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Abstract. The article explores the pressing issue of global warming—reducing greenhouse gas emissions during
the transportation of mineral raw materials from the deposit to the processing plant. To optimize the raw material trans-
portation route, it is advisable to use combined transport, integrating different types of transportation. Each type of
transport is rationally utilized on a specific section of the route depending on its technical and technological parameters.
Road transport is most suitable for the specific working conditions within the boundaries of the quarry field. When the
processing plant is located at a significant distance from the quarry, railway transport becomes the preferred option. If it
is technically impossible or economically unfeasible to extend a railway line to the quarry field, an additional type of
transport must be used to connect the quarry with the railway. This requires balancing environmental and economic
efficiency criteria with the technical capabilities of the selected transport mode. The development and adaptation of inno-
vative energy-saving transportation technologies, while simultaneously reducing the negative environmental impact,
should be implemented under real industrial conditions. The study analyzed the transportation of raw materials from a
quarry to one of the largest cement production plants. Analytical research and calculations were carried out to assess
the energy consumption and carbon dioxide emissions when transporting marl by trucks, belt conveyors, and pipeline
container transport from the quarry field to railway loading. The energy consumption for transporting one ton of raw ma-
terial by trucks is 2.15 MJ. Over a year, trucks emit 820 tons of carbon dioxide. The energy consumption for transporting
the same amount of raw material by belt conveyor is 1.52 MJ/t, with indirect carbon dioxide emissions of 406.4 tons per
year under mixed electricity generation. When electricity is generated from renewable sources, emissions decrease to
50.8 tons. Studies on the gravitational movement of cylindrical containers have shown that pipeline container pneumatic
transport ensures the lowest energy consumption for transporting mineral raw materials — 0.314 MJ/t. Indirect carbon
dioxide emissions amount to 84 tons per year under mixed electricity generation and 10.5 tons when using renewable
energy sources.

Keywords: low-carbon transition; transportation; mining raw materials; energy consumption; pipeline container
pneumatic transport.

1. Introduction

Transport in mining production is a link in the technological process and its oper-
ation determines the efficiency of deposit mining and the reliability of raw material
supply. The labor intensity of the process of moving rock mass is very high, and the
costs of transport and related auxiliary work account for 45-50% of the total costs of
raw material extraction. Various types of transport are used to move mineral raw ma-
terials from the deposit to the processing plant, the main of which are: railway, road
and conveyor. The choice of rational transport for specific conditions depends on:
physical and technical properties of mineral raw materials, transportation distance,
terrain, development of transport infrastructure and communications [1].

The main advantages of rail transport include low specific energy consumption,
the ability to provide almost any volume of cargo turnover at any distance of trans-
portation. Road transport has high maneuverability and the ability to overcome sig-
nificant differences in altitude. The main disadvantages of road transport are atmos-
pheric pollution by exhaust gases, high energy consumption and operating costs [2].
The use of conveyor transport, along with a number of advantages, has disadvantages
- the influence of climatic conditions on the operation of the conveyor, significant
energy consumption and the complexity of operational maintenance.
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Based on real conditions, in order to optimize the route of raw materials, it is ad-
visable to use combined transportation using different types of transport. At the same
time, each type of transport, depending on the technical and technological parame-
ters, is rationally used on a certain section of the route of raw materials.

Specific conditions for operating transport within the boundaries of the quarry
field are economically advantageous overcoming of maximum elevations and mini-
mum radii of route curves. In a first approximation, road transport meets these operat-
ing conditions. With a significant distance from the processing plant to the quarry, the
use of rail transport is a priority.

If it is technically impossible or economically inexpedient to connect the railway
to the quarry field, it is necessary to use an additional mode of transport to connect
the quarry with the railway. In this case, it is necessary to determine the efficiency
criteria and select the optimal mode of transport.

When transporting mineral raw materials, a balance is made between environmen-
tal and economic efficiency criteria and the technical capabilities of the selected
mode of transport. The energy consumption of road transport is 4—12 times higher
than that of a belt conveyor, and CO; emissions from transportation by cars are 3-10
times higher than from a belt conveyor [3-5].

