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THE ABSTRACT 
 
The final qualifying work on the topic "Analysis of the reliability of the 

operation of 0.4-10 kV lines of Minusinsk RES" contains 53 pages of a text 
document, 25 used sources, 35 figures, 23 tables, 3 sheets of graphic material, no 
attachments. 

POWER SUPPLY, RELIABILITY, ANALYSIS, RELIABILITY 
INDICATORS, INSULATION REINFORCEMENT SYSTEM. 

The object of research is 0.4-10 kV lines of Minusinsk Distribution Zone. 
Research methods - statistical data processing, calculation of reliability 

indicators. 
The main goal of the final qualifying work is to develop proposals for 

improving the reliability of power supply, in particular, reducing the number of 
emergency outages, the time of these outages and undersupply of electricity. 

Tasks of the final qualifying work: 
• Analysis of emergency shutdowns of 0.4-10 kV lines of Minusinsk 

Distribution Zone; 
• Development of measures to improve the reliability of the 0.4-10 kV lines 

of Minusinsk Distribution Zone. 
In the course of the work, an analysis of outages, time of interruptions in 

power supply and undersupply of electricity was made; calculation of the main 
indicators of reliability; measures to improve reliability are proposed; the 
calculation of the economic efficiency of the proposed measures was made. 

This work is relevant for power grid organizations seeking to improve the 
reliability of networks. The analysis performed can be useful in the reconstruction, 
repair and design of electrical networks. 
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 2.1 -     2015 
 

   
 

 
, % 

 
 ( ) 

21 
11,73% 

  18 10,06% 
  

 
23 
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   4 2,23% 
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   3 1,68% 
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 .  9 5,03% 

 35 19,55% 
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 2 –     % 

 
       2.1   2.1  2.2 ,   

   2015       
 – 52 ,   29,05%    

  2015 .     -   
 – 18  (10,06%),    – 23 

 (12,85%)    – 21  
(11,73%). 

   2015        
 . 

 
 2.2 -    2015 

 
   

,  
 

, % 
 

 ( ) 
80,65 24,83% 

  21,78 6,71% 
  

 
31,75 9,78% 

   5,65 1,74% 

  29,44 9,06% 
   2,10 0,65% 
  13,81 4,25% 

   105,06 32,35% 
 .  7,71 2,37% 

 26,85 8,27% 
 324,80 100,00% 
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Кол е т о откл е , % 11,73% 10,06% 12,85% 2,23% 3,91% 1,68% 3,91% 29,05% 5,03% 19,55%
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 2.3 -  ,  

 

 
 4 –     %  

 
          2.2   2.3  2.4 ,    

  2015        - 105,06 , 
  32,35%      2015 , 

  - 80,65  (24,83%),   
 - 31,75  (9,78%),   - 29,44  (9,06%)  

  - 21,78  (6,71%). 
   2015        

 . 
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21,78 

31,75 
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29,44 2,10 
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7,71 26,85 
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 2.3. –    2015 
 

    , 
% 

 
 ( ) 

18 031,00 41,42% 

  4443,23 10,21% 
  

 
3 366,80 7,73% 

   1 126,80 2,59% 
  2 880,57 6,62% 
   98,00 0,23% 
  436,54 1,00% 

   9296,57 21,35% 
 .  904,61 2,08% 

 2952,69 6,78% 
 43 536,81 100,00% 

 

 
 2.5 –    2015  
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1 126,80 

2 880,57 

98,00 

436,54 

9296,57 

904,61 
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Пе ек ыт е ол  По е де е  ет  

П е ы е е допу т ы  е  П о ее 
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 2.6 –     %  

 
  2.3   2.5  2.6 ,    

  2015       
- 18 031,00,   41,42%     2015 , 

   - 9296,57 (21,35%),    - 
3 366,80 (7,73%)    - 4443,23 (10,21%). 

 ,  ,     
2015 ,  10,66%    ,  

    (     
  ) – 12,85%,    – 3,91%.  

     - 20,74%,    
– 18,94%. 

 
 
2.2        2016 

 

   2016        
 . 
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  13 6,95% 

   60 32,09% 
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  2.4   2.7  2.8 ,    
  2016        – 60 
,   32,09%    .  

