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ABSTRACT 
 

The final qualifying work on the theme “The use of digital technologies in 
the reconstruction of the Kalininskaya substation” contains 60 pages of a text 
document, 18 sources used, 3 sheets of graphic material. 
 Digital Substation Distribution Zone, features of existing 110/10 kV 
substation "Kalinin" SELECT reclosers and switches 10 kV, the organization of 
operational control room item SMART METERS OF AMR, Calculation of relay 
protection, local estimates of reconstruction of substation "Kalinin". 
 Object of study - 110/10 kV substation Kalinin Ust-Abakan Distribution 
Zone. 
The main goal of the introduction of digital technology in substations. The main 
task is Digital Substation RES. Description of the current substation 
"Kalininskaya". Selection of reclosers and switches with a voltage of 10 kV. 
Organization of an operational control center. Intelligent metering system AIIS 
KUE. Calculation of relay protection settings. Local estimate for the reconstruction 
of the substation "Kalininskaya 

During the design process, the microprocessor relay protection settings were 
calculated, the SCADA supervisory control system, the latest electronic meters of 
the AIIS KUE system were examined. As a result of the design, a digital power 
supply system was developed that meets all the stated requirements. 
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1.    
 

 «  »      
   .    ,  

      ,  
      

 (  )      ( ).  
     .  

 ( )        
      ( )  

 .      
      .   

    ,    ё ,  
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        .  
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     .  
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      ,   
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2.  (   )    

;   
3.    ( );  
4.    (Micro RTU).  

    61850 «      
»     ,   ё  

       
,       , 

,   ,  .   
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2.    110/10  
« » 

 
 2018   «  »    

    ,     
    « »   

«  » - « »      
. 

 110/10  « » -    
,      ,   

      10 . 
       1983 .   

   70%.    
    ,   

 ,     (  30 
    6-10/0,4 ,   
    0,4-10    36,3 ).  

     (  3   45 
   )     

    .  
       

 9-16%  ,      
 7-8%.  

  № 1   ,   
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 1 -  .    

 
   

 ,  110/10 
    

  
  110  –  
  10  –   

      . 
    -110  – 110-13 , 

-10  – 10-2 
 ,   ,  

  
-110  - 8 , 
-10  - 33  

     
 

-10  - 12  

    
    

  

  110  - -110 -1000-20  
 -33 (    ), 

-110 II-40/2500   -2000  
(    ); 

  10  - -10-3150-31,5, 
-10-630-20   -11, - -
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4.  SCADA  ; 
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   : 
1.      

(     ); 
2.    ; 
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4.    ; 
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 . 
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1.     ; 
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3.1       
 

       
      ,    

     . 
      
        « ». 

I 0 -       ;  

I t -    ; 

Iaτ -    ; 

I  -  ; 

 -  . 

     . 20-07. 

     : 

 𝑖 = √ 𝐼 ∙ 𝑘                                                                                         (3.1) 

 

  𝑘 = + − , /     

     𝑘 ,   
    . ([17] -  

   ,  . . , . 110-111). 

    𝑘      6 -10 .        
 = 0,01 , 𝑘 = ,     

 𝑖 = √ 𝐼 ∙ 𝑘 = √ ∙ , ∙ , = ,  А.                                    (3.2) 

 

    : 

 𝑖 𝜏 = √ 𝐼 ∙ −𝜏/                                                                          (3.3) 
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 ,      , 
       

.   : 𝜏 = , + . .                                                                           (3.4) 

 

   . . = ,  . 
 𝜏 = , + . . = , + , , = ,  . 
 𝑖 𝜏 = √ 𝐼 ∙ − 𝜏 = √ ∙ ∙ − ,, = , . А 

 

  : 

ВК = 𝐼𝜋 + = , , + , = ,  А                           (3.5) 

 
 4 -       

  
        

    №20-47 
10 (  10 ( ) 10 ≤ 10 
234 (A) 630 (A) 468 ≤ 630 

11,7 ( ) 12,5 ( ) 11,7 ≤ 12,5 
11,7 ( ) 12,5 ( ) 11,7 ≤ 12,5 
5,65 ( ) 32 ( ) 5,56 ≤ 32 
6,8 ( ) 12,5 ( ) 6,8 ≤ 12,5 

    №11-15 

10 ( ) 10  10 ≤ 10 
234 (A) 630 (A) 468 ≤ 630 

11,7 ( ) 12,5 ( ) 11,7 ≤ 12,5 
11,7 ( ) 12,5 ( ) 11,7 ≤ 12,5 
5,65 ( ) 32 ( ) 5,56 ≤ 32 
6,8 ( ) 12,5 ( ) 6,8 ≤ 12,5 

    №20-66 
10 ( ) 10 ( ) 10 ≤ 10 
174 ( ) 630 ( ) 348 ≤ 630 
11,7( ) 12,5 ( ) 11,7 ≤ 12,5 
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  4 
11,7 ( ) 12,5 ( ) 11,7 ≤ 12,5 
5,65 ( ) 32 ( ) 5,56 ≤ 32 
6,8  ( ) 12,5 ( ) 6,8 ≤ 12,5 

 
 5     

  
        

7 
10 ( ) 10 (  10 ≤ 10 
27 (A) 630 (A) 54 ≤ 630 

11,7 ( ) 20 ( ) 11,7 ≤ 20 
11,7 ( ) 20 ( ) 11,7 ≤ 20 
5,65 ( ) 51 ( ) 5,65 ≤ 51 
6,16 ( ) 20 ( ) 6,16 ≤ 20 

9 
10 (  10 (  10 ≤ 10 
150 (A) 630 (A) 300 ≤ 630 

11,7 ( ) 20 ( ) 11,7 ≤ 20 
11,7 ( ) 20 ( ) 11,7 ≤ 20 
5,65 ( ) 51 ( ) 5,65 ≤ 51 
6,16 ( ) 20 ( ) 6,16 ≤ 20 

