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ABSTRACT 
 

The final qualifying work on the topic “Reconstruction of 10 kV switchgear 
10 kV of the substation «KSK» using digitalization elements” contains 70 pages, 5 
figures, 9 tables, 25 literature sources, a 3 sheet of graphic material. 

RECONSTRUCTION, RELAY PROTECTION, SWITCH, SHORT-
CIRCUIT CURRENTS, SETPOINT, ACS TP, AUTOMATED SYSTEM OF 
COMMERCIAL ELECTRICITY METERING. 

The object of the study is the substation "KSK" 110/35/10 kV. 
The purpose of the study is a calculation and analytical project for the 

reconstruction of the substation 110/35/10 KSK. 
The purpose of the work is the recalculation of relay protection and 

automation systems of 10kV indoor switchgear because of reconstruction. 
The tasks of the final qualifying work: 
– Calculation of short circuit currents for indoor switchgear 10 kV; 
– The choice of species and type of production of relay protection devices; 
– Calculation of relay protection; 
– Local cost estimate. 
As a result of the study, it was revealed: selected terminals of 

microprocessor relay protection and automation devices; calculated protection 
settings; increasing the reliability of power supply to consumers and the service 
life of electrical equipment. 
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1.   110/35/10   
 
1.1. щ   

 
 « »    , . , . 

, 6 .      1963 .  
 ,     11,83 . 

       1. 
 

 1 –     
№ 
/  

 
 

   
 

1  – 26 – 16    10  
2  – 26 – 17    10  
3  – 26 – 18    2  10  
4  – 26 – 19   – 3  2  10  
5  – 26 – 22    10  
6  – 26 – 24    10  
7  – 26 – 25    1  10  
8  – 26 – 26   – 3  1  10  
9  – 26 – 27    2  10  

10  – 26 – 28   – 3   2  10  
11  – 26 – 29    2  10  
12  – 26 – 30   2  10  
13  – 26 – 31    1  10  
14  – 26 – 32      2  10  
15  – 26 – 34    2  10  
16  35  – 

 
 (  – 4), 

(  – 3) 

 1, 2  35  
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1.2    
 

  « » 3    :  – 10,  – 35, 
 – 110   – 10 – 2 – 20 . 

   : 
1 , 2 :  – 31500/100  110/35/10    2 

,   1967/1969 . 
      

. 
 – 1:  – 100/10; 

10/0,23   100 ,   1 .,   1969 .; 
 – 2:  – 160/10; 

10/0,23   160 ,   1 .,   1970 .; 
 : 10  – 5 .; 35  – 6 .; 

1  1, 2 . – 10 :  – 10 – 2 II,   2 ., 
  2005 .;   

2  1, 2 . – 10 :  – 10,   3 .,   
1963 .; 

 – 1 . – 35 :  – 35 – 54,   3 .,   
1962, 1964  1959 .; 

 – 2 . – 35 :  – 35 – 65 1,   3 ., 
  2005 ; 

 : 10  – 43 ., 35  – 6 ., 110  – 3 .; 
 – 10, 1 .:  – 10,   8 .,   2005 .; 
 – 10, 1 .:  – 10 ,   4 .,   2005 

.; 
 – 10, 1 .:  – 10,   3 .,   2005 .; 
 – 10, 1 .:  – 10,   2 .,   2005 .; 
 – 10, 2 .:  – 10,   8 .,   2005 .; 
 – 10, 2 .:  – 10,   14 .,   2005 .; 
 – 10, 2 .:  – 10,   2 .,   1965 .; 
 – 10, 2 .:  – 10,   2 .,   2005 .; 
  – 1 , 2  – 35:  – 35 II 1,   6 .,  

 2005 .; 
 2  – 110:  – 110 ,   3 .,   1963 .; 

 : 10  – 19 ., 35  – 5 . 
 – 10, 1 .:  – 133 II,   5 .,   1963  

1965 .; 
 – 10, 1 .:  – 10,   1 .,   1967 .; 
 – 10, 1 .:  – 10,   1 .,   1989 .; 
 – 10, 2 .:  – 133 II,   5 .,   1963, 

1964  1965 .; 
 – 10, 2 .:  – 10,   5 .,   1979, 

1984  1989 .; 



11 
 

 – 10, 2 .:  – 10,   2 .,   1963  1969 
.; 

 – 10, 2 .:  –TEL – 10,   1 .,   2005 .; 
 1  – 35,  2  – 35,   – 4,   – 3,  – 35,   5 ., 

  1964, 1969  1960 .; 
: 10  – 8 .; 35  – 12 .; 110  – 4 .; 

 – 1 , 2  – 35:  – 2 – 35/600,   – 35 ,   2 
.,   1962 .; 

 – 1 , 2  – 35:  – 1  – 35/600,   – 35 ,  
 2 .,   1962 .; 

   – 1, 2 . – 35:  – 2 – 35/600,   – 35 ,  
 2 .,   1964 .; 

  – 1, 2 . – 35:  – 1 – 35/600,   – 35 ,  
 2 .,   1963 .; 

  – 4,  – 3:  – 2 – 35/600,   – 35 ,   2 
.,   1964 .; 

  – 4,  – 3:  – 2 – 35/600,   – 35 ,   2 
.,   1963 .; 

  – 90,   – 339:  – 2 – 110/600,   – 200 ,  
 2 .,   1962 .; 

  – 90,   – 339:  – 1 – 110/600,   – 200 ,  
 2 .,   1962 .; 

 110 ,   2 . 
 – 1 , 2  – 110:  – 110/600,   1965  1964 . 

