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2 -   
 

2.1   -   
 

1.   𝑁 = , ; 
2.   = , ; 
3.      𝛥ℎ =  ,  ; 
4.     ( )  
     2.1. 

 
 2.1 –       

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

 1 1 1 1 1 1 1 1 1 1 1 1 
 0 0 0 1 1 1 1 0 0 0 0 0 

 1 1 1 -1 -1 -2 0 0 0 0 0 1 
 0 0 0 0 0 1 1 0 0 0 0 0 

 40 40 40 40 40 40 40 40 40 40 40 40 
.  20 20 20 20 20 20 20 20 20 20 20 20 

 
2.2       

     
 

 ,    .1 (  )  
  ( 3/ )    ,    (VIII, IX,X, XI, XII  

I, II, III, )   (IV, V, VI, VII )      
.  ё     .1  . 

    : 
 = + ∙ %,                                                                                            .  

 
  –     ,    

; 
 –    .  

     90%  50% 
 ( .1.) 

 
2.2.1  ё    ( =50%) 

 
   =50%  1947     

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

 
 1947        

   ,     2.2. 
 

 2.2 –   1947  ( =50%)   
 I II III IV V VI VII VIII IX X XI XII . . , /  18 20 23 88 201 146 84 69 54 49 43 31 69 , /  20 22 26 84 193 140 81 77 60 54 48 34 70 

 

   ,   ,   = ,   = , .    1947 
    2.3. 

 
 2.3 –   1947  ( =50%)   

 I II III IV V VI VII VIII IX X XI XII . . , /  20 22 26 84 193 140 81 77 60 54 48 34 70 , /  19 21 25 84 193 140 81 74 58 52 46 33 69 
 
2.2.2     ( =90%) 
 

 1956     P=90%   
     : 

 = . = = ;                                                                                         .  

 = . = = , .                                                                                     .  

 
      90%    

,   ,     1956     
 ,   -  ,  

   2.4. 
 

 2.4 –   1956  ( =90%)   
=90% I II III IV V VI VII VIII IX X XI XII . . , /  16 17 18 77 104 88 78 44 39 36 34 17 47 
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    1947     = ,   = , ,     2.5. 
 

 2.5 –   1947  ( =50%)   

=90% I II III IV V VI VII VIII IX X XI XII . . , /  20 22 26 84 193 140 81 77 60 54 48 34 70 , /  19 21 25 84 193 140 81 74 58 52 46 33 69 

 
  , ,  

 . 
     2.6.  

 
 2.6 –       

 I II III IV V VI VII VIII IX X XI XII . . , /  19 21 25 84 193 140 81 74 58 52 46 33 69 , /  16 17 18 77 104 88 78 44 39 36 34 17 47 

 
    2.6    

   ,    2.1. 
 

 
 2.1 –      

 
2.3        

 
     « - »  
     ,   

   ,      
      . 

0

50

100

150

200

250

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

Q, 3/
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 ,       

     .    
      ,      

6500 ,  : 
 = ,                                                                                                                 
 = ,                                                                                                                 
 = ,                                                                                                                      
 

          : 
 

          ;max
ttct b                                                                                            .

  

          ;max
ttct b                                                                                           .

  

 tttt bb ,;,   -     , 
        

 (  ). =  . 
         

2.7. 
 

 2.7 –      
t,  ,  ,  
0 133 84 
1 124 81 
2 122 78 
3 116 76 
4 122 75 
5 124 75 
6 132 78 
7 147 88 
8 171 99 
9 193 112 

10 190 114 
11 184 110 
12 176 105 
13 180 107 
14 188 110 
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  2.7 
t,  ,  ,  
15 183 114 
16 181 103 
17 196 107 
18 200 105 
19 195 103 
20 188 100 
21 190 105 
22 173 102 
23 154 96 

 
      2.2. 

 

 2.2 –    

 
2.4      

   
 

       (  
 )    (   ).  

     .   
        

: = + ∙ ;                                                                                           .            
 

 t –      (1 – , 2 –   . .); 
       a, b – ,     

: 
 = | ° − °| ∙ , / °;                                                                           .            

70

90

110

130

150

170

190

210

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

P
t, 

t, 

Pt Pt 
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 = + ;                                                                                                .  

 = −                                                                                                   .  

 
           

       . = , =  , =  , =  . 
,     a  b: 

 = 𝑚𝑎𝑥+ 𝑚𝑎𝑥 = + =                                                        .  

 = 𝑚𝑎𝑥− 𝑚𝑎𝑥 = − =                                                           .  

 = + = + =                                                                .  

 = − = − =                                                                   .  

 

        
        
 2.8 

 
 2.8 –       

t α cosα 
Pt.max, 

 
Pt. , 

 a max b max   b  
1 0,2617 0,9660 199 164 

157 
 
 
 
 
 

 

43 
 
 
 
 
 
 

131 
 
 
 
 
 
 

34 
 
 
 
 
 
 

2 0,7850 0,7074 187 155 
3 1,3083 0,2595 168 140 
4 1,8317 -0,2579 146 122 
5 2,3550 -0,7063 127 107 
6 2,8783 -0,9655 115 98 
7 3,4017 -0,9664 115 98 
8 3,9250 -0,7085 127 107 
9 4,4483 -0,2610 146 122 
10 4,9717 0,2564 168 140 
11 5,4950 0,7051 187 155 
12 6,0183 0,9651 199 164 



 

16 

  ё       
 ,    2.3  2.4. 

 

 
 2.3 –     
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2.5         
   

 
       

      . 
     (1956 .)   
          : 

 . Э = 𝑁 ∙ % ∙ Э ,                                                                          .  
 

 
 –  ,  = , ; 

 % –     ; 
 Э –   . 
 Э = − ( − ∆ℎ,                                                                    .  
 

 –   ,    , ; (  –   ,     
  , ; ∆ℎ–     , ∆ℎ = , . 

       : 
 = 𝑁 ∙ ∙ Э ,                                                                                     .  

 
 −       

, 3/ . 
 ё     ,  .4. 

 ё      ,   
    ,   . 

     ,  
   : 

 = ∑ − ∑ =   .                                                        .  
 

   2.9   ,   

-

        
,  , ё       
   =  . 

       ,   
  .     ,    
 6 ,         .  
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 2.9 –      

 ,  , 
 

, 
 

. Э , 
 

1 164 2 6 24 
2 155 2 6 22 
3 140 3 6 20 
4 122 11 6 18 
5 107 14 6 18 
6 98 12 6 16 
7 98 11 6 16 
8 107 7 6 18 
9 122 6 6 18 

10 140 5 6 20 
11 155 5 6 22 
12 164 2 6 24 

 
2.6 -   ( )     

   
 

   ,    
            

 .   -  
ё         

    (  .5). 
      : 

–  ё  ё  – = ,  ; 
–   – = ,  . 

        
       .   

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

 
 ̅  –        , : 

 = Σ ·− = · · ·− = ,  .                                    .  

 
 ,      

 . 
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2.7     
 

         
    ,    
    ,      

. 
         
  Э . Э =  . ∙     =

.
 

 

 

 

 

 

 

  . .. Э =  .                                                                                               .  

 

  -       
.6: 

 Э . .. Э = ∙ =  ∙ = ,   ∙ .                       .  

 
        

,    .1. 
  -  : 

  . .. Э =   . . Э +   . . Э = + =                            .  

 
         

  . 
      : 

 Э . . . Э = ,   ∙ ; 
  . .. Э =  .                                                  
 

      : 
 Э . .. Э = ,   ∙ ;   
  . .. Э =   . . Э +   . . Э = + =                          .  
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,     .     
 .6  . 

 
2.8       

 ,    
 

     ,  
     %   ,    

1
0
%
 

 .  
        

,      .  ё  
   .7  . 

      ,    
   , . .      

.    : 
 . = . ∙  = =  ∙ / .                               .  

 
   : 

 . = . ∙  = =  ∙ / .                                   .  

 
     ,   

         1   2 : 
 Э = Э ∙ = =  ∙ / .                                        .  

 
   .7,   ,   

-

       : 
 .Э = Э + Э = + , = ,  .                                             .  

 
2.9 -  ё       

  
 

        –  
 . 

      , 
     .8. 

  ё    , : 



 

21 

 ∑ Э = ,  .  ∙ . 
 

        
 , ё   ,    

2.4. 
 

 
 2.4 –       

  

35,50

35,60

35,70

35,80

35,90

36,00

36,10

 -   

  

=36,00

Z ,

=35,54 

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

3.1    
 

      
 ,     ,   

 3.1,       .  
       . 

       
 [2],  ё     3.1. 

 
 3.1–  ё    

    
 

 
 

  
  

 
 

 
  
 

  ,  /  

. ,   . ,    , 
 

, 
 

, 
 

,  , /  ,  , /  

0 16,00 16,00 19,80 19,34 19,53 13,55 190 13,55 190,4 
50 18,45 18,92 17,35 16,89 17,08 13,65 189 13,5 190,0 
100 20,09 20,73 15,71 15,25 15,44 13,75 188 13,45 189,7 
150 21,27 21,94 14,53 14,07 14,26 13,9 186 13,38 189,2 
200 22,13 22,74 13,67 13,21 13,40  
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 3.1 –   -   

 
  ,      

    3.2. 
 

