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CONSTRUCTING GENERATORS OF VALUES OF AN INPUT MATERIAL FLOW

OF CONVEYOR-TYPE TRANSPORT SYSTEMS

Abstract: Object of research is stochastic stationary input flow of material of a conveyor-type transport system. Subject
of research is development of a method for generating a training data set for a neural network in a transport conveyor model.
Goal of the research consists in the development of a random value generator for constructing an implementation of the
input flow of material of a transport conveyor, which has specified statistical characteristics, calculated on the basis of the
results of previously performed experimental measurements. The results obtained. The article considers a class of stochastic
material flows of a transport system, for which it is possible to approximate the experimental implementation of a random
process by an implementation corresponding to the simplest flow for the model of a random telegraph wave. A method is
presented for generating values of the input material flow in order to form a data set for training a neural network in a
branched transport conveyor model. The basic principles for constructing a generator of input material flow values are
defined. The use of a single experimental implementation of a stochastic input material flow to calculate statistical
characteristics for constructing a generator of input material flow values is justified. Dimensionless parameters have been
introduced to simplify the description of stochastic input material flows and to determine similarity criteria for stochastic
input material flows. The implementation of a stochastic input flow of material is presented in the form of a series expansion
in coordinate functions. The law of distribution of the length of the time interval between two events of the simplest flow of
events, used to approximate the implementation of the input material flow, is determined. A comparative analysis of
correlation functions for experimental, approximated and generated implementations of the input material flow was carried
out. The length of the time interval required to carry out experimental changes in the input material flow is justified. Estimates

of the statistical characteristics of the implementations of the input material flow are given.
Keywords: transport conveyor; neural network; stochastic process; dataset generator; realization.

Introduction

Conveyor-type transport systems in the mining
industry have a significant impact on reducing the cost of
material extraction [1-3]. Reducing the unit costs of
transporting material is achieved as a result of uniform
loading of material along the entire transportation route.
This allows us to ensure the maximum value of the
material loading factor of the transport conveyor [4, 5].
The uneven loading of material in the transport system is
caused both by the presence of a stochastic input flow of
material arriving at the input of the transport system, and
as a result of the use of imperfect systems for the control
of the conveyor belt speed [6, 7] or of the material flow
from the storage bin [8-10]. This also applies to
combined control systems [11, 12], in which the speed of
the conveyor belt and the flow of material from the
accumulating hopper are controlled simultaneously. The
imperfection of control systems is explained by the fact
that a conveyor-type transport system is a complex
dynamic system with a variable transport delay [13]. The
use of control systems for the flow parameters of a
separate conveyor makes it possible to ensure a quasi-
uniform loading of the conveyor belt with material as a
result of changing the speed of the conveyor belt, which
accordingly leads to a change in the flow of material at
the output of the transport conveyor [14]. This dynamic
flow of material enters the following conveyor, causing
uneven distribution of material along the transport route
on this conveyor [15]. To design control systems for the
flow parameters of conveyors consisting of one or several
sections, models based on numerical methods (finite
element method, FEM [16]; finite difference method,
FDM) or system dynamics equations [17] were used. For

branched transport systems, including several dozen
conveyors, an analytical conveyor model is used [10, 18].

To design control systems for transport conveyors
with a branched structure, it is advisable to use models
based on regression equations [19, 20] and neural
networks [21-23]. However, both for constructing
regression equations and for training neural networks,
sufficiently large training data sets are required [24],
containing the values of the input and output flow
parameters of the transport system. To build adequate
models of a functioning transport system, it is necessary
to collect experimental data for a fairly wide range of
changes in the values of the flow parameters of the
transport conveyor. It is impossible to obtain such data
under operating conditions of a real transport system,
since changes in transportation modes will lead to
malfunctions in the system. This task is further
complicated by the fact that for highly ramified transport
systems, a large number of combinations of modes of
operation of the transport system arise. For a transport
system consisting of only 30 sections of conveyors, each
of which can operate only in a two-speed mode, it is
necessary to perform experimental measurements for
~10° combinations of modes of operation of the transport
system. Additional difficulties are imposed by the very
fact of the presence of a stochastic input flow of material.

