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ϥϢϞϤϔЩϙϡϡϯϝ ϣϔϥϣϢϤϦ ϘϙϕϙϘϥϞϢϗϢϝ ϗϱϥ-2 
 

1.  ……………………………………………….  
2.  …………………….……   
3.   ……………..……………………...  
4.    

)  ………………………..…………………………..41 3/  
)  ……………………………………………………………78,4 3/  
)   : 1%………………………...…..120 3/  

 0,1%……………………...…...131 3/  
5.  : 

)    …………………...……………  
) : ………………………………………………………..1107,00  

 ……………………………………………………….1108,00  
 ……………………………………………...………..1102,00  

)  : 
 ……………………………………………………...………...…1,8 3 

………………………………………………………..……….0,3 3 
6.  : 

)  …………………………………………….…….…..…152,5  
)   …………………………………………………………...…148,5  
) …………………………………...…………...…………147,8  

7.   
) : 

………………………………………………………..……...110  
………………………………………………………………50  

)   ………………….……467   
8.  (  /  ): 

)   …….…….…….…….……..…280,00 /30  
)     …..…….14,00 /30  
)   . …….…….…….………..…245,00 /30  

9.  : 
) …….…….…….…….…….…….…….……..…   
)    ….……….……….……...………….………....2×7  
)  ….……….……….……….……….…………….………..14,00  
)  .……….……….……….……….……….…...…30,00  

10.    
)  ….……….……….……….………...……….……….……  
)  ….……….……….……….……….……….……….………...2 
)   ….……….……….………………….……….……  
)   ….……….…………….……   
)   ….……….……….….…….……….……  
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11.  : 

)  ….……….………..…….……….………….…….. 170 - -200 
)  ….……….……………..……….………..…… -430/210-14 
)     ….……….…...………55  
)  ….……….……….……….……….….………428,6 /  

12. -   
)  ….……….……….……….……….…………………11  
)  ….…………..….……...……….……0,037 /  
)  ….…….……….……….……65051,50 /  

 



10 

 

ϖϖϙϘϙϡϜϙ 
 

       
 ,       

   ,     
   .  ,   

        
   ё . 

 –      . 
      97%,  

      . 
      

  ,     
   . 

       
.      

       ,   
      ,   - .  
          

. 
       

          
  . 

       



11 

 

1 Ϣϵ ϴ  ϴ  
 

1.1 ϞϿϼ ϴ  ϶ ϴϽ Ϲ ϹϾ ϼ Ϲ Ϸ  Ϸϼϸ ϻϿϴ 
 

        . 
    -  

      .    
  +8 .  ,     -
, ,     0 ,  - +26 . 

    500 . 
 
1.2 ϗϼϸ Ͽ Ϸϼ Ϲ ϾϼϹ ϸϴ Ϲ 
 

          .  
 178 .   – 4050 ². 

  .       
   : 

–     (  500  ) ; 
–      -   

  . 
    41 3/c. 
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2 ϖ ϸ - Ϲ ϷϹ ϼ Ϲ ϾϼϹ ϴ Ϲ  
 
2.1 Ϝ ϸ Ϲ ϸϴ Ϲ 
 
1)  – ; 
2)  –  , =  ; 
3)   =   ; 
4)    =   ; 
5)  : = , ; 
6)  : = ; 
7)     : ∆ℎ = , ; 
8)   ,      50 

    . 
 

  2.1       
. 

 
 2.1 –       

Q, 3/  I II  III  IV V VI  VII VIII IX X XI  XII 
Q  35 35 35 35 35 35 35 35 35 35 35 35 

Q  0,3 0,3 0,3 0,3 0,3 0,4 0,4 0,4 0,3 0,3 0,3 0,3 
Q  0 0 0 0 0 0 0 0 0 0 0 0 

 
2.2 ϖ ϵ  ϴ ё Ϸ  Ϲϸ Ϲ϶ ϸ Ϸ  ϼ ϴϿ ϶ ϸ Ϸ  Ϸ ϸϴ 
 

      .  
       (  2.1) 

         50%: 
1996  1956 .     50% . 

        
  : 

 

1996    { = ,= ,  

 

1956    { = ,= ,  

 
  1966    1, ,   

 .       
. 
  2.2      1996  

     . 
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 2.2 –     1996    
    

 I II  III  IV V VI  VII VIII IX X XI  XII Q  
Q 50 % 21 21 28 50 56 66 85 67 30 23 22 20 41 
Q  19 19 26 46 58 69 88 70 40 19 20 19 19 

 
    90%   

1993  (  2.1). 
 

 
 

 2.1 –     
 

     : 
 

1993    { = ,= ,  

 
    ,   

.     1993,   . 
  2.3      1993 . 

 
 2.3 –     1993  

 I II  III  IV V VI  VII VIII IX X XI  XII Q  
Q 90% 17 18 24 46 52 55 65 45 40 16 15 14 34 

 

  2.2      
 . 

0

20

40

60

80

100

120

0.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0 80.0 90.0 100.0

Q, 3/

,%
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 2.2 –       
 

  2.2 ,        
   ,    . 

 
2.3 Ϟ ϼ϶ Ϲ ϶ ϻϼ 
 
2.3.1 ϡϼϺ ϼϽ ϵ Ϲ  
 

  2.3       
 . 

 

 
 

 2.3 –       
  

 
  2.4       
.  

 
 
 
 
 

0

20

40

60

80

100

1 2 3 4 5 6 7 8 9 10 11 12

Q, 3/   

952
953
954
955
956
957
958
959
960

0 50 100 150 200 250 300 350 400

▼Z , 

Q, 3/c
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 2.4 –    =  
Q, 3/c Z ,  

0 952 
21 954 
68 956,5 
136 958 
239 959,1 
334 959,7 
401 960 

 
2.3.2 ϖϹ ϼϽ ϵ Ϲ  

 
  2.4       

 . 
 

 
 2.4 –        

 
 

  2.5       . 
 

 2.5 –    =  
|V, 3/c Z ,  

0,00 1080,03 
0,18 1086,90 
0,40 1092,51 
0,60 1096,09 
0,80 1098,86 
1,00 1101,12 
1,20 1103,01 
1,40 1104,58 
1,60 1105,89 
1,80 1107,00 
2,00 1107,98 
2,20 1108,89 
2,40 1109,65 
2,60 1109,99 

1080

1085

1090

1095

1100

1105

1110

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6

▼Z , 

V, 3

▼ =1107 
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2.4 ϥ Ͻ Ϸ ϴ ϼϾ ϴϷ ϻϾϼ 
 

  2.6       
. 

 
 2.6 –       

t P  Δ  Δ      
1 569 5 0,005 5 0 
2 563 18 0,037 24 0 
3 545 2 0,007 26 0 
4 543 11 0,042 37 0 
5 532 4 0,020 40 0 
6 528 4 0,025 45 0 
7 524 2 0,016 47 0 
8 522 1 0,006 48 0 
9 521 2 0,015 49 0 
10 519 0 0,004 50 0 
11 519 3 0,028 52 0 
12 516 5 0,064 58 0 
13 511 0 0,006 58 0 
14 511 18 0,249 76 1 
15 493 5 0,073 81 1 
16 488 26 0,422 107 1 
17 462 8 0,134 115 1 
18 454 3 0,060 118 1 
19 450 21 0,403 140 2 
20 429 5 0,102 145 2 
21 424 10 0,209 155 2 
22 414 4 0,091 159 2 
23 410 0 0,001 159 2 
24 410 410 9,837 569 12 

  494     
 

  2.7      
   . 

 
 
 
 
 
 
 
 
 
 
 



17 

 

 2.7 –       
  

t α cosα Pt.max,  Pt. ,  a max b max   b  
1 0,262 0,966 567 493 

531 
 
 
 
 
 
 

38 
 
 
 
 
 
 

453 
 
 
 
 
 
 

41 
 
 
 
 
 
 

2 0,785 0,707 558 482 
3 1,308 0,259 541 463 
4 1,832 -0,258 521 442 
5 2,355 -0,706 505 424 
6 2,878 -0,966 495 413 
7 3,402 -0,966 495 413 
8 3,925 -0,709 505 424 
9 4,448 -0,261 521 442 
10 4,972 0,256 541 463 
11 5,495 0,705 558 482 
12 6,018 0,965 567 493 

 
2.5 Ϣ ϹϸϹϿϹ ϼϹ ϼ ϴ ϹϷ Ͽϼ ϶ϴ ϼ  
 

        
   .   ,  

       1/3. 
 

▼ =  − − . = −  − = ,   (2.1) 

 
,     ,   

      (  2.4). 
 = ,    = ,    
 

  : 
 = − = , − , = ,   (2.2) 

 
2.6 ϣϹ Ϲ ϴ ϹϸϹϿϹ ϼϹ Ͼϴ ϴϿ ϶ ϸ Ϸ  Ϸ ϸϴ 
 

      (  2.3),  
      (  2.1),   

  . 
        

     ,   : 
 = − + +  (2.3) 

 
       : 
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Э = 𝑁 ∙ ∙ Э , (2.4) 
 

 𝑁 –  , 𝑁 = , ; 
 –      , 3/ ; Э  – ,        , ; 

 Э = − − ∆ℎ, (2.5) 
 

  –   ,    , ; 
 –   ,   

  ,       , ; ∆ℎ = ,  –     , . 
 

         : 
 = 𝑁 ∙ ∙ Э , (2.6) 

 
  –       

, 3/ . 
 

     2.8. 
 ,      
,   : 

 ∑ ∑ − ∑  (2.7) 
 

    ,      
   “   ”. 

  2.8          
. 
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 2.8 –         
 1 2 3 4 5 6 7 8 9 10 11 12  

Q(90%) , 3/  17 18 24 46 52 55 65 45 40 16 15 14  
Q ., 3/  0,1 0,1 0,1 0,1 0,2 0,2 0,4 0,3 0,1 0,1 0,1 0  

Q , 
3/  

0 0 0 0 0 0 0 0 0 0 0 0  

Q , 3/  0,3 0,3 0,3 0,3 0,3 0,3 0,3 0,3 0,3 0,3 0,3 0,3  
   

ΣQ , 3/  0,4 0,4 0,4 0,4 0,5 0,6 0,8 0,7 0,4 0,4 0,4 0,3  
Q , 3/  16,8 17,4 23,6 45,6 51,5 54,4 64,2 44,3 39,6 15,6 14,6 14,1  

Z  ,  1107 1107 1107 1107 1107 1107 1107 1107 1107 1107 1107 1107  
Z  ,  954 954 954 956 956 956 956 955 955 954 953 953  

,  152 152 151 150 150 150 149 150 150 152 152 152  
N ,  22 23 31 60 68 72 84 58 52 21 20 19  

    
Q , 3/  35 35 35 35 35 35 35 35 35 35 35 35  

Z  ,  1107 1107 1107 1107 1107 1107 1107 1107 1107 1107 1107 1107  
Z  ,  955 955 955 955 955 955 955 955 955 955 955 955  

,  151 151 151 151 151 151 151 151 151 151 151 151  
N  ,  46 46 46 46 46 46 46 46 46 46 46 46  

N  - N ,  -24 -23 -15 14 21 25 38 12 6 -26 -27 -27 -25 
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2.7 ϖ ϸ - Ϲ ϷϹ ϼ Ϲ ϾϼϽ ϴ Ϲ  ϹϺϼ ϴ ϴϵ  ϗϱϥ  Ͽ ϶ϼ  
ϴϿ ϶ ϸ Ϸ  Ϸ ϸϴ 

 
 -        

      , 
 ▼ ,   .  

   -    
            

.      
   . 

       ,   
 .        

,    – . 
ё  ,       

    ▼  = 1107 . 
    2.3  2.8. 

  –     2.5. 
 

 

 2.5 –  -     
 

  2.9, 2.10      
    1   2  .

1105.50

1106.00

1106.50

1107.00

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

Z ,  

▼ =1107,00   

▼ =1105,97 
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 2.9 –        (1 ) 
 

Q
 

, 
3 /

 

Q
 

, 
3 /

 

Q
 

, 
3 /

 

Q
 

, 
3 /

 

Q
 

, 
3 /

 

Q
 

, 
3 /

 

Q
 

, 
3 /

 

Q
 

., 
3 /

 

Q
 

, 
3 /

 

 
 

 

 
, 

 

N
 

, 
 

N
 

, 
 

V , 
3 

ΔV, 
3 

V , 
3 

,  ,  ,  ,  

10 16 0,1 0,3 16 23 40 8 0 23 1,80 0,02 1,78 1107,00 1107,00 1107,00 954,18 152,61 31 31 
11 15 0,1 0,3 15 37 40 22 0 37 1,78 0,06 1,72 1107,00 1106,89 1106,95 955,08 151,66 49 49 
12 14 0 0,3 14 45 40 31 0 45 1,72 0,08 1,64 1106,89 1106,59 1106,74 955,55 150,99 60 60 
1 17 0,1 0,3 17 46 40 29 0 45 1,64 0,08 1,56 1106,59 1106,12 1106,36 955,56 150,60 60 60 
2 18 0,1 0,3 17 37 40 20 0 37 1,56 0,05 1,51 1106,12 1105,67 1105,90 955,10 150,59 49 49 
3 24 0,1 0,3 24 24 40 0 0 24 1,51 0,00 1,51 1105,67 1105,36 1105,51 954,22 151,09 31 31 

4 
46 

0,1 0,3 
46 40 40 -6 0 40 1,51 

-
0,02 1,53 1105,36 1105,36 1105,36 955,26 149,90 52 

- 
 
 
 
 
 

5 
52 

0,2 0,3 
52 40 40 -12 0 40 1,53 

-
0,03 1,56 1105,36 1105,46 1105,41 955,28 149,93 53 

6 
55 

0,2 0,4 
54 40 40 -15 0 39 1,56 

-
0,04 1,60 1105,46 1105,65 1105,56 955,25 150,11 52 

7 
65 

0,4 0,4 
64 40 40 -25 0 39 1,60 

-
0,07 1,67 1105,65 1105,89 1105,77 955,24 150,33 52 

8 
46 

0,3 0,4 
45 40 40 -6 0 39 1,67 

-
0,01 1,68 1105,89 1106,28 1106,09 955,25 150,64 52 

9 40 0,1 0,3 40 40 40 0 0 40 1,68 0,00 1,68 1106,28 1106,36 1106,32 955,26 150,86 53 
         Q   = 45,5        

 
    10  3    N ,      N ,    

   : 
•      0 3/ ; 
•       ▼ . 
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 2.10 –        (2 ) 

 

Q
 

, 
3 /

 

Q
 

, 
3 /

 

Q
 

, 
3 /

 

Q
 

, 
3 /

 

Q
 

, 
3 /

 

Q
 

, 
3 /

 

Q
 

, 
3 /

 

Q
 

., 
3 /

 

Q
 

, 
3 /

 

   

 
, 

 

N
 

, 
 

N
 

, 
 

V , 
3 

ΔV, 
3 

V , 
3 

,  ,  ,  ,  

10 16 0,1 0,3 16 16 40 0 0 16 1,80 0,00 1,80 1107,00 1107,00 1107,00 953,58 153,22 21 21 
11 15 0,1 0,3 15 29 40 15 0 29 1,80 0,04 1,76 1107,00 1107,00 1107,00 954,61 152,19 39 39 
12 14 0 0,3 14 38 40 24 0 38 1,76 0,06 1,70 1107,00 1106,80 1106,90 955,14 151,55 50 50 
1 17 0,1 0,3 17 38 40 21 0 38 1,70 0,06 1,64 1106,80 1106,46 1106,63 955,15 151,28 50 50 
2 18 0,1 0,3 17 30 40 12 0 29 1,64 0,03 1,61 1106,46 1106,14 1106,30 954,63 151,47 39 39 
3 24 0,1 0,3 24 16 40 -8 0 16 1,61 -0,02 1,63 1106,14 1105,97 1106,05 953,58 152,27 21 21 
4 46 0,1 0,3 46 40 40 -6 0 40 1,63 -0,02 1,65 1105,97 1106,09 1106,03 955,26 150,57 52   

  
- 

  
  
  

5 52 0,2 0,3 52 40 40 -12 0 40 1,65 -0,03 1,68 1106,09 1106,18 1106,14 955,28 150,66 53 
6 55 0,2 0,4 54 40 40 -15 0 39 1,68 -0,04 1,72 1106,18 1106,36 1106,27 955,25 150,82 52 
7 65 0,4 0,4 64 40 40 -25 0 39 1,72 -0,07 1,79 1106,36 1106,57 1106,46 955,24 151,02 52 
8 46 0,3 0,4 45 40 40 -6 0 39 1,79 -0,01 1,80 1106,57 1106,93 1106,75 955,25 151,30 52 
9 40 0,1 0,3 40 40 40 0 0 40 1,80 0,00 1,80 1106,93 1107,00 1106,97 955,26 151,51 53 
         Q   = 0        

    10  3    N ,      N ,    
. 

