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 2.2 –      
 I II III IV V VI VII VIII IX X XI XII .  % 36 52 42 202 1324 1164 494 634 410 180 234 82 405 

 
 2.3 –      
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     . .3,  

     2.3: 
 = ∑ ы − =  .                                                          (2.3) 

  
     ,    
  . 

       2.4. 
 

 2.4 –   
 P ,  N ,  N ,  N ,  N ,  

I 230,5 30 17 18 46 

II  224,6 30 18 18 40 
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IV 202,2 25 26 18  
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3     
 
3.1       

 
3.1.1   

 
  –       

.   ,    3.1,  
   .     

3.1. 
 

 3.1 –     

  
   
   

 

  

 
 

 ё  
 

 

 
  

  

Q , 3/  Z ( )  H ,  H ,  H ,  H,  Q, 3/  H,  Q, 3/  

0 550,0 550,0 45,6 35,2 42,1 46,0 217,4 31,0 

40 550,3 550,3 45,3 34,8 41,8 45,0 222,2 32,0 

80 550,6 550,6 45,0 34,5 41,5 44,0 227,3 33,0 

120 551,0 551,0 44,6 34,2 41,2 43,0 232,6 34,0 

160 551,3 551,3 44,3 33,9 40,9 42,0 238,1 35,0 

200 551,6 551,6 44,0 33,6 40,5 41,0 243,9 36,0 

240 551,9 551,9 43,7 33,3 40,2 40,0 250,0 37,0 

280 552,2 552,2 43,4 33,0 39,9 39,0 256,4 38,0 

320 552,5 552,5 43,1 32,7 39,6 38,0 263,2 39,0 

360 552,8 552,8 42,8 32,4 39,3 37,0 270,3 40,0 

400 553,1 553,1 42,5 32,1 39,0 37,0 270,3 41,0 

440 553,4 553,4 42,2 31,8 38,7 37,0 270,3 42,0 

480 553,7 553,7 41,9 31,5 38,4 37,0 270,3 43,0 
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 3.1 –   

 
     : 

– = ,      ; 
– = ,      ; 
– H i = ,  . 
 
3.1.2      
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   ,     

  .  
         

      .   
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 3.2 –    
 50-  50- 60 45-  ,  50 50 45 /  0,50 0,50 0,60  ′ , /  116 113 82  , /  1,52 1,7 1,43   0,916 0,91 0,921  ′ , /  1,5 1,65 1,43 𝜎  ′  0,55 0,60 0,13  ,  0,460 0,350 0,460 ,  12 5 4 , ℃ 8 8 8 𝑣 · , /  0,99 1,11 1,38 𝑣 · , /  1,38 1,38 1,38 

 
,       ( . 3.3), 
      

 
 3.3 –       ( , ) 

1000 1250 1400 1600 1800 1900 2000 2120 2240 
2360 2500 2650 2800 3000 3150 3350 3550 3750 
4000 4250 4500 4750 5000 5300 5600 6000 6300 
6700 7100 7500 8000 8500 9000 9500 10000 10600 

 
 ё   : 

–    

η = − − η ( − + √DD ∙ √ ∙ √ νν ). (3.1)  

 
     η  –   ; 

 – ,       
 .     : = , ;  : 

 = { , + , · Q  . .′Q  ′   Q  . .′ < Q  ′,   Q  . .′ > Q  ′  

 Q  . .′  –    ё   Q  ′  –      D  –   ; H  –   ; 
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D  –   ; 
 – ё    ; ν  –      .   

   ν = , ·  / ; ν  –      . 
   3.4,      ( ). 

 
 3.4 –       

 , ℃ 0 5 10 15 20 25 30 35 𝒗 · 𝟔, /  1,79 1,51 1,30 1,14 1,01 0,90 0,81 0,74 
 

–    ё   
 N = , · Q′ · D · H · √H · η ∙ η . (3.2)  
 

     Q′  –    ё  ; η  –   ; η  –  .  η = , ; 
–   
 Z = NN . (3.3)  

 
     N  –     ; N  –    ё  ; 

         
 ( ′ ),       ё   (N′ ).    3.4: 
 N′ = NZ′ . (3.4)  

 
–   
 ∆ = ηη , (3.5)  

 
     η  –   ; η  -   ; 

–    
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′ = I p′ √∆ ·D . (3.6)  

 
      ′  -      ё  

;  ∆  –   ; 
 – ё    ; D  –   ; 

 
      . 

–    
  ′ = ′ D√∆ · 𝑖 . (3.7)   

  ′ = ′ D√∆ · . (3.8)  

  ′ = ′ D√∆ · . (3.9)  

 
–  ё    ё     
 ′ · η = N′, ·D · , ·η . (3.10)  

 
     N′  –   ; D  –   ; 

 – ё    ; η  –  ; 
–        
 ′ · η = N′, ·D · , ·η . (3.11)  

      N′  –   ; D  –   ; 
 –    ; η  –  . 
   3.10  3.11,    

    ′    ′  . 
         

  . 
   3.1-3.11     

  50- , 30- 60, 45-   [ , . .1]. 
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     : 
–  ; 
–    ; 
–   ; 

 
3.2       

 
       

ё  ,    3.12: 
 ∇ . . = + H . (3.12)  

 
  –       ,  

   . 
    H    

        
.    ,    

   , . .   , 
   : 

–         
 ; 

–         
; 

–        
   . 

 : 
 = , − − 𝜎H − ∆H + ∆ . . (3.13)  

 ∆H  –    ,  
  σ   ,    

  (1,5 ); 𝜎 –  ,     
  ё  ; H –  ,      ; ∆   –        

  .    ∆  = . 
   ,     , 

     : 
 = ′ ∙ ∙ ∙ √∆ ∙ .  (3.14)  

 
 ′ -     ; 

 –  .  = : 
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 –  . 
 

          
. = . 

      3.5. 
 

 3.5 –      
 50-  50- 60  45-  𝑫 ,  3,55 4,5 4 4,5 𝒙′ , 

3/  
1.23 0.96 1.27 1.01 ′ , 

3/  
1.24 1.16 1.58 1.2 

𝒊′ , 
3/  

1.18 1.11 1.5 1.11 

𝒙 , 
3/  

543,20 552,50 552,61 552,50 

, 
3/  

545,42 555,94 557,94 555,94 

𝒊 , 
3/  

542,87 552,31 554,05 552,31 

𝒙 539,64 549,84 546,33 549,84 
 538,61 551,12 545,10 551,12 𝒊  539,41 550,51 546,90 550,51  𝒙,  -3,55 -2,66 -6,28 -2,66  ,  -6,81 -4,82 -12,84 -4,82  𝒊 ,  -3,46 -1,80 -7,15 -1,80 

 
 ,  ё     

 ё ,     –  50- -
450. 

       ,  
     .    

     (3 )   
.      ,  

 ё         . 
       . 

         
    1    2 . 
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3.3 ё         
     . 

 
      

       ,     
  ,         

.          
 . 

        
: 

1.       
 . 

2.     (   
)   . 

3.        
 ,         
 . 

     7   
     : 

  : 

          = , ∙ = , ∙ , = ,  . (3.15)  
 

 : = ° 
 : 

          = + , = , + , = ,  .                                              (3.16)  

    = ,  : =  ; = ,  ; = ,  ; = ,  ; = , ; ℎ = ,    
  1   . 

       
 

  : = + ∙ ℎ = , + ∙ , = ,  . (3.17)  
 

        
 =   4,  = , ⁄ . 

ё  : = N, ·η · = , · , · , = , . (3.18)  

 
   : 
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          = ∙ ° = , ∙ °° = , . (3.19)  

 
    : = = ,  , = ,  . (3.20)  

 
  : = √ = √ ,  , = ,  . (3.21)  

 
       : 

= + √ − = , + √ , − , = ,   . (3.22)  

 
   : 

            = + = , + , = ,  . (3.23)  
 

   : ∙ = − √ − = , − √ , − , = , . (3.24)  

 
  : = , . = = , . (3.25) 

 
       Δ = °, 

    .     8 
   ,       

,  ,  ,  .   
           = ; = = . = , .  

  
   °         

    : = · i   

 
: = ° 
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   = − + · −·  . 

  : = · · = ,· , · , = , . (3.26)  

 
     (     ):  = 𝑝 ∙ ∙⁄ = , ∙ , ∙ ,⁄ , = , .  

 = 𝑝 ∙ ∙⁄ = , = °.   
 

  ё      
  .  

 
3.4     

 
       

         
    [27]. 

. .       
  ±10%,    -654/50-36 [22]  

3.8. 
       3.8. 

 
 3.8 –   

 -840/150-52 𝑺 ,  55,9 ,  47,5 𝐜𝐨𝐬 𝝋 0,85 𝑼 ,  10,5 , /  166,7 , % 97,2 
 ,  450 
 ,  9800 

,  9100 
  

 
 

𝒙𝒅′′ 0,33 𝒙𝒅′  0,37 𝒙𝒅 1,15 
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3.5 ё      
 

3.5.1 ё     
 

        
    . ё       

   ,    
. 

   : 
 ∗ ( , ∙ [ ]) ,

. (3.27)  

 
    = ÷  .  = ; 

 –  : 
 = , ·N′ = , ·, = , . (3.28)  

 ∗ ( , ∙ [ ]) ,
. (3.29)  

 ∗ , ∙ , ,
 . 

 ∗ ,   . 
 

