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     –   ; 
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           –   . 

 

   .     

  2015   2019    396579  457682 . 

       

: 
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  « »      
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     15-    
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 . 
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, 
. / . . 

1 457682 1,0365 1075200 1,087 235 

2 474387 1,0365 1168742 1,087 246 

3 491703 1,0365 1270423 1,087 258 

4 509650 1,0365 1380950 1,087 271 

5 528252 1,0365 1501092 1,087 284 

6 547533 1,0365 1631687 1,087 298 

7 567518 1,0365 1773644 1,087 313 

8 588232 1,0365 1927951 1,087 328 

9 609703 1,0365 2095683 1,087 344 

10 631957 1,0365 2278008 1,087 360 

11 655024 1,0365 2476194 1,087 378 

12 678932 1,0365 2691623 1,087 396 

13 703713 1,0365 2925794 1,087 416 

14 729398 1,0365 3180338 1,087 436 

15 756021 1,0365 3457028 1,087 457 

 

,     ,    

        

 ,       5 , 

    20-    ,  

        

 .     . 

       

  « »      

  ,    -

 . 



52 
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    2.3: 

 𝑡 =  ∗ + 𝑡,                                                                                     (2.3) 

 

    Nt –     t- , / ; 

N0 –   , 163 / ; 

 –    ; 

t –  , . 

 

  = 1,0200 ( . .   2% )   

    . . 

     . 

 – .     2.2. 
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1 2020 2 163 

2 2021 2 166 

3 2022 2 170 
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4 2023 2 173 

5 2024 2 176 

6 2025 2 180 

7 2026 2 184 

8 2027 2 187 

9 2028 2 191 

10 2029 2 195 

11 2030 2 199 

12 2031 2 203 

13 2032 2 207 

14 2033 2 211 

15 2034 2 215 

16 2035 2 219 

17 2036 2 224 

18 2037 2 228 

19 2038 2 233 

20 2039 2 237 
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    ,      

        

     .  

,   ,    

        

 ; 

     ,  

,      ; 

    ,        

     .    

  ,    

       

 ; 

    (    )  

       

.  ,        

       3,5 ,    

      4,5–5,0 ,      6,0 

; 

  ,      

    .    

     ,    

        .  

   ,   90°. 

       

    ,   ,   

 ,    

  .     
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    :   ,  

      . 

       

 :    ,   .   

  10      – 5 / . 

,     ,   

 ,     (  

2.3).  

 

 2.3 –        
 

  φ, 
 

 
  

 
  (R2, ) 

 
  

R1,  ά1,  R3,  ά3,  

 44 
 

- 
 

- 
 

50 
 

- 
 

- 
 

45-74 
 

60 
 

16 
 

30 
 

90 
 

10 
 

75-112 
 

50 
 

20 
 

25 
 

75 
 

12 
 

113-149 
 

40 
 

27 
 

20 
 

60 
 

16 

 
150-180 

 
35 

 
34 

 
15 

 
60 

 
21 

 

        

:   ,      

  .     

    :    ,   

.        , 

  ,     .  

,      

  .    

   -    .   

      . 

    ,     



56 

 

      

(  2.9).       

  . 

 

 

 2.9 –      

 

       

   ,      

 φ. 

    : 

1    φ.    φ = 

900.  

2     2.4 

 

 2.4 –     

 

  φ, 

 

 

   

  (R2, ) 

 

  

R1,  ά1,  R3,  ά3,  

75-112 50 20 25 75 12 
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3    ( )   ( )   

 : 
 А = − 𝑖 𝛼 + + ∆  𝑐 𝜑 − ˚ + + ∆ 𝑔 𝜑 − ˚      

 (2.4) 

  = − 𝑖 𝛼 + + ∆   cos φ − ˚ + + ∆ 𝑔 𝜑 − ˚  
 (2.5) 

  ∆R =(R  − R  · −  cosα                                                             (2.6) 

  ∆R = R   − R  · −  cosα                                                              (2.7) 

  ∆R =( −  · − cos   = 1,507  

  ∆R =( −  · − cos   = 1,095  

  

АО = − 𝑖 + + ,   cos −̊ ˚ + + , 𝑔 ˚− ˚
= ,        

  

ОВ = − 𝑖 + + ,   𝑐 ˚− ˚ + + , 𝑔 ˚− ˚
= ,  

 

 

 

4       R2,   

 6 . 

   .   

,   ,    

    1 . 
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2.05.02-85*   (   N 2-5)  III  

 (  2.5). 
 

