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1        
  

 
1.1      
 

  – .   
   0 ,    – 

 16 ,  –  17 ,      
,           .  

  –    28 .     
  ,   91 .     80 . 

    170 .  
      – .  

  118 ,      1700.  
   500–700  . 667  –   
.       . 

      
   1.1. 

 
 1.1 –      

,  1 2 3 4 5 6 7 8 9 10 11 12 
t, °C –15,5 –13,8 –5,9 3 10 15,4 18 14,9 9,2 1,1 –6,9 –12 

 
1.2   
 

́  –    ,   .   – 592 
.      – 120–140 .   (  

 ),     ,    
 .   ,    

 300 :   ё     , , 
   ,    . 

       .  
  356 .  .     .  

ё         100 .    
 300 .       5 / .  

     .  
     (65–75%   ).  

     25–35%.  
         .  
  6–7  ,       

 4–5 .      –   .  
 .     –  .    

   ё     2,8 .   –   

https://ru.wikipedia.org/wiki/%D0%A7%D1%83%D1%81%D0%BE%D0%B2%D0%BE%D0%B9
https://water-rf.ru/%D0%93%D0%BB%D0%BE%D1%81%D1%81%D0%B0%D1%80%D0%B8%D0%B9/901/%D0%93%D0%B8%D0%B4%D1%80%D0%BE%D0%BB%D0%BE%D0%B3%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D1%80%D0%B5%D0%B6%D0%B8%D0%BC
https://water-rf.ru/%D0%93%D0%BB%D0%BE%D1%81%D1%81%D0%B0%D1%80%D0%B8%D0%B9/1747/%D0%9F%D0%BE%D0%BB%D0%BE%D0%B2%D0%BE%D0%B4%D1%8C%D0%B5
https://water-rf.ru/%D0%93%D0%BB%D0%BE%D1%81%D1%81%D0%B0%D1%80%D0%B8%D0%B9/1745/%D0%9F%D0%B0%D0%B2%D0%BE%D0%B4%D0%BE%D0%BA
https://water-rf.ru/%D0%93%D0%BB%D0%BE%D1%81%D1%81%D0%B0%D1%80%D0%B8%D0%B9/1751/%D0%97%D0%B0%D0%BC%D0%B5%D1%80%D0%B7%D0%B0%D0%BD%D0%B8%D0%B5
https://water-rf.ru/%D0%93%D0%BB%D0%BE%D1%81%D1%81%D0%B0%D1%80%D0%B8%D0%B9/1752/%D0%97%D0%B0%D0%B6%D0%BE%D1%80
https://water-rf.ru/%D0%93%D0%BB%D0%BE%D1%81%D1%81%D0%B0%D1%80%D0%B8%D0%B9/1739/%D0%9B%D0%B5%D0%B4%D0%BE%D1%85%D0%BE%D0%B4
https://water-rf.ru/%D0%93%D0%BB%D0%BE%D1%81%D1%81%D0%B0%D1%80%D0%B8%D0%B9/1753/%D0%97%D0%B0%D1%82%D0%BE%D1%80
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  ;          
 7–15 .  

      0,076 / 3; c   
 0,53 . / .        240–

300 /      50–90 /    .    
  300–400  65–100 /  .     

     3 « » ( ё ),   
(     )  2,76.  

     3 « » (  ё ),   
3,08.     2009 .  

        
Z  = f(V )    1.1. 

 

 
 1.1 –  Z  = f(V ) 

 
        

Z  = f(Q)    1.2. 
 

129,00

134,00

139,00

144,00

149,00

154,00

159,00

164,00

169,00

0 0,5 1 1,5 2 2,5 3 3,5 4 4,5 5 5,5 6
V, 3

Z , 

https://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
https://water-rf.ru/%D0%93%D0%BB%D0%BE%D1%81%D1%81%D0%B0%D1%80%D0%B8%D0%B9/1746/%D0%9C%D0%B5%D0%B6%D0%B5%D0%BD%D1%8C
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 1.2 –  Z  = f(Q) 

 
1.3   
 

   ,       
 .       

.     , , .  
   ,       

.          
–    . 

 
1.4   
 

  300         
      43   

.       –  
 17  1914 . –     6    

MSK–64.      
.  1997 .      

            
    ,      

    . 
 
1.5 –    
 

   –  .   
,       2021 

  25,31 . · ,   – 23,29 . · . 

129,00

131,00

133,00

135,00

137,00

139,00

0 100 200 300 400 500 600 700 800 900 1000 1100

Z , 

Q, 3/
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2 –  ё      
 
2.1    
 
2.1.1   ё   
 

  ,    1.2   
 .     : 

 K = QQ . (2.1) 

 
   Cv    Cs: 

 = √∑ − = √ , = , .  (2.2) 

 = ∙ = ∙ = , .   (2.3) 

 
     : 

 = ± √ +√ − ∙ % = √ + ∙ ,√ ∙ ∙ % = , %. (2.4) 

 
     . 

     
: 
 = ± √ ∙√ + + ∙ %;  

 
(2.5) 

= √ ∙ √ + ∙ , + ∙ ,, ∙ % = , %. 
 

 ё        
    2.1. 

 
 2.1 –  ё    

P%   φ S KS Q, 3/  
0,1 4,830 1,111 2,111 1324 
1 2,680 0,616 1,616 1014 

 



  
 

14 
 

 

2.1.2    
 

     ё    
     :   .   

  ,      ,  
      . 

  ,       
   ,     .  
    .    
     : 

 = + ∙ %,  (2.6) 

 
 (m) – ; 
m –     ,    

; 
n –    . 
 

 ё     ,  .1. 
ё         
   90%  50% . 

       , 
      2.1 

 

 
 2.1 –    

 

0,00

200,00

400,00

600,00

800,00

1000,00

0 20 40 60 80 100 120

Q, 3/

,%

Q Qcp Q
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2.1.3  ё    
 

    50–   
 1956 .  
     50–    

400 3/ .      50–    
63 3/ . 

       
: 

 =  %9 = = , .   (2.7) 

 =  %9 = = , . (2.8) 

 
   ,    

,     ,   
,      .  

      2.2. 
 

 2.2 –   ё    1956 (  = 50 %) 
 I II III IV V VI VII VIII IX X XI XII Q .  

1956  30 26 25 219 558 705 287 244 105 93 90 74 205 
 . 30 26 25 217 554 700 285 242 105 93 90 74 203 
  31 28 26 217 552 698 284 242 110 98 90 82 205 

  26 28 32 317 602 528 334 212 115 100 88 76 205 

 
2.1.4  ё    
 

  ё      
  .      
       ё  50–  

: 1963  1981 .     90–
 .  

     90–    
268 3/ .      90–    
49 3/ . 

    1981 .: 
 = % = = , .                                                                         (2.9) 

 = % = = , .                                                                          (2.10) 
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     1963 .: 

 = % = = , .                                                                         (2.11) 

 = % = = , .                                                                          (2.12) 

 
      1981 . 

 
 2.3 –   ё    1981 . (  = 90 %) 

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

1981 34 40 45 308 479 304 218 150 62 61 38 31 147 

 . 39 45 51 284 441 280 201 138 71 70 43 36 142 
  43 50 56 283 441 280 201 138 89 88 55 45 147 

  24 26 30 213 461 315 200 150 97 91 82 74 147 

 
    2.2   

    2.2. 
 

 
 2.2 –       

 
2.2      –

 ё  
 
2.2.1 ё        ё  

   
 

     (1962 .)   
 . 

0
100
200
300
400
500
600
700

0 1 2 3 4 5 6 7 8 9 10 11 12

Q, 3/

t,

1967, 50% 1962, 90%
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 : 

  . Э = ∙ ∙ Э , (2.13) 

  

   –   ,    
 g = 9,81    η,  =  , ÷ , ; –     , 3/ ; Э −    , . 

 Э = − ( ) − ∆ℎ,   (2.14) 
 

   –   ,    , ; ( ) –   ,     
  6 ,    ; ∆ℎ –       (   1% 

  ), ∆ℎ = ,  . 
 

         
  :  
 = ∙ ∙ Э , (2.15) 

 
  –       

, 3/ . 
 

 ё    ( )    
   . 

 ё       2, 3. 
 
2.2.2   
 

        
        . 

       
   .   

,      .  
   ,    ,  

  ,  :      
 .  
        2.4. 
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 2.4 –     
 I II III IV V VI VII VIII IX X XI XII 

. ,  594 562 509 446 392 361 361 392 446 509 562 594 
. ,  7 8 9 58 120 84 55 42 27 26 23 21 

. ,  28 28 28 28 28 28 28 28 28 28 28 28 

. ,  20 19 18 15 14 13 13 14 15 18 19 20 

 
     2.3. 

 

 
 2.3 –  : 

      
 

       
   499 .  

      
  «  »   , 

210

235

260

285

310

335

360

385

410

435

460

485

510

535

560

585

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

P, 
 , 
 , 

 , 
 , 
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 .    ,   75 
,       52 . 
 
2.2.3 –  ё      

  
 

   – XI  . 
       .  
      . 

      .  
     ё     
 .4. 

      : 
–   ,  – N  = 70 ; 
–  ё  ё  –  = 159,67 ; 
–   – V  = 4,69 3. 

       2.5. 
 

 2.5 –   
 I II III IV V VI VII VIII IX X XI XII 

N ,  70 47         47 70 
 
2.2.4   
 

       
        

       . 
        

 ,    : 
  .      

     :  
 ≈ % ∙ = , ∙ =  . (2.16) 

 
      

    . 
  .    10 %  

 : 
 . ≈ % ∙ = , ∙ =  . (2.17) 

 
     . 
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 .       , 
      , . .     

    ,     
.      

     6    60–120 .  
      ,    

. 
 

   : 
 = я = =  . (2.18) 

 
    ,    

. 
      .5  .  

     2.4. 
 

 
 2.4 –   

350

400

450

500

550

600

650

700

750

800

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

   
   
  
  

  
  

P,

t, 
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2.2.5      
 

         
    .1.     

   :  
 . = + = + =  , (2.19) 

 
  –    ; 
  –   . 

 = + + = + + =  , (2.20) 

 
  –  ; 

 –  ; 
 –  . 

 
2.2.6 –  ё      

 ,    
 

        –  
 . 

    :     
       –   

   .6  .7   .  
        

        (  = 459,64 . · ). 
        

         
   2.5. 
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 2.5 –         

  . 
  

159,37

159,87

160,37

160,87

161,37

161,87

162,37

162,87

163,37

163,87

164,37

164,87

165,37

1 2 3 4 5 6 7 8 9 10 11 12 13

Z , 

t, 
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3      
 
3.1      
 
3.1.1         

 
 

     , 
 ,         

   ,    3.1. 
     ,   

–   «   » [2]. 
 ё     3.1. 