11 
10 ( ) 10 ( ) 10 ≤ 10 

- 630 (A) -  ≤ 630 
11,7 ( ) 20 ( ) 11,7 ≤ 20 
11,7 ( ) 20 ( ) 11,7 ≤ 20 
5,65 ( ) 51 ( ) 5,65 ≤ 51 
6,16 ( ) 20 ( ) 6,16 ≤ 20 

13 
10 ( ) 10 ( ) 10 ≤ 10 
105 (A) 630 (A) 210 ≤ 630 

11,7 ( ) 20 ( ) 11,7 ≤ 20 
11,7 ( ) 20 ( ) 11,7 ≤ 20 
5,65 ( ) 51 ( ) 5,65 ≤ 51 
6,16 ( ) 20 ( ) 6,16 ≤ 20 

15-  
10 ( ) 10 ( ) 10 ≤ 10 

- 630  (A) - ≤ 630 
11,7 ( ) 20 ( ) 11,7 ≤ 20 
11,7 ( ) 20 ( ) 11,7 ≤ 20 
5,65 ( ) 51 ( ) 5,65 ≤ 51 
6,16 ( ) 20 ( ) 6,16 ≤ 20 
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  5 
 

17 
10 ( ) 10 ( ) 10 ≤ 10 
1 (A) 630 (A) 2 ≤ 630 

11,7 (kA) 20 (kA) 11,7 ≤ 20 
11,7 (kA) 20 (kA) 11,7 ≤ 20 
5,65 (kA) 51 (kA) 5,65 ≤ 51 
6,16 (kA) 20 (kA) 6,16 ≤ 20 

27 
10 ( ) 10 ( ) 10 ≤ 10 
158 (A) 630 (A) 316 ≤ 630 

11,7 (kA) 20 (kA) 11,7 ≤ 20 
11,7 (kA) 20 (kA) 11,7 ≤ 20 
5,65 (kA) 51 (kA) 5,65 ≤ 51 
6,16 (kA) 20 (kA) 6,16 ≤ 20 

29 
10 ( ) 10 ( ) 10 ≤ 10 
30 (A) 630 (A) 60 ≤ 630 

11,7 ( A) 20 ( ) 11,7 ≤ 20 
11,7 ( A) 20 ( ) 11,7 ≤ 20 
5,65 ( A) 51 ( ) 5,65 ≤ 51 
6,16 ( A) 20 ( ) 6,16 ≤ 20 

31 
10 ( ) 10 ( ) 10 ≤ 10 
4 (A) 630 (A) 8 ≤ 630 

11,7 ( A) 20 ( ) 11,7 ≤ 20 
11,7 ( A) 20 ( ) 11,7 ≤ 20 
5,65 ( A) 51 ( ) 5,65 ≤ 51 
6,16 ( A) 20 ( ) 6,16 ≤ 20 

33 
10 ( ) 10 ( ) 10 ≤ 10 
40 (A) 630 (A) 80 ≤ 630 

11,7 ( A) 20 ( ) 11,7 ≤ 20 
11,7 ( A) 20 ( ) 11,7 ≤ 20 
5,65 ( A) 51 ( ) 5,65 ≤ 51 
6,16 ( A) 20 ( ) 6,16 ≤ 20 

35 
10 ( ) 10 ( ) 10 ≤ 10 
92 (A) 630 (A) 184 ≤ 630 

11,7 ( A) 20 ( ) 11,7 ≤ 20 
11,7 ( A) 20 ( ) 11,7 ≤ 20 
5,65 ( A) 51 ( ) 5,65 ≤ 51 
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  5 
 

6,16 ( A) 20 ( ) 6,16 ≤ 20 
8 

10 ( ) 10 ( ) 10 ≤ 10 
- 630 (A) - ≤ 630 

11,7 ( A) 20 ( ) 11,7 ≤ 20 
11,7 ( A) 20 ( ) 11,7 ≤ 20 
5,65 ( A) 51 ( ) 5,65 ≤ 51 
6,16 ( A) 20 ( ) 6,16 ≤ 20 

10 
10 ( ) 10 ( ) 10 ≤1 0 

- 630 (A) - ≤ 630 
11,7 ( A) 20 ( ) 11,7 ≤ 20 
11,7 ( A) 20 ( ) 11,7 ≤ 20 
5,65 ( A) 51 ( ) 5,65 ≤ 51 
6,16 ( A) 20 ( ) 6,16 ≤ 20 

14 
10 ( ) 10 ( ) 10 ≤ 10 
12 (A) 630 ( ) 24 ≤ 630 

11,7 ( A) 20 ( ) 11,7 ≤ 20 
11,7 ( A) 20 ( ) 11,7 ≤ 20 
5,65 ( A) 51 ( ) 5,65 ≤ 51 
6,16 ( A) 20 ( ) 6,16 ≤ 20 

16 
10 ( ) 10 ( ) 10 ≤ 10 

- 630 ( ) - ≤630 
11,7 ( A) 20 ( ) 11,7 ≤ 20 
11,7 ( A) 20 ( ) 11,7 ≤ 20 
5,65 ( A) 51 ( ) 5,65 ≤ 51 
6,16 ( A) 20 ( ) 6,16 ≤ 20 

18 
10 ( ) 10 ( ) 10 ≤ 10 
116 (A) 630 ( ) 232 ≤ 630 

11,7 ( A) 20 ( ) 11,7 ≤ 20 
11,7 ( A) 20 ( ) 11,7 ≤ 20 
5,65 ( A) 51 ( ) 5,65 ≤ 51 
6,16 ( A) 20 ( ) 6,16 ≤ 20 

24 
10 ( ) 10 ( ) 10 ≤ 10 
111 (A) 630 ( ) 222 ≤ 630 

11,7 ( A) 20 ( ) 11,7 ≤ 20 
11,7 ( A) 20 ( ) 11,7 ≤ 20 
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  5 
 