13

14

15

16

17

18

19

20

0 20 40 60 80 100 120 140 160 180 200

Q, 3/

 

 

 H

  

  

   

  

  

  

  

Qmax = 190,4 3/

H  = 13,55

Hmax = 18,80

Hmin = 13,38

Qmin = 20 3/

H,



 

24 

 3.2 –   ,   ,  а ч,  𝑖 ,  𝑖 , /  , /  𝑖 /  
18,8 13,55 13,38 20 190,4 0,72 

 
3.2      

 

        , 
   =18,8        

 ,    , . . . 
    20-   20- ,  

     3.3: 
 

 3.3 –      
 20-  20-  ,  20 20 𝑖 ⁄  0,5 0,5 ′    , /  155 146    , /  1580 1160 

 0,918 0,920 ′    , /  2770 1855     ,  0,46 0,5 ,  3 10 , ℃ 18 20 
 

       
 ,      . 

     20-    
  [2].       =  . 

  : 
 

= − − ∙ − + ∙ √ ∙ √ 𝑁 ∙ √ ),                          .  

 
 , ,  – ,     ; , 𝑁 –      ; ,  –        

 ,        
  ;  ; 

– ,       
     0,75. 
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= − − , ∙ , + , ∙ √ , ∙ √ , ∙ √ , ∙, ∙ = = , . 
 

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

 ′  –          
(  ,  .1); , –      ; 

 –   ; 
 –   ,   0,975. 

 ′ = , ∙ , ∙ ∙ , , ∙ , ∙ , = ,  . 
 

    : 
 ′ = Э′ = ,, = , ,                                                                           .  

 

 Э = ,   –   ; ′ –     . 
 

 ,   ,    
 2  3.  =  . 

   : 
 = , =  . 

 
    : 

 ∆= = ,, = , ,                                                                                          .  

 
  –   ; 

 –   . 
 

   : 
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= ′ ∙ √ ∙ ∆ = ∙ √ , ∙ , = ,  / ,                       .  

 
 ′  –          

; , –      ; ∆ –     . 
     =  / . 

      , 𝑁, 𝑖  
  : 

 ′ = ∙√ ∙ ∆,                                                                                                              .  

 
  –    ; 

–  , , 𝑖 ; ∆ –     . 
 ′ = ∙√ , ∙ , = ,  / ; 

 ′ = ∙√ , ∙ , = ,  / ; 
 

𝑖′ = ∙√ , ∙ , = ,  / . 
 

      ′    
        

    : 
 ′ ∙ = , ∙ ∙ , ∙ ,                                                                             .  

 
 ′  –      ,  

      ; 
 –      ; ,  –      ; 
 –   ,   0,97. 

 ′ ∙ = , ∙ ∙ , , ∙ , = , . 
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  ё  : = , , ′ = ,  / . 
       

  .     𝑖′ ,   
,        .  
 ′ ∙ = , ∙ ∙ , , ∙ , = , . 
 

   : = , , ′ = ,  / . 
        

 ,    , . 
        3.4  3.5. 

 
 3.4 –       
   20-  

 
 

1 2 3 4 

,  2,8 3,15 3,55 4 

 0,897 0,899 0,900 0,902 ′,  9293,3 11788,1 14988,6 19071,7 ′ 2,4 1,9 1,5 1,2 
 3 2 2 2 ,  7,6 11,4 11,4 11,4 ∆ 1,044 1,046 1,047 1,049 ′ , /  208,2 185,2 164,5 146,1 , /  214 187,5 167 150 ′ , /  135,3 133,2 133,6 135,1 ′ , /  159,3 156,9 157,4 159,1 ′ 𝑖 , /  160,3 157,9 158,4 160,2 ′ ∙  

 
 

1,629 1,716 1,351 1,464 ′ ∙  
 0,997 1,05 0,827 0,997 

 
     , 20- -315  20-   

-355,      ё      
     ,   .  
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        ,  
    (  ,  .1  .2).  

        
. 

 
 3.5 –       
   20-  

 
 

1 2 3 4 5 

,  2,8 3,15 3,55 4 4,5 

 0,905 0,907 0,908 0,91 0,911 ′,  6279 7964,4 10126,7 12885,1 16326,6 ′ 3,6 2,9 2,2 1,8 1,39 

 4 3 3 2 2 ,  5,7 7,6 7,6 11,4 11,4 ∆ 1,026 1,028 1,029 1,032 1,033 ′ , /  194,4 173 153,6 136,5 121,4 , /  200 187,5 167 150 125 ′ , /  127,5 134,4 134,8 136,2 127,6 ′ , /  150,2 158,3 158,8 160,5 150,4 ′ 𝑖 , /  151,1 159,3 159,8 161,5 151,3 ′ ∙  
 

 
1,629 1,716 1,351 1,464 1,156 ′ ∙  

 0,997 1,05 0,827 0,896 0,708 
 

  ,       
(  ,  .3  .4)  20- -400  20- -355,  

    ,    . 
 

3.3       
 

        
     (  .1, .2, .3 

 .4)       𝑖   : 
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′ = 𝑖∙ ∙ √ ∙ ∆,                                                                                                .  

 
 𝑖  –    ; 

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

   3.11    20   
: 

 

𝑖′ = ∙ √ , ∙ , = ,  =  / ; 
 ′ = ∙ √ , ∙ , = ,  =  / . 

 
  20- -355: 𝑖′ =  / , ′ =  / . 

 20- -315: 𝑖′ =  / , ′ =  / . 
 20- -355: 𝑖′ =  / , ′ =  / . 
       

   .      
     .     

 -    20- -355, 20- -400, 
20- -315  20- -355.      

 ,    ,  
 ,       

 . 
 
3.4       
 

        
    : 

 ∇ . . = + ,                                                                                          .  
 
  –         
,      . 

     ,   
   : 

1.        ; 
2.        ; 
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3.     𝑖     
  . 

    : 
 = − − 𝜎 ∙ − , ,                                                                    .  

 
  –  ,  10,33  . .; 𝜎 –  ,   ;  –  ,      . 

     3.6. 
 

 3.6 –     

  , % ,  ,  
,/  

,  ,  ,  ,  

20- -400 0,91 4 2 150 11 -0,16 -3,34 1,93 
20- -315 0,91 3,55 2 187,5 11 -3,37 -3,66 1,29 
 

          
     ,   

      , . . : 
 

2
0
-

-
4
0
0
:
 
 

= −3,34   ∇ . .= ,  . 

 

2
0
-

-
3
1
5
:
 
 

= −3,66   ∇ . .= , . 

 
     20- -400,   20- -315  

20- -355          
.  ,       

     ,    
       . 

 
3.5     

 

        
        .  

  : 
 = = , = ,  ∙ .                                                            .  

 
  : 
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= = = .                                                                                      .  

 
        
    [3]   -546/90-40,  

    .1  . 
 

3.6    
 

   ,    (  .5)  = . 
      : 

 = , ∙ = , ∙ = ,  .                                                               .  
 

    : = ,  .  
    : = ,  .  

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

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

 ,       = (  
: = ,  / . 

         
: 

 =  , ∙ ∙ = , ∙ , ∙ , = ,  / .                          .  

 
      : 

 

𝑖 = ∙  = , ∙ = ,  / .                                                            .  

 
  : 

 = 𝑖 = ,, = ,  .                                                                             .  

 
  : 
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= − = , − , = ,  .                                                        .  
 

  : = ,  . 
  .2       
,    MicrosoftExcel. 

       
 = 𝑖 ,    3.2. 

 

 
 3.2 –  = 𝑖  

 
        

𝑖 = °  ,     . 
    3.8. 

 
 3.8 –      ° 0 15 30 45 60 75 90 105 120 135 150 165 180 195 210 𝑖 ,  2,71 3,11 3,51 3,84 4,13 4,38 4,63 4,88 5,12 5,35 5,56 5,75 5,93 6,16 6,52 

 
 ,   ,  ’ = , ∙ = ,  , 

    7 . ,   
 , : 

 = + = + , = ,  ,                                                                .  

 
 –    , : 

 

0,00

15,00

30,00

45,00

60,00

75,00

90,00

105,00

120,00

135,00

150,00

165,00

180,00

195,00

210,00

2,50 3,00 3,50 4,00 4,50 5,00 5,50 6,00 6,50
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=  , ∙ ∙ = , ∙ , ∙ , = ,  / .                 .  

 
      : 

 = ′ + = , + , = ,  . 
 

      , 
   .6   . 

 
3.7     
 

       
    ( ),   

        
.          

.  
      

,     ,   
. 

     [2]    
   18,80   D1 = 4 :  2,5/1-40-4-2, :  

2,5 –  ; 
1 –  ; 
40 – ,    40 / 2; 
4 –     3; 
2 –  . 
 
3.8    
 

         
 .    [2],  

   -2 1-100-4, : 
2 1 –   2 1; 
100 –     ; 
4 –   4-  . 

 
3.9 ё     
 

       . 
         

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

 
   ( ): 

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

 
     =   

 
      

: 
 =  . 

 

3.10 ё   
 

         
 . 

        
: 

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

 
    ,   ,  

  (15 ÷ 20)   :  
 = + , = , + , = ,  .                                                          .  
 

     : 
 = ∙ ℎ

= ,, ∙ , = ,  ;                                                           .  

 
    ℎ = ,  ,        . 

 
    ,  

 [ ] : 
 [ ] = ∙ = ∙ , = ,  ,                                                         .  
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= ∙ ∙ = , ∙ ∙ , = ,  ⁄ ,                                .  

 
: 

 < [ ] → , < ,  →  . 
 

