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2.1        
     

 

       

,   ,    

,   PTV Vissim    

   . 

 

2.1.1   

 

      

   . 

        

        

  .      

        

 ,       .  

       

.       

        . 

       

   .     

          

     (2.1), ./ : 

 М = ∙ В,             (2.1) 
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     –     , ./ ; 

 –       , . 

          

    ,    

,       

,    . 

       

,         

 (2.2)  (2.3), ./ : 

  : 

 М = + , /𝑅,             (2.2) 

 

  : 

 М = + , /𝑅,             (2.3) 

 

 R –    , . 

 

        

  ,    ,   

      . 

         

,   ,     

   1,75 ,    

,    – 1,25   

 . 

      (2.4), ./ : 
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М = ∙ВП ∙+ , ∙ + , ∙ ,            (2.4) 

 

 a, b, c –   ,     

 ,     ; ВП  –        , . 

       

         (2.5): 

 𝑌 = ,              (2.5) 

 

  –        

   , ./ ; 

 –     , ./ . 

      . 

       

  ,    

         

(  ). 

      

 (2.6), : 

 

П = 𝑉𝑎, 𝑇 + , 𝑙 +𝑙𝑎𝑉𝑎 ,            (2.6) 

 

  𝑉  –          

, 𝑉  = 40 / ; 𝑇 –        

   , 𝑇 = 3 / 2; 
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𝑙  –   -        

, ; 𝑙  –    , . 

       

 3 ,         

 . 

   ,  

     ,   

 (2.7), : 

 = , ∙ П+−𝑌 ,             (2.7) 

 

  –     , ; 

Y –   ,   

. 

      (2.8): 

 𝑌 = ∑ 𝑦= ,             (2.8) 

 

       

      . 

,        

   (2.9), : 

 = − П 𝑦𝑌 .             (2.9) 

 

       

       

 (2.10): 
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= + В𝑉 ,                                                                                       (2.10) 

 

    B  –   ,  , ;   𝑉  –    , 𝑉  = 1,3 / . 

      

 (2.11), : 

 = ВА + √ ВА − А,          (2.11) 

 

     = 1 – ; 

     = 2,5 ∙  –  ∙  +  + 5; 

     = (  + ) ∙ (1,5  + 5). 

     ,   

   . 

  2.1  2.2      

   . 

 

 2.1 –     

.  – .  – .  
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 2.2 –     

.  – .  – .  

 

   .  – .  – . 

        . 

: .  – 1;      «  

» – 2; .  – 3;           

 – 4.    : .  – 1;  

    «  » – 2; . . .  – 3; 

  – 4. 

      . 

 – .  – . . 

1)   1     ,  

    ,    ,   

  .      (  ),  
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     .    

   (  2.1)   (  2.2) 

,  : 

 М = ∙ , =  ./ , 

 М = + , / =  ./ . 

 

     1  : 

 М = + =  ./ .  

 

2)   2     ,  

       ,    

  .       2.1. 

     3,5 .     

    : 

 = ∙ % = , %  

  = ∙ % = , %  

 М = ∙ , ∙, + , ∙ + , ∙ , =  ./   

 М = + , / =  ./   

 

     2  : 
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М = + =  ./   

 

3)    3     ,  

       ,   

  .       2.1 – 2.4. 

     3,5 ,    5 .  

 М = + , / =  ./   

 

        : 

 = ∙ % = , %  

  = ∙ % = , %  

 М = ∙ , ∙, + , ∙ , + , ∙ =  ./    
 

     3  : 

 М = + =  ./   

 

4)    4     ,  

       ,   

  .       2.1. 

     3,5 ,    5 .  

         

 ,   640     320    

 . 
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: 

 = ∙ % = , %  

  = ∙ % = , %  

 М = ∙ , ∙, + , ∙ + , ∙ , =  ./    
 

        : 

 = ∙ % = , %  

  = ∙ % = , %  

 М = ∙ , ∙, + , ∙ , + , ∙ =  ./    
 

     4  : 

 М = + =  ./   

 

        

(2.5)   .  – .  – . : 

  = = , , 

 = = , , 
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= = , , 

 = = , .  
 