Thus, using a functioning system to construct a
training dataset based on experimental measurements is
not a feasible task. However, in some cases, it is still
possible to build a training data set if you split the original
problem into two subtasks: a) perform an analysis of the
statistical characteristics of the input material flows in
order to build a generator input material flows with the
given statistical characteristics; b) use an analytical model

74

© Pihnastyi O., Kozhevnikov G., Burduk A., 2024



ISSN 2522-9052

CyuacHi indopmariitai cuctemu. 2024. T. 8, Ne 4

of a transport conveyor when calculating the values of the
output material flow of an extensive transport system for
the generated values of the input material flow. The
solution to the first problem is to calculate the statistical
characteristics of the input material flows based on
experimental data for the operating system. To ensure
satisfactory calculation accuracy, it is necessary to have a
sufficiently large number of realizations of input material
flows with a given interval length during which it is
necessary to measure the values of the input material flow.
The solution to the first problem can be significantly
simplified if the experimentally obtained implementation
of the input material flow is approximated by a stationary
flow with ergodic properties. In this case, to determine the
statistical characteristics, it is sufficient to have a single
implementation of the input material flow, constructed on
the basis of experimental measurements for a time interval
of a given length. Based on the statistical characteristics of
the experimental implementation of the input material
flow, a generator of a stochastic input material flow can be
constructed. This generator subsequently serves as a
source for generating the required number of
implementations of the input material flow on a time
interval of a given length. To solve the second problem,
we will use the analytical model of the transport conveyor
[25]. The boundary conditions for the analytical model
equations are the generated realizations of the input
material flow. It should be noted that in highly branched
transport systems for the formation of a training data set,
the computational costs for calculating the values of the
output flow of material using an analytical model are
comparable to the computational costs associated with
training a neural network. A simplified model of a
branched transport system based on a neural network is
presented in [26]. This work demonstrates a method for
generating a data set for a deterministic input material
stream. It should be noted that to calculate the statistical
characteristics of the input material flow generator, the
results of research works devoted to the analysis of
experimental measurements of input material flows can be
used [12, 27-30]. The presented works discuss individual
implementations of stochastic material flow, which can be
used to analyse and develop the foundations of the theory
of typification of input material flows of a transport
conveyor. Additionally, it should be noted that when
experimentally measuring the input material flow, it is
necessary to exclude the influence of the initial distribution
of the material flow along the route on the value of the
output material flow.

Problem statement

We consider a class of stochastic material flows of
atransport system, for which it is possible to approximate
by experimental implementation a random process that
corresponds to the simplest flow with alternating two
given values of the input material flow between events
(the model of a random telegraph wave [31]). A typical
representative of this class is the stochastic input flow of
material of a transport conveyor, which operates in a
mode when the input flow is absent or takes on a quasi-
constant value. To describe the random flow of material
A(t) arriving at the entrance of the transport conveyor at

time interval te[tm trax]. let us introduce

dimensionless parameters:
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k(9) = M[y(D)v(x-9)],
where m, (t), o, are mathematical expectation and

standard deviation for the values of a random input
material flow A(t) with characteristic correlation time

7 . Let us consider the dimensionless centered stochastic
input flow v(t) as a centered stationary random process.

With a limited set of sample data specified by a single
implementation of a centered stationary random process,
time averaging for stationary process y(t) can be

replaced by averaging of a totality:
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A sufficient condition for the fulfillment of
equalities (3) — (5) is the limit equality:

Jim k(9) 0. (5)

Let us approximate the implementation of a
centered stationary random process y(t) by an
implementation that is represented by a sequence of
random values of the material flow, constant in value
during random time intervals T, :

(D)= ("0p(), Oy =(-D"O,  (6)
n=0
prn(tv)=H(zy —1) - H(rn_l —r), Tn-1=0;
0, S<0, n
H(S)={L 520 = 2T a0 ()

75



Advanced Information Systems. 2024. Vol. 8, No. 4

ISSN 2522-9052

where @® is constant; T, is independent random variables
with standard deviation o7, and mathematical expectation
my, ; H(X) is Heaviside function. Functions p,(t) are
orthogonal functions on interval te[t,_;, |

17 1 if n=k
Tn_rnltjlpnmpk(r)r {0 M )
n_
A centered stationary random process y(t)

alternately takes values +® on interval T, upon the

occurrence of the next event. Obviously, the one-
dimensional distribution law of a centered stationary
random process y(t) is discrete and has a distribution series

y(1): 9)

ﬁﬁ

For the presented approximation of random process
v(1), it is necessary to build a generator that generates a

random flow with statistical characteristics (3) — (5) that
determine the centered stationary random process v(t) .

