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Аbstract. For the optimal development of electric networks, not only the optimal choice of 

the network element parameter from the existing standard scale (parametric series) of sizes is 

important, but also the optimization of standard scales of equipment sizes or checking their op-

timality. The method of economic intervals explores the existing parametric series of standard 

cross-sections of 10 kV cable cores and establishes that the existing series does not satisfy the 

conditions for optimizing the use of cable lines in rural areas. Since cable lines have not yet 

found wide distribution in rural areas, there are conditions not only to verify the optimality of 

the existing scale of cable conductor cross-sections but also to establish an optimal scale of 10 

kV cable conductor cross-sections, intended for the construction of cable power transmission 

lines in rural areas (if the existing scale does not meet optimality conditions). For rural distri-

bution electric networks, the initial and final sections in a parametric series (25 and 120 mm2) 

are determined and the optimal for rural areas parametric series of cable cross-sections of 10 

kV (25; 50; 120 mm2) is recommended. 

1. Introduction  

Following the requirements set forth in [1], scale sizes constructed with a constant step according to 

the principle of arithmetic or geometric progression are currently preferred. The existing standard 

scale of standard sizes of nominal sections of cable conductors, as well as wires of overhead power 

lines, has an uneven pitch between adjacent sections. According to [2], for cables with a voltage of 10 

kV, as well as for overhead power line wires, the following standard cross-sectional scale was adopted 

in Uzbekistan: 16; 25; 35; fifty; 70; 95; 120; 150; 185; 240 mm2. The ratio between adjacent sections 

ranges from 1.56 to 1.23. Thus, the standard scale of cable conductor cross-sections does not meet the 

requirements [2] and therefore the question arises of whether the existing scale of cable conductor 

cross-sections corresponds to optimality requirements. 

It should be noted that recently the question has been raised about the optimality of the existing 

scale of cable conductor cross-sections for urban networks [3]. The issue of the unification of electri-

cal equipment (including cables) is considered abroad [4]. 

The purpose of the research is to develop a methodology for selecting optimal parameters of typical 

cable sections in rural areas 

Research problem: 
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overview of the state of the problem and methods for selecting optimal parameters of cable sections of 

rural electric networks; 

selection of parameters of distribution electric networks of rural power supply systems; 

creating a mathematical basis for the formation of models in the development of typical cable sections. 

The object of research is rural electric networks. 

The subject of the research is the search for optimal parameters of low-voltage rural electric networks. 

 

 

2. Methods 

Based on an analysis of methods for constructing optimal parametric series of electrical equipment for 

constructing a parametric series of cable core sections for 10 kV cable power lines in rural areas, it is 

proposed to use an approach that uses the principle of limiting the allowable cost increase from opti-

mal. Moreover, as a criterion of optimality, the use of a minimum of reduced costs is assumed[5,6]. 

 

3 Results and Discussion 

When establishing the optimal scale of equipment sizes, it is important to determine the initial and 

final values of the scale size.  

The specificity of rural distribution networks is that relatively small loads are encountered in them. 

Therefore, for rural networks, the initial cross-section may be somewhat smaller than for urban ones. 

However, in the end, it should be determined on the basis of economic indicators. In studies, it is ad-

visable to consider options for various initial sections, for example, 10, 16, 25 mm2. 

The final cross-section of the cable cores of the parametric series of their nominal values is deter-

mined practically by the greatest possible current loads and the maximum possible short circuit cur-

rents. The largest section of the range of rated must satisfy the condition of long-term permissible cur-

rents and thermal stability at possible values of the above currents. For long-term current loads, the 

final section can be selected at least 75 mm2. According to the conditions of thermal stability, the 

cross-section must be at least 100 mm2. 

According to the PUE, with a maximum load of up to 5000 hours, the economic current density for 

10 kV cables with impregnated paper insulation is 1.4 A/mm2. Based on this current density and the 

possible maximum current, the final section of the parametric series should be at least 80 mm2. 

Thus, as can be seen from the analysis, the condition for the thermal stability of cables is the determin-

ing factor for choosing the final section in the scale, since this condition gives the greatest value of the 

cross-section of the cable conductors. Based on this condition, the final section must be taken equal to 

at least 100 mm2. 

If we take into account that the maximum cross-section for power transmission lines of 10 kV for 

agricultural purposes is currently taken to be 120 mm2, then, taking into account possible changes in 

short-circuit currents in the future, the final section in the scale of nominal cross-sections of cable 

cores can be taken to be 120 mm2 [7-9]. 