        

 , . . 1 –  1 , 2  4 –  2  (  ) 

 3  3 . 

       

(2.6): 

 1 : 

 

П = , ∙ + , + , ≈ , 

 

       .   

 :  

 ∑ = = + + =  . 

 

      (2.8): 

 

Y = 0,210 + 0,168 + 0,353 = 0,731. 

 

        

 (2.7): 

 = , ∙ +− , = ,  . 

 

 =  . 
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      .  

        – ,    (2.9): 

 = − ∙ ,, =  , 

 = − ∙ ,, =  , 

 = − ∙ ,, =  . 

 

       

. 

 = + , ∙, =  ,  

 

 16 ,       .              

  2.1        

   .  – .  – . 

. 

 

 2.1 –         

 .  – .  – .  

   
 , ./ : 

.  (1) 3510 

.  (2) 3396 

.  (3) 2984 

.  (4) 3122 
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  2.1 

   
 : 

1  0,210 
2  0,353 
3  0,168 

  , : 
1  3 
2  3 
3  3 

   0,731 
 ,  71 

  ,  
1  17 
2  29 
3  16 

  ,  
1  16 
2  16 
3  16 

 

  2.3      

      .  – .  – 

. . 

 

 

 2.3 –        

 .  – .  – . . 

 

       . 

 – . .  – .  

     2.2. 
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 2.2 –         

 .  – . .  – .  

   
 , ./ : 

. .  (1) 4878 
.  (2) 3510 

.  (3) 4959 
.  (4) 5218 

 : 
1  0,232 
2  0,317 
3  0,281 

  , : 
1  3 
2  3 
3  3 

   0,831 
 ,  110 

  ,  
1  30 
2  41 
3  36 

  ,  
1  23 
2  23 
3  23 

 

  2.4      

      .  – . .  – 

.  

 

 

 2.4 –        

 .  – . .  – .  
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    .  

    2.3. 

 

2.2       PTV VISSIM 

 

  PTV VISSIM      

    . 

    VISSIM     

  : 

-    ; 

-  ; 

-  ; 

-      ; 

-    (    

   . .). 

   ё     

  . 

  

 2.2.1    

 

  2.5  ,   . 
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 – .  –  . . .  – .  

 – .  – .  – .  

 2.5 –    

 

        

 :  

-     ; 

-     . 

     2.3. 

 

2.2.2       
 

      

( ),        

       .  

        

       2.2.3  2.2.4.  

    ,    

    . 
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  2.6   . 

 

 

                                                                                               

 – .  –  . . .  – .  

 – .  – .  – .  

 2.6 –     

   

 

     2.3 

 

2.2.3      
    

 

    –    

  ,       

,        

. 

       , 

        

,        

 ,        
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  ,       

   . 

      2.7. 

 

 

                                                                                               

 – .  –  . . .  – .  

 – .  – .  – .  

 2.7 –     

 

      2.3 

 

2.2.4    «  » 

  

  –   ,   

     , : 

 .  

       

,     ,   

,      

. 
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    ,   

 ,         

  . 

      2.8. 

 

 

                                                                                               

 – .  –  . . .  – .  

 – .  – .  – .  

 2.8 –    

 

       2.3. 

 

2.2.5     

 

  2.3       

 PTV VISSIM. 

 

 2.3 –     

     

   

.  – . . .  –  
– .  

14,06 /  63,59  

.  – .  –  
– .  

22,98 /  35,06  



50 
 

 2.3 –     

     

       

.  – . . .  –  
– .  

16,60 /  52,34  

.  – .  –  
– .  

23,82 /  32,95  

     

.  – . . .  –  
– .  

21,90 /  32,40  

.  – .  –  
– .  

24,21 /  33,01  

   
.  – . . .  –  

– .  
16,55 /  55,10  

.  – .  –  
– .  

40,97 /  8,74  

  

.  – . . .  –  
– .  

49,41 /  1,84  

.  – .  –  
– .  

52,82 /  0,09  

 

          . 

