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ABSTRACT 
 

The final qualifying work contains 76 pages, 14 drawings, 37 tables, 25 

sources of literature. 

RECONSTRUCTION, SUBSTATION, TRANSFORMER, SWITCH, 

DISCONNECTOR, STRUCTURE, CONSTRUCTION. 

The object of the study is 110/10/6 kV SS "RASSVET" of the branch of PJSC 

"IDGC of Siberia" "Khakasenergo" 

The purpose of the study is the development of a project for the 

reconstruction of 110/10/6 kV substation DAWN. 

In the course of the research, a selection and calculation check of the main 

electrical equipment was carried out. 

As a result of the conducted research, it was revealed that the reconstruction 

of the substation would lead to an improvement in economic indicators, 

correspondingly, to an increase in equipment reliability and the quality of the 

transmitted electricity. 
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1 А А А А  110/10/6 В А В  

1.1   

 

 

     , . 

, . , 004 « ».      1991 . 

  (   3 )     

8,12 .  

  1.1     . 

   
 

 1.1      
 

    
   
   
    6 В 
1  -30-09   
 -30-11   
2  -30-06 -240 

 -30-08  

3  -30-21    

  -30-17 -9 

 -30-19   
4  -30-26   

 -30-24 -9 

 -30-22   
    10 В 

1  -30-07 -  
 -30-09   
 -30-11   
 -30-19   
 -30-17 -07 « » 

2  -30-04 -07 « » 

 -30-06   
 -30-24  

 -30-08 -3 
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1.2     

 

 

  : -110 ; 

 : 2 ; 

  : 2 ; 

 : 110 -7 ; 10  – 6 ; 6  – 12 ; 

 : 110  – 24 ; 10  – 26 ; 6  – 40 ; 

 :  110 -7 ; 10  – 12 ; 6  – 18 . 

 : 10 -2 ; 6 -2 . 

 :  -110  – 8 ; -10  – 12 ; 

-6 -18 . 

  1.2     110/10/6  

« » .  

 
 1.2     

 

№ 
/  

 
 

    
 

1 2 3 4 5 

     

1 1 ,2  -40000/100- 1; 

110/10/6   40  

2 1990 

      

1 -1, -2 -250/6-75 1;  

6/0,4   250  

2 1990 

      

 110     

1 -1 .-110    -110-83 1 1 1990 

2 -1 .-110    1 
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3 -1 .-110    1 

  1.2  
1 2 3 4 5 

4 -2 .-110    1 

5 -2 .-110    1 

6 -2 .-110    1 

7 - -110    1 

 10     

1 .№5  1 .-10 -10 3 1990 

2 .№10  2 .-10 3 

 6     

1 .№5  1 .-6 -06-6  3 1991 

2 .№10  2 .-6 3 

3 .№23  3 .-6 3 

4 .№20  4 .-6 3 

      

 110     

1 - - -89 -150  3 1989 

2 - - -314 3 

3 - - -316 3 

4 - - -339 3 

5 - -110 (   ) -110 -1 1 3 1989 

6 - -110 (   ) -150 -1 1 3 

7 -1 -110 -150 -1 1 3 

8 -2 -110 -150 -1 1 3 

 10     

1  .№3  1  -10 3 2006 
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2  .№7 -10 2 

 
  1.2 

1 2 3 4 5 

3  .№9 2  

4  .№11 2  

5  .№17 3 2010 

 6  .№19 -10 2 

7  .№2 -10 2 

8  .№4 2 

9  .№6 2 

10  .№8 2 

11  .№12  2  -10 2 

12  .№24 2 

 6     

1  .№3 -6 2 1989 

 2  .№7 -6 2 

3  .№9 -6 2 1990 

 4  .№11 -6 

 

2 

5  .№13 -1-2  2 

6  . №4 - -2 2 

7  .№6:  2 2005 

 8  .№8:  -6 

 

2 

9  .№12  2  2  2 

10  .№17:  5 2011 

 11  .№19 -6 2 

12  .№21 -6 

 

2 1989 

 13  .№25 2 
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14  .№18 2 

 
  1.2  

1 2 3 4 5 

15  .№22 -6 2 1989 

16  .№24 -6 

 

2 2011 

17  .№26 2 

18  .№28 -3-4 . -6 2 

19  1  6  -6 

 

