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With the development of intelligent distribution networks and access to distributed energy, the solving the problem of
timely and accurate determination of the operating state of the distribution network is an urgent task. Based on an
improved analysis of the principle components of the network and statements of a self-organizing neural network, this
article proposes the method to evaluate the operating state of medium- and low-voltage distribution networks. At the
first step, the system of evaluating indices of the network is formed by advanced component analysis. The evaluation
system is grounded on four aspects, including safety, reliability, quality and economy. Next, the self-organizing neural
network is used to identify and clean up the data regarding the operating state of the distribution network. At the next
step, the indicators are modeled at all levels; the entropy method is applied to calculate the total weight of all
indicators. Then the value of each indicator is found and the weak links of the distribution network are determined. At
the final stage, the comprehensive assessment of the real operation of the distribution network in Guangxi province is
carried out. As shown, the method can effectively reduce the effect of abnormal data and subjectivity factor on the
results of evaluating the state of the distribution network. That confirms the feasibility and practicability of the
proposed method. References 22, figures 6, tables 6.

Key words: distribution network, improved principal component analysis, self-organizing neural network, entropy
combination, comprehensive evaluation.

1. Introduction. In the recent years, as an important part of smart grid, intelligent distribution
network has become a new trend in the development of smart grid [1-3]. However, the defects of different
equipment and low automation level in medium- and low-voltage distribution networks are hindered in the
development of intelligent distribution network. Moreover, the low- and medium-voltage distribution
networks are a key link for the connection between the power system and users, and its operating states
affect the national economy [4-6]. Therefore, it is urgent to develop a scientific, effective, fast and accurate
evaluation system for the low- and medium-voltage distribution networks.

At present, many evaluation methods have been proposed and studied. The multi-level evaluation
index systems for different levels are proposed in [7-9], but without expert experience or ignoring the
influence of evaluation indices in distribution network. In [10—13] the AHP-Delphi method is proposed to
evaluate the operating state of distribution network or to modify the weights of indices at all levels.
However, AHP-Delphi method is too subjective to evaluate the operating state of distribution network
objectively. In [14-17], the Monte Carlo method, matter-element extension method, G2-entropy method and
other approaches are used to evaluate the operating state of distribution networks. However, the problems of
data accuracy and abnormal data in the existing data system are ignored. Moreover, due to the fact that the
evaluation results regarding distribution network are easily affected by abnormal data, the evaluation errors
may be caused and the wrong control signals may be sent to the distribution network. In a word, the existing
studies on the operating state evaluation of medium- and low-voltage distribution networks mostly ignore the
following problems: abnormal data of distribution network and subjectivity of evaluation method, which
cannot objectively evaluate the real operating state of distribution network.

Therefore, this paper proposes the method for operating state evaluation of medium- and low-voltage
distribution networks based on improved analysis of principal components and self-organizing neural
network. First of all, the improved principal component analysis method is adopted to extract the indices that
can best reflect the operating state of distribution network, and then the AHP index system is constructed.
Secondly, the data on the operation of distribution network are cleaned up based on self-organizing neural
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network. Then the entropy combination weight algorithm is used to calculate the weights of indices. Finally,
by calculating the each index, the weak links of distribution network are found. In conclusion, the
comprehensive evaluation results of the actual distribution network show that the proposed method can
provide the effective technical support and information for the control and management of the medium- and
low-voltage distribution networks.

2. Features of extraction based on improved principal component analysis. In the evaluation of
the operating state of medium- and low-voltage distribution networks, there are many factors that affect the
state of distribution network, and there is no unified method to screen the evaluation indices. Most studies
establish the evaluation index system of distribution network through research analysis and expert opinions.
It is difficult to accurately evaluate the distribution network due to the subjectivity of the method. It is
impossible to filter out the overlapping information attributes among evaluation indicators at a certain level,
and it is difficult to accurately evaluate the operating state of distribution network.

Therefore this paper proposes an extraction algorithm based on improved principal component
analysis to screen evaluation indices. This method can reduce many evaluation indices to several
comprehensive indices, make the index system simpler and more reasonable, and extract the index that can
best reflect the operating state of distribution network. The steps are as follows:

(1) Selection of a number of evaluation indices of distribution network, quantification of each
evaluation index, construction of the evaluation index quantization matrix and elimination of the dimension:
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According to the covariance principle, the covariance matrix is the correlation coefficient matrix
after the standardized transformation of the index.

