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Summary: investigational possibility of the use of neuro-fuzzy modeling is at determination of functioning
quality of area with mionectic resistance of isolation. Investigational parameters which characterize quality functioning
of area of operative direct-current network: an amount of proceedings in an isolation is after passing of signals;
current isolation resistance of area; resistance of area isolation is after renewal. Determination of area with mionectic
isolation resistance of operative direct-current network it is suggested to carry out by a calculation the coefficient of
quality of its functioning. A coefficient of functioning quality of operative direct-current network area is a complex
parameter, which takes into account not only possibility of area to execute the functions but also possibility effectively
to proceed in an isolation after passing of test or other influencing on its state signals. The method of determination of
area is improved with mionectic isolation resistance of operative direct-current network, which allows to warn
development of emergency situations and enables to conduct the done early replacement, repair, adjusting of areas of
operative direct-current network. The method of determining the coefficient functioning as the operative parts of
current permanent ones so using methods based on fuzzy modeling and driven to software implementation in a complex
MATLAB. The advantage of this method is to attract an evaluation experience for field personnel, taking into account in
calculating the quantity, quality, regulatory parameters, etc., and enable the optimization mathematical model on real
data.

Keywords: operative direct-current network, mionectic resistance of isolation, coefficient of functioning
quality, neural-fuzzy modelling.

Introduction

Operative direct-current networks (ODCN) of electric substation are designed to power the devices
of relay protection and automation, alarm systems, responsible mechanisms of own needs, emergency
lighting, coils of turn on and off high-voltage switches, etc. [1-2]. The research set out in the article can be
used in the creation and management of network power DC supply for consumers and businesses (power
plants and substations) that use two-wire networks of operating DC [2].

There are many ways and means of controlling isolation ODCN [1-2], but the specificity of the
control object requires an increase in the accuracy of determining the correct appearance of dangerous
reduction of insulation resistance at an early stage and providing selective identification of damaged cable
lines.

One of the promising directions for improving the reliability of the ODCN is the prediction of their
condition, namely forecasting of non-renewable reduction in insulation resistance. To solve this class of
prediction problems are proven methods of neuro-fuzzy modeling [3-5]. Methods based on neuro-fuzzy
modeling are improving from year to year, as evidenced by the large number of publications and is already
used in airport security systems to identify defects in power transformers to predict future consumption and
generation of electricity etc [6-12]. Therefore, the aim of this article is to improve the method of determining
the area with low resistance network isolation operating DC voltage by calculating the quality factor of the
functioning of the ODCN area with the use of means of neuro-fuzzy modeling.

Material and research results

Definition of the area with mionectic resistance isolation of ODCN is proposed by calculating the
quality factor of its functioning. The quality factor of the functioning of the ODCN area is a complex
parameter that takes into account not only the ability of the ODCN area to perform its functions but also
enables the possibility to restore the insulation after passing a test or other affecting its status signals.
Consider the task of finding the quality factor of the functioning of the ODCN area depending on the number
of reductions in the value of insulation resistance, value the insulation resistance of the section and the
recovery time of a coating ODCN area after a disturbance (signal):

kq.f. = az : kn : kz : krec. ) (1)
where k, — the ratio of the amount of recovery of insulation after passing the signal is given by:
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N — the total number of signals that have passed through the study ODCN area;

n.. — the total number of signals, after passing which the ODCN area recovered in a short time;

where k, — he ratio of insulation resistance of ODCN area is determined by the expression:

z Z
z Zoo | )

Z,qiim. — regulatory limit resistance value of the ODCN areg;

reg.lim. — “con.

k, =

reg.lim. — “init.
Z.., — the resistance value of the ODCN area at the time of control,
Z;i — initial resistance value of the ODCN area (at the time of the introduction of new equipment or
after repair);
where k. — recovery factor of insulation resistance of ODCN area is defined by the expression:

_ ZTEC
Kree = Zinit | “
Where z,.— resistance value of the ODCN area after the recovery;
dy =a;-dz-as, )

where a,, a,, a; — weight coefficients which are set by the experts of their own experience,

describing the impact of a factor depending on the features of the ODCN area and take into account
peculiarities of operation conditions, namely a, — factor which considers the effect of the number of updates

after the passage of the signals; a, — factor, which takes into account the impact of insulation resistance of
ODCN area; a; — factor, which takes into account the effect of restoring the insulation resistance of the

ODCN area.

