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RECURRENT ANALYSIS OF ENERGY CONSUMPTION
OF A METALLURGICAL ENTERPRISE

The subject of the study is the study of models and methods for short-term forecasting of energy consumption in power systems
based on recurrent analysis of time series. The aim of the work is a recurrent analysis of the time series of energy consumption
of a metallurgical enterprise and the development of a program in the Matlab environment for automating calculations
and experimental testing of data available for research in PJSC Electrometallurgical Plant "Dniprospetsstal” named
after A. M. Kuzmin. The following tasks have been solved: the methodology for constructing recurrent diagrams and
their quantitative analysis have been considered; a model of the time series and the phase trajectory of the time series was built
to visualize the change in energy consumption during the day; software for constructing recurrent diagrams in the Matlab
package was developed. Methods were used: analysis of time series based on recursive analysis to study the characteristics
of the state of the system on the example of a metallurgical enterprise. The results were obtained: software was developed in
the Matlab environment for short-term forecasting of energy consumption in power systems, and quantitative indicators were
calculated that can be used to characterize the state of the system and analyze energy consumption in the summer and winter seasons.
Conclusions: in the course of the study, software for constructing and quantitative analysis of recurrence diagrams in the Matlab
package was developed, with the help of which patterns were discovered and information about the properties of the system under
study was obtained. Based on the analysis of the average values of quantitative measures in the off-season for 2018-2021, it can be
seen that the summer period is characterized by greater predictability, as well as a significantly higher latency indicator,
which characterizes the average time when the system can spend in a more or less unchanged state. Confirmed on real data,
the benefits of using the recursive analysis method for estimating electricity consumption, as well as more efficient modeling

of this process, can lead to an increase in the accuracy of forecasting its future dynamics.
Keywords: recurrent diagram; energy consumption; time series; non-linear dynamics.

Introduction

Ferrous metallurgy is one of the most energy-
intensive industries. It is characterized by high electricity
consumption, which is a significant component of energy
costs. Thus, the share of electricity in the production cost
of large enterprises in the industry ranges from 11% to
16%, and in some cases its share increases to 30% [1].

The process of energy consumption in the
metallurgical industry belongs to a complex dynamic
system characterized by irregular behavior dynamics,
which is manifested by both random and deterministic
chaotic processes [2]. Observations of such systems and
their experimental studies should be represented by time
series — a discrete sequence of random variables, which
are the values of the relevant indicators ordered by
the time of their receipt. Time series also determine the
state of the object of observation at certain points in time.
The main purpose of time series analysis is to obtain
information about the properties and mechanism of the
system that generates this series. They are the basis for
modeling such systems.

Planning the operating modes of the energy system
is the most important task in managing it, and the

efficiency and economic profitability of a steel company
depends on solving this task. For this purpose, a forecast
of electricity consumption is developed, which is a basic
indicator. The planning of the electricity distribution
balance, as well as the modes of electricity supply, is
based on the forecasted value of energy consumption.
Thus, the accuracy and reliability of the forecast directly
affects the technological and economic aspects of the
power system. The data obtained from the system under
study often demonstrate its non-stationary and complex
behavior. In addition, such systems are often observed
with very few measurements, providing short data series.
Linear time-series analysis approaches are often
insufficient for studying this kind of data, and most
nonlinear analysis methods require either rather long or
stationary data series. A relatively new method of
studying the complexity of system dynamics is the
construction of recurrent diagrams.

Recurrent analysis in the study of dynamic systems
does not require a large amount of primary data, a time
series of data from one measurement experiment is
sufficient. Recurrent diagrams obtained in the process of
time series analysis are based on a geometric structure.
The main diagonal on a recurrent chart looks like a black
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diagonal line — the identity line. The individual points
on the chart do not contain any information, but together
they allow you to reconstruct the properties of the process
under study.

