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1       
 

       ,  
   .  ё   16,12     

    – . 
 

1.1      
 

 
     .  

     −18,5° ,   +15° .  
    −53° ,    +38° .  

   –410-450 .   
  − 74%.  

 
1.2   
 

  - 592 ,   – 47,6 . 2,  
  222 3/ .   -    63 % 

  .         
.         1940–

1989 .    ,  .1.  
 : 

 W̅ = Q̅ ∙ t = ∙ = ,  ,                  (1.1) 
  

    Q̅  –     ,  .1; t –    . 
  ё      

1.1. 
 

 1.1 –    ё   
, 

% 
0,01 0,1 0,5 1 3 5 10 

 Q, 3/  1559,51 1226,29 1226,29 1159,64 1046,34 986,36 906,39 

 
         

 1.2,   1.1  1.2. 
 

 1.2 –      
    

   
       

  
Z ,  V, 3 Z ,  Q, 3/  Z ,  Q, 3/  
130,2 0 130,0 0 130,0 0 
152,5 2 137,72 6617,6 137,72 7520 
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  1.2 
    

   
       

  
Z ,  V, 3 Z ,  Q, 3/  Z ,  Q, 3/  
162,3 4 145,89 16389,12 145,89 18624 
170,9 6 153,91 29230,08 153,91 33216 
178,9 8 161,73 43929,6 161,73 49920 
185,2 10 169,87 61248 169,87 69600 
190,0 12 177,77 81607,68 177,77 92736 
194,4 14 185,64 104867,8 185,64 119168 

  189,31 117004,8 189,31 132960 
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 1.2 –   ё      
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,        
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    60    500 . . ,   
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      230  

 .  2014       14,8  
.      1,17 . . . 

    —  «  — ».  
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 ,     ,    
1.3. 

 
 1.3 – ,      

 N ,  
 1020 

https://ru.wikipedia.org/wiki/%D0%9A%D0%B0%D0%BC%D0%B0
https://ru.wikipedia.org/wiki/%D0%9A%D1%83%D0%B5%D0%B4%D0%B8%D0%BD%D1%81%D0%BA%D0%B8%D0%B9_%D1%80%D0%B0%D0%B9%D0%BE%D0%BD_%D0%9F%D0%B5%D1%80%D0%BC%D1%81%D0%BA%D0%BE%D0%B3%D0%BE_%D0%BA%D1%80%D0%B0%D1%8F
https://ru.wikipedia.org/wiki/%D0%9A%D1%83%D0%BD%D0%B3%D1%83%D1%80%D1%81%D0%BA%D0%B8%D0%B9_%D1%80%D0%B0%D0%B9%D0%BE%D0%BD_%D0%9F%D0%B5%D1%80%D0%BC%D1%81%D0%BA%D0%BE%D0%B3%D0%BE_%D0%BA%D1%80%D0%B0%D1%8F
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https://ru.wikipedia.org/wiki/%D0%A1%D0%BE%D0%BB%D0%B8%D0%BA%D0%B0%D0%BC%D1%81%D0%BA%D0%B8%D0%B9_%D1%80%D0%B0%D0%B9%D0%BE%D0%BD_%D0%9F%D0%B5%D1%80%D0%BC%D1%81%D0%BA%D0%BE%D0%B3%D0%BE_%D0%BA%D1%80%D0%B0%D1%8F
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2 -  ё     
 

 
2.1    
 
2.1.1   
 

: . 
:   , P =  . 
     . 

 =  . 
   =  . 

  k = , . 
  k = , . 
     Δh =  ,  . 

        
   2.1. 

 
 2.1 –        

 I II  III  IV  V V I VII 
VII
I 

IX  X XI  XII 

Q  221 221 221 221 221 221 221 221 221 221 221 221 Q  
, /  

1 1 1 11 11 3 3 3 2 2 2 1 Q ,/  
-5 0 0 0 21 7 7 6 4 0 -25 -15 Q

, /  
3 3 3 3 3 3 3 3 3 3 3 3 Q  , /  
21 0 0 21 21 21 21 0 0 0 0 0 

 
2.1.2   ё   
 

  (  ,  .1)   
 .    .1    

: 
 k = QQ , (2.1) 

  
 Q  – n-      ; Q  –    . 

    : 
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 C = √Σ k −n = √ , = , ,     (2.2) 

 
     n –     . 

 

      
 : 

 = ∙ √ + ∙ C∙ n − = ∙ √ + ∙ ,∙ − = , %, (2.3) 

  
     n –     . 

    : 
 C = Σ k −C ∙ n = ,, ∙ = , . (2.4) 

 
     

  : 
 = ∙ √ ∙( + ∙ , + ∙ ,, = , %.                                                       (2.5) 

 
      

 ,      .  
   : 

 
 C = ∙ C = ∙ , = , . (2.6) 

 
   .   

  –  II -   (  ё  ).   
ё   ,     

 . 
 M = C ∙ , (2.7) 

  k = M + , (2.8) 
  Q = Q ∙ k . (2.9) 

 
 ё     2.2: 
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 2.2 –  ё    p, %  M  k  Q  
0,1 3,88 1,06 2,06 1372,91 
1 2,68 0,55 1,55 344 

 
2.1.3    
 

       
      :   

.     ,     
 ,        

.  
  ,       

   ,     .  
    .    
     : 

 P m = mn + ∙  % ,                 (2.10) 

  
 P m  – ; m –     ,   

; 
 n –    . 

 ё     ,  .2. 
ё        
  90%,  – 50%. 

       , 
      2.1. 
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 2.1 –       , 

    
 

2.1.4  ё      
 

      
  P=50% .       50% 

   ,   ,     1933  
    ,  -   

       P=90% – 1931. 
    90%    

 1931 .  
  2.3      .  

   2.2. 
 

 2.3 -       
 I II  III  IV  V VI  VII VIII IX  X XI  XII 

90% , 1963 . 
 

. 66 54 72 1112 1064 336 332 304 208 202 162 68 
. 66 54 72 1112 1064 336 332 304 208 202 162 68 

50% , 1933 . 
 

. 58 52 68 484 1650 1038 518 396 310 372 120 66 
. 66 54 112 1284 1250 638 518 388 304 288 162 68 

 

0
100
200
300
400
500
600
700
800
900

1000
1100
1200
1300
1400
1500
1600

0 10 20 30 40 50 60 70 80 90 100

Q
,

3/

P,%
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     2.3  ё  
    , ё    2.2. 

 

 
 2.2 – ё       

 
2.2      -

 ё  
 
2.2.1     
 

    ,  
      ,  

   . 
   ,    

       : 
 Q  = Q % − Q − Q − Q − Q ,         (2.11) 
  

 t –   ; Q % -     (  2.3); Q , Q , Q , Q  –    : , 
, ,  (  2.1). 

        
 ,          

 . 
       : 

 N = k ∙ Q ∙ H ,         (2.12) 

0

200

400

600

800

1000

1200

1400

0 2 4 6 8 10 12

Q
,

3/
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 k  –  ,  (  . 2.1.1); Q  – ё   (  ); H – ,  ё  . 
 ё     ,  .4. 

        ,  
       

  ( ).    7 
,        . 

 
2.2.2   
 

        , 
   2.4. 

 
 2.4 –       

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

,
,  

4035 3922 3749 3549 3376 3275 3275 3375 3548 3748 3921 4035 

 
      ,  

,   ,         
.       ,  

,        ,  
   .     

  ,     
 2.5. 

 
 2.5 –   

 I II  III  IV V VI  VII VIII IX X XI  XII N ,  312 207  207 312 

 
       

«   ». 
 
2.2.3 -  ё       
 

 ,  -  ё    
 .  ё  –    

: ∇ = ,    V = ,  .    
ё        

     : ∇ = ,  . 
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2.2.4      
 

 ,      
,         .  

  2-  ,    
  .   ,   

   ,     
  – : 

 N = N + N = + =  . (2.13) 
 

        
    (1%): 

 N = N + N = + =  .                                          (2.14) 
 
2.2.5   
 

       . 
        . 

        
   . 

       2.6    
«   ». 

 
 2.6 –   

 

 
 

 
   P ., 

 

N . . 
 

N . . 
 

N , 
 

N . ., 
 

N , 
 

N . ,, 
 

N . ., 
 

N , 
 

N . ,,
 

N . ., 
 

N , 
 

I 4259 85 341 104 20 0 350 16  3710 297 0 
II  4141 83 331 95 19 0 324 16  3710 297 0 
III  3960 79 317 87 28 0 162 13  3693 295 0 
IV 3751 75 300 87 28 0 149 12  3515 281 0 
V 3571 71 286 78 20 0 201 13  3291 263 110 
VI  3466 69 277 69 18 0 199 13  3196 256 224 
VII 3466 69 277 69 18 0 201 13  3196 256 224 
VIII 3570 71 286 78 20 0 206 13  3290 263 110 
IX 3750 75 300 87 28 17 153 12 61 3514 281 0 

 3959 79 317 87 28 0 164 13  3692 295 0 
XI  4140 83 331 95 19 0 324 16  3710 297 0 
XII 4259 85 341 104 20 0 350 16  3710 297 0 

 

2.2.6 -  ё       
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  .   , 

         . 
   :  –  -   

   -   ,  – 
         
.      

: . =1,73  ∙ .   -  
         2.3. 

 

 
 2.3 –        

    
  

172
174
176
178
180
182
184
186
188
190
192

  
IX     X      XI     XII        I      II    III        IV   V    VI      VII   

VIII IX     

=190 

=174,57
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3      
 
3.1      
 
3.1.1    
 

  –     .   
   .      

      ,   
 ,  -     ,   
 .       

: 
 H Q = ∇ − z Q − ∆h,   (3.1) 
  

 ∇ = ∇ = ,  ,   ё  ; ∇ = ∇ = ,  ,   ; ∇ = ∇ = ,  ; z Q  –           ; ∆h –     . 
        

,       
 : 

 Q = ⁄  . 
 

 

       
  : 
 Q = Nk ∙ H ,           (3.2) 

 
     N  –    ; k  –  ; H  –   . 

      : 
 Q = Q ∙ √HH ,  (3.3) 
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  Q  –    .    
        

 ё  ; H  – ё    .     
        ё  
. 

 ё       3.1   
 3.1. 

 
 3.1 –  ё      

    
 

 
 

 
  
 

 
 

 
  
 
 

 Q , /c 
Z .,  ,  ,  H  H,  Q, /c H,  Q, /c 

0 130,00 59,40 43,97 52,06 60 709,3 52 844,2 

300 130,41 58,99 43,56 51,65 58 733,8 50 827,8 
600 130,80 58,60 43,17 51,26 56 760,0 48 811,0 
900 131,20 58,20 42,77 50,86 54 788,1 46 794,0 
1200 131,59 57,81 42,38 50,47 52 818,4 44 776,5 
1500 131,97 57,43 42,00 50,09 50 851,2 42 758,7 
1800 132,34 57,06 41,63 49,72   40 740,4 
2100 132,72 56,68 41,25 49,34     
2400 133,08 56,32 40,89 48,98     
2700 133,44 55,96 40,53 48,62     
3000 133,80 55,60 40,17 48,26     
3300 134,15 55,25 39,82 47,91     
3600 134,49 54,91 39,48 47,57     
3900 134,83 54,57 39,14 47,23     
4200 135,17 54,23 38,80 46,89     

 
    : 

–  .      
        : 

 H = ,  .  
 
–  .      

       ё  
: 
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Q =  ⁄ .  
 
– ё  .        

     ё  : 
 H =  .  
 
–  .      

