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INFLUENCE OF AN INSTALLATION ANGLE
OF THE CONVEYOR LIFT ON THE VOLUMES
OF MINING AND PREPARING WORK AT QUARRIES
AT THE CYCLIC-FLOW TECHNOLOGY OF ORE MINING

Abstract. Determination of the effect of the installation parameters of the conveyor hoist on the volumes of
mining operations in the open-pit mine at cyclic-flow method for the ore mining. Justification of application of
various technological schemes of cyclic-flow method (CFM) depending on the duration of work at the concentration
horizon of crushing and loading points, as well as rational schemes of opening the open-pit mine.

To achieve the purpose of this paper we have used the integrated approach, including the analysis of scientific
papers to identify problematic aspects of the applicability of the cyclic-flow method in domestic open-pit mines, the
analytical studies to identify the relationship between the volumes of mining operations and the technological
parameters for mining the open-pit fields, the method of technical and economic comparison to justify rational
schemes for opening the open-pit fields.

We have scientifically established the areas of expedient application of steeply inclined conveyors in the
technological CFM schemes in comparison with usual belt conveyors which are expedient to use at a height of rock
mass hoisting of 100-200 m and more and at an annual output of 5-10 million tons.

We have determined the areas of preferable application of steeply inclined conveyors in the technological
CFM schemes in comparison with usual belt conveyors. It is expedient to use the steeply inclined conveyors in the
CFM complexes with an annual output 5-10 million tons at a height of rock mass hoisting of 100-200 m and more.
When increasing the volumes of movement by the CFM complexes up to 20-30 million tons per year, it is expedient
to use the steeply inclined conveyors at a height of rock mass hoisting of 200-300 m and more. In these conditions,
with practically equal operating costs, the specific capital costs of the CFM complexes with steeply inclined
conveyors are lower by 6-20 %.

As a result of technical and economic calculations, we have confirmed high efficiency of application of
technological schemes with steeply inclined conveyor hoisting and semistationary crushing and loading devices at
open-pit mines with high annual output. The results are useful for the organizations engineering the mining
enterprises with open pit mining.

Key words: cyclical-flow technology, deep quarries, mobile crushing and reloading plants, concentration
horizon, mining preparatory work.

Introduction. Problems and its connection with scientific and practical tasks. Application of the
cyclical-and-flow method (CFM) in conditions of constant deepening of open-pit mines allows to reach
high concentration of operations, to improve indicators of use of mining transport equipment, to provide
high degree of automation of technological processes and to increase work efficiency of the open-pit mine
as a whole.

In recent years, the use of the CFM in open-pit mines as energy-and resource-saving mining
technologies continues to be relevant. A sufficient number of publications have been devoted to the
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questions of possibility and expediency of using and development of the CFM complexes at the open-pit
mines [1-8], as well as to the problem of increasing the output through the use of rational design and
layout schemes of the CFM complex elements, reducing the costs of the CFM complexes by reducing the
number of dump trucks in the cyclical link ofthe CFM.

The performed studies have showed that specific energy consumption of the cyclic-flow method used
in the open-pit mines of the Commonwealth of Independent States is lower by 14-16 % compared to the
cyclic technology. Distribution of energy consumption by the main technological CFM processes is on
average the following: transportation of rock mass 75-80 %, crushing 8-10 %, excavation 16-18 % [9,21].

However, the possibilities of the cyclic-flow method used in the open-pit mines of the
Commonwealth of Independent States have not been fully realized. The main disadvantages of the applied
CFM schemes include the stationary nature of crushing and conveyor complexes, whose use contradicts
the dynamics of mining operations (rate of progress in depth being 7-15 m/year) and the conditions for the
formation of technological cargo flows. The stationary nature of the CFM facilities determines the large
volume of capital mining and construction and installation works (up to 75 % of the total cost of the
complexes) and, as a result, the construction time for such complexes is at least 3-5 years. The service life
of the crushing and loading point at one concentration horizon is at least 8-10 years. This determines the
irrational working conditions of gathering vehicles: the actual distance of transportation of the rock mass
at the site from the excavator face to the crushing and loading point (CLP) reaches 3 km or more. The rate
of progress in depth and the lengthening of the inclined conveyor result in considerable "throwing" costs
connected with liquidation of the earlier operating CLP as its stationary nature allows to dismantle for the
further use only a mechanical part (crusher and feeders) that makes no more than 28 % of the total
CLP cost.

Analysis of previous studies and publications on the problem. The conditions for the formation of
the working area of the deep open-pit mines and the space-time distribution of the rock mass volumes
necessitate the use of such crushing and loading devices (CLD) in the technological CMM schemes,
whose design ensures their periodic movement in the open-pit space as the open-pit mine deepens. Such
the CLDs, which provide high flexibility of the method in changing the mining conditions of the lower
horizons of deep open-pit mines, include the semistationary crushing and loading devices of block-
modular design with output of 600, 1000 and 1350 m3h (up to 6-12 million tons of ore per year).
The choice of the CLD type, the frequency and the step of its transfer are established on the basis of the
results of optimization of technological cargo flows over a long mining period. The most effective use of
the CLDs is in combination with open-type belt conveyors with an angle of inclination from 15-16° to
35-45° [10-11].

Scientific works of academician of RAS N. N. Mel'nikov and M. S. Chetverik were devoted to the
problems of opening the deep horizons of the open-pit mines and locating the CLPs at concentration
horizons. However, at present there is no verified and proven system of opening schemes with justification
of the CLD operation term at concentration horizons before its subsequent moving to the lower horizon
[12-14].

In addition to the considered technical solutions aimed at improving the efficiency of the CMM
through the use of more advanced and maobile equipment, the correct location of the crushing and loading
device at the concentration horizon and the scheme of opening the concentration horizons are essential.

