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1.4.   
 

       
    22.07.2008 . №123-  «  

    »,  21-01-97* 

«     ». 
        

 ,    ,  
        

 . 
    II  ,  

   0. 
 

1.5.     
 

     
,       

       ,  

-        
    ; 

-      . 
     

ё    R , 2 /    
      

, Rreq, 2 / ,    -  Dd, . 
-   :  

=(t_ -t_  )∙z_ ,                                                                                           

 t_ -    ; 

t_ -        
    ≤8 ℃ ; 

z_ -       
  ≤8 ℃. 
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=(22-(-2,2))∙205=4961 ℃∙ / . 

    : = ∙ + ,                                                                                                (1.2) 
 

  a;b- ,       
 . 

    (1.2) = , ∙ + , = ,  ∙ ℃ / . 
    (1.2) = , ∙ + , = ,  ∙ ℃ / . 
       = , ∙ + , = ,  ∙ ℃ / . 
    (1.2) = , ∙ + , = , ∙ ℃ / . 
      (1.2) = , ∙ + , = ,  ∙ ℃ / . 

     = 𝛼 + 𝜆 + ⋯ + 𝜆 + 𝛼 ,                                                                             
 α_ -      

 [ .4, 9]; 

α_ -      [ .6, 9]. 

  1-       
   -    1800 / 3 
 380       

    -  =0,81 /( ·° )   
     

 40 / 3       -  

=0,05 /( ·° )  160      
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  1800 / 3  120 .   - 

 -    20 . 
       

   0,85  

  (1.3) = , ∙ ( , + ,, + ,, + ,, + ,, + ) = , ∙ ℃ / . 
 = ,  ∙ ℃ / > = ,  ∙ ℃ / . 

      
. 

   2 (  2-  )    
 600 / 3  200 ,     

   40 / 3  
       = 0,05 /( · ) 

 140 .      
120 .   - -    20 . 

       
   0,85  

  (1.3) = , ∙ ( , + ,, + ,, + ,, + ,, + )
= ,  ∙ ℃ / . = ,  ∙ ℃ / > = ,  ∙ ℃ / . 

      
. 

 -    -    
 +   ,   « », , . 

, . 90,   №  RU. 46. 67147.  

     = 0,7   
    Rpr=0,6 2·° / . 
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    =10  RaFr = 0,312 2· / . 
  -    -  

,  ,   , 
  «  « » (142700, . , 

 ., . 541-52-76)    №  
RU.9001 1.4.0215. 

    Rpr = 
0,46 2·oC/B .   RaFr = l,2 2· / . 

    :  
,   50 ;  . 

  (1.3) 

 = , + ,, + ,, + = ,  ∙ ℃ / . 
 

= , ∙ ℃ > = , ∙ ℃ / . 
 

      
. 

      Roreq = 
0,83 2·° /  . 

    =10   
   RaF = 0,14 2·  / . 

    (    

)      
 250 , -   30     

10 .    : = , + ,, + ,, + ,, + = ,  ∙ ℃ / . 
   ,        

        ,  
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,    n ,    

: 𝑛𝑡 = 𝑡∗ − 𝑡∗𝑡 − 𝑡  

 𝑛𝑡 = −+ = ,  

   : R  = R /n = 
0,454/0,091=4,99 2· / . 

      
250 ,  -  ,   
« » ( . ),  200 / 3  
250    0,048 /( ·° ), -

   40 ,   10 . 
      

    0,9 

  (1.3) 

 = , ∙ ( , + ,, + ,, + ,, + ,, + )= ,  ∙ ℃ / . 
 = ,  ∙ ℃ / > = ,  ∙ ℃ / . 

 

      
. 

   ( ):     
 1400 / 3  0,23 2·° / , -  

 40 ,    220 ,   2  
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(  600 / 3  0,2 / 2·° ),  
 80 ,    40-60 . 

      1-   
: = , + ,, + ,, + ,, + ,, + ,, = , + ,= , ∙ ℃ / . 