         
: 

 H =  . 
 

 

      3.1. 
 

 
 3.1 –     

 
3.1.2      

 
 

 ,       
        .  

      , ,   
  . 

   75-  60- 60   
,    3.2: 

 
 

34.00
36.00
38.00
40.00
42.00
44.00
46.00
48.00
50.00
52.00
54.00
56.00
58.00
60.00

100 200 300 400 500 600 700 800 900

Hmin=43

H =51

Hm =59,2

Qmax=836 3/

Y
,  

Q, 3/  
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 3.2 –    
 75-  60- 60 

  H  75 60 
  Hmin/Hmax 0,6 0,5 

   
 

n'1o, -1 83 111 

   η  0,92 0,906 
   Q'1max, /  1430 1600 

  
  

Q'1max 
0,13 0,65 

   D'1 ,  0,46 0,46 
   H ,  4 12 

 
       

        . 
 

η = − ( − η − ε + ε ∙ √DD √HH √vv ),  
 (3.4) 

 
     𝜂 , 𝜂  –       ; 𝜀 = 0,75 – ,     

   ; 𝐷1,𝐷1  –       
; 

, –        
 ; 

,  –   ,   
,      . 

 N = , ∙ Q′ ∙ D ∙ H ∙ √H ∙ η ∙ η ,   (3.5) 

  
  Q′ −       (   

       
);  

η −   ,    3.4;  
η −   ,     

(η =0,97).  
     (     

2  3): 
 Z = N /N ,        (3.6) 
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 N –    ;  N −      (    3.5).  
          

 :  
 ∆= η ∙ η ,                 (3.7) 
 

 η −   . 
    (    

   ): 
 

n = n′ ∙ √H ∙ ∆D ,        (3.8) 

 
 n′ −      .  

       
   .  

      𝑥; H ; 𝑖  

   (3.9)      
 ,   (  ,  .1): 

 n′ = n ∙ D√H ∙ ∆ ,        (3.9) 

 
 H–   𝑥; H ; 𝑖 .  

      n′   
      .    

    n′    𝜂   Q′ , 
  : 
 Q′ ∙ η = N. ∙ D ∙ H ∙ √H ∙ η

, 
     (3.10) 

 
 𝑁  –      .  

 ё    ,    
  − :      

 ,       
(  ,  .1).  
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.     n′   max,  
,    (3.10)    max. 

    ,    , 
  ,     

.     ё  
: Q′ = QD √H ∙ ∆,      (3.11) 

 
 𝑖 -    ;  𝐷1-   ;  

 –  ( 𝑥  𝑖 );  
Δ -     . 

        3.3  3.4. 
 

 3.3 –        
 60- 60 

D1,  3,15 3,55 4 4,25 4,5 4,75 
  0,921 0,923 0,924 0,924 0,925 0,925 

N' ,  48159 61167 77657 87667 98285 109508 
z',  7,60 5,98 4,71 4,17 3,72 3,34 
z,  8 6 5 5 4 4 

N ,  45750 61000 73200 73200 91500 91500 
Δ 1,033 1,034 1,036 1,036 1,037 1,037 

n' 1, /  255,75 227,08 201,67 189,87 179,37 169,98 
n 1, /  250 230,8 200 187,5 187,5 166,7 

nIHmin, /  100,7 104,7 102,2 101,7 107,7 101,0 
nIH , /  108,5 112,8 110,1 109,6 116,0 108,9 

nIHmax, /  118,2 122,9 119,9 119,4 126,4 118,6 
 

 3.4 –        
 75-  

D1,  3,55 4 4,25 4,5 4,75 5 
 

 
0,926 0,928 0,928 0,929 0,929 0,929 

N' ,  47343 60177 67973 76247 84997 94225 
z',  7,73 6,08 5,38 4,80 4,31 3,88 
z,  8 7 6 5 5 4 

N ,  45750 52285,71 61000 73200 73200 91500 
Δ 1,041 1,042 1,043 1,043 1,044 1,044 

n' 1, 
/  

170,35 151,28 142,42 134,54 127,49 121,15 

n 1, /  166,7 150 136,4 136,4 115,4 125 
nIHmin,  88,5 89,6 86,6 91,6 81,8 86,1 
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  3.4 
D1,  3,55 4 4,25 4,5 4,75 5 

nIH , /  81,2 82,3 79,5 84,1 75,1 79,1 
nIHmax, /  75,4 76,4 73,8 78,1 69,7 73,4 

 
     ; 60-

60-315; 60- 60-475; 75- -355; 75- -425; 75- -500. 
    ,      

     ,     
 ,   

 ,       
 . 
       

 .        
,     : 
 Q′ ∙ η = , ∙ ∙ N∙√ N∙η ;                                                                        (3.12) 

 Q′ ∙ η = , ∙ ∙ a ∙√ a ∙η .                                                             (3.13) 

 
     3.5. 

 
 3.5 –       

  
 Q .′  Q .′  

60- 60-315 1,06 1,33 
60- 60-475 0,94 1,17 
75- -355 0,84 1,05 
75- -425 0,78 0,97 
75- -500 0,84 1,06 
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 3.2 –      

    60- 60-315 ( ), 60- 60-475 
( ) 

 

 
 3.3 –       

   75- -355 ( ), 75- -425 ( )  75- -
500( ) 

 
       

  75- -500,      
   . 

 
3.1.3       

 ё    
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    ,   
ё  : 

 
 ∇z = ∇z Q + H ,      (3.14) 

 
   ∇z Q  –           

 ; H  –    -  : 
 H = , − ∇ − ∙ H − , ,                                                                   (3.15) 

 
   Z . . Q . .  –        Q . .,   

ё     H . 
         

  ,     
: 
1.     ё     
; 

2.     ё   ё  ; 
3.         

    . 
     (3.16): 

 H = H − ∇ − ∙ H − , + Z . .,    (3.16) 

  
 B = ,   . . –  ;  ∇ –     ;   ,  –  ;   Z . . –         

,    ; 
 –  ,    

  ё  . 
 

3.1.4        
  

 
       
    .    
        

     . 
     3.6 - 3.10. 
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 3.6 - 60-315 (8 ) 

 ns'  Q' Q  s  
  

 118,2 0,37 1,18 226,98 130,28 -12,34 117,94 
 108,5 0,59 1,49 266,38 130,328 -20,53 109,80 
 100,7 0,48 1,40 228,69 130,28 -11,08 119,20 

 
 3.7 - 60-475 (4 ) 

 ns'  Q' Q  s  
  

 118,6 0,27 1,04 200,05 130,26 -6,42 123,84 
 108,9 0,46 1,31 233,35 130,3 -13,90 116,40 
 101 0,345 1,21 197,87 130,27 -5,27 125,00 

 
 3.8 - 75-355 (8 ) 

 ns'  Q' Q  s  
  

 88,5 0,105 0,93 178,89 130,23 3,34 133,57 
 81,2 0,19 1,19 212,46 130,23 -0,13 130,10 
 75,4 0,182 1,15 188,20 130,25 1,73 131,98 

 
 3.9 - 75-425 (6 ) 

 ns'  Q' Q  s  
  

 86,6 0,088 0,89 171,19 130,221 4,35 134,57 
 79,5 0,143 1,06 189,25 130,25 2,27 132,52 
 73,8 0,145 1,02 167,21 130,219 3,33 133,54 

 
 3.10 - 75-500 (4 ) 

 ns'  Q' Q  s  
  

 86,1 0,09 1,17 224,67 130,28 4,23 134,51 
 79,1 0,187 1,21 216,03 130,275 0,02 130,30 
 73,4 0,19 0,94 154,10 130,2 1,39 131,59 

 
    .     

75- -500,       ,   
,   .  ,     

. 
        . 

       75- -500,  
 : 

1.      . 
2.      ,  

.  
3.   . 
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4.        . 
3.1.5    
 

  ,       
 .  
 75- -500: 

 ∇z = ∇z Q + H = , + , = ,  .                           (3.17) 
 

  75- -500: 
 ∇z = ∇z Q + H = , + , = ,  .                       (3.18) 
 

           75- -500: 
 ∇z = ∇z Q + H = , + , = ,  .                            (3.19) 

 
      .  

ё     3.11. 
 

 3.11 –   

 D ,  z  n , /  
𝑁 , 

 
1, 
 2,  3,  

 
 
 

  
75- -500 

5 4 125 91,5 ,  ,  ,  
-1130/140-
48 4 

 
3.2    
 
3.2.1     
 

      : 
 ,      . 

  : 
 p = = ;                                                                                     (3.20) 

 
 –   . 

    -1130/140-48 4. 

      3.12. 
 

 3.12 –    -1130/140-48 4 
  ,  100 

  cosφ  0,85 
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  3.12 
  n , /  125 

 
3.2.2    

 
   [2].    ,    (   

   ).    150 . 
  -2 1-150-11. 

 
3.2.3     
 

       
.      . 

     . 
   : 

 = , ∙ =  , ∙ = , .                                  (3.21) 

 
   : 

 D∗ ( , ∙ [ ]) , = , ∙ , , = ,  ,                                       (3.22) 

 
  [ ]=33 – 35  –      . 

    𝐷  = 1,1 . 
      

.         
: 
 R = , ∙ ∙ = , ∙ ∙ = ,  ;                                        (3.23) 

 
    d ,  ё  ,  

  15-20   D ,  d =1,12 . 
        

  : 
 p = ∙ = ,, ∙ , = ,  ;                                                          (3.24) 

 [p ] = ∙ π∙ ∙ = ∙ , ∙ ∙ , = ,  .                        (3.25) 

 
   𝑝 < [𝑝 ] ,   . 
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  .     
  𝐷  = 1,07 ,    = 8. 

    : 
 R = + α+  α

= ,+  +  ∙ = , , (3.26) 

 
     𝛼–    , : 

 

α = ° = ° = °.                                                                                (3.27) 

 
    : 

 l = , ∙π∙ = , ∙ , ∙ , = ,  ;                                                      (3.28) 

 
        
: 

 p = ∙ = ,, ∙ , = , ;                                                          (3.29) 

 [p ] = ∙ π∙ ∙ = ∙ , ∙ ∙ , = ,  .                         (3.30) 

 
 p [p ]  . 

        , 
 . 

 
3.2.4     
 

    φ =  –    
 ,   . 

  : 
 h = , ∙ D = , ∙ = ,  .                                                            (3.31) 

             : 
 D . . = , ∙ D = , ∙ = ,  .                                                                 (3.32) 
 

   : 
 

φ . = °.  
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  : 
 B = , ∙ D = , ∙ = ,  .                                                     (3.33) 
 

  : 
 L = , ∙ D = , ∙ = ,  .                                                                 (3.34) 
 

    : 
 B = , ∙ D = , ∙ = ,  .                                                    (3.35) 
 

  3.13  ё      
 . 

 
 3.13 –       . 

