOTOYHON TEXHOJOTMM MO BBIOPAHHBIM KPUTEPHSIM OLCHKH,
paccUUTHIBAEMBIX 110 3KOHOMHKO-MATEMAaTH4ECKOW MOJIEIH, YYMTBIBAIOIIEH PEXUM 3KCIUTyaTallud, TeXHHUYECKHE
rapaMmeTpbl ¥ SKCITyaTallHOHHbIE XapaKTEPUCTHKH 000PYyI0BaHHSL.

[IpoBenén ananu3 3aBUCUMOCTEI N3MEHEHHsI OLIEHOYHBIX KPUTEPHEB OT OCHOBHBIX BIIMSIOIIMX (PaKTOPOB Mpu
UCIIOJIb30BAHHUU B KOMIIJIEKCAX HHKHHHHO-HOTOHHOﬁ TCXHOJIOTMU TPAAUIHUOHHBIX W KPYTOHAKJIOHHBIX JICHTOYHBIX
KOHBEHEPOB.
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IIpuBenensl pe3ynbTaThl CpaBHEHUS MAPAMETPOB KPYTOHAKIOHHBIX KOHBEHEPOB C MNPHKUMHOWU JIEHTOM M
TpyOUaThIX KPYTOHAKIOHHBIX KOHBEHEPOB MPUMEHHUTEIBHO K YCIOBHAM INTyOOKHX TOPHOPYIHBIX KaphEPOB.

Pe3ynpraThl aHanmM3a HAyYHO-TEXHHYECKOHM M TATEHTHON WMH(OpMAanWH CBUACTEIbCTBYIOT, YTO MPHUHIH-
[HaJIbHOE OTJINYNE B KOHCTPYKTUBHOM HCIIOJTHEHHUH JICHTOYHBIX KOHBEHEPOB, NCTIOIB3YEMBIX JJIsI KDY TOHAKIIOHHOTO
MOJbeMa TOPHOM MacChl W JAPYTUX CBITyYHMX MAaTepHalioB, 3aKJIIOYACTCS B MPHUHSITOM TEXHUYECKOM DPEIICHHH II0
YAEpP)KaHUIO Tpy3a OT CKaTBIBaHUS TIpH yriaax mnoxgbeMa Oomee 18°. CymiecTBYIOT CIEYIOUIHE BHIBI
KPYTOHAKJIOHHBIX JICHTOUHBIX KOHBEHEPOB C pUQIIEHBIMHU JICHTAMH, 00€CICYMBAIOIIMMH MTOJbEM I'py3a MOJ YIJIOM
1o 25-277°; ¢ monepedynbiME Tieperopoakamu (10 90°); tpyouaroro tuma (10 30-50°); ¢ mpwxumHON JeHToi (10 50-90°).

OnHUM M3 TJIaBHBIX HAIPaBJIEHUH MOBBIMEHUS Y3PPEKTUBHOCTH PAOOTHI ITTyOOKHX KapbepoB SIBISIETCS MPUMe-
HEHUE UKJINYHO-TIOTOYHON TEXHOJIOTMH Ha OCHOBE aBTOMOOMIIBHO-KOHBEHEPHOIO TPAHCIOPTA, C UCIIOJIb30BaHHEM
B notouHoM 3BeHe LIIT kpyronaknoHHoro koHBeiiepa. B Hactosmee Bpemst mpumeHenue LIIT Ha kapbepe
Mypynray (PecnyOnuka  Y30ekucraH) [O3BOJIMJIO  COKPAaTHTh — PAcCTOSHHUE  TPAaHCIIOPTHPOBKH  PYJbl
aBToTpancnoproM Ha 30-40%, cHU3UTH BBICOTY €€ moxbéma aBTocamocBaiaMu Ha 50-70%, COKpaTHTh KOINYECTBO
aBTOCaMOCBAJIOB, PAOOTAIOIINX Kapbepe W YMEHBIINTD 3ara30BaHHOCTH Ha 30%.

