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Abstract

The study focuses on the ways to improve the operation efficiency of 6 kV and 10 kV distribution power
networks on the example of the Horodok District Power Network, Lvivoblenergo PJSC (Ukraine). The main
drawbacks of these power networks are the poor condition of the electrical equipment and great length and
insufficient transmission capacity of the existing 6/10 kV power transmission lines. One of the most serious problems
is the fact that the power networks are not prepared for an efficient operation, taking into account the predicted power
consumption increase in this area in the near future. The study used a multifactor model, which enabled taking into
consideration the power consumption tendencies in the area, industrial growth rate, personal income growth rate and
implementation of energy efficiency measures. A computer simulation of steady-state operation modes for probable
ways of power networks’ development, including their changeover to 20 kV, was applied. A quantitative
characteristic of the technological indices for a set of typical modes was obtained, which made it possible to establish
a comparative efficiency of changing over to 20 kV in relation to other options. This is due to the fact that such a
change offers a number of specific advantages in terms of the structure and operation efficiency of the distribution
power networks, for instance, an increased transmission capacity of the power lines and improved conditions of the
normalization of the electrical power quality indices for the consumers.

Keywords: distribution power network; steady-state mode; voltage level; active power loss; transmission
capacity.

1. Introduction

The distribution power networks (PN) and most rural PN in Ukraine feature a great length of power lines
(PL) and their relatively low capacity. The contemporary state of the distribution and supply PN is
characterized by a large percentage of worn-out and obsolete electrical equipment being in use, electric circuits
in need of optimization and their poorly automatized elements. This causes big losses of electrical power (up to
15%) in PN, poor electric reliability, large expenses on emergency repairs and compromised electrical safety for
households first and foremost. The listed disadvantages of such 10 (6) kV PN affect the System Average
Interruption Duration Index (SAIDI) and System Average Interruption Frequency Index (SAIFI) used for power
supply reliability rating.

Therefore, the 10 (6) kV distribution PN in their present-day condition are conceptually unsuitable for an
efficient operation and for fulfilling the requirements of a reliable quality of power supply to consumers and, most
importantly, they do not deliver the desired profits. Against this background, it is necessary to decide upon the
selection of the optimal options for PN development, including their redesign and upgrade.

The study of possible ways of raising the 10 (6) kV distribution power networks operation efficiency and
comparative analysis of their efficiency are, therefore, of topical importance.
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2. The research object

The 10/6 kV distribution PN of the Horodok District Power Network (DPN), Lvivoblenergo PJSC (Ukraine)
were selected as the object of the research. This object features a great length of PL and poor technical condition of
the major electrical equipment; besides, it is necessary to take into account the predicted growth rate of electricity
consumption in this area.

According to Lvivoblenergo, only 163 transformer substations (TS) out of 308 (the subscriber TS were not taken
into account) are in a good condition (52.92%), 94 TS are in need of major repair (30.52%), 50 TS need redesigning
(16.23%) and one TS qualifies for a complete replacement (0.33 %) (Fig. 1).

@ 30.5% in a good technical condition
@ 16.2% need major repair

0 0.3% need redesigning

@ 52.9% need replacement

Fig. 1. Technical condition of 10(6)/0.4 kV transformer substations in Horodok DPN.

The percentage of the worn-out electrical equipment of TS that is run far beyond its service life (1.5-2-fold service
duration) is increasing annually and has already exceeded 90%. The technical condition of the 10(6)/0.4 kV distribution
PN elements is presented in Table 1 based on the data provided by Lvivoblenergo PJSC as of January 01, 2016.

Table 1. Technical condition of 10(6)/0.4 kV distribution power networks of Horodok DPN.

Technical condition (%)
10(6)/0.4 kV PN Length, km or need:
elements number, items. good . . Lo Comp} cte replacement
Major repair Redesigning (unsuitable for further
operation)
OL 10(6) 507.9 37 63 - -
CL 10(6) 1.70 100 - - -
OL 0.4 869.849 13.8 81.8 43 0.02
CL04 1.120 100 - - -
TS-10(6)/0.4 308* 52.92 30.52 16.23 0.33

Note: * without subscriber TS-10(6)/0.4 kV.