1 2 3 4 5 6 7 8 9 10 11 12 φ, ° - -   -2 x,  x2, 2 p2, 2 p,  a,  R,  

- 
φ

 
φ

 
2·R4+
[3] 

[4]-

 √[ ] [6]+[3
] 

[7]2 
[8]+

 √[ ] R4+[7
] 

[10]+[
11] 

345 0,96 0,82 6,59 4,92 2,22 3,04 9,22 10,90 3,30 7,06 10,36 
330 0,92 0,78 6,31 4,63 2,15 2,94 8,62 10,29 3,21 6,96 10,17 
315 0,88 0,75 6,02 4,34 2,08 2,83 8,02 9,70 3,11 6,86 9,97 
300 0,83 0,71 5,73 4,06 2,01 2,73 7,43 9,11 3,02 6,75 9,77 
285 0,79 0,68 5,45 3,77 1,94 2,62 6,86 8,53 2,92 6,64 9,56 
270 0,75 0,64 5,16 3,48 1,87 2,51 6,29 7,96 2,82 6,53 9,35 
255 0,71 0,61 4,87 3,20 1,79 2,39 5,73 7,41 2,72 6,42 9,14 
240 0,67 0,57 4,59 2,91 1,71 2,28 5,18 6,86 2,62 6,30 8,92 
225 0,63 0,53 4,30 2,62 1,62 2,15 4,64 6,32 2,51 6,18 8,69 
210 0,58 0,50 4,01 2,34 1,53 2,03 4,11 5,79 2,41 6,05 8,46 
195 0,54 0,46 3,73 2,05 1,43 1,89 3,59 5,27 2,30 5,92 8,21 
180 0,50 0,43 3,44 1,76 1,33 1,76 3,08 4,76 2,18 5,78 7,96 
165 0,46 0,39 3,15 1,48 1,22 1,61 2,58 4,26 2,06 5,63 7,70 

 
          ,  
,  ,  .    

  0 ͦ.      3.4. 
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 3.4-   R=f(φ) 

 
ё       3.5. 

 

 
 3.5 –  ,   

 
3.3         

  
 

     . 
        

  ,       
  .     

 ,   , , 
     . 

  ( )   
     . 

         : 

6.78

7.28

7.78

8.28

8.78

9.28

9.78

10.28

10.78

120 170 220 270 320 370
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6,3/1–40-8-2 ( : 11,2 ),   : 
   6,3/1-40 (  6,3 3; 1 ); 
   8-2 (  8 3); 
 :3 40/40 (2 .; =8,9 / ;𝑁=53 ); 
 :4 225 4(2 .;𝑁=55 ; :6,3 ). 
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4    
 
4.1   
 

         
  4.1. 

 
 4.1 –         

  

   U  cos φ  U  S . . ё  
 ×   . .  ∙   

4×100 13,8 0,85 220 150 15 
 
-    cos φ = , . 
-     T =  / . 
-      P . . = , ∙ P . . 
-       

  cos φ . . = cos φ . 
-  « »,   . 

 
4.2       
 

         
    ,     

   ,  ,  
,  ,     

 .  
       220 

, 110 .   –      
 ,     « » 220    

15 . 
     ,    

   ,     
.        

 .        . 
    :     

 ,    4.1. 
         

ё   ,    . 
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 4.1 –       
 
4.3        

 
 

       ,   
 . 

        
      ,  

    .    : 
 

S  =  − φ = − ,, =  ∙ A.                                                       (4.1) 

 
      

4.2. 
 

 4.2 –  -125000/220- 1 1. 

S  
U  

U ,% dPk dPxx Ixx 
U  U  

125000 242 13,8 11 380 90 0,55 

 
      

 ,     Tmax   
  : 

 = , +  a ∙ = , +  ∙ =   .       (4.2) 

 
     : 

Л 

.Н.

G

Н 

U Н 

.Н.

Н 

U Н   

.Н.

Н 

Л 
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t  = 8760 - µ·T  - ω· ,                                                                               (4.3) 

 
     µ = 1 –  , 1/ ; 

 = 30 –       , ; 
ω = 0,025 –     , 1/ ; 

 = 60 –   -   
, ; 

t  = 8760 - 1·30 – 0,025·60 = 8728 . 
    : 

 
ΔWxx = nT·dPxx·t  = 1·0,09·8728 = 785,5,                                    (4.4) 
 

     nt –    . 
   : 

 ∆W = ∆ ∙ ∙ =  , ∙ , ∙ = ,  ∙ .             (4.5) 

 
        
: 

 
 = ΔW ·ß1 + ΔW ·ß2 = 785,5·0,006 + 793,5·0,009 = 11,86 . .   (4.6) 

 
       4 : 

 
 = 4 ·9,057 = 47,42 . .                                                                   (4.7) 

 
4.4      

       
  

 
  : 

 SΣ = n ∙ ( −
φ

) = ∙ − ,, = ,  ∙ :                                   (4.8) 

 n = ΣP
φ

+ = ,,8 + = , + = ,                                                 (4.9) 

 
     P –  ; 

P  –  ; 
P  –         . 

     : 
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I = ∙ ∙√ = ,∙ ∙√ = ,  A;                                                         (4.10) 

 I = I ∙ α ∙ α = , ∙ , ∙ = ,  A,                                     (4.11)
  

     αi –      max ; 
αt –      . 

  : 
        AC-

330/30. 
  : I  = 710 . 

   :  
 I . = − ∙√ ∙ = ,− ∙√ ∙ = ,  ;                                          (4.12) 

 
     4.3. 

 
 4.3 –   AC-330/30.  

    R0 /  X0 /  b0, /  
1 0,0861 0,376 0,215 

 
4.5       -  

 
 

     
,      

   .  
   : 

 = n ∙ + m ∙ . . + t ∙ ,                                                                        (4.13) 
 

      –    (60 . .);  . .–     (8 . .); 
 –   ;  n –   ; m –    ; 

t –   . 
       :  = 

4 . . 
        (4.13): 

 = ∙ + ∙ + ∙  =  . .   
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        (4.13): 
 = ∙ + ∙ + ∙ =  . .  
 

      
    : 

 = ∙ + ,                                                                                        (4.14)
        

     = 0,15 –  .  
          

(4.14): 
 = , ∙ + =  .  
 

         
 (4.14): 

 = , ∙ + = .  
 

   :  
 = | − | ∙ %;                                                                                                  (4.15) 

 = | − |, ∙ % =  %.  
 

  ,        5%  
  ,     

 . 
 ё        . 
  – «      

        
  .       

  ». 
 
4.6         

      RastrWin 
 
4.6.1    
 

     
    . 
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 : 
 x = x′′ ∙  = , ∙ ,,  = ,  .                                               (4.16) 

   
  : 

 x = %∙∙ = ∙ ∙ = ,  .                                                    (4.17) 

 
: 

 x =  = = ,  .                                                               (4.18) 

 
  220   : 

 x = x , ∙ l = , ∙ = ,  .                                         (4.19) 
   

 : 
 = ∗ ∙ U = , ∙ =  .                                                (4.20) 
 
   

 : 
 k = = , = , .                                                                            (4.21) 

 
      

   . 
 r = ∗, ∙ω = ,  , ∙ = ,  ;                                                             (4.22) 

     r = xT , ∙ ω
= ,, ∙ = ,  ;                                                              .  

     r = r , ∙ l = , ∙ = .  ;                                                            .  
 r = ΔP ∙ US = , ∙ = ,  .                                                       .  
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4.6.2          
         

  «RastrWin» 
 

  4.2     .   4.3 
    .   4.4  

   .       
«RastrWin»,   .   4.4   

ё        . 
 

 
 4.2 –     

 

 
 4.3 –     

 

 
 4.4 –     

 
 4.4 –      ё     

  Ta K y I 0,  iy.  

 220 , 3  0,035 1,75 11,84 29,3 
 220 , 1  0,035 1,75 5,92 14,65 

, 3  0,045 1,979 27,35 76,55 
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4.6.3  ё     ё   
 

       
     .  

       
        5% : 

 I ,  = , ∙ I , ;                                                                               (4.26) 
 I ,  = , ∙ = ,  .  
 

    : 
 I   = ,√ ∙ , − % = √ ∙ , = ,  .                                  (4.27) 

 
        220 : 

 I . = ∑∙√ ∙ = ,∙√ ∙ = ,  .                                                  (4.28) 

 
        

  : 
 I . = ∑− ∙√ ∙ = ,∙√ ∙ = ,  .                                               (4.29) 

 
4.7       

13,8  
 

        
          , 

  . 
       

 : 
 U U . . (4.30) 

  I I ,  . (4.31) 
  B , B , .  (4.32) 

 
     « »  

     –15  



44 
 

 –20/12500 3.    
      4.5.  

 
 4.5 –        

 

ё   
  

 
-15-50/6300 3 

 
-20/12500 3 U  = ,   U =   U =   I . =   I =   I =   I = ,   I . =   i . =   i = ,   i . =   I . =   

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

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

 

 
,    ,    

4.6. 
 

 4.6 – ,     

 
 

  
 

 
 

 

 
 

( · ) 
   : 

 
 

M201 RS232 0,5 4 

   : 

 SYNCHROTACT 5 
RS232 

MODBUS 
0,5 25 

 
4.8      
 

   –20–I.   
«  ».    -20-I  
  4.7. 

 
 4.7 –    –10 

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

 
   -06-15.   

«  ».    -06-15 
   4.8. 
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 4.8 –      
 ё       U < U  U = ,   U =   

 
      13,8  

      – 15 / 450 1. 
 
4.9    
 
4.9.1    
 

    « »   
 ZF28-252.   ZF28-252      

 ,  Sieyuan Electric.  
« »   Sieyuan Electric   

    110   220     . 
      4.9. 

 
 4.9 –        

 

 . ZF28-252 U  =   U =   I  =   I =   I = .   I . =   i = ,   I =   . = I ∙ (t + t = = ∙ , + , = = ,  ∙  

. = I ∙ t = = ∙ =  ∙  

 
  4.10  ,     

 220    . 
 

 4.10 – ,      220  
   

 
 

  
 

 
 

 
 

 ( · ) 
  -1 RS485 0,5 8 

 
4.9.2      
 

      
 : 

   : 0,2 ; 
   : 5   5 ; 
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   : 0,2; 
   : 3 . 
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5   
 

   ,   
         

     , 
      

 ,      
    . 

    : , 
  . 

 
5.1     
 

  . 
  : 

 I = / φ√ ∙ = ∙ / ,√ ∙ , =  .                                                    (5.1) 

 
       

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

 
  : 

 I  = , =  .                                                                           (5.3) 

 
  : 

 I  = / = ,  .                                                                              (5.4) 

 
  : 

 S , = I , ∙ U , = √ ∙ ∙ =  .                      (5.5) 
 

  - -300-1250-2,5,  : U=300 , 
I=1250 . 

 
5.1.1     
 

 -1130/140-48 4. 
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  –     
. 

  -125000/220- 1 1. 
  220 . 

   – . 
         

      . 
   -1130/140-48 4: 

       
         ; 

      (100%)   ; 
        ; 
    ; 
       

      
; 

     ; 
      ; 
        ; 
        ; 
     ,   

; 
     ( ) . 

    -125000/220- 1 1: 
      . 

     ,  
  (    ); 

         
   220 ; 

    ; 
        13,8   ; 
         

;  
     ; 
        ; 
   . 

   : 
       ; 
        

; 
   ; 
   . 

   220 : 
-  : 
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 -       . 
-  : 

 5-       ; 
         

 ; 
 4-          
( ); 
        220  

  220 . 
 
5.2       
 
5.2.1    (I∆G) 
 

  5.1    -1130/140-48 
4. 

 
 5.1 -   

 -1130/140-48 4 

  
 117,7 
 100 

  13,8  
   cosφ 0,85 
  125 /  

   4920  
   13800   

     1300A 
     191  

   5000/5 
 

  
  ( . .) 

 Xd 0,91 
 X’d 0,26 

 X”d 0,21 
 

  5.2      
125000/220/13,8. 

 
 5.2 -     

  125000/220/13,8 
  125  

  242  
   U  = 11 

 
      

 I < , ∙ I    
        . 
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 . 
  : I =  . 
   : η = /  . 

1)        
  .  I .      