To predict the possibility of further development of identified defects and the possibility of
exploitation of the ODCN area it is necessary to assess the dynamics and the rate of change of insulation
resistance. With the aim of increasing adequacy for such an assessment, there is a need for accounting
expertise in the subject area. An example of such expert judgments, which can become a basis of formation
of the knowledge base are the following: “IF the insulation resistance of the ODCN area decreases, THEN
decreases its reliability and raises the possibility of false action” or “IF the rate of decrease of the insulation
resistance of the ODCN area does not exceed 10% for single pass of the test signal, a dangerous defect is not
growing, but requires attention”.

Specialized diagnostic and audit are carried out by staff from specialized maintenance departments
or organizations. This stage is of great importance to assess the reliability of the results of previous studies,
their improvement and completion of database and knowledge base. At the same time, the effectiveness of
these measures depends on the previously obtained results. The results of the diagnosis the decision about the
feasibility of further exploitation of the ODCN area.

Systems of the monitoring of the insulation resistance of ODCN areas, that currently exist, used in
their calculations the well-known mathematical models, but these models have a significant drawback — they
can not determine and take into account the functional relationship between many of their controlled
diagnostic parameters at the same time, in one mathematical model (which, moreover, often
multidirectional). The task is complicated by incomplete source data, when the parameters are unknown at
the time of the calculations, for example, for reasons of the need for additional research. Note that
guantitative methods are unable to provide the possibility to operate with this information. If move in the
plane of the purely qualitative approaches, losed the ability to optimize the parameters of the model on real
statistical data. An effective tool to establish these functional relationships, consideration of the different
nature of information and expert domain knowledge, is the technology of neuro-fuzzy modeling.

Note that expert knowledge can shape the analysis of the monitored diagnostic parameters specialists
who directly diagnose the state of insulation of the ODCN areas, be set according to the literature sources or
according to the service insulation, etc., which gives the possibility of establishing the reasons for the
decommissioning of ODCN area. Under the controlled diagnostic parameter to understand the parameter
deviation from the norm which has led to the development of the ODCN area repair. After analyzing the
literature [1-3], developed the diagram (see Fig. 1), which determines the dependent or independent
influence of scan parameters on the quality factor of the functioning of the ODCN area.
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Fig. 1. Structural scheme of the calculation model, the quality factor of the functioning of the
ODCN area

Summing up the above, concluded that:

1. Information support of the diagnosis of isolation of the ODCN area reduces the time spent on the
study of the technical condition, inspection, and repair of the ODCN area as a whole, as well as revealing
and localization of possible faults and defects that develop in ODCN area.

2. Information systems for decision support reduce the amount of work on the diagnosis of isolation
ODCN related to turning off the ODCN, to improve the reliability and efficiency of electricity supply. With
the use of such systems fails along with the simplification of the assessment of the impact of defects to
streamline the solution of problems that arise in the life cycle of ODCN that have not yet moved into the
category of disabled.

3. To improve the efficiency of information support it is necessary to apply new methods of
representation and processing of heterogeneous information required (quantitative indicators, expert
evaluations, normative values, and the like).

4. The use of mathematical apparatus of neural-fuzzy modeling allows to represent and identical
processing various types of quantitative and qualitative, incomplete, uncertain, contradictory, and other
information, allowing the configuration of parameters of mathematical models on real data.

