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  N  = ∑        ,                                                                                                (1.1) 

 

    N i –      (i) ; 

     k  –        

,      17:00-18:00, k=0,0631 [2]. 

 

N  = 
                   / . 

 
       .  140. 

      

 .       

      . . 

      .  140     

 1.2. 

 

 1.2 –       

   .  140 

 
  

 

 
 

 , /  
 

, 
. /  

    

.  
140  

1-2 1160 0 98 1356 

1-3 2608 0 23 2654 

2-1 689 0 114 917 

2-3 1376 0 28 1432 

3-1 2303 0 14 2331 

3-2 483 0 42 567 
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 2.1 –   
 

 
 1

 
 2

 
 α

, °
 

 
 

V
, 

/
 

(
 

 
) 

 
 

 
 b

, 
 

 
 

, 
 

 
 

b
, 

 

 
 

 
 i

, ‰
 

 
 

 
 

 
 

 

 
 

 
, 

 (
 

 
)  

75 60 5 3,25 0,045 2 0,5 

 

     :    

    -  . 

   R     

      

( )  2.1: 

   √             ,                          (2.1) 

 

       ,    2.2 

,     =0,15: 

                  ,               (2.2) 

 

          ,   0,04 

     2.1  2.2 : 

                              ,               (2.3) 

                                           . 
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   2.4: 

             ,                          (2.4) 

 

   V     ,   R ; 

I      ,   

0,4 /   

                         . 

 

   2.4    L   

,    2.2. 

 

  2.2           

  ,  300 250 200 150 100 60 50 30 

  ,  130 100 90 80 70 60 50 40 

 

     .    

 L = 80 , R = 150 . 

       , 

       (  2.9) [5].    

       .   

  (   )              

 .      =   . 
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 2.9          

   

 

        

   2.5: 

                         ,                          (2.5) 

 

            ,  5 ;        ,  0,045 %;         , 0,02;              , 

 0,01    60 /   . 

                                   . 

 

        

       (  2.9)   : 
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                         (2.6) 

 

        

    2.6. 

        

    : 

                         (2.7) 

      = 80   6,25 = 73,25 . 

 

          

 : 

          ,              (2.8) 

      
            =163,8 . 

              ,               (2.9) 

                     = 0,22 . 

 

     (  2.9): 

                                ,        (2.10) 

 

           ,  ; 

         ; 
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      ; 

        , 0,25 . 

      0,5   3,25 + 0,5 + (0,5   5 + 0,25)   cos 0,22 = 4,76 . 

 

        

       ,   2.10: 

      √                       (2.11) 

      √                = 71,3 . 

 

     : 

          ,               (2.12) 

     = 80 – 71,3 = 8,7 . 

 

  1.6.  ,   8,7   6,25  

       ;       ,    ,   n: 

                  ;                         ,           (2.13) 

    = 71,3  (71,35/40(150 80)2) =70,9 . 

    = 
                                = 5,02 . 

             ;                   ,                     (2.14) 
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    = 80   
            = 79,4 . 

    = 
                      = 7,06 . 

                       ,                         (2.15) 

 

             ;       1.9. 

    = 70,9 + ( 0,5   5 + 0,25)   sin 0,22 = 71,5 

 

    (  2.10)    , 

  '    ' '.      

     α.     = ' ' = L. 

 

 

 2.10 –   ё      

 : 1,2 –  ;  3 –  ,   

 ; 4 –  ,     
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      ,    № 2, 

 '  '   №1.  ,    

  , ,  (  ), ', '  '  . 

      (   

)      '  2( )  1( '),     1 

– 1( ) [5]. 

     n   №2 (  2.6, 2.7): 

 

2( ) = 2( ) ± 2 ±  ,                  (2.16) 

 

2(n) = 2( ) ± xn ,              (2.17) 

 

    2( ) –     №2    

 №2    №1; 

2 –     ,  , 

   (  2.10); 

 –       ; 

xn  –    2.15. 

  2.16  2.17  «+»  «–»     

    . 