5,65 ( A) 51 ( ) 5,65 ≤ 51 
6,16 ( A) 20 ( ) 6,16 ≤ 20 

28 
10 ( ) 10 ( ) 10 ≤ 10 
34 (A) 630 ( ) 68 ≤ 630 

11,7 ( A) 20 ( ) 11,7 ≤ 20 
11,7 ( A) 20 ( ) 11,7 ≤ 20 
5,65 ( A) 51 ( ) 5,65 ≤ 51 
6,16 ( A) 20 ( ) 6,16 ≤ 20 

30 –  
10 ( ) 10 ( ) 10 ≤ 10 

- 630 ( ) - ≤ 630 
11,7 ( A) 20 ( ) 11,7 ≤ 20 
11,7 ( A) 20 ( ) 11,7 ≤ 20 
5,65 ( A) 51 ( ) 5,65 ≤ 51 
6,16 ( A) 20 ( ) 6,16 ≤ 20 

32 
10 ( ) 10 ( ) 10 ≤ 10 
150 (A) 630 ( ) 300 ≤ 630 

11,7 ( ) 20 ( ) 11,7 ≤ 20 
11,7 ( ) 20 ( ) 11,7 ≤ 20 
5,65 ( ) 51 ( ) 5,65 ≤ 51 
6,16 ( ) 20 ( ) 6,16 ≤ 20 

      №11-15  
  №20-47     . 
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4.     
 

      « »  
         

    SCADA. 
  SCΑDΑ    
  -  . 

  SCΑDΑ    
  ,  .  

 SCΑDΑ      
      

,      
  . 

 ,   SCΑDΑ: 

1.       
   . 

2.   . 
3.    . 

    EMS  , 
        

 ,  ,  
   -     

. 

1.    . 
2.       

      
SCADA    . 

  -   SCΑDΑ  

1.  -  ; 
2.   ,    

 ; 
3.     ;  

  . 

   SCΑDΑ    
   . 

 SCΑDΑ     
      .    

SCΑDΑ         
  . 

  -      
   ,   S 
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SCΑDΑ  ,     -
  EMS, MMS.  

 -     
SCΑDΑ  : 

1.       
  EMS, MMS; 

2.    ,  
 

3.     ; 
4.    (  

 , , , 
  ); 

5.     . 

 -     
    IEC.   

      
-   SCΑDΑ     

        
  .   , 

    . 
   ,    

  : 

1.  SCΑDΑ; 
2.    SCΑDΑ; 
3.      . 

     SCΑDΑ 
 : 

1.       
; 

2.        
; 

3.          
 ;  

4.        
; 

5.       
; 

6.    ; 
7.       

 ,     . 
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  SCΑDΑ      
 .   SCΑDΑ   

         
  .     

     SCΑDΑ   20 
.        

       
  (GPS\ ).     

       
   : 

1.    SCΑDΑ; 
2.    SCΑDΑ; 
3.    ,  , 

    ,     .  
    

      : 

1.    (  ); 
2.    ,    
3.       ; 
4.      

SCΑDΑ. 

       
SCΑDΑ  : 

1.   ,      
; 

2.       
 ,      ; 

3.       
    SCΑDΑ. 

      
   ,  ,  

,    .   
       

 . 
      

SCΑDΑ  : 

1.       , 
    ; 

2.   SCΑDΑ; 
3.     SCΑDΑ; 
4.     SCΑDΑ; 
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5.   ; 
6.   -  . 

         
   (   ,    

  SCΑDΑ   ),  
         

         . , 
         

    ,    
  (  , SMS  . .).  
      

     .   
    SCΑD   

  ,      .  
,      , 

  ,   . 
   SCΑDΑ   . 

C       .  
      

  . O     .  
       

SCADA       . SCΑDΑ 
   . H    

 .      
   SCΑDΑ     

,    . 
       SCΑDΑ 

 : 

1.     SCΑDΑ; 
2.        

   SCΑDΑ; 
3.       SCΑDΑ  

  . 

    SCΑDΑ –  
  SCADA. ,  

    SCADA,   
: 

1.       
  SCADA; 

2.      SCADA; 
3.  SCADA; 
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4.       
SCADA      

; 
5.    -  ; 
6.        

; 
7.      SCADA,   

 SCADA; 
8.    ,   

      
SCADA; 

9.      
 SCADA,     
; 

   ,  ,   
 SCADA. 

 
4.1      

 SCADA.  
 
SCADA      -

 .   -  
,        

   .      
  ,      

       
  .      
  ,     , 

     . 
Web-       

.        
  .    

 .        
       
     . 

Web-       XML: 

1. SOAP     ,  
    . SOAP    

-      ; 
2.   Web-  (WSDL) –   XML 

 ,    , 
    ,   

  Web- ; 
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3.      (UDDI) –
  XML      

(WSDL)     . ESB – -
   .  

     
          

 -   - , 
 . CIM/CME –   

.  ,    
 -     
 ,    
 CIM/CME    

. 
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4.2     
. 

 
      ,   

  ,    
       .    

      
.     ?  

       SAIFI 
      

,    -   
  ,    

     . 
     SAIDI - 

     
        

 . 
  CAIDI    

     
     , 

           
  . 

      : 
     - 

  ,    
         

 . 
    ,  
   .    
       . 

        
  -  ,    
 . 

   ,    
. 

      
 . 
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5.       . 
-     

       , 
 ,      

.       
  .       
       

.    .   
     ,  . 

       
.      

.       , 
   .  

    :  

1.     (  ); 
2.   ;  
3.   ;  
4.    ;  
5.     ; 
6.          

.  

       
    ( ).   

     ,  -  
, ,     , 

   ,  .  
    .  (   

),   ,    -  
.        -

  ( ).     
       

  .      
 ,       

    (  ). 
   1     

.   
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      . 

       .  
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  ,     
   ,   . 

  (hub) –     
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,     .    
   ,      ,  

 .  , ,   ,  
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   .  -  ,   
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,           
     .   
        . 

