TEXHIYHI HAVKH TA TEXHOJIOTI Ne 3 (17), 2019

TECHNICAL SCIENCES AND TECHNOLOGIES
UDC 621.396
DOI: 10.25140/2411-5363-2019-3(17)-209-218

Viktor Kovalenko, Serhii Levchenko, Mykola Tryputen, Vitaliy Kuznetsov,
Maksym Tryputen, Oleksiy Gorodny, Alisa Kuznetsova, Yevheniia Kuznetsova
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AND EXPEDIENCY OF ITS CONTROL

Urgency of the research. It is well-known that electric energy characteristics are the levels of electromagnetic compa-
tibility of electric grid providing adequate performance of any electrical means connected to the grid if the electric energy
characteristics do not exceed permitted values. In the context of general idea of electromagnetic compatibility of consumers
within power supply grids, power quality is the topical problem of modern electric-power supply industry.

Target setting. The issue of assessing the possibility of ensuring the quality of electricity in terms of voltage deviation by
consumers is very important. The problem of voltage fluctuations is relevant, so that voltage deviation have a negative im-
pact on functioning electrical equipment

Actual scientific researches and issues analysis. Papers [2-11] are devouted the effective management methods of electri-
cal energy consumption. The articles [6-8] shows that under present conditions only system approach ensures accurate identifi-
cation and prediction of electric power losses in distribution networks that are characterized by considerable ambiguity.

Uninvestigated parts of general matters defining. Generalized diagram of the voltage modes characterizes the state for
the entire distribution network connected to the main substation; it consists of the branched 10 kV network, all the distribu-
tion transformers, and all the 0.4 kV networks connected to those transformers. Along with the generalized diagram, values
of the available voltage losses have been obtained; those values occur within 10 kV and 0.4 kV networks in terms of the fa-
vourable conditions of voltage control and the initial values of the admissible voltage deviations of electrical receivers.
Moreover, that is the basis to determine operating position of control tappings of distribution transformers.

The research objective. Since one of the important characteristics of electrical energy is the deviation of the voltage in
the network, it is advisable to carry out its analysis in the urban distribution networks in terms of Levanevska substation,
town of Zaporizhzhia. To simplify practical representation of possible voltage modes on the main substation buses and with-
in the whole distribution networks, it is expedient to use graphic representation — so-called generalized diagram of voltage
modes. That diagram helps make the analysis of voltage modes more demonstrative than analytical calculation, besides, the
diagram gives great possibilities for further study.

The statement of basic materials. While analyzing voltage mode in the distribution networks and determining the re-
quired law of voltage control in the main substation (MS), one should take into consideration great amount of factors effect-
ing and complicating that study. Those factors include the following: changes in the operating mode of the network, differ-
ences in the points of connections of electrical receivers (ER) to the distribution network, differences in possible operating
positions of the control tappings in the distribution transformers (DT), differences in the points of DT connections to 10 kV
network, available dead zones of automatic voltage controller etc. Owing to that fact, it is required to perform generalized
analysis of the voltage mode and conditions of its control within 10 kV and 0.4 kV distribution networks and on main substa-
tion buses. To do that, one should apply probabilistic calculation methods. At the same time, it is expedient to use graphic
depiction (so-called generalized diagram (GD) of the voltage modes) to simplify representation of possible voltage modes on
MS buses and within the whole distribution network. That diagram will help make the analysis of the voltage modes more
clearly arranged than analytic calculations; moreover, it gives great opportunities for further study.

Conclusions. Voltage deviation in the distribution networks has been performed and expediency of the voltage deviation
control for electrically closest and farthest consumers have been analyzed in terms of Levanevska substation, town of Za-
porizhzhia. Expediency of practical application of generalized diagrams for that purpose has been demonstrated. It has been
defined that in the modes of maximum and minimum loads, voltage exceeds the admissible deviation norms of £ 5 %. Conclu-
sion has been made on the expediency of more careful voltage control. Generalized diagram for 0-1 and 9-10 hours with the
maximum voltage deviations has been constructed. Graph of dependences has been developed; formula of voltage deviations
in the main substation, due to the voltage passing along that line, has been defined. According to the voltage data before and
after the implementation of control, graphs of voltage deviations on the distribution transformer and in terms of the farthest
consumer have been constructed.