The advantages of neuro-fuzzy modeling are handling fuzzy input data, the connection between them
is unknown in advance, not always known for their accuracy and truthfulness. Fundamentals of the theory of
fuzzy sets were founded by Professor of University of California Lotfi Zadeh half a century ago in the
seminal article “Fuzzy Sets” [4]. The concept of fuzzy sets was formed by Zadeh as a response to
“dissatisfaction with the mathematical methods of the classical theory of systems, which prompted to pursue
artificial precision that is uncharacteristic of many real-world systems” [5]. Fuzzy logic has provided a
convenient tool to represent expert knowledge regarding the development of systems and processes in a
mathematical form. The involvement of the neural network technology to fuzzy models provides the ability
to automatically adjust their settings based on quantitative and qualitative factors and provides a number of
other undeniable advantages for the simulation. Indeed, the inclusion in the model along with the
quantitative, and even expert evaluations of a number of informative qualitative factors and the organization
of the mechanism of logical inference allows counting on a significant increase in forecast accuracy [6]. To
create a mathematical model for calculation of the coefficient operation section of the ODCN the following
parameters were used: 1 — number of recoveries insulation after passing the signal; 2 — current insulation
resistance phase of ODCN; 3 — insulation resistance of the ODCN area after recovery, each of which can be
inferred about the state of the ODCN area. But none of these parameters fully characterizes the state of the
ODCN area — it's just pointing some changes of its technical state. If one of these technical parameters is
beyond the specified limits, this does not mean that the ODCN has lost its efficiency.

Therefore, the challenge lies in finding not always known, fuzzy interactions of various technical
parameters on the current overall technical condition of the ODCN area, and given the forecast of dynamics
of development of damage and its impact on the overall technical condition of the ODCN.

Application of methods of the theory of fuzzy logic to solve this problem gives us the opportunity to
consider the meaning of the various controlled parameters in the diagnosis of the condition of the ODCN
area to create the base of rules of their interaction, not knowing the mathematical relationships between
them.

To find a solution to the problem of determining the quality factor of the operation it was decided to
apply the software package MATLAB because it allows to solve the optimization problem with initial data,
which is represented as fuzzy sets, and consider expert information.

The system of computer mathematics MATLAB provided an opportunity on the basis of formed
sample of the training data to obtain the analytical dependence of the quality factor of the functioning of the
ODCN area from the diagnostic parameters in the polynomial. This output of the model is fuzzy logic can be
implemented using the method of constructing fuzzy knowledge bases Takagi-Sugeno fuzzy model [7], and
the conditional part of the rule in the model is implemented using fuzzy sets. This dependence can be used in
the software of modern microprocessor devices of diagnosing the condition of the ODCN area.
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The formation of the original training data was implemented as follows. For the three input model
parameters that were varied randomly from 0 to 1, a coefficient of the quality of functioning of the ODCN
area was defined. For ease of application and simplification of current payments in the system of computer
mathematics MATLAB.

The full table contains an enumeration of the considered variants of combinations of diagnostic
parameters and corresponding values of the quality factor of the functioning of the ODCN area as shown in
table 1. T

he data presented in Tables 1 and 2 were obtained with the help of experimental data, which were
measured at the Novodnestrovskaya hydroelectric power station.

Three input parameters of the model are the coefficients, corresponding to three controllable
diagnostic parameters. To increase the accuracy of determining the coefficient of the quality performance it
is possible to increase the number of diagnostic parameters.

A mathematical model of the quality factor of the functioning of the ODCN area is a system of
logical equations in a general form (6):

IFkn € "normal” AND kz € "normal™ AND Kkrec € "normal”

THAT Kkq.f. =a11-kn +a12-kz +a13-Krec

IFkn € "minor deviation" AND kz < "minor deviation"” AND Kkrec €"minor deviation"
THAT kq_f_ =agy-kn +az -kz +a23-Krec (6)
IFkn € "pre-fault"andkz <"pre - fault"and krec <"pre - fault"”

THAT Kq.f. =as1-Kn +as2-kz +a33-Krec

IFknp e"fault" AND kz €"fault" AND ke €"fault"