If we arbitrarily take several cross-sections of cable conductors as continuous, then for any given load, 

we can find the optimal cable cross-section 𝐹э for it, the use of which would ensure a minimum of re-

duced costs. This section is determined from the fact that the partial derivative of the function of re-

duced costs over the section [10] is equal to zero, i.e. 

 

𝜕З

𝜕𝐹
= (𝐸н + 𝑝𝑎)𝑘 −

𝑈П𝑆𝑇
2𝐴10−5

𝑈н
2𝛾𝐹2

= 0 

 

(1) 

 

Where from 
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𝐹э = 𝑆𝑇√
𝑈П𝐴10−5

𝑈н
2𝛾(𝐸н + 𝑝𝑎)𝑘

 

 

 

(2) 

After the corresponding transformation, we get 

Зэ = (𝐸н + 𝑝𝑎)𝐾0 + 2𝑆𝑇√
𝑘𝐴𝑈П10−5

𝑈н
2𝛾

 (3) 

Expression (3) represents a linear function of the costs of the load and is the envelope of the family of 

curves of reduced costs for any selected section from the accepted continuous series (line 1 in Fig-

ure1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Economic load intervals. 

 

The point of contact of the straight line with the curves of reduced costs for specific sections corre-

sponds to the condition 𝐹𝑖 = 𝐹𝑖э, which corresponds to the minimum reduced costs for a given load. At 

this point, when considering the standard cross-section, the actual costs will be equal to the optimal 

З𝑖э. For other values of the load, the reduced costs for the section under consideration will be greater 

than optimal; and the maximum deviation will occur at the intersection points of the curves at the bor-

ders of the economic load intervals (see Fig. 1). In the practice of design and scientific and technical 

research, it is accepted that the two compared options are considered economically equivalent if their 

indicators differ by no more than 5%. This condition underlies one of the approaches to determining 

the optimal parametric series [11], which consists in the fact that the deviation of the actual costs when 

using a section from the standard scale from the optimal is 5%, i.e. 

 

Зф = (1 + 𝛿)Зэ (4) 

 

where δ - deviation of actual costs from optimal, accepted equal to 0.05. 

We initially investigate the actual cost deviations for the existing parametric series of cable core sec-

tions. Based on the economic intervals of the load, the relative change in reduced costs when deviating 

from the economic section to a larger or smaller standard is defined as 
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𝛿𝑖
н =

З𝑖
н − З𝑖э

н

З𝑖э
н  

 

and 
𝛿𝑖

в =
З𝑖

в − З𝑖э
в

З𝑖э
в  

 

(5) 

 

The values of the reduced costs З𝑖
н and З𝑖

в are determined 

 

З𝑖
н = (𝐸н + 𝑝𝑎)[𝐾0 + 𝑘(𝐹𝑖−1 + 𝐹𝑖)] 

 
(6) 

З𝑖
в = (𝐸н + 𝑝𝑎)[𝐾0 + 𝑘(𝐹𝑖 + 𝐹𝑖+1)] 

 

When substituting the boundary values of the load by the expression (2), we obtain the economic sec-

tions corresponding to the boundary capacities Згр𝑖
н  and Згр𝑖

в . 

 

𝐹𝑖э
н = √𝐹𝑖−1𝐹𝑖  ,    𝐹𝑖э

в = √𝐹𝑖𝐹𝑖+1  

 
(7) 

The values of the reduced costs  З𝑖
н and З𝑖

в  are determined 

З𝑖
н = (𝐸н + 𝑝𝑎)[𝐾0 + 2𝑘√𝐹𝑖−1𝐹𝑖] 

(8) З𝑖
в = (𝐸н + 𝑝𝑎)[𝐾0 + 2𝑘√𝐹𝑖𝐹𝑖+1] 

 

Taking into account expressions (6) and (8), we find 

𝛿𝑖
н =

(√𝐹𝑖 − √𝐹𝑖−1)
2

𝐾0
𝑘

+ 2√𝐹𝑖−1𝐹𝑖

 

 

and 

𝛿𝑖
в

=
(√𝐹𝑖+1 − √𝐹𝑖)

2

𝐾0
𝑘

+ 2√𝐹𝑖𝐹𝑖+1

 

 

 

(9) 

From (9) it follows that the value of the relative deviation of the reduced costs when deviating from 

the economic section is determined only by the ratio of replaceable standard sections and the ratio of 

the constant component of the cost of the power line 𝐾0, independent of the section, to the cost factor k 

[12, 13, 14]. 