     ,   
      .   

         
.  

  (switch)— ,   
       1-    
  .      

        . 
   ,  ё     

  (     
       ,   - 17  

  ). 
        
    (  )  

,    .     
(  )  ,    

  (MAC )    . MAC  
,         ,   

    ,   . MAC  
      ,  

   ,  ,     .  
      MAC-  . 

 .   .   
         

  .     .  
,     . 

    . 
     ( ) –  

   ,     
 .  :  

1.      
        

      ;  
2. ,      ,  

      ,      
 ( )      
;  

3.        , 
,    . 
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  ,  
  ,     .  

         
 ,     
.        

  (    )    
,      
        .  

     -   , 
      . 

    :  

1.  ( ); 
2.     ;  
3.  ;  
4.   ;  
5. .       

 :  
6.      

,     ;  
7.       

   ;  
8.   ( )  ; 
9.   ;  
10.   ;  

       
           

(    ),    ,  . 
      

             
2 .       ,  

        1 . 
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6.      

   10     . 
         

 ( ),        
 ( ).  ,   ,  

   ( ). ,     
     
  -      

 .      –   , 
  .   ,     

.  
   « »    

  2502 0102.      
  ( , )     . 

    ,     
   .     
  . 
    –   ( ) – 

    .     
        

    .    
  : 

 

 𝐼 . . = К ⋅ 𝐼 . 𝑎𝑥  ,                                                         (6.1) 

 
  -  ,     

1,1…1,2. 
I 2.  –        

, . 
,     : 

 𝐼C. = 𝐼 . . ⋅К х𝑇                        (6.2) 

 
       

     . 
     

,    : 
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Кч. = , ⋅ 𝐼𝑘 𝑖𝐼 . . .            (6.3) 

 

 ,   :  Кч ,  
    : 

 

          𝐼 , . . = ⋅ 𝐼 , .              (6.4) 

 
        

. 
    –    ( ) – 

     ,    ,   
       

    .  
      : 

1.       
. .   ; 

2.      
 ; 

3.       
       . 

     ,  
    : 

 𝐼 . К
К

⋅ К з ⋅ 𝐼 .    ,                    (6.5) 

 
  -    ,   

  ,  = 1,1…1,2; 
 -  ,  = 0,95…0,98;  

 -   ,   
  I .      , 
        

.     = 1,1…1,3. 
      I .  

    ,     
   .   ,  

       . 
,         

 .  
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       , 
       : 

 𝐼 . . К ⋅ (𝐼 . . + ∑ 𝐼 .′ ) ,         (6.6) 

 
  –   ,  = 1,1; 𝐼 . . -       
 ,    , ; ∑ 𝐼 .′  -       

  ,    ,   
  , . 

         
(6.5), (6.6). 

     : 
 𝐼C. = 𝐼 . ⋅К х𝑇 ,                                              (4.7) 

 
 I .  –    ( ), ; 

n  –    ; 
 –     ,  

       = 1     
   = √ . 

       
     . 

 ,   ( )     
    ( )  ,  

    .  
      

            
.     

  : 
 

    (6.8) 
 
 
 
    (6.9) 

 
 

 . , .  –    
     . 
 ,   : 

. .
min1

87,0.
I

IkКч =

.
. .
min2

87,0.
I

IkКч =
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Кч. , ,           (6.10) 
                            

 Кч. , .                                      (6.11) 
 

       
        

      .  
        
   : 

 . . = . . + 𝛥  ,                                          (6.12) 

 
 ∆t –  . ∆t = 0,2 ; 

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

 ,        
     ,     

  (  ). ,  ,   
       

   ,   ,  
,  . .        

,    . 
    , ,  

         
 (   ): 

   
  (6.13) 

  𝑈  –   , , 𝛴 –   , . 
                  

      ,  ,    
      tc. .  

     :  

1.       
 𝐼 i    : 

 𝐼 . . К К 𝐼С           (6.14) 

 

I
350

U L
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 = 1,2…1,3 —  ,  
  ,   𝐼 i  ;  

  =1.2…2.5 – ,    
 I     ;  

2)         
      3: 

 

 𝐼 . . К 𝐼 . 𝑎𝑥          (6.15) 

  

  =1.25     1,5…2 (   
   I .max )   ;  

 I .max -   , . 
  

 6.1     

ё       , : 
 𝐼  З  = 𝑘 𝐼  𝑘 ,                                                 (6.16) 

 
  𝑘  = 1,08 –  , . .; 𝐼   –    , ; 𝑘  = 0,9 –  , . . 

ё       , : 
 𝐼  З  = 𝐼  З  𝑘 х  𝐼 ,                                       (6.17) 

 
 𝐼    –      

, ; 𝐼 –      
, . .; 𝑘    –      
, . . 

   - : 
 𝐼  В =   √  В = √ ∙ =  А. 

 𝐼  З  = 𝑘 𝐼  𝑘 = , ∙, =  А. 
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  𝐼  З  = 𝐼  З  𝑘 х  𝐼 = ∙ = ,  А. 
 

   - : 
 𝐼  =   √  = √ ∙ =  А. 

 𝐼  З  = 𝑘 𝐼  𝑘 = , ∙, =  А.    

 

 𝐼  З  = 𝐼  З  𝑘 х  𝐼 = = , А. 
 

   - 9 . 
ё    . 
ё   , . : 

 𝑘   = 𝑘    ∙ 𝑘    ∙ 𝑘   ,                                   (6.18) 
 

 𝑘    –     
     .   

    « »,  k    = 1,     
  « »,  k    = √3; 𝑘    –      . 

     « »,  k    = 1,     
 « »,  k    = √3; 𝑘    –       

/          
« ».     « »  k    = 1,  

   « »  k    = 1/√3 ( .  3.1). 

 
 2     /     

     « »: )    
« » , )    « » . 

    : 
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𝑘   = 𝑘    ∙ 𝑘    ∙ 𝑘    = 1 ∙ 1 ∙ 1 = 1 . . 
 