       – 29 
 (15,51%),    – 26  

(13,9%)    – 22  (11,76%). 
   2016        
 . 

 
 2.5 -    2016  

 

  
 

,  
 

, % 
 

 ( ) 22,36 9,70% 
  8,95 3,88% 

 
  36,46 15,81% 

 
 9,83 4,26% 

 
 6,85 2,97% 

   2,98 1,29% 
  20,85 9,04% 

   85,58 37,11% 
 . 

 17,26 7,48% 
 19,51 8,46% 

 230,63 100,00% 
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 2.9 -  ,  

 

 
 2.10 –     %  

 
  2.5   2.9  .10 ,    

  2016        – 85,58 ,  
 37,11%    .    

  2016       
 – 36,46  (15,81%),   – 22,36  (9,7%)  

  – 20,85  (9,04%). 
     2016    

 2.6. 
 
 
 
 

22,36 
8,95 

36,46 

9,83 

6,85 

2,98 

20,85 
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17,26 

19,51 
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 2.6 –    2016 
 

    
, 

% 
 

 ( ) 920,93 1,95% 
  918,86 1,95% 

 
  8548,78 18,13% 

  359,47 0,76% 
 

 522,61 1,11% 
   1998,83 4,24% 
  13714,76 29,08% 

   15491 32,85% 
 . 

 921,98 1,95% 
 3764,68 7,98% 

 47 161,90 100,00% 
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920,93 
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8548,78 359,47 

522,61 
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13714,76 

15491 

921,98 
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 2.12 –     %  

 
  2.6   2.11  2.12 ,   

  2016        – 15491,  
 32,85%      2016 .   

        
  - 8548,78 (18,13%)      - 

13714,76 (29,08%). 
 ,  ,     

2016 ,  11,76%    ,  
    (     

  ) – 13,9%,    – 6,95%.   
    – 28,73%,    – 

49,16%. 
 
2.3        2017 

 

   2017     2.7. 
 

 2.7 -     2017  
 

  
 

 
 

, % 
 

 ( ) 25 10,08% 
  6 2,42% 
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 7 2,82% 
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  2.7 
 

 
 8 3,23% 

   7 2,82% 
  19 7,66% 

   71 28,63% 
 . 

 4 1,61% 
 51 20,56% 

 248 100,00% 
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 2.14 –     2017,  %  

 
  2.7   2.13  2.14 ,   

   2017       

25 
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71 
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51 
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Кол е т о откл е , % 10,08% 2,42% 20,16% 2,82% 3,23% 2,82% 7,66% 28,63% 1,61% 20,56%
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 – 71 ,   28,63%    . 
     -   
  – 50 (20,16%) ,   

( ) – 25 (10,08%)   – 51 (20,56%). 
   2017        
 . 

 
 2.8 -     2017  

 

  
 
 

 
, % 

 
 ( ) 58,51 17,16% 

  1,17 0,34% 
 

  60,64 17,78% 
 

 5,41 1,59% 
 

 7,32 2,15% 
   8,89 2,61% 
  38,66 11,34% 

   109,75 32,19% 
 . 

 3,23 0,95% 
 47,41 13,90% 

 340,99 100,00% 
 

 
 2.15 –  ,  

58,51 

1,17 

60,64 

5,41 

7,32 

8,89 38,66 

109,75 

3,23 
47,41 

Ат о е ые пе е п е  о  Во де т е пт  
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 2.16 –     2017,  %  

 
  2.8   2.15  2.16 ,    

  2017        – 
109,75 ,   32,19%      2017 . 

     -   
  – 60,64  (17,78%),   ( ) – 

58,51  (17,16%)  -    – 47,41  (13,9%). 
     2017    

 2.9. 
 

 2.9 –    2017 
 

    , % 
 

 ( ) 1677,5 6,10% 
  195 0,71% 

 
  5555,72 20,19% 

 
 259,04 0,94% 

 
 672,93 2,45% 

   1208,66 4,39% 
  1699,76 6,18% 

   12785,95 46,47% 
 . 