       (  2.10)   

: 

  α ≤ 90° (    ): 

  

1 = b1  ctgα + b2 / sin α ,                             (2.18 ) 

 

C2 = b2  ctgα + b1 / sin α ,                                                                    (2.18 ) 

 

b1 =                                               (2.18 )  
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       b1 –    1  №1    4,   

 ; 

b2 –    2  №2    3,   

 ; 

α –     1  2 . 

 b1  b2 ,  1  2  . 

 

b1 = 3,25/2 = 1,625 . 

 

1 = 1,625ctg(75) 1,625/sin (75) = 7,95 . 

 

C2 = 1 = 7,95 . 

 

     (  2.10)     

 

 = (yB + Rcos ) ctg(α/2) + Rsin  – xB ,                   (2.19) 

 

       xB, yB –    ,   

 2.14; 

 –   : 

 

 = 0,5L/ R, .                  = 
           , .           (2.20) 

 

 = 
                   = 15,3 . 

 

 = 0,5 80/150 = 0,3 . 

 

 = (7,06 + 150 cos 0,3)   ctg(75/2) + 150 sin 0,3 – 79,4 = 163 . 
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2( ) = 0 + 7,95 + 166 = 173,9 . 

 

2(n) = 173,9 + 71,5 = 245,5 . 

 

       

  α   .     

    ' ' ,  L.   

 '  n'   №1 (  2.10)   , 

 (2.15), (2.16),  '=    xn = xn': 

 

1( ') = 1( ) ± 1 ± ;             (2.21) 

 

1(n') = 1( ') ± xn ;             (2.22) 

 

:    1( ) –     №1      

 №2 (  ); 

1 –   (2.18)  (2.19). 

 

1( ') = 0 + 7,95 + 163= 170,95 . 

 

1(n') = 170,95 + 71,5 = 242,45 . 

 

       

 .  ( ) = 0 + 00. 

   , , , ', '  '    

: 
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{   
                                                                                                                                                                                                           

        (2.23) 

 

      0 –    ',   :  

 

0 =     R(180 + α – 2 )/180,            (2.24) 

 

       –     . 

 

0 = 3,14   150(180 +75 – 2   15,3)/180 = 587,2 . 

 

( ) = 71,3 . 

 

( ) = 80 . 

 

(C ) = 80 + 0,5   587,2 = 373,6 . 

 

( ') = 80 + 587,2 = 667,2 . 

 

( ') = 80 + 587,2 + (80 – 71,3) = 675,9 . 

 

( ') = 80 + 587,2 + 80 = 747,2 . 

 

           

,     ,   

  . 
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        3  4  α 

=105°. 

  α >90°: 

 

1  = b2 / sin (180-α) – b1 · ctg(180 − α) ,     (2.25 ) 

 

2  = b1 / sin (180-α) – b2 · ctg(180 − α) ,     (2.25 ) 

 

       b1 –    1  №1    4,   

 ; 

b2 –    2  №2    3,   

 ; 

α –     1  2 . 

 b1  b2 ,  1  2  . 

 

b1 = 3,25/2 = 1,625 

 

1 = 2 = 1,625/sin(105) – 1,625 ∙ ctg(106) = 2,3 . 

 

  ,   n,    1.13–1.15, 

,    = 70,9     = 5,02;    = 79,4     = 7,06;    = 71,5. 

        2.19: 

 

 = (7,06 + 150∙cos 0,3)∙ ctg(105/2) +150∙sin 0,3 – 79,4  = 88,2 . 

 

2( ) = 0 – 2,3 – 88,2 = 90,5 . 

 

2(n) = – 90,5 – 71,5= 162 . 

 

2( ) = 1( ′) = 90,5 .; 2(n)= 1(n′) = 162 . 
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   , , , ', '  '    

2.23,       '   105°  

 2.24. 

 

0 = 3,14·150∙(180 + 105 – 2∙15,3)/180 = 825,8 . 

 

( ) = 71,3 . 

 

( ) = 80 . 

 

( ) = 80 + 0,5 ∙ 825,8 = 492,9  

 

( ') = 80 + 825,8 = 908,8 . 

