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FOREWORD 

 

 

The implementation of the course project for the course "Electrical Systems 

and Networks" is an important stage in the training of electric power specialists, 

which is due to the need for a comprehensive review and solution in these 

developments of a large group of technical  and economic issues related to the 

operation of electric networks. 

The guidelines contain information about the order of the course project, the 

main ratios for performing electrical and technical and economic calculations, 

recommendations on the use of standard design solutions. 
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1 PRELIMINARY ELECTRIC NETWORK OPTIONS 

 

 

1.1. Development of options for the designed electrical network. 

The development of initial options for the development of the designed electric 

network is carried out on the basis of the requirements and recommendations of the 

"Norms for the technological design of energy systems and electric networks of 35 

kV and higher" (NTD ES and EN)  

According to the original data (load units, the scale reference plan) from table. 

А.1 it follows that the designed network is most likely to have a rated voltage of 110 

kV (transmitted power 13–45 MVA, average distance between neighboring 

substations is 25 km). 

Initial options for the development of the electric network are developed on the 

basis of the recommendations of the NTD ES and EN given in table. A.2; it is taken 

into account that according to the design assignment all load nodes have consumers 

of the first category of reliability of power supply, for which uninterrupted power 

supply should be provided. 

The initial options for the development of the electric network are given in Fig. 

1 explanatory note (EN). 

Of the planned initial options for the development of the electric network that 

satisfy the requirements of reliability of power supply, the two most relevant to the 

requirements of efficiency are selected, that is, having the smallest length of lines (in 

single-circuit design) and the smallest number of cells of high-voltage circuit 

breakers on open switchgears of high voltage substations (outdoor switchgear HV 

SS) and power sources (PS). 

 

1.2. Calculation of the length of the lines of electric network options 

The calculation of the length of the lines of the initial options for the 

development of the electric network is carried out according to the following 

relationships. 
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The conversion factor for the lengths of network sections, measured on the job 

plan, to the actual lengths of the sections: 

                                   kcon = М ∙ 10
−6

 ∙ kL,                                          (1.1) 

where  

M is the scale of the plan of the assignment;  

10
–6

 - conversion factor “mm” to “km”; 

kL is the coefficient of increasing the length of the network section in 

comparison with the air line; according to [1], kL  1.25. 

Actual length of the network section, km: 

                                         L = l ∙ kcon,                                                 (1.2) 

where 

 l is the length of the network section, measured on the job plan, mm 

The given length of the network section, km: 

                                         L' = L ∙ kch,                                                 (1.3) 

where  

kch - coefficient of reduction of the lengths of double-chain lines to single-

chain;  

for overhead lines of 110 kV on double-circuit reinforced concrete supports,  

kch = 1.64. 

 

The results of calculating the length of the lines of the initial options for the 

development of the electric network are listed in table. 1 EN. 

 

1.3. Determining the number of cells of high-voltage circuit breakers 

outdoor switchgear HV SS and power sources (PS) options of the electric 

network 

The number of cells of the high-voltage circuit breakers of the outdoor 

switchgear HV SS and PS of the initial options for the development of the electric 

network is determined on the basis of the requirements and recommendations of the 



 7 

Norms for the Technological Design of AC Substation with a Higher Voltage of 6-

750 kV (NTD SS), the main provisions of which are given in Table . A.3 and A.4. 

Note. For power supplies, the ciphers of typical medium voltage outdoor 

switchgear circuits are not determined in the calculations and the number of circuit 

breaker cells corresponds to the number of outgoing lines, i.e., ncb = nol. 

The results of determining the number of cells of high-voltage circuit breakers 

outdoor switchgear HV SS and PS of the initial options for the development of the 

electric network are listed in Table. 2 EN. 

 

1.4. Selection of options for the electrical network that have the best 

performance 

Two options for the development of the electric network, having the best 

indicators ( L' – min and ncb– min), are accepted for further more detailed and 

accurate calculation and comparison by condition of the minimum cost part of the 

integral effect Ct.d [4]. 

The indicators of the initial options for the development of the electric network 

are listed in table. 3 EN. 