    : 
 𝑘   = 𝑘    ∙ 𝑘    ∙ 𝑘    = 1 ∙ √3 ∙ √  = 1 . . 
 

  :  
 
I  = I  ·    /                                                   (6.19) 
 

   -      
;   -      

. 
                                         𝐼  В =   √  В = √ ∙ =  А; 

 𝐼  =   √  = √ ∙ =  А; 

 
    : 

 
I   = I   ·    /  = 207·1/20 = 10,35 ; 
 

    : 
 
I   = I   ·    /  = 2312·1/200 = 11,56 ; 
 

   , . .: 
 𝐼 .0=1,0. 
 

ё     , . .: 
 𝐼 .0=𝑘 ∙𝐼  ∗, 
 

  𝑘  –   (1,1 ÷ 1,3), . .; 𝐼  ∗ –        
     , . . 

ё    , . .: 
 𝐼  ∗=(𝑘 ∙𝑘 ∙𝜀+Δ𝑈 +Δ𝑓 +Δ𝑓 )∙𝐼 .0,                         (6.20) 
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  𝑘  – ,   . k  = 
1,5 ÷ 2,5 –       

  .  𝑘 =1 –   , . .; 𝜀 = 0,1 -     , . .; 
Δ𝑈  = 0,16 -  ,   

,      , . ; 
Δ𝑓 =0,05 –     , 

. .; 
Δ𝑓 =0,02 –    , . .; 𝐼 .0 –    , . . 

 𝐼  ч∗ = (𝑘 ∙ 𝑘 ∙ 𝜀 + 𝛥𝑈 + 𝛥𝑓 ы + 𝛥𝑓 ) ∙ 𝐼 . = ∙ ∙ , ++ , + , + , = ,  . . 
 𝐼 .0=𝑘 ∙𝐼  ∗ = 1,2∙0,43=0,52 . . 
 

ё     , . .: 
 𝐼  =𝑘 ∙𝑘  ∙𝐼 ∗,                                                                       (6.21) 
 

 𝑘 =1,1 –  , . .; 𝐼 ∗ –      
 , . .; 𝑘 . =1,8 – ,    

    , . . 
 𝐼  =𝑘 ∙𝑘  ∙𝐼 ∗,                                                                          (6.22) 

 
ё    , . .: 

 𝐼 ∗ = 𝐼  𝐼  ∙ 𝑘 х  𝐼 ,                                            (6.23) 

 
  𝐼  –     - , ; 𝐼   –     - , . .; 𝑘    –      

    - , . .; 𝐼 –      - , 
. . 

 𝐼В ∗ = 𝐼  В  𝐼  В ∙ 𝑘 х  В𝐼 = , ∙ = ; 
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𝐼 ∗ = 𝐼   𝐼  ∙ 𝑘 х  𝐼 = , ∙ = . 

 𝐼  =𝑘 ∙𝑘  ∙𝐼 ∗=1,1∙1,8∙1=1,98 . , 
 

ё      , . .: 
 𝐼 ∗ = 𝐼max3𝐼  ∙ 𝑘 х  𝐼 ,                                                  (6.24) 

 
 𝐼max  –      

,      , ; 𝐼   –     - , . .; 𝑘    –      
    - , . .; 𝐼 –      - , 

. . 𝐼 ∗ = , ∙ = . 

 𝐼  = (𝑘 ∙ 𝑘 ∙ 𝜀 + 𝛥𝑈 + 𝛥𝑓 ы + 𝛥𝑓 ) ∙ 𝐼 ∗ = ∙ ∙ , ++ , + , + , ∙ = ,  . . 
 

ё   , . .: 𝐼 = √𝐼 ∗ ∙ 𝐼 ∗ − 𝐼 ∙ 𝑐 𝛽,                                (6.25) 
 𝐼 ∗ –     , . .; 𝐼  –   , . .; 𝛽 –     (10° ÷ 20°), . 

  𝐼 = √𝐼 ∗ ∙ 𝐼 ∗ − 𝐼 ∙ 𝑐 𝛽 = √ ∙ − , ∙ 𝑐 °=3,64 . . 
 

ё    , . .: 
 𝑘 = 𝑘 ∙𝐼 −𝐼 .0𝐼 −𝐼 .0 ,                                                   (6.26) 

 
  𝑘  –   (1,1 ÷ 1,3), . .; 𝐼  –   , . .; 𝐼 .0 –    , . .; 𝐼  –   , . .; 𝐼 .0 –    , . . 
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𝑘 = 𝑘 ∙𝐼 −𝐼 .0𝐼 −𝐼 .0 = , ∙ − ,, − =  . . 
   : 

       - , . .: 𝐼 ≥6,5. 
        

     , . .: 
                             

  𝐼 =1,5∙𝐼 ∗(𝑘 ∙𝑘 ∙𝜀+𝛥𝑈 +𝛥𝑓 +𝛥𝑓 ),                           (6.27) 
 

  𝑘  = 3 – ,   , . .; 𝐼 ∗ –     , . .; 𝑘  = 1 –    , . .; 𝜀 = 0,1–    , . .; 
Δ𝑈  = 0,16 –  ,  

 ,      
, . ; 

Δ𝑓 =0,05 –     
, . .; 

Δ𝑓 =0,02 –    , 
. .; 

 𝐼 =1,5∙𝐼 ∗(𝑘 ∙𝑘 ∙𝜀+𝛥𝑈 +𝛥𝑓 +𝛥𝑓 ) = 
1,5∙5∙(3∙1∙0,1+0,16+0,02+0,05) = 3,97 . . 

 
   𝐼  = 3,97 . . 

      
0,05 . 

    ( )  
ё     I . , : 

 𝐼  А  𝐼 = 𝑘 𝐼  ∙𝑘 ∙𝑘 х  𝐼∙𝑘                                            (6.28) 

 
  𝐼   –    , ; 𝑘 =1,05 –  , . .; 𝑘 =0,9 –    , . . 𝑘 =0,4 –       I . 