Keywords: distribution networks; main substation; voltage deviation; transformer load; transformer voltage control
(TVC); generalized diagram.
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Urgency of the research. It is common knowledge that electric energy characteristics are the
levels of electromagnetic compatibility of electric grid providing adequate performance of any
electrical means connected to the grid if the electric energy characteristics do not exceed permitted
values. In the context of general idea of electromagnetic compatibility of consumers within power
supply grids, power quality is the topical problem of modern electric-power supply industry.

Target setting. The issue of assessing the possibility of ensuring the quality of electricity in
terms of voltage deviation by consumers is very important. The problem of voltage fluctuations is
relevant, so that voltage deviation have a negative impact on functioning electrical equipment.
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Actual scientific researches and issues analysis. Papers [2-11] are devouted the effective
management methods of electrical energy consumption. The articles [6-8] shows that under pre-
sent conditions only system approach ensures accurate identification and prediction of electric
power losses in distribution networks that are characterized by considerable ambiguity.

Uninvestigated parts of general matters defining. Generalized diagram of the voltage
modes characterizes the state for the entire distribution network connected to the main substa-
tion; it consists of the branched 10 kV network, all the distribution transformers, and all the
0.4 kV networks connected to those transformers. Along with the generalized diagram, values
of the available voltage losses have been obtained; those values occur within 10 kV and
0.4 kV networks in terms of the favourable conditions of voltage control and the initial values
of the admissible voltage deviations of electrical receivers. Moreover, that is the basis to de-
termine operating position of control tappings of distribution transformers.

The research objective. Since one of the important characteristics of electrical energy is the
deviation of the voltage in the network, it is advisable to carry out its analysis in the urban distri-
bution networks in terms of Levanevska substation, town of Zaporizhzhia. To simplify practical
representation of possible voltage modes on the main substation buses and within the whole dis-
tribution networks, it is expedient to use graphic representation — so-called generalized diagram of
voltage modes. That diagram helps make the analysis of voltage modes more demonstrative than
analytical calculation; besides, the diagram gives great possibilities for further study.

The statement of basic materials. While analyzing voltage mode in the distribution net-
works and determining the required law of voltage control in the main substation (MS), one
should take into consideration great amount of factors effecting and complicating that study.
Those factors include the following: changes in the operating mode of the network, differ-
ences in the points of connections of electrical receivers (ER) to the distribution network, dif-
ferences in possible operating positions of the control tappings in the distribution transformers
(DT), differences in the points of DT connections to 10 kV network, available dead zones of
automatic voltage controller etc. Owing to that fact, it is required to perform generalized anal-
ysis of the voltage mode and conditions of its control within 10 kV and 0.4 kV distribution
networks and on main substation buses.

To do that, one should apply probabilistic calculation methods. At the same time, it is ex-
pedient to use graphic depiction (so-called generalized diagram (GD) of the voltage modes) to
simplify representation of possible voltage modes on MS buses and within the whole distribu-
tion network. That diagram will help make the analysis of the voltage modes more clearly ar-
ranged than analytic calculations; moreover, it gives great opportunities for further study.

Generalized diagram of the voltage modes characterizes the situation for the entire distribution
network connected to MS; the diagram consists of the branched 10 kV network, all the DTs, and
all the 0.4 kV networks connected to those transformers. Fig. 1 demonstrates principal diagram of
the mentioned distribution network. In this context, it means that DT may be switched on at any
point of 0.4 kV network, and ER may be connected at any point of 0.4 kV distribution network.

a A A3
T T é T T é
2
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Fig. 1. Principle diagram of 10 kV and 0.4 kV distribution network:
a — 10 kV network; b — distribution transformers (DT); ¢ — 0.4 kV network; d — electrical receivers (ER)
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GD is the basis to determine conditions of voltage control on MS buses in terms of which de-
viations from nominal voltage on ER clamps connected to the mentioned distribution networks
are within the admissible limits. Along with GD, values of the available voltage losses may be
obtained; those losses may be observed within 10 kV and 0.4 kV networks in terms of the adopted
conditions of voltage control in MS and the initial values of the admissible voltage deviations in
ER. Moreover, that is the basis to define operating position of DT control tappings.

While constructing generalized diagram of voltage modes, assumption is made on the fact
that all the values of voltage losses from MS to each network point and from each network
point to any ER are changing in a mutually proportional way. That assumption simplifies to
certain extent graphic representation of the aforementioned values and construction of the
generalized diagram on the whole. However, it meets the condition of homogeneity of all the
connected power consumers in terms of the convergence (with practically adopted degree of
accuracy) of their load diagrams.