(2) Then solution of the correlation coefficient matrix, determination of the eigenvalue and
eigenvector of the matrix, and sorting of them according to the eigenvalue 4, > 4, > 3> 4, the eigenvector
corresponding to each eigenvalue /; is a;.

Then calculation of the cumulative variance contribution rate:
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The cumulative variance contribution rate mentioned above reflects the amount of information
contained in the linear transformation of variables. When the factor is more important, the cumulative
variance contribution rate will be larger.

(3) Special extraction of indices.

Firstly, calculation of the main component load matrix A:

A=(Jha o Jha,. A, a,), 3)

where 4y, 45, 13...4, are the eigenvalues of the matrix, oy, a,, as...0, are the components of the eigenvector.

Then calculation of the importance degree of each evaluation index: analysis of the selected principal
components and calculation of the importance degree of the index in the principal components. The
calculation formula of the importance degree H is as follows:

HZ\/Z%JF\/Z%JF\/Z%J“- A.a,. “)

Then normalization of the importance degree of the obtained evaluation index is realized. The higher
the importance degree, the stronger the correlation, that is, the more representative of the evaluation index
among the numerous evaluation indices. Finally, the key indices of the evaluation of the operating state of
the distribution network are obtained.

3. Data cleaning based on self-organizing neural network. Medium- and low-voltage
distribution networks have complex structure, various equipment and low automation level, so the operation
data uploaded by the existing data acquisition system have many defects, such as data collection difficulties,
poor accuracy and incomplete data [18]. Therefore, it is urgent to identify and clean abnormal data when
evaluating the operating state of low- and medium-voltage distribution networks.

In power system, the methods of data cleaning are numerous, but the traditional data cleaning
algorithm is not suitable for distribution network operation evaluation, because the traditional algorithm
cannot get the trend of abnormal change of each data and the correlation between the data, which is easy to
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cause abnormal data is not completely clear. Moreover, because of the large amount of data in the operating
state of the distribution network, the outliers belong to the small samples, so the error of the traditional
clustering analysis method is also large.

Therefore, this paper proposes a distribution network operation data cleaning algorithm based on
self-organizing neural network. Its core theory is deep learning technology [19], which adopts competitive
learning to conduct sample training to process high-dimensional data volume and clean distribution network
abnormal data more quickly and accurately.

3.1. Basic principles of self-organizing neural networks. Self-organizing neural network algorithm
refers to the random multiple selection in the sample system, and the mapping of self-organizing neural
network by Bootstrap sampling or other sampling methods. The training process is competitive deep
learning, the steps are as follows: first, number the sample vector and calculate the Euclidean distance. Then,
the weights and the most similar neurons were formed into matching units, and the feature map of the
neurons was finally obtained. The closer the distance between the neurons, the higher the similarity, so the

more accurate the data. The training process is shown
CWpUL TECRY  NEROSRS Feamre maps in Fig. 1.

3.2. Establishment of self-organizing neural
network model. The steps for establishing the model
of data cleaning algorithm based on self-organizing
neural network described in this paper are as follows:

(1) Normalization of input vector and
corresponding vector of neuron:

T
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where j=1,2,3...m, j is the neuron number; X is the
Fig. 1 input vector.
(2) Whenever any input vector is obtained,
compared it with the corresponding vectors of all

neurons, the vectors that are most similar to each other are competitive neurons. If the two vectors are
similar, their dot product should be maximized as follows:
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where WW; and W}« are the vector of neurons j and j*.

(3) When the matching unit is adjusted to the input unit, the amount of matching unit will decrease
with distance and time, the weight Ab(s) is obtained by using the following formula:
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After transformation of the above equation we get:
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Minimum Euclidean distance is equal to:
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And then the formula for the neuron has the following form:

A, (s+1) = 4,(5)+ f (u,,5) B(s) X (1) = 4,(5)], (10)
where ¢ is the index of the training sample, X(z) is the input vector, s is the step length index, f(s) is the
learning coefficient of monotonically decreasing, u is the matching unit index of the input vector, f{u,b,s) is
the proximity function of the distance between neurons u and b when the step size is s. T is the size of the
training sample.