      
(  50     1000    100    ), D =  . 
 

3.5.2  ё   
 

      
 .       . 

    : 
 = , ∙ N′∙ = , ∙ , ∙ , = ,  . (3.30)  

 
         0,77  (  

15-20   ). 
    : 
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= ∙ℎ [ ] = ,, ∙ , = ,  . (3.32)  

 
     ℎ  –    300 ,  = ÷  . 

   
 = ∙ U = ∙ , = ,   . (3.33)  

 = ∙ ∙ = , ∙ , ∙ , = , / . (3.34)  

 
  , ,  . 

ё   : 
   ℎ =      =   

 
    : 

 = + ∙ 𝛼+ ∙ 𝛼 = ,+ ∙ °+ · ° = ,   . (3.35)  

 
      –    . 

 = = 𝑂 = ° .     
 

   : 
 = ∙ℎ = ,, ∙ , =  , .  (3.36)  

 
       –     . 

 

 = , − , ∙ = , ∙ , ∙ , = ,  .  (3.37)  

 
   

 = ∙ U ∙ , = ,  .  (3.38)  
 

  , ,  . 
 

    ,    
,   . 
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3.6     
 

        
  . 
  [15]      

 = ,   = ,  :  
 1,6/1-40-2,5-2: 

1,6 – ё  ; 
1 –  ; 
40 – ,    40 / ; 
2,5 –     ; 
2 –  . 

 
3.7    

 
  -     
  . 
-2 1-150-4: 
 –  ; 

2 1 –   ; 
150 –   ; 
4 –   11-  . 
. 
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4   
 
4.1       
 

           
 4.1.  

 
 4.1 –   ,     

  
  

 𝐔  𝐜𝐨𝐬 𝛗  𝐔  𝐒 . . ё  
 ·   . .  ∙   · ,  ,  ,   180  

 
–     cos φ = , ; 
–      T =  / ; 
–       P . . = , ∙ P . Э ; 
–        

  cos φ . . = cos φ . 
 
4.2       
 

       
   .    

 , ,   
,  , ,   
   . 

      
ё  :      4.1.  

 

 
 

 4.1 –       
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4.3       
 
4.3.1    
 

        
  -654/50-36   "  ". 
       3.8. 

 
4.3.2        

 
 

     ,   
 . 

      
        , 

    , . .  , 
   1%   : = − . . = − , · ,, = ,  · . (4.1) 

 
      –  ( )  , ; . . –    , ; cos  –   , . . 

         
« »  -63000/220- 1.     

 4.2. 
 

 4.2 –    -63000/220- 1 𝑺 ,  
𝑼,  𝑼 , % ∆ ,  ∆ ,  , % 𝑼  𝑼  

  ,  ,    ,  

 
      

 ,       
   . 
 = , + · = , + · =  / . (4.2)  

 
     : 

 = − − 𝜔 . (4.3)  
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      –   ,1   ; 
 –       , : = ; 𝜔 –    ,   : 𝜔 = ,  / ; 

 –   -  , =  . 
 = − · − , · =   . 
 

    : 
 ∆ = · ∆ · . (4.4)  

 
      –    , = ; ∆  –    , ; 

 –      , . 
 ∆ = · , · = ,  ·  . 
 

   : 
 ∆ = ∆ ·  · , (4.5)  

 
    ∆  –    , ; 

 –    ; 
 –       , 

;   –   , ; 
 –   , / . ∆ = , · , · = ,  ·  . 

 
     : 

 = · ∆ + · ∆ . (4.6)  
 

     ∆  –   , · ; ∆  –    , · ; ,  –        
 : 

 = , · −   ы . / ·  . 
 = , · −  ы . / ·  . 
 

   1  : 
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  = , ∙ , ∙ − + , ∙ , ∙ − = ,  ы  / .  
 

    (3  ): 
 = ·  = · , = ,  ы . / .  (4.7)  

 
4.3.3       

  
 

        
     ,   

  : 
 = ⋅ − . . = ∙ , − , ∙ ,, = ,  · . (4.8)  

 

         
« »  -125000/220.     

 4.3. 
 
 

 4.3 –     125000/220 𝑺 ,  
𝑼,  𝑼 , % ∆ ,  ∆ ,  , % 𝑼  𝑼  

  ,     ,  

 
  ,     

   . 
      : 

 = , + · = , + · =  / . 

 
     : 

 = − · − , · =   . 
 

    : 
 ∆ = ∙ , ∙ , = ,  ·  . 
 

   : 
 ∆ = , ∙ , ∙ = , ·  . 
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       1  

 : 
  = , ∙ , ∙ − + , ∙ , ∙ − = ,  ы . /  . 
 

    (1   1 ё ): 
 =  . +  . = , + , = ,   ы . / . (4.9)  

 
       

  . ,  ,    
       . 

 
4.3.4      
 

 ,     , 
 1%: 

 . . = , ∙ Э . (4.10)  

 
 : 

 . . = , ∙ ∙ ,, = ,  ∙ .  
 

    «  »  
 -2000/10.      4.4. 

 4.4 –    -2000/10 𝑺 ,  
𝑼 ,  𝑼 , % 𝑼  𝑼  

2000 10,6 6,3 5,5 
 
4.4      

       
   

 
   220 : 

 = ∙ − ∙∙ +  (4.12)  

 
      : 

 



39 
 

= , ∙ − , ∙ ,, ∙ + = , ≈  . 

 
   220 : 

 = Σ·√ · = .− . .∙√ ∙ ∙ = , − ,∙√ ∙ ∙ , = ,   . (4.13)  

 
ё    220 : 

 = · · . (4.14)  
  

     – ,      
, = , ; 
 – ,      

, = . 
 = , ∙ ∙ , = ,   . 

 
       

.    220  = ,  / .   
: 

 = = ,, = ,   . (4.15)  

 
    .   

  =  ,  : 
 . = − . .− ∙√ ∙ ∙ = , − ,− ∙√ ∙ ∙ , = , .  (4.16)  

 
  : 

 
  <  ,     . 

         
,    -240/32.   -240/32 

   4.5. 
 
 
 
 
 
 
 

 4.5 –    -240/32 
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    /  𝒙  /   /  

 ,  ,  , · −  
 
4.5       -

 ё  ( )  
 

     
,      

  . 
   : 

 = ∙ + ∙ + ∙ Э. (4.17)  
 

     =  –   ;  
 –    ;  =  –    ;  
 –     ;  =  –   ;  Э –    .  

       :  
 = ∙ + ∙ + ∙ = , . .   
 

       : 
 = ∙ + ∙ + ∙ = ,  . .   
 

       
 : 

 i = ∙ i + i. (4.18)   
 

     = 0,15 –  . 
 

       : 
 = , ∙ , + , = ,  . .  
  

       : 
 = , ∙ + , = , . .  
 

  :  



41 
 

 ∆ = − ∙ % = − ∙ % = , % < %. (4.19)   

 
 ,      
    ,      

ё .  
 

4.6       
 

 
  –220   6 (1  

, 2  220 ,   3 ).    
         

   13  [55].    
    4.2. 

 

 
 4.2 –    220 :   

 
 
 
 
 

4.7 ё        
       RastrWin. 
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         4.3.

 
 4.3 –      

 
 ё     . 

 : 
 = = = ,  . (4.20)  

 = 𝜔∙ , = ,, ∙ = ,  . (4.21)   

 
 : 

 = ′′ ∙ . = , ∙ , = ,  . (4.22)   
 x = x′′ ∙ = , ∙ ,, = ,   . (4.23)   

 = 𝜔∙ , = ,, ∙ = ,   . (4.24)  

 
  : 

 = ,% ∙ = , ∙ ∙ = ,  . (4.25)  

 = ∆ ∙ = ∙ = ,  . (4.26)  

 = = , = ,  . . (4.27)  

 
 : 
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 = , ∙ = , ∙ = , .  (4.28)  
 = , ∙ = , ∙ = ,  . (4.29)  
 

4.8      
 

  RastrWin 3     . 
     4.6. 

 
 4.6 –  ё    

    ,  𝒊 ,  

ё   
 1 17,500 23,848 

 – 220  6,5838 16,573 

   – 220  9,804 49,343 

 
     : = √ . (4.30)   

 
  –   / ,  = ,   

    = ,     220 . 
 

4.9   ё     ё  
 

 
       

      . 
      

        , 
  5 %: ,  = , ∙ , = , ∙ , = ,  . 

 
    : 

   = ,√ ∙ , − % = , ∙√ ∙ , = ,  . (4.31)  

 
        220 : 

 . = ∑∙√ ∙ = ∙∙√ ∙ = , . (4.32)   
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   : 
 . = ∑− ∙√ ∙ = ∙∙√ ∙ = ,    . (4.33)   

 
4.10       

 10,5  
 

        
           

  ,    . 
       

 : 

 . (4.34)   
  . (4.35)   
 э . . (4.36)   
 , , . (4.37)   
 

     « »  
      –10 3 

[20]   –10/4000 3 [25].    
      4.7.  
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 4.7 –        

 

ё   
  

 
-10  

 
-10/4000 3 U = ,   U = ,   U = ,   I . = ,   I =    I =   I = ,   I =   iэ . =   i = ,   i . =   I . =   

 =   =   . = I ∙ (t + t ) = = ,  ∙ , + , = = , ∙  

. = I ∙ t = = ∙ =  ∙  
. = I ∙ t = = ∙ =  ∙  

 
 

    , 
      . .   

