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2 -   

 
2.1   -   

 

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

 
 2.1 –       

 I II III IV V VI VII VIII IX X XI XII 
  100 100 100 100 100 100 100 100 100 100 100 100 

 1 1 1 1 1 1 1 1 1 1 1 1 
 0 0 0 3 3 3 2 2 1 1 1 1 

 2 2 2 2 2 -7 -7 0 -0 0 2 2 
 0 0 0 0 0 0 0 0 0 0 0 0 

 
2.2      
 

  ,    
 ,      

(  ) 
    ( =50%)  
      1952 : 

 = % = = ,                                                                         .  

 
   1952 : 

  = % = =                                                                                 .  

 
        1975 . 

   1975 : 
 = % = = ,                                                                         .  

 
   1975 : 

 = % = = ,                                                                           .  
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    1  1952 ,    
      ,      

 1. 
    ,    

    .   2.2   
   . 

 
 2.2 –   1952  (P=50%) 

 I II III IV V VI VII VIII IV X XI XII 𝑖 %, /  29 37 42 258 506 380 293 170 130 106 39 40 𝑖 % /  29 37 42 258 506 380 293 170 130 106 39 40 
 

    ( =90%) 
     : 

 :  
 = % = = ,                                                                           .  

 
 : 

 = % = = ,                                                                         .  

 
   ,     

   .   2.3   
   . 

 
 2.3 –   1985  (P=90%) 

 I II III IV V VI VII VIII IV X XI XII 𝑖 %, /  24 25 26 271 289 256 182 150 88 95 80 27 𝑖 % /  22 23 24 271 289 256 182 150 81 87 74 25 
 

2.3    
 

     P(t),    
    : 

       
         : 

 
 = + ∙ | ° − °|,                                                                         .    
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 t –  . 
 

 =    =   : 
 = + = + = , ;                                                  .  

  = − = − = ,                                                        .  

 
       
 .  

  = 1173    = 834  : 
 = + = + = , ;                                                       .  

 = − = − = ,                                                             .  

 
 2.4 -        
    

t α cos t max Pt  
1 15 0,966 1235 1173 
2 45 0,7074 1187 1128 
3 75 0,2595 1105 1049 
4 105 -0,258 1010 958 
5 135 -0,706 927 879 
6 165 -0,966 880 834 
7 195 -0,966 880 834 
8 225 -0,709 927 879 
9 255 -0,261 1010 958 
10 285 0,2564 1105 1049 
11 315 0,7051 1187 1128 
12 345 0,9651 1235 1173 

 

   2.4      2.1. 
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 2.1 -      
 

2.4            
 

          
 ,     2.5. 

 
 2.5 -   

 I II III IV V VI VII VIII IX X XI XII  %, 3/  22 23 24 271 289 256 182 150 81 87 74 25 ∑ Q , 3/  4 4 4 6 7 -3 -4 3 6 6 4 5 
, 3/  18 19 20 265 282 259 186 147 75 81 70 20 

     %, 3/  22 23 24 271 289 256 182 150 81 87 74 25 

,  373 373 373 373 373 373 373 373 373 373 373 373 
,  323,9 323,9 324,0 329,2 329,5 329,1 327,8 327,0 326,1 326,3 325,9 324,0 

H,   48,64 48,60 48,55 43,32 43,03 43,42 44,76 45,55 46,43 46,23 46,60 48,55 
   

 , 3/  100 100 100 100 100 100 100 100 100 100 100 100 
,  373 373 373 373 373 373 373 373 373 373 373 373 

,  326,9 326,9 326,9 325,9 325,9 325,9 325,9 325,9 326,9 326,9 326,9 326,9 
H ,  45,6 45,6 45,6 46,6 46,6 46,6 46,6 46,6 45,6 45,6 45,6 45,6 −  -32 -32 -31 60 66 58 32 18 -9 -7 -11 -31 81 

 

∑ =566                                                                            ∑ =485  

    2.5  ,  9  –  
  . 

 
 
 

750

850

950

1050

1150

1250

1 3 5 7 9 11

-Pc , т

-Pmax, т

P, т

е ы

Годо ые к  у к
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2.5     
 

   2     
         

  ё   .     
 4%   .     
     2.6.   

(  ). 
 

 2.6 –     
.  I II III IV V VI VII VIII IX X XI XII 

∑ ,  *  2,90 2,65 2,41 2,24 2,17 2,876 2,876 2,17 2,24 2,41 2,65 2,90 

N,  250 250 250 250 250 250 250 250 250 250 250 250 

 

2.6 -    -  
 (90%) 

 

        :  
-   ,  ; 
-  ∇ ; 
-   . 

   ,    , 
,      ∇  = 373 . ,   

      ,  
        , 

    . 
     . 

         . 
  -   (  ). 

    (  ). 
 

2.7      
.     

 

         
    ,    
    ,      

. 
   –   ,   
   .  ,   

   ,   
        .  
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.1        

 
   :    

   .  ,     
    .       

2.2. 
  : 

 
N .  N .  N ;                                                                               (2.12)             
 
N .  kN Q . .  H                                                                                  (2.13)       
          

                           

 2.2 –    
 

 
.2         

  
 

       
  2.7.1     2.7 
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 2.7 –        
 N  .  N   N   N  
 73 1,752 15 0,36 72 1,392 87 
 30 0,72 15 0,36 21 0,36 36 

 28 0,672 14 0,336 19 0,336 33 
 40 0,96 20 0,48 28 0,48 48 

 40 0,96 20 0,48 28 0,48 48 
 39 0,936 20 0,48 27 0,456 47 
 39 0,936 20 0,48 27 0,456 47 
 40 0,96 20 0,48 28 0,48 48 

 40 0,96 20 0,48 28 0,48 48 
 28 0,672 14 0,336 19 0,336 33 
 30 0,72 15 0,36 21 0,36 36 
 73 1,752 15 0,36 72 1,392 87 

 

       
 . 

 
2.8     
 

     ,  
     %   ,    

8
%
 

.  

        
,      .   ё  

   2.8 
      ,    

 

 

   : 
 . Э = ∙  = =  ∙                                         .  

 
   : 

 . = a ∙  = =  ∙                                              .  

 
   : 

 . = a ∙  = ∙ =  ∙                                    .  
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     ,   
         1   2 . 

  (  ). 
 

 2.8     

 
      

Pmax N .  N .  N .max N .  N  N .max N .  N  N .max N .  N  N  

 1235 25 99 236 7   87 2   912 99   16 
 1187 25 99 223 7   36 2   908 99   16 

 1105 25 99 205 7   33 2   867 99   16 
 1010 25 99 203 7   48 2   759 99   16 

 927 25 99 190 7   48 2   689 99   16 
 880 25 99 177 7   47 2   656 99 76 16 
 880 25 99 177 7   47 2   656 99 76 16 
 927 25 99 190 7 39 48 2 15 689 99   16 

 1010 25 99 203 7   48 2   759 99   16 
 1105 25 99 205 7   33 2   867 99   16 
 1187 25 99 223 7   36 2   908 99   16 
 1235 25 99 236 7   87 2   912 99   16 

 

2.9   -         
  (50%) 

 

        –  
 . 

      . 
           

. 
    : ∑ =483,74  · ,   

: ∑ =482,61  · .  ,     
    ё . Э . =,   · .  -    

  2.3. 
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 2.3 -  -   
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3     
 

3.1    
 

      
 ,     ,   

 3.1,       .  
       . 

       
 [2],  ё     3.1.   

     3.1. 
 

 3.1–  ё    

    
 

  

 
  
 

 
 

 
  
 
 

 

 
 

  
.  