 

(K') = 80 + 825,8 + (80 –71,3) = 914,5 . 

 

( ') = 80 + 825,8 +80 = 985,8 . 

 

     

 ( ). 

   (  2.11)      

     .     

   L     R.  

  – 1– 2– '    

 ( .  2.1).     1– 2 

   PF    [5]. 
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 2.11 –      

: 1,2 –    

 

       

          1,0 .  

      . 

             

(  2.11)    30        α, 

         

 (  2.12)    h [5]. 

 

 
 

 2.12 –          
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         . 

       ,  

          

    1 –      

    .     

  1,0 ,   m2  = 3,0 [5]. 

            

   2.26: 

 

M  = 0,5   b  + a  + m1   h  + 1,0 + m2   h  + a  +  0,5   b ,                           (2.26)  

  

     b , b  – ,      ,  5   

5  ;  

,  –      (  =  = 1,75); 

m1, m2 –      ; 

h , h  –      ,    

        .  

 m1 h   m2 h   , m1 h = 6  m2 h  = 9.  

 

M = 0,5    + 1,75 + 6 + 1+ 9 + 1,75 + 0,5    = 24,5 . 

  

 ,          

,     M     

 b .  

       .   

  M  .  

      

 .  

      I,II , III  

        . 
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         2.1,   L = 

80 ,  R = 150  [5]. 

            

  l0   : 

 

 36 bRLl  ,                                                                  (2.27) 

 

    L, R –      ; 

,  -        ; 

∆b –       

       , 

 ∆b = 
      . 

 

l0=√                               . 

 

       

 IV, V         

 -    .  

      . 

1)  t         

 L: 

 

;sin Rxt                        cos1 Rp ,                             (2.28) 

 

:   ,  -    ,   :  

= 79,4 .,  = 7,06 . 

 –   ,    2.29: 

 

 = L/2 R;                    = 180 L/2 R π,                           (2.29) 
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 = 80/2 150 = 0,26     .;                   = 180 80/2 150 3,14 = 15,3 . 

 

t = 79,4  - 150 sin 0,26 = 41,9 . 

 

p = 7,06 - 150 (1 – cos 0,26) = 2,56 . 

 

2)    : 

 

   2tgpR  ,                                                                                     (2.30) 

 

     -    ,  (  2.1)  = 90 – 0,5  . 

 

 = 90 – 0,5 75 = 52   . 
 

 = (150 + 2,56) tg(52   /2) = 74,7 . 

 

3)        : 

 

0 =                ,                                                                     (2.31) 

 

 =                 ,                                                                  (2.32) 

 

0 = 3,14   150   (52,5 – 2   15,3)/180 = 57,3 . 

 

 = 2   (74,7 + 41,9) – (2   80 + 57,3) = 15,9 . 



56 

 

 

      

   

       

 ,    ,  n  n',    

  ' (  2.13, 2.14) [5]. 

 

 

 

 2.13 –    1 

 

 

 

 2.14 –    2 
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   1. 

  1   1    : 

 

1( 1) = 1( )   1   ( 1 + R + )/cos(0,5   ),                       (2.33) 

 

   1( ) –       

    № 1; 

1 –       (  )   

   R (  2.10): 

 

1 = (y  + R   cos ) /sin(α/2),                                                                    (2.34) 

 

       –         (  

2.10),    (1.14)  (1.20). 

 «+»   2.33,         

,  «-»,   . 

 

1 = (7,06 + 150   cos15,3)/ sin(75/2) = 251,8 . 

 

1( 1) = 0 + 7,95 + (251,8 + 150 + 24,5)/cos(0,5   75) = 513,4 . 

 

      n   №1:  

 

1( ) = 1( 1) ± (  + t), (2.35) 

 

1(n) = 1( ) ± n, (2.36) 

 

    n– ,    (2.15). 

 

1( ) = 513,4 + (74,7 + 41,9) = 630 . 
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1(n) = 630+ 71,5 = 701,5 . 

 

      (  , , ,  

 )   1 (  2.13)   ,   

   : 

 

{ 
                                                                                                (2.37) 

 

( ) =      . 