2 

20  2  6  2 

     

 110     

1 - -339 -110 -25/1250 1 1 1990 

2 - -89 1 

3 -110 1 

4 -1 -110 1 

5 -2 -110 1 

6 - -314 1 

7 -1 -316 1 

 10     

1 .№3  1  -10/3150 1 1990 

2 .№7 -10/630 1 

3 .№9 1 

4 .№11 1 

5 .№17 - -10/630 1 1990 

6 .№19 - -10/630 1 

7 .№2 -10 -10/3150 1 

8 .№4 -10/630 1 
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9 .№6 1 

 
  1.2  

1 2 3 4 5 

10 .№8  1  

11 .№12  2 -10  -10/3150/31,5 1 1990 

 12 .№24 - -10/630 1 

 6     

1 .№3 -10/3150 1 1990 

2 .№7 - -10/630 1 

3 .№9 1 

4 .№11 1 

5 .№13 -1-2 -6  -10/3150 1 

6 .№4 - -2 - -10/630 1 

7 .№6 1 

8 .№8 1 

9 .№12  2  2 .-6  -10/3150 1 

10 .№17 - -10/630 1 

11 .№19 1 

12 .№21 1 

13 .№25 -10/3150 1 

14 .№18 1 

15 .№22 -10/630 1 

16 .№24 1 

17 .№26 1 

18 .№28 -3-4 -6  -10/3150 1 

     

1 -1 -10 -10-2500-0,25  1 1989 
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2 -2 -10 1 

  1.2 
1 2 3 4 5 

3 -1 -6 -10-2 2500 1  

4 -2 -6 1 

     

 110     

1 -1 -110 -110 3 2010 

2 -2 -110 3 

3 -1 -110 -110 1 

4 -2 -110 1 

 10     

1 -1 -10 -10 3 2010 

2 -2 -10 3 

3 - -1 .-10 -10 3 

4 - -2 .-10 3 

 6     

1 -1 -6 -6 3 2011 

2 -2 -6 3 

3 - -1 .-6 3 

4 - -2 .-6 3 

5 - -3 .-6 -6 3 2011 

6 - -4 .-6 3 

 

 
  1.3       110/10/6  

« ». 
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 1.3       
 

№ 
      

   

  
 

   
 

1 2 3 
 

1 
 
 
 
 
 
 

1 ,2  
 
 
 
 
 
 

1.   
 

2. -110 
 

3.      110  
 

4.    110   , 
 

 

5. ,   1  
 

6.    
 

7. -6   
 

8.  ,     
 6 ,    6  

 

9.    10 ,    
,      

10  
 

   
 

2 
 
 
 
 
 
 
 

-110   : -89 1÷5; -
314 1÷5; -316 1÷4; 6÷8; : 1÷4; 

:3,4,9,10  
 
 
 
 
 
 

1. 3-     
 

2. 4-       
 

 

3.       
 

4.  
 

5. -201 
 

6.   
  

 

7. 3-       
 

8. 2-      
   ( ) 

 

9.    
 

10. 3-      
  -  

 

3 -6,10  

1. -3 ,  
 

2.        
-10  

 

4 -0,4  
1.    

 

2.     
 

5  110  -110 
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  1.4      110    
. 

 

 

 1.4      110     
 

№      

1 2 3 4 

1 

1, 2 

 -35/1000 .01 
 

 
 

-60-110/800- 1 
 

 

 

  

 

 
    

2   

, ,  -10/6300-42,5 , 6 , 3  

, ,  -20/3150-12,5 , 10 ,3  
    

 
  1.5     . 

 

 1.5      
 

№    

  
   

1 2 3 4 5 

  
1  10 30   10  1  
2  10 30   10  2  
3 -70  110 24 1 -110 
4 24 2 -110 
5 24 -110 
6 18   110  2  
7 18   110  1  
8 18 -349 
9 6 -89 
10 6 -314 
11 6 -316 

  
1 -35-1000 10 9   1  

2  10 9   2  

3  6 45   1  

4  6 45   2  
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1.3 А    « А В » 

 

1.3.1    

 

 « »    I, II  

III .  

  – ,     

      ,   , 

  ,   

 ,   . 

  – ,    

    ,   , 

.     

       30 . 

  –   ,    

    .    