Problem Statement. For a low-carbon transition of mining and mineral raw mate-
rials transportation processes, ensure a reduction in greenhouse gas emissions by re-
ducing energy intensity with high economic efficiency.

2. Theoretical and experimental parts

Optimization of transportation of mining mineral raw materials from the quarry to
the processing plant is an important task of increasing economic efficiency, reducing
costs and environmental impact.

Mining enterprises have their own unique conditions for the development of de-
posits that distinguish them from each other, as well as different technical and eco-
nomic indicators. The development and adaptation of innovative energy-saving tech-
nologies for transporting raw materials, while simultaneously reducing the negative
Impact on the environment, must be carried out in conditions close to a specific en-
terprise, which will contribute to obtaining correct results.

A typical marl quarry of one of the largest cement production enterprises was se-
lected for research. Transportation of raw materials from the quarry to the cement
plant is carried out in a combined way involving road and rail transport. Analyzing
the supply of raw materials for 3 years, it was found that the maximum annual vol-
ume of transportation of raw materials from the quarry to the production enterprise is
2,168,000 tons.

The route of raw materials from the quarry to the plant is divided into 3 sections:

the first - intra-quarry transport; the second - from the quarry field to the loading
area into railway cars; the third - the railway to the raw material warehouses of ce-
ment production.
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In this study, we perform a comparative analysis of environmental, economic and
energy efficiency criteria and technical capabilities of different types of transport at
the second section.

Initial data: the distance of the second section in a straight line is 2.0 km, the
length of the road is 2.2 km, the difference in geodetic heights is 31 m, the density of
marl is 2,700 kg/m3.

The transportation of marl is carried out by MAN 6x6 and MAN 8x8 vehicles.
About 25 tons of raw materials are transported per trip. The estimated fuel consump-
tion is 60—100 1/(100 km).

The maximum annual volume of raw material transportation by mass (M) is pro-
vided by 12 vehicles, which perform 86,720 trips. At the same time, according to
regulatory indicators, they burn more than 350 thousand liters of diesel fuel. Total
energy (Q) released during fuel combustion:

Q=V-q,

where V — the volume of fuel, liters; g — the calorific value of diesel fuel, MJ/I.
Useful mechanical energy (W):

W=Q-n,

where 5 — efficiency of the internal combustion engine.
At V = 350,000 I, g =36 MJ/I, » = 0.37. We get W = 4.66-10° J.
Energy intensity (E) of transportation of 1 ton of raw material by car:

E= w =2.15 MJA.
M

CO; emissions from diesel fuel combustion are 2.68 kg/l (according to the Inter-
national Energy Agency and EPA). Total emissions are about 820 tons of CO..

We determine the parameters and operating costs of a belt conveyor that trans-
ports raw materials from the quarry to the loading area into railway cars. There is a
turn along the length of the route, so we divide the route into 2 equal sections, on
which separate identical conveyors are installed at the appropriate angle of the route
turn. The calculation diagram of such a conveyor is shown in Figure 1.

Input data: — transported cargo — marl, cargo densityp = 2.7 t/m?, productivity
(Quc) — 320 t/hour, transportation velocity V = 1.0 m/s, |1 = 400m; I, = 200 m; I3 = 400
m; = 0.5 degrees.

Calculations were performed using standard methods [6]. Conveyor belt width
B. =650 mm. Running load from cargo weight gs = 872N/m.

The value of the minimum allowable tension of the working branch
Spmin = 11,183 N.

K — reserve ratio, K = 10 with a conveyor length of more than 100 m.
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Figure 1 — Calculation diagram of a belt conveyor

The minimum tension of the working branch, according to the traction calculation
— 17,901 N, which is significantly higher than the minimum permissible. The condi-
tion for ensuring the minimum tension is met.

The efficiency of the drive drum is 0.9. The calculated power value on the drive
drum of the conveyor is 74,512 W.

The total power of the belt conveyor (Pen) is 150 kKW.

Total conveyor operating time (t):

M

t=—.
ch

Total energy consumed by the engine (We):
Wy =P, - t.

At M = 2,168,000 t, Quc = 320 t/hour, n = 0.9.