•     0 3/ ; 
•      ▼ ; 
•              ▼ . 
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       ,    
   ▼  = 1105,97 . 

   : 
 
▼ =  ,   
▼ =  ,   
 

,     ,   
      (  2.4). 

 = ,    = ,    
 

  : 
 = − = , − , = ,   (2.8) 

 
  : 

 = ∙ 𝑡 = , ∙ ∙ ∙ / =  ,   (2.9) 
 

 – Q      (  ) 
 

  : 
 = = ,, = ,  (2.10) 

 
    .    
 ,   0,3,    . 

 
2.8 ϕϴϿϴ  ϼ 

 
         

        
  .      

 2.11. 
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 2.11 –       

 

    
Pt 

max 
Pt  

 
N  N  N  N  N  N  N  

 1 567 17 92 5  488 57  12 
 2 558 17 83 4  488 56  13 

 3 541 16 66 3  488 54  13 
 4 521 16 66 3  468 52  12 

 5 505 15 65 3  453 51 15 12 
 6 495 15 65 3  443 50 26 12 
 7 495 15 65 3  443 50 26 12 
 8 505 15 65 3  453 51 15 12 
 9 521 16 66 3  469 52  12 
 10 541 16 66 3 15 488 54  13 
 11 558 17 83 4  488 56  13 
 12 567 17 92 5  488 57  12 
 1 567 17 92 5  488 57  12 

 
2.9 Ϣ ϹϸϹϿϹ ϼϹ ϴ ϶ϿϹ Ͻ ϼ ϗϱϥ 
 

      : 
 .  = + = + =  , (2.11) 

 
  −  я   ; 

 = я =    
 = + + , (2.12) 

   –  ;  –  .    ; Э = %; = % –  .   ,     
   . 

 
      

  .  14   27 .  
 = Э =    
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2.10 Ϟϴ ϼ ϴϿ Ͻ Ϲ  ϵ ϸ ϶ϴ ϼ  
 

   ,     
 .     
 30  ,    – 1   6 . 

       
   2.13.   ,   
    : 

 . = 𝑁я ∙  =   (2.13) 

 
2.11 ϖ ϸ - Ϲ ϷϹ ϼ Ϲ ϾϼϽ ϴ Ϲ  ϹϺϼ ϴ ϴϵ  ϗϱϥ ϸϿ  

Ϲϸ Ϲ϶ ϸ Ϸ  Ϸ ϸϴ, ϹϸϹϿϹ ϼϹ Ϲϸ Ϲ Ϸ ϿϹ ϹϽ ϶ ϴϵ Ͼϼ 
 

        
 . 

  2   : 
   (  2.12); 
      (  2.13). 

     ,    
. 

         
 ,       : 

 Э̅ = ,   ∙   
 Э̅ =  ∙ , 
 

  2.6       
      . 

 

 

 2.6 –       
     

1105.50

1106.00

1106.50

1107.00

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

Z ,   

▼ =1107,00   

▼ =1105,97 
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 2.12 –          

 

Q
 

, 
3 /

 

Q
 

, 
3 /

 

Q
 

, 
3 /

 

Q
 

, 
3 /

 

Q
 

, 
3 /

 

Q
 

, 
3 /

 

Q
 

, 
3 /

 

Q
 

, 
3 /

 

Q
 

., 
3 /

 

Q
 

, 
3 /

  
 

 

 
, 

 

N
 

, 
 

N
 

, 
 

 
, 

 
 

V , 
3 

ΔV, 
3 

V , 
3 ,  ,  ,  ,  

10 19 0 0,1 0,3 18 19 40 0,5 0 19 1,80 0,00 1,80 1107,00 1107,00 1107,00 953,83 152,97 25 25 0,6 
11 20 0 0,1 0,3 20 33 40 13 0 32 1,80 0,03 1,77 1107,00 1106,99 1106,99 954,83 151,97 43 43 1,0 
12 19 0 0 0,3 18 41 40 22,5 0 41 1,77 0,06 1,71 1106,99 1106,82 1106,91 955,32 151,38 54 54 1,3 
1 19 0 0,1 0,3 19 41 40 22 0 41 1,71 0,06 1,65 1106,82 1106,50 1106,66 955,32 151,14 54 54 1,3 
2 19 0 0,1 0,3 19 32 40 13 0 32 1,65 0,03 1,61 1106,50 1106,16 1106,33 954,80 151,33 43 43 1,0 
3 26 0 0,1 0,3 26 19 40 -7 0 19 1,61 -0,02 1,63 1106,16 1105,97 1106,07 953,83 152,03 25 25 0,6 
4 46 0 0,1 0,3 46 31 40 -15 0 31 1,63 -0,04 1,67 1105,97 1106,08 1106,03 954,74 151,09 41 

- 

1,0 
5 58 0 0,2 0,3 58 43 40 -15 0 43 1,67 -0,04 1,71 1106,08 1106,31 1106,20 955,44 150,56 57 1,4 
6 69 0 0,2 0,4 69 61 40 -8 0 61 1,71 -0,02 1,73 1106,31 1106,60 1106,46 956,24 150,01 80 1,9 
7 88 0 0,4 0,4 88 77 40 -11 0 77 1,73 -0,03 1,76 1106,60 1106,71 1106,65 956,79 149,67 101 2,4 
8 70 0 0,3 0,4 69 59 40 -10 0 59 1,76 -0,03 1,79 1106,71 1106,87 1106,79 956,18 150,41 78 1,9 
9 40 0 0,1 0,3 40 35 40 -4,5 0 35 1,79 -0,01 1,80 1106,87 1107,00 1106,94 955,00 151,74 47 1,1 

 
 
 
 
 
 
 
 
 
 



27 

 

 2.13 –          

 

Q
 

, 
3 /

 

Q
 

, 
3 /

 

Q
 

, 
3 /

 

Q
 

, 
3 /

 

Q
 

, 
3 /

 

Q
 

, 
3 /

 

Q
 

, 
3 /

 

Q
 

, 
3 /

 

Q
 

., 
3 /

 

Q
 

, 
3 /

  
 

 

 
, 

 

N
 

, 
 

N
 

, 
 

 
, 

 
 

V , 
3 

ΔV, 
3 

V , 
3 ,  ,  ,  ,  

10 19 0 0,1 0,3 18 18 40 0 0 18 1,80 0,00 1,80 1107,00 1107,00 1107,00 953,79 153,01 24 24 0,6 
11 20 0 0,1 0,3 20 35 40 15 0 34 1,80 0,04 1,76 1107,00 1107,00 1107,00 954,95 151,85 46 46 1,1 
12 19 0 0 0,3 18 42 40 23,5 0 42 1,76 0,06 1,70 1107,00 1106,80 1106,90 955,38 151,32 56 56 1,3 
1 19 0 0,1 0,3 19 40 40 21 0 40 1,70 0,06 1,64 1106,80 1106,46 1106,63 955,26 151,17 53 53 1,3 
2 19 0 0,1 0,3 19 31 40 12 0 31 1,64 0,03 1,61 1106,46 1106,14 1106,30 954,74 151,36 41 41 1,0 
3 26 0 0,1 0,3 26 18 40 -8 0 18 1,61 -0,02 1,63 1106,14 1105,97 1106,05 953,75 152,10 24 24 0,6 
4 46 0 0,1 0,3 46 40 40 -6 0 40 1,63 -0,02 1,65 1105,97 1106,09 1106,03 955,28 150,55 53  

 
- 
 
 
 

1,3 
5 58 0 0,2 0,3 58 40 40 -18 0 40 1,65 -0,05 1,70 1106,09 1106,19 1106,14 955,27 150,67 53 1,3 
6 69 0 0,2 0,4 69 45 40 -24 0 45 1,70 -0,06 1,76 1106,19 1106,46 1106,32 955,53 150,59 59 1,4 
7 88 0 0,4 0,4 88 78 40 -10 0 78 1,76 -0,03 1,79 1106,46 1106,79 1106,62 956,82 149,61 102 2,5 
8 70 0 0,3 0,4 69 64 40 -5 0 64 1,79 -0,01 1,80 1106,79 1106,93 1106,86 956,37 150,30 85 2,0 
9 40 0 0,1 0,3 40 40 40 0 0 40 1,80 0,00 1,80 1106,93 1107,00 1106,97 955,26 151,51 53 1,3 
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3 ϖ ϵ  ϶ Ϸ  ϼ ϶ Ϸϴ ϹϿ Ϸ  ϵ ϸ ϶ϴ ϼ  
 
3.1 ϤϹϺϼ Ϲ ϿϹ 
 

       
,    ,      

 . 
    ,   

 : 
–   ё   ; 
–     ; 
–    . 

     3.1. 
 

 3.1 –       
  

 .  . 
 

 
 

 
 

 N  

 . 
 . 

-  
 

 
 

 .  

Q  Z ,  
 
 

 
 z 1( ) H Q H Q H Q 

0 952 153,5 152,5 153,1 150,00 73 148,8 74,0 0 10 
10 953 152,5 151,4 152,1 149,00 74 148,0 73,6 200 10 
20 954 151,6 150,5 151,2 148,90 74 147,5 73,4 - - 
30 955 150,8 149,8 150,5 148,50 74 147,0 73,1 - - 
40 955 150,2 149,2 149,9 148,00 74 146,5 72,9 - - 
50 956 149,7 148,7 149,4 - - - - - - 
60 956 149,3 148,3 148,9 - - - - - - 
70 957 148,9 147,9 148,6 - - - - - - 
80 957 148,6 147,6 148,3 - - - - - - 
90 957 148,4 147,3 148,0 - - - - - - 
100 957 148,1 147,1 147,8 - - - - - - 

 
  3.1   . 
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 3.1 –   

 
3.2 ϖ ϵ  ϼ Ϲ  ϼ ϼ ϴ Ϸϼϸ ϵϼ  
 

       ,   
   ,     D1 
      n ,     

      ,    
        .  

   ,      
 ,   :  170 - ,  170 - , 170, 

        3.2. 
 

 3.2 –   
 170 -  170 -  170 

,  170 170 170 
min/Hmax 0,65 0,65 0,50 

n'Iopt, /  68 69 80 
Q'Iopt, /  625 585 650 
  opt 0,923 0,928 0,909 

QI max, /  780 670 1100 
D'1,  0,4355 0,5587 0,325 
H ,  4 4 5 
t , 0  7 4 16 

 
 
 

145.0

146.0

147.0

148.0

149.0

150.0

151.0

152.0

153.0

154.0

0 20 40 60 80 100

,

Q , 3/

 

  

 

Qmin

  N

  
 

Hmax=152,5

H =148,5 

Hmin=147,8 
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3.3 ϖ ϵ  ϼ ϴϿ Ϸ  ϸϼϴ Ϲ ϴ ϴϵ ϹϷ  Ͼ ϿϹ ϴ 
 

     D1    
   : 

    : 
 N = . ∙ Q  ′ ∙ D ∙ H , ∙ η ∙ η , (3.1) 

 
 Q'I  –     ; 
  –   ; 
  –  . 

 
  : 

 η = − − η ( − + √ ∙ √ ∙ √ ), (3.2) 

 
   –   ; 
D1  –   ; 

 –   ; 
D1 –   ; 

 –    ; 
ν , ν  –        

 ,         
 ; 𝜺 – ,       

  (𝜺=0,75). 
 

 : 
 Z′ = , (3.3) 

 
 N  –    (N  = 110000 ); 
Na  –  . 

 
 : 

 ∆ = ηη  (3.4) 

 
  : 
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n′ = I ′ √Δ ∙D , (3.5) 

 
 n'I  –        

. 
 

 ,     : 
 n  x′ = D∆ i .  (3.6) 

 n  ′ = D(∆ ) .  (3.7) 

 n  ′ = D∆ ax .  (3.8) 

 
       : 

 Q′  ∙ η = a, ∙D ∙ p, ∙η   (3.9) 

 
         n'I , 

  Q′  ∙ η        
. 

 
    : 

 Q′ ∙ η = a, ∙D ∙ ax, ∙η   (3.10) 

 
 : 

 Q′  x = i∙D ∙√ i ∙Δ (3.11) 

 Q′  = i∙D ∙√ ax∙Δ (3.12) 

 
 170      3.3. 
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 3.3 –   170 
D1,  1 1,25 1,4 1,6 1,8 1,9 2 
  0,886 0,889 0,891 0,893 0,894 0,895 0,896 

N' ,  23,1 36,1 45,2 59,1 74,8 83,3 92,3 
Z'  4,2 2,7 2,1 1,6 1,3 1,2 1,1 

Z a,  4 3 2 (3) 2 2 2 2 
N ,  20,3 31,8 40,0 52,4 66,4 74,0 82,1 

Δ' 1,06 1,07 1,07 1,07 1,07 1,07 1,07 
n'c, /  1041,9 835,0 746,2 653,6 581,5 551,1 523,7 
n  /  100 750 750 600 600 600 600 

n' max, /  10,3949098 74,7 83,6 76,4 85,8 90,6 95,3 
n' , /  10,41949654 74,5 83,4 76,2 85,6 90,4 95,1 
n' min, /  10,558894 73,6 82,3 75,2 84,5 89,2 93,8 

Q·  1,005 1,004 1,003 1,002 1,001 1,000 1,000 
Q· max 1,046 1,044 1,043 1,042 1,042 1,041 1,041 

 
  170 –       3.4. 

