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 – . ; 

5         

  ,       « », 

        

; 

6    , ,  

  .     

       

 . 

   : 

1    ,  ; 

2      ,  

,    .  – .  – . 

; 

3       .  

– . ; 

4        

   . ; 

5       

   . 
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2 -   

 

2.1       

   .  

 

       

       .  . 

    . , . , . 

, .     .   

. . 

      .  

         

  ,     

         

      . 

       

         . 

 

2.1.1       

   .  

 

   .      

        

   .     

        

   .  ,   

          

 .     , 

 ,   ,    

    ,    
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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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   ,     
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   . 
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        , 

   . 

   .   

        

         

.  ,       

        

 . 

       

        ,  

    ,  ,    

  .       

      ,  

,  .      

         

.    ,     

      . 

         

       ,  

  ,    ,  

   .   

      50 – 55 / . 

, ,        

 ( ,    -   

),       . 

      ,  

       . 
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 ,       

       . , 

      , 

–            

   ;  –  

       

  . 

      , 

      

 .  

       

        

  25–30 %      

. ,   ,      

60 / ,     40 / .  

      (   

)      

 .       

        

   .      

:      

  . 

  .     

        

 ,      

        . 

           

           

   .      
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  ,      

,       

 . 

        : 

,        ; 

,          

, ,        

,           

,  ,     . 

,           

     ,     –  

 ,      –   

.  

      

.      ,  

  « »,    

    ,   

      .  

         

  ,       

 ,      

  .  ,    

     .      

   ,    

   20–50%,    ,   .  

      

 –        

,         

.  
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,  , ,       

 ,      .    

     .   

        

      .  

,   ,     

,      .  

    ,  , 

    ,  ,   

      .  

       

 -    10 – 50%.   

-       

          

     . ,  

       ,  

        . 

 ,        

,       10–50%,   -

  –  10–40%.  

        

 :    ( ); 

   ,      

         

        ; 

       (  

        ). 

    ,    

 ,      , 
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  . 

         

 38, 39, 40  41     

. 

 

 

 38 –      

 



75 
 

 

 39 –        

 

 

 40 –       
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 41 –      

   .  

 

       

      

  . ,    

 . , .     . . 

      

    , -     

   ,     

  .  – . ; . – . 

–  .  (     

  1.4   35  37 ),    

       

,       . 
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2.1.2      

        

 

         

320   1000 .   

   128 500 .   

    3 [7] 

 а = А · ж,                                                                                                     (3) 

 

  –    1000 ; ж –  . а = 320·128,5 = 41120 . 

,       

 (320 /1000 )     

 ,  41120     128 500 

. 

       

   4 [8] 

 

K= √𝑛− ,                                                                                                      (4) 

 
 n –   ; 

      x –   ; 

       –   . 

   .       2014  

 2018    84 947  108 029 . 

     .  : 
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K= √5− = ,     4,91% . 

 

  ,        

      2014  2018  –  335 760  349 005 

 [9]. 

        

 

K= √5− = , . 

 

       18. 

 18 –    ,   

     15-     .  

 

 
 

  
 

 
 

 
 

 
  

. , 
 . 

 
-  

 
 

.  

 
 

, 
. /
. . 

1 108 029 1,0491 349 005 1,0076 320 

2 113 333 1,0491 351 657 1,0076 327 

3 118 897 1,0491 354 330 1,0076 335 

4 124 735 1,0491 357 022 1,0076 343 

5 130 860 1,0491 359 736 1,0076 351 

6 137 285 1,0491 362470,3 1,0076 359 

7 144 026 1,0491 365 225 1,0076 368 

8 151 097 1,0491 368 000 1,0076 377 

9 158 516 1,0491 370 797 1,0076 386 

10 166 300 1,0491 373 615 1,0076 395 
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  18 

 

,     ,    

         

,       5 ,  

   20-    ,   

        

.     1,23 (546 / . .   

 443 / . .).  

 

2.1.3     

 

       

  ,     

 .                   

.  – .   .  – .  ,  

 -        ,      

 .  – .  – .   

  .  

 

 
 

  
 

 
 

 
 

 
  

. , 
 . 

 
-  

 
 

.  

 
 

, 
. /
. . 