Recurrent analysis is based on the repeatability
property of dynamic systems, which can be used to
characterize the behavior of such a system in phase space.
The advantage of this method is that it allows you
to study the multidimensional trajectory of the phase
space using a two-dimensional representation of its
recurrence [3]. Using recurrent diagrams to analyze time
series allows not only visualizing but also quantifying
the structures hidden in the data.

Analysis of recent research and publications

Since the main method used for this study is
recurrent analysis, we will provide a brief overview of the
results on the development of this method. In an article
published in 1987, Eckman, Kamphorst, and Ruel [4]
proposed a new graphical procedure for visualizing
patterns of repetition in data, which they called
a recurrence chart. Thus, the way was paved for the
introduction of a modern tool for nonlinear data analysis,
which made it possible to overcome the difficulties in
studying non-stationary and rather short time series.

Among the advantages of the developed method
are simplicity of implementation and interpretation,
as well as fewer preliminary data requirements. However,
recurrent charts were only a visual and qualitative tool,
meaning that the user had to search for and interpret the
identified patterns and structures on his or her own,
which meant that the results were not always convincing.
Therefore, the next stage in the development of recurrent
analysis was the method of quantitative analysis of
structures formed in the image of a recurrent diagram.
Modern research has shown that a recurrent diagram
contains all the necessary information about the dynamics
of a system. The works of such scientists as Joe Zbilut [5],
Norbert Marwan [6], Marco Thiel [7], Carmen Romano [8],
and others have significantly enriched the capabilities
of this method over the past decade.

Examples of the practical application of the
recurrent analysis method in the financial sector are given
in [9], where the optimal values of input parameters and
appropriate measures for analyzing financial time series
are determined in order to build a market-monitoring tool.

Paper [10] analyzes the possibility of using recurrent
analysis to detect signals and process observations.

It is shown that the presence of noise in observations
worsens the quality of signal detection using the
numerical characteristics of recurrent charts.

A method for quantifying the phase trajectory of the
process under study using recurrent diagrams and their
quantitative analysis was proposed in [11] and the results
of applying this method to model and real systems
are presented. For this purpose, an assessment of the
possibilities of using this method is presented.

The use of recurrent analysis for modeling and
predicting the nonlinear dynamic properties of complex
systems is considered in [12]. The concepts of phase
space reconstruction, recurrent analysis, recurrent
diagrams, and their characteristics, such as topology
homogeneity, drift, contrast topology, and process
laminarity, are presented.

In [13], a comparative recurrence and entropy
analysis of realizations of electrical bio signals with
fractal properties was performed. It is shown that the
information characteristics of the experimental results
reflect the features of the fractal and correlation structure
of bio signals. With the help of the developed decision
support system, model and experimental implementations
have been investigated, which have shown the feasibility
of using information characteristics for the recognition
and classification of fractal time series.

Among the considerable number of publications
on the use of the recurrent analysis method, there is not
a single example of the application of this method to the
analysis of energy consumption in metallurgy. Therefore,
this article is devoted to this area of research.

Statement of the problem

In the study of energy consumption in metallurgical
production, there is a need to analyze short time series,
which is associated with:

— a significant number of electrical equipment used
in the technological process in each unit;

—a wide variety of types and capacities of electricity
receivers;

— relatively weak links of mutual influence of
electricity receivers during the technological process;

— a significant amount of electrical equipment that
ensures the technological process in each unit and creates
a conditionally constant load, which also depends on the
intensity of the technological process;

— factors that accidentally affect the mode and
volume of energy consumption;
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— a large number of hours of maximum electrical
power utilization;

— significant power consumption of the types of
final products;

— the possibility of changing the operating modes
and composition of equipment in the units, product mix
and other systematic factors [2].

Therefore, the purpose of this article is to recurrently
analyze short time series of energy consumption of
a metallurgical enterprise and develop a program in
Matlab to automate calculations.