We get W = 3.29-10%2 J = 1.016-10° kW-h.

The energy intensity of transporting 1 ton of raw materials by belt conveyor is
E=1.52 MJ/.

The average carbon footprint for electricity production from mixed generation [7]
IS 400 g CO,/(kW-h), and for renewable energy [8] it is 50 g CO,/(kW-h).

Total CO, emissions from transporting 2168000 tons of raw materials by belt
conveyor from mixed generation of electricity are 406.4 t CO,, and for renewable en-
ergy — 50.8 t CO..

Reducing energy intensity and, as a result, reducing CO, emissions can be
achieved by using gravity transportation. The difference in geodetic heights ensures
the movement of cargo under the action of its own weight. Consider the movement of
mining raw materials using a pipeline container pneumatic transport [9], which be-
longs to the 5th generation transport [10].

The raw material is loaded into cylindrical containers that roll in a rectangular
cross-section pipe installed at an angle o to the horizon. The containers move under
the influence of gravitational forces, and if necessary, a driving force can be created
using the pressure of the air flow in the direction of movement.
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3. Results and discussion

Investigation of the gravitational motion of a cylindrical container.

A cylindrical container of radius R and mass m rolls, under the action of gravity,
along an inclined plane that forms an angle o with the horizon (Fig. 2). External forc-

es act on the container: gravity G=m- g, normal pressure force of the plane on the
cylinder N, friction force of rolling a cylinder on a plane Fi, rolling friction mo-

ment My and the force of aerodynamic air resistance Fa. The container performs

plane-parallel motion: the center O moves translationally, and the container itself ro-
tates around its own axis.

According to Newton's second law, write the equation of force equilibrium.

m-g+N+Fg+Ft+Fon=m-a, (1)

where a@ — the acceleration of the center of mass of the container along the inclined
plane.
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Figure 2 — Diagram of the gravitational motion of a cylindrical container during acceleration

We project this equation onto the x-axis
m-g-sina—F.—Fy —F;=m-a. (2)

Let us write the equation of equilibrium of the sum of moments about the axis of
the cylindrical container from the forces acting on the cylinder

D Mo(F)=0; (Fc+Fy)-R=J-s+My, 3)

where e — angular acceleration of the cylinder; J — moment of inertia of a solid cylin-
2
der, J :m-Ré; My — rolling friction moment, My =f, -N-cosa =
N fg-m-g-cosa

= fy -m-g-cosa; Fy —rolling friction force, Fy = fy R o

Let's writedownV =w-R: a=¢-R; g:%.
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Here V — the velocity of the center of mass of the container; o — the angular ve-
locity of the container.
Then the friction force of the coupling F
F :ﬁ—Ftk N M F = J-a fy ‘m-g-cosa fi ‘m-g-cosa
R? R R2 R R

. J-a
Finally R, = —.
tc R2

The force of aerodynamic air resistance is determined by the formula [11]:

C,-p-AV?
2 ]

Far = (4)

where Cy — dimensionless drag coefficient; p — air density (p = 1.2255 kg/mq) at nor-
mal atmospheric pressure and air temperature t = 18°); 4 — the diametrical cross-
sectional area of the container.

We substitute the friction force of the clutch, the rolling friction force and the aer-
odynamic drag force into equation (2)

J fy-m-g-cosa Cy-p-AV?

m-g-sinag—a- m-a,
: R? R 2
2
g-sina—a- - f-g-cosa Cy-p-AV _a 5)
m-R R 2-m
From equation (5) we determine the acceleration
2
g-sine— fy-g-cosa Cy-p-A-V
J
1+ 5
m-R

The path traveled by the container on an inclined plane

v 2 _Voz
2-a
where V, — the velocity of the container at the beginning of the movement; V — the
speed of the container at the end of the inclined plane.
At Vo= 0, the acceleration of the container

L
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We substitute the acceleration into (5)

g-sina—

fk-g-COSa_V2 1+ J +Cx-p-A-V2
R 2-L m- R2 2-m

2
vy 14 J +CX p-A-L :2-Log-sina+2 L-f,-g-cosa @
2
m-R m R

From equality (7) we determine the speed of the container at the end of the in-
clined plane

2-L-g-sina—2'|"fk|;{g'cosa
V = : (8)
1+ J 2+Cx-p-A-L
m-R m

According to formula (6) we calculate the acceleration of the container.