Construction of a generator
of input material flow values
The sequence of values of random variables
(-)"®,T,)) form the implementation of a centered
stationary random process
(1) =H(tg-1)0+..=0, 0<1<1g, (10)

Y1) =H(1g -0+ (H(1y - 1) ~H(1g — 1) - ©) +... =

=-0, 19 <1<19,

() =H(g-1)@+..=(-)"O , 1,4 <t<1,.

Let us consider on the dimensionless time axis
[0,7] the simplest flow of events T(t) with intensity
1/my, . At the moment of the occurrence of the event, the

random process y(t) takes on the value (-1)"O,

keeping it constant until the occurrence of the next event.
We assume that the random variables Ty, Ty, T,,... Ty

, which determine the length of the time interval between
events, have the same probability distribution density of
the random variable f; (T) and are independent.

Let us determine the characteristics of a centered
stationary random process y(t). Since the random

variables T, are independent, taking into account the
distribution series (9), we get

m(t)=-0-05+0-05=0, 11)

2 =(-0)?.05+0%.05= 0.

The product ®,,0,,,; takes the value ®,0,,,; = 02
if in interval 9 the value i is even, and the value

0,0, = —©? otherwise. We will assume that the flow
of events of switching values ®,, is stationary, ordinary and

without aftereffect. Such a stream of events is a Poisson
stream of events, for which the probability of occurrence of
i eventson aninterval 9 is determined by the expression

P (9) =|—1'[mij exp[— mi}
\My T

Then the probability that in interval 9§ value i is

(12)

even, and therefore ©,,0,,; = ©? can be represented as
the sum over even values i = 2k
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To simplify the writing of this expression, we use
the Taylor series expansion for the hyperbolic cosine
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As a result, we obtain the final records of the
probabilities that on the interval 3 the value i is either
even or odd
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To determine the correlation function of a random
process (1), we use the following formula

p
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Correlation function k(3) for flow y(t) (6)
satisfies the limit equality (5), which is a sufficient
condition for the fulfilment of equalities (3) and (4),
which are used to calculate the statistical characteristics
of the approximated random process (7).

The probability that more than one event will not
occur in section § can be written in the following form

(17)

Py (9) = exp(— mij . (18)

T
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Then the distribution law for the length of the
interval T,, between two events in the simplest stream of

events can be found from the relation
FT)=PT<7)=1-P(T27)=1-Ry(T) =

—1-Py(T) :1—exp(—LJ (19)
My
-0 2l L)
T T

71 T

1:J'—exp ——@dT, my =M[T].  (20)
0 Mt mt

We use the resulting distribution law to generate the

length of the time interval T, between two events in the

canonical representation of the stochastic flow of
material (6), (7).

Analysis of results

As an example, consider the construction of a
generator of input material flow values, which allows you
to simulate the material flow entering the entrance of the
main conveyor of the Hong Thai coal company
(Vietnam) mine when operating in the mode of four
treatment areas. To analyse the loading and movement of
coal along scraper and belt conveyors during explosive
breaking of coal by several working faces of the transport
system of the Hong Thai coal company (Vietnam) mine,
field observations of the loading of the main conveyor
were carried out (02/17/2017). The mine operated in four
treatment areas. The volume of coal was recorded using
conveyor scales at intervals close to a minute. The
experiment was carried out for 3 hours. The experimental
observations presented in Fig. 1 were used and processed
in the research paper of Bui Trung Kien (Vietnam) when
checking the adequacy of the developed mathematical
model for loading and moving coal along scraper and belt
conveyors. The model result for a given material flow
implementation assumed a constant value of A(t) =75

for the time interval shown in Fig. 1. This result can be
taken as a zero approximation when modelling the
movement of material along the transportation route.
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Fig. 1: Results of experimental observation of the loading
of the main conveyor of the Hong Thai coal company
(Vietnam) mine during the operation of four treatment areas:
a — implementation of the input material flow; b — histogram
of the distribution of values A of the input material flow

The next approximation is the approximation of the
implementation of a stationary random process A(t) by

implementation, represented by a sequence of random
values of material flow, constant in value during random
time intervals and having the statistical characteristics of
the original implementation, which improving the
accuracy of modelling a conveyor-type transport system.