 ,      . 
,    ,     

 4.8. 
 

 4.8 – ,     
    

 
 

 
RS-485 8   « » 

 
 

 
RS-485 10   « » 

  18   
 

 
 

 
RS-485 10   « » 

  
  

RS-485 40   « » 

  50   
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4.11      

 
   -10- 1 [27].   

«  ».    -10- 1 
   4.9. 

 
 4.9 –    –10-2 

 ё      
 U < U  U = ,   U = ,   I  < I  I . =   I =   

 
   .06-10 [27].  

 « ».    .06-10 
   4.10. 

 
 4.10 –      

 ё       U < U  U = ,   U = ,  
 

        
  .      
.  ,  -10- 1   

« z ». [24]. 
 

4.12    
 

     ( ) 
  ,    

     SF6 (   SF6)  
   .    

  -220  « ». 
   -220        

 : ,   , 
   ,  ,   

  ,  ,   
   .  

     4.11. 
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 4.11–     

 ,  U  = 220 
  ,  252 

   
,  

50 

    ,  
  ,  Id. = 1255 

  ,  IT. = 50 
    

,  
3 

   
 50 ,  

440 

   
,  

900 

   (    
) 

  0,25s 
  0,5s 

  10  
   (    

) 
  0,2s 

  0,5s 
  3  

 ,  
  3150 
  4000 

5      

5.1     
 

  ,   
         

     , 
   ,    

  ,     
   .. 
     : , 

  . 
 
5.2    
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    [32]      
   : 

–       
         ; 

–      100%   ; 
–        ; 
–    ; 
–       

      
; 

–     ; 
–      ; 
–        ; 
–        ; 
–     ,   

; 
–     ( ) ; 
–     ( ); 
–    . 
 
5.3 ё    

 
  ё       

 . 
  :  

 = √ ∙ = , ∙√ ∙ , = . (5.1)  

 
    ё    

  :  
 = ∙ = ∙/ = ,  . (5.2)  

 
 1.4 –    

  
 

 ( / ),   
( / ),  

2401100-2,5 4 1100/1850 190/475 
 
                

   .  
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 ,         
  . 

 
 1.5 –    

 

 
 
, 

 

    
-

,  , 
 

, 
 

, 
 

-
1000/10-

- 3 
839 10,5 475 600 1250 

 
         ,       

    . 
               

      (5.4),     
    : = ∙ = ∙ , = ,   .                                                 (5.3)         

 = ∙ = ∙ ,, = , .                                                                            (5.4)          

 
  –  ,  1850 ; 

 –  ,  0,816;   –  ,    
, 1020 ; 

                60% 
 5 ,        
  120 ,     

      . 
 

5.4       
 
5.4.1     ∆  

 
      

  < , ∙     
        . 

        
          

 . 
  : =  . 
   : = /  .  
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1)        
  .  .      

      : 
 = ∙ ∙ = , ∙ , ∙ . (5.5)  

 
     = ,  -    ;  = ,  -    . 

   : 
 . ∙ = ∙ , ∙ = , ∙ . (5.6)  

 

     =  -  . 
 : . = , ∙ . 

2)        
    .     

     ,   
     . 

       
 :   

 = = ∙ ∙ . (5.7)  

 
      = ,  –    ; = ,  -     (0,5-  

, 1,0   ); 
 -        

         
. 

 = ′′′′ ∙ = ,, ∙ =  . (5.8)  

 
 ,      (5.7): 

 = , ∙ , ∙ = ,  .  
 

    : 
 >  ∙ . (5.9)  

 > ∙  .  
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> , . 
 

     =  –  ;  
 -       . 

  = , . 
 
3)    (      

): 
 = ∗ = , , = ,  . (5.10)  

 
4)        

.      : 
 

. (5.11)  

 ,  . . . 
 

     = 1,5 (    
). 

  5.1    
  . 
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 5.1 –    

  
 

    ,  ,  
   -       

. 

5.4.2         
(UN (UO)) 
 

  100%    , 
         

    . 
      : 

 
1)   (U0)      

  U0   85-95%     
  ; U0     

 3U0    ,  
 «  ». 
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     Э . .      
 . 

  Э . .     ,  
 . 

    ,  
     

   5.2. 
 

 
 5.2 -     , 

     
.   –        

;  –        ;  – 
     ;  –   

. 
 

     : 
 𝛴 = + + + = , + , + , + , = , . (5.12)  

  Э . = ∙ ∙ + 𝛴. (5.13)  

 
      – ,      

  .       
,    , = , ; 

 –        
  , = ,  я = ; 
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 –        
    .  : 

 = ∙  √ = ∙ √ = ,  . (5.14)  

 
     : 

 = √ ∙ Л ∙ 𝜔 ∙ СΣ = √ ∙ , ∙ ∙ ∙ , = , . (5.15)  
 

       
    220    5.14: 

  Э . . = , ∙ , ∙  ∙ ,, + , = .  
 

     : 
 ∙ ∙  Э . . (5.16)  

 ,, ∙  ∙, √ ∙ ,⁄  .  
 , . 
 

     = ,  –  ; 
 –   ; = ,  –  . 

       
,     5  20 . 

  :    10    
  5,0    ;     15   
  0,5      , 

       -  . 
2)         

          30% 
     . 

         1 
 3. 

          
  : 

 = + . (5.17)  
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 = ,        32,3 %  
   . 

    0,5     
 ,        

-   ( ). 
 

5.4.3     (U1>), (U2>) 
 
1)   U2> : 
 = , ∙ = , ∙ / =  .  

 
2)         
  U1>   , ∙ ,      

     . 
U1>        . 

 U1> : 
 = , ∙ = , ∙ / =  .  

 
  ,      

    220      , ∙ . 
    0,5     
 ,  . 
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5.4.4      
      (I2) 

 
      

      
      
  ,     

    . 
       ∗ : 

 ∗ = . (5.18)  

 

     –       ; 
–      . 

      
    : 

 = ∗ , (5.19)  

 
     =  – ,  - . 

    : 
1)          
        

(   ). 
   :  

 = , ∙ = , ∙ = ,  .  
 

2)         
        

 .       
           = .  

 : 
 ∗ = ∗ = , , = ,  . .. (5.20)  

 
 : 
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∗ = ∗ = , , = , .  
 

     = ,  –  . 
        

   ,  ∗ = , : 
 = , =   

 
3)       

,         
 ,  : 

 = ∗ . (5.21)  

 = = ∗ ∙ . (5.22)  
 

     
      5.1. 

 
 5.1 –      

   
    

  I2/I  1,0 0,6 0,5 0,4 0,3 0,2 0,12 

 ( ),  30 83 120 188 333 750 1531 
 

     
      

   I2    5.3. 
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 5.3 –      

      
   I2 

 
    : t . = 0,5 ,         

t . =  . 
       

     .  
4)          

           
     . 

       : 
1.         

 ; 
2.       

    B . 
3.          

 BJI. 
        

   . 
        

220           
 . 
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 ∗ . . . (5.23)  

 
  ∗  –     ;   ′′ −       , 

    ; −    ; −     . 
 ∗ = ∙ = , ∙ , = , . (5.24)  

  ′′ =  ′′ ∙ = , ∙ , = , . (5.25)  

 = % ∙ = ∙ , = , . (5.26)  

 
       220 : 

 ∗ . . , ⋅ ∙ , + , + , .   
 ∗ . . ,  . 

      : 
 

            . . = ,  ∙ , = ,  .                                                                      (5.27) 
  

     8,0     110 
,    8,5      110   

 ,    9,0     
   . 

 
5.4.5      
 

      
 .          
   : 

1)  ,     
         

   . 
  : 
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= ∙ , ∙, = ,  .   
 

 = ,  –  ; = ,  –  . 
  =  . 

2)  ,      
        

 . 
  : 

 = ∙ = , ∙, = ,  .    
 

      . 
      
   ,    5.2: 

 
 5.2 –   ,    

    
 

  1,1 1,15 1,2 1,25 1,3 1,4 1,5 2,0 2,2 

 
 ( ) 3800 1200 450 340 280 160 80 3 1 

 
      

     5.4. 

 
 5.4 -       

  

0

500

1000

1500

2000

2500

3000

3500

4000

1 1.2 1.4 1.6 1.8 2 2.2

t, 

I/I , . .
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  ,  . 
      
   0,01 . 

3)   ,     
       . 

  :  
 = ∙ = , ∙, = ,  .   

 
         

   : 
 = , ∙∙ = , ∙, ∙ = ,   . (5.28)  

 
     8,0     110 

, 8,5     110    ,   
 9,0        . 

 
5.4.6     < , <  
 

         
       

    . 
1)       

        1 .  
        
  ,    . 

       220   
 . ,    220 ,   : 
)        220   

: 
 ∙ + , ∙ ′ . (5.29)   

 , ∙ , + , = ,   . 

 

  – , ,   ; 
 –  ,     

110 . 
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= , ∙ = ,  .  
 

  ,     
: 

  . . , ∙ , ∙ , + , ∙ , = ,  . .  
 

    : 
 =  . . ∙ = , ∙ = , . (5.30)  

 
  –  . 

 = = , , =  . (5.31)  

 
  : 

 = ∙ = , ∙ ⁄⁄ = ,  .  

 
  = , . 

