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Purpose. To substantiate the rational parameters of a new container technology for moving rocks in quarries which has tech-
nological and energy-saving advantages.

Methodology. The work used a set of scientific research methods: scientific synthesis; technical and economic analysis of op-
erating experience of transport systems; energy analysis of open pit mining processes; economic-mathematical and multivariate
analysis.

Findings. As a result of the completed design and technical and economic calculations, the rational parameters of the new
container technology for moving the rock mass in the quarries were substantiated.

Originality. For the first time, a comprehensive analysis of the operation of transport systems in open pits was carried out based
on an analysis of the structure and dynamics of energy consumption in deep pits. It was established that energy consumption for
technological transportation in deep quarries ranges from 22—55 % for assembly transportation and to 85—90 % for trunk trans-
portation in total energy consumption for mining rock mass. To improve the energy efficiency of transport systems of quarries,
rational constructive and regime parameters of the new container technology in deep quarries are justified, which allows changing
the principles of formation of excavators and transport complexes, increasing their productivity and energy efficiency. A method
has been developed for calculating technical, economic and energy indicators of container technology for transporting rock mass,
based on geoinformation modeling of the mining front and production facilities of deep pits.

Practical value. Based on the established rational parameters of the new container technology, at the design stage, it is possible
to make reasonable technical decisions that ensure the energy efficient operation of deep-pit transport systems.

Keywords: container technology, deep quarry, lifting machine, container, productivity, open pit mining, excavator transport complex

Introduction. Completion of technological equipment for
deep quarries is the most difficult issue in the technology of
existing quarries. This shows that they contain a number of
contradictions that require new solutions.

Currently, there are two main technologies used to trans-
port rock from deep quarries. This is transportation with the
help of heavy-duty dump trucks and conveyor transportation.
The efficiency of career rail transport with very large slopes is
low. It is also possible to use combined technologies that in-
volve the use of several transport modes.

The main goal of this article is to analyze the energy effi-
ciency of promising, relatively new technologies for transport-
ing rock mass.

Literature review. Let us consider first the case of road
transport. As mining operations decrease in open-pit mines,
the distance of road transport increases, and therefore larger
dump trucks are required. Increasing the loading capacity of
dump trucks violates the optimal ratio of the capacity of the
bottomhole excavator bucket to the capacity of the body of
the dump truck. To reduce downtime for expensive dump
trucks, you need to increase the bucket capacity and the stan-
dard size of the excavator. The increased size of dump trucks
requires the expansion of roads, maneuvering sites, etc.,
which significantly reduces the volume of mined rock. This
contributes to an increase in the number of intra-career
transshipment points used in combined transport. The opti-
mal location of such points is a very important task of plan-
ning the extraction and further transportation of the rock
mass [1].

© Stadkowski A., Utegenova A., Kuzmin S., Rakishev B., Stolpovs-
kikh 1., 2019

The efficiency of the use of road transport for the rock
mass transportation from deep quarries was previously consid-
ered by the authors in paper [2]. However, the use of combined
transport seems to be more efficient.

In deep quarries with a combined road-rail transport with
an increase in the depth of the quarry, the pace of construc-
tion of railway utilities and cargo warehouses gradually de-
creases due to the narrowing of the working space. The lag
from advanced overburden works is slowing down in order to
form areas of a permanent pit wall. Such sites require station-
ary rail links to be placed on them. The lag of overburden op-
erations in the area of operation of railway transport is due to
the lower possible intensity of mining operations caused by a
large length of the working front for one excavator on railway
transport.

Different rates of decline in mining operations in road
and rail transport also contribute to the emergence of an in-
creasing separation of the car boundaries of the lower zone of
the open pit from the transshipment warehouses located at
the lower boundary of the zone of operation of the rail trans-
port.

The result of the above situation is a qualitative transition
of vehicles from the category of link, which has the main ad-
vantage in mobility, in the category of lifting link of the trans-
port system, under conditions at which the worst properties of
vehicles are reduced — high specific fuel consumption and ex-
tremely negative impact on the open pit atmosphere [3]. Ac-
cording to practical data, the specific consumption of a dump
truck on the rise doubles, which is associated with a high ca-
pacity coefficient and low efficiency of any internal combus-
tion engine [4]. The specific cost of mining increases, the fre-
quency of pit stops for airing increases, or the need arises to
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use personal protective equipment against harmful gases [5].
Some technical solutions allow improving the process of trans-
portation of rock mass [6].