To achieve this goal, the following tasks need
to be accomplished

— to study the theoretical foundations of the method of
building recurrent diagrams and their quantitative analysis;

— develop software for building and analyzing
recurrent diagrams;

— to apply the method to real data describing
a complex dynamic system of hourly electricity
consumption at a metallurgical enterprise;

— to identify patterns and obtain information about
the properties of the system under study;

— to draw conclusions from theoretical and practical
results of the study;

— to evaluate the effectiveness of the method under
consideration.

Materials and methods

The essence of recurrent diagrams is to visualize the
functional activity and dynamics of systems based on the
results of observation, which allows you to understand
the basic properties and structures. Dynamic systems,
i.e. systems in which parameters change over time, are
described by observing changes in their states and
indicating the functional dependence of the system's state
on the values at its inputs at specific moments in time.
In the mathematical sense, any dynamic system can be
represented as the movement of a corresponding point
in a phase space, or state space. The main characteristic
of such a space is its dimension. The number of quantities
that determine the state of the system determines the
dimension of the phase space. Each of these quantities is
a phase coordinate in this space, and their combination
forms a vector that describes the state of the system.
Each state of the system corresponds to a certain point
in the phase space - a representation point. The sequence
of these points in the phase space reflects the movement
of the system or, more precisely, the change of system

states, and corresponds to a certain trajectory, which is
called a phase trajectory. The projection of the phase
trajectory onto the phase plane forms a phase portrait.
The graphical representation of the phase trajectory
characterizes the behavior of the system. In the study of
complex systems, they can often be characterized even by
a single observable indicator measured at discrete points
in time D, , since it is either impossible or very difficult

to measure other indicators. The interval D, can be

a constant value or random, although in the latter case it
creates additional and sometimes significant difficulties
in processing the observed data. The interactions in
complex systems are such that the resulting phase
trajectory, which preserves the structure of the original
phase trajectory, can be recovered, according to
Tuckens' theorem [13], from a single time series
by the time-delay method. That is, if we have
a time series X (t)= x(t +At),x(t, +At), x(t, +At),
then, using the time delay method, for example,
in our case At=1, we obtain the series At=1

X (t)= x(t +At),x(t, +At).. x(t, + At). The pairs of
values (x(ti); X(t; +At)) are the phase coordinates of the

image point on the phase plane, which reproduces
the phase trajectory of the system states. Graphically, the
dynamics of the system in a limited area of the phase
plane is represented by the image of phase trajectories.
Over time, the system tends to return to a certain state,
to some extent close to the past, and goes through similar
states of evolution.

Let us consider in more detail the method of recurrent
analysis, referring to the work of N. Marwan et al. [14].

Nonlinear data analysis is based on the study of
phase space trajectories. Elements of the phase space are
possible states of the system under study. Let's assume
that the state of such a system at a fixed time t can be
specified by d components. These parameters form
a vector in the d-dimensional phase space of the system:

X(8) = (% (1), %, (£) %, (1) ®
Thus, a vector i(t) defines a trajectory in phase space.

The recurrent diagram maps the trajectory X e R
in d-dimensional phase space to a two-dimensional
square binary matrix of size NxM:

R, (2)=0(a =[x —x[)ii=1..N,

where N — number of states x; ;
¢ —threshold distance;
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6() — Heaviside function (0(x)=0,if x<0, &
6(x) =1 otherwise);
|| = norm.

The shape of the circle, characterized by the
parameter ¢, is determined by the type of selected norm

and is centered on the point xi, that is, the radius of the

circle in phase space centered at the point xi. In the case
of a one-dimensional time series, instead of a figure's

circle, there is an interval with the center at the point Xi.
If a point x; is in the middle of this circle, then this

state x; is considered similar to the state Xi, and a point
R.; =1 is placed on the diagram. Radius & can be

permanent for all xi, and can be determined for each
point separately, so that the resulting circle always
includes a certain number of similar states. The constant
value of ¢, which leads to a symmetric recurrent

diagram with respect to the line R ; =1, if (i = j) is the
main diagonal of the distance matrix.
In other words, recurrence xi and x; is defined as

the closeness of a state Xi to the state Xi. In the process
of constructing recurrence diagrams, the norm L_ is

mainly used due to its simplicity and speed of calculation.