Note. When L'i < L'j, аnd ncbi > ncbj (or L'i > L'j, аnd 

ncbi < ncbj) Comparison of options i and j should be done by cost indicators 

using formulas: 

Кi =  к0 ∙ L'i + кcb SS ∙ ncb SS i + кcb SP ∙ ncb SP i;                                     (1.4) 

Кj =  к0 ∙ L'j + кcb SS ∙ ncb SS j + кcb SP ∙ ncb  SP j,                                    (1.5) 

where 

k0 is the cost of constructing 1 km of a single-circuit line of 110 kV;  k0 = 25 

thousand dollars (table A.5); 

kcb SS - the cost of the cell switch outdoor switchgear HV SS; 

kcb SS = 50 thousand dollars (table A.12);  

kcb SP - the cost of the circuit breaker switchgear outdoor switchgear MV SP; 

kcb SP = 62 thousand dollars (table A.12). 
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2. CALCULATION OF LOADS OF NODES  

OF INITIAL ELECTRIC NETWORK OPTIONS 

 

 

The calculation of the loads of the nodes of the initial options for the 

development of the electric network is performed for the three main steady-state 

modes according to the following relations: 

 

1. Maximum load mode 

РL = SL ∙ cos L; QL = SL ∙ sin L; 

PM = SM ∙ cos M; QM = SM ∙ sin M;                              (2.1) 

SH = SL + SM; PH = PL + PM; QH = QL + QM, 

where SL, SM, cos L, cos M are taken from the source data to the course project. 

 

2. Minimum load mode 

SL
МL 

= SL ∙ kL; РL
МL 

= РL ∙ kL;  QL
VL 

= QL  ∙ kL; 

SM
VL 

= SM ∙ kM; РM
VL 

= РM ∙ kM; QM
VL 

= QM ∙ kM;                          (2.2) 

SH
VL 

= SL
VL 

+ SM
VL

;    PH
VL 

= PL
VL 

+ PM
VL

; 

QH
VL 

=  QL
VL  

+ QM
VL

, 

where kL, kM - load reduction factors of network nodes on the LV and MV side in the 

mode of minimum electric load, taken from the source data for the course project. 

 

3. Post-emergency modes 

SL
PE 

= SL ∙ kPE; PL
PE 

= PL ∙ kPE;  QL
PE 

= QL  ∙ kPE; 

SM
PE 

= SM ∙ kPE; PM
PE 

= PM ∙ kPE; QM
PE 

= QM ∙ kPE;                    (2.3) 

SH
PE 

= SH ∙ kPE;    PH
PE 

= PH ∙ kPE;   QH
PE 

=  QH  ∙ kPE, 
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where kPE is the coefficient of consumers of I and II categories of reliability of power 

supply of network nodes, taken from the source data for the course project. 

The results of calculations of the loads of the nodes of the initial options for the 

development of the electric network are entered in the table. 4 EN. 

 

 

 

3 DETERMINATION OF FLOW DISTRIBUTION IN STABLE MODES OF 

ELECTRIC NETWORK OPTIONS 

 

 

3.1. Assumptions in determining flow distribution for power grid options 

The determination of the flow distribution for variants of the electric network is 

performed under the assumptions: 

- power losses in the elements of the electric network (lines and transformers) 

are not taken into account, i.e. Р = 0 and Q = 0; 

- the voltage in the nodes of the electric network is constant and equal to the 

nominal, i.e. Ui = Unom = const; 

- the electric network is homogeneous (Rі / Xі = const), which allows the flow 

distribution in closed loops to be found through the lengths of the corresponding 

sections. 

The determination of the flow distribution in the steady-state modes of the 

initial variants of the development of the electric network is carried out for the 

conditions of maximum loads (winter maximum) and characteristic post-emergency 

conditions of the electric network using the following relations. 
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B SB−1 1 

S1 

SB−1 = S1 

B SB−1 1 S1−2 2 

S2 

S1 

S1−2 = S2; SB−1 = S1−2 + S1 

B S B−1 1 
S 1−2 

▼ 

2 
S 3−2 3 

S B'−3 
B' 
B' 

B'' LБ−1 L1−2 L2−3 LB'−3 

S1 S2 S3 

3.2. Determination of flow distribution in the maximum electric load mode 

of electric network options 

1) Radial electric network 

 

2) Main electric network 

 

3) Ring network 

 

SB−1 = [S1 ∙ (L1−2 + L2−3 + LB'−3) + S2 ∙ (L2−3 + LБ'−3) + S3 ∙ LB'−3] / (LB−1 + 

L1−2 + L2−3 + LB'−2); 

SB'−3 = [S3 ∙ (LB−1 + L1−2 + L2−3) + S2 ∙ (LB−1 + L1−2) + S1 ∙ LB−1] / (LБ−1 + 

L1−2 + L2−3 + LB'−2).  