 110 ,   2 . 
 – 1 , 2  – 110:  – 110,   1964 . 

 :     
 – 1 , 2  – 110:  – 110  II 1,   – 110,  
 2 .,   1962 .; 

 :  – 110,   4 .;  – 
35,   2 .;  – 10,   2 .;  – 35,   6 

.;  – 10,   6 . 
       2. 

 
 2 –     

№ /       
1   10  ,  – 1  
2   35   – ,  
3  – 1 – 31,5,  – 2 – 31,5 ,   

,  . 110, 10 
,  110,  –  – 110, 
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      3. 
 

 3 –    
№ /      

1  – 10   – 10  . 
2  – 10    
3  – 35   
4  – 35    2 –   
5  – 10  – 1 – 31,5,  – 10  – 2 – 31,5   

  
   110       

 4. 
 

 4 –    110     
№ /       

1  – 1 – 31,5   – 110/600 . 195.0 
2  – 1 – 31,5   – 110/600 . 195.0 
3  – 1 – 31,5   – 110/600 . 195.0 
4  – 2 – 31,5  /0 – 15 110 – 630 1 
5  – 2 – 31,5   – 110/600 . 195.0 
6  – 2 – 31,5   – 110/600 . 195.0 

 

 . 
 ,     – 110; 

 :   – 89,   – 89,   – 90,   – 90,  – 1 , 
2  – 110,  – 1 , 2  – 110. 
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1.3    
 

 « »    II  
III ,       . 

       
  .   « » ,  

 .      
  31500/110.     

   ± 16%  .  
      35   10   

   .    . 
  « »   «   –   

 ».   -  ,     
  ,     

.         
   .      

   ,    
       .  

   .     
      .     
  . 
  ,    

« »   ,   . 
 100%     , 
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2.   10   110/35/10 . 
 

     «  
»  -  ,        

    10    
   ,   -   

      10 . 
   ( )   

 ,  . . , ,  
  , , , 
  ,  , 

   . . 
       

(  . 26-29/10 )   10 ,     
        

     110/35/10   
 10 . 

      
    . 

 
  ,     

(   )    , 
    , 
  –   

  , ,    . . 
   : 

1.       
 10       , 

 , , , ,    
    10    

   ( ); 
2.       ,  

   (    
)   , 
    -    

       
        

61850 (  61850 –   «    
 »     

    ) [3]; 
3.       

        
; 

4.      ( ) 
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    ; 
5.    10     

 ,     
    -   

    ; 
6.      , 

     
       

      
 ; 

7.      SNMP,  
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2.1   . 
 

 -   ,    
  ,  , ,  

      .  
 

   [3]  [4]      
 ,  ,    . 

    ( )      
       : 

2.1.1 C  :  ,  
  , ,   . .  ,  

    ; 
2.1.2  :  ,  

,      
  ,  .  

    ,   
, . .       

.      
    30 ; 

2.1.3  :    , 
   .   ,  

    ,  
     ; 

2.1.4  :    
.      
 ,         

 ,    
   .  

       
,        

   .    
       

,       
. 

 
  : 

         
       

  ; 
         

     ; 
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     . 
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  ,  ё   

 ; 
      

   ; 
        

; 
    ; 
       

; 
   ; 
     ; 
       ; 
   ; 
      ; 
     

. 
 

     : 
      

; 
       ,     

  61850; 
  ; 
   . 

 
 –        

  ,    , 
       

     . 
      
       

   ,  
     .   

    ,    
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18 
 

   [10]  [11]    
     ,   ё 
   . 

 : 
    , ,  

,  ; 
      

        
  -     , 

       
 , ,   
 . 

    .      
  ,    .     

       . 
 4.0    -     10  Hi-

Tech     2020 ,   
 -    . 

 4.0    -    
        

         
   ,      

, Industrial Internet of Things  . 
      

     
     . ,  2024  

: 
2.1.1.     

     
  5%; 

2.1.2.     
     5%   

   ; 
2.1.3.      

,    , –  
20%; 

2.1.4.      
; 

2.1.5.       
  ,  ,  

        
    . 
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   -      
   . 

 ,    . 
        

  ,      
  . 

      
: 

1.  ,   0   1  
,      

 ; 
2.   ,    

  ,   . ; 
3.      -

        
 ,      

  . 
    ,   

  : 
1.  ,     

  ; 
2.     ; 
3.        . 

 
      :    

  , ,  , ,  
, , .     

   ,   ,  
,  3D- ,    , 

,  ,  .  
 

    
        

 :      ,    
,   80    

  .      
,      . 

          
 . ,  2013    

«   »    
      

 Smart Grid. 
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Smart Grid –       
      .    

: 
1.        

; 
2.        

; 
3.    ; 
4.      

. 
          
       

 . 
  ,     

, .  
 

 : 
1.    –     

  ,   ,   
   .  

2.      , 
     .  

3.     - , 
   ,    . 

4.  .      
 , ,  ,  
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 :  
1. -   ,     .  
2.   .      

,     .  
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3.        
 

 

 1 –    « » 

  -90: L1 = 20  
  -339: L2 = 1,69  
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 2 –    « » 

  :              –  ;           ;          ;           –   
. 

