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,         
. 

 
1.5 –    
 

       
:  «  »(170   ),  « – 

»(172   ),  (138   ) 
(  ),  (171   ),  

(200   )  . .       , 
 (35   ) :60000 ,  (66   

) :147970 ,  (76   ) :190000 
  . .     . 

     . 
   : 

– :  
– :  
–  : UTC+3 (  ) 

     : 
–  : N  = 2393   
–  : N  = 24860   

: 44°   (  ) 
:  = , ; = , , = , . = 𝑁 Э ∙ = ∙ =  –   

. .     0,1   
, ,     . 

       
     ,      

     .  
 
2 –  ё      
 
2.1    
 
2.1.1   ё   
 

          
 .     : 

 K = ,  (2.1) 

 
   Cv    Cs: 

 

https://energybase.ru/upstream/priazovneft
https://energybase.ru/upstream/kng-rosneft
https://energybase.ru/upstream/kng-rosneft
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= √∑ − = √ , = , .  (2.2) 

 = ∑ − = ,∙ , = , . (2.3) 

 
      

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

 
     . 
      

: 
 = ± √ ∙√ + + ∙ %, 

 

(2.5) 

= ± √ ∙√ + ∙ , + ∙ ,, ∙ % = ,  %. 

 
     

  . 
     : 

 = , − , − ∙ = ,  %.  
 

   , ,  = 𝜗.  
 = ∙ , = , .  
 

      
   :  

 

 = ± √ ∙√ + ∙ , + ∙ ,, ∙ % = ,  %, 

 
     ,  

     . 
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 ё        
    2.1. 

 
 2.1 –  ё    

P%   φ S K S Q, 3/  
0,5 3,760 2,068 3,068 469 
3 2,293 1,261 2,261 395 

 
2.1.2    
 

     ё   
      :   

.     ,     
 ,        

. 
  ,       

   ,     .  
    .    
     : 

 = + ∙ %,  (2.6) 

 
 (m) – ; 
m –     ,    

; 
n –    . 

 ё     ,  .1. 
ё         
   90%  50% . 

       , 
      2.1 
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 2.1 –    

 
2.1.3  ё    
 

        
  1974 .  
     50%   129,7 

3/ . 
     50%   21,0 3/  

      . 
 = % = ,, = , .   (2.7) 

 = % . = ,, = , . (2.8) 

 
     – ,  – , 

     .  
    ,   

 .       
   2.2.  

 
 2.2 –       1974 ( =50%), 3/  

 I II  III  IV  V VI  VII VIII IX  X XI  XII Q . . 
1974 18 22 18 17 122 193 169 82 73 29 25 19 66 

 . 22 22 22 26 113 180 153 88 82 39 24 22 66 
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2.1.4  ё    
 

        
  1982 .      90% 

  85,9 3/ .      90% 
  20,6 3/  

      . 
 = % . = , , = , . (2.9) 

 = % . = ,, = , .  (2.10) 

  

    ,     
  .        

  2.3.  
 

 2.3 –      1982 (  = 90%), 3/  
 

 I II  III  IV  V VI  VII VIII IX  X XI  XII Q . . 
1982 15 18 18 18 76 111 87 77 79 39 19 18 48 

 
      
 ,  ,     –  

        
 2.4.          

,      
     :    

         .  
,  ,     ,   

          
 ,          

( ). 
 

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

1974 (50%) 22 22 22 21 113 180 157 88 77 34 29 26 66 

1982 (90%) 17 16 17 19 76 111 87 79 77 38 19 18 48 

Q50%– Q90% 5 6 5 2 37 69 70 9 0 – 4 10 8 18 

1974 (50%) 22 22 22 26 113 180 153 88 82 39 24 22 66 

 
          

,         
        ,   
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      . 

    2.4   
  2.2. 

 

 
 2.2 –       

 
 

2.2      – 
 ё  

 
2.2.1 ё        ё  

   
 

       
      . 
     (1974 .)  

          
: 

 N Э = kN ∙ .. ∙ H Э ,  (2.11) 
 

  –  ; 
      .. –      ; 
      Э  –  ; 
      .. –      : 
 .. = Q − Q . = Q − (Q + Q + Q ),  (2.12) 
 

 Q .  –   ; Q  –       ; 

0

20

40

60

80

100

120

140

160

180

200

0 2 4 6 8 10 12

Q
^

3/
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Q  –       ; Q  –     ;  H Э –    : 
 H Э = Z − Z (Q t ) − ∆h,  (2.13) 

 
 Z  –   ,    = 382 ; Z (Q t ) –   ,   

  ,      2.2;  ∆h –     . 
         
    : 

 N . − = kN ∙ Q . − ∙ H Э ,  (2.14) 
 

 Q . −  –       
. 

       2.5  
 

 2.5 –         
    

 I II  III  IV  V VI  VII VIII IX  X XI  XII 
Q , 3/  22 22 22 26 113 180 153 88 82 39 24 22 

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

Q . , 3/  1 1 1 2 2 3 3 2 2 1 1 1 
Q . , 3/  21 21 21 24 111 177 152 86 80 38 23 21 

Z ,  448,0 448,0 448,0 448,0 448,0 448,0 448,0 448,0 448,0 448,0 448,0 448,0 
Z ,  359,5 359,5 359,5 359,6 361,2 361,9 361,7 360,8 360,7 359,9 359,5 359,5 

,  88,5 88,5 88,5 88,4 86,8 86,1 86,3 87,2 87,3 88,1 88,5 88,5 
N ,  16 16 16 19 83 132 112 65 60 29 18 16 

      
Q . – , 3/  11 11 11 11 11 11 11 11 11 11 11 11 

Z ,  448,0 448,0 448,0 448,0 448,0 448,0 448,0 448,0 448,0 448,0 448,0 448,0 
Z ,  359,2 359,2 359,2 359,2 359,2 359,2 359,2 359,2 359,2 359,2 359,2 359,2 

,  88,8 88,8 88,8 88,8 88,8 88,8 88,8 88,8 88,8 88,8 88,8 88,8 
N . – ,  8 8 8 8 8 8 8 8 8 8 8 8 

 
2.2.2   
 

        
        . 

       
     2.6 
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 2.6 –     
1/5N  . ,  63 60 57 47 44 42 42 44 47 57 60 63 

N . .,  16 16 16 18 84 109 109 65 61 29 18 16 

,  477 455 416 375 270 222 222 288 332 403 453 477 

 
    .     
        . 

       ,   
    .      

 .   –   
 ,       

   ё   . 
     2.3 

 

 
 2.3 –   

 
2.2.3 –  ё      

  
 

    –  ,  
   : 

 ;  
 = ;  
 = .  
 

0

100

200

300

400

500

600

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

. 
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 –     
     .2– .8.    

       .9.  
      : 

–   ,   𝑁 =  ; 
–  ё  ё   = ,  ; 
–    = , ∙  . 

   , : 
 = . = , ∙, ∙ = , .                                                                     (2.15) 

 
  2.4   –  . 

 

 
 2.4 –   –  

 
2.2.4   
 

       
        

       . 
        

 ,    : 
  .      

     :  
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𝑁 ≈ % ∙ = , ∙ =  . (2.16) 

 
      

    .     
    11 . 

  .    10 %  
 : 

 𝑁 . ≈ % ∙ = , ∙ =  . (2.17) 

 
     . 
 .       , 

      , . .     
    ,     

.       
    6    60–120 .  

      ,    
. 

    
 = = =  . (2.18) 

 
    ,    

. 
         ,  

        40 . 
 1  (   2 . )      ё   

.         
   .        

    .      , 
       ,      

. 
      .10  .  

     2.4. 
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 2.5 –   

 
2.2.5      
 

       𝑁   
    .1.     

   :  
 𝑁 . = 𝑁 + 𝑁 + 𝑁 , (2.16) 

 
 𝑁  –    ; 
 𝑁  –   .         𝑁 − щ  щ  

 

0

100

200

300

400

500

600

700

800

900

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

. 

  
  

  .   .
    .
  .   
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 𝑁 = 𝑁 + 𝑁 + 𝑁 , (2.2) 

 
 𝑁  –  ; 𝑁  –  ; 𝑁  –  . 

 𝑁 = + + =  . 
 𝑁 . = + + =  . 

 
3      
 
3.1      
 
3.1.1         

 
 

     , 
 ,         

   ,    3.1. 
     ,   

–   «   » [2]. 
 ё     3.1. 

 
 3.1 –  ё    

    ,  

  
  

 
 

 
  
 

  
Q , 3/  Z ,  H   =  ,  Q, 3/  ,  Q, 3/  

0 358,00 89,00 89,00 89,00 86,3 162 86,1 162 
25 358,67 88,33 88,33 88,33 86,25 162 86,05 162 
50 359,22 87,78 87,78 87,78 86,2 162 86 162 
75 359,70 87,30 87,30 87,30 86,15 162 85,95 162 
100 360,10 86,90 86,90 86,90 86,1 162 85,9 162 
125 360,45 86,55 86,55 86,55 86,05 162 85,85 162 
150 360,75 86,25 86,25 86,25 86 162 85,8 162 
175 361,01 85,99 85,99 85,99 85,95 162 85,75 162 
200 361,25 85,75 85,75 85,75 85,9 162 85,7 162 
225 361,47 85,53 85,53 85,53 85,85 163 85,65 162 
250 361,67 85,33 85,33 85,33 85,8 163 85,6 162 
275 361,86 85,14 85,14 85,14 85,75 163 85,55 162 
300 362,04 84,96 84,96 84,96 85,7 163 85,5 162 
325 362,22 84,78 84,78 84,78 85,65 163 85,45 161 
350 362,39 84,61 84,61 84,61 85,6 163 85,4 161 
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     3.1 : 
–   H = ,  .     

         
 ; 

– ё   H = ,  .     
        ё  
; 

–   H i = ,  .     
         

 ; 
–      11  165 3/  

. 
 

 
 3.1 –   

 
3.1.2      

 
 

 ,       , 
   ,    .   

     𝑖     , 
   ,     ё  

. 

83,00

83,50

84,00

84,50

85,00

85,50

86,00

86,50

87,00

87,50

88,00

0 20 40 60 80 100 120 140 160 180

H
, 

Q,  ^3/
H пу Hу о Hmax Hmin Н
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   : 
– –  115 – ; 
– –   90 – 45°. 

   𝑖 / .     
  : 

 𝑖 = , = , . (3.1) 

 
   90 –  45°  115 –   𝑖 , . 

 ,       
.       . 3.2. 

 
 3.2 –  . 

 90– 45° 
115 

115–  
 

   90 115 

  0,5 0,6 

    85 75 

   820 900 

   0,921 0,927 

   1300 1080 

    ( ) 0,46 0,5156 

   4 4 

    16 2 

 
       ,   

   ,     D1 
      n ,     

      ,    
        .  

   ,     
 .       

 3.2.      D1    
     3.2– 3.11. 

–      
 𝑁 ′ = , ∙ Q  ′ ∙ D ∙ H , ∙ η ∙ η , (3.2) 

 
 Q'I  –     ; 
  –   ; 
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  –  . 
 

–    
 

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

 
   –   ; 
D1  –   ; 

 –   ; 
D1 –   ; 

 –    ; 
ν , ν  –        

 ,         
 ; 𝜺 – ,       

  (𝜺 = 0,75). 
–    
 Z′ = NN , (3.4) 

 
 N  –    (N  =120000 ) 
Na  –   . 

  Z’      (Za) 
    : 

 𝑁 = 𝑎 . (3.5) 

 
–   
 ∆ = ηη . (3.6) 

 
–    (     

 ) 
 n′ = I ′ √Δ ∙D , (3.7) 

 
 n'I  –         

. 
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–  ,     
 

 n  ′ = D∆′∙ i . , (3.8) 

 n  ′ = D(∆′∙ ) . , (3.9) 

 n  i′ = D∆′∙ a . . (3.10) 

 
–  ё        
 Q′  ∙ η = Na, ∙D ∙ p, ∙η  . (3.11) 

 
–      
 Q′ ∙ η = Na, ∙D ∙ a, ∙η  . (3.12) 

 
–   
 Q′  = i∙D ∙√ i ∙Δ′, (3.13) 

 Q′  i = i∙D ∙√ a ∙Δ′. (3.14) 

 
      n’Imax, n'Ip, 

n’Imin.     .    
    n’p   ,  

  3.11. 
    ё     

    .     n’Imin 
  Hmax,      

  3.12. 
        
        

 Hmin  Hmax   3.13  3.14 . 
 115–   90– 45°     

   .1  .2 . 
–        , 

   ,        
,       .   
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  115 –  – 236. 
 – – 212     .    

    95% . 
      155– – 236   
   = , . .   , 

   : 
–   ,     

    ; 
–    ; 
–        ; 

   115–       .1. 
       –    
    (     

 ),      ,    – 
ё  ,   – , ё     ,   

  (    ).   – 
     (  ), 

    ′   Hmin  Hmax. 
 

3.2       
  ё   

 
       ё 

    : 
 ∇Z . . = Z Q + H , (3.15) 
 

 Z Q  –       ,  
   .  

    HS   
        

: 
–       
 Hmax  ё  ; 

–        H  
 ё  ; 

–       
 Hmin       . 

    : 
 H = B − Z − 𝜎 ∙ σ ∙ H + ∆Z . , (3.16) 

 
  –   (10,33  . ); 
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𝜎 = ,  –    ,  
  σ   ,    

  (1,5 ); 
 –  ,     

   ;  
 –  ,      Z (Q ); 

Z . . –        
  ,   115– – 236  

 
Z . .= b0/2= 0,316∙D1/2 = 0,375∙2,36/2 = 0,37  

 
 max: 

 H = , − , − , ∙ , ∙ , + , = − ,    

 
 H : 

 H = , − , − , ∙ , ∙ , + , = − ,  . 

 
 Hmin: 

 H = , − , − , ∙ , ∙ , + , = − ,  . 

 
      . 

         
        1.2. 

        
   3.17– 3.19.     

 –         
  . 

 H i = Z  (Q H i ) + H H 𝑖 , (3.17) 
 H = Z  Q (H ) + H H , (3.18) 

 H = Z  (Q H ) + H H . (3.19) 
 

  115– – 236: 
 Z H i = , + − , = ,  , 
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Z H = , + − , = ,  , 
 Z H = , + − , = ,  . 
 

        
  Z = , . 
        
  Z = , . 

  ,     
    : 

 
3.3     
 

       
    ( ).   

        ( , 
 ).        . 

          –   . 
     ,  

    .     , 
       
   . 

  [6,  10.9,  144]    
   115   D1 = 2,36 :  1,6/1– 40– 2,5– 2, : 

1,6 –   
1 –   
40 – ,    40 / 2 
2,5 –     3 
2 –  . 
 
3.4    
 

  [6, . 103] ё   .   –   
:  – 100 – 11.  

 
 –  ;  

100 –   ;  
11 –   11–  . 
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4   
 
4.1       
 

   ,     
     .    

   ,  ,  
 ( . .     )   

,  ,  . 
     2   

 :     .  
    4.1  4.2 . 
 

1

1

. .

2

2

. .

3

3

. .

  220 

 10 

 
 4.1 –       



  
 

32 
 

 

1

. .

2

. .

3

. .

  220 

 10 

1 2

 
 4.2 –       

 
4.2         
 

   2 :     
 4.1     4.2 . 

       ё   
   ,    . 

 
4.2.1    
 

  ( )   ё   
       
   4.1 
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 4.1 –    – 525/150– 20 
   .   

   S  ·  50,0 
     40,0 

  cosφ . . 0,8 
  U   10,5 

  I   2,75 
   n  /  300,0 

   Xd –  100 
  X’d –  25 

  X’’d –  16 
  

 
4.2.2        

 
 

        
 ,    ,    

  ( . .    ( )).   ,  
  . 

 = − 𝜑 = − ,, = ,  ∙ , (4.1) 

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

  [19]    , 
    ,     

   – 63000/220– 1  15352615– 024– 2012 
   4.2. 

 
 4.2 –    – 63000/220– 1 𝐒 ,  

,  
, % 𝑰 , % 𝜟 ,  𝜟 ,  

, 
. . ,  ,  

63 230 10,5 10,5 0,4 62 260 98,78 

 
      

 ,     =  
    . 

 𝜏 = , + 𝑎 ∙ = , + ∙ =    (4.2) 

  

     : 
 = − ⋅ − 𝜔 ∙ , (4.3) 
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  = − ∙ − , ∙ =  . 
 