      : 
 I = ∙ f ∙ I = , ∙ , ∙ I = ,  ,                                           (5.6) 
 

    = ,  -    ;  f = ,  -    . 
   : 

 I . K ∙ I = ∙ , ∙ I = , ∙ I = ,  , (5.7) 
 

     K =  -  . 
 I . = , − , ∙ I .                                                                               (5.8)          

 
  5.8  : 

 I . = , ∙ I = ,  .  
 

2)   K      
    . K     

    ,   
     . 

       
 :   

 I = ∙ f ∙ ∙ I ,                                                                            (5.9) 
 

     =  –   ;  f = ,  -    ; = ,  -     (0,5 -  
 , 1,0   ); I  -         

        
   : 
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I = ′′′′ ∙ I =  .  (5.10) 

 
 ,      (5.9): 

 I = ∙ , ∙ , ∙ ,, ∙ = ,  . 

 
    : 

 K > ∙ ,                                                                                              (5.11) 

      I = I .  
 K > , ∙

; 

 K > , . 
 

     K =  –  ;  I  -       . 
  K = , . 

3)    (      
): 

 I = ∗ = , , = , .                                                                                          (5.12) 

 
4)        

.      : 
 B ∗ = , , = , .                                                                                             (5.13) 

 
     = 1,5 (    

). 
  5.1    

  . 
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 5.1 –     

 
 

    ,  ,  
   -       

. 
 
5.2.2         (UN 

(UO)) 
 

  100%    , 
         

    . 
      : 

1)   (U0)      
  U0   85%     
  ; U0     

 3U0    ,  
 «  ». 

       
       

     
    U  Э . .      

 . 
 U  Э . .     ,  

 . 
    ,  

      
  5.2. 
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 5.2 -     ,  

     
 

     : 
 CΣ = + C + Ш + = , + , + , + , = , , .  
 

      –        ; 
 –        ; Ш –      ; 

 –      . 
 

    13,8 : 
 I = , ∙ U ∙ ω ∙ Σ = ,  .                                                                          .  
  

       
    220 : 

 U  Э . = ∙ U ∙ + Σ ,                                                                        .  

 
      – ,    U , = , ; 

 –         
 , = , ; U  –         

   .  : 
 U = ∙ U  √ =⁄ ∙ √ = ,                                                    .  
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    220 : 
 U  Э . . = , ∙ ∙ ,, + , =  .                                             

 
     : 

 U ∙ ∙ U  Э . ;                                                                               (5.18) 

 U ,, ∙ ,8√ ∙ . ; 

 U ,  , 
 

     = ,  –  ; n  –   ; = ,  –  . U        
,     5  20 . 

  : U    5     
5,0    ; U    15     0,5    

    ,   
  ,     -  

. 
  U       

         30%   
   . 

  U        1 
 3. 

          
 K : 

 = + .                                                                                                             .  

 
 K = ,   U      31,3 %  

   . 
    500     
 ,        

-  . 
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5.2.3     (U1>), (U2>) 
 

       
 
1)   U2> : 
 U = , ∙ = , ∙ / =  .                                                                  (5.20) 

 
2)         
  U1>   , ∙ U ,      

     . U1>      
  . 

 U1> : 
 U = , ∙ = , ∙ / =  .                                                                  (5.21) 

 
  ,       

   220      , ∙ I . 
    0,5      

,  . 
 
5.2.4      

      (I2) 
 

      
       

       
,         

. 
       I∗ : 

 I∗ = I /I ,                                                                                                               (5.22) 
 

     I –       ;  I  –      . 
      

  I   : 
 t = A/I∗ ,                                                                                                          (5.23) 
 

     A =  – ,  - . 
   : 
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1)    I      I  
        

(   ). 
   : 

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

2)   I       
  I       

 .       
       t =  . 

: 
 I∗ = √ = √ = , .                                                                                     (5.25) 

 
 : 

 I∗ = ∗ = , , = , ,                                                                                  (5.26) 

 
     = ,  –  . 

 I = , ∙ I = ,  .   (5.27) 
 

         
  ,  I∗ = , : 

 t = , ≈  . 

 
3)       

,    I      
 ,  : 

 t = ∗ ;                                                                                                              (5.28) 

 = = I∗ ∙ t . (5.29) 
 

      
     5.3. 
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 5.3 -      
   

     
 I2/I  

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

 ( ) 20 55 80 125 220 500 
 

     
      

   (I2)    5.3. 
 

 
 5.3 -      

      
   (I2) 

 
       
 : t . = 20 , t . = 600 . 

       
     .   

 ,        
   0,135   ,    

«  » (I )      10  999 .  
    -  (t = 100 ). 

4)     I      
    I       
     . 

       : 
1.         

 ; 
2.       

    B . 
3.          

 BJI. 

0

100

200

300

400

500

600

0 0.2 0.4 0.6 0.8 1 1.2

t, c

I2/I
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  :       
       

 
  : 

)        
    : 

 x ′′ = x ′′ ∙ = 0,21∙ , = , , (5.30) 

 
     x ′′-   . 

 x = x ∙ = 0,22∙ , = , , (5.31) 

 
     x –    . 

 I . .∗ = ,  ′′+ + ∙ ;                                                                        (5.32) 

 I . .∗ = ,  , + , + ∙ , =  ,  . . . 
 

       
 I . .∗ = I . .∗ ∙ = ∙ , ∙ , = ,  . .   (5.33) 

 
     x  -     . 

)         
 220          
  : 

 I . .∗ = Ʃ′′
Ʃ+ Ʃ = ,  ′′+  +  +  +  +  ;                                                (5.34) 

 I . .∗ = , , + , + , + . + , + , ;  
 I . .∗ = ,  . ..  
 

      : 
 I . .∗ = I . .∗ ∙ = ∙ , ∙ , = ,  . ..                                   (5.35) 
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             I . .∗    0,3     0.25. 

       
    .     

       . 
     8,0     
,    8,5     
 220    ,    9,0   

     . 
 
5.2.5    (𝐈 ) 
 

       
.           

  : 
1)  ,     

         
   . 
  : 

 I = ∙ = , ∙, = , ∙ I = ,  , (5.36) 

 
     K = ,  –  ; K = ,  –  . 

  t = ,  . 
2)  ,      

        
 . 
  : 

 I = , ∙, = , ∙ I = ,  . (5.37) 

 
3)       . 

      
   ,    5.4. 

 
 5.4 -   ,    

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

,  3600 900 360 240 120 120 60 1 - 
 

      
 I     5.4. 
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 5.4 -       

 I  
 

        
  ,  . 

      
   0,01 . 

4)   ,     
       . 

  :  
 I = , ∙, = , ∙ I =  . (5.38) 

 
        U <. 

   : 
 U = , ∙∙ = , ∙, ∙ , = ,  .                                                      (5.39) 

 
     8,0     
,    8,5     
 220    ,    9,0   

     . 
 
5.2.6    (𝐙 <),(𝐙 <) 
 

         
       

    . 

0

500

1000

1500

2000

2500

3000

3500

4000

1 1.2 1.4 1.6 1.8 2 2.2 2.4

t ,

I1/I
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     ,   I  
II      III   IV     

. 
1)       

        1 .  
         

 ,    . 
       220   

 . Z ,    220 ,   : 
)       220 : 

 Z , ∙ Z + , ∙ Z′ = , ∙ , + , ∙ , = ,  ,              (5.40) 

 
     K  – , ,   ; Z  –  ,     

220 . 
  ,     

: 
 Z  . . , ∙ %∙ .. + , ∙ Z ∙ . ;                                                        (5.41) 

 Z  . . , ∙ , ∙ , + , ∙ , ∙ , = , . 

 Z    : 
 Z = Z  . . ∙ Z = , ∙ , = ,  . (5.42) 
 

  : 
 Z = = , , = ,  . (5.43) 

 
    : 

 Z = Z ∙ = , ∙ ,8, = ,  . (5.44) 

 
  Z = ,  . 

      0,5    
  220    ,    1,0 

    ,  ,    
 . 
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2)  ∆Z        
    .   ∆Z,      ,    , 

 , ∆Z = − . 
3)        

       . 
    : 

 Z = √ ∙ = , ∙√ ∙ = ,  , (5.45) 

 
     I  –   , . 

       
         
 ∙ I . .       , ∙ U  (   

): 
 I = ∙I .I . . . − , = ∗ , − ,, = , ,                                            (5.46) 

 
     I . . . –    , ; x  –       
. 

          
  , ∙ I . 

     : 
 Z . = , ∙ = , ∙, = ,  . .; (5.47) 

 cosφ . = φ, ∙ = ,, ∙ , = , .    (5.48) 

 
      φ . = , . 

 
     : 

 Z = Z . = , , = ,  . . ; (5.49) 

 Z = Z  . . ∙ Z = , ∙ , , = ,  . (5.50) 

 
   : 
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Z = Z . .II∙ = , ∙ // = ,  . (5.51) 

 
  Z = ,  . 

      
  15%.    : 

 Z = , ∙ , = ,  ;                                                                 
 Z = , ∙ , = ,  .                                                                   

 
         

    . 
      8,5  –   

  220    ,    9,0 
      . 

      
 5.5. 

 

 
 5.5  -     

 
 
 

5.2.7      
 

       
.        .  

   : 
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1)  ,     
         

   .   : 
 I  . = ∙ . = , ∙ ., = , ∙ I . = ,  .      (5.52) 

 
2)  ,      

        
 .   : 

 I  . = , ∙ ., = , ∙ I . = ,  .                             (5.53) 

 
3)  ,      

 ,    ,    
  ,  .  
      5.5. 

 
 5.5 –     

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

( ) 
 210 150 120 90 72 60 20 - 

 
       

    5.6. 
 

 
 5.6 -       

  
 
4)   ,     

       .  
 : 

 

0

50

100

150

200

250

1 1.2 1.4 1.6 1.8 2 2.2 2.4

t,

I/I
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I  . = , ∙ ., = , ∙ I . = ,  A.  (5.54) 

 
     3,0 .   

   ,  . 
 
5.3     -  
 

   ,    -  
      

,   , ,    
        « ». 
 300       
       ,    

      . 
 
5.4       
 

        , 
 1  2 . 
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6     
 
6.1    
 

        
 (72,1 )     [II] , : II. 

        
-     [II ].  

 : 366  - II . 
       

(  ,       - 1000 ): II  
  ,     ,  
   II  . 

 
6.1.1   
 

    350 ,     . 
       V =  / . 

  ,      , L =1500 . 
     ∇   , 

  : 
  ∇ = ∇ + h % +  ∆h + a,                                                            (6.1) 
 

     a-  ,  II    0,6 . 
 ∆h = K ∙ ∙∙ ∙ cosα  ,                                                                            (6.2) 

 
     V  –  ; 

L – , ; K  – ,    4; d –   ; g –   . 
  ,  ∆h    

   .   6.1  
ё   . 

 
 6.1 – ё    V  /  10 20 30 40 50 K ∙  1,2 2,1 3 3,9 4,8 
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   V =  /   K = ∙ − . L = 1500  – 
 . 

  : 
 d = ∇ −∇ = , − , = ,  .                                                         (6.3) 

 
 ,    : 

 ∆h = ∙ − ∙ ∙, ∙ = ,  .  
 

  1%: 
 ∙ = , ∙ = ,  ;                                                                                   (6.4) 

 ∙ = , ∙ ∙ ∙ = ,  ,                                                                           (6.5) 

 
     t –   ,  6 . 

 
  6.2        

 . 
 