The recurrence diagram is obtained by constructing
the recurrence matrix (2) and using different colors for its
binary values (usually black for R ; =1 and white for

R;; =0), and both coordinate axes are time axes. Since,
by definition, R ;=1 under the condition i=], the

recurrent diagram always contains a black main diagonal
line — the identity line. In addition, the definition implies
that the recurrence diagram is symmetric about the main

diagonal, since R, =R, forany i, j=1N .

The main purpose of recurrent diagrams is to
visually analyze trajectories in  multidimensional
phase spaces, which gives an idea of the evolution of
these trajectories over time. A recurrent diagram is
characterized by large-scale and small-scale structures
that are caused by the dynamic state of the system.

Large-scale structures give a general idea of the
nature of the process under study. As a rule, the following
large-scale structures of recurrent charts are distinguished:

a) homogeneous, which is typical for stationary
and autonomous systems;

b) periodic, which corresponds to oscillating systems;

c) drift corresponds to
changing parameters;

d) contrasting areas or bands correspond to systems
with sharp changes in dynamics.

Small-scale structures include:

a) diagonal lines reflecting similar local evolution
of different parts of the trajectory;

b) horizontal and vertical lines indicate a state
that does not change for some time or changes very little;

c) separately located recurrent points, but they do
not contain information about the state of the system.

Quantitative analysis allows to calculate measures
of the complexity of recurrent diagram structures based
on the density of recurrent points, diagonal, vertical and
horizontal lines.

The recurrence rate reflects the density of recurrent
points:

systems with slowly

N
RRz%ZRR”. ®)

i j=1
The following measure is based on diagonal lines

of length |, namely:
N

P(I) = z (l_ Ri—l,j—l)(l_ Ri+l,j+l)]j Ri+k,j+k @

ij=1

The ratio of the number of recurrent points that are
components of diagonal lines (of minimum length | . ) to
the total number of recurrent points is called the rate
of determinism, or predictability of the system:

pET= 3 1IP(1) /S IP(1) . (5)

1=l in

Processes with stochastic or chaotic behavior
generate very short diagonals or no diagonals at all,
while deterministic processes produce long diagonals and
a small number of separate, isolated recurrent points.
That is, as the stochastic influence decreases, the value
of the determinism measure will increase.

The length of the diagonal line reflects the period
during which different segments of the trajectory
pass close enough to each other at different times.
Therefore, such lines are associated with the divergence
of trajectory segments.

The average length of the diagonal lines reflects the
average time during which two trajectory segments pass
close to each other and can be considered as the average
time of predictability:

L:iwmlimn. (6)

min =lmin
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Maximum length of diagonal lines and divergence:

L e = max{L,}" , DIV =Li, @

max

where N, — total number of diagonal lines.

The faster the trajectory segments diverge, the
shorter are the diagonal lines and the higher is the rate
DIV . The inverse of the maximum length of the diagonal
lines can also be interpreted as the value directly related
to the maximum positive Lyapunov exponent,
if it exists for this system [15].

The entropy rate is found by the Shannon entropy,
P(1)
N,

to calculate which probability p(l)= we find

a diagonal line of length | :

ENTR=—-3 p(1)In p(1). ®)

1=lin
This rate reflects the complexity of the recurrence
diagram with respect to the diagonal lines. That is, for
example, for uncorrelated noise, the ENTR value is quite
small, which indicates its insignificant complexity.
The next rate was defined as the ratio between DET

and RR, namely:

> IP(l)

RATIO = N2 o )
Se0)]

This relation can be used to recognize phase
transitions in cases where the RR rate decreases and
the DET rate remains constant.