 =  –  ;  =    –       ; 𝜔 –      (0,025  0,05  
    );  T =  –   –   

. 
 

    : 
 ∆ = ∙ ∆ ∙ = ⋅ , ⋅ = ,  ∙ . (4.4) 

 
 n  –    . 

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

 
        
: 

 = ∙ ∆ + ∙ ∆ ; (4.6) 

  = , ∙ − ∙ , + , ∙ − ∙ , = ,    . ./  
 

  –  ,   ,  , ∙−   . ./ ∙ , = , ∙ −  . ./ ∙  
 

 3    (  1): 
 = ∙ = , ∙ = ,  . ./ . (4.7) 

 
4.2.3       ё  

 
 

        
 ,    ,    

  ( . .    ( )).   ,  
  . 
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 = ∙ − 𝜑 = ∙ − ,, =  ∙ . (4.8) 

 
  [19]      

  « »,    ,  
      – 100000/220– 1    15352615– 024– 

2012 ( .  4.3).  
 

 4.3 –    – 100000/220– 1    𝐒 ,  
,  

, % 𝑰 , % 𝜟 ,  𝜟 ,  
, 

. . ,  ,  
100 230 10,5 12,5 0,65 94 360 133,97 

 
     : 

 = − ∙ − , ∙ =  . 
 

    : 
 ∆ = ∙ ∆ ∙ = ⋅ , ⋅ = , ∙ . (4.9) 

 
 ( )   : 

 ∆ = ∆ ∙ ∙ 𝜏 = , ∙  ∙ = ,   ∙ . (4.10) 

 
        
: 

 = , ∙ − ∙ , + , ∙ − ∙ , = ,   . ./ ; 
 

 2    (  2): 
 = ∙ = , ∙ = ,  . ./ ; (4.11) 

 
4.2.4     ( ) 
 

      3 . 
     ,     

    . 
 = 𝜑 = ,, = ,   ∙  . (4.12) 
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   [21],   – 1600/10,5 , 

      4.4. 
 

 4.4 –    – 1600/10,5  𝐒 ,  
,  

, % 𝜟 ,  𝜟 ,  
, 

. . ,  ,  
1,6 10,5 6,3 2,5 42 160 2,5 

 
4.3      – 

  ,    . 
 

 ,    220 : 
 SΣ = n ∙ −φ = ∙ − ,, = ,   ∙ . (4.13) 

 
 ,   1  220    =

 .    cosφ = , . 
   220 : 

 = Σ∙ / φ + = ,, ∙ / , + = ,  . (4.14) 

 
 k = 1,2 –    . 

 
   220   n = .    220 : 

 = Σ∙√ ∙ = , ∙∙√ ∙ =  . (4.15) 

  

ё    220 : 
 = ∙ 𝑖 ∙ = , ∙ , ∙ =  . (4.16) 

 
 αi = ,  – ,      

; α = ,  – ,      
. 

 1       
   = 1,1 / 2 

 = = , =   . (4.17) 
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 [22, . 3.15]   – 240/32.  
        

 =   . 
   : 

 . = ∑− ∙√ ∙ = ,− ∙√ ∙ =   . (4.18) 

 . < , ,   – 240/32  
 . 

    . 4.5. 
 

 4.5 –    – 240/32 
     𝑿  𝑩  

. /  /  10– 6 /  
1 0,118 0,435 2,604 

 
4.4       –  

ё  
 

      120 ,    
   ,    220 .  

     
,      .  

  : 
 𝑖 = ⋅ + ⋅ Э + ⋅ , (4.19) 

  
  –    (12800·6,06= 77,6  . .)  

 –    
 –   

 –    
 = + + = + + = . = + + = + + = . 

(4.20) 

 
 α –    (    ) 

 –   
      : 

 = ⋅ , + ⋅ , + ⋅ , = ,  . . 
 

      : 
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= ∙ , + ⋅ , + ⋅ , = ,  . .  
 

ё  ,   : 
 𝑖 = ∙ 𝑖 + 𝑖, (4.21) 

  
  –      

     ,  15 %. 
 = , ∙  + =  ./ .  
 = , ∙ + =  ./ .  
 

   : 
 P = − ∙ % = − ∙ % = ,  %. (4.22) 

 
      (1)  

  (2)  5 %,   13,76 % –   
  ,     ё  

       (  ). 
 
4.5       

 
 

  – 220 :  
– 3  ;  
– 2  

    5.     
       № 220– 13     

   . 
 

4.6 ё     ( ) 
 
4.6.1     
 

       . 
  : 

 = ′′ ∙ ,                                                                                                  (4.23) 

 
 ′′ –   ; 
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 –   ; 
 –   . 

 = , ∙ , = ,  .  
 = 𝜔∙ , ,                                                                                                          (4.24) 

 
 𝜔 –  ,  314 / ; ,  –     ,  

0,045 . 
 = ,∙ , = ,  .                                                                           

 
  : 

 = % ∙ ,                                                                                              (4.25) 

 
 % –    ; 

 –     . 
 = ∙ = ,  .  
 = ∆ ∙ ,                                                                                                     (4.26) 

 
  –    ; ∆  –    . 

 = , ∙ = ,  . 

  
 

  220 : 
 = , ∙ ,                                                                                                    (4.27) 

 
 ,  –    ; 
 –  ;   –   . 

 = , ∙ = ,  .  
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 = , ∙ ,                                                                                                 (4.28) 
 

 ,  –    . 
 = , ∙ = ,  .  
 

 : 
 = . ,                                                                                                            (4.29) 

 
  –   ; .  –    ; 

 = = ,  . 

  = , ∙ω,                                                                                                     (4.30) 

 
 T , = ,  –     , 

 0,035 . 
 = ,, ∙ = ,  .  
 

 : 
 = ∗′′ ∙ ,                                                                                                   (4.30) 
 

  –   ; ∗′′–       . 
 = , ∙ , = ,  .  
  

 : 
 = ∗′′ ∙ ,                                                                                                     (4.31) 
   

 ∗′′  –     . 
 = ∙ =  .  
 

 : 
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 = ,                                                                                                       (4.32) 
 = , = , .  

 
 
4.6.2 ё       RastrWin 
 

          
         

      .  
 

 
 4.3 –     

 

 
 4.4 –     

 

 
 4.5 –     

 
  4.6  4.7   ё   ё  

       220  . 
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 4.6 –  ё  ё      

 

 
 4.7–  ё      220  

 
  4.8 ё   ё       

220 . 
 

 
 4.8 –  ё      220  

 
4.6.3  ё    
 

       4.6: 
 

 4.6 –     
    𝐈 . ,   𝐢  

1   220  7,68 1,72 18,68 

3   220  5,14 1,72 12,5 
3    10,5  19,42 1,95 53,55 

 i = √ . . ∙ ,  (4.33) 

   –  . = ,  > = ,  , ,   
    220   ё     

  . 
 
4.7  ё       
 

  ё       – 
    ,    

   ё  ё . 
       

 : 
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1.        
; 

2.     
   ; 

3.   ,  
 . 

       
         5 % : 

 ,  = , ∙ , ,                                                                               (4.34)   
 

    , = ,√ ∙ 𝜑∙ , ,                                                                                           (4.35) 

 , = √ ∙ , ∙ , = ,  .  
 ,  = , ∙ , = ,  .  

 
    : 

   = ,√ ∙ , ,                                                                             (4.36)  

   = , ∙√ ∙ = ,   . 

 
        220 : 

 . = ∑∙√ ∙ ,                                                                                     (4.37)   

 . = ,√ ∙ = ,  .  
  

        
  : 

 . = ∑− ∙√ ∙ ,                                                                                 (4.38)   

 . = ,− √ ∙ = , .  
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4.8      
 

 
4.8.1     
 

     , 
         

 , .  – – 10– 31,5/3150 3    
   4.7. 

 
 4.7 –    – 10– 31,5/3150 3 

 

 
, 

 

 
, 

 

 
 

, 
 

 
 

, 
 

 
 

, 
/

. 
 

 
, 

 

 
 

. 
., 

%
 

– 10– 
31,5/3150 3 

10,5 3150 31,5 80 31,5/3 31,5 

 
1)   : 
  ,                                                                                       (4.39) 
 ,  ,  .  
 
2)   : 
  ,                                                                                          (4.40) 
  .  
 
3)    : 
 . 𝜏,                                                                                            (4.41) 
 ,  ,  .  
 
4)       

: 
 𝑖 = √ ∙ ∙ . 𝑖 .𝜏 = √ ∙ ∙ − τ

 ,                                 (4.42) 
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 𝑖 = √ ∙ , ∙ , = ,  𝑖 .𝜏 = √ ∙ , ∙ − ,, = ,  .   
 

 5)     .  (      4): 
 √ ∙ 𝜏 + 𝑖 .𝜏 √ ∙ + ∙ .  ,                                                 (4.43) 
  

   4 ,   5  . 
 
6)   : 
 = ,                                                                                            (4.44) 
 ,  ,  .  
 
7)   : 
 ∙ = ∙ ( + ),                                                                (4.45) 
 , ∙ = ,  ∙ = , ∙ , + , = ,  ∙ .  
 

  , ,   . 
 

     ,    
– 10/4000 1,      4.8 
 

 4.8 –    –  – 10/4000 1 

 

 
, 

 

 
 

, 
 

 
, 

 

 
 

, 
 

 
 

, 
/

. 
 

 
, 

 

– 10/4000 1 10,5 12 4000 180 71/4 

 
1)   : 
 ,                                                                                                (4.46) 
 ,  ,  .  
 
2)   : 
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,                                                                                                (4.47) 
   .  
 
3)   : 
 ,                                                                                                   (4.48) 

  ,  .  
 
4)   : 
 ∙ = ∙ ( + ),                                                           (4.49) 
 ∙ =  ∙ = , ∙ , + , = ,  ∙ . 

 
 ,       –  

–10– 31,5/3150 3   – 10/4000 1. 
 

4.8.2     
 

        4.9 
 

 4.9 – ,     
 

 
  

 
 

 
 

 
 ( · ) 

ё  – 4 .03  RS485 0,5 8 
  – 1 RS485 0,5 8 

 – 3 RS485 0,5 10 
 ∑ = 26 ·  

 
,     « – », 

    – 3. 
         

 ,        
,    . – 3   

     4   15150 
(     1  45° ;    

 55° ;    98 %   
35° ).  

  ,    «  
». – 1      

        
       

   50     0,4  750 . 
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4.8.3      
 

   – 10– 0,5– 3000/5,   
    4.10,      

  : 
 

 4.10 –     – – 10– 0,5– 3000/5 

  
, 

 

 
 

, 
 

 
 

, 
 

 
 

 
 

 0
,5

, 
 

 
 

, 
 

 
 

, 
/

. 
 

 
, 

 

– 10– 
0,5– 3000/5 

10 12 3000 1,2 100 70/3 

 
1)   : 
 ,                                                                                            (4.50) 
 ,  ,  .  
 
2)   : 
 ,                                                                                            (4.51) 
   .  

 
3)   : 
 ,                                                                                                (4.52) 

  ,  .  
 
4)   : 
 ∙ = ∙ ( + ),                                                        (4.53) 
 ∙ =   ∙ = , ∙ , + , = , ∙ . 
 
5)  : 
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 ,                                                                                                (4.54) 
 

       , 
   ,   ё   

 – 4 .03 ,    0,6 . 
 : 

 ,  ,  .                                                                                   
 

 ,   – – 10– 0,5– 3000/5  
 . 

       
 ,   – 10– 66 ,  

     4.11. 
 

 4.11–     –10– 
66  

 

 
, 

 

 
 , 

  
, 

∙ 
 

 
 0

,5
 

 
, 

∙ 
– 10– 66  10 12 120 1000 

 
1)   : 
 ,                                                                                            (4.55) 
 ,  ,  .  
 
2)       

    0,5  ( . 4.9): 
,   ё   . 

 
3)   : 
 ,                                                                                                  (4.56) 
 

   –    , ∙ ; 
  ∙  ∙ . 
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 ,   –10–66  
  . 

 
4.9      220  
 
4.9.1     
 

     , 
         

  , .  – – 220– 40/2000 1,   
    4.12. 

 
 4.12 –    – 220– 40/2000 1 

 

 
, 

 

 
, 

 

 
 

, 
 

 
 

, 
 

 
 

, 
/

. 
 

 
, 

 

 
 

. 
., 

%
 

– 220– 
50/2000 

220 2000 40 40 40/3 47 

 
1)   : 
  ,                                                                                         (4.57) 
   .  
 
2)   : 
  ,                                                                                            (4.58) 
   .  
 
3)    : 
 . 𝜏,                                                                                              (4.59) 
  ,  .  
 
4)       

: 
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𝑖 = √ ∙ ∙ . 𝑖 .𝜏 = √ ∙ ∙ − τ
,                                  (4.60) 

 

 𝑖 = √ ∙ , ∙ = ,  𝑖 .𝜏 = √ ∙ , ∙ − ,, = ,  .   
 
 5)     .  (      4): 
 √ ∙ 𝜏 + 𝑖 .𝜏 √ ∙ + ∙ .  ,                                                   (4.61) 
 

   4 ,   5  . 
 
6)   : 
 = ,                                                                                               (4.62) 
  ,  .  
 
7)   : 
   ∙ = ∙ ( + ),                                                                (4.63) 
 ∙ =  ∙ = , ∙ , + , = ,  ∙ .  
 

  , ,   . 
     ,   

– 220/2000 1,      4.13 
 

 4.13 –    – – 220/2000 1 

 

 
, 

 

 
 

, 
 

 
, 

 

 
 

, 
 

 
 

, 
/

. 
 

 
, 

 

– 
220/2000 1 

220 232 2000 100 40/3 

 
1)   : 
 ,                                                                                                (4.64) 
   .  
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2)   : 
 ,                                                                                                (4.65) 
   .  
 
3)   : 
 ,                                                                                                     (4.66) 

  ,  .  
 
4)   : 
 ∙ = ∙ ( + ),                                                             (4.67) 

 ∙ =  ∙ = , ∙ , + , = ,  ∙ . 
 

 ,        
– 220– 40/2000 1    – 220/2000 1 
 
4.9.2     
 

        4.14 
 

 4.14 – ,     
 

   
 

 
 

 
 

 ( · ) 
ё  – 4 .03  RS485 0,5 8 

 – 3 RS485 0,5 10 
 ∑ = 18 ·  

 
,     « – », 

    – 3. 
         

 ,        
,    . – 3   

     4   15150 
(     1  45° ;    

 55° ;    98 %   
35° ).  

  ,    «  
». – 1      
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   50     0,4  750 . 

 
4.9.3      
 

   – 220 – IV– 0,5/10 – 1,  
     4.15,      

  . 
 

 4.15 –     –  – 220 – IV 1 

  
, 

 

 
 

, 
 

 
 

, 
 

 
 

 
 

 0
,5

, 
 

 
 

, 
 

 
 

, 
/

. 
 

 
, 

 

– 
220 – 1 1 

220 252 2000 1,2 90 34/3 

 
1)   : 
 ,                                                                                                  (4.68) 
   .  
 
2)   : 
 ,                                                                                                 (4.69) 
   .  

 
3)   : 
 ,                                                                                                    (4.70) 

  ,  .  
 
4)   : 
 ∙ = ∙ ( + ),                                                           (4.71) 
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∙ =  ∙ = , ∙ , + , = ,  ∙ . 
 
5)  : 
 ,                                                                                                    (4.72) 
 

       , 
   ,   ё   

 – 4 .03 ,    0,6 . 
 : 

 ,  ,  .                                                                                   
 

 ,   – – 220 – IV– 0,5/10 – 1 
  . 

 
       

 ,   –220– 79 ,  
     4.16 

 
 4.16 –     – 220– 

79  

 

 
, 

 

 
 , 

  
, 

∙ 
 

 
 0

,5
 

 
, 

∙ 
– 220– 79  220 252 400 3200 

 
1)   : 
 ,                                                                                                (4.73) 
   .  
 
2)       
 

    0,5  . 4.14 
  ё   . 

 
3)   : 
 ,                                                                                                      (4.74) 
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  –    , ∙ . 

  ∙  ∙ . 
 
 ,   – 220– 79   

 . 
 

  : ё , , ;  
: ё   ; 

 
 220  

  : ё , ;  
: ё   ; 
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5     
 

  ,   
         

     , 
      

 ,      
   .    

 : ,   . 
 
5.1     
 

     5.1.   
     5.2.   

      5.3. 
 

