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Abstract. An analysis of the existing beneficiation coal waste storage facilities was carried out and ecologically
friendly ways of lowering the water level and removing man-made deposits in the form of highly concentrated aqueous
mixtures were carried out. The methodology for calculating the parameters and regimes of transportation for the man-
made deposits waste with a high content of pollutants in the form of highly concentrated aqueous mixtures was devel-
oped. Models of the processes that occur during the extraction and transportation of man-made deposits in the form of
highly concentrated aqueous mixtures were developed taking into account promising technologies. In case of an aque-
ous mixture with the significant initial tangential stress value, the transport of a highly concentrated aqueous mixture
model along a vertical pipeline using a screw conveyor was developed. In this case, it is assumed that the aquous mix-
ture will be lited up at a height that ensures a nonpressure flow to the levee, where the aqueous mixture will be liquefied
and its further transportation by pressure transport, vehicles or railway transport. The model of the process of the pres-
sure flow of a highly concentrated aqueous mixture through the horizontal pipeline, depending on the transportation
distance, provides for the use of centrifugal type pumps or piston pumps. Depending on the relative radius value for the
undisturbed core of flow, the model takes into account the three most probable flow modes of highly concentrated aque-
ous mixtures through a circular cross-section pipeline and allows to perform both design and verification calculations.
When the gravity force is used to transport a highly concentrated aqueous mixture to the shore, a mathematical model of
nonpressure flow process of an aqueous mixture along an inclined channel with a rectangular cross-section was devel-
oped. This model takes into account the channel inclination angle, its width and the rheological parameters of the aque-
ous mixture and allows to calculate the geometric parameters of the channel, which are necessary to ensure the prede-
fined transportation distance with the required flow rate. The results of the study could be applied for coal beneficiation
waste storage facilities when they are out of maintenance, which will contribute to the elimination of technogenic impact
on the environment, while for waste storage facilities that operate, appliance of the proposed technologies is a way of
their size containing.
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1. Introduction

The intensive industry development, rapid growth of cities and industrial agglomera-
tions leads to the accumulation of waste, a significant part of which is produced by the
mining and processing industries. The accumulation of these wastes in the form of man-
made storages of solid deposits and polluted water leads to the emergence of adverse
ecological conditions for the territories that occupy significant areas and are obstacles to
the land exploitation for tourism industry, recreation as well as agricultural needs.

For industrial regions, which are the largest centers of mines, total amount of man-
made resources, which are out of use, is growing steadily. However, even with the
most advanced technologies involved, it is impossible to prevent waste build up. High
level of waste formation is a consequence of inefficient use of natural resources in pro-
duction processes. The generation of waste leads to the loss of materials and energy, as
well as additional economic impact for society in connection with waste collection,
transportation, processing and disposal. Despite a number of reasons (ecological, or-
ganizational, economic, institutional and technological ones) that lead to the accumula-
tion of waste, a solution to this problem is to identify possibilities of their involvement
in economic cycle as well as usage as sources of raw materials and energy. This deter-
mines the relevance, social and economic importance of the study, which is aimed at
researching the state of coal beneficiation waste storage facilities, developing measures
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to improve the environmental conditions and ensure the environmental safety for their
further exploitation.

Various technologies and measures for lowering the water level in coal beneficia-
tion waste storage facilities were elaborated, which take into account the special envi-
ronmental hazard of liquid and solid waste accumulated, which assume the presence of
residues [1]. The most efficient use of liquid traces and solid waste is transportation in
the form of a highly concentrated aqueous mixture for hydrocarbon fuel processing or
for use as raw materials for the construction industry [2, 3]. For non-operating storage
facilities, the use of these technologies and tools means complete elimination of man-
made impact on the environment, while for storage facilities being operated, the use of
these technologies is predominantly a way of containing their size growth.

The purpose of this study is the selection and substantiation of promising techno-
logical solutions for the residue utilization and improvement of the environmental con-
ditions for coal beneficiation waste storage facilities.

Operating of coal mining and coal beneficiation plants is impossible without the
creation and operation of coal beneficiation waste storage facilities (SF), the so-called
sludge settling tanks and sludge accumulators, as well as mine water ponds (MWP),
which remain and do not disappear even if mines and coal beneficiation plants (CBP)
operate no more. Moreover, the MWP continue to be involved for the accumulation of
mine waters even if mines operate no more, since in most cases the drainage process
for these mines is under way.