After the acceleration of the container, along an inclined plane, consider its
movement along a plane with a counter-incline at an angle g (Fig. 3). At the begin-
ning of the movement, the container has kinetic energy. The forces acting on the con-
tainer are described above.

B
1o

Figure 3 — Diagram of the motion of a cylindrical container on a plane with an opposing incline

We project equation (1) onto the x-axis
-m-g-sin f—F,—-Fy —F,, =m-a. 9)

Here the friction force of the clutch
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J-a
Fe = —.
tc R2

The aerodynamic drag force is determined by formula (3).
Substitute the adhesion friction force, rolling friction force, and aerodynamic drag
force into equation (9)

J fk-m-g-cosﬂ_CX-p-A-V2 B

-m-g-sinf—-a- m-a. 10
g-sinf-a-—; - > (10)
From equation (10) we determine the acceleration
2
—g-sinﬂ—fk g-cosp Cy-p-AV
a= R 2m__ (11)
1+ 5
m-R

The distance traveled by the containers during the period of speed change to the
value V:

V2 -v2 V2 -v?2
= or a=
2-a 2-S

S

where V, — the container speed at the beginning of the second section of movement;
V-cylinder speed at the end of the section.
Taking into account (11), the path traveled by the container is

fk-g-cosﬂ_Cx-p-A-V2

2 2 —g-sinf-
v2_y2 —9-snp

= R 2m . (12)
2:3 1+ J
m-R?
@Z—V,EIH J 2)
S m-R 5. (13)
—2-g.sinﬂ—2' fk-gR-cos,B_CX-p-A-V
m

If the container, after acceleration, moves horizontally (5=0), then it will pass the
way
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(\/2 —vn2{1+ Jj

m- R _
_2:fg Cyop-AV?
R m

Shor = (14)

From equality (14), we determine the container velocity Vi at the end of a given
length of horizontal section of movement

1+ J _2'fk'g'Shor
m-R%2) " R

Vihor = -
or (1+ ] 2+Cx‘P‘A'Shorj
m-R

(15)

m
The Kinetic energy of the container at the end of the horizontal section of motion

2 2
MV Jet (16)
2 2

where J —container moment of inertia; @ =V, /r —angular velocity of the container at

the end of the horizontal section of motion.

To completely stop the container, it is necessary to direct its movement upwards
to a certain height. From the equality of kinetic and potential energies (7' = I1), we
determine the height of the container lift

H=m-g-h: h:mi_g. (17)

Let's determine what the initial velocity should be Vi, container after acceleration
to overcome a horizontal section of movement of length Shor and have, at the end of
the section, speed Vinor.

In formula (15), we perform the permutations

o3 Yz (1a )L Cap AShor) 2 2 -0 Shor
mR2 n m‘R2 m khor R .

i . o 2
We rewrite the expression by substituting the value J =M- R 5
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From here

Cx P AShor 2 4 F-g-Sy
V,=1+2- =X O N5 nr+ or 18
n \/ 3.m khor 3.R ( )

Time to move the container along a horizontal section

:thor_vn
a

t (19)

The rolling of the container along the horizontal part of the movement section is
provided by the kinetic energy that it acquires while moving during acceleration
down the inclined surface. Its speed, on this section of movement, is determined by
the formula (8).

The geometric parameters of the inclined acceleration section are determined
from the formula (8), which we rewrite as:

2-L-g-sina—

2-L-fk-g-COSa_CX-p-A-L-Vn2:1+ I )2 20)
R m m-R2) "

To determine the parameters of the inclined section of the movement L and a, we
set the angle o and calculate the length of the section L

1.5V 2
R m
Container acceleration time
(o |2L o
a

According to formulas (14) and (21), we determine the path of gravitational mo-
tion of the container. These are the main geometric parameters when designing a
transportation route. In this case, we specify the angle of inclination of the inclined
plane of acceleration of the container.