  ,     

   ,     -  

   ,    

     .    

       

 .  

  2.3        

.       

   . 

       

   . 
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2.3        
 

       

    ,   ,   

 ,    

  .     

    :   ,  

      .   

      :   

 ,   .     

   ,   ,   

  . 

,      

    (  2.4) [10]. 

 2.4 –        

  φ, 

 

  
  

( ,  

  

,  𝛼 ,  ,  𝛼 ,  

 44 - - 50 - - 

45-74 60 16 30 90 10 

75-112 50 20 25 75 12 

133-149 40 27 20 60 16 

150-180 35 34 15 60 21 
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 2.9 –      

       

    ,     

 φ.     :  

1.    φ.    φ=45  

2.    (  2.5). 

 2.5 –     

  φ, 

 

  
  

( ,  

  

,  𝛼 ,  ,  𝛼 ,  

75-112 50 20 25 75 12 

 

3.    ( )   ( )  

   [10]: 

 = 𝑅 −𝑅 𝛼 + 𝑅 +∆𝑅cos 𝜑− 𝑜 + 𝑅 +∆𝑅 𝑔 𝜑− 𝑜 ,        (2.12) 
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= 𝑅 −𝑅 𝛼 + 𝑅 +∆𝑅cos 𝜑− 𝑜 + 𝑅 +∆𝑅 𝑔 𝜑− 𝑜 ,        (2.13) 

 ∆ = − ∙ − 𝑜 𝛼 ,        (2.14) 

 ∆ = − ∙ − 𝑜 𝛼 .        (2.15) 

 

4.       R2,   

 4 .  

   .   

,   ,    

    1 . 

 

2.3.1      . . 
 – .  – .  

 

     𝜑 = .                  

2.12 – 2.15,     (  2.6) 

 ∆ = − ∙ − 𝑜 = ,  , 

 ∆ = − ∙ − 𝑜 = ,  , 

 = − + + ,cos 𝑜− 𝑜 + + , 𝑔 𝑜− 𝑜 = ,  , 

 = − 𝑜+ + ,cos 𝑜− 𝑜 + + , 𝑔 𝑜− 𝑜 = ,  . 

 

  2.10      

 ,     . 
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 2.10 –    . .  – .  – . 

.         

 

       . 

 

2.3.2      . 
 – .  – .  

 

  : 

     𝜑 = .                  

2.12 – 2.15,     (  2.6) 

 ∆ = − ∙ − 𝑜 = ,  , 

 ∆ = − ∙ − 𝑜 = ,  , 

 = − + + ,cos 𝑜− 𝑜 + + , 𝑔 𝑜− 𝑜 = ,  , 

 = − 𝑜+ + ,cos 𝑜− 𝑜 + + , 𝑔 𝑜− 𝑜 = ,  . 
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  2.11      

 ,     . 

 

 

 2.10 –    .  – .  – 

. .        

 

 

       

     .  

          

   ,        

 ,    .  

       

      52290 – 2004 «  

   .  .  
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 2.6 –       

, №     
-

 

 

 

 

2.1 

 

 

   . 

  . 

. .  

2   

 

2.4 

 

 

  

    

 

.   

6   

 

4.1.2 

 

 
   4   

 

4.2.1 

 

 

 

   4   

 

5.15.2 

 

  

 

  

 
4 

   

 

 

5.19.1/2 

 

 

  

 
20   

 

6.16 

-  
  

 
4   

 

8.22.1 

    4   
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       ,  

         

   .  

       . 

      ,    

    3 – 5 .   ,  

    .  

        

:  ,  –   . 

         

     .    

    ,     

.        , 

 2 – 3 , .  

      220 

.         

  .    

   350     15 .   

  .  

      

   2.7. [13] 
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 2.7 –    

 

, № 

 

  ,  ,    

 

1.1 

 0,2 400 
  

 

 

1.3 

 0,5 250 

 

  

 

 

1.5 

 0,2 350 

  

 

 

 

1.6 

 0,2 240 
  

 1.1 

 

1.14.1 

 5 100 
 

 

 

1.18 

 1 40 
  

 

 

   ,    

     ,   

    – 132      51256 – 99. 
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2.3.2        

 

     ,   

 . 