SF survey [4—7] shows that only a certain part of the sludge products stored could
be considered as a raw material for additional fuel obtaining (Fig. 1).
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Figure 1 - Histogram of the volume distribution for sludges of all types of ash content
according to the degree of suitability for mining from the SF of CBP of Ukraine [4-7]

In particular, for more than 30 years, at the most plants sludge products with an ash
content of up to 45% have been removed from sludge settling tanks once their settling
and drying processes terminated and further shipping it as a commercial product to the
power plants (Fig. 2). Stockspiles of such additional fuel do not exceed 2% of the total
volume of products stored in the SF. Sludge products with ash content from 45 up to
60%, the share of which is approximately 35%, are considered the most likely sources
for extracting additional fuel (Fig. 3). Ash content for the rest of coal beneficiation
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waste products (almost 64% of waste accumulated in the SF) is more than 60%
(Fig. 4), so they could not be considered as reserved resources of additional fuel and
form man-made hydrotechnical structures.
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Figure 2 — Histogram of the volume distribution for sludges with ash content up to 40% according
to the degree of suitability for extraction from the SF of CBP of Ukraine [4—7]
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Figure 3 — Histogram of the volume distribution of sludges with ash content from 40 up to 60%
according to the degree of suitability for extraction from the SF of CBP of Ukraine [4—7]
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Figure 4 — Histogram of the distribution of sludge volume with an ash content of more than 60%
according to the degree of suitability for extracting from the SF of CBP of Ukraine [4—7]

Such sludges are considered to be unsuitable for processing or utilization without
additional beneficiation [4—7]. A significant part of such sludge is flotation waste and
sludge with a high ash content, which can exist only in the form of a high-
concentration aqueous mixture (HCAM) and is barely dewatered. The storage of
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these wastes creates an ecological threat to the environment, as they must be kept un-
der a layer of water, which leads to an increase in the level of groundwater, terrain
waterlogging as well as shrinking of the agricultural land area.

In addition to the environmental threat, there is a problem with the further op-
erating of the CBP since most of the SF are filled in up to 60-90% of the designed
capacity, which requires the allocation of terrain area for new SF. Taking this features
into account, the release of the SF capacity (Fig. 5) due to the extraction of additional
fuel allows to use currently operating sludge settling tanks and sludge accumulators
for the collection of waste and their further processing.
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Figure 5 — Histogram of capacity distribution (thousands of m?) of the SF of CBP of Ukraine [4-7]

The implementation of this approach will allow to increase environmental safety,
integrated approach to comprehensive utilization of natural resources, reduce the cost
of product concentrates and keep an agricultural usage of terrain area (Fig. 6).

Taking into account the environmental conditions of the coal-mining regions, it is
clear that along with additional extraction of fuel, it is necessary to solve another en-
vironmental problem - utilization of mine water as well as water entrapped into the
SF along with the waste.
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Figure 6 — Histogram of the distribution of the clarification area (thousand m?)
for SF of CBP of Ukraine [4—7]

This component of the problem of ecological and technogenic impact on the envi-
ronment is getting more relevant, since in most cases products of waste beneficiation
as well as mine water are stored in the underground sludge settling tanks. Thus, the
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probability of liquid filtration from the sludge settling tanks into the soil porous media
is high enough, especially considering the depths of the SF arrangement (Fig. 7).
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Figure 7 — Histogram of the distribution of the maximum depth value (m)
for SF of CBP of Ukraine [4—7]

The analysis show that approximately 80% of the SF are located at a distance of
no more than 3 km from the CBP (Fig. 8), which makes it convenient to use pipeline
transport for moving processing products in the form of HCAM and leaves enough
space for location of additional equipment or planting around the SF provided by bio-
technologies.

It should be noted that not only SF are an ecological threat for the environment of
coal regions. From 850 up to 960 million m* of mine water enters the watercourses
per year, which is accumulated in the MWPs which adversely impact environment.

