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Abstract. For the pulverisation systems of hydraulic transport complexes used to transport placers from the mining
sites to the processing site and using hydraulic monitors to form a hydraulic mixture by washing the placer massif, a meth-
odological support for calculating the parameters and operating modes based on the data of diagrams of relative parame-
ters of the pulverisation process was developed. For the first time, it is proposed to determine the volumes of water and
placer supplied to the concentrating production (concentrator), the parameters of the efficiency of the hydraulic transport
complex, as well as the characteristics of the pulverisation unit, such as the volume flow rate of water, volume flow rate of
placer, volume flow rate, density and concentration of the hydraulic mixture, and the number of hydraulic monitors that
provide placer wash-out, by the relative values of the density and flow rate of the hydraulic mixture evaluated by the opera-
tional control system. For the first time, formulas for calculating the relative parameters characterising the operation mode of
the hydraulic transport complex and the slurry formation unit within the cycle of the process of placer wash-out at the main
slurry pumping station are proposed. The existence of the mode of equal distribution of water consumption for slurry for-
mation units that use hydraulic monitors for placer wash-out, in which the total relative water consumption through the noz-
Zles of hydraulic monitors and through the pipelines supplying water to the zumpf is equal, was established. This mode
makes it possible to determine the actual values of the specific productivity of hydraulic monitors in terms of solid and spe-
cific water consumption based on the diagrams of relative parameters of the slurry formation process. It is shown that the
value of the slurry flow homogeneity parameter, which reflects the difference between the actual and the flow rate concen-
trations of the slurry, is possible to determine by using diagrams of relative parameters of the slurry formation process. For
the first time, the dependence of the specific water consumption on the volumetric concentration of the slurry mixture was
established, and an approximation of this dependence by an exponential function was recommended. On the example of
diagrams of relative parameters of the slurry formation process obtained experimentally in industrial conditions, the ade-
quacy of the proposed calculation dependencies and the possibility of their use for engineering calculations are proved.

Keywords: hydraulic transport, placers, pulp formation, hydraulic monitor, zumpf, determination of parameters.

1. Introduction

Pressure hydraulic transport of bulk materials is very common at mining and pro-
cessing plants and mining and metallurgical plants in Ukraine [1-8]. One of the ad-
vantages of this type of transport is the continuity of the technological process from
the place of mineral extraction to the place of its concentration and storage of pro-
cessing waste. Another advantage of pressure hydraulic transport is the ease of use of
operational parameter control systems and the ability to monitor its parameters and
operating modes [8—11]. Traditionally, in the second half of the twentieth century,
technical means and methods of registration were used for this purpose, which were
developed for the conditions of pressure flow of a homogeneous liquid, for example,
a Venturi flow meter [6, 7, 12]. Usually, such devices were supplemented with devic-
es that prevented the solid phase of the hydraulic mixture from entering the measur-
ing devices, the so-called separating vessels [6]. Some researchers have designed new
devices and recording methods that are more adapted to the conditions of the hydrau-
lic mixture, such as the Anti-Venturi pipe flow meter [8], or an artificial hydraulic
resistance in the form of a vertical trapezoid, which allows determining the density of
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the hydraulic mixture. Since the beginning of the twenty-first century, ultrasonic and
induction flow and density meters, as well as radiation devices requiring a permit to
handle radiation sources, have been actively used to solve these problems [9—12].

However, despite the design features and the basic operation of control and
recording devices, they were usually used either to record the volume of the hydraulic
mixture, liquid and solid material delivered to the concentration plant or to control
the pulverisation process.

In the first case, the devices were installed at the end of the hydraulic transport
complex's main line at the entrance to the concentrator, in fact, to monitor and control
the operation of the concentrator. In this case, integral or total indicators were usually
recorded for a certain operating time: per hour, per shift, per day. This approach did
not provide for the possibility of operational control and management of the
hydraulic transport complex's operating parameters, but it allowed adjusting the
technological task for the following periods and predicting the possibility of
achieving the planned indicators.

In the second case, the devices were installed at the beginning of the hydraulic
transport complex pipeline directly outside the slurry formation unit in order to monitor
and control the operation of the hydraulic transport complex. In this case, the
measurement results are displayed promptly, i.e., with instant visualization in the
operator's cab by the hydraulic monitor in the form of diagrams of relative or actual
parameters of the pulverisation process (Fig. 1) [6, 8]. This approach made it possible
to quickly regulate the modes and parameters of the hydraulic transport complex, but
does not allow to assess the efficiency of its operation.