, /  
. ,  ,  ,  я  ,  

, /  
,  

, /  

,  , /  

0 323,0 49,5 34,8 42,1 29,6 342 22,2 223,7 50 50 

100 325,9 46,6 31,8 39,2 30,2 335 22,9 227,1 0 50 

200 328,0 44,5 29,7 37,1 30,9 327 23,5 230,4  50 

300 329,8 42,7 28,0 35,3 31,6 320 24,2 233,6  50 

400 331,4 41,2 26,4 33,8 32,2 314 24,9 236,8  50 

500 332,7 39,8 25,1 32,4 32,9 307 25,5 240,0  50 

600 333,8 38,7 24,0 31,3 33,6 301 26,2 243,1  50 

700 334,7 37,8 23,1 30,5 34,3 295 26,9 246,2  50 

800 335,4 37,1 22,4 29,7 34,9 290 27,5 249,3  50 

900 336,0 36,5 21,8 29,2 35,6 284 28,2 252,3  50 

1000 336,248 36,27 21,51 28,89 

 1100 335,5967 36,92 22,16 29,54 

1200 332,7355 39,78 25,02 32,4 
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 3.1 –     

 
  ,      

    3.2. 
 

 3.2 –   ,   H a ,  H ,  H i ,  Q i , /  Q a , /  H i /  

48 35,8 28,5 50,00 285,00 0,59 
 

3.2      
 

        , 
   = 48        

 ,    , . . . 
    50-   50,  

     3.3. 
 
 
 
 
 
 
 

 

20,0

22,0

24,0

26,0

28,0

30,0

32,0

34,0

36,0

38,0

40,0

42,0

44,0

46,0

48,0

50,0

0 50 100 150 200 250 300 350 400

Ре ое поле

H = ,8

Hmin= 8,

-О . о п оп

по о о т

Hmax=48

H = ,8

Hmin= 8,

-О . о п оп

по о о т

-О . о Nу т
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 3.3 –      
 50-  50 H ,  50 50 H i H a⁄  0,5 0,35 n′    t, /  116 113 η t 0,916 0,91 Q′    a , /  1,5 1,65 D     ,  0,46 0,35 H ,  12 5 t , ℃ 21 16 

 

       
 ,      . 
 

 50- : 𝑝′ = , ,  𝜂 𝑝′ = , ; 

 50: 𝑝′ = , ,  𝜂 𝑝′ = ,  

 
     50-    

 .       = ,  . 
  : 

 

𝜂 = − − 𝜂 ∙ − + ∙ √5 ∙ √ 𝑁 ∙ √𝑣𝑣5 ),                          .  

 
 𝜂 , ,  – ,     ; , 𝑁 –      ; 𝑣 , 𝑣  –        

 ,        
  ;  ; 

– ,       
     0,75. 

 𝜂 = − − , ∙ , + , ∙ √ ,,5 ∙ √ , ∙ √ , ∙, ∙5 == , . 
 

    ,    
   : 
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 ′ = , ∙ 𝐼′ ∙ ∙ 𝑃, ∙ 𝜂 ∙ 𝜂 ,                                                                   .  
 

 𝐼′  –          
(  ,  .1) , 𝑃–      ; 𝜂  –   ; 𝜂  –   ,   0,97. 

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

    : 
 ′ = Э′ = , = , ,                                                                              .  

 
 Э =   –   ; ′ –     . 

 
 ,   ,    

 2  3.       
  . =  . 

 
   : 

 = = ,   

 
    : 

 ∆= 𝜂𝜂 = ,, = , ,                                                                                     .  

 
 𝜂  –   ; 𝜂  –   . 

 
   : 

 = 𝐼′ ∙ √ 𝑃 ∙ ∆ = ∙ √ , ∙ ,, = ,  / ,                     .  
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 𝐼′  –          
; , 𝑃–      ; ∆ –     . 

 
     = ,  /. 

      , 𝑁, 𝑖  
  : 

 

𝐼′ = ∙√ ∙ ∆,                                                                                                              .  

 
  –    ; 

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

 ′ = , ∙ ,√ , ∙ , = , ; 
 

𝑖′ = , ∙ ,√ ∙ , = ,  /  

 
      ′    

        
    : 

 

𝐼′ ∙ 𝜂 = , ∙ ∙ 𝑃, ∙ 𝜂 ,                                                                             .  

 
 𝐼′  𝜂 –      ,  

      ; 
 –      ; , 𝑃 –      ; 𝜂  –   ,   0,97. 

 

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

  .     𝑖′ ,   
,        .  
 

𝐼′ ∙ 𝜂 = , ∙ , ∙ , ∙ , = ,  

 
   : 𝜂 = , , 𝐼′ = ,  / . 

        
 ,    , . 

        3.4  3.5. 
 

 3.4 –       
   50-  

 
 

1 2 3 4 5 D ,  2,8 3,15 3,55 4,0 4,5 η  0,9376 0,9386 0,9395 0,9405 0,9414 N ′,  22474,51 28474,64 36200,12 46008,21 58284,86 z ′ 3,960041 3,1255 2,458555 1,934437 1,52698316 z  4 3 2 2 2 ,  22,25 29,66667 44,5 44,5 44,5 ∆ 1,024 1,025 1,026 1,027 1,028 n′ , /  250,84 223,07 198,04 175,84 156,38 n , /  272,6 230,8 200 187,5 157,8 n′ a , /  141,32 134,53 131,32 138,65 131,21 n′ , /  126,09 120,04 117,17 123,71 117,07 n′ i , /  108,89 103,67 101,19 106,83 101,1 Q′ ∙ η  H  
 

1,392 1,467 1,732 1,365 1,078 Q′ ∙ η  H a  0,9 0,94 1,12 0,88 0,69 
 

     , 50- -280, 50- -
400  50- -450      ё    
       ,   . 

(  ).  
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. 

 
 3.5 –       
   50 

 
 

1 2 3 4 D ,  2,8 3,15 3,55 4 η  0,939 0,9399 0,9408 0,9417 N ′,  24758,87 31365,48 39875,23 50673,6 z ′ 3,59467132 2,837514 2,231962 1,756339 z  4 3 2 2 N ,  22,25 29,66667 44,5 44,5 ∆ 1,032 1,033 1,034 1,035 n′ , /  245,3 218,15 193,67 171,96 n , /  250 230,8 200 187,5 n′ a , /  129,07 133,99 130,79 138,09 n′ , /  115,16 119,55 116,7 123,21 n′ i , /  99,46 103,25 100,78 106,41 Q′ ∙ η  H  
 

1,392 1,467 1,732 1,365 Q′ ∙ η  H a  0,897 0,945 1,116 0,879 
 

  ,       
(  )  -50-280, -50-315  -50-400 

 
3.3       

 

        
        

   𝑖   : 
 

𝐼′ = 𝑖∙ ∙ √ ∙ ∆,                                                                                                .  

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

 
   3.11   50- -450   : 

 

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

          𝐼′ = 𝑖∙ ∙ √ 𝑖 ∙ ∆ = , ∙ √ , ∙ , = ,  =  /    .  

 
     ,  

  . 
 

 3.6 –        
 50- -280 50- -400 50- -450 50-280 50-400 

 H a   /   /   /   /   /  
 H i  ,  / .  / .  /  ,  /   /  

 
    60- -315, 60- -355, 60- -

400, 60- 60-315  60- 60-355     
,    ,   , 

        
(  ). 

 
3.4       
 

        
    : 

 ∇ . . = + ,                                                                                       .  
 
  –         
,      . 