Therefore, due to a lengthy service life, most of the existing objects of the Horodok DPN distribution PN do not
conform to the requirements stated in The Technical Policy of Construction and Operation of Distribution Power
Networks, Part 2 COBY MEB EE 40.1-00100227-01:2016.

3. Research aim and objectives

The study aims at searching for possible ways to improve the efficiency of the existing distribution PN of
Horodok DPN, taking into account a prospective increase in the load in this area.

The aim of the research is to be fulfilled through pursuing the following objectives:
1) exploration of the existing solutions for improving the distribution power network efficiency;

2) analysis of the structure and parameters of the existing power networks of Horodok DPN, taking on board the
predicted significant growth of electricity consumption in the area.

3) computer simulation of the steady-state modes for possible ways of the power networks development under
consideration and comparative analysis of the technological indicators regarding the estimation of the efficiency of
changing over to 20 kV as compared to other options.
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4. Analysis of the recent studies and publications

The efficiency of the distribution PN is evaluated according to such criteria as technical energy losses (TEL),
transmission capacity of the power lines and transformers, voltage level on the TS buses, power network reliability
indices SAIDI and SAIFI. The technical measures used to improve the efficiency include raising the diameter of PL
wires and cables, change over to a higher voltage level, installation of compensating devices (CD), embedding
distributed generation (DG) devices, power network sectionalisation and reconfiguration. These measures, when
properly implemented, ensure optimal TEL and normalized voltage levels on the substation buses. Increased diameter
of PL wires and cables and changing over to a higher voltage level are applied for networks that have reached the
maximum of its transmission capacity.

TEL minimization in distribution PN is a matter of great interest for researchers [1]. The measures most often used,
according to [1], are the optimal location of CD in the power network, network reconfiguration and embedding DG. For
instance, in [2, 3] the authors discuss the issues of optimal selection of the capacitor banks’ location in distribution power
networks in order to minimize TEL and improve the voltage level. The use of DG is an alternative to this. According to [4,
5], optimal DG location in the network, based on the proposed methods, ensures minimum TEL. The authors in [6, 7]
showed that the reconfiguration of the distribution PN using the developed methods also works towards TEL minimization
and ensures the necessary level of the voltage in the network. Besides, as it is noted in [8], sectionalisation of 6/10 kV
distribution power networks with automatic breakers results in the improved integral reliability indices.

The methodology for the evaluation of technical measures aimed at reducing TEL is presented in [9]. The
authors proposed a value of the current for which an increase in the diameter of PL wires and cables in the network
becomes economically viable and the criterion for switching the power network to a higher voltage level. A
changeover of the distribution power networks to the voltage 20 kV is an effective way to improve their efficiency,
which was verified by the research outcomes presented in [10, 11, 12].

Therefore, the analysis of the research publications shows that improving the efficiency of the distribution PN is an
important issue. For each network, depending on its configuration, lines’ length and load, development prospects and
embedding of DG, an optimal technical measure can be selected, which would ensure high criteria of its operation. This
requires the study of the network operation modes with the development prospects taken into consideration.

5. Presentation of the main material

The distribution PN of Horodok DPN are powered from nine TS of 110/35 kV PL, Lvivoblenergo PJSC:
Horodok-146 (35/10 kV), Horodok-108 (35/6 kV), Halychany (35/10 kV), Zapanska (35/10 kV), V. Liubin-T
(110/35/10 kV), V. Liubin (35/6 kV), Komarno (110/35/6 kV), Rudky-T (110/35/10 kV) and Horozhanka (35/10 kV).

PN (10/6 kV) of Horodok DPN include 33 power supply feeders 10(6) kV, the total length of the power lines of
which is 510.72 km, and 448 TS 10(6)/0.4 kV with the total installed capacity of the transformers of 90.495 MVA.