Both approaches did not solve the problem of accounting for the volumes of water
and placer fed to the concentration plant in the event of changes in the parameters of
the primary placer. Typically, the primary placer consists of three or four components,
each with its own density and particle size distribution. The content of primary placer
components entering the pulverisation process depends on many factors: the content of
components in the layer to be mined, the number of vehicles delivering the placer, and
the volume of the excavator bucket. When entering the slurry formation, primary
placers from different mining sites are mixed and washed away by the hydraulic
monitor jet, so the concentration, density and average diameter of the particles of the
solid phase of the hydraulic mixture entering the pump is unknown and is probabilistic.

It is almost impossible to track such changes by the readings of the first group of
devices installed at the concentration plant. Some information about changes in the
concentration, density and average diameter of the particles of the solid phase of the
hydraulic mixture can be detected by these devices in a day or several days. Indicators
of devices of the second group are more informative for solving this problem, but they
lack a methodology for calculating and determining the volume of water and placer
supplied to the concentrating production, parameters of the efficiency of the hydraulic
transport complex, as well as methods for determining the characteristics of the
pulverisation unit, such as the volume flow rate of water, the volume flow rate of
placer, the volume flow rate, density and concentration of the hydraulic mixture, and
the number of hydraulic monitors that provide placer wash-out.
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Figure 1 — Diagram of relative parameters of the slurry formation process, dependence of the relative
flow rate (6 ) and density ( p ) of the hydraulic mixture at the inlet to the pipeline of the hydraulic

transport unit on the dimensionless time ( 7 ) [6, 8]

The experience of using hydraulic monitors in open-pit mining operations for
washing primary placers during pulverisation indicates the widespread use of
diagrams of relative parameters of the pulverisation process to control and monitor
operating modes (Fig. 1) [6, 8]. Such diagrams provide a clear operational picture and
allow the operator of hydraulic monitors to respond in a timely manner and direct the
required number of hydraulic monitors either to wash the placer or to the zumpf. It is
logical to try to use these diagrams to solve the problems of accounting for the volume
of water and placer supplied to the concentrator plant, as well as to assess the
efficiency and monitor the operation of the hydraulic transport complex. This approach
complements the data from other measurement and control systems for hydraulic
transport parameters installed on the pipeline and expands the capabilities of the
operational monitoring and control system [14—16].

Thus, the purpose of the research is to develop methodological support for
calculations based on the data of diagrams of relative parameters of the pulverisation
process (Fig. 1) of the volumes of water and placer fed to the concentrating
production, parameters of the efficiency of the hydraulic transport complex, as well
as methods for determining the characteristics of the pulverisation unit, such as the
volume flow rate of water, the volume flow rate of placer, the volume flow rate,
density and concentration of the hydraulic mixture, and the number of hydraulic
monitors that provide placer wash-out.

2. Methods

To achieve the goal of the research, we will use a mathematical model of the pul-
verisation process developed by the specialists of the M.S. Poliakov Institute of Ge-
otechnical Mechanics, taking into account the experience of the Vilnohirsk Mining
and Metallurgical Plant in the development of the Eastern section of the Malyshevske
deposit [6, 8]:
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where Qg — is the total volume flow rate of solid particles fed into the zumpf; O, —

water flow through the nozzle of the hydraulic monitor; Q,, — total volume flow rate
of water supplied to the zumpf;, O, —water flow through the pipeline supplying
water to the zumpf; k, —number of hydraulic monitors ensuring the pulping process;

Jg —number of hydraulic monitors that simultaneously wash-out the face; », —
number of pipelines supplying water to the zumpf; 4, — specific productivity of the

hydraulic monitor for solid; O — volume flow rate of the hydraulic mixture entering

the zumpf; C — volume concentration of pulp in the zumpf; E — effective pulping
parameter; Y —specific water consumption;4r — Archimedes parameter of
transported particles; p — relative density of the pulp; p, — density of solid particles;

p,, — water density; ¢, — pulping parameter;y, —ratio of pulp phase flow rates in

the zumpf.