MWPs are usually located in ravines and denes. In most cases, there is no water-
proofing of the bottom and walls for these hydrotechnical structures, so they are an
intensive source of filtration into groundwater and contamination of water resources
with phenols, nitrates, petroleum products, cyanides, radon compounds and other tox-
ic elements.
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Figure 8 — Histogram of distribution of transportation distance for beneficiation waste (thousand m)
to the SF of CBP of Ukraine [1-4]

It is believed that, due to biotechnology, it is possible to remove most of the liquid
from SF and SBF [8], but after that, a layer of sludge will remain, where the solid
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fraction of mineral processing waste will be concentrated. The use of biotechnologies
for dewatering this part of the storage requires additional substantiation, but taking
into account the carbon content, its processing or utilization for obtaining of electrical
and thermal energy is considered acceptable.

Therefore, an analysis of modern environmentally friendly technologies was per-
formed, which allow the removal of man-made deposits in the form of HCAM from
the locations of their accumulation to the possible processing points. The results of
the reference literature analysis, modern publications in scientific journals show the
following [9-11].

Man-made deposits accumulated in domestic coal beneficiation plants, if it is pos-
sible to extract and transfer these deposits, should be divided into two parts: dehy-
drated deposits forming the storage beach, and bottom deposits located under the wa-
ter surface.

Dewatered deposits have been mined and shipped to consumers as domestic fuel
for more than 30 years at most CBP. In some cases, these deposits are used as an ad-
mixture for the coal concentrates used for heating of the facilities. Since the main
purpose of these deposits is combustion in stoves, boilers and small thermal plants,
their extraction and transportation technologies eliminate the use of liquid as a carrier
and do not require an extensive, flexible, unstable supply network. Excavators and
draglines are used for extraction in this case, while for transportation road transport is
used predominantly.

Bottom deposits are hydrocarbon suspensions with a weight concentration more
than 60% of which is a solid phase containing a large number of fractions with a size
that does not exceed 100 um. This determines the non-Newtonian rheological parame-
ters of these suspensions, complicates their thickening and drying, and makes promis-
ing the use of screw conveyor and conveyor transport for their extraction; conveyor,
automobile and railway transport for their transfer, while pipeline hydraulic transport
could be used for both cases.

Technologies of the hydrocarbon fuel combustion in fluidized bed boilers provide
a prospect for processing and utilization of bottom deposits. This technology allows
to solve several important tasks at once: costs saving when replacing coal with a
cheaper fuel, optimizing the production process by means of automatization and, yet
another important feature, improving the environment, because the efficiency of hy-
drocarbon fuel combustion is 98%, which allows to minimize harmful emissions [12].
For all instances, the presence of a liquid phase is considered a positive factor that
outlines the advantage of pipeline transport as a technologically uniform operation of
transportation and processing.

The choice of transportation type for transfering bottom deposits from their ex-
traction location to the location of processing is, to some extent, determined by the
transportation distance (Fig. 8). Conveyor transport is preferred for short distances. It
is promising to use vehicles for medium distance transportation. While for long-
distance transportation railway transport is preferable. It should be noted that pipeline
transport has an advantage over any transportation distance.
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2. Methods

As it was mentioned above, the screw-conveyor type of transportation has the
prospect of being used only for the extraction of bottom deposits of the SF in combi-
nation with pipeline transport. Due to the use of a screw conveyor for scooping and
lifting the suspension from the bottom of the storage, a non-cavitational flow in the
suction nozzle of the pump is ensured. This technological solution for the most part
of Ukrainian CBP allows to propose pipeline transport as the most promising one for
the extraction and transportation of bottom deposits.

It 1s recommended to calculate the hydraulic gradient during pressure flow of
man-made deposits in the form of HCAM in both horizontal and vertical pipelines
according to the following expressions [9, 13—17]:

22479 0 <0016,
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j= 4222000 12822800 © 6169 <1577, (1)
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where i — hydraulic gradient; D — pipeline diameter, m; Q — slurry consumption,
m>/h; 60— dimensionless supply; 7 — initial tangential stress, Pa; 17 — effective viscosi-
ty, Pa-s; py —water density, kg/m’; g— gravitational acceleration, m/s*.

Expressions (1) and (2) that the efficiency of pipeline transport use in this case
can be adjusted by selecting the concentration of the slurry transported. During the
enriched waste transporting to remote SF of CBP, the equipment of which is config-
ured for processing and combustion of the waste in the form of hydrocarbon fuel, the
concentration of the aqueous mixture is determined by the condition of the minimum
value for pipeline hydraulic resistance. In case the equipment for processing and uti-
lization is located next to the coal beneficiation plant, then it is possible to transport
structured suspensions with a concentration of paste-like substance, which signifi-
cantly increases the efficiency of the entire technological process.