The information on the structure and parameters of PN being studied is summarized in Table 2.

The study was conducted on the basis of simulating the typical steady-state operation modes for winter PN load
peaks for the following variants of its development:

Variant 1. The existing 10(6) kV PN with base-load demand.
Variant 2. 10 kV PN with base-load demand after switching 6 kV feeders of the existing PN to 10 kV.
Variant 3. 20 kV PN with base-load demand after switching the existing 10(6) kV PN to 20 kV.

Variant 4. 20 kV PN after switching the existing 10(6) kV PN to 20 kV, taking into account the predicted
increase in the load for the next 15 years.

The base-load demand of 10(6)/0.4 kV TS and winter peaks were generally evaluated for the existing 10/6 kV
PN based on the performance measurements made in December, 2016, taking into account the technical specification
for connecting new consumers to the power networks. The loads of the subscriber TS were calculated taking into
consideration their installed capacity and respective demand factors. The demand factors were estimated from the
condition of the steady-state mode balancing in accordance with the performance measurements data.

The forecast for growth of the distribution PN load for further 15 years was made using a multifactor model of
electrical power consumption that takes into account the power consumption tendencies in the area, industrial growth
rate, personal income growth rate and implementation of energy efficiency measures [12].
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Table 2. Structure and parameters of 10/6 kV distribution power network of Horodok DPN.

Transformer substation Rated T8 10(6)04 kv
u
110/35 kV PN Feeder voltage, kV PL length, km Installed capacity,
Number MVA
108-01 6 14.96 25 8.36
108-02 6 34.99 39 7.9
Horodok-108 (35/6 kV) 10303 5 00 ) 032
108-04 6 0.8 3 0.82
14601 10 0.16 1 0.25
146-11 10 41.12 41 10.6
Horodok-146 (35/10 kV) 12613 10 279 2 CR|
146-18 10 55 8 1.17
161-08 6 29.1 29 3.86
o 161-10 6 19.23 16 2.65
V. Liubin (35/6 kV) 161-11 6 1.7 15 2.93
161-12 6 0.7 2 0.35
16222 10 518 3 1.66
16223 10 0.19 I I
162-24 10 0.15 I I
16225 10 21.33 20 3.99
Halychany (35/10 kV) 162-26 10 13.23 13 1.48
16227 10 518 3 1.66
16228 10 303 18 2515
16229 10 13.23 17 511
127-30 10 11.14 10 2.52
12731 10 1921 12 2.03
Zapanska (35/10kV) 127-33 10 7.96 9 1.74
127-34 10 34.56 16 343
165-05 6 3523 20 2.77
165-06 6 20.77 20 3.06
Komarno (110/35/6 kV) 165-07 6 23.56 24 4.0
165-14 6 0.15 1 0.18
165-19 6 29.44 22 2.93
Rudky-T (110/35/10 kV) 43-09 10 20.82 15 1.88
V. Liubin-T (110/35/10 kV) ;;g}: }g 223 ? 8?2
Horozhanka (35/10 kV) 580221 10 1.01 1 0.1

The simulation of PN under consideration, computation of the coordinates of the typical steady-state modes and
their analysis were performed with the software package Analysis of Power Networks Operation Modes (APNOM)
(«<APEM») [13].

The low-voltage buses of the respective transformer substations (110/35 kV PN, Horodok DPN) were taken as
the balancing nodes for the nodalization diagram of the variants.

The loss of voltage on the way to the most remote TS 10(6)/0.4 kV and voltage deviation on its buses expressed
as percentage were determined with reference to the set-point voltages of the balancing nodes and rated voltages of
PN, respectively.

The voltage values in the balancing nodes (Ub) were assumed in accordance with the data of the performance
measurements made in December, 2016.

Variant 1. The existing 10/6 kV PN with base-load demand. The analysis of the operation mode indicators
presented in Table 3 shows that some feeders are overloaded and the voltage level on the buses of the remote TS is
significantly lower. For instance, the feeder 108-01 is 41.8% overloaded; the feeders 108-02 and 161-08 are 12.1%
and 60.7% overloaded, respectively; the feeders 165-05 and 161-10 are more than 70% overloaded.