The main disadvantages inherent in traditional technolo-
gies with road, rail and combined road and rail transport are
the following [7]: high tare coefficient of the body of motor
vehicles; small gradients of transport communications in a ca-
reer; decrease in the productivity of excavators, automotive-
excavator and railway complexes due to insufficient supply of
excavators with the necessary number of vehicles to reduce
the downtime of expensive equipment; the need for addition-
al energy-intensive excavations in case of overloading of the
rock mass in the intra-opencast warehouses with combined
transport; high level of formation of dust when overloading
the rock mass in warehouses, during transportation and stor-
age; increased height of rock lifting in external dumps and the
need for additional equipment for dumping (bulldozers, exca-
vators) of the rock mass; an increase in the current stripping
ratio due to the deviation from the optimal direction of the
formation of the intermediate pit wall when placing transport
communications and transshipment warehouses on tempo-
rary supports in the working area of the quarry; the inability to
automate the process of transporting the lifting of the rock
mass from the pit.

If we analyze the conveyor method of transportation, then
its main disadvantages are: difficulties of blasting in the area
where the conveyor lines are located; the need for energy-in-
tensive crushing of waste rock before loading on the conveyor;
downtime of mining equipment during reorganizations,
maintenance and repair of conveyor lines and crushing equip-
ment; an increase in the current stripping ratio due to a devia-
tion from the optimal direction of the rate of decrease when
placing crushing plants and conveyor lines at the lower bal-
ance in the working area of the quarry; intense dust genera-
tion during the grinding of the rock in the quarry and its re-
loading from the dump trucks to the crushing plant bunker;
the need to organize the heating of the conveyor to work in
winter [8].

The use of cyclic-and-continuous technology in quarries
makes it possible to partially improve the combined method of
transportation [9]. The key issue when using this technology is
to determine the location of transfer points [10, 11].

There are also technologies for which the use of special
lifts for quarries (for dump trucks, railway cars, skips) is pro-
posed. The main disadvantage of these technologies is the
need to build on-board quarry of a stationary route of guides
and lifting mechanisms. The inflexibility of this transportation
scheme, in the conditions of a dynamically developing work-
ing area of the open pit with blasting operations, limits the
zone served by the hoist or has an adverse effect on the mode
of mining when the hoist is placed in the working zone of the
quarry [12].

Thus, the main problem of deep quarries is the transport
problem. Modern trends in the development of traditional
transportation technologies lead to a reduction in reserves of
fossil ores, an increase in unit costs per 1 ton-km of road trans-
port, an increase in atmospheric pollution and a decrease in
production capacity of the open-pit.

The main material. For the introduction of open-pit min-
ing, a container technology for transporting rock mass is pro-
posed, which will increase the open-pit mining of energy sav-
ing and environmental preservation at a qualitatively new
level.

The main feature of the proposed technology is that all
equipment for container transport is not difficult to manu-
facture and can be produced at mining enterprises. Obso-
lete walking mining excavators can be used as lifting ma-
chines.

In accordance with the basic technological scheme of the
quarry, lifting containers are installed on the ledges of the
quarry to raise the containers from the lower ledges upwards
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Fig. 1. Scheme of energy-saving container technology in open
pit mining:

1 — containers under loading; 2 — container vehicles; 3 — contain-
ers at the site at the lifting machine

(according to Fig. 1). On intermediate platforms, loaded and
empty containers are cleaned. After climbing to the ledges,
where the railway transport operates, the container is unload-
ed directly into the wagons.

One lifting machine serves two benches when lifting. The
lifting machine is located on the platform of the lower ledge
outside the prism of a possible collapse.

The container is delivered by the container ship to the
lower edge of the lower ledge, the lifting machine moves the
container to the upper ledge platform, from where the con-
tainer is fed to the next lifting machine through the exchange
point.

The new technology can be used in existing combined
transport schemes, for example, automobile-rail, as an inter-
mediate — lifting and handling point.

Container lifting complex can be an alternative solution to
the acute problem of modern quarries to open deep horizons,
although it can be applied at any stage of the development of
the quarry.