 6.2 –        
 g ∙ LV  g ∙ TV  

g ∙ h̅V  

1,0 0,008 

 
    T     h̅  

    6.2.   ∙ = , , T: 

 = , ∙ = , ∙, = ,   ;                                                                         (6.6) 

 

    6.2,   ∙̅ = , , h: h̅ = , ∙ = , ∙, = ,   .                                                              (6.7) 

 
 : 
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ƛ̅ = ∙∙ = , ∙ ,∙ , = ,  .                                                                       (6.8) 

 
     

: 
 d > , ƛ ;                                                                                                       (6.9) 
 , > , .  
 

 , ё  . 
   1 % : 

 
,53,11,273,0%1  iKhh  ,                                                                  (6.10) 

 
  1,2iK  − ,        

 
2

wV

gL
 (   ).  

  : 
 ∇ = ∇ + h % +  ∆h + a;                                                          (6.11) 
 ∇ = + , + , + , = , . 
 

 : 
 ∇ − ∇ = , − , = ,  .                                              (6.12) 
 
6.2  ё  
 
6.2.1     
 

        рQ , 

  ,  ,     
       

     – ГЭСQ : 
 Q = Q . − Q n − ,                                                                    (6.13) 
 

  Q .  -   ,  ё   , 
   1%  II   . 
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Q = , − − = ,  / .  
 

  : 
 B =  ,                                                                                                         (6.14) 

 
     q  -    ,   : 

 q = , ∙ q  ,                                                                                            (6.15)  
 

     q  -    ,   : 
 q = V ∙ h  ,                                                                                            (6.16) 
 

     V  –        5 /  (  
2,  1 ); h  –      Q .  1%  – 2,8 . 

 : 
 q = ∙ , =  /  ;  
  q = , ∙ = ,  /  ;  
 B = ,, = ,  .  
 

   B    ,  
 B  107 .    b   

  . .  b = 14.  : 8   14 , 
     ,    , 

   - 9 . 
  : 

 . .       
    . 

 b  20 : 
 

′ = , − , ∙ b;                                                                               (6.17) 
 

′ = , ∙ b = , ∙ = ,  . 
 

   
 = ′ + = , + = ,  .                                                                 (6.18) 
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      : 
 B = b ∙ n + n − ∙ d = ∙ + − ∙ , = ,   .                   (6.19) 
 
6.2.2     
 

    ,     
   , . .  ё      
: 

 H = ∙ ∙√ ∙ /  ,                                                                                    (6.20) 

 
    m –     ,   

     -    m 
= 0,49; B –       . 

 : 
 H = ,, ∙ , ∙√ ∙ , / = , .                                                           

 
  ,  ё     , 

   : 
 H = ∙σ ∙σ ∙ ∙√ ∙ /  ,                                                                           (6.21) 

 
     σ  -   (   ); σ  –   ,   : 

 σ = − , ∙ Ɛ ∙  ,                                                                                (6.22) 

 
     b –   ё ; 

Ɛ –        
,    6.1. 
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 6.1–    

 σ = − , ∙ , ∙ , = , .  
 

: 
 H = ,, ∙ , ∙ ∙ ,  ∙√ ∙ , / = ,  .  
 
 

   : 
 H = H − α∙∙  ,                                                                                           (6.23) 

 
     V  –     ; α = ,   . 

 V = ∇ −∇ ∙  ,                                                                                    (6.24) 

 
     ∇   ∇         ; B -    ё  . 

 V = ,− ∙ ,  = ,  /  .  
 

 : 
 H = , − , ∙ ,∙ , = ,   .  
 
6.2.3        

  
 

Ɛ = ,  
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    6    
       .    
   .       

   8,       
    ,      9. 

     ,   (6.19): 
 B = ∙ + − ∙ , = ,   .  
 

        
,   (6.20): 

 H = ,, ∙ , ∙√ ∙ , = , .  
 

  ,  ё     , 
    ,   (6.21): 

 H = ,, ∙ , ∙ ∙ ,  ∙√ ∙ , / = ,  .  
 

    ,   (6.24): 
 V = ,− ∙ ,  = ,  /  .  
 

    ,   (6.23): 
 H = , − , ∙ ,∙ , = ,   .  
 

         , 
  H =   [3]. 

     : 
 ∇ = ∇ − H = − =  .                                                 (6.25) 
 

     : 
 ∇ = ∇ + , ∙ = + , ∙ = ,  .                                 (6.26) 
 
6.3     
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   .   
       H =  . 

    6.3.      6.2. 
 

 6.3 – ё       
( - ) 

№  x y №  x y 
1 0,00 0,50 22 8,40 5,48 
2 0,40 0,14 23 8,80 6,03 
3 0,80 0,03 24 9,20 6,61 
4 1,20 0,00 25 9,60 7,20 
5 1,60 0,02 26 10,00 7,84 
6 2,00 0,11 27 10,40 8,49 
7 2,40 0,24 28 10,80 9,16 
8 2,80 0,40 29 11,20 9,85 
9 3,20 0,56 30 11,60 10,44 
10 3,60 0,79 31 12,00 11,30 
11 4,00 1,02 32 12,40 12,05 
12 4,40 1,28 33 12,80 12,83 
13 4,80 1,58 34 13,20 13,62 
14 5,20 1,90 35 13,60 14,44 
15 5,60 2,26 36 14,00 15,27 
16 6,00 2,64 37 14,40 16,12 
17 6,40 3,06 38 14,80 17,00 
18 6,80 3,49 39 15,20 17,88 
19 7,20 3,95 40 15,60 18,79 
20 7,60 4,43 
21 8,00 4,94 

 

 
 6.2 –    

 
 

0.0

2.0

4.0

6.0

8.0

10.0

12.0

14.0

16.0

18.0

20.0

22.0

24.0

0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0 20.0

, 

, 
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6.3.1       
 

         
        

      C- .     
         

     ё .   6.3  
   . 

 

 
 6.3 –     

 
  : 

 h = √ α∙ .∙ +∑ = √ , ∙ ,, ∙ ,  = , .                                              (6.27) 

 
      : 

 T = C + H + α∙∙ = + + , ∙ ,∙ , = ,  ;                                  (6.28) 

 C = ∇ − ∇ = − =  .                                                (6.29) 
 

      : 
 

ξ = = , = ,  .                                                                           (6.30) 
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  [5, . 12.3 , . 171]   h    
 φ = 0,95 (       
     )   h`` –  

ё   ,     ξ ,  ξ = ,   
ξ `` = ,  . 

, ё  : 
 h` = ξ ∙ h = , ∙ , = ,  ;                                                         (6.31) 
 h`` = ξ `` ∙ h = , ∙ , = ,  .                                                       (6.32) 
 

    h  = 2,8 , ,   
(hc

’’>h ). 
       ,  

 . 
 
6.4      
 
6.4.1    

 
     ,   

,      . 
        

 ,   .    
     . . . 

 : 
 l = , ∙ ( , ∙ h`` − h` = , ∙ , ∙ , − , = ,  .              (6.33) 
 

 : 
 l = , ÷ ∙ l = , ∙ , = ,  ;                                             (6.34) 
 t = , ∙ V ∙ √h, .                                                                                   (6.35) 
 

     V −     : 
 V = , =  , = ,  / ;                                                                        (6.36) 

 t = , ∙ , ∙ √ , = ,  .  
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  : 
 ∇ = ∇ − d = − , = ,  .                                                (6.37) 
 
6.4.2    
 

        . 
      

.     ,  
,    5÷10%. 

,     : 
 d = σ ∙ h′′ − h + Z′ ,                                                                     (6.38) 
       

   σ – ,    ,   
  ,  σ = ,  ; 

Z –   ,    
   d. 
 Z′ = ∙ ∙ (φ ∙ − ασ ∙ " ),                                                                    (6.39) 

      
   φ −       ,  0,92. 

 Z′ = ,∙ , ∙ , ∙ , − ,, ∙ , = , ∙ , − , = ,  ,     

 

     q = + − ∙ = ,,  = , ⁄ .                                        

 
 : 

 d = , ∙ , − , + , = ,  .  
 

      : 
 E′ = C + H + d = + + = ,  .                                             (6.40) 
  

  (6.29),  C : 
   C = ∇ − ∇ = − =  ;  
 ξ = ′ = ,, = ,  .             (6.41) 
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  . .   ξ =0,15  ξ’’c=3,64. 
     (6.31)  (6.32): 

 h, = ξ ∙ h = , ∙ , = ,  ;  
 h,, = ξ,, ∙ h = , ∙ , = ,  .  
 

  Z′   (6.39): 
 Z′ = ,∙ , ∙ , ∙ , − ,, ∙ , ; 

 Z′ = , ∙ , − , = ,  ; 
 

   (6.38)   : 
 d = , ∙ , − , + , = ,  . 
 

     ,   (6.40): 
 E′ = + + , = ,  .  
 

   (6.41)  ξ : 
 ξ = ′ = ,, = , . 

 
  . .   ξ =0,149  ξ’’c=3,63. 

    (6.31)  (6.32): 
 h, = ξ ∙ h = , ∙ , = ,   ;  
      h,, = ξ,, ∙ h = , ∙ , = ,  .   
 

  Z′   (6.39):    
 Z′ = ,∙ , ∙ , ∙ , − ,, ∙ , ;  
 Z′ = , ∙ , − , = ,  . 
 

   (6.38)   : 
 d = , ∙ , − , + , = ,  .  
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   3%,   d = 6,5 . 
  ,   (6.37): 

 ∇ = ∇ − d = − , = ,  .  
 

 ,   (6.33): 
 l = , ∙ , ∙ , − , = ,  .  
 

      ,   (6.34): 
   l = , ∙ , = ,  . 

 
6.5.   
 
6.5.1     
 

      
,  ,       
 , . .      

.     ,     
      .  

    ,   
 . 

   = , ÷ ,        
     , : 

  :  
 ∇ = ∇ − d − t = − , − , = ,  ,                           (6.42) 
 

     d –  ; t  –   . 
 : 

 h = ∇ − ∇ = − , = ,  .                                       (6.43) 
 

 ,    : 
 B = , ∙ h = , ∙ , = ,  .                                                         (6.44) 
 

6.5.2      
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  .     

        
     . 

 ,    ,     
   .   : 

 B = b + = + , = ,  ,                                                           (6.45) 
 

     b − ; −   . 
   B = 48,8 ,  4   12,2 . 

      
 1,5 . 

 
6.5.3  
 

         
    .       

      ,    
 . 

    = 3,2 . 
   d0 = 0,8 . 

         1,5 
   . 

 (n)   (m)    : 
 n = = =  ;                                                                                         (6.46) 

 m = ÷ b = ∙ =   ,                                                                  (6.47) 

 
     b -     . 

 
        0,5 . 
     . 

 
6.5.4  
 

        
 ,   ,   ;  

      ;    
.  
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        : = ,  .                        

       l =       
    . 
 
6.5.5      
 

        
  ,     .  

  10 ,     2 .  
        a ,    

       : 
 I ,  ,                                          (6.48) 

 
     H d −    ;  

γn −     ;  
I ,  −        (  

   25). 
 H = ∇ − ∇ ;  (6.49) 
 H = , − , = ,  ;   
  , ∙ , = , .  
 

 =  . 
 

 

6.5.6     
 

       .  
       2,5   

 - 3    ∇= ,  . 
,      ,   

    ,      
   2,5 ,  2,5 .    

 : 144,3 ; 166,8 . 
 
6.5.7        
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 200    3 .    II   

  . aa = , ; a = , .  
   : aa = , ,  H : 

 H = , ∙ H = , ∙ ∇ − ∇ ;  
 H = , ∙ − , = ,  .  
 