 

   2-       
 (  ) : =  ∙ /  

    3-      
:  = ,  ∙ /  

 

    4-      
: = ,  ∙ /  

 

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

= ,  ∙ ℃ / > = ,  ∙ ℃ / . 
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2. -   
 

2.1   

. 1 -   

2.2   

 1 –   

 
 

 / 2 
γf 

ё  

 / 2 

1 2 3 4 

 

 

 “ ”  -4,5 5 1,3 6,5 

 “ ”  -4,5 3 1,3 3,9 

  .-   

150,   – 40  
76 1,3 98,8 

  2 1,3 2,6 

 –  

  – δ=0,2 ; 

γ=75 / 3 

15 1,3 19,5 

   –  0  

100    δ=0,05 ; γ=500 / 3 
25 1,3 32,5 

   

 – 220  

550 1,1 605 

  676  788,8 

  

 84 1.4 120 

 760  908,8 
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1 2 3 4 

 1-2  

 

   .- . 

 – 20  

36 1,3 46,8 

    

  150 

– 10  

18 1,3 23,4 

 – 2  

   

 – 3  

3 1,3 3,9 

 –  – 150  1,8 1,3 2,34 

  2 1,3 2,6 

 – 70  35 1,3 45,5 

 –  2 1,3 2,6 

   

 – 220  

550 1,1 605 

  647,8  732,1 

   

  200 1,2 240 

 847,8  972,1 
      972,1 / 2 

 

     (5+6)/2=5,5 ,  (3+6)/2=4,5  

 
 2.1     
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        5,5 4,5=24,75 2 

   0,3 0,3 6,5  2500 1,1=1610 =1,61  

N=(0,91+0,97 2)24,75+1,61=62,74  

      

q= (0,91+0,97 2)3 +1,8 0,64 1,1 7,9=17,41 /  

 
2.3     

 

        
  908,8 / 2=0,91 / 2 ,  760 / 2=0,76 / 2  

   SCAD Office. 
 
2.3.1     

 

    , , 
        

         
  . 

    20.13330.2011  “   ”. 
      

SCAD (  54808508),     
( ).        , 

  –    . 
        SCAD 

       
 . 
        -

        
   (44, 42 ). 
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.2.2      

 

 

 

 

 

 2.3     
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 2.4     

 

 

 

 

 2.5     
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 2.7    
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fmax=7,57   

  20.13330.2011 «   »   
 : 

f ≤ fu,  

     
fu=l/200=6000/200=30  

:         
. 

2.3.2    
 

 

                         
                     

 

Structure CAD 
 

 SCAD Group ( , ) 
 

                        
       "  "  C    "  " 

 
FriJun 23 14:35:48 2017 

 
 p   : **2 
 p    :  
 p   :  
 p   :  

 
     

 
                

 
                1 
            :  

p     
357 379 380 401-403 423-426 444-448 464-469 483-489 501-508 520-527 539-545 558-563 577-581 596-599 615-617 634 635 653 
 

APM POBAH E O PO HOCT  (   ) 
 

 
    

,   
 ,    

 
 
,  

 A1 A2 A3 A4 Ly Lz  Eay Eaz 
.  2.5 2.5 2.5 2.5 0 0  0 0 

 



 

26 

 

APM POBAH E O PO HOCT  (  ) 
     

      

   1  
B25  1 0.9 1 

 
APM POBAH E O PO HOCT  (  ) 

    p     
 

    % 
A400 A240 1 1 10 

                   (   357-653) 
 

N . N 
. 