 5.1 –   
  525/150– 20 

  
 50  
 40  

  10,5  
  cosφ 0,80 
  300 /  

   2749  

 , 
.  

 𝒅 1 
 𝒅′ 0,25 

 𝒅′′ 0,16 
   

  1,8 
  1030  

  165  

 
 5.2 –    

 – 63000/220– 1 
  63  

  230/10,5  
   10,5 % 

 
 5.3 –       

 – 1600/10,5  
  1,6  

  10,5/6,3  
   2,5 % 

 
 
5.2    –  
 

    «   
»         

.   
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   525/150– 20:  

1.       
         ;  

2.      (100%)   ; 
3.        ;  
4.    ;  
5.       

      
; 

6.     ;  
7.      ;  
8.        

;  
9.      ; 
10.     ,   

;  
11.     ( ) . 
12.     ; 
13.    . 

 
   – 63000/220– 1: 

1.       ;  
2.  ; 
3.        

    220 ;  
4.     ( – 220);  
5.    ; 
6.        10,5  

 ;  
7.        

 ;  
8.     .  

 
   :  

1.       ;  
2.        

;  
3.   ;  
4.   .  
 

   : 
1.   ; 
2.  .  
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   200 :  

–  : 
1. –       

;  
–  :  
2. 5–       

; 
3.        

  ;  
4. 4–         
 ( );  
5.  220  (       

 220 ). 
 
5.3 ё    
 

  ё     . 
  : 

 = = / 𝜑√ , 
(5.1) 

 
 = , / ,√ ∙ , = ,  .  
 

 

   , ё    
  :    

                      = = , (5.2) 

 = ∙ / = ,  . 

 
        

  : 
 , = , ∙ =  .                                                                   (5.3) 
 

        
.  5.4 
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 5.4 –    
    ( / ),   ( / ),  
– 200– 1200– 2,5 4 1200/2160 200/450 

 
   ,     

   5.5 
 

 5.5 –    

 
 

 
,  

    
– 

,  
, 

 
, 

 
,  

– 1000/10– 
–   

839 10,5 475 –  1250 

 
     ,  

        
  : 

 = ∙ ,                                                                                                 (5.4) 

 
 = ∙ , =  ; 

 –  , 0,816;   –  ,    
, 1020 . 

 = ∙ , = , .  
 

       50% 
 18 ,        
  120 ,     

      . 
  : 

  =  √ ∙ ,                                                                                            (5.5) 

  = √ ∙ , = ,  .  
 

      : 
 .  =  ,                                                                                                (5.6) 

 .  = , / = ,  .  
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    : 

 .    =  ∙∙ ,                                                                                         (5.7) 

  −     , 
        

       , 
0,816;  −    ,  , 1030 ; −    , 200/5; −    , 
10,5/0,475. 

 .    = ∙ ,∙ ,, = ,  .  
 

5.4    ё    
 
5.4.1 ё        
 

 
 5.1–       

 
        
 .     

     ,   
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    ( 2).    
         

       ( 2). 
        

      ( 1). 
      :  

ё         
  (  1): 

 ′′ = ′′′′ ∙  ,                                                                               (5.8) 

 ′′ = ., ∙ =  .  
 

     1    : 
 ′′ = √ ∙ ′′ ,                                                                            (5.9) 

 ′′ = √ ∙ =  .  
 

       (  
2),     : 

 ′′ =  % ∙ %,                                                                          (5.10) 

 ′′ = . ∙ % =  .   
 ′′ = √ ∙ ′′ ,                                                                            (5.11) 

 ′′ = √ ∙ =  .   
 

         
 ,   1,8.  , 

          
,     1,5.     

: 
      : 
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 = ∙ ∙ ∙  ∙ ∙ ,                                                                                  (5.12) 

   –  , 1,2; −  , 1,8; −     , 
        

       , 
0,816;  −       

 (  ), 1200 ; −       
, 0,8; −    , 200/5; −    , 

10,5/0,475. 
  = , ∙ , ∙ , ∙, ∙ ∙ ,, = ,  .  
 

     : 
  =   ,                                                                                          (5.13) 

  = ,, = ,  . .  
 

      4,0 . . 
  ,  : 

 

 = ′′∙  ,                                                                                       (5.14) 

  = ∙ , = , , .  
 

       
     ,  . 

        
     ,       
   ,     
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    . 
 ,       

      ,     2. 
    : 

  = 𝜇∙ ,                                                                                             (5.15) 

  = , ∙ / = ,  .  
 

   : 
 = ∙  ,                                                                                                      (5.16) 

 = ∙ ./ = ,  .  
 

          
 . 
     : 

  =   ,                                                                                           (5.17) 

  = ,, =  . .  
 

      28 . . 
   : 

  = ∙  ,                                                                                                  (5.18) 

  = / ∙ , = , .  
 

5.4.1    
 

      
      

       . 
        

          
 . 
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      ,    
       (  1),   

    . 
  : =  . 
   : 𝜂 = /  . 

1)       
   .  0     :  

a)         
 :  

 = ∙ 𝑖 ∙  ,                                                                                           .  
 

  = 0,5 –     ;  
fi = 0,1 –     . 

 = , ∙ , ∙ = , ∙ , ∙ = ,  . 
 

      
    : 

 . ∙ ,                                                                                         (5.20) 
 

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

b)         
     : 

 . ′′ ∙ ,                                                                                    (5.21) 
  . ∙ , =  .  
 

 : . =  . 
 

  : .  = . = = ,  . 

 
   : 

 .  . . = . ,                                                                                              (5.22) 
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.  . . = = ,  . .  
 

2)        
    .      

    ,   
     . 

       
 : 

 
,max)( IfI iЗ =                                                                    (5.23) 

 
  = 2 –   ;  
 fi  = 0,1 –     ; 

 = 0,5 –      (0,5–   
 , 1,0   ); 

Imax –          
        

,  : 
 = ′′′′ ∙ ,    (5.24) 

 = ,, ∙ =  . 

 
,    : 

  = ∙ , ∙ , ∙ = ,  . 
 

    : 
 

,)( З

I

I
K


                                                                                           (5.25) 

 
   = 2 –  ;  

 
ё        (  

 ): 
 
 I  =√ ∙ −  ∙ , (5.26) 
  = − ,      . 
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I  =√ ∙ − , ∙ =  . 
 

: 
 > , ∙ = , ,                                                                                       .  

 
   = 0,5. 

 
3)    (      

) : 
 = ∗  ,                                                                                                              .  

 = ,, = ,  . .   
 

4)        
.      : 

 ∗ ,                                                                                                          (5.29) 

 , , = , .  
 

     = 1,5 (    
). 

  5.2    
  . 
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 5.2 –    

  
 
5)         

   ,      
 I  = (2÷12)·I . 

 : I  = 6·I =6·4,58=27,5 . 
    ,  ,  

   –       
. 

 
5.4.2         (UN 

(UO)) 
 

  100%    , 
         

    . 
      : 

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

 3U0    ,  
 «  ». 

2)         
           30%  

    . 
   : 

1)         
   ,  

      Э . .    

0

0,1

0,2

0,3

0,4

0,5

0,6

0,7

0,8

0,9

1

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

I, . .

I , . .
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    ,      
. 

    ,  
      

  5.3. 
 

 
 

 5.3 –      Э . . 
 

     : 
 

Σ = + + Ш + , (5.30) 
 

  ( 0) – ё         
 .   0,015 / ;   
 – ё        .  
 0,9 / ;          

 – ё        . 
  0,007 / ;  

 – ё      .   0,008 
/ ;          

.  – ё    10,5 .   0,25 
/ . 

 

Σ = , + , + , + , = , Ф.    
 

       
    220 : 
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 . = ∙ ∙ ( )( )+ 𝛴, (5.31) 

 
   – ,       
 .       

,    , = , ; 
 –         

 , = , Ф ; 
 –         
   .  : 

 = ∙  √⁄  ,                                                                                (5.32) 

 = ∙ √ = ,   . 
  . = , ∙ ∙ ,, + , =  .   

 
    10,5 : 

 = , ∙ ∙ 𝜔 ∙ Σ,                                                                                (5.33) 
 = , ∙ , ∙ ∙ , = ,  .                    
 

     : 
 ∙ ∙  Э . ,                                                                                                 (5.34) 

 
 = ,  –  ; 

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

 
       

,     5  20 . 
  :    8     

6,0    ;    15     0,5    
    ,   
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  ,     –  
. 

2)          1 
 3. 

          
  : 

 = + = , + = ,  . .                                                                        (5.35) 

 
 = ,        31,3 %  

   . 
    0,5      

,        –  
. 

 
5.4.4     (U1>), (U2>) 
 
1)   U2> : 
 = , ∙  ,                                                                                                   .   

 = , ∙ / =  .     
 
2)             
  U1>   , ∙ ,      

     . 
U1>        . 

 U1> : 
 = , ∙  ,                                                                                                    .   

 = , ∙ / =  .    
 

  ,       
   220      , ∙ . 

    0,5      
,  . 
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5.4.4      
      (I2) 

 
      

       
       
,         

. 
 : 

 = ∙ ,                                                                                                (5.38)  

 = ∙/ = ,  .  
 

       ∗ : 
 ∗ = ,                                                                                                          (5.39) 

 
 –       ;  

–      . 
      

    : 
 = ∗ ,                                                                                                               (5.40) 

 
  =  – ,  – . 

 
     : 

1)         
        

(   ).   –  –   
          

      . 
         

         
   .     

        
14%. 

   : ∗ = , − , ; = , ∙ . 
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= . . = , ∙ , = ,  .  
 

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

        
 .  ,      ∗ = ,  . . −     

      :  
 = ∗ ,                                                                                                    (5.41) 

 = ,, = , . 
 

 : 
 ∗ = ∗ = , , = , .                                                                              (5.42) 

  = ,  –  . 
 = , ∙ = , ∙ , = , .                                                      (5.43) 
 

  : 
 = , ∙ = ,  . .  
 

        
    =  . ,   

     ; 
 = ∗ ,                                                                                                    (5.44) 

 = , ≈  . 

 
  –       

  :  
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t i = ,  . 
 
3)       

,         
 ,  : 

 = ∗ ,                                                                                                              (5.45) 

 = = ∗ ∙ .  
 

      
     5.6. 

 
 5.6 –      

   
 

   
 -

 I2/I  

1,0 0,6 0,5 0,4 0,3 0,2 0,117 

 ( ) 30 83 120 188 333 750 1530 

 
     

      
   (I2)    5.4 

 

 
 5.4 –       

      
   (I2) 

 

0

500

1000

1500

2000

2500

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

t,c

I/I
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 : t . = 30 , t . =1530 . 

       
     .   

 ,        
   0,135   ,    

«  » (I )      10  999 .  
    –  (t = 66 ). 

4)          
          
     . 

       : 
1.         

 ; 
2.       

         B . 
3.          

 BJI. 
  :       

       
 

  :      
  220        

    . 
 ∗ . . ;                                                                                              (5.46)     

 
 ё      : 

 =  .  
 = ,  .  
 =  .  
 = √ ,                                                                                                 (5.47) 

 = ∙√ ∙ , =  .  
 = √ ,                                                                                                 (5.48) 
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= ∙√ ∙ = ,  .  
 ∗ . . =  ′′ ∙ ∙ ,                                                                             (5.49) 

 ∗ . . = , ∙ , ∙ , = ,  . .  
 ∗ − . . = % ∙ ∙ ,                                                                          (5.50) 

 ∗ − . . = , ∙ ∙ = ,  . .  
 ∗ . . = X ∙ ∙ ,                                                                                 (5.51) 

 ∗ . . = , ∙ ∙ = ,  . . 

 ∗ . = ∗∗ . .+ ∗ − . .,                                                                         (5.52) 

 ∗ . = , + , = ,  . .  
 ∗ . . = √ ∙ ∗ .,                                                                                      (5.53) 

 ∗ . . = √ ∙ , = ,  . .  
 ∗ . . . = ,√ = ,  . . 

 
   : 

 ∗ = ∗ . . ∙ ,                                                                             (5.54) 
 ∗ = , ∙ =  .  
 

        
 : 

 = ∗ ,                                                                                            (5.55) 
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 = / = ,  .  
 

  : 
  . . , , = ,  .  
 

  : 
 ∗ . . =  . .,                                                                                                   (5.56) 

 ∗ . . = ,, = ,  . .  
 

    –    
     0,5– 0,8 I . .   

   > 1,2.   0,8 I . . 
       

    .     
        . . = , . 

  :      
      .    

        
. 

     8,0    ,  
  8,5      220   

 ,    9,0     
   . 

 
5.4.5     (I 1) 
 

       
.           

  : 
 
1)  ,     

         
   . 

 
 : 
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 = ∙ ,                                                                                           (5.57)  

  = ∙/ = ,  .  
 

  : 
 = ∙ = , ∙  , = , ∙  = , ∙ , = ,  .                      (5.58) 

  = ,  –  ; = ,  –  . 
  =  . 

  : 
 = ,   = ,  . .  
 
2)  ,      

        
 . 
  : 

 = , ∙, = , ∙ = , ∙ , = , .                                               (5.59) 

 
3)       

.       
   ,    4.2. 

 
 5.7 –    ,    

    
 

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

 
 ( ) 3800 1200 450 340 280 160 80 3 1 

 
      

     5.5. 
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 5.5 –      

     
 

        
  ,  . 

      
   0,01 . 

4)   ,     
       . 

  :  
 = , ∙, = , ∙ ,                                                                     (5.60) 

 = , ∙ , = , . 
 

  : 
 = ,   = ,  . .  
 

         
     : 
 ∗ . = ∗∗ . .+ ∗ − . .,                                                                              (5.61) 

  ∗ . . −   .∗ ..  
 ∗ . . = , ∙ , ∙ , = ,  . .  
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∗ . = , + , = ,  . .  
 = ∗ . . .,                                                                                                  (5.62) 

 = ,, = , > , .  
 
 

        <. 
   : 

 = , ∙∙ = , ∙, ∙ , = ,  .                                                         (5.63) 

 
     8,0    ,  

  8,5      220   
 ,    9,0     

   . 
 
5.4.6    (Z1<), (Z2<) 

 
         

       
    . 

     ,   I  
II     III  IV    

. 
1)       

        1 .  
         

 ,    . 
       220   

 . Z1,    220 ,   : 
a)        220   

–  : 
 , ∙ + , ∙ ′ ,                                                                               (5.64) 

 
 K  –  , ,   

; 
Z  –  ,     

220 ; 
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= , ∙ = ,  .  
 Z = √r + x = √ , ∙ + , ∙ = ,  .  
 , ∙ ,  + , ∙ , = ,  . 

 
  ,     

: 
  . . , ∙ , ∙ , + , ∙ , ∙ , = ,  . .   
     : 
 =  . . ∙ ,                                                                                              (5.65) 
 

  = = ,, = , .  
 = , ∙ , = ,  .  
 

  : 
 = ∙ ,                                                                                                (5.66) 

 = , ∙ = ,  .   
 

  = ,  . 
 
b)  ∆         

    .   ∆ ,      ,    , 
 , ∆ = − . 

      0,5    
  220    ,    1,0 

       ,    
 . 
2)        

       . 
    : 
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= √ ∙ ,                                                                                                 (5.67) 

 
   –   , .  

 = √ ∙ = ,  ,  
 

    : 
 = ∙ ,                                                                                      (5.68) 

 = , ∙ = ,  .   
 

       
         
 ∙ . .       , ∙  (   

): 
 = ,  . .                                                                                                 (5.69) 

  . . . –    , ; 
 –       . 

          
  , ∙ . 

     : 
 . = , ∙ = , ∙, = ,  . .                                                              (5.70) 

 𝜑 . = 𝜑, ∙ = ,, ∙ , = , .                                                              (5.71) 

 
      𝜑 . = , °. 

     : 
 = . = , , = ,  . .                                                                      (5.72) 

 =  . . ∙ = , ∙ ,, = ,  .                                                     (5.73) 

 
  : 
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= . .∙ = , ∙ // = ,  .                                                       (5.74) 

 
  = ,  . 

      
  20%.     =,  , = ,  . 

         
    . 

      7,5  –  220 ,  
       8,0    
   ,    8,5    

      . 
      

 5.6. 
 
 

 
 5.6 –     
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5.4.7      
 

       
.        .  

   : 
1)  ,     

         
   .  

 : 
    =  ∙∙ ,                                                                                        (5.75) 

  −     , 
        

       , 
0,816;  −    ,  , 1030 ; −    , 200/5; −    , 
10,5/0,655. 