11 174 465 1,0491 376 455 1,0076 404 

12 183 031 1,0491 379 316 1,0076 413 

13 192 018 1,0491 382 199 1,0076 423 

14 201 446 1,0491 385 103 1,0076 433 

15 211 337 1,0491 388 030 1,0076 443 
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 . 

 ,     

     [20],   

-      

    –  .  

     

        6  

    5: 

 𝑡 =  ∗ + 𝑡,                                                                                   (5) 

 

 Nt –     t- , / ; 

N0 –   , / ; 

 –    ; 

t –  , . 

     6  

      6: 

 𝑡 = ∗ + ∗ + В 𝑡− ,                                                            (6) 

 

  = 1,0076 ( . .   1% )   

    .  

     .  –             

.     19. 
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 19 –      . 

 – .  

№   
  

 
 

 
 

 
, 

. ./  
1 2019 1,0491 5684 
2 2020 1,0491 5963 
3 2021 1,0491 6255 
4 2022 1,0491 6562 
5 2023 1,0491 6885 
6 2024 1,0491 7223 
7 2025 1,01 7295 
8 2026 1,01 7368 
9 2027 1,01 7441 
10 2028 1,01 7516 
11 2029 1,01 7591 
12 2030 1,01 7667 
13 2031 1,01 7744 
13 2032 1,01 7821 
14 2033 1,01 7899 
15 2034 1,01 7978 
16 2035 1,01 8058 
17 2036 1,01 8139 
18 2037 1,01 8220 
19 2038 1,01 8302 
20 2039 1,01 8385 

 

         

      

  : 

–    – 5684 . ./ ; 

–   – 6885 . ./ ; 

–   – 7516 . ./ ; 

–   – 8385 . ./  

   2.1 ,    

       20    

1,47          
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  . 

     .  

– .     20. 

 

 20 –      . 

 – .  

№   
  

  

 
 

 
, 

. ./  
1 2019 1,0491 5315 
2 2020 1,0491 5575 
3 2021 1,0491 5849 
4 2022 1,0491 6136 
5 2023 1,0491 6438 
6 2024 1,0491 6754 
7 2025 1,01 6821 
8 2026 1,01 6889 
9 2027 1,01 6958 
10 2028 1,01 7028 
11 2029 1,01 7098 
12 2030 1,01 7169 
13 2031 1,01 7241 
13 2032 1,01 7313 
14 2033 1,01 7386 
15 2034 1,01 7460 
16 2035 1,01 7535 
17 2036 1,01 7610 
18 2037 1,01 7686 
19 2038 1,01 7763 
20 2039 1,01 7841 

 

      

    .  – . , , 

  20   .      

   67,7%.    ,    

   .   .     

 .  
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     . – . 

 – .     21. 

 

 21 –      . 

– .  – .  

№   
  

 
 

 
 

 
, 

. ./  
1 2019 1,0491 4115 
2 2020 1,0491 4317 
3 2021 1,0491 4529 
4 2022 1,0491 4751 
5 2023 1,0491 4984 
6 2024 1,0491 5229 
7 2025 1,01 5281 
8 2026 1,01 5334 
9 2027 1,01 5387 
10 2028 1,01 5441 
11 2029 1,01 5495 
12 2030 1,01 5550 
13 2031 1,01 5606 
13 2032 1,01 5662 
14 2033 1,01 5718 
15 2034 1,01 5776 
16 2035 1,01 5833 
17 2036 1,01 5892 
18 2037 1,01 5951 
19 2038 1,01 6010 
20 2039 1,01 6070 

 

      

    .  – .  – . 

, ,   20   .  

       67,7%.  
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2.2     

 

       

,     .    

     

      .  

       .   

,      .  

   ,     

         

        

  .        

   .   

     ,    

      ,     

   .   

     . 

       

     ,   : 

 ,      ; 

 ,     ; 

 ,    .   . . 

      . 

   ,    , 

    

         

    42.  
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1 – ; 2 – /    

 

 42 –     

 
        

: 

       

        ; 

             

       

 ; 

        

      ; 

      . 
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  ,      

   .    : 

       

    ,     

  ; 

         

   «  /   » 

   ; 

      . 

 .     . ,  

      . 

. 

 

2.2.1        . 

 – .  – .  – .  

 

        

  ( , ,   . .).  