Poor indicators of electrical power quality according to the voltage criterion are also observed on TS of the
relatively non-overloaded feeders. For example, on the TS of the feeder 146-13, the voltage deviation is 20% for the
load on the main segment of 64.9%. This is due to the fact that this feeder is fairly long (47.9 km). The similar
situation is with TS of the feeders 146-11, 165-05, 127-34 and 165-19, the length of which is within the range from
29.44 to 41.12 km and the voltage loss varies from 6.7 to 23.2%.
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Table 3. Operation mode indicators of the existing 10(6) kV power network .

Load on the The most remote TS
Feeder Ub, kV main seogment, Voltage loss, Total losses, kW
A% Voltage, kV KV/%
108-01 6.2 269.5/141.8 5.31 0.89/14.3 307
108-02 6.2 241.1/112.1 5.25 0.95/15.3 296
108-03 6.2 20.19/10.6 6.19 0/0 3
108-04 6.2 19.12/10.1 6.19 0/0 4
146-01 11 6.69/3.8 11 0/0 2
146-11 11 124.16/59.1 9.02 1.98/18 341
146-13 11 136.25/64.9 7.98 2.92/26.8 544
146-18 11 20.26/11.6 10.82 0.08/0.7 10
161-08 6.2 305.25/160.7 4.0 2.2/35.5 868
161-10 6.2 158.7/83.5 5.12 1.08/17.4 251
161-11 6.2 77.55/40.8 5.99 0.21/3.4 35
161-12 6.2 13.56/7.1 6.2 0/0 2
162-22 10.4 18.46/8.8 10.34 0.06/0.6 6
162-23 10.4 16.32/8.0 10.4 0/0 3
162-24 10.4 13.07/6.4 10.4 0/0 3
162-25 10.4 63.1/30 9.86 0.54/5.2 61
162-26 10.4 39.63/18.9 10.23 0.17/1.6 19
162-27 10.4 6.34/3.0 10.4 0/0 2
162-28 10.4 49.05/23.4 9.98 0.42/4.0 48
162-29 10.27 63.43/30.2 10.14 0.13/1.2 4
127-30 10.4 30.63/14.6 10.19 0.26/2.5 17
127-31 10.4 35.94/17.1 10.21 0.19/1,8 24
127-33 10.4 48.24/33.0 10.04 0.36/3.4 38
127-34 10.4 51.11/24.3 9.7 0.7/6.7 61
165-05 6.5 146.85/77.3 4.99 1.51/23.2 263
165-06 6.5 169.92/64.1 5.57 0.93/14.3 192
165-07 6.5 105.07/60.0 5.75 0.75/11.5 126
165-14 6.5 3.68/1.6 6.5 0/0 1
165-19 6.5 111.78/58.8 5.18 1.32/20.3 186
43-09 10.4 42.12/20.1 10.07 0.33/3.2 26
T-20-14 10.4 23.0/13.9 10.30 0.1/1.0 9
T-20-15 10.4 4.73/2.9 10.38 0.02/0.2 1
58-02-21 10.4 3.26/1.9 10.4 0/0 1

69

The 10/0.4 kV transformers KTII-224, KTTI-152, KTII-80, KTII-67, KTII-90 and 6/0.4 kV transformers KTTI-
150, KTII-64, KTII-261, KTII-121, KTII-135, KTII-268, KTII-258, KTII-127, KTII-275, KTII-276, KTII-281 are
practically 100% loaded. Besides, the power transformer TMH-4000/35/6 at V. Liubin substation, when run at full
capacity, is 38% overloaded. The fact that the power lines are very long (the length of the twenty main lines exceeds
20 km; some of them are over 40 km long) and overloaded causes significant voltage losses in them. Voltage
deviation on the high-voltage (HV) buses of some of the remote TS exceeds 10%, and on the feeder 161-08 it reaches

as much as 33.3%.