To solve these issues, it is necessary to study the features of mathematical models
of the pulping unit operation within the pulping cycle and to substantiate their
equations for each section of the cycle. Having established the difference in the
equation of the mathematical model of the slurry formation process for each of the
sections, and considering that during the slurry formation cycle the basic volumetric
water flow rate, which is the flow rate of the liquid phase of the hydraulic mixture,
remains unchanged, it is necessary to write down a system of equations, that will
allow determining the volume flow rate of water, volume flow rate of placer, volume
flow rate, density and concentration of the hydraulic mixture, as well as the number
of hydraulic monitors that provide placer wash-out and specific productivity on solid,
the parameter of pulverisation.

3. Theoretical or experimental part

According to the diagrams of the relative parameters of the pulping process (Fig.
1), we divide the pulping cycle into three sections (Tables 1, 2), for each of which the
equations of the mathematical model of the pulping process, formulas (1) and (2),
will have a certain difference.

For the first section, the equations of the mathematical model of the pulping
process, formulas (1) and (2), will be as following:

jg=0; Qg =0; C=0; p=1; w.=0; Y=0;
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Table 1 — Characteristics of the pulping cycle

No . Distribution of hydraulic monitors between the placer and
Pulp formation occurs

the zumpf
First not available All hydraulic monitors are directed into the zumpf
Second in an alluvial deposit All hydraulic monitors are directed at the placer

Some of the hydraulic monitors are directed at the placer,

Thi t the site at th f . :
ird at the stie at the zump and some - into the zumpf and the area around it

Table 2 — Relative duration of the pulping cycle stages

No Pulp formation occurs The limits of the section
First not available from 0.00 to 0.38
Second in an alluvial deposit from 0.38 to 0.62
Third at the site near the zumpf from 0.62 to 1.00

For the second section, the equations of the mathematical model of the pulping
process, formulas (1) and (2), will be as follows:

jg :kg; QS :kgAgQg ; Qw:n2Qz+ngg; Q:anZ—I_kg(]—i—Ag)Qg;

A ArA A
8 . + g . g EZn—ZqZ, Y:Ag.

P E—— p=1 > Y, = >
]+E+Ag ]+E+Ag 1+ FE kg

For the third section, the equations of the mathematical model of the pulping
process, formulas (1) and (2), will be as follows:

0<jg <kg; QS :nggQg; Qw:anz+ngg; Q:anZ+(kg+ngg)Qg;

ArY Y
— o el Ty = D p=Tag v =Ty,
I+E+Y I+E+Y I+ E kg kg &g

To solve the problem of accounting for the volumes of water and placer fed to the
concentration plant, we will determine the difference in the equation of the
mathematical model of the pulverisation process for each of these sections (Tables 1,
2).

Within the first stage, the basic volume water flow rate is determined, which will
ensure slurry formation and pressure hydraulic transport. The methodology assumes
that this value remains unchanged during the slurry formation cycle:

QO - anz +ngg ’

where Q) — basic volumetric water flow rate; O, — water flow through the nozzle of
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the hydraulic monitor; Q. - water flow through the pipeline supplying water to the
zumpf; k, —number of hydraulic monitors ensuring the pulping process; 7, —number

of pipelines supplying water to the zumpf.
The second section determines the maximum possible concentration, flow rate of
the hydraulic mixture and the largest flow rate, i.e. the volume flow rate of the bulk:

p—1
Ar

0=n,0, +ke\I+4,)0,: 05=0-0,; C= bs P (3

S Pm = PPws Ar=
Pw

where Q0 — maximum possible volume flow rate of the hydraulic mixture; Qg — total
volume flow rate of solid particles fed into the zumpf; 4, — specific productivity of

the hydraulic monitor for solid; C — maximum volume concentration of the hydraulic
mixture in the zumpf; p — relative maximum density of the hydraulic mixture; p, —

density of solid particles; p,, —water density; Ar — Archimedes parameter of
transported particles.
The data obtained at the first two stages are used to determine the parameters of

the pulping process at the third stage, since they allow us to write a system of two
equations

0=n.0.+k,\1+4, P ; 1=n.6,+k,0, §:Q2; 922%; g:%;
0 0 0

and determine the relative values of water flow rates through the pipeline to the
zumpf and to the hydraulic monitor within the current slurry formation cycle:

: no.=1-95 4)

g

0g=0-1; kg<9g=Z—S
g

where 0y — relative total volume flow rate of solid particles fed into the zumpf; 0 —
relative maximum possible volume flow rate of the hydraulic mixture; 0, —relative

water flow through the nozzle of the hydraulic monitor; ¢, —relative water flow

through the pipeline supplying water to the zumpf.
The third section is characterized by unstable values of flow rate, density and
concentration of the hydraulic mixture

-1 0 -1 el : X
e Sy o IR ' T

C= ;
Ar 0 D

where C — volumetric concentration of the hydraulic mixture in the zumpf at the
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third section of the cycle; S — volumetric flow rate concentration of the hydraulic
mixture in the zumpf at the third section of the cycle; 6" — relative volume flow rate
of the hydraulic mixture at the third section of the cycle; Q' — volumetric flow rate of

the hydraulic mixture at the third section of the cycle; j:g —number of hydraulic

monitors that simultaneously wash out the face.

The data of the second and third sections, formulas (3) and (4), allow us to
determine the number of hydraulic monitors that simultaneously wash out the face in
two ways:

, : p —1 ]+n—zqz

J —1 J k
o I e
4 - ]_p_] g

g
Ar

)

where p’ —relative density of the hydraulic mixture during the third stage of the

cycle.
Using the data of the second and third section indicators, formulas (3) and (4), we
can determine that

Eq ==, (7)

and obtain the following formula for determining the Archimedean parameter of

transported particles
©Ar= ﬂp_—]) (8)

r b

0 -1

80259

where @ — parameter of homogeneity of the hydraulic mixture flow [6-9].

The analysis of the relations (4) indicates the existence of a point of equal
distribution of water flow, in which the total relative water flow through the nozzles
of hydraulic monitors and through the pipelines supplying water to the zumpf will be
equal:

kg =n0,;  Op=1+24,,
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that allows to calculate the specific productivity of the hydraulic monitor for solid

: )

where 50 —relative volumetric flow rate of the hydraulic mixture at the point of
equal distribution of water flow.

In most cases, the efficiency of the hydraulic transport complex is assessed by the
specific water consumption, which is calculated using the following formula

00
Og

Diagrams of the relative parameters of the slurry formation process (Fig. 1) can
also be used to quickly assess the efficiency of the hydraulic transport complex.
Recording the equations of the mathematical model of the slurry formation process
using hydraulic monitors within each section allows to obtain the following system of
equations:

I ! ’
— 0 =n0,+\k,+j,4 .
nag. +ky 2%z (g g g)gg

0 =n,0, +kg(l+Ag)Hg ; Op =
The solution of this system of equations allows us to obtain the following
formulas for calculating the specific productivity of the pulverisation unit for solid:

0-1 0 —1

where 4 — minimum possible specific water consumption; 4 — specific water
consumption at the third stage of the cycle.

The equations of the mathematical model of the slurry formation unit allow
theoretical calculation of the minimum possible specific water consumption and
specific water consumption at the third section of the cycle by the following
formulas:

1 , 1

;A= ,
Agkgeg nggeg

4=

which, after appropriate transformations, take the following final form:
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The calculated dependencies obtained by formulas (3)—(10) for the first time
allow, based on the data of diagrams of relative parameters of the pulverisation
process (Fig. 1), to calculate the volumes of water and placer supplied to the
concentration production, the parameters of the efficiency of the hydraulic transport
complex, as well as the characteristics of the pulverisation unit, such as the volume
flow rate of water, the volume flow rate of placer, the volume flow rate, density and
concentration of the hydraulic mixture, and the number of hydraulic monitors that
ensure the wash-out of the placer.

4. Results and discussion

To test and verify the methodological support of the developed calculations, the
data of diagrams of the relative parameters of the pulp formation process (Fig. 1)
were digitized and tabulated (Table 3) [6, 8]. The results of the analysis of Tab. 3 in-
dicate the correspondence of changes in the relative total volume flow rate of solid
particles supplied to the zumpf (column 4), the relative total water flow rates through
the nozzles of hydraulic monitors (column 6) and through pipelines, water supply to
the zumpf (column 7), volume and volume flow rate concentration of the hydraulic
mixture in the zumpf (columns 5 and 11), as well as the relative number of hydraulic
monitors that simultaneously wash out the face (column 8), dynamics of the pulp
formation process.