Verification: 

SB−1 + SB'−3 = S1 + S2 + S3. S1−2 = SB−1 – S1; 

S3−2  = S2  – S1−2; 

SB'−3  = S3−2  + S3. 
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S2−3
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pe 

= S3 + S2−3
pe
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S1 
pe 

S2 S3 

3.3. Determination of flow distribution in post-emergency conditions of 

electric network options 

The results of determining the flow distribution in steady-state modes of the initial 

options for the development of the electric network are listed in table. 5 and 6 EN. 

1) Radial electric network 

2) Main electric network 

 

3) Ring network 



 12 

4. SUBSTANTIATION OF NOMINAL VOLTAGE OF OPTIONS OF 

ELECTRIC NETWORK 

 

 

The justification of the correctness of the decision adopted in Section 1 on the 

rated voltage of the initial options for the development of the electric network is 

carried out according to the formula that gives satisfactory results for the entire scale 

of rated AC voltages in the range of 35–1150 kV  

             Ueq = 1000 / √(500 / L + 2500 / PL),                                     (4.1) 

where 

 L is the line length, km;  

PL - transmitted power on the line (per circuit), MW. 

The results of calculations to substantiate the nominal voltage of the initial 

options for the development of the electric network are listed in table. 7 EN. 

 

 

 

5 SELECTION AND INSPECTION OF CROSS-SECTIONS OF ELECTRIC 

NETWORK LINES 

 

 

5.1. Determining the number of hours of using the largest load of nodes 

and lines of electric network options 

In the source data for the course project, the power consumption of the nodes is 

characterized by annual load schedules or by the number of hours of use of the 

highest load Тhl.n 

The number of hours of use of the highest load nodes Тhl.n, hours specified by 

annual load schedules, is determined from the expression (1 ≤ i ≤ 12): 

 

                  Тhl.n = [∑(Pi ∙ ti) / Phl)] ∙ Тyear / 12,                                    (5.1) 
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where  

Pi ∙ and Phl are given in%;  

ti - in months;  

Tyear - in hours (Tyear = 8760 h). 

 

Notes: 

1. The average load value of the nodes Pav, MW, given by the annual 

load graphs, is determined from the expression (1 ≤ i ≤ 12): 

2.  

                   Pav = [∑(Pi ∙ ti) / Phl)] ∙ Phl.n / 12,                                     (5.2) 

where Pi and Phl are given in %;  

ti - in months; 

Phl - in MW. 

2. The coefficient of non-uniformity of annual load schedules is found by the 

ratio:  

year  = Рml / Рhl.                                                  (5.3) 

3. The fill factor of annual load schedules is found by the ratio: 

year  = Рav / Рhl.                                                  (5.4) 

The determination of the number of hours of use of the largest load of nodes 

specified by annual load schedules is entered in the table. 8 EN. 

 

The number of hours of using the largest load for the Tll.L lines is calculated 

based on the distribution of the active power Pl in the lines of the options for the 

development of the electric network, the active load of the Pn nodes and the values of 

the Tl.n. 

Annual load schedules and the corresponding values of Thl and Pav are given in 

Fig. 2 EN. 

When calculating Tll.L, the following relationships are taken into account: 
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B PB−1 1 

P1; Th 1 

Th B−1 = Th 1 

B PB−1 1 P1−2 2 

P2; Th 2 

Th 1−2 = Th 2; 
P1; Th 1 

Тh B−1 = (P1 ∙ T h 1 + P1−2 ∙ Th 1−2) / (P1 + P1−2) 

B P B−1 1 
P 1−2 

▼ 

2 
P 3−2 3 

P B'−3 
B' 

P1; Th 1 P2; Th 2 P3; Th 3 

Th 1−2 = Th 2−3 = Th 2; 

Тh B−1 = (P1 ∙ Th 1 + P1−2 ∙ Th 1−2) / (P1 + P1−2); 

Тh B'−3 = (P3 ∙ Th 3 + P2−3 ∙ T h 2−3) / (P3 + P3−2). 

1) Radial electric network 

 

2) Main electric network 

 

3) Ring network 

The results of determining the number of hours of using the largest load for the 

lines of the initial options for the development of the electric network are listed in 

Table 9 EN. 