The movement of the container is provided by the kinetic energy that it acquires
in the acceleration section. Its movement in this section is uniformly decelerated with
acceleration, which is determined by formula (11).
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If the container is assumed to move uniformly, at a constant speed, then the forces
of rolling friction resistance and aerodynamic air resistance will be balanced by the
driving force from the weight of the container. The balance of these forces will be
achieved if the track is inclined, in the direction of movement, at an angle £, which is
determined by the equation obtained from expression (11), taking into account that
the acceleration a=0.

Cy-p-AVZ
2

—g-sinﬂ—(fk—r\;gj-cosﬁ’— 0. (23)

The obtained dependencies (13, 14, 21, 23) are an algorithm for determining the
geometric parameters of the gravitational transportation route of raw materials in cy-
lindrical containers.

For example, we determine the time of movement of a container with a mass of
6500 kg along a route 2000 m long due to the kinetic energy acquired when rolling
along an inclined plane with an angle of inclination to the horizon of 10°. At the end
of the container's movement, we set the speed to 1 m/s. The length of the inclined ac-
celeration section determined by formula (21) is 8.42 m. The acceleration time de-
termined by formula (22) is 3.94 s, and the horizontal movement time determined by
formula (19) is 8.39 min. Thus, the approximate time of passage of the container
along the entire path is 8.5 min.

With appropriate technical equipment and organization of loading and unloading
operations [12], it is possible to obtain transportation performance similar to that of
transportation by a belt conveyor. At a productivity of 320 t/h, the frequency of load-
ing containers onto the route is approximately 50 containers per hour. At the same
time, 9-10 containers move along the entire length of the route, which corresponds to
the average normal operating mode of the equipment. Analysis of the study of the
gravitational movement of a cylindrical container confirms the possibility of trans-
porting mining raw materials in cylindrical containers due to their own weight with-
out applying external forces. At the same time, by changing the angle of inclination
of the route, it is possible to regulate the speed of movement in a wide range, to ob-
tain different modes of movement: accelerated, slowed down and uniform.

With a full cycle of gravitational transportation of raw materials in cylindrical
containers, there is a need for reverse movement of the container.

According to the obtained algorithm of gravitational movement, we calculate the
geometric parameters of the route and the time of reverse movement of an empty
container. An empty container with a mass of 550 kg must be moved along a horizon-
tal surface 2000 m long using the kinetic energy acquired during acceleration along
an inclined plane. At the end of the horizontal section of movement, we set the con-
tainer to a speed of 1 m/s.

Calculated parameters.

Length of the inclined acceleration surface — 11.54 m.

Container acceleration from a height — 2.0 m
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Angle of inclination of the acceleration surface to the horizon — 10 degrees.

Acceleration time — 4.96 s.

Container horizontal movement time — 8.31 min.

The calculation method has established that the reverse movement of an empty
container is also provided by gravitational movement. In the case of forward and re-
verse movements, almost 95% of the route can be horizontal. Thus, with low produc-
tivity, transportation in the forward and reverse directions can be carried out alter-
nately along one route. In this case, the route should be equipped with appropriate
acceleration sections in the forward and reverse directions of movement, as well as
container capture sectors. In the case of high productivity, for the forward and reverse
movement of containers, the routes should be separate. Variants of their relative
placement are shown in Figure 4.

b)

a) parallel routes for forward and reverse uniformly slowed container movements;
b) Non-intersecting arrangement of container movement routes;
1 — Loaded container; 2 — Guides for the forward movement of the loaded container;
3 — Supporting metal structure elements; 4 — Side walls of the pneumatic pipeline with a rectangular
cross-section; 5 — Empty container; 6 — Guides for the return movement of the empty container

Figure 4 — General view of the relative arrangement of container gravity movement routes in the
forward and return directions