 .  – .  – .  

1)   1     ,  

    ,    ,   

  .      (  ),  

     .    

   (  2.1)   (  2.2) 

 

 : 

 М = ∙ , =  ./ , 

 М = + , / =  ./ . 

 

     1  : 

 М = + =  ./ .  

 

2)   2     ,  

       ,   . 

      2.1.   

   3,5 .  

 М = ∙ , =  ./   

 М = + , / =  ./   
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     2  : 

 М = + =  ./   

 

3)    3     ,  

      ,     . 

      2.1 – 2.4.  

    3,5 ,    5 .  

 М = ∙ , =  ./   

 

        : 

 = ∙ % = , %  

  = ∙ % = , %  

 М = ∙ , ∙, + , ∙ , + , ∙ =  ./    
 

     3  : 

 М = + =  ./   

 

4)    4     ,  

      ,     . 

      2.1.   

   3,5 ,    5 .  
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 ,   640     320    

 . 

 М = ∙ , =  ./   

 

        : 

 = ∙ % = , %  

  = ∙ % = , %  

 М = ∙ , ∙, + , ∙ , + , ∙ =  ./    
 

     4  : 

 М = + =  ./   

 

        

(2.5)   .  – .  – . : 

  = = , , 

 = = , , 

 = = , , 
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= = , .  
 

        

 , . . 1 –  1 , 2  4 –  2  (  ) 

 3  3 . 

       

(2.6): 

 1 : 

 

П = , ∙ + , + , ≈ , 

 

       .   

 :  

 ∑ = = + + =  . 

 

      (2.8): 

 

Y = 0,210 + 0,145 + 0,336 = 0,691. 

 

        

 (2.7): 

 = , ∙ +− , = ,  . 

 

 =  . 
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      .  

        – ,    (2.9): 

 = − ∙ ,, = , =  , 

 = − ∙ ,, = , =  , 

 = − ∙ ,, = , =  . 

 

       

. 

 = + , ∙, =  ,  

 

 16 ,       .                                 

  2.8        

   .  – .  – . 

. 

 

 2.8 –         

 .  – .  – .  

   
 , ./ : 

.  (1) 3510 

.  (2) 3396 

.  (3) 2984 

.  (4) 3122 
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  2.1 

   
 : 

1  0,210 
2  0,336 
3  0,145 

  , : 
1  3 
2  3 
3  3 

   0,691 
 ,  66 

  ,  
1  16 
2  25 
3  16 

  ,  
1  16 
2  16 
3  16 

 

       . 

 – . .  – .  

 

1)   1     ,  

    ,    ,  

    ,     .    

  (  ),       

.       

(  2.1)   (  2.2) 

 

 : 

 М = + , / =  ./ . 
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 = ∙ % = , %  

 = ∙ % = , %  

 М = ∙ , ∙. + , ∙ . + , ∙ =  ./    
 М = ∙ , =  ./ , 

 

     1  : 

 М = + + =  ./ .  

 

2)   2     ,  

     .    

   2.1.      3 

.  

 М = ∙ , =  ./   

 М = ∙ , =  ./   

 

     2  : 

 М = + =  ./   

 

3)    3     ,  

       ,    
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,  .       

2.1 – 2.4.      3 .  

 М = + , / =  ./ . 

 

          

    . 

  = ∙ % = ,  %  

 = ∙ % = ,  %  

 М = ∙ , ∙. + , ∙ , + , ∙ =  ./    
 М = ∙ , =  ./ , 

 

     3  : 

 М = + + =  ./   

 

4)    4     ,  

      ,     . 

      2.1.   

   3 .  

 М = ∙ , =  ./   
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      ,  

  ,        

.  

         

  : 

 = ∙ % = ,  %  

  = ∙ % = ,  %  

 М = ∙ , ∙,  + , ∙ , + , ∙ =  ./    
 

     4  : 

 М = + =  ./   

 

        

(2.5)   .  – .  – . : 

  = = , , 

 = = , , 

 = = , , 

 = = , .  
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 , . . 1 –  1 , 2  4 –  2  (  ) 

 3  3 . 