Fig. 2 shows the input flow of material A(t) in
dimensionless form y(t), taking into account
dimensionless parameters (1), (2). Let us approximate the
implementation of the dimensionless material flow v+ ()
by an implementation represented by a sequence of
random values of the material flow (6), constant in value
during random time intervals Th.
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-1.0 -0.5 0.0 0.5 1.0 40 41 42 43
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a b
Fig. 2: Dimensionless input material flow y ¢ (t):
a — implementation of the input material flow; b — histogram
of the distribution of values 2y¢ of the input material flow

When approximating the implementation of a
dimensionless material flow y+(t), we use the following
rule:

{va(r) =my+0, y(1)=0; 1)
7a(1) =M -0, y(r)<0.
The result of the approximation for the

implementation of dimensionless material flow y:(t) is
shown in Fig. 3. The error of approximation
g(t)=v¢(t)—va(r) of the implementation of the

dimensionless flow of material y+(t) is presented in Fig. 4.
For comparison, the approximation error was studied
for the zero approximation g(t) =y (t)—m¢ =7y(7).

Also, to compare two approximation options, Q-Q plots
(Quantile-to-Quantile) were built (Fig. 5). The external
similarity of the two graphs is explained by the fact that
during intervals T,, the value of the material flow remains

a constant value. The presence of tails indicates a deviation
from the normal distribution law and the presence of
restrictions on the lower and upper values of the material
flow realization.

The distribution histogram for the simplest flow of
events T(t), constructed based on the results of
approximation of the implementation of the dimensionless
flow of material v (1), is presented in Fig. 6., a. When

approximating the experimental implementation of the
dimensionless material flow ¢ (t) in interval © e [-11],

68 elements T,, were used. Then, for comparative
analysis in interval te[-11], a material flow was

generated in accordance with expression (6), which
contains 60 elements T,. The histogram of the distribution
of values T, is presented in Fig. 6, b. Analysis of the results
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obtained indicates that the number of elements used to
approximate and generate the flow of material is

YAT). Ya(T) £(1)

insufficient to conclude that the simplest flow of events
T(t) has an exponential distribution law.
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Fig. 3: Dimensionless input material Fig. 4: Approximation error for the Fig. 5: Q-Q plots

flow: a — comparative analysis of
implementations v,(t), v+ (t) of the

implementation of dimensionless material
flow v¢(t):a—e(r)=v¢(x) —va(?);
b— &(t) =7 (x)-my

(Quantile-to-Quantile):
a-e(0)=v¢(0)-va(v);

input material flow; b — implementation b—e(t)=v¢(r)—ms

of input material flow vy, ()

f(7)
0

f(T)

f(T) f(T)

0.02 0.04 0.06 0.08 0.10

T

a b

0.05

0.10

c d

0.15

0.15

0.20

Fig. 6: Distribution histogram for the simplest flow of events T(z):
a) the result of approximation of the implementation of a dimensionless flow of material y¢(t) on interval t € [-1; 1];
b) the result of generating the simplest stream of events T(t) on interval T e [-1; 1];
c) the result of generating the simplest stream of events T(t) on interval t € [-1; 15];
d) the result of generating the simplest stream of events T(t) on interval t € [-1; 31]

Thus, it follows that to perform the approximation,
an experimental implementation of the material flow is
required for a time interval containing from 500 to 1000
elements Tn. Histograms for the simplest flow of events
T(z), generated at intervals t  [-1; 15] and © € [-1; 31],
containing from 500 to 1000 elements T, are presented in
Fig. 6, ¢ and 6, d, respectively. With an increase in the
number of elements Ty, and, accordingly, the length of
the interval for the implementation of the input flow of
material, the distribution histogram takes on a
characteristic form for the exponential distribution law.

A comparative analysis of correlation functions for
the experimental, approximated and generated
implementations of the input material flow is presented in
Fig. 7. The correlation function for approximated

implementation ya(t) (Fig. 7, b) repeats the function for
experimental implementation vy:(t) with a sufficient
degree of accuracy. High accuracy is achieved in interval
9 € [0; mr], where mr~0.029 is achieved for the
experimental implementation of the input material flow.
The correlation time for the experimental implementation
of the input material flow, as follows from theoretical
calculations, is approximately equal to the mathematical
expectation of the random variable T.. A similar
conclusion can be made for the correlation function of the
generated implementation of the input material flow
(Fig. 7.c). The correlation function for the generated
implementation of the input material flow at time interval
t e [-1; 1] has periodic fluctuations around the zero value.
When the length of the interval increases to a size containing
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from 500 to 1000 elements T,, the correlation function takes
on a pronounced exponential dependence, determined by
theoretical calculations (Fig. 7,d). The amplitude of
periodic oscillations of the implementation correlation

function for time interval = e [-1; 31] is significantly less
than for time interval = e [-1; 1]. The correlation function,
like the distribution histogram, approaches the form
determined by theoretical calculations.
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Fig. 7: Correlation function k(8) for the implementation of the input material flow:
a) initial implementation of the input material flow;
b) comparison of the original and approximated implementations of the input material flow;
¢) generated implementation of the input material flow at interval t e [-1; 1];
d) comparison of the original and generated implementations of the input material flow at interval t e [-1; 31]