 
    :  

                                                                                                             (3.1) 

                          
                                                                                                             (3.2) 

                           
                                                                                                             (3.3) 

                           
 

      : 
 1: 
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                                                                                                                 (3.4) 

                             

 
: 

                                                                                                         (3.5) 

                          

 
: 

                                                                    (3.6) 
                      
 

        
                                                                     (3.7) 
                     
                                                                                                      (3.8) 

                             

                                                                                                      (3.9) 

                            

 
   :   Q1  Q2 ,  2, 

4, 6  8 –  . 
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 3 –    
 

     3: 
                                                                                       (3.10) 

                                   
 

 2: 
                                                                                                               (3.11) 

                              
 

: 
                                                                                                       (3.12) 
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                                                                  (3.14) 
                     
                                                                                                    (3.15) 

                             

                                                                                                    (3.16) 

                            

 
  :   Q1  Q2 ,  2, 4, 6 

 8 –  . 

 

 4 –    
 

     6: 
                                                                                       (3.17) 
                                   
 

    . 
 

    3: 
                                                                                                                (3.18) 
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    6: 

                                                                                                                  

(3.19) 
                           

 
 
 
 

 

4.     
 

     :  
–   :   
          ;                                                                                                

(4.1) 
 
–         

  :  
 
                 ,                                                                                      

(4.2) 
 

  U , I  –   ; k – , 
       (  

,       4,1 = k).  
     :  

–      :    
          ;                  

(4.3) 
          ,                                                                                                   

(4.5) 
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     I 0 iy –       (  t 

= 0)    (  t = 0,01c)  ,    
; I , I .  –      

    (  ). 
    ,    

    t . .,      
   :   

               ,                                                                                         
(4.6) 

 
     t .min –       

 0,01 ,       I t  
    ; t –    

 (     ).  
      

:  
1.        

 
 
              ,                                                                                           

(4.7) 
 

     I .  –     .  
2.     

      .       ,  
     

 
  β ≤β .                

(4.8) 
 

 β     
 

                 ;                                                                                       

(4.9) 
   

                 ,                                                                                 
(4.10) 

  
    a –   .  
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 -     
 I      t . 

          .                                                                                              
(4.11) 

  
    : 

 
                 ,                                                                           (4.12) 
 

    t  = t .  + t , t .  –    ; t  –   
 .  

,       
  U ,    I ,   

       . 
       .  

      :  
                                                                                                     

(4.13) 
   

     U , I   
   I 0 ≤ I . .  

       ,   
 .  

  -10      
    , 

        
   50 .   

     
  -11, -14. 

   - - 3-10   
        

        
( )     ( )  -63, -59 

       10   
   50 .  

      
       ,  

         
 ,     

   - - -10-31,5/3150  
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  ( )  -63  .    
10      50 .  

      
       ,  

         
 ,    . 

 
       

      ,    
     : 

 I 0 –     
  ; 

 I t –    ; 
 Iaτ –    ; 
 I  –  ; 
  –  . 
 

     . 20-07. 
     

  : 
                                                                                                                (4.14) 

 

                –  , ;    –  , · ;         – 

   , ;       –   
  , . . 

     : 
                                                                                                      

(4.15) 
 

                    
 

        ,   
     ([2] -  

   ,  . . , . 110-111). 
            6 

-10 .  = 0,01 ,           
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    : 
                                                                                                  (4.16) 
 

 ,      , 
       

.   : 
                                                                                                     

(4.17) 
                                   

                                                
 

      : 
                                                                                                           

(4.18) 
 

       
                              ⁄    

             ⁄  
                              

 
     

 I t        . 
         

        
     . 

      
   . 

 
             ⁄   ,      ,  
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 5 –    

№ /     
 

    

1 - - -10-31,5-1600 ( . 
20-07) 

     10      8,43                      8,43                        
 
 

U  = 10  
I  = 1600  
I .  = 31,5                                                       

I  = 31,5  
i  = 80                              

U  ≤ U  

I   ≤ I            
i l  ≤ i             

2 - - -10-31,5-1600 ( . 
20-09) 

     10      8,43                      8,43                        
 

U  = 10  
I  = 1600  
I .  = 31,5                                                       

I  = 31,5  
i  = 80                              

U  ≤ U  

I   ≤ I            
i l  ≤ i             
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  1 

3 - - -10-31,5-1600 ( . 
20-13) 

     10      8,43                      8,43                        
 

U  = 10  
I  = 1600  
I .  = 31,5                                                       

I  = 31,5  
i  = 80                              

U  ≤ U  

I   ≤ I            
i l  ≤ i             

4 - - -10-31,5-1600 ( . 
20-15) 

     10      8,43                      8,43                        
 

U  = 10  
I  = 1600  
I .  = 31,5                                                       

I  = 31,5  
i  = 80                              

U  ≤ U  

I   ≤ I            
i l  ≤ i             
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  1 

5 - - -10-31,5-1600 ( . 
20-17) 

     10      8,43                      8,43                        
 

U  = 10  
I  = 1600  
I .  = 31,5                                                       

I  = 31,5  
i  = 80                              

U  ≤ U  

I   ≤ I            
i l  ≤ i             

6 - - -10-31,5-1600 ( . 
20-27) 

     10      8,43                      8,43                        
 

U  = 10  
I  = 1600  
I .  = 31,5                                                       

I  = 31,5  
i  = 80                              

U  ≤ U  

I   ≤ I            
i l  ≤ i             
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  1 

7 - - -10-31,5-1600 ( . 
20-29) 

     10      8,43                      8,43                        
 

U  = 10  
I  = 1600  
I .  = 31,5                                                       

I  = 31,5  
i  = 80                              

U  ≤ U  

I   ≤ I            
i l  ≤ i             

8 - - -10-31,5-1600 ( . 
20-31) 