       . 

           

     . 

        

 .      

 ,        

   ,     

    (  )    

  .    « » ,   

 .     

40000/110/10/6    -4.     
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    9   1,778  .    

   . 

        6  10    

  .    .   

 -  ,       ,  

   100% .    

        

.        

      .       

,  ,      

     .   

   .      

.      

     ,       

. 

 ,   ,     

« »   . 

 

1.3.2   

 

          

       

   ,  21.12.2017 . 

   1.6        1 -

10 . 

 

 1.6–       1 -10  

, 
  " " 1 -10  

P, 
 

Q, 
 

S, 
 

1 2 3 4 5 6 
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 (21/12/2017 00:01:42)   (21/12/2017 00:01:42)      
1 684.631 132.423 1,11 0,17 1,12 
2 684,649 132,426 1,17 0,17 1,18 
3 684,669 132,429 1,32 0,19 1,33 
4 684,691 132,432 1,52 0,21 1,53 

 

  1.6 

1 2 3 4 5 6 
5 684,716 132,435 1,5 0,22 1,52 
6 684,741 132,439 1,6 0,22 1,62 
7 684,768 132,443 1,64 0,22 1,65 
8 684,795 132,446 1,58 0,22 1,60 
9 684,822 132,45 1,49 0,2 1,50 

10 684,846 132,453 1,48 0,2 1,49 
11 684,871 132,457 1,43 0,2 1,44 
12 684,895 132,46 1,43 0,19 1,44 
13 684,919 132,463 1,55 0,2 1,56 
14 684,945 132,467 1,63 0,21 1,64 
15 684,972 132,47 1,63 0,22 1,64 
16 684,999 132,474 1,6 0,22 1,62 
17 685,026 132,477 1,53 0,21 1,54 
18 685,051 132,481 1,5 0,2 1,51 
19 685,076 132,484 1,39 0,2 1,40 
20 685,099 132,488 1,34 0,2 1,35 
21 685,122 132,491 1,24 0,18 1,25 
22 685,142 132,494 1,18 0,19 1,20 
23 685,162 132,497 1,14 0,17 1,15 
24 685,181 132,5 1,13 0,17 1,14 

 

       

 Pmax =1,64 . 

  1.1       

   1 -10 . 
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 1.1 –         1 -10  

  1.7         

2 -10 . 

 

 1.7 –        2 -10  

, 
  " " 2 -10  

P, 
 

Q, 
 

S, 
 

1 2 3 4 5 6 

 (21/12/2017 00:01:26)   (21/12/2017 00:01:26)    
1 2087.497 624.640 2,24 0,7 2,35 
2 2087,534 624,652 2,39 0,68 2,48 
3 2087,574 624,663 3,01 0,77 3,11 
4 2087,624 624,676 3,4 0,81 3,50 
5 2087,681 624,689 3,18 0,74 3,26 
6 2087,734 624,702 3,11 0,71 3,19 
7 2087,786 624,713 3,12 0,71 3,20 
8 2087,838 624,725 3,16 0,73 3,24 
9 2087,891 624,738 3,14 0,7 3,22 

10 2087,943 624,749 3,04 0,71 3,12 
11 2087,994 624,761 3,03 0,72 3,11 
12 2088,044 624,773 3,07 0,71 3,15 
13 2088,095 624,785 3,32 0,76 3,41 
14 2088,151 624,798 3,88 0,94 3,99 
15 2088,215 624,813 4,05 0,93 4,16 
16 2088,283 624,829 3,95 0,83 4,04 
17 2088,349 624,843 3,85 0,82 3,94 
18 2088,413 624,856 3,75 0,81 3,84 

0 

0,2 

0,4 

0,6 

0,8 

1 

1,2 

1,4 

1,6 

1,8 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 

P, МВт 
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19 2088,475 624,87 3,37 0,78 3,46 
20 2088,531 624,883 3,07 0,75 3,16 
21 2088,583 624,895 2,63 0,71 2,72 
22 2088,626 624,907 2,47 0,76 2,58 
23 2088,667 624,92 2,48 0,82 2,61 
24 2088,709 624,933 2,48 0,8 2,61 

 

       

 Pmax =4,05 . 

  1.2       

   2 -10 . 

 

 

 

 1.2 –          2 -10  

 

  1.8        1 -

6 . 