 ∇ . . = , + , = , ;                                                      
 ∇ . .( = , + − , = , ;                                               

 ∇ . . 𝑖 = , + − , = ,                                                     
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     ,   
   : 

1.        ; 
2.        𝑝; 
3.     𝑖     

  . 
    : 

 = − − 𝜎 ∙ − , ,                                                                    .  

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

     3.7. 
 

 3.7 –     
   D1,  Za,  nc, /

 
Na,  Hs1,  Hs2,  Hs3,  

50- -280 0,9376 2,8 4 272,6 22,25 -3,05 -13,01 -6,92 
50- -400 0,9405 4,0 2 187,5 44,5 -2,57 -11,22 -6,07 
50- -450 0,9414 4,5 2 157,8 44,5 1,26 -3,71 -0,37 

50-280 0,939 2,8 4 250 22,25 -0,81 -10,79 -4,12 
50-400 0,9417 4,0 2 187,5 44,5 1,58 -10,42 -4,7 
 
1)  50-     2,8   4,0   -50  

  2,8   4,0        
  (4  2 ),    Hs    <-8, 

   -    . 
2)  50-     4,5  –  . 

     (-3,71 ).    
   – 2 ,    .  

  n=157,8 /   ,    
  ,      .   

       .  
     50-   D1=4,5 . 

 
3.5     

 

        
        .  

    :  650/130-32 
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3.6    
 

   ,    (  ): 
 
 =  
 

      : 
 = , ∙ = , ∙ , = ,                                                           .  
 

    :  
 =  .  
 = = = ,                                                                                            .  

 
    : 

 = ,    
 

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

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

        
 
 𝑣 = ( 𝑝 : =  /  
 

         
: 

 =  , ∙ 𝑝 ∙ 𝜂 = , ∙ , ∙ , = ,  /                      .  

 
      : 

 

𝑖 = ∙  = , ∙ = ,  /                                                      .  
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  : 
 = 𝑖 = , = ,                                                                         .  

 
  : 

 = − = , − , = ,                                                               .  
 

  : 
 =   
 

  3.8     , 
   MicrosoftExcel: 

 
 3.8 –    

 
 

 1 2 3 4 5 6 7 8 9 10  

ri 8,05 7,40 6,74 6,09 5,43 4,78 4,13 3,47 2,82 2,16 1,51 0,86 

bi 4,99 4,53 4,07 3,61 3,15 2,70 2,24 1,78 1,32 0,86 0,41 -0,05 

rk 4,35 4,23 4,11 3,99 3,86 3,74 3,62 3,49 3,37 3,25 3,13 3,00 

rk/ra 1,24 1,21 1,17 1,14 1,10 1,07 1,03 1,00 0,96 0,93 0,89 0,86 

ln(rk/
ra) 

0,22 0,19 0,16 0,13 0,10 0,07 0,03 0,00 -0,04 -0,07 -0,11 -0,15 

ri/ra 2,30 2,11 1,93 1,74 1,55 1,37 1,18 0,99 0,81 0,62 0,43 0,24 

ln(ri/
ra) 

0,83 0,75 0,66 0,55 0,44 0,31 0,16 0,01 -0,22 -0,48 -0,84 -1,41 

bln(ri
/ra) 

4,15 3,39 2,67 2,00 1,39 0,84 0,37 -0,01 -0,29 -0,42 -0,34 0,07 

rkctg
y 

16,25 15,79 15,33 14,87 14,42 13,96 13,50 13,04 12,58 12,13 11,67 11,21 

rkctg
yln(r
k/ra) 

3,55 2,99 2,46 1,93 1,42 0,93 0,45 -0,02 -0,47 -0,90 -1,32 -1,71 

mi 3,19 2,73 2,27 1,81 1,35 0,90 0,44 -0,02 -0,48 -0,94 -1,39 -1,85 

Ji 4,04 3,37 2,73 2,13 1,57 1,06 0,61 0,23 -0,05 -0,20 -0,17 0,18 

i 
210,0

0 
175,0

9 
141,8

6 
110,5

5 
81,47 54,99 31,64 12,13 -2,49 -10,5 -8,90 9,47 

ai 4,55 3,90 3,24 2,59 1,93 1,28 0,63 -0,03 -0,68 -1,34 -1,99 -2,64 

 

       
 = 𝑖 ,    3.2. 
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𝑖 = °  ,     , 

    3.9. 
 

 3.9 –      
φ 0 15 30 45 60 75 90 105 120 135 150 165 180 195 210 225 

r,  3,97 4,81 5,52 6,14 6,71 7,24 7,75 8,24 8,71 9,16 9,60 10,03 10,45 10,87 11,27 11,64 

 

 
 3.2 –  = 𝑖  

 
 ,     

 ’ = , ∙ = , ∙ , = ,                                                          .   
 

    B′ > 7 ( ),    
,  : 
 = + a = + = ,  ,                                                                    .  

 
 –     

 =  , ∙ 𝑝 ∙ 𝜂 = , ∙ , ∙ , =  /                    .  

 
 
 

-30
-15

0
15
30
45
60
75
90

105
120
135
150
165
180
195
210
225

2 3 4 5 6 7 8 9

ϕi

ri

 ϕ =f(ri)
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      : 
 = ′ + = , + , = ,                                                                  .  
 

        
(  ).  

 
3.7     
 

  ( ),      
   . ё   

 ё   ,    
 ,   . 

 ,     
«     », 

 1, . 144 [2]   : 
 6,3/1-40-8-2 –      

 6,3 3,   1    8  (40 / 2),  
   6,3/1-40,     8 

3  2 . 
 
3.8    
 

  [2] (  9.2, . 103),   .  
 -     D1=4,5 :  -2 1-150-4; 
   -2 1 (   );  

   -150-4. 
 
3.9 ё     
 

       . 
         

,    . 
 

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

 
   ( ): 

 ∗ , ∙ . = ( , ∙ ,, ) . = ,  ,                                       .  
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 д = ÷   
 

      
: 

 =   
 

3.10 ё   
 

         
 . 

        
: 

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

 
    ,   ,   

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

 
     : 

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

 
   ℎ = ,  ,         

 
    ,  

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

 
: 

 < [ ] → , < ,  →  . 
 

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

 

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

 
  -     ,  

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

 

    ,  
 [ ] : 

 [ ] = ∙ = ∙ , = ,                                                         .  
 

: 
 < [ ] → , < ,  →  . 
 

  ,    
 .   ,      
.     .  

 
3.11      

 

      
   108.023.105-84 [3].  

  D1= 4,5       1  
        . 

      .  
 

3.12    
 

     : =   . 
   ,     [7], 

     250/100.  
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4   
 

4.1      
 

      .  
      , 

      ,  
  .      

     ,   
    ,   

ё     , ё    
ё       .   

    ,  2,    
    –    . 

      
   (38 )  -  110 , 

     . 
 
4.2     

 
4.2.1     
 

     ,   
  ,        

.         
        . 
 s = я ∙ , = ∙ ,, = ,                                 .  

 
      

.      ( ) – 
1600/10,5/0,4  

  - . 
 - . 
  –    
 - ё . 
 1600-   , . 
 0,4 -   , . 
 10,5-   , . 

  ( ) – 1600/10,5/0,4   
 4.1. 
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 4.1 -   ( ) – 1600/10,5/0,4  
   ( ) –1600/10,5/0,4 

   ,  1,6 

  U ,  10,5 

  U ,  0,4 

   ∆P,  11,5 

    
  

∆P ,  3,1 

     ∆I , % 0,5 

   ∆U , % 8 

 
4.2.2    

 
   « »   

 -63000/110.  
  – ; 
  –  ; 
  –       

; 
  –    ; 
 63000-   , ; 
 110 -   , . 
 