Extraction and utilization of man-made deposits from the SF of the coal benefi-
ciation products assumes their aqueous mixture (slurry) form. That is why it is con-
venient to use the following sequence of operations for dewatering the SF: the use of
biotechnologies to lower the water level in the SF to create conditions for efficient
extraction of man-made placers from SF bottom; simultaneous extraction of placers
and maintenance of the water level in the SF due to the process of transaspiration;
continued lowering of the water level in the SF after the completion of mining to a
level that allows ordinary plants growing.
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Promising technologies for the production and transportation of man-made depos-
its in the form of HCAM involve the use of dredgers with special suction pipelines
that ensure the supply of a high-density aqueous mixture to the pump or at a geodetic
height, which allows its transport to the SF shore under the influence of gravity
(Fig. 9).

Taking this into account, the following technologies are promising for the extrac-
tion and transportation of man-made deposits in the form of HCAM: pressure HCAM
transportation through a vertical pipeline; HCAM flow through a vertical pipeline
with aeration; HCAM flow along a vertical pipeline by means of screw conveyor;
pressure HCAM flow through a horizontal pipeline; nonpressure HCAM flow
through an inclined channel with a rectangular cross-section.

Two cases must be considered for the HCAM pressure flow through a vertical
pipeline: extraction of man-made deposits in the form of HCAM from the SF bottom;
removal of man-made deposits in the form of HCAM from a water layer with a layer
thickness that barely affects the pressure flow of the aqueous mixture.

In case when man-made deposits were removed from a water layer of a signifi-
cant thickness, it is additionally necessary to consider the process of HCAM flow
through a vertical pipeline with aeration: to the aqueous mixture in the vertical pipe-
line, air is added to the lower part of the pipeline, which reduces the density of aque-
ous mixture and ensures its transport to the upper section of the pipe. This technique
could be considered as an additional influence on the flow of the aqueous mixture in
order to prevent cavitation in the pump, although it could be considered as a separate
tool of lifting the aqueous mixture of high concentration to the water surface.

4

\

1
1 —alayer of a highly concentrated aqueous mixture of man-made waste; 2 — liquid layer of man-
made waste; 3 — dredger; 4 — air lift pipe; 5 — a channel with a rectangular cross-section;
6 — technological object of processing or transportation of the hydrocarbon fuel

Figure 9 — Technology setup for extraction and transport of man-made deposits in the form of
HCAM

The HCAM consumption in a vertical pipeline when air is added to the pipeline is
calculated according to the following relationship [18]:
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where O, — consumption of HCAM in a vertical pipeline with added air, m*/h; &k, —
local hydraulic resistance coefficient; AZ, — the difference of geodetic heights be-
tween the outlet of the main pipeline and the SF surface, m; AZ — the difference of
geodetic heights between the outlet and inlet of the main pipeline, m; C — weight
concentration of the aqueous mixture; P — mass fraction of air in the aqueous mix-
ture; py — density of man-made placer, kg/m®; p, — air density, kg/m?>.

Relationship (3) shows that the HCAM transport by means of the added air occurs
if the mass fraction of air in the aqueous mixture exceeds a certain value:
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where Py — mass fraction of air in the aqueous mixture at which the density of HCAM
is equal to the density of water.

In case aqueous mixture with significant values of the initial tangential stress, it is
necessary to consider the option of transfering the HCAM along a vertical pipeline by
means of screw conveyor. In this case, it is assumed that the aqueous mixture will be
lifted up to a height that ensures a nonpressure flow to the shores, where the aqueous
mixture will be diluted and its further transportation using pressure transport, vehicles
or railway transport:

3
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where AZ, — the lifting height of the aqueous mixture above the SF water surface,
which ensures a nonpressure flow in the channel for a distance of Ly, m; p — relative
density of the aqueous mixture; B — width of the rectangular channel, m; Ly — trans-
portation distance, m; k, — channel filling factor which is greater than 1.