2)  ∆         
    .   ∆ ,      ,    , 

 , ∆ = − ⁄ . 
      0,5    

  220    ,    
1,0        ,   

  . 
3)       

        . 
    : 

 = √ ∙ = √ ∙ =  . (5.32)  

 
      –   , . 

 
       

         
 ∙ . .       , ∙  (   

): 
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∗ = . = = ,  . .. (5.33)  

 
 . . . –    , ; 

 –       
. 

          
  , ∙ . 

     : 

. = , ∙ .∗∗ = , ∙, = ,  . .. (5.34) 

  . = , ∙ ∗ = ,, ∙ , = , . (5.35)  

 
      . = , °. 

     : 
 ∗ = . = , , = ,  . .. (5.36) 

 = ∗ ∙ . = , ∙ = ,  . (5.37) 
 

  : 
 = ∙ = , ∙ ⁄⁄ = ,  .  

 
  = ,  . 

      
  20%.     = ,  , = ,  . 

        
     . 

        
     .   

    7,5  –     
110    ,    8,0    

    . 
      

 5.5. 
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 5.5 –     

 
5.4.7      
 

      
 .        . 

    : 
1)  ,     

         
   .  
  : 

 

 . = ∙ . = , ∙ ,, = ,  .  
 
2)  ,      

        
 .   : 

 

 . = ∙ . . . = , ∙ ,, = ,   .  
 
3)  ,      

 ,     ( .5.3),    
  ,  . 
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 5.3  –     

   1,1 1,15 1,2 1,25 1,3 1,4 1,5 2,0 2,2 

  
( ) 300 250 180 160 120 90 72 45 20 

 
       

    5.6. 
 

 
 5.6 -      

   
 

4)   ,     
       .  

 : 
 

. = ∗ ∙ ∙ . = , ∙ , ∙ ,, = ,  .  
 

     3,0 .   
   ,  . 

 
5.5     -  
 

  ё  ,      
        

       
  « ». 

0

50

100

150

200

250

300

350

400

450

500

1 1.2 1.4 1.6 1.8 2 2.2

t, c

I/I , о.е.
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     ,   

 . 
        

     
          

       . 
                

       
  ,     

      
 .  

                 .  
    . 
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6     
 

6.1      
 

         
  : 

 ∇ = ∇ + ∆ℎ = , + , = . . (6.1)   
 ℎ = ℎ % + ∆ℎ + = , + , + , = ,   . (6.2)   
 

     ℎ %-   1% ; ∆ℎ  –   ; 
 –  ,     (  III   =,  ). 

 ∆ℎ = ∙𝑔∙ = , ∙ ∙, ∙ = ,  . (6.3)   

 = ∇ −∇ = ,  . (6.4)  

 
  [37] 

 = ∙ + , ∙ √𝑔∙ ∙ −  . 

 = ∙ ( + , ∙ √ , ∙ − ) ∙ − = , .  
  

  [37]    
 

 
𝑔 =                

𝑔ℎ = ,   
𝑔 = ,  

 

  𝑔 =            
𝑔ℎ = ,   

𝑔 = ,  

 
   : 

 ℎ = , ∙ 𝑔 = ,   . 

 = , ∙ 𝑔 = ,  c . 

 
   : 
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⅄ = 𝑔 = , ∙ . = ,  .  (6.5) 

 
 : 

 > , ⅄  ,  , > , . 
  

   % : 
 ℎ % = ℎ = , ∙ , = , . (6.6) 

 
  [37]. 

 
6.2   

 
6.2.1      
 

         
   – Q0.01%,     -

Q0.1%. 
 

   ( . 1.2) : 
 

  .  = ,   3/  ∇ = ,  ; 
 
6.2.2        

     
 

       
         

 : 
 =  − ( . ) = 597.00 – 554,7 = 42,3  > 33,4          

 
 

         
  : 

 

 =  . ∙  −∆ℎ ∙ = . ∙ , ∙ , =   / .           (6.7)   

 
 

 [37]  ,     
 - m,    : 

m = (n - 1)     ; 
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, m = 3-1=2 
 Э = ∙  = ∙ = ,  / . (6.9)   

 
 

        
  : 

 = . − Э − . (6.11)   
 = ,  –  ,  –  ,  =  ,  /  . 

 . =  + = ,  + , 9  =  ,  / . (6.12)  

 
6.2.3       
 

    D  1  5  
 
D = 3,0   
 

        
    

 

 + = , + = , .  

 ∇ = ∇  + ℎ + , = , + + , .  
 

     ∇   –   ; ℎ  –  . 
 ∇ = ,  . 

 
      : 

 

 = ∇ −∇ − ∇ = − . − , = ,  .   
 

    : 
 = 𝜔√ = , ∙  , ∙ ∙ , ∙ , , =  ,  / . (6.14)  

 
       -   0,8;  

 𝜔 -     3,0 . 
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 𝜔 =  R  =  , ∙ , = , . (6.15)  
 

     , 
     Q  

 = = . = . (6.16)  

 
 2   3. 

 
6.2.4     
 

       
 = [𝑣h]ℎн , (6.17)  

 
    h       ,     = f (Q ) 
  . ;  

[vh]     ,     
,    (  –  5 / ). 

 [vh] = 5 / .  
 ℎ = ∇ − ∇ = . − , .  

  =   ∙ ,  =  ,  /  . 
 

     
  =  ,  =  ,  ∙  ,  =  ,  / .  

 
    = Σb, 

 = =  , = , . (6.18)  

 
 2   b =8  

    В  ∙  =    
 
6.2.5     
 
          

      , 
       Н01,       

  Н02 
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 =  ( ∙ ∙ ∙√ 𝑔) ⁄ = , ∙ ∙√ ∙ . ⁄ = ,  . (6.19)  

 
 m          

        (  
  m = 0,49) 

 H =  ( ∙  ∗σ∙ ∙ ∙√ g) ⁄ = , ∙ , ∙ ∙√ ∙ , ⁄ = ,  . (6.20)  

 
    n    (   n = 1);  

    ,       
. 

 = − , [ + − ] = − , [ , + − , ] , = , . (6.21)  

 
     𝜉 -    ,  0,7; 𝜉 - ,          

  ,    0,45. 
          

 V0 
 = − 𝛼 𝑔 . (6.22)  

 = − + − =  , − , + − ∙ . (6.23)  

 = ,  / . 
 

     δ    . 
        
   (     = 3  -  

  b ≤ 14   δ  = 4  -    b> 14 ). 
 = − 𝛼 𝑔 = , − , ∙ , ∙ ,∙ , = ,  . (6.24)  

 
6.2.6     

 
  –        

 : 
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H = 4,956   = 5 . 
 

  : 
 ∇ =  −   =  , −  =  , . 

 
6.2.7       

  
 

        
   (  )     :  

 H = ( ∙B∙√ g) ⁄ =  , ∙ ∙√ ∙ . ⁄ = ,  . (6.25)  

 H =  ( ∙ ∙σ ∙B∙√ g) ⁄ =   , ∙ , ∙ ∙√ ∙ . ⁄ =  ,  . (6.26)  

 
          

  : 
 V = ∇ −∇ B+ − =  , − , + − ∗ =  , .  (6.27)  

 H = H − α∙ g = , − , ∙ ,  ∗ , =  ,  . (6.28)  

 
    , . .   

          
 ∇ = ∇ + H =  ,  +  + ,  = ,  . 

 
. . . ∇ > ∇      

 . 
 
6.2.8     
 

        
      = 8 . 

      [41].  
 ,        

 H =1 , ,      
  = 8 . 

             
( . 6.1)     6.1. 
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 6.1 –     

x y x y x y x y 
0 1,008 8 2,048 16 9,88 24 22,592 

0,8 0,288 8,8 2,568 16,8 10,952 24,8 24,104 
1,6 0,056 9,6 3,152 17,6 12,064 25,6 25,656 
2,4 0 10,4 3,8 18,4 13,224 26,4 27,24 
3,2 0,048 11,2 4,512 19,2 14,5 27,2 28,872 
4 0,216 12 5,288 20 15,68 28 30,544 

4,8 0,48 12,8 6,112 20,8 16,976 28,8 32,248 
5,6 0,8 13,6 6,984 21,6 18,312 29,6 33,992 
6,4 1,168 14,4 7,896 22,4 19,696 30,4 35,768 
7,2 1,584 15,2 8,864 23,2 21,12 31,2 37,584 

 
 6.1 –   

 
        

  C-D  R.        
        [41].  

 
 = 8 ,  = 20 , R = 15,5  . 
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 6.2 –    

 
    (  )   : 
 ∇ = ∇ + , ∙ H =  ,  + , ∙  =  ,   . (6.29)  

 
       

     ,     . 
   . 

 
6.2.9    
 

ё         d  
 l . . .      ,  
        =  ,  
ё     ℎ′′ = ,  . 

    ё   
.  

        : 
 = 𝜎 ∙ ℎ′′ − ℎ + ∆ , (6.30)  

 
 ∆  – ,         

 .  ,   ,    
  ,      

. 
 ∆ = 𝑔 ℎ − 𝛼𝑔(𝜎ℎ′′) = ,  . (6.31)  

 = , ∙ , − , + , = ,  . 
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      : 
 = + = + , = ,  . (6.32)  

  
      ℎ′

  ℎ′′. 
    𝜉 = , ,   

 
 ′ = ,    ′′ = , .  
 ℎ′ = ′ ∙ ℎ = ,  ∙ , = ,  .  
 ℎ′′ = ′′ ∙ ℎ = , ∙ , = ,  .  
 