4. Calculation of evaluation index of distribution network operating state.
4.1. Modeling of index for evaluation. The evaluation index system for the operating state of
distribution network constructed by the improved principal component analysis method and analytic
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hierarchy process, and its intermediate layer is: security, reliability, quality and economy. The single index of
the index layers is: three phase unbalance, transformer load rate, operation failure rate, reliability of power
supply, voltage eligibility rate and line loss rate. For the above six single index of power distribution network
operation evaluation, the model is as follows:

(1) Security index.

Three phase unbalances: the amplitude difference of voltage or current in the three phases of the
distribution network exceeds the reasonable limit. The smaller the value, the healthier the distribution
network is. The formula is as follows:
3max(P,, P, B}~ (P, + P, +P.)

P+ B+ F
where P4, Py, Pc respectively represent the load of three-phase A, B, C at the outlet end of the low-voltage
side of the transformer in the distribution network.

The transformer load rate refers to the ratio between the average output power of the distribution
network and the rated capacity of the transformer within a certain range. The smaller the load rate within this
range, the healthier the distribution network is. The formula is as follows:

X, == (12)

X =
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where W, refers to the power supply load in the distribution network within ¢ time, and S is the transformer
capacity.

(2) Reliability index.

Operation failure rate: the average number of failures of the distribution network. The lower the
operation failure rate, the healthier the distribution network is. The formula of operation failure rate
converted to one year is as follows:

8760h
X, =4, T (13)
where 4, is the rate of failure during the statistical time, 8760h is the number of hours in a year, and ¢ is the
number of hours in the statistical time.

Reliability of power supply: The ability of a distribution network to distribute electrical energy to
users above the acceptable rate. The higher the reliability of power supply, the healthier the distribution
network operation. The formula is as follows:

X, =(1—£)x100%, (14)

b ZVVO L
= (15)
where ¢ is the average power consumption time of all users, W, is the number of users without power; #, is
the blackout time, W is the statistics of all users, ¢ is the total statistical time.

(3) Quality index.

Voltage eligibility rate refers to the rate between the time when the voltage is within the specified
limit and the total time. The higher the voltage eligibility rate is, the healthier the distribution network. The
formula is as follows:

X, =(1—t7°)><100%, (16)

where £, is the voltage over-limit time, # is the statistical time.

(4) Economic index.

Line loss rate refers to the percentage of line loss in power supply. The lower the line loss rate, the
healthier the distribution network is. The formula is as follows:

X6=P1}_)P2><100%, (17)

1

where P is the power supply, P, is the power sold.
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4.2. Scoring methods for single index. In this paper, the evaluation function of fuzzy membership
degree is used to determine the scoring formula of each single index [20]. Indices can be divided into three
categories: positive indices, reverse indices and interval indices.

As shown in Fig. 2, the slope of the
curve within the interval was determined
according to the proportion of index values in
each segment, so as to divide the fuzzy
membership function graph of each index, and
1 then determine the piecewise function of
'\ interval values.
X

In the Fig. 2 x the single index value, x;
is the factor under investigation and also the
“mipred infe segment point of the single index value, y is the
evaluation score, y; is the position of x; within
[0,100] and also the evaluation score
Fig. 2 corresponding to the index value.

5. Entropy combination weight
method to determine the comprehensive weight. Assessment the operating state of medium- and low-
voltage distribution networks. After constructing the evaluation index system the weight of each index
should be determined. At present, there are many methods to determine the weight factor, including analytic
hierarchy process, Delphi method, comprehensive weighting method, etc. However, the above methods are
more empirical and cannot objectively reflect the importance of each index. This paper proposes an entropy
combination weight method to determine the weight of evaluation index. Firstly, on the basis of AHP, the
index is positive and dimensionless. Secondly, AHP-Delphi method is used to estimate the importance of
each evaluation index and calculate the subjective weight. Then, the entropy weight method is used to
measure the information and calculate the objective weight. Finally, the comprehensive weight is optimized
by Lagrange multiplier method.

5.1. AHP-Delphi method to determine the subjective weight. The calculation process of AHP-
Delphi method used to determine the subjective weight of evaluation index is as follows:

(1) Construction of a judgment matrix: u;, u; (i, j=1, 2..., n) represent factors, while u; represent
the importance of u; relative to u;, and judgment matrix P is formed through u;; as follows:

Uy Up uy,
u u u
2 Uy 2
P= : o (18)
unl unZ unn

(2) Order of importance: calculation of the largest eigenvalue Ay, in P and the corresponding
eigenvector o as follows:
Po=1_ o. (19)
Then the eigenvector w is normalized to rank the importance of each evaluation index.
(3) Consistency test: verification of reasonability for the importance ranking as follows:

CR=CI/RI, (20)
where CI=(Aq.-1)/(n-1), the values of RI are shown in Table 1, when CR<0.1 or Ap.x=n, CI=0, meet the
requirements.