When locating the belt conveyor hoists in the open-pit mines (trenches and semitrenches) at the open
pit walls with the crushing and conveying complexes currently in operation, the crushing and loading
devices are adjoined directly to the hoists. Such location of these units and their sites have required the
mining and preparation works related to the spread of the open pit walls and the excavation of additional
volume of overburden, or keeping the permanent pillars of rocks. Additional mining operations have led to
an increase in the volume of overburden excavation in the open-pit mine, and a part of the project volume
of mineral extraction has been kept in permanent pillars of rocks.

The analysis of the methods for formation of sites for the crushing and loading devices ofthe CFM at
the iron ore open-pit mines of Ukraine has shown that when using the cone crusher KKD-1500 at the
stationary CLP and locating the belt conveyor hoist in the trench the sizes of the site for the CLP are large.
They vary from 2107100 m in the Poltavskiy open-pit mine to 3607260 m in the Annovskiy open-pit mine
at the Severny MPS. When opening the horizons for locating such the points by inclined shafts, the sizes
of sites change from 180x160 m at the open-pit mine 2-bis ofthe Novo-Krivorozhskiy MPS to 480x280 m
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at the open-pit mine of the Yuzhny MPS. When locating the conveyor hoist in the inclined shaft and
crosscuts, the size of the sites varies from 100770 m at the Inguletskiy open-pit mine to 2007140 m at the
Pervomayskiy open-pit mine of the Severny MPS. Table 1 shows the volumes of overburden excavation
during the mining operations for the CLD site with the size of 200x100 m depending on the depth of its
laying at the open pit wall.

Table 1- Overburden excavation volumes for the crushing and loading device site

. Volume of overburden excavation for the CLD site, min. m3
Depth of laying

ofthe CLD site, m With preliminary spread At permanent pillar of rocks
ofthe final open pit wall in open-pit mine outline
100 34 2.0
200 96 40
300 186 6.0
400 304 8.0
500 405 10.0

To open the horizons of the CLD location at the iron-ore open-pit mines of Ukraine, a scheme was
widely used with the installation of a conveyor hoist in inclined shaft and crosscuts located beyond the
final outline of the open-pit mine. Crosscuts open up the horizons of the location of the CLD. The
conveyors move rock mass by the crosscuts from the crushing and loading devices located at the
temporary pillars of rocks (temporary nonworking sites of working open pit wall), with reloading to the
stationary conveyor in the inclined shaft. With the rate of progress in depth, the inclined shaft and the
conveyor hoist in it are lengthened and new crosscut is extended with the installation of the conveyor in it
to new concentration horizon and new CLP is built at the temporary pillar of rocks. The old CLP is
dismantled and the pillar is developed under it. Such system of opening the concentration horizons meets
the requirements of blast works in the open-pit mine. Significant disadvantages of this opening system are
the high cost of underground mines and the long construction time of the CFM facilities. This does not
allow to fully realize the advantages ofthe CFM and significantly reduces its competitiveness. The cost of
opening excavations for installation of the belt conveyor hoists in them is several times less than the cost
of construction of underground excavations for installation of hoists. But the open location of the hoists
will be effective only when there is no need to excavate large additional volumes of overburden from the
spread of the open pit wall in order to form the base of the conveyor excavation at the final open pit wall.
When using the known methods of construction of the mine gallery with the hoist the base ofthe conveyor
excavation locates also a strip with sites for the installation of the construction crane and a road for the
movement of the tractor trolley, which delivers the construction components of the gallery and the hoist
equipment to the site of installation, and to move the crane from site to site. At the Annovskiy open-pit
mine of the Severny MPS of Ukraine the width ofthe base ofthe semitrench formed at an angle of 15° for
a gallery 9.4 m wide is 36 m. The gallery locates two belt conveyor hoists with a belt width of 2000 mm.
In addition to the gallery with hoists, the base of the semitrench includes a strip with sites for the
construction crane and a road for the tractor trolley. The formation of such a base ofthe semitrench down
to a depth of 154 m with a site for loading between the conveyor lines has required the spread of the final
open pit wall with the excavation of additional overburden with a volume of 3.5 million m3,

Study methodology. The studies have been carried out using an integrated approach, including the
analysis of scientific works to identify the problematic aspects of the applicability of cyclical-and-flow
method in domestic open-pit mines. Analytical studies allowed to reveal interrelationships between the
volumes of mining operations and the technological parameters of development of the open-pit fields.
Rational schemes for opening the open-pit fields are justified by the method of technical and economic
comparison.

For calculations the following initial data have been accepted: angle of inclination of the conveyor
hoist being 16° angle of inclination of the open pit wall in final position being 37°. The output of the
crushing and conveying complex is 18 million tons per year. The costs for the conveyor track were
determined for a depth of 120, 240, 360 and 480 m [15-16].
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The semitrench and trench forms of excavation for the belt conveyor hoist differ from each other in
that the part of the base ofthe semitrench in width is located on an inclined safety berm, replacing sections
of the horizontal safety berms of the open-pit mine along the hoist route. The semitrench can only be
formed on a straight section ofthe open pit wall. On the open pit wall, which includes convex and concave
sections, there can be formed an excavation for a belt conveyor, which, in order to excavate the minimum
volume of overburden, includes the trench and semi-trench sections.

Figure 1 shows the dependences of the volumes of the spread of the open pit wall for the trench on
the width of its base for the belt conveyor hoist with a belt width of 2000 mm, being obtained by
analytical methods and graphical modeling. It is shown that with increasing the width of the trench base
from 15to 40 meters the volume of mining operations with depth increases from 4 to 10 million m3.

Figure 2 shows the dependence of the volume on the spread ofthe open pit wall for the trench for the
belt conveyor hoist (1) and the reduced costs for the conveyor track when locating the conveyor hoist in
the trench and inclined shaft and crosscuts.