 

 1.8 –        1 -6  

, 
  " " 1  -6  

P, 
 

Q, 
 

S, 
 

1 2 3 4 5 6 
 (21/12/2017 00:02:57)   (21/12/2017 00:02:57)      

1 940.845 644.736 1,1 0,77 1,34 

0 

0,5 

1 

1,5 

2 

2,5 

3 

3,5 

4 

4,5 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 

P, МВт 
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2 940,876 644,757 1,11 0,77 1,35 
3 940,906 644,779 1,11 0,77 1,35 
4 940,937 644,8 1,1 0,76 1,34 
5 940,968 644,821 1,1 0,76 1,34 
6 940,998 644,842 1,11 0,77 1,35 
7 941,029 644,864 1,11 0,76 1,35 
8 941,06 644,885 1,11 0,76 1,35 
9 941,09 644,906 1,1 0,76 1,34 

10 941,121 644,927 1,1 0,76 1,34 
11 941,152 644,948 1,11 0,77 1,35 
12 941,182 644,97 1,09 0,75 1,32 
13 941,213 644,99 1,09 0,75 1,32 
14 941,243 645,011 1,11 0,77 1,35 
15 941,274 645,033 1,11 0,76 1,35 

 

  1.8 

1 2 3 4 5 6 
16 941,305 645,054 1,1 0,76 1,34 
17 941,335 645,075 1,11 0,76 1,35 
18 941,366 645,096 1,1 0,76 1,34 
19 941,396 645,117 1,11 0,77 1,35 
20 941,427 645,138 1,09 0,76 1,33 
21 941,457 645,16 1,1 0,77 1,34 
22 941,488 645,181 1,09 0,78 1,34 
23 941,518 645,203 1,1 0,77 1,34 
24 941,549 645,224 1,1 0,77 1,34 

 

       

 Pmax =1,1 . 

  1.3       

   1 -6 . 

 



 

23 
 

    

 

 

 

 1.3 –         

  1 -6  

 

  1.9        2 -

6 . 

 

 1.9 –        2 -6  

, 
  " " 2  -6  

P, 
 

Q, 
 

S, 
 

1 2 3 4 5 6 
 (21/12/2017 00:02:57)   (21/12/2017 00:02:57)      

1 1099.850 775.489 1,26 1,04 1,63 
2 1099,885 775,518 1,26 1,03 1,63 
3 1099,92 775,546 1,26 1,03 1,63 
4 1099,955 775,575 1,27 1,02 1,63 
5 1099,99 775,603 1,26 1,02 1,62 
6 1100,025 775,632 1,32 1,15 1,75 
7 1100,062 775,664 1,31 1,11 1,72 
8 1100,098 775,695 1,26 1,02 1,62 
9 1100,133 775,723 1,25 1,02 1,61 

10 1100,168 775,751 1,25 1,02 1,61 
11 1100,203 775,78 1,25 1,02 1,61 
12 1100,237 775,808 1,25 1,03 1,62 
13 1100,272 775,837 1,27 1,04 1,64 
14 1100,307 775,866 1,31 1,15 1,74 

1,08 

1,085 

1,09 

1,095 

1,1 

1,105 

1,11 

1,115 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 

P, МВт 
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15 1100,343 775,898 1,27 1,04 1,64 
16 1100,379 775,927 1,25 1 1,60 
17 1100,413 775,954 1,25 1,02 1,61 
18 1100,448 775,983 1,25 1,01 1,61 
19 1100,483 776,011 1,25 1,02 1,61 
20 1100,518 776,039 1,24 1,02 1,61 
21 1100,552 776,067 1,24 1,04 1,62 
22 1100,587 776,096 1,29 1,17 1,74 
23 1100,623 776,128 1,26 1,09 1,67 
24 1100,658 776,159 1,23 1,02 1,60 

 

       

 Pmax =1,32 . 

  1.4       

   2 -6 . 

 

 

 

 1.4 –          2 -6  

 

  1.10       

  1 -10   1 -6 . 