 , . ; 𝐼 –      
, . .; 𝑘    –      
, . . 

ё     II . , : 
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 𝐼  А  𝐼𝐼 = 𝑘 𝐼  ∙𝑘 ∙𝑘 х  𝐼∙𝑘                            (6.29) 

 
  𝐼   –    , ; 𝑘  = 1,05 –  , . .; 𝑘  = 0,9 –    , . . 𝑘  = 0,8 –       II 

.  , . ; 𝐼 –      
, . .; 𝑘    –      
, . . 

   : 
 𝐼  А  В𝐼 = 𝑘 𝐼  В ∙𝑘 ∙𝑘 х  В𝐼∙𝑘 = , ∙ ∙ , ∙∙ , = , А; 

 𝐼  А  В𝐼𝐼 = 𝑘 𝐼  В ∙𝑘 ∙𝑘 х  В𝐼∙𝑘 = , ∙ ∙ , ∙∙ , = ,  А. 

 
   : 

 𝐼  А  𝐼 = 𝑘 𝐼  ∙𝑘 ∙𝑘 х  𝐼∙𝑘 = , ∙ ∙ , ∙∙ , = ,  А; 

 𝐼  А  𝐼𝐼 = 𝑘 𝐼  ∙𝑘 ∙𝑘 х  𝐼∙𝑘 = , ∙ ∙ , ∙∙ , = ,  А. 

 
ё       
ё          

 , : 
                           𝐼  = 𝑘𝑘 ∙  𝐼  ,                                               (6.30) 

 
  𝑘  = 1,2 –  , . .; 𝑘  = 0,9 –  , . .; 𝐼   –    , . 

 𝐼  = 𝑘𝑘 ∙  𝐼  = ,, ∙  =  А. 

 
ё    , :   

                                                       𝐼  = 𝐼 𝐼  ∙ 𝑘 х,                                                     (6.31) 
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  𝐼 –   , . .; 𝐼  –   , ; 𝑘  –  , . . 

 𝐼 = 𝐼 𝐼  ∙ 𝑘 х =  ∙ = ,  А. 

 
ё        . , : 

 

 =  + Δ  = 1,1 + 0,2 = 1,3, 
 

   –     , ; 
Δ  –   (0,2 ÷ 0,5), . 

ё        . , : 
                       

 =  + Δ  = 0,8 +0,5 = 1,3 , 
 

   –      
 , ; 

Δ  –   (0,3 ÷ 0,5), . 
ё      , : 

 

 =  + Δ =1,3+0,5 = 1,8 , 
 

   –        
  . , ; 

Δ  –   (0,3 ÷ 0,5), . 
 

6.2       

        
  ,     –  

          
   10  ,    – 

.         
  (6.1), (6.2)  (6.3),    ,  

         
,    -   . 

        
,    ,      

   (6.2).      
      (6.8). 
   . 
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    : 
 𝐼 .max = , ⋅ S√ ⋅ = , ⋅ √ ⋅ , = . 

 
 (6.1)  : 

 𝐼 . К
К

⋅ К з ⋅ 𝐼 . = ,, ⋅ , ⋅ =  А. 

 
  (6.2): 

 𝐼 . . К ⋅ (𝐼 . . + ∑ 𝐼 .
′ ) = , ⋅ + , =,  А. 

 
    . 

  (6.3)   : 
 𝐼C. = 𝐼 . ⋅К х𝑇 = , ⋅ = ,  А. 

 
      I . .  = 22,25 ,   

 . 
      : 

 𝐼 . . = ⋅ 𝐼 . . = , ⋅ =  А. 
 

     =  + Δ =1,1+0,5 = 1,6 . 
   . 
      ,   : 

 𝐼 . = К ⋅ 𝐼 . . = , ⋅ = ,  А. 
 

  (4.3)   : 
 𝐼C. = 𝐼 . ⋅К х𝑇 = , ⋅ = ,  А. 

 
     =  + Δ =1,1+1 = 2,1 . 

 
6.2.1     10  
 

      , 
     .  
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  ,    ,      
    ( )    

,         
,     .     

 ,        
   .      
    . 

         
  .      

       [7].  
 .3.2        

 1100  
     .з. = ,   . 

 
6.3   10  
 

      , 
    « -17». 

  : 
   I .  = 61,5   Ik2max = 270 A; 

    : 
 (6.9)  : 

 𝐼 . . = К ⋅ 𝐼 . 𝑎𝑥 = , ⋅ = А. 
 

  (6.3)   : 
 𝐼C. = 𝐼 . . ⋅К х𝑇 = ⋅ = ,  А. 

 
      I . .  = 14,9 ,   

 . 
      : 

 𝐼 . . = 𝐼 . . ⋅ = , ⋅ = . 
 

     : 
 (6.1)  : 

 𝐼 . К
К

⋅ К з ⋅ 𝐼 . = ,, ⋅ , ⋅ , =  А. 

 
  (6.3)   : 
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𝐼C. = 𝐼 . ⋅К х𝑇 = ⋅ = ,  А. 

 
      I . .  = 6,4 ,    

. 
      : 
 𝐼 . . = ⋅ 𝐼 . . = , ⋅ =   

 
    t  = 0,5 . 

        : 
  (6.13)    , , 

,  : 
 𝐼С𝛴 ≈ ⋅𝐿𝛴 = ⋅ , = ,  А. 

 
  (6.14)   : 

 𝐼 . . К К 𝐼С = , ⋅ , ⋅ , = , . 
 

   : 
 𝐼C. = 𝐼 . ⋅К х𝑇 = , ⋅ = ,  А. 

 
      I . .  = 0,015 ,   

 . 
      : 

 𝐼 . . = ⋅ 𝐼 . . = , ⋅ = ,   . 
 

    t  = 3 . 
 
6.3.1   
 

        
.     ,   

     .  
          