When implementing uniformly slowed-down container movement in the forward
and reverse directions, it is advisable to place horizontal sections of the tracks in one
vertical plane in a common supporting structure (Figure 4, a). This achieves a rela-
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tively higher level of strength and rigidity of the supporting structure with less mate-
rial consumption compared to the spaced placement of the tracks. If it is necessary to
implement different modes of movement in the forward and reverse directions, the
tracks are placed in different vertical planes (Figure 4, b), that is, they are parallel.
When transporting raw materials by container pipeline transport, external energy is
spent on performing work to raise the containers to the installation level at the begin-
ning of the acceleration section. A filled container weighing 6,500 kg is raised to a
height of 2 m. An empty container weighing 550 kg is raised to a maximum height of
30 m, which corresponds to the difference in geodetic heights of the gravitational
movement tracks in the forward and reverse directions. It has been calculated that the
energy intensity of transporting 1 ton of marl by pipeline container transport is
0.314 MJ. The lifting mechanisms are electrically driven, so CO, emissions depend
on the type of electricity generation [7, 8]. Total CO, emissions during the year with
mixed electricity generation are 84 tons, and with generation from renewable sources
—10.5 tons.

For comparative analysis, Table 1 summarizes the energy intensity and total CO,
emissions when transporting 2,168,000 tons of marl by various modes of transport in
the second section under study from the quarry to the loading site into railway cars.

Table 1 — Indicators of energy consumption and total CO, emissions of different types of transport

No Type of transport Energy source Energ;&/ll?/ttensny, CO EIT;ISSIOHS,
1 Road transport Interna! Combustlon 2.15 820
Engine, diesel
. Electrlcny,_ 152 406.4
mixed generation
2 Belt conveyor Electricit
Y, 1.52 50.8
renewable sources
- . Electricity, 0.314 84
3 Pipeline container mixed generation
transport Electricity, 0.314 10.5
renewable sources

The results of the research showed that the pipeline container pneumatic transport
Is the most efficient in terms of energy consumption and CO, emissions. The full cy-
cle of transportation of mining raw materials is ensured by gravitational movement.

If necessary, additional driving force is created by the pressure of air, which is
pumped into the pipeline. Fundamental research of this process [10] was systemati-
cally carried out at the M.S. Poliakov Institute of Geotechnical Mechanics of the Na-
tional Academy of Sciences of Ukraine.

4. Conclusions

If the processing plant is far from the quarry, transportation of raw materials by
rail is a priority. If it is economically impractical to build a railway track to the quarry
field, it is necessary to use an additional mode of transport to connect the quarry with
the railway. To compare the efficiency of different modes of transport, studies of en-
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ergy intensity and CO; emissions during the transportation of marl by road, belt con-
veyor and pipeline container pneumatic transport were carried out. The results of the
studies showed that pipeline container pneumatic transport provides the minimum
energy intensity of transportation of mining raw materials with minimal CO; emis-
sions. The use of pipeline container pneumatic transport is an effective way of low-
carbon transition in the transportation of mining raw materials.
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LUNAXU HU3LKOBYI NELEEBOIO MEPEXOAY MPU TPAHCMOPTYBAHHI MPHUYOI CUPOBUHU
KpuxaHiecbkuu €., Lkiya J1., lNonosuy B., Muxauntok B., Ckpur’tok P.,
Cenuyiwak B., Llumko A., BumpuxoscbKkul €.