In case when the HCAM is delayed between the turns of the screw due to the ini-
tial tangential stress, the productivity and power of the screw are determined by the
relationships [9, 13-17, 19-21]:



ISSN 1607-4556 (Print), ISSN 2309-6004 (Online) I'eorexniuna mexanika. 2022. Ne 163 55

2 52
0, = n(d dO) 10539ty b nK,, N,= (& +”dT0jAZa (7)
4 pgsin oy cos 1321

where Qp— volumetric productivity of the vertical screw, m*/h; d — outer diameter of
the screw, m; dy — inner diameter of the screw, m; ¢y — inclination angle of the
screw turn, degree; b — thickness of the screw turn, m; n — screw rotation frequency,
s'; Ko — generalized coefficient of the screw productivity [19, 20]; Ny — screw’s
electric motor power, kW.

Depending on the distance of transportation, it is necessary to provide the use of cen-
trifugal type pumps or piston pumps for the technology of HCAM pressure flow through
a horizontal pipeline. It is expedient to consider the possibility of the technology of
HCAM transporting to the shore using the force of gravity in the form of a nonpressure
HCAM flow along an inclined channel with a rectangular cross-section.

3. Results and discussion

The design calculation is performed in order to determine the pump parameters, the
pipeline diameter and the total pressure of the pumps, which are necessary to ensure
the regulated operating modes of the integrated transportation system with the required
flow rate and concentration of the aqueous mixture [7, 13 — 17].

According to expressions (1) and (2), when calculating transportation modes, it is
required that the total pressure of the pumps satisfies the following restrictions for the
regulated concentration of the aqueous mixture [9, 13 — 17]:
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where H(Qp) — data-sheet value of the pump total pressure for the consumption value
Op, m; y — conversion coefficient of the flow-pressure parameters (FPP) of pumps
from water to HCAM [22]; g — relative consumption of the unit; Op— regulated flow
rate of the aqueous mixture, m*/h; Ok — flow rheological module, m*/h; L — length of
the main pipeline, m; p — relative density of the aqueous mixture.

If the use of centrifugal type pumps is intended, then for the regulated concentra-
tion of the aqueous mixture, the critical value of the rotation frequency of the impel-
ler is calculated as follows [9]:

wkp:i T_OZ, @:&(1+&j bl2m_o , (10)
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where wy, — critical frequency of rotation of the pump’s impeller, s''; @ — coefficient
that takes into account the geometric and design features of the impeller for the cen-
trifugal pump; b — impeller channel width, m; z — the number of blades of the impel-
ler; o7 — blade thickness, m; R — outer radius of the impeller, m; Ry — inner radius of
the impeller, m.

When choosing the appropriate curve from the pump characteristic of a centrifu-
gal pump according to requirements (1), the following limitation should be imposed

[6]:
> Oy (11)
where @ — rotation velocity of the pump impeller, s™!.

The diameter of the main pipeline of the integrated transportation system is calcu-
lated as follows [9, 13—17]:
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where 7 — effective hydraulic gradient.

According to the calculation results by means of expression (12), the largest value
of the diameter is chosen from the standard pipe diameters. After that, the satisfaction
of the condition should be checked out:

054330 <D <2543q2. (14)
Po§ Po&
If it is satisfied with the condition (14), then by means of equations (1) and (2),
the data-sheet value for the pump pressure is specified by the following relationship:

H(Qp):kZ—Li+£Az. (15)

X X

The design calculation is completed by checking out the condition (11) and eval-
uating the power of the electric motors of the selected centrifugal pumps with a 30%
margin.

The verification calculation is performed to determine the technological parame-
ters of the integrated transportation system, especially for the calculation of the flow
rate and concentration of the aqueous mixture for the operating pump equipment as
well as pipeline.
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If centrifugal type pumps are used, the pump characteristic curve in the operating
area is approximated by the linear function [7-10, 21-24]

Hp=x(y- 0). (16)

where Hp — pump’s head during HCAM transportation, m; y — fictitious pump head
when the flow rate is absent [7, 10, 23, 24], m; ¢ — pressure reduction coefficient [7,
10, 23, 24], s/m>.

If condition (11) is not satisfied, then another frequency of rotation of the impel-
ler should be selected. For another version, the satisfaction of the restriction for the
main pipeline should be checked out:
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where iz — geodetic inclination of the main pipeline.
When condition (17) is satisfied, the consumption of the HCAM is calculated ac-
cording to the following expression:

_G
Q—M(I 0). (20)

In case of using piston pumps, their flow rate, pressure and power are determined
by the following design parameters [13]:
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where z — the number of operating cylinders; ' — plunger area, m?; hy — pump volu-
metric efficiency; f— rod area, m?; S — stroke of the piston, m; n — the number of two
strokes of the piston per minute; hy — total efficiency of the pump equals 0.3-0.8.