All of these values, except for the relative total water flow rate through the
pipelines supplying water to the zumpf, increase in the second stage of the slurry
cycle and decrease in the third stage. At the same time, the relative total water flow
rate through the pipelines supplying water to the zumpf , on the contrary, decreases in
the second stage of the pulping cycle and increases in the third stage. This is
consistent with the physics of the slurry formation process and indicates the adequacy
of the models used.

According to Table 3, the point of equal distribution of water flow, at which the
total relative water flow through the nozzles of the hydraulic monitors and through
the pipelines supplying water to the zumpf, will be equal, is:

0)=1255,

and the specific productivity of the hydromonitor for solid and specific water
consumption will be:

A, =0.1275;  j,0,4 =7.843.
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The latter value correlates quite well with the data of column 12 of Table 3, and
the difference between these values is explained by the different number of hydraulic
monitors that simultaneously wash out the face (column 8) at the second and third
stages of the pulverisation cycle.

Table 3 — Results of calculations by formulas (3)—(10)

J Ar | 1 ,
T 0 P eS C kggg nzez -4 SO _ZqZ S A
k kg
g
0.00 | 1.09 | 1,000 | 0.09 | 0.00 | 0.18 0.82 | 0.30 | 0.000| 4.56 0.00 11.11
0.18 | 1.09 | 1.000 | 0.09 | 0.00 | 0.18 0.82 | 0.30 | 0.000| 4.56 0.00 11.11
036 | 1.10 | 1.007 | 0.1 | 0.42 0.2 0.8 0.33 | 0.077| 4.00 0.83 10.00
038 | 1.11 | 1.014 | 0.11 | 0.85 0.22 0.78 | 0.37 | 0.141 3.55 1.65 9.09

042 | 1.14 [ 1.034 ] 0.14 | 2.06 | 0.28 0.72 | 047 | 0277 | 2.57 4.02 7.14
046 | 1.22 [1.096 | 022 | 582 | 044 | 056 | 0.73 | 0.532 | 1.27 9.78 4.55
0.52 | 1.29 [ 1.144] 0.29 | 8.73 | 0.58 042 | 097 | 0.641 | 0.72 14.22 3.45
0.56 | 1.30 [ 1.151 | 0.3 | 9.15| 0.6 0.4 1.00 | 0.654 | 0.67 14.82 3.33
0.62 | 1.30 [ 1.151 | 0.3 [9.15| 0.6 0.4 1.00 | 0.654 | 0.67 14.82 3.33
0.66 | 1.29 [ 1.144] 0.29 | 8.73 | 0.58 042 | 097 | 0.641 | 0.72 14.22 3.45
0.72 | 1.28 [ 1.137] 0.28 | 830 | 0.56 | 0.44 | 0.93 | 0.626 | 0.79 13.62 3.57
0.78 | 1.26 | 1.124 ] 0.26 | 7.52 | 0.52 048 | 0.87 | 0.601 | 0.92 12.38 3.85
0.84 | 1.25 | 1.117 | 0.25 [ 7.09 | 0.5 0.5 0.83 | 0.585 ] 1.00 11.74 4.00
090 | 1.22 [ 1.096 | 0.22 | 582 | 044 | 056 | 0.73 | 0.532 | 1.27 9.78 4.55
094 | 120 |1.082] 02 497 | 04 0.6 | 0.67 | 0492 | 1.50 8.41 5.00
098 | 1.16 | 1.055] 0.16 | 3.33 | 0.32 0.68 | 0.53 | 0399 | 2.13 5.54 6.25
1.00 | 1.12 | 1.021 | 0.12 | 1.27 | 0.24 | 0.76 | 0.40 | 0.000 | 3.17 2.46 8.33

The results of the statistical processing of the data from Table 3 are shown in
Table 4 and Table 5. These tables show that the initial data of the diagrams of the
relative parameters of the pulping process (column 2 and 3) are characterised by
satisfactory coefficients of variation, while other values, when generalized for the
entire pulping period, are characterized by a significantly essential deviation from the
mean value.