     10      8,43                      8,43                        
 

U  = 10  
I  = 1600  
I .  = 31,5                                                       

I  = 31,5  
i  = 80                              

U  ≤ U  

I   ≤ I            
i l  ≤ i             
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  1 

9 - - -10-31,5-1600 ( . 
20-33) 

     10      8,43                      8,43                        
 

U  = 10  
I  = 1600  
I .  = 31,5                                                       

I  = 31,5  
i  = 80                              

U  ≤ U  

I   ≤ I            
i l  ≤ i             

10 - - -10-31,5-1600 ( . 
20-35) 

     10      8,43                      8,43                        
 

U  = 10  
I  = 1600  
I .  = 31,5                                                       

I  = 31,5  
i  = 80                              

U  ≤ U  

I   ≤ I            
i l  ≤ i             
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  1 

11 - - -10-31,5/3150 ( -
1 ) 

     10      8,89                       8,89                        
 

U  = 10  
I  = 3150  
I .  = 31,5                                                       

I  = 31,5  
i  = 128                              

U  ≤ U  

I   ≤ I            
i l  ≤ i             

12 - - -10-31,5-1600 ( . 
20-11) 

     10      8,43                      8,43                        
 

U  = 10  
I  = 1600  
I .  = 31,5                                                       

I  = 31,5  
i  = 80                              

U  ≤ U  

I   ≤ I            
i l  ≤ i             
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  1 

13 - - -10-31,5-1600 ( . 
20-08) 

     10      8,43                      8,43                        
 

U  = 10  
I  = 1600  
I .  = 31,5                                                       

I  = 31,5  
i  = 80                              

U  ≤ U  

I   ≤ I            
i l  ≤ i             

14 - - -10-31,5-1600 ( . 
20-10) 

     10      8,43                      8,43                        
 

U  = 10  
I  = 1600  
I .  = 31,5                                                       

I  = 31,5  
i  = 80                              

U  ≤ U  

I   ≤ I            
i l  ≤ i             
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  1 

15 - - -10-31,5-1600 ( . 
20-14) 

     10      8,43                      8,43                        
 

U  = 10  
I  = 1600  
I .  = 31,5                                                       

I  = 31,5  
i  = 80                              

U  ≤ U  

I   ≤ I            
i l  ≤ i             

16 - - -10-31,5-1600 ( . 
20-18) 

     10      8,43                      8,43                        
 

U  = 10  
I  = 1600  
I .  = 31,5                                                       

I  = 31,5  
i  = 80                              

U  ≤ U  

I   ≤ I            
i l  ≤ i             
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  1 

17 - - -10-31,5-1600 ( . 
20-24) 

     10      8,43                      8,43                        
 

U  = 10  
I  = 1600  
I .  = 31,5                                                       

I  = 31,5  
i  = 80                              

U  ≤ U  

I   ≤ I            
i l  ≤ i             

18 - - -10-31,5-1600 ( . 
20-28) 

     10      8,43                      8,43                        
 

U  = 10  
I  = 1600  
I .  = 31,5                                                       

I  = 31,5  
i  = 80                              

U  ≤ U  

I   ≤ I            
i l  ≤ i             
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  1 

19 - - -10-31,5-1600 ( . 
20-30) 

     10      8,43                      8,43                        
 

U  = 10  
I  = 1600  
I .  = 31,5                                                       

I  = 31,5  
i  = 80                              

U  ≤ U  

I   ≤ I            
i l  ≤ i             

20 - - -10-31,5-1600 ( . 
20-32) 

     10      8,43                      8,43                        
 

U  = 10  
I  = 1600  
I .  = 31,5                                                       

I  = 31,5  
i  = 80                              

U  ≤ U  

I   ≤ I            
i l  ≤ i             
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  1 

21 - - -10-31,5/3150 ( -
2 ) 

     10      8,89                       8,89                        
 

U  = 10  
I  = 3150  
I .  = 31,5                                                       

I  = 31,5  
i  = 128                              

U  ≤ U  

I   ≤ I            
i l  ≤ i             

22 - - -10-31,5-1600 ( . 
20-16) 

     10      8,43                      8,43                        
 

U  = 10  
I  = 1600  
I .  = 31,5                                                       

I  = 31,5  
i  = 80                              

U  ≤ U  

I   ≤ I            
i l  ≤ i             
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  1 

23 - - -10-31,5/3150 ( -
10 1-2 ) 

     10      8,89                       8,89                        
 

U  = 10  
I  = 3150  
I .  = 31,5                                                       

I  = 31,5  
i  = 128                              

U  ≤ U  

I   ≤ I            
i l  ≤ i             

24 - - -10-31,5-1600 ( . 
26-29) 

     10      8,43                      8,43                        
 

U  = 10  
I  = 1600  
I .  = 31,5                                                       

I  = 31,5  
i  = 80                              

U  ≤ U  

I   ≤ I            
i l  ≤ i             
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5.  щ . 
 