Table 1
n 1 2 3 4 5 6 7 8
RI 0 0 0.58 0.90 1.12 1.24 1.32 1.41

5.2. Entropy weight method to determine the objective weight. If the AHP-Delphi method
adopted in section 5.1 is used to independently determine the weight of the evaluation index, it may lead to
subjectivity, and the final evaluation result may be biased due to human factors, while the entropy weight
method can effectively make up for the subjectivity of the weight of the index [21-22], the calculation
process is as follows:

If there are m units to be evaluated and # evaluation indices, the original data matrix is as follows:

X = () e (2]
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For one of the evaluation indices the information entropy is equal to:

E, :—Zpij Inp, /Inm, (22)
i=l1

m
where p, =x, /) x, .
i=1

The information value of the evaluation index lies in the difference between the entropy and 1 of the
indices. If the difference degree of the evaluation index is defined as D=1-E;, the entropy weight of the
evaluation index is:

w, =D, /3 D,. 23)
j=1

5.3. Determination of comprehensive weight and optimization. In this paper the entropy
combined weight method is used to determine the evaluation index weight of the network operating state.
The process is as follows:

(1) The selected state evaluation index is positive and dimensionless, if X; is the positive index:

. X, —min(X )

X' = . . (24)
" max(X,)-min(X,)

If X; is the reverse index, then
. max(X,)— X,
" max(X,)-min(X,)

(25)

If X is the interval index, then
X, —min(X )
a—min(X) .

X =41 a<X,<h (26)
max(X,)—- X,
T T pe X, <max(X)
max(X ) —b ! !

(2) Calculation of the subjective weight of each index according to AHP-Delphi method in
section 5.1.

(3) Calculation the objective weight of each index according to the entropy weight method in
section 5.2.

(4) Calculation of the comprehensive weight:

,min(X;)< X, <a

Wi, | 3,
=
= Wsz/Zn:Wij 0= (0,0,,..0,)> (27
=
Won, | 2w,
A
s.t. Zn:a)j =Lw, >0. (28)

I=
Then the comprehensive weight is optimized by Lagrange multiplier method:

L 1
@, = Ww)* 1 2 (W,w,)*. 29)
=

6. The example analysis.

6.1. Development of the evaluation index system. In the evaluation of the operating state of
medium- and low-voltage distribution networks, the excessive number of evaluation indices affects the
efficiency and accuracy of the evaluation, and also bring inconvenience to the data cleaning algorithm.
Therefore, using the feature extraction algorithm based on improved principal component analysis to extract
and delete redundant indices can improve the evaluation efficiency.

Firstly, the several single evaluation indices affecting the operating state of medium- and low-voltage
distribution networks are pre-selected as shown in Table 2.
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Table 2

Index number Evaluation index Index number Evaluation index
1 Three phase unbalances 9 Line loss rate
2 Power supply radius 10 Frame power factor
3 Risk of loss of load 11 Linking-up road rate
4 Reliability of power supply 12 Operation failure rate
5 Voltage eligibility rate 13 Harmonics distortion
6 Distribut%on transformer 14 Non-transferable rate

Failure rate

7 Voltage deviation 15 Transformer load rate
8 Line overload rate 16 Rate of economy

Then, the feature extraction based on improved principal component analysis was carried out for the
pre-selected indicators, the quantitative matrix was constructed and the eigenvalue and variance contribution
rate were calculated. The principal component load was determined and the importance degree of single
index is obtained by formula (4). The results are shown in Fig. 3.

:‘;: Thiee phase vnbalances |-r=
otk Eacusity
é“ L Transformer load rate |..'l'=
Rosf
g'-" Opefation failurs ats |f|
M Evatustion | M Rei2blity
:: | indax Felability of power supply |..l'.
systemof S
00 L I 3 4 F & T & 9 10 L1 1213 14 15 16 dizribotion
fadex mumber natiorh .I Quility (4] Vol digibiltyrate | X,
Fig. 3
By normalizing the importance degree of each Economic -I Line loss rat= |-'l'.
single evaluation index to [0, 1], this paper selects the

single evaluation index whose importance degree is

greater than 0.5, then obtains six single evaluation Fig. 4

indices for the operating state of medium- and low-voltage distribution networks, and develops the AHP
index system for them, as shown in Fig. 4.