 2.5 –        

    III  

     

   2 

  ,  3,5 

  ,  7 

 ,  2,5 

    

,  

0,5 

   

    

,  

– 

    

  ,  

– 

  ,  12 

 

      

          

  « »    

.  

 

2.4        
« »     

 

      

 –    ,   
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    , 

     ё . 

     ,  

 ,    .   

        

 . 

        

« »       

 2.10. 
 

 
 2.10 –        

 « »     

    

    

 

  ,    2.10,  

      .  

     « »   

  .   . 
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 .       

       ,   

 . 

       

      52290 – 2004 «   

  .  .   

».         

  « »      

         2.6. 

       

      ,  

   ,      

   .    

   « »    

         

  2.7. 

 

 2.6 –       

, 

№  
    

 

 

 

 

1.1 

  

 

 

   

   

 ; 

  

 /   

2   
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  2.6 

, 

№  
    

 

 

 

1.6 

 

  

   

   

 ; 

1   

1.12.2 

 

 

 , 

  /  

 

1   

 

 

 

1.18 

 

 
 .  1   

 

3.24 

 

  

   

   

 ; . 

  

  /  

 

2   

 

3.2 

 

 

  

   

,   

 , 

1   
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  2.6 

, 

№  
    

 

 

 

4.1.1 

 

 

   

  

  

2   

 

4.2.1 

 

 

 

  

   

,   

 , 

1   

 

 

4.2.3 

 

 

  

 

  

   

,   

  

1   

 

8.22.3 

 

  

   

,   

  

1   

 

       

.       ,  
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      3-5 .   ,  

    .  

        

 :  , –   . 

         

     .    

    ,     

.  

     

    ,  2-3 , .  

      220 

.         

  .    

   350     15 .   

  ,      .  

    -    

.     ,  

       .    

     . 

 

 2.7 –    

  №    
, 

 

 
1.1  0,15 

 
1.5  0,15 

 
1.6  0,15 

 
1.7  0,15 
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  2.7 

  №    
, 

 

 

1.16.2 

 
 

  
 

- 

 

1.16.3 
 

 
 

- 

 

       

  ( )    

      

         

« »        

   . 

         

 « »      

        

 2.8. 

         

 « »      

        

 2.9. 
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 2.8 –         

  « »      

      

, 

№  
    

 

 

 

 

2.1 

 

 

   

   

 

; 

 

 

   

  

2   

 

2.4 

 

 

 

   

  

1   

 

 

 2.9 –        

« »        

    

  №    
, 

 

 
1.1  0,15 

 
1.5  0,15 
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    « »  

        

    –  . 

 

2.5       

       
 

 

  .  – .   

 ,     1.   

   2 .     

 5  (3    2  ).    

   ,  

  5.19.1/2  4  1,   1.14.1. 

    .  14 ,  .  

17,5 . 

          

 42.13330.2011. 

        

         

.        

 .   1,  5.19.1/2,  1.14.1 

      52766 – 2007. 

        

« »    ,    

        

 2.11. 
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 2.11 –       

.  – .     

 

      

      

      . 

  .  – .   

 ,    1,   4 

.    .   4 .    . 

  4 .     

  ,    

5.19.1/2  4  1,   1.14.1. 

  2.12     . ,  

        

« »    ,    

     . 



68 

 

 

 2.12 –     .  –    

.  

 

 :      15 / , 

 15-30 / ,   30 /  

       

      

   -   ,    

  . 

   ,     

          – 

« »,     – ,      

   18 / . 

    .  –   

 ,          

,    6,5 .    

   2   ,  
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  5.19.1/2    1.14.1.  

.           

42.13330.2011. 

        

        

   .     

      

     ,    

   .      

      . 

      

 .    

         

  . 

        

   . 

       

    .   

        

   .     

. 

      

 ,        

  . ,    

 : 

1   ; 

2   ; 

3   ; 

4   ; 

5   . 
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   .     

           

      2.8. 

 𝐻 я = ∙ В                                                                               (2.8) 

 

     𝐻 –     , / ;            В  –        , 

. 

       5,4  18 . 

        

  (   ),    : 

 

𝐻 = + ,5 5𝑅                                                                                                 (2.9) 

 

       : 

 = ∙ В ∙ + , + ,                                                                   (2.10) 

 

      –     , / ;            В  –        , 

; 

        a,b,c –      

,         

    . 

 : 
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𝐻 = + ,5 5𝑅                                                                                                 (2.11) 

    R –  , , R = 11, 2 . 