 2502 0102       
 ,     -      

.         
  . 
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 ,      0.15 – 0.3 .,  
   . 

     : 𝐼 . = , ⋅ 𝐼 . . = , ⋅ = А. 
 
 

  : 
 𝐼C. = 𝐼 . ⋅К х𝑇 = ⋅ = ,  А. 

 
     , , 

    1.  
 

 6 -      10  
 

 
      

I ,  t ,  I ,  t ,  I ,  t ,  

20-07 1500 0,1 - - 300 1,0 

20-08 7200 0 - - 1920 3,0/0 

20-09 7200 0,1 1920 3,0/0,5 900 4,5 

20-10 8400 0 - - 1200 2,0/0,5 

20-13 9000 0 - - 960 2,5/0,5 

20-14 9000 0 - - 960 3,0/0,5 

20-17 8400 0 - - 1200 2,0/0 

20-18 6960 0 1710 0,7/0,5 600 1,5 

20-24 3000 0 - - 600 1,5 

20-26 5100 0,1 2100 0,7/0,5 330 1,5 

20-27 8000 0,1 1200 2,0/0,5 900 2,5/0,5 

20-28 5760 0 - - 480 1,5 

20-29 8640 0 1200 1,5/0,5 528 2,5 

20-31 960 0 - - 100 1,0/0 

20-32 9000 0,1 1888 3,0/0,5 760 5,0 

20-33 6000 0 - - 600 2,0/0 

20-34 4000 0 - - 300 1,0 

20-35 5400 0 - - 900 1,5 
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  6 
 

20-36 9000 0 1620 3,0/0,5 810 5,0/0,5 

20-37 3700 0,1 1200 1,0/0,5 200 1,5/0,5 

20-38 7800 0,2 4128 1,0/0,5 840 2,5 

20-39 6480 0 1860 0,5 960 1,0/0,5 

20-40 8000 0,1 1200 2,0/0,5 900 3,0/0,5 

20-42 6480 0 1860 0,5 960 1,0/0,5 

20-47 7800 0,15 3000 0,7/0,5 340 1,5/0,5 

20-50 7002 0,1 3600 0,7/0,5 402 1,5/0,5 

20-51 7000 0,1 3600 0,7/0,5 400 1,5/0,5 

20-54 8100 0,1 1500 0,7/0,5 300 1,5/0,5 

20-58 7840 0,1 1600 0,7/0,5 360 1,5/0,5 

20-64 6420 0,1 2040 0,7/0,5 330 1,5/0,5 

20-66 8100 0,1 1860 1,0/0,5 390 1,5/0,5 

20-67 6420 0,1 2040 0,7/0,5 330 1,5/0,5 

20-69 9040 0,1 2640 2,0/0,5 1680 3,0/0,5 

 

6.4    
 

      
   .    

      
 . 

    ,  
,    ( )   

 .      
  : 𝑈 .з. . 𝑈Н,                     (6.32)   𝑈 .з. . 𝑈Н,      𝑈 .з. . 𝑈Н.                                            
 U  –   , .  
 ,        

,   : .з. = [ , . . . ],    .з. = [ , . . . ],    .з. = [ , . . . ],   . 
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      (6.32): 𝑈 .з. , 𝑈Н = , ⋅ =  В, 𝑈 .з. , 𝑈Н = , ⋅ =  В, 𝑈 .з. , 𝑈Н = , ⋅ =  В. 
   : 𝑈C. . = 𝑈 . . ⋅ К х = ⋅ =  В, 

 𝑈C. . = 𝑈 . . ⋅ К х = ⋅ =  В, 
 𝑈C. . = 𝑈 . . ⋅ К х = ⋅ =  В. 
 

 ,    , 
    : .з. =   , .з. =   , .з. =   . 

        
( )       

      
,       

  .       
  : 

 𝑈 .з. = ⋅ 𝑈 = ⋅ , =  В. 
 

       ( ) 
  : 

                                  𝑈 .з. , 𝑈Н.           (6.33) 
 

       ,  
     ,  

   5%    [18]: 
 𝑈 з . = , 𝑈Н. 

 
     (6.33): 

 𝑈 .з. , 𝑈Н = , ⋅ =  В. 
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   : 
 𝑈C. . = 𝑈 . . ⋅ К х = ⋅ =  В. 
     .з. = ,   . 

   : 
 𝑈 .з. = , 𝑈Н = , ⋅ =  В. 

 
   : 

 𝑈 . . = 𝑈 . . ⋅ К х = ⋅ =  В. 
 

     .з. = ,   . 
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7. ё     « » 

 —   ,     
    ,   ,  

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

.        
 ,   ,   
  .  

  —    ,    
  .        . 

    .    
    .     
 ,  ,      .  - 

    .     
   .      

 .  
         

 :  
1.    ,     

   ,   01.01.2000 .;  
2.   ,    ,   

 .  
      7 
      -

 ,        
 : 

  = + + ,                                                  (7.1) 
 

   –    -     
  ,   ; 

  –    ; 
  –    ,  -

 ;  ,  , 
   .      
 -       

 ,     : 
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 = + + ,                                                   (7.2) 
 

     –  ,   , 
, ,       

; 
  –  ,   -

 ; 
 –  ,  ,    
.     

   -   : 
 = + э + ,                                               (7.3)    
 

     –      ; 
 э  –       ; 
  –   ,    

-  .  
   -    
        

: 
                                          = ∑ 𝑊𝑖 ∙ 𝑃𝑐𝑖𝐼𝑖=  ,                                                      (7.4)    

 
    𝑊𝑖 –  -   i-  ; 

 𝑃𝑐𝑖 –  ( )   -  ; 
 i=1…I –     .  

         
 : 

                                                 85 949,641 . .  
  :  

                       1 800,000 . .         
                          84 149,641 .  .      
     2020 .  

  2000 .    : 
1.                  = 4,81; 
2.                           = 4,039. 

 ё        
 .     