   .  
     : 

 =   а  +  cos  +    = 

 = ,+ cos + cos ∙ = ,  ,                                              .  

 
    : 

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

 
    -     ,  

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

 
    ,  

 [ ] : 
 [ ] = ∙ = ∙ , = ,  .                                                         .  
 

: 
 < [ ] → , < ,  →  . 
 

  ,    
 .   ,       

      ( > [ ]).  
   , . .   

 ,        
  .  
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3.11      
 

      
   108.023.105-84 [6].  

  =          
 ,      , 

   ,     
   .      

 3.3.  

 

 3.3 –     
 

3.12    
 

     : =   . 
  : =  .   : =   . 

   ,     [7], 
     500/100.   = ,  , 

  – 2,7 ,    =   ,     =  ,  . 
 
3.13      
 

   , ,     
        [8], 

   . 
  : 

 = , ÷ , ∙ = ∙ =  .                                                             .  
 

  : 
 = , ∙ =  .                                                                                        .  
 

    : 
 Э = ∙ + =  + =  .                                                .  
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    : 

 Э = , ÷ , ∙ = ∙ =  .                                                           .  
 

        
    .  = ,  . 
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4   
 

4.1      
 

   -    
        

   , ,   
 ,       
    [9].      

         
     

    . 
 
4.2     

 
4.2.1     
 

   ,     
.      « », «…    

35  ,  ,    ».  
    100 ,   ,   

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

 
 ,  –    ; 

  –   . 
     ,    

     . 
  [10],   -1600/6,3/0,4,  

     4.1. 
 

 4.1 –    -1600/6,3/0,4 S , 
 

,  
, % 𝛥 ,  𝛥 ,  

, 
.  ,  ,  

1,6 6,3 0,4 6,0 1,9 16 0,8 

 =  ∙ =  ∙ . 
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4.2.2    
 
1.      

        
      ,  

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

 
   «  »   

        
« »,        -16000/110, 1* 

 15352615-024-2012.      
 4.2. 

 
 4.2 −    -16000/110- 1 

      

    ∙   
   

 
U    

   
 

U    

   U    

   Δ    
   Δ    

      

 К  .   

 
      

 ,     a    
  . 

 = ( , + ) ∙ = ( , + ) ∙ =  .  .  

 
     : 

 = − ⋅ − 𝜔 ∙ = − ∙ − , ∙ = ; .  
 

 =  –   [12, . 6.5];  =    –        [12, . 6.7]; 𝜔 =  ,   –      [12, . 
6.4];  



 

40 

T =  –   -   
 [12, . 6.6]. 

    : 
 ∆ = ∙ ∆ ∙ = ⋅ , ⋅ = ,  ∙ ,                        .  

 
 n  –    . 

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

 
        
: 

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

 1 –  ,     
 [13],  , ∙ −   . ./ ∙ , = , ∙ −  . ./∙ . 

 ё    : 
 = ∙ = , ∙ = ,  . ./ .                                             .  

 
2.    ё   

 = ⋅ −cos = ⋅ , − , ⋅ ,, =  ∙ .                         .  

 
   «  »   

        
« »,       -32000/110, 

1  15352615-024-2012.    
   4.3. 

 
 4.3 –    -32000/110 

      

    ∙   
   

 
U    

   
 

U    
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  4.3 
      

   U   6,3 

   Δ   10,5 
   Δ   145 

     32 
 К  .  7 

 
  : 

 = ( , + ) ∙ = ( , + ) ∙ =  .  

 
     : 

 = − ⋅ − 𝜔 ∙ = − ∙ − , ∙ =    .  
 

 =  –   [12, . 6.5];  =    –        [12, . 6.7]; 𝜔 =  ,   –      [12, . 
6.4];  T =  –   -   

 [12, . 6.6]. 
    : 

 ∆ = ∙ ∆ ∙ = ⋅ , ⋅ = ,  ∙ ;                      .  
 

 n  –    . 
 ( )   : 

 ∆ = ∆ ∙ ( ) ∙ = , ∙ ( ) ∙ = ,  ∙ ;          .  

 
        
: 

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

 1 –  ,     
 [13],  , ∙ −   . ./ ∙ , = , ∙ −  . ./∙ . 

 ё    : 
 = + = , + , = ,  . ./ .                           .  
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4.3      
 

 ,    110 : 
 SΣ = (P − Pcos ) = ∙ ( , − ,, ) = ,  ∙ .                              .  

 
 ,   1  110  =  . 

   cos = , . 
   110 : 

 = Σ/cos + = ,/ , + = , .                                                  .  

 
   110   n = . 

   110 : 
 = Σ∙ √ ∙ = ,√ ∙ ∙ =  .                                                .  

 
ё    110 : 

 = ∙ 𝑖 ∙ = , ∙ , ∙ , = ,  ,                                          .  
 

 αi = ,  – ,      
 [12,  91]; α = ,  – ,      

 [12, . 3.13]. 
 

  ё     -70/11,  
   [ ,  . ]: 

   =   ; 
   : 

 

. = S∑n − ∙ √ ∙ U = ,∙ √ ∙ = ,  .                              .  

 . < , ,   -70/11  
 . 
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4.4     
 

      22,7 ,    
   ,    110 .  

       . 
 

4.5       -
 ё  

 
     

   .  
   : 

 𝑖 = ⋅ + ⋅ Э + ⋅ ,                                                                   .  
 

 Э-    (   – 15 . .); 
-     ( .  3, 4); 

-     ( .  5); 
 –   ; 
 –  ; 

 -   . 
 = + + = + + =  (1 ) 

 = + + = + + =  (2 ) 
 

 α –    
β –   

      : 
 = ⋅ + ⋅ + ⋅ , =  .  
 

      : 
 = + ⋅ + ⋅ , =  . . 

 
ё  ,   : 

 𝑖 = ∙ 𝑖 + 𝑖,                                                                                                   .  
 

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

 
   : 

 P = − ∙ % =  − ∙ % = , %.                    .  

 
       

   5 %,   15,42 %,   
  ,     ё  

      . 
 

4.6 ё     
 
4.6.1 ё    
 

       . 
  : 

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

 
 ′′ –   ; 

 –   ; 
 –   . 

 = 𝜔 ∙ , = ,∙ , = ,  ,                                                            .  

 
 𝜔 –  ,  314 / ; ,  –     , 

 0,045 . 
  : 

 = % ∙ = , ∙ = ,  ,                                                  .  

 
 % –    ; 

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

 
  –    ; ∆  –    . 

  110 : 
 = , ∙ = , ∙ = ,  ,                                                         .  

 
 ,  –    ; 

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

 
 ,  –    . 

 : 
 = . = =  ,                                                                               .  

 
  –   ; .  –    ; 

 = xT , ∙ ω = , ∙ = ,  .                                                          .  

 
 : 

 = ∗′′ ∙ = , ∙ , = ,  ,                                                           .  
 

  –   ; ∗′′–       . 
 : 

 = ∗′′ ∙ = ∙ =  ,                                                                   .  
 

 ∗′′  –     . 
 : 

 = = , = , .                                                                                  .  
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4.6.2 ё       RastrWin 
 

          
         

      .    
ё    4.1,      –   4.2. 

 

 
 4.1 –     

 

 
 4.2 –     

 
  4.3     . 

 

 
 4.3 –     

 
  4.4  4.5   ё   ё  

      110  . 
 

 
 4.4 –  ё  ё      
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 4.5 –  ё      

 
  4.6 ё   ё       

110 . 
 

 
 4.6 –  ё      110  

 
4.6.3  ё     
 

       4.4. 
 

 4.4 –      
  Т  ТКЗ . ,  𝑖  

1   110  3,03 7,35 
3   110  2,08 5,06 
3    6,3  2,16 5,92 

 Э = ,  > Э = ,  , ,   
    110   ё     

  . 
 
4.7     
 

  ё       – 
    ,    

   ё  ё . 
       

 : 
1.        

; 
2.      

  ; 
3.   ,    

     ,   ,   
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  ;     
    ; 

4.    . 
 
4.7.1        

 
       

         5 % : 
  . = , ∙ I , = , ∙ , = ,  ;                                          .  

 

    : 
 I  a  = S ,√ ∙ U , = √ ∙ = ,  ;                                   .  

 
       110    : 

  . a = 𝛴∙ √ ∙ = ∙ √ ∙ = ,  .                              .  

 
       : 

  . . = 𝛴− ∙ √ ∙ = − ∙ √ ∙ = ,  .     .  

 
 
4.7.1.1     

 
        

          , 
  . 

     « »  
     -15-50/6300 

  -20/8000 3.    
      4.5. 
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 4.5 –        
 

ё   
  

 
-15-50/6300 

 
-20/8000 3 U  = ,   U =   U =   I . =   I =   I =   I = ,   I . =   i . =   i = ,   i . =   I . =   

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

. = IT ∙ tT = = ∙ =  ∙  
. = IT ∙ tT = = ∙ =  ∙  

 
,    ,    

4.6 
 

 4.6 – ,     
 

 
  

 
 

 
 

 
 ( · ) 

   : 
 

 
-1 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 . 
      

      (    
 13109-97),       



 

50 

, ,  –     
      , 

  ,   .   
   0,4     

 . 
 

4.7.1.2      
 

   -20 .   
« ».    -20    

 4.7. 
 

 4.7 –    -20  
 ё       U < U  U = ,   U =  I  a < I  I . =  I =   

 
   -20 .   