  110/35/10        
 6: 

 
 6 –    110    

№     
   

   

№1 (  -1 -10) -  -10  1963  

№2 ( -1 -10) -  -10  1963  

№3 ( .26-03) -85  -10  1963  

№4 (1 -10 1 .) -85  -10  1963  

№5 (2 -10 1 .) -85  -10  1963  

№7 ( -10) -85  -10  1963  

№8 (  -10)    -10  1963  
№9 (1 -10, 2 -10 
2 .)    -10  1963  

№10 ( ) -85  -10  1963  

№11 (  -2 -10) -  -10  1963  

№12 ( -2 -10) -  -10  1963  

№15/14 ( ) -85  -10  1963  

№17/16 ( ) -85  -10  1963  

№18 ( .26-18) -85  -10  1963  

№19 ( .26-19) -85  -10  1963  

№22/21 ( ) -85  -10  1963  

№24/23 ( ) -85  -10  1963  

№25 ( .26-25) -85  -10  1963  

№26 ( .26-26) -85  -10  1963  

№26 ( .26-27)   -10  1963  

№28 ( .26-28) -85  -10  1963  

№29 ( .26-29) -85  -10  1963  

№30 ( .26-30) -85  -10  1963  

№31 ( .26-31) -85  -10  1963  

№32 ( .26-32) -85  -10  1963  

№34 ( .26-34) -2   -10  2013  

 

    : -85,    – 2 .   
-85        . 
    .    

        150 ,   
    4    4     1,5    

50 . 
        

  .        
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:   ,   ,  
  ,  « »  

    . 
       
    -67, -67 .  

     .   
   5-35 .    

         +/-10%.  
     4%. 

      
.          

       0  4 ., 
     0,2 . 

 « -2- »     
 , ,     

 3–35 . 
 : 

1.     ( )  
        

; 
2.         

 ; 
3.       ( ); 
4.       ( )   

 ; 
5.          

; 
6.         

.  ,  : 
7.        

      ; 
8.    , , , 

     ; 
9.       ; -

-   ; 
10.      . 
 ,    ,   

 ,       1963 
.          ,  
   .  
 

 ,    , 
    ,  : 
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1.      ,  
     

 ( ,   .); 
2.      

    , 
, ,   

      
       

; 
3.      

       
 ; 

4.      
   ,   

; 
5.     , 

  , ,   
 . .   ( , , )  

      
; 

6.       ( ) 
  ,    
       

; 
7.      (  

,     ); 
8.     , 

   ; 
9.        

  . 
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5.1.    щ  

   10     
.          

 ( ),         
 ( ).  ,   ,  

   ( ).     
.      
  -      

 . ,     – 
     ,   .  
   « »      

  ( , )     
.     ,  

      .   
      

 . 

    –    ( ) –  
    .     
        

    .    
  : 

max.2. . IкКI    ,                             (5.1)    

    -  ,     1,1…1,2. 
 I 2.  –        

, . 
     : 

Tn

К хI
I


 . .

C.              (5.2) 

       
     . 

     
,     : 

. .
min1

87,0.
I

IkКч  .                      (5.3) 

 ,   : 
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5,1Кч  

    : 

.,. ., II   (5.4) 

        
. 

    –     
( ) –       ,    

,        
      .  

      : 

         
 ; 

      
 ; 

      
         . 

     ,  
    : 

.. IК з
К
К

I     ,              (5.5)    

     -    ,   
  ,  = 1,1…1,2; 

 -  ,  = 0,95…0,98;  

 -   ,   
  I .      , 
        

.     = 1,1…1,3. 

      I .  

    ,     
   .   ,  

       . 
,         

 .  
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       , 
       : 

   .. .. . IIКI  ,         (5.6)   

      –   ,  = 1,1; 

. .I  -       
 ,    , ; 

  .I  -       
  ,    ,   

  , . 
         

(5), (6). 

     : 

Tn

К хI
I


 .

C. ,                                           (5.7) 

     I .  –    ( ), ; 

n  –    ; 

 –     ,  
       = 1     

   = 3 . 

       
     . 

  ,   ( )   
      ( )  , 

     .  

      
            

.     
  : 

(5.8) 
(5.9) 

 

. .
min1

87,0.
I

IkКч 

.
. .
min2

87,0.
I

IkКч 
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   . , .  –      
   . 

 ,   : 

5,1. Кч ,            (5.10) 

2,1. Кч .                                        (5.11) 

       
        

        . 
       ,  
    : 

ttt  . .. .  ,                                      (5.12) 

    ∆t –  . ∆t = 0,2 ; 

 ∆t      (0,04…0,11 
),    (0,04 ),     
   (4...6%)    (0,05…0,1 ). 

 ,        
        
  ,       (  

).  

    ,  ,   
       

   ,   ,  
,  . .        

,    . 

    , ,    
        

 (   ): 

          
(5.13) 

 

 U  –   , , 
L  –   , . 

        
         ,  , 

I
350

U L
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 tc. .       :  

1)       
 iI        

: 

0 . .I I            (5.14) 

 = 1,2…1,3 —  ,   
 ,  iI   ;  

  =1.2…2.5 – ,    
 I     ;  

2)         

         3: 

0 . . .maxI I                     (5.15) 

  = 1,25     1,5…2 (   
   I .max)   

   ;  

I .max -   , . 

 

5.2. щ   10  

       
  ,      

     «26-03»,     – 85. 

  : 

  I .  = 14 , Ik2max = 16,32 A; 

    : 

 (5.9)  : 
                                         

 
  (5.3)   : 
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      I . .  = 1,8 ,    
. 
      : 

                        
 

     : 
 (5.1)  : 

                                                 
 

  (5.3)   : 
                                   

 
      I . .  = 3 ,    

. 
      : 

                              
 
    t  = 0,4 . 

        : 
  (5.13)    , , 

,  : 
                              

 
  (5.14)   : 

                                       
 

   : 
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      I . .  = 0,05 ,    
. 
      : 

                                   
 

    t  = 10 . 
 

5.2.1.   
 

      
         

 .     ,  
      . 

         
  2502 0102     

  ,     -   
   .      

     . 
 ,      0.15 – 0.3 .,  

   . 
     : 

                               
 

  : 
                              

 
        

 7.  
 