The total losses of the active power in the power network are 3.7993 MW (of which 3.5379 MW is intermittent
losses and 0.2614 MW is relatively constant losses). The obtained results also suggest that the active power losses in

the 6 kV power network are twice as large as the losses in 10 kV power network (Fig. 2).

network

network

[@2.543 MW in 6.0 kVpower

@ 1.256 MW in 10.0 kV power

Fig. 2. Structure of active power losses in 10/6 kV power network of Horodok DPN.
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Variant 2. 10 kV PN with base load demand after switching 6 kV feeders of the existing PN to 10 kV. The
changeover of the feeders powered by TS Horodok-108, V.Liubin and Komarno from 6 kV to 10 kV solves the
overloading problem (Table 4). Voltage losses in the lines to the remote TS do not exceed 10% and the voltage
deviation on the HV buses of the remote TS are below 4.5% (feeder 161-08).

Table 4. Operation mode indicators of the existing 6 kV power network after its changeover to10 kV.

Load on the main segment, Voltage on the most Voltage losses,

Feeder A% & rerr%ote TS, KV kgV/% Total losses, kW
108-01 148.58/90.1 10.01 0.49/4.66 132
108-02 131.88/62.8 9.99 0.51/4.85 118
108-03 11.88/7.2 10.49 0/0 4
108-04 11.55/7.0 10.5 0/0 1
161-08 137.06/83.1 9.56 0.94/8.9 186
161-10 83.5/5.6 9.92 0.58/5.52 84
161-11 46.19/28.0 10.38 0.12/1.14 27
161-12 8.01/4.9 10.5 0/0 2
165-05 80.4/48.7 9.74 0.76/7.2 97
165-06 98.18/37.0 9.98 0.52/4.95 98
165-07 63.01/30.0 10.08 0.42/4.0 64
165-14 2.28/1.1 10.5 0/0 1
165-19 61.92/37.5 9.8 0.7/6.7 69

The total losses of active power in the network switched to 10 kV are 2.1475 MW, which is by 1.652 MW
(56.52 %) less that for the existing network 6 kV and 10 kV.

Switching of the electrical power network of Horodok DPN to 10 kV offers advantages both in terms of lines
overloading reduction and ensuring the required voltage level on the TS buses and with respect to decreasing the
active power losses in the network. At that, the problems of the 10 kV network operation that was discussed above
and that of TS transformers’ loading are not solved.

Variant 3. 20 kV PN with base-load demand after switching the existing 10(6) kV PN to 20 kV. The operation
mode of 20 kV power network of Horodok DPN was computed for the existing configuration and implementation of
the overhead power lines with the protection by the wires CIII-3 [14] and with cable lines and intermediate cable
done using PE-isolated cables. The TS was equipped with transformers from Ukrainian manufacturers, which have
lower idling losses.

The analysis of the obtained results summarized in Table 5 shows a significant reduction of the ampere load of
the lines, and the voltage loss on the way to the majority of the remote TS has been brought down to a value not
exceeding 3%. At that, the voltage loss on the way to the most remote TS of the feeders 146-11 and 146-13 are 5.1 %
and 6.4 % respectively, which is also allowable.

The active power losses in 20 kV PN (variant 3) are 0.7797 MW, which is by 3.0196 MW (79.5 %) less that the
active power losses in the existing 10(6) kV PN (variant 1) and by 13678 MW (63.7 %) less than in 10 kV PN
(variant 2).

Variant 4. 20 kV PN after switching the existing 10(6) kV PN to 20 kV, taking into account the predicted
increase in the load for the next 15 years. For the functioning 10(6) kV PN, the operation mode with the predicted
load cannot practically exist due to the significant overloading of the main segments of the power lines, large voltage
losses in the lines to the remote TS and prohibitively low voltage level on its buses.

The analysis of the computation results for the 20 kV PN mode is indicative of the normalization of the voltage
level on the TS buses, as the voltage losses in the lines to the most remote TS do not exceed 3%. Technical active
power losses in 20 kV PN amount to 1.237 MW, i.e. 2.78% of the power fed into PN.