 
 3.4 –    170 –  

D1,  1 1,25 1,4 1,6 1,8 1,9 2 
  0,919 0,921 0,922 0,923 0,924 0,925 0,925 

N' ,  14,1 22,1 27,7 36,2 45,8 51,1 56,6 
Z'  6,9 4,4 3,5 2,7 2,1 1,9 1,7 

Z a,  8 4 4 3 3 2 2 
N ,  12,9 20,2 25,4 33,2 42,1 46,9 52,0 

Δ' 1,04 1,05 1,05 1,05 1,05 1,05 1,05 
n'c, /  848,6 679,7 607,3 531,7 472,9 448,2 425,9 
n  /  1000 750 600 500 500 428,6 428,6 

n' max, /  80,6 75,4 67,5 64,3 72,3 65,4 68,8 
n' , /  80,4 75,3 67,4 64,1 72,1 65,2 68,6 
n' min, /  79,3 74,3 66,5 63,3 71,2 64,4 67,7 

Q·  0,656 0,655 0,655 0,654 0,654 0,654 0,654 
Q· max 0,683 0,682 0,682 0,681 0,681 0,680 0,680 
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  170 –       3.5. 
 

 3.5 –    170 –  
D1,  1 1,25 1,4 1,6 1,8 1,9 2 
  0,924 0,927 0,928 0,929 0,930 0,930 0,931 
N' ,  12,0 18,7 23,5 30,7 38,8 43,3 47,9 
Z'  8,1 5,2 4,1 3,2 2,5 2,2 2,0 
Z a,  8 6 4 3 3 2 2 
N ,  11,0 17,2 21,6 28,3 35,8 40,0 44,3 
Δ' 1,04 1,04 1,04 1,04 1,04 1,04 1,04 
n'c, /  855,5 685,2 612,1 535,9 476,7 451,7 429,2 
n  /  1000 750 600 500 500 428,6 428,6 
n' max, /  80,8 75,7 67,8 64,5 72,5 65,6 69,1 
n' , /  80,7 75,5 67,6 64,4 72,4 65,5 68,9 
n' min, /  79,6 74,5 66,7 63,5 71,4 64,6 68,0 
Q·  0,565 0,565 0,564 0,564 0,564 0,563 0,563 
Q· max 0,588 0,588 0,587 0,587 0,587 0,586 0,586 

 
     : 

–  ; 
–    ; 
–   ; 
–  . 
   ,  ,    

170 – –200,    (  3.1).    
    –      

  (      
),      ,    –  , 

  – ,     ,     
(    ).   –    

  (  ),    
 ′   Hmin  Hmax. 
 
3.4 Ϣ ϹϸϹϿϹ ϼϹ Ϲ Ͼϼ ϴ ϶Ͼϼ ϴϵ ϹϷ  Ͼ ϿϹ ϴ Ϸϼϸ ϵϼ  

ϸϿ  ϵϹ Ϲ Ϲ ϼ  ϹϹ ϵϹϻϾϴ϶ϼ ϴ ϼ Ͻ ϴϵ  
 

       
    : 

 ∇Z . . = Z Q + H , (3.13) 
 

 Z Q  –       ,  
   . 
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    HS   
        

.    ,   
    , . .    

,  ,  : 
–    Hmax   ; 
–    H    ; 
–    Hmin      
 . 

 
    : 

 H = B − Z − σ ∙ H − ∆H + ∆Z . , (3.14) 

 
  –   (10,33 . . ); ∆H  –    ,  

  σ   ,    
  (1,5 ); 

 –  ,     
   ;  

 –  ,      Z (Q ); 
Z . . –        

  ,   170 –  Z . .= 0,238D1/2. 
 

 max: 
 H = , − , − , ∙ , − , + , ∙ = ,    

 
 H : 

 H = , − − , ∙ , − , + , ∙ = − ,    

 
 Hmin: 

 H = , − , − , ∙ , − , + , ∙ = − ,    

 
      . 

 
         
  : 
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H = Z  (Q H ) + H H 𝑖  (3.15) 
 H = Z  Q (H ) + H H  (3.16) 

 H = Z  (Q H x ) + H H x  (3.17) 
 

  170 - -200: 
 Z = , + , = ,    
 Z = + − , = ,    
 Z = , + − , = ,    
 

        
  Z = ,  .      

       
. 

 
3.5 ϗϼϸ Ϲ ϴ ϼ Ϲ ϾϼϽ ϴ Ϲ  ϼ Ϲ ϼϹ Ͽϴ ϴ Ϲ ϴϿϿϼ Ϲ Ͼ Ͻ 

ϼ ϴϿ Ͻ Ͼϴ Ϲ . Ϣ ϹϸϹϿϹ ϼϹ ϹϹ ϷϹ Ϲ ϼ Ϲ Ͼϼ  ϴϻ Ϲ ϶ Ͻ 
ϴ ϼ 

 
   (φ = 345 ÷ 360°)   

        ,   
            

.          
 .       , 

   ,   : 
 
–       

. 
–    (   )  

 . 
–       , 
         . 
 

    (  )   
   :    

b0 = 0,238, D1= 0,476 ,   φ=345̊,    b1 = 0,496 . 
    D1 = 2 : Da = 3,35 , Db = 2,85 , D4 = 3,6 , R4 = 

1,80 , R = 0,2 , h1 = 0,23 . 
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  : 
 = + ℎ = , + ∙ , = ,   (3.18) 

 
     : 

 𝑣 =   
 𝑣 = ,  /   
 

   : 
 = ∙ 𝜑 ° = ∙ °° = ,  /  (3.19) 

 
    : 

 = = ,, = ,   (3.20) 

 
  : 

 = √𝐹 = √ , = ,   (3.21) 

 
       : 

 = + √ − = , + √ , − , = ,    (3.22) 

 
   : 

 = + = , + , = ,   (3.23) 
 

 : 
 ∙ 𝜑 = − √ − = , − √ , − , = ,  (3.24) 

 = ,   

 𝜑 = 𝜑 = °° = ,  (3.25) 

 
 ,     φi  Δφ=15̊.  
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  φ= 330: 
 = 𝜑 + √ 𝜑 − = , + √ ∙ , ∙ ,, − , = ,   (3.26) 

 
    : 

 =  + = , + , = ,   (3.27) 
 

  : 
 = √ + = √ , + , = ,   (3.28) 

 
   : 

 = + = , + , = ,   (3.29) 
 

      3.6.  
 

 3.6 –      
ϕ      x X2 P2 p a R 

 ϕ/360 ϕ/  2R4[3] [4]–(H1/2)2 √[ ] [6]+[3] [7]2 
[8]+ ]–
(H1/2)2 [9]^0.5 R4+[7] [10]+[11] 

345 0,958 0,206 0,741 0,513 0,716 0,92 0,850 1,078 1,04 2,722 3,760 
330 0,917 0,197 0,709 0,480 0,693 0,89 0,792 1,020 1,01 2,690 3,700 
315 0,875 0,188 0,677 0,448 0,669 0,86 0,735 0,964 0,98 2,657 3,639 
300 0,833 0,179 0,644 0,416 0,645 0,82 0,679 0,907 0,95 2,624 3,576 
285 0,792 0,170 0,612 0,384 0,619 0,79 0,623 0,852 0,92 2,589 3,512 
270 0,750 0,161 0,580 0,351 0,593 0,75 0,568 0,797 0,89 2,554 3,447 
255 0,708 0,152 0,548 0,319 0,565 0,72 0,514 0,743 0,86 2,517 3,379 
240 0,667 0,143 0,515 0,287 0,536 0,68 0,461 0,689 0,83 2,479 3,309 
225 0,625 0,134 0,483 0,255 0,505 0,64 0,408 0,637 0,80 2,439 3,237 
210 0,583 0,125 0,451 0,223 0,472 0,60 0,356 0,585 0,76 2,397 3,162 
195 0,542 0,116 0,419 0,190 0,436 0,55 0,305 0,534 0,73 2,353 3,083 
180 0,500 0,107 0,387 0,158 0,398 0,51 0,255 0,484 0,70 2,305 3,000 
165 0,458 0,098 0,354 0,126 0,355 0,45 0,205 0,434 0,66 2,253 2,912 

 
     𝜑     ,  
,  ,  .      

  R  𝜑.      0  
  R=f(𝜑). 

  3.2     𝜑     . 
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 3.2 –    𝜑      
 

  R     φ: 
 𝜑 = = ,    
 

    : 
 = ∙ 𝑖 = ,∙ 𝑖 ° = ,   (3.30) 

 
     : 

 𝜑 = = 𝜑= − + ∙ −
 (3.31) 

  𝜑 = = , − , + , ∙ − = ,    

 
  3.7      

 . 
 

 3.7 –       
φ p  R p  

150 

0,83 

2,8 0,95 
135 2,8 0,87 
120 2,7 0,78 
105 2,6 0,68 
90 2,5 0,56 
75 2,3 0,44 
60 2,2 0,29 
45 2,0 0,14 

 
 

1.4

1.9

2.4

2.9

3.4

3.9

4.4

0 20 40 60 80 100 120140160 180200220 240 260 280 300 320 340 360

R, 

φ
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  3.8      
. 

 
 3.8 –     

   
№ φ p a R 
1 345 1,04 2,722 3,760 
2 330 1,01 2,690 3,700 
3 315 0,98 2,657 3,639 
4 300 0,95 2,624 3,576 
5 285 0,92 2,589 3,512 
6 270 0,89 2,554 3,447 
7 255 0,86 2,517 3,379 
8 240 0,83 2,479 3,309 
9 225 0,80 2,439 3,237 
10 210 0,76 2,397 3,162 
11 195 0,73 2,353 3,083 
12 180 0,70 2,305 3,000 
13 165 0,66 2,253 2,912 

   
№ φ p  R p  
14 150 

0,83 

2,8 0,95 
15 135 2,8 0,87 
16 120 2,7 0,78 
17 105 2,6 0,68 
18 90 2,5 0,56 
19 75 2,3 0,44 
20 60 2,2 0,29 
21 45 2,0 0,14 

 
      . 

 
3.6 Ϥϴ Ϲ  ϸϹ ϴϿϹϽ ϼ ϻϿ ϶ Ϸϼϸ ϵϼ . ϖ ϵ  Ϡϡϧ, ϷϹ Ϲ ϴ ϴ 

ϼ ϱϗϤ 
 
3.6.1 Ϥϴ Ϲ  ϸϹ ϴϿϹϽ ϼ ϻϿ ϶ Ϸϼϸ ϵϼ  
 

   . 
        

    .       
   ,    
. D∗ ( , ∙ [τ ]) ,

,  

 
 –[𝜏 ] = ÷  ,    

 M = , ∙ = , ∙, = ,  ∙  (3.32) 
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D∗ ( , ∙ [τ ]) , = , ∙ , , = ,  =   (3.33) 

 
      

(  50   D   1000    100   D≥1000 ).  =  . 
 

  . 
    : 

 R = , ∙ ∙D = , ∙ . ∙ = ,    (3.34) 

 
    ,   ,  

  15–20   ,   =620 . 
 

     : 
 p = ∙ [p ] = ,, ∙ , = ,  , (3.35) 

 
 h  –  300 ,  D =  .  

 [p ] = ∙ U = ∙ , = ,                                                   (3.36) 
 U = π ∙ n ∙ = π ∙ , ∙ , = ,   (3.37) 

 
 p [p ] . 

 
   –      

. 
 
3.6.2 ϖ ϵ  ϼ ϴ ϴ Ͽ ϴ Ͻ ϴ ϶Ͼϼ 
 

      
,     ,   
. 

    ,    
       

. 
        170 

  D1 = 2 :  
 

 1,6/1–40–2,5–2, 
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 2 –   

1 –   
40 – ,    40 / 2 
2,5 –     3 
2 –  . 

 
3.6.3 ϖ ϵ  ϷϹ Ϲ ϴ ϴ ϼ ϴ ё  ϴ ϶ϿϹ Ͻ ϼ ϗϱϥ 
 

       –430/210–14: 
–  , n = 428,6 / . 
– S = 68,75  
– cosφ= 0,8 
– = 97,5% 
–  , NA= 55  
–   , p= 14 
–  , Di= 430  
–   , la= 210  
 

       
       : 

 . Э = + = + =   (3.38) 
 

3.6.4 ϖ ϵ  ϿϹϾ Ϸϼϸ ϴ϶Ͽϼ Ϲ Ͼ Ϸ  ϹϷ Ͽ ϴ 
 

   – ,   .   
 – 150 .  : –2 1–150–11, 

 
  –  ; 
2 1 –   2  1; 
150 –     ; 
11 –    . 
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4 Ϟ ϴ ϶Ͼϴ ϼ ϺϹ ϼ  Ϸϼϸ ϻϿϴ 
 
4.1 Ϣ ϹϸϹϿϹ ϼϹ ϾϿϴ ϴ ϺϹ ϼ  
 
ϣ  ϶ Ϲ ϺϹ ϼ  ϼ ϼ ϴ Ϸ ϴ: 
 

 :  – ; 
 : 27 ; 

  – III 
 
ϣ  ϴϻ ϴ Ϲ ϼ  ϗϦϥ ϼ Ͽ ϶ϼ  Ͼ Ͽ ϴ ϴ ϼϼ: 
 

 :  =   ; 
  – III 

 
ϣ  ϿϹϸ ϶ϼ  ϶ ϻ Ϻ  Ϸϼϸ ϸϼ ϴ ϼ Ϲ Ͼϼ  ϴ϶ϴ ϼϽ ϴ ϗϦϥ: 
 

    : 2536 .  
  – ΙI 

 
ϖ ϶ ϸ:  ,      

– ΙI ϾϿϴ .     II : = , .  
 
4.2 Ϣ ϹϸϹϿϹ ϼϹ Ϲ Ͼϼ Ϸ Ϲϵ  Ͽ ϼ  
 

     : 
 ∇ = ∇ + h , (4.1) 

 
 h  –         . 

 h = h % + ∆h + a = , + , + ,  =  ,  , (4.2) 
 

 h %–     ;  ∆h –   ;  a = ,  .  
 

      :  
 ∆h = k ∙ ∙∙ ∙ cosα = ,  ∙ ∙, ∙ , ∙  =  ,  , (4.3) 

 
 V =   /  –   ; k  – ,     
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k = ∙ + , ∙ V ∙ − =  ∙ + , ∙ ∙ − = ,  (4.4) 
 

     : 
 d = ∇ −∇ = − = ,   (4.5) 

 
   –   : 

 = , ∙ =     = , ∙ ∙ ∙ =  (4.6) 

 я =   { = ,T = ,      ,     я  = { = ,T = ,   

 
      . 

 
  : 

 T = , ∙ = , ∙, = ,   (4.7) 

 
  : 

 h = , ∙ = , ∙, = ,   (4.8) 

 
  : 

 = Tπ = , ∙ ,∙ , = ,   (4.9) 

 d > ,  ,  
 , > , ∙ , = ,   
 

 , . .  . 
 

     1 % : 
 h % = h  ∙ K = , ∙ , = ,  , (4.10) 

 

 K − ,       (  
 ), K = , ; 
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h –   . 
 

 ,     : 
  ∇  = ∇ + h = + , = ,   (4.11) 

 
4.3 ϗϼϸ ϴ϶Ͽϼ Ϲ ϾϼϽ ϴ Ϲ  ϵϹ Ͻ ϶ ϸ Ͽϼ϶ Ͻ Ͽ ϼ  
 
4.3.1 Ϣ ϹϸϹϿϹ ϼϹ ϼ ϼ  ϶ ϸ Ͽϼ϶ Ϸ  ϴ 
 

       
     ,   

,     ,       
 .  

        Q , 
  ,  ,     

       
   . 

       
  1% ,   – 0,1% . 

 ,       
        

   ,       
  .      
         

    . 
 

 ,      : 
 Q . = Q . x − (n − ) ∙ Q − , (4.12) 

  
 n –  ; Q  –    ; =   V  –  ; t  –  , t =   я . 