Next, consider a rate based on vertical lines of
length v, namely:

P(V):_ZN; (1_ Ri,j)(l_ Ri,j+v)ﬁRi,j+k . (10)

The laminarity rate is determined by the ratio of
the number of recurrent points that form vertical lines

(of minimum length v _. ), to the total number of

min
recurrent points:
N

3 R ()
LAM = 2 (11)
vP(v)

min

=
This value characterizes the presence of system
stalling states, i.e. when the system's movement along the
phase trajectory stops or moves very slowly.
The average length of the vertical lines, that is
called the trapping time rate, reflects the average time

during which the system will be in a certain state, or how
long this state will remain unchanged:
N N
=) vP(v)/Z vP(v). (12)
V=Vmin 1=lin
Let wus further consider the application of
quantitative characteristics to the analysis of short time
series of energy consumption of a metallurgical enterprise.

Research results and their discussion

The study was conducted on the basis of
observations of the complex dynamic system of hourly
electricity consumption at PrJSC "Dneprospetsstal" [2]
during 2018-2021.

To illustrate the results of constructing recurrent
diagrams, let us consider, for example, the time series
of hourly energy consumption for February 04 and
July 04, 2021. The recurrence of the trajectory
in phase space is expressed by matrix (2). Therefore,
for the studied series, we set N =23, &=10000.

The recurrent daily diagrams obtained in Matlab are
shown in figs. 1 and 2.

Below, in figs. 3 and 4, recurrent diagrams are
shown for the time series of winter and summer seasons.
They are based on the average daily energy consumption
for winter and summer in 2018-2021.

The recurrent diagrams in figs. 1-4 make it possible
to distinguish contrasting areas corresponding to sharp
changes in the system dynamics.

For a more detailed study of the obtained recurrent
diagrams, we developed Matlab software that automates
the calculation of quantitative indicators of the formed
structures of recurrent diagrams for given time series.
To calculate the quantitative measures, the values of
lin =V, =2 are taken.

With the help of the developed software in
the Matlab environment, the process of energy
consumption at a metallurgical enterprise was analyzed
and the dynamics of its quantitative indicators was
evaluated (Table 1).

Given the results obtained, we also analyzed the
dynamics of the quantitative indicators of the system over
time, since the dynamics of the calculated complexity
measures is an indicator of changes in the state of the
system. The graphs shown in figs. 5 and 6 show the
dynamics of quantitative measures by days of the month
for the winter and summer periods, respectively.
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Fig. 1. Recurrent daily diagrams built in Matlab for February 04, 2021
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Fig. 2. Recurrent daily diagrams built in Matlab for July 04, 2021
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Table 1. Indicators of quantitative analysis of recurrent charts

RR DET L DIV ENTR | RATIO LAM TT
winter period
2018 0,3791 0,7728 3,2907 0,1452 10,0034 4,4158 0,7141 3,2484
2019 0,4118 0,8211 3,2966 0,1467 11,898 3,7866 0,7455 3,4923
2020 0,3675 0,9543 7,6927 0,0434 23,9239 3,0806 0,9351 10,0549
2021 0,4386 0,8109 3,2660 0,1462 12,7020 3,7324 0,7369 3,4523
summer period
2018 0,2959 0,7872 2,2999 0,1627 8,9675 5,5494 0,6606 3,1756
2019 0,3598 0,9548 7,9089 0,0435 23,1336 3,1477 0,9206 10,3593
2020 0,3770 0,9669 7,9860 0,0435 23,0838 3,013 0,9077 9,9727
2021 0,3491 0,9474 8,2313 0,0435 21,1106 3,2213 0,8812 10,5858
1,000 RR, DET, DIV ,LAM
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Fig. 5. Dynamics of changes in quantitative measures over the winter period
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Fig. 6. Dynamics of changes in quantitative measures over the summer period
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These graphs show that the measures calculated
for the set of recurrent diagrams are quite stable.
This confirms the thesis about the presence of
a deterministic component in the system, which is
determined by the technological features of the
enterprise's production processes.