Figure 1- Dependence of the volume of mining operations for the trench of the belt conveyor hoist (V)
on the depth of its laying (H3) with different width of the base ofthe trench (a) and inclination angles
of the open pitwall: 1-20°% 2 - 25° 3-30° 4 - 35°; 5-40° 6 - 45° 7-50°

V1

Figure 2 - Dependences of the volume on the spread of the open pit wall (\/, min. m3) for the trench
for the belt conveyor hoist (1) and the reduced costs for the conveyor track (P, min. rubles)
when locating the hoist in the trench (2) and the inclined shaft and crosscuts (3) from the depth of the trench (H, m)

It follows from an analysis of the diagrams that it is more advantageous to locate the belt conveyor
hoist down to a depth of 250 m in the trench. At greater depth of trenching the costs for the conveyor
hoisting essentially increase in comparison with the costs at locating the hoists in underground
excavations. The main reason for the increase in costs is the increase with the depth of the additional
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volume ofthe overburden excavation from the spread ofthe open pit wall for the trench. At lower angle of
inclination of the open pit wall in the final position, the volume of the spread for the trench at the same
depth of its laying will be smaller, and the rational area of use of the belt hoist with its location in the
trench by the depth of the open-pit mine increases. Hence it is possible to draw a conclusion that the area
of application of the trenches (semitrenches), for locating the belt conveyor hoists and construction and
transport communications in them and in the open-pit mines developing steep deposits is opening of the
first concentration horizons by depth of the open-pit mines. With this method of construction of the
conveyor hoists in the galleries at the final open pit walls, opening the next in depth concentration
horizons by the inclined shafts put down behind the final outlines of the open-pit mines and the crosscuts
from the shaft for the crushers of the crushing and loading points in the open-pit mine will be
economically more profitable. However, with this location of the conveyor hoist the costs of the crushing
and conveying complex will be very high.

In order to reduce the volume of the mining operations for the trench of the internal belt conveyor
hoist, part of the trench base by its width can be located at the inclined safety berm, replacing the
horizontal safety berm sections along the hoist route. In this case, the opening excavation takes the form of
the semitrench. The wall excavation width for the semitrench compared to the trench is reduced by the
width of the safety berm of the open-pit mine. Table 2 shows the volumes of overburden excavation
during the mining and capital works for the trench and semitrench of the belt conveyor hoist at the final
open pit wall. Accepted: the angle of inclination of the open pit wall is 35°, the width of the base of the
mine is 30 m and the angle of inclination is 16°.

Table 2 - Volumes of mining and capital works for opening excavations of belt conveyor hoist

. Overburden excavation volume, min. m3
Depth of pit, m

for trench for semitrench
100 0.64 0.40
200 213 141
300 4.80 303
400 8.11 527
500 1253 8.12

Results and discussions. The established analytical dependencies for determining the volume of
mining operations for the trench of the conveyor hoist have allowed to establish that when laying the
trench with the base width of 30 m down to a depth of 240-400 m, these volumes will be from 2 to 10 min.
m3with a change of inclination angle ofthe open pit wall from 20° to 50°.

On the basis of graphic modeling of opening excavations it is established that on a straight line
section of open pit wall the smallest volume of mining operations is provided when locating the conveyor
hoist in the semitrench. Part ofthe base ofthe semitrench in its width is an inclined safety berm, replacing
parts of the horizontal safety berm along the hoist route. The width of the spread of the open pit wall in
comparison with the trench decreases by the width of the safety berm ofthe open-pit mine.

When locating the belt conveyor hoist in the opening excavation at the final open pit wall, the rational
technological scheme of a crushing and conveyor complex corresponds to the technological scheme of a
complex with locating the hoist in the inclined shaft and cross cuts. According to this scheme, the
conveyor hoist at the final open pit wall is connected to the crushing and loading points in the temporary
pillars of rocks through the transfer conveyors. Their length corresponds to the safe distance to the
conveyor hoist according to the condition of blast works . In addition to the possibility of developing the
temporary pillars of rocks under the crushing and loading points, another advantage of such a scheme, in
comparison with locating the crushing and loading points at the final open pit walls, is the reduction in the
distance of transportation by gathering vehicles. Dump trucks enter the unloading sites directly from the
working area ofthe open-pit mine, bypassing the final open pit wall.

The rational scheme of opening when locating the belt conveyor hoist at the final open pit wall can be
realized only with a single-wall mining system. Only in this case, the stationary and transfer conveyors
can be located at the final open pit wall, and the crushing and transfer points can be located in the
temporary pillars of the working open pit wall. Locating the crushing and loading points in the temporary
pillars of rocks excludes additional overburden from mining operations for the sites of these points, as
opposed to locating them in sections of the final open pit wall.
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The main reason for the large volumes of overburden for the opening excavation of the belt conveyor
hoist is the method of constructing a gallery with a hoist, which requires the formation of a construction
and transport communication on the basis of the excavation, including the sites for the installation of the
construction crane and the road for its movement and movement of the tractor trolley with cargo. The
Institute of Mining of the Ural Branch of RAS has developed the methods of construction of conveyor
hoists at the final open pit wall, which allows to reduce the volume of mining operations from the spread
of the open pit wall. They are based on the principle of combining the conveyor and the construction and
transport communications with the horizontal and inclined safety berms of the open-pit mine. When using
one of these methods, the construction and transport communication is located on a temporary rock fill,
and the conveyor hoist being located in the semitrench, which is an inclined safety berm of the open-pit
mine. After the construction ofthe gallery with the hoist, the temporary rock fill is levelled simultaneously
with setting the working benches of the open-pit mine to the final outline. It is established that there is a
possibility to build the belt conveyor hoist without the spread of the open pit wall when locating the
construction and transport communications at the inclined safety berm of the open-pit mine and the
conveyor hoist in the gallery on supports above the side slopes of the semitrench. In another method, the
construction and transport communication and the conveyor hoist are located at the adjacent inclined
safety berms ofthe open-pit mine, being separated by the bench slope.