The refusal to lift the mountain mass by motor transport
makes it possible to increase the maximum slopes of the de-
scent, since they will be used for driving only empty cars.
A possible transition from 8 % slopes to 15 % slopes will result
in a reduction in the area allotted in a quarry to accommodate
an auto descent.

In the container technology, rock mass according to Fig. 1
is loaded with excavators in containers. Two or three contain-
ers are installed in the area of the excavator. The exchange of
loaded containers for empty ones is carried out by autoload-
ers — container carriers. They deliver loaded containers for
short distances to the container platform in the working area of
the next lifting device. Container vehicles also carry empty
containers into the quarry.

Based on the analysis of existing containers that are used
in the industry for the transportation of goods, it was found
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that none of the container designs suits us. Basically, con-
tainers are used to transport loose fine goods, and for the
transportation of lumpy abrasive rock, the patent search con-
ducted has not given positive results. For transportation of
rocks in a deep quarry, a container was designed that has no
analogues (Fig. 2). The design of the container is protected
by the patent of the Republic of Kazakhstan No. 33091 [13,
14].

Structurally, the container is welded, with a drop-down
bottom. The opening of the bottom is controlled by the opera-
tor of the lifting machine due to the system of mechanical le-
vers. All container assembly elements are tested for mechani-
cal strength using computer simulation methods.

The bottom section is attached to the walls on five
hinges. When loading, the container is installed on the
ground, and the bottom sections are fixed with a locking
element — a knee. The container is lifted by the side fittings
located on the side walls. In this case, the stops of the load
gripping device come into contact with the fittings and
keep the container in the closed state. During the unload-
ing process, the stops are released from contact with the
fittings, and due to their own weight, the rock is poured out
of the container. The bottom closure occurs when the con-
tainer is installed on the stand, which causes the bottom
sections to move upwards until they are completely in con-
tact with the knee.

The bottom of the container is one of the most loaded
parts and directly perceives the load of the weight of the trans-
ported rock, as well as the dynamic load from lifting, trans-
porting and lowering to the surface. In addition, this part of
the container perceives the main load from the impact of the
loaded rock mass. For the manufacture of the bottom of the
container, steel St60 (possible US analogues 1059, 1060, 1064,
C1060, G10590, G10600, G10640) is used.

The most labor-intensive operations in the production of
loading and unloading operations with large cargoes are their
slinging and detaching. Performing these operations manually
requires large expenditures of inefficient and unsafe labor of
loaders and prevents the introduction of complex mechanized
and automated technological processes for loading and un-
loading. In our case, the usual lifting device is not suitable and,
therefore, it is advisable to use a spreader.

The following requirements are imposed on the designed
spreader: high reliability coefficient and reliability, economical
operation, which allows increasing the service life and largely
avoiding container deformation, automating container pick-
up, the possibility of unloading the container and the simplic-
ity of the design. Known constructions of spreaders do not
meet the requirements of open pit mining; therefore, the de-

sign of the spreader was developed to lift containers in a quarry
(in accordance with Fig. 3).

When transporting containers, the pickup device consists
of a supporting beam 7, which is equipped with rectangular
grippers 2. The length of the beam increases, and both sides
are extended with the help of hydraulic cylinders 3. The grip-
pers move to clamp the container. The beam is equipped with
hydraulic cylinders 4, providing unloading of the container.
The control hydraulic station 5 is located on the support beam
and includes: engine, pumps and control valves. A gear that is
rotated by a hydraulic motor located on the spreader 6 is used
to center the container. The beam of the traverse is made of
steel grade I0HSND. The material of the bracket for unload-
ing on the container is steel St10 (US analogues 1010, 1012,
1110, C1010, Gr.A, M1010, M1012).

The calculation of the hydraulic system of the unloading
device was carried out. The hydraulic drive uses standard as-
sembly items and parts. Hydraulic oil VMGZ (TU 101479-74)
is used as a working fluid. The container with the spreader is
shown in Fig. 4.

The efficiency of the new technology will be reflected in
the reduction of the specific energy consumption for transpor-
tation of the rock mass compared to the most common tech-
nology using road and rail transport with overloading into in-
tra-warehouse warehouses due to cost savings: to lift the rock
mass due to lifting it with electric powered hoppers in contain-
ers having minimum tare coefficient; from reducing the over-
burden by reducing the area of the transshipment point, the
device of which in this case loses its significance.