In terms of urban networks, that condition is true to some extent only for public utility
loads. Other consumers (educational institutions, trade organizations, industrial and tractive
facilities) may differ considerably in their load diagrams.

Following condition is taken as the validation criterion to solve the problem of voltage
control in MS: voltage deviation from the nominal value for all ERs connected to the network
should not be beyond the limits of the admissible values [1]. In this context, all the network
sites and all the loads are considered to be three-phase and symmetric. As it has been already
mentioned, that condition is somehow idealized. Available three-phase loads, tappings, and
differences in the phase properties within certain sections of a three-phase network result in
asymmetric voltages and increased actual voltage deviations in ER comparing to the calculat-
ed values obtained for the mentioned idealized conditions. In practice, voltage loss on zero
wire may be up to 25 % (sometimes, up to 50 %) of the voltage loss in phase wires. Thus, cal-
culation values of the admissible voltage losses should be reduced by not less than 0.5-1 %,
i.e. they should be taken within the range of + 4.5-4 % instead of = 5 % of the nominal vol-
tage. Nevertheless, that will result practically in the unjustified cost rising of 10 kV network
since the actual situation cannot be determined by the simplified calculation.

In terms of simplified analysis of voltage modes, two boundary operating modes are con-
sidered: maximum and minimum loads. In the context of the favourable initial conditions, all
other possible operating modes of the network are intermediate. Voltage deviations from the

nominal value in the maximum-load mode at the network point are marked as V'; in terms of
minimum-load mode, they are identified as \'A (Fig. 2).

v, 4

; y, 20y,
E/s Levanivska ®7 l AU’ l AU2 1
T O

Vo 4

10kV 04kV
Fig. 2. Diagram of substitution of the distribution network

Tables 1 and 2 represent parameters of electrically closest and farthest points of 0.4 kV
and 10 kV feeder @-7 of Levanevska electric substation, town of Zaporizhzhia.

While constructing diagrams, relative (in percentage form) values V' are laid along the ab-
scissa axis, and values V' are laid along the ordinates axis. According to the condition taken be-
fore, ER voltage should not go beyond the admissible limits of = 5 % of the nominal one; thus,
it is possible to imagine corresponding range of admissible conditions of ER operation in the
form of a square with the side of 10 % and the center at the origin of coordinates. In terms of the
adopted coordinate axes, voltage modes at each point of the network are characterized by cer-
tain point on the diagram, which coordinates define maximum and minimum voltage deviations.
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Parameters of 0.4 kV network

Table 1

Time, Voltage of the Deviations from Voltage of the Deviations from
hour closest point, V the nominal value, % farthest point, V | the nominal value, %
1 2 3 4 5
0 418 10.1 411 8.1
1 418 10.1 411 8.1
2 415 9.1 407 7.2
3 415 9.1 407 7.2
4 411 8.1 403 6.1
5 405 6.7 397 4.4
6 400 5.2 389 2.3
7 389 24 374 -1.5
8 370 -2.7 345 -9.2
9 377 -0.9 354 -6.8
10 374 -1.6 350 -8.0
11 386 1.5 369 -3.0
12 383 0.7 364 -4.2
13 377 -0.9 354 -6.8
14 379 -0.2 357 -6.1
15 392 33 371 -2.3
16 393 33 380 -0.1
17 395 4.0 383 0.8
18 391 3.0 378 -0.5
19 402 5.9 392 3.1
20 404 6.4 394 3.8
21 408 7.4 398 4.7
22 412 8.5 406 7.0
23 418 10.0 410 7.8
Table 2
Parameters of 10 kV network

Time, Voltage of the Deviations from Voltage of Deviations from

hour closest point, V the nominal value, % | the farthest point, V | the nominal value, %
0 10.7 7 10.2 2
1 10.7 7 10.2 2
2 10.6 6 10.1 1
3 10.6 6 10.1 1
4 10.6 6 10 0
5 10.6 6 9.9 -1
6 10.6 6 9.8 -2
7 10.6 6 9.6 -4
8 10.3 3 9.25 -7.5
9 10.4 4 9.4 -6
10 10.3 3 9.35 -6.5
11 10.3 3 9.55 -4.5
12 10.4 4 9.5 -5
13 10.4 4 9.4 -6
14 10.4 4 9.45 -5.5
15 10.5 5 9.65 -3.5
16 10.5 5 9.65 -3.5
17 10.6 6 9.7 -3
18 10.6 6 9.62 -3.8
19 10.6 6 9.85 -1.5
20 10.6 6 9.9 -1
21 10.6 6 10 0
22 10.6 6 10.1 1
23 10.6 6 10.2 2
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Difference in ordinates of any two points along the straight line determines voltage loss
between the corresponding line points in the mode of maximum loads; difference in abscissas
defines the same but in terms of the mode of minimum loads.