The belt conveyor hoist consists of individual conveyors, between which the transfer units being
arranged. In order to build and maintain the conveyor lines, the vehicle mounts should be arranged from the
main ramp in the open-pit mine to the sites of transfer units. The mounts require the preliminary mining
operations with the spread of the open pit wall or keeping the permanent pillars of rocks. Additional
mounts can be excluded if the routes of the hoist and the main ramp are linked to each other in such a way
that the sites oftransfer units between the conveyor lines are connected to the turn sites of the ramp.

The main direction for improvement of crushing and conveyor complexes in open-pit mines is the use
of mobile crushing and loading points instead of stationary crushing and loading devices [17-19]. Moving
the mobile crushing and loading device (MCLD) as the operations in the open-pit mine develop and its
location at the deeper horizons allows to reduce the distance for transportation of rock mass by the
gathering vehicles. Moving the MCLD along the stationary belt conveyor hoist is not rational, because of
the need to form permanent sites at the final open pit wall to move it with the excavation of additional
volume of overburden. For the effective use of the MCLD, the temporary belt hoisting conveyor can be
used to be located in the excavation, which is a combination of the trench and the semitrench. The
excavation is formed at the temporary pillar of rocks by the border of working and final open pit walls.
The rock mass is transferred from this conveyor to the transfer conveyor located at the final open pit wall
to the stationary conveyor hoist. The installation is adjacent directly to the temporary conveyor, and it will
be moved along it with the rate of progress in depth, reducing the transportation distance by the gathering
vehicles (figure 3).

Figure 3- Crushing and conveyor complex at open pit wall: 1—MCLD; 2 —temporary hoisting conveyor;
3 —stationary conveyor hoist; 4, 5—transfer conveyors; 6 — main vehicle ramp
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If it is necessary to extract the rock mass from all the open-pit mine horizons, which are crossed by
the hoisting conveyor along which the MCLD is moved, it is rational to use several units of lower output
instead of one unit of high output. They are spread in height along the conveyor. When loading the belt
hoisting conveyor at several points, the lower part of the conveyor belt will be always not fully loaded. In
this case, a conveyor system can be used, which consists of several smaller conveyors with different
outputs and lengths, installed one above the other and loaded by different MCLD located at different
depths of the open-pit wall. Such an installation allows to reduce the metal consumption of the conveyor
hoist and the volume of rock mass spilled from the idle flight ofthe conveyor belt.

The results of comparing the volumes of mining and capital works at the installation of belt
conveyors in underground and opening excavations with the installation of a steeply inclined conveyor
(SIC) allow to make a conclusion about the undeniable advantages of the latter. The systems of cyclic-
flow method with use of steeply inclined belt conveyors and semistationary crushing and loading devices
of block-modular design providing fast installation and dismantling of the complexes meet the most
requirements of development of deep open-pit mines. Technical and economic calculations and data on
foreign firms indicate high efficiency and prospects of the CFM systems with the SIC. One of the main
conclusions that can be drawn from the experience of the SIC in the Muruntauskiy open-pit mine for
8 years, with an annual output of 18 million tons of ore is the operation of a unique facility installed at the
open pit wall without any mining and capital works, except for the installation of the SIC supports on the
concrete base [20].

When using the SIC, it is possible to create any (including complex) configuration of conveyor line
routes with a minimum number of loading devices. The SICs allow to locate them at angles of the slope of
the open pit walls and to combine inclined sections of the conveyor line with flat sections without loading
devices. The angle of inclination ofthe conveyor line can be changed along the route length up to 90°. All
this allows to transport the rock mass by the shortest distances, having essentially reduced the length of the
conveyor lines in comparison with traditional conveyors, and to minimize the mining and capital works,
having refused to lay special trenches and shaft sinking in open-pit mines [21].

Conclusions. The studies in the Institute of Mining of Ural Branch of RAS have determined the areas
of preferable application of steeply inclined conveyors in the technological CFM schemes in comparison
with usual belt conveyors. It is expedient to use the steeply inclined conveyors in the CFM complexes
with an annual output 5-10 million tons at a height of rock mass hoisting of 100-200 m and more. In these
conditions, with lower (down to 15-20 %) costs, the specific capital costs of the CFM complexes with
steeply inclined conveyors are significantly (by 6-20 %) lower. When increasing the volumes of
movement by the CFM complexes up to 20-30 million tons per year, it is expedient to use the steeply
inclined conveyors at a height of rock mass hoisting of 200-300 m and more. In these conditions, with
practically equal operating costs, the specific capital costs of the CFM complexes with steeply inclined
conveyors are lower by 6-20 %.

2. Application of the scheme of opening the concentration horizons for locating the CLP, providing
the maximum co-locating ofthe CLD sites with the temporary nonworking sites of open pit walls, and the
bases of conveyor excavations, the construction sites and the mounts to them with the inclined and
horizontal safety berms will reduce the volume of mining operations.

3. On the basis of graphic modeling of opening excavations it is established that on a straight line
section of open pit wall the smallest volume of mining operations is provided when locating the conveyor
hoist in the semitrench.

4. When choosing a scheme for opening and developing the deep horizons for open-pit mines at the
CFM, it is necessary to take into account the costs of additional overburden from the spread ofthe open pit
wall for a steep trench and the unloading sites ofthe CLP.