THAT Kkq.f. =a41-kn +as2 -kz +a43-Krec

A mathematical model of the quality factor for the functioning of a specific ODCN area is a system
of logical equations (7):

IFkn € "normal” AND kz € "normal” AND krec. € "normal”

THAT Kq.f. =0,3234kn +0,233kz +0,03Krec. +0,098

IFkn € "minor deviation” AND kz € "minor deviation" AND Krec. € "minor deviation"

THAT Kq.f. = 0,456kn +0,345kz +0,133krec, + 0,094 @)
IFkn € "pre-fault" AND kz € "pre-fault” AND Kkyec. € "pre - fault"

THAT kq.f. =0,3245kn +0,238kz +0,235Krec, +0,097

IFkn € "fault" AND kz e "fault" AND krec, € "fault”

THAT kq.f. =0,234kn +0,153kz + 0,343kyec. + 0,093

Further, the rows of this table have been adjusted by value of the quality factor of the functioning of
the ODCN area by interviewing independent experts: qualified customer service representatives and ODCN
service (data is shown in table 2). Adjustment factors quality of functioning for the accounting of operation
features a specific ODCN area.

The corrected data were used as training data while modeling in the system of computer mathematics
MATLAB. For this purpose, used the package Fuzzy Logic Toolbox. With the help of the ANFIS editor with
using of hybrid training algorithm and the algorithm of the fuzzy inference Sugeno [7] neuro-fuzzy model of
the quality factor of the functioning of ODCN area was obtained (using the subclusters method). The
structure of the obtained neuro-fuzzy network is shown in Fig.2.

For each input variable of the neuro-fuzzy model four linguistic terms with Gaussian membership
functions, which are represented by the expression (8) were used [3]:

—(xi—=Cin)*
e - 29,2
Kpeci1 =F (Xigsyiicip) =e e 8
where: y; Ta c;; — numeric parameters, yll2 — in probability theory called the variance of the

distribution, and the second parameter c;; — expectation, i; — input factor of the neuro-fuzzy model that meets
the diagnostic option, x;; — value of i;—th input factor of the model: x;=K,, Xo=Kz, X3=Kec.

To describe the state of the ODCN, such terms as “normal” parameter values, “minor deviation”
value options, “pre-fault” parameter values, “fault” parameter values were used.
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Table 1

The results of calculations of the quality factor of the functioning of the ODCN area

Diagnostic parameters

The quality factor of the functioning of the

Kn, Kz, Krecs ODCN area
conventional units | conventional conventional
units units
0 0 0 0
1 1 1 1
0 1 1 0
1 0 1 0
0,93 0,93 0,93 0,930063
1 1 0,97 0,653953
1 1 0,96 0,644808
1 1 0,87 0,264758
1 1 0,78 0,248279
1 1 0,67 0,924798
1 1 0,65 0,927788
1 1 0,56 0,93044
0,94 0,94 0,94 0,940054
0,6 0,5 0,8 0,614157
0,2 0,5 0,3 0,446311
0,5 0,3 0,4 0,492952
Table 2
A fragment of the adjusted values of the coefficient of quality of functioning
Diagnostic parameters The quality factor of the functioning
kn, kZ, kI’ECl
conventional | conventional | conventional
units units units
0 0 0 0
1 1 1 1
0 1 1 0
1 0 1 0
0,93 0,93 0,93 0,960
1 1 0,97 0,750
1 1 0,96 0,650
1 1 0,87 0,660
1 1 0,78 0,560
1 1 0,67 0,909
1 1 0,65 0,850
1 1 0,56 0,820
0,94 0,94 0,940
0,6 0,5 0,8 0,500
0,2 0,5 0,3 0,440
0,5 0,3 0,4 0,445

To facilitate the configuration and adaptation of the structure of the developed model in real settings,
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ANFIS. ANFIS is a simple feed forward network that contains adaptive nodes (Fig. 2). The purpose of the
layers of the network.