 7 –      10  

№ 
/   

      
Ic. ., 

 
Ic. ., 

 
t . ., 

 
Ic. ., 

 
Ic. ., 

 
t . ., 

 
Ic. ., 

 
Ic. ., 

 
t . ., 

 
1 2 3 4 5 6 7 8 9 10 11 
1 -1 -10 17,952 1,795 0,1 28,87 2,88 1 6 0,6 0,2 
2 -1 -10 17,952 1,795 0,1 28,87 2,88 1 6 0,6 0,2 
3 .26-03 17,952 1,795 0,1 28,87 2,88 1 6 0,6 0,2 
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  7 

4 1 -10 1 
 

17,952 1,795 
0,1 

28,87 2,88 
1 

6 0,6 
0,2 

5 2 -10 1 
 

17,952 1,795 
0,1 

28,87 2,88 
1 

6 0,6 
0,2 

6 -10 17,952 1,795 0,1 28,87 2,88 1 6 0,6 0,2 
7  -10 18,931 1,839 0,1 28,87 2,88 1 6 0,6 0,2 
8 1 -10, 

2 -10 2 
 

17,952 1,795 
0,1 

28,87 2,88 
1 

6 0,6 
0,2 

9  -2 -
10 

18,931 1,839 
0,1 

28,87 2,88 
1 

6 0,6 
0,2 

10 . 26-18 17,952 1,795 0,1 28,87 2,88 1 6 0,6 0,2 
11 . 26-19 17,952 1,795 0,1 28,87 2,88 1 6 0,6 0,2 
12 . 26-25 17,952 1,795 0,1 28,87 2,88 1 6 0,6 0,2 
13 . 26-26 17,952 1,795 0,1 28,87 2,88 1 6 0,6 0,2 
14 . 26-27 17,952 1,795 0,1 28,87 2,88 1 6 0,6 0,2 
15 . 26-28 17,952 1,795 0,1 28,87 2,88 1 6 0,6 0,2 
16 . 26-29 17,952 1,795 0,1 28,87 2,88 1 6 0,6 0,2 
17 . 26-30 17,952 1,795 0,1 28,87 2,88 1 6 0,6 0,2 
18 . 26-31 17,952 1,795 0,1 28,87 2,88 1 6 0,6 0,2 
19 . 26-32 17,952 1,795 0,1 28,87 2,88 1 6 0,6 0,2 
20 . 26-34 17,952 1,795 0,1 28,87 2,88 1 6 0,6 0,2 
21 -2 -10 18,931 1,839 0,1 28,87 2,88 1 6 0,6 0,2 
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6.     « ». 
 

 —   ,     
    ,   ,  

  110/35/10 « ».       
: 
1.   ;  
2.     ;  
3.      . 

  -      
 .       

  ,   ,  
   .  

  —    ,   
   .        

. 
    .    

    .     
 ,  ,      .  - 

    .     
   .    -   

 .  
         

 :  
1.    ,     

   ,   01.01.2000 .;  
2.   ,    ,   

 .  
 

     8. 
 

      -
 ,        

 : 
                ,                                                                              (6.1) 
 

          –    -     
  ,   ; 

     –    ; 
     –    ,  -

 ;  ,  , 
   .      
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 -       
 ,     : 

                ,                                                                                (6.2)  
   

        –  ,   , , 
,       ;    –  ,   -

 ;     –  ,  ,    
.     

   -   : 
                 ,                                                                                  (6.3)    
 

          –      ;     –       ;      –   ,    
-  .  

   -    
        

: 
 
     ∑            

,                                                                                       (6.4)    
 

       –  -   i-  ;     –  ( )   -  ; 
i=1…I –     .  

         
 : 

                                                 65,760 . .  
  :  

                       25,920 . .         
                          39,840 .  .      

 
     2020 .  

  2000 .    : 
   = 4,81; 
   = 4,039. 

  
 ё        

 .     
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  : 
                                        ,                                  (6.5)   

           
 = 25,920 · 4,039 · 0,95 = 99,456 .     

 
          –     ;     –         

 2000 .;    –   ,    
– 0,95.    

      
       .  

       
    : 

                                       

,                                           (6.6)   
  

 = 118,181· 0,65 = 76,817 . .    
 

          –      ;     –         
   2000 .; 

k  –   ,    – 
0,65.    
 

        
-  .   

        
  :   ;  

  .    
  

      . .   τ: 
                                                                                                            (6.7)    
 

       –      2000 .;     –        τ: 
      = 39,840 · 4,81 = 191,630 .      
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      : 
                                                                                         (6.8)    
 

      –       2000 .;      –         
τ.    

 
 = 25,920 · 4,039 = 104,690 .     

 
       
 (6.7)  (6.8) .      

 
  .    

       
      ,  

, -      
: 

                                 ,                                            (6.9)  
   

          –   ;     –     ;     –  ;      –   ;     – -  .    
   ,   

 ,      
      : 

 
   

           ,                                                                                            (6.10)   
  

     
           ,                                                                                          (6.11)  
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           ,                                                                                         (6.12) 
    

      
           ,                                                                                           (6.13) 
    

   
             ,                                                                                        (6.14)   

-   
           ,                                                                                         (6.15)    
 

         = 0,02 – ,   ;     – ,      , 
    0,015;     = 0,03 –  ;     = 0,05 – -  ;      = 0,005 – ,    ;     = 0,012 – ,  -  

; 
0 –     . 

                   ,                                                                               (6.16)    
 

.  = 5,250+ 39,840 = 45,090 . . 
      