    = ∙ ,∙ ,, = ,  .  
 

  : 
  . = ∙ . = , ∙    , = , ∙    ,                            (5.76)  

  . = , ∙ ,, = ,  .  
 

  : 
  . . . = , ∙    .    = ,  . . 

 
2)  ,      

        
 .   : 

  . = , ∙    , = , ∙    ,                                                        (5.77) 
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  . = , ∙ ,, = ,  .  
   : 
  .  . . = , ∙    .    = ,  . . 

 

3)  ,       
,    ,     

 ,  . 
 

 5.8 –     
 
 𝑰 𝑰⁄  

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

 
 ( )  250 180 160 120 90 72 45 20 

 

 
 5.7 –      

   
 
4)   ,     

       .  
 : 

  . = , ∙    , = , ∙    ,                                                   (5.78)  

 

0
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300

400

500
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I/I , . .



  
 

84 
 

 

 = , ∙ ,, = ,  .  
  

  : 
  . . . = , ∙    .    = ,  . .  
 

     3,0 .   
   ,  . 

 
5.6      
 

        , 
 .1  .2 . 
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6     
 
6.1     
 

       
117–  «     », .7.  

 ё    6.1. 
 
 6.1 –     

   
   

     
 

 ,  10  
( ). IV 

   
 

  – 120 . III  

  
  

 ,  
   

    
  – 

1900 . 

III  

   
,    

   
 – 465. 

III  

 
 ,     – III .   

   ,  
 .  

 
6.2      

6.2.1     

         
  : 

  ∇ = ∇ + h % + ∆h + α,                                                        (6.1) 
 

 α –  ,    ,    III – 0,4 ; ∆h  –   ; h % −   1% ; 
         

 38.13330.2012. 
     : 

 

 ∆h = k ∙ ∙Lg∙ ∙ cosα,                                                                                    (6.2) 

  
 −      : 
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k  – ,    38.13330.2012 
 = − ,                                                                                               (6.3) 

 = − = ,  .  
 k = ∙ + , V ∙ − ,                                                                             (6.4) 

 
 V =  –      10    , / ; 
L = 2500  –    , ; α −        , 

 α = 0. 
 k = + , ∙ ∙ − = , ∙ − .  
 ∆h = , ∙ − ∙ ∙, ∙ ∙ = ,  .  
 

   1%    .  
1.      

 
  t –   

  ,  t = 6  = 21600 . = , ∙ = , .  
 

 
= , ∙ = , .  

 
      (   

    > , ̅̅ ̅,     
    )   

   
 
   ℎ̅

  
 ̅
.  
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 6.1 –     

 
ё    6.2  . 

 
 6.2 –   

 
 ̅

 
̅

 

= ,  2,1 0,027 

 
= ,  4,6 0,10 

 
      ,   

  ℎ̅ = ,   
̅

 
= , . 

 ℎ̅ = , ∙ ,  
 ℎ̅ = , ∙ , = ,  .  (6.5) 

 ̅ = , ∙  ,  (6.6) ̅ = , ∙ , = ,  . 
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   : 
 ̅̅ ̅ = ̅̅̅̅ ,                                                                                                            (6.7) 

 

 ̅̅ ̅ = , ∙ , = ,  . 
 

  d > , ∙ λ̅̅̅. ; > , ∙ , .  . 
 

   1% : 
 ℎ % = ℎ̅ ∙ 𝑖,                                                                                                 (6.8) 
 

 𝑖 = ,  − ,       
  gL

 (   ); 
 

 
 6.2 –    𝑖 

 ℎ % = , ∙ , = ,  .  
 

   1 %       
     : 

 ℎ % = ∙ ∙ ∙ ∙ ℎ %,   (6.9) 
       

    –     . 
     = , = , . 
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 =  →  = , . 
 

 – ,   . 4     
 ̅̅ ̅/ℎ %   . 
 ̅̅ ̅ℎ % = ,, = , . 
 

 
 6.3 –  krun = f(λd/h1%; ctgϕ) 

 = , .  
 ℎ % = ∙ , ∙ , ∙ , ∙ , = ,  . 
 

      : 
 ℎ = ∆ℎ + ℎ % +  ,  (6.10) 
 ℎ = , + , + , = ,  .  
 

 =  + ℎ , (6.11) 
 = , + , = ,  .  
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    450,00 . 
 
6.3        

   – Q . ; Q .    
 

         
  . 

       
         : 

 =  − ( . ),                                                           (6.12) 
 = , − , = ,  .  
 =  − ( . ),                                                                  (6.13) 
 = , − , = ,  .  
 

         
  . 

       Q    
 Q   ,   :  

 

 =  [ ]. ∙ −∆ℎ ∙𝜂,                                                                                  (6.14) 

 

 = . ∙ , − ∙ , = , .  
 = [ ]. ∙ −∆ℎ ∙𝜂,                                                                                  (6.15) 

 = . ∙ , − ∙ , = , .  
 Э = ∙ ,                                                                                              (6.16) 
 

   –   ,     . 
 Э = , ∙ = , .                      

                   Э = ∙ ,                                                                                              (6.17) 
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Э = , ∙ = ,  . 
 = + ,                                                                                               (6.18) 

 
  –    ; 

 –       (   ); 
 –       ,  . 

 = , + , ∙ = ,  .  
 = . − Э − ,                                                                     (6.19) 
 = − , − , = ,  .   
 
 = . − Э − ,                                                                     (6.20) 
 

 = − , − , = ,  .    
 
6.2.3       

 (     ) 
 

    =  . 
      : 

 =  + ℎ  + ,                                                      (6.21) 
 
 = + + = ,  .  
 

      : 
 = + − ,                                                                                   (6.22) 

 = + , − = ,  .  
 

   : 
 Q = 𝜔√ ,                                                                                            (6.23) 
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    –    0,8;  𝜔 –     𝜔 =  ∙ = ∙ = , ; 
 Q = , ∙ , ∙ √ ∙ , = ,   .    

 
    (   2– ), 

    : 
 n = ,                                                                                                          (6.24) 

 n = ,, = .  
 

6.2.4     
 

    : 
 = ℎ ∙ ℎ ,                                                                                             (6.25) 
 

 ℎ  −     ,   ;  ℎ −    ,     
,    ℎ = .  

  =      . ,  
 ℎ = , − , = ,  .  
  = ∙ , = ,   .  
 

    : 
 = , ∙ ,                                                                                              6.26) 
 = , ∙ , = ,   .  
 

  : 
 = ,                                                                                                         (6.27) 
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= ,, = ,  .  
 

 ё  =  ,  =  ;  =  . 
 
6.2.5     
 

         
      ,  

     –  01,        –  
02 

 =  ( ∙ ∙ ∙√ ) ⁄ ,                                                                                (6.28) 

 
 m –         

        (   
 m = 0,49) 

 =  ( ,, ∙ ∙ ∙√ ) ⁄ = ,  .      
 =  ( ∙  ∙𝜎∙ ∙ ∙√ ) ⁄ ,                                                                       (6.29) 

 
 𝜎 −   (   𝜎 = 1);  
ε −   ,       

,   6.30 
 = − , [𝜉 + − 𝜉 ] ,                                                                         (6.30) 

 
 b –  ; 
n –  ; 𝜉  –     ,  0,7; 𝜉  –  ,      , . .  

,      ,    0,45.   
 

 = − , [ , + − , ] , = , .          
 =  ( ,, ∙ ,  ∙ ∙ ∙ ∙√ ) ⁄ = ,  .  
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   : 
 = − ,                                                                                       (6.31) 

 
 = − ∙ + − ∙ ,                                                                  (6.32) 

 
 δ  −   δ  = 3 . 

 
 = ,− ∙ + − ∙ = ,  .  

 = , − , ∙ , = ,  .  
 

 =  . 
     : 

 = − ,                                                                                     (6.33) 
 = , − = ,  .  
 

       .  
        

   (  )     :  
 =  ( ∙ ∙√ ) ⁄ ,                                                                              (6.34) 

 =  ( ,, ∙ ∙√ ) ⁄ = ,  .  
 =  ( ∙ ∙𝜎 ∙ ∙√ ) ⁄ ,                                                                         (6.35) 

 = − , [𝜉 + − 𝜉 ] , (6.36) 

 = − , [ , + − , ] , = , .  
 =  ( ,, ∙ , ∙ ∙ ∙√ ) ⁄ = ,  .  
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  : 

 = − ∙ ,                                                                                 (6.37) 

 

 
 = − + − ,                                                                        (6.38) 

 

 
 = ,, − + −  ∙ = ,    

 = , − , ∙ , = ,  ;.  
 

    , . .   
       :  

 = + ,                                                                                   (6.39) 
 = + , = ,  .  
 

  = ,  .  
    =     

 . 
           – . 

 
 6.3 –        

      
0 0,378 4,2 1,692 8,4 7,386 

0,3 0,108 4,5 1,983 8,7 7,92 
0,6 0,021 4,8 2,292 9 8,592 
0,9 0 5,1 2,619 9,3 9,039 
1,2 0,018 5,4 2,961 9,6 9,621 
1,5 0,081 5,7 3,324 9,9 10,215 
1,8 0,18 6 3,705 10,2 10,827 
2,1 0,3 6,3 4,107 10,5 11,454 
2,4 0,438 6,6 4,524 10,8 12,093 
2,7 0,594 6,9 4,959 11,1 12,747 
3 0,768 7,2 5,385 11,4 13,413 

3,3 0,963 7,5 5,88 11,7 14,094 
3,6 1,182 7,8 6,366 12 14,814 
3,9 1,425 8,1 6,867   
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 6.4 –    

 
   (  )   : 

  = + , ,                                                                                 (6.40) 
 = + ,  ∙ = ,  . 
 

       
450,00 .  
 

6.3 ё       
 

       : 
 = − ,                                                                                  (6.41) 
 = , − , = .  
 

        
 (    ,   ): 

 ℎ = √ ∙ 𝑝+∑  ∙  ,                                                                                      (6.42) 

 
   –   ,   1,1; 

   –    , (n– 1)∙ ; 
 –  . 

0,00

2,00

4,00

6,00

8,00

10,00

12,00

14,00

16,00

0 2 4 6 8 10 12 14

y,
 

x,
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ℎ = √ , ∙ ,+ ∙ ∙ , = ,  .  
 

       𝜑  
    :  

 ℰ = ℎ ,                                                                                                     (6.43)  

 ℰ = , = , .  
 

   ,     15    
  : φ =1,00. 

  . .       𝜑 
 ℰ   ℰ   ℰ′′ .        

 

 
 6.5 –          

    
 

  : 
 ℰ = , .  
 ℰ′′ = , .  

 
  : 
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ℎ′ = ℰ ∙ ℎ  ,                                                                                                (6.44) 
 ℎ′ =  , ∙ , = ,  .  
 ℎ′′ = ℰ′′ ∙ ℎ  ,                                                                                              (6.45) 
 ℎ′′ = , ∙ , = ,  .  
 ℎ′′ = 4,69   >  h  = 4,57   –    .  
 

     . 
 

  ,     ,   
 ,       .  

         
. . : 

 = , √ℎ′  ,                  (6.46) 
    

  –        
 = 𝑝 ω   ,       (6.47) 

 
  ω   –     ;    

  ω = ℎ′ ∙ + − ∙  ,              (6.48) 
 

  : 
 = + − ∙ , (6.49) 
 = ,+ − ∙ ∙ , = ,  / .  

   = , ∙ , ∙ √ , = ,  .  
 

     ё  :  
 
l  = (0,8÷1,0) l  , (6.50) 
 

 l  –   (   ) 
 
l  = 2,5(1,9ℎ′′ − ℎ′ = , ∙ , ∙ , − , = ,  .  
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= , ∙ , = ,  .  
 

 ,     40    
 ,        

 . 
 

ё    
 

ё     h . ,    
   ,  : 

     :  
 ℎ = 𝜎ℎ′′ −  , (6.51) 
 

   –     
 

        = ( √ ) / − ∝(𝜎ℎ′′)   ,                                    (6.52) 

 
 σ –    (   1,1) 

      m –       ,  
     m = 0,35. 

q –    . 
 = 𝑝+ − ∙   , (6.53) 

 

 = ,+ − ∙  = , .  
 = ,, √ ∙ , / − , ∙ ,∙ , ∙ , ∙ , = ,  .  

 ℎ = , · , − , = ,  . 
 

        
 ,       : 

   
 T0 = h  +  , (6.54) 
 

      
 

0= 2,3+ 2,9= 5,2 .  
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 :  
 𝜉 = ,, = , ;  

 
   ,     15    

  : φ =1,00. 
  . .       𝜑 

 ℰ   ℰ   ℰ′′ .   
      

 
 6.6 –         

    
 

  : 
 ℰ = , .  
 ℰ′′ = , .  
 

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

 ℎ′′ = 3,45  < h  = 4,57 .  
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    . 

    – ,   
   .        

   8 ,    .  
       .  

     0,25    4 .  
   : 

 = · ,  (6.55) 

 = · , =1,16 .                                                                  
 

   : 
 = · ,   (6.56) 

 = · , =0,77 .                      

                                                                                                     
   : 

 = · ,    (6.57) 

 = · , =0,51 .                                                                     

 
6.4   

6.4.1     

  : 
 ℎ =  −  ;                                                                                     (6.58) 
 

  =  − ÷  –       
  ; 

 ℎ = , − , − , = ,  ;  
 

      
,  ,       
 ,       

 .       
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  –        . 
         0,67÷0,7,   

      . 
  : 

 , ℎ = ,  ;  
 , ℎ = ,  ;  
 

      ,  8,79 
,    ё       

  11       . 
 
6.4.2      

 

  ,   ,   
         

 . 
       

   4.1 
       : 

 = , ÷ , ∙ ,                                                                                     (6.59) 
 

   –   . 
 = , ∙ = ,  .  

 
 6.7 –       

  : 
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 ℎ = , ÷ , ∙  ,                                                                           (6.60) 
   H −   , 
 H = ∇ − ∇ 𝑖 ,                                                                              (6.61) 
  

 ∇ 𝑖  –      
 .  

 H = , − , = ,  .  
 ℎ = , ∙ , = ,  .  
 

     6,50 . 
  : 

 = ∆ ∙ ℎ ,                                                                                               (6.62) 

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

        . 
    ∆ :  

 ∆ = −  ,                                                 
 

(6.63) 

  –   ,  H ; 
  –     . 

 
     :   

   ,   –  min . 
      .  
   .    (III    ):  

 𝑎 = , .                                                                                                

 = , .   

 
 −   . ; 

 –   . 
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  ,      .  

 = , ∙  , (6.64) 
 = , ∙ , = ,  . 
 = , ∙ , (6.65) 
 = , ∙ , = ,  . 

 
:  

 ∆ = −  ,  (6.66) 
 ∆ = , − , = ,  .  

 
    : 

 = , ∙ , = ,  .  
 

 : 
 ℎ = , ∙ ℎ ,  (6.67) 
 ℎ = , ∙ , = ,  .  
 
6.4.3     
 

       .   
         

       
   .    – 

.  
   ,    

    5 .   3    
  ,     – 0,3 .   ,   

     ,     
 .  

    ,      
     ,    

       , 
,    ,    . 
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, . .      : 
 = + ,  (6.68) 

 
 b–    ; 

 –  . 
 = + =  .   
 
6.4.4  

   ,      
  ,   ,    

  .      
,           

  .        : 
    ,  , 

       .     
   .    – 3 .  

 6.4.5        

         
,    ,     

  ,        
,     . 

 ,   ,    
    ,   

 .       
   ∇ ,  ,   ×  ; 
       

 –       
    .     

   . 
      : 

 ∙.  , (6.69) 

 
  −       , −    , −      ,  III 

   – 1,15; 
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. −       . =  
 = ∇ − ∇ ,  (6.70) 

 
 = , − , =  .  
 ∙ , = , . 
 

        2,40  –  
 .  

6.4.6  

         
  ,   ;    

           
(  ). 

6.4.7   

     ,    
.        . 

       ,  
     .     4 

,     – 4,3 .    
     2 .   
 0,8 .  ,       

     11 . 
 

6.5      
 

   ∇       
   .  

    ,      
    1 . .  . 

 
6.5.1   
 

      AutoCad: 
 = ,  , = ,  .      
    : 
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= ∙ ∙ ∙+ ,                                                                                                (6.71) 

 
  –  ; 

 –    ; 
 –  . 
 = ,  ∙ ∙ , ∙+ = ,  / . 