Layer 1 defines fuzzy terms of diagnostic parameters. Each node of this layer is adaptive function of
belonging pAi(xi) mze xi — input node i. Ai — fuzzy linguistic variable that is associated with this node. So:
p“normal” (kn) — the value of the belonging function for the “normal” term number of parameter value
updates after isolation of signals; u“normal”Z (kZ) — the value of belonging function for “normal” term
parameter value of insulation resistance of the ODCN area,

p“normal”rec  (krec) — the value of the membership function for term “normal” value of the
parameter recovery of the insulation resistance of the ODCN area, p“minor deviation” n (kn ) — the value of
the belonging function for term “minor deviation” parameter value of the number of recoveries isolation after
the passage of the signals; pw“minor deviation”Z (kZ) — the value of the belonging function for term “minor
deviation” parameter value insulation resistance of the ODCN area, p“minor deviation” rec. (krec) — the
value of the belonging function for term “minor deviation” the value of the parameter recovery of the
insulation resistance of the ODCN area, p“pre-fault” n (kn ) — the value of the belonging function for term
“pre-fault” parameter value of the number of recoveries isolation after the passage of the signals; u“pre-
fault”Z (kZ) — the value of the belonging function for term “pre-fault” parameter value insulation resistance
of the ODCN area p“pre-fault” rec. (krec) — the value of the belonging function for term «pre-fault» the
value of the parameter recovery of the insulation resistance of the ODCN area, pu“fault” n (kn) — the value
of the belonging function for term “fault” parameter value of the number of recoveries isolation after the
passage of signals; p “fault”Z (kZ) — the value of the belonging function for term “emergency” parameter
value insulation resistance of the ODCN area u“fault” rec (krec) — the value of the belonging function for
term “fault” value of the parameter recovery of the insulation resistance of the ODCN area.

gt

Fig. 2. Structure ANFIS network of the quality factor of the functioning

To find the value of the quality factor of the functioning of the ODCN area used the autoregressive
nonlinear model of the quality factor of the functioning of the ODCN area.

To determine the value of the quality factor of the functioning of the ODCN area used Takagi-
Sugeno inference model. In this model, fuzzy rules are defined based on a specified number of values “in-
out” of modeled object in the view:

if x,e Ajandx, eB,and...x, €V, thaty, =f(X;,X,,...., X ) 9

where: Al, B2, Vm - fuzzy sets links, a yi=f(x,,X,,..., X, ) — a clear function of the output, f
(Xq,X5,.., Xy ) — IS defined as a polynomial of input variables x,x,,..., X, -

A mathematical model of the quality factor of the functioning of the ODCN area is a system of
logical equations (6).

The output of the model kq.f. is found as a balanced amount of conclusions (9) base rules, written as
a system of logical equations (6) [8].
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kq-f- =2 Wi (am Ky g, kg +a, 'krec.)’
j2 =1
where: O<w, <1 = level of performance (weight) j2-th rule, which is determined by the actual
changes in the diagnostic parameters of the ODCN area, j2 — number of the rule, m3 — the number of rules
reflected in j2-th rule (11):

(10)

W, =—-n (11)

where:

&= 0w, (K, ), (k) v K )

L=l

I = Mg (K, ) e (K, ) M (Kig)
wi(k,)  j(kz)  (ke) — belonging functions of the coefficients of remaining resource controlled

diagnostic parameters corresponding to the fuzzy set values of parameters relevant rules, w,(k,)=
Menormalr(Kn ) s My (K2) = Moormar (K2) s My (Kree) = Mepormar(Krec) - S€LtiNg the model is to determine the parameters
of the Gauss functions of belonging (standard deviation y, ,y,, ,yy, and expectation c, C, ,Crec), and

parameters of conclusion equations. Using the rules of learning the parameters of the nodes of the ANFIS
adaptive neuro-fuzzy multilayer network feed forward are adjusted to minimize the error between the
calculated output of the model kg.f.mod. and the real ratio of total remaining resource kq.f. (12):

N; -1

o= \/i Z(kq.ﬁmod‘ka — Kk, )2 — min, (12)
N1 k3=0

where: N1 — the number of rows in the study sample, k3 — the line number in the training set starting
from the row with sequence number «0».