Voltage deviations from the nominal values have been analyzed. It has been identified that
in terms of the modes of maximum and minimum loads, voltage exceeds the admissible devi-
ation norms of + 5 %. Conclusion has been made on the expediency of better voltage control.
Generalized diagram for 0-1 and 9-10 hours, having the greatest voltage deviations, has been
constructed (Fig. 3, 4). .
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Fig. 3. Generalized didgrams for 0-1 hours  Fig. 4. Generalized diagrams for 9-10 hours

Possible variants of control highlighted in black dots are at the distance of 1.5 % from each
other according to the control step of the transformer voltage control in the main substation, i.e.
at Levanevska substation. Blue colour shows operating modes of 10 kV and 0.4 kV networks
for that system. Normal operating mode requires displacement of the system so that the center
of 0.4 kV network will coincide with the center of squares (it is represented in the red line)
which shows tappings of distribution transformers. Since TVC allows controlling only in a step-
like mode, then we use the closest control point for the main substation (black line).

Values of voltage deviation in the main substation with the closest TVC steps have been
determined for each hour and represented in Table 3.

Table 3
Controle mode
Time, hour Voltage deviation in MS, % TVC position Power, kV-A
1 2 3 4
0 -3.05 -3 37
1 -3.05 -3 37
2 -3.08 -3 37
3 -3.08 -3 37
4 -2.07 -1.5 37
5 -0.68 0 44
6 0.87 1.5 54
7 2.70 3 69
8 6.35 6 100
9 5.39 6 94
10 5.25 6 99
11 2.40 3 77
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End Table 3

1 2 3 4
12 3.61 3 83
13 5.39 6 94
14 4.63 4.5 90
15 1.64 1.5 63
16 1.80 1.5 62
17 1.70 1.5 58
18 2.35 3 63
19 0.18 0 51
20 -0.39 0 50
21 -1.37 0 50
22 -2.30 -3 48
23 -3.12 -3 40

substation upon the power flowing through that line has been constructed (Fig. 5).

According to the table data, diagram of dependences of voltage deviations in the main
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Fig. 5. Control mode for the network

With the help of approximation, maximally accurate dependence has been determined, i.e.
polynomial one being represented in formula:

V,(S)=-0.0011S> +0.2873S —12.07 |

(M

According to the data before and after the implementation of control, graphs of voltage
deviations within the distribution transformer in terms of the farthest consumer has been con-
structed (Fig. 6, 7). Red lines display deviation norms being equal to £5 %.

Knowing the line parameters (r = 0.64 Ohm/km, 1 = 0.95 km), voltage losses before and af-
ter the implementation of energy-saving measures have been calculated and added to Table 4.

Thus, apart from the improved voltage quality, one can observe decreased losses in the
network as well. According to the electricity tariff, daily effect from the voltage control is
9.17 kW-h that is UAH 18.1 per day or UAH 6.501 thous. per year.
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Fig. 6. Voltage deviations before the implementation of control
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Fig. 7. Voltage deviations after the implementation of control

Table 4
Effect from the implementation of control mode
. Before the implementation After the implementation of control mode
ime, of control mode Effect. KW
hour | Voltage U, | Current I, | Voltage losses Voltage U, B | Current I, A Voltage loss- ’
V A P, kW ’ ’ es P, kW

