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THE ABSTRACT 

The final qualification work on the topic "Comparative analysis of the 
effectiveness of methods for finding faults in a 10 kV network" contains 56 pages 
of a text document, 27 sources used, 40 figures, 6 tables, no attachments. 

POWER SUPPLY, RELIABILITY, ANALYSIS, RELIABILITY 
INDICATORS, SHORT CIRCUIT INDICATORS. 

The object of the research is the distribution networks of 0.4-10 kV of the 
Minusinsk branch of KrasEKO JSC. 

Research methods - statistical data processing. 
The main final qualifying work is the development of indicators for increasing 

the reliability of power supply, in particular, reducing the time of emergency outages 
and undersupply by using short-circuit indicators and telemechanics. 

Tasks of the final qualifying work: 
- Analysis of known methods of location determination in a 10 kV network. 
- Overview of technological violations for the period from 2017 to 2020 at the 

Minusinsk section of the Minusinsk branch of KrasEKO JSC. 
- Measures to improve the efficiency of location of damage in the 10 kV 

network. 
In the course of the work, an analysis of outages, time of interruptions in 

power supply and undersupply of electricity was made; measures to improve 
reliability are proposed; the analysis of the economic efficiency of the proposed 
measures is made. 

This work is relevant for power grid organizations seeking to improve the 
reliability of networks. The analysis performed can be useful in the maintenance and 
design of electrical networks. 
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5  19 20 . 39 . 7540,3 15909 

 

       
,     

         . 
   -   

  2017       2.5. 
 



33 
 

 
 2.5 –      

     2017  
 

       2.5,   
     , 

    10  – 38%.   :  
 10  – 36%;  – 19%;   0,4  – 7%;  
 0,4  – 2%. 

    -  
   2017       2.6. 

       2.6,   
      

,     10  – 41%.   
:   10  – 26%;  – 20%;   0,4  

– 12%;   0,4  – 1%. 
   -   

  2018       2.7. 
 

 10
38%

 0,4
5%

 10
36%

 0,4
2%

19%



34 
 

 
 2.6 –      

      2017  
 

 
 2.7 –      

     2018  
 

       2.7,   
     , 

    10  – 56%.   :  
 10  – 34%;  – 6%;   0,4  – 3%;  
 0,4  – 1%. 

    -  
   2018       2.8. 

 10
26%

 0,4
12%

 10
41%

 0,4
1%

20%

 10
34%

 0,4
3%

 10
56%

 0,4
1%

6%



35 
 

 
 2.8 –      

      2018  
 

       2.8,   
      

,     10  – 51%.   
:   10  – 31%;  – 8%;   0,4  – 

6%;   0,4  – 4%. 
   -   

  2019       2.9. 
 

 
 2.9 –      

     2019  
 

       2.9,   
     , 

    10  – 56%.   :  

 10
31%

 0,4
6%

 10
51%

 0,4
4%

8%

 10
33%

 0,4
4% 10

50%

 0,4
4%

9%



36 
 

 10  – 33%;  – 9%;   0,4  – 4%;  
 0,4  – 4%. 

    -  
   2019       2.10. 

 

 
 2.10 –      

      2019  
 

       2.10,  
      

 ,     10  – 64%. 
  :   10  – 21%;  – 12%;  

 0,4  – 2%;   0,4  – 1%. 
   -   

  2020       2.11. 
 

 

 2.11 –      
     2020  

 10
21%

 0,4
2%

 10
64%

 0,4
1%

12%

 10
38%

 0,4
3%

 10
43%

 0,4
1%

15%



37 
 

       2.11,   
     , 

    10  – 43%.   :  
 10  – 38%;  – 15%;   0,4  – 3%;  
 0,4  – 1%. 

    -  
   2020       2.12. 

 

 
 2.12 –      

      2020  
 

       2.12,  
      

 ,     10  – 47%. 
  :   10  – 38%;  – 14%;  

 0,4  – 1%;   0,4  –  1%. 
    ,    

   ,    
    10 .  

  

 10
47%

 0,4
1%

 10
38%

 0,4
0%

14%



38 
 

3.       
      

3.1     ( ) 

       
       « »  

      
  ( )     

.  
       

  .      
       

  .    
     ,  

     ,    
    .  ,  

-        
 .     

 .  
       

 .  
      

.    10 ,   
     .    

         .  
     ,   

,    .    
 ,       

10    " "    .  
   ,    ,  

,     ,    
 [7].       

10   ,      ,  . 
       

,      , 
     10 ,    

 .       
   ,      

-        .  



39 
 

         
    (  3.1). ,   

  3.1,     .   
    ,     

   . 
 

 
 3.1 -       

3.2    

        
   .    

      .    
   ,   

       
 .    

        
 ,       

. 
   (  3.2)     
  .      

      ,   
       

  .  



40 
 

 
 3.2 –    

 
 ,    ,   .  

,        , 
    ,    

,       ,  
    . 

       
. 

 : 
-  ; 
-      ; 
-     ; 
-    ; 
-   . 