  « ».    
-20     4.8. 

 
 4.8 –      

 ё       U < U  U = ,   U =  

 
      6,3   

     – 20 1   « ». 
 
4.7.1.3    
 

    —    
  , ,   , 

   ,      
 .      5–10%  

    .   
       , 

   . .  
   ,   

      
(   SF6)      

 .      -110 
 « ».     110   

  4.9. 
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 4.9 –      110  

  
  

 -110  

U   = 110  U  = 110  
I  max = 290  I  = 800  
I  = 15,54  I . . = 50  

i  = 24,17  
I  = 50  

t  = 3  . = I ∙ (t + t = = ,  ∙ , + ,  = ,  ∙  

. = IT ∙ tT = = ∙ =  ∙  

 

   -110        
 : ,   , 

   , ,    
 ,  ,   
   .    

  ,    
«  »   61850.   

  ,         
MOU ,    .   

     4.10. 
 

 4.10 –     
 ,  U  = 110 

  ,  121 
   ,  50 

    ,  
  ,  Id. = 1255 

  ,  IT. = 50 
    ,  3 

    50 
,  

440 

   ,  550 
   (    ) 

  0,25 
  0,5 

  10  
   (    

) 
  0,2 

  0,5 
  3  

 ,  
  3150 
  4000 
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5     
 
5.1    
 

 [8, . 3.2.72, 3.2.74, 3.2.85, 3.2.86],    
  : 

      100%   ; 
        ( )  

      ; 
   ( )   ; 
       

     ; 
      ; 
        ,  

 ; 
       ; 
        ; 
        ; 
        ; 
     ( ) . 
 
5.2       
 

         
    ( ). 

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

 
    ,    

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

 
          

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

 
   – 125/30–48  300 .   

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

 
  ,     : 

 

, = ,𝑘 = ,/ = , .                                                                      (5.5) 

 
5.3       
 

 
5.3.1       
 

      
  < , ∙     

       . 
          

       . 
   : =  ;   

: = /  . 
   .    ( . ) 

      .  .           
 : 

 = ∙ 𝑖 ∙ = , ∙ , ∙ ,                                                                       (5.6) 
 

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

 . ∙ = ∙ , ∙ = , ∙ ,                                                            (5.7) 
 

 =  –  , . . 
 

 : . = , ∙ = ,  . 
  .    

        
.          

,      . 
         

 .     : 
 = ∙ 𝑖 ∙ ∙                                                                      (5.8) 
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 =  –     , . .;  𝑖 = ,  –   , . .;  = ,  –   , . .;   –          
     , . 

 = 𝐸′′′′ ∙ = ,, ∙ =  .                                                                      (5.9) 

 
 ,  (5.8),   : 

  = ∙ , ∙ , ∙ = ,  .                                                                      
 

    : 
 >  ∙ ,                                                                                                 (5.10) 

 
 =  –      , ; =  –  , . . 

  (5.11)   : 
 > , ∙

,                                                                                                  

 > , .                                                                                                                        
 

  = , . 
   .    

(      ): 
 ∗ = ∗ = , , = , ,                                                                              (5.11) 

 = , ∙ = ,  .                                                                               (5.12) 
 

   .       
 .      : 

 ∗ ∗ = , , = , .                                                                                    (5.13) 

 
    ∗ = ,  (    

). 
 = , ∙ = ,  .                                                                                                           (5.14) 
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   .      

     ,      
 = ÷ ∙ .  : = ∙ =  .  

 5.1      
 -  . 

 
 
 
 
 
 
 
 
 
 
 
 
 

 5.1 –     
 

 
    ,  ,    

 -   ( )      
 ( ) . 

 
5.3.2         
 

  100%    ,   
          

 . 
      .   

( )       
    85-95%      

 ;       
   ( )   ,  

 «  ». 
  ( )     

        
  ,   

     Э . .    
   ( )   .   Э . .    

  ,  [9]. 

0,2 0,4 0,6 0,8 1,0 1,2 1,4 1,6 1,80
0

0,1

0,2

0,3

0,4

0,5

16,7° 
I .0

I . B

IΔ, . .

I , . .
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    ,  
      

  5.2. 
 

 
 

 5.2 –     ,  
     

 
  2   : 

  –        ; 
  –       ( ) 

  ; 
  –      ; 
  –   . 

        
 (5.18). 

 Σ = + + + = , + , + , + , = = ,  / .                                                                                           (5.15) 
 

     : 
 = √ ∙ ∙ 𝜔 ∙ Σ = √ ∙ ∙ ∙ , ∙ − = ,  .            (5.16) 
 

         
 110 : 

  Э . . = ∙ ∙ + Σ,                                                                         (5.17) 

 
  – ,       

  ( ) .    [9]  
,    , = , ; 
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 –         
 , = , ⁄ ; 
 –         

 . 
    (5.17): 

 = , √⁄ = ,  .                                                                      (5.18) 

 
          

 110    (5.20): 
  Э . . = , ∙ , ∙ ,, + , = ,  .                                                      

 
   Э . . = ,  . 

      (5.19): 
 ∙ ∙  Э . .,                                                                              (5.19) 

 
 = ,  –  , . .; 

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

 ,  . 
 

       
,     5  20 .  

 :    8     6,0   
 ;    15     0,5 ,   
  ;    15     0,5   

    ,   , 
    . 

         
         30%     

  .       
    1  3. 

           
 : 

 = + .                                                                                                        (5.20) 
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 = ,        31,25  %  

    .     0,5  
    ,       

 . 
 
5.3.3     
 

    ( )   : 
  >    (5.26): 

 = , ∙ = , ∙ / =  .                                                                      (5.21) 

 
    40%      
,     . 

         
 >   , ∙ ,       

  20%      ( )    . 
U1>       . 

 U1>    (5.27): 
 = , ∙ = , ∙ / =  .                                                                      (5.22) 

 
  ,         

 110 ,     , ∙ .   
  0,5         

. 
 
5.3.4    
 

       
      

      ,   
     . 

      ∗: 
 ∗ = / ,                                                                                                     (5.23) 
 

 –       , ; 
–      , . 

      
    : 
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= ∗ ,                                                                                                                        (5.24) 

 
 =  /  – ,  - . 

    :   
( ) ,         

     (   ). 
  : ∗ = , ; 

 = , ∙ = ,  .                                                                         (5.25) 
 

  ( )       
         

  ( ).       
     =  . 

: 
 ∗ = √ = √ = , .                                                                              (5.26) 

 
 : 

 ∗ = ∗ = , , = , ,                                                                          (5.27) 

 
 = ,  –  . 

 = , ∙ = ,  .                                                                         (5.28) 
 

         
  ,  ∗ = , : 

 = , = ≈  .                        

                                                 
     , 

         
,  : 

 = ∗ ,                                                                                                                           (5.29) 

 = = ∗ ∙ .                                                                                     (5.30) 
 

      
     5.1. 
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 5.1 –      

   I∗ , . . 1,0 0,6 0,5 0,4 0,3 0,2 t ,  40 111 160 250 444 1000 

 
      

      ( )  
  5.3. 

 

 
 5.3 –       

      ( ) 
 

       
: t  = 40 , t  = 1000 .      

      .   
 ,        
   0,135   ,    

«  » ( )      10  999 .  
    -  ( = ). 

   ( )      
           
    . 

       : 
         

 ; 
         

   (B ); 

0,0

200,0

400,0

600,0

800,0

1000,0

1200,0

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

t , 

I2/I
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 BJI. 

  :       
       

. 
  .      

    110      
      : 

 

. .∗ = , ∙ ∙( ,′′ + + ,                                                                      (5.31) 

 
  –  , . .; ,′′  –      ,  

  ,    (5.31), . .; 
 –   ,    

(5.39), . .; 
 –    ,    

(5.34), . . 
 ,′′ = ′′ ∙ = , ∙ , = ,  . .,                                           (5.32) 

 
 ′′ -       

 . 
 = % ∙ = , ∙ , = ,  . .,                                                                      (5.33) 

 
 % –   , %; 

 –  ,     , ; 
 –    , . 
 = , ∙ ∙ = , ∙ , = ,  . .,                                                        (5.34) 

 
 ,  –    , / ; 

 –  , ; 
 –  ,    (37); 
 –   , . 

        
     110 : 

 . .∗ , ∙ ∙ + , + , = , .  
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      : 

 . .∗ = ∙ . .∗ ∙ = ∙ , ∙ , = ,  . .                                         (5.35) 

 
       

    .     
       

(5.36): 
 . . = , ∙ = ,  .                                                                          (5.36) 
 

     7,0    ,   
 7,5      110    

   ( ),    8,0   
     . 

 
5.3.5      
 

       
.           

  : ,    
         

    . 
 : 

 = ∙ = , ∙, = , ∙ ,                                                                      (5.37) 

 
 = ,  –  , . .; = ,  –  , . . 

 = , ∙ = ,  .                                                                             (5.38) 
 

  : = ,  . 
,         

     . 
 : 

 = , ∙, = , ∙ ,                                                                             (5.39) 

 = , ∙ = ,  .                                                                           (5.40) 
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     .   
      , 
   5.4. 

 
 5.4 –  ,     

   
  ( ⁄ ), . . 1,1 1,15 1,2 1,25 1,3 1,4 1,5 2 2,2 

 ,  3800 1200 450 340 280 160 80 3 1 

 
       

   5.4. 
 

 
 5.4 –        

 
        

 ,  .     
     0,01 . 