Comparative analysis of statistical characteristics for
the experimental, approximated and generated
implementation of the input material flow for time interval
t e [-1; 1] is presented in Table 1. The mathematical
expectation and standard deviation for the experimental,
approximated and generated implementation of the input

material flow have fairly close values, which indicates the
quality of the experimental approximation process
implementation.

The generated implementation of the input material
flow and the correlation function for it are presented in
Fig. 8.

Table 1 — Characteristics of the implementation of the input material flow

Parameter . Original - Approximate implementation _The generatgd
implementation implementation
Mathematical expectation 41.4953177 41.4758254 41.4518000
Standard deviation 1.0 0.99992330 0.99916590
Maximum value 43.6898579 42.4953177 42.4953177
Minimum value 39.4717485 40.4953177 40.4953177
L) NG pipeline. Transport systems are considered whose input
as ] ' ' 08 stream implementations allow an approximation in the
- oe form of a simple stream of events. The approximation of
- e oy AV:( the material flow is represented by alternating two given
= 22 v constant values of the input material flow between events
10 06 at interval T,. During the approximation, it was assumed
s e that the flow of events characterizing the process of
Lo ces 0005 10 00010203040506070809°0  materjal receipt at the input of the transport system is
a b stationary, ordinary and without aftereffect.

Fig. 8: Input material flow y(t): a) implementation of the input
material flow generated; b) comparative analysis of correlation
functions for the experimental, approximated and generated
implementation of the material flow on interval t e [-1; 31]

For atime interval for generating values of the input
material flow that satisfies the condition of the minimum
permissible number of elements T, the correlation
function for implementing the input material flow
corresponds with sufficient accuracy to the theoretical
correlation function. The accuracy of the approximation
directly depends on the length of the time interval
required to perform experimental measurements of the
input material flow values.

Conclusions

This study addresses the current problem of
generating a training data set for training a neural
network in a model of a branched, extended transport

To generate a training set of data obtained as a result
of the generated implementation of the input stream of
material, a two-stage method is proposed. At the first
stage, using the canonical expansion for given coordinate
functions, the experimental implementation of the input
material flow is approximated on interval € [-1; 1]. At
the second stage, the statistical characteristics of the
approximation implementation of the input material flow
are calculated. These characteristics are further used to
generate random values of the input material flow for the
transport conveyor. A justification for the validity of
approximating experimental data by a given sequence of
two alternating values of material flow is presented. The
analysis of the correlation functions, mathematical
expectation and standard deviation indicates satisfactory
accuracy of the process of generating values of the input
material flow. The assessment of the minimum
permissible length of the time interval for performing
experimental measurements deserves special attention.
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When generating random values that form the
implementation of the input material flow, the statistical
characteristics of the generated implementation
correspond to the statistical characteristics of the
experimental implementation.

It is shown that the length of the time interval has
a significant impact on the statistical characteristics of

the constructed implementation of the input material
flow. If the interval length is unsatisfactory, the
statistical ~characteristics of the experimental
implementation may have a significant deviation from
their actual values, which leads to low quality of the
generated data set, which is used to train the neural
network.
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OCHOBHi NPUHIUIIK MOOYI0BM IreHepaToOpa 3HaYeHb BXiIHOT0 MaTepiaJiIbHOT0 MOTOKY
TPAHCMOPTHHUX CUCTEM KOHBEEPHOI0 THIY