      4.2. 
 

 4.2 -    -63000/110 
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4.3      
 

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

 
 ,   1  110  =  . 

   cos = , . 
   110 : 

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

 3-    110 . 
  : 
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= ∙ √ ∙ = ∙ √ ∙ =                                                      .  

 
  : 

 = α ∙ α𝑖 ∙ = , ∙ , ∙ = ,  ,                                          .  
 

 α  - ,      ; α𝑖 - ,      . 
 

 : 
 

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

 
   -185/24.    

  4.3 
 

 4.3 –    -185/24 

 

 
 

 

 

 

 

 

 

r  /
 

 

 

 

x  /
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I    

 
 
4.4     

 

      89     
,    110 .  

      . 
 

4.5       -
 ё  

 
      ,    

-  .      
,      .  
1)       n=4 

    .  
: 

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

 n –   ; 
Kt-   ; 
m –    ; 
K -    ; 

 –    
t –   
2)              .  

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

    .    
   : 
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 = ∙ +                                                                                                              .   
 

  : = , ∙ + = .  
  : = , ∙ + = .  

     : 
 ∆ = − ∙ % = , %                                                                         .  

    , . .   ,  
   ,    . 

 
4.6        

   
 

     ,  
 ё . 

1)   
 = ,% ∙∙ = , ∙ ∙ = ,  ;                                                .  

 = = , = , ;                                                                                    .  

 = ∆ ∙ = , ∙ = ,  ,                                                     .  

 
  –    ,    , 

    . 
 
2)  
 = ′′ = , ∙ , = ,  ;                                                        .  

 = 𝜔  = ,∙ , = ,  ,                                                               .  

  𝜔 =  /   
     0,045 . 
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′′   1,13 . . 
 = ′′ ∙ = , ∙ , = ,                                                        .  
 
3)  
 = ∙ = , ∙ = ,  ;                                                                  .  

 = ∙ = , ∙ = ,                                                             .  
 
 

4)  
 = / = = ,  ;                                                                     .  

 = . . = , = ,  ;                                                                         .  

 = 𝜔  = ,∙ , = ,                                                              .  

     0,035 . 
   1 . . 

 = ∙ = ∙ =                                                                       .  
 

  4.1     .   4.2 
    .   4.3  

   .   4.4   
     .   4.5  

       110 .   4.6 
        110 .   

       4.4 
 

 



49 

 4.1 –     

 

 4.2 –     

 

 

 

 4.3 –     

 

  4.4 –        

 

 4.5 –        110  

 

 4.6 –        110  

 

 4.4 –      
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    I ,  i ,  

3  1 
14,75 

40,67632 

3  5 8,08 18,37437 

1  5 3,91 8,891557 

 

4.6.1        
 
       

     .  
       

        5% : 
 I я  = , ∙ I , = , ∙ , = ,                                                               (4.23) 
 

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

 
        110 : 

 I . = Sn ∙ √ ∙ U = ,∙ √ ∙ = ,                                  .  

  
        

  : 
 I . = Sn − ∙ √ ∙ U = ,∙ √ ∙ = ,                           .  

 
 
4.6.2      

 10,5  
 

        
          , 

  . 
       

 : 
 U U . .  

  I I , a  .  
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  B , B , .  

 
     « »  

     –10-   
 –10/4000 3.    

      4.5.   
 -10/4000     4.6. , 

       4.7. 
 

 4.5 –       -10-
 

      U   U = ,   U = ,   I .  I =   I =   I  I . = ,   I . = ,   i  i = ,   I =   
. , 2∙  . = ,  ∙  . =  2∙  

 
 4.6 –       -

10/4000  

      U   U = ,   U = ,   I .  I =   I . =   i  I = ,   I =   
. , 2∙  . = ,  ∙  . =  2∙  

 
 4.7 – ,     

 
 

 
 

 
 

 
 ( · ) 

  -1 0,5 55 
 -  0,5 20 

 ∑ = 75 ·  
 

,     « - », 
    - .  

         
,        , 

   . -     
    4   15150 (  

   1  45° ;     
55° ;    98 %   35° ).  
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  ,    «  
». -1      

        
       

   50     0,4  750 . 
      

      (    
 13109-97),       

,   –     
      , 

  ,   .   
   0,4     

 . 
 
4.6.2.1      
 

   10,5     
-10-2.   «   ». 

   -10-2    4.8. 
 

 4.8 –     
 ё       U < U  U = ,   U = ,   I  a < I  I . =   I =   

 
   -10.   

«  ».    -10 
   4.9. 

 
 4.9 –      

 ё       U < U  U = ,   U = ,   
 

4.6.2.2      
 

      4.10. 
 

 4.10 –         

 
 

 
   « » -110 

 

   
   

. 
U  = 126 ; 
I  = 2500 ; 

 

U   =  110  U  = 110  
I  max = 236  I  = 2500  

I  = 8,08  I . . = 40  
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i  = 18,37  3  - 

 
   -110    : 

,  - ,  
 ,  ,  , 

   ,   .,   
 ,   .  

   ,    , 
   ,  . 

 

4.7          
 

      10,5  
      – 10 1   

« z ».    110      
 -110 1    .  
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5     
 

      ,  
    .  

 ,     
         

   ,    
    ,    

     . 
        

. 
 
5.1    
 

      :  
 = √ ∙ = √ ∙ , =   ,                                                            .  

 
   –    ;   –   . 

     : 
 = ∙ = ∙/ = ,  ,                                                                .    
 

    –       
 ;   –  . 

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

 
   ( )  160 . 

      :  
 

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

 
      :  

  

 𝐸 = √ ∙ , = ,                                                                                 
 

  : 
 

, = ,. = √ ∙ = ,  ;                                                         .  

 

, = , = , / = ,                                                                  .  

 
5.2     

 
    [1]      

      . 
 

    -650/130-32 
       

         ; 
      (100%)   ; 
        ; 
    ; 
       

      
; 

     ; 
      ; 
        ; 
        

; 
     ,   

; 
     ( ) . 
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    -63000/110 

       ; 
     , 

   (    
); 

        
    110 ; 

     ( -110) 
    ; 
        10,5   
; 
        

 ;  
     ;  
    ; 
    . 
 

   : 
       ; 
        

; 
   ; 
   . 

   110 : 
1)  : 
 -       . 
2)  : 
 5-       ; 
        

  ; 
 4-          

( ); 
       110  

  110 . 
 

5.3     
 

      5.1, 
       5.2.  

   ,    5.3. 
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 5.1 –    -650/130-32 

 -650/130-32 

  
,  45 

,  36 

 ,  10,5 

  cosφ 0,80 

,  50 

 , /  157,8 

    (   ) 1 

  ,  1300 

    ,  983 

   
  ( . .) 

  Xd 1,1 

  X'd 0,3 

  X"d 0,19 

  ,  1,1 

 

 5.2 –     -63000/110 

 -63000/110 

 ,  63 

  ,  110 

  ,  10,5 

  , % 10,5 

  Y /Δ 
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 5.3 –      

  – 1600/10,5/0,4 
  ,  1600 
  ,  10,5 
  ,  0,4 

  , % 8 
 
 
 

5.4      
 
5.4.1     (I∆G) 
 

      
  < , ∙     

        .   
         

        . 
  : =  . 
   : 𝜂 = /  . 

1)        
  .  .      

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

 = ,  -    ;  𝑖 = ,  -    . 
 

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

 =  -  . 
 

 : . = , ∙ = , ∙ =  . 
2)        

    .      
    ,   

     . 
       

 :   
 



59 

= ∙ 𝑖 ∙ ∙  ,                                                                        .  
 