Table 4 — Results of statistical processing of calculations according to formulas (3)—(10) for the
entire period of the pulping cycle

Jg | pdAr |
kg ke
X 120 | 1.08 | 0.20 | 490 | 040 | 0.60 | 0.67 | 040 | 2.00 |8.14 | 6.01
Ax | 0.08 006|008 |352| 016 | 0.16 | 027 | 026 | 144 |567 | 2.87
k

v, 70 6.7 | 54 |40.0 | 72.0 | 40.0 269 | 40.0 | 64.5 71.7 | 69.7 | 47.7

Parameter | 6 p | Os C kgeg n,0, = | S | 4
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Table 5 — Results of statistical processing of calculations according to formulas (3)—(10) for the
period of the pulp formation cycle from 0.46 to 0.94

Parameter J Ar | 1z ,
0 p Og C kgHg n6, | ~£ © k_qZ S A
kg g
x 126 | 1.12 | 0.26 | 7.53 0.52 0.48 | 0.87 | 0.60 0.95 12.38 | 3.91

Ax 0.04 | 0.03 | 0.04 | 1.54 | 0.07 0.07 | 0.12 | 0.06 0.30 2.35 | 0.60
v 20 29 | 23 | 142 1204 | 142 155 | 142 | 98 31.3 19.0 | 153

k

Comparing Tables 4 and 5, it can be seen that when generalizing the values
exclusively within the second and third sections, the consistency of the calculated
values is significantly improved. The low coefficient of variation for column 9 is
noteworthy, which indicates the invariance of the value of the parameter of
homogeneity of the hydraulic mixture flow, provided that the density of the placer
material remains unchanged. The value of the coefficient of variation for the specific
water flow rate does not allow using its generalized value in the calculations, but
numerical processing allowed us to recommend an approximation of the dependence of
this value on the volume flow rate of the hydraulic mixture (Fig. 2) by an exponential

function (R® = 0.9904):

_10.283

A=—F—rc.
007938

N

\\"\_‘4
0 5 10 15
5. %

Figure 2 — Dependence of specific water consumption on the volumetric flow rate
of the hydraulic mixture

S. Conclusion

Thus, the methodological support for calculations based on the data of diagrams
of relative parameters of the pulverisation process of the volumes of water and placer
fed to the concentrating production, parameters of the efficiency of the hydraulic
transport complex, as well as a methodology for determining the characteristics of the
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pulverisation unit, such as the volume flow rate of water, the volume flow rate of
bulk, the volume flow rate, density and concentration of the hydraulic mixture, and
the number of hydraulic monitors that provide placer washing, was developed. For
the first time, formulas for calculating the relative parameters characterizing the opera-
tion mode of the hydraulic transport complex and the slurry formation unit within the
cycle of the process of placer washing at the main slurry pumping station are proposed.
It was established that for the slurry formation with the use of hydraulic monitors for
washing the placer, there is a mode of equal distribution of water flow, at which the
total relative water consumption through the nozzles of the hydraulic monitors and
through the pipelines supplying water to the zumpf will be equal. This mode makes it
possible to determine the actual values of the specific productivity of hydraulic moni-
tors in terms of solid and specific water consumption based on the diagrams of relative
parameters of the slurry formation process. The possibility of determining the value of
the slurry flow homogeneity parameter, which reflects the difference between the ac-
tual and the flow rate concentrations of the slurry, is shown using the data of diagrams
of relative parameters of the slurry formation process. For the first time, the depend-
ence of the specific water consumption on the volumetric concentration of the hydrau-
lic mixture was established, and the approximation of this dependence by the exponen-
tial function was recommended. On the example of diagrams of relative parameters of
the pulping process obtained experimentally in industrial conditions, the adequacy of
the proposed calculation dependencies and the possibility of their use for engineering
calculations are proved.
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OUIHKA E®EKTUBHOCTI TA MOHITOP!_/IHF PEXWMIB POBOTU NAPOTPAHCMOPTHOIO KOMMIEKCY
3 BUKOPUCTAHHAM MATEMATUYHOI MOLESI POBOTU BY3NA NMYNbMOYTBOPEHHA
CemeHeHKo €., Cimec B., Xaminiu O., brirocc b., Gritoce O.