 
 3.1 –  ё    

    
   

 

 
 

 
 

 
ё  

N  

 
  
 

  

Q , 
3/  

Z , 
 

Z , 
 

H ,  H ,  H ,  H,  
Q, 
3/  

H,  Q, 3/  

0 129,00 129,00 35,70 30,37 33,43 27,05 507 24,75 485 
50 130,93 130,62 34,08 28,75 31,50 27,22 504 24,87 486 
100 132,08 131,69 33,01 27,68 30,35 27,39 501 24,99 487 
150 132,80 132,41 32,29 26,96 29,63 27,55 498 25,11 489 
200 133,29 132,91 31,79 26,46 29,14 27,72 495 25,24 490 
250 133,68 133,29 31,41 26,08 28,75 27,89 492 25,36 491 
300 134,04 133,61 31,09 25,76 28,39 28,06 489 25,48 492 
350 134,39 133,90 30,80 25,47 28,04 28,23 486 25,60 493 
400 134,72 134,18 30,52 25,19 27,71 28,39 483 25,72 494 
450 135,04 134,46 30,24 24,91 27,39 28,56 480 25,84 496 
500 135,34 134,72 29,98 24,65 27,09 28,73 478 25,96 497 
550 135,62 134,98 29,72 24,39 26,81 28,90 475 26,08 498 
600 135,89 135,22 29,48 24,15 26,54 29,07 472 26,20 499 
650 136,16 135,45 29,25 23,92 26,27 29,23 469 26,32 500 
700 136,44 135,67 29,03 23,70 25,99 29,40 467 26,45 501 
750 136,70 135,89 28,81 23,48 25,73 29,57 464 26,57 502 
800 136,90 136,10 28,60 23,27 25,53 29,74 461 26,69 504 
850 136,90 136,33 28,37 23,04 25,53 29,91 459 26,81 505 
900 136,49 136,55 28,15 22,82 25,94 30,07 456 26,93 506 
950 135,35 136,75 27,95 22,62 27,08 30,24 454 27,05 507 
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 3.1 –   

 
    : 

   H a = ,  .    
         

  ; 
 ё   H = ,  .     
        ё  
; 
   H i = ,  .     

         
 ; 

      50  507 3/  
. 

 

20,00

22,00

24,00

26,00

28,00

30,00

32,00

34,00

36,00

38,00

0 50 100 150 200 250 300 350 400 450 500 550 600 650 700

H,

Q, 3/

H 
H 
H 

  N
   

H = 27,05 

Hmax = 34,08 

Qmin = 50 3/ Qmax = 507 3/

Hmin = 24,75 
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3.1.2      
 

 
 ,       , 

   ,    .   
     𝑖     , 

   ,     ё  
. 

   : 
 –  40 – ; 
 –  40 – . 

   𝑖 /  ( . 3.1).    
   : 

 𝑖 = , = , . (3.1) 

 

   40 –    40 –   𝑖 , . 

 ,       
.        3.2. 

 
 3.2 –  . 

 
40 –  40 –  

  

   ,  40 40 

  min/Hmax 0,50 0,50 

    n'Iopt, /  125 123 

   Q'Iopt, /  1020 1150 

     opt 0,913 0,904 

   QI max, /  1800 1700 

    ( ) D'1,  0,65 0,65 

   H ,  0,460 0,460 

    t , 0  4 4 

 
      ё  

 P1,    n'Iopt    (Q'I (P1) = 1,575 
 40 – , Q'I (P1) = 1,566  40 – ). 

   ,     
 .       

 3.2.      D1    
    (3.2–3.11): 
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     : 
 N = , · Q′ · D · H · √H · η ∙ η ,                                        (3.2) 
 

 Q'I  –     ; 
  –   ; 
  –  . 

 
   : 

 

η = − − η ( − ε + ε√DD ∙ √ ∙ √ νν ),          (3.3) 

 
   –   ; 
D1  –   ; 

 –   ; 
D1 –   ; 

 –    ; 
ν , ν  –        

 ,         
 ; 𝜺 – ,       

  (𝜺 = 0,75). 
 
  :  

 Z = NN ,                                                                         (3.4) 

 
 N  –    (N  =181000 ) 
Na  –  . 
 

  Z’      (Za) 
         

 ( ′ ),       ё   (N′ ).    3.5: 
 N′ = NZ′ ,                                                                         (3.5) 

 
  : 
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m = ηη ,                                                                         (3.6) 

  
 η  –   ; η  –   ; 

 
    

 ′ = I p′ √ ·D ,                                                                        (3.7) 

 
  ′  –      ё  

;  m –   ; 
 – ё    ; D  –   ; 

 
       [1] 

 
   : 
  ′ = ′D√ · 𝑖 ;                                                      (3.8) 

  ′ = ′D√ · ;                                                               (3.9) 

  𝑖′ = ′D√ · 𝑎 .                                                    (3.10) 

 
  ё    ё    : 

 ′ · η = N′, ·D · , ·η ,                                                   (3.11) 

 
 N′  –   ; D  –   ; 

 – ё    ; η  –  ; 
 

     :  
 ′ · η = N′, ·D · 𝑎, ·η ,                                        (3.12) 
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 N′  –   ; D  –   ; a  –    ; η  –  ; 
 

      n’Imax, n'Ip, 
n’Imin.     .    

    n’p   ,  
  (3.11). 

   1.9  1.10,     
    ′    ′  .    
 ,   ′ · η    

 . 
 40 –   40 –      

   .1  .2 . 
    

,   ё     450, 500, 600, 630 
 40 –   400, 450  40 –  .   
40 –   40 –     3.3. 

 
 3.3 –   

 40 –  40 –  
–  . 2 3 3 4 
D1 6 6,3 4,5 5 4,5 4 

Hs(2) –1,93 –0,44 –4,90 –1,39 –3,82 –3,01 
p 52 56 40 44 36 40 

Na 59 59 39,3 39,3 29,5 39,3 
nc 115,4 107,1 150 136,4 166,7 150 
ɳ' 0,911 0,9125 0,906 0,9126 0,9 0,9015 

 
     . 

 40 – –500    Z = 3   
 , . . : 

        ; 
    ; 
   . 

   40 – –500      .1. 
 
3.2       

  ё   
 

       ё 
    : 
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∇Z . . = Z Q + Hs, (3.13) 
  

 Z Q  –       ,  
   .  

 
    HS   

        
: 

        
Hmax  ё  ; 

        H   
ё  ; 
        

Hmin       . 
    : 

 Hs = B − Z Q − 𝜎 ∙ σ ∙ H, (3.14) 

 
  –   (10,33  . ); 𝜎 = ,  –    ,  

  σ   ,   
   (1,5 ); 
 –  ;  

 –  ,      Z (Q ); 
 

 max: 
 Hs = , − , − , ∙ , ∙ , = ,  . 

 
 H : 

 Hs = , − , − , ∙ , ∙ , = − ,  . 

 
 Hmin: 

 Hs = , − , − , ∙ , ∙ , = − ,  . 

 
      . 

         
       . 

        
   (3.17–3.19).    
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  –       
    . 
 H i = Z  (Q H i ) + H H 𝑖 ; (3.17) 
 H = Z  Q (H ) + H H ; (3.18) 

 H = Z  (Q H a ) + H H a ; (3.19) 
 

  40 – –500: 
 Z H i = , + − , = ,  . 
 Z (H ) = , + − , = ,  . 
 Z H = , + , = ,  . 
 

        
  Z = ,  . 

 
3.3    
 

       
         

   .    –808/130–44  
“     ”: 

 :  2 ./  . . . , . . . – .2. 
,1990. 208 . [  2]  

      
 3.4. 

 
 3.4 –    –808/130–44 

  ,  47 ,  40 cos  0,85 ,  10,5 , /  136,4 , % 97,7 
 ,  470 
 ,  195 
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3.4    
 

        
34,08   D1 = 5 :  

 
 4/1–40–4–2,  

 
 4 –  ; 
1 –  ; 
40 – ,    40 / 2; 
4 –     3; 
2 –  . 

 
  –     
  : 

 
–2 1–150–4, 

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

        
  ,      

 ,   ё     
, ё    ё   

    .     
    . 

  Э    ,  3,  
      – 

   . 
      

   (20 )   –  110 . 
 

 
 

 4.1 –       
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 4.2 –       
 
4.2         
 

   2 ,    4.1–
4.2:      . 

       ё   
   ,    . 

 
4.2.1    
 

        
808/130–44.       4.1. 

 
 4.1 –    –808/130–44 

      

   S  ∙  47 
     40 

  osφ . . 0,85 
   n  /  136,4 

  U   10,5 

  
x”d . . 0,17 
x’d . . 0,24 
xd . . 0,92 
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4.2.2        
 

 
       ,   
 .  

        
      ,  

   , . .   : 
 S . . = . ..− . . Эc sφ = − , ∗, = ,  ∙ .  (4.1) 

 
   « »   

 –63000/110.  
  – ; 
  –  ; 
  –       

; 
  –    ; 
 63000 –   , ; 
 110 –   , . 

      4.2. 
 

 4.2 –    –63000/110 
      

   S  ∙  63 
    U   110 
    U   10,5 

   U  % 10,5 
   Δ   245 

   Δ   50 
    % 0,5 

 
      

 ,     a    
  . 

 τ = , + ∙ =  / .      (4.2) 

 
     : 

 t = − ∙ T − 𝜔 ∙ T ,                    (4.3) 
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 μ = 1 –   ( , , ), 1/ ;  T  = 30 –       , ; ω = 0,025 –     , 1/ ;  T =  –   –   
, ; 

 t = − ∙ − , ∙ =  . 
 

    : 
 ∆W = n ∙ ∆P ∙ t = ∙ , ∙ =  ∙ .                   (4.4) 
 

   : 
 ∆W = ∆ ∙ S . .S . ∙ τ = , ∙ , ∙ =  ∙ .                  (4.5) 

 
        : 

 = ∙ ∆W + ∙ ∆W ,         (4.6) 
 

 –  я     ;  − я     я; 
 = , ∙ − ∙ + , ∙ − ∙ = ,  . / .    (4.7) 

 
      : 

 = ∙ = , ∙ = ,  . / .    (4.8) 
 
4.2.3       ё  

 
 

  ё      ё    
  .  ,    
ё  .  

        
     ,   

   . .   : 
 S . . = ∙ . .− . . Эc sφ = ∙ − , ∗, = ,  ∙ ,            (4.9) 

 
 P . . Э  –     , . 
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   "  "  
 –125000/110– 1.     

 4.3. 
 

 4.3 –    –125000/110– 1 
      

   S  ∙  125 
    U   115 
    U   10,5 

   U  % 11 
   Δ   400 

   Δ   105 
    % 0,55 

 
      

 ,     a    
  . 

 τ = , + max ∙ ;  (4.10) 

 τ = , + ∙ =  / . 

 
     : 

 t = − ∙ T − 𝜔 ∙ T ;   (4.11) 
 t = − ∙ − , ∙ =  .        
 

    : 
 ∆W = n ∙ ∆P ∙ t = ∙ , ∙ =  ∙ .   (4.12) 

 
 ( )   : 

 ∆W = ∆ ∙ SS  ∙ τ = , ∙ , ∙ =  ∙ .        (4.13) 

 
       ё  

: 
 = ∙ ∆W + ∙ ∆W = , ∙ − ∙ + , ∙ − ∙ = = ,  . / .                                                                             (4.14) 
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     ё  : 
 = + = , + , = ,  . / . (4.15) 
 
4.2.4     ( ) 
 

      
 ,         

 . 
     

  Э ,      , 
         

 .    ё  . 
       

    ,    
   2–    .  

 = ∙ , 𝜑 = ∗ ,, =  . (4.16) 

 
      . 

     –1600/10–80 4 
  –1600/10–80 4   

 4.4. 
 