    ( . )  
 

 

  
,   

 
      .  c  .  c  

   AS1 AS2 AS3 AS4 % AS1 AS3 % ACR1 ACR2 ASW1  ASW2  

 
                     1 

  11 ( . ) 
       B25      :   A400        A240 
        . . : A1 =2.5  A2 = 2.5  A3 = 2.5  A4 = 2.5 (  ) 
                      : H=22.0  
         10  
         40  

357 1  106              
    1.95    0.10          
     106            
     1.95  0.10          

379 1  106              
    1.95    0.10          
     106            
     1.95  0.10          

380 1  106              
    1.95    0.10          
     106            
     1.95  0.10          

401 1  106 106             
    1.95  1.95   0.20          
     106 106           
     1.95 1.95 0.20          

402 1  106 106             
    1.95  1.95   0.20          
     106 106           
     1.95 1.95 0.20          

403 1  106 106             
    1.95  1.95   0.20          
     106 106           
     1.95 1.95 0.20          

423 1  106 106             
    1.95  1.95   0.20          
     106 106           
     1.95 1.95 0.20          

424 1  106 106             
    1.95  1.95   0.20          
     106 106           
     1.95 1.95 0.20          

425 1   106             
     1.95   0.10          
      106           
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N . N 
. 

    ( . )  
 

 

  
,   

 
      .  c  .  c  

   AS1 AS2 AS3 AS4 % AS1 AS3 % ACR1 ACR2 ASW1  ASW2  

      1.95 0.10          
426 1  106 106             

    1.95  2.37   0.22          
     106 106           
     1.95 1.95 0.20          

444 1  106 106             
    2.53  1.95   0.23          
     106 108           
     1.95 2.93 0.25          

445 1  106 106             
    1.95  1.95   0.20          
     106 108           
     1.95 3.03 0.26          

446 1   106             
     1.95   0.10          
      106           
      2.25 0.12          

447 1   108             
     3.19   0.16          
      106           
      1.95 0.10          

448 1  106 108             
    1.95  3.46   0.28          
     106 106           
     1.95 1.95 0.20          

464 1  108 106             
    2.90  1.95   0.25          
     106 108           
     1.95 3.29 0.27          

465 1  106 106             
    1.95  1.95   0.20          
     106 108           
     1.95 4.28 0.32          

466 1   108             
     2.98   0.15          
      108           
      4.58 0.24          

467 1   108             
     3.99   0.20          
      108           
      3.15 0.16          

468 1   108             
     5.01   0.26          
      106           
      2.50 0.13          

469 1  106 108             
    1.95  3.85   0.30          
     106 106           
     1.95 1.95 0.20          

483 1  108 106             
    2.91  1.95   0.25          
     106 108           
     1.95 3.15 0.26          

484 1  106 106             
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N . N 
. 

    ( . )  
 

 

  
,   

 
      .  c  .  c  

   AS1 AS2 AS3 AS4 % AS1 AS3 % ACR1 ACR2 ASW1  ASW2  

    2.18  2.63   0.25          
     106 108           
     1.95 4.14 0.31          

485 1   108             
     3.86   0.20          
      1010           
      6.01 0.31          

486 1   1010             
     5.87   0.30          
      1010           
      7.15 0.37          

487 1   1010             
     7.77   0.40          
      1010           
      5.40 0.28          

488 1   1010             
     5.48   0.28          
      108           
      3.14 0.16          

489 1  106 108             
    1.95  3.60   0.28          
     106 106           
     1.95 1.95 0.20          

501 1  106 106             
    2.81  2.00   0.25          
     106 108           
     1.95 2.92 0.25          

502 1  106 106             
    2.25  2.80   0.26          
     106 108           
     1.95 3.50 0.28          

503 1  106 108             
    1.95  4.30   0.32          
     106 108           
     1.95 4.87 0.35          

504 1   1010             
     7.32   0.38          
      1012           
      8.41 0.43          

505 1   1014             
     12.6   0.65          

      1014           
      11.4 0.58          

506 1   1010             
     7.49   0.38          
      1010           
      6.21 0.32          

507 1  106 108             
    1.95  4.14   0.31          
     106 108           
     1.95 3.24 0.27          

508 1  106 106             
    1.95  2.72   0.24          
     106 106           
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N . N 
. 