 ,        

  ,    ,    

 , .    

       .  - . 

.        

 :  

1        

           

      -    

 ; 
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2       

        ; 

3   ,    

 .       

   .  

      , 

     ,   

  2.05.02 - 85 [15].  

       

         

   .  

    –    

    ,  

   ;  ;    

  .  

        22. 

 

 22 –         

     

 
 

 . 
/ . 

   (  
     

  , 
     
,   

  ,    
  ) 

I-  
( ) 

. 14000 

 
I-  

(  
) 

II 

. 14000 
. 6000 

   (   
      

 ,  
   ,    
    

  ) 

I-  (  
) 

II 
III 

. 14000 
. 6000 

. 2000  6000 
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  22 

     

 
 

 . 
/ . 

, ,   
    

II 
III 
IV 

  .6000  14000 
. 2000  6000 
. 200  2000 

   
IV 
V 

. 200  2000 
 200 

 
    ,  12118 

./ .,   22      

    II .  

        

,          

 23.  

    (     ,  

   )     

    -     24. 

 
 23 –        

   
  

I-  I-  II III IV V 

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

  ,  
 

3,75 
3,75 3,75 3,5 2 1,75 

  ,  
2 7,5; 

2 11,25; 
2 15 

2 7,5; 
2 11,25; 

2 15 
7,5 7 6 4,5 

  
 

 ,  
0,75 0,75 0,75 0,5 0,5 - 

  
  

 
  
,  

6 5 - - - - 
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  23 

   
  

I-  I-  II III IV V 

  
 

   
, 

 

1 1 - - - - 

  ,  
28,5; 

36; 43,5 
27,5; 35; 

42,5 
15 12 10 8 

 -      II    
       3,5     

   100 / . 
 

 

 24 –     
  

 
 , % 

-   
I II, III IV V 

I-   I- : 
)    

  
  

15 20 25 15 

)   :     

     
  

15 20 20 15 

    20 25 25 20 

II-IV 15 20 20 15 

 

,       

   15% . 

     . , 

   . , .   

  V=40 / .  

     .   

     .   .   

,   60°, 120°, 90° ,   7–15.  



90 
 

   R     

      

( ) [11]. 

     :  

      -  . 

    .      

60°. 

   R     

      

( ): 

  𝑉 = √ ∙  𝜇 + 𝑖  , /               (7) 

 

 μ –   ,    8 

,    μ=0,15: 

 𝜇 = , − , ∙ − ∙ 𝑉 ,              (8) 

 

µ = 0,2 – 7,5* − *40= 0,17 . . 

 

 𝑖  –   ,   0,045 

     9 : 

 =  𝑉∙ µ+𝑖   ,                                          (9) 

         =  ∙ , + , = , . 

 

       

    10: 
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 =  𝑉∙𝐼∙𝑅 ,                        (10) 

 

 V –   ,   R ; 

I –    ,   

0,4 /  

 =  ∙ , ∙ = ,  . 

 

   10    L   

,    25. 

 

  25 –         

  ,  300 250 200 150 100 60 50 30 

  ,  130 100 90 80 70 60 50 40 

 

     .   

  L=60 , R=60 . 

       .   

        .  

       𝑖𝑛   𝑖    

.   𝑖𝑛 = 𝑖 . 

        

 43. 



92 
 

 
 43 –        

    

 

        : 

 𝑙 = ,  ∙ 𝑖 −𝑖𝑖  ,                       (11) 

 𝑏 –    ,  5,0 ; 𝑖 –    ,  0,045 %; 𝑖 –     , 0,02; 𝑖  –       , 

 0,010 %     40 /   . 

 𝑙 =  , ∙ , ∙ , − ,, = ,  . 

 

        

       ( .  43)   

: 

 𝑙 ≥ 𝑙               (12) 

 

 𝑙      

    12. 
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    : 

 𝑙 = − 𝑙               (13) 

  𝑙  = 60 – 6,25 = 53,75 . 

 

  ,    14 [11]: 

 

  –   : 

 

 = 0,5L/ R, ;                  = 
, L·π∙R , ;        (14) 

 

 = 
, ·  = 0,5 . 

 

 = 0,5·60·180/3,14·60= 28,66 . 

 

       15: 

 

 = 90 – 0,5∙ α. 