 

5.2. The choice of wire cross-sections of lines of options for the electric 

network 

The wire cross-sections of the initial options for the development of a 110 kV 

electric network are accepted in accordance with the requirements of the “Norms for 

the Technological Design of Overhead Power Transmission Lines 0.38–750 kV. 
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Power Transmission Lines 35–750 kV” (NTD OL) and “Electrical Installation Rules 

(EIR-2009)", equal to 240 mm
2
 for single-circuit sections and 2 (240) mm

2
. 

The results of choosing the wire cross-sections of the lines of the initial options 

for the development of the 110 kV electric network are listed in Table. 10 EN. 

 

5.3. Checking the wire cross-sections of the lines of the electric network 

The wire cross-sections of the variants of the electric network 110 kV are 

checked: according to the permissible current load for heating; from the point of view 

of a sufficient regulatory range of transformers with a control device under load (on-

load tap-changer). 

1. Checking the wire cross-sections of the lines for the permissible current 

load for heating is performed using the ratio: 

                                             Irc  Ipc',                                                 (5.5)  

where Irc is the rated current for checking the wires for heating, the largest of those 

that occur in post-accident conditions; 

 Irc = IL  
PE 

h= {√[(PL 
PE

h)
2
 + (QL 

PE
 h)

2
]} ∙ 10

3
 / (√3 ∙ Unom);                         (5.6) 

the value of PL 
PE

h, QL 
PE

 h found in the table. 5 and 6 EN; 

                                   Ipc' = Ipc ∙ kθ,                                                 (5.7) 

where Ipc is the permissible continuous current load of the wires for the temperature 

range from + 25 to + 70 ° C, determined by the table. A.5; 

kθ is the correction factor for air temperature during the period of maximum 

loads; for the region specified in the project according to the table. A.6 determines 

the air temperature in the autumn-winter season, corresponding to the annual 

maximum loads, and from table. A.7 is the coefficient kθ. 

The results of checking the cross-sections of the wires of the lines of the initial 

options for the development of the electric network for the permissible current load 

for heating are listed in table. 10 EN. 

The same table shows the results of calculating the parameters of the line 

equivalent circuit (per circuit) of the options for the development of a 110 kV electric 

network using the expressions (Fig. 1): 
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         RL = r0 ∙ L;   ХL = x0 ∙ L;   Qch = q0 ∙ L,                                      (5.8) 

where r0, x0, q0 are the parameters per 1 km of the line length with a cross 

section of 240 mm
2
, determined by the table. A.8. 

 

 

The equivalent circuit of the lines of the electric network 110 kV 

 

2. Checking the wire cross-sections of the lines from the point of view of a 

sufficient adjustment range of transformers with load control devices (on-load 

tap-changers) is performed using the ratio 

                                      ∑ U  Ual,                                                 (5.9) 

where ∑ U is the largest sum of voltage losses on the network lines between 

the IP and the most electrically remote point of the network for the most severe of the 

considered (see Tables 5 and 6 EN) post-emergency modes of development options 

for the electric network; 

U = (PL ∙ RL + QL ∙ XL) / Unom; 

∑ U% = (∑ U / Unom,) ∙ 100;                         (5.10) 

Ual - allowable voltage loss in the network from the point of view of the 

sufficiency of the regulatory range of transformers with on-load tap-changers; Ual 

value is determined taking into account the voltage of the transformer, the regulation 

range of transformers with on-load tap changer, the normalized voltage on the side of 

the LV transformers; the approximate value of Ual can be taken equal to 18−22%. 

The results of checking the wire cross-sections of the lines of the initial options 

for the development of the electric network from the point of view of the sufficiency of 

the adjustment range of transformers with on-load tap-changers are listed in table. 

11 EN. 

Sb 
(S

н
) ZL = RL + 

jXL 

(S
e
) Sк 

jQch / 2 jQch / 2 
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6 SELECTION OF TRANSFORMERS OF SUBSTATIONS  

FOR OPTIONS OF ELECTRIC NETWORK 

 

 

The rated capacities of two-, three-winding transformers of the substation are 

calculated according to the formulas: 

               Src.t   Shp / 2;    Src.t  Spe / 1,4,                                          (6.1) 

where Shp, Spe correspond to SH, SH 
pe

 and are taken from the table. 4. 