         ,   , 
    ℎ′′ 

 ∆ = ,   . 
 = , ∙ , − , + , = ,   . 
 

        
   − = , − , = ,  . 
   ,     

    5,63 .  ,   
        ℎ = ,  .  

 
  : 

 ∇ = ∇ − = − , = , .  
 
6.3    
 
6.3.1     
 

  ,    , 
  .      
:  

1.      
2.       
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       , . .  

    . 
    ,     
      .  
    ,  
    .  

  ℎ : 
 ℎ = ∇ − ∇ = − =  .  

 ∇ = ∇ − = , − , = ,  .             
 

     d –  . 
         
     : 

 = , ℎ = , ∙ =   . 
 

      , , 
    . ,   

   =       = , . 
 
6.3.2      
 

       
        

  . 
 ,    ,     

   .   : 
 = + = + =  . 

 
      −   ;  −   . 

        
 1    5      ,    
 0,3 . 

 
6.3.3  
 

         
    .  

       . 
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   ,      
  0,5 ,       

 0,7 . 
    1 ,    

        . 
 
6.3.4  
 

         
  .      126 , 

      .    
 –      .   

   120  ,    
      . 

 
6.3.5      
 

        
  ,     . 

   20 ,     2 .  
        ,    

       : 
 a ·, . (6.33)   

 
      –     ,   
 I  = , ; ,  –       ,  

  , = ; 
 –   ё  ,   : 

 = ∇ − ∇ . . = , − , = ,   (6.34)   
 

    : a · ,
 . 

 a ,  . 
 

 = ,  . 
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6.3.6     
 

       .  
       2,5 3   

 ∇=547,32 
    ∇=553,00  569,00   

   ,       , 
        2 2,5 . 

 
6.4      
 
6.4.1   
 

  : 
 = ∆ ∙. = , ∙ , = ,  . (6.35)  

 
      –     ,   = ; 

 -      ∆  –    ,   : 
 ∆ = − = , − = ,  . (6.36)  

 
  –    . .  [12] : 

 = , = , · , =  . 
 

       : 
 = , ÷ , = , ÷ , . (6.37)  

 
    = ,  . 
  : 

 h = , ∙ = , ∙ =  .  
 

6.4.2     
 

         
      

       200 . 
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 : 
 h = , ∙ h = , ∙ = ,  .  

 
       ,  5 .  

 
6.5      

 
6.5.1      
 
6.5.1.1      
 

   : 
 = ∙ ∙𝑔∙+ = , ∙ ∙ , ∙+ = , / . (6.38)  

 
   –     (    

AutoCad); 
 –  ; 
 –  ; 
 –  . 

    . 
     : 

 = ∙ ∙ ∙𝑔+ = , ∙ ∙ ∙ ,+ = . (6.39)  

 
      . . : 

 ≈ , √ = , ∙ ∙ √ ∙ , = ,  . (6.40)  
 

   –  : 
 = ∇ − ∇ + , ∙ = − + , ∙ =  . (6.41)  

 
    1 . .  : 

 = + = ,+ = ,  / . (6.42)  

 
6.5.1.2     
 

     : 
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–    :  
 = ρ 𝑔ℎ  = ∙ , ∙ = ,  / . (6.43)  

 
     ℎ = ∇ − ∇ ы = , − =   

 
–    : 
 = ρ 𝑔ℎ  = ∙ , ∙ , = ,  / . (6.44)  

 ℎ = ∇ . . −∇ ы = , − = ,   . 
 
–     –       ∇ . .   : 
 = э = ∙ , ∙ ,  = ,  / . (6.45)  

 
     э  –     ; э = ,  . 

 
6.5.1.3    
 

        
        (   

   )   –    
 =90,5 . 

        
: 

 = э = , ∙ ∙ , = ,  / , (6.46)  
 

 э  –       
 ; э = ,  . 

 
6.5.1.4    
 

  ,    
 ,       ( . 6.3): 
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 6.3 –    

 = э · · = , ∙ · , = , / . (6.47)  
 

 э  –     ,   
 ; э = ,  . 

 
6.5.1.5   
 

     
 = ∙ ℎ ∙ − = ∙ ∙ − = , / . (6.48)  

 
     ℎ -   ,   5 ; 

 –    , = ; 
-      ,  

: 

 = . 

 
    1 . . 

 = ∙ℎ = , · = ,  . (6.49)  

 
      : 

 ′ = ∙ ℎ ∙ − − · ∙ − . (6.50)  

 = ° . =   . 
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′ = ∙ ∙ − − · ∙ − = , . 

 
        ℎ     
  ,  : 

  ′′ = ( ∙ ℎ + ∙ ℎ ) ∙ − − · ∙ − . (6.51)  

 
    

 = − − = − ∙ + , ∙ ∙ , = , . (6.52)  

 

      –    , =  ; 
 –   , = , ; ℎ  –   , ℎ =  ; 
 –    , = ° ; 

 –   . 
 

 :  ′′ = ∙ + , ∙ ∙ − − · ∙ − = , . 

 
      : 

 = ′ + ′′ ℎ = , − , ∙  = , . (6.53)  

 
       

,       ё . 
 
6.5.1.6    
 

       
         

. . . 
 = , ∙ ∙ ℎ % ∙ ̅ + ℎ

. (6.54)  

 
,    ̅  –   , ̅ = ,  ; ℎ % -   1%  ℎ % = ,  . ℎ  –   ,   :  
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ℎ = ∙ℎ %̅ = ∙ ,    , = ,  . (6.55)  

 
 : 

 = , ∙ ∙ ℎ % ∙ ̅ + ℎ = , · , · , ∙ ( , + , ) = ,  . 
 

       : 
 = ∙̅ − ∙ ℎ % = ,∙ − · , = ,  . (6.56)  

 
6.6    
 

        
   (    ).  

    .     
  .  ,    

   ,     
 . 

        
    «–»,     «+».  

     6.2,     
.       6.3. 

       
 AutoCAD.      [ , 

. .1]. 
 

 6.2 –     

 𝛄𝐟  
 

, 
 

 𝛄𝐟, 
 

, 
 

, 
∙  

 1,0  17076,98 6216,4 19,67 73726,5 
 1,0  804,22 321,82 -4,27 -868,91 

W  1,0  882,51 591,64 14,87 -6916,27 
G  0,95  11905,77 3394,75 -8,68 -27122,26 

G  0,95  19938,96 9266,46 -7,36 -49648,73 
W  1,0  5150,15 2540,16 0 0 
W  1,0  2013,80 1776,74 13,59 13041,27 

 1,2  73,50 10,92 14,78 27,57 
W  1,0  21,63 7,31 57,51 214,04 

q  0,9  15,17 39,4 -17,59 -656,26 
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 6.3 –   
 σ  σ  τ  σ  σ  

 
 − ,  − ,  0,00 − ,  − ,  

 
 − ,  − ,  ,  − ,  − ,  

 
6.7       

 
      , 
   .  : 

1)    : 
 ∙ ∙ |σ | ∙ R . (6.57)  

 
    = ,  –        

 ; 
 –   ,     = ; 
 –   ,     = , ; 
 –    . 

  ∙ ∙|𝜎 |
. (6.58)  

 R , ∙ ∙|− , |, =   . 

 
 ,     5  

     R =   / . 
 ,    . 

 
2)         

: 
 σ < . (6.59)  

 − ,  / <  . 
 
3)     : 
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|σ |  , ∙ ∙ H . (6.60)  
 ,  , ∙ , ∙ = ,  . 

 
  ,    
. 

 
6.8    

 
       

  ,      
.         - 

  . 
     ,   

: ∙F∙ l . (6.61)  

 = ( + л − з − ф + з) ∙ + Е ∙ ′ + ∙ . (6.62)  
 

     φ –       ; c = /  –   ; ω = B ∙ =   –     
,    1  . 

 = , + , − , − , + , ∙ , + ∙ . 
 = ,  /  . 
 F = − − W + W + . (6.63)  

 F = , − , − , + , + , = , .  
 

   : 
 , ∙ ,,  ∙ , .  
 , ,  . 
 

       10% 
 . ,  . 
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7         
  

 
7.1      
 

           
34        . 

  
–     168604 . . .  
–     — . . 
–     332609 . 
–     – , 

. 
 ё          3122 , 

    ,     
.       . ё   

   —       -   , 
     .        

       .  
        ,     

        . 
    .      

, .  ,   ,    
.  
        . 
   .   .  
      ,   

  .  ,   .  
 —  ,      
  -  .  

   46 / 3,    14 / .  
    0,44  /  (91%     ).  

 .      
.     . 

     . 
   - 26° ,    + 19° . 

      + 35° ,   
  -40 ° . 

    5     
 .    ,    . 

       
 135 .  