 

 = 90 – 0,5∙  = 60°. 

 

      : 

 

0 = 𝜋 ∙ ∙ − ∙ / ,  (15) 

 

0 = 3,14 ∙ 60 ∙ (60 – 2 ∙ 28,66)/180 = 2,8 . 

 



94 
 

       .   

 120°.  

 =  ∙ , + , = , . 

 =  ∙ , ∙ = ,  . 

 
    L   , 

   25. 

     .   

  L=30 , R=30 . 

 

 = 0,5·30·180/3,14· = 28,66 . 

 

 = 90 – 0,5∙  = 30°. 

 

0 = 3,14 ∙ 30 ∙ (2 ∙ 28,66 –30) /180 = 14,29. 

 

       .   

 90°.  

 =  ∙ , + , = , . 

 =  ∙ , ∙ = ,  . 

 

    L   , 

   25. 
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     .   

  L=40 , R=30 . 

 

 = 0,5·40·180/3,14· = 38,21 . 

 

 = 90 – 0,5∙  = 45°. 

 

0 = 3,14 ∙ 30 ∙ (2 ∙ 38,21– 45 )/180 = 16,44. 

 

       , 

        .  

      [8]: 

1        

-  ; 

2  ,  ,     

; 

3    ,    

    . 

        

.     ,    

       

  ,   ,      

   ,    

    .  

        

,         ,  

         

.          
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  27 [15]. 

 

 27 –         

  
  

 
 ,  

   ,  

 
 

,   
  

 
 

  
 

  

 
   

   

15 6,0 8,1 11,4 
22,5 5,4 7,5 11,1 
30 5,1 7,2 10,2 
45 4,8 6,9 9,3 
60 4,8 6,9 8,7 
90 4,5 5,7 8,4 
120 4,5 5,7 8,4 
150 4,5 5,7 8,1 

 
      

  4,8   4,5 . 

        

   -  .   

         40 / , 

   -   . 

      

      [11].  

         

  .       

    16,      

 44. 
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 44 –        

 

 НКП =  НПН + , + , + П,   (16) 

 

 = 0,2 + 5 + 0,2 + 1,36= 6,76 , 

 

  –   ,    ; 

5,0 –  ; 

0,2 –        ; 

 –    . 

      

   17: 

 П =  ℎ + 𝛥 ,   (17) 

 

 = 1,2 + 0,16 = 1,36 , 

 

 h6 –  , ; 

ΔC –   ,  (0,16). 

     .   .  

   28. 
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 28 –      
 ,  12; 15 18; 21; 24 33 
 ,  90 120 150 

 

      

   .      

  .    .      29. 

 

 29 –     

   

 ,  6,76 
 , %  12,3 

  ,  17,1 
  ,  0,75 

 , /  60 
 ,  450 

 

     .   

.        

        

    25 . 

      

  :  ,  . 

        52290 – 2004 

«     .  . 

  » [2]. 

        51256 – 99 

«     .  

.    .   » [1]. 

         

30 – 31. 
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 30 –      

     
 
 

,  

 

2.1 –  
 

  . 
  . 

  
   (2 ) 

2 

 

2.4 –  
 

  
   

   (3 ) 
   4.1.2 

 

3 

 

3.11 – 
 

 

  . 
  . 

  
   (2 ); 

   
   . 

 

3 
 

 

3.24 – 
 
 

 

   (2 
);   

    . 
   

 8.24 

3 

 

4.2.3 – 
 

 

  
   

   (3 ) 
   2.4; 

3 
 

 

4.1.5 – 
 

  
 

  .  
   
   

1 

 
 
 
 
 



100 
 

  30 
 

 
 

  
 

  
 
 

,  

 

4.2.3 –  
 

   

  
   

  . 
    

   
  

 8.22.3 (2 ) 

2 

 

5.15.1 – 
 

  
 

    
    

1 

 

5.15.2 – 
 

  
 

   
    . 

  . 
   3,5 

. (2 ) 

2 

 

8.3.1 – 
 

 

  . 
  . 

  
   (2 ); 

   
   . 

   3.11 
    

(1 ) 

3 

 

8.22.3 – 
 

  
   

  . 
    

  ; 
    . 

   
3.11  8.3.1 

3 

 

8.23 – 

 

   (2 
);   

    . 
   