Discussion

Using the developed software in the Matlab
environment, we analyzed energy consumption based on
observations of the complex dynamic system of hourly
electricity consumption of PrJSC "Dneprospetsstal” for
four years and evaluated the dynamics of quantitative
indicators of the corresponding recurrent diagrams [16].

As noted earlier, in recurrent analysis, an essential
feature characterizing deterministic processes is the
presence of lines parallel to the main diagonal.
The greater the number of points on the diagonal lines,
the greater the deterministic component of the series.
The quantitative rates DET, DIV and ENTR, described
by equations (6), (8), and (9), respectively, are based
on this fact. The average length of the diagonal lines L (16)
is also a meaningful measure, because it takes into
account the length of different lines, while DET counts
all points on parallel lines regardless of their length.
Thus, for purely random processes, the value DET will
be very small (close to zero), while processes with
some deterministic component will correspond to values
of this rate that are much larger than zero (close to one).
Similarly, the higher the value of L, the higher the
probability that the process is deterministic.

The average values of the entropy rate and (ENTR)

are also quite high, which indicates the complexity of the
obtained recurrence diagrams with respect to diagonal
lines. Thus, we can conclude that the studied series
contain a certain deterministic component, which is
determined by the technological features of the
enterprise's production processes. Deterministic processes
result in long diagonals and a small number of individual
recurrent points. The average length of the diagonal
lines, which is related to the time of predictability of
the dynamic system, corresponds to the value of 5.4.
The average length of the vertical lines, which reflects

the time during which the system remains in a certain
state, corresponds to 3.8.

The average value of the laminarity rate (LAM )

is also quite high, which indicates the presence
of system laminarity states, i.e., when the system's
movement along the phase trajectory stops or moves
very slowly.

The recurrence rate (RR) is close to 0.35 on average.

That is, the probability of repeating a certain state of
electricity consumption during a period (month) is 35%.

Taking into account the analysis of the average
values of quantitative measures in the off-season,
we can see that greater predictability, as well as a much
higher delay indicator, which characterizes the average
time when the system can remain in a more or less
unchanged state, characterize the summer period.

The application of the recurrence analysis method to
the time series of electricity consumption can contribute
to a positive economic effect in the future by improving
the energy efficiency of a metallurgical enterprise.

Conclusion

The scientific and applied novelty of this work is the
application of the method of building recurrent diagrams
to the analysis of a complex dynamic system of hourly
electricity consumption by a metallurgical enterprise.
The method was applied to real data represented by short
time series. In the course of the study, software for the
construction and quantitative analysis of recurrent
diagrams in the Matlab environment was also developed,
which helped to identify patterns and obtain information
about the properties of the system under study.

The practical significance of this work is the benefit
of applying the recurrent analysis method to the
assessment of electricity consumption, as well as
modeling this process, which will help to improve the
accuracy of forecasting its future dynamics.

In further research, it is planned to analyze the
impact of noise in energy consumption observations on
the quality of signal detection using the numerical
characteristics of recurrent diagrams.
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PEKYPEHTHHI AHAJII3 EHEPT OCIIO)KUBAHHSA
METAJIYPITTHHOT O IIAIIPUEMCTBA