1 2 3 4 5 6 7 8

0 411 91.2 5.06 376 99.5 6.02 -0.96

1 411 90.5 4.98 376 98.8 5.93 -0.95

2 407 90.7 5 377 98.0 5.84 -0.84

3 407 90.1 4.94 377 97.5 5.78 -0.84

4 403 91.7 5.11 378 97.7 5.81 -0.7

5 397 111.8 7.6 378 117.3 8.36 -0.76

6 389 139.7 11.86 377 144.0 12.61 -0.75

215



Ne 3 (17), 2019 TEXHIYHI HAVKHM TA TEXHOJIOTI
TECHNICAL SCIENCES AND TECHNOLOGIES

End Table 4

1 2 3 4 5 6 7 8
7 374 184.5 20.7 375 184.0 20.58 0.12
8 345 291.1 51.52 366 274.2 45.71 5.81
90 354 265.1 42.73 371 253.1 38.94 3.78
10 350 283.2 48.75 371 267.0 43.35 5.4
11 369 208.9 26.53 370 207.8 26.27 0.27
12 364 226.9 31.29 368 224.2 30.57 0.73
13 354 265.4 42.84 371 2534 39.04 3.8
14 357 252.9 38.88 369 244.6 36.39 2.49
15 371 168.6 17.29 372 168.2 17.21 0.08
16 380 162.3 16.02 372 165.5 16.65 -0.63
17 383 151.8 14.01 372 156.4 14.88 -0.87
18 378 165.8 16.71 373 168.1 17.18 -0.47
19 392 129.8 10.25 374 136.0 11.25 -1
20 394 125.8 9.62 374 132.6 10.68 -1.06
21 398 126.6 9.75 376 133.9 10.9 -1.15
22 406 117.6 8.41 377 126.8 9.78 -1.37
23 410 96.7 5.69 380 104.4 6.63 -0.94

S455.54 S446.37 $9.17

Conclusions. Voltage deviation in the distribution networks has been performed and ex-
pediency of the voltage deviation control for electrically closest and farthest consumers have
been analyzed in terms of Levanevska substation, town of Zaporizhzhia. Expediency of prac-
tical application of generalized diagrams for that purpose has been demonstrated.

It has been defined that in the modes of maximum and minimum loads, voltage exceeds the
admissible deviation norms of + 5 %. Conclusion has been made on the expediency of more
careful voltage control. Generalized diagram for 0-1 and 9-10 hours with the maximum voltage
deviations has been constructed. Graph of dependences has been developed; formula of voltage
deviations in the main substation, due to the voltage passing along that line, has been defined.

According to the voltage data before and after the implementation of control, graphs of
voltage deviations on the distribution transformer and in terms of the farthest consumer have
been constructed.
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Bixmop Kosanenxo, Cepeiti Jleguenxo, Muxona Tpunymens, Bimaniu Ky3neyos,
Maxcum Tpunymenw, Onexciti I opooniu, Anica Kysneyosa, €seenisa Kyzueyosa

PO3PAXYHOK PEKUMIB POBOTHU XAPAKTEPHUX CXEM
PO3INOAVIBHUX MEPE’K 3 AHAJII3OM BIAXWUJIEHH
HAIIPYTU U JOOIVIBHOCTTI 11 PET'YJIIOBAHHA

Axkmyanvnicme memu 00cnioxncenns. 3a2anbHo8i0OMO, WO XapaKmepucmuKky eneKmpuinoi enepeii — ye pieHi enexm-
POMACHIMHOT CYMICHOCI eleKmPUYHOT Mepedici, Wo 3a6e3newyoms a0eK8amHy npooyKmueHicmo 0y 0b-aKUX eleKmputHux
3ac00i8, NIOKMOUEHUX 00 MepedxCl, AKWO XapaKmepucmuku elekmpuyHol enepeii He nepesuuyioms 003601€HUX 3HAYEHD.
Hricmo enekmpoenep2ii 8 KoHmekcmi 3a2anvHoi i0ei eneKmpomMazHimHoi CyMICHOCII CNOJICUBAUI8 8 eneKmpomepedtcax €
AKMYAIbHOI0 NPOOIEMOIO CYHACHOT 2aY31 eNeKMPONOCAYAHHS.

ITocmanoexa npoonemu. [Tumanns OYiHKU MONCTUBOCII 300e3NeYeHHs AKOCMI eNeKMpPOeHeP2ii 8 YMOBAX GiOXULEHHS
Hanpyeu cnoxcugavamu € oysce saxciusum. IIpodnema Konugans Hanpyeu € aKmyaibHOK, OCKLIbKU OCMAHHA He2AMUEHO
BNIUBAE HA PYHKYIOHYBAHHS €1eKMPUUHO20 OONAOHAHHS.

Ananiz ocmannix 0ocnioxncens i nyonikauiii. Pobomu asmopie [2-11] npucesyeni egpexmugnum memooam ynpasiiHa
CHOJICUBAHHAM elleKmpUuiHoOi enepeii. 3okpema cmammi [6-8] 0o6o0samb, wo 8 HUMIWMHIX YMOBAX Tuuie CucmemMHul nioxio
3abesneuye mouHy i0eHmugikayito ma nPoSHO3YBAHHS 8MPAN eNeKMpPOeHeP2ii 8 POINOOLIbHUX MePeXCax, K XapaKmepus)y-
10MbCA 3HAUHOI0 HEOOHO3HAYHICTIO.