    ( . )  
 

 

  
,   

 
      .  c  .  c  

   AS1 AS2 AS3 AS4 % AS1 AS3 % ACR1 ACR2 ASW1  ASW2  

     1.95 1.95 0.20          
520 1  106 106             

    2.24  2.55   0.25          
     106 108           
     1.96 2.84 0.25          

521 1  106 108             
    1.95  3.89   0.30          
     106 108           
     1.95 3.53 0.28          

522 1   1010             
     6.21   0.32          
      108           
      4.87 0.25          

523 1   1014             
     13.3   0.68          

      1012           
      9.70 0.50          

524 1   1010             
     6.72   0.34          
      1012           
      9.79 0.50          

525 1   108             
     4.05   0.21          
      1010           
      5.11 0.26          

526 1  106 106             
    1.95  2.73   0.24          
     106 108           
     1.95 2.85 0.25          

527 1  106 106             
    1.95  1.95   0.20          
     106 106           
     1.95 1.95 0.20          

539 1  106 108             
    1.95  3.13   0.26          
     106 106           
     1.95 2.47 0.23          

540 1  106 108             
    1.95  4.77   0.34          
     106 108           
     1.95 2.94 0.25          

541 1   1010             
     6.25   0.32          
      108           
      4.10 0.21          

542 1   106             
     2.81   0.14          
      108           
      3.97 0.20          

543 1   108             
     3.20   0.16          
      1010           
      5.05 0.26          

544 1  106 106             
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N . N 
. 

    ( . )  
 

 

  
,   

 
      .  c  .  c  

   AS1 AS2 AS3 AS4 % AS1 AS3 % ACR1 ACR2 ASW1  ASW2  

    1.95  2.22   0.21          
     106 108           
     1.95 3.83 0.30          

545 1  106 106             
    1.95  1.95   0.20          
     106 106           
     1.95 2.28 0.22          

558 1  106 108             
    1.95  3.44   0.28          
     106 106           
     1.95 1.95 0.20          

559 1   108             
     4.08   0.21          
      106           
      2.30 0.12          

560 1   108             
     3.51   0.18          
      108           
      2.84 0.15          

561 1   106             
     1.95   0.10          
      108           
      3.38 0.17          

562 1   106             
     1.95   0.10          
      108           
      3.46 0.18          

563 1  106 106             
    1.95  1.95   0.20          
     106 106           
     1.95 2.71 0.24          

577 1  106 106             
    1.95  2.77   0.24          
     106 106           
     1.95 1.95 0.20          

578 1   106             
     2.48   0.13          
      106           
      1.95 0.10          

579 1   106             
     1.98   0.10          
      106           
      2.41 0.12          

580 1   106             
     1.95   0.10          
      106           
      2.65 0.14          

581 1  106 106             
    1.95  1.95   0.20          
     106 106           
     1.95 2.50 0.23          

596 1  106 106             
    1.95  1.95   0.20          
     106 106           
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N . N 
. 

    ( . )  
 

 

  
,   

 
      .  c  .  c  

   AS1 AS2 AS3 AS4 % AS1 AS3 % ACR1 ACR2 ASW1  ASW2  

     1.95 1.95 0.20          
597 1   106             

     1.95   0.10          
      106           
      1.95 0.10          

598 1   106             
     1.95   0.10          
      106           
      1.95 0.10          

599 1  106 106             
    1.95  1.95   0.20          
     106 106           
     1.95 2.07 0.21          

615 1  106 106             
    1.95  1.95   0.20          
     106 106           
     1.95 1.95 0.20          

616 1   106             
     1.95   0.10          
      106           
      1.95 0.10          

617 1  106 106             
    1.95  1.95   0.20          
     106 106           
     1.95 1.95 0.20          

634 1  106 106             
    1.95  1.95   0.20          
     106 106           
     1.95 1.95 0.20          

635 1  106 106             
    1.95  1.95   0.20          
     106 106           
     1.95 1.95 0.20          

653 1  106              
    1.95    0.10          
     106            

     1.95  0.10          

 
 

    : 

    ,     

      

        

 

1.   – Ø8 400   100    , 

  - , - ,   2-4,   Ø10 400            

100 . 
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2.   - Ø8 400   100    ,  

   : 

 2,  – 2,  –    Ø18 400   100 , 

   ( )        

Ø14 400   100 . 