AHoTauia. [ng cuctem nynbnoyTBOPEHHs riApOTPAHCNOPTHUX KOMMAEKCIB, L0 BUKOPUCTOBYIOTLCS ANS
TpaHCMopTYBaHHS po3cuniB Big MicUb BuOoByTKy OO0 Micus nepepobkn, W BUKOPUCTOBYKOTb MiAPOMOHITOPU Ans
YTBOPEHHS TiAPOCYMiLLi LINSXOM PO3MMBY MacuBy po3cunis, po3pobneHo MetoanyHe 3abesneyveHHs po3paxyHkiB
napameTpiB Ta pexumis poboTW 3a gaHUMM fdiarpam BigHOCHWMX MapaMeTpiB Mpouecy NynbnoyTBOpPeHHs. Bneplue
3anponoHOBaHO BM3HaYaTW 00CArM BOAM Ta po3cuny, O nogaHi Ha 30aravyBanbHe BUPOOHWLTBO, MapameTpu
eheKTMBHOCTI poBOTH riAPOTPAHCMOPTHOTO KOMMMEKCY, @ TAaKOX XapaKTepucTUk poboTuH By3na NynbnoyTBOPEHHS, TaKuX
fk ob'eMHa BuTpata BoaW, ob’eMHa BWUTpaTta poscuny, ob’eMHa BWUTpaTa, ryCTUHa Ta KOHLEHTpaLis rigpocymiLli, i
KiNbKICTb TiPOMOHITOpIB, 1O 3abe3neyyioTb PO3MWUB PO3CHMY, 3@ BIAHOCHUMU 3HAYEHHSMWU TYCTUHU Ta BUTPATM
rigpoCyMiLLi, WO BUMIPIOIOTLCS CUCTEMOK OMepaTUBHOTO KOHTPOM0. Bneplue 3anponoHoBaHi opMynu po3paxyHKy
BIOHOCHMX napameTpiB, L0 XapaKTepusyloTb pexuMm pobOTU  rigpOTPaHCNOPTHOTO  KOMMMEeKCy Ta  By3na
NynbnoyTBOPEHHA B MEXax LMKIY MpoLecy po3MuBy PO3CUMY Ha FOMOBHIA NYMbNOHACOCHIW cTaHLii. BctaHoBneHo
iCHyBaHHS 4519 BY3niB NyNbMNOYTBOPEHHS, LIO BUKOPUCTOBYIOTb FAPOMOHITOPU A1 PO3MMBY PO3CUMY, PEXMMY PIBHOMO
PO3NOZINEHHS BUTpaTU BOAM, B SKOMY CyMapHi BiHOCHI BUTpaTW BOAM Yepe3 HacadKku ripOMOHITOpIB Ta 4epes
Tpy6onposoau, Lo nogakTb Body B 3ymndd, 6ydyTb piBHi. Llen pexum [o3sonse 3a LaHWMuM diarpam BifHOCHMX
napameTpiB npouecy MynbnOyTBOPEHHS BU3HAUMTU (DAKTUYHI 3HAYEHHS NWUTOMOI NPOAYKTUBHOCTI FiZPOMOHITOPIB MO
TBEPLOMY Ta NUTOMY BWUTpaTy BOAM. lokasaHa MOXMMBICTb BM3HAYEHHS 3@ [AaHUMMW JiarpaM BiJHOCHWX NapameTpiB
npouecy MynbrnoyTBOPEHHS BEMWYMHIM NapameTpy rOMOTEHHOCTI MOTOKY MiapOCyMili, skuid Bigobpaxae pisHULI0 Mix
(pakTUYHOK Ta BUTPATHOK KOHLIEHTpaLisMM rigpocyMilli. Bneplue BCTAHOBMEHA 3anexHiCTb NUTOMOI BUTpaTK BOAM Big
0B'eMHOI BMTpaTHOI KOHLEHTpALi rigpocymilli, Ta pekoMeHZOBaHa anpokcUMalito Liei 3aneXHOCTi eKCMOHEHLNHO
(yHKUiet0. Ha npuknagi giarpam BigHOCHMX NapaMeTpiB NpoLecy NyMbnoyTBOPEHHS, WO OTPUMaHI eKcrnepuMeHTanbHUM
LUISIXOM B MPOMWCIIOBUX YMOBaX, AOBefeHa afeKBaTHICTb PO3paxyHKOBMX 3anexHOCTEN, WO 3anponoHOBaHi, Ta
MOXTMBICTb iX BUKOPUCTAHHS ANS iHXEHEPHNUX PO3PaXyHKIB.

KntoyoBi cnoBa: rigpoTpaHCnopT, po3cunu, NysbnoyTBOPEHHS, NAPOMOHITOP, 3yMnd), BUHAYEHHS NapaMeTpiB.
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