 

( ) = 80 . 

 

( ) = 80 + 57,3 = 137,3 . 

 

( ) = 2   80 + 57,3 = 217,3 . 

 

   2 (  2.14). 

  2    , n    №2 

  : 

 

2( 2) = 2( ) ± 2 ± ( 1 + R + M )/cos(0,5α), (2.38) 

 

2(  ) = 2( 2) ± (  + t), (2.39) 

 

2(n ) = 2(  ) ± n, (2.40) 

 

    2 –   (2.18 ); 
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n – ,    (2.15). 

 « + »  « – »       №2. 

 

2( 2) = 0 + 7,95 + (251,8 + 150 + 24,5)/cos(0,5   75) = 513,4 . 

 

2(  ) = 513,4 + (74,7 + 41,9) = 630 . 

2(n ) = 630 + 71,5 = 701,5 . 

 

  2   ,    

  2       1: 

 

( 2) =  + t + 2 ( 1 + R + M )  tg(0,5   α) – , (2.41) 

 

( 2) = 74,7 + 41,9 + 2   (251,8 + 150 + 24,5)   tg(0,5   75) – 15,9 = 

754,6 . 

 

    ,  ,  ,      (  2.14)   

: 

 

{  
                       –                                    –                                                                                                                                              

      (2.42) 

 

(  ) = 754,6 – (74,7 + 41,9) = 638 .  

 

(  ) = 754,6 - (74,7 + 41,9) – 15,9 = 622,1 . 

 

(  ) = 622,1– 51,3 = 570,8 . 
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(  ) = 638+ 80 = 718 . 

 

(  ) = 618 + 57,3 = 675,3 . 

 

   : 

 

(F) = T + t + (PO1 + R + M )   tg(0,5   α) – , (2.43) 

 

(F) = 74,7 + 41,9 + (251,8 + 150 + 24,5)   tg(0,5   75) – 15,9 = 427 . 

 

 : 

       2  1   =105 . 
 

 = 90 – 0,5 105 = 37,5  
 

 = (150 + 2,56)   tg(37,5/2) = 51,8 . 

 

0 = 3,14 150 (37,5-2 15,3)/180 = 18 . 

 

 = 2   (51,8 + 41,9) – (2   80 + 18) = 9,4 . 

 

1 = (7,06 + 150   cos 15,3)/sin(105/2) = 191,2 . 

 

1( 1)= 0 + 7,95 + (191,2 + 150 + 24,5)/cos(0,5   105) = 617,45 . 

 

1( ) = 617,45 – (51,8 + 41,9) = 523,75 . 

 

1(n) = 523,75 – 71,5 = 452,25 . 
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( ) = 51,3 . 

 

( ) = 80 . 

 

( ) = 80 + 18= 98 . 

 

( ) = 2   80 + 18= 178 . 

 

2( 2) = 0 – 7,95 – (191,2 + 150 + 24,5)/cos(0,5   105) = – 617,45 . 

 

2(  ) = – 617,45 + (51,8 + 41,9) = – 523,7  . 

 

2(n ) = – 523,7+ 71,5 = – 452,25 . 

 

( 2) = 51,8 + 41,9 + 2   (191,2 + 150 + 24,5)   tg(0,5   105) – 9,4 = 

1051,02 . 

 

(  ) = 1051,02 – (51,8 + 41,9) = 957,3 . 

 

(  ) = 1051,02- (51,8 + 41,9) – 9,4 = 947,9 . 

 

(  ) = 947,9 – 51,3  = 896,6. 

 

(  ) = 957,3 + 80 = 1037,3 . 

 

(  ) = 1060,2 + 57,3 = 1117,5 . 

 

(F) = 51,8 + 41,9+ (191,2 + 150 + 24,5)   tg(0,5   105)–9,4 = 553,21 . 
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 ,    707217000 .  

   ,    

   .       
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 3.2 –        

   

№ 
   
 

 
 

-  
 

, . 
.  

1 
  

   30  
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2 
   

 600  15 
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3 
   

   9 
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 5  
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