 ,       
   150%  , . .     

100 . 
  : 

 = , ∙, = , ∙ ,                                                                            (5.41) 

 = , ∙ = ,  .                                                                           (5.42) 
 

       ( ) <. 
   : 

0

500

1000

1500

2000

2500

3000

3500

4000

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

t, 

I/I
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 = , ∙∙ = , ∙, ∙ / =  .                                                                       (5.43) 

 
     7,0    , 7,5   

   110    ,   
 8,0        . 

 
5.3.6    
 

         
         .  

    ,   I  II   
  III  IV    . 

  ( )    . 
    ( )    

       1 .   
         , 

   .       
 110    . ,    110 ,  

 : 
        110  « -

  –  »: 
 , ∙ + ′ = , ∙ , + , = ,                                    (5.44) 

 
  – , ,   , . .; 

 –   ,    110 , 
   (50), . 

 = % ∙ = , ∙ = ,  .                                                                       (5.45) 

 
  ,     : 

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

 
    : 

 =  . . ∙ = , ∙ , = ,  ,                                                                (5.46) 
 = = , , = ,  .                                                                           (5.47) 
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    : 
 = ∙ = , ∙ = ,                                                                       (5.48) 

 
  = ,  . 

      0,5    
  110    ,    1,0 

    ,  ,     
. 
  ∆         

    .   ∆ ,      ,  ∆ =  / . 
     ( )   

        . 
  ( )   : 

 = √ ∙ = √ ∙ = ,  ,                                                                       (5.49) 

 
  –   , . 

       
  ( . )        
 . .       ,  (   

): 
 ∗ = ∙𝐼 .𝐼 . . . − , = ∙ , − ,, = , ,                                                          (5.50) 

 
 . . . .⁄  –       

 , . .; 
 –       , . . 

          
  , , ,     

: 
 . = , ∙ = , ∙, = ,  . .,                                                                       (5.51) 

  . = 𝜑, ∙ = ,, ∙ , = , .                                                                       (5.52) 

 
      . = , °. 

     : 
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 . . = . = , , = ,  . .,                                                                      (5.53) 

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

   : 
 = . .𝐼𝐼∙ = , ∙ // = ,  .                                                                      (5.55) 

 
  = ,  . 

       
  15%.    : 

 = , ∙ , = ,  ,                                                                      (5.56) 
 = , ∙ , = ,  .                                                                      (5.57) 
 

         
    . 

     7,0    ,  
 7,5      110    

,    8,0       . 
      5.5. 

 

 
 5.5 –    
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5.3.7      
 

       
.        .  

   : 
 ,        

         
. 
 : 

  . = ∙ . = , ∙ ., = , ∙ . ,    (5.65) 

  . = , ∙ . = ,  .      (5.66) 
 
 ,         

     . 
 : 

  . = , ∙ ., = , ∙ . ,      (5.67) 

  . = , ∙ . = ,  .      (5.68) 
 
 ,       ,  

   (  5.5),      
,  . 

 
 5.5 –     

  (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 

 
        

  5.6. 
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 5.6 –        
 

  ,       
     . 

  : 
  . = , ∙ ., = , ∙ . ,         (5.69) 

  . = , ∙ . = ,  .      (5.70) 
 

    3,0 .    
  ,  . 

 
5.4     -  
 

   ,    -  
      

      – 
  « ». 

     
         

.        
 ,    

          
       . 

      [ ,  .1].  
   [ ,  .2].  

0

100
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300

400

500
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t, 
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6     
 
6.1    
 

      
  [1,  1.1; 1.2; 1.4]. 

   ,     
    250 .  III  . N = ,  ,   III  ,    

    1000 ,   
   ,     

  .  Ⅱ   . 
    ∇ − ∇ = ,  

 –  ,      
III . 

 ,  II   . 
 

6.2       
    – 𝑸 . ; 𝑸 .  

 
     . = %,  . = , %: 

  .  = 377 /    22,43 ;     
  .  = 464 /    23,64 . 

 
6.3      

 
 

       
         

: 
 =  − ( . ,                                                               (6.1) 
 = ,  –  , = ,  > ,  , 
 
 =  − . ,                                                              (6.2)  
 = ,  –  , = ,  > ,  . 
 

     . 
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6.4       
 𝑸       

 

        
   (  )     :  

 =  ( ∙ ∙√ 𝑔) ⁄
,                                                                                (6.3) 

 = 239,9. ∙ ∙√ ∙ . ⁄ = ,  . 

 
         : 

 =  ( ∙ ∙𝜎 ∙ ∙√ 𝑔) ⁄
,                                                                          (6.4) 

 = 239,9. ∙ . ∙ ∙√ ∙ . ⁄ = ,  . 

 
          

  : 
 = − ∙𝑔 ,                                                                                       (6.5) 

 =  , − , ∙ ,∙ , =  ,  , 

 V = ∇ −∇ + − ,                                                                      (6.6) 

 V = 239,9, − , + − ∙ = ,  / . 

 
    , . .   

          
 = + ,                                                                                 (6.7) 
 = 30,00 + 8,52 = 38,5  
 

   38,5 . 
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6.5        
 

 ,    6.1,   
  - ,  ,    

6.1 [3, -12],   =  .   
 

 6.1 –     
x y x* y* 
0 0,126 0 0,756 

0,2 0,007 1,2 0,042 
0,4 0,006 2,4 0,036 
0,6 0,060 3,6 0,360 
0,8 0,146 4,8 0,876 
1,0 0,256 6,0 1,536 
1,2 0,394 7,2 2,364 
1,4 0,564 8,4 3,384 
1,6 0,764 9,6 4,584 
1,8 0,987 10,8 5,922 
2 1,235 12 7,41 

2,2 1,508 13,2 9,048 
2,3 1,653 15,0 11,760 
2,6 2,122 16,2 13,734 
2,8 2,462 17,4 15,660 
3 2,824 18,6 18,078 

3,2 3,207 19,8 20,430 
3,4 3,609 21 22,908 
3,6 4,031 21,6 24,186 

 

 
 6.1 –   

 

0

5

10

15

20

25

0 5 10 15 20 25
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   (  )   : 
 ∇ = ∇ + , ∙ H  ,                                                                                (6.8)  

 ∇ =  ,  + , ∙ =  ,   . 
 

6.6      
 

      ,  
 : 

 = + ℎ ,                                                                                               .   
  

 ℎ  –         . 
 ℎ = ∆ℎ + ℎ % + ,                                                                                          .   

 
 ∆ℎ –   ;  ℎ %–      ; 
а –  , = ,  . 

      : 
 ∆ℎ = ∙ ∙𝑔∙ ∙                                                                                      .   

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

 = ∙ + , ∙ ∙ − = , ∙ − .  
 =   –   ; = °; 

 –     : 
 = − ,                                                                                                       .   

 = − = − =  .  

 
     : 

 ∆ℎ = , ∙ − ∙ ∙, ∙ ∙ ° = ,    
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  𝑖 ё   : 

 𝑔∙ = , ∙ = , ,                                                                                      .   

 𝑔∙ = , ∙ = , ,                                                                                  .   

 
  –   ,    =  . 

 
     [4,   (  .1)] 
  𝑔∙ℎ̅

   𝑔∙ ̅
    𝑔∙

  𝑔∙   
    6.2. 

 
 6.2 – ,    

 
g ∙ L = ,  

g ∙ t = ,  g ∙ ̅
 1,90 4,00 g ∙ ℎ̅
 0,024 0,080 

 

   ∙ℎ̅ = ,   ∙ ̅ = ,    
 . 

  : 
 ℎ̅ = , ∙𝑔 ,                                                                                                             .   

 ℎ̅ = , ∙, = ,  . 

 
  : 

 ̅ = , ∙𝑔 ,                                                                                                                   .   

 ̅ = , ∙, = ,   . 

 
  :  
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̅ = 𝑔∙�̅� ,                                                                                                                   .   

  ̅ = , ∙ ,∙ , = ,  . 

 
  : 

 ̅  ;   
 ,   , ,  . 
 

  1%      : 
 ℎ % = 𝑖 ∙ ℎ̅,                                                                                                          .   
 ℎ % = , ∙ , = ,  . 
 

 𝑖 – ,       
 𝑔∙

. 

         
: 
 ℎ = , + , + , = ,    
 

 ,     : 
 = + , = ,    
 

 = ,  . 
 

    : ∇ = ,  .  
 
6.7          
 

      : 
 = ∇ − ∇ = , − , =                                                .  
 

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

       : 
 ℎ = √ 𝑔 = √ , ∙ ,, = ,                                                                  .  

 
 = ,  –  . 

                                                             
 : 

 𝜉 = ℎ = , = ,                                                                                .  

 
         

   [3,  9-10].  
     20      

.  
 = ,   
 

ё    ,   
: 

 ℎ′ = 𝜑√ 𝑔( + −ℎ′                                                                                             .  

 
     ℎ′      

. 
 

 ℎ′ = 𝜑√ 𝑔( −ℎ′ = ,, √ ∙ , ∙ − = ,                                                  .  

 
  -     . 

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

 
        ℎ′ . 

 ℎ′ = ,, √ ∙ , ∙ − , = ,                                                                          .  

 
 ℎ′′: 
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 ℎ′′ = ℎ′ [√ + ℎℎ′ − ] = , [√ + ,, − ] = = ,  ,                                                                                                                  .  
 ℎ′′ =  ,   >  ℎ =  ,    –    .  
 