2

Fig. 3. General view of the gripping device

Fig. 2. General view of the container

Fig. 4. View of the container with the spreader
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The lifting capacity of the lifting machine is justified by the
required productivity of the quarry. The capacity of the lifting
machine Q,, thousand tons/year, will be determined depend-
ing on the time of its operating cycle 7, according to the text-
book formula

Qy =3600 - Taf' Keu ) Gc ) Ku/Tca (1)

where T,,= 8760 is calendar annual fund of time, h; K,,=0.75is
the coefficient of equipment use; G. is container carrying capac-
ity, t; K,,.=0.95 is capacity utilization rate; 7, is cycle time, s.

Let us estimate the impact on the productivity of the con-
tainer capacity complex, and the cycle time is taken on the
basis of the lifting speed of the walking excavator, 1 m/s. The
lifting time to a height of 80 meters will be 80 seconds, taking
into account the takeover, the total cycle time of the lifting ma-
chine 7, = 220 seconds.

When moving a dump truck, the rise time to a height of
H =80 meters with a slope of i = 80 %o and an average speed of
V=15 km/h will be (h)

t=H/(1000 - - V) =80/(1000 - 0.08 - 15) =0.067.  (2)

Therefore, when driving a dump truck, only the lifting
time of the car will be 240 seconds.

The effect of container carrying capacity (G,) on the pro-
ductivity of lifting devices (Q,), defined by formula (1), is
shown in Fig. 5.

Analyzing this graph, it can be noted that one complex of
lifting devices with containers with a lifting capacity of 80 tons
can provide a capacity of about 9 million tons/year, and if
more capacity is required, it is necessary to increase the num-
ber of lifting systems.

Results. The efficiency of container lifting in container
technology of open pit mining is to reduce energy and eco-
nomic losses from vehicle downtime under loading and to in-
crease excavator productivity. The container vehicle cycle does
not include downtime during loading, unlike dump trucks and
railway trains.

Technological scheme with the use of career elevators has
sufficient reliability, flexibility and diversity. This allows you
to gradually increase the height of the lift, to place the com-
plex of lifting equipment on the ledges of the quarry, to dis-
tribute or combine the flow of goods according to the types of
rock mass.

In this case, a means of improving the efficiency of the
transport system will be the use of container equipment in the
area of operation of motor vehicles, based on increasing the
carrying capacity of container vehicles with the help of trac-
tion motors with electric drive. With an insufficient lift height
with one lifting mechanism, two- or three-stage lifting is pos-

Quarries productivity [mln. tons/year]

12,00
/ 11,23
10,00 10,21
9,19
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2,00
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Container capacity, t

Fig. 5. The effect of container carrying capacity on the produc-
tivity of the lifting complex

sible. This will reduce or eliminate the lifting of containers by
container carriers that deliver loaded containers from excava-
tors to lifting points.

The advantages of the proposed technology are as follows:

1. One-time rock loosening during container loading
which reduces energy consumption.

2. Delivery of the rock mass by transporting the contain-
er assembly to the point of lifting is carried out at the mini-
mum horizontal distances of the road, which leads to a de-
crease in the required vehicle fleet, specific fuel consump-
tion, tires and emission of harmful gases into the atmo-
sphere.

3. The tare factor of the transport container (0.25—0.30) is
significantly less than the ratio of the automobile body
(0.70—0.80) or railway transport (0.80—0.82), therefore the
unit cost of energy for moving the mass of mountain rocks in
container lift is reduced 1.4 times [12].

4. The complex of container-lifting machines is mobile,
which allows you to move to a new place in the production of
blasting or another ledge in a career with consistent develop-
ment of quarries. The possibilities of regulating and maintain-
ing the regime of optimal mining are increasing.

5. The need for additional energy-intensive grinding of the
rock mass is eliminated in contrast to the technological
schemes using conveyor elevators.

6. Container delivery of overburden when using a pit lift
during pit removal will reduce the required land area and form
a compact height with minimal lifting of the rock.

Calculations of the use of container technologies in deep
quarries showed that in comparison with traditional options
for moving the mountain mass of an automobile or a com-
bined automobile-rail, the energy efficiency of the new tech-
nology is obvious and its degree increases with increasing
height of the mountain mass.