 Q . = − − ∙ , − , ⋅ 9∙ ∙ ∙ = ,   

 H = − . Q % = − , = ,  , (4.13) 
  

 Q % –     Q % 
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Q = , ∙ ∙η = ∙, ∙ , ∙ , = ,  , (4.14) 

  
 N –   ; H –  ,  ; η–  . 

  : 
 = . = .,  (4.15) 

 = ., ∙ ∙ = ,, ∙ ∙ , = ,  , 

 
 q –    ; q –    ; V − я   , я  V =  / ; h  –     ,    ∇ =  

 
 . : 

 h = − = , − = ,   (4.16) 
 

   B    ,  
      

  ,     6    
 .     ,   

. 
 

 2 ё   10 : 
 = b ∙ n = ∙ =  , (4.17) 

  
 n −   (   2÷3); 
b −   ,      

 –     
4, 5, 6, 7… . 
 

    : 
 

1)     b =  ; 
 = , ÷ , b = , ÷ ,   
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2)   ,       
 =  . 

 
4.3.2 Ϣ ϹϸϹϿϹ ϼϹ Ϲ Ͼϼ Ϸ Ϲϵ  ϶ ϸ Ͽϼ϶ϴ 

 

      
.          

      ,  
     − H ,        − H . H = .∙B∙√ / , (4.18) 

  

 = ,  −         
       . 

 H = ,, ∙ ∙√ ∙ , / = ,  , 

  σ   σ  –     1 
 

  ,      , 
   : H = ,, ∙ ∙ , ∙ ∙√ ∙ , / = ,    

 σ = − , ∙ + − ∙ = − , ∙ , + − ∙ , ∙ , = , , (4.19) 
 

 b   n –      ,  ; ∑ = ,  −    ; ∑ = ,  − ,      , . . 
 a       . 

 
           

: 
 H = H − α∙ ∙ = , − , ∙ ,∙ , = ,   (4.20) 

 V = .∇ −∇ ∙ B+ − ∙δ = ,− ∙ + − ∙ = ,  , (4.21) 

  
 n –    ,  ; =   –  ; 

 –   ; 
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Q . = ,  –  . 
 

    : H =  . 
 

  : 
 = − H = − =   (4.22) 

 
  : 

 = + , ∙ H = + , ∙ =   (4.23) 
 

 =     = ,     
 .    : =  . 

 
4.3.3 ϣ ϶Ϲ Ͼϴ ϴ Ͼ ϶Ϲ Ϸ  ϴ ϸϴ 
 

     
.    ,   

   : 
 . = Q . − Q Э − Q = Q , % − n ∙ Q − , (4.24) 

  

 Q = ,   –    ; n = –  ; V = 0,29 3 –  ; t =   я  –  ; Q . = Q , % =  ;  = ; 

 . = − ∙ , − , =    

 
   ,      : 

 H = .∙B∙√ /  (4.25) 

 H  = , ∙ ∙√ ∙ , / = ,  , 
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 = ,  −         
       : 

 B = ∙ =  ,  
 

    : 
 H  = , ∙ ∙ , ∙ ∙√ ∙ , / = ,    

 σ = − , ∙ + − ∙ = − , ∙ , + − , ∙ , = , , (4.26) 

 
 b  n –    ,  ; ∑ = ,  −    ; ∑ = ,  − ,      , . . 

       . 
 

    : 
 V = .∇ −∇ ∙ B+ − δ = − ∙ + − ∙ = , , (4.27) 

 
 ∇  –    ,  

,  –   1108 ,    . 
 

          
 : 

 H = H  − α∙  = , − , ∙ ,∙ , = ,   (4.28) 

 
    : 

 ∇ = ∇ + H = + , = ,   (4.29) 
 

      : 
   + H   
   ,    
 

     . 
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4.3.4 Ϥϴ Ϲ  ϸ Ϸ  ϶ ϸ ϵ ϴ 
 

    ,   
     Q : 

 Q = = , ⋅ 9∙ ∙ ∙ = ,  , (4.30) 

  

 =  V  = 0,29 3 –  ; t =   я  –  . 
 

      ,  
         
.    – 3 .  

   h = . 

 
    : 

 ω = √ = ,, √ ∙ , ∙ , = ,  , (4.31) 

  

 Q = ,  –  ; = , –  ,       
 ; H–     . 

 H = − + + = − + + = ,   (4.32) 

 
  : 

 B = ω = , = ,   (4.33) 

 
      : 

 B = n ∙ b = ∙ =   (4.34) 
 

     .     
      ,   b =  . 
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4.3.5 Ϥϴ Ϲ  ϺϹ ϼ  Ͼϴ ϶ ϼϺ Ϲ  ϵ Ϲ Ϲ 
 

     .  
       : 

 h = √ α∙∙B = √ , ∙ ,, ∙ = ,   (4.35) 

  Q = + Q . = , + , = , , (4.36) 

 
 V = ,  –   – ; t =  я  –   – ; Q . = ,  –  ; α = , –  ; 

 –     ,  
 = n ∙ b + n − + ∙ + + ∙  (4.37) 

 = ∙ + − ∙ + ∙ + + ∙ =  , 
 

 n –  ; 
b –  ; 

 –  ; 
 

  ,    
: 

 h′ = φ√ ∙ − − = ,, √ ∙ , − − = ,  , (4.38) 

  
 q –     ; 

 q =  = , = ,  , (4.39) 

 
 – φ = , ÷ , –  . 

 
  h′ : 

 h′ = φ√ ∙ − − c′ = ,, √ ∙ , − − , = ,   (4.40) 

 
  : 
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 h′′ = c′ ∙ √ + ∙ ( c′ ) −  (4.41) 

 h′′ = , ∙ √ + ∙ ,, − = ,    

 
 h′′  h = % − = , − = ,  . h′′ <h . ,  ,     . 

 
4.4 Ϟ ϼ ϶ϴ ϼϹ ϵϹ Ͻ ϶ ϸ Ͽϼ϶ Ͻ Ͽ ϼ  
 
4.4.1 Ϣ ϹϸϹϿϹ ϼϹ ϼ ϼ  ϸ ϶  ϶ ϸ Ͽϼ϶ Ͻ Ͽ ϼ  
 

    ,     
      .  

    ,   
  (  4.1). 
         
: 

1)     ; 
2)       . 

 

 
 

 4.1 –     
 

   0,7     
 𝐵 = , ∙ H = , ∗ =  , (4.42) 

 
 H –   
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4.4.2 Ϥϴϻ ϹϻϾϴ Ͽ ϼ  ϶ϴ ϼ 
 

        
        

    . 
         

     30 .     
: 

 = + = + =  , (4.43) 
  

  –  ; 
b –  . 

 
   .  

        
 1    5      ,    
 0,3 . 

 
4.4.3 ϕ Ͼϼ 
 

         
   .  

      1.3.1.    
,        0,5 ,    
  0,8 ,       1,0 

.     1 . 
 
4.4.4 ϗϴϿϹ Ϲϼ ϶ ϹϿϹ ϵϹ Ͻ Ͽ ϼ  
 

         
13   .  

        
          

 .  
  :  – 1,5x2,25  ;  – 3,5x4 . 

 
4.4.5 Ϙ Ϲ ϴϺ ϹϿϴ ϵϹ Ͻ Ͽ ϼ  
 

        
  ,     . 

     20 ,    
  – 2 . 
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       : 
 𝑛 , (4.44) 

 
  –    ; 

 = − . 𝑖 = − , = ,  , (4.45) 
 

  –     ; 
 –    ,    

 = . 
 , ∙ , = ,    

 
 a = ,  . 

 
4.4.6 ϱϿϹ Ϲ  ϸϻϹ Ϸ  Ͼ ϴ Ͽ ϼ  ϼ ϼϺ ϹϷ  ϵ Ϲ ϴ 
 

  ,   ,  
    . 

  : 
 ℎ = , ∙ = , ∙ − , = ,  , (4.46) 

 
  –         . 

 
 : 

 ℎ = , ∙ ℎ = , ∙ , = ,   (4.47) 
 

     20    2 . 
 

  : 
 = ∆ ∙ = , ∙ , = ,  , (4.48) 

 
 ∆  –    

 –       
 ∆ = − = , − , = ,  , (4.49) 

 
  –   , 
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= = ,  ; 
 

 –   . , = ,  . 
 

       : 
 = , ÷ , ∙ = , ∙ = , ∙ = ,   (4.50) 

 
 = ,  .  
       : 

 =  .  
 

      ,   
,     . 

  : 
 = , ÷ . . = ∙ . . = ∙ = ,   (4.51) 

  . . = , , ℎ ′′ − ℎ ′ = , , ∙ , − , = ,   (4.52) 
 

   : 
 =    
 

  : 
 = , ∙ ∙ √ℎ = , ∙ , ∙ √ , = ,  , (4.53) 

 
  –     . 

 = ∙ℎ ′ = ,∙ , = ,   (4.54) 

 ℎ = ℎ′ = ,    
 

   : 
 =  .  
 

 : 
 = , ÷ , = , = , ∙ = ,   (4.55) 
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 : 
 = ∙ = ∙ = ,   (4.56) 

   
: = ,   

 
4.5 Ϣϵ ϶ϴ ϼϹ ϴϸϹϺ ϼ ϼ ϵϹϻ ϴ ϼ ϵϹ Ͻ Ͽ ϼ  
 
4.5.1 Ϣ ϹϸϹϿϹ ϼϹ ϴϷ ϻ Ͼ ϴ Ͽ ϼ , ϸϿ  с  Ͽ ϴ  
 

      
      .    

   , ,   
.        
,   . 

 
4.5.2 ϖϹ  ϺϹ ϼ  
 

      AutoCad: = , =  .        
  : 

 = ∙ ∙+ =   ∙ ∙+ = ,  , (4.57) 

 
  –  ; 

 –    ; 
 –  . 
 

         : 
 = ∙ ∙+ = ∙ ∙+ = ,   (4.58) 

 
  : 

 ≈ , ∙ , ∙ =  , ∙ , , ∙ , = ,  , (4.59) 
 

  –  , 
 = − + , ∙ = − + , ∙ = ,   (4.60) 

 
    1  : 
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= + = ,+ = ,  /  (4.61) 

 
4.5.3 ϥϼϿϴ Ϸϼϸ ϴ ϼ Ϲ Ͼ Ϸ  ϸϴ϶ϿϹ ϼ  ϶ ϸ  
 

      . 
       

 . 
 = ∙ = ∙ =  , (4.62) 

 
  –    : 

 = − = − =   (4.63) 
 

  : 
 = ∙ = ∙ , = ,  , (4.64) 

 
  –    4.65. 

 = 𝑖 − = , − = ,   (4.65) 
 = ∙ = ∙ , =   (4.66) 
 

4.5.4 Ϥϴ϶ ϸ ϹϽ ϶ ϴ  ϶ϻ϶Ϲ ϼ϶ϴ ϹϷ  ϸϴ϶ϿϹ ϼ  
 

  : 
 = H ∙ 𝐵 ∙ = , ∙ ∙ =  , (4.67) 

 
  –    4.65; 𝐵  –  ,    4.4.1. 

 
4.5.5 ϥϼϿϴ ϼϿ ϴ ϼ Ϸ  ϸϴ϶ϿϹ ϼ  
 = − 𝑖 = − , = ,   (4.68) 

 
   2.06.06–85    : 

 = , = , ∙ , = ,   (4.69) 
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= , = , ∙ = ,   (4.70) 
 = ∙ = ∙ =   (4.71) 
 

       
       4.2. 

 

 
 

 4.2 –    
 

4.5.6 Ϙϴ϶ϿϹ ϼ  Ϸ ϴ 
 

    : 
 = ∙ ℎ ∙ 𝑡 − 𝜑

, (4.72) 

 
  –      ; ℎ  –   , ℎ =  ; 𝜑  –    , 𝜑 = . 

 = ∙ ∙ 𝑡 − = ,   (4.73) 

 
    1 . .: 

 = ∙ℎ = , ∙ = ,   (4.74) 

 
      : 
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= ∙ ℎ ∙ 𝑡 − 𝜑 − ∙ ∙ 𝑡 − 𝜑   (4.75) 

 = ∙ ∙ 𝑡 − − ∙ ∙ tg − = − ,    

 
        ℎ ,    
   ,  : 

 = ∙ ℎ + ∙ ℎ ∙ 𝑡 − 𝜑 − ∙ ∙ 𝑡 − 𝜑
, (4.76) 

 = ∙ + , ∙ ∙ 𝑡 − − ∙ ∙ tg − =  − ,   

 
  –   : 

 = − − ∙ = − − , ∙ = ,  , (4.77) 

 
  –   ,   = , . 

 
       1 

. .: 
 = + = − , − , = − ,   (4.78) 

 
       

,       . 
 
4.5.7 ϖ Ͽ ϶ Ϲ ϶ ϻϸϹϽ ϶ϼϹ 
 

      
   . . : 

 = ∙ ℎ % ∙ ( + ℎ ) = ∙ ∙ , ∙ , + , = , , (4.79) 

 
 ℎ % –   1% , ℎ % = ,  ; 

 –   , = ,  ; 
 ℎ = ∙ℎ % = ∙ ,, = ,   (4.80) 

 
       : 
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= − ℎ % = , − ∙ , = ,   (4.81) 

 
4.6 Ϣ Ϲ Ͼϴ ϼ Ͽ ϼ , ϸϿ  ϶ Ϸ  Ͽ ϴ  
 
4.6.1 Ϣ ϹϸϹϿϹ ϼϹ ϴ ϺϹ ϼϽ 
 

        
    (    ). 

   ё    .   
     .  ,  

     ,     
  . 

        
    «–»,     «+».  

     4.1,     
,      . 

       
 AutoCAD. 

 
 4.1 –     

   
 

,  
 , 
 

,  
, 

∙  
 1  4205,0 4205,0 9,67 +40662,4 
 1  61,3 61,3 1,17 –71,7 
 0,95  5142,9 4885,7 5,5 –26871,4 
 0,95  2742,9 2605,7 6,2 –16155,4 
 1  735,0 735,0 0,0 0,0 
 1  1340,0 1340,0 5,01 +6713,4 
 1,2  22,1 26,5 3,0 +79,6 

 1  4,3 4,3 27,75 +119,3 
 0,9  11,1 10,0 8,07 –84,1 
 1  42,0 42,0 8,54 +373,4 

 ∑ = + + − − +  (4.82) 
 ∑ = , + , + , − − + =     
 ∑ = ,  ∙   

 
       (  

  1 . .): 
 

  : 
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𝜎 = − ∑ 𝑁 + ∑ = − + ∙ , = − ,  , (4.83) 

 
 ∑  –   ,    ∑  –    ,    𝐵  –   . 

 𝜎 = 𝜎 ∙ − ∙ ∙ − , (4.84) 
 

  –       ; = 𝑡  –      . 
 𝜎 = − , ∙ − ∙ ∙ − = −  /  (4.85) 

 𝜏 = ( ∙ + 𝜎 ) ∙ =  (4.86) 
 𝜎 = 𝜎 ∙ + + ∙ ∙  (4.87) 
 𝜎 = − , ∙ + + ∙ ∙ = − ,  (4.88) 
 𝜎 = − ∙ = − ∙ = −  (4.89) 
 

  : 
 𝜎 = − ∑ 𝑁 − ∑ = − − ∙ , = − ,   (4.90) 

 𝜎 = 𝜎 ∙ − ∙ ∙ −  (4.91) 
 𝜎 = − , ∙ , − ∙ , ∙ − , = − , , 

 
  –         = 𝑡 = 𝑡 ° = ,  –      . 