       

(2.6): 

 1 : 

 

П = , ∙ + , + , ≈ , 

 

       .   

 :  

 ∑ = = + + =  . 

 

      (2.8): 

 

Y = 0,227 + 0,281 + 0,339 = 0,896. 

 

        

 (2.7): 

 = , ∙ +− , = , =  . 

 

 =  . 
       

      .  

        – ,    (2.9): 
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= − ∙ ,, = , =  , 

 = − ∙ ,, = , =  , 

 = − ∙ ,, =  . 

 

       

. 

 = + , ∙, =  ,  

 

 2.9 –         

 .  – . .  – .  

   
 , ./ : 

. .  (1) 5009 
.  (2) 3676 

.  (3) 4969 
.  (4) 3249 

 : 
1  0,227 
2  0,339 
3  0,281 

  , : 
1  3 
2  3 
3  3 

   0,896 
 ,  178 

  ,  
1  43 
2  64 
3  53 

  ,  
1  21 
2  21 
3  21 
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3      

     .  . . . 
 – .  – . , .  – . 

 – .  

 

      

 ,   ,    

   ,   

    ,   

  .  

ё         

 . . .  – .  – . , . 

 – .  – . . 

      ,  

    ( ),      

   :  

 

 = C  –  ,             (3.1)  

 

   –        , 

.;  

C  –      , .;  

 –      , .  

   ,  ,  

   ,     , 

         « ». 

  ,      

      3.2,  
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= ∙ −              (3.2) 

 

   –  , ;  − –  . – .  

 1 . –     :  

 – 320 ;   – 200 ;  – 550 

.  

  1 . –      : 

 − =  𝐷 + 𝐷 + 𝐷  ,           (3.3)  

 

  −  –   1 . –     , ;  𝐷  –    ;  𝐷  –    ;  𝐷  –   . 

 − =  ∙ , + ∙ , + ∙ , = ,  .    

 

     (   ) 

  , · : 

  . . = ∙ + ∙𝐾              (3.4) 

 

  ,  –        

 «  »   ;  

 –       , 

. 
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. . = ∙ ∙ , + ,, =  ,  .  
 

. . = ∙ ∙ , 9+ ,, =  ,  .   

 

      . . . 

 – .  – . , .  – . 

 – .  , :  

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

 

  3.1       

       

 Э = , − , = ,  . 
 

           

28 802 149,31 .      , 

 ,       , 

      . 

        ,   

       

,          

. 
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3.1   

 

        . , . 

. .  – .  – . , .  – . 

 – .     

 .     

      – 

   ( ) « » (  3.1)  

   . 

 

 

 3.1 –      

 « » 

 

 « »        

   –    

 »         
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   .  « »   

        . 

   « »      . 

 « »    

/       

(  3.2)    ,   

 ,   : 

 -  /     

  (       

,     ,    

   . .);  

-  /    

   ;  

-       

       ;  

-     

     ;  

-    ,  

  .  

      

,        

         

      . 

       

    « »   :  

-        

      ;  

-       ;  
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-      

      . 

 

 

 3.2 –     

 

 3.1 –    « » 

№    

1 12,9 . 1,2,3,4      

2 12.10 . 1 

     

,       

      

  

3 12.12      

4 12.15 . 2 
       

    

5 

12.15 . 3      ,   

      ,  

  ,   , 
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  3.1 

6 12.15 . 4 

     ,   

 ,      

,   ,  .3 

  

7 12.16 . 1 

 ,   

     ,  

 ,   2  3 

       

8 12.16 . 2 

      , 

      

  

9 12.16 . 3 
       

  

10 12.18 
      

    

11 12.19 . 1       

12 12.28 
 ,       

 ( ) 

 

 « »    , 

      ,  

   .  

   ,  ,  

      . 

       

 ,    ,  

          

.      ,   

      . 
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  . 

 

 3.2 –     « » 

   

   

 

 

 

   

  

   

 , /  
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20 000 
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