          
.     1000 - 1300 . 

https://ru.wikipedia.org/w/index.php?title=%D0%9A%D0%BE%D0%B7%D0%B5%D1%80_(%D1%85%D1%80%D0%B5%D0%B1%D0%B5%D1%82)&action=edit&redlink=1
https://ru.wikipedia.org/wiki/%D0%A0%D0%B5%D1%81%D0%BF%D1%83%D0%B1%D0%BB%D0%B8%D0%BA%D0%B0_%D0%90%D0%BB%D1%82%D0%B0%D0%B9
https://ru.wikipedia.org/wiki/%D0%A0%D0%B5%D1%81%D0%BF%D1%83%D0%B1%D0%BB%D0%B8%D0%BA%D0%B0_%D0%90%D0%BB%D1%82%D0%B0%D0%B9
https://ru.wikipedia.org/wiki/%D0%A2%D1%8B%D0%B2%D0%B0
https://ru.wikipedia.org/wiki/%D0%97%D0%B0%D0%BF%D0%B0%D0%B4%D0%BD%D1%8B%D0%B9_%D0%A1%D0%B0%D1%8F%D0%BD
https://ru.wikipedia.org/wiki/%D0%A2%D0%B0%D0%BD%D0%BD%D1%83-%D0%9E%D0%BB%D0%B0
https://ru.wikipedia.org/wiki/%D0%98%D0%B9%D0%BC%D0%B5
https://ru.wikipedia.org/wiki/%D0%A5%D0%B5%D0%BC%D1%87%D0%B8%D0%BA%D1%81%D0%BA%D0%B8%D0%B9_%D1%85%D1%80%D0%B5%D0%B1%D0%B5%D1%82
https://ru.wikipedia.org/wiki/%D0%95%D0%BD%D0%B8%D1%81%D0%B5%D0%B9
https://ru.wikipedia.org/wiki/%D0%95%D0%BD%D0%B8%D1%81%D0%B5%D0%B9
https://ru.wikipedia.org/wiki/%D0%A1%D0%B0%D1%8F%D0%BD%D0%BE-%D0%A8%D1%83%D1%88%D0%B5%D0%BD%D1%81%D0%BA%D0%BE%D0%B5_%D0%B2%D0%BE%D0%B4%D0%BE%D1%85%D1%80%D0%B0%D0%BD%D0%B8%D0%BB%D0%B8%D1%89%D0%B5
http://water-rf.ru/%D0%93%D0%BB%D0%BE%D1%81%D1%81%D0%B0%D1%80%D0%B8%D0%B9/1750/%D0%9C%D1%83%D1%82%D0%BD%D0%BE%D1%81%D1%82%D1%8C
http://water-rf.ru/%D0%93%D0%BB%D0%BE%D1%81%D1%81%D0%B0%D1%80%D0%B8%D0%B9/940/%D0%9A%D0%B0%D1%87%D0%B5%D1%81%D1%82%D0%B2%D0%BE_%D0%B2%D0%BE%D0%B4%D1%8B
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2.      -  
 ; 

3.   ,  , 
        ; 

4.      , 
   ; 

5.         
     .  
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. 
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2.       
3.       

        
,         
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7.3      
 

   ,    
: 

1.   ,  
      
     . 
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2.        
       , 

    ( ),    .  
3.        

   ,    -     
 . 

        
   .  

–    ,    
   ,   ,  

,    . 
–   , ,    . 

  . 
–         

  . 
–   ,      

   . 
–   , ,  , 

  ,     ,  
. 

–   ,    
  ,        

         
     2 . 

 
7.4  ,    

 
   ,        

 -  ,      
 ,   : 

1.   ,     .  
   – 2014 82220101215 ( .  16.08.2016)): 

 = ∙ % ∙ .  (7.1)  

 
     -   , 3 ; 

-   ; 
-  , / 3 . 

 = ∙ = ∙ , ∙ , =  .  

 
2.   ,       

, , .     – 2014 46101001205 
( .  16.08.2016)): 
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 = ∙ % ∙ = ∙ , ∙ , = ,  . , (7.2)  

 
     -  , ; 

-   , %; 
-   , / 3; 

       4050   
 ,     , 2,4    
   , .       

   .  
 
7.5        

  
 

        
   : 

–   ( ,   ) ; 
–    :   - 

,    ,     
  ; 

–    ,    
  ,    

; 
–       , 

         
 . 

        
  : 

–     ; 
–   ,    ; 
–        

   ; 
–       

    . 
,  [34]      
           

 .  
      ( ) 

   ,     
    [34]. 
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7.7   

 
   [31]     [11]  
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8.3   
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–  ; 



96 
 

–  ; 
–  ; 
–  ( -63000/220- 1). 

     , 
   .     

  .      
     .  

  – ,      
  . 

      
. 

       220  
   .   50  

  1 .    
  .     ,  

   ,     
. 

  ,    0,4-10    
 ,    .    

  1  ( )  .   
      . 

       . 
   ,   

 ,      
,  ,    

.       
     

          
 . 
         
     .   

      ,  
    . 

   ,   
. 

       
 ,   .  

  ,        
+5℃,   . -   

      ,   
  . 

  : 
–         

   ; 
–       



97 
 

; 
–           

 ; 
–         

   ; 
–         

    ; 
–     ; 
–        ; 
–     . 

  (  ,   . .)    
      ,  

   .     
:  ,  ,   .   
      

   .      
 ,    .   
         

. 
      

,        
   .  

  –   ( ),   
         
 : 

–     ; 
–       

( , ,   ),    
   ; 

–   ; 
–   -     

 ; 
–      ; 
–     ,     

      ; 
–       . 

         
      «   

         
». 

 ,     ,    
 ,   ,   

,       . 
  -     

         



98 
 

      , 
         

.     -   
  ,    . 

        
      

,        
 ,     -

 . 



99 
 

9  –   
 

9.1  ё    
 
      , 

     ,   
    .    

        9.1 
 

 9.1 –  ё       
 

 
 

 
 

   
2026 2027 2028 2029 2030 

 
 

 
95 95 95 95 95 

  
 
 

 

 

7 200 7 200 7 200 7 200 7 200 
 

 
  

·  
72 000 72 000 72 000 72 000 72 000 

 
 

  
 

% 

2 2 2 2 2 
 

 
  

 

·  

1 440 1 440 1 440 1 440 1 440 
 

 
 

  

·  

70 560 70 560 70 560 70 560 70 560 
  

 
/ ·  

1 206 1 235 1 262 1 289 1 318 
  

 
 

.  
85, 095  87, 141 89, 046  90, 951  92, 998  

   .  12, 980  13, 292  13, 583  13, 874  14, 186  
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9.2     
 
       [34].  

   ё   . 
       

        
        

   « »,       
   « ». 

        
 ,   ,    

ё      . 
      ,   

     . 
        : 

–  ; 
–    ; 
–  ; 
–     ; 
–     ; 
–   . 

      ,  
    . 

        0,08%. 
   . 9.2    1  

 . 
  

 9.2 –    
 , . /  , . . 

    255,2 30,624 
 274,0 32,882 

    63,504 
 
       

     ,    
     9.3. 

  
 9.3 –      

 ,  , % 
 1  5 0,6 

 6  15 0,09 
 16  25 0,14 

 25 0,1 
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      « ».  
   9.4 

 
 9.4 –      

 , . /  , . . 
 « - » 135,38 . /  16,245 

  (  
 ) 0,001097 . / *  

1,137 
 (   

) 0,000318 . / *  
0,329 

  17,712 
 

       9.5. 
 

 9.5 –     

    
2026  2027 2028 2029 2030 

 
, .  80, 250  80, 250  80, 250  80, 250  80, 250  

  , 
.  30, 001  29, 231  28, 460  27, 690  26, 920  

 , 
.  63, 504  63, 504  63, 504  63, 504  63, 504  

   
 , 

.  1, 875  2,740  2, 668  2, 595  2, 523  
   

 , 
.  17, 712  17, 712  17, 712  17, 712  17, 712  

  , .  4, 561  4, 561  4, 561  4, 561  4, 561  
, .  197, 905  198, 414  197, 572  196, 729  195, 887  

 
         

       
 , .    ..  

         
    ,   

  (     , 
  ). 
             

 9.1. 
  



102 
 

 
 9.1 –      

 
9.3   

 
        

  .    
          

    [53]. 
        

 9.6. 
 

 9.6 –   

 
   

2028  2029 2030 2031 2032 
  , .  194, 872  200, 027  205, 464  210, 765  216, 211  

, .  191, 946 229, 870  234, 954  239, 902  244, 995  
   

, .  4, 080 4, 080 4, 080 4, 080 4, 080 
  , 

.  65, 737  63, 972  62, 206  60, 441  58, 675  
, .  260, 805  493, 873  502, 629  511, 112  519, 886  

 
 ,  ,   

  .     .  
 
 
 

42%

14%

32%

1%

9%

2%
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9.4   
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 –   
 

 .1 –    .    1922-1971 . 
№ /   I II III IV V VI VII VIII IX X XI XII 

Q . 