The values of the load factors of the transformers are found by the formulas: 

                knor  = Shp  / (Src.t ∙ 2); kpe  = Spe  / Src.t < 1,4.                        (6.2) 

The results of choosing the rated capacities of the transformers of the initial 

options for the development of the electric network are recorded in table. 12 EN. 

Technical data of two-, three-winding transformers, taken from the table. A.9 

and A.10 are entered in table. 13 EN. 

 

 

7 CHARACTERISTICS OF AIRLINES, SUBSTATIONS AND 

POWER SUPPLIES OF ELECTRIC NETWORK OPTIONS 

 

 

7.1. Characteristics of overhead lines of electric network options 

The design of overhead lines is determined by the areas of passage of their 

routes and the regionalization of the climatic conditions of the country by high-speed 

wind pressure, thickness of ice formations, thunderstorm activity and the intensity of 

wire dancing [8]. 

110 kV overhead lines are single and double circuit using single and double 

circuit supports. The lines are constructed on reinforced concrete intermediate 

supports, and steel supports are used as corner anchors. 
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110 kV lines are made by non-insulated AS multi-wire steel-aluminum wires, 

structurally consisting of a steel multi-wire core with wound aluminum wires. 

From the point of view of the ratio of aluminum and steel parts of the wire 

characterizing its strength, medium-sized wires are used, i.e. with a ratio for nominal 

sections of 240 mm
2
 of the aluminum part and the steel core 7.77–8.04. 

The wires are attached to the garlands of insulators of the type PS70-B and 

PF70-B with the number of insulators in the garland respectively 8 and 7. On the 

anchor supports in the tension garlands of insulators, their number is 9 and 8, 

respectively. Protective cables are suspended along the entire length of the line. 

Since the designed network does not stipulate operation in areas with a high 

degree of air pollution, wires with high resistance to corrosion and insulators for 

areas with a high level of pollution are not used. 

 

7.2. Characteristics of substations and power supplies of electric network 

options 

The initial options for the development of a 110 kV electric network consist of 

6 load nodes, which are powered by SP “A” (CPP 330–110 kV) and “B” (nodal 

substation 330/110 kV). 

Schemes and parameters of the initial options for the development of the 

electric network are given in Fig. 3 EN. 

Types of substations and codes Outdoor switchgear HV, MV, LV substations 

1−6 and SP “A” and “B” of the initial options for the development of a 110 kV 

electric network are given in the EN. 

The main technical data of turbogenerators CPP 330-110 kV "A" from the 

table. A.16 are recorded in table. 14 EN 

The main technical data of double-winding step-up transformers 110–330 kV 

CPP "A", selected by the condition Snom.tr  PA / cos  from the table. A.17 are 

recorded in table. 15 EN. 

The main technical data of communication autotransformers CPP 330-110 kV 

"A" from the table. A.10 are recorded in table. 16 EN. 
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8 CHOICE OF THE OPTIMAL OPTION OF THE ELECTRIC NETWORK 

 

 

Comparing options in tasks that do not require a determination of overall 

efficiency and in which revenues are identical in all options, comparative efficiency 

can be estimated by comparing the cost part of the integral effect (total discounted 

costs) Ct.d. 

For static tasks in which the construction of the electric network is carried out 

for no more than one year and current indicators are constant throughout the entire 

calculation period, 

                                               Ct.d = Кs + Is' / Е,                                           (8.1) 

where Ks - capital investments in the electric network, determined by the aggregated 

indicators of the cost of the elements of electric networks;  

Is' - annual costs determined without taking into account depreciation 

deductions for renovation; 

E is the real (net) discount rate, taken in the calculations for the future equal to 

0.1.  

In its turn 

                                         КS = ∑КL + ∑КSS,                                     (8.2) 

where  ∑КL and ∑КSS – capital investments in lines and substations of the network; 

                                      IS' = Imr.n + I Wn;                                            (8.3) 

                                      Imr.n = Imr.L + Imr.ss;                                         (8.4) 

                                   I Wn = I WL + I Wss,                                           (8.5) 

where Imr.n, Imr.L and Imr.ss are operating costs corresponding to the annual costs of 

maintenance and repair of the network, lines and substations; I Wn, I WL and I Wss - 

the cost of electricity losses in the network, lines and at the substation. 