6. Analysis of the results

The changeover of the power network under study to the voltage 20 kV, even if the growth of the load demand
for further 15 years is within the forecast range, results in a considerable improvement both in terms of the active
power losses and with respect to the voltage level on the consumers buses. The 20 kV network has a fairly large
transmission capacity reserve.
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Table 5. Operation mode indicators of the power network being studied after its switching to 20 kV.

Feeder Load on the main Voltage on the most Voltage Total
segment, A/% remote TS, kV losses, kV/% losses, kW
108-01 73.71/30.1 20.74 0.26/1.2 56
108-02 65.46/26.7 20.71 0.29/1.38 54
108-03 5.97/5.2 21.0 0/0 3
108-04 5.48/4.8 21.0 0/0 3
146-01 3.49/3.9 21.0 0/0 1
146-11 60.39/24.6 19.93 1.07/5.1 110
146-13 59.78/19.3 19.66 1.34/6.4 132
146-18 10.39/4.2 20.96 0.04/0.2 7
161-08 64.94/56.5 20.58 0.62/2.95 66
161-10 40.25/35.0 20.71 0.29/1.38 35
161-11 22.15/19.3 20.94 0.06/0.3 15
161-12 4.0/3.5 21.0 0/0 2
162-22 8.98/3.7 20.97 0.03/0.14 4
162-25 30,09/12.,3 20.73 0.27/1.28 25
162-26 19.48/8.0 20.91 0.09/0.4 12
162-27 3.05/1.2 20.97 0.03/0.14 1
162-28 23.4/9.6 20.78 0.22/1.05 20
162-29 30.66/12.5 20.86 0.14/0.66 20
127-30 14.81/6.0 20.89 0.11/0.5 9
127-31 17.32/7.1 20.9 0.1/0.5 11
127-33 32.32/9.5 20.81 0.19/0.9 18
127-34 24.1/9.8 20.64 0.46/2.19 24
165-05 38.0/33.0 20.62 0.38/1.8 36
165-06 47.02/19.2 20.74 0.26/1.24 35
165-07 29.16/11.9 20.79 0.21/1.0 25
165-19 29.37/25.5 20.65 0.35/1.67 29
43-09 20.5/8.4 20.84 0.16/0.76 14

The analysis of the computation results of the maximum steady-state operation mode of 6 kV and 10 kV power
network suggests the overloading of some feeders and a significant drop in the voltage level on the consumers buses.
At this stage, this seriously complicates the operation of the power network and causes an excessive increase in the
active power loss. Switching the whole power network to 10 kV results in a significant reduction of the voltage level
on the buses of the some feeders’ consumers, due to which the 10 kV network needs reconfiguration.

Further increase in the load will cause a significant deterioration of the electrical power quality and increase in the
technical energy losses and will create a need for a drastic change of the network configuration and changeover to 20 kV.

The changeover of the distribution PN to the voltage 20 kV requires a feasibility study and research of the
operation modes of the network taking into account the use of distributed generation. The lack of investment funds in
the power supplying companies hinders the effective implementation of the measures aimed at improving the
performance indicators of the distribution power networks.

7. Conclusion

1. The study of the existing solutions for improving the efficiency of the 6/10 kV distribution power networks of
Horodok DPN revealed that, considering the configuration, power lines length and load, the network changing over to
a higher voltage can be regarded as feasible.

2. The analysis of the maximum modes of the functioning 10/6 kV PN of Horodok DPN shows that some of the long
PL have exhausted its transmission capacity. At that, on the buses of its TS the required voltage level is not ensured. The
active power losses in 6 kV PN are twice as large as those in 10 kV network, and the total losses amount to 3.7993 MW.