 189,83 0,69% 
 3270,91 11,89% 

 27515,3 100,00% 
 

Ат о
е ые 
пе е
п е

 
о  

Во де
т е 

пт  

е л
оп т

ые 
по од

ые 
у ло … 

е ы
ле ы

е 
п

ы 

Опе т
ое 

откл
е е 

Откл
е е 
дл  

ЧС 

Пе ек
ыт е 

ол
 

По е
де
е  
ет  

П е ы
е е 

доп. 
е
 

П о ее 

В е  откл е , % 17,16% 0,34% 17,78% 1,59% 2,15% 2,61% 11,34% 32,19% 0,95% 13,90%

0,00%
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15,00%
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 2.17 –   

 

 
 2.18 –     % 

 
  2.9   2.17  2.18 ,   

   2017      
  - 12785,95,   46,47%     2017 . 

       
  - 5555,72 (20,19%),   - 1677,5 

(6,1%),   - 1699,76 (6,18%)    - 3270,91 
(11,89%). 

  2017  ,  , 
    2017 ,  2,42%   

 ,     
 (       ) – 20,16%,  

  – 7,66%.       – 
29,46%,    – 27,08%. 

1677,5 
195 

5555,72 

259,04 

672,93 

1208,66 

1699,76 

12785,95 

189,83 

3270,91 

Ат о е ые пе е п е  о  Во де т е пт  

е л оп т ые по од ые у ло  е ы ле ые п ы 

Опе т ое откл е е Откл е е дл  ЧС 

Пе ек ыт е ол  По е де е  ет  

П е ы е е доп. е  П о ее 

Ат о
е ые 
пе е
п е

 
о  

Во де
т е 

пт  

е л
оп т

ые 
по од

ые 
у ло  

е ы
ле ые 
п

ы 

Опе т
ое 

откл
е е 

Откл
е е 
дл  

ЧС 

Пе ек
ыт е 

ол
 

По е
де е  

ет  

П е ы
е е 

доп. 
е
 

П о ее 
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2.4        2018 
 

  2.10      2018 . 
 

 2.10 -     2018  
 

  
 

 
 

, % 
 

 ( ) 7 5,65% 
  9 7,26% 

 
  16 12,90% 

 
 1 0,81% 

 
 5 4,03% 

  6 4,84% 
   52 41,94% 

 28 22,58% 
 124 100,00% 

 

 
 2.19 –   

 

7 
9 

16 

1 

5 

6 
52 

28 

Ат о е ые пе е п е  о  Во де т е пт  
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 2.20 –     % 

 
  2.10   2.19  2.20 ,   

   2018       
 – 52 ,   41,94%    

.        
   – 16 (12,9%),   – 9 

(7,62%)    – 28 (22,58%). 
   2018        
 . 

 
 2.11 –   

 

  
 

,  
 

, % 
 

 ( ) 15,23 8,12% 
  6,63 3,54% 

 
  25,04 13,36% 

 
 0,02 0,01% 

 
 5,92 3,16% 

  6,03 3,22% 
   102,5 54,68% 

 26,09 13,92% 
 187,46 100,00% 
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 2.21 –   

 

 
 2.22 –     % 

 
  2.11   2.21  2.22 ,    

  2018        – 102,5 
,   54,68%      2018 . 

       
   – 25,04  (13,36%)   

 – 15,23  (8,12%). 
    2018 .  

 
 2.12 –    2018  

 
    , % 

 
 ( ) 1834,97 5,27% 

  599,28 1,72% 
 

  3300,87 9,49% 

15,23 
6,63 

25,04 

0,02 

5,92 
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  2.12 
 

 
 3 0,01% 

 
 655,2 1,88% 

  1563,11 4,49% 
   25676,04 73,79% 

 1162,1 3,34% 
 34794,57 100,00% 
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3 
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  2018        - 
25676,04,   73,79%     2018 . 

       
  - 3300,87 (9,49%). 

 ,  ,     
2018 ,  7,26%    ,  

    (     
  ) – 12,9%,    – 4,84%.   

    – 20,12%,    – 
15,7%. 

 
 
2.5        2019 

 

   2019        
 . 