 4.4 –   –1600/10–80 4 
    

   ,  1,6 
  U ,  10,5 
  U ,  0,4 

   ∆P,  17 
    

  
∆P ,  3,4 

     ∆I , % 0,7 
   ∆U , % 5,5 

 
4.3      –

  ,    . 
 

 ,    : 
 = Σ − . .𝜑 = − ,, =  ∙ . (4.17) 

 
 ,   1  110  =  . 

   cosφc = , . 
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   110 : 
 = Σ∗ /c sφc + = ∗ , / , + = . (4.18) 

 
 4–    110 . 

 
  : 

 = ∙√ ∙ = ∙√ ∙ = ,  . (4.19) 

 
  : 

 = ∙ 𝑖 ∙ = , ∙ , ∙ , = ,  , (4.20) 
 

  – ,      ; 𝑖 – ,      . 
 

 : 
 . . = − ∙√ ∙ = − ∙√ ∙ = ,  . (4.21) 

 
    70/11.     

 4.5. 
 

 4.5 –     70/11 
      

   r  /  0,422 
  

 
x  /  0,444 

   I   265 

 
4.4       –  

ё  
 

      ,   
–  .      ,  
    .  

 
1)       n=4  
   .  

: 
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= + ∙ ∙ 𝑖 +  ∙ 𝑖 + = + ∙ ∙ +∙ + =  ,  (4.22) 
 

 n –  c  ; 
K –   ; 𝑖 –     ; 

 –   ; 
 –    ; 
 –  . 

 
2)        .  

: 
 = + ∙ ∙ 𝑖 +  ∙ 𝑖 + = + ∙ ∙ +∙ + ∙ + =  .  (4.23) 
 

       
    : 

 = ∙ + ; (4.24) 
 

  : 
 = , ∙  + =  . 

 
  : 

 = , ∙  + =  . 
 

     : 
 ∆ = − ∙ % = ,  %.     (4.25) 

 
    , . .   ,  

   ,    . 
 
4.5       

 
 

  А  «  Э » 56947007–29.240.30.010–2008 – «  
13 (    )   13       

      110…220    
  5  15       
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 (  )         

.».    ,     (7) 
   ё , ё   ,   

 №110–13 (    ).     
 4.3. 

 

 
 4.3 –   №110–13 

 
4.6 ё     ( ) 
 
4.6.1     
 

     ,  
 ё : 

1)   
 = ,%∙∙ = , ∗∗ = ,  . (4.26) 

 = = , = , . (4.27) 
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= ∆ ∙ = , ∗ = ,  . (4.28) 

 
  –    ,    , 

    . 
 

2)  
 = ′′ = , ∗ , = ,  . (4.29) 

 = 𝜔  = , ∗ , = ,  . (4.30) 

 
 𝜔 =  /       0,2 . ′′   1,13 . . 
 = ′′ ∙ = , ∗ , = ,  . (4.31) 

 
3)  
 = ∙ = , ∗ = ,  . (4.32) 
 = ∙ = , ∗ = ,  . (4.33) 
 
4)  
 

   110   100  
 = . . = = ,  . (4.34) 

 = 𝜔  = ,∗ , = ,  . (4.35) 

 
     0,02 . 

   1 . . 
 = ∙ = ∗ =  . (4.36) 
 
4.6.2 ё       RastrWin 
 

  4.4     .   4.5 
    .   4.6  
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   .       
«RastrWin»,   . 
 

 
 4.4 –     

 

 
 4.5 –     

 



  
 

43 
 

 

 

 
 4.6 –     

 
4.6.3  ё    

 

 
  4.7 –        

 

 
 4.8 –        110  

 

 
 4.9 –        110  

 
       4.6. 

 
 4.6 –      

    I ,  i ,  
3  1 17,388 48,664 

 3  6 10,528 23,971 
1  6 15,654 35,642 
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4.7  ё       
 

       
     .  

       
        5% : 

 I , . a = , ∙ I . = , ∙ S√ U = , ∙ √ ∙ , = ,  .       (4.37) 

                                                        
    : 

 I − = S√ ∙U , − % = √ ∙ ∙ , = ,  .                                          (4.38) 

 
        110 : 

 I . a = S∑∙√ ∙U = ∙√ ∙ = ,  .                                                       (4.39) 

 
        

  : 
 I . я = S∑− ∙√ ∙U = − ∙√ ∙ = ,  .                                          (4.40) 

 
4.8      

 
 
4.8.1     
 

        
          , 

  . 
       

 : 
 U U . ;  
 I I , a ;   
 B , B , . 

 
     « »  

     –10/40000  
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  –10/4000 3.    
      4.7–4.8.  

 
 4.7 –      –10/4000  

      U   U = ,   U = ,   I .  I =   I =   I  I . = ,   I . = ,   i  i = ,   I =   

. , 2∙  . = ,  ∙  . =  2∙  

 
 4.8 –     –10/4000 3 

ё     U = ,   U = ,   I . . a =   I =   I = ,   I . =   i = ,   I . . =   . = ,  ∙  . =  ∙  

 
4.8.2      
 

   10,5     
–10– 3.   «   

».    –10– 3   
 4.9. 

 
 4.9 –    –10– 3 

 ё       U U  U = ,   U =  I . . a I  I . . a = ,   I =   

 
   –10– 1.  

 «  ».    –
10– 1    4.10. 

 
 4.10 –      –10– 1 

 ё       U U  U = ,   U = ,   
 

   110       . 
   –110 –1– 1.   

« ».    –110  
   4.11. 
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 4.11 –    –110 –1– 1 
 ё       U U  U =   U =   I . я I  I . я =   I =   

 
   –110– 1.   

«   ».   
 –110– 1    4.12. 

 
 4.12 –      –110– 1 

 ё       U U  U =   U =   

 
4.8.3     
 

,     « – », 
    – .  

         
.  

  ,    «  
». –1      

    . 
,    ,    

4.13. 
 

 4.13 – ,     
 

     
 

 ( · ) 
  –1 0,5 55 

 –  0,5 20 

 ∑ = 75 ·  

 
4.9    
 

 ,       
 .    110   – 1–

110/73/10/550/ 1,   « ».    
 10,5   – 1–10/10,5/10/2/ 1,   

« ».  
    ( ),   

   ,   , 
  ,      

.   1300– 400 Baudouin  1300 , 
 «   ».  
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5     
 

  ,   
         

     ,  
      

,        
 .     Э : 

,   Э . 
 

5.1     
 

     5.1.   
     5.2.   

      5.3. 
 

 5.1 –   
  

  
,  47  

,  40  
 ,  10,5  
  cosφ  0,85 

 , /  136,4  
  ,  2584  

 
, .  

 , . . 0,92  
 ′, . . 0,24 

 ′′, . . 0,17  
   

  2,5 
 ,  1030 

 ,  165 
 

 5.2 –      63000/110 
  

  ,  63  

 ,  115/10,5  

  , % 10,5  

  ,  245  

  ,  50  

  , % 0,5  
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 5.3 –       
  

 ,  1600 
 ,  10,5 

  , % 7,5 
  ,  15 

  ,  3 

 
5.2    –  
 

    «   
»         

.   
1)   –808/130–44: 
       

         ; 
      (100%)   ; 
        ; 
    ; 
       

      
; 

     ; 
      ; 
        ; 
        ; 
     ,   

; 
     ( ) ; 
     ( ); 
    . 
 
2)      63000/110– 1: 
       ; 
         
   110 ; 
  ; 
     ( –110) 
    ; 
        10,5   
; 
         
;  
     ; 
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    . 
 
3)     –1600/10– : 
       ; 
        

; 
   ; 
   . 
 
4)    : 
   ; 
  . 
 
5)    110 : 

 : 
 –       ; 

 : 
 5–       ; 
        

  ;  
 4–          

( );  
  110  (       

 110 ). 
 
5.3 ё   ,     

  
 

     . 
  :  

 = = √ ∙ = ∙√ ∙ , = ,   .                                                                  (5.1) 

 
   , ё    

  :  
 = = ∙ = ∙/ = ,  .                                                                          (5.2) 

 
        

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

 5.4 –    
    ( / ),   ( / ),  

20012002,5 4 1200/2160 200/450 
 

   ,     
 . 

  5.5    : 
 

 5.5 –    

 
 

 
,  

    
–

,  
, 

 
, 

 
, 

 
–1000/10–

– 3 
1342 10,5 475 600 2000 

 
     ,  

        
  : 

 = ∙ ,                                                                                                    (5.4) 

 
  –  ,  2160 ; 

 –  ,  0,816;   –  ,    
, 1631 ; 

 = ∙ , = , . 

 
   (  1.6)    

 60%  5 ,       
   120 ,     

      . 
 

 5.6 –      
  , % 20 30 40 50 60 

,  60 45 32 18 5 

 
   : 

 . =  √ ∙ = √ ∙ , =  .                                                                                        (5.5) 
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      : 
 

. = . = / = ,  .                                                                                         (5.6) 

 
    : 

 

. = . ∙∙ ,                                                                                              (5.7) 

 
  –     , 

        
      , 0,816; .  –   ,  , 1030 ; 

 –    , 200/5; 
 –    , 

10,5/0,475; 
 . = ∙ ,∙ ,, = ,  . 

 
   : 

 . . . = ∙ ,∙ ,, = ,  . 

 
5.4    ё    
 
5.4.1 ё        

(I>ТВ), (I>>ТВ) 
 

      :  
ё         

  (  1): 
 = ′′′′ ∙  = ,, ∙ =  .                                                            (5.8) 

 
     1    : 

 = √ ∙ = √ ∙ =  .                                                                    (5.9) 

 
       (  

2),     : 
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= . % ∙ % = , ∙ % =  .                                                            (5.10) 

 
     2: 

 = √ ∙ = √ ∙ =  .                                                               (5.11) 

 
         

 ,     2,5–   
   .  , 
          

,     1,5.     
: 

 

      : 
  = ∙ ∙ ∙  ∙ ∙ ,                                                                                    (5.12) 

 
  –  , 1,2; 

 –  , 2,5; 
 –     , 

        
       

, 0,816;   –      
 (  ), 1200 ; −       

, 0,8; −    , 200/5; −    , 
10,5/0,475; 

  = , ∙ , ∙ , ∙, ∙ ∙ ,, = ,  . 

 
     : 

 ∗ =  . = ,, = ,  . .                                                                                      (5.13) 

 
 ,    : 

 .∗ = ,  . . 
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  ,  : 
 

. = 𝐾∙  = ∙ , = , > , .                                                               (5.14) 

 
       
    : 

 = ,  . 
 

        
     ,       
   ,    

.  ,    
         ,  

   2. 
 

     : 
 

 = ∙ 𝐾 ,                                                                                                    (5.15) 

 
  –       (1,4); 

  = , ∙ / = ,  . 

 
    : 

 = ∙ . = ∙ / = ,  .                                                                                       (5.16) 

 
          

 . ,  : 
 . = ,  . 
 

  ё   : 
 .∗ = .. = ,, = ,  . .                                                                               (5.17) 

 
   : 
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. = 𝐾∙ . = / ∙ , = , > , .                                                         (5.18) 

 
5.4.2    
 

      
      

       . 
        

          
 . 

  : =  . 
   : = /  . 

1)        
  .  .      