5. In the future, the development of cyclic-flow method in deep open-pit mines should be based
on the use of steeply inclined conveyors installed on concrete supports, which will significantly reduce
the volume of mining operations as well as reduce construction time and increase the efficiency of the
CFM as a whole.
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B. /1. AkosneBl A. B. ne6oBl, B. A. bepceHeBL C. C. *nHuna32 [. H. Jiuroykmnini

Peceli rbinbiM akagemmsacbl Opan 6eniMLLECIHIH Tay-KeH icrepi MHCTUTYTbI, EkaTepuHoypr, Pecei;
2K. XK"6aHoB atbliHAarbl ATebe eHipnik MemMnekeTrik yHusepcuTeTi, A"Tebe, KasakcTaH;
3CaHkT-IMeTepbypr Tay-keH yHuBepcuteTi, CaHkT-INeTepbypr, Peceli

Y3LWMEI-TONACCHI3 TEXHOTOI A APKbI/Tbl KEH LIA3Y IA
KOHBEWMEP/11 KOTEPI1 OPHATY B¥PbILbIHbIL, APLUBLWTAIblI TAY-KEH
OAAPNAY X¥MbIC KONNEM1HE 3CEP1

AHHOTauuA. 3epTTey MakcaTbl - KeH eHAIPYAIH LUMKLIK-arbiHAbl TEXHONOM UACHI Ke3iHAE apLubLUTarbl Tay-KeH
JalblHAay >KyMbICTapblHbIH KeNeMiHe KOHBeliep/iK KeTepriluTi opHaTy napameTpiepiHiH 3CepiH aHblKTay. ALUbIK
Kasy XX"MbICbl TEPEHAETY >XarfjaiblHaa 34alibl Y3i/IMeni-Tonacchl3 TEXHONOrMA naiiganaHybl, eHAIPICTIH Xorapsbl
Jeureiifie LIOrbIpfaHyblHa, Tay-KeH TacbiManay >kabAblKTapblHbIH MaiiganaHy KepceTKilTepiH >korapbliatyra
MYMKLIALW 6epedi, TeXHONOrusAnbIK Y/depicTepiH >Korapbl aBTOMATTaHAbIPY A3peXKeciH KaMTamachl3 eTy apKbibl
YK3HE XKaJTNbl apLUbIK XX MbICbIHbIH TMIMAINITiH Xorapblnaraibl.

XY3ere acbipbinraH 3epTTey HaTWKenepi 6oiibiHWwa TM/, engepiHiH Y3iaMeni-Tonaccbi3 TeXHOMOMMs nainga-
NaHaTbiH apwblkTapga Y/ecTi 3Heprus KongaHy Mesnwepi Y3inveni TeXHOMOrMsa naliganaHaTbiH apLlublKTaphaH
14-16%-ra TeMeH KepCeTKiwTi 6alikaTTbl. Y3i/IMeNi-TONAcChi3 TEXHOMOMMSAHbIH HEri3ri TeXHoMormsnbik Y/epic-
Teplle KeneTiH 3Heprus KonjaHy Mefilepi KenTafeii: KeH MmaccacbiH TacbiMasigayra 75-80%, “catyra 8-10%,
3KCKaBa-Uuanayra 16-18%.

3epTTey HaTWDKecWe K¥pacTbipbiiraH rpaduk 6oibiHWA aplbliK TepeHAaw 250 M-geH TepeH 6onmaca
KOHBeliepni KeTepriHi TpaHLesa OpHanacTbIpy TUIMAINITT aHbIKTanAbl. ApLUbIK TEPEHAEreH CailbiH OpAbIH ~3bIHAbI-
bl MEH Tay-KeH Aaspnay X MbICTapblHbIH KefieMi fe apTafbl. LUbIrbIHHBIH ANratobiHbIH Herisri ce6ebi - TpaHLesra
Kapbep OGOPTbIH TapaTyjaH apLibUiraH XbIHbICTApAbl Ka3y[blH KOCbIMLUA KenemiHiH TepeHAiri apkbiibl ecy.
ApLUBbIKTbIH TepeHAIriHe CalKec Kapbep 60PTbIHbIH eHKIL 6”\pbillbl a3aliTbiiraH Wwamaga 6onraH »argaiifa xaHe
CON TepeHAikke CalikeC opfAbl YHriney YLWiH KaKeTTi agfiem fe asasfpl, ai apLiblKTbiH TEPEHAEYLLUE CIMKEC KOH-
Beliepni KeTepriHi KongaHy MyMLUHAT Xorapblnaigbl.

1K1 canblHraH Tacnasibl KOHBeNepiK KEeTePrilTiH TpaHLUes acTbiHAArbl Tay-KeH-AalibIHAbIK X MbICTapbIHbIH
KeNeMiH asaiiTy MakcaTbiHAa TpaHwes Henaww, 6ip 6eniri oHbIH el 6oMbIHLWA KETePrillTiH TpaccacbiMeH afge-
HEH CaKTaHApIprbill 6GepmanapAblH Y4ackenepiH aybICTblpaTbliH aanbey cakTaHAbIprbiw 6Gepmaga OpHanacybl
MyMKLL. B/nkargaiiga awy KeH kazba mmim xapTbinail TpaHwesra ~kcac 60naabl. ApLUbIK XarfarblH dxapTblnali
TpaHLUeAHbIH OpHaJIacy >karfaliblH KaMTamachl3 eTETLU Lamara XbI/KbITY TpaHLLes OpHanacybIMeH CanblCTblpraHia
O/1 apLUbIKTbIH CAKTaHABIPTbILW aNaHbIHbIH eHiHE TeH MenLlepre asasgbl.