     . 
        

       .  
       . 

 
6.8    
 

         
. . : 

     
 𝜔 = ℎ′ ∙ + − ∙ = ,   ∙ + − ∙ = ,  , (6.29)  
 

 + − ∙  –   . 
 

     
 = 𝜔 = ,,  = ,  /  (6.30)  

 
   

 = , √ℎ′ = , ∙ ,   ∙ √ , = ,   (6.31)  
 

    2,6 . 
     ё   = , − , 

  –   (   ). 
 = , ∙ , ∙ ℎ′′ − ℎ′ = , ∙ , ∙ , − , = ,   (6.32)  
 = , = , ∙ ,  = ,   (6.33)   
 

   29 . 
        

  .     
 ,        
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  l =8 .      0,25 
   1    . 

    1,3 ,    
   . 

 
6.9    

 
ё     ℎ  ,    

   .  
 ℎ = 𝜎ℎ′′ − , (6.34)  
 

  –    . 
 = ( √ 𝑔) / − 𝑔(𝜎ℎ′′ , (6.35)  

 
 σ –  ,      

 (1,07-1,13,  1,1); 
 –   (  1,1);  
 –        (  

     = , ); 
 –      

 = + − ∙ = ,+ − ∙ = ,  /  (6.36)  

  = ,  , ∙√ ∙ , − , ∙ ,  ∗ , ∙ , ∙ , = ,    

 
    

 ℎ = , ∙ , − , = ,    
 
6.10       
 

        
 ,         

 = ℎ + = , + , = ,                                                          (6.37)  
 ℎ = ,   , (   ,    ,    

   ). 
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𝜉 = ℎ = ,, = ,  ,                                                                              (6.38) =  ([5, . 9-10],      ℎ   15 ) 
  [2, . 9.55-2]         𝜉     ′ = ,   ′′ = , . 

  :  
 ℎ′ = ′ ∙ ℎ = ,  ∙ , = ,                                                             (6.39) 
 ℎ′′ = ′′ ∙ ℎ = , ∙ , = ,                                                            (6.40) 

 ℎ′′ = ,   < ℎ = ,    
 

   ,      
, ,      .  

,           ℎ =,  .  
 
6.11    
 

    ,     
      .  

 
        : 

 = ∇ − ∇ ∙ , ÷ , ,                                                         (6.41) 
 = − ∙ , ÷ , = , ÷ ,  . 
 

,     = ,  .   
,    ,     
 = 22 . 

 
6.12     

 
         

        
   - .  ,  , 

      ,   
        

.  
          

, . .      : 
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= + ,                                                                                                         .  
 = + =   . 
 

   -   
  5      1 . 

 
6.13  

 
       .  

       ,  
   .       

  . 
       -  . 

    ,   
   ,    

.          

.  
       - 0,7  1 .  
      – 0,5  1 .  

    1 ,    
        . 

 
6.14  
 

 -    2  .  
     ,  

      .  
 
6.15      
 

       , 
      .    

 4 ,    – 2 ,     
– 8,6 .        

 1 .         
  1 .  ,      

 16,6 . 
 
 
6.16     

 
       , 

  16,00. 
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       .  
      7 ,  : 16 , 

23 .  ,       
 ,     ,   

 .     2  3 .  
    1,5  2,5 .  

     ,      
,       ,   

   . 
 

6.17      
 
  ,  ,    

 :    .  
        : 

 = , ÷ , ∙                                                                                         .   
 

  -   . 
 = , ÷ , ∙ = , ÷ ,    
 

 =  . 
  : 

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

       
   : 

 ∆ ∙ / .                                                                                      (6.44)           
 

 ∆ −     , . −       
. 

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

 , ⋅ ,
, 
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,  ,      ,  .                                                                           
 

        
      .  

   : 
 ℎ = , ∙ ℎ ,                                                                                                      .   
 ℎ = , ⋅ , = ,  .  
 

         
 200    3 . 

      4 . 
        

,       . 
 
6.18     
 

      : 
 ∙. ,                                                                                                        .  

 ∙ ,
, 

 ,  ,       
 

 −       ; −    . 
 = ∇ − ∇ ,                                                                                            .   
 = − =  .  

 
        2,0 .  

 
6.19    ,     
 

    = ,   (   
 Autocad). 

     1 . .  :  
   

= 
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   –  . 

 = , ∙ ∙ , ∙ , + = ,  /    
 

         

=    (    Autocad). 

 

 

= ,  . 

 

    1 . .    
   =  ∙  ∙  ∙      

 

 = , ∙ ∙ , ∙ , + = ,  / .     
 

 

 

 

 

 

 
 : 

   =∙∙  ∙
 

 
  –  : 

 =∇
–∇
∙ ,                                                                              .   ∙
 

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

  1 . .    :   
   =      

 

 = , + = ,  / .  
 
6.20   
 

   . 
 

  :   
 = ∙ ∇ –∇ ,                                                                                              .   
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= , ∙ – = ,  .  

 
       

   0:   
   

=∇
–∇
3

 

  = – = ,  . 

 
           

 

=  ∙∇
–∇
2

2

 

 = , , – = ,   . 

 
       

   0:   
   

=∇
–∇
3

 

 = , – = ,  .  

 
6.21   
 

        : 
   =  ∙ℎ∙    

2∙
4

5

 −

 
  –      ; ℎ  –   , ℎ =  ; 

 –    , = ; 
  =  ∙ ∙   − = ,  , 

 
  : 

    =  ∙
 ℎ

  = , ∙ = ,  .  

 
      0:   
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   =∇
 

 –
 ∇
3

 

 = − + = ,  .  
 
 
6.22   
 

           
    :  

 ′= ∙ℎ ∙ 2 − 2− ∙ ∙ − 2,                                  .   
 ′ = ∙ ∙ − − ∙ ∙ − = − ,    

 
        h ,    

  ,   ,  : 
 ′′ = ∙ ℎ + γ ∙ ℎ ∙ − 𝜑 − ∙ ∙ − 𝜑          .   

 
   : 

 γ = γ − − n ∙ γ ,                                                                                     .   
 γ = − − , ∙ , = ,  / ,  
 ℎ

=
 

 ℎ = − =  , 
 ′′ = ∙ + , ∙ ∙ − − ∙ ∙ − =  = − ,  .  
   

          
   :      

. 
 
6.23   
   

=∇
 = , − ∙ ∙ , = ,  .  
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6.24    
 

      ( . 6.2): 
 

 
 6.2 -    

 
 = 3 ,  =4 . 

 = ∇ − ∇ 𝑖 ,                                                                                     .   
 = − , = ,  .  
 

  [2]: 
 = , = , ∙ , = ,  , 
 = , = , ∙ , = ,    
 

        
.  

 : = ,    
   : 

 = ∙ ,                                                                                                            .   
 = , ∙ , = ,  / .  
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6.25   
 

      
   . . : 

 = ∙ ℎ % ∙ (λ𝜋 + ℎ )                                                                             .   

 = ∙ , ∙ , ∙ ( , + , ) = ,  /  

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

 ℎ = 𝜋∙ ,, = ,  . 

 
      : 

 = λ𝜋 − ℎ %,                                                                                                      .   

 = ,𝜋 − ∙ , = ,   .  
 

 
6.26    
 

       
   .    ё  

 .      
 .  ,     

  ,      . 
        

    «–»,     «+».  
     6.2,     

. 
 

 6.2 –     

 γ  
 

 
, 

 
 γ , 
 

, 
 

, 
∙  

 1,0  2374,02 2374,02 7,33 17401,6 
 1,0  47,44 47,44 -1,04 -49,3 
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G  0,95  4048,86 3846,42 -5,71 -21963,0 
G  0,95  2421,62 2300,54 -3 -6901,6 

W  1,0  671,2002 671,20 0 0,0 
W  1,0  801,28 801,28 6,06 4855,8 

 1,2  9,45 11,34 2,67 30,3 
W  1,0  113,75 113,75 18,41 2094,2 

q  0,9  12,62 11,36 -10,47 -118,9 
W  1,0  21,19 21,19 -9,7 -205,5 

                                                          ∑ N = G + G + q − W − W + W  (6.71)  
 ∑ N = , + , + , + , − , − , = ,     
 

     : 
 ∑ = − ,  ∙   
 

         
 (    1 . .): 

 
  : 

 σ = − ∑ N + ∑
,       (6.72)  

 σ = − , + · − ,  = − ,  , 

 
 ∑ N –   ,   ; ∑  –    ,   ; B  –   .  

 σ = σ ∙ m − γ ∙ H ∙ − m , (6.73)  
 σ = − ,  ∙ − , ∙ = − ,   , 
 

 H  –       , 22 ; m = tgα –       , 0. 
 = (γ ∙ H + σ ∙ m =  , (6.74)  
 σ = σ ∙ + m + γ ∙ H ∙ m , (6.75)  
 σ = − ,   + + , ∙ ∙ = − ,  , 
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σ = −γ ∙ H , (6.76)  
 σ = − , ∙ = − ,  . 
 

  : 
 σ = − ∑ N − ∑

, (6.77)  

 σ = − , + · , = − ,  , 

 σ = σ ∙ m − γ ∙ H ∙ − m , (6.78)  
  σ = − , ∙ , − , ∙ , ∙ − , = − ,  .  
 