By means of the developed models of the processes that occur during the produc-
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tion and transportation of man-made deposits in the form of HCAM according to
promising technologies, requirements for the operation modes of technological sys-
tems for the extraction of man-made deposits in the form of HCAM could be de-
scribed, which allow to prevent the occurrence of critical and cavitation modes, as
well as allow to approve the modes and parameters of various types of equipment
used in technological systems such as "centrifugal pump + screw conveyor", "centrif-
ugal pump + air lift" and "centrifugal pump + inclined channel". The adaptation of
the requirements, approved for the operation modes of technological systems for the
extraction of man-made deposits in the form of HCAM, to the conditions of mineral
raw material processing waste storage facilities will allow to assess possible technical

means and equipment required for the implementation of these technologies.

4. Conclusions

The study has shown that the bottom deposits are hydrocarbon suspensions with a
weight concentration more than 60% of which is a solid phase containing a large
number of fractions with a size that does not exceed 100 um. This determines the
non-Newtonian rheological parameters of these suspensions, complicates their thick-
ening and drying, and makes promising the use of screw conveyor and conveyor
transport for their extraction; conveyor, automobile and railway transport for their
transfer, while pipeline hydraulic transport could be used for both cases.

Models of the processes that occur during the extraction and transportation of man-
made deposits in the form of highly concentrated aqueous mixtures using promising
technologies were developed: pressure HCAM transportation through a vertical pipe-
line; HCAM flow through a vertical pipeline with aeration; HCAM flow along a verti-
cal pipeline by means of screw conveyor; pressure HCAM flow through a horizontal
pipeline; nonpressure HCAM flow through an inclined channel with a rectangular
cross-section.

In case aqueous mixture with significant values of the initial tangential stress, it is
necessary to consider the option of transfering the HCAM along a vertical pipeline by
means of screw conveyor. In this case, it is assumed that the aqueous mixture will be
lifted up to a height that ensures a nonpressure flow to the shores, where the aqueous
mixture will be diluted and its further transportation using pressure transport, vehicles
or railway transport

The model of the process of the pressure flow of a highly concentrated aqueous
mixture through the horizontal pipeline, depending on the transportation distance,
provides for the use of centrifugal type pumps or piston pumps. Depending on the
relative radius value for the undisturbed core of flow, the model takes into account
the three most probable flow modes of highly concentrated aqueous mixtures through
a circular cross-section pipeline and allows to perform both design and verification
calculations.

When the gravity force is used to transport a highly concentrated aqueous mixture
to the shore, a mathematical model of nonpressure flow process of an aqueous mix-
ture along an inclined channel with a rectangular cross-section was developed. This
model takes into account the channel inclination angle, its width and the rheological
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parameters of the aqueous mixture and allows to calculate the geometric parameters
of the channel, which are necessary to ensure the predefined transportation distance
with the required flow rate.
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TEXHONOTI BIOBEOEHHS BYIbHUX TEXHOEHHWUX MOKNAZIB Y BUrNAAI
BUCOKOKOHLIEHTPOBAHUX INAPOCYMILLEN
CemeHeHko €.B., CrioboosiHHukosa 1.J1., MedsiHuk B.FO., Kupuyko C.M., Tenna T./[.