 𝜏 = −( ∙ + 𝜎 ) ∙ = − ∙ , − , ∙ , = ,  (4.92) 
 𝜎 = 𝜎 ∙ + + ∙ ∙  (4.93) 
 𝜎 = − , ∙ + , + ∙ , ∙ , = − ,    

 𝜎 = − ∙ = − ∙ , = −   (4.94) 
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      4.2. 
 

 4.2 –   
 𝜎   𝜎   𝜏   𝜎   𝜎   

  –195,6 –290,00 0,00 –195,6 –290,00 
  –325,2 –116,5 153,8 –35,00 –406,8 

 
4.6.2 Ϟ ϼ Ϲ ϼϼ ϼ Ͽ ϼ  

 
      , 
    .  : 

1)    : 
 ∙ ∙ |𝜎 | ∙ , (4.95) 

 
 = ,  –         

; 
 –   ,     = ; 
 –   ,     =, . 

 , ∙ ∙ ,,  (4.96) 

 
 ,     5   

    =   / . 
     

 
2)         

: 
 𝜎 < ;  − ,  / <   
 
3)     : 
 |𝜎 |  , ∙ ∙  (4.97) 

 ,  , ∙ ∙ = ,   

 
  ,    
. 
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4.6.3 Ϥϴ ё  Ͻ ϼ϶ ϼ Ͽ ϼ  
 

       
  ,      

.        
 –    .  

   ,   ,  
 : 

 ∙𝐹∙   

 = ∑ ∙ 𝑡 𝜑 + ∙ 𝜔 = ∙ , + ∙ = ,  / , (4.98) 
 

 𝑡 𝜑 = ,  –     ; =  /  –   ; 𝜔 = 𝐵 ∙ =   –     , 
   1  . 

 = − + +  (4.99) 
 F = − , + , + ,  = ,    

 
   : 

 , ∙ ,, ∙ , ,   

 , ,   
 

       10% 
  (1,32). 
 
4.7 Ϣϵ ϶ϴ ϼϹ ϴϸϹϺ ϼ ϼ ϵϹϻ ϴ ϼ ϵϹ Ͻ Ͽ ϼ  
 
4.7.1 Ϣ ϹϸϹϿϹ ϼϹ ϴϷ ϻ Ͼ ϴ Ͽ ϼ , ϸϿ  ϶Ϲ Ϸ  Ͽ ϴ  
 

      
      .    

   , ,   
.        
,   . 
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4.7.2 ϖϹ  ϺϹ ϼ  
 

      AutoCad: = , =  .        
  : 

 = ∙ ∙+ =   ∙ ∙+ = ,   , (4.100) 

 
  –  ; 

 –    ; 
 –  . 

 
         : 

 = ∙ ∙+ = ∙ ∙+ = ,   (4.101) 

 
  : 

 ≈ , ∙ , ∙ =  , ∙ , , ∙ , = ,  , (4.102) 
 

  –  , 
 = − + , ∙ = − + , ∙ = ,   (4.103) 

 
    1  : 

 = + = ,+ = ,  /  (4.104) 

 
4.7.3 ϥϼϿϴ Ϸϼϸ ϴ ϼ Ϲ Ͼ Ϸ  ϸϴ϶ϿϹ ϼ  ϶ ϸ  
 

      . 
       

 . 
 = ∙ = ∙ =  , (4.105) 

 
  –    : 

 = − = − =   (4.106) 
 

  : 
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= ∙ = ∙ , = ,  , (4.107) 

 
  –    4.108. 

 = − = , − = ,   (4.108) 
 = ∙ = ∙ , =   (4.109) 
 

4.7.4 Ϥϴ϶ ϸϹϽ ϶ ϴ  ϶ϻ϶Ϲ ϼ϶ϴ ϹϷ  ϸϴ϶ϿϹ ϼ  
 

  : 
 = H ∙ 𝐵 ∙ = , ∙ ∙ =  , (4.110) 

 
  –    4.108; 𝐵  –  ,    4.4.1. 

 
4.7.5 ϥϼϿϴ ϼϿ ϴ ϼ Ϸ  ϸϴ϶ϿϹ ϼ  
 = − 𝑖 = − , = ,   (4.111) 

 
   2.06.06–85    : 

 = , = , ∙ , = ,   (4.112) 
 = , = , ∙ , =   (4.113) 
 = ∙ = ∙ =   (4.114) 
 

       
       4.3. 

 

 
 

 4.3 –    
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4.7.6 Ϙϴ϶ϿϹ ϼ  Ϸ ϴ 
 

    : 
 = ∙ ℎ ∙ 𝑡 − 𝜑 = ∙ ∙ 𝑡 − = ,  , (4.115) 

 
  –      ; ℎ  –   , ℎ =  ; 𝜑  –    , 𝜑 = ; 

 
    1 . .: 

 = ∙ℎ = , ∙ = ,   (4.116) 

 
      : 

 = ∙ ℎ ∙ 𝑡 − 𝜑 − ∙ ∙ 𝑡 − 𝜑
 (4.117) 

 = ∙ ∙ 𝑡 − − ∙ ∙ tg − = − ,    

 
        ℎ ,    
   ,  : 

 = ∙ ℎ + ∙ ℎ ∙ 𝑡 − 𝜑 − ∙ ∙ 𝑡 − 𝜑
 (4.118) 

 = ∙ + , ∙ ∙ 𝑡 − − ∙ ∙ tg − = − , , 

 
    : 

 = − − ∙ = − − , ∙ = ,  , (4.119) 

 
  –   ,   = , . 

 
       1 

. .: 
 = + = − , − , = − ,   (4.120) 

 
       

,       . 
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4.7.7 ϖ Ͽ ϶ Ϲ ϶ ϻϸϹϽ ϶ϼϹ 
 

      
   . . : 

 = ∙ ℎ % ∙ ( + ℎ ) = ∙ ∙ , ∙ , + , = , ,      (4.121) 

 
 ℎ % –   1% , ℎ % = ,  ;  

 –   , = ,  . 
 ℎ = ∙ℎ % = ∙ ,, = ,   (4.122) 

 
       : 

 = − ℎ % = , − ∙ , = ,   (4.123) 

 
4.8 Ϣ Ϲ Ͼϴ ϼ Ͽ ϼ , ϸϿ  ϶Ϲ Ϸ  Ͽ ϴ  
 
4.8.1 Ϣ ϹϸϹϿϹ ϼϹ ϴ ϺϹ ϼϽ 
 

        
    (    ). 

   ё    .   
     .  ,  

     ,     
  . 

        
    «–»,     «+».  

     4.3,     
,      . 

       
 AutoCAD. 
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 4.3 –     

   
 

,  
 , 
 

,  
, 

∙  
 1  4500,0 4500,0 10,0 +45000,0 
 1  304,2 304,2 2,59 –787,9 
 0,95  5142,9 4885,7 5,5 –26871,4 
 0,95  2742,9 2605,7 6,2 –16155,4 
 1  1638,0 735,0 0,0 0,0 
 1  1410,0 1340,0 5,22 +7360,2 
 1,2  22,1 26,5 3,0 +79,6 

 1  4,3 4,3 28,75 +119,3 
 0,9  15,7 14,1 8,42 –84,1 
 1  344,0 42,0 7,25 +2494,0 

   ∑ = + + − − +  (4.124) 
 ∑ = , + , + − − + =     

 ∑ = ,   ∙   
 

       (  
  1 . .): 

  : 
 𝜎 = − ∑ 𝑁 + ∑ = − + ∙ , = − ,  , (4.125) 

 
 ∑  –   ,    ∑  –    ,    𝐵  –   . 

 𝜎 = 𝜎 ∙ − ∙ ∙ − , (4.126) 
 

  –        = 𝑡  –      . 
 𝜎 = − , ∙ − ∙ ∙ − = −  /  (4.127) 

 𝜏 = ( ∙ + 𝜎 ) ∙ =  (4.128) 
 𝜎 = 𝜎 ∙ + + ∙ ∙  (4.129) 
 𝜎 = − , ∙ + + ∙ ∙ = − ,   
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𝜎 = − ∙ = − ∙ = −  (4.130) 
 

  : 
 𝜎 = − ∑ 𝑁 − ∑ = − − ∙ , = − ,   (4.131) 

 𝜎 = 𝜎 ∙ − ∙ ∙ −  (4.132) 
 𝜎 = − , ∙ , − ∙ , ∙ − , =  − , , 

 
  –         = 𝑡 = 𝑡 ° = ,  –      . 

 𝜏 = −( ∙ + 𝜎 ) ∙ = − ∙ , − , ∙ , = ,  (4.133) 
 𝜎 = 𝜎 ∙ + + ∙ ∙  (4.134) 
 𝜎 = − , ∙ + , + ∙ , ∙ , = − ,   

 𝜎 = − ∙ = − ∙ , = −   (4.135) 
 

      4.4. 
 

 4.4 –   
 𝜎   𝜎   𝜏   𝜎   𝜎   

  –76,6 –300,00 0,00 –76,6 –300,00 
  –380,3 –162,9 160,2 –78,00 –465,2 

  
4.8.2 Ϟ ϼ Ϲ ϼϼ ϼ Ͽ ϼ  
 

      , 
    .  : 

1)    : 
 ∙ ∙ |𝜎 | ∙ , (4.135) 

 
 = ,  –         

; 
 –   ,     = ; 
 –   ,     =, . 
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, ∙ ∙ ,,   (4.136) 

 
 ,     5   

    =   / .     

 
2)         

: 
 𝜎 < ;  
 − ,  / <   
 
3)     : 
 |𝜎 |  , ∙ ∙    
 ,  , ∙ ∙ =    

 
 ,    . 

 
4.8.3 Ϥϴ ё  Ͻ ϼ϶ ϼ Ͽ ϼ  
 

       
  ,      

.        
 –    .  

   ,   ,  
 : 

 ∙𝐹∙   

 = ∑ ∙ 𝑡 𝜑 + ∙ 𝜔 = ∙ , + ∙ = ,  / ,  (4.137) 
 

 𝑡 𝜑 = ,  –     ; =  /  –   ; 𝜔 = 𝐵 ∙ =   –     , 
   1  . 

 = − + +  (4.138) 
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F = − , + , + ,  = ,    

 
   : 

 , ∙ ,, ∙ , ,   

 , ,   
 

       10% 
  (1,32). 
 
4.9 Ϥϴ ё  ϶ ϸ ϵ  ϴ ϶ Ͽ ϼϹ 
 = − ∙ ∙ ∙( + 𝑛+ )∙ , (4.139) 

 
  –   ; 

 –    ; 
 –  ; 
 –    ; 
 –  . 

 = − ∙ ∙ ∙ ., + , + , ∙ , = ,  (4.140) 

 , ,     
 = , ∙ − ℎ′′ ∙ ∙ 𝜌 ∙ g ∙ , , (4.141) 

 
  –        ; 

 –       . 
 = , ∙ − , ∙ ∙ ∙ , ∙ , = ,  (4.142) 

 = − = − =   (4.143) 
  = , ∙ 𝑡 ∙ ∙ 𝜌 ∙ = , ∙ , ∙ , ∙ ∙ = ,  (4.144) 
 𝑡 = , ∙ ℎ′′ − ℎ′ = , ∙ , − , = ,  (4.145) 
 = 𝛼∙ ∙ 𝑤 = , ∙ , ∙ = ,  (4.146) 

 
  = , ÷ , .
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5 Ϥϴϻϵϼ϶Ͼϴ ϺϹ ϼϽ ϴ Ϲ ϼ ϸ  ϼ ϴ  ϶ ϻ϶ϹϸϹ ϼ  
 

   : 
–   ,  ; 
–    ; 
–    ; 
–     ; 
– ё  (    ) 
–   
 

   ,    
  : ,  

 .  
  – .    

 –        .  
  – .     –  

   ,       
. 

  – .     – 
       .   

     ,      
      .  

           
     .    

      ,   
       

   . 
 I  –  ,    ; 
 II   –  ; 
 III   –     II  ,  

       , 
 ,   . 

 
5.1 I ϴ  ϼ ϹϿ ϶ϴ – ϶ ϻ϶ϹϸϹ ϼϹ ϺϹ ϼϽ ϶ Ͼ Ͽ ϶ϴ Ϲ I 

Ϲ Ϲϸϼ, Ϲ ϵ ϸϼ  ϸϿ  Ϲ ϹϾ ϼ  Ͽϴ 
 

        
     . 

     . 
         

      . 
 60 %       I . 

 ,    ,   
  ,   ,  
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  I . 
   I  (  I ): 

1)  ,     I  
2)        ; 
3)           

 ; 
4)    ,  , 

,    ,    
   ,   ; 

          
   . 

 
5.1.1 ϗϼϸ ϴ϶Ͽϼ Ϲ ϾϼϽ ϴ Ϲ  Ͼϴ ϼϹϿ  ϴ ϸ ϶ I 

Ϲ Ϲϸϼ Ϲ Ϲϻ Ϲ Ϲ Ϲ Ͽ  
 

      
        

  ( ),     
     (   IV    

  10  – 10%). 
 
Q10% = 104 3/ ; ▼  (Q10%) = 1085,4 .  
 

    : 
 = %𝜔 = = ,  / , (5.1) 

 
 𝜔  –    . 

 𝜔 = 𝐵 ∙ ℎ = ∙ , =   (5.2) 
 𝐵 = , ∙ 𝐵 = , ∙ =  , (5.3) 
 

 𝐵  –    
 𝐵 =    
 ℎ = ℎ =  % − ∇ = , − = ,   (5.4) 

 
       ( )  

 20 / ,       , 
,    .   

       ,   
     Z. 
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= 𝜑 ∙ − =  ,∙ , ∙ , − ,∙ , = ,  , (5.5) 

 
 𝜑 = ,  –  ; 

 –   ; 
 = %𝜔 = = ,  / , (5.6) 

 
 𝜔 = 𝐵 ∙ ℎ = ∙ , =  ; ℎ = ℎ = ,  . 

 ∇ % = % + +  (5.7) 
 ∇ % = , + , + = ,  , 
 

 d –   . 
  d = ℎ + ∆ℎ + = , + , + , = , (5.8) 

 
 ℎ = ,  –      , ; ∆ℎ = ,  –   , ; = ,  – , . 

 ∇ =  % + = , + , =   (5.9) 
  

    : , ,  
 =  –  , ; =  –  , ; =  –  , . 
 
5.1.2 Ϟ Ͼ ϼ  Ϲ Ϲ ϹϾ 
 

     – -  
     .  

    10     . 
         

    :   1:2,   
1:15. 

  5.1, 5.2, 5.3   -  
. 
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 5.1 –    -  
 

 
 5.2 –    -  

 
 

 
 

 5.3 –    -  
 

 
5.1.3 ϦϹ Ͽ Ϸϼ  ϶ ϻ϶ϹϸϹ ϼ  Ϲ Ϲ ϹϾ 
 

 ,        
    ,     

.       . 
       

 AutoCAD:  ω =  , ω =  , ω =  .  
 ё       : 
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 =  𝜔 ∙ + 𝜔 ∙ =  ∙ + ∙ =   ,(5.10) 
       

 𝜔 , 𝜔 −    ; , −  .  
 