      : 
 = ∙ 𝑖 ∙ ,                                                                                 (5.19) 
 

 = ,  –    ;  𝑖 = ,  –    ; 
 = , ∙ , ∙ = ,  . 

 
      

   : 
 . ∙ ,                                                                                        (5.20) 
  

 =  –  ; 
 . ∙ = ∙ , = ,  .  
 

       
         

       
: 

 . ∙ ,                                                                                            (5.21) 
 

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

,        
: 

 . ,   ; 
 . . ;                                                                                                    (5.22) 

 . ,  ⁄ = ,  . 

 
      : 

 

.∗ . , 

 

 = ,   –    , ё   
   ; 

 .∗ ,, = ,  . .  
 

    : 
 .∗ = ,  . .  
 
2)        

    .      
    ,   

     . 
       

 :   
 = ∙ 𝑖 ∙ ∙ . ,                                                            (5.23) 
 

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

: 
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. = ′′′′ ∙ ,                                                                                       (5.24) 

 
 ′′ –         

, . ; 
 ′′ = √ φ + 𝑖 φ + ′′ ,                                                            (5.25) 
 

 𝑖 φ = √ − φ = , ; 
 ′′ = √ φ + 𝑖 φ + ′′ = √ , + , + ,  =  = ,  . .; 
 . = ,, ∙ =  ; 

 = ∙ , ∙ , ∙ =  . 
 

    : 
 > 𝑎 ∙

,                                                                                          (5.26) 

 
 =  –  ,   , 

      ;  
 –     : 

 = √ . ∙ . − ∙ ,                                             (5.27) 
 

 = ° ÷ ° –      ; 
 = √ ∙ − ∙ ° =  . 
 > ∙ = , . 

 
  = , . 

 
3)   : 
 = .∗ = , , = ,  . .                                                                                       (5.28) 
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4)        
.      : 

 ;                                                                                                        (5.29) 
 ,  . .  
 

     = 1,5 (     
). 

 
  5.3    

  . 
 

 
 5.3 –     

 
 

5)         
   ,    

. 
  =  · ,                                                                                         (5.30) 
 

 =  –  ; 
 

 = 6·2584 = 15504 . 

0

0,5

1

1,5

2

0 0,2 0,4 0,6 0,8 1 1,2 1,4 1,6 1,8

I∆, . .

I , . .

 

26,57°I .0

I  

I B

6
≈
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   ё     . .: 

 =  ⁄ = ,  . 

 
  : 

 ∗ = ,, = ,  . .  
 

    ,  ,  
   –       

. 
 
5.4.2         (UN 

(UO)) 
 

  100%    , 
         

    . 
      : 

1)   (U0)      
  U0   85–95%     
  ; U0     

 3U0    ,  
,    «  ». 

        
       

     
     Э . .       

 . 
    ,  

      
  5.4. 
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 5.4 –       Э . .  

 
     : 

 Σ = + + + ,                                                                           (5.31) 
 

  – ё        ; 
  – ё        ; 
  – ё      ; 
 .  – ё    10,5 ; 

 Σ = , + , + , + , = , ⁄ . 
 

       
    110 : 

  Э . = ∙ ∙ + 𝛴,                                                                         (5.32) 

 
  – ,       

 .  ,    
, = , ; 

 –         
 , = , ; 

 –         
   ; 
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= ⋅ .√ = ∙ √ = ,  ;                                                                (5.33) 

  . = , ∙ , ∙  ∙ ,, + , = ,  . 

 
    10,5 : 

 = √ ∙ ∙ 𝜔 ∙ Σ,                                                                                    (5.34) 
 

  –   , ; 𝜔 –  , 𝜔 = ∙ ∙ =  / ; 
 = √ ∙ , ∙ ∙ ∙ , = ,  . 
 

     : 
 ∙  Э . ,                                                                                        (5.35) 

 
 = ,  –  ; 

 –   ; = ,  –  ; 
 ,, ∙  ∙ ,, √ ∙ ,⁄  = ,  . 

 
  :     5     

9,0    ;    10     0,5   
    ,   

  ,     –
 . 

 
2)         

           30%  
    . 

          
  : 

 = + ,                                                                                                       (5.36) 

 
  –    : 

 = ∙ − ∙𝛼𝛼 ,                                                                                              (5.37) 
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  –   ,   2; 

 –       ,  ё  
 : 

 = ∙ ,                                                                                                    (5.38) 

 
  –    , ; 

 = ∙ = , ; 

 = ∙ − ∙ ,, = , ; 

 = , + = , . 

 
 = ,        28,6 %  

   . 
    0,5      

,        –  
. 

 
5.4.3     (U1>), (U2>) 
 
1)    U1>      

       
 

 U1> : 
 = , ∙ . ,                                                                                             (5.39) 

 
 .  –    ; 

 –    ; 
 = , ∙ / =  . 

 
2)    U2>      

       . 
  U2> : 

 = , ∙ . = , ∙ / =  .                                                                      (5.40) 
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  ,       
   110      , ∙ . 

     ,  . 
       

 1 ,   0,5 . 
 
5.4.4      

      (I2) 
 

      
       

       
,         

.  
 

       ∗: 
 ∗ = .                                                                                                         (5.41) 

 
  –       ; 

 –      . 
 

      
    : 

 = ∗ ,                                                                                                   (5.42) 

 
 A = 30 – ,  – . 

 
     : 

 
1)   ,      
        

(   ).   –  –   
          

      . 
         

         
   .     

        
14%       . 

   : 
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= , ∙ = , ∙ = ,  .                                                       (5.43) 
 

   ё     
 : 

 =  = ,/ = ,  .                                                                                  (5.44) 
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6     
 
6.1     
 

         
 02.11.2013 № 986. 

1.          III   
.  − =  ;   .  

2.         III   
.    118 . 

3.       2500 . 
 II   . 

:  II   .  
 
6.2      
 
6.2.1        
  

      :  
 ∇ = ∇ + ℎ = , + , = ,  ,                           (6.1) 
 

 ℎ  –      ё    
 .  

 ℎ = ℎ % + ∆ℎ + = , + , + , = ,  ,                        (6.2) 
 

 ℎ % –    ё   1%   
 ;  ∆ℎ  –   ;  = ,   –  .  

 
     :  

 ∆ℎ = ∙ ∙∙ ∙ cos = , ∙ − ∙ ∙, ∙ ∙ cos = ,  ,               (6.3) 

 
 = , ∙ −  – ,   ; =  /  – ё      10    ; =   –   ;  =  –        ;  

 –  ё     ,    
:  = ∇ −∇ = , − , =  .                                                          (6.4) 
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  :  

 = , ∙ = , .                                                                                    (6.5) 

 = , ∙ = , ,                                                                              (6.6) 

 
 =  =  .  

 

           

 :  
 

  = , ;                ℎ = , ;            = , . 
 

  = , ;             ℎ = , ;                = , . 
 

      :  
 = ∗ = , ∙ , = ,  .  (6.7) 

 ℎ = ℎ ∗ = , ∙ , = ,  .  (6.8) 

 
  :  

 = = , ∙ ,∙ , = ,  .                                                                   (6.9) 

 
  > , ,  ,   > , ∙, = , .  

  1% :  
 ℎ % = ℎ ∙ 𝑖 = , ∙ , = ,  ,                                                           (6.10) 
 

 𝑖 – ,   .  
 

   1%       
     :  ℎ % = ℎ % = ∙ , ∙ , ∙ , ∙ , = ,  ,              (6.11) 
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 = , = ,  –     , 
  ; = ,  – ,  ; = ,  – ,       

  ℎ % = , , = ,    . 
 

         
  : 

 ∇ = ∇ + ℎ % + ∆ℎ + ;                                                               (6.12) 
 ∇ = , + , + , + , = ,  , 
 

 = ,   –  ,    .  
 
6.2.2  ё    
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6.2.2.1     
 

     ё  :  
 = ∇ − ∇ ( . ) = , − , = ,  .           (6.13) 
 𝑖 = ,  . 

 
     ,   > 𝑖 .  

      ё  :  
 = [ ], ∙ −∆ℎ ∙ = , ∙, ∙ , − , ∙ , = ,  / .                         (6.14) 

 
  [4]  ,    

ё   – ,     −     
 . 

, = − = .  
 Э = ∙ = , ∙ = ,  / .                                               (6.15) 
 

ё         
ё   : 

 = . − Э − ,                                                                   (6.16) 
 

 = + = , + , ∙ 9 =  / ; . =  /  – ё      
ё  .  =  − , − = ,  / .     

 
  :  

 = = ,, = ,  ,                                                                           (6.17) 

 
  –    , :  

 = , ∙ = , ∙ , = ,  / .                                                  (6.18) 
 

   :  = [ ℎ] ∙ ℎ = ∙ , =  / ,                                                        (6.19) 
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 [ ℎ] –    ; ℎ = ,   –     ,    ∇ =   . 
 

     :  
 = ∙ = ∙ =  ,                                                                            (6.20) 
 

 =   –   ё ,     
  –   
;  =   –  ё .  

 
6.2.2.2     
 

         
      ,  

 ё     ,    ё     
:  
 = ( ∙ ∙√ ) / = ,, ∙ ∙√ ∙ , / = ,  ,                                   (6.21) 

 
 = ,  –         

       .   
 = ( ∙ ∙𝜎∙ ∙√ ) / = ,, ∙ , ∙ ∙ ∙√ ∙ , / = ,  ,                    (6.22) 

 
 𝜎 =  –   [4,  6–3]; 

 –   ,    , ё  
 :  

 = − , ∙ + − ∙ ∙ = − , ∙ , + − ∙ , ∙ , = , ,        (6.23) 

 
  –  ё ;  

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

 
     ё      : 
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= − 𝛼∙ = , − , ∙ ,∙ , = ,  ,                                             (6.24) 

 

 = ∇ − ∙ + − ∙ = ,− ∙ + − ∙ = ,  / ; =   –  ;  =   –     ё   ё .  
 

     :  
 ∇ = ∇ − = , − , = ,  ,                                    (6.25) 
 

 = ,   –  ,    (6.22)    
 .  

 
6.2.2.3    ё   
 

     ё  :  
 = ∇ − ∇ ( . ) = , − , = ,  .           (6.26) 
 

     ,   > 𝑖 .  
      ё  :  

 = [ ], ∙ −∆ℎ ∙ = , ∙, ∙ , − , ∙ , = ,  / .                        (6.27) 

 Э = ∙ = ∙ =  / .                                                      (6.28) 
 

ё         
ё   : 

 = . − Э − = − − = ,  / ,      (6.29)  
                                                                      

 . =  /  – ё      
ё  . 

  
         

      ,  
 ё     ,    ё     

:  
 = ( ∙ ∙√ ) / = ,, ∙ ∙√ ∙ , / = ,  .                                    (6.30) 
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 = ( ∙ ∙𝜎∙ ∙√ ) / = ,, ∙ , ∙ ∙ ∙√ ∙ , / = ,  .                    (6.31) 

 
  –   ,    , ё  

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

 
 =  –  ё ;  =  –  ё ,  ё   ё ; = ,  –    ;  = ,  – ,        

 .  
 

     ё      : 
 = − 𝛼∙ = , − , ∙ ,∙ , = ,  ,                                         (6.33) 

 

 = ∇ − ∙ + − ∙ = ,− ∙ + − ∙ = ,  / ; =   –  ;  =   –     ё   ё .  
 