 

    : 

 = 𝑖𝐻𝑖                                                                                                     (2.12) 

 

   (  ) 

        

,      

       ( ё  ). 

      . 

      . 

       

  ,    

         

(  ). 

      

 2.13: 

 = 𝑉𝑎, 𝑇 + , 𝑙𝑖+𝑙𝑎𝑉𝑎 ,                   (2.13)

  

  𝑉  –          

, 𝑉  = 50 / ; 𝑎𝑇 –        

   , 𝑎𝑇 = 3 / 2; 𝑙  –   -        

, ; 
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𝑙  –    , . 

       

 3 ,         

 . 

   ,  

     ,   

 2.14, : 

 

Ц = , ∙ +−𝑌 ,                             (2.14) 

 

    П –     , ; 

Y –   ,   

. 

      2.15: 

 𝑌 = ∑𝑛= ,           (2.15) 

 

       

      . 

,        

   2.16, : 

 = Ц− 𝑖𝑌 .           (2.16) 

 

       

       

 2.17: 

 = + В𝑉 ,                    (2.17) 
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    B  –   ,  , ; 𝑉  –    , 𝑉  = 1,3 / . 

      

 2.18, : 

 = ВА + √ ВА − А,          (2.18) 

 

     А = 1 – ; 

В = 2,5 ∙  –  ∙  +  + 5; 

 = (  + ) ∙ (1,5  + 5). 

    ,   

   . 

       

        

 1.2,           

     . 

  1-2, 1-3  1-4     

   ,     

    ,      . 

  1-2, 1-3, 1-4 

 М = ∙ , ∙ + , ∙ , =  ./  

 М = ∙ , ∙ + , ∙ , =  ./  

 

     : 
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= + = , , 

 = + = , , 

 

    = , . 
  2-1, 2-3  2-4     

   ,     

    ,      . 

  2-1, 2-3, 2-4 

 М = ∙ , ∙ , + , ∙ , =  ./  

 М = ∙ , ∙ , + , ∙ , =  ./  

 

     : 

 = + = , , 

 = + = , , 

 

 

    = , . 
  3-1, 3-2  3-4     

   ,      

   .  

 

  3-1, 3-2, 3-4 
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М = ∙ , ∙ , + , ∙ , + , ∙ , =  ./  

 

     : 

 = = , , 

 

 

    = , . 
  4-1, 4-2  4-3      

  ,         

,      . 

  4-1, 4-2, 4-3 

 М = ∙ , ∙ , + , ∙ , =  ./  

 М = ∙ , ∙ , + , ∙ , =  ./  

 

     : 

 = + = , , 

 = + = , , 

 

    = , . 
       

2.13: 
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= , ∙ + , + ≈  , 

 = , ∙ + , + ≈    

 = , ∙ + , + ≈   

 = , ∙ + , + ≈   

 

   :  

 ∑𝑛= = + + + + + + + =  . 

 

      2.15: 

 

Y = 0,51 + 0,94 + 0,65 + 1,46 = 3,56. 

 

        

 2.18: 

 

Ц = , ∗ +− , = ,  , 

 

       

      .  

        – ,    2.16: 

 = − ∙ ,, =  , 
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= − ∙ ,, =  . 

 = − ∙ ,, =  , 

 = − ∙ ,, =  , 

 

       

      2.17: 

 = + , =  , 

 = + ,, =   

 = + , =   

 >  

 >  

 >  

 

 

      ,     = .   

    : 

 Ц = 16+18+16+21+16 = 87 . 
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       2.13. 

 

 
 2.13 –      

 –   

 

      PTV Vissim  

         

 . 

 

2.6       

  « »     
   PTV Vision® VISSIM 

 

PTV Vision® VISSIM    

  .  ,     
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       (  , 

 ,    . .). 

PTV Vision® VISSIM –     

 ,        

      ,   

  . 

       

       

  .    

         

,   ,     

        .  

 -      

 .     

         .  

C  PTV Vision® VISSIM     

: 

         

(  ё ,  ё ,  

 , /  ,    ); 

 ,       

    ;   

  ;  

         

 ,        

,       ;  

      

  ,     

;  
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 (   ,    

  ,  ,  

       

 );  

        

( ,     -   

)       

(  , ,     

);  

         

      ( ,  

);  

      ;  

       

, ё     ;  

    (  50    

 ). 

        

 : 

       

        

; 

      ; 

      ; 

       

; 

       

; 
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    /    ; 

        

. 

        

     .  

       

2     ,     

   ,       

     .  

      

    PrtScr.  