 
 2.13 –    2019  

 

  
 

 
 

, % 
 

 ( ) 1 1,08% 
  5 5,38% 

 
  19 20,43% 

  
 2 2,15% 

 
 7 7,53% 

  3 3,23% 
   44 47,31% 

 12 12,90% 
   93 100,00% 
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 2.25 –    2019  

 

 
 2.26 –     2019  % 

 
  2.13   2.25  2.26 ,   

   2019       
 44 ,   47,31%      

2019 .       
    – 19  (20,43%)  

  – 7  (7,53%). 
   2019        
 . 
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 2.14 –   2019 
 

  
 

,  
 

, % 
 

 ( ) 1,97 1,80% 
  6,43 5,86% 

 
  22,82 20,81% 

  
 0 0,00% 

 
 8,66 7,90% 

  1,4 1,28% 
   58,7 53,54% 
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 2.28 –     % 

 
  2.14   2.27  2.28 ,    

  2019        - 58,7 , 
  53,54%      2019 .  

       
  – 22,82  (20,81%),   - 8,66  

(7,9%)      - 6,43  (5,86%). 
       2.15 

 
 2.15 –    2019  

 

  
 

 
, 

% 
 

 ( ) 118 0,59% 
  2276,78 11,36% 
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   0 0,00% 
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 2.29 –    2019  

 

 
 2.30 –     % 

 
  2.15   2.29  2.30 ,   

  2019        - 
11752,81,   58,62%      
2019 .     -  

   -  3068,24 (15,3%)    - 
2276,78 (11,36%). 

 ,  ,     
2019 ,  5,38%    ,  

    (     
  ) – 20,34%,    – 3,23%.  

     – 27,95%,    
– 27,38%. 
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2.6     0,4-10   
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  .  
   0,4-10     «  

» - « »      
   2015 .  2019 .  ,  ,  

     2015 .  2019 .,  60 , 
  7,22%    ,   

   (       
) – 134   16,13%,    – 48 

  5,78%.       
  29,13%    . 

    -   
 ,   -    ,  

   .     
     302,42   25,35% 

      . 
      

  , -    ,  
   .   

  49832,79 *   28,8%    
.       
 ,      

 4983279 . 
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3     

       
    

       
[9]. 

  ,    
    ,  :  

1.    ω (     
 ω = λ), . .       (  

),    , / .    
      1      

/( · ). 
2.    (  ) , / .  
3.    ( )  ω , 

/ .  
4.      

, / .  
5.   (    

    ) , . .  
6.    (  

      ) 
, . .  

7.    (  ,    
      ) P(t), . . 

      
.        ,  

 t     [16]. 
        

 ,       
 .  

       
   3.1 

 
 3.1 -          

  
 

    
,  2015 2016 2017 2018 2019 

179 187 248 124 93 682,24 
  
3.1    

   –     
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 [10]. 

      3.1:   ∑       

       
   Δr –   i-  ;  

Li –  , ;  
n –  . 

        
  2015 .                    

 
 

 3.2 -        
2015-2019 . 

 
  

 2015 2016 2017 2018 2019  
 ω –  

ω = 0,243 
/ ·  

   179 187 248 124 93   0,262 0,273 0,364 0,182 0,135 

 
    10   100   7,6 / ,  

 0,076 / · .      
      . 

 
3.2    

    ,   
     [10].   
    3.2:      ∑   

    
       

       –     i-  ;  
m –  . 
 

 3.3 –    (  ) 
 

  
 2015 2016 2017 2018 2019  

 
– .  

=1,376  

 ,  1,58 1,36 0,99 1,72 1,23 
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5    

       
  .     

   ,     
    .    

    " " [25].  
         

,     ,  
    ,  ,  
   .       

         -
 .     " "   

      [17]. 
       

    ,   
   ,   ,  

  . 
       ,   

       ,   
.         

 ,   ,     
 .       

,    ,   
 .  

        
  ,     

.  
  5.1       
 " ",   5.2 –   . 

 
 5.1 –      " " 

 
№

№ 
  ( .)  ( .) 