 3.24 

3 
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 31 –    

 
 

 
  

, 
 

 
/  

 
1.1  0,15 - 

 
1.5  0,15 1/3 

 
1.6  0,15 3/1 

 
1.7  0,15 0,5/0,5 

 
1.13   0,5 0,5/0,25 

 

1.16.2 
 

  
  

- - 

 

1.16.3 
  

 
- - 

 

1.18 
 

   
- - 

 

1.20 
  

 1.13 
1 - 

 
2.5 

  
 

   
 , 
  

 

0,5 - 

 

        

  (  ,      

 )   ,  ,   

  . 
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 26804 - 86 «     . 

 » [3]      

  -  .5-72. 

  2.05.02 - 85     

,      

    I  II . 

      

   32. 

 

 32 –      

 

     

    , ,  
 11-  11-  11-  11-  
     

 
, 

 
130- 500 300- 500 130- 600 300- 600 

 
 

 
1- 8 4- 8 1- 10 4- 10 

 1 . ,  
 17,5 (  

 2 ) 
 17,8 (  

 2 ) 
 22,7 (  

 2 ) 
 22,7 (  

 2 ) 
 ,  0,8-4 

 
,  

0,5-0,6 

 
 
 

   

   /   

 

      

  11– ,    45. 
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 45 –      

 «11-  – 10» 

 

      

   2 .    0,5 .   

  o     

  ,      

    ,     . 

       

 0,6 - 1,5 .      

«11 - »       

.    2 ,    0,6 . 

     46 [10]. 
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 46 –     «11– »  

   

 

     ,   

        

   .  

  ( )        

   ,       

    .   II   

  ,        

       250 . 

         

  12 ,     .  

       

(  250,  400)   ( 250, 400) [16].  

       

 ( .  47). 
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 47 –      

 

      

       

    PTV Vision® VISSIM. 

 

2.3      

  .  – .  

  

    . – . 

.:  

- .  – 2663 ./ ;  

- .  – 3026 ./ .  

         

     .   

      

 (  48).  
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 48 –      

 . – .  

 

 33 –     . – . 

. 

 

  
    

 

1-2 706 

1-3 350 

1-4 450 

2-1 447 

2-3 385 

2-4 604 

3-1 706 

3-2 395 

3-4 325 

4-1 256 
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  33 

 

     .  – . 

    . 

   52289 – 2004    

        

   . 

         

   –     12 , 

       , 

       

      8      

  600 / ,    ,  

      ,  ,  

       100 / . 

  ,   

      . 

         

      2  3 .  

    0,5  2,0     

        4       

    [3]. 

        

       

      (  )  

  
    

 

4-2 607 

4-3 364 
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.         

  . 

 ,       

    . ,   

      

   (     ). 

       

 .      , 

  ,    

      

        . 

 ,   ,    

 ,     

        . 

    (  )   

        

,        

   .    

      ,  

      . 

       

     ,    

 . 

       

   .    

          

     :  

 

.ij 525M  ,  (18) 
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  ijM –     , / ; 

        . –         , 

.; i –   ; j –  . 

       5,4  18 .  

    5,4 ,       

 34.  

 

 34 –          
  

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

 , 

/  
2700 2475 2075 1956 1875 1850 

 

      ,  

     . 

        

  (   )     

: 

 

R

525,1
1

1800
M ij


 , 

  (19) 

 

 : 

 

ij

R
525,1

1

3000
M


 , 

(20) 

 

 R  –  , ;  

      R  –     , . 



110 
 

        

  ,    ,   

    ,   

 .       

   ,   , 

     ,  – 1,75 

,    ,    

– 1,25   .      

  : 
 

,251b75,1

100
MM ijij 

 , (21) 

 

 a, b, c –   ,   , 

, ; 

        ijM  –     , / . 

        

     ,   

,       . 

    : 

 

ij

ij
ij M

N
y  , (22) 

 

 ijN  –        

   , / ; 

       ijM –     , ./ . 

  : 

    В .  = 7,4     

1 –3,  1 – 4; 1 – 2. 
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  = %50%100
1600

800
 , 

 

b = %22%100
1600

350
 , 

 

с = %28%100
1600

450
 , 

 

/.7770
50

1004,7525
)31(1 


 , 
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