 
         : 

 = ∙ ∙ ∙+ ,                                                                                              (6.72) 

 = , ∙ ∙ , ∙+ = ,  .  
 

   ( ),    : 
 ≈ , ∙ , ∙ ,                                                                                     (6.73) 
 

   –  ,  : 
 = ∇ − ∇ + , ∙ ,                                                                      (6.74) 
 = , − , + , ∙ = ,  .  
 =  , ∙ , , ∙ , = ,  .  
 

    1  : 
 = + ,                                                                                                      (6.75)  

 = ,+ = ,  .  
 
6.5.2     
 

       
.         

      
.  

     : 
   : 
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= ∙ℎ ∙
,                                                                                                  (6.76)      

 
  ℎ = ∇ − ∇ , 

 ℎ = , − , = ,  .  
 = ∙ , ∙ , = ,  .                  

 
   : 

 = ∙ℎ ∙ ,                                                                                                   (6.77) 

 
  ℎ = ∇ 𝑖 − ∇ ,  

 ℎ = , − , = ,  .  
 

 = ∙ , ∙ , = ,  .  
 
       : 
 = ∙ ∙ ,  (6.78) 
 

   –           , 
    0,12 .  

 = , ∙ ∙ , = ,  .  
 
6.5.3    
 

       
          

     : 
 = ∙ ∙ ℎ ,                                                                                         (6.79) 
 

 ℎ = ∇ 𝑖 − ∇ ,   
 ℎ = , − , = ,  .  

 = ∙ , ∙ , = ,  .  
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  : 
 = ∙ ∙ ,                                                                                     (6.80) 
 

   –        
ё  ,     20,46 .  

 = , ∙ ∙ , = ,  .  
 
6.5.4    
 = ∙ ∙ ,                                                                                        (6.81)               
 

  –    ,  32,26 . 
 = , ∙ ∙ , = ,  .  

 
6.5.5   
 

    : 
 = ∙ ℎ ∙ − 𝜑 ,                                                                              (6.82) 

 
  –      ,   / ; ℎ  –   , ℎ =  ; 𝜑  –    , 𝜑 = . 

 = ∙ ∙ − = , .     
 

    1 . .: 
 = ∙ℎ ,                                                                                                      (6.83)  

 = , ∙ = , .  
 

      : 
 ′ = ∙ ℎ ∙ − 𝜑 − ∙ ∙ − 𝜑 ,                                (6.84) 

 ′ = ∙ ∙ − − ∙ ∙ − = − ,   .  
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        ℎ ,    
   ,  : 

 ′′ = ∙ ℎ + γ ∙ ℎ ∙ − 𝜑 − ∙ ∙ − 𝜑 ,         (6.85) 

 
 ℎ = ,  , –           

;  
 γ    : 

 γ = γ − − n ∙ γ ,                                                                             (6.86)        
 

  n –   , n = , ; 
c –  ,  40 . 

 γ = − − , ∙ =  .   
 ′′ = ∙ + ∙ , ∙ ( − ) − ∙ ∙ ( − ) =          = − ,  .    
 

       1 . : 
 = ∙ ℎ ∙ ′ + ′′ ,                                                                          (6.87) 

 = ∙ , ∙ − , − , = − ,  .    
 

    ,     
   . 

      ,      
  ,     

   –  ∙ ∙ + 𝜑 ,   : 
 ′ = γ ∙ ℎ ∙ + 𝜑 + ∙ ∙ + 𝜑 ,                             (6.88) 

 ′ = ∙ , ∙ + + ∙ ∙ + = , .  
 ′′ = ( ∙ ℎ + ∙ ℎ ) ∙ + 𝜑 + ∙ ∙ + 𝜑 ,    (6.89) 
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′′ = ∙ , + ∙ , ∙ ( + ) + ∙ ∙ ( + ) = = ,  . 
 = ′ ∙ ′′ ∙ ℎ ,  (6.90) 

 = , ∙ , ∙ , = ,  .  
   
6.5.6   
 

      
   . . : 

 = ∙ ∙ ℎ % ∙ (λ + ℎ ),                                                                 (6.91) 

 
  ℎ % –   1% , ℎ % = ,  ; λ  –   , λ = ,  . 

 ℎ = ∙ℎ %λ ,                                                                                                    (6.92) 

 ℎ = ∙ ,, = ,  .  
 = ∙ ∙ , ∙ , ∙ , + , = ,  .  
 
       : 
 = λ − ℎ %,                                                                                            (6.93) 

 

 = , − ∙ , = ,  .  
 
6.6    
 

   « – »  
        

 (    ), ,   
. 

       : 
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   –     ( )  
 ,      ; 

   –    ,  
     ,   

,         . 
         

         
,         

.     ,  
   : 

 ,                                                                                                     (6.94) 

         
  –          

     – 1,00; 
  –      ,   

   ; 
  –      ; 
  –      ,  

    . 
        

    (    ).  
    60 ,      
    60     

       
         . 

        ,  
    . 

      6.4,     
,       
 . 

 
 6.4 –     

 
, 

 
𝜸   

 
 𝜸 , 
 

, 
 

, 
∙  

 772,55 1  772,55 4,01 3097,92 
 16,97 1  16,97 0,67 11,37 
 1,18 1  1,18 3,40 4,00 
 856,41 0,95  813,59 1,33 1082,08 
 909,39 0,95  863,92 1,33 1149,01 
 200,71 1  200,71 0,00 0,00 
 287,24 1  287,24 2,25 646,28 
 2,34 1,2  2,81 1,88 5,29 
 43,59 0,8  34,87 0,58 20,05 
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  6.4 
 6,82 1  6,82 11,80 80,44 

 7,20 0,9  6,48 4,35 28,19 
 ∑ N = + G + G + q − W − W ,                                                     (6.95)  
 ∑ N = , + , + , + , − , − , = ,  .  
 

     : 
 ∑ = − + − − + + − − q + ,               (6.96) 
 ∑ = , − , + , − , − , − , + , −          − , + , + ,  = ,  ∙ .  

 
        (  

  1 . . )   : 
  : 

    : 
 σ = − ∑ N + ∑B ,                                                                                    (6.97)  

 
 ∑ N –   ,   ; ∑  –    ,   ; =   –   . 
 

 σ = − ,   + · , = − ,  . 
 

    : 
 σ = σ ∙ m − γ ∙ H ∙ − m ,                                                          (6.98)  

 
 H  –       ; 

 H = ∇ − ∇ ,  (6.99) 
 H = , − , = ,  .  
 m = tgα –       . 
 σ = − ,  ∙ − , ∙ , ∙ − = − ,  .  
 

      : 
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 τ = (γ ∙ H + σ ) ∙ m  ,                                                                         (6.100) 
 τ = , ∙ , − ,  ∙ =  .   
 

 : 
 σ = σ ∙ + m + γ ∙ H ∙ m ,                                                            (6.101)  

 σ = − ,  ∙ + + , ∙ , ∙ = − ,   .  
 σ = −γ ∙ H ,                                                                                            (6.102)  

 σ = − , ∙ , = − ,  .  
 

  . 
    : 

 𝜎 = − − ∑ ,                                                                                                        (6.103) 

 σ = − ,   − · , = − ,  .   
 σ = σ ∙ m − γ ∙ H ∙ − m ,                                                         (6.104)  
  

 H  –       ; 
 H  = ∇ 𝑖 − ∇  , (6.105)  

 H = , − , = ,  .                                                                                   
 m = ,  –       . 

 σ = − ,  ∙ , − , ∙ , ∙ − , = − ,  .  
 

      : 
 τ = −(γ ∙ H + σ ) ∙ m ,                                                                    (6.106)  

 τ = − , ∙ , − ,  ∙ , = ,  .  
 

 : 
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σ = σ ∙ + m + γ ∙ H ∙ m ,                                                         (6.107)  
 σ = − ,  ∙ + , + , ∙ , ∙ , = − ,  .    

 σ = −γ ∙ H ,                                                                                             (6.108)  
 σ = − , ∙ , = − ,  .   

 
 6.5 –   

           
  − ,  − ,  0,00 − ,  − ,  
  − ,  − ,  ,     − ,   − ,   

6.6.1    

       
    : 

1.    : ∙ ∙ |𝜎 | ∙ ,                                                                                (6.109)       
                                     ; 
 –     , 

         
 : III – 1,15;  
 –    ,     

          
     –  1,00; 

  –    ,    0,95. 
  ∙ ∙|𝜎 |,                                                                                           (6.110)    

 
 ,     30  

     R =   / . 
 , ∙ ∙ |− , | = ,   , ∙ =   . 

 
2)         

: 
 σ < .                                                                                                   (6.111)  

 − ,  < .   
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3)     : 
 |σ |  , ∙ γ ∙ H ,                                                                              (6.112)  

 ,  , ∙ , ∙ , = ,  .   
 

  ,    
. 

6.6.2    

      
, . .    .   

      –     . 
  ,   : 

 ∙∙ ,                                                                                                   (6.113) 

   
  –      =1,15; 

 –    =1; 
 –    =0,95; 
 –       ( , 

 ) 
 = + + + − − ∙ 𝜑 + ∙ ′ + ∙ ,            (6.114)  

 
 ′ –         

 0,7; 𝜑 – –   . 
 = , + , + , + , − , − , ∙ ° +  + , ∙ , + ∙ = ,  .   
 
  : 
 = − + + ,                                                                         (6.115) 
 = , − , + , + , = ,  .  
 , ∙ ,, ∙ = , , .  
 

 . 
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7         
  

 
7.1      
 

́  –     .   
    . 

   –  (    ), 
 ,     (   ).   

  :      (  
– ),          

    .      
         

   .   –   : 
   , ,   

 ,  , , –   
 .       

   . 
      347 .   

  214 .   35– 200 .   
 12 500 ².         

 5 / ,   — 0,5 / .       95,7 
3/ .    0,7  1,2 / .   1,2  2 . 

      : , , ,  
 .  

 ,   ё  –    ,  .  
   .   : , 
  .       48 .  
        .    

   . 
   –    ,  

 ,     .  
      – . 
     –  .    

: , , , , , .    : 
, ,   . .    

  : , , , ,  
  .      , 

   ,    
,    .  ,   

 . 
     – ,   

 .       8,2 
 10,5° .      ( ) 17,8 –  22,3°  , 

http://vsereki.ru/atlanticheskij-okean/bassejn-azovskogo-morya/kuban
http://vsereki.ru/atlanticheskij-okean/bassejn-azovskogo-morya
http://vsereki.ru/atlanticheskij-okean/bassejn-azovskogo-morya/kuban/laba/bolshaya-laba
http://vsereki.ru/atlanticheskij-okean/bassejn-azovskogo-morya/kuban/laba/malaya-laba
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  ( ) 1,8 –  2,6° .    , 
  – ,     80– 100 .  

   –      
. 

      , 
    –  148,8 . ,    

 – 105,2 . .  
        

        . 
 
7.2         

  
 

       
: 
–         ; 
–   ; 
–        ; 
–     ; 
–         ; 
–    ; 
–     .  

        
,        

    .  
      : 

−  ,  ,  
;  

−   ,        
;  

−        ;  
−     ; 
−       ,    

       ;  
−     . 

     
: 

−    ,    
;  

−      ;  
−        

      ; 



  
 

119 
 

 

−       
      ,    

   . 
     70238424.27.140.036– 2009   

        
  : 

−       ;  
−    ,  ;  
−     ;  
−      ; 
  ,         

   . 
       

,    , , , 
  : 

−  ,     
  , ,   , 

      ; 
−      

      ; 
         

  ,     . 
 
7.3      
 

   ,    
: 

1)   ,    
      

   . 
2)        

       , 
    ( ),    .  

3)         
  ,    –      

. 
4)        , 

,   . 
        

   : 
−    ,    

   ,   ,  
,    . 
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−   , ,    . 
  . 

−          
 . 

−        
         . 

−   ,      
   . 

−   , ,  , 
  ,     ,  
. 

− ,       
,      . 

−   ,    
        

     ,    5% 
 ,          

        
    2 . 

        : 
1         

 1.1      – 
     ( ) ;    

  
1.2       

      ( );      
 1.3 ,      

 ( )      ;   
 1.4        

 ;          
  

1.5         
;   

1.6        
       ;    

  
1.7         

  ;         
1.8      

. 
2 –         

 2.1          
;            
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2.2        
     ;   

 2.3        , 
  ;        

  
2.4      

 ;        
  

2.5  , ,     
 ;           

2.6        
  
2.7      , 

    ;      
2.8      ;  

 2.9       
  ;      

2.10     –   
,    . 

 
7.4 ,    
 

   ,        
 –  ,      

 ,   : 
1.   ,      

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

 
  N –   , 3 (75000 3); q –   , % (q =1,8%); ρ –  , / 3 (ρ =2,5 / 3). 

 M = N∙ % = ∙ ,% ∙ , =  .  
 
2.   ,       

, ,  
    – 2014 4 61 010 01 20 5 

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

 4,      10 %. 
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 M = N∙ % ∙ ρ, , 

 
(7.2) 

 N –  ,  (3000 ); q –   , % (q =1,0%); ρ –   , / 3 (ρ =2,0 / 3). 
 M = N∙ % = ∙ ,% ∙ , =  .  
 

 ,      1350   
  (     ), 60    
   , .       

   .     
   ,    

       ,    
   . 

 
7.5         

 
 
         
  : 
1.   ( ,   ) ; 
2.    :   –  

,    ,      
 ; 

3.    ,   
   ,    

; 
4.       , 

         
 . 

        
  : 

1.    ; 
2.  ,    ; 
3.        

   ; 
4.       

    . 
   ,      ,    

2.2.1/2.1.11200– 03 « –      
,    »    
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   –  :  
 (        

)   ( , ,   
) . 

,    2.1.4.1110– 02 «    
   »,   

          
     .  

      ( )  
,       

   2.1.4.1110– 02: 
−          ,   
    ; 
−     ,  

   ,   
,       
 –  ; 

 
8      
 
8.1    
 

 ,  ,   3   
 .         

        
     . 

        
        

     . 
      "   

 "  21.07.1997 N 117–  (  ) 
      

   : 
–       

; 
–     

; 
–       

  ; 
–    ; 
–       

,       ,  
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   ,    
,   ; 

–     
      

    ; 
–    ( ),    
       
. 
       

       
  ,       

28.12.2013 N 445–  «    »: 
–   ,   

  ; 
–   ( )    

 ,       
      

 ,       
 ,     

,     ,    
,         

  ; 
–       

  ,     , 
       

      ; 
–       

; 
–      

       
       

    ,     
  ; 

–     
 ; 

–     ,  
    ,  , 

       
       

    ; 
–      

        
 ,     
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,      
     

; 
–        

 ; 
–     , 

       
   ,    ; 

–       
     ; 

–      
,   ,      

     ; 
–      

        
      

         ; 
–   , ,   

       
 ; 

–        
; 

–       
  ,  . 

        
           

     .   
         

   . 
 
8.2   
 

          
    ,  , 

    , ,   
:  ,  ,   ,  

 , ,      
 .       

  ( )   ,   
    ,      

 ,      
    ,   

        
,    .  
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  : 
–   ,      

    ; 
–        

  (   , 
 ,   )   

 : ,     
; 

–        (   
),      ; 

–   ,      ,   
   ; 

–    . 
      01.01.78– 2012,   

        
:  

–       
   ;  

–     , 
      ,  , 
     ;  

–     
 ; 

–       
    ,    
 ;  

–  ,   
      ;  

–   ,     
         
,       ,   

   ;  
–         

 . 
    :  

 ;  ; , 
 .    – , 

      .  
  5616– 89    0,5 MBA 

        
  .     

,      ,    
  ё      . 
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 :    , 
          
 ,  ,    

         
  ,       

   .       
,      ,   , 

    .    
        (  
    )     

 ,        
,     ,  

.         
    .  

        
        

( ),         
,        

 ,      
 ,      . 

       
       

,          
.         

       
  .     

    .  
  0,2 /   1 2.  

   ,     
   ,       
     ,    

.        
,    –  ,    
 .       

   .     
       30–    

 . ,   ,   ,  
  ,       . 

     
    –     

  .  ,    
,      

 . 
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   ( )     

       
      . 

      
, : 

–       
    ,  

 ; 
–    , 

     ,   
  ; 

–  –    
         

    ; 
–       

        
 ; 

–         
          

   . 
    : 

–         
 ; 

–   ; 
–     ; 
–      ; 
–       (  

),       
  . . 