Used hybrid learning algorithm every era of which consists of direct and reverse optimization
calculations. In direct calculation of initial information on the value of the vector input y kn, kZ, krec and
output kq.f. is used to determine the output method of least squares. Then calculated error ANFIS-network..

Using variational method based on the criterion of minimizing the mean square error learning neuro-
fuzzy network for the terms selected Gauss belonging functions. Based on the constructed neuro-fuzzy
network conducted a pilot study of the adequacy of modeling the coefficient of quality of functioning for 8
different sites of ODCN networks. Using neuro-fuzzy network the rules were formed, which gave the
possibility to determine the quality factor of operation for each ODCN area. The results are shown in table 3.
From the above table. 3 data concluded that phases 1 and 3 require replacement or additional diagnosis.
ODCN areas 2-5, 7 and 8 have average values of the coefficient of the quality of performance that indicates
the occurrence of minor defects which with proper maintenance can be eliminated in the early stages of
development and will not develop into more severe injuries that usually lead to accidents, incorrect shutdown
of the equipment etc.ODCN area at number 6 has the highest quality of functioning, so it can be used longer
and does not require additional costs to a diagnosis.

Table 3
The simulation results of the coefficient of quality of functioning for 8 different areas of ODCN
networks
Sequence number of kz kn krec Kqf.
the ODCN area
1 0,13 0,25 0,23 0,23
2 0,95 0,34 0,28 0,65
3 0,56 0,32 0,68 0,35
4 0,47 0,36 0,78 0,67
5 0,45 0,38 0,88 0,75
6 0,91 0,76 0,91 0,81
7 0,87 0,75 0,75 0,79
8 0,67 0,65 0,74 0,67
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Conclusions
In this article, proposed a method of determining a phase with low resistance network isolation
operating DC voltage, which can prevent the development of emergency situations and allow you to do the
advance replacement, repair, and adjustment of the parts of the ODCN areas.
The developed method of determining the quality factor of the functioning of the ODCN area is
based on the use of methods of neuro-fuzzy modeling and brought to implementation in the package
MATLAB. The advantage of this method is the possibility to involve for the evaluation of the experience of

operating personnel, taking into consideration quantitative, qualitative, normative indicators, etc., and
possibility for optimization of the mathematical model on real data.

References

1. Rubanenko O. E Statistical studies patterns of change in insulation resistance networks operative direct
current / O. E. Rubanenko, I. A. Zhuk, O.0. Rubanenko // Visnyk Khmelnytskoho natsionalnoho universytetu. —2015. —
M 3 (213). - P. 110-114.

2. Zhuk 1.0. Definition damaged line networks operational DC / O. E. Rubanenko, S.E. Tankevych // Pratsi
Instytutu elektrodynamiky Natsional'noyi akademiyi nauk Ukraine. — 2013. — Ae 3 (36). — P.5-13.

3. O. Milbredt, “Parameter weighting for multi-dimensional fuzzy inference systems”, IEEE International
Conference on Control, Automation and Information Sciences (ICCAIS), 2016, p.p. 227 - 231,

4. M. Srinivasand, L.M. Patnaik, ““‘Adaptive probabilitie sofcross overand mutation in genetic algorithms,”
IEEE Trans. Syst., Man, Cybern.,vol. 24, no. 4, p.p. 656-666, Apr. 1994.

5. Shengyang He, Shelli K. Starrett, “Modeling power system load using adaptive neural fuzzy logic and
Artificial Neural Networks,” 41st North American Power Symposium, 2009, p.p.:1-5

6. Zadeh L. Fuzzy Sets // Information and Control. — 1965. — Vol. 8. — Az 3. — P. 338-353.

7. Zade L. Ponyatye lynhvystycheskoy peremennoy v prymenenye k prynyatyyu pryblyzhennikh reshenyy: Per. s
anhl. — M.: Myr, 1976. — 167 p.