 =  –   ;  𝑖 = ,  -    ; = ,  -    ; 
 -         

        
; 

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

 
 ,    : 

  = ∙ , ∙ , ∙ = ,                                                                       
 

    : 
 >  ∙ ,                                                                                                 .  

 > , ∙                                                                                                      
 > ,   
 

 =  –  ;  
 -       . 

 
  = ,  

 
3)    (      

): 
 = ∗ = ,, = ,                                                                                       .  

 
4)        

.      : 
 ∗ = ,, = ,                                                                                          .  

 
     = 1,5. 
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   ,      

: 
 = − ∙ = ∙ =                                                       .  
 

  5.1    
  . 

 

 

 5.1 –    
  

 
    ,  ,  

   -       
. 

 
5.4.2             

(𝐔  (𝐔 )) 
 

  100%    , 
         

    . 
      : 

1)   ( )      
     85-95%     
  ;      
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 3     ,  
 «  ». 

       
       

     
     Э .       

 . 
     U  Э . .   

 5.2. 

 

 
 5.2 –      Э .  

 
     : 

 𝛴 = + + + ,                                                                                       (5.15)          
 

   – ё        .  
 0,7 / ;          

 – ё        .  
 0,007 / ;  

  – ё      .   0,008 
/ ;          

  – ё    10,5 .   0,25 
/ . 

 CΣ = , + , + , + , = ,                                             
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    110 : 

 

 Э . = ∙ ∙ + 𝛴 ,                                                                         .  

 
      – ,       
 . = , ; 
      –         

 ,  = ,  ; 
      –        

    .  : 
 = ∙  √ ;                                                                                                  .  

 = ∙ √ = ,  ;                                                                                   
 

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

     : 
 𝐶 = , ∙ ∙ 𝜔 ∙ 𝛴;                                                                                           (5.18) 
 𝐶 = , ∙ , ∙ ∙ , = ,                                                                               
 

  : 
 ∙ ∙  Э .    ,                                                                                    .  

 ,, ∙ ∙ ,√ ∙ ,                                                                                                         
 

 , , 
 

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

  : U    6     
5,0    ; U    15     0,5   

    ,   
  ,     -  

. 
2)   U      

          30%  
    . 

  U        1  
3. 

          
  K : 

 = +                                                                                                               .  

 
 K = ,   U      31,25 %  

   . 
    0,5      

,        -  
. 

 
5.4.3     (𝐔 >), (𝐔 >  
 

1)   U2> : 
 

𝐶 = , ∙ ;                                                                                                     .  

 

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

     .  
 U1> : 

 

𝐶 = , ∙ ;                                                                                                     .  

 

𝐶 = , ∙ / =                                                                                
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  ,       

   110      , ∙ . 
    0,5      

,  . 
 
 
 
 
 
 
5.4.4      

      (𝐈 ) 
 

      
       

       
,         

. 
       ∗ : 

 

∗ = ,                                                                                                                    .  

 
 –       ,  

–      . 
 

      
    : 

 = ∗ ,                                                                                                               .  

 
 =  – ,  - . 

 
    : 

1)          
        

(   ). 
   : ∗ = , ; = , ∙ . 

2)         
        

 .       
       =  . 



65 

 : 
                                                                                                     

∗ = √ ;                                                                                                                .  

 

∗ = √ = ,                                                                                                 
 

 : 
 

∗ = ∗ ,                                                                                                          .  

 
 = ,  –  . 

 

∗ = ,, = , ;                                                                                       
 = , ∙                                                                                                 (5.27) 
 

         
  ,  ∗ = , : 

 = , ≈                                                                                           
 
3)       

,         
 ,  : 

 = ∗ ;                                                                                                            .  

 = = ∗ ∙                                                                                            (5.29)    
 

      
     5.4. 

 
 5.4 -      
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I2/I  
1,0 0,6 0,5 0,4 0,3 0,2 

 ,  30,0 83,3 120,0 187,5 333,3 750,0 

 

     
      

   (I2)    5.3. 

 

 5.3 -      
      

   (I2) 
 

       
 : t  = 30 , t  = 750 . 

       
     .   

 ,        
   0,135   ,    

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

4)          
          
     . 

       : 
1.         

 ; 
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100,0

200,0

300,0

400,0

500,0

600,0

700,0

800,0
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2.       
    B . 

3.          
 BJI. 

  :       
       

. 
  :      

    110      
      . 

∗ . . = , ⋅ ∙  ′′ + + ,                                               .  

  ∗ = ∙ = ∙ = ,    ′′ =  ′′ ∙ = , ∙ , = , −  

    ,    
 ; −    ; 

 = % ∙ = , ∙ = , ,                                                           .     
 

 −     . 
 

       110 :   
                                    ∗ . . , ⋅ ∙ , + , + , = ,  .                            
 

      : 
 

. . = ∗ . . ∙ ∙ ;                                                                                          .  

 

. . = ,  ∙ ∙ , = ,                                                                     
 

  :      
      .    

        
. 
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     7,0   , 7,5    
  110    ,    8,0 

       . 
  
5.4.5     (𝐈 ) 
 

       
.           

  : 
1)  ,     

         
   . 
  : 

 = ∙ = , ∙, = , ∙ ,                                                           .  

 
 = ,  –  ; = ,  –  . 

  =  . 
 
2)  ,      

        
 . 
  : 

 = , ∙, = , ∙                                                                                 .  

3)       . 
      
   ,    5.5. 

 
 5.5 -   ,    

    
 

 𝐼𝐼  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 
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   0,01 . 

4)   ,     
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     7,0   , 7,5    
  110    ,    8,0  

      . 
 
5.4.6      
 

       
.        .  

   : 
1)  ,     

         
   .   : 

 

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

 

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

 
2)  ,       

        . 
  : 

 

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

 
3)  ,       

,    ,     
 ,  .    

    5.6. 
 

 5.6 –     
 

 𝐼𝐼  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 

 
       

    5.5. 
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       110   
 . ,    110 ,   : 
)        110    
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 , ∙ + ,𝐾 ∙ ′ ,                                                                                            (5.43) 

 
  – , ,   ; 

 –  ,     
220 ; 
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  ,     
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   : 
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  : 
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      : 
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– ,    , : 
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 =   –   ; = °; 
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 ∆ℎ = , ∙ − ∙ ∙, ∙ ∙ ° = ,                                                       
 

  𝑖 ё    
2

gL
,

gt

: ∙𝑣 = , ∙ = ;                                                                                                 
 ∙𝑣 = , ∙ = ,                                                                                   
 

  –   ,    =  . 
       

2
hg   


Tg

  

  
2

gL
 

gt ,      6.1. 

 
 6.1 – ,    

 
g ∙ L𝑣 =  

g ∙ t𝑣 =  g ∙ ̅𝑣  1,75 4 g ∙ ℎ̅𝑣  0,022 0,08 

 

    ∙ℎ = ,    ∙ = ,    
 . 

 
  : 

 ℎ̅ = , ∙ 𝑣 = , ∙, = ,                                                                .  
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  : 
 ̅ = , ∙ 𝑣 = , ∙, = ,                                                                          .  

 
     :  

 ̅ = ∙ ̅ = , ∙ ,∙ , =                                                                          .  

 
  : �̅�  ;    , ,  . 

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

 𝑖 = ,  – ,       

2
gL

. 

         
: 
 ℎ = , + , + , = ,  ≈ ,   
 

 ,     : 
 = + =  
 

 =  . 
 
6.2  ё  
 
6.2.1     
 

    : 
 

. = . − − ∙ − + ,                                             .  