B panee BbimonHeHHbIX WHCTUTYTOM TOpHOTO jAena YpalabCKOro OTAeNeHus PoccuiicKoW akageMuu Hayk
Hay4HBIX UCCIIEJOBAaHUAX ONPEEIICHBI TapaMeTPhl KPYTOHAKIOHHOTO JIEHTOYHOTO KOHBEHEpa ¢ MPHKUMHOM JICHTOH
U TpyO4aThIX KPYTOHAKJIOHHBIX JEHTOYHBIX KOHBEHEPOB MPUMEHUTEIBHO K YCIOBHSAM INTyOOKHMX TOPHOPYIHBIX
KapbepoB. Pe3ynbTaThl KOHCTPYKTOPCKMX MPOPabOTOK MOKa3ajiH, 4TO TPyOdaThlii KPyTOHAKIOHHBIN JEHTOYHBIN
KOHBEHEp 10 OCHOBHBIM MIapamMeTpaM 3HAYMUTENIbHO YCTYNalT KPYTOHAKJIOHHOMY JEHTOYHOMY KOHBEHepy C
MPWKUMHOM JIEHTON: TI0O MaKCHMaJIbHOW BBICOTE MoabeMa B 2-3 pasa (IpeneibHas BeicoTa oabema - 80-85 M); mo
npou3BoauTeNbHOCTH B 1,8- 3,2 pa3a (MakcHMalbHO BO3MOXHA IPOM3BOJUTENLHOCTD — 6,5-7,0 MitH T/Troa. Kpome
TOr0, KOHCTPYKIHMSI TpyOUaToro KOHBeHepa IpEArojiaracT MCHOJIb30BaHNE CIENUAIBHBIX TPOCOB C IOBBIIICHHON
YCTOWYHMBOCTBIO HA MCTHPAHUE, a OTPAaHUYEHHS 110 MUHUMAJIBHO JIOITyCTHMBIM BEJIMUYMHAM PaJNyCOB MEPEXOHBIX
BEPTHKAJIBHBIX KPUBBIX 10 Tpacce KOHBelepa TPeOYyIOT YCTpPOHCTBA B Kapbepe TOPH3OHTAIBHBIX IUIOMIAJIOK LIS
pa3MeIneHust y3J10B 3arpy3Ku KoHBelepa mmpuHoi 10 75-80 M. C y4eToM COBOKYITHOCTH YKa3aHHBIX (DakTOpoOB, a
TaKKe pszia CIOXKHBIX KOHCTPYKTHUBHBIX PELICHHH 10 OTAEIBbHBIM COCTABHBIM YacCTSIM KOHBEWepa HCKIII0YaeTCs
BO3MOXHOCTb 3(Q(EKTUBHOrO MPUMEHEHHs TPyOuYaThIX KPYTOHAKJIOHHBIX JICHTOYHBIX KOHBEHEpOB B INTyOOKHX
Kapbepax.

OmnpeneneHo BAMSHUE yIJIa HAKIOHA TPACChl KOHBEHEPHOT'o MOIBEMHHKA U BBICOTHI IT0JbEMA FTOPHON MACCHI Ha
OCHOBHBIC ITOKa3aTCIn ﬂpO6HJ’IbHO-KOHBeﬁeprIX KOMIIJICKCOB. HpHBeﬂeHbI pE3YyIbTaThl TEXHUKO-3KOHOMUYECKOT'O
aHaJin3a TIMPUMCEHCHUSA KOMIIIEKCOB HHKHHHHO—HOTOHHOﬁ TEXHOJIOTUHM C KPYTOHAKJIOHHBIMH KOHBeﬁeprIMH
IIOABEMHHUKAMU U 06])1'-IH])1MI/I. OHpeZle.HeHbl CPaBHUTCJIbHBIC BEJIMYMWHBI KallUTAJIbHBIX W JKCIUTyaTalMOHHBIX
Pacxo/oB NpH paslIMUHBIX yIJIaX YCTAaHOBKH KPYTOHAKJIOHHOTO KOHBEHEPHOIO IOJBEMHHKA IPH BHICOTE MOABEMA
Tpancnoptupyemoro marepuana 100 - 600 m u yrnax nogsema g0 50 - 60°.

D¢ dexTrBHBIE yCIOBUS MPUMEHEHHS KPYTOHAKIIOHHBIX JICHTOUHBIX KOHBEHEPOB YCTaHABINBAINCH HA OCHOBAHHUN
aHanM3a OICHOYHBIX IOKAa3aTeNiel, BKIIIOYAIOIINX CyMMapHbIE W yJEbHbIC KalUTAIbHBIE 3aTpaThl, CyMMapHbIe W
yIENbHBIE SKCIUTyaTAlOHHBIE PACXOAbI, NMPOM3BOJUTENBHOCTD TPYyHa, YACIBHYI0 METaUIOEMKOCTh W YIEIbHYIO
3HEPrOHACHIIIEHHOCTh, KOTOPBIE ONPEAEISUINCH B LETIOM AJIsI KOMITIEKCa UKINIHO-TIOTOYHON TEXHOJIOTHH.

Pe3ynbTaThl MCClIeIOBaHUI NOKA3bIBAIOT, YTO KPYTOHAKJIOHHBIE KOHBEHEPHBIE MOABEMHUKH IPH YIIaX HX
ycraHoBKU Ooiiee 35° addexTrBHEe OOBIYHBIX JIEHTOYHBIX KOHBEHEPHBIX MOABEMHUKOB, YTO B PacCMaTpPHBaEMbIX
YCIIOBUSIX JaeT BO3MOXKHOCTh YMEHBIIUTH CyMMapHble KanutanbHble 3arpatsl Ha 20—100 muiH py0., a cymMMapHbIe
9KCIUTyaTalHOHHbIC pacXobl — Ha 3,5-4,5 MiIH pyOJieit B o,

KawueBble C¢JI0Ba: IUKINYHO-TIOTOYHAS TEXHOJOTHS, TIIyOOKHE Kapbepbl, MOOWIBHBIC IPOOHIHHO-
Neperpy304YHble YCTAaHOBKH, KPYTOHAKJIOHHBIH KOHBEHep, KOHICHTPAlMOHHBI TOPH30HT, YJAEJbHBIE 3aTparthl,
nCCIeJOBaHHE.
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