T eHKIWTI KOHBeliepnepai KongaHy Kainta Tvey KOHAbIPrbiiap CaHbIH a3aiiTyra )aHe Ke3 Ke/reH Lwiigeme
MEH >K3He OpHaTy 6”pbill GolibIHLWIA KOHBeMepnepai nanganaHy MyMIIHALWH 6epeai. TiK eHKIWTI KOHBeliepnepgi
apLUbIK >XarjaliblHbiH eHKIL 6”pbiLlbl 6OMbIHLLA OpHaTYra MyMLUHAK 6epesi, COHbIMEH KaTap KOoHBeliepni Tpacca-
NapbIHbIH Xaiinak XK3He aanbey 6enikTepiH KaiiTa TMEY KOHABIPrbIIapChi3 TIPKECTipeyre xargai Tyablipagb!.

KoHBeiepni "TepNUH eHKeto 6”\pbIllbIiH TpacCaHblH "3bIHAbINbI 60libIHIWA 90°-Ka feldiH e3repTyre 60nagbl.
M/HbIH 63pi KOHBeliepniep XeNICiHIH ~3bIHABITbIH 34eTTen KOHBeliepiepMeH Ca/lbICTbIPraHaa eH KbICKa KallbIKTbIK
6oliblHILIA KeH MaccacblH TacbiManjayra MyMLIHMDK Gepefi aHe TpaHLles MeH OKnaHAbl YHrijemeil-ak Tay-KeH
KYPzeni X"MbIC Kenemi KYPT azangpbl.

¥caTy-KainTa Tey KOHAbIPrblNapbIHbIH XMHAKTaYLLbl KEKOKUEKTE X MbIC Y3aKTbIrbiHa 6aiinaHbICTbl Y3iimeni-
TONACCHI3 TEXHOMOMUAHBIH TYPAi TEXHONOIUSA TIaMAepLL KongaHy bl Herisfey X3aHe apLublKTbiH TIMAI awly T3CiMiH
fanengey.

dpkTeme. KolbinraH makcaTka XeTy YIUiH XyMbICTa rblibIMU eHOeKTepai Tangaydbl Koca anraHia apLibik-
Tapaa Y3iMeni-Tonacchbl3 TeXHOMOMMs KONAaHyAbIH e3eKTi MacenenepiH aiikbiHAay, aHaIMTUKa/IbIK 3epTTeyep Tay-
KeH Jaspnay >k“MbICbIHbIH KeneMi MeH apLublK KasyAblH TeXHOMOrMANbIK napaMeTpiepLily e3apa 6alinaHbiCbiH
aHbIKTay, TEXHWKAa-3KOHOMUKASbIK CaNbICThbIPY 34iCTeMeCi - apliblK anaHgapbiH TWIMAI awy TaciniH ganengey
6apbICbiHAA KelleHAi 34iC KoMAaHbINAbI.

HaTtuxenep. Y3inimeni-Tonaccbl3 TEXHONOMMS TICIMAEPIHAE TiK EHKILWTI KOHBeMepnepai KoNgaHyAbIH TbibIMU
GarbITTapbl 34eTTeri Tacnanbl KOHBeWepnepMeH CabICTbIPbIIbIN HEri3fenreH, onapAbl KeH MacCacbiHbIH KeTepy
6umikTiri 100-200 M Hemece OfaH orapbl 60/iraHfa >X3He apLUbIKTbIH XbINAbIK eHiMainiri 5-10 maH.T. 6onraH
Kargaiiga KongaHraH »eH.

[binbIMU XaHanbiTbl. TiK eHKIWTI KOHBeliep/i Y3iMeni-Tonacchbi3 TEXHON0rUa TaamAepLl 34eTTeri Tacnanbl
KOHBeliep/iepMeH Ca/lbICTbIpraHia onapiblH apThIKWbINbIFbIH NaiganaHy alimarbl aHblkTangbl. XKblngblK eHimginiri
5-10 MAH.T. Y3iMeni-Tonacchbi3 TEXHOMOMMANbIK KeLeHe TiK eHKILUTI KOHBeliepnepai KeH MacCacbiHbIH KeTepy
OMIKTiri 100-200 M-re TeH He 0faH >korapbl 60/raHaa KongaHrad Twmaa. Y3isiMeni-Tonaccbl3 TEXHOMOorMAMEH Tacbl-
MasigaHaTbIH Kenem xbiibiHa 20-30 MAH.T.-faH >xorapbl 601raH xargainga, an agrepy 6 tknn 200-300 M Hemece
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0faH >orapbl 60/raHAa TXK eHIOLIN KOHBEMepnepai KongaHy TLWMALN Xorapbinaingel. Byn xargaiga nanganay
LWbIFbIH Kenemi TeH 6onraHga TiK eHMLN KOHBelepnepsi Y3i/IMeni-Tonacchbi3 TEXHOMOMMA KelleHAepiHiH YNecTi
KYPLeni WoIrbiHbl 6-20%-ra TeMeH 601apl.

Taxipubenik maubi3abl/ibHbl. XXbIIAbIK eHIMAINIT XOrapbl apLUblKTapia TEXHWKaIbIK-3KOHOMMKaSIbIK ecen-
Tey H3TMXKeaHe KypamblHAA XbIKbIMa/bl yCaTy-KakTa TUEY KypbIIrblIapMeH »XababIKTanraH TiK eHKIWTi KOH-
Beliepnepni TeXHONOTUAMNbIK TACIMAEPIHIH >Xorapbl KoAfaHy TWMALWN A3nengeHreH. Hatvkenep awbIkK TaciiMeH
KeH Ka3aTblH Tay-KeH K3CinmopbIHAapbIH X00anaTeiH Mekemenepre nangansl 60n1agpl.

TYViiH cesnep: Y3iNMeni-Tonaccbls TEXHOMOrNs, TepeH apliblK MOGWMbAI ycakTay >3He KaiiTa-Tuey
KOHAbIPrbiNapbl, TIK eLbILLIN KOHBEEp, XMHaKTayLLbl KEKOKVEK, Tay-KeH Aaspnay >XyMbiChbl.