 
 .  –       

,    3%  III  ; 
 –    ; 

 –    . 
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. = − − · , − , ∙∙ = ,  /  

 
  : 

 = . ,                                                                                                          .  

 
  –    ; 

–    ; ℎ –    ,    = ,  . ; 𝑣  –    ,  5 / , . . , 
   – . 

 
   : 

 = 𝑣 ∙ ℎ = ∙ , = ,  /                                                             .  
 

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

  : 
 = ,, = ,   

 
     ,   

   ,        
 . 
 = ∙ = ∙ =  ,                                                                                       .  
 

  –  ё ; 
 –   ё ,  4 .                                                                                 

 
     , : 

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

    =   
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6.2.2 ё     
 

      𝜔 ,  
      . 

 = 𝜔 √                                                                                                   .        
                                                                                    𝜔 = √ = ,, ⋅ √ ∙ , ∙ , = , ,                                       .  

 
    Q–    , 3/ ; 𝜔  –   , 2; 

 –  ,  0,8. 
 –     : 

 H = ∇ − ∇ = − , = ,  ,                                             .               
 

  –     , : 
 = + ℎ = + = ,   ,                                                     .  

 
 ℎ  = 3  –  ,  , ;   

 
 -   , : 

 =  ∇ + ℎ = + =  ,                                                       .  
 

  ℎ =   –  , . 
 

  :  
 ′ = 𝜔ℎ = , = ,                                                                                    .  

 
   n=2.     

: 
 = ′ = , = ,                                                                                 .  

 
  =    
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    ,   3 ,  2  

.      6 2. 
 
6.2.3     
 

      ё    : 
 = .𝜎 ∙ 𝜎 ∙ ∙ ∙ √ / = ( ,  ∙ ∙ , ∙ ∙ √ ∙ , ) / == ,  ,                                                                                           .  
 

 = ,  –      . 
 

      ё    : 
 = .∙ 𝜎 ∙ 𝜎 ∙ ∙ √ /  ,                                                                    .  

 
 𝜎 =  –  ; 𝜎  –   ,    , 

  : 
 𝜎 = − , ∙ 𝜉 + − ∙ 𝜉 ∙ = − , ∙ , + − ∙ , ∙ ,= ,  ,                                                                                                                                 .  
 

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

 
  : 

 = ( ,, ∙ , ∙ ∙ ∙ √ ∙ , ) / = ,   

 
     : 

 = − ∙ 𝑣 ,                                                                                                .  
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    𝑣 = .− + − ∙                                                        .  

 
    : 

 𝑣 = ,− + − ∙ = ,  /  

 
   : 

 = , − , ∙ ,∙ , = ,  

 
  =  . 

     : 
 = − = − =                                                          .  
 

     : 
 = + , = + , ∙ = ,                                           .  
 

 =  . 
 

       – 
 : ∇ =  , ∇ = . 

   : =  . 
 

6.2.4        
  

 
    : 

 

. = . − − ,                                                                         .  

 
 .  –       

,    0,5%  III  ; 
 –    ; 

 –    . 
 

. = , − , − , ∙∙ = ,  /  
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: 

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

 = ,  –      . 
 

      ё    : 
 = .∙ 𝜎 ∙ 𝜎 ∙ ∙ √ / ,                                                                     .  

 
 𝜎 =  –  ; 𝜎  –   ,    , 

  : 
 𝜎 = − , ∙ 𝜉 + − ∙ 𝜉 ∙ = − , ∙ , + − ∙ , ∙ ,

 = , ,                                                                                                                             .  
 

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

 = ( ,, ∙ , ∙ ∙ ∙ √ ∙ , ) / = ,   

 
          
 : 

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

 = , − , ∙ ,∙ , = ,   

 
    : 

 = + = + , = ,                                       .  
 

  =  . 
 
6.2.5      -  
 

      - ,  
,    6.2   =  . 

 
 6.2 – ё      

№ x y x* y* 

1 0 0,126 0 1,134 

2 0,1 0,036 0,9 0,324 

3 0,2 0,007 1,8 0,063 

4 0,3 0 2,7 0 

5 0,4 0,006 3,6 0,054 

6 0,5 0,027 4,5 0,243 

7 0,6 0,06 5,4 0,54 

8 0,7 0,1 6,3 0,9 

9 0,8 0,146 7,2 1,314 

10 0,9 0,198 8,1 1,782 

11 1 0,256 9 2,304 

12 1,1 0,321 9,9 2,889 

13 1,2 0,394 10,8 3,546 

14 1,3 0,475 11,7 4,275 

15 1,4 0,564 12,6 5,076 
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      6.1. 

 
 

у ок .1 –О оло ок одо л о  плот ы 

 

6.2.6 ё       
 

   . 
       : 

 ℎ = √ ∙ . .+ − ,                                                                              .  

 
 α –  ,  1,1. 

 ℎ = √ , ∙ ,  + − ∙ ∙ , =   

 
  ,    
: 

 h′ = ∙ √ ∙ ∇ − ∇ − h′ = ,, ∙ √ ∙ , ∙ − −  = ,                                                                                                 .  
 = . = ,+ − ∙ = /                                                  .  

0

5

10

15

20

25

30

35

40

45

0 10 20 30 40

Y
,

X,
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    : 

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

 
  : 

 h′′ = h′ ∙ √ + ∙ hh′ − = , ∙ √ + ∙ ( , ) − == ,                                                                                                                  .  
 

  : 
  ℎ′′ = , > ℎ = ,  ,    . 

 ℎ −    ,     =   .  
   ,    
 .       . 

 
6.2.7    
 

    h  ,    
   ,  : 

    h   : 
 ℎ = 𝜎h′′ − = , ⋅ , − , = , ,                                          .  
 

 Н –    : 
 = √ − 𝜎h′′ =  ( , ⋅ √ ⋅ , ) − , ⋅⋅ , ⋅ , ⋅ , == ,                                                                                                                     .  
 

    h      
  ,    4,   

 = ℎ + = , + , = ,                                                         .  
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  : 

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

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

  : 
 h′′ = h′ ∙ √ + ∙ hh′ − = , ∙ √ + ∙ ( , ) − == ,                                                                                                                     .  
 

  : 
 

  ℎ′′ = , < ℎ = ,  ,    . 
 

6.2.8     
 

    ,     
      .  

    ,   
 ,     6.2. 

 
 
 
 
 
 
 
 
 
 

 6.2 –     
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 1. 
     ,  
    , : 

 𝐼 = ℎ√𝛾𝛾𝑤 − + − −  ,                                                               .  

 
  – ,      
   ,   , 

 0,5; = ⁄  –   ; =  ⁄ –   . 
  ℎ : 

 ℎ = ∇ − ∇ = − = .                                                  .  
 

         
     : 

 𝐼𝐼 = ℎ𝛾𝛾𝑤 + −  ,                                                                                  .  

 
 = , –  ё    , 

     ; = ,  –     ,   
 

   ,    6.3, 
 ,         

 𝐼 =    𝐼𝐼 =  ,    6.3.  
     . 
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 6.3 –    . 

 𝐼,  𝐼𝐼,  

0,1 28,11 39,87 

0,2 29,21 39,62 

0,3 30,77 37,82 

0,4 32,91 36,17 

0,5 35,86 34,67 

0,6 40,00 33,28 

0,7 46,02 32,00 

0,8 55,32 30,81 

0,9 71,23 29,71 

1 104,00 28,69 

0,1 28,11 39,87 

 

 

 6.3 –    

     = , ,   
   =  .  

 2. = − ⋅ , ÷ , = ⋅ , ÷ ,= , ÷ ,                                                                            .  