The number of equipment units for the two technologies
with the use of road and container transport at different pit
depths and productivity of 10.2 million tons per year is given in
Table 1. When used in an open-pit mine as an excavator, ECG-
8 Uc was considered as an excavator, which leads to loading
onto Cat-777D dump trucks.

The number of downhole excavators for automotive tech-
nology will be — 2, and for container technology — 1. Con-
tainer transport to the transfer point is carried out by three
container vehicles. With every 80 meters, the number of lifting
machines increases by one. With automotive technology, a re-
loading warehouse is needed, where another excavator will
work.

Table 1
Working equipment park at different pit depths

Career depth, m
40 80 [ 120 ] 160 200 | 240|280 |320

Equipment name,
amount

Technology using road transport

Excavators 3 3 3 3 3 3 3 3
Dump trucks 4 | 6 8 |10 | 10| 12| 14| 16
Container technology
Excavators 1 1 1 1 1 1 1 1
Lifting machines 1 1 2 2 3 3 4 4
Containers 6 | 7 | 1213|1617 |21 |22
Railway carts 0 0 2 2 | 4| 4 6 | 6
Winches O[O0 |22 |4[4]6]°F6
Container vehicles 3 3 3 3 3 3 3 3
Length of the railway 0 0 [200 | 200|400 | 400 | 600 | 600

track, m
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Table 2
Calculation of necessary expenses
a a w .

3 55 | 24 of
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S| S8 | 559|558 | 58| &8
40 2450.8 4813.6 3271.5 —1542.1 1149.8
80 2450.8 6122.3 3289.8 -2832.5 2440.2
120 2769.0 7426.0 4165.0 -3260.7 2817.6
160 2769.0 8682.0 4183.3 —4498.8 4055.9
200 3087.3 9632.8 5022.3 -4610.5 4139.8
240 3087.3 9933.4 5040.6 —4892.9 4399.1
280 3405.3 11 230.0 5897.8 -5332.2 4787.5
320 3405.3 12 517.0 5915.8 —6601.2 6056.5
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Fig. 6. The dependence of the economic efficiency of the intro-
duction of container technology on the depth of the pit

Calculation of the necessary costs with a capacity of 10.2
million tons per year, depending on the depth of the pit, is pre-
sented in Table 2.

Diagram of the growth of economic efficiency of container
technology, depending on the depth of the pit is presented in
Fig. 6. Analyzing this graph, we can conclude that the eco-
nomic efficiency of the introduction of container lifting at a
quarry increases with increasing depth of development. This is
due to the reduction of operating costs, such as the consump-
tion of diesel fuel, depreciation and reduction of the cost of
repairs of equipment.

Conclusions. Container technology in its application in
deep quarries allows solving the whole complex of problems of
the basic technological processes of open-cast mining. The
use of replaceable containers in open pits will significantly
change the principles of the formation of excavators and trans-
port complexes, will increase their productivity and efficiency
of excavators on the main work.

Replacing outdated mining vehicles with progressive
equipment will provide increased transport safety, increase the
degree of utilization of the mining front and production ca-
pacity of the quarries. The most important advantage of con-
tainer technologies is the prospect of automating a number of
transport operations in a quarry. All equipment container
technology can be created by the mining enterprise itself.

Recommendations. Reasonable design mode parameters,
method of calculation of technical, economic and energy indi-
cators of container technology in deep quarries can be recom-
mended to research organizations and industrial enterprises
engaged in research, design and operation of excavator-auto-
motive complexes in open-pit mining.
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Meta. OOrpyHTYBaHHSI pallioHaJbHUX MapaMeTpiB HOBOL
KOHTEHHEPHOI TEeXHOJIOTII TepeMillleHHsI TipChbKUX TMOopia y
Kap’epax, 1110 Ma€ TEXHOJIOTiYHi Ta eHeprosoepiraroyi rnepe-
Bary.

Metoauka. Y poOOTi BUKOPUCTAHUI KOMIUIEKC HAyKO-
BUX METO[IiB IOCITiKEHb: HAYKOBE y3araJIbHEHHST Ta TEXHIKO-
€KOHOMIYHMI aHaJli3 MOCBily eKcIulyartallii TpaHCIOPTHUX
CUCTEM; €HEPreTUYHUI aHasi3 MpoLeciB BiAKPUTUX TipHU-
YyuX pobiT; eKOHOMIKO-MaTeMaTUYHUI aHali3; GaraTtodak-
TOPHUIA aHai3.