B. /1. Akosnesl A. B. Nne6osl B. A. bepceHesl, C. C. LlynHusz2 . H. Jiuroykunin3

MHCTMTYT ropHoOro aena YpanbCckoro oTaeneHns Poccuiickoii akagemumn Hayk, EkatepuHbypr, Poccus;
2AKTHOOUHCKMIA permoHabHbIA rocyAapcTBeHHbI yHuBepeuTteT uM. K. XKybaHoBa, AkTobe, KasaxcTaH;
3CaHKT-INeTepbyprckuii ropHblin yHuBepcuTeT, CaHkT-IMeTepbypr, Poccus

BNNAHWVE YT NA YCTAHOBKW/ KOHBEVWEPHOTO MOABEMHUKA
HA OBBEMBbI FOPHO-MOAINOTOBUTE/IbHBIX PABOT HA KAPBEPAX
MNP UMKANYHO-MOTOYHOW TEXHONOI W AOEbLIYN PY [

AHHoTauua. Lenbio muccnegoBaHns SBASETCA yCTaHaB/EHWE BANAHWA NapamMeTpoB YCTaHOBKM KOHBENEepPHOro
NoAbEMHMKA Ha 06bEMbI FOPHO-NOArOTOBUTENbHBIX PA60T B Kapbepe NPy LIMKINYHO-NOTOUHON TEXHOOrMK LO6bIUM
py&. MpyMeHeHre LMKIMYHO-NOTOYHOW TEXHOMOMMU B YCNOBUSX MOCTOSHHOTO Yr1y6eHns OTKPbITbIX pa3paboTok
MO3BO/IAET LOCTUYb BbICOKOI KOHLEHTpaLyn MPOM3BOACTBA, Y/YULINTb MOKa3aTen M UCMo/b30BaHUA FOPHO-TPaHC-
MOPTHOro 060pyA0BaHNs, 06eCNeUNTb BbICOKYIO CTeMeHb aBTOMATM3aLIMM TEXHOMOMMUYECKMX NMPOLLECCOB M MOBbLICUTH
3heKTUBHOCTL PaboTbl Kapbepa B LENOM.

BbINOMHEHHbIE MCCNEA0BaHNSA MOKAa3av, YTO YAe/bHOE 3HEpPronoTpebieHne NpUMeHseMoin Ha Kapbepax CHI®
LIMK/IMYHO-NOTOYHON TEXHOMIOMMK MO CPaBHEHWIO C LMK/INYHOW TexXHOorvein Hwke Ha 14-16%. PacnpegeneHuve
3HepronoTpebieHns Mo OCHOBHbIM TEXHOMOrMYeCKMM npoueccam LIMNT B cpefHeM COCTaBMseT: TPaHCMOPTVPOBaHNe
ropHoit maccel 75-80 %, gpobnenHne 8-10 %, akckaBauus 16-18 %.

V3 aHanm3a rpaMkoB UCCNe0BaHUIA CrefyeT, YTo A0 rAy6uHbl 250 M IEHTOUHbIA KOHBEVEPHbI NOALEMHUK
6onee BbIFOAHO pa3MeLlaTb B TpaHwee. Mpu 6oMbluei raybrHe 3al0KeHWs TpaHLWen 3aTpaTbl Ha KOHBEVEepHbI
noabEM pe3Ko Bo3pacTaroT. OCHOBHOM MPUYMHONM YBENWYEHUA 3aTpaT SB/SETCA BO3pacTaHWe C rnybuHoi gonon-
HUTENIbHOTO 06beMa BbIEMKM BCKPbILLIHBIX MOPOA OT pasHoca 6opTa Kapbepa noj TpaHwero. Mpu MeHbluem yrie
Hak/loHa 6opTa Kapbepa B KOHEYHOM MONOXKeHUM 06beM pa3HOCa MOA TPaHLLEK Npy OHOM W TOW Xe rnybuHe ee
3aN0KeHNs 6yeT MeHbLLE U pauyoHaibHas 061acTb MCNO/b30BaHNS IEHTOYHOMO NOLBLEMHIUKA C €r0 pasMeLLeHNeM
B TpaHLUee no rnybrHe Kapbepa yBenmymBaeTcs.

C uenbio ymMeHbLUeHUs 06bEMa FOpPHO-MOArOTOBUTENbHBIX PaboT Nof TpaHLUeH feHTOYHOr0 KOHBEEepHOro
NOABLEMHMKA BHYTPEHHErO 3a/I0KEHUS YacTb OCHOBaHWS TPaHLLEW MO ero LUMprHe MOXeT ObiTb pacnofioxeHa Ha
HaKNOHHOW NMpeaoXpaHNTENbHON Gepme, 3aMeHSIHOLLIEN MO Tpacce MNOAbEMHMKA Y4aCTKM FOPU30OHTaNbHbIX Npeaoxpa-
HUTENbHLIX 6epM. B 3aTOM cnyuae BCKpbiBatoLLas BbipaboTka nprobpeTaeT hopmy nonyTpaHien. LLinpuHa pasHoca
6opTa nog NosyTpaHLLE B CPABHEHWM C TPaHLLEe YMEeHbLIAETCA Ha LUMPUHY NPefOXPaHUTENIbHON 6epMbl Kapbepa.