1 

BBIT Busbar Insulating Tubing  
   

 

2 

BCAC Bushing Connection Animal 
Covers 

  
   

   

3 
BCAC-IC Bushing Connection 

Inspection Substation Cover 
  
   

,  
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  5.1  
 

4 
BCIC Bushing Connection 

Insulating Covers 
  

   
 

5 
BISG Bus Insulator Squirrel Guard    

   

6 

BMOD Bushing   
  

   

7 
BPTM Busbar Insulating Tubing  

    
  

8 
HVBS High Voltage Booster Shed  

  

9 
HVBT High Voltage Busbar Tape   

  

10 
HVCE High Voltage Creepage 

Extender 
 

  
 

11 
HVIS High Voltage Insulating Sheet  

  

12 
LVBT Low Voltage Busbar Tape   

  

13 
LVIC Low Voltage Insulating Cover  

  
( ) 

14 
LVIT Low Voltage Insulate Tube  

  

15 
MVCC Medium Voltage Conductor 

Cover 
 

,   
 

16 
MVFT Medium Voltage Fusion Tape  

  

17 
MVLC Medium Voltage Line Cover  

 ( )   

18 
OLIC Overhead Line Insulating 

Cover 
  

   

19 
OLIT Overhead Line Insulating 

Tube 
  

   

20 
RRBB Interphase Insulating Barrier 

Board 
 

  
 

21 
RRGS Rigid Red Guano Shield   

    
  

22 
SMOE    

  

23 
SMOUV     
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  5.1  
 

24 
UBAC Under Bridge Arm Covers  ( )  

   

25 
ZBIT Busbar Insulate Tube  

   
 

 
 5.2 –     

 
 , 

.,   
 

 
 

 

 
 

 
 BCIC 3313 

3465 .  

 BISG 5580 .  
 

 OLIT 
3015    1  

 
  

HVBT 

 405  1054    1  

 
 HVBS 

 12690  
23940 

.    
 
 

  HVCE 
 1485  5175 .    

 
 

 
 OLIC 

585    1  

 
 MVLC 

 770  1448    1  

 
 BBIT 

 1260  
6150 

  

  
 SMOUV 

1575 .  

 
  : 

-     ; 
-       ; 
-    ,    

   , ,     
. 

      . 
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 5.1 -   BCIC 3313 

 
    BCIC 3313      

    ,   
 .      

     24 .    
,   ,    

,      [18]. 

 
 5.2 –     OLIT 

 
OLIT -    ,   

         
  .  OLIT   
 ,    ,  

      ,   
 [19]. 

 
 5.3 –   OLIC 

 
OLIC -  ,    

    .  OLIC  
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   ,     
   ,    [23]. 

 

 
 5.3 –   MVLC 

 
  MVLC  . 

-   ; 
-   ; 
-    ; 

 

 
 5.4 –   HVCE 

 
  HVCE    

 ,      
     [24]. 
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 5.5 –   HVBS 

 
  HVBS     

      ,   
    ,      

 [24]. 
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6       
  

       
     10    
  . 

        
       

   6.1. 
 

 6.1 -         
 10       

 
    

,  2015 2016 2017 2018 2019 
131 126 173 93 66 682,24 

       , 
    2015    48,  
 26,82%      2015 ,  2016   

61 (32,62%),  2017   75 (30,24%),  2018   31 (25%),  2019  
 27 (29,03%).  

 
6.1       

  

        
    6.2. 

 
 6.2 -       

2015-2019 .      
 

  
 2015 2016 2017 2018 2019  

 ω –  
ω = 0,172 

/ ·  

   131 126 173 93 66   0,192 0,185 0,253 0,135 0,097 

 
    10   100   7,6 / ,  

 0,076 / · .      
         

,     . 
 
 
6.2    
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    6.3. 
 

 6.3 -    (  )  
    

 
  

 2015 2016 2017 2018 2019  
 

– .  
=1,58  

,  1,86 1,67 1,11 1,98 1,312 

      
  . 
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  - 254 . 
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   .     
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      ,   

 . 
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  HVCE,  1485 . 
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  7.1   :                                                                                             (7.1)  
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    :                                 
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     :                                                                                                         (7.2) 
 

        –     1 ·  ; 
       –      
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    2  4-5 / · , . .   2009 . 
  50 … 140 / · ,   75 . [21]. 

      :                           
 
 
7.3     

  –   ,   , , 
 ,     [22]. 
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