 

1 1922 27 31 36 41 105 283 210 172 122 100 59 56 104 

2 1923 40 44 48 50 201 296 178 148 104 58 50 48 105 

3 1924 31 35 42 51 142 525 255 202 150 108 76 69 141 

4 1925 58 61 65 92 128 229 219 164 108 68 49 44 107 

5 1926 27 30 38 40 164 230 180 97 102 77 64 59 92 

6 1927 39 41 50 47 106 305 177 170 155 68 51 48 105 

7 1928 35 41 44 57 107 259 223 173 121 97 58 55 106 

8 1929 47 48 53 80 236 499 114 131 135 76 74 65 130 

9 1930 55 57 58 62 116 229 210 192 142 110 80 67 115 

10 1931 34 49 64 86 256 307 155 151 115 56 48 43 114 

11 1932 26 33 39 50 102 244 210 175 144 69 60 55 101 

12 1933 43 49 51 53 281 463 129 127 141 67 53 49 126 

13 1934 37 38 47 114 205 310 173 201 186 132 79 66 132 

14 1935 50 51 56 102 290 813 315 254 197 103 70 55 196 

15 1936 31 32 34 42 121 224 217 210 192 104 82 76 114 

16 1937 60 61 63 66 173 269 215 195 128 115 87 75 126 

17 1938 58 64 66 68 267 394 171 163 131 70 52 50 130 

18 1939 27 29 47 58 259 343 181 183 177 111 89 72 131 

19 1940 53 62 64 74 193 245 114 99 96 59 47 37 95 

20 1941 30 31 35 49 229 557 322 214 184 66 61 52 153 

21 1942 43 44 48 71 252 433 231 155 140 92 84 80 139 

22 1943 57 58 59 61 237 306 228 219 181 144 92 79 143 

23 1944 43 52 56 74 106 243 229 164 123 65 58 51 105 

24 1945 42 43 49 66 187 320 284 164 151 134 91 83 135 

25 1946 69 71 72 74 112 238 201 152 137 88 62 60 111 

26 1947 42 45 59 60 247 689 256 203 175 131 93 90 174 

27 1948 47 49 67 99 183 252 160 111 103 60 47 44 102 

28 1949 29 36 42 43 222 502 374 239 160 113 83 69 159 

29 1950 48 50 54 75 276 288 192 163 123 78 63 53 122 

30 1951 42 47 52 59 112 276 184 183 131 103 65 62 110 

31 1952 55 57 60 68 210 264 169 165 114 71 54 48 111 

32 1953 36 38 40 63 228 573 234 153 146 94 71 62 145 

33 1954 51 53 55 106 155 194 190 168 117 72 57 50 106 
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  .1 
34 1955 36 42 45 53 124 348 213 166 163 119 88 82 123 

35 1956 49 50 65 76 192 247 157 111 108 79 66 62 105 

36 1957 32 41 44 45 85 202 162 115 92 63 55 48 82 

37 1958 44 45 46 69 178 259 183 167 104 61 43 41 103 

38 1959 32 35 39 44 124 298 256 222 173 74 67 62 119 

39 1960 44 52 54 76 137 312 187 155 118 106 85 74 117 

40 1961 67 69 70 82 219 340 142 142 120 74 55 48 119 

41 1962 37 39 43 47 110 296 196 193 130 69 65 53 107 

42 1963 45 46 52 73 215 307 164 123 108 75 42 38 107 

43 1964 33 34 37 72 183 316 233 228 127 82 68 61 123 

44 1965 38 40 49 54 267 320 162 157 114 64 44 43 113 

45 1966 34 37 39 41 114 264 252 243 128 84 68 57 113 

46 1967 45 47 51 64 122 283 180 146 113 62 56 50 102 

47 1968 38 39 44 55 286 320 159 126 113 74 46 40 112 

48 1969 33 34 36 45 128 236 338 251 203 68 63 60 125 

49 1970 41 42 54 91 146 240 240 197 110 63 45 41 109 

50 1971 29 29 37 46 113 266 268 237 129 86 57 47 112 

 42 45 50 65 179 329 208 173 136 85 64 58 119 
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 .2 –     , 
    

m P,% .  . ы  . ы  
1 1,39 730 2066 90 
2 3,37 696 2058 74 
3 5,36 668 1978 72 
4 7,34 644 1972 72 
5 9,33 607 1908 72 
6 11,31 599 1896 72 
7 13,29 585 1790 70 
8 15,28 581 1774 70 
9 17,26 570 1742 68 
10 19,25 570 1694 66 
11 21,23 547 1694 66 
12 23,21 545 1686 66 
13 25,20 542 1686 66 
14 27,18 538 1672 66 
15 29,17 532 1658 64 
16 31,15 521 1620 60 
17 33,13 520 1598 60 
18 35,12 514 1580 60 
19 37,10 510 1536 58 
20 39,09 503 1520 58 
21 41,07 494 1510 56 
22 43,06 493 1496 56 
23 45,04 490 1486 54 
24 47,02 483 1464 54 
25 49,01 482 1456 52 
26 50,99 481 1450 52 
27 52,98 481 1442 52 
28 54,96 481 1416 52 
29 56,94 478 1404 50 
30 58,93 478 1388 48 
31 60,91 474 1384 48 
32 62,90 471 1376 48 
33 64,88 470 1366 46 
34 66,87 467 1344 46 
35 68,85 466 1328 46 
36 70,83 462 1324 44 
37 72,82 459 1246 44 
38 74,80 455 1242 44 
39 76,79 452 1238 44 
40 78,77 450 1208 42 
41 80,75 449 1202 42 
42 82,74 445 1182 40 
43 84,72 437 1168 40 
44 86,71 435 1168 36 
45 88,69 434 1158 34 
46 90,67 405 1132 34 
47 92,66 400 1052 34 
48 94,64 371 1026 32 
49 96,63 350 900 18 
50 98,61 325 868 16 
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 .3 – ё         
    

 I II III IV V VI VII VIII IX X XI XII 

Q90%, 3/  45 47 51 64 122 283 180 146 113 62 56 50 

Q , 3/  0 0 1 1 1 3 2 1 1 1 0 0 

Q , 3/  1 1 1 1 1 1 1 1 1 1 1 1 

Q , 3/  2 2 0 -3 -5 0 0 0 0 0 2 2 

Q , 3/  0 0 0 0 5 5 5 5 5 5 0 0 

Q , 3/  3 3 2 -1 2 9 8 8 7 7 3 3 

Q , 3/  42 44 49 65 120 274 172 138 106 55 53 47 

Q , 3/  45 45 45 45 90 90 90 90 90 45 45 45 

     

Q , 3/  42 44 49 65 120 274 172 138 106 55 53 47 

Z ,  597 

Z ,  550 550 550 551 551 552 551 551 551 550 550 550 

,  47 47 47 46 46 45 46 46 46 47 47 47 

N ,  17 18 20 26 48 107 68 55 42 22 21 19 

     

Q  45 45 45 45 90 90 90 90 90 45 45 45 

Z ,  597 

Z ,  550 550 550 550 550 550 550 550 550 550 550 550 

,  47 47 47 47 47 47 47 47 47 47 47 47 

N ,  18 18 18 18 37 37 37 37 37 18 18 18 

  

N ,  17 18 20 26 48 107 68 55 42 22 21 19 

N ,  18 18 18 18 37 37 37 37 37 18 18 18 

N -N ,  -1 0 2 8 11 70 32 19 6 4 3 1 
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 .4 –            
1-   

 Q  Q  Q  Q  Q  Q  Q  Q  Q  Q  Q .  V  d V V  Z  Z  Zc  Z  H N  N  
X 62 1 1 0 5 55 25 80 45 81 0 1,50 0,03 1,47 597,49 596,81 597,15 550,34 46,31 27 27 
XI  56 0 1 2 0 53 48 101 45 102 0 1,47 0,07 1,40 596,81 596,34 596,57 550,41 45,67 33 33 
XII 50 0 1 2 0 47 72 119 45 120 0 1,40 0,13 1,26 596,34 595,48 595,91 550,47 44,94 38 39 
I 45 0 1 2 0 42 84 126 45 127 0 1,26 0,15 1,11 595,48 594,43 594,96 550,48 43,98 38 39 
II  47 0 1 2 0 44 72 116 45 117 0 1,11 0,10 1,01 594,43 593,59 594,01 550,42 43,09 32 33 
III  51 1 1 0 0 49 52 101 45 102 0 1,01 0,06 0,95 593,59 593,02 593,30 550,34 42,47 26 27 
IV 126 1 1 -3 0 127 -38 89 90 90 0 0,95 -0,05 1,01 593,02 593,56 593,29 550,24 42,55 16  
V 143 1 1 -5 5 141 -52 89 90 90 0 1,01 -0,08 1,09 593,56 594,27 593,91 550,40 43,01 34  
VI  194 3 1 0 5 185 -96 89 90 90 0 1,09 -0,48 1,57 594,27 597,44 595,86 550,40 44,95 35  
VII 181 2 1 0 5 173 -84 89 90 90 0 1,57 -0,22 1,79 597,44 598,88 598,16 550,40 47,26 37  
VIII 151 1 1 0 5 144 -55 89 90 90 0 1,79 -0,13 1,93 598,88 599,64 599,26 550,40 48,36 38  
IX 124 1 1 0 5 117 -28 89 90 90 0 1,93 -0,07 2,00 599,64 599,99 599,82 550,44 48,88 38  

 