6.2. Identification and removal of abnormal data. In this paper, the distribution network of a
region in Guangxi province of China was selected as the evaluation object. Firstly, the field monitoring data
is numbered and the input vector is normalized. Then the similarity vector is obtained by calculating the
Euclidean distance. After repeated learning and training of the self-organizing neural network, the original
data are classified into 36 neurons.

In this work, 3972 groups of real-time monitoring data of distribution network are selected to
conduct self-organizing neural network learning and training on the monitoring data. The neuron
classification of the monitoring data is shown in Fig. 5 and the Euclidean distance between the neurons is

Fig. 5
Fig. 6
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shown in Fig. 6.

According to the neuron classification of monitoring data, shown in Fig. 5, 3972 groups of
monitoring data were divided into 34 neurons, and each neuron contained a certain amount of monitoring
data. According to the value of the Euclidean distance between neurons, the color of the division between
neurons was displayed as white — gray — brown — black, the deeper color represents the Euclidean distance
between neighboring neurons. If the Euclidean distance between a neuron and its surroundings is relatively
large, the monitoring data of the neuron abnormalities need to be cleaned up. As shown in Fig. 6, the color
between neurons no. 3, no. 15 and no. 33 and their neighboring neurons is too dark, it indicates that the
Euclidean distance is large. Therefore, the number of abnormal data to be cleaned is shown in Table 3.

Table 3
Category Neuron no. 3 Neuron no. 15 Neuron no. 33 Clean up the data

Amount of data 56 34 21 111

6.3. Evaluation of actual distribution network operating state. (1) Determination of the
evaluation index weight: calculation of the subjective weight of each separate evaluation index according to
the AHP-Delphi method in section 5.1. Then, according to the entropy weight method in section 5.2, the
objective weight of each evaluation index was calculated. Finally, according to formula (29), the
comprehensive weight of six separate evaluation indices was calculated. The weights of each index are
shown in Table 4.

Table 4
Index Subjective weight Objective weight Comprehensive weights
X 0.2106 0.0921 0.1490
X, 0.1326 0.3752 0.2386
X, 0.1242 0.2046 0.1705
X, 0.1536 0.0823 0.1203
X 0.2435 0.1168 0.1803
X 0.1354 0.1290 0.1414

=N

After obtaining the weight of each index, the index weight of the intermediate layer of the evaluation
index system is calculated, and then the weight factors of the evaluation index system of the medium- and
low-voltage distribution network operating state are determined (see Table 5).

Table S

Intermediate index Weight Single index Weight
. Three phase unbalances 0.3844
Security 03876 Transformer load rate 0.6155
s Operation failure rate 0.5863
Reliability 0.2908 Reliability of power supply 0.4137

Quality 0.1803 Voltage eligibility rate 1

Economy 0.1414 Line loss rate 1

(2) Calculation and comparison of evaluation scores: according to the analysis of calculation
examples based on the identification and cleaning of abnormal data in the self-organizing neural network in
section 6.2. The abnormal data in neurons no. 3, no. 15 and no. 33 should be eliminated. Data from any
remaining neuron and data from neuron 33 were selected for evaluation, combined with the single index
model, the single index scoring formula and the comprehensive weight, the final result is shown in Table 6.

Table 6

Data source Security Reliability Quality Economy ;rco(fi
Neuron 33 69.08 87.81 78.33 70.91 76.46
Neuron 20 66.32 83.23 61.27 75.22 71.59

As can be seen from Table 6, the overall rating of distribution network operation in Guangxi
province is equal to 71.59. The evaluation score of the data in the neuron no. 33 that should be eliminated
was higher than that in the neuron no. 20, and the score of quality was much higher than that in the normal
data. After investigation and analysis, the voltage eligibility rate in this area is general, especially the low
voltage phenomenon is more common, cannot reach a healthy level. It is proved that there is a large
deviation when using uncleansed abnormal data to evaluate the status. Then it is proved that the data
identification and cleaning based on the data cleaning algorithm of self-organizing neural network can
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improve the accuracy of distribution network operating state evaluation, and then reflect the actual operating
state of distribution network.