8. Takagi T., Sugeno M., “Fuzzy identification of systems and its applications to modeling and contro,” //
IEEE Transactions on Systems, Man and Cybernetics. — 1985. — Vol. 15. — p.p. 116-132.

9. Kosterev N.V. Nechetkye alhorytmu otsenky tekhnycheskoho sostoyanyya y prohnozyrovanyya ostatochnoho
resursa eletrooborudovanyya / Kosterev N.V., Bardyk E.Y., Vozhakov R.V., Kurach T.E.// Naukovi pratsi DonNTU —
Elektrotekhnika i enerhetyka. — 2008. — A28. — P. 65-70.

Reza Shariatinasab; Jalil Ghayur Safar; Mohsen Akafi Mobarakeh, “Development of an adaptive neural-
fuzzy inference system based meta-model for estimating lightning related failures in polluted environments,” IET
Science, Measurement & Technology, 2014, Volume: 8, Issue: 4. p.p.: 187 — 195.

10. S. Hr. A. Kaboli,M. Mansouri, J. Selvaraj, N. B. A. Rahim, “A hybrid adaptive Neural-Fuzzy tuned P.I.
controller  based  Unidirectional Boost P.F.C. converter feeds B.L.D.C. drive,” 4th  Annual
International Power Electronics, Drive Systems and Technologies Conference, 2013, p.p.: 176 — 181.

11. Kaplan Kaplan, Melih Kinca, H. Metin Ertunc, “Prediction of bearing fault size by using model of
adaptive neuro-fuzzy inference system,” 23nd Signal Processing and Communications Applications Conference (SIU),
2015, p.p.: 1925 - 1928.

BU3HAYEHHA SAKOCTI ®YHKIIOHYBAHHA JIVIAHKHA 13 3HUKEHUM OIIOPOM
I30JISIIIT MEPEKI OITIEPATUBHOT'O IIOCTIMHOI'O CTPYMY 3A TOIIOMOI'OIO HEHPO-
HEYITKOI'O MOJAEJIOBAHHSA

Anomauyisn: 00Ci0HCEHO MONCIUGICINb BUKOPUCTNAHHS HEUPOHEUIMKO020 MOOENIOBAHHS NPU SUSHAYEHHT AKOCTI
@yHKYIOHYBAHHA OLNSAHKU 13 3HUJICEHUM ONopoMm i301ayii. J{ocniodceno napamempu, sKi XApakmepusywmos sKiCMb
@YHKYIOHYBAHHA OUISHKU Mepedici OnepamusHo20 HNOCMILHO20 CMpPYyMY: KIIbKicmb 6IOHO61eHb  130JsYil  nicis
NPOXOOJNCEHHsI CUSHANIG, NOMOYHUL ONip 30/yil OLIAHKYU, Onip i30sYyil OUISSHKU Nicisi 6i0HOGNeHHs. Busnauenms
OWAHKYU [3 3HUMCEHUM ONOPOM I30AYIl Mepedci OnepamusHo20 NOCMIUHO20 CMPYMY HPONOHYEMbCA 30iLCHIO8AMU
WIAXOM PO3PAXyHKy Koegbiyienmy axocmi ii @pynkyionysanna. Koeghiyienm axocmi ynxkyionyeanns OinAHKu mepeici
ONepamu6Ho20 NOCMIlIHO20 CIMPYMY € KOMNJIEKCHUM Napamempom, sKull 6paxo8yc He Juule MOAICIUSICIY OLIAHKU
BUKOHY8amu c80i yHKYii, a 1l ModiCIUGICMb epeKmMUBHO 8IOHOBTI08AMU [30AYII0 NICAS NPOXOOHCEHHI MEeCMOBUX YU
[HWUX 8NIUBAIOYUX Ha i cmaH cueHanie. Boockonaneno memoo eusHaueHHs OLAHKU (3 3HUNCEHUM ONOPOM i307AYil
Mepedici onepamusHo20 NOCMIUHO20 CIMPYMY, KU 0036014€ NONEPeOUm PO3GUMOK A8aApIHUX cumyayii i oac 3mozy
npoGecmu 3a64ACHY 3AMIHY, PEMOHM, HANAOKY OLISHOK Mepedici ONepamueHo20 NOCMIUHO20 CIPYMY.