ё    : 
  =  𝜔 ∙  =  ∙  =    (5.11) 

  =  +  =  + =   (5.12) 
  

      81–02–36–2017 
“   ”   36–01–004–01  16,83 .   
1000 3       , ∙ , =  ,  2–   , 36 . 

 
5.1.4 ϣ Ͼ ϼ ϹϿ  ϴ ϸ ϶ I Ϲ Ϲϸϼ 
 

       
   : 

 

 𝑖 = %∙ℎ ∙ = ∙ , ∙ = , ,  – 1  (5.13) 

 
 V  –        ( ) 

 20 / ; ℎ  –     ;  −  я ,      
      

 .  
 

       (∇ ): 
  ,     

 : 2    5 ,   3 . 
   :    41 3/ . 

, Q  = 41 3/  ∇ Q  = 1083,2  
  =  +  =  , + =  ,  , (5.14) 

 
  – 1 ,    ,    

 1   
 



76 

 

= ∙ ∙ ⁄ = . ∙ ∙ ∙ . ⁄ = ,  , (5.15) 

 
 b –    5; 
m –   . 

  =  − =  ,  –  ,  =    (5.16) 
 

     1083 . 
 

       Q10%: 
 

    :  
 =  +  ℎ =  + =       ∇   %  =  ,   > ,  –   
 =  %∙𝜔 ∙ = , ∙ ∙ ∙ , =  , (5.17) 

 

  = +𝜉 + 𝐿/ = + , + ∙ , ∙ , / , = , ; 

   =   –      R  n; 
 – 0,013; 

 –  , ; 
 –    16,8 ,  ; 𝜉  –     = 0,2. 

 = + + , ∙ ℎ  (5.18) 
 = , + + , ∙ = ,    

 
5.1.5 Ϣ ϹϸϹϿ Ϲ  Ϲ Ͼ  Ϲ Ϲ ϹϾ II Ϲ Ϲϸϼ 
  =   +   =  ,  +  =  ,   (5.19) 

  =   +   =  ,  + ,  =  ,   (5.20) 
  

  II      I 
. 
    : , ,  =  –  , ; =  –  , . 

   II      . 
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5.1.6 ϖ ϻ϶ϹϸϹ ϼϹ ϺϹ ϼϽ ϶ Ͼ Ͽ ϶ϴ Ϲ I Ϲ Ϲϸϼ 
 

  I   (  I ): 
–       I ; 
–          ; 
–      ,  

,    ; 
–    ; 
–      . 
–          

    . 
 
5.1.7 Ϣ Ϲ ϼϹ Ͼ Ͽ ϶ϴ ϴ I Ϲ Ϲϸϼ 
 

  I     .  
  ,     . 

    :   ,   
   .  ,     2 

 .   ,    
       ,   
    ,     
 –   . 

      /  
   – 0,5 – 0,8 ( / ) / 1 – 1,15 ( / )  

   (   AutoCad), = 15120 2 

    ℎ = 5,4        
 = 104 3/ ,  

 ё  ,       
 : 

 = · ℎ · =  · , · =   (5.21) 
           

        300–120,  
 W = 300 3/       120 ),  

 n = 2 .   .  
     n . 

 

 t =  ∙ = ∙ =   (5.22) 

             

    J = ℎ = , = ,  ( / ). 
       

( ) J = ,  ( / ). 
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5.1.8 ϖ ϸ ϼϺϹ ϼϹ Ͼ Ͽ ϶ϴ ϴ I Ϲ Ϲϸϼ 
 

        –
10/40,   W = 10 3/       
20 ,       2 2   

–  –   ,  .    
      .     

  .  
 
5.1.9 Ϥϴϻ ϴϵ Ͼϴ Ͼ Ͽ ϶ϴ ϴ I Ϲ Ϲϸϼ 
 

 –    : 
      ( ); 

   ,    , 
   . 

 
  –    ,    

         
   :    –

5119       55111. 
      –5119   

        I–IV 
     V–VI .  

     5.1. 
 

 5.1 –    –5119 
   
   (   ) 

 , 3 
1,2 (     ) 

1,5–2 (     ) 
 , /  5,1 

 ,  6400 
 ,  6500 

 ,  9200 
 ё  ,  5000 

  
   55111     

   .    
      . 

       
    ,     

(60°),    , , ,  
  .    
   5.2. 
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 5.2 –    –55111 
ё   6 4 

ё ,  10000 
ё  , 3 6 

  1 ,  1 
 ё  ,  60 

 , /    100 
 , .  210 

 
5.2 ϕ ϶ϻ ϶ Ϲ ϴϵ  

 
      . 

     ( )    
 –  . 

 : 
  ( )      
    – 10 ( ),    

    5 –200–36    
 7,2 / . 

    : 
 . = + ∙ .  = , + , ∙ , =  / , (5.23) 

 
 –  , , ( =  ); + –      

  (20%  0),   1  , ; .  –    ; = = , = ,  ; 

 –   , / . 
 

      . 
  : 

 = + = + ∙ , =  , (5.24) 
 

  –  , ; 
 – 10   , . 

 
  5.4       

. 
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 5.4 –       
 

      .  
 ,   1   4 4 6 = 96 3; 

ё     23775 3,      
 1150 3, ё       9510 3. 

   W  = 37935 3. 
  n =37935 3/96 3= 395 . 

  = ∙ = ∙ =   (5.25) 
 =  .  = =   (5.26) 

 
   : 

 = = = ,  . /  (5.27) 

 
5.3 ϣ ϼϻ϶ ϸ ϶  ϻϹ Ͽ  ϴϵ  
 

 ё   =  .  ё  
  .        

      ,   
    3 . 

    :  –
5119   1,2 3,     55111, 4–5 

  4–5 3,      6 3. 
   : 

 − ∙ = 𝐿 + 𝐿 + + , (5.28) 
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− ∙ , = + + , + ,   
 = , / , + =  (5.29) 

 
   –     1 ;  

 –   1 ;  
   –        , 3 ; 
   –         / ;   –     , 1 ;  0,017 ; 

  –     , 10 ;  0,17  
 

 : 
 = = = ,  , (5.30) 

  
  –    , 6 ; 

 –    / . 
 

 е е и е   : 
 = ∙ = ∙ , =  / , (5.31) 

  
  –   3; 𝑡  –  , ; 

 
 и   : 

 = ∙ ∙ = ∙ ∙ , =  / , (5.32) 
 

  –   / ;  
 –    ;  
 –        
; 

 
 е и е   : 

 = ∙ = ∙, =  / , (5.33) 

  
  –   ;  –   ;  𝑡  –  , . 
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    8. 
 

      : 
 . . = = ∙ ∙ =  /  (5.34) 

 
      1 ,  

     : 
 

. . =   = ,   (5.35) 

 
5.3.1 ϘϹ ϼ϶ϴ ϼ Ͻ ϹϿ  
 

. 
    ( ) .  

     .    
        20   

, –  – . 
  29–01–002–05       

 6         VI–VII : 
89,38 * . 
 =   – ё    

 

       : 
 = , ∙ / =  .  /  (5.36) 

 
  : 

  . = / =  /  =  ,  .  /  (5.37) 
 

  29–01–137–03      
    ,    ,  

     I–VII ,  
  30  50 – 193,97  * . , ∗ =   . ,      
    . 

 
  : 

  . = / =  /  =  ,  .  /  (5.38) 
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5.4 ϣ ϼϻ϶ ϸ ϶  ϵϹ  ϴϵ  
 

    : 
 :    . 

 :   ,   
 (   ),    , 

    ,       
 . 

 
5.4.1 ϣ ϼϷ ϶ϿϹ ϼϹ ϵϹ Ͻ Ϲ ϼ 
 

      , 
   «  15»,    3   

 .       
 5.3. 

 
 5.3.     «  15» 

, 3/  10 – 15 
ё    , . 750 

ё    , . 500 
ё    , . 600 

   
   

    
  

    
    

   
    

 
5.4.2 Ϣ ϴϿ ϵ Ϲ ϴϵ  
 

  – , . 
  –     . 

    S,  2 

 = ∙  = , (5.39) 
 

 W , 3  –      S;   –     2/ 3; =  / . 
 
О е  е и и : 
– ё      . , W .  = 5800 3;    
– ё    , W .  = 115930 3; 
– ё   , W  = 1150 3; 
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– ё   ё  W ё  = 1200 3; 
–  ё   , W  = 125000 3. 
 

ё      AutoCAD. 
 

   S, 2: 
 = ∙  = ∙ =  , (5.40) 

 
  –  ё  ; 

 –   . 
 

 –       
        

 10–25     37–01–015–01 – 13,21 /  
 100 2  . 

 = , ∙ = , ∙ =  /  (5.41) 

 
5.4.3 ϔ ϴ Ϲ ϴϵ  
 

      
 =  / 3,       

: 
 
 = ∙ = ∙ =  =   (5.42) 

 
 –      

: 10–25       5 , 
   37–01–027–02 – 75,21 /   100  .  

 = , ∙ = , ∙ =  /  (5.43) 

 
5.4.4 ϕϹ Ϲ ϴϵ  
 

       –450 
 10–25  .    ,   

 5.4. 
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 5.4 –   -450 
  ,  40,0 
  ,  7,0 

ё ,  18,0 
ё    ,  10,0 
ё    ,  25,0 

 ё  ,  45,0 
   , /  30,0 

  , /  0,4 
  , /  9,0 

 
5.4.5 Ϧ ϴ ϼ ϶Ͼϴ ϵϹ Ͻ Ϲ ϼ 
 

 :  
. 

        
  –55111. 

       ,   
    ,  
    –55111,    –

 . 
         

 ,     Q  3/ : 
 = ∙ ∙ ∙ = , ∙ ∙ ∙ , =  / , (5.44) 

 
 q –     3,2 3,   1 ; 
60 –    ; 

 –    ; 
k –     = 0,8; 
t( ) – 25 ,    . 

 𝑡 = 𝑡 + 𝑡 . + 𝑡 + 𝑡 . + 𝑡 = + + + + =  , (5.45) 
  

 𝑡  –  , ; 𝑡 .  –   , ; 𝑡  –  , ; 𝑡 .  –   , ; 𝑡  –   , . 
 

 : 
. 

        
   –450     

  . 



86 

 

 –         
–450    37–01–002–01 «    

  : 10–25     
  5 » – 10,26 /   100 3 . 

 = , ∙ = , ∙ =  /  (5.46) 

 

 –       
  37–01–002–01 «      

: 10–25       5 » – 28,68 
/   100 3 . 
 = , ∙ = , ∙ =  /  (5.47) 

 
        

     . 
  –       

: 
 ∑ . = + + + =  /  (5.48) 

 
   : 

 = ∑ . = = ,  . /  (5.49) 

  
5.4.6 ϥ ϴ϶ Ϲ ϼ ϼϽ  ϸϷ ϶ϾϹ ϵϿ Ͼ ϶ Ͼ ϵϹ ϼ ϶ϴ ϼ  
 

          
           

     ,   
         

    .     
 : 

–   (   , 
    – )   ; 

–      ; 
–      ; 
–  –  ; 
–        ; 
–    ; 
–    ; 
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  . 

 
5.4.7 ϣ ϸϷ ϶Ͼϴ ϶ϴ ϼϽ ϵϿ Ͼ ϶ 
 

      
          

 .     ( ) 
  :   ;  

   (  ,  );   
    ; , ,  

;          
    . 

     : 
–  , , ,     
;  

–  ,  (   ); 
–   , , ;  
–   ;  
–   ;  
–         

 . 
        

   :    6–12  –    
   0,4–0,5 ;    8–20  –  

 ;     3  –   
 . 

 
5.4.8 ϧ Ͽ Ϲ ϼϹ ϵϹ Ͻ Ϲ ϼ 
 

        
   ,     

  .  
        

  ,      
    . 

       
     – .   

       
( )        ( –  

),       , , 
   ,     , 
 (   ) .    
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,       .  
,         

   , , ,    
 . 

 
5.4.9 ϧ ϸ ϻϴ ϵϹ  
 

          
 ,  (  «   

 .     »): 
)    –  , 

        
   ,    

 –      
; 
)         , 

     –  .  
      

         
.  

        
        

     ,      
,       (    

),      .  
       

       0,5     
 14 .     .    

,    ,   
    ( F 200  ) 

   28 .  
         

           
         

  ( )   0,16—0,20 
       6 ÷ 8 ,      

         .  
            

       .  
     ,    

    5°    ,  
      –   
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 (  , ,   . .);   
    .  
       

   :  
–           

        1,5  
    ;  

–       
         1,5 ;  

–        
    2,5 ;  

–      
  (   . .)    

          2,5 
;  

–       
        

.  
       

          
  2,5 .  

     ( , , ) 
   (     , 

   ,    
,      . .)   .  

       
  .       

      ( ),    ,   
   20 . 

 
5.5 II ϴ  – Ϲ ϹϾ ϼϹ Ͽϴ 
 

        
        . 

  II  : 
–    ; 
–    I    ; 
–    I  (   

  ); 
–       . 
 

  II  ,  ,   
  ,    I . 
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5.6 III ϴ  – ϶ ϻ϶ϹϸϹ ϼϹ ϺϹ ϼϽ ϶ Ͼ Ͽ ϶ϴ Ϲ II Ϲ Ϲϸϼ,  
ϴ Ͽ Ϲ ϼϹ ϶ ϸ ϴ ϼϿϼ ϴ ϸ  Ϲ Ͼ Ͼϴ Ϲ ϶ Ϸ  ϴϷ ϹϷϴ ϴ; 
ϴ ϴ ϼ϶ϴ ϼϹ ϺϹ ϼϽ ϼ ϴ Ͽ Ϲ ϼϹ ϶ ϸ ϴ ϼϿϼ ϴ ϸ  ϹϾ  

Ϲ Ͼ  ϿϹϸ ϼ  Ͼ  ϶ Ϸ  ϴϷ ϹϷϴ ϴ 
 
1)   III  (  II  ):  
2)   II  ; 
3)       II  ; 
4) –     ; 
5)     ; 
6)         

 (    );  
7)    ; 
8)      ; 
9)  ; 
10)  . 
 

 : , ,  ,    
 II    ,    I   

   ,   .    
       5.5  5.6.  

     (  5.3.1) 
 

 5.5 –    
№    , 3   

  
I  I  

(  ) 
11909 =0,3 

=0,65 
 3   1 

 
II   II   

(  ) 
11866 =0,25 

=0,65 
– 

III   1200 =1,8 
=0,07 

– 

III     .  5800 =0,01 
=0,32 

– 

III   
 

5700 =7,5 2  2  

  
  I  

I   19734 1,1 – 
   19092 1,1 – 
   12558 0,7 – 

  II   
II    20700 1,1 – 
   22080 1,2 – 
I   – – – 
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 5.6 –    
№    , 3   

I   3062 1,7 3  2  
I   

 
56638 30,6 3  2  

III    
 

59700 32,2 3  2  

III     .  5800 3,1 3  2  
III  ё  1200 1,93 2  1  
III   

 ,  
5700 15 2  2 . 

 
5.7 ϥ ϼ ϹϿ Ͻ ϷϹ Ϲ ϴϿ Ͻ Ͽϴ  
 

   : 
–   ; 
–      ; 
–    ; 
–  ,    ,  

,     ; 
–    –   

; 
–      ,  

    . 
 