 H  –       ; m = ,  –       . 
 = −(γ ∙ H + σ ∙ m , (6.79)  
 = − , ∙ , − − , ∙ , = ,  , 
 σ = σ ∙ + m + γ ∙ H ∙ m , (6.80)  
 σ = − , ∙ + , + , ∙ , ∙ , = − ,    
 σ = −γ ∙ H , (6.81)  
 σ = − , ∙ , = − ,  . 
 

     6.3. 
 
 
 

 6.3 –   
 σ  σ    σ  σ  

  − ,  − ,  0,00 − ,  − ,  

  − ,  − ,  ,  − ,  − ,  
 

 
6.27    
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  ,      

.        
 –    .  

   ,  ,   
: 

 ∙F∙ l γ ,                                                                                                   (6.82)  

 = ( + − − + + ∙ + ∙ ′ + ∙ ,        (6.83)  
 = , + , − , − , + , + , ∙ + +∙ = ,  /  . 

 
  =35 –      ; c = /  –   ; 

 F = − + W + ,                                                                        (6.84)  
 F = , − , + , + , = ,   . 

 
   : 

 , ∙ ,,  ∙ ,  , 

 , , . 
 

   . ,  
  . 

 
 
 
 
 

7  ,  ,    
 
7.1    
 

   "    
"  21.07.1997 N 117-  (  )  

  -     
 , ,  , , 

,     . 



 

90 

    -    
        

      
.         

-     II   – 
   . 

     "   
 "  21.07.1997 N 117-  (  ) 

      
   : 

       
; 

     ; 
       

  ; 
    ; 
       

,       ,  
       

   ,    
,   ; 

      
       
  ; 

    ( ),     
      

. 
       

-       
   : 
   ,    

 ; 
   ( )    

 ,       
      

 ,       
 ,     

,     ,    
,         

  ; 
       

  ,     , 
       

      ; 
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; 

      
       

       
    ,     

  ; 
      

; 
     ,   

   ,  ,  
        

        
 ; 

      
        

 ,     
      

,      
     

; 
         

; 
     , 

       
   ,    ; 

       
     ; 

      
,   ,      

     ; 
      

        
      

         ; 
   , ,   

       
 ; 

        
; 

       
    ,  

  . 
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,    ,     
      

            
   .   

        
     , 

     . 
 
7.2   
 
7.2.1   
 

  70238424.27.140.012-2011 « .  
 (  )      

   .   »   ,  
   ,     

 ,       
70238424.27.140.012-2011,       

  (  ). 
   -     

   ,    . 
         

  .     
        

       
       

 .        
  ( - ) ,  

    . 
 -         
    -     

       , , 
     .   

      .   
       
  .     

      
     . 

     , 
    ,   
 ;       

       .    
    -   

 ,    ,   
-      . 
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 -     : 
     70238424.27.140.012-2011, 

    ; 
         

         
,       

,  ,     
    ,      

         ( -
) . 

 -       
 : 

   ,       
       ; 

     ,   
 ,     ; 

   ,      
  ,     
; 

       ; 
 ,  ,   

 ,       
  . 

 -         
        

        . 
         

       ,    
  . 

 
7.2.2    
 

  -      
,       
         

12.4.011       . 
    (  , 

 ,   , , , ,  
  )       

      ,  
   ,     

,    ,   
       

 . 
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       .  

   ,     . 
          

         
     . 

,    ,   
   ,     

        ,  
     , 

 ,       
  ,         

   ( - )  
 
7.3   
 
7.3.1     
 

       
     21.12.1994 № 69- .   

      , 
  .      

    -   
   . 
-        

,        
 . 

 -   : 
        
  ; 
     ,   

  ; 
     ,  

,    , 
   ; 

       
 ; 

         
   ; 

         , 
        

   . . 
      

   ( )     
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      . 

      
, : 

       
    ,  

 ; 
    ,  

    ,     
; 

  -    
         

    ; 
       

        
 ; 

         
          

   . 
    : 

         
 ; 

   ; 
     ; 
      ; 
       (  ), 

        . . 
  -       
      ,   

   ,      
       , 

     ,     
       

 . 
  -       
 .     : 

     ; 
   ( , ,   

),    ; 
  ; 
   ; 
        ; 
         . . 



 

96 

       
. ,       

 ,      
   . 

 
7.3.2    
 

   -   : 
 ; 
  ; 
  ; 
  ; 
 ,  . 

  ,      
,      .   

  ,        
        

     .   
    .    

     ,   
     ( ),   
   .  ,     

         
,        
. 

  -     
  ,      

 ,       
   .       

     ,   
   . 

  -     
  ,    

 ,         -
 .      

  ,  ,    
,         

   . 
 
7.3.3     
 

       
 ,      
  . 
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     , , 
       

      
  ,        

  . 
       

 -  ,     
     . 

        
         . 

      
  ,    , 

        . 
       

   .      
. 

        
   . 

    -    
     ,      . 

      ,   
          

  . 
       

        ,  
  . 

        
         

     . 
      

,      ,   
,  ,     

.  
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7.4      
 
7.4.1      
 

-        
   15       . 

           
,     .   - 250  .   

 -      
  ,    –   

  .  
    -  

       .   
   +8,7° ‚   -33° , 
  +37° .     555  (  321  

760 ). 
  ,     

   ,   
        , : 

, , , ,     
,          

. 
     -  

    .  , 
     .      

     . 
    -    

    .     
- ,     ,   . 

 ,     : , 
, - , ,   . ,     

,        
        
      -

       ,   
         

. 
        

-     : , , , 
,   . .      

   28.02.2019 № 206 «     
          

       
 »      

    II   , 
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    ,      
           

     ,   
. 

 
7.4.2        
 

  -      
: 
        ; 
  ; 
       ; 
    ; 
        ; 
   ; 
     . 

        
,        

    . 
      : 

  ,  ,  
; 

   ,        
; 

        ; 
     ; 
       ,    

       ; 
     . 

     
: 

    ,    
; 

      ; 
        

     -  ; 
       

    -     
  . 

     3907-85 «   
,    »  01.07.1985  

        
   : 

        ; 
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    ,  ; 
      

; 
       ; 

 ,        
 . 

       
,    , , , 

: 
  ,     

  , ,   , 
      ; 

      
      ; 

         
  ,     . 

 
7.4.3      
 

   ,    
   3907-85 «   

,    »  01.07.1985,  
  : 

   ,    
      

   ; 
           

    " -    
  ",      
     ; 

         
      , 

    ( ),    . 
       

.         
  ,    -      

; 
         

  ,    -      
; 

 ,      
       ,  

       
      . 
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   .   , ,   

,        (  
        ), 

         
    -60-75 «    , 

    »   2.06.15-85 «  
     ». 
  3907-85      

  : 
     , , 
  ,  ,     

; 
      ; 
    ; 
       

 –  . 
    : 

    ,    
   ,   ,  

,    ,      
 50  (0,5 ).   , ,    
.   ,        

   ; 
   ,      

         
     ; 

     ,   
       , 
   ,   ,  

 : ,        
,     

  , , , , 
      ( 17-81),    

  ;   , , 
   .       
     (  )   , 

   5%  ,       
     ,   

         
 2 ; 
   , ,  , 

  ,     ,  
.       
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      ,    -  
   .    , 

       
       ,  

        
       

    ; 
       

     ,     ; 
  ( , ,   )  

,        
,    . 

        
     .   

    74 . 3.     
  46,3 . 3. 

        ,  
,   . ,  ,    

    . 
        1 

    – . ,    
  ,   4 . 

 
7.4.4 ,    
 

   ,        
 -  ,      

 ,   : 
1.   ,     . 

    2020 – 8 22 201 01 21 5.   ( )  
    (7.1): 
 = 𝑁∙ % ∙ , ,            (7.1) 

 
  –   , 3;  = , % –    , %;  = ,  /  –  , / 3. 

    -    221619 3, 
,  (7.1),   : 
 = 𝑁∙ % = ∙ ,% ∙ , =  . 
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2.   ,       
, , . 

    2020 – 4 61 010 01 20 5.   
         82-

202-96.      1,0 %. 
 = 𝑁∙ % ∙ , ,         (7.2) 

 
  –  , ; 

 –   , %;  = ,  /  –   , / 3. 
 ,      -

 ,  3945 . ,   (7.3),  
  : 

 = 𝑁∙ % = ∙ ,% ∙ , = ,  .       (7.3) 

 
          

  (     ), ,     
   , .       

   .     
   ,    

       ,    
   . 

 
7.4.5       

 
   -     

   : 
1.   ( ,   ) ; 
2.    : 
    – ; 
  ,       

; 
  ,       

; 
3.    ,    

  ,    ; 
4.       , 

         
 . 

        
  : 
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1.    ; 
2.  ,    ; 
3.        

   ; 
4.       

    . 
   ,    4   -     
    – . ,   

2.2.1/2.1.1.1200-03 « -      
,    »  25.09.2007   
    -  : 
  (       

 )   ( , ,  
 ) . 

,   2.1.4.1110-02 «    
     »  14.03.2002 

          
  -      . 

     ( )   
  ,     -

     2.1.4.1110-02: 
          ,   
    ; 
     ,  

   ,  
 ,      

  -  . 
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8 -   
 
8.1 ё        

 
 

     , 
       .  
         
 8.1. 