0
0,1
0,2
0,3
0,4
0,5
0,6
0,7
0,8
0,9

1
1,1

0,00 20,00 40,00 60,00 80,00 100,00 120,00

n

,



90 

 

   35 . 

 
6.2.9     
 

        
 .        

   : 
 = + = + =  ,                                                                              .  
 

 b–    ; 
 –  . 

   -   
  5      1     . 

 
6.2.10   
 

       .  
       -  . 

    ,   
   ,    

.          

.  
     3.1. 

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

    1 ,    
        . 

 
6.2.11  
 

    3  .   
   ,      

  .        
  . 

 
6.2.12        
 

       .  
      14  (  

  ).       
          

.  ,      
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  ,     
,  ,       

 ,    .  
      ,   

        
3 3,5 .      2 2,5 .  

     ,      
,       ,   

   . 
   . 

      : 
 ∙. ,                                                                                                        .  

 ∙ ,
 

 ,         
 

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

        2,7 .  
 
6.2.13       
 

         
,      .    
     – 1 ,    – 4    

  – 9 .      14 .  
 

6.2.14       
 

        
 :    .  

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

     -   , 
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 = ,  . 
  : 

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

       
   : 

 ∆ ∙. ,                                                                                                           .  

 
    ∆ −     , . −       . = ; 

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

 

 ,  ,                                                                              
 

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

        
      .  

         
 200    3 . 

      6 . 
       

   ,       
  . 

 

6.2.15        
 

          
 ,    

        
      : 
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 = , ∙ 𝜗 ∙ √ℎ′ = , ∙ , ∙ √ , = ,                    (6.60) 
 

    : 
 𝑣 = ℎ′ = , = ,                                                                                .   
 

    4 ,   . 
       : 

 = , ∙ ,                        (6.62) 
 

   −   . 
 = , ∙ , ∙ ℎ′′ − ℎ′ ,             (6.63) 
 

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

   44 .  
        

  .     
 ,        

  l =10 .      
0,25    1    . 

    1,5 ,    
   . 

 
6.3      
 

   ∇       
   .     ,    

      1 . .  . 
 

6.3.1     
 

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

 –    ; 
 –  . 

 
         : 

 = ∙ ∙+ = ∙ ∙+ =  /                                           .  

 
  : 

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

   –  , = ∇ − ∇ + , ∙ = − + , ∙ =               .  
  

    1  : 
 = + = + =                                                                              .  

 
6.3.2     
 

      . 
       

 . 
 = ∙ = ∙ =  ,                                                            .  

 
     –  : 

 = ∇ − ∇ = − =                                                     .  
 

  : 
 = ∙ = ∙ , = ,  ,                                                         .  

 
      –   : 

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

 = S ∙  = , ∙ = ,  / ,      (6.73) 
 

 = ,  –     . 
 
6.3.3    
 

л  е е о д ле : 
 = ∙ ∙ = , ∙ ∙ =  ,                                           .  

 

де     – оп едел ет  по о уле; 
 –  подо ы, оп еделе   пу кте. 

 
6.3.4    
 = ∇ − ∇ 𝑖 = − , = ,                                          .  
 

   2.06.06-85    : 
 = , = , ∙ , = ,  ;                                                              .  
 = , = , ∙ , = ,  ;                                                                 .  
 = ∙ = ∙ =                                                                 .  

 
6.3.5   
 

    : 
 = ∙ ℎ ∙ − ,                                                                             .  

 
  –      ; ℎ  –   , ℎ =  ; 

 –    , = ; 
 = ∙ ∙ ( − ) = ,  /                                                        .  

 
    1 . . 
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= ∙ ℎ = , ∙ = ,                                                                           .  

 
      : 

 = ∙ ℎ ∙ − − ∙ ∙ − ;                                .  

 = ∙ ∙ ( − ) − ∙ ∙ ( − ) = −  /  

 
        ℎ ,    
   ,  : 

 = ∙ ℎ + γ ∙ ℎ ∙ − − ∙ ∙ −           .  

 = ∙ + , ∙ ∙ ( − ) − ∙ ∙ ( − ) = = −  / ,   
 

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

    n –   ,   n = , ; 
c –  ,  110 . 
 

       1 
. : 

 = + = − − = −                                                           .  

 
    ,     

   . 
      : 

 = ∙ ℎ ∙ + + ∙ ∙ + ;                            .  

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

 
6.3.6   
 

      
   . . : 

 = ∙ ℎ % ∙ λ + ℎ                                                                           .  

 = ∙ ∙ , ∙ ( + , ) = , , 
 

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

 
      : 

 = λ − ℎ % = − ∙ , = ,                                                      .  

 

6.4    
 

      . 
   ,  ё    

    «–»,  –   «+»  
        

 AutoCAD.  
  ё   ,     , 

     .    
    6.4 
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 6.4 –     

   
 

,  
 , 
 

,  
, 

∙  
 1  13520 13520 17,3 233896,0 
 1  174,05 174 1,97 342,9 
 0,95  14866 14123 -5,9 -83325,5 
 0,95  12960 12312 -7,1 -87415,2 
 1  2065 2065 0 0,0 
 1  3330 3330 8,28 27572,4 

 1  156,8 157 15,25 2391,2 
 1,2  9,8 12 2,67 31,4 
 0,8  586 469 -0,67 -314,1 
 1  82,06 82 46,2 3791,1 

 0,9  24 22 -14,5 -313,8 
 ∑ =   ∙  

 ∑ = + + + − −                                                  .  

 ∑ = + + + − − =        
 

    : 
    : 

 𝜎 = − + ∑ = − + ∙ = − ,  ,                   .  

 
 ∑  –  ,   ; 

 –   . 
    : 

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

  –       ; 
 –       , ; 
 –   , / 3. 

    : 
 = ( ∙ + 𝜎 ∙ = ∙ − , ∙ =                      .  
 

   : 
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 𝜎 = 𝜎 ∙ + + ∙ ∙ = − , ∙ + + ∙ ∙ = = − ,                                                                                                                     .  
 

   : 
 𝜎 = − ∙ = − ∙ = −                                                                    .  
 

    : 
    : 

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

 
 ∑  –  ,   ; 

 –   ; 
 –   ,   . 

 
    : 

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

  –       ; 
 –       , ; 
 –   , / 3. 

    : 
 = −( ∙ + 𝜎 ∙ = −( ∙ , + − ∙ , = = ,                                                                                                                         .  
 

   : 
 𝜎 = 𝜎 + + ∙ ∙ = − ∙ + , + ∙ , ∙ , = = −                                                                                                                     .  
 

   : 
 𝜎 = − ∙ = − ∙ , = −                                                          .  
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 ,       
6.5. 

 

 6.5 -  ,    
     𝜎  -132,8 -1080 𝜎  -520 -426,4 

 0 612,4 𝜎  -132,8 -59 𝜎  -520 -1447 
 
6.5     ё  
 

        
      : 

 
1.    : 
  ∙ ∙ |𝜎 | ∙  ,                                                                                     .  
 

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

  ∙ ∙ |𝜎 | = , ∙ , ∙ =  /                     .  

 
 , . .: 

  /  /                                                                            
   ,     5 

      =  / ,  
       .  

2.        : 
 𝜎 <                                                                                                                      
 

   𝜎 = − ,  , ,  . 
 
3.     : 
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|𝜎 | , ∙ ∙                                                                                           .  
 |− , | , ∙ ∙                                                                                 
 
. . ,  /  / .                                                                      

 . 
 
6.6    
 

       
  ,      

.        
 –    . 

      ,  
 :  

 ∙∙ ,                                                                                                          .  

 
 = ,  –        

 ; =  –   ,   ё  
; = ,  –   ,    
. 