     : 
 ∆H = H − H = , − , =  . 
 

   : 
 h = , ∙ H = , ∙ , = ,  .                                                    (6.50) 

 
       : 

 l = , ∙ B = , ∙ , = ,  .                                                       (6.51) 
 
6.5.8      
 

            
        

     . 
  ,      

,        
     . 

 
V  = 5,1 3 (5100000000 3). 
 

,     (7 ). 
 
t = 7∙30∙24∙60∙60=18144000 ; 
 Q = = = ,  / .                                                (6.52) 

 

  : 
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ω =  µ√ = ,, ∙√ ∙ , ∙ , = ,  , (6.53) 

 
     ω -   ; 

 = 0,8 -  ; 
H  -   . 

   ,     : 
b = 4 , h = 2 . 

     - 172,5. 
 
6.5.9  
 

 –   ,     
 .        

,    .  
         

 ,  =  . 
  : 

 l = ÷ ∙ l =  .                                                                                 (6.54) 
 

    .  
 
6.6      
 
6.6.1     
 

      : 
 G = ∙ ∙ ∙+ = , ∙ ∙ , ∙ ,+ , = ,  ,                                        (6.55) 

 
  S  –     (    

AutoCad); b –  ; 
 –  ; ρ  –  . 

    .    
  : 
 G = ∙ ∙ ∙+ = , ∙ , ∙ , ∙ ,+ , = ,  .                                         (6.56) 

  
      . . : 
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Q ≈ , f√fg = , ∙ ∙ √ ∙ , = ,  ,                            (6.57) 
 

  f –  ,  : 
 f = ∇ − ∇ + , ∙ b = − + , ∙ =  .           (6.58) 
  

     1 . .  : 
 q = + = ,  + , = ,  .                                                                     (6.59) 

 
6.6.2     
 

     : 
-   :  
 W = ∇ −∇ ∙ = − , ∙ , = ,  / .               (6.60) 

 
-   : 
 W = ∇ i −∇ ∙ = , − , ∙ , = ,  / .             (6.61) 

 
       

  : 
 W = S ∙ ;                                                                                (6.62) 
     W = , ∙ , = ,  ,  
 

     S −      
    ,     

«AutoCAD». 
 
6.6.3    
 

        
         

  . 
        

: 
 W = ∙ B ∙ ∇ − ∇ ;                                                            (6.63) 
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W = , ⋅ , ∙ , − , = ,  .  
 
6.6.4    
 

  ,   : 
 W = ρ ∙ g ∙ S = ∙ , ∙ , = ,  ,                              (6.64) 

 
  S  –    ,   

«AutoCAD». 
 
6.6.5   
 

    : 
 = ∙ h ∙ tg − φ = , ∙ ∙ tg − = , ,         (6.65) 

 
     h  -   ; φ  –    , φ = °;  -      ,   

: 
 = − − n = − − , ∙ , = ,  ,                  (6.66) 

 
     −       ; n −  ; −   . 

    1 . .: 
 E = ∙ = , ∙ = ,  / .                                                                (6.67) 

 
        

 : 
            

  ,      ,  
  ,   . 
 

′ = ∙ h ∙ tg − φ − ∙ tg − φ
;                                (6.68) 

 

′ = , ∙ ∙ tg − − ∙ ∙ tg − ;  
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′ = , − , = − ,   / , 
 

     φ = °; 
 = 100 . 
        h     
  : 

 

′′ = ( ∙ h + ∙ h ∙ tg − φ − ∙ tg − φ
;         (6.69) 

 

′′ = , ∙ + , ∙ , ∙ tg − − ∙ ∙ tg − ; 

 
′′ = − ,  / . 

 
    

 = − − n = , − − , ∙ , = ,  ,              (6.70) 

 

      –    , = , ; n  –     , n = , ; h  –   , h = ,  ; φ  –    , φ = ° ; 
 –   . 

      1 . .: 
 E = ′ + ′′ ∙ h = , + , ∙ , = ,  / .                                 (6.71) 

 
         

   : 
 

′ = ∙ t ∙ tg + φ + C ∙ tg + φ
;                                 (6.72) 

 
′ = − , ∙ , ∙ tg + + ∙ ∙ tg + ; 

 
′ = ,  / ; 

  ′′ = ( ∙ t + ∙ h ∙ tg + φ + ∙ tg + φ
;   (6.73) 

  ′′ = — , ∙ , + , ∙ ∙ tg + + ∙ ∙ tg + ; 
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  ′′ = , . 

 
     1 .    

     : 
 E = ′ + ′′ ∙ h = , + , ∙ = ,  / .                                     (6.74) 

 
6.6.6   
 

        
        . . . 

 W = , ∙ ∙ h % ∙ λ̅ + ,                                                          (6.75)

    
     ̅ − яя  ; h − яя  ; ̅ −   ; ℎ % −   1% . 

 W = , ∙ , ∙ , ∙ ,  , + , = ,  ;  
 h = ∙ %λ̅ = , ⋅ ,, = ,  .                                                               (6.76) 

 
  W      : 

 y = λ̅∙ − ∙ h % = ,∙ , − ∙ , = ,  .                                            (6.77) 

 
6.7    
 

        
        .  
  6.4,        

   ,      . 
       

  «+»,       «–». 
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 6.4 –     

 
 

  
 

 
∙ , 
 

, 
 

, 
∙  

1 W1 1  23828,9 23,1 551163,2 
2 W2 1  235,6 3,3 -777,5 

3 G  0,95  33259,9 10,8 -359206,7 

4 G  0,95  11685,4 13,3 -155415,6 

5 W  1 ↑ 4208,2 0,0 0,0 
6 W  1 ↑ 4790,2 11,1 53171,2 
7 W  1  36,1 65,8 2374,7 
8 W3 1  546,4 18,5 -10108,4 
9 Q  0,9  19,6 16,3 -319,8 
10  1,2  50,0 11,7 585,5 
11  0,8  50,7 0,5 -25,4 Σ 81441,3 

 
  : 

 N = W + W + G + G − W − W + q = ,  .                  (6.78) 
 

    : 
    : 

 σ = − + Σ = − ,, + ∙ ,, = − ,  ,                           (6.79) 

 
  ΣM –  ,   ; B  –   . 

    : 
 σ = σ ∙ m − ∙ H ∙ − m ;                                                           (6.80) 
 σ = − , ∙ − ∙ , ∙ − = − ,  ,     
  

 m  –       ; H  –       (     
 ). 

    : 
  τ = ( ∙ H + σ ∙ m = ∙ , − , ∙ =  .              (6.81) 
 

   : 
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 σ = σ ∙ + m + ∙ H ∙ m ;                                                           (6.82) 
 σ = − , ∙ + + ∙ , ∙ = − ,  .  
  

   : 
 σ = − ∙ = − ∙ , = − ,  ;                                              (6.83) 
  σ = + {σ [cos α − + ] + ∙ H ∙ [cos α − − −+ ]};  (6.84) 

 σ = + {− , ∙ [cos − + ] + ∙ , ∙ [ − −+ ]} ; 

 σ = − ,  .     
 

    : 
    : 

 σ = − + Σ = − ,, − ∙ ,, = − ,  .                               (6.85) 

 
    : 

 σ = σ ∙ m − ∙ H ∙ − m ;                                                            (6.86) 
 σ = − , ∙ , − ∙ , ∙ − , = − ,  ,                   

 
     m  –       ; H  –       (   ∇    ). 

    : 
 τ = −( ∙ H + σ ∙ m ;                                                                       (6.87) 
 τ = − ∙ , − , ∙ , = ,  .  

  
   : 

 σ = σ + m + ∙ H ∙ m ;                                                               (6.88) 
 σ = − , ∙ + , + ∙ , ∙∙ , = − ,  .       
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   : 
 σ = − ∙ H = − ∙ , = − ,  .                                                 (6.89) 
 

  6.5        
. 

 
 6.5 –   

    
     

    σ  -543,02 σ  -953,4 σ  -694,0 σ  -517,81 τ  0 τ  597,8 σ  -543,02 σ  -99,3 σ  -694,0 σ  -1371,91 σ  -618,51   
 

6.8     ё  
 

        
      : 

   : 
 ∙ ∙ |σ | ∙ R ,                                                                                       (6.90) 

 
  = ,  –        

 ; =  –   ,    
 [6];  =  –   ,    . 

 R ∙ ∙|σ | = , ∙ ∙ , = ,  .                                                   (6.91) 

 
   ,     5 

      R =  / . 
 : 

 , .                                                                                                    
 

       : σ < .            
 : − ,  < . 

  
    : 
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 |σ | , ∙ ∙ H ;                                                                                        (6.92) 
 , , ∙ ∙ ,  ;  
 , , .  

 
6.9    

 
       

  , .     . 
         

    .  
    : 

 R = (G + G + Q + W − W − W ∙ tgφ + E ∙ ′ + c ∙ ω;            (6.93) 
 = , ∙ , + , ∙ , + ∙ , = , ,  
 

   ′ −     ,    
 ′ = , ; ω −     ,    

1 . .,   : 
 ω = B ∙ = .                                                                                         (6.94) 

 
 : 

 F = W − W + W +E − E ;                                                               (6.95) 
 F = , − , + , + , − , = , . 
 

      ,  
 : 

 ∙∙ ;                                                                                                                 (6.96) 

 , ∙, ∙ , ;   
 

 : , , . 
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7  ,  ,  , 
    

 
7.1    
 

         
   .   

  (   )      
.       

 .     
       
, , ,     

.       «  
  ».   «  
 »      , 

  ,   .  
  ,     

 .     
     , ,   
, ,   ,    
,  ,   . 

       
.       

   –     
–  ,    

,  , .    
   ,   – 

     ,    
        

. 
         

   ,    
,       

. 
 
7.2   
 

, , ,    
     
  ,   ,   
,      ,  
       

    
 ,  ,  



92 
 

      -
    , 

   ,   
    ,   

,       
       

      . 
       

 ,       
  ,      

   . 
     ,    

        
 ,     ,  
     ,    

  ,   , 
   -   -

      
   . 

      ,   
   ,   

  .  ,     
 ,    

        
,          

   . 
      ,  

         
     . 

      ,   
  :   ,  

 ,     ,   
  . 

     
         

    . 
        ,  

  -      .  
       ,  

  ,     
,    , , 

,  ,   ,   
  ,    
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       (  
), ,   ( ) . 
        

 ,       ,   
        .  

      
 ,    ,   

 ,     
,         

     . 
 ,   

   , :  
–  ,    ,   

  ;  
–           ; 
 –   ;  
–    ;  
–    ,    ,  

. 
     , , 

    ,  
,        

        
 , ,   ( ) 

. 
       

       
,   ;   

;    ;    
    ;   

   ;    
    ;       

  ;       
;     ;    , 

   ;   ,    
(  );     ,   

        . 
           

       ,  
          

. 
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7.3   
 

        
   ,   .   
      

        , 
 . 

         
     . 

  : 
–        
  ; 
 –     ,   

  ; 
 –     ,  

,    , 
   ; 

 –       
 ; 

 –         
   ; 

 –         , 
        

   . . 
      

   ( )     
       
      .  

      
, : 

–       
    ,  

 ; 
 –    ,  

    ,     
;  

–  -    
         

    ; 
 –       

        
 ;  
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–         
          

   . 
    :   
,     ,    

   ,     
  ,   , 

    ,     
 ,       (  

),       
  . . 

          
     ,      
,       

      ,   
   ,       

      . 
 ,       

       :  
˗     ;  
˗      ,  

  ;  
˗   -     

 ; 
 ˗   ;  
˗     ,     

      ; 
 ˗       .  