3. The outcomes of the study demonstrate that the changeover of some 6 kV PN to 10 kV improves the voltage
level on the TS buses of this PN and reduces the technical losses of the active power by 56.52%. However, the
loading of the lines and the voltage level on 10 kV PN TS buses remains the same as in the functioning PN’s mode. In
this case, during the modes with the predicted load these indicators become even worse. The changeover of 10/6 kV PN to
20 kV, even for the predicted load, will ensure high performance indices of the PN operation. The voltage losses in
PL will be below 3%, PN TS buses will be provided with the necessary voltage level and the technical losses of the
active power will not exceed 3%. The 20 kV power network will have a substantial transmission capacity reserve.
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IinBuieHHs epeKTUBHOCTI PO3NOAIBHUX eJIeKTPUYHNX Mepex 6-10 kB

3inoBii baxop, Anapiit Kozosuii, ['eopriii Jlucsk, Aunpiit SAneiiko

Hayionanvnuii ynieepcumem «JIvsiscoka nonimexuixay, eyn. C. banoepu, 12, m. Jlveie, 79013, Vrpaina

AHoTalifa

OO0'eKTOM JOCITIKEHHS € NUISIXU MiABUIIEHHS e(eKTHUBHOCTI (YHKIIOHYBaHHS PO3IOAUIBHUX ENEKTPHIHUX
Mepex Harpyroto 6 ta 10 kB na npuxnazni ['opomorskoro PEM IIpAT «JIbBiBOOnEHEPro» (YKpaina). OcHOBHUMHU
HEJIOTIKaMH [UX EJIEKTPUYHUX MEPEK € He3a0BUILHUI TEXHIYHUI CTaH CHJIOBOI'O €JIEKTPOYCTATKyBaHHS Ta 3HAYHA
MIPOTSDKHICTD 1 HEZOCTATHS IMPOITYCKHA 3AaTHICTh iICHYIOUMX JIiHIN enekTpornepenadi Hampyroto 6 ta 10 kB. B xoxi
JIOCHIJDKEHHSI  BUKOPUCTOBYBAJIMCS ~ OararoakTopHa  MOfeNb, IO  JO3BOJWIA  BpaxyBaTH  TEHJICHI|
€JIEKTPOCTIOKUBAHHS B PETiOHI, TEMIIM 3pOCTaHHS IPOMHUCIOBOCTI, JOXOJIB HACEJIEHHS 1 3alpOBa/KEHHS 3aXO/iB 3
€Heproe)eKTUBHOCTI. A TaKOXX KOMII'IOTEpHE CHMYJIIOBAHHS YCTAICHHX PEXHMIB MOXJIHMBUX BapiaHTIB PO3BHUTKY
ENEKTPUYHUX MEPEX, y TOMY 4Yucii ¥ nepeBefeHHs ix Ha Hanpyry 20 kB. OTpumaHo KUIBKICHY XapaKTEpUCTHKY
TEXHOJIOTIYHUX TOKA3HUKIB MHOXKHHHU XapaKTEepHHUX PEKUMIB, IO JO3BOJIWIO BHSBUTU MOPIBHSUIbHY €EKTUBHICTh
TIepeBEICHHS EIEKTPUYHUX MepexX Ha Hanpyry 20 kB crocoBHo iHmmx BapianTiB. lle moB's3aHo 3 THUM, IO Take
MepeBEZICHHs] Ma€ psil OCOONMBOCTEH IOAO CTPYKTYpH Ta €(QEeKTUBHOCTI (YHKI[IOHYBaHHS PO3MOIUIEHUX
ENEKTPUYHUX MepeX. 30KpeMa, 301IbIIYeThCs HPOITyCKHA 37aTHICTH JIHIM eleKTporepenadi Ta MOKPaUIyIOThCS
YMOBH HOpMaJTizallii MOKa3HUKIB SIKOCTI eJIeKTpOeHeprii 1uis 11 co)KuBadiB.

Karwu4oBi cioBa: po3noninbHa €JIEKTpUYHA Mepexa; YCTAIEHHH pPEeXUM; piBeHb HAIPYTH; BTPATH aKTUBHOL
MIOTY’KHOCTI; TIPOIYCKHA 37[aTHICTb.