ё    :  
 ∇ = ∇ + = + , = ,  .                                    (6.34) 
 

   ∇ = ,  .  
 
6.2.2.4     
 

   (  6.1)     
     = ,  .   

         13,5 . 
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 6.2 –    

 
 6.1 –     

  ∗ ∗   ∗ ∗ 
0 0,126 0,00 0,50 2 1,235 8,00 4,94 

0,1 0,036 0,40 0,14 2,1 1,369 8,40 5,48 
0,2 0,007 0,80 0,03 2,2 1,508 8,80 6,03 
0,3 0 1,20 0,00 2,3 1,653 9,20 6,61 
0,4 0,006 1,60 0,02 2,4 1,78 9,60 7,12 
0,5 0,027 2,00 0,11 2,5 1,96 10,00 7,84 
0,6 0,06 2,40 0,24 2,6 2,122 10,40 8,49 
0,7 0,1 2,80 0,40 2,7 2,289 10,80 9,16 
0,8 0,146 3,20 0,58 2,8 2,462 11,20 9,85 
0,9 0,198 3,60 0,79 2,9 2,64 11,60 10,56 
1 0,256 4,00 1,02 3 2,824 12,00 11,30 

1,1 0,321 4,40 1,28 3,1 3,013 12,40 12,05 
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1,4 0,564 5,60 2,26 3,4 3,609 13,60 14,44 
1,5 0,661 6,00 2,64 3,5 3,818 14,00 15,27 
1,6 0,764 6,40 3,06 3,6 4,031 14,40 16,12 
1,7 0,873 6,80 3,49 3,7 4,249 14,80 17,00 
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     :  
 ∇ = ∇ + , ∙ = , + , ∙ = ,  .                           (6.35) 
 

      :  
 ∇ = [∇ , ∇ ] = ,  .                                                   (6.36) 
 
6.2.2.5 ё       
 

      :  
 = ∇ − ∇ = , − , =  .                                    (6.37) 
 

  :  
 ℎ = √ 𝛼∙+∑ = √ , ∙ ,+ ∙ ∙ , = ,  .                                           (6.38) 

 
       φ  

    :  
 ℰ = ℎ = , = , ,                                                                            (6.39) 

 
 = ,  –         15 

 40 .  
 

  . .        
 ℰ   ℰ   ℰ′′ .      

   ℰ′ = , ; 
 ℰ′′ = , . 

 
  : 

 ℎ′ = ℰ ∙ ℎ = , ∙ , = ,  .                                                          (6.40) 
 ℎ′′ = ℰ′′ ∙ ℎ = , ∙ , = ,  .                                                       (6.41) 
 

  ℎ′′ = ,  > ℎ = ,   –    .  
      . . :  
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= , ∙ ∙ √ℎ′ = , ∙ , ∙ √ , = ,  ,                                    (6.42) 
 

 = .ℎ′ ∙ + ∙ − = ,, ∙ + ∙ − = ,  /  

 
    3,0 . 

     ё  :  
 = , ∙ = , ∙ , = ,  ,                                                             (6.43) 
 

 = , ∙ , ∙ ℎ′′ − ℎ′ = , ∙ , ∙ , − , = ,   
 

 =  . 
 

     ,      
(36 ).       .  

 
6.2.2.6    
 

ё     h  ,    
   ,  : 

  
1)      : 
 ℎ = 𝜎 ∙ ℎ′′ − = , ∙ , − , = ,  ,                                      (6.44) 
 

  –     ; 
σ –   (  1,1);  
m –       , m = 0,35;  
qc –    . 
 = ( √ ) ⁄ − 𝛼 (𝜎ℎ′′) ; (6.45) 

 = ,, ∙√ ∙ , ⁄ − , ∙ ,∙ , ∙ , ∙ , = ,  , 

 

 = + − ∙ ) 
= ,+ − ∙ ) 

= ,  2/  

 
2)     : 

        
 ,        T0 = h  + 

. 
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= h − = , + , = ,  .                                                    (6.46) 
 

       φ  
    :  

 ℰ = ℎ = ,, = , ,                                                                                (6.47) 

 
 = ,  –         15 

 40 .  
 

  . .        
 ℰ   ℰ   ℰ′′ .        

 ℰ′ = , ; 
 ℰ′′ = , . 

 
  : 

 ℎ′ = ℰ ∙ ℎ = , ∙ , = ,  .                                                           (6.48) 
 ℎ′′ = ℰ′′ ∙ ℎ = , ∙ , = ,  .                                                          (6.49) 
 

  ℎ′′ = ,  < ℎ = ,   –    . 
 ,      ,    

   . 
 
6.2.3        

 
 

   = ,  .  
 

        
:  

 ⁄ + ,  = , + , = ,  .  
 ∇ = ∇ + ℎ + , = , + + , = ,  .                       (6.50) 
 

     :  
 = ∇ +∇ − ∇ = , + , − , = ,  .                     (6.51) 
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  :  
 = 𝜔√ = , ∙ , ∙ √ ∙ , ∙ , = ,  / ,                 (6.52) 
 

 = ,  –  ;  𝜔 = = , ∙ , = ,   –   .  
 

  ,    
ё  :  

 = = , = , .                                                                                    (6.53) 

 
      

 ё   = . 
 
6.3    
 
6.3.1     
 

       
   ,     

   .      
    0,67÷0,7,      

   . 
 

     : 
 ℎ = ∇ − ∇ = − =  . (6.54) 
 = ,  ∙ ℎ = ,  .  (6.55) 
 

        
     . 
      25 . 

 
6.3.2     
 

     (   
– )   ( )  .  

        
        

   .  
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 –    
  4–5      1–1,5    

 .  –  1–2 .  
 
6.3.3  
 

       .    
      1      
 .  

     ,    3 .  
       – 0,3  1,0 . 
      – 0,3  0,8 . 

    0,5 ,    
      . 

 
6.3.4  
 

   :     
 ,  100 ,   3,5 ,      

      ,  70    2,5 
.  

 
6.3.5     
 

       
    ,     . 
    20 .     
     =  .     

:  
 ∙ . ;                                                                                                          (6.56) 

   , ∙ , = ,  ,  
 

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

 =  . 
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6.3.6     
 

       .  
     15 .  

 ,      
  ,     , 

 ,        
,    . 

,      ,   
    ,      

     ∇ . . =,    ∇ . . = ,  ,   , , , ×,   × ,  . 
 
6.4    
 

   :  ,  ,   
,     ,     , 

 , , ,      . 
 
6.4.1   
 

     ,   
      ,  

   ,     .  
  з   : 

 > ∆ ∙, = ,  ∙ , = ,  ,         (6.57) 

 
 ∆ = − = ,       ; 
п       ; 

,mJ
 
         

  15. 
 

 =   
          

: 
 = , ÷ , = , ∙ = ,  , (6.58) 
 

 nВ     . 
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    : 
 ℎ = , ÷ , = , ∙ , = ,  , (6.59) 
 

 = ∇ − ∇ 𝑖 = − , = ,  . (6.60) 
 
6.4.2     
 

        
      .  

ё  ё        
 . 

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

       
   ,       

  . 
 
6.5     
 
6.5.1    

 
     ,   

,      .  
        
 .       

      .   
   . .  (6.42).  

 
6.5.2  
 

 –   ,     
 .        

 ,    .   
   ,   ё   

 .    1–    2 ,   
   ,     0,7 . 

 
6.6  ё      
 

ё       
      .  ё  

       ,    – ∇ 𝑖 . 
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6.6.1      
 
6.6.1.1     
 

  ,     
        AutoCAD: =,  ,  = ,  . 

 
 1 . .      :  

 = ∙ ∙ ∙+ = , ∙ ∙ , ∙+ = ,  / ,                                            (6.61) 

   –    ;  –  ё ;  –  ;  –  . 
 

        :   
 = ∙ ∙ ∙+ = , ∙ ∙ ∙ ,+ = ,  / ,                                                (6.62) 

 
  : 

 ≈ , ∙ √ ∙ ,                                                                                       (6.63) 
 

  –  . 
 = − + , ∙ = , − , + , ∙ =  . (6.64)   

                                                  = , ∙ ∙ √ ∙ , =  .  
 

    1 . .  : 
 = + =  + =  / .                                                                                    (6.65) 

 
6.6.1.2     
 

        
      

. 
     .  

  : 
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 = ∙ ∙ℎ = ∙ , ∙ = ,  / ,                                                   (6.66) 

 
 ℎ = − = , − , =  . 

 
   : 

 = ∙ ∙ℎ = ∙ , ∙ = ,  / ,                                                     (6.67) 

 
 ℎ = ∇ 𝑖 − = , − , = ,  . 

 
       

   :  
 = ∙ ∙ = ∙ , ∙ , = ,  / ,                                 (6.68) 
 

 = ,   –     ,   
  AutoCAD. 

 
       

   :  
 = ∙ ∙ = ∙ , ∙ , = ,  / ,                                       (6.69) 
 

 = ,   –     ,   
  AutoCAD. 

 
6.6.1.3    
 

         
      : 

 = ∙ ∙ ℎ = ∙ , ∙ , = ,  ,                                            (6.70) 
 

 ℎ = ∇ 𝑖 − = , − , = ,  . 
 

     : 
 = ∙ ∙ = , ∙ ∙ , = ,  / ,                         (6.71) 
 

 = ,   –    ,  , 
   AutoCAD. 
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6.6.1.4    
 

     . 6.   
       , 

    :  
 = ∙ ∙ = ∙ , ∙ , = ,  / ,                          (6.72) 
 

 = ,   –    , 
   . 

 
6.6.1.5   
 

    : 
 = ∙ ℎ ∙ t − 𝜑 = ∙ ∙ − = ,  / ,        (6.73) 

 
 =   / 3 –      ; ℎ  –   ,  ℎ =  ; = ° –    . 

 
    1 . .: 

 = ℎ ∙ = ∙ , = ,  / .                                                                         (6.74) 

 
       .  

      : 
 γ = γ − − n ∙ γ = , − − , ∙ , = , ,             (6.75)   

 
 

 
    ; 

0n    ; 

w     . 
 

         
   : 
 

  : 
 ′ = ∙ ℎ ∙ + 𝜑

;                                                                   (6.76)   
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′ = , ∙ ∙ + = ,  / .  

 
   : 

 ′′ = ∙ ℎ + ∙ ℎ ∙ + 𝜑
;                                         (6.77)  

  ′′ = , ∙ ∙ + = ,  / .  

 
 h     ; 
h

 
                 

; 
 

 
       ,                

; 


 
    . 

 
         1 

. .        : 
 = ′ ∙ ′′ ∙ ℎ = , + , ∙ = ,  .                              (6.78)   

                 
6.6.1.6   
 

       
  ё    . . : 

 = , ∙ ∙ ∙ ℎ % ̅ + ℎ
;                                                                     (6.79) 

 = , ∙ ∙ , ∙ , ∙ ,, + , = ,  / .  

 
 ℎ % –   1%–  ; ̅ –   .  

 ℎ = ∙ℎ %̅ = , ∙ ,, = ,  .                                                                     (6.80) 

 
   W     

    :  
 = ̅ − ℎ % = ,, − ∙ , =  .                                                       (6.81) 
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6.6.2    
 

         
 .  
  ё    6.2,     

,     ё   
 .  