 
 8.1 –        

 
 

 
 
 

   
2026 2027 2028 2029 2030 

 
 

 
11,34 22,68 22,68 22,68 22,68 

  
 
 

 

 

2 662 2 662 2 662 2 662 2 662 

 
   

30 187 60 374 60 374 60 374 60 374 

  
 

  
% 

5,00 5,00 5,00 5,00 5,00 

  
 

  
  

0,57 1,13 1,13 1,13 1,13 

  
   

10,77 21,55 21,55 21,55 21,55 

  
 

/ 
  

1 318 1 349 1 379 1 403 1 417 

   
 

. . 0,14 0,29 0,29 0,30 0,30 

   .  2,37 4,84 4,95 5,04 5,09 
 

,    ё , ,   
      .  
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      , 
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       (   
        

 ,    ,   
       

        
 ): 0,02%. 

  (  ,  , 
 )       1   

. 
     8.2. 
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 , . /  , . . 
    255,2 5,79 

 274,0 6,21 
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 «  – » 135,38 . /  3,07 
  (   ) 0,001097 . / *  0,025 

 (   ) 0,000318 . / *  0,007 
  3,102 
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  (  8.1). 

 
 

 
 8.1–     , % 

 
  8.1 ,       

   8.5 .    
   (48 %),    

 (36 %),        (8 %), 
     4%. 
 
8.3   
 

        
  .      

      .  
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    – 20%; 
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, 

.
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22,12 22,79 23,23 23,71 24,19 

, 

.
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47,76 48,22 48,66 49,14 49,57 

31,67 31,50 31,50 31,50 31,50 
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), 
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227,60 232,82 237,04 239,38 241,54 
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. 
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95,51 101,86 97,80 111,11 114,12 
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.
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A
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3.   
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  », , 2008 .,   «  »  
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)     « »  08.02.2017 №9 - «  
   « »  2017-2042 .» 
ё       

  ProjectExpert,  ExpertSystems.  
       

 : 
1)    -    30 

,       . 
2)       

 ,   1 . 2021 . 
3)         

     , 
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8.6   
 

  ё      
ё  ,     8.8. 

 

 8.8 –     « -
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  11,6 

   - DPB,  146 
   – NPV, .  6,09 

  – PI, . 1,21 
   - IRR, % 11,74 

 . , / *  0,08 
 , /  3704,85 

   ,       
  6,9 . .    

 – 0,08 ./ · ,      
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  , .  25,38 25,38 25,38 39,74 93,22 
  , .  0 0,01 0,18 0,39 0,44 
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 .1 –   .  
    

 I II III IV V VI VII VIII IX X XI XII ̅  
1946 22 20 20 90 157 141 80 44 46 48 33 29 61 
1947 23 20 18 88 201 146 84 43 49 69 54 31 69 
1948 34 30 26 117 284 160 108 67 60 64 49 41 87 
1949 32 28 25 101 273 184 109 70 64 78 73 60 91 
1950 33 27 25 94 270 178 114 73 66 81 76 59 91 
1951 30 27 27 103 239 157 94 80 64 72 67 44 84 
1952 36 34 30 107 154 148 85 42 48 65 50 49 71 
1953 24 22 21 90 145 137 79 41 39 47 32 32 59 
1954 20 19 20 88 101 109 64 34 34 29 34 34 49 
1955 22 21 21 92 101 86 70 20 32 36 31 36 47 
1956 18 17 16 77 104 88 78 34 36 44 39 17 47 
1957 26 22 20 77 95 97 74 41 40 50 45 32 52 
1958 23 21 19 88 154 140 79 43 44 41 36 33 60 
1959 36 31 28 100 147 105 84 83 56 66 61 39 70 
1960 39 32 29 101 297 250 127 82 92 122 137 85 116 
1961 31 28 25 79 267 170 113 49 64 88 83 49 87 
1962 36 31 26 96 270 209 81 72 66 46 31 48 84 
1963 33 30 27 92 273 168 111 59 69 82 77 46 89 
1964 26 23 20 88 233 156 92 74 70 79 74 43 82 
1965 31 22 19 114 277 189 120 64 54 84 79 38 91 
1966 30 28 26 94 272 224 105 62 68 56 21 53 87 
1967 23 21 19 94 171 144 89 46 49 66 61 46 69 
1968 27 25 23 94 173 151 141 67 60 84 79 37 80 
1969 19 16 16 92 145 81 65 38 16 12 27 14 45 
1970 21 19 18 80 79 113 65 39 30 31 46 25 47 
1971 19 18 19 80 159 127 56 37 44 51 26 25 55 
1972 21 20 19 88 98 91 73 42 50 34 29 39 50 
1973 40 21 21 94 101 105 77 38 33 37 32 24 52 
1974 39 29 28 105 239 209 110 81 95 42 47 69 91 
1975 32 29 28 102 227 217 105 65 56 82 77 52 89 
1976 28 23 21 75 195 150 169 76 37 73 58 41 79 
1977 22 21 21 88 107 118 54 36 42 34 29 28 50 
1978 28 22 19 79 101 90 79 58 49 41 36 22 52 
1979 19 18 17 75 87 90 78 42 38 41 36 16 46 
1980 22 19 20 105 161 134 75 38 47 34 29 31 60 
1981 29 29 27 98 272 165 107 73 56 78 83 52 89 
1982 32 24 24 96 275 173 94 71 66 80 85 58 90 
1983 32 27 25 98 255 201 106 80 63 84 59 49 90 
1984 37 30 28 96 276 231 132 74 76 62 47 59 96 
1985 34 28 28 88 109 81 77 28 35 38 33 28 51 
1986 31 27 25 94 88 101 59 39 32 37 32 30 50 
1987 21 19 18 75 151 124 74 41 44 32 27 25 54 
1988 25 21 20 88 289 163 115 75 60 73 78 47 88 
1989 23 19 19 79 149 129 65 38 52 38 33 28 56 
1990 25 19 19 75 82 94 75 35 33 35 30 24 46 
1991 23 22 20 79 167 142 71 45 50 59 54 47 65 
1992 30 26 26 94 211 147 87 39 45 61 56 42 72 
1993 30 27 23 90 176 145 76 42 50 68 53 47 69 
1994 29 26 25 96 168 152 75 76 63 90 85 42 77 
1995 22 19 18 77 203 153 88 72 63 80 85 41 77 
1981 29 29 27 98 272 165 107 73 56 78 83 52 89 
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 .2 –     
 .  

P, % 1 3 5 10 20 50 75 95 97 99 99,9 
Q, 3/  117,9 107,3 101,7 93,7 84,6 68,8 57,5 43,6 40,6 35,2 27,4 

 
 .3 –      
 .   P0,1% 

P, %  0,1 0,5  1  3  5  10  20  

Q, 3/  463,9 404,1 377,1 330,9 308,7 275,7 239,4 
 

  .3 
P, % 50  75  95  97  99  99,9  

Q, 3/  1815 1685 1486 1419 1095 1012 
 

 .4 –      
 .  

P, % 1 3 5 10 20 50 
Q, 3/  32,7 30,4 29,3 27,5 25,5 21,9 

 
  .4 

P, % 75 95 97 99 99,9 
Q, 3/  167 162 153 150 136 

 
 .5 –       

ё , 3 16 21 26 31 36 16 ∇ ,  0 2,66 5,86 9,62 14,16 0 

 
 .6 –      

,  , 3/  
16 0 
17 12,3 
18 34,3 
19 63,8 
20 100,7 
21 142,1 
22 191,3 

 
 



 

 

  
 

-   
 

 .1 –  -   -      

 

     -    

, 
 

, 
 

, 
 

, 
 

 

., /  
. ., /  

 , 
/  

, /  

 

− , /  

 

., /  

 ,/  
, /  

 , /  

, /  

, 
 

𝛥 , 
 

, 
 

, 
 

 , 
 

, 
 

9 39 38 0 1 1 0 0 39 40 40 14,16 0,00 14,16 36,00 36,00 36,00 18,04 17,76 6,2  

10 36 35 0 1 4 0 0 39 40 40 14,16 0,01 14,15 36,00 35,99 35,99 18,04 17,75 6,2  

11 34 33 0 1 6 0 0 39 40 40 14,15 0,02 14,13 35,99 35,97 35,98 18,04 17,74 6,2  

12 17 15 0 1 66 1 0 81 82 40 14,13 0,17 13,96 35,97 35,82 35,89 20,16 15,53 11,2 11,2 

1 16 14 0 1 68 1 0 82 83 40 13,96 0,18 13,78 35,82 35,65 35,73 20,19 15,34 11,2 22,2 

2 17 15 0 1 24 1 0 39 40 40 13,78 0,06 13,72 35,65 35,60 35,62 18,45 16,98 5,9  

3 18 16 0 1 23 1 0 39 40 40 13,72 0,06 13,66 35,60 35,54 35,57 18,45 16,92 5,9  

4 77 76 1 1 -37 -1 0 39 40 40 13,66 -0,10 13,76 35,54 35,63 35,59 18,04 17,34 6,0  

5 104 103 1 1 -64 -1 0 39 40 40 13,76 -0,17 13,92 35,63 35,78 35,71 18,04 17,47 6,1  

6 88 87 1 1 -49 -2 1 38 40 40 13,92 -0,13 14,05 35,78 35,90 35,84 18,04 17,60 6,0  

7 78 75 1 1 -37 0 1 38 40 40 14,05 -0,10 14,15 35,90 35,99 35,94 18,04 17,70 6,0  

8 44 43 0 1 -4 0 0 39 40 40 14,15 -0,01 14,16 35,99 36,00 35,99 18,04 17,75 6,2  
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