Buoinenns nedocnioscenux yacmun 3azansnoi npoonemu. Y3azanvnena diacpama (V) pesicumy nanpye xapaxmepu-
3y€ cman 0OHOYACHO 05 8CiEl pO3NOOINbHOI Mepedici, npucoHanoi 0o yenmpy scusnenns (LPK) i cknaoacmocs 3 poszanyoice-
Hoi mepedici 10 kB, ycix posnodineuux mpancopmamopis i ecix mepesc 0,4 kB, npucoHanux 00 yux mpaumc@opmamopie.
Oonouacro 3 y3azanbHeHoio 0iazpamoio OMpUMAaHo 3HAYeHH HAAGHUX 8eIUYUH 6MPAM HANPY2U, AKI NPU NPUUHAMUX YMO8AX
pecymosanns nanpyau 8 LK i 6uxionux suauenHax 0onycmumux iOXuieHb Hanpyeu y eleKmponpuiimaiio Moxicyms mamu
micye 6 po3nodinerux mepedxcax 10 kB i 0,4 kB. Kpim moeo, 36i0cu dic USHAUEHO pobOYe NOLONCEHHS PESYNIOBATIbHUX 8102a-
JYHCEHD PO3NOOIILHO2O MPAHCHOPMAMOPA.

Ilocmanoska 3aedanns. OCKinbKu OOHIEIO 3 8ANCTUBUX XAPAKMEPUCHIUK eNeKMPUYHOI eHepeii € BIOXUWIEHHS Hanpyel 8 Mepe-
24Cl, OOYILHO NPoBecmU il AHAN3 Y MICLKUX PONOOLIbHUX Mepedcax Ha mepumopii niocmanyii Jlesanescwvka, m. 3anopisicoca. Jna
CHPOWEHO20 NPAKMUYHOZ2O0 YABIEHHS NPO MOJNCIUGI pedcuMu Hanpyeu Ha wuHax yenmpy scuenenns LPK iy eciii po3nodinwhiii me-
pedxci 3a2an0m OOYIbHO BUKOPUCOBY8ANIU 2paghiuHy noGY008Y — MAK 36aHY Y3A2ANbHEHY Jlaspamy pexcumy Hanpye. Ananiz pe-
JHCUMY HANPY2 30 OONOMO20H0 YiET diazpamu € Ginbiul HAOUHUM, HIHC AHATIMUYHUL PO3PAXYHOK, | HAOAE BENUKT MONCIUBOCTIL.

Buknao ocnoenozo mamepiany. I1io uac ananizy pexcumy Hanpyeu 8 po3noodinbHux mepedxncax i y npoyeci GU3HAUEHHS,
30KpeMa, He0OXiOHO20 3aKOHY pe2ylio8anHs Hanpyeu 6 yenmpi oscusnenus LPK 0osooumucs epaxoyeamu 6enuxy KinbKicmo
Gaxmopis, wo enIUBAIOMb i BEIUKOI MIPOK YCKIAOHIWMb Q0CHioxHceHHs. [lo uucna yux Gaxmopie 8i0HOCAMbCA: 3MiHA
pexcumy pobomu mepedxci, GiOMIHHICIb Micyb npueOHanHs enekmponpuiimayie EIT 0o po3nodineroi mepesxci, 8iominnicmp
MOMHCIUBUX POOOYUX NONONCEHD PESYIHOBANbHUX BI02ANYHCEHb Y PO3NOOLTbHUX mpancgopmamopax PT, iominnicms micys
npueonanns PT 0o mepeici 10 kB, nasgnicms 30Hu Hewymausocmi y agmomMamuiHo2o peeyiamopa nanpyau i m. in. Y 36 a3y
3 Yum 00800UMbC NPOBOOUMU Y3A2ANbHEHUL AHANT3 PENCUMY HAnpy2u U YMOo8 il pe2yniogants 8 po3nooilbHUX Mepedtcax
10 kB i 0,4 kB ma na wunax LPK cninvho.