     PTV 

Vision® VISSIM,   ,  . 

        

       

  : 

       ; 

   . 

        

   ,  ,   

   . 

        

   .  

    –     .  

  2.14       

    ,    

   PTV Vision® VISSIM. 
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   : 

       ; 

       ; 

    . 

       

,    « »    

 ,       

(  2.15).      

   . 

       

 , ,  - 50 / . 
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         . 

 

 

 2.15 –       

( ) 

 

 
 2.16 –      
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,         

 20 / .          

     .  

       

 (  2.17)      (  2.19). 

         

         

,       

 ,  -  . 

 

 

 2.17 –       

( ) 

 



85 

 

 
 2.18 –       

         

 

 

      ,  

        

  , . .   . 

         

  .     

 ,    

   .     , 

  1   . 

  2.18     

        

     100  500 / . 

        

.       2.19.   

   2.20. 
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 2.19 –       

(    ) 

 

 
 2.20 –       

       

 

        

          0,8  1. 



87 

 

   ,     

       .  

          

    ,  

,    ,   -    

        

     . 

 ,      

   2.8. 

 

 2.8 –      

   

  ,  53,011 

   , 

/  
15,356 

  ,  123,580 

 

    ,   

    ,   ,  

        

   15,356 / ,    

  – 123,580 .   ,  

   .  

        

   . 

  2.21     

        

     .  2.22  

    .  
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2.23. 

 

 
 2.21 –      

       ,  

    

 

 
 2.22 –      

       ,  
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 2.23 –       

       ,  

    

 

 ,      

   2.9. 

 

 2.9 –      

   

  ,  47,615 

   , 

/  
53,503 

  ,  89,290 

 

       

   ,     

  ,   ,    
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     53,503 / ,  

    – 89,920 .  
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   « »     

        .   
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  2.24     

        

« »        

     . 
 

 
 2.24 –       

    « »    
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   « »    

         

 (  2.25 – 2.30). 

 

 

 2.25 –      

  ( ) 
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 2.26 –      

       « »  

       

     

 

 

 2.27 –       

( ) 
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 2.28 –       

       « »  

       

     

 

 

 2.29 –       

(    ) 
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 2.30 –       

      « »  

      

      

   

 

 ,      

   2.10. 

 

 2.10 –      

   

  ,  24,477 

   , 

/  
60,729 

  ,  56,388 

 

   2.8 – 2.10    2.11  

     . 
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 2.11 –      

 

  

 

 

, 

 

 

 

 

, /  

  

,  

  

 –   

  

 

53,011 15,356 123,580 

  

 –   

 

  

47,615 53,503 89,290 

    

 « »  

  

    

 

     

24,477 60,729 56,388 

 

   2.11     , 

  ,        

  « »      

           

    ,    

      56, 388 / .  

       

      – ,  

       53,011 , 

 47, 615 ,         

  15,356 / ,  53,503 / .  
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 60 / ,     . 

   ,  -  
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3   

 

3.1     
       

  « »    
 

 

       

  . 

         

,   ,   , 

    ,   

       

(         

). 

       

     . 

   «    »     

 , ,  ,     

: 

-     .  

         

  ,       2,5% 

–   , 3% –   , 4,7% –   

  2,8% –   ; 

-            

     3–5%      1  9; 

-          

 0,15%      ; 
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-  ,    -

   ,     1%  

    ; 

-         2,5%  

  ,     

 ; 

       , 

        . 

    5%     

. 

       .   

  ,       

,         

 ,   . 

        

  : 

-     1  – 20%; 

-     2  – 15%; 

-     3  – 12%; 

-     3  – 10%. 

    ,    

    .   ,     

,      .    

     -   

      . . 

    ё   

 .       

           

   . 
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      ,    

  .      1192 

  2   . 

       

   3.1.  

 

 3.1 –     

№     
 

 

-  

 

, . 

.  

    

  
1  1,5 9600 14400 

   1  1,5 3255 4882,5 

    

    

 

1 3 1192 800 953600 

    

   
1 2 1192 1600 1907200 

  , . 2880082,5 

 

   3.1 ,      

  2880082,5 . 

       

: 

    .  

       ( ) 

  ,   .  

        . 

     ,     

  .  
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 ,    ,  

   . 

       

  .  

    ,    

,     (  17,5 %). 

     ,   

 .    ,   

 6 %   , , ,    

(      ).  

   .    

  ,      ,  ё  

  ,   ,   

 .        

   . 

    ,    

    .      ,  

    .  