Mpy npumeHeHMn KHK OTKpbIBaeTCA BO3MOXHOCTb CO3A4aHUSA KOOI, B TOM YMCE CNOXKHOW KOH(Urypaumm
TPAcC KOHBEWEePHbIX IMHWA C MUHUMa/IbHBIM KO/IMYECTBOM Neperpy30yHbIX ycTpoincTs. KHK nossonstoT pacnona-
raTb MX MOA Yrnamu OTKOCOB GOPTOB KapbepoB M COYETaTb HaK/OHHbIE YYACTKM KOHBEMEPHO Tpacchl C NO0rMMm
yyacTkamm 6e3 Meperpy304HbIX YCTPOMCTB. YTON HAK/OHA KOHBEMEPHOW JIMHUM MOXET W3MEHSITbCA MO AJINHE
Tpaccel BNoTb Ao 90°. Bce 3TO MO3BONSET TPaHCMOPTMPOBATb FOPHYHD Maccy MO KpaTyailluM pacCTOSHWUAM,
CYLLECTBEHHO COKPATMB AMHY KOHBEMepHbIX IMHWUIA N0 CPaBHEHUIO C TPAAMLMOHHLIMU KOHBeiepamu, 1 CBECTM [0
MUHUMYMa TOPHO-KanuTasbHble PaboTbl, OTKA3aBLUMCb OT MPOKNAAKM Ha Kapbepax CreuuanbHbIX TpaHLlen u
MPOXOLKW CTBOJIOB.

O60CHOBaHWE MPUMEHEHUA PA3/IMUHBIX TEXHOMOTMYECKUX CXEM LIMK/IMYHO-NOTOYHOW TEXHOMOMMWN B 3aBUCK-
MOCTW OT NPOAO/HKMTENBHOCTU PaboThbl HA KOHLEHTPALOHHOM FOPU30HTe AP06WILHO-NePerpy30UHbIX NYHKTOB, a
TaKXKe PaLMOHaIbHbIX CXEM BCKPbITUS Kapbepa.

MeToauka. [ns JOCTVKEHWA NOCTAB/IEHHO Lenn B paboTe MCMOMb30BaH KOMMEKCHbIV MOAXO0A, BKIHOYalo-
WMIA aHaNM3 HayuHbIX TPYAOB - AN BbISBAEHWS NPOOGAEMHbIX acnekToB MPUMEHMMOCTM LMKINYHO-MOTOYHOM
TEXHOMOTMN Ha Kapbepax, aHaMTUYeCKWe WCCNefOBaHNA - [N BbISBNEHWS B3aMMOCBA3M OOBEMOB TOPHO-
MOArOTOBUTE/bHBIX PABOT M TEXHOMOrMYECKUX NapaMeTPOB pa3paboTKM KapbepoB, METOA TEXHUKO-3KOHOMUYECKOro
CpaBHeHWs - 419 060CHOBaHNS PaLMOHaIbHbIX CXEM BCKPbITUS KapbepHbIX MOMei.
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PesynbTaTbl. Hay4HO 060CHOBaHbI 06/1aCT LeNecoobpa3HOro NPUMEHEHNS B TEXHONOTMYeCKMX cxemax LIMT
KPYTOHaKNOHHbIX KOHBENEPOB B CPaBHEHWM C 06bIYHBIMU NEHTOUHBIMU KOHBeiepamu, KOTopble LienecoobpasHo uc-
Mo/b30BaTb NPW BbICOTE NOgbeMa ropHoii Maccel 100-200 M 1 6071ee 1 ro40BOI NPOM3BOANTENLHOCTU 5-10 MAH. T.

HayuHas HOBM3Ha. YCTaHOB/EHbI 061aCTU NPeLNOYTUTENIbHOTO MPUMEHEHNA B TEXHOMOMMYECKUX CXEMax
LINT KpyTOHaKMNOHHLIX KOHBEWEPOB B CPaBHEHUM C OObIYHBIMW NIEHTOYHBLIMK KOHBeepamun. B komnnekcax LMT ¢
ro40BO MPOW3BOAUTENBHOCTLIO 5-10 M/H. T. KPYTOHaK/IOHHbIe KOHBeliepbl LiefecoobpasHO MCMOMb30BaTh MpU
BbICOTE NoAbeMa ropHoii maccbl 100-200 m 1 6oniee. C yBenmueHneM 06-EMOB nepemeLLeHns kommnnekcamm LMT go
20-30 M/H. T B roj KPYTOHaK/IOHHbIE KOHBEMepbl LenecoobpasHo MPUMEHsTb MpY NOLbEME FOPHON MacChbl Ha
BbicoTy 200-300 M 1 6onee. B aTux yCnoBusX Npy NPaKTUYECKM PaBHbIX 3KCM/TyaTaLUMOHHbIX pacXodax, YAebHble
KanuTa/lbHble 3aTpaThbl Ha KOMNAEKChI LIMT ¢ KpyTOHaKNOHHbIMW KOHBEnepaMm Hke Ha 6-20 %.

MpakTuyeckas 3Ha4MMOCTb. B pesynbTate NpoBefeHHbIX TEXHNKO-3KOHOMUYECKUX PACHETOB NOLTBEPXKAEHA
BbICOKasA 3(PEKTUBHOCTb MPUMEHEHNS TEXHOMOTMYECKMX CXEM C KPYTOHAK/IOHHBIM KOHBEMEPHLIM MOALEMOM K
No/lyCTaUMOHapHbIMIA JPO6ULHO-NEPErpy304HbIMIA YCTPOMCTBAMU Ha Kapbepax C 60/bLIO rOf0BO NPOU3BOAM-
TeNbHOCTLI0. Pe3ynbTaThl ABAAIOTCA NOME3HLIMM ANS OpraHu3aumii, MPOEKTUPYIOLLME FOPHbIe NPeANpUTUS C OTKPbI-
TbIM CMOCOBOM pa3paboTKu.

KntoueBble €noBa: LUKINYHO-MOTOYHAA TEXHOMOMUsA, riybokMe Kapbepbl, MOBUNIbHbIE Ap0BUILHO-NEperpy-
304HbIe YCTaHOBKMW, KOHLEHTPALVMOHHBI FOPM30HT, FOPHO-MOArOTOBUTE/bHbLIE PaboThbI.
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