 
 6.2 –      

 
ё        (  

ё   1 . . )   :  
 
–   :  
 𝜎 = − + ∙∑ = − , + ∙ , = − ,  / .                        (6.82) 

 𝜎 = 𝜎 ∙ − ∙ ∙ − ;                                                                  (6.83) 
 𝜎 = − , ∙ − , ∙ ∙ − = − ,  / .  
 

 = ,  / –   , = ∇ − ∇ = , − , =    –   ё  
    ; = t ,   –      .    

    ,  tg = . 
 = ( ∙ + 𝜎 ) ∙ = , ∙ + − , ∙ = .                  (6.84) 
 

 
 

𝜸𝒇  
 

,  ,  , 
·  

 1,0  7460,51 13 96986,57 
 1,0  101,99 1,46 –148,91 
 1,0  0 0 0 
 1,0  0 0 0 
 0,95  5168,03 7,32 –37829,95 
 0,95  7597,83 4,49 –34114,28 
 1,0  829,93 0 0 
 1,0  1413,33 6,35 8974,62 
 1,2  13,60 3,66 50 

 1,0  8,52 37,28 317,63 
 0,9  15,46 10,38 –160,45 
 0,8  585,893 0,45 –263,65 

  Σ  10538,06 Σ  33811,4 
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𝜎 = 𝜎 ∙ + + ∙ ∙ ;                                                                  (6.85) 
 𝜎 = − , ∙ + + , ∙ ∙ = − ,  / .  
 𝜎 = − ∙ = − , ∙ = − ,  / .                                         (6.86) 
 

  :  
 𝜎 = − − ∙∑ = − , − ∙ , = − ,  / .                       (6.87) 

 𝜎 = 𝜎 ∙ − ∙ ∙ − ;                                                                     (6.88) 
 𝜎 = − , ∙ , − , ∙ , ∙ − , = − ,  / ,  
 

 = ∇ 𝑖 − ∇ = , − , = ,   –   ё  
    . 

 = tg  = tg ° = , ,                                                                              (6.89) 
 

  = ° –      . 
 = −( ∙ + 𝜎 ) ∙ ,                                                                             (6.90) 

 
 = − , ∙ , − ,  ∙ , = ,  / . 
 
 𝜎 = 𝜎 ∙ + + ∙ ∙ ;                                                           (6.91) 
 𝜎 = − , ∙ + , + , ∙ , ∙ , = − ,  / . 

 𝜎 = − ∙ = − , ∙ , = − , / ,                                      (6.92) 
 

 𝜎 , 𝜎 , 𝜎 , 𝜎  –       
,      , ;  ,  –       
,      , ; 𝜎 , 𝜎 , 𝜎 , 𝜎  –  ,      

, ; 
 –   ,   ; 
 –    ,   ; 

 –   . 
 

ё       7.2.  
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 7.2 –  ,    

 
6.6.3     ё  
 

  ,     
 .  

 
1.    :  

 ∙ ∙ |𝜎 | ∙ ,                                                                                (6.93) 
 

 = ,  –  ё   ; = ,  –   ; = ,   – ё     = ,  –   ;  
 , ∙ , ∙ |− , | , ∙ , ;  
 ,  / ,  / .  
 
2.       :  

 𝜎 < ;                                                                                                            (6.94) 
 − ,  < .  
 
3.     :  

 |𝜎 | , ∙ ∙ ;                                                                                          (6.95) 
 ,  ,  .  
 

     . 
 
6.6.3    
 

       
  , . .    . 

      𝜎 , /  –96,93 –746,11 𝜎 , /  –382,59 –197,24 , /  0 327,06 𝜎 , /  –96,93 –898,62 𝜎 , /  –382,59 –44,73 
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        –   
 .  

      ,  
 :  

 ∙∙ ,                                                                                                          (6.96) 

 
 = ,  –  ё    ; = ,  –   ; = ,  –   ; 

 – ё   ё    ( , 
 );  

 –  .  
 = ( + + − − + + ) ∙ tg + ∙ ′ + ∙ 𝜔;   (6.97) 
 = , + , + , − , − , + + ∙ ° +, ∙ , + ∙ = ,  ,   
   

 c          
 c = 0,7; 

       ,    1 
. . nB    
 = − + + + ;                                                                   (6.98) 
 = , − , + , + , + = ,  .   
  , ∙ ., ∙ , = , , .  

 
   . 
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7         
 .      

 
7.1         

  
 
7.1.1        

  
 

      
  .    . 

      
      

     . 
    –  .   

      . , 
    ,     

  –  ,   . .  
  –    ё . 

ё           
. B       

       . 
       

  : 
     ; 
   ; 
      . 

     ,  
   ,   : 

        ; 
  ; 
       ; 
    ; 
        ; 
   ; 
    . 

      : 
  ,     

; 
     ; 
       ,    

       ; 
     

: 
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    ,    
; 

    ; 
        

      ; 
       

      ,    
      . 

      01.07.1985 № 3907–85 «  
 ,    »  

        
   : 

       ; 
    ,  ; 
     ; 
      ; 

         
  ,     . 

       
      

 : 
   (     12  

1993 .); 
   «    » № 7–   

10.01.2002; 
   «    » № 96–   

04.05.1999; 
   «     » № 89–  

 24.06.1998; 
   «   » № 52–   13.12.1996; 
   «     » (14 
 1995  № 33– ,  .    10.05.2007 № 69– ); 
   «  –   

» (30  1999  № 52– ,  .    
01.12.2007 № 309– ); 

   «    » 
(21  1997  № 117– ,  .    23.12.2003 №186–

); 
   «   » (23  1995 

 №174– ,  .    16.05.2008 № 75– ); 
   «      

 » (20  2004  №166– ,  .  
  06.12.2007 № 333– ); 

    № 136–   25.10.2001; 
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    № 74–   03.06.2006 ( . 31.10.2016 .); 
    № 200–   04.12.2006; 
    . 
 
7.1.2     ,   

   
 

       
. 

      : 
       ; 
   ; 
      . 

     ,  
   ,   . 

  ,    , 
   : 

    ,   ,  
,     ; 

        
 ; 

         
  . 

     ,  
  ,   ,     

. 
  . –   18  (  

 2010 ).     . 
       . 

   ,   
,    ,   

,   . 
     5  ,    
   . 

         
  ,    . 

 
7.1.3   
 

       21.11.2007  № 
800       № 74–   03.06.2006 ( . 
31.10.2016 .)       

     . 
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  ,    

,    –  
. 

 ,    , 
   ,     

         
 ,  ё    

 ,     
   ,    . 

       21.11.2007  № 
800    : 

        
   ,  , ,    
      . 

B       , 
    : 

  ; 
    ; 
    ,    

; 
  : 

        
,      –   

     ; 
   , ,   

 ,     ; 
     –  , 

  ; 
       , 

,    ,    
 ; 

 
7.1.4     
 

       
  , , , 

   ,      
   .  ,   

       
. 

       
.    (    ) 
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  . 

K   ,    
( –  ),  ,    

,       .  
            

. 
       

    : 
       

      
          

 ( ,  );  
    ( )   

     
       . 

      
      , ,   

    ,   
. 

 
7.1.5 ,    
 

   ,        
 –  ,      

 ,   : 
 
1.   ,      (   

  – 2014 8 22 201 01 21 5) 
 M = N∙ % ∙ ρ,   (7.1) 

 
 N –   , 3 (258500 3); q –   , % (q =1,8%); ρ –  , / 3 (ρ =2,5 / 3). 

 M = N∙ % = ∙ ,% ∙ , = , .  

 
2.   ,       

, ,  (     – 2014 4 61 010 01 20 
5) 
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 (    82–202–96) ,  , 1988 ., 
 4,      10 %. 

 M = N∙ % ∙ ρ, 

 
   (7.2) 

 N –  ,  (1137 ); q –   , % (q =1,0%); ρ –   , / 3 (ρ =2,0 / 3). 
 M = N∙ % = ∙ ,% ∙ , = , .  

 
 ,      ,    

  (     ), ,     
   , .       

   .     
   ,    

       ,    
   . 

 
7.1.6      
 
B   ,  ,  

   ,   
        
    .    

    .   «   
 ». №96   4  1999 . ( ё  13.07.2015 ). 

 
7.2    
 

      
     . 

    (   )   
    ,     

         
   :  

       ;  
      

 ; 
    ; 
     ; 
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  ; 
     ; 
       

 , a    , 
     . 

       
   , , , 

    .    
   «     (  

  29  2018 ) 
     «    

»      
,     , 

  . 
   ,   

   ,   
         
, ,   , ,  

 ,    ,  , 
  . 

     
      . 

      
     .     

  : 
   ,    

    ; 
      

   ; 
      –    

   ,     
; 

    ; 
        

 ; 
      

     ; 
        

    ,  
      ; 

       ; 
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. 

  –      
       100%  

          . 
 
7.3   
 

, , ,    
     
  ,   ,   
,      ,  
       

    
 ,  ,  

      – 
    , 

   ,   
    ,   

,       
       

      . 
        
   : 

         
    ; 

  ,       
 –      ,    

  ; 
         

   ; 
    . 

    ,    
     , 

    .  ,  
    ,   

       
  ,      

       . 
   ,    

        
    . 

      ,   
  :     
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 ,    ,    
 ,     

. 
       

: 
       

       ; 
          

  ; 
          

   ; 
         

   ,  
,    ; 

   ,     
,    ; 

  –        
  ; 

         
 ; 

       
 ; 

  ,        
; 
     ,  

     ; 
     – 

        
 ; 

      
  . 

       , 
  ,  , ,    
      : 

      
 ; 

     ; 
  ( ) ; 
   (    ); 
      

       
  ; 

        ; 
        ; 
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      ; 
 –    

 . 
        

   .    
    (  ),    (  )  

   17  1999 . № 181–  "    
   ". 

  ,    
  ,   .    

       
,        , 
    . 

       
 ,       
  ,      

   . 
 
7.4    
 

       
  ,    . 

        
  ,       

,       ,  
        

,        
   ,    

. 
         

22  2008 . №123–  «      
». B  c   

       
    ,  . 

      
   ( )     

       
      . 

      
  , : 

       
    ,  

 ; 
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    ,  
    ,     

; 
  –    

         
    ; 

       
        

 ; 
         

          
   . 

B      :  
 ,     ,  

     ,    
   ,   

,     ,  
    ,      

 (  ), a     
   . . 

         
     ,      
,       

      ,   
   ,       

      . 
 –    

       
 : 

     ; 
      , 

   ; 
   –     

 ; 
   ; 
     ,     

      ; 
       . 

         
      "   

         
". 

     : 
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 ; 
     65 ; 
 ; –  ; 
  ; 
  . 

  ,     
 ,      .  

   ,     
          

.   .    
   .     

    ,    
    –  –    

  .  ,       
       , 

       . 
       

,       , 
     c    

. C        
   ,   

  . 
      
 ,     

,         
  ( ).     

   ,  ,   
 , a       

     . 
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8 –   
 
8.1 ё        

 
 
8.1.1  ё    
 

 Э     ,  
      ,   

ё     ,  . 

 ё       8.1. 
 