         
      "   

         
". 

 ,      , 
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 ,       
.  

    ,    
         

  .   .   
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     ,   
     -  -   
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8    
 
8.1      
 

        
 ,   .   ё   16,12  

       –  . 
     4570 ³⁄ ,  

 (      -  ), 
     .   — 592 , 

   — 47.8 . . 
        

−5°   +3° .       .  
  8   ,        

  −20° .    :   
          , 

    ;  —   
     .  —     

 . :       
 +40° .  ё   25     , , 

, ,   .    
: ,   ,  , , , 

, , , - , , , , , , 
, , ,  , .  : , , , 
 , ,    ,    , 

 , , ,  , ,  , 
, ,  , ,     -
.  

       
: 
−         ; 
−   ; 
−        ; 
−     ; 
−         ; 
−   ; 
−    .  

        
,        

    .  
      : 

−  ,  ,  
;  



98 
 

−   ,        
;  

−        ;  
−     ; 
−       ,    

       ;  
−     . 

     
: 

1.     ,    
;  

2.      ;  
3.        

       ; 
4.        

      ,    
   . 

     01.07.1985 № 3907-85 «  
 ,    »  

        
   : 

 −       ;  
−    ,  ;  
−     ;  
−      ; 
  ,         

   . 
       

,    , , , 
  : 

 −  ,     
  , ,   , 

      ; 
−      

      ; 
               

   ,     
. 
 
8.2      
 

   ,    
    1.07.1985 № 3907-85 «  
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 ,    »,  
  : 

1.   ,    
      

   . 
2.         

      , 
   ,    .  

3.         
  ,    -      

. 
4.        , 

,   . 
        

   .  
-    ,     

  ,   ,  , 
   . 

-   , ,    . 
  . 

-          
 . 

-        
         . 

-   ,      
   . 

-   , ,  , 
  ,     ,  
. 

- ,       
,      . 

-   ,    
       

      ,    
5%  ,          

        
    2 . 

      1  ё   
    500 .   

 ё     , 60% 
    .   

, , .    
 1 , 1 . 

ё        59  ³. 
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        :
 1 :        
 1.1      -

     ( ) ;    
 1.2       

      ( );     
 1.3 ,      

 ( )      ;   
 1.4        

 ;          
 1.5         

;   
1.6        

       ;    
 1.7         

  ;         
1.8      

. 
2 - :       

 2.1          
;           2.2

        
     ;   

 2.3        , 
  ;        

 2.4      
 ;        

 2.5  , ,     
 ;           

2.6       
; 
2.7      , 

    ;      
2.8      ;  

 2.9       
  ;      

2.10     -  
,   . 

 
8.3 ,    
 

   ,        
 -  ,    

 .  
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  ,      (    
 – 2014 8 22 201 01 21 5): 

 M = ∙ % ∙ ρ = ∙ ,% ∙ , = ,  ,                                        (8.1) 

 
  N  −   , 3; q  −   , %; ρ  −  , / 3. 

  ,       
, ,  (     – 2014 4 61 010 01 20 

5): 
 M = ∙ % ∙ ρ = ∙ ,% ∙ , =  ,                                                            (8.2) 

 
  N  −  , ; q  −   , %; ρ  −   , / 3. 

        
         
 (    82-202-96) ,  , 1988 ., 

 4,      1,0 %. 
       300867,3  

   (     ), 7    
   , .       

   .     
   ,    

       ,    
   . 

 
8.4         

 
 

         
 : 
1)   ( ,   ) ; 
2)    :   - 

,    ,      
 ; 

3)    ,   
   ,    

; 
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4)       , 
         

 . 
        

  : 
1.    ; 
2.  ,    ; 
3.        

   ; 
4.       

    . 
   ,    16,12       

  – ,    2.2.1/2.1.11200-03 « -
     ,    

»,       
-  :   (    

    )   ( , , 
  ) . 

,    2.1.4.1110-02 «     
  »,     

            
 . 
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9 -   
 
9.1    
 

     ё    
,  ,      

  . 
 
9.1.1  ё    
 

ё         
  9.1. 

 
 9.1 –        

 

  
 
 

   

2024 2025 2026 2027 2028 
   366,0 366,0 366,0 366,0 366,0 

   
  

 4672 4672 4672 4672 4672 

   
 

·  1709952 1709952 1709952 1709952 1709952 

   
  

% 1 1 1 1 1 

   
    

·  17099,52 17099,52 17099,52 17099,52 17099,52 

  
   

·  1692852,5 1692852,5 1692852,5 1692852,5 1692852,5 

   / ·  1143 1175 1206 1235 1262 
   

   
. . 1934,93 1989,1 2041,58 2090,67 2136,38 

   .  45,61 284,12 293,99 303,87 313,18 

 
      ,  

          
,         

      ,    
      .  

 
9.2     
 

  (  ,  , 
 )       1   

. 
     9.2. 
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 9.2 –    
 , . /   , . . 

    255,2 93,4 
 274,0 100,3 

   529,2 193,7 
 

       
    ,       

,    9.3. 
 

 9.3 –     , % 
    ( ) 

 1  5  6  15  16  25  25 
0,06 0,09 0,14 0,2 

 
        

     ( . 9.4): 
 

 9.4 –      
   , . . 

 «  – » 135,38 . /  49,5 
  (  

 ) 0,001097 . / ·  3,5 

 (   
) 0,000318 . / ·  1 

  57 
 

      1 . ∙      
      4,8 . 

          
 9.5. 

 
 9.5 –         

 
   

2024 2025 2026 2027 2028 
 

, . . 126,9 144,7 172,5 172,5 172,5 

  , 
. . 88,3 101,5 125,5 125,5 125,5 

 , 
. . 193,7 193,7 193,7 193,7 193,7 

   
 , 

. . 
5,5 6,3 11,8 11,8 11,8 

   
 , 

. . 
54 54 54 54 54 
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  9.5 
    

2024 2025 2026 2027 2028 

  , . . 1,8 2,2 2,2 2,2 2,2 
, . . 470,2 502,4 559,7 559,7 559,7 

 
       

      . 
         

  ( . 9.1). 
 

 
 9.1 –       %,  2024 . 

 
        

   ,   41%  
     .   

  :  
      ;  
       ;  
     —   , 

 ,  ,   . .;  
      ,   . . 

 

27%

19%
41%

1% 12%

0%
 

, . .

  
, . .

 
, . .

   
 

, . .
   

 
, . .

  , . .
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9.3   
 

        
  .      

      .  
  : 

1)    – 20%; 
2)  – 20%; 
3)     – 34%; 
4)    – 2,2%; 
5)     1 . . . – 4,8 . 

        
 9.6. 

 
 9.6–   

 
   

2024 2025 2026 2027 2028 
  , . . 592,7 609,2 622,1 630,8 637,9 

, . . 177,3 725,6 738 746,2 752,7 
   , 

. . 591,2 607,8 621 630 637,3 

  , . . 274,9 271,1 267,3 263,6 259,8 
, . . 1636,1 2213,7 2248,4 2270,6 2287,7 

 
 
9.4        

 
 

        9.7. 
 

 9.7 -       

 
   

2024 2025 2026 2027 2028 
 ( ), . . 3302,3 3389,3 3473,6 3555,3 3634,4 

 , . . 470,2 502,5 559,7 559,7 559,7 
EBITDA (  ), . . 3300 3387 3471,4 3553,1 3632,1 

EBIT(   ), . . 2830 2872,6 2877,8 2963,3 3046,1 
   , . . 566,2 574,5 575,6 592,7 609,2 

NOPAT (  ), . . 2264,7 2298,1 2302,2 2436,9 2436,9 
   ,% 20,00 20,00 20,00 20,00 20,00 

      17%   ( ).   
      9.2. 

 



107 
 

 
 9.2 –   /   , . . 

 
9.5    
 

  9.3    Cash-Flow   
  . 
 

 
 9.3 –  Cash-Flow 

 
9.6   
 

  ё      
ё  ,     9.8. 

 
 9.8 -      

  

2240
2260
2280
2300
2320
2340
2360
2380
2400
2420
2440
2460

2024 2025 2026 2027 2028

 
, 

.

-20000

-10000

0

10000

20000

30000

40000

2020 2025 2030 2035 2040 2045C
F, 

. 
.

: , , 
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  9.8 
 , % 11,6 
   - DPB,  180 

   – NPV, .  4327,76 
  – PI. 1,39 

   - IRR, % 15,59 
 . , / ·  0,32 

 , /  42861,93 

 
      

,     5-8 ,     
   ,    

    1000 .     
,      ,     15 . 

    ,    ,   
  15 , ,       366 .  

 
9.7   
 

        
  .  

  : 
  – 20% (   ); 
     – 34% (    ); 
       – 0,2%; 
    – 2,2 % (    ); 
    – 20% (   ); 
   100%. 

       ё  
 ,      9.9.  

 
 9.9 –       

  

 
   

2024 2025 2026 2027 2028 
  , .  525,0 577,3 576,5 771,0 1335,9 

  , .  229,4 245,1 315,0 311,2 307,5 
  , .  754,5 822,4 891,6 1082,3 1643,3 

 
    : ,   , 
 ,    ,    90%  

  .   –   .  
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9.8     
 

    ,    
.      

    9.10. 
 

 9.10 -        
    

   
   
   

 
      

 -       
   . 
       

   : 
  ; 
  ; 
 ё  . 

     .  
 9.4     PI    
. 

 

 
 9.4 -  PI       

 
        

 .       
       
. 

 

1.35

1.36

1.37

1.38

1.39

1.4

1.41

1.42

1.43

-6 -4 -2 0 2 4 6

P
I

 , %
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  9.5      (PI) 
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 9.5 -  PI       

 
  9.6      (PI) 
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 9.6 -  PI       

 
       

.        
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10       
 
 
10.1   
 

  –     , 
,   ,        
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    , - , 

   ,   
     , - , 

 ,       , 
 , ,     

. 
     ,  

  ,   , 
       "  

"   ,    
   . 

      
     ,  
 ,     , 

  ,     , 
   ,     

 ,   . 
      

  . 
 
10.2    
 

: « » (outsourcing)    «  
  ».     

     -  
        
- , . .  -  ,   

  . , ,  , 
 ,  ,   

 . 
    ,   . 

 ,      ,     
  ,    

   . .     
   -   ,   

    . 
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         , 
    -      

     . 
,        

   10.1. 
 

 10.1 –      
   

-  

 -    
,    

 -     
 

  

  
  (  

- ) 
  . 

    

   ; 

    
 

  
   

   

  

  

  

  

  

 
 ,   ,     

      ,   
 .       

  ,       
       . 

     -    
        

   (   ,   ,  
   . .),      

 ( )   ,   
         

  ,    
           . 

« » (outstaffing) -  «    ». 
 -  «  »,      

   .       
 ,    (staffleasing).  
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    – ,     
        

.      , 
       ( ),  

      - .   
 ,       -  , 

  . .  , ,   -  
,   . 

         
   ,      
 -  ,  .  , ,   

 , . .   ,    ,  
        .   10.1 

    . 
 

 
 10.1 -     

 
       

  : 
      ,  

    ; 
        ; 
      ,     

. 
«  -     

 (  )     . 
     , 

  ,    
     ».  

        
  - ,     

 ,   . 
       . 
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: 
    ( , 

)      . 
 ,         

  ,        
 ,     

   10.2. 
 

 
 10.2 –     

 
   ,    

           
  ,     
. 

      
   .     

       
       "  - 

" (        
,     ),  

 10.3. 
 