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

  –       0,75; 
 –   , 110 / 2; 

 –    35 . 
 : 

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

 
      .
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7  .   
 

7.1    
 

      
.       

       -
  ( ).       
    ,    

   -  ,  
,          

  . 
     

 ,       
 ,    

  ,  ,     
  ,       

,   .  
 
7.2        
 

        
       

   ,     .  
        

 : 
–     ; 
 –     .  
–       

     ; 
–        

   ; 
–        

,   ; 
         

     .     
      

 .  
         ,  
        

   .  
     –   

,     ,   
     .  
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 ,    , 

    ,    
, , ,  ,   

,     ,    
,      . 

         
   ,    -, -, 

    ,   
, ,      ,  

      ,    
    .  

        
 ,     

,          
         

.  
     ,  

      , 
  . 

 ,   
   , : 
–   ,    ,  

  ;  
–    ,    ,  

; 
–    ,         

; 
–   ; 

          
         

,         
   . 

 
7.3   

 
     , 

       . 
  : 

–        
  ; 
–     ,   

  ; 
–         

   ; 
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–         , 
        

   . .  
–     ,  

,    , 
   ;  

–       
 ; 

      
          

        
  .  

        
  ,     
.    ,     

      
,   . 

    :   
,     ,    

   ,     
  ,   , 

    ,     
 ,      ,   

    . 
         

  ,     
        

,      ,     
       

 .  
        

.  
  ,      

      :  
         

;  
   , ,     

,      ; 
       .  

        
 .      

  .    – 
,         

.  
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 .      

   ,    
  .     
,       . 

   ,    
-  ,     .   

       . 
 ,  , ,    

       
        

.  
 

8    
 

     : 
, ,  ,  ,  

,            
  8   .   

  .     
    ,     

« » — -       
.        

 . 
       ,  

   ,       
.      , , . 

   , ,  
 — , ,  .     - . 

        .  
         

,     , , , , , 
.         
.     . , 

, ,   .      
    . 

 
8.1        

  
 

       : 
-         ; 
-   ; 
-        ; 

https://ru.wikipedia.org/wiki/%D0%A0%D0%B0%D1%81%D1%82%D0%B8%D1%82%D0%B5%D0%BB%D1%8C%D0%BD%D0%BE%D1%81%D1%82%D1%8C
https://ru.wikipedia.org/wiki/%D0%A2%D1%83%D0%BD%D0%B4%D1%80%D0%B0
https://ru.wikipedia.org/wiki/%D0%9B%D0%B5%D1%81%D0%BE%D1%81%D1%82%D0%B5%D0%BF%D1%8C
https://ru.wikipedia.org/wiki/%D0%95%D0%B2%D1%80%D0%BE%D0%BF%D0%B5%D0%B9%D1%81%D0%BA%D0%B8%D0%B9_%D0%BB%D0%BE%D1%81%D1%8C
https://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D1%80%D0%B0%D0%BB
https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D1%81%D1%83%D0%BB%D1%8F_%D1%81%D0%B8%D0%B1%D0%B8%D1%80%D1%81%D0%BA%D0%B0%D1%8F
https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D1%81%D1%83%D0%BB%D1%8F_%D1%81%D0%B8%D0%B1%D0%B8%D1%80%D1%81%D0%BA%D0%B0%D1%8F
https://ru.wikipedia.org/wiki/%D0%A1%D0%B5%D0%B2%D0%B5%D1%80%D0%BD%D1%8B%D0%B9_%D0%BE%D0%BB%D0%B5%D0%BD%D1%8C
https://ru.wikipedia.org/wiki/%D0%9A%D1%83%D0%B7%D0%BD%D0%B5%D1%86%D0%BA%D0%B8%D0%B9_%D0%90%D0%BB%D0%B0%D1%82%D0%B0%D1%83
https://ru.wikipedia.org/wiki/%D0%9A%D1%83%D0%B7%D0%BD%D0%B5%D1%86%D0%BA%D0%B8%D0%B9_%D0%90%D0%BB%D0%B0%D1%82%D0%B0%D1%83
https://ru.wikipedia.org/wiki/%D0%91%D1%83%D1%80%D1%8B%D0%B9_%D0%BC%D0%B5%D0%B4%D0%B2%D0%B5%D0%B4%D1%8C
https://ru.wikipedia.org/wiki/%D0%9E%D0%B1%D1%8B%D0%BA%D0%BD%D0%BE%D0%B2%D0%B5%D0%BD%D0%BD%D0%B0%D1%8F_%D1%80%D1%8B%D1%81%D1%8C
https://ru.wikipedia.org/wiki/%D0%A0%D0%BE%D1%81%D0%BE%D0%BC%D0%B0%D1%85%D0%B0
https://ru.wikipedia.org/wiki/%D0%9E%D0%B1%D1%8B%D0%BA%D0%BD%D0%BE%D0%B2%D0%B5%D0%BD%D0%BD%D0%B0%D1%8F_%D0%B1%D0%B5%D0%BB%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%9E%D0%BD%D0%B4%D0%B0%D1%82%D1%80%D0%B0
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 .1 - ,      
P, %  Q .   Q . .  Q . . 

2 1961 264 1961 511 1941 96 
4 1972 258 1972 496 1964 92 
6 1941 227 1969 441 1972 88 
8 1964 222 1941 412 1960 88 
10 1944 214 1976 409 1961 87 
12 1969 214 1944 408 1949 86 
14 1940 209 1964 405 1950 81 
16 1960 208 1963 398 1973 81 
18 1963 206 1940 396 1945 78 
20 1973 206 1973 380 1982 78 
22 1976 206 1960 376 1944 76 
24 1950 198 1950 361 1940 74 
25 1949 196 1974 361 1980 73 
27 1957 190 1962 360 1966 71 
29 1980 188 1957 358 1951 70 
31 1939 186 1949 351 1957 70 
33 1945 184 1939 349 1939 69 
35 1962 183 1953 347 1963 68 
37 1951 181 1980 347 1959 67 
39 1974 180 1951 337 1979 65 
41 1953 179 1955 335 1975 64 
43 1982 173 1945 333 1976 61 
45 1955 171 1942 327 1943 61 
47 1942 170 1978 327 1970 61 
49 1952 169 1952 321 1952 60 
51 1975 169 1975 316 1968 60 
53 1978 166 1982 307 1983 60 
55 1959 164 1959 299 1953 58 
57 1979 158 1979 287 1981 58 
59 1981 153 1981 287 1942 57 
61 1968 151 1938 287 1962 57 
63 1965 150 1965 286 1977 56 
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  .1 

 
 

P  Q .   Q . .  Q . . 
65 1938 148 1968 278 1958 56 

67 1937 146 1946 277 1937 55 

69 1943 146 1937 272 1955 54 

71 1970 145 1967 271 1947 54 

73 1947 143 1947 268 1965 52 

75 1946 142 1943 264 1985 52 

76 1983 142 1970 263 1969 52 

78 1967 141 1983 257 1978 51 

80 1958 137 1971 254 1974 51 

82 1966 137 1956 251 1936 50 

84 1971 135 1958 251 1971 49 

86 1956 131 1985 230 1938 49 

88 1977 128 1966 229 1967 49 

90 1985 126 1977 228 1984 48 

92 1936 122 1954 227 1946 46 

94 1984 120 1936 222 1956 45 

96 1954 119 1984 221 1954 42 

98 1948 110 1948 209 1948 39 

65 1938 148 1968 278 1958 56 

67 1937 146 1946 277 1937 55 

69 1943 146 1937 272 1955 54 

71 1970 145 1967 271 1947 54 

73 1947 143 1947 268 1965 52 
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