 8.1 –        
 

 
 

 
 

   

2027 2028 2029 2030 2031 
   117,96 117,96 117,96 117,96 117,96 

  
 

  
 3 200 3 200 3 200 3 200 3 200 

 
 

·  31 456 31 456 31 456 31 456 31 456 

   
  

% 1 1 1 1 1 

   
  

·  314,56 314,56 314,56 314,56 314,56 

  
 

·  31141 31141 31141 31141 31141 

   
/ 
·  

1 642 1 678 1 707 1 724 1 740 

   
 

. . 51,1 52,2 53,2 53,7 54,2 

   .  7,8 7,9 8,1 8,2 8,3 
 

,    ё , ,    
     . Э   
      . 

 

8.1.2     
 

      « А  « » 
 16.01.2017 №9 – «    А  « »  2017–2042 

.)    . 
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    А  « », 

    А  « »,   
  А  « ». 

       
 ,     ,    
         

 ,     
   . 

,    ,   
,   ,     

   ,   . 
       

,     ,   
 . ,   ,    , 

      . 
      : 

  ; 
    ; 
  ; 
     ;  
     ; 
   . 
А       , 
     . 

       (   
        

 ,    ,   
       

        
 ): 0,08%. 

Э   (  ,  , 
 )  Э      1   

. 
     8.2. 

  
 8.2 –    

 , . /  , . . 
    255,2 61,1 

 274,0 38,8 
   529,2 99,9 
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    ,       

,    8.3. 
 

 8.3 –      
  , % 
 1  4 0,06 
 5  14 0,09 

 15  19 0,14 
 20 0,2 

 
        

    ,    
 8.4. 

 
 8.4 –      

  
, 

. . 
 «  – » 135,38 . /  10,64 

  (   ) 0,001097 . / ·  0,75 
 (   ) 0,000318 . / ·  0,22 

  11,61 
 

      1 . ·      
     4,8 . 

          
 8.5. 

 
 8.5 –         

 
   

2026 2027 2028 2029 2030 
 

, . . 49,35 67,31 99,35 150,68 163,09 

  
, . . 16,45 20,31 46,09 81,20 84,31 

 
, . . 87,78 95,76 95,76 95,76 95,76 

   
 

, . . 
1,50 1,81 4,16 7,33 7,48 

   
 

, . . 
24,49 26,71 26,71 26,71 26,71 

  , . . 6,26 7,51 7,51 7,51 7,51 
, . . 185,83 219,41 279,58 369,20 384,86 
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     ,    
         

   . 
        

     8.1. 

 

 
 8.1–     , % 

 
8.1.3   
 

        
  Э .     

       .  
  : 

    – 20%; 
  – 20%; 
     – 34%; 
    – 2,2%;  
     1 . ·  – 4,8 . 

        
 8.6. 

 
 8.6 –   

 
   

2029 2030 2031 2032 2033 
  , . . 253,80 257,32 260,47 263,44 263,46 

, . . 155,13 300,80 295,23 306,16 128,57 
   

, . . 8,13 8,13 8,13 8,13 8,13 

  , 
. . 87,70 85,79 83,88 81,98 87,27 

, . . 253,80 257,32 260,47 263,44 263,46 

29%

13%

49%

1%

9%

2%
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  ,     
          ( ). 

,        . 
     8.2. 

 
 8.2 –  , %  

 
8.2        

 
 

       
        

     ё .  
        8.7. 

           
   8.3. 

 
 8.7 –       

 
   

2026 2027 2028 2029 2030 
 ( ), . . 932,12 1432,08 1464,32 1490,48 1505,21 

 , . . 205,59 300,86 305,34 304,47 303,63 
EBITDA (  ), . . 932,11 1432,08 1464,32 1490,48 1505,21 
EBIT (   ), 

. . 768,30 1216,13 1243,58 1271,65 1288,28 

   
, . . 127,22 243,22 248,71 254,33 257,65 

NOPAT (  ), . . 641,07 972,91 994,86 1017,32 1030,63 
   , % 20 20 20 20 20 

 

50%

31%

2%

17%
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 8.3 –         

 , . . 
 

 2026            
Э       ,  

,      .   2026  
   ,        

1–         . 
         

   .  2033  , 
          
  . Э    ,    Э , 

  2033 ,    ,     
.  

 

8.3    
 

    ProjectExpert     
(Cash–Flow),    8.4. 

 

-200

0

200

400

600

800

1000

1200

2020 2025 2030 2035 2040 2045

 
, 

.
.



  
 

118 
 

 

 
 8.4 –       

  
 

   ,     
 , . .      2022  

(  )  2030  ( ,     
  ).     ,   

,      2022  2026,  
        Э   

   .     
     ,    

  ,  Э    ,  
      2030 .   
      . 

 
8.4    
  

       
  ,    ,  

  . 
  
8.4.1 ,   
 

      , 
   : 

1. ,  ; 

-10000

-5000

0

5000

10000

15000

20000

2022 2024 2026 2028 2030 2032 2034 2036 2038 2040 2042

C
as

h–
flo

w
, 

.
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2.  ; 
3.  ; 
4.  . . 

ё        : 
) «        

   –   », 
    «  »  07.02.2000 . № 54  

     26.05.1999 . №24–16–1/20–
113; 

) «        
   –      

  », , 2008 .,   «  »  
31.03.2008  № 155     26.05.99 . №24–16–1/20–113. 

)     « »  08.02.2017 №9 – «  
   « »  2017–2042 .» 
ё       

  ProjectExpert,  ExpertSystems.  
       

 : 
1)       30 ,  

     ; 
2)       

 ,   1 . 2021 ; 
3)         

     ,  
  . 

 
8.4.2   
 

  ё      
ё  ,     8.8. 

 
 8.8 –     «  

   » 
  

  11,6 
  – PB,  120 

   – NPV, .  765,89 
  – PI, . 1,19 

   – IRR, % 13,99 
 , / ·  0,34 

 , /  61889,83 
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   ,       
 765,89 . .     

– 0,34 ./ · . 
     ,  

   .   120 ,  
      ,    
,            

   .   
       . 

 
8.4.3   
 

      
       .  

      ё   
      8.9.  

 
 8.9 –       

  
 2023 2024 2025 2026 2027 

  , .  6,99 3,29 2,07 125,37 251,10 

  , .  0,61 5,99 7,21 59,45 89,56 

  , .  7,61 9,28 9,27 184,82 340,67 

 
  Э     

      .   
        
 .  ,      

     . 
 

8.5   
 

      
 –       

   . 
       

   : 
)  ; 
)  ; 

     . 
  NPV    8.5. 
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 8.5 –  NPV       

 
 ,       (NPV). 
  NPV       

   8.6. 
 

 
 8.6 –  NPV        

 

0

2000

4000

6000

8000

10000

12000

14000

-30% -20% -10% 0% 10% 20% 30%

NPV, .

  

-5000

0

5000

10000

15000

20000

25000

0% 10% 20% 30% 40% 50% 60%

NPV,
. .

  , %
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 ,       
 NPV. 
   NPV       

   8.7. 
 

 
 8.7 –  NPV       

 
 ,       
  NPV. 

  

9300
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10000
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10200

10300
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N
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.
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9.   .    
 
9.1        
 

        
  .      

,   ,  
  ,   , ,  

 ,     ,  
   , , . ,  

   ё     
,        – , 

, .     
ё           . 

,    ( , , 
,   .)      

 – ,     
  .   

       
.      

        .  
       

      «     
».  

        
,   ,        

        
         

. 
    ё    

(« » ),     , 
    (      

  –  )    
.        : 

 (« »)   (« »),  
 .      

    . 
       , 

        
,   , ё      

 ,     ,      
  .  ,  ,  

 200 .      
      , 



  
 

124 
 

 

 ,         
.          

     . B  
   ё    25 – 

63 3.         
 . 

 
9.2   

 
 ,         
    : 

 ,      
 ( :       

); 
 ,      

,     ( :  ,  
 ); 

 ,       
 ,     
. 

,       
      

 : 
     /   , 

   ; 
  ; 
  ( ) ,   ( ) 

    ( )   ; 
     ; 
          ; 
 ,      ; 
     ; 
    ,    ; 
   , ,  , 

    ,    ; 
         

; 
        

 ; 
   ; 
    ; 
      

   ; 
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  ; 
     ; 
      . 

        
   : 

        ; 
 ; 
   ; 
  ; 
  /       

      ; 
      ,   

 ; 
       . 

     : 
   ; 
  ; 

        
, , , ,   , , 

           
.   9.1   . 

 
 9.1 –       
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9.3  ,    
 
9.3.1   
 

      .   
         

,        
  .  

       , 
     ,     

 ,         ,  
     .  

      
 ,       

 ,  , , 
, a      .  

       
  ,  (  )    

        45–  .  
        –

30.         
 . 
       , 

  ,  ,  
 :  

   « –1»   0,5%; 
     0,02%; 
   –11   0,5%; 
     0,02%; 
     0,02%; 

      –30  
      ,   

.        0,08  0,12  
/      ,     

         .  
     0,15  /    
        ,  
, . .         

  . 
     –30   

    ,   
 (    ). 

  –30,     
 ( ),     . 
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   –30  ,      
  .  
        –30  

  ,  , . .    
    ,   

 .  
       . 

           
      ,    

     . 
 
9.3.2   
 

        
,   , a    . 

 ,     .  
        

.       
    ,      

    .  
    (–45 °   )   
     .   
       

       95, 125, 135  150 °  
  .  

        
  .     

     « » 
(  – 1) 

        
 ,     .  
       

 .    34.45–51. 300–97 
"     "    

,        , 
        

 0,5 % (     ),  
  0,001% ( . ). B     

          
 0,002 % ( . ).      

  .  
       

 : 
 ,  38.101.1025–85 –  110/220 ;    
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 –1500,  982–80 –   110 , 
 , ,  220  ; 

 Nytro 11 GX,  60296(82)      
220 ,   ,   
IEC 296(82)  IA  IIA. 

        
,  ,  , 

 ,    . . 
,       , 

         
. 

     
    ,      

.         
 ,   02.01.112–2015. 

 
9.3.3    
 

       
    .    

    (  170°C)    (  
230 )      .   

  216°     1861–73.  
      