 

 1.10 –         1  

, 
 

P, 
 

Q, 
 

S, 
 

1,18 

1,2 

1,22 

1,24 

1,26 

1,28 

1,3 

1,32 

1,34 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 

P, МВт 
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1 2 3 4 
1 2,21 0,94 2,47 
2 2,28 0,94 2,53 
3 2,43 0,96 2,68 
4 2,62 0,97 2,87 
5 2,6 0,98 2,85 
6 2,71 0,99 2,97 
7 2,75 0,98 3,00 
8 2,69 0,98 2,94 
9 2,59 0,96 2,84 

10 2,58 0,96 2,83 
11 2,54 0,97 2,79 
12 2,52 0,94 2,77 
13 2,64 0,95 2,89 
14 2,74 0,98 2,99 
15 2,74 0,98 2,99 

 

 

  1.10 

1 2 3 4 
16 2,7 0,98 2,95 
17 2,64 0,97 2,89 
18 2,6 0,96 2,85 
19 2,5 0,97 2,76 
20 2,43 0,96 2,68 
21 2,34 0,95 2,60 
22 2,27 0,97 2,54 
23 2,24 0,94 2,50 
24 2,23 0,94 2,49 

 

       

  Smax =3,0 A 

     1    
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  1.5       

    1 . 

 

 1.5 –       

     1  

 

         1 -

10 ,    1 -10     1 -6 . 

  1.11       

  2  

 

 1.11 –         2  

, 
 

P, 
 

Q, 
 

S, 
 

1 2 3 4 
1 3,5 1,74 3,98 
2 3,65 1,71 4,11 
3 4,27 1,8 4,73 
4 4,67 1,83 5,12 
5 4,44 1,76 4,89 
6 4,43 1,86 4,94 
7 4,43 1,82 4,92 
8 4,42 1,75 4,86 
9 4,39 1,72 4,83 

10 4,29 1,73 4,74 
11 4,28 1,74 4,73 

0 

0,5 

1 

1,5 

2 

2,5 

3 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 

P, МВт 
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12 4,32 1,74 4,77 
13 4,59 1,8 5,05 
14 5,19 2,09 5,74 
15 5,32 1,97 5,80 
16 5,2 1,83 5,64 
17 5,1 1,84 5,55 
18 5 1,82 5,44 
19 4,62 1,8 5,07 
20 4,31 1,77 4,77 
21 3,87 1,75 4,34 
22 3,76 1,93 4,33 
23 3,74 1,91 4,28 
24 3,71 1,82 4,20 

 

       

  Smax =5,8 A 

    2     2.1 

:                                                                                                                        
  1.6       

    2  

 

 

 

 

 1.6 –       

0 

1 

2 

3 

4 

5 

6 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 

P, МВт 
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     2  

 

      1  – 7,5%, 2 -14,5% 

       . 

 

 

 

 

 

 

 

 

 

 

1.3.3    

 

 60%      

,      ,  

    « » 110/10/6   

       ,  

   . 

       ; 

      6   10   

        

   ,       

     ,  

     , ,  

 ,   . 
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2   110/10/6 В « А В » 

 

      1.3.2 , 

        

 ,      .   

       

    . 

 

2.1      

 

        

   1,  1.6-1.11. 
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L1 L2

1 2

м=1,64 МВт

м=1,11 МВт
6кВ

10кВ

м=4,05 МВт

м=1,32 МВт
 

 2.1 –    

 

   1   2  . 

         1.32 

  ,    

         

: 

 Smax =3,0+5,8 = 8,8 A 

 

,  

                                                                                                                                                                                                                    
 

   -10000/110/10/6,    2.6 [13]  – 

;    ;      . 

 

 2.1 –   
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-
10000/110 

10 115 11 6,6 76 17 10,5 17,5 6,5 1,0 

 

 

2.2      

 

      -

10000/110    2.11: 

 

                                          

                                                                                         
 

     -   ;     ,     ,     -  -   ;                                  -   . 

 :                            

                                                                   

                                      

 

        

  -40000/110   2.11: 
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       -

40000    -10000,   ,     -

10000  . 

 

 

2.3        

 

      (2.1): 

                                                                                                                             
 

    –   , ;    -  , . 

                         

                         

 

  : 

                                                                                                                         
                      

           



 

33 
 

    

 

                     

 

L1 L2

1 2

6,3кВ

10,5кВ

115кВ

Э

Q1

КЗ

К2

Q2

К1

Э

1 2

1

2

К4 К6

К5

 

 2.2 –                      
  -89  - :             
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