Knrouosi cnosa: xoepiyicum sikocmi (DyHKYIOHY8aHHS, OLISHKA 13 3HUIICEHUM ONOPOM [3015Yil Mepedici
onepamueHo20 NOCMIUHO20 CIMPYMY, HeUPOHeUimKe MOOeNI06aAHHSL.

OIIPEAEJEHUE KAYECTBA ®YHKIHUOHUPOBAHUS YHACTKH C NOHWXEHHOU
CONPOTUBJIEHMSI M30JIAIUN CETEM ONEPATHUBHOI'O ITIOCTOSAHHOT O TOKA C
INOMOIIBIO HEUPO-HEYHETKOI'O MOJEJINPOBAHUSA
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Annomayun: UCCIe008aHA  BO3MONCHOCMb — UCHONbL308AHUA — HEUPOHEYEeMKO20  MOOEIUPOSAHUsT  Npu
onpeoeienul Kayecmea QOYHKYUOHUPOBAHUS YUACMKA ¢ NOMUICEHHBIM Cconpomusinenuem usonsyuu. HMccrnedosanvl
napamempul, Xapaxkmepuzylouue Kavecmeo QyHKYUOHUPOBAHUSL YUACMKA Cemu ONepamueHo20 NOCMOSIHHO20 MOKA:
KOIUYeCmB0 0OHOGNEHUL U0JAYUU NOCILe NPOXONUCOCHUS CUSHANO08, MEKYWULl CONPOMuUBNIeHUe U30NAYUU YUACTKA,
conpomuenenue U30IAYUU yuacmrka nocie goccmanognenus. Onpedenenue yuacmka ¢ NOHUNICEHHBIM CONPOMUBTEHUEM
U30AYUU CemU ONepamusHO20 NOCMOSHHO20 MOKA Npediasaemcs OCYyWecmsisims nymem paciema Kosd@guyuenma
Kauvecmea ee QyHKkyuoHuposanus. Kospguyuenm rauvecmea @QYHKYUOHUPOBAHUA YHACKA Ccemu ONepamueHo2o
NOCMOAHHO20 TOKA ABIAEMC S KOMNIEKCHbIM NAPAMEmMpPOM, KOMOPbIIL yYUmvlédaem He moabKo 603MOHCHOCHb YHACMKU
8bINOIHAMb CE0U QYHKYUU, HO U IPDEeKMUBHO 80CCMAHABIUBAMb UZ0TAYUIO NOCTIe NPOXOHCOEHUSL MEeCMOBbIX ULU UHBIX
BIUAIOWUX HA ee COCMOAHUe CUSHAN08. YCo8epuleHCmBosan Memoo onpeoeneHusi Y4dacmKd ¢ HOHUNCEHHbIM
conpomusieHuem U30IAYUYU Cemu OnepamusHo20 NOCMOSHHO20 MOKd, KOMOPbIll N0360.14em npedynpedums pasgumue
ABAPUIIHBLIX CcUmMyayuti U NO360.5em NPOGECMU NPEOBAPUMENbHYIO 3AMEHY, DEMOHM, HANAOKY YYacmKo8 Cemu
OnepamusHoO20 NOCMOAHHO20 MOKd.

Knrwouesvie cnosa: xosgpduyuenm xavecmsa GyHKYUOHUPOBAHUS, YUACMOK C NOHUNCEHHLIM CONPOMUBTIEHUEM
U30AAYUU CemuU Onepamuno20 NOCMOAHHO20 MOKA, HeUPOHeUemKUX MOOEIUPOBAHUSL.
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