  ,   .     
  ,     

 : 
                                                                                      (6.17)   
 

        –     ,   
;     –  ;      –     ; 
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 - -  .    
 

 = 39,840+1,195+0,597+0,478 =42,110 . .      
 

   .     
    -  

          
    -    

 .  
         

  : 
                                                                                                            (6.18)    
 

     –   ,    
       .    

        
  . 
       , 
   II  81-05-02-2001     

      ,    
: 

 
=472,593 ·0,0203 =9,593 . .      

                                                           
          
       : 

                                                                                                      (6.19)  
     

       –      ;     – ,     
,        

0,15.    
 

 = 104,690 · 0,15 = 15,703 . .      
 

    ,    
     3%   -  

,      31.05.2000  №20.  
        
 : 
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                                                                                                        (6.20)   
  

      – ,    
      
.    

 
 = 472,593 · 0,03 = 14,177 . .     

  
 ,       

   .       
     -  

  : 
                                                                                                        (6.21)   
  

        –  ,       
   .    

 
 = 472,593 · 0,025 = 11,814 . .      

 
     ,   
 ,   51,287 . .      

       . 
          
    ,     

     .  
    2%      

      3% -    
: 

                                                                                                    (6.22) 
      

         – ,      
  .      

 
 = ((51,287+472,593 +45,090+42,110) · 0,03 = 18,332 . .     

  
     ,  

 ,     ,  
 69,619 . .      
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  -     
.                     

    ,   
   ,      

        .           
       9.    

 
 8 –  . 

№ 
/  

 
 

. . -
 

 
  

( . .) 

 
 

( . .) 
1 - - -10-31,5-1600 . 21 1660,00 

 
34860,00 

2 - - -10-31,5/3150 . 3 1660,00 4980,00 
 39840,00 
 
 
 
 

 9 –      .  
№ /    , 

. . 
, 

. .  
 

1      (01.01.2000 .)         
     25,920 
    39,840 
2                
     

 
4,039 104,690 

   4,81 191,630 
      

: 
 296,32 

   0,95 99,456 
    0,65 76,817 
      

    : 
 472,593 

3.    :   
    

  
 39,840 

    
  

  

     0,02 0,796 
      0,015 0,597 
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   0,03 1,195 
  –   0,05 1,992 
  –  

 
0,012 0,478 

    0,005 0,192 
     

: 
 5,250 

      
  

 45,090 

4    :   
      

  
 39,840 

    
  

  

   0,03 1,195 
      0,015 0,597 
  –  

 
0,012 0,478 
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  9 

     
: 

 2,270 

     
  

 42,110 

5     
  : 

  

       0,0203 9,593 
     

 
0,15 15,703 

    
 

0,03 14,177 

       
 

0,025 11,814 

     
 

 51,287 

    
 

0,03 18,332 

     
   : 

 69,619 

      
: 

 629,412 
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7.   
 

,       
       

 [16], [17]  [18]. 
        
   ,   

      
 .    

 ,      
   .     

    . 
   ё   — 

  ё   ( ). 
 ё    ( ) –   

       
, , , ,   
        

   ( )    
    ,    . 
 ё    ё   
     ,   

 .      
   , , , ё    

    . 
  : 

1.     ё  
     ( ) ё   

  ; 
2.     ; 
3.   ё   ( ) 

; 
4.      ; 
5.  ё     /    

   ; 
6.        

. 

     
. 

      , 
   .   

https://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%B8%D1%87%D0%B5%D1%81%D1%82%D0%B2%D0%BE
https://ru.wikipedia.org/wiki/%D0%9C%D0%BE%D1%89%D0%BD%D0%BE%D1%81%D1%82%D1%8C
https://ru.wikipedia.org/wiki/%D0%9B%D0%B8%D0%BC%D0%B8%D1%82_(%D1%84%D0%B8%D0%BD%D0%B0%D0%BD%D1%81%D1%8B)
https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BC%D0%BF%D1%8C%D1%8E%D1%82%D0%B5%D1%80%D0%BD%D1%8B%D0%B9_%D1%82%D0%B5%D1%80%D0%BC%D0%B8%D0%BD%D0%B0%D0%BB
https://ru.wikipedia.org/wiki/%D0%9E%D0%BF%D0%B5%D1%80%D0%B0%D1%82%D0%BE%D1%80_(%D0%BF%D1%80%D0%BE%D1%84%D0%B5%D1%81%D1%81%D0%B8%D1%8F)
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 ,       
 . 

       
.      

ё  .      : 
1.  .     . 

     ,  
  ё ,  .  

    .  
    ; 

2.  .     
     ,     

 ; 
3.  ,     , 

   ё ,   
.        

   . 
    ,    

       . 
,    

,   .   : 
      ; 
     ё     ; 
  ,    ; 
        

; 
     . 

 
   ,    . 

 №1      ,  
   ( ) .  

   .   
 ,       

 .       
      .   

 ,       
     . 

 №2   . ,    
         

 .       
   : 
1.     GPRS, 3G   wi-fi; 
2.   ; 
3.  ; 
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4.   ,    . 
 №3     

     . 
      ,   

.    -      
  ,    

   . 
  5     

    . 
 

 
 5 –     

  . 
 

 . 
 –     ,   

        
.       
: ,    ;   

.        
     . 

 –       
.     : 

   –  , , , 
; 

     ; 
  ; 
   . 

 
        

.     : 

https://samelectrik.ru/wp-content/uploads/2016/08/ASKUE-4.jpg


68 
 

1.   ,     
  -  ; 

2.    ,    
 ; 

3.      
,  ,  

 . 
         