O. M. Ilirnacrui, I'. K. Koxesnikos, A. Bypayx

AHoTamif. O0’€KT HOCTII:KEHHS] — CTOXaCTHYHUH CTAlliOHAPHUI BXIMHWHA TMOTIK MaTepially TpaHCIOPTHOI CHCTEMH
KOHBeepHoro Tuity. [IpeamMeroM AocaiTKeHHs € po3poOKa METO/Iy TeHepallii HaBYalbHOr0 Habopy AaHUX JUls HEHPOHHOT Mepeski
B MOJIEJIi TPaHCIIOPTHOTO KOHBeepa. MeTa AOC/iIKeHHs MOJIsrae B po3po0li reHeparopa BUMAaAKOBUX 3HAYEHb IS TTOO0YI0BH
pearizarii BXiJHOro IIOTOKY MaTepially TPaHCIIOPTHOTO KOHBE€Epa, IKHH Mae 3a[jaHi CTaTHCTUYHI XapaKTePHCTHKH, PO3paxoBaHi 3a
pe3ynbTaTaMy TOMepeHbO MPOBEICHUX EKCIICPUMEHTAbHUX BUMipioBaHb. OTpHMaHi pe3yJbTaTH. Y CTaTTi PO3IIISAAETHCS
KJIaC CTOXaCTHYHHUX MaTepialbHUX MOTOKIB TPAHCIIOPTHOI CHCTEMH, JUISl SKUX MOJYKHa arpOKCHMYBaTH EKCIEPHMEHTAJbHY
peati3allio BUIIaJKOBOrO MPOLIECy pealti3alliero, M0 BiANOBiae HAWIIPOCTIIOMY OTOKY 3 YePryBaHHSM JIBOX 33/IaHUX 3HAYCHb
BXIZIHOTO MaTepiaJbHOr0 MOTOKY MiX moxisiMu. IIpencraBieHO MeTon reHepalii 3HaueHb BXiJHOTO MaTepialibHOTO MOTOKY 3
MeTor (GopMyBaHHS HAOOpy AaHUX Ul HaBYaHHS HEHPOHHOI MEpexi B MOJENl pO3raiyKEeHOro TPaHCIOPTHOTO KOHBEEpa.
Bu3HaueHO OCHOBHI IPHHIHUITK MOOYI0BU reHEpaTopa BEIMYHH BXiJHOTO MaTepialbHOro MOTOKY. OOIPYHTOBAaHO BUKOPHCTaHHS
€IMHOT EKCIIEPUMEHTAJbHOI peasti3allii CTOXaCTHYHOrO BXiJHOTO MarepialbHOr0 MOTOKY IJIS PO3PAaXyHKY CTaTHCTHYHHX
XapaKTepHUCTHUK I TO0Y/I0BH I'eHepaTopa 3Ha4eHb BXiTHOIO MaTepialibHOro OTOKY. be3po3mipHi mapameTpu Oy BBeICHI AIs
CIIPOIIEHHST OMHCY CTOXAaCTHYHHX IMOTOKIB BXIJHMX MaTepialiB i Ui BU3HA4YCHHsS KPHUTEPiiB MOAIOHOCTI Ui CTOXAaCTUUHHX
MOTOKIB BXiTHHUX MaTepianiB. Peasi3aliisi CToXacTUYHOTO BXiTHOTO MMOTOKY MaTtepiaily MpeACTaBlIeHa Y BUTIISAL PO3KIaLy B Psl 3a
KOOpAMHATHUMHE (QyHKIisIMU. BU3HaYeHO 3aKOH PO3MOALTY TOBKUHM IHTEPBAILy Yacy MiX JBOMa MOiSIMU HalIIPOCTIIIOTr0 IOTOKY
TOIiH, SIKUI BUKOPUCTOBYETHCS VTSI allpoOKCHMaLii peastizanii BXiIHOro MaTepianbHOro notoky. [IpoBeaeHo NopiBHIbHUI aHaTi3
KOpeIILiHHUX (DYHKLIH U1 eKCIepUMEHTaIbHOT, aIPOKCHMOBAHOI Ta 3reHepOBaHO1 peatizaliil BXiJHOro MaTepiaabHOro MOTOKY.
OOrpyHTOBaHO TPUBATICTH IHTEPBAIY Yacy, HEOOX1THOTO JUTS TPOBEACHHS eKCIICPHIMEHTAIBHUX 3MiH ITOTOKY BX1IHOTO MaTepiaiy.
HaBeJieHO OLIHKU CTATUCTHYHHUX XapaKTePUCTHK peanizaliil BXiZTHOro MaTepiaibHOro HOTOKY.

KnwouoBi ciaoBa: TpaHCOpTHUIT KOHBEED; HEHPOHHA MEperka; BUIIAIKOBUH MPOLIEC; FeHepaTop Habopy AaHHX; peati3allis.
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