7. Conclusions. This paper proposes a new operating state evaluation method for distribution
networks based on improved principal component analysis and self-organizing neural network, considering
the influence of abnormal data on distribution network evaluation, data cleansing by self-organizing neural
network algorithm. In addition, the paper presents the improved principal component analysis to construct
the evaluation index system, uses the entropy combined weight method to calculate the comprehensive
weight of each evaluation index and gives a possibility to evaluate the operating state of distribution
networks from the aspects of security, reliability, quality and economy.

By real example, the paper shows that the proposed method is characterized by fast convergence
speed and high precision, permits to build the objective and reasonable evaluation index system and can
effectively reduce the evaluation error due to abnormal data. The evaluation system and proposed method
can provide the effective technical support for control and management of distribution networks.
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CUCTEMA KOMILIEKCHOM OLEHKHW U METO/I ONPEJAEJIEHUASI PABOYEI'O COCTOSIHUS
PACHPEJIEJIMTEJIbHOM CETH

Shiwei Sul’z, Yiran Youz,Yu Zou®

' China Three Gorges University, Hubei Provincial Key Laboratory for Operation and Control of Cascaded
Hydropower Station,

Yichang 443002, China

> China Three Gorges University, College of Electrical Engineering & New Energy,

Yichang 443002, China

*Qinzhou Power Supply Bureau of Guangxi Power Grid Co., Ltd.,

Qinzhou 535000, China. E-mail: yyr937@foxmail.com

Ilo mepe pazeumus UHMENNEKMYANbHLIX PACHPEOCTUMENbHbIX cemell U OCyujecmenenuss 0oCmyna K pacnpeoenénuol
9HepeemuKe peuierue npodeMvl CBOEEPEMEHHO20 U MOYHO2O0 OnpedeseHUs. pabouez0 COCOAHUS PACIPeOeTumenbHou cemu
cmanosumcs éce 6onee akmyanvHou 3adaveu. Ha ocnoge ycogepuieHCmeo8anHo20 amanu3a OCHOBHbIX KOMNOHEHMO8 U
NONOJICEHULl  CAMOOP2AHUIYIOWENCS. HEUPOHHOU cemu 8 Cmamve NpPeoNodNceH Memod OYeHKU paboueco COCMOSHUS
pacnpedenumenbHblx cemeli cpeoHe2o U HU3Ko20 Hanpsicenus. Ha nepeom smane cozoaemcs cucmema OYeHOUHbIX UHOEKCO8
pacnpedenumenvhou cemu. Cucmema oyeHKu COCMOSHUS PACNPEOeTUMENbHOU Cemu OCHOBAHA HA Yemblpex ACneKmax, 6 mom
yycie 6e30nACHOCMU, HAOCHCHOCU, KA4ecmea U dKOHoMUU. Jlanee ucCnonb3yemcs camoopeanu3yiowasncs HellpoHHas cems
07151 UOeHMUPUKAYUYU U OHUCIKU OAHHBIX OMHOCUMENbHO paboue20 cOCMOoAnUs pacnpederumensvroll cemu. Ha credyrowem
waze MOOeIUPYIOMCs UHOUKAMOPbL HA 6CeX YPOGHAX, NPUMEHEMC Memoo SHMponuu Ol paciema oouwezo geca Kaxicooz2o
unouKamopa. 3amem HaAXOOUMCs 3HAYEeHUe 6cex noKazamenell u onpedensitomcs ciabvle 36eHbs 8 pACHPeOeTUmenbHOl Cemu.
Ha 3axniouumensnom smane npogooumcss KOMNIEKCHAs OYeHKAa @axmuyeckol pabomel pacnpedenumensHou cemu 8
xkumatickou npogunyuu Guangxi. Tloxaszano, umo npeonodcenuvlii Menood no360asem IPHEKMueHO YMEeHbUMb GIUSHUE
AHOMANLHBIX OAHHBIX U PaKmopa cyObeKmusHOCMU HA pe3yIbmamul OYeHKU COCMOSHUA pACNPeOenumensHol cemu, 4mo
noomeepacoaem yenecooopasHoCcms U OCywecmeuMocms npeonodcenno2o memooa. bubn. 22, puc. 6, Tabm. 6.

