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The mathematical model for studying the possibility of securing standard voltage characteristics is analyzed and 

the model with taking into account requirements of new normative documents about voltage losses and voltage varia-
tions in a distributive network is perfected. Voltage variations near especially remote consumers are taken into account 
too. The block diagram of algorithm for studying the possibility of securing allowable voltage losses and standard volt-
age characteristics is developed. 

 
Problem Statement. When designing the distribu-

tion network of the power supply system, calculations to 
determine the possibility of securing of standard voltage 
characteristics near the consumer should take into account 
the design features of the transmission lines (TL), the 
possibilities of technical means of voltage regulation and 
certain restrictions imposed by the regulatory documents. 
Improvement of the mathematical model for studying the 
possibility of securing of standard voltage characteristics 
is a topical issue in the conditions of the emergence of 
new normative documents. 

Analysis of Recent Researches and Publications. 
In the standard [1] there are recommendations about max-
imum allowable voltage losses in power supply networks 
with voltage 0,38 kV and 6 (10) kV, which must be taken 
into account in the calculations with using the mathemati-
cal model of voltage variations of consumer power sup-
ply. According to this, the famous mathematical model of 
voltage losses [2] needs to improvement. In addition, it is 
necessary to take into account new recommendations of 
ДСТУ EN 50160-2014 [3] about voltage variations near 
the consumer. 

Article Purpose is the analysis and perfection of the 
mathematical model for studying the possibility of secur-
ing standard voltage characteristics with taking into ac-
count requirements of new normative documents about 
voltage losses and voltage variations in a distributive net-
work of power supply.  

Main Research M aterials. The algorithm of calcu-
lation that is given in [2] allows determining voltage loss-
es and voltage variations near the consumer in the time of 
the maximal and minimal load modes of operation. Thus 
it is possible to research influence on these parameters of 
load, resistance of wires, lengths of lines, power factors 
etc.  

Limitation for this mathematical model is require-
ments of the ГОСТ13109-97 for long-term voltage varia-
tions near the consumer (long-term normal voltage varia-
tions must be within the limits of from +5 % up to -5 % 
near the consumer). In the near future the ГОСТ13109-97 
becomes void and ДСТУ EN50160:2014 [3] will remains 
valid only. But voltage variations in public distribution 
systems can be within the limits of from -10 % up to +10 
% based on this standard. 

Recommendations [1] should be taken into account 
too, in particular, such as real voltage losses in the net-
works with voltage up to 1000 V and in the networks with 
voltage 6(10) kV, including losses in transformers with 
voltage 6(10)/0,4 kV should not exceed 6 %, as a rule, 

with taking into account the possible loadings heterogene-
ity of transformer substation (ТS).  

Thus, during designing a distributive network of 
power supply with voltage 6(10) kV the mathematical 
description of calculation algorithm for studying the pos-
sibility of securing allowable voltage losses and standard 
voltage characteristics are 
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where U  – voltage variations, %; 

38,0U,10U,35U   – voltage losses in a distribu-

tive network (with voltage 35, 10 and 0,38 kV respec-
tively), %; 

35S  – load of the projected system, kV∙А; 

35x,35r  – specific resistances and reactance of the 

wires TL with voltage 35 kV, Оm/km; 

35L  – length of TL with voltage 35 kV, km; 

35Cos  – Power factors in a distributive networks 

with voltage 35 kV, r. u.; 

)25(35U,)100(35U  – 100 %-load voltage and 25%-

load voltage on the bus-bars with voltage 35 kV (the max-
imal and minimal load, 37 and 35 kV is adopted respec-
tively), kV; 

)25(DStU,)100(DStU   – voltage losses in trans-

formers of the district substations (DS) in the time of 100 
% and 25% load (4% and 1 % is adopted respectively), %; 

)25(DStU,)100(DStU,)25(35U

,)100(35U,35Cos,35L,35x,35r,35S




 – set values 

during designing a distributive network of power supply 
with voltage 6(10) kV, ΔU35 is set value too respectively; 
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10ix,10ir  – specific resistances and reactance of the 

wires TL with voltage 6(10) kV, Оm/km; 

10iL  – length of TL with voltage 6(10) kV, km; 

10iCos  – Power factors in a distributive networks 

with voltage 6(10) kV, r.u.; 

)25(DSE,)100(DSE  – variable voltage on the DS 

with device of load voltage regulation (in the time of 100 
% and 25% load respectively), %; 

10iS  – load of TL with voltage 6(10) kV, кВ∙А; 

10iS,)25(DSE,)100(DSE,10iCos,10iL,10ix,10ir 
– variables values, changing it, in everyone і-th iterations 
solve a problem of reduction of losses in networks 6(10) 
kV during designing a distributive network of power sup-
ply; 

)25(TStU,)100(TStU   – voltage losses in trans-

formers with voltage 6(10)/0,4 kV of the TS in the time of 
100 % and 25% load (4% and 1 % is adopted respec-
tively), %; 

38,0x,38,0r  – specific resistances and reactance of 

the wires TL with voltage 0,38 kV, Оm/km; 

38,0L  – length of TL with voltage 0,38 kV, km; 

38,0Cos  – Power factors in the distributive net-

works with voltage 0,38 kV, r.u.; 

38,0S  – load of TL with voltage 0,38 kV, кВ∙А; 

38,0S,38,0Cos,38,0L,38,0x,38,0r   – parameters of 

a distributive network with voltage 0,38 kV are not taken 
into account during designing a distributive network of 
power supply with voltage 6(10) kV and taken into ac-
count condition (6) 
 
 %,6))25(TSE,)100(TSE(f38,0U   (6) 

 

where  – variable voltage on the 

TS with device of voltage regulation without load (it un-
changed in the time of 100 % and 25% load), %. 