Hns yiei memu cnio 3acmocogysamu 1iMOGIpHICHI Memoou po3paxynkie. Y mou dice uac 01 cnpowjeno2o npaKkmuiHo20
VABNIEHHS NPO MOAUCIUBI pedicumu Hanpyeu Ha wunax LPK iy 6citi po3nodinsuiil mepesici 8 yinomy 0oyinbHO 8UKOPUCHOB)8a-
mu epagiuny nobyoosy - max 36any ysazanvheHy oiacpamy Y/ pesxcumy nanpye. Ananiz pexcumy nanpye 3a 00nomo2oio yiei
olazpamu € OiNbU HAOYHUM, HINC AHATIMUYHUL POSPAXYHOK, | HAOAE 8ENUKI MONCIUBOCII.

Bucnogxu ¢ionogiono 0o cmammi. Ilposedeno ananiz 8ioXunenHs Hanpyau 8 po3nooiibHUX Mepexncax i OoyinbHoCmi
11020 pe2yno8anHs Ol eNeKMPUIHO HAONUNCHO020 MA HAUBIOOANEHIUO20 CROXMCUBAYA HA NPUKIAdi niocmanyii «JIesanescy-
Kay, m. 3anopisxcoica. Tloxkazano 0oyinbHicms NPAKmMuiHo20 3ACMOCYBAHHA OlIA Yb02O Y3A2AIbHEHUX OIacpaM.
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Bussneno, wo 6 pexicumax maxcumymy ma MiHiMyMy HABAHMAIICEHbL HANPY2a NePesuUyE OONYCIMUMI HOPMU GiOXUTIEHb
+ 5 %. 3pobneno 8ucHo8ok npo doyinvHicmb Oinb pemenvHo2o pe2yntosants Hanpyeu. Ilobydosano ysazanvheny diaspamy
o 0-1 ma 9-10 200uH, sKi Maroms HAUGIILWL BIOXUTEHHS HANPY2U.

Tobyoosaro epaix 3anexcrHocmi ma 3HAUOEHO POPMYILY BIOXUNEHH HANPY2U 8 YEHMPI HCUBTLEHHS. 810 NOMYHCHOCHI,
o npoxooums no yiti Jinii.

3a oanumu Hanpyau 00 i nicis 6NPOBAVIHCEHHS Pe2yOBAHH S, NOOYOOBAHO ePApiKu 6IOXUNEHH HANPY2U HA PO3NOOiTb-
YOMY MPAHCHOPMAMOPI Ul y HAUBIOOANTEHIUO20 CHONCUBANYA.

Knrouosi cnosa: po3nodinbui mepexci; YeHmp HCUeNeHHs, GIOXUNEHHA HANPY2U; HABAHMANCEHH MPaHchopmamopa,
peaynosanns Hanpyau mpancgopmamopa PITH, y3azanvhena diaepama.

Tabn.: 4. Puc.: 7. bién.: 11.

Kovalenko Viktor — PhD in Technical Sciences, Associate Professor of Department of Electrical Engineering and
Energy Efficiency, Zaporizhzhya National University (66 Zhukovsky Str., 69600 Zaporizhzhya, Ukraine).
KoBasienko BikTop JIeoHitoBHY — KaHIMIAT TEXHIYHUX HAYK, JOLCHT Ka)eapH EIEKTPOTEXHIKH Ta eHeproedex-
TUBHOCTI, 3a1I0pi3bKH1i HalllOHAIBHUI YHiBepcuTeT (Byi. XKykoBcbkoro, 66, M. 3anopixoxs, 69600, Ykpaiua).
E-mail: kovalenko v 1@i.ua

ORCID: http://orcid.org/0000-0001-5950-4412

Levchenko Serhii — PhD in Technical Sciences, Associate Professor of the Department of Electrical Engineering and
Energy Efficiency, Zaporizhzhya State Engineering Academy (226 Sobornyi Av., 69006 Zaporizhzhya, Ukraine).
JleBuenko Cepriii AHApiHOBHY — KaHAUIAT TEXHIYHUX HAyK, AOLUCHT Kadenpu «EnekrporexHika Ta eHeproedek-
TUBHICTBY, 3aopi3bka Jiep)kaBHa iHxeHepHa akaaemis (npoci. Cobopauid, 226, M. 3anopixoks, 69006, YkpaiHa).
E-mail: levchenko s@rambler.ru.