   : 
 –19,  9243 (  «  3/100»); 
 Mobil Rarus 425 (  « –200  ») 
 Atlas Copco Roto–ingectfluid (  «GA 200–100FT») 

    : 
   ; 
        

 ; 
       

; 
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–  ё  
 

 .1 –       
,     

№ /  P, % Q . . 3/   Q . 3/   Q . 3/   

1 3 307 1969 88 1958 643 1969 
2 6 299 1958 83 1961 594 1958 
3 9 272 1966 79 1960 544 1966 
4 12 271 1960 78 1986 539 1960 
5 15 242 1979 78 1987 502 1971 
6 18 240 1971 78 1967 493 1979 
7 21 236 1985 77 1966 492 1973 
8 24 235 1984 75 1985 469 1970 
9 26 235 1973 70 1984 466 1984 
10 29 231 1970 70 1968 461 1985 
11 32 230 1987 68 1965 444 1987 
12 35 229 1961 68 1969 434 1961 

13 38 214 1967 66 1983 433 1972 
14 41 212 1986 65 1957 415 1983 
15 44 212 1972 64 1959 404 1967 
16 47 212 1983 63 1979 403 1956 
17 50 205 1956 63 1956 400 1986 
18 53 202 1959 61 1970 395 1959 
19 56 194 1957 60 1977 378 1977 
20 59 193 1977 59 1982 374 1957 
21 62 178 1964 58 1963 350 1964 
22 65 172 1975 57 1962 347 1975 
23 68 171 1965 55 1964 337 1976 
24 71 170 1976 54 1972 325 1980 
25 74 167 1980 53 1980 316 1965 

26 76 158 1978 52 1971 307 1978 
27 79 156 1962 51 1978 295 1962 
28 82 152 1968 51 1976 293 1955 
29 85 152 1955 51 1973 292 1981 
30 88 147 1981 51 1955 269 1963 
31 91 146 1963 48 1975 267 1968 
32 94 134 1982 44 1981 239 1982 
33 97 117 1974 41 1974 224 1974 

 
 
 
  



   
 

 .2 – ё       
 I II  III  IV  V VI  VII VIII IX  X XI  XII 

, 3/  24 26 30 213 461 315 200 150 97 91 82 74 

Z  ( ),  165 165 165 165 165 165 165 165 165 165 165 165 ( ),  130,05 130,13 130,28 133,02 134,52 133,70 132,91 132,41 132,03 131,92 131,73 131,56 Э ,  34,65 34,57 34,42 31,68 30,18 31,00 31,79 32,29 32,67 32,78 32,97 33,14  . Э ,  7 8 9 58 120 84 55 42 27 26 23 21 

 
 .3 – ё       

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

, 3/  100 100 100 100 100 100 100 100 100 100 100 100 

Z  ( ),  165 165 165 165 165 165 165 165 165 165 165 165 ( ),  132,08 132,08 132,08 131,69 131,69 131,69 131,69 131,69 132,08 132,08 132,08 132,08 Э ,  32,62 32,62 32,62 33,01 33,01 33,01 33,01 33,01 32,62 32,62 32,62 32,62 

,  28 28 28 28 28 28 28 28 28 28 28 28  
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 .4 –     (  ) 
–            

, 
 

 ^3/c , ^3 ,  

 
, 

 

 N
, 

  
 N

 

 
 Q

   

 
 

 Q
 

 

 
  Q

 

 
 Q

 

 
 

 
Q

 

 
 

 Q
 

 
 

 
Q

 

 
 

V
 

 
 Δ

V
 

 
 V

 

  

 
 Z

 

 Q
 

 

 Q
 

 

 Q
 

  Q
 

  
 

Z
 

 
 

Z
 

 
 

Z
 

IX 97,0 0 1,0 1,0 0 95,0 4 100 99,0 0 100,0 4,69 0,01 4,68 165,00 164,98 164,99 131,69 33,00 28   

X 91,0 0 1,0 1,0 0 89,0 10 100 99,0 0 100,0 4,68 0,03 4,65 164,98 164,92 164,95 131,69 32,96 28   

XI  82,0 0 1,0 1,0 1 79,0 97 100 176,0 0 177,0 4,65 0,25 4,40 164,92 164,45 164,68 133,08 31,30 47 47 

XII 74,0 0 1,0 1,0 3 69,0 205 100 274,0 0 275,0 4,40 0,53 3,87 164,45 163,58 164,01 133,87 29,85 70 70 

I 24,0 0 1,0 0,0 4 19,0 272 100 291,0 0 292,0 3,87 0,71 3,17 163,58 161,88 162,73 133,99 28,44 70 70 

II  26,0 0 1,0 0,0 7 18,0 182 100 200,0 0 201,0 3,17 0,47 2,69 161,88 160,27 161,07 133,30 27,48 47 47 

III  30,0 0 1,0 0,0 –7 36,0 63 100 99,0 0 100,0 2,69 0,16 2,53 160,27 159,67 159,97 131,69 27,98 24   

IV 213,0 0 1,0 2,0 –5 215,0 –116 100 99,0 0 100,0 2,53 –0,30 2,83 159,67 160,76 160,22 131,69 28,23 24   

V 461,0 0 1,0 5,0 –3 458,0 –359 100 99,0 0 100,0 2,83 –0,93 3,76 160,76 163,38 162,07 131,69 30,08 25   

VI  315,0 0 1,0 3,0 0 311,0 –212 100 99,0 0 100,0 3,76 –0,55 4,31 163,38 164,30 163,84 131,69 31,85 27   

VII 200,0 0 1,0 2,0 0 197,0 –98 100 99,0 0 100,0 4,31 –0,25 4,57 164,30 164,74 164,52 131,69 32,53 27   

VIII 150,0 0 1,0 2,0 0 147,0 –48 100 99,0 0 100,0 4,57 –0,12 4,69 164,74 165,00 164,87 131,69 32,88 28   
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 .5 –   

 
,   ,   ,   ,  

Pmax P . . N . N . N . N . N . N . N . N . N . N . 
I 715 72 21 46 6 0 110 15 0 559 0 72 0 
II  681 68 20 46 8 0 76 12 0 559 0 68 0 
III  621 62 19 46 9 0 51 10 0 524 0 62 0 
IV  552 55 17 46 9 0 42 8 0 464 0 55 0 
V 492 49 15 46 8 0 40 7 0 406 0 49 0 
VI  458 46 14 46 8 0 37 6 0 375 0 46 38 
VII 458 46 14 46 8 0 39 6 0 373 0 46 38 
VIII 492 49 15 46 8 0 45 7 0 401 0 49 0 
IX  552 55 17 46 8 8 49 9 18 457 0 55 0 
X 621 62 19 46 8 0 58 11 0 517 0 62 0 
XI  681 68 20 46 8 0 76 12 0 559 0 68 0 
XII 715 72 21 46 6 0 110 15 0 559 0 72 0 
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 ^3/c , ^3 ,  
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 N
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 N

 

, 
 

·
 

 
 Q

 

  

 
 

 Q
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 Q

 

 
 

 Q
 

 
 

 Q
 

 
 

 Q
 

 
 V

 

 
 Δ
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 V

 

  

 
 Z

 

 Q
 

 Q
 

 Q
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 Z

 

 
 Z

 

 
 Z

 

IX 115,0 0 2,0 1,0 0 112,0 0 100 112,0 0 114,0 4,69 0,00 4,69 165,00 165,00 165,00 131,92 32,78 31   23 

X 100,0 0 2,0 1,0 0 97,0 2 100 99,0 0 101,0 4,69 0,01 4,68 165,00 164,99 164,99 131,71 32,99 28   21 

XI  88,0 0 2,0 1,0 2 83,0 93 100 176,0 0 178,0 4,68 0,24 4,44 164,99 164,52 164,75 133,09 31,36 47 47 35 

XII 76,0 0 2,0 1,0 4 69,0 207 100 276,0 0 278,0 4,44 0,54 3,91 164,52 163,64 164,08 133,89 29,89 70 70 52 

I 26,0 0 2,0 0,0 6 18,0 271 100 289,0 0 291,0 3,91 0,70 3,20 163,64 162,00 162,82 133,98 28,54 70 70 52 

II  28,0 0 2,0 0,0 8 18,0 182 100 200,0 0 202,0 3,20 0,47 2,73 162,00 160,41 161,20 133,31 27,60 47 47 35 

III  32,0 0 2,0 0,0 –4 34,0 78 100 112,0 0 114,0 2,73 0,20 2,53 160,41 159,67 160,04 131,92 27,82 26   20 

IV 317,0 0 2,0 3,0 –6 318,0 –220 100 98,0 0 100,0 2,53 –0,57 3,10 159,67 161,68 160,68 131,69 28,68 24   18 

V 602,0 0 2,0 6,0 –10 604,0 –506 100 98,0 0 100,0 3,10 –1,31 4,41 161,68 164,47 163,07 131,69 31,08 26   19 

VI  528,0 0 2,0 5,0 0 521,0 –107 100 414,0 0 416,0 4,41 –0,28 4,69 164,47 165,00 164,73 134,27 30,16 106   79 

VII 334,0 0 2,0 3,0 0 329,0 0 100 329,0 0 331,0 4,69 0,00 4,69 165,00 165,00 165,00 133,79 30,91 86   64 

VIII 212,0 0 2,0 2,0 0 208,0 0 100 208,0 0 210,0 4,69 0,00 4,69 165,00 165,00 165,00 132,99 31,71 56   42 
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 .1 –  ё      D1  40 –  
  D ,  3,75 4 4,25 4,5 4,75 5 5,3 5,6 6 6,3 η  0,922 0,922 0,923 0,924 0,924 0,925 0,925 0,926 0,926 0,927 N′ ,  30 34 38 43 48 53 59 66 76 84 Z′  3,93 3,47 3,11 2,74 2,46 2,23 2,00 1,79 1,55 1,40 Z  4 4 4 3 3 3 2 2 2 2 N ,  29,5 29,5 29,5 39,3 39,3 39,3 59 59 59 59 

 1,046 1,047 1,048 1,048 1,049 1,049 1,050 1,051 1,051 1,052 ′  177,3 166,3 156,6 147,9 140,2 133,2 125,7 119,0 111,1 105,8 

 16 18 19 20 22 22 24 25 26 28 

 187,5 166,7 157,9 150,0 136,4 136,4 125,0 120,0 115,4 107,1  ′  138,2 131,0 131,8 132,5 127,1 133,8 130,0 131,8 135,7 132,3  ′  132,2 125,3 126,1 126,8 121,6 128,0 124,3 126,1 129,8 126,6  𝑖′  117,7 111,6 112,3 112,9 108,3 114,0 110,8 112,3 115,7 112,7 ′ · η  1,42 1,247 1,104 1,311 1,176 1,06 1,415 1,266 1,102 0,999 ′ · η  1,004 0,882 0,78 0,927 0,832 0,75 1 0,895 0,779 0,706 

 
 
 
 
 
 



  
 

145 
 

 

   
 

 .2 –  ё      D1  40 –  
  D ,  3,75 4 4,25 4,5 4,75 5 5,3 5,6 6 6,3 η  0,927 0,927 0,928 0,928 0,929 0,929 0,930 0,930 0,931 0,931 N′ ,  28 32 37 41 46 51 57 64 73 81 Z′  4,21 3,69 3,19 2,88 2,57 2,31 2,07 1,84 1,62 1,46 Z  4 4 3 3 3 3 2 2 2 2 N ,  29,5 29,5 39,3 39,3 39,3 39,3 59 59 59 59 

 1,052 1,053 1,053 1,054 1,054 1,055 1,055 1,056 1,057 1,057 ′  175,0 164,1 154,5 145,9 138,3 131,4 124,0 117,4 109,6 104,4 

 16 18 19 20 22 23 24 25 26 29 

 187,5 166,7 157,9 150,0 136,4 130,4 125,0 120,0 115,4 103,4  a′  137,8 130,6 131,4 132,2 126,8 127,6 129,6 131,4 135,4 127,4 ′  131,8 124,9 125,7 126,4 121,3 122,1 124,0 125,7 129,5 121,9  i′  117,4 111,3 112,0 112,6 108,1 108,8 110,5 112,0 115,4 108,6 ′ · η  1,409 1,237 1,46 1,301 1,167 1,052 1,404 1,256 1,093 0,991 a′ · η  0,996 0,875 1,032 0,92 0,825 0,744 0,993 0,888 0,773 0,701 
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