    70238424.27.140.012– 2011,    
          

      ,   
         . 

 
8.3   
 

     ,    
        

 ,    ё  , ё  
     ,    

  ,   , 
   –   – 
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   ,    
   . 

       
      

        
   .     

      
        

    .  
       

  22.09.2020 №796 «        
   »    

          
,    : 

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

         
  ,     

         
 ,    , 

: 
–     ,   

     ( )   
    ; 

–  ,   
,   –    

; 
–           
         

; 
– –  ; 
–         

,    ,  ; 
–      
–   ,  

    ; 
–  (       

 )  ,       ( ) 
  . 
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 ,    ,   
          .  

 , ,      
:  

–       
 ;  

–      
 ;  

–     , , 
   ;  

–        
 ;  

–       . 
       : 

–   ( )  ; 
–      ; 
–   ; 
–      ; 
–    ; 
–      ; 
–     ; 
–    ; 
–   . 

    ,    
        

 ,       
 .       , 

  “ » : 
–    ;  
–       ( ); 
–      (   

        
);  

–     ;  
–      . 

     .   
         . 

   15  .     
     . 

        220  
       12 . 

          
    ,  
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   ,      
.  

  –       
       ,    

     . 
   .      

          
 . 

        
    .  

     ,  
    .  
     ; 

   ;      
      ;    

     . 
         

       
(  ,  , ,  ( ) 

 ),      
,    –  ,   

       ( )   
 . 

, ,      
         

    ( )     
     ,   

 –      
–  ,     

   " "  2   
   13.08.2018 № 937 "    

      
       ". 
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9  –   
 
9.1 ё        

 
 
9.1.1  ё    
 

     , 
       ,   

ё     .  
       

 .     
  .  

 
 9.1 –        

 

  
 
 

   

2025 2026 2027 2028 2029 

   120,00 120,00 120,00 120,00 120,00 

   
  

 3200 3200 3200 3200 3200 

  ∙  32000 32000 32000 32000 32000 

   
  

% 1,0 1,0 1,0 1,0 1,0 

   
  ∙  320 320 320 320 320 

  
 ∙  31680 31680 31680 31680 31680 

   / ∙  1617,74 1675,19 1732,77 1789,43 1839,73 

   
 

. . 51,25 53,07 54,89 56,69 58,28 

   .  7,82 8,10 8,37 8,65 8,89 

 
,    ё     9.1 

,        
 .         

. 
 
9.1.2     
 

      «  
« »  16.01.2017 №9 – «     « » 

 2017– 2042 .)    . 
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     « », 

     « »,   
   « ». 

       
 ,     ,   

        
   ,    

    . 
,    ,   

,   ,    
    ,   . 

       
,     ,    

. ,   ,    , 
      . 

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

      , 
     . 

       (   
        

 ,    ,   
       

        
 ): 0,08%. 

  (  ,  , 
 )       1   

. 
     9.2. 

  
 9.2 –    

 , . /  , . . 
    777,3 93,28 

 493,6 59,23 
   152,51 
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    ,       

,    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 . /  16,25 

  (   ) 0,001097 . / ·  1,14 
 (   ) 0,000318 . / ·  0,33 

 17,71 

 
      1 . ·      

     4,8 . 
          

 9.5. 
 

 9.5 –         
 

   
2025 2026 2027 2028 2029 

 
, . . 88,44 96,40 69,47 106,97 111,14 

  , 
. . 19,56 23,91 35,30 72,18 73,16 

 
, . . 152,51 152,51 152,51 152,51 152,51 

   
 

, . . 
1,18 1,47 3,28 6,65 6,84 

   
 , 

. . 
17,71 17,71 17,71 17,71 17,71 

  , . . 4,56 4,98 4,98 4,98 4,98 
, . . 283,96 296,97 283,24 361,00 366,34 

 
     ,     

        
   . 

         
   9.1. 
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 9.1–     , % 
 

  9.1 ,       
   1.5 .    
  (41,63 %),    ё ,  

    (30,30 %)     (19,97 
%). 

 
9.1.3   
 

        
  .      

      .  
  : 

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

        
 9.6. 

 
 9.6 –   

 
   

2030 2031 2032 2033 2034 
  , . . 264,69 276,46 283,60 291,04 298,64 

, . . 78,37 339,64 346,29 353,22 360,26 
   , 

. . 15,73 10,38 10,38 10,38 10,38 

  , . . 157,95 155,51 153,06 150,62 148,18 
, . . 516,75 781,99 793,34 805,25 516,75 

 
  ,     

          ( ). 
,        . 

30,34%

19,97%

41,63%

1,87% 4,84% 1,36%

 , . .

  , . .

 , . .

    , . .

    , . .

  , . .



  
 

136 
 

 

 
9.2        

 
 

       
         

    ё .  
        9.7.  

 
 9.7 –       

 
   

2026  2027 2028 2029 2030 

 ( ), . . 1487,5 1661,5 1700,6 1736,6 1775,2 

 , . . 185,8 219,4 279,6 369,2 384,9 

EBIT(   ), . . 1301,7 1442,1 1421,1 1367,4 1390,3 

   , . . 260,3 288,4 284,2 273,5 278,1 

NOPAT (  ), . . 1041,3 1153,7 1136,8 1093,9 1112,2 

   ,% 20,00 20,00 20,00 20,00 20,00 
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     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  2022    

   24 2022 . 
3)         

     ,  
  . 

 
9.3.2   
 

  ё      
ё  ,     9.8. 

 
 9.8 –     «  

   » 
  

  11,6 

  –  PB,  121 

   – NPV, .  1538,9 

  – PI, . 1,30 

   –  IRR, % 14,3 

 . , / ∙  0,35 

 , /  81493,5 

 
     ,  

   .    ,  
       30 %.  

 121  (11,5 ),    , ,  
       . 

       
  . 



  
 

138 
 

 

 
9.3.3   
 

      
       .  

      ё   
      9.9.  

 
 9.9 –       

  
 2023 2024 2025 2026 2027 

  , .  17,4 16,7 119,5 272,3 429,1 

  , .  0,4 3,9 40,7 49,6 58,8 

  , .  17,8 20,7 160,2 321,9 487,9 

 
      

      .   
 ,    . 

 
9.4   
 

      
 –       

   . 
       

   : 
)     . 9.2; 
)     . 9.3; 
)     . 9.4). 

     . 
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      49,4   ; 
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     ( ). 
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10.2     
 

          
    ,     

  (     
),  ,      

.  
   :  

1) З «  2»   :  
1.   «  »; 
2.     ; 
3. –     ; 
4. –      ; 
5. –    ;  
6. –    ;  
7. –    ;  
8. –      ; 
9. –      ; 
10. –    ; 
11. –       ; 
12. –       ; 
13. –     ; 
14. –     ; 
15. –    ; 
16. –    ; 
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17. –     ; 
18. C     ; 
19. –      ; 
20.  ; 
21.  ; 
22.   1. 
 

   ( 2)    
 : 

–  ; 
–   ; 
–  ; 
–   ; 
–  ; 
–  ; 
–  ; 
–   ( 1). 
 
2) З «  3»   :  
1.     – 1 "    

3"; 
2.   155 %   .,   ; 
3.       ; 
4.    ; 
5.  ; 
6.     ; 
7.  ; 
8.   ; 
9.  2. 
 

   ( 3)    
 : 

–  ; 
–   ; 
–  ; 
–   ; 
–  ; 
–  ; 
–  ; 
–   ( 1); 
–   ( 2). 
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 .1 –    .  
№ /     I II  III  IV  V VI  VII VIII IX  X XI  XII .   

1 1946 36 19 17 16 115 353 363 200 73 120 102 47 122 
2 1947 17 33 29 28 233 513 175 178 78 98 66 31 123 
3 1953 19 20 19 20 81 265 101 94 65 22 23 19 62 
4 1954 22 21 19 16 66 107 93 77 74 46 37 35 51 
5 1955 17 17 17 16 95 154 100 108 86 24 25 25 57 
6 1956 29 15 18 17 74 80 79 82 74 41 75 54 53 
7 1957 23 22 19 18 85 189 171 89 71 39 32 29 65 
8 1958 32 22 21 22 60 159 153 89 68 26 38 39 61 
9 1959 33 25 23 23 90 301 95 95 71 89 89 62 83 
10 1960 28 21 18 20 96 505 270 103 81 56 47 30 106 
11 1961 18 22 19 20 229 225 113 92 69 32 42 25 75 
12 1962 20 17 17 17 69 195 92 93 61 27 32 24 55 
13 1963 27 20 17 17 67 200 139 90 66 30 30 33 61 
14 1964 17 24 22 20 71 259 134 87 69 30 31 24 66 
15 1965 19 18 19 18 71 80 79 82 62 24 25 21 58 
16 1966 20 19 19 18 67 401 208 81 63 19 18 24 80 
17 1967 14 16 16 17 91 88 78 87 81 19 21 17 45 
18 1968 15 15 13 15 73 102 81 93 61 37 15 18 45 
19 1969 23 15 13 13 60 241 196 81 61 33 34 45 68 
20 1970 26 16 16 17 99 152 145 104 95 65 48 67 71 
21 1971 25 19 20 20 89 459 399 80 71 42 33 35 108 
22 1972 30 17 14 15 89 248 191 331 105 60 66 48 101 
23 1973 34 24 24 23 169 628 169 93 67 29 28 34 110 
24 1974 18 22 18 17 122 193 169 82 73 29 25 19 66 
25 1975 19 18 18 18 71 453 377 92 93 28 26 21 103 
26 1976 23 18 16 16 77 114 93 85 77 26 35 22 50 
27 1977 16 17 14 16 88 163 85 92 72 36 32 19 54 
28 1978 27 20 20 20 63 190 103 85 87 57 52 42 64 
29 1979 37 23 21 20 67 468 325 82 76 31 44 47 103 
30 1980 24 30 23 21 80 219 109 83 66 39 33 27 63 
31 1981 20 21 20 21 65 110 83 87 70 28 28 20 48 
32 1982 15 18 18 18 86 91 92 82 79 39 19 18 48 
33 1983 20 14 14 16 61 157 93 85 82 22 27 27 52 
34 1984 47 16 14 16 59 220 142 168 93 30 43 94 78 
35 1985 40 18 14 13 71 389 350 122 82 53 31 32 101 
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  .1 
№ /     I II  III  IV  V VI  VII VIII IX  X XI  XII .    

36 1986 38 27 19 20 60 401 333 81 85 54 71 54 104 

37 1987 31 27 25 27 78 324 192 90 73 34 67 50 85 

38 1989 25 19 21 24 78 98 92 91 82 20 22 30 50 

39 1990 20 21 20 24 75 187 98 87 74 28 33 24 58 

40 1991 21 23 23 21 66 99 85 84 75 14 15 23 46 

41 1992 24 21 18 18 65 165 111 93 84 36 46 28 59 

42 1993 24 23 22 21 76 519 181 77 74 29 32 25 92 

43 1994 20 23 23 21 65 335 121 84 74 27 29 27 71 

44 1998 28 29 31 22 63 446 467 80 77 38 63 77 118 

45 1999 25 28 26 25 73 663 150 78 88 27 27 27 103 

   24 21 19 19 85 268 166 100 76 38 39 34 74 
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 –  ё  
 

 .1 –       
,     

m P, %  Q , 
3/  

 Q , 
3/  

 Q , 
3/  

1 2 1947 123 1947 240 1946 51 
2 4 1946 122 1998 227 1959 46 
3 6 1998 118 1973 225 1998 41 
4 8 1973 110 1946 221 1986 40 

5 10 1971 108 1971 220 1947 40 
6 13 1960 106 1975 217 1987 37 
7 15 1986 104 1960 211 1984 37 
8 17 1979 103 1999 210 1970 36 
9 19 1999 103 1979 203 1972 36 
10 21 1975 103 1985 203 1978 34 
11 24 1972 101 1972 193 1979 32 
12 26 1985 101 1986 192 1960 31 
13 28 1993 92 1993 186 1956 30 
14 30 1987 85 1966 164 1985 29 
15 32 1959 83 1987 152 1958 28 
16 35 1966 80 1961 145 1980 28 
17 37 1984 78 1984 136 1973 28 
18 39 1961 75 1994 136 1954 28 
19 41 1970 71 1959 134 1971 28 
20 43 1994 71 1974 128 1992 27 
21 46 1969 68 1969 128 1999 26 
22 48 1964 66 1964 124 1957 26 
23 50 1974 66 1953 121 1969 25 
24 52 1957 65 1957 121 1993 25 
25 54 1978 64 1970 119 1961 25 
26 57 1980 63 1963 112 1963 25 

27 59 1953 62 1980 111 1994 24 
28 61 1963 61 1965 109 1990 24 
29 63 1958 61 1955 109 1964 24 
30 65 1992 59 1958 106 1989 23 
31 68 1965 58 1978 106 1981 22 
32 70 1990 58 1990 104 1976 22 
33 72 1955 57 1992 104 1962 22 
34 74 1962 55 1962 102 1977 21 
35 76 1977 54 1977 100 1974 21 
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  .1 

36 79 1956 53 1983 96 1975 21 
37 81 1983 52 1976 89 1982 21 
38 83 1954 51 1989 88 1965 21 
39 85 1976 50 1982 86 1953 20 
40 87 1989 50 1956 86 1991 20 
41 90 1982 48 1967 85 1983 20 
42 92 1981 48 1954 83 1955 20 
43 94 1991 46 1981 83 1966 20 

44 96 1967 45 1968 82 1968 18 
45 98 1968 45 1991 82 1967 17 
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H
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N
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N
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19 22 0,7 0 21 48 11 68,6 0 69 0,00259 0,00017 0,0024 448,00 447,90 447,95 359,60 87,35 52 52 
20 22 0,7 0 21 71 11 92,1 0 93 0,0024 0,00026 0,0022 447,90 447,79 447,85 359,99 86,86 69 69 
21 22 0,7 0 21 49 11 70,1 0 71 0,0022 0,00018 0,0020 447,79 447,68 447,74 359,62 87,11 53 53 
22 22 0,7 0 21 34 11 55,1 0 56 0,0020 0,00012 0,0019 447,68 447,56 447,62 359,34 87,27 42 42 
23 22 0,7 0 21 -11 11 10,1 0 11 0,0019 -0,00004 0,0019 447,56 447,61 447,59 358,30 88,28 8 8 
24 22 0,7 0 21 -11 11 10,1 0 11 0,0019 -0,00004 0,0019 447,61 447,64 447,62 358,30 88,32 8 8 
1 22 0,7 0 21 -11 11 10,1 0 11 0,0019 -0,00004 0,0020 447,64 447,68 447,66 358,30 88,36 8 8 
2 22 0,7 0 21 -11 11 10,1 0 11 0,0020 -0,00004 0,0020 447,68 447,71 447,69 358,30 88,39 8 8 
3 22 0,7 0 21 -11 11 10,1 0 11 0,0020 -0,00004 0,0021 447,71 447,74 447,72 358,30 88,43 8 8 
4 22 0,7 0 21 -11 11 10,1 0 11 0,0021 -0,00004 0,0021 447,74 447,76 447,75 358,30 88,45 8 8 
5 22 0,7 0 21 -11 11 10,1 0 11 0,0021 -0,00004 0,0021 447,76 447,78 447,77 358,30 88,48 8 8 
6 22 0,7 0 21 -11 11 10,1 0 11 0,0021 -0,00004 0,0022 447,78 447,80 447,79 358,30 88,50 8 8 
7 22 0,7 0 21 -11 11 10,1 0 11 0,0022 -0,00004 0,0022 447,80 447,82 447,81 358,30 88,51 8 8 
8 22 0,7 0 21 -11 11 10,1 0 11 0,0022 -0,00004 0,0023 447,82 447,84 447,83 358,30 88,53 8 8 
9 22 0,7 0 21 -11 11 10,1 0 11 0,0023 -0,00004 0,0023 447,84 447,85 447,85 358,30 88,55 8 8 
10 22 0,7 0 21 -11 11 10,1 0 11 0,0023 -0,00004 0,0023 447,85 447,87 447,86 358,30 88,56 8 8 
11 22 0,7 0 21 -1 11 20,1 0 21 0,0023 0,00000 0,0023 447,87 447,87 447,87 358,56 88,31 15 15 
12 22 0,7 0 21 -8 11 13,1 0 14 0,0023 -0,00003 0,0024 447,87 447,88 447,88 358,38 88,49 10 10 
13 22 0,7 0 21 -11 11 10,1 0 11 0,0024 -0,00004 0,0024 447,88 447,90 447,89 358,30 88,59 8 8 
14 22 0,7 0 21 -11 11 9,9 0 11 0,0024 -0,00004 0,0025 447,90 447,92 447,91 358,30 88,61 8 8 
15 22 0,7 0 21 -11 11 9,9 0 11 0,0025 -0,00004 0,0025 447,92 447,94 447,93 358,30 88,63 8 8 
16 22 0,7 0 21 -11 11 9,9 0 11 0,0025 -0,00004 0,0025 447,94 447,96 447,95 358,30 88,65 8 8 
17 22 0,7 0 21 -11 11 10,6 0 11 0,0025 -0,00004 0,0026 447,96 447,99 447,97 358,31 88,66 8 8 
18 22 0,7 0 21 -5 11 16,1 0 17 0,0026 -0,00002 0,00259 447,99 448,00 447,99 358,46 88,53 12 12 