5.8 ϖ ϶ ϸ   ϾϴϿϹ ϸϴ  Ϸ ϴ ϼϾ  
 

  –II     : 
– ; 
– ; 
–  

        
 ,         

 «  15».    22 . 
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6 Ϣϵ ё  ϼϻ϶ ϸ ϶ϴ ϿϹϾ Ϲ Ϸϼϼ ϼ ϴ ϸ  ϶ Ϲ ϼ ϸ 
Ͼ Ͽ ϴ ϴ ϼϼ 

 
6.1 Ϣ Ϲ Ͼϴ ϵ ё ϶ ϹϴϿϼϻϴ ϼϼ ϿϹϾ Ϲ Ϸϼϼ 

 
  6.1       
  . 

 
 6.1 –        

 

  
 
 

   
2024 2025 2026 2027 2028 

   97 97 97 97 97 
   

  
 4800 4800 4800 4800 4800 

  *  465600 465600 465600 465600 465600 
   

  
% 1 1 1 1 1 

   
  

*  4656 4656 4656 4656 4656 

  
 

*  460944 460944 460944 460944 460944 

   
/ 
*  

1525 1565 1604 1642 1678 

   
 

. . 702,94 721,38 739,35 756,87 773,46 

   .  117,16 120,23 120,25 126,15 128,91 
 

:   6.1,      
ё       ,    

  . 
 

  (  ,  , 
 )       1   

. 
     6.2. 

 
 6.2 –    

 , . /  , . . 
    777,3 25,12 

 493,6 15,95 
   41,08 

 
       

    ,       %, 
   6.3. 
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 6.3 –     , % 
   

 1  5  0,06 
5–9 0,09 

10–15 0,14 
 15 0,2 

 
             

    ,    
 6.4. 

 
 6.4 –      

   , . . 
 «  – » 135,38 . /  43,75 

  (  
 ) 0.001097 . / *  3,06 

 (   
) 0.000318 . / *  0,89 

  47,70 

 
  6.5         

. 
 

 6.5 –         
     

2024 2025 2026 2027 2028 
 , 

. . 35,36 73,42 77,58 82,58 82,58 

  , . . 28,61 42,08 46,28 50,48 50,48 
 , . . 41,08 123,23 123,23 123,23 123,23 

    
, . . 0,60 1,18 1,30 1,42 1,42 

    
, . . 4,77 14,31 14,31 14,31 14,31 

  , . . 1,01 4,02 4,02 4,02 4,02 
, . . 111,42 258,24 266,73 276,04 276,04 

 
:         
     .  
       .  

         
 (  6.1). 
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 6.1 –     , % 
 

:       
, .        ё   

    . 
 
6.2 ϡϴϿ Ϸ ϶ Ϲ ϴ ϸ  
 

        
  .      

.  
  : 

–    – 20%; 
–  – 20%; 
–     – 34%; 
–    – 2,2%  
–      1 . .  – 4,8 . 
 

        
 6.6. 

 
 6.6 –   

    
 2031 2032 2033 2034 2035 

  , . . 202,65 205,60 208,23 210,73 213,35 
, . . 175,97 247,27 249,54 251,68 253,93 

   , 
. . 4,26 4,26 4,26 4,26 4,26 

  , . . 107,04 105,22 103,40 101,59 99,77 
, . . 489,92 562,34 565,44 568,26 571,31 

 

32
26

36

14
1

 , . .
  , . .

 , . .
    , . .
    , . .

  , . .
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:        
      ё .    

     . 
 
6.3 Ϣ Ϲ Ͼϴ  ϼϵ Ͽϼ  ϹϴϿϼϻϴ ϼϼ ϿϹϾ Ϲ Ϸϼϼ ϼ 

ϼ 
 

       
         

    ё .  
        6.7. 

 
 6.7 –       

    
 2024 2025 2026 2027 2028 

 ( ), . . 363,98 1120,78 1149,35 1177,22 1203,72 
 , . . 111,42 258,24 266,73 276,04 276,04 

EBITDA (  ), 
. . 362,64 1116,75 1145,33 1173,20 1199,70 

EBIT(   
), . . 132,28 932,10 948,54 963,57 991,89 

   
, . . 26,46 186,42 189,71 192,71 198,38 

NOPAT (  ), . . 209,84 745,68 758,83 770,86 793,51 
   ,% 20,00 20,00 20,00 20,00 20,00 

 
:   6.7 ,      

 ё      ,      
 . 

 
  6.2    . 

 

 

 6.2 –  , . . 

0

200

400

600

800

1000

2024 2026 2028 2030 2032 2034 2036 2038 2040

 
, 

.
.
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:      (  6.2)  
,    4  2024       

   . 
 

  6.3       . 
 

 

 6.3 –       
 

:  1  2020  4  2020  
  (  ,  ,  

    ).    
   2020 .   6.3 ,     

         
.      ,  

    ,  2030    . 
 
6.4 Ϣ Ϲ Ͼϴ ϼ ϶ϼ ϼ ϼ Ϸ  ϹϾ ϴ 
 
6.4.1 Ϟ Ϲ Ϲ Ͼϴ  ϹϾ ϼ϶  
 

  ё      
ё  ,     6.8. 

 
 6.8 –     «  -

2   » 
 , . 

  11,6 
   – DPB, . 132 

   – NPV, . . 495,28 
  – PI 1,12 

   – IRR, % 13,16 
 . , / *  0,037 

 , /  65051,5 
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6.5 ϕ ϸϺϹ ϴ  ϹϾ ϼ϶  
 

      
       .  

      ё   
      6.9.  

 
 6.9 –       

  

 
   

2021 2022 2023 2024 2025 
  , 

.  
19,79 19,55 18,36 18,84 194,47 

  , 
.  

3,00 10,90 19,20 50,77 92,06 

 
:        , 

   .   6.9    
        

,      . 
 
6.6 ϔ ϴϿϼϻ ϶ ϶ϼ ϹϿ ϼ 
 

      
 –       

   . 
        

 : 
–  ; 
–  ; 
– ё  ; 
 

  6.4   PI     
 . 

 

 

 6.4 –   PI      
 

1.0

1.1

1.2

1.3

-20% -10% 0% 10% 20%

P
I, 

.

  , %
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:    ,     , 
  ,   – ,  

  .    ,  
      . 
 

  6.5    PI    
  . 

 
 

 

 

 

 

 

 

 

 
 6.5 –   PI       

 
:     ,   ,   

     .    ,  
    ,     

. 
 

  6.5    PI    
  . 

 

 

 6.5 –  PI       
 

:    ,     
 ё      ,  

       . 

0.0
1.0
2.0
3.0
4.0

0% 5% 10% 15% 20%

P
I,

 
.

   …

0.8

0.9

1.0

1.1

1.2

1.3

1.4

-20% -10% 0% 10% 20%

P
I,

 
.

   , % 
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7 Ϣ ϴ ϴ ϸϴ, Ϻϴ ϴ  ϵϹϻ ϴ  
 
7.1 ϠϹ ϼ ϼ   ϴ Ϲ ϸϴ 
 

,     
 ,  ,  

,           
      

  . 
  ,    

 ,    
 ,      

    . 
       

  : 
–    ; 
–        

 
–       ; 
–        

; 
–      ; 
–    -   

-       
   . 

       
         

,       . 
    ,  

       
   ,     

  ,        
. 

  -2        
:      ,   

  ,     
. 

     
         

    . 
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7.2 ϣ Ϻϴ ϴ  ϵϹϻ ϴ  
 
7.2.1 Ϣϵ ϼϹ Ϲϵ ϶ϴ ϼ  Ͼ Ϻϴ Ͻ ϵϹϻ ϴ ϼ 
 

      , 
        

. 
      

       , 
-153-34.0-03.301-00,   «  ».    

     
     . 

  : 
–       

   ; 
–     ,   

  ; 
–     ,  

,    , 
   ; 

–       
 ; 

–         
   ; 

–         
,        

    . . 
      

   ( )     
       
      . 

      
, : 

–       
    ,  

 ; 
–    , 

     ,   
  ; 

–  -    
         

    ; 
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–       
        

 ; 
–         

          
   . 
         

     ,      
.       

      ,   
    ,      

       
. 

        
.   : 

–     ; 
–     ( , 

,   ); 
–  ; 
–   ; 
–        ; 
–         . . 

       
. ,       

 ,      
   . 

 
7.3 ϠϹ ϼ ϼ   ϴ Ϲ Ͼ Ϻϴ ϹϽ Ϲϸ  ϶ ϻ Ϲ ϶Ͽϼ ϼ  

ϘϹϵϹϸ Ͼ Ͻ ϗϱϥ-2 
 
7.3.1 Ϣϵ ϼϹ ϶ϹϸϹ ϼ   ϴϽ Ϲ ϼ ϹϿ ϶ϴ 
 

 -2       . 
          .  
 178 .   – 4050 ². 

ё         .  
      . 

  .       
   : 

–     (  500  ) ; 
–      -   

  . 
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    -  
        .   

   +8° . 
,       

   ,    ё    
. 

      -2, 
     ,   . 

        65  
 .   30  , 35  . 
  :  

1) е – ,  ,  , . 
2) е – - , - , , , ; 
3) и  – , ё , , , , , , , 

, . 
 ,     : 

 ,  ё , ,  , , , 
  . ,     ,    

       
         

         
,          

  . 
 
         

 -2   30  .  : 
 (5 ),  (22 ),  (3 ). 

          
17.09.2009 № 818 «       

     ( )  
 ,        

»          
 I   ,     

,          
          

  ,   . 
  -2       

       . 
 

7.3.2 ϠϹ ϼ ϼ   ϵϹ Ϲ Ϲ ϼ  ϴ  Ͼ Ϻϴ ϹϽ Ϲϸ  ϶ 
Ϲ ϼ ϸ ϼ ϹϿ ϶ϴ 

 
       : 

–        ; 
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–  ; 
–       ; 
–    ; 
–        

; 
–   ; 
–    . 

        
,        

    . 
 

      : 
–  ,  , 

 ;  
–   ,        

;  
–        ;  
–     ; 
–       ,   

       
 ;  

 
     

: 
–    ,    

;  
–      ;  
–       

        ; 
–       

      ,    
   . 

       
,    , , , 
  : 

–       ё  , 
,   ,     . 

–      
      ; 

               
   ,     

. 
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7.3.3 ϠϹ ϼ ϼ   ϸϷ ϶ϾϹ Ͽ Ϻϴ ϶ ϸ ϴ ϼϿϼ ϴ 
 

   ,    
    1.07.1985 № 3907-85 «  

 ,    »,  
  : 

–   ,   
       

   . 
–        

       , 
    ( ),    .  

–        
   ,    -     

 . 
–        , 

,   . 
        

   .  
–    ,    

   ,   ,  
,    . 

–   , ,    . 
  . 

–         
  . 
–        

         . 
–   ,      

   . 
–   , ,  , 

  ,     ,  
. 

– ,       
,      . 

–   ,    
        

     ,    5% 
 ,          

        
    2 . 

 
        

 : 
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1)      -

     ( ); 
2)       

      ( ); 
3) ,      

 ( )      ; 
4)        

 ; 
5)         

; 
6)        

       ; 
7)         

  ; 
8)      

. 
 

 -      
   : 
1)          

; 
2)        

    ; 
3)        , 

  ; 
4)      

 ; 
5)  , ,     

 ; 
6)        

; 
7)       , 

    ; 
8)      ;  
9)       

  ; 
10)     -  
 ,   . 
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7.3.4 ϠϹ ϼ ϼ   ϵϹ Ϲ Ϲ ϼ  ϴ  Ͼ Ϻϴ ϹϽ Ϲϸ  ϶ 
Ϲ ϼ ϸ Ͼ Ͽ ϴ ϴ ϼϼ 

 
         
  : 
1)   ( ,   ) ; 
2)    :   - 

,    ,      
 ; 

3)    ,   
   ,    

; 
4)       , 

         
 . 

 
7.3.5 ϖ Ϲ ϼ ϸ Ͼ Ͽ ϴ ϴ ϼϼ ϗϱϥ ϶ ϼ Ϲ ϼ ϼ ϼ  

ϴ Ϲ Ͼ Ϻϴ ϹϽ Ϲϸ  ϶Ͽ : 
 

1)    ; 
2)  ,    ; 
3)        

   . 
      

    . 
 

,    2.1.4.1110-02 «     
  »     

         
-2    .  

         . 
    ,  

   ,   
,       
 -  . 

 
7.3.6 Ϣ ϸ  ϵ ϴϻ ϼϹ  ϼ ϼ ϹϿ ϶Ϲ 
 

   ,        
ё  -  ,      

 ,   : 
  ,      
    – 2014-82220101215 
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= 𝑁∙ % ∙ 𝜌 = ∙ , ∙ . =  , (7.1) 

 
 – ё   , 3; 

 –   , % ( = ,  %); 𝜌 –  , / 3 (𝜌 = ,  / 3). 
 

  ,       
, , . 

    – 2014-46101001205 
        

         
 (    82-202-96) ,  , 1998 . 

 4,      1,0%. 
 = 𝑁∙ % ∙ 𝜌 = ∙ , ∙ , =  , (7.2) 

  
 –   , . (2500, .); 

 –   , % ( = ,  %); 𝜌 –   , / 3 (𝜌 = ,  / 3). 
 

       5625  
   (     ), 50   

ё     , .     
     .  ё  

     ,  
    ё      , 

  ё     . 
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8 Ϥϴϻ ϴϵ Ͼϴ ϴ϶ϼϿ Ͼ Ͽ ϴ ϴ ϼϼ ϗϦϥ ϹϾ ϼ Ϲ Ͻ ϗϱϥ 
 

    -2,    , 
 : , ,  , 

 ,        
  

 
8.1 Ϟ ϴ Ͼϴ  ϴ ϴϾ Ϲ ϼ ϼϾϴ ϴϽ ϴ ϴ Ͽ ϺϹ ϼ  

Ϸϼϸ Ϲ ϼ Ϲ Ͼϼ  ϺϹ ϼϽ, ϸϴ Ϲ  ϹϽ ϼ ϼ ϴϽ ϴ 
 

 -2       .  
   .  ё ,  . 

  ,  : +1; +2° ,  
 ,  : +24° .   

     7-   8-   
,   8-    70% ,  7-   – 30%. 

   ,     
    10  (  12-  ). 

 
8.2 Ϟ ϴ Ͼϴ  ϴ ϴϾ Ϲ ϼ ϼϾϴ Ϸϼϸ Ϲ ϼ Ϲ Ͼϼ  ϺϹ ϼϽ 

 
    -2 :   
,  ,     
 ,     , ,  

. 
        

  ,      
   – . 

           
    . 

         
13   . 

  ,   ,  
    . 

        
  ,     . 

 
  – II  

 
 : 

   – 467  ⸳ ; 
  – ; 

ё    – 148,5 ; 
   – 97 . 
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 : 
 :   

   : 2 170 - -200 
   : 2 -430/210-14 

 : 55 ; 
 :  1,6/1-40-2,5-2; 

 : -2 1-150-11. 
 

  : 
 :  ; 

 : 30 ; 
 : 546 . 