Pesyabratu. ¥V pesynabTaTi BUKOHAHUX MPOEKTHO-KOH-
CTPYKTOPCbKMX 1 TEXHIKO-€KOHOMIUHUX PpO3paxXyHKiB 00-
IPYHTOBaHi pallioHaJIbHi MapamMeTpu HOBOI KOHTEHHEepHOL
TEXHOJIOTIi IIepeMillleHHsI TipChKOi Macu B Kap’epax.

HaykoBa HoBM3HA. Yrmepile BUKOHAHO KOMIUIEKCHUIA
aHaJli3 poOOTH TPAHCIIOPTHUX CUCTEM y Kap’€pax Ha OCHOBI
aHaJli3y CTPYKTYPU i NTMHAMiKW €HEProCIOXMUBaHHS Ha TJIU-
Obokux Kap’epax. BcraHoBjIeHO, 1110 BUTpaTa eHeprii Ha Tex-
HOJIOTIYHI TepeBe3eHHs y INTMOOKUX Kap’epax CKJIAIa€e Bil
22—55 % nipu cKJIagalbHKX IiepeBe3eHHsX i 10 85—90 % npu
MariCTpaJIbHUX aBTOMEPEBE3EHHSX Yy 3arajibHUX €HEeproBU-
TpaTax Ha BUIOOYTOK ripchbKoi Macu. [1Jis miaBUILEHHS eHep-
TeTUYHOI e()EKTUBHOCTI TPAHCTIOPTHUX CUCTEM Kap €piB 00-
IPYHTOBaHI palioHaJbHI KOHCTPYKTUBHI M peXXMMHI Iapa-
METPHY HOBOI KOHTEHEPHOI TEXHOJIOTi1 Y ITTMOOKHUX Kap’epax,
1[0 103BOJISIE 3MiHUTHU MPUHLMIU (POPMYBAHHS €KCKaBaTO-
piB i TPAHCMIOPTHUX KOMIUIEKCIB, MiABUIIUATD 1X MPOAYKTUB-
HicTb i eHeproedekTuBHiCTh. Po3pobiieHa MeTonnKa po3pa-
XYHKY TEXHIKO-€KOHOMIYHUX i €HEepreTMYHMX IOKa3HUKIB
KOHTEeMHEPHOI TEXHOJIOTii TpaHCIIOPTYBAaHHS TMipHUYOI MacH,
3aCHOBaHa Ha reoiHpopMalliiiHOMy MOJAEIIOBaHHI (PPOHTY
ripHUYMX poOIT i BUPOOHMUYIN TMOTYXXKHOCTI IIMOOKMX
Kap’epiB.

IIpakTiyna 3HauumicTh. Ha OCHOBI BCTaHOBJIEHUX pallio-
HaJbHUX MapaMeTpiB HOBOI KOHTEWHEPHOI TEeXHOJOTil Ha
cTajii MPOeKTyBaHHSI MOXKHA MpUIIMaTU OOIPYHTOBaHI TEX-
HiYHI pillleHHSI, 1110 3a0e3MeYyI0Th EHePreTUIHO e(DEKTUBHY
pOOOTY TPAHCIIOPTHUX CUCTEM IIMOOKUX Kap>€EPiB.

KnrouoBi cnoBa: koumeiinepna mexuonoeis, eauboxuil
Kap ep, nioiloMHa Mawura, npooyKmueHicms, 6i0Kpumi eipHuti
pobomu, eKcKasamopHo-mpaHcnopmuuil KOMNAEKc
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eab. OG0cHOBaHUE palIMOHATIBHBIX MAPAMETPOB HOBOI
KOHTEHHEPHOM TEeXHOJIOTUU TIepEMEIIEHUSI TOPHBIX ITOPOI B
Kapbepax, o0Iafaroleii TeXHOJIOTMIeCKUMHM 1 SHeprocoepe-
TaloIIMMHU TTPENMYIIEeCTBAMMU.