∑ N,  389 ,  ·  12,059 
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19 22 0,7 0 21 46 11 67 0 68 0,00259 0,00017 0,0024 448,00 447,90 447,95 359,58 87,37 51 51 
20 22 0,7 0 21 69 11 90 0 91 0,0024 0,00025 0,0022 447,90 447,80 447,85 359,96 86,89 68 68 
21 22 0,7 0 21 48 11 69 0 70 0,0022 0,00017 0,0020 447,80 447,69 447,75 359,61 87,14 52 52 
22 22 0,7 0 21 35 11 56 0 57 0,0020 0,00013 0,0019 447,69 447,58 447,63 359,36 87,27 42 42 
23 22 0,7 0 21 -11 11 10 0 11 0,0019 -0,00004 0,0019 447,58 447,62 447,60 358,30 88,29 8 8 
24 22 0,7 0 21 -11 11 10 0 11 0,0019 -0,00004 0,0020 447,62 447,65 447,63 358,30 88,33 8 8 
1 22 0,7 0 21 -11 11 10 0 11 0,0020 -0,00004 0,0020 447,65 447,69 447,67 358,30 88,37 8 8 
2 22 0,7 0 21 -11 11 10 0 11 0,0020 -0,00004 0,0020 447,69 447,72 447,70 358,30 88,41 8 8 
3 22 0,7 0 21 -11 11 10 0 11 0,0020 -0,00004 0,0021 447,72 447,74 447,73 358,30 88,43 8 8 
4 22 0,7 0 21 -11 11 10 0 11 0,0021 -0,00004 0,0021 447,74 447,77 447,76 358,30 88,46 8 8 
5 22 0,7 0 21 -11 11 10 0 11 0,0021 -0,00004 0,0022 447,77 447,79 447,78 358,30 88,48 8 8 
6 22 0,7 0 21 -11 11 10 0 11 0,0022 -0,00004 0,0022 447,79 447,81 447,80 358,30 88,50 8 8 
7 22 0,7 0 21 -11 11 10 0 11 0,0022 -0,00004 0,0022 447,81 447,83 447,82 358,30 88,52 8 8 
8 22 0,7 0 21 -11 11 10 0 11 0,0022 -0,00004 0,0023 447,83 447,84 447,83 358,30 88,53 8 8 
9 22 0,7 0 21 -11 11 10 0 11 0,0023 -0,00004 0,0023 447,84 447,86 447,85 358,30 88,55 8 8 
10 22 0,7 0 21 0 11 21 0 22 0,0023 0,00000 0,0023 447,86 447,86 447,86 358,59 88,27 16 16 
11 22 0,7 0 21 -7 11 14 0 15 0,0023 -0,00003 0,0023 447,86 447,87 447,86 358,41 88,46 11 11 
12 22 0,7 0 21 -11 11 10 0 11 0,0023 -0,00004 0,0024 447,87 447,89 447,88 358,30 88,58 8 8 
13 22 0,7 0 21 -11 11 10 0 11 0,0024 -0,00004 0,0024 447,89 447,90 447,89 358,30 88,59 8 8 
14 22 0,7 0 21 -11 11 10 0 11 0,0024 -0,00004 0,0025 447,90 447,92 447,91 358,30 88,61 8 8 
15 22 0,7 0 21 -11 11 10 0 11 0,0025 -0,00004 0,0025 447,92 447,94 447,93 358,30 88,63 8 8 
16 22 0,7 0 21 -11 11 10 0 11 0,0025 -0,00004 0,0025 447,94 447,96 447,95 358,30 88,65 8 8 
17 22 0,7 0 21 -11 11 10 0 11 0,0025 -0,00004 0,0026 447,96 447,99 447,98 358,30 88,68 8 8 
18 22 0,7 0 21 -4 11 17 0 18 0,0026 -0,00001 0,00259 447,99 448,00 448,00 358,48 88,51 13 13 

∑ N,  389 ,  ·  10,892 
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19 22 0,7 0 21 46 11 67 0 68 0,00259 0,00017 0,0024 448,00 447,90 447,95 359,57 87,38 50 50 
20 22 0,7 0 21 66 11 87 0 88 0,0024 0,00024 0,0022 447,90 447,80 447,85 359,91 86,94 66 66 
21 22 0,7 0 21 46 11 67 0 68 0,0022 0,00016 0,0020 447,80 447,71 447,76 359,57 87,18 51 51 
22 22 0,7 0 21 34 11 55 0 56 0,0020 0,00012 0,0019 447,71 447,61 447,66 359,34 87,31 42 42 
23 22 0,7 0 21 -11 11 10 0 11 0,0019 -0,00004 0,0019 447,61 447,64 447,62 358,30 88,31 8 8 
24 22 0,7 0 21 -11 11 10 0 11 0,0019 -0,00004 0,0020 447,64 447,68 447,66 358,30 88,35 8 8 
1 22 0,7 0 21 -11 11 10 0 11 0,0020 -0,00004 0,0020 447,68 447,71 447,69 358,30 88,38 8 8 
2 22 0,7 0 21 -11 11 10 0 11 0,0020 -0,00004 0,0021 447,71 447,74 447,72 358,30 88,41 8 8 
3 22 0,7 0 21 -11 11 10 0 11 0,0021 -0,00004 0,0021 447,74 447,76 447,75 358,30 88,44 8 8 
4 22 0,7 0 21 -11 11 10 0 11 0,0021 -0,00004 0,0021 447,76 447,78 447,77 358,30 88,46 8 8 
5 22 0,7 0 21 -11 11 10 0 11 0,0021 -0,00004 0,0022 447,78 447,80 447,79 358,30 88,48 8 8 
6 22 0,7 0 21 -11 11 10 0 11 0,0022 -0,00004 0,0022 447,80 447,82 447,81 358,30 88,50 8 8 
7 22 0,7 0 21 -11 11 10 0 11 0,0022 -0,00004 0,0023 447,82 447,84 447,83 358,30 88,52 8 8 
8 22 0,7 0 21 -11 11 10 0 11 0,0023 -0,00004 0,0023 447,84 447,85 447,85 358,30 88,53 8 8 
9 22 0,7 0 21 -11 11 10 0 11 0,0023 -0,00004 0,0023 447,85 447,87 447,86 358,30 88,55 8 8 
10 22 0,7 0 21 2 11 23 0 24 0,0023 0,00001 0,0023 447,87 447,87 447,87 358,63 88,23 18 18 
11 22 0,7 0 21 -3 11 18 0 18 0,0023 -0,00001 0,0023 447,87 447,87 447,87 358,50 88,36 14 14 
12 22 0,7 0 21 -11 11 10 0 11 0,0023 -0,00004 0,0024 447,87 447,89 447,88 358,30 88,57 8 8 
13 22 0,7 0 21 -11 11 10 0 11 0,0024 -0,00004 0,0024 447,89 447,90 447,89 358,30 88,58 8 8 
14 22 0,7 0 21 -11 11 10 0 11 0,0024 -0,00004 0,0025 447,90 447,92 447,91 358,30 88,60 8 8 
15 22 0,7 0 21 -11 11 10 0 11 0,0025 -0,00004 0,0025 447,92 447,94 447,93 358,30 88,62 8 8 
16 22 0,7 0 21 -11 11 10 0 11 0,0025 -0,00004 0,0025 447,94 447,96 447,95 358,30 88,65 8 8 
17 22 0,7 0 21 -11 11 10 0 11 0,0025 -0,00004 0,0026 447,96 447,99 447,98 358,30 88,67 8 8 
18 22 0,7 0 21 -2 11 19 0 20 0,0026 -0,00001 0,00259 447,99 448,00 448,00 358,53 88,45 15 15 

∑ N,  392 ,  ·  12,152 
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19 25 0,7 0 24 15 11 39 0 39 0,00259 0,00005 0,003 448,00 447,96 447,98 359,00 87,99 29 29 
20 25 0,7 0 24 24 11 48 0 49 0,003 0,00009 0,002 447,96 447,92 447,94 359,20 87,74 36 36 
21 25 0,7 0 24 7 11 31 0 32 0,002 0,00003 0,002 447,92 447,90 447,91 358,82 88,09 23 23 
22 25 0,7 0 24 8 11 32 0 32 0,002 0,00003 0,002 447,90 447,89 447,90 358,84 88,06 24 24 
23 25 0,7 0 24 -10 11 14 0 15 0,002 -0,00004 0,002 447,89 447,91 447,90 358,40 88,49 11 11 
24 25 0,7 0 24 -13 11 11 0 12 0,002 -0,00005 0,002 447,91 447,93 447,92 358,32 88,59 8 8 
1 25 0,7 0 24 -3 11 21 0 22 0,002 -0,00001 0,002 447,93 447,94 447,93 358,58 88,35 16 16 
2 25 0,7 0 24 -14 11 10 0 11 0,002 -0,00005 0,003 447,94 447,96 447,95 358,30 88,65 8 8 
3 25 0,7 0 24 4 11 28 0 29 0,003 0,00001 0,003 447,96 447,96 447,96 358,75 88,21 21 21 
4 25 0,7 0 24 22 11 46 0 46 0,003 0,00008 0,002 447,96 447,92 447,94 359,15 87,79 35 35 
5 25 0,7 0 24 -13 11 11 0 12 0,002 -0,00005 0,003 447,92 447,94 447,93 358,32 88,60 8 8 
6 25 0,7 0 24 8 11 32 0 33 0,003 0,00003 0,002 447,94 447,92 447,93 358,85 88,09 24 24 
7 25 0,7 0 24 67 11 91 0 92 0,002 0,00024 0,002 447,92 447,83 447,88 359,97 86,89 69 69 
8 25 0,7 0 24 38 11 61 0 62 0,002 0,00014 0,002 447,83 447,76 447,79 359,46 87,33 46 46 
9 25 0,7 0 24 -14 11 10 0 11 0,002 -0,00005 0,002 447,76 447,78 447,77 358,30 88,47 8 8 
10 25 0,7 0 24 -14 11 10 0 11 0,002 -0,00005 0,002 447,78 447,81 447,80 358,30 88,50 8 8 
11 25 0,7 0 24 -14 11 10 0 11 0,002 -0,00005 0,002 447,81 447,83 447,82 358,30 88,52 8 8 
12 25 0,7 0 24 -14 11 10 0 11 0,002 -0,00005 0,002 447,83 447,85 447,84 358,30 88,54 8 8 
13 25 0,7 0 24 -14 11 10 0 11 0,002 -0,00005 0,002 447,85 447,87 447,86 358,30 88,56 8 8 
14 25 0,7 0 24 -14 11 10 0 11 0,002 -0,00005 0,002 447,87 447,89 447,88 358,30 88,58 8 8 
15 25 0,7 0 24 -14 11 10 0 11 0,002 -0,00005 0,002 447,89 447,91 447,90 358,30 88,60 8 8 
16 25 0,7 0 24 -14 11 10 0 11 0,002 -0,00005 0,002 447,91 447,94 447,92 358,30 88,63 8 8 
17 25 0,7 0 24 -14 11 10 0 11 0,002 -0,00005 0,003 447,94 447,96 447,95 358,30 88,65 8 8 
18 25 0,7 0 24 -14 11 10 0 11 0,003 -0,00005 0,00259 447,96 448,00 447,98 358,30 88,69 8 8 

 ∑ N,  438 ,  ·  13,14 
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8 39 0,7 0 38 2 11 40 0 41 0,00259 0,00001 0,003 448,00 447,99 448,00 359,03 87,96 30 30 
9 39 0,7 0 38 26 11 64 0 65 0,003 0,00009 0,002 447,99 447,94 447,96 359,52 87,45 48 48 
10 39 0,7 0 38 21 11 59 0 60 0,002 0,00008 0,002 447,94 447,90 447,92 359,42 87,50 44 44 
11 39 0,7 0 38 1 11 39 0 40 0,002 0,00000 0,002 447,90 447,90 447,90 359,00 87,89 29 29 
12 39 0,7 0 38 -28 11 10 0 11 0,002 -0,00010 0,003 447,90 447,95 447,92 358,30 88,63 8 8 
13 39 0,7 0 38 -17 11 22 0 22 0,003 -0,00006 0,003 447,95 447,99 447,97 358,60 88,36 16 16 
14 39 0,7 0 38 2 11 40 0 41 0,003 0,00001 0,003 447,99 447,98 447,98 359,03 87,95 30 30 
15 39 0,7 0 38 11 11 49 0 50 0,003 0,00004 0,003 447,98 447,95 447,97 359,22 87,74 37 37 
16 39 0,7 0 38 -10 11 28 0 29 0,003 -0,00004 0,003 447,95 447,98 447,97 358,76 88,20 21 21 
17 39 0,7 0 38 22 11 60 0 61 0,003 0,00008 0,002 447,98 447,93 447,95 359,44 87,51 45 45 
18 39 0,7 0 38 51 11 90 0 90 0,002 0,00019 0,002 447,93 447,85 447,89 359,95 86,94 67 67 
19 39 0,7 0 38 51 11 90 0 90 0,002 0,00019 0,002 447,85 447,76 447,81 359,95 86,85 67 67 
20 39 0,7 0 38 51 11 90 0 90 0,002 0,00019 0,002 447,76 447,62 447,69 359,95 86,73 67 67 
21 39 0,7 0 38 52 11 90 0 91 0,002 0,00019 0,002 447,62 447,39 447,50 359,96 86,54 67 67 
22 39 0,7 0 38 9 11 47 0 48 0,002 0,00003 0,002 447,39 447,34 447,37 359,18 87,19 35 35 
23 39 0,7 0 38 -28 11 10 0 11 0,002 -0,00010 0,002 447,34 447,48 447,41 358,30 88,12 8 8 
24 39 0,7 0 38 -28 11 10 0 11 0,002 -0,00010 0,002 447,48 447,60 447,54 358,30 88,24 8 8 
1 39 0,7 0 38 -28 11 10 0 11 0,002 -0,00010 0,002 447,60 447,69 447,64 358,30 88,34 8 8 
2 39 0,7 0 38 -27 11 11 0 12 0,002 -0,00010 0,002 447,69 447,76 447,72 358,32 88,40 8 8 
3 39 0,7 0 38 -27 11 11 0 12 0,002 -0,00010 0,002 447,76 447,81 447,78 358,32 88,46 8 8 
4 39 0,7 0 38 -27 11 11 0 12 0,002 -0,00010 0,002 447,81 447,85 447,83 358,32 88,51 8 8 
5 39 0,7 0 38 -27 11 11 0 12 0,002 -0,00010 0,002 447,85 447,89 447,87 358,32 88,55 8 8 
6 39 0,7 0 38 -27 11 11 0 12 0,002 -0,00010 0,002 447,89 447,94 447,91 358,32 88,59 8 8 
7 39 0,7 0 38 -27 11 11 0 12 0,002 -0,00010 0,00259 447,94 448,00 447,97 358,32 88,64 8 8 