 .5 –            
2-   

 Q  Q  Q  Q  Q  Q  Q  Q  Q  Q  Q .  V  d V V  Z  Z  Zc  Z  H N  N  
X 62 1 1 0 5 55 25 80 45 81 0 1,50 0,07 1,43 597,00 596,55 596,78 550,65 45,63 32 32 
XI  56 0 1 2 0 53 48 101 45 102 0 1,43 0,12 1,31 596,55 595,76 596,16 550,82 44,84 40 40 
XII 50 0 1 2 0 47 72 119 45 120 0 1,31 0,19 1,12 595,76 594,46 595,11 550,96 43,65 46 46 
I 45 0 1 2 0 42 84 126 45 127 0 1,12 0,22 0,89 594,46 592,30 593,38 551,02 41,86 46 46 
II  47 0 1 2 0 44 72 116 45 117 0 0,89 0,18 0,71 592,30 589,31 590,80 550,94 39,37 40 40 
III  51 1 1 0 0 49 52 101 45 102 0 0,71 0,14 0,57 589,31 585,67 587,49 550,82 36,17 32 32 
IV 126 1 1 -3 0 127 -38 89 90 90 0 0,57 -0,10 0,67 585,67 588,38 587,03 550,72 35,80 28  
V 143 1 1 -5 5 141 -52 89 90 90 0 0,67 -0,14 0,81 588,38 591,13 589,76 550,72 38,53 30  
VI  194 3 1 0 5 185 -96 89 90 90 0 0,81 -0,25 1,06 591,13 594,00 592,57 550,72 41,34 32  
VII 181 2 1 0 5 173 -84 89 90 90 0 1,06 -0,22 1,28 594,00 595,60 594,80 550,72 43,58 34  
VIII 151 1 1 0 5 144 -55 89 90 90 0 1,28 -0,15 1,43 595,60 596,53 596,07 550,72 44,84 35  
IX 124 1 1 0 5 117 -28 89 90 90 0 1,43 -0,07 1,50 596,53 597,00 596,77 550,72 45,55 36  
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 .6 –   

 

,  
 , 

  ,   ,  

max P   N  N  N  N  N  N _ N  N _ N  

I 300 9 30 88 7  30 2  182  30 
II  291 9 29 79 6  30 2  182  29 
III  274 8 27 65 6  27,5 2  182  27 
IV  256 8 26 52 5  26 3  178  26 
V 240 7 24 61 5  22,5 2  156  24 
VI  230 7 23 63 5  20 2  147 10 23 
VII 230 7 23 63 5  20 2  147 10 23 
VIII 239 7 24 61 5  22,5 2  155  24 
IX  256 8 26 52 5  26 3 5 178  26 
X 274 8 27 64 6 14,7 27,5 2  182  27 
XI  290 9 29 78 6  30 2  182  29 
XII 300 9 30 88 7  30 2  182  30 
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 .7 –          
 Q  Q  Q  Q  Q  Q  Q  Q  Q  Q  Q .  V  d V V  Z  Z  Zc  Z  H N  N    

X 94 1 1 0 5 87 18 105 45 106 0 1,50 0,05 1,45 597,00 596,67 596,84 550,85 45,49 42 32 31,3 
XI  77 0 1 2 0 74 45 119 45 120 0 1,45 0,12 1,34 596,67 595,93 596,30 550,96 44,84 47 40 33,8 
XII 70 0 1 2 0 67 73 140 45 141 0 1,34 0,20 1,14 595,93 594,64 595,28 551,13 43,66 54 46 40,0 
I 51 0 1 2 0 48 89 137 45 138 0 1,14 0,24 0,90 594,64 592,43 593,53 551,10 41,93 51 46 37,6 
II  52 0 1 2 0 49 76 125 45 126 0 0,90 0,19 0,71 592,43 589,34 590,88 551,00 39,38 43 40 30,0 
III  54 1 1 0 0 52 53 105 45 106 0 0,71 0,14 0,57 589,34 585,67 587,50 550,85 36,16 33 32 24,7 
IV 143 1 1 -3 0 144 -55 89 90 90 0 0,57 -0,14 0,71 585,67 589,38 587,53 550,72 36,30 28  20,5 
V 141 1 1 -5 5 139 -50 89 90 90 0 0,71 -0,13 0,85 589,38 591,72 590,55 550,72 39,32 31  22,9 
VI  214 3 1 0 5 205 -116 89 90 90 0 0,85 -0,30 1,15 591,72 594,70 593,21 550,72 41,99 33  23,7 
VII 197 2 1 0 5 189 -100 89 90 90 0 1,15 -0,27 1,42 594,70 597,00 595,85 550,72 44,63 35  26,0 
VIII 160 1 1 0 5 153 -32 121 90 122 0 1,42 -0,09 1,50 597,00 597,00 597,00 550,98 45,52 48  36,1 
IX 125 1 1 0 5 118 0 118 90 119 0 1,50 0,00 1,50 597,00 597,00 597,00 550,95 45,55 47  34,1 

 
 .8 –           

 Q  Q  Q  Q  Q  Q  Q  Q  Q  Q  Q .  V  d V V  Z  Z  Zc  Z  H N  N   
X 94 1 1 0 5 87 18 105 45 106 0 1,50 0,02 1,48 597,00 596,86 596,93 550,76 45,67 32 32 23,9 
XI  77 0 1 2 0 74 45 119 45 120 0 1,48 0,07 1,41 596,86 596,41 596,64 550,82 45,32 40 40 29,0 
XII 70 0 1 2 0 67 73 140 45 141 0 1,41 0,14 1,28 596,41 595,55 595,98 550,95 44,53 46 46 34,4 
I 51 0 1 2 0 48 89 137 45 138 0 1,28 0,20 1,08 595,55 594,18 594,86 550,98 43,38 46 46 34,4 
II  52 0 1 2 0 49 76 125 45 126 0 1,08 0,15 0,93 594,18 592,75 593,47 550,88 42,08 40 40 28,1 
III  54 1 1 0 0 52 53 105 45 106 0 0,93 0,10 0,83 592,75 591,50 592,13 550,72 40,91 32 32 23,6 
IV 143 1 1 -3 0 144 -55 89 90 90 0 0,83 -0,03 0,86 591,50 591,90 591,70 551,07 40,13 47  33,8 
V 141 1 1 -5 5 139 -50 89 90 90 0 0,86 -0,10 0,96 591,90 593,12 592,51 550,82 41,19 37  27,2 
VI  214 3 1 0 5 205 -116 89 90 90 0 0,96 -0,20 1,16 593,12 594,77 593,95 551,04 42,40 48  34,8 
VII 197 2 1 0 5 189 -100 89 90 90 0 1,16 -0,15 1,31 594,77 597,00 595,88 551,08 44,30 52  38,9 
VIII 684 6 4 0 19 655 0 655 350 678 0 12,71 0,00 12,71 401,00 401,00 401,00 375,20 25,50 149  0,111 
IX 417 4 4 0 12 397 0 397 350 413 0 12,71 0,00 12,71 401,00 401,00 401,00 374,10 26,60 94  0,068 



125 
 

  
 

    
 

 .1 –      
 50-  50- 60  45-  

 3,55 4,5 4 4,5 3,55 ′ · η  1,13 1,06 1,38 1,09 1,16 ′ · η  0,94 0,88 1,15 0,91 0,97 ′  1.24 1.16 1.58 1.2 1.27 η  0.991 0.913 0.873 0.905 0.916 𝜎  0.375 0.325 0.525 0.325 0.375 ′  1.23 0.96 1.27 1.01 1.07 η  0.911 0.914 0.9015 0.905 0.905 𝜎  0.26 0.24 0.32 0.24 0.26 ′  1.18 1.11 1.5 1.11 1.18 η  0.895 0.911 0.878 0.902 0.911 𝜎  0.35 0.30 0.46 0.30 0.35 

 543,20 552,50 552,61 552,50 543,20 

 545,42 555,94 557,94 555,94 545,42 

 542,87 552,31 554,05 552,31 542,87 . .  539,64 549,84 546,33 549,84 540,27 . .  538,61 551,12 545,10 551,12 539,23 . .  539,41 550,51 546,90 550,51 540,03   -3,55 -2,66 -6,28 -2,66 -2,93   -6,81 -4,82 -12,84 -4,82 -6,19   -3,46 -1,80 -7,15 -1,80 -2,84 
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= ,   = ,   
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 .2 –     30 -  
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  .3 –    
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 .2 –     

 
 
 
 
 
 
 

 
 

 1 2 3 4 5 6 7 8 9 10  
 4,79 4,30 3,81 3,33 2,84 2,36 1,87 1,38 0,90 0,41 -0,07 -0,56 
 9,14 8,65 8,17 7,68 7,20 6,71 6,22 5,74 5,25 4,77 4,28 3,80 
 5,49 5,13 4,79 4,44 4,10 3,76 3,42 3,07 2,73 2,39 2,05 1,71 
 5,26 5,17 5,07 4,98 4,89 4,80 4,71 4,62 4,52 4,43 4,34 4,25 

 
1,21 1,19 1,17 1,14 1,12 1,10 1,08 1,06 1,04 1,02 1,00 0,98 ln  
0,19 0,17 0,15 0,13 0,12 0,10 0,08 0,06 0,04 0,02 0,00 -0,02 

 
2,10 1,99 1,88 1,76 1,65 1,54 1,43 1,32 1,21 1,09 0,98 0,87 ln  
0,74 0,69 0,63 0,57 0,50 0,43 0,36 0,28 0,19 0,09 -0,02 -0,14 ln  
4,07 3,52 3,01 2,52 2,06 1,63 1,22 0,85 0,51 0,22 -0,04 -0,23 ∙  19,62 19,28 18,94 18,60 18,26 17,91 17,57 17,23 16,89 16,54 16,20 15,86 ∙ ∙ ln  
3,70 3,30 2,90 2,51 2,12 1,74 1,37 1,00 0,64 0,29 -0,05 -0,39 

 3,37 3,03 2,69 2,34 2,00 1,66 1,32 0,97 0,63 0,29 -0,05 -0,39 
 4,03 3,55 3,09 2,65 2,23 1,83 1,46 1,11 0,79 0,50 0,25 0,05 
 187,5 165 144 123 104 85 68 52 37 23 12 2 
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