AHoTauis. [poBefeHo aHani3 iCHyKuMX CXOBMLY, BigXOAiB Byrne3barayeHHs Ta 06rpyHTOBaHO NEPCMEKTUBHI eKomno-
r4HO BesneyHi LWNAXKU 3HWKEHHS PIBHS BOAM Ta BigBELEHHS TEXHOrEHHWUX NOKNagiB Yy BUrMsLi BUCOKOKOHLEHTPOBAHNX
rigpocymiwen. Ha ocHoBi NpoBegeHOro aHanisy po3pobneHa MeToavka po3paxyHky napaMmeTpis Ta PexXuMIB rigpoTpaH-
CNOPTY 3amuLLKIB TEXHOreHHWX MOKNaAiB, LU0 MalTb BUCOKMIA BMICT 3aBpyaHeHb Y BUrNSAAi BUCOKOKOHLIEHTPOBAHWX rif-
pocywmiwein. Po3pobrneHo mogeni npouecis, Lo BiabysawTbcs Npu BULOOYTKY Ta TPAHCMOPTYBaHHI TEXHOrEHHWX MOKMa-
AiB Y BUNSAI BUCOKOKOHLIEHTPOBAHMX TiApOCyMiLLEe 3@ NepcrnekTUBHUMM TEXHOMOMAMM. Y BUNaaKy rigpocyMilli 3i 3Hay-
HUMK BENNYMHAMM NOYATKOBOrO JOTUYHOTO HaNPYXEHHS po3pobIeHo MOAENb PyXy BUCOKOKOHLLEHTPOBAHOI MgpoCyMilLi no
BEPTUKarbHOMY TPyBONpOBOLY NpW BUKOPUCTaHHI LHEKY. B LboMy Bunaaky nepenbavaeThes niginom rigpocyMilli Ha BUCOTY,
Lo 3abe3neyye 6e3HanipHy Teuito 4o Jambn obBanyBaHHS, Ae BiaOyBaeTbCA PO3PIMKEHHS riapoCyMiLui Ta Ti noganbLue TpaH-
CMOPTYBaHHS! LLASIXOM HaMipHOro rigpoTPaHCopTy, aBTOTPAHCTOPTY YW 3ani3HMYHOMO TpaHenopTy. Modens npolecy Hanip-
HOi Teuii BUCOKOKOHLIEHTPOBAHOI ripOCyMiLli N0 roprU3oHTanbHOMY TpybonpoBoay B 3aNeXHOCTI Bif BENNYMHU BigHOC-
HOro pagiycy HefedopMOBaHOrO fapa NOTOKY BPaXOBYE TPU HAMMMOBIPHILLI peXMMM Teuil BUCOKOKOHLIEHTPOBaHWX ri-
pocymiLeit no Tpy6onpoBody KpYrrioro nepepisy Ta B 3aneXHOCTi Bif BiACTaHi TPaHCMOPTyBaHHs nepeabdavae BUKOpUC-
TaHHS! HACOCIB BidLEHTPOBOrO TWMy abo MOPLUHEBMX HACOCIB, WO AO3BOMMTL MPOBOAMTM MPOEKTHUI Ta NEPEBIPOYHUIA
po3spaxyHku. [ns Bunagky TpaHCMOPTYBaHHS BUCOKOKOHLEHTPOBAHOI rigpocyMili Ha Aamby obsanyBaHHs CXOBWLLA
BiAX0ZiB 3@ 4OMOMOro CUAK rpasiTaLii po3pobneHo MaTemaTyHy MoAenb npouecy 6e3HanipHoi Teuii BUCOKOKOHLIEHT-
POBaHOI TiAPOCYMiLLi MO HaXWNeHOMY KaHamny 3 MPsAMOKYTHUM MOMepeyHUM nepeTuHoM. [aHa Modenb BpaxoBye KyT
Haxuiy KaHary, Noro WKMPKHY Ta PeOrorivHi XapakTepuCTMKMA rigpocyMilli Ta JO3BONSE PO3paxyBaTy reOMETPUYHI napa-
METPW KaHany, ki HeobXxigHi Anst 3abe3neyeHHs TPaHCMOPTYBaHHS riapOCYMiLLi Ha 3aBAaHy BiACTaHb 3 NOTPIOHOI BUTpa-
TOt0. PesynbTatit poboTi MOXyTb BYTI BUKOPUCTaHI ANS CXOBULY BiAXOAiB Byrne3barayeHHs nicnst 3aBepLUEHHs eKCry-
aTavji, Wo cnpusTUME NOBHOMY BUKMIOYEHHIO TEXHOMEHHOTO BNAWBY HAa HABKOMWLLHE CepesoBuLLE, a ANS CXOBULL, SKi
3HaxoasATbCA B €KCMyaTaLlii, 3aCTOCYBaHHS 3anpONOHOBAHNX TEXHOMOTiN € CnocoboM 36epexeHHst Ta 0BMexXeHHs po3-
MipiB.

KnioyoBi cnoBa: cxoByLLe BiaxogiB ByrnesbarayeHHsl, TEXHOreHHi MOKaam, BUCOKOKOHLIEHTPOBAHI MigpOCyMiLLi.
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