ORCID: http://orcid.org/0000-0002-4355-5065

Tryputen Mykola — PhD in Technical Sciences, Associate Professor of the Department of Automation and Com-
puter Systems, Dnipro University of Technology (19 Dmytriy Yavornytskyi Av., 49000 Dnipro, Ukraine).
Tpunyrens Mukoia MyciiioBHY — KaHIMIAT TEXHIYHUX HAyK, JOLCHT Kadeapy aBToMaTH3aLlil Ta KOMIT FOTEPHHUX CHC-
TeMm, Hationansauii TY «/IHinpoBcbka nonitextikay (npoci. mutpa SIBopHutbkoro, 19, m. {xinpo, 49000, YkpaiHa).
E-mail: nikolay.triputen@gmail.com

ORCID: http://orcid.org/0000-0003-4523-927X

Scopus ID: 57209004713

Kuznetsov Vitaliy — PhD in Technical Sciences, Associate Professor of the Department of the Electrical Engineering
and Electromechanic, National Metallurgical Academy of Ukraine (4 Gagarin Av., 49000 Dnipro, Ukraine).
Ky3nenos Bitaxiii BaguMoBu4 — KaHIUIAT TEXHIYHUX HAYK, JOLEHT Kadeapu elNeKTpOTEXHIKH Ta eNeKTPOIPHBO-
na, HanionansHa MertasypriiiHa akazgemist Ykpainu (npoci. 'arapina, 4, m. J{ninpo, 49000, Ykpaina).

E-mail: wit1975@i.ua

ORCID: http://orcid.org/0000-0002-8169-4598

Scopus ID: 57188644610

Tryputen Maksym — student, Oles Honchar Dnipro National University (35 D. Yavornitsky Av., 49000 Dnipro, Ukraine).
Tpunyrenb Makcum MukosnaiioBuu — cryieHT kadeapu 004HCIIOBAIIBHOI MAaTEMaTHKK Ta MAaTeMaTUYHOI Kibep-
HeTukd, JIHIMpOBChKMH HauioHanbHWi yHiBepcuteT imeHi Onecs Tonwapa (mpocn. /[I. SIBopHuipbkoro, 35,
M. {Hinpo, 49000, Ykpaiua).

E-mail: triputen2014@i.ua

ORCID: https://orcid.org/0000-0001-6915-8162

Gorodny Oleksiy — PhD in Technical Sciences, senior lecturer of the Industrial Electronics Department, Chernihiv
National University of Technology (95 Shevchenka Str., 14035 Chernihiv, Ukraine).

T'oponniii Ouexciii MukosaiioBHy — KaHIMIaT TEXHIYHUX HAYK, CTApLIMI BUKJIa1a4 KadeIpu POMUCIIOBOI €IEKTPOHi-
ki1, YepHIriBChKuil HalliOHATIBHUIA TeXHONOr 4HMiA yHiBepeutet (Byi. LlleBuenka, 95, m. UepHiris, 14035, Ykpaina).
E-mail: aleksey.gorodny@gmail.com

ORCID: http://orcid.org/0000-0001-5303-9564

Web of Science: H-1425-2016

Scopus ID: 55327980200; 56338229500; 57191829796

Kuznetsova Alisa — student, Oles Honchar Dnipro National University (35 D. Yavornitsky Av., 49000 Dnipro, Ukraine).
Ky3nenoBa Aumica BiraniiBHa — cryneHTka, J[HinpoBchkuil HauioHanbHMiT yHiBepcuteT imeni Omnecst ['oHuapa
(mpocn. JI. SABopuuiskoro, 35, m. uinpo, 49000, Ykpaiua).

E-mail: alisa20002014@i.ua

ORCID: http://orcid.org/0000-0003-4772-683X

Scopus ID: 57211399983

Kuznetsova Yevheniia — senior lecturer of the Department of humanitarian, fundamental and general engineering
disciplines, National metallurgical academy of Ukraine (4 Gagarin Av., 49000 Dnipro, Ukraine).

Ky3nenosa €srenist BanepiiBHa — crapumii Bukiaia4 kadepy ryMaHiTapHuX, (yHIAMEHTaJIbHUX Ta 3arajibHOIHKe-
HepHUX JucuuIUIig, HarioHansHa MetanypriitHa akanemist Y kpainu (mpocir. ["arapina, 4, M. J{ainpo, 49000, YkpaiHa).
E-mail: wit jane2000@i.ua

ORCID: http://orcid.org/0000-0003-2224-8747

Scopus ID: 57205606244

Kovalenko, V., Levchenko, S., Tryputen, M., Kuznetsov, V., Tryputen, M., Gorodny, O., Kuznetsova, A., Kuznetsova, Ye. (2019). Charac-

teristic layouts of distribution networks with the analysis of voltage deviations and expediency of its control. Technical sciences and technol-
ogies, 3 (17),209-218.

218