 ∑ N,  683 ,  ·  21,173 
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17 24 0,7 0 23 3 11 26 0 27 0,00259 0,00001 0,003 448,00 447,99 448,00 358,72 87,18 58 58 
18 24 0,7 0 23 53 11 76 0 77 0,003 0,00019 0,002 447,99 447,89 447,94 359,74 86,85 69 69 
19 24 0,7 0 23 68 11 91 0 92 0,002 0,00024 0,002 447,89 447,79 447,84 359,98 86,91 60 60 
20 24 0,7 0 23 55 11 78 0 79 0,002 0,00020 0,002 447,79 447,65 447,72 359,77 86,98 50 50 
21 24 0,7 0 23 42 11 65 0 66 0,002 0,00015 0,002 447,65 447,49 447,57 359,54 88,13 9 9 
22 24 0,7 0 23 -11 11 12 0 13 0,002 -0,00004 0,002 447,49 447,54 447,52 358,37 88,12 11 11 
23 24 0,7 0 23 -14 11 10 0 11 0,002 -0,00005 0,002 447,54 447,60 447,57 358,30 88,27 8 8 
24 24 0,7 0 23 -14 11 10 0 11 0,002 -0,00005 0,002 447,60 447,64 447,62 358,30 88,32 8 8 
1 24 0,7 0 23 -14 11 10 0 11 0,002 -0,00005 0,002 447,64 447,69 447,67 358,30 88,37 8 8 
2 24 0,7 0 23 -14 11 10 0 11 0,002 -0,00005 0,002 447,69 447,72 447,70 358,30 88,41 8 8 
3 24 0,7 0 23 -14 11 10 0 11 0,002 -0,00005 0,002 447,72 447,76 447,74 358,30 88,44 8 8 
4 24 0,7 0 23 -14 11 10 0 11 0,002 -0,00005 0,002 447,76 447,78 447,77 358,30 88,47 8 8 
5 24 0,7 0 23 -14 11 10 0 11 0,002 -0,00005 0,002 447,78 447,81 447,80 358,30 88,50 8 8 
6 24 0,7 0 23 -14 11 10 0 11 0,002 -0,00005 0,002 447,81 447,83 447,82 358,30 88,52 8 8 
7 24 0,7 0 23 -14 11 10 0 11 0,002 -0,00005 0,002 447,83 447,85 447,84 358,30 88,54 8 8 
8 24 0,7 0 23 -14 11 10 0 11 0,002 -0,00005 0,002 447,85 447,87 447,86 358,30 88,56 8 8 
9 24 0,7 0 23 7 11 30 0 31 0,002 0,00003 0,002 447,87 447,86 447,86 358,81 88,06 23 23 
10 24 0,7 0 23 0 11 23 0 24 0,002 0,00000 0,002 447,86 447,86 447,86 358,64 88,21 18 18 
11 24 0,7 0 23 -13 11 10 0 11 0,002 -0,00005 0,002 447,86 447,88 447,87 358,31 88,57 8 8 
12 24 0,7 0 23 -14 11 10 0 11 0,002 -0,00005 0,002 447,88 447,90 447,89 358,30 88,59 8 8 
13 24 0,7 0 23 -14 11 10 0 11 0,002 -0,00005 0,002 447,90 447,92 447,91 358,30 88,61 8 8 
14 24 0,7 0 23 -14 11 10 0 11 0,002 -0,00005 0,003 447,92 447,95 447,93 358,30 88,64 8 8 
15 24 0,7 0 23 -9 11 14 0 15 0,003 -0,00003 0,003 447,95 447,96 447,96 358,42 88,55 11 11 
16 24 0,7 0 23 -13 11 10 0 11 0,003 -0,00005 0,00259 447,96 448,00 447,98 358,31 88,69 8 8 

 ∑ N,  429 ,  ·  12,87 
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17 22 0,7 0 21 48 11 69 0 70 0,00259 0,00017 0,002 448,00 447,90 447,95 359,61 87,35 52 52 
18 22 0,7 0 21 71 11 92 0 93 0,002 0,00026 0,002 447,90 447,79 447,85 359,99 86,86 69 69 
19 22 0,7 0 21 49 11 70 0 70 0,002 0,00018 0,002 447,79 447,68 447,74 359,62 87,11 53 53 
20 22 0,7 0 21 34 11 55 0 56 0,002 0,00012 0,002 447,68 447,56 447,62 359,34 87,27 42 42 
21 22 0,7 0 21 -11 11 10 0 11 0,002 -0,00004 0,002 447,56 447,61 447,59 358,30 88,28 8 8 
22 22 0,7 0 21 -11 11 10 0 11 0,002 -0,00004 0,002 447,61 447,64 447,62 358,30 88,32 8 8 
23 22 0,7 0 21 -11 11 10 0 11 0,002 -0,00004 0,002 447,64 447,68 447,66 358,30 88,36 8 8 
24 22 0,7 0 21 -11 11 10 0 11 0,002 -0,00004 0,002 447,68 447,71 447,69 358,30 88,39 8 8 
1 22 0,7 0 21 -11 11 10 0 11 0,002 -0,00004 0,002 447,71 447,74 447,72 358,30 88,42 8 8 
2 22 0,7 0 21 -11 11 10 0 11 0,002 -0,00004 0,002 447,74 447,76 447,75 358,30 88,45 8 8 
3 22 0,7 0 21 -11 11 10 0 10 0,002 -0,00004 0,002 447,76 447,78 447,77 358,29 88,48 8 8 
4 22 0,7 0 21 -11 11 10 0 10 0,002 -0,00004 0,002 447,78 447,80 447,79 358,29 88,50 8 8 
5 22 0,7 0 21 -11 11 10 0 10 0,002 -0,00004 0,002 447,80 447,82 447,81 358,29 88,52 8 8 
6 22 0,7 0 21 -11 11 10 0 10 0,002 -0,00004 0,002 447,82 447,84 447,83 358,29 88,53 8 8 
7 22 0,7 0 21 -11 11 10 0 10 0,002 -0,00004 0,002 447,84 447,85 447,85 358,29 88,55 8 8 
8 22 0,7 0 21 -1 11 20 0 21 0,002 0,00000 0,002 447,85 447,85 447,85 358,56 88,29 15 15 
9 22 0,7 0 21 -8 11 13 0 14 0,002 -0,00003 0,002 447,85 447,87 447,86 358,38 88,48 10 10 
10 22 0,7 0 21 -11 11 10 0 11 0,002 -0,00004 0,002 447,87 447,88 447,87 358,31 88,56 8 8 
11 22 0,7 0 21 -11 11 10 0 11 0,002 -0,00004 0,002 447,88 447,90 447,89 358,31 88,58 8 8 
12 22 0,7 0 21 -11 11 10 0 11 0,002 -0,00004 0,002 447,90 447,92 447,91 358,31 88,60 8 8 
13 22 0,7 0 21 -11 11 10 0 11 0,002 -0,00004 0,002 447,92 447,94 447,93 358,31 88,62 8 8 
14 22 0,7 0 21 -11 11 10 0 11 0,002 -0,00004 0,003 447,94 447,96 447,95 358,31 88,64 8 8 
15 22 0,7 0 21 -11 11 10 0 11 0,003 -0,00004 0,003 447,96 447,99 447,97 358,31 88,66 8 8 
16 22 0,7 0 21 -6 11 16 0 16 0,003 -0,00002 0,003 447,99 448,00 447,99 358,45 88,55 12 12 

 ∑ N,  389 ,  ·  12,059 
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 21 61 8 0 69 0,389 12,06 

407,95 
 

 21 60 8 0 68 0,389 10,89 
 21 58 8 0 66 0,392 12,15 
 24 61 8 0 69 0,438 13,14 

 111 0 69 14 83 1,992 61,75 
 177 0 69 40 109 2,616 78,48 
 152 0 69 40 109 2,616 81,10 
 86 0 65 0 65 1,560 48,36 
 80 0 61 0 61 1,464 43,92 
 38 60 8 0 67 0,683 21,17 
 23 61 8 0 69 0,429 12,87 
 21 61 8 0 69 0,389 12,06 
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,   ,   ,   ,  

Pmax P  P  N  N  N  N  N  N  N  N  N  N  N  
1 670 67 27 104 16 0 69 11 0 0 497 0 0 67 
2 641 64 26 92 15 0 68 11 0 0 481 0 0 64 
3 590 59 24 94 14 0 66 10 0 0 430 0 0 59 
4 535 54 21 69 11 0 69 10 0 0 397 0 0 54 
5 483 48 19 110 12 0 69 7 0 14 264 0 0 48 
6 453 45 18 102 11 0 69 7 0 40 242 0 41 45 
7 453 45 18 102 11 0 69 7 0 40 242 0 41 45 
8 483 48 19 110 12 0 65 7 0 0 308 0 0 48 
9 535 54 21 115 13 17 69 8 12 0 351 0 0 54 
10 590 59 24 110 15 0 68 9 0 0 412 0 0 59 
11 641 64 26 92 15 0 68 11 0 0 481 0 0 64 
12 670 67 27 104 16 0 69 11 0 0 497 0 0 67 
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 .1 –  ё      D1  115–  
D1,  1,9 2 2,12 2,24 2,36 2,5 2,65 2,8 3 
  0,931 0,932 0,932 0,933 0,933 0,933 0,934 0,934 0,935 

N' ,  45434 50365 56619 63240 70228 78846 88634 98997 113708 
Z',  2,64 2,38 2,12 1,90 1,71 1,52 1,35 1,21 1,06 
Za,  3 3 3 3 3 3 3 3 3 

N ,  40000 40000 40000 40000 40000 40000 40000 40000 40000 
Δ' 1,046 1,047 1,047 1,048 1,048 1,049 1,049 1,050 1,050 

n'c, /  372,47 353,93 333,98 316,16 300,15 283,41 267,44 253,17 236,35 
n , /  428,6 375,0 333,3 333,3 300,0 300,0 272,7 250,0 230,8 

n'max, /  85,25 78,50 73,94 78,12 74,05 78,43 75,56 73,16 72,35 
n'min, /  86,30 79,47 74,85 79,07 74,96 79,39 76,48 74,06 73,24 
n' , /  86,56 79,71 75,08 79,32 75,19 79,63 76,72 74,29 73,46 
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 .2 –  ё      D1  90– 45° 
D1,  1,9 2 2,12 2,24 2,36 2,5 2,65 2,8 3 
  0,942 0,942 0,943 0,943 0,943 0,944 0,944 0,945 0,945 

N' ,  32173 35662 40086 44770 49714 55810 62733 70062 80465 
Z',  3,73 3,36 2,99 2,68 2,41 2,15 1,91 1,71 1,49 
Za,  4 4 3 3 3 3 2 2 2 

N ,  30000 30000 40000 40000 40000 40000 60000 60000 60000 
Δ' 1,040 1,040 1,041 1,041 1,041 1,042 1,042 1,043 1,043 

n'c, /  420,81 399,84 377,29 357,15 339,05 320,13 302,07 285,94 266,94 
n , /  428,6 428,6 428,6 375,0 375,0 333,3 333,3 300,0 272,7 

n'max, /  85,52 90,00 95,38 88,17 92,87 87,43 92,66 88,10 85,79 
n'min, /  86,57 91,11 96,55 89,25 94,01 88,51 93,80 89,18 86,84 
n' , /  86,83 91,39 96,85 89,52 94,30 88,78 94,09 89,45 87,11 
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 .1 –    115– – 236 
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 .1 –   

  

    
 

 
 

.  
 

∆  

 
, .  

, ∙  1,7  

 
,  

,  –  

 
 

,  
, ∙  2,30  

 ,  , ∙  6,67  

 ∙  27,5  

 
 

  –  8  

  –  15  

 
 

,  
1,2 –  

 > 
2   , ∙  140  

1   , ∙  120  

 
 

  

 . .  
 

 

  , ∙  0,32  

  , ∙  0,53  

 I . . , ∙  3,66  

  

 . .  
 

 

  , ∙  4,90  
  , ∙  5,05  

  , ∙  5,61  

 < 
1  

 0,079 ,   
 , ∙  0,20  

2  
 0,53 4,41  
 , ∙  0,88  

 
  

 
 

  . , ∙ .  1,01  
  . , ∙ .  1,05  

  . , ∙ .  2,13  

  
≫     28,0 ∙   32,29  >     4,0 ∙   4,15  
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 .2 –    

 

 
/
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-

 

 
  

 
 

  

.  
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      +  
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 .1 –         
 1.    

№ 
/  

 
 

 
  

 
   

 
 

 
1 2 3 4 5 6 7 8 

1 

  
 

   
  

, 
 

 BTL0170A 

260  240    
  – 2 

 
 480  460  

2 
   
    

100  50 
  

  – 2 
 

3 

   

 
– 160  

 

55 º  65º  
  

  – 2 
   

 , , 
 

4 
   

  
, ,  

45 º  55º  
  

  – 2 
 

5 
   

 
  

60 º  70º  
  

  – 2 
 

6 
   

   
60 º  70 º  

  
  – 2 

 

7 
   

  
 

75 º  85 º    
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  .1 

8 
   

  
 

  75 º  85 º    

9 
  

  
   

 
TURCK FCS– 
GL1/2A4P– 
LIX – H1141 

2 ³/  1.4 ³/  
  

  – 2 
 

10 
   
  . .   –  

 
 

  
  – 2 

 

11    I . 
,  

–  115% 
  

  – 2 
 

12 
   II  

. –  140% 
  

  – 2 
 

13 
   

   
   

–  30,4  
  
   

 
 

 

14 
   
   

–  24 % 
  
  

 
 

 
2.    

2.1.  П     

2.1.1. 
  

   

 

5 . 5 .   

2.1.2. 
  

 
20  –      

2.1.3. 
   

 
0,2  –  

  
  – 2 

 

2.1.4.   0,2  –  
  

  – 3 
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  .1  

2.1.5.    0% –     
<15% –     

   >95% –  
  . 

.  

2.2.  я  ( ) 

2.2.1. 
  

 

    

36,3  –  
  

 
–  

34,3  –  
  

 
–  

39,3  –  
  

 –  
38,8   

 
  

2.2.2. 
,   
 

30,4  
–  
 

 , 
 . ., / , 

. , , 
 

–  

2.2.3. 
  

    

41,2  –  
   
  

–  

33,4  –  
   

  
–  

2.2.4. 
   

   
37% –    –  

27,4% –    –  
2.3.  Д   (Д/ ) 

2.3.1. 
   

   /  
  

5 / 2 –   /   

2.3.2.  /  2,5 .  –  
  

/  
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  .1: 
2.3.3. 

  
 

  20 . –    

2.4.  В  

2.4.1. 
   
  

 

 

 3 / 2 –  –  –  

2.4. 
   

  
,    

TURCK FCS– 
GL1/2A4P– 
LIX – H1141 

3 ³/  ( ) 
4 ³/  ( ) 
4 ³/  ( ) 

–  
 . . (  

),  
–  

2.4.3. 
   

   
–  –   –  

2.4.4. 
   

   
0,8 – 1 / 2 –   –  

2.4.5. 
   

  
. . 

–  –   –  

3.  К я 
3.1.  К   я (К Д) 

3.1.1.   

PIS 3 

 2005 
( ) 

6,5 / 2 –  
.  

 
–  

PIS 4 6 / 2 –  
.  

 
–  

PIS 3 
PIS 4 

8 / 2 –  
.   

  
–  

3.1.2. 
 

  
PIS 1 

 2005 
( ) 

1,4 / 2 –  .   –  
0,6 / 2 –  .   –  

3.1.3.  PIS 5 
 2005 

( ) 5,5 / 2 –  
  

 
–  
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  .1 
  PIS 6  8,5 / 2 –  

  
 

–  

3.2.  К   я (К Д) 

3.2.1.   BF DMP 333 38 / 2 –  
.  

 
–  

    
37 / 2 –  

.  
 

–  

40 / 2 –  
.   

  
 

–  

3.2.2.  
PIS 9  2005 

( ) 

36 / 2 –  
  

 
–  

PIS 8 41 / 2 –  
  

 
–  

4. Д я    

4.1.1 
   
    

– 546 – 544  3 ³/  –   –  
– 546 – 544  3 ³/       

 
 
 
 
 
 
 
 
 
 

http://www.bdsensors.ru/products/product_info.php?id=6
http://www.bdsensors.ru/products/product_info.php?id=6
http://www.bdsensors.ru/products/product_info.php?id=6
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 .2 –   

№ /  

  

 
 

    (  ) 

 ,  (2 )  ,  (2 )  ,  
(2 ) 

 ,  
(2 ) 

        
1  – – – –  – – – –  80 120 – – – –  – – – –  – – – –  – – – –  
2  80 120 80 120 450 500 450 500 
3  80 120 80 120 450 500 450 500 
4   80 120 80 120 430 500 430 500 

5 
 
 

80 120 80 120 – – – –  – – – –  – – – –  – – – –  

6  30 (100 ) 50(100 ) 30 (100 ) 50 (100 ) – – – –  – – – –  – – – –  – – – –  
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 .1 –     