Metoauka. B pabote uConIb30BaH KOMIUIEKC HAyYHbBIX
METOJIOB MCCJIEOBAaHMI: HayYHOe 000O0IlIeHUEe U TEXHUKO-
SKOHOMMYECKUI aHaJIU3 OIbITa SKCIUTyaTallud TPAHCTIOPT-
HBIX CUCTEM; SHEPTeTUUECKUI aHAJIU3 TTPOLIECCOB OTKPBITHIX
TOPHBIX pabOT; 5KOHOMUKO-MaTeMaTHUECKUil 1 MHOTO(aK-
TOPHBIM aHAJIU3.

PesynbTaTel. B pesynbTare BBITTOJHEHHBIX MPOEKTHO-
KOHCTPYKTOPCKMX M TEXHUKO-9KOHOMUYECKMX PacyeToB
000CHOBaHBI pallMOHATBHBIE ITApaMeTPhl HOBOI KOHTEITHEP-
HOM TEXHOJIOTMHU II€pEeMEIeHUs TOPHOM MACChl B Kapbepax.

Hayuynas noBu3Ha. BriepBble BBIMTOTHEH KOMILIEKCHBIN
aHaJIM3 PabOThl TPAHCIIOPTHBIX CUCTEM B Kapbepax Ha OCHO-
Be aHAJIM3a CTPYKTYPHI U TUHAMUKYU SHEPTOMOTPEOIeHUS Ha
IyOOKMX KapbepaX. YCTaHOBJICHO, UTO PacXoj HEpPruy Ha
TEXHOJIOTUIECKIE TePEeBO3KU B TIIyOOKUX Kaphepax COCTaB-
ns1eT ot 22—55 % npu cOOpOYHBIX TIepeBo3Kax u 10 85—90 %
TIPY MaruCTPaATbHBIX aBTOMIEPEBO3KAaX B OOIINX 2HEPro3arpa-
Tax Ha J0ObIYY TOPHOI Macchl. J1Jis1 MOBBIIEHUS] SHEPTETH -
yecKoil 3(P(PeKTUBHOCTU TPAHCIIOPTHBIX CHUCTEM KapbepoB
000CHOBaHbI pallMOHAJIbHbIE KOHCTPYKTHUBHBIEC U PEXXKMMHbIE
ImapaMeTpbl HOBOII KOHTEIHEPHOW TEXHOJOTUU B TIIYOOKUX
Kapbepax, KOTopasl Mo3BoJIIeT U3MEHUTb MPUHIIUIIBI (hOp-
MMPOBaHUS 3KCKAaBaTOPOB M TPAHCIOPTHBIX KOMILIEKCOB,
MOBBICUTh MX TPOU3BOAUTEIBHOCTb U 3HEProdddeKTun-
HocTh. Pa3paboTaHa MeTogmKa pacdyeTra TeXHUKO-3KOHOMM-
YECKHUX U IHEPreTUYECKUX MoKa3aTeeii KOHTEHHEepHOI Tex-
HOJIOTUM TPAHCIIOPTUPOBAHUS TOPHOI MacChl, OCHOBaHHasI
Ha reouHMOPMaIIMOHHOM MOJAEIMPOBAHUU (DPOHTA TOPHBIX
paboT ¥ MPOU3BOACTBEHHOI MOIITHOCTH ITyOOKMX KaphepOB.

IIpakTHyeckas 3HayMMocTb. Ha ocHOBE yCTaHOBJIEHHBIX
palMOHAIBHBIX TTApaMEeTPOB HOBOW KOHTEHHEPHOU TEXHO-
JIOTUH, Ha CTAJINK TIPOSKTUPOBAHUST MOXKHO IIPUHUMATh 000-
CHOBaHHBIC TEXHMUYECKHE peIIeHUs, obOecreunBaiolIre
SHepreTudecku 3(PGheKTUBHYI0 paboTy TPaHCIOPTHBIX CH-
CTeM TITyOOKHUX KapbepoB.

KinioueBbie cioBa: konmeiinepnas mexHoaoeus, eny00Kuil
Kapvep, NoOseMHAs MAWUHA, KOHMeUHep, Npou3eooument-
HOCMb, OMKpbiMble 20pHble Pabdombl, KCKABAMOPHO-MPAHC-
NOPMHBLI KOMNACKC

Pexomendosano 0o nybaikayii  0okm. mexH. HAYK
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