)25(TSE,)100(TSE

 
The calculation results with use of offered mathe-

matical model presented in table 1. For example the volt-
age variations calculated for the closest and remote TS 
10/0,4 kV and near the consumer with taking into account 
requirements of normative documents about allowable 
voltage losses. 

The presented mathematical model allows not only to 
model voltage variations near the consumer at a design 
stage, but also to determine "especially remote consum-
ers" during operation. 

The voltage variations can be within the limits of 
from -15 % up to +10 % based on standard [3] for espe-
cially removed consumers. Respectively, the condition (5) 
is replaced by the condition (7) in the offered mathemati-
cal model 
 
 %10U%15   . (7) 

 
Definition "especially remote consumer" can differ in 

the different countries (based on standard [3]). The pre-
sented mathematical model allows taking into account 

design parameters of the TL, technical opportunities of 
voltage regulation and other features of distributive net-
work of power supply.  

The simplified condition for definition of especially 
remote consumer according to distance from the TS is 
offered in [5]. The offered mathematical model allows 
counting also results of technical actions for influence on 
voltage variations near the consumer of the specified cat-
egory (change of a configuration of a network, replace-
ment of a wire by a wire with greater wire cross-section 
etc.). 

 
Table 1 – Example of calculation results 
 

Load, % 100 25 
Voltage losses in the TL with voltage 
35 kV, % 

1,69 0,42 

35S , kV∙А 2500   

35L , km 16   

35r , Оm/km 0,420   

35x , Оm/km 0,382   

)100(35U , kV 37   

)25(35U , kV 35   

35Cos , r.u. 0,97   
Voltage variations on the bus-bars with 
voltage 35 kV, % 

+5,71 0 

Voltage variations on the bus-bars with 
voltage 10 kV of DS 35/10 kV 

+7,52 +1,08 

)100(DSE , % 7,5 [4]   

)25(DSE , % 2,5 [4]   

)100(DStU , % 4   

)25(DStU , % 1   

Voltage variations on the bus-bars with 
voltage 0,4 kV of the closest TS 10/0,4 
kV, %  

+2,60 -0,15 

)100(TStU  , % 0,92   

)25(TStU , % 0,23   

)100(TSE , % 0   

)25(TSE , % 0   

Voltage variations on the bus-bars with 
voltage 0,4 kV of the remote TS 10/0,4 
kV, %  

+2,71 +0,67 

)100(TStU  , % 3,51   

)25(TStU , % 0,878   

)100(TSE , % 2,7 [1]   

)25(TSE , % 2,7 [1]   

Allowable voltage losses in the TL 
with voltage 0,38 kV, % 

6,00 1,50 

Voltage variations near the consumer, % -3,29 +2,17 
 
The block diagram of algorithm for studying the pos-

sibility of securing allowable voltage losses and standard 
voltage characteristics is developed. 
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References The calculation algorithm of voltage losses in a dis-
tributive network of power supply is in the first part of the 
block diagram (from p. 1 up to p. 16 – look figure 1), the 
check and updating of variable data is in another part of 
the block diagram. It is in figure 1:  
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Анотація 
 

ЗАБЕЗПЕЧЕННЯ ДОПУСТИМИХ ВТРАТ ТА 
СТАНДАРТНИХ ХАРАКТЕРИСТИК НАПРУГИ  

 
Трунова І. М. 

 
Проведений аналіз та вдосконалення математи-

чної моделі для дослідження можливості забезпечен-
ня стандартних характеристик напруги з врахуван-
ням вимог нових нормативних документів щодо 
втрат напруги в розподільної мережі електропоста-
чання та відхилень напруги у споживача. Враховані 
характеристики напруги у особливо віддалених спо-
живачів. Розроблена блок-схема алгоритму дослі-
дження можливості забезпечення допустимих втрат 
та стандартних характеристик напруги. 
 
Аннотация 

 
ОБЕСПЕЧЕНИЕ ДОПУСТИМЫХ ПОТЕРЬ  

И СТАНДАРТНЫХ ХАРАКТЕРИСТИК  
НАПРЯЖЕНИЯ Figure 1 – The block diagram of algorithm for studying 

the possibility of securing allowable voltage losses and 
standard voltage characteristics 

 
Трунова И. М. 

  
Проведен анализ и усовершенствована матема-

тическая модель для исследования возможности 
обеспечения стандартных характеристик напряже-
ния с учетом требований новых нормативных доку-
ментов по потерям напряжения в распределительной 
сети электроснабжения и отклонениям напряжения 
у потребителя. Учтены характеристики напряже-
ния у особо отдаленных потребителей. Разработана 
блок-схема алгоритма для исследования возможно-
сти обеспечения допустимых потерь и стандартных 
характеристик напряжения. 

The block diagram has been developed is realized in 
the calculation computer program by means of Microsoft 
Excel, that students used in educational process of Scien-
tific Educational Institute of  Power and Computer Tech-
nologies of KNTUA. 

Conclusions. The presented mathematical model for 
studying the possibility of securing allowable voltage 
losses and standard voltage characteristics can be useful 
not only at the design stage, but also during operation of a 
distributive network of power supply with voltage 6(10) 
kV. 
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