IIpeameTromM fgocaifzkeHHsT € MoOJeni Ta METOAU JUIsI KOPOTKOCTPOKOBOTO IPOTHO3YBaHHA €HEPrOCIOXHMBAHHS
B €HEpProcucTeMax Ha OCHOBI PEKypEeHTHOTO aHali3y 4acoBUX psiB. MeTa poGoTH — peKypeHTHHH aHali3 4acOBUX DPSIiB
€HEepProCrnoXUBaHHS METATyPridHOTro MiAMPHUEMCTBA Ta PO3pOOJeHHS mporpamu B cepenoBumii Matlab ans aBromarumsamii
obumciIeHh 1 eKCHepuMeHTaJdbHe BHIpoOOyBaHHS poctymHoi iHQopmanii IIpAT  "Enmexrpomeramyprifinmii  3aBox
"Muinpocnencrans” iM. A. M. Ky3pMmina". BukoHaHi Taki 3aBIaHHSI: PO3IJISIHYTO METOJA MOOYJOBH PEKYpPEHTHHUX Jiarpam
Ta TXHIll KiTbKICHUH aHai3; MOOYJOBAaHO MOJENb 4YacoOBOTO ANy Ta (a3oBoi TpaekTopii 4acoBOro psay Iuis Bi3yamizamii
3MIiHH €HEPrOCIOKMBAHHS MPOTATOM T00H; pO3poOJIeHO IporpamMHe 3a0e3medeHHs A MOOYJOBH PEKYypeHTHHX JAiarpam
y makeri Matlab. Bukopucrtano meron aHamily 4YacoBUX pPsAiB HAa OCHOBI PEKYpPEHTHOTO aHANi3y JUIsl JIOCIIHKEHHS
XapaKTEePUCTHK CTaHy CHCTEMH Ha MPHKIANi METAIypriHHOTO MiANpueMCTBA. 3A00YyTi pe3yJbTaTH: PO3pOOJIEHO MPOrpaMHe
3abesneveHHss B cepegoBumi Matlab st kKOopoTKOCTpOKOBOro MPOTHO3YyBaHHS EHEPrOCMOXHBAHHI B CHEPTOCHCTEMAX;
pO3paxoBaHO KiNBKICHI TOKa3HHWKHM, IO MOXHA 3aCTOCOBYBAaTH I XapakTEPHUCTHKH CTaHy CHCTEeMH W aHali3y
EHEepProCHOXHMBaHHS B MiXKCE30HHSI. BUCHOBKM: y mporeci TochiIKeHHs po3po0iieHO nporpaMHe 3abe3nedeHHs i 100y0BU
Ta KiNIBKICHOTO aHaNi3y peKypeHTHHX Aiarpam y makeri Matlab, 3a momomororo sikoro BHSBICHO 3aKOHOMIPHOCTI Ta OTPHMAHO
iH(opMaliro Mpo BIACTUBOCTI JOCIHIIKyBaHOI CHCTEMH. 3 OTJISAAY Ha aHaJi3 CepeHIX 3Ha4eHb KUIBKICHUX Mip Y MIKCE30HHS
3a 2018-2021 pp. MoxHa OayuTH, MO JITHIW TEPioJ] BU3HAYAETHCSA OUIBIIOW MepeadadyBaHICTIO, a TaKOX 3HAYHO
BUIIIMM ITOKa3HUKOM 3aTPUMKH, SKHH XapaKTepusye CepeiHid dYac, KOJIM CHCTeMa MOXKE 3aJHIIMTHCSA B OiJIbII-MEHII
HE3MIHHOMY CTaHi. PeanbHUMH pe3ynbTaTaMH MiATBEPIXKEHO KOPHCTH 3aCTOCYBAHHS METOLY PEKypPEeHTHOI'O aHajizy
JUTS OLIHIOBAHHS CIIOXKMBAHHS €IEKTPOCHEpPTii, a TakoX e(EeKTUBHIIIOTO MOJENIOBAHHS IIHOTO IPOLECY, IO MOXKE CIPHITH
O1TBII TOYHOMY MPOTHO3YBaHHIO HOro MaiiOyTHHOI TUHAMIKH.

Ku1r040Bi c10Ba: pekypeHTHa Aiarpama; eHeprocnoXUBaHH;, YaCOBUH psi/I; HEMiHIHA JUHAMIKA.
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