 
8.3 Ϟ ϴ Ͼϴ  ϴ ϴϾ Ϲ ϼ ϼϾϴ ϴ Ϲ ϼϴϿ ϶ ϸϿ  Ϸϼϸ Ϲ ϼ Ϲ Ͼϼ  
ϺϹ ϼϽ,  ϼ  ϶ϴ ϼϽ ϼ ϵϹ ϹϷ ϶  ϼ Ͼϴ ϼϽ (ϻ  ϵϹ ϼ ϶ϴ ϼ , 

ϴ Ͼϼ ϵϹ ϴ ϼ ϴ ϴϾ Ϲ ϼ ϼϾϼ Ϸ ϶) 

 
  8.1       

 

 
 

 8.1 –   
 

 (        ): 
1)       

(B25F200 ) 
2)    (B25, F400, W2) 
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3)    (B25, W6) 
4)   (B15) 
5) ,   (B30 F400 W4) 
 

    : 
 – ; 

  – 2600 / 3; 
   – 300 ; 

 
8.4 ϣϹ Ϲ Ϲ  ϶  Ϲ ϹϾ ϼϽ, Ͽ ϴϸ Ͼ, ϵϹ  ϼ ϶  

Ͼϴϻϴ ϼϹ  ϼ  Ϲ Ͼ, ϸ ϼ  ϴϷ ϻ Ͼ ϼ ϸ Ϻ  Ϸϴϵϴ ϼ ϶ 

  
       

  -2 : 
 

    : 
 :   ,  ; 

: 958,87  
 

      : 
 :  ,  ,  

     . 
: 958,87  

 
      :  
 :  ,  ,  

 . 
: 1084 ; 

 
      : 
 :  ,  ,  

 . 
: 1110 . 

 
 :  

      . 
   2  (  34.13330.2012,  5.1); 

      7 ; 
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8.5 ϤϹϺϼ  Ͼ Ͽ ϴ ϴ ϼϼ Ϸϼϸ Ϲ ϼ Ϲ Ͼϼ  ϺϹ ϼϽ, ϸ Ͼ 
Ͼ Ͽ ϴ ϴ ϼϼ Ϸϼϸ Ϲ ϼ Ϲ Ͼϼ  ϺϹ ϼϽ ϼ ϾϹ Ͽ ϶ ϸϼϽ ϼ 
ϴ϶ ϸϾ ϶ 

 
 :  

 
1)   –       

 ( ,     –  ) – 
        

; 
 
2)         –  
,       

         ; 
 
3)   –  ,   

         
  ; 

 
4)        – 

  ,      
   (  ),     

    -  
 .        

( ),          
      . 

 
8.5.1 ϣ ϸ Ͼ Ͼ Ͽ ϴ ϴ ϼϼ ϗϦϥ ϼ ϴϿ  Ͽ ϶ϼ  ϴϵ  
 

     ,     
,    :  ,  

,     , 
-  . 
      

     , : 
–    (  , 

 ,      . .)    
,   ; 

–       
,   . 

–  
        

. 
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  02.01.80-2012 «     . 
 .   » .5.3.   

    ,   
 .      
     «  ,    

     « »». 
       

       . 
       

          
. 

       
     , 
       

. 
         
   ,    

    . 
        

  ,      
 .   

 
8.5.2 ϣ ϸ Ͼ Ͼ Ͽ ϴ ϴ ϼϼ ϗϦϥ ϼ ϾϹ Ͽ ϶ ϸϼϽ ϼ ϴ϶ ϸϾ ϶ 

 
         

      .   
        
 ( )        

. 
     ( )  

,      , 
     ,     
,       , 

  : 
–    ; 
–        

; 
–   ; 
–         

 ( , , , ,    
 .),        
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,     , , 
  . 

 
      ( ) 

: 
–       

; 
–   ; 
–      , 

   ,      ; 
–     ,    

   ;      
     ; 

–       , 
    ( , ,  

 .); 
–          

         
    ,       

 ; 
–        

( ),    ,     
  (     ,   
,  ,      . .), 

    ; 
–      ; 
–         

        
       

( ,    . .). 
     ,  ,  , 

  . 
  -2       
        

    (   ).  
        

       
,       

        ,  
   ,      . 
     : 

–      
      ,    
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; 

–       ,  
       

,      ; 
–     ,    
  ;      

   . 
  -2,       

,          
  (    )    

    .     
          . 

   ( )   
,    ,     

 ,       . 
 
8.5.3 ϣ ϸ Ͼ Ͼ Ͽ ϴ ϴ ϼϼ ϗϦϥ ϶ ϻ Ͻ Ϲ ϼ ϸ 
  

      
            

        
         

. 
         

: 
–     ,   

   ,  ,  ,   
 ; 

–     ; 
–       

(   ); 
–        , 

, ,     ; 
–      , 

  ( ),   ,  
   ; 

–       , 
  (  ,   

  . .),    ,     
  -  ; 

–   -    
   ; 
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–     ,   ,  
,      ,   

    ; 
 ,       

  ,        
  .  ,  , 

   (   
 ),       
  (     ). 

   ,      0 °   
   +1 ° ,     

         
.      

 . 
         

,    ,    
      . 

        
    . 

 

8.5.4 ϣ ϸ Ͼ Ͼ Ͽ ϴ ϴ ϼϼ ϗϦϥ ϶ ϴ϶ϴ ϼϽ  Ͽ ϶ϼ  
 
–        

   ,    
       

 . 
–       

         
,       –   
  . 

–   ,   
,       ,  

      ,   
. 

–   ( -  ), 
        

   .    
  . 

          
     ,   

        
 :       

  (    ).    ( ) 
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( )     ,  
    ,      

 ,    ,     
    . 

 
8.6 ϣ ϸ Ͼ ϸϷ ϶Ͼϼ ϼ ϶ϹϸϹ ϼ  Ϲ ϴ Ϸϼϸ Ϲ ϼ Ϲ Ͼϼ  
ϺϹ ϼϽ 
 

       
:  

–        
5,10,25 ; 

–      ; 
–       

 . 
 

     
   : 

– -      
–        

   
–       

  
 

8.7 Ϟ ϴ Ͼϴ  Ϸϼϸ Ͽ Ϸϼ Ϲ Ͼϴ  ϴ ϴϾ Ϲ ϼ ϼϾϴ ϼ Ͽ ϻ Ϲ  
϶ ϸ  Ϲ ϶ (϶ ϸ Ͼϴ)  ϼ ϶ ϸ ϻ Ͻ ϶Ϲ ϴ  Ϲ ϴ ϗϱϥ 

 
 ,     ,    .   

    .      
    .    – 178 ,   – 4050 ². 

 
8.8 ϕ ϶ Ϲ Ϲϸ Ϲ Ϸ ϿϹ ϼϹ ϸϴ  ( Ͽ ϶ ϸ  - ϴ ϴϿ , ϼϾ ϼ 

Ͼ ϴ ϼϹ; ϶ϿϹ ϼ  Ϸϼ; ϻϴ Ϲ ϻϴ ϼ  ϵ Ϲ ϴ)  
 

         
 ,     ,     

,      ,    
    ,   ,   

    .   8.2  
  . 
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 8.2 –    
 

8.9 ϛ ϴ Ϲ ϼ  ϴ ϴϾ Ϲ  ϵ ϶  ϴ ϸ ϶ ϶ ϸ  ϼ ϶Ϲ Ϲ Ϲ  
Ͽ ϶ ϸ Ϲ ϶ ϶ Ϲ ϗϱϥ ( Ϲϸ Ϲ Ϸ ϿϹ ϼϽ ϼϻ ϴϾ ϼ ϴϿ  

ϴϵϿ ϸϹ , Ϲϸ Ϲ Ϲ Ϲ ϴ ϸ  ϶ ϸ , ϴϾ ϼ ϴϿ Ͻ ϼ 
ϼ ϼ ϴϿ Ͻ  ϼϻ ϴϵϿ ϸϹ  ϴ ϸ ϶)  

 
         

    : 58 3/c,  
   :  83 3/c   19 3/c  

. 
      

 8.1 
 

 8.1 –      
 

P,% 0,01 0,1 1 5 10 20 30 50 70 75 80 90 95 99 99,9 
Q, 
3/  

141 131 120 109 104 98 94 87 82 78 76 70 66 57 49 

 
8.10 ϛ ϴ Ϲ ϼ  ϴϾ ϼ ϴϿ  ϴ ϸ ϶, ϾϴϹ  Ϲ Ϲϻ ϾϴϺϸ Ϲ 
ϺϹ ϼϹ, ϶ϾϿ ϴ  ϵϼ  ϗϱϥ, ϼ ϴϿ  ϼ ϼ ϶ϴ  

ϸ  ϶  

 
    

   58 .8.26,      
    ,  ,  

=1107 ,      
    . 

0

20

40

60

80

100

1 2 3 4 5 6 7 8 9 10 11 12

Q, 3/   
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     .  
  -2  2    , 

           
ё .  

        
        

     ,   
  ,     ,   

   .     , 
    ,    : 

(n-1)      ; 
  -2,  2 ,      

 1 . 
        

        -
       

     . 
  1 :  =  ,  /  ; 
      =  ,  /  ; 

    ё   : 
 
  =  ∙ , + , +  =   / , 
 

  /  – ,      
 % =  /  –     ё   

 -2     , 1    
     . 

 
   

      ,  
    .   

        1 , 
        : 

 
  =  ∙ , + ,  =  ,  /  
 

        
1986    90 3/c -      

  -2  . 
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   58 . 8.27     
   -2      

    = 1108 ,   
 ,   , 
 ,  ,     

, : 
–    ; 
–     ,  

       -  ; 
–   ,    

 ; 
–         

 ,     ; 
–         ,  

   ,    
 ,  ,      

   . 
        

     ,      
  . 

 
       : 

  1 : =  ,  /  
    :  =   /  ; 

    ё   
: 

  =  ∙ + , +  =   / , 
 

 24 3/  – ,     
 , % =  /  –     ё   

 -2     , 1    
     . 

 
   

      ,  
    .   

        1 . 
        : 

 =  ∙ + ,  =  ,  /    
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1986    90 3/c –      

   -2  . 
 
8.11 Ϣ Ϲ Ͼϼ ϹϸϹϿ  ϼ ϴϵ ϼ  ϶ ϹϽ ϵ Ϲ ϶ ϗϱϥ 

 
    

 
 : 

 
 = 1107  (     )  

 
 : 

 
 = 1108  (   ); 

 
 = 1102  (   ); 

 
    

 
(Q0,1%): 1085,90  

 
(Q1%): 1085,70  

 
8.12 Ϧϴ ϼ ϶ Ϲ ϴ ϴϾ Ϲ ϼ ϼϾϼ ϶ ϸ Ͼ  ϶Ϲ ϼϽ 

 
  8.2     

 -2. 
 

 8.2 –     -2 
   

,  
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ϣϤϜϟϢϚϙϡϜϙ ϔ 
 

ϖ ϸ - Ϲ ϷϹ ϼ Ϲ ϾϼϹ ϴ Ϲ  
 

 .1 –    ,  50   
 I II  III  IV V VI  VII VIII IX X XI  XII Q .  Q  

1955 20 29 31 33 46 42 64 54 22 25 19 20 34 405 
1956 11 12 38 34 50 77 90 72 27 22 26 11 39 469 
1957 16 22 28 29 43 61 85 77 32 24 20 17 38 455 
1958 20 22 30 31 61 68 83 70 27 24 30 16 40 482 
1959 15 21 27 26 45 66 78 64 20 20 8 7 33 397 
1960 10 12 16 23 41 60 74 65 20 22 8 10 30 361 
1961 20 22 28 27 45 59 80 68 25 24 25 23 37 448 
1962 27 27 30 29 41 61 84 70 27 23 16 12 37 448 
1963 19 22 32 37 45 68 79 68 24 23 16 20 38 455 
1964 16 22 35 34 41 63 71 66 22 21 19 17 36 426 
1965 17 22 28 27 49 50 75 72 26 22 25 19 36 432 
1966 20 23 29 27 44 63 82 68 27 22 17 11 36 433 
1967 23 32 51 36 115 123 114 79 39 24 29 33 58 697 
1968 19 25 29 28 42 53 84 74 24 22 19 8 35 426 
1969 20 22 33 37 50 57 86 72 27 24 21 15 39 463 
1970 17 22 28 27 96 84 76 69 31 22 14 11 41 496 
1971 12 21 27 29 71 69 90 71 27 19 16 13 39 465 
1972 22 24 28 33 43 66 75 69 28 23 26 27 39 466 
1973 20 22 29 29 44 68 82 74 37 24 28 33 41 491 
1974 21 29 28 31 42 59 75 69 24 25 28 21 38 451 
1975 23 28 31 38 102 100 84 85 27 29 37 30 51 614 
1976 19 22 27 32 51 62 88 74 30 23 28 32 41 488 
1977 22 22 28 34 46 53 77 66 23 24 16 27 37 438 
1978 7 13 17 40 63 119 82 70 23 22 23 20 42 500 
1979 16 22 29 28 106 103 78 71 29 23 30 36 48 571 
1980 5 12 18 19 50 54 82 67 24 22 22 15 33 390 
1981 20 22 29 34 86 97 85 73 25 26 19 27 45 542 
1982 17 21 33 37 49 71 86 73 28 21 25 41 42 503 
1983 20 22 29 28 83 76 82 70 27 38 22 11 42 509 
1984 21 22 36 35 73 89 93 76 28 24 22 19 45 538 
1985 20 30 37 38 119 107 105 83 40 28 35 29 56 671 
1986 26 23 29 39 90 93 109 90 39 24 42 32 53 636 
1987 25 27 30 38 67 77 89 76 33 27 32 27 46 548 
1988 11 19 31 37 82 82 88 72 27 25 30 37 45 541 
1989 28 22 33 39 71 77 84 71 26 23 18 14 42 506 
1990 24 23 34 30 56 66 88 71 29 24 24 24 41 492 
1991 22 22 26 27 46 58 91 74 28 23 24 20 38 462 
1992 20 22 28 40 79 124 86 71 26 22 21 17 46 556 
1993 17 18 24 46 52 55 65 45 40 16 15 14 35 407 
1994 20 22 30 34 61 66 88 74 28 23 27 22 41 495 
1995 20 22 28 34 49 53 72 70 22 22 15 21 36 430 
1996 21 21 28 42 56 66 85 67 30 23 22 20 40 480 
1997 20 22 29 39 45 74 78 71 26 24 23 17 39 468 
1998 20 21 22 34 60 78 61 61 25 23 25 14 37 442 
1999 18 26 28 27 44 45 82 72 27 22 21 10 35 423 
2000 19 22 27 22 73 78 78 65 21 24 12 14 38 456 
2001 19 22 29 29 67 68 78 80 30 21 18 20 40 484 
2002 26 27 31 37 85 88 92 72 32 28 34 19 48 572 
2003 25 23 30 40 57 64 87 82 34 24 30 36 44 531 
2004 20 26 36 37 43 54 89 77 30 23 24 22 40 482 
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ϣϤϜϟϢϚϙϡϜϙ ϕ 
 

Ϣ ϶ Ϲ ϼ ϶ Ϸϴ ϹϿ Ϲ ϵ ϸ ϶ϴ ϼϹ 

 

 
 

 .1 –      



132 

 

ϣϤϜϟϢϚϙϡϜϙ ϖ 
 

Ϣ ϶ Ϲ ϼ ϶ Ϸϴ ϹϿ Ϲ ϵ ϸ ϶ϴ ϼϹ 

 

 

 .1 –   
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ϣϤϜϟϢϚϙϡϜϙ ϗ 
 

Ϣ ϶ Ϲ ϼ ϶ Ϸϴ ϹϿ Ϲ ϵ ϸ ϶ϴ ϼϹ 
 

 
 

 .1 –     170 - -200 
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