  : 
                                     

  = ∙ 𝐼 ∙ 𝑘 = + ∙ 𝐼 ∙ 𝑘
                                 (7.5)             

                            
 = 1800,000 · 4,039 · 0,95 = 6 906,69 .     
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     –     ; 𝐼  –         
 2000 .; 

 𝑘  –   ,    
– 0,95.    

      
       .  

       
    : 

                           = ∙ 𝐼 ∙ 𝑘 = + ∙ 𝐼 ∙ 𝑘
 ,                              (7.6) 

       
 = 7 270,2 · 0,65 = 4 725,63 . .    

 
     –      ; 

 𝐼  –         
   2000 .; 

k  –   ,    – 
0,65.    

        
-      

        
  :   ;   

 .    
      . .   τ: 

                                                   𝜏 = ∙ 𝜏                                                               (7.7) 
 

   –      2000 .; 
 𝜏  –        τ: 

                 𝜏   = 84149,641 · 4,81 = 404 759,773 .      
 

          
      : 

                                              𝜏 = ∙ 𝐼𝜏 = + ∙ 𝐼𝜏                            (7.8)    
 

  –       2000 .; 𝐼𝜏  –         
τ.    

 
 = 1800,000 · 4,039 = 7 270,2 .  
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 (7.7)  (7.8) .     

      
       
      ,  

, -      
: 

                                 = ч + + + + +                              (7.9) 
      ч  –   ; 

  –     ; 
            –  ; 
            –   ; 
            – -  .    

   ,   
 ,      

      : 
1.    
 ч = 𝑘 ч ∙ ,                                                        (7.10) 
 
2.      

           = 𝑘 ∙ ,                                                     (7.11)    
 
3.   

             = 𝑘 ∙ ,                                                     (7.12)    
 
4.       

           
 = 𝑘 ∙ ,                                                     (7.13)    
 
5.    

             
 = 𝑘 ∙ ,                                                 (7.14)    
 
6. -   

        = 𝑘 ∙ ,                                                      (7.15)    
 

   𝑘 ч = 0,02 – ,   ; 
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𝑘  – ,      , 
    0,015; 

 𝑘  = 0,03 –  ; 𝑘  = 0,05 – -  ; 
 𝑘  = 0,005 – ,    ; 
 𝑘  = 0,012 – ,  -  

; 
 0 –     . 

           х. = + ,                                         (7.16)    
 

.  =11107,752 + 84 149,641  = 95257,393 . . 
 

  ,        
  ,     

 : 
                                            
   = + + + .                              (7.17)   

 
     –     ,   

; 
  –  ; 

  –     ; 
 - -  .    

     
 = 84 149,641+2524,489+1262,244+1009,795 =4796,528 . .      

 
        
    -  

          
    -    

 .  
         

  : 
                                                 

 𝜏 = 𝑘 ∙ 𝜏                                                         (7.18) 
 

 𝑘  –   ,   
        .    

        
  :     

   ,    II  81-05-02-2001 
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,    : 

 
= 423662,293·0,0203 =8600,344 . . 

 
          
       : 

                                                 𝜏 = 𝑘 ∙ 𝜏                                                             (7.19)      
 

 𝜏  –      
; 𝑘   – ,     

,        
0,15.    
      

 = 7 270,2 · 0,15 = 1090,53 . .      
 

    ,    
     3%   -  

,      31.05.2000  №20.  
        
 : 

                                                 
  𝜏 = 𝑘 ∙ 𝜏                                                    (7.20)    

 
 𝑘  – ,    

      
.    

 
 = 423662,293 · 0,03  = 12709,868 . . 

 
 ,       

   .       
     -  

  : 
                 

 э𝜏 = 𝑘э ∙ 𝜏                                                          (7.21) 
 

 𝜏  –  ,     
     .    

 
 = 423662,293 · 0,025 = 10591,557 . . 
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     ,   
 ,   32 992,299 . .      

       . 
          
    ,     

     .  
    2%      

      3% -    
: 

                                     𝜏 = 𝑘 ∙ 𝜏                                                                (7.22) 
 

  𝑘    – ,     
   .      

 
 = ((423662,293+95257,393 +88946,196+32 992,299 ) · 0,03 = 

19225,745  .      
 

     ,  
 ,     ,  

 52218,044 . .      
  -     

.                     
    ,   

   ,      
           568 937,73 

. .           
       3.    

 
 7-     

 
№ 
/  

 
 

. 
. 

-
 

  
. 

 
. 

.  
1  SCADA . 1 78 354,000 78 354,000 
2 /TEL10/12,5/630 1 . 10 396,000 3960,000 
3 VL12-10-20-1250-2-02 3 . 24 44,818 1075,632 
4   

2502 0102 
. 19 40,000 760,000 

: 84 149,641 
 

  8    . 
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 8 -       .  

 
№ /    , 

. . 
, 

. .  
 

1      (01.01.2000 .)         
     1 800,000 
    84 149,641 
2                

     
 

4,039 7 270,2 

   4,81 404 759,773 
      

: 
  

  0,95 6 906,69 
    0,65 4 725,63 
      

    : 
 423662,293 

3.    :   
    

  
 84 149,641 

    
  

  

     0,02 1682,992 
      0,015 1262,244 
   0,03 2524,489 
  –   0,05 4207,482 
  –  

 
0,012 

1009,795 
     0,005 420,748 
     

: 
 11107,752 

      
  

 95257,393 

4    :   
      

  
 84 149,641 

    
  

  

   0,03 2524,489 
      0,015 1262,244 
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  8 

 
  –  

 
0,012 1009,795 

     
: 

 4796,528 

     
  

 88946,196 

5     
  : 

  

       0,0203 8600,344 
     

 
0,15 1090,53 

    
 

0,03 12709,868 

       
 

0,025 10591,557 

    
 

 32 992,299 

    
 

0,03 19225,745 

     
   : 

 52218,044 

     
 : 

 660083,926 
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