Kniouesvie  cnosa:  pacupenenuTenbHas ~— CeTh,  YCOBEpPIICHCTBOBAaHHBIH  aHANM3  OCHOBHBIX  KOMIIOHEHTOB,
CaMOoOpraHM3yIoIIascsl HeHpOHHas CeTh, KOMOMHAIMS YHTPOIMH, KOMIUIEKCHAS OIICHKA.

CHCTEMA KOMILIEKCHOI OIITHKH I METO/I BUSHAYEHHS POBOYOI'0O CTAHY
PO3MOIJIbHOI MEPEKI
Shiwei Sul’z, Yiran Youz, Yu Zou®
' China Three Gorges University, Hubei Provincial Key Laboratory for Operation and Control of Cascaded
Hydropower Station,
Yichang 443002, China
? China Three Gorges University, College of Electrical Engineering & New Energy,
Yichang 443002, China
*Qinzhou Power Supply Bureau of Guangxi Power Grid Co., Ltd.,
Qinzhou 535000, China. E-mail: yyr937@foxmail.com
Y mipy pozeumky inmenexmyanvuux po3nooinbyux mepesic i 30iliCHeHHs 00cmyny 00 pO3nooileHoi eHepeemuyi piuienHs
npoodreMu CBOEHACHO20 MA MOYHO20 GUIHAUEHHA POOOY020 CMAMY PO3NOOINbHOI Mepedici cmae 6ce Oinbul aKMYarbHUM
sae0annam. Ha ocHoei e0ockoHanenozco ananizy OCHOBHUX KOMNOHEHMI8 mMa NOJONMCEHb HEUPOHHOI Mepedci, o
CAMOOP2AHIZYEMbCS, Y CIMAMMI 3ANPONOHOBAHO MEMOO OYIHKU POOOYO20 CIMAHY PO3NOOLIbHUX Mepeic cepeOHbol ma HU3bKOL
nanpyeu. Ha nepuwiomy emani 3a 00nomo20i0 800CKOHANEHO20 AHANI3Y OCHOGHUX KOMHOHEHMIE CMEOPIOEMbCs cucmema
OYIHOYHUX THOeKCI8 po3nodinbuoi mepedci. Cucmema OYIHKU CMAHY PO3NOOINBHOI MEPEdNCI 3ACHO8AHA HA YOMUPbLOX
acnekmax, y momy ducii 6esneyi, HaoiiHOCMi, AKOCMI Ma eKOHOMIL. Jlani 8UKOPUCMOBYEMbCS HEUPOHHA MepeXcd, o CAMO-
Opeanizyemuvcsi, 3a0is i0eHmu@ikayii ma ouuwjeHHs: OAHUX Wooo pobo1wo2o0 cmany po3noditbHoi mepexci. Ha nacmynnomy
Kpoyi MOoO0enoiomucs iHOUKamopyu Ha 6CIX DIGHAX, 3ACMOCO8YEMbCA Memood eHmpOnii 3a01i pO3PAXyHKY 3a2abHOI 6acu
KOJICHO20 [THOUKamopa. Ilomim 3HaxX00ambCs 3HAYEHH 6CIX NOKA3HUKIE [ SUBHAUAIOMbCS CAAOKI JNAHKU 6 PO3NOOLIbHIU
Mepeorci. Ha s3axnounomy emani nposooumscsi KOMIIEKCHA OYIHKA (Pakmuunoi pobomu po3nooinbyoi mepexci 6 KumatlcoKitl
nposinyii Guangxi. Ilokazano, wo 3anpononoganutl Memoo 0de 3mMo2y eQeKxmueHo 3MEHWUMU 6NIUE AHOMATLHUX OAHUX MA
gakmopa cy6'ekmusHocmi Ha pe3yibmamu  OYIHKU CMAHY PO3NOOLIbHOI Mepedcl, wo niomeepoxcye OoyinbHicmy i
301UICHEHHICMb 3anpPONOH08aH020 Memody. bidn. 22, puc. 6, Tabdm. 6.
Kniouogi cnoea: po3noniipHa Mepexa, aHali3 TOJOBHUX KOMIIOHEHTIB, CAMOOPraHi3oBaHa HEHpOHHA Mepexa, KOMOiHalisg
EHTPOITi1, KOMIUICKCHA OIIiHKA.
Hapitimna 10.01.2020
Ocratounwmii BapiasT 13.07.2020
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