  ,      
. 

     
     ,  

 .         
,    .     

        .  
      . 
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   10   110/35/10    
 ,    « - » 

« »,  ё    
. 

         
     . 

          
  . 

     :  
   10    ,   

    . 
ё ,     ,   

    .     
   . 
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1.  . .  :    
 , 2016. 

2.  . .,  . .    
. 

3.  . .,     
140211.65 « » .  / . . , . . 

, . . , . . ; . .  – ,  –  
. –  : .- .   –  , 2012 – 232 . 
4. ,  . [  ] : 

https://ru.wikipedia.org/wiki/%D0%A0%D0%B5%D1%82%D1%80%D0%BE%D
1%84%D0%B8%D1%82 

5.   , ,  6 (10) -35 . [  
] : https://relematika.ru/produkty/6- 

35_kv/retrofit_yacheek_kru_krun_kso_6_10_35_kv/ 
6.   . [  
] : http://sk-betta.ru/retrofit 

7.   – 10. [  ] : 
http://www.epromstroy.ru/maslyanye-vyklyuchateli/maslyanye-
vyklyuchateli_11.html 

8.     –  –  – 10 
  . [  ] : 

https://www.electroshield.ru/upload/iblock/0de/6GK.202.015_RE.pdf 
9.     –  –  – 10 – 40 (31,5) / 

1600 (2000)   . [  ] : 
https://www.electroshield.ru/upload/iblock/700/re_vvu_e_10_40_electroshield.ru.p
df 

10.  Industrial Internet of Things – IIoT   
. [  ] : 

http://www.tadviser.ru/index.php/%D0%A1%D1%82%D0%B0%D1%82%D1%8
C%D1%8F:IIoT_-
_Industrial_Internet_of_Things_(%D0%9F%D1%80%D0%BE%D0%BC%D1%8
B%D1%88%D0%BB%D0%B5%D0%BD%D0%BD%D1%8B%D0%B9_%D0%
B8%D0%BD%D1%82%D0%B5%D1%80%D0%BD%D0%B5%D1%82_%D0%
B2%D0%B5%D1%89%D0%B5%D0%B9) 

11.  -61850 —  «     
». [  ] : http://i.cons-

systems.ru/u/98/249206369c11e597e7a4137f262947/-
/%D0%9E%D0%B1%D0%B7%D0%BE%D1%80%20%D1%81%D1%82%D0%
B0%D0%BD%D0%B4%D0%B0%D1%80%D1%82%D0%B0%20%D0%9C%D0
%AD%D0%9A-61850.pdf [3] 

12.        . [  ] 
: http://www.zvo.ru/zip/686-rtv-rele.html 

https://ru.wikipedia.org/wiki/%D0%A0%D0%B5%D1%82%D1%80%D0%BE%D1%84%D0%B8%D1%82
https://ru.wikipedia.org/wiki/%D0%A0%D0%B5%D1%82%D1%80%D0%BE%D1%84%D0%B8%D1%82
https://relematika.ru/produkty/6-%2035_kv/retrofit_yacheek_kru_krun_kso_6_10_35_kv/
https://relematika.ru/produkty/6-%2035_kv/retrofit_yacheek_kru_krun_kso_6_10_35_kv/
http://sk-betta.ru/retrofit
http://www.epromstroy.ru/maslyanye-vyklyuchateli/maslyanye-vyklyuchateli_11.html
http://www.epromstroy.ru/maslyanye-vyklyuchateli/maslyanye-vyklyuchateli_11.html
https://www.electroshield.ru/upload/iblock/0de/6GK.202.015_RE.pdf
https://www.electroshield.ru/upload/iblock/700/re_vvu_e_10_40_electroshield.ru.pdf
https://www.electroshield.ru/upload/iblock/700/re_vvu_e_10_40_electroshield.ru.pdf
http://www.tadviser.ru/index.php/%D0%A1%D1%82%D0%B0%D1%82%D1%8C%D1%8F:IIoT_-_Industrial_Internet_of_Things_(%D0%9F%D1%80%D0%BE%D0%BC%D1%8B%D1%88%D0%BB%D0%B5%D0%BD%D0%BD%D1%8B%D0%B9_%D0%B8%D0%BD%D1%82%D0%B5%D1%80%D0%BD%D0%B5%D1%82_%D0%B2%D0%B5%D1%89%D0%B5%D0%B9)
http://www.tadviser.ru/index.php/%D0%A1%D1%82%D0%B0%D1%82%D1%8C%D1%8F:IIoT_-_Industrial_Internet_of_Things_(%D0%9F%D1%80%D0%BE%D0%BC%D1%8B%D1%88%D0%BB%D0%B5%D0%BD%D0%BD%D1%8B%D0%B9_%D0%B8%D0%BD%D1%82%D0%B5%D1%80%D0%BD%D0%B5%D1%82_%D0%B2%D0%B5%D1%89%D0%B5%D0%B9)
http://www.tadviser.ru/index.php/%D0%A1%D1%82%D0%B0%D1%82%D1%8C%D1%8F:IIoT_-_Industrial_Internet_of_Things_(%D0%9F%D1%80%D0%BE%D0%BC%D1%8B%D1%88%D0%BB%D0%B5%D0%BD%D0%BD%D1%8B%D0%B9_%D0%B8%D0%BD%D1%82%D0%B5%D1%80%D0%BD%D0%B5%D1%82_%D0%B2%D0%B5%D1%89%D0%B5%D0%B9)
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