    ,   
     .  , 

   3.3,   ,    
         

      . 
 

 
 3.3 –          



41 
 

 
   - 1,    3.4, 

       
 6-35 .      :   
       

 ,         
 . - 1      

/ / ,      
 . 

       
,    ( , ).   

  ,       
,        

  . 
   , - 1   

        .   
       GSM/GPRS-
. 

 
 

 
 3.4 –       6-35  

- 1 

3.3     

 ,        , 
   . 



42 
 

         
        

       
 -   [12].  

  –    ,  
 , ,    

    .     
:  ,     
  (« »),     , 

   ,     
 , ,   

 [13].  
       

  :  
- .     

 .   ,  ,  
  ( , , ), 

   ,     
   (    

,     . .). 
- .      

.       
 .       

      . 
- .        

        
  . 

- .     
   .    , 

   , . .   
. 

       (  3.5) 
 

 
 3.5 –     [13] 

 
    ,   ,  

 ,    .   ( ) –  
,   .   



43 
 

     ,  , 
      . 

  ( )      
 ,      (   
).  ( )       

( ).         , 
    . ,   
   ,      
   .  ( )   

        ,   
    ( )   

 .   ( )   
   ,  ,   

   

3.4      

         
,  ,   ,    .  
         

    . 
     :  

-  ;  
- ;  
- GSM;  
-   . 

       
 . 

3.4.1   

        
       . , 

     ,   
,       

  : 
       

  ,       
.          

  ,  ,    



44 
 

     ,  
 .  

      -
  .    

 : 
: 

-   ,   -
  . 

-        
   . 

-  , , ,   
. 

-    . 
-         , 

     . 
: 

-    ,    
     . 

-       , 
    ,   

 . 
 

3.4.2     

      
   PLC .  

   : 
: 

-  PLC     . 
-     . 

: 
-   .     

,     ,  
 ,        

   . 
-       , 

     .  
       

        
. 



45 
 

-       
    . 

3.4.3   

     ,   
    . 

   : 
: 

-    ,     
 . 

-       , 
      . 

-       , 
      ,   

   . 
: 

-   ,     
   . 

-        
   ,     

(  3.7). 
-        , 

   . 
- ,      

       . 
 

 
 3.7 –     

 
 (GSM)  –   , 

       .  
    (  3.1)  

 



46 
 

 3.1 –    
   

 
  

 
 

  100   1200 /    
 

   
 

 
 

 
       

 3.2.  
 

 3.2 –     
   

 
 
 

 
 

  
 
 

 
 

 

1250   1 /   ≈ 80 
. . 

 

 
 

 
 

100     80 
/  

 ≈ 60 .   

 50-100   500 
/  

 ≈ 7 .   

 
 

50-100  (  
 

 ) 

 1 /   ≈ 30 . 
 

 

 

  ,      
  .     

      
.    ,   ,  , 

     –  ,   
      ,    

 .  

3.5      

      ,  
        

  .    
    3.8. 



47 
 

      
 .        

,        
 ,   .    
        

  .    
         

 12 . 
 

 
 3.8 –    

 
     ,    

        (  3.9).  
 

 
 3.9 –    

 
       –    

,    .  , 
   –    .  

     .    
  .  ,    

    ,    
.     , 

         
 .    ,      , 
     ,   

      .   



48 
 

        
   .   
    ,  

        
  .      

   3.10.  
 

 
 3.10 –    GSM  

 
     GSM (   

) .     
       .  

,           
        
 .    GSM    ,  

:      .   
       
    .  ,  



49 
 

     ,   
  .       

.  
        :  

-      ;  
-       ;  
-       

    ;  
-   .  

    ,    
 . ,      

      ,  , 
 ,     , ,  

.  
  ,    ,  

  .     
          

. ,       
  ,       

   . ,  ,    
      , 

        
.  ,  ,     

 . 

3.6      

      
       

 ( ),      
« » -110/6  .  9-06 (  3.11,  3.12) 
[18]. 

      , 
ё   ,    

 ,   ,  
,  ,     

   ,      
   . 

     – 350 . . 



50 
 

 
 3.11 –     9-06 

 
        

  5,08 .    – 5083 ,  
  – 22  ,     – 3,83 .  

        
 : 

 

0 . .n эУ у W= ,          (11) 

 
 0 –     1 ·  , ./( · );  

W .  –       
 , ·  [19]  

  :  
-     ;  
-      ;  
-   -  .  

   : 
-       10 

  100   .  
-     – 6 .  
-       

  – 1 .  
- 0       1-4,5 $/ .  



51 
 

        = 
10 /( · ). 

     -
     . 

    3.3. 
 

 3.3 –   -   
 

-
, % 

   
, . . / 
 

 ,  

 
 

  
– 20% 

 
 

  
– 50% 

 
 

  
– 20% 

 
 

  
– 50% 

  – 700 1750 – – 
 №1 100 420 1050 2,3 0,9 
 №1 

 №2 
180 340 860 1,8 0,7 

 №1, 
№2  №3 

260 150 370 1,8 0,7 

 

     3.3,     
          

 ,         
     .   10   

       3.12. 