When performing calculations related to determining the best option, only the 

differing elements and indicators of the network should be taken into account. So, 
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when comparing the network options of one rated voltage, the following should be 

taken into account: 

1) КL and corresponding Imr.L for various routes, lengths, number of chains of 

lines; 

2) Kss and Imr.ss corresponding to them for different schemes of outdoor 

switchgear HV SS and different number of circuit breakers for outdoor switchgear 

MV SP; 

3) And WL of network lines, taken into account at different routes, lengths, 

number of circuits. 

With the same load on the network nodes, options are compared without 

considering the cost of electricity losses at the substation. Then, based on formulas 

(8.3) - (8.5) 

                  Is' = Imr.L + Imr.ss + I WL                                                  (8.6) 

For comparability of calculation results, costs for network options are 

determined by one source at prices of the same level [4]. 

In the calculations, the following formulas and quantities are used. Capital 

investments in the line: 

                                           Il = k0 ∙ L,                                                (8.7) 

where k0 is the construction cost of 1 km of the line of the corresponding 

voltage (Table A.5); L - line length. 

The cost of constructing a substation of the Kn network is taken according to 

the data of Table A.11, depending on the circuit of the open switchgear HV and the 

voltage ratio at the substation. 

The cost of the switchgear open switchgear MV SP is determined by the 

formula 

                                          КSP = Kcell ∙ ncell,                                       (8.8) 

where Kcell is the cell cost of the switchgear open switchgear MV SP, taken 

according to the data of Table A.12 depending on its trip current; ncell - the number of 

cells of the outdoor switchgear MV SP taken into account when comparing options. 

Annual costs for maintenance and repair of lines: 
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                                   Imr.L = mr.L ∙ ∑КL,                                           (8.9) 

where mr.L - annual costs for maintenance and repair of lines, in rel. the value 

of fixed assets along the lines of the network; for lines of 110 kV mr.L = 0.012 

(Table A.13). 

Annual costs for maintenance and repair of substations and SPs: 

                                Imr.ss =  mr.ss ∙ ∑Кss',                                         (8.10) 

where  mr.ss - annual costs for maintenance and repair of substations and 

individual relays, in rel. the cost of fixed assets for SS and SP; for 110 kV substation, 

 mr.ss = 0.024 (Table A.13). 

Cost of electricity losses in the lines: 

                                     I WL = WL ∙ β';                                           (8.11) 

WL = 3 ∙ nch ∙ ІL 
2
 ∙ RL ∙ τL ∙ 10

−6 
                  (8.12) 

β' is the unit cost of load losses in the lines, equal to the average tariff for 

electricity at the entrance to the electric network 110 (150) kV and below; β '= 

4.05∙10
−2

 thousand dollars / (MW∙h) (Table A.15). 

where ІL is the current in the line (per circuit) in the mode of maximum electric 

load of the network; 

              IL = [√(PL
2 
+ QL

2
)] ∙10

3
 ∙ (√3 ∙ Unom ∙ nch)                           (8.13) 

where PL, QL are the values of active and reactive power in the mode of 

maximum electrical loads, taken from the table. 5 and 6 EN; nch - the number of 

chains in the line; RL - line resistance (per circuit) (see tab. 10 EN); 

τL - annual time of the greatest losses in the line; τL = f (Тh.L) can be determined 

by the formula 

τL ≈ (0,124 + Th / 10
4
)

2
 ∙ 8760;                            (8.14) 

Note. In the table. A.5, A.11 and A.12, compiled on the basis of the "Norms for 

determining the economic efficiency of capital investments in the energy sector. 

Energy systems and electric networks" (NTD EI) [4], the values of the cost of 

constructing lines and substations of the network, as well as the tariff for electricity at 

the entrance to electric networks 110 (150) kV and below (Table A.15) are given in 
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US dollars. The transfer to the national currency of Ukraine is carried out at the 

official rate of the NBU at the time of settlement, using the coefficient of the К NBU. 

Since the cost indicators in the table. 17−19 EN are used only for comparative 

calculations, the transfer to the national currency may not be performed. 

The results of calculation of indicators for lines and substations of the initial 

options for the development of the electric network are listed in table 17 and 18 EN. 

The optimal variant of the development of the electric network corresponds to 

the minimum condition of the cost part of the integral effect, i.e. 

                                             Ct.d → min.                                          (8.15) 

The results of determining the optimal option for the development of the 

electric network are listed in table. 19 EN. 
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