 
 10.3 –    
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10.3  ,   
 

       
  .  

     ,  
  ,    : 

1.      
.    ,    

 (  « »),       
   ,   

  .  
    -   

    .   
      .  

2. .     
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 :  ,  , 
   . 
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1690/185-48     550 .   

         
   550  « »,  18-  
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630000/500,   : -10000/15  -2500/10 
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 .1 –    
№ 

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

Q . 
 

1 1923 66 58 112 1506 994 950 488 230 166 284 156 106 426 

2 1924 30 24 234 668 786 1362 788 404 330 394 84 58 430 

3 1925 54 46 176 644 1096 778 634 398 404 308 164 158 405 

4 1926 64 58 100 838 1356 752 568 350 352 422 128 96 424 

5 1927 50 40 60 530 1008 944 434 172 118 116 60 38 298 

6 1928 18 12 48 812 882 734 292 208 132 116 82 72 284 

7 1929 68 54 74 756 872 752 470 300 290 350 184 100 356 

8 1930 62 58 98 582 834 776 616 338 330 234 96 84 342 

9 1931 62 54 84 1250 1120 1036 462 302 266 244 160 86 427 

10 1932 52 48 182 494 1054 848 422 230 194 290 74 54 329 

11 1933 58 52 68 484 1650 1038 518 396 310 372 120 66 428 

12 1934 68 54 88 648 866 1716 536 300 338 248 90 72 419 

13 1935 66 60 102 616 964 900 416 370 354 368 172 94 374 

14 1936 62 58 94 360 660 720 380 240 210 180 66 58 257 

15 1937 66 56 88 1074 1202 1186 652 402 338 312 116 90 465 

16 1938 56 48 66 460 1762 1034 394 284 220 204 90 70 391 

17 1939 42 36 48 792 1510 1056 774 374 346 238 102 20 445 

18 1940 74 56 78 936 1102 1390 592 320 388 396 216 82 469 

19 1941 68 60 88 700 1540 1020 552 452 360 424 258 102 469 

20 1942 68 56 70 654 1074 1280 502 318 252 414 166 126 415 

21 1943 76 72 120 1938 1916 1090 613 413 340 438 226 108 613 

22 1944 62 44 52 1178 1222 1256 724 464 428 422 248 84 515 

23 1945 72 58 64 1178 1134 476 404 232 224 234 216 100 366 

24 1946 24 18 84 1682 1218 1100 532 354 236 342 116 74 482 

25 1947 54 46 84 502 1004 1000 434 368 391 388 324 109 392 

26 1948 46 40 74 520 1244 1106 554 268 252 324 116 64 384 

27 1949 66 54 88 1108 1852 1226 624 424 272 290 208 122 528 

28 1950 54 42 158 1158 1712 1156 676 426 388 368 320 50 542 

29 1951 68 58 80 496 1694 762 550 352 332 332 88 88 408 

30 1952 68 58 84 588 1946 1230 876 504 386 326 152 96 526 

31 1953 68 56 66 380 1534 1100 484 200 180 200 180 100 379 

32 1954 84 64 88 670 1578 1854 988 524 340 422 218 96 577 

33 1955 82 66 104 1946 1860 1480 840 640 518 532 240 160 706 

34 1956 84 72 118 1388 1842 1184 712 406 358 444 290 110 584 

35 1957 66 54 82 1212 1518 830 612 358 318 268 110 76 459 

36 1958 78 68 102 804 1874 962 716 388 408 358 188 94 503 



126 
 

   
 

  .1 
№ 

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

Q . 
 

37 1959 70 58 80 552 1272 1634 810 464 386 362 128 90 492 

38 1960 64 54 72 1100 1922 1076 656 370 322 308 138 56 512 

39 1961 56 40 140 904 1310 712 366 168 150 224 52 88 351 

40 1962 64 62 94 1080 1608 906 724 446 364 408 142 82 498 

41 1963 66 54 72 1112 1064 336 332 304 208 202 162 68 332 

42 1964 68 36 74 1388 778 884 530 256 236 328 238 190 417 

43 1965 66 60 80 1218 1534 678 444 342 310 348 136 98 443 

44 1966 64 30 84 1350 1350 1020 602 382 272 380 110 84 477 

45 1967 60 54 78 508 984 780 552 342 342 320 76 56 346 

46 1968 64 46 46 618 1548 980 424 218 168 178 112 102 375 

47 1969 64 60 90 582 1482 890 430 404 404 292 160 54 409 

48 1970 86 72 114 1354 1956 1258 932 636 488 514 148 170 644 

49 1971 82 70 98 1376 1300 1194 768 568 554 444 280 104 570 

50 1972 66 54 76 1174 1090 1110 796 460 440 362 178 84 491 

. . 63 52 92 917 1334 1031 584 361 314 325 158 90 443 
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 .1 –   
m P,% Q , 3/   Q , 3/   Q , 3/   

1 2 706 1955 1532 1955 293 1955 

2 4 644 1970 1389 1943 279 1970 

3 6 613 1943 1375 1970 275 1971 

4 8 584 1956 1282 1956 235 1956 

5 10 577 1954 1273 1954 230 1954 

6 12 570 1971 1203 1949 227 1941 

7 14 542 1950 1189 1960 226 1950 

8 16 528 1949 1176 1950 226 1944 

9 18 526 1952 1160 1952 224 1943 

10 20 515 1944 1160 1971 221 1947 

11 22 512 1960 1133 1946 215 1972 

12 24 503 1958 1095 1944 214 1925 

13 25 498 1962 1089 1958 211 1958 

14 27 492 1959 1081 1966 209 1952 

15 29 491 1972 1080 1962 208 1962 

16 31 482 1946 1067 1959 205 1959 

17 33 477 1966 1043 1957 201 1940 

18 35 469 1940 1043 1972 198 1935 

19 37 469 1941 1033 1939 196 1926 

20 39 465 1937 1029 1937 195 1924 

21 41 459 1957 1005 1940 191 1969 

22 43 445 1939 985 1923 191 1949 

23 45 443 1965 969 1965 184 1942 

24 47 430 1924 967 1931 184 1937 

25 49 428 1933 953 1941 180 1933 

26 51 427 1931 942 1934 180 1965 

27 53 426 1923 923 1933 178 1964 

28 55 424 1926 913 1938 178 1929 

29 57 419 1934 901 1924 176 1966 

30 59 417 1964 895 1964 175 1951 

31 61 415 1942 893 1968 173 1960 

32 63 409 1969 879 1926 167 1957 

33 65 408 1951 878 1942 166 1967 

34 67 405 1925 876 1951 163 1930 

35 69 392 1947 875 1953 157 1931 

36 71 391 1938 856 1948 157 1934 

37 73 384 1948 846 1969 156 1946 

38 75 379 1953 823 1961 151 1939 
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 .1 –   
m P,% Q , 3/   Q , 3/   Q , 3/   

9 76 375 1968 798 1945 150 1945 

40 78 374 1935 788 1925 148 1948 

41 80 366 1945 735 1947 147 1923 

42 82 356 1929 729 1927 142 1963 

43 84 351 1961 724 1935 141 1932 

44 86 346 1967 713 1929 131 1953 

45 88 342 1930 711 1963 130 1938 

46 90 332 1963 706 1967 121 1936 

47 92 329 1932 705 1932 117 1968 

48 94 298 1927 702 1930 115 1961 

49 96 284 1928 680 1928 86 1928 

50 98 257 1936 530 1936 82 1927 
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 .2 –    
      

 I II  III  IV V VI  VII VIII IX X XI  XII Q . ., /  46 50 68 1077 1008 302 298 292 199 197 182 79 Z ,  190 190 190 190 190 190 190 190 190 190 190 190 Z ,  130 130 130 131 131 130 130 130 130 130 130 130 ,  59 59 59 58 58 59 59 59 59 59 59 59 N ,  24 26 35 551 516 157 155 152 103 102 95 41 Q . ., /  46 50 68 1077 1008 302 298 292 199 197 182 79 Z ,  190 190 190 190 190 190 190 190 190 190 190 190 
       

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

Q  221 221 221 221 221 221 221 221 221 221 221 221 Z ,  190 190 190 190 190 190 190 190 190 190 190 190 Z ,  130 130 130 131 131 130 130 130 130 130 130 130 ,  59 59 59 58 58 59 59 59 59 59 59 59 N ,  115 115 115 115 115 115 115 115 115 115 115 115 N − N ,  -91 -89 -80 436 401 42 40 36 -12 -13 -20 -74 

 



   
 

 .3 – -      
 Q  Q  Q  Q  Q  V  dV V  Z  ( ) Z ( ) Z ( ) Z  H  N  N  

9 198 20 221 218 221 11,99 0,05 11,94 190,00 189,88 189,94 130 60 112  
10 196 22 221 218 221 11,94 0,06 11,88 189,88 189,76 189,82 130 60 112  
11 182 198 221 380 383 11,88 0,51 11,37 189,76 188,58 189,17 131 59 192 192 
12 79 537 221 616 619 11,37 1,39 9,98 188,58 185,13 186,85 131 56 297 297 
1 46 621 221 667 691 9,98 1,61 8,36 185,13 180,19 182,66 131 52 297 297 
2 50 419 221 469 472 8,36 1,09 7,28 180,19 176,14 178,16 131 48 192 192 
3 68 150 221 218 221 7,28 0,39 6,89 176,14 174,57 175,35 130 45 85  
4 1076 -879 221 197 221 6,89 -2,28 9,17 174,57 182,81 178,69 130 48 82  
5 1007 -810 221 197 221 9,17 -2,10 11,27 182,81 188,34 185,58 130 55 94  
6 301 -104 221 197 221 11,27 -0,27 11,54 188,34 188,97 188,66 130 58 99  
7 297 -100 221 197 221 11,54 -0,26 11,80 188,97 189,57 189,27 130 59 100  
8 291 -73 221 218 221 11,80 -0,19 11,99 189,57 190,00 189,78 130 60 112  
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 .4 – -      
 Q  Q  Q  Q  Q  V  dV V  Z ( ) Z ( ) Z ( ) Z  H  N   N  

10 293 4 221 297 300 11,99 0,01 11,98 190,00 189,98 189,99 130 60 152 113,23  

11 282 15 221 297 300 11,98 0,04 11,94 189,98 189,89 189,93 130 60 152 113,12  

12 182 198 221 379 382 11,94 0,51 11,43 189,89 188,71 189,30 131 59 192 142,70 192 
1 79 536 221 614 617 11,43 1,39 10,04 188,71 185,31 187,01 131 56 297 220,82 297 

2 46 619 221 664 688 10,04 1,60 8,44 185,31 180,44 182,87 131 52 297 220,82 297 

3 50 417 221 466 469 8,44 1,08 7,36 180,44 176,45 178,44 131 48 192 142,70 192 

4 107 181 221 288 291 7,36 0,47 6,89 176,45 174,57 175,51 130 45 112 83,22  
5 1247 -891 221 356 380 6,89 -2,31 9,20 174,57 182,90 178,73 130 48 148 109,98  

6 1192 -836 221 356 380 9,20 -2,17 11,36 182,90 188,56 185,73 130 55 169 125,92  

7 600 -176 221 424 448 11,36 -0,46 11,82 188,56 189,61 189,09 131 59 214 158,86  

8 482 -58 221 424 448 11,82 -0,15 11,97 189,61 189,95 189,78 131 59 216 160,74  

9 374 -7 221 367 370 11,97 -0,02 11,99 189,95 190,00 189,97 130 60 188 139,80  

              Σ 1731,9  
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