        -

         

. 

       

 .        

     .       

     ( ,   ). 

       

  .  

      ,  

     (  3.2). 
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 3.2 –         

   

 

 

 

-  

 

, . 

.  

  

   30  
1 3 2026,400 271 549154,4 

   

 600  15  
100 2 7,82 22558 176403,56 

   

   9 

 

100 2 7,82 24175 189048,5 

   

  

 

  

 5  

100 2 7,82 15675 122578 

   

   

  

 5  

100 2 7,82 19761 154531,02 

  , . 1191715 

 , . (17,5%) 208550 

 , . 1400265 

 , . (6%) 84015 

  , . 1484281 

 

      

  ,     . 

       3.3.  
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 3.3 –         

   « » .  

    
. 

 

-  

 

. 

, . 

  

 : 

 . 7 3217 22519 

 . 2 2714 5428 

 . 6 2457 14742 

     . 15 2700 40500 

  : 

 (1.1) .  190 150 28500 

 (1.5) .  60 300 18000 

  (1.6) .  120 300 36000 

   (1.7) .  75 300 22500 

   (1.16.3) 2 8,3 2500 20750 

 : 

    1 . . 254 3200 812800 

  , . 1021739 

 , . (17,5%) 178804 

 , . 1200543 

 , . (6%) 61304 

  , . 1261847 

 

   3.3 ,       

     1021739 ,   

   1261847 . 

           

       3.4. 
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 3.4 –       

    
  

, . 

   : 

        890046 

     900943 

   -     356019 

 : 

    2880082,5 

     1484281 

      1261847 

  : 7773218,5 

 

  3.4 ,       

       « »  

  7773218,5 . 

 

3.2        

 

        

    ( ),      

   ,  3.1: 

 Э = − ,                                                                                               (3.1) 

 

   Э  –        , 

; 
щ  –      , ; 

 –      , . 
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   ,  ,  

   ,     , 

         « ». 

  ,      

        3.2: 

 = ∙ − ,                                                                                               (3.2) 

 

  –  , ; 

S ·  –   - . 

 1  -     :  

 – 143,5 ;   – 116,9 ;  – 

209,5 . 

  1  –      

   3.3: 

 

− = 𝐷 + 𝐷 + 𝐷𝑎𝐷 +𝐷 +𝐷𝑎 ,                                                                           (3.3) 

 

 чаS  –   1  –     , 

;  𝐷 –    ;  𝐷  –    ;  𝐷  –   . 

    : 

 

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

 

     (   )  

  , ·  (  3.4). 
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= ∙ + ∙𝑡К ,                      (3.4) 

 

     N  –          

« »   ;  

 –      (0,1); 

ct  -       , 

. 

 = ∙ ∙ ,, = 26927,62  ∙ . 

 

      : 

 = , ∙  = 3285169,6 . 

 

        

   : 

 

. = ∙ ∙ ,, = 936  ∙ . 

 

      : 

 = ∙  = 114192 . 

 

       ( .): 

 Э = 3285169,6 – 114192 = 3170977,6 . 

 



107 

 

 ,       

3170977,6 .    ,  , 

   ,     

 . 

 

3.3       
      « » 

    

 

  –      

    ,   

       

.       .  

   ё     

  . ,      

 ,    . 

      

 –  ,    

   . 

     :    

 ,    

  –      

. 

      

 (  ),     3.5: 

 𝛼 = +К 𝑛,                                                                                                     (3.5) 

 

 n –  ; 

https://ru.wikipedia.org/wiki/%D0%A1%D1%82%D0%BE%D0%B8%D0%BC%D0%BE%D1%81%D1%82%D1%8C_%D0%B4%D0%B5%D0%BD%D0%B5%D0%B3_%D1%81_%D1%83%D1%87%D1%91%D1%82%D0%BE%D0%BC_%D1%84%D0%B0%D0%BA%D1%82%D0%BE%D1%80%D0%B0_%D0%B2%D1%80%D0%B5%D0%BC%D0%B5%D0%BD%D0%B8
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 –      (7,25 %). 

      3.5. 

 

 3.5 –       

      « » 

    

 
  

 

 

  

 

 , 

. . 

 

 

   

 

 , 

. . 

1 7773218,5 3170977,6 0,932401 2956623 

2 - - 0,869371 2756756 

3 - - 0,810603 2570404 

: 8283783 

 ,  3 

 

     (3 )    
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    « »  

  ;      ; 

        

   « »    

.           

   « »    

7773218,5 .       

3170977,6 ,     .  
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