Data analysis table. 1 shows that the value of the ratio 𝐾0/𝑘 varies in a narrow range – from 92.73 to 

124.02 with an arithmetic mean of 116.62 and a mean square of 112.27.  

 

Table 1 The magnitude of the relative changes in reduced costs when deviating from the economic 

section 

Section 

mm2 
Relative change in reduced costs at 𝐾0/𝑘 

97.22 118.90 92.73 115.92 124.02 120.91 112.27 116.62 

16 0.0073 0.0063 0.0075 0.0064 0.0061 0.0062 0.0066 0.0064 

25 0.0054 0.0047 0.0055 0.0048 0.0046 0.0047 0.0049 0.0048 

35 0.0074 0.0066 0.0076 0.0067 0.0064 0.0065 0.0068 0.0067 

50 0.0078 0.0071 0.0080 0.0072 0.0069 0.0070 0.0073 0.0071 

70 0.0073 0.0068 0.0074 0.0068 0.0066 0.0067 0.0069 0.0068 

95 0.0047 0.0044 0.0048 0.0044 0.0043 0.0044 0.0045 0.0044 

120 0.0046 0.0043 0.0046 0.0044 0.0043 0.0043 0.0044 0.0043 

150 0.0043 0.0041 0.0043 0.0041 0.0040 0.0040 0.0041 0.0041 

185 0.0069 0.0066 0.0070 0.0067 0.0066 0.0066 0.0067 0.0066 
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From table 1 it is seen that the deviation of actual costs from economic allows you to abandon the use 

of some sections from the standard series. This confirms the relevance and legitimacy of raising the 

question of the appropriateness of the existing scale of nominal cable cross-sections and the need to 

develop a new scale [15]. 

As mentioned above, it is currently recommended to build a standard series of sizes with a constant 

step according to the principle of arithmetic or geometric progression [1]. Then you can write 
𝐹𝑖+1

𝐹𝑖
= 𝑞 (10) 

Then, substituting the value  𝐹𝑖+1 from (10) into (9) and assuming the initial value of the section of the 

scale 𝐹0, after simple transformations, we obtain 

𝑞 = [(1 + 𝛿) + √(1 + 𝛿)2 − (1 +
𝐾0𝛿

𝑘𝐹0
)]

2

 (11) 

From the obtained expression (11) it can be seen that the scale step size is determined only by the rela-

tive change in the reduced costs when deviating from the economic section and the ratio of the con-

stant component of the cost of the power line, independent of the section, to the line rise rate, as well 

as from the initial section of the scale [15].  

It should be noted that the scale can be built not only from bottom to top, but also from top to bottom, 

i.e. as the base section, set not only the first, but also the last section of the scale. Moreover, the de-

pendence between the members of several sections can be expressed by the following expression 

𝐹𝑖−1 = [(1 + 𝛿)√𝐹𝑖 − √(1 + 𝛿)2𝐹𝑖 − 𝐹𝑖 + 𝛿
𝐾0

𝑘
]

2

 

 

 

(12) 

With the last section of the row equal to 120 mm2, the scale constructed according to expression (12) 

is a row (after rounding): 3; 19; fifty; 120 mm. Thus; having excluded from this series a section of 3 

mm2, which is unacceptable for reasons of mechanical strength and cable throughput, we obtain a 

scale of sections of cable cores, consisting of 3 sections: 16 (25); fifty; 120 mm2. 

 

4. Conclusions 

1. The existing parametric range of nominal cross-sections of 10 kV cable cores does not satisfy the 

conditions for optimizing the use of cable lines in rural areas and contains an overestimated number of 

cross-sections.  

2. For distribution networks of power supply, the initial and final sections in the parametric row 

should be equally equal to 25 and 120 mm2, and depending on the terrain, the parametric row of 10 kV 

cables is – 25; fifty; 120 mm2. 

3. it is possible to study the regularity of the formation of a complex of parameters of typical cables 

of rural electric networks, taking into account the unification in multi-criteria conditions. 

4. it was found that the number and values of standard cable sections are most sensitive to changes 

in the generalized coefficients that determine the errors in the cost indicators of cable lines in rural 

areas. 
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