AHoTauif. Y cTaTTi gocnigkeHo aktyanbHy npobnemy rnobanbHOro noTenniHHA — 3MEHLEHHS BUKMAIB
MapHWKOBWX radiB Mpy TPaHCMOPTYBaHHI MiHEpPanbHOI CUPOBWHM Bif POAOBMLA 4O nepepobHoro nignpuemcTea. [ns
ONTUMI3aLii MapLIPYTy PyXy CUPOBMHW, LOLNIbHO 3aCTOCOBYBaTW KOMOIHOBaHI NEPEBE3EHHS 3 BUKOPUCTAHHSAM Pi3HWX
BMAIB TpaHcnopTy. Npu LbOMY, KOXEH BWG TPAHCMOPTY, B 3aNEXHOCTI Bif TEXHIYHWUX i TEXHOMOMYHWUX NapameTpis,
paLlioHanbHO BMKOPUCTOBYETLCS HA MEBHI AiNSHUi MapwpyTy pyxy cupoBuHu. CrneuudbivHum ymosam poboTu
TPAHCMOPTY B Mexax rpaHulb kap'epHOro mons Bignosigae aBTOMOBINLHMIA TpaHcnopT. MMpu 3HAYHIN BigAaneHocTi
nepepobHOro MianpueMcTBa Bif Kap'epy, BUKOPUCTAHHS 3aMi3HUYHOrO TPAHCMOPTY € MPIOpUTETHUM. [pu TEXHIYHIN
HEMOXMNMBOCTi ab0 EKOHOMIYHIM HefoUINbHOCTI NiaBedeHHs 3ani3HWYHOI KONl A0 Kap'epHOro nons HeobxigHo
BMKOPUCTOBYBATM JOL4ATKOBMIA BWA TPAHCMOPTY ANS CrOnyyeHHs kap'epy i3 3anisHuueto. Mpu LbOMY 34INCHIOETHCS
BanaHcyBaHHs MiX eKOMOrYHUMW Ta EKOHOMIYHUMU KPUTEPIAMU (DEKTUBHOCTI | TEXHIMHUMM MOXITMBOCTAMU BUBPAHOro
BUAY TpaHcnopTy. Po3pobneHHs i aganTadis iHHOBaLiHUX eHepro3bepiralounx TEXHOMOTi TPAHCNOPTYBaHHS CUPOBUHM,
3 OQHOYACHUM 3HWXEHHSM HEraTMBHOMO BMMWBY HA HABKOMMLUHE CEPEAOBMULLE, HEODXIOHO 3AINCHIOBATW B peasnibHMX
NpOMKUCIIOBKX YMOBaX. [locnimxyBanu TpaHCIOPTYBaHHSA CUPOBWHM Bif Kap'epy 4O OQHOr0 3 HanbinbLuMX NignpueMcTs
LleMEHTHOro BUPOBHULTBA. BUKOHAHO aHaniTMYHi AOCNIMKEHHS Ta PO3pPaxyHKN eHEPrOEMHOCTI i BUKUAIB BYTNEKUCIONO
rasy npu nepeBe3eHHi Meprenio aBTOMOBINAMM, CTPIYKOBUM KOHBEEPOM Ta TPyOOMPOBIAHUM  KOHTEMHEPHUM
TPaHCMOPTOM Ha JiNSHL Bif, Kap'epHOrO Nons [0 3aBaHTaXEHHS B 3ani3HWYHI BaroHW. EHEproemMHiCTb TpaHCNOPTYBaHHS
OfHi€T TOHHM cMpOBUHK aBTOMOGINAMM cknagae 2,15 MIx. MpoTarom poky aBTomobini npu LsoMy BuknaawTs 820 TOHH
BYIMEKMCNOrO rasy. EHEProeMHICTb TPAHCMOPTYBaHHS TaKOI KiNbKOCTi CMPOBMHM CTPIYKOBUM KOHBEEPOM cknagae 1,52
MIDK/T, @ HempsMi BUKMAM BYIMEKUCNONO rasy npW 3MillaHiin reHepauii enektpoeHeprii cknagatotb 406,4 TOHHW B pik.
Mpu reHepauii enekTpoeHeprii BigHOBMIOBaANbHUMM mxepenamu Bukugn cknagawts 50,8 ToHH. [ocnigkeHHs
rpaBiTalinHOre pyxy UMMIHAPUYHMX KOHTEMHEpIB nokasanu, Lo TPybonpoBigHWMA KOHTEMHEPHWA MHEBMOTPAHCMOPT
3abe3nevye MiHiMarnbHy EHEProeEMHICTb TPAHCNOPTYBaHHS ripHWYoi cuposuHu — 0,314 MIx/T. Mpu LbOMy Henpsimi
BMKUOM BYIMEKMCoro rasy — 84 TOHHM B pik 3a 3miaHoto reHepaieto Ta 10,5 TOHH npu reHepauii enekTpoeHeprii
BiAHOBNIOBANbHUMY DKepenamu.

KnioyoBi cnoBa: HM3bKOBYIMELEBUA NEPEXid; TPaHCMOPTYBaHHS; TFPHAYA CMPOBWHA; EHEPrOEMHICTD;
Tpy6ONpOBIgHWUI KOHTEAHEPHUIN MHEBMOTPAHCNOPT.
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