 

 3.12 –   10     



52 
 

 

       
     10 ,   

   ,     
 . 

        
  2017  2020 .       

« ».     , 
  : 

-   ; 
-   ; 
-       -

 ; 
-       .  

     ,    
       

   10 . 
        

       10 .  
 ,   ,  

       
 .     

       .   
        

     -  
    .     

        
  . 
     
         

        
.         

        
 ,  -  ,  

 ,   . 
         

      
  .   

    ,  : 
-      ;  



53 
 

-       ;  
-       

    ;  
-   .  

 -       
         

 « » -110/6  .  9-06.   
 -  .    

        40%.  
       

     .  
      4.2-07-2014 [20]  

     [21]. 
     ,  

  .       
    . 

  



54 
 

   

1.  :      
 ,    140200 

" "   140211 " " / . . 
, . . .  : , 2014. – 126 .  

2.      
[ ] : [       13 

 2003 . № 6 "      
 "]. .: , 2018. – 280 .  

3.        [ ] : 
        

 15  2020 ., № 903  "       
  ".  : , 2020. – 139 .  

4.  . .  : ,  
,  . .:   , 2012. – 

268 .  
5.  . .,  . .    

    35-500  //  . 
 . – 2010. – .3. – .5. – .94-97.  

6.  . .  . .: , 2016. – 
176 .  

7.  . .      . .: 
, 1982. – 310 .  

8.        
       / . . 

, . . , . .  //  ( . . . 
  .  ). – 2010. – № 6. – . 5-13.  

9.  . .,  . .    
    35-500  //  . 

 . – 2016. – .6. – .1. – .66-71.  
10.  . .     . [ ]: 

.  . : -    , 
2013. – 240 .  

11.  . .    . . 
.: , 2014. – 206 .  

12.  . .      
 6 – 10  // :   . – 

2014. – №4 (25). .75-76  
13.  . .       .  

. .:   , 2017. – 627 .  



55 
 

14. ,    .   / 
. . . .: - , 2015. – 271 .  

15.        
   / . .  [  .]  , 
, ,      

 //  . . – 2014. – № 3. – 
.109-112  

16.  :      
 ,    140200 

« »   140211 « » / . . 
, . . .  : , 2014. – 126 .  

17.  . .,  . .,  . .  . : -
, 2014. – 400 .  

18.   https://docplayer.ru [  ] : 
    . –  

 : https://docplayer.ru/29747892-Upravlyaemyy-punkt-
sekcionirovaniya-raspredelitelnoy-seti.html – .  . 

19.  . .     
 . – .:   , 2010. – 188 

. 
20.  4.2–07–2014.   .    

,      
. –  :  , 2014. – .59 

21.      13.03.02 
«   » : .  / . . . 

; . . - ,  –  . –  : . .  
 –  , 2017. – 62 . 

22.   ё   . /  . ., 
ё  . .,  . .  . – .:   « », 2013. – 

212 . 
23.   https://dc-en.ru/ [  ] :   

    "  -30"  . 
–   : https://dc-en.ru/news/otzyv-o-primenenii-indikatorov-
korotkogo-zamykaniya-dsi-vl-30-na-obekte/. 

24.   https://dc-en.ru/ [  ] : 
 " "     . –   :  

https://dc-en.ru/catalog/20/13297/. 
25.  . .,  . .,  . .   

      
// -  « ». – 2015. – .7 – №6. – 13 . – URL : 
http://naukovedenie.ru/PDF/98TVN615.pdf  

https://docplayer.ru/
https://docplayer.ru/29747892-Upravlyaemyy-punkt-sekcionirovaniya-raspredelitelnoy-seti.html
https://docplayer.ru/29747892-Upravlyaemyy-punkt-sekcionirovaniya-raspredelitelnoy-seti.html
https://dc-en.ru/news/otzyv-o-primenenii-indikatorov-korotkogo-zamykaniya-dsi-vl-30-na-obekte/
https://dc-en.ru/news/otzyv-o-primenenii-indikatorov-korotkogo-zamykaniya-dsi-vl-30-na-obekte/
https://dc-en.ru/catalog/20/13297/
http://naukovedenie.ru/PDF/98TVN615.pdf


56 
 

26.       2035 .  
     09.06.2020 . № 

1523-  [  ] –  
 : https://minenergo.gov.ru/modal/view-pdf/1026/119047/nojs  

27.  . .,  . .,  . .    
      // 

. .  ( -2018). [  ] : . . : 
XVIII . .- . ., 2–28 . 2018 .  3 . –  : [ -  

], 2018. – 3 . – .422-429 

https://minenergo.gov.ru/modal/view-pdf/1026/119047/nojs


    .  
          

     .  
 

  ______ .  
 

 ______ .  
 
 

«_____» ____________ 20___ .  
( )  
 

____________________     __________________________  
( )         ( ) 