     . 
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3   
 
3.1     

 

-  . 

 

 3.1 - -   

 : 

1)   

2)  , , .  

3)  , .  
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4)  ,  

5)  ,  

 3.1 -    

№ 

 
 

 

 
, 

 

W
 

ρ,
 

/
3  

ρ s
, 

/
3 

ρ d
, 

/
3  

 

S r
 

γ,
 

/
3 

γ s
b, 

/
3  

W
p 

W
L

 

I L
 

C
, 

 

φ 

, 
 

R
o,

 

1 
 

 
1,2 0,2 1,6  1,34 - - 16 - 0,17 0,23 0,5 - - - - 

2 

 
, 

,  
 

(   
 

) 

3,2 0,1 1,87 2,66 1,64 0,62 0,44 18,7 - - - - 4,6 31,2 21 300 

3 

 
, 

,  
 

(   
 

) 

1,9 0,23 2,01 2,66 1,64 0,62 0,36 20,1 - - - - 4,6 31,2 21 200 

4 

 
, 

 

6,6 0,23 1,94 2,71 1,57 0,72 0,86 19,7 - 0,18 0,34 0,3125 52,1 17,3 18,9 336,25 

5 

 
, 

 
4,5 0,25 1,89 2,71 1,51 0,79 0,85 18,9 - 0,22 0,34 0,25 47,2 16,6 16,8 283,75 

 

    

1.       (1,2 .). 

2.     . 

3.   . 

4.      .  : df = 

df,n·kh = 1,34·0,7 = 0,94 ,  df,n –    
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 :  .  – 160    , kh = 0,7 – 

,     . 

 

3.2     . 
    

 

    /   2-   
. 

      . . 
  600 .    -3,050.  

  -2,450.   – 2,55 . 
 

3.3   

     .2.2. 
N=62,74 . 
 

3.4       
 

 

1.         
  Nkmax: ΣNII = Nk m + N, =  ,, = ,  ; 

 Nkma –    ; N –   . 

2.        
   : 

A =  ΣNIIR − d ∙ γ =  ,− , ∙ = ,  ; 
 A –   ; cp= 20 / 3 –  

       ; d = 2,55  –  
 ; R0 = 300  –    

   . 
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  , ,     
  .    

 η=l/b    η≤1,65;  
     : 

 η=1,1 

/Аb  2,19

1,2
 =1,33≈1,5  

1,2 1,5=1,8 .l b     
   (   300 ). 

 : 1,8 1,5 2,7А l b     2 
 

     : R =  γ ∙ γk [M k bγII + M dγII′ + M cII]; 
  1=1,3   2 = 1,0 –   ,   .3. 

[3];            k = 1,1 – ,    

   ;            M = 1,34, Mg = 6,34, Mc = 8,55  –   

  ,   .4 [3]; kz – ,  

 1,0    b 10 ; II = 16,2 / 3 -  
    ,    

 (        
  ), / 3;  γII′  = 17,35 / 3-  ,  

 , / 3; II = 4,6  -    
 ,     . R =  , ∙ ,, [ , ∙ , ∙ , ∙ , + , ∙ , ∙ , + , ∙ , ]= ,  ; 

R = 416,5  >R0 = 300 ,    15%. ,    
     -  , 

  .  R     – 300 . 
 b=1,5 , l=1,8 , 1,8 1,5 2,7А l b     2 
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3.5      

 NI′ =  Nk + N, + N =  Nk + N, + b ∙ l ∙ d ∙ γ  = ,, + , ∙ , ∙ , ∙ = ,  ; 
 
 

3.6         
 

    R = 300 : P < R W = bl ⁄ = , ∙ , =⁄ ,  . А = b ∙ l = , ∙ , = ,  . P = N′A  =  ,   , = < R =  ; 
 ,     

:  b = 1,5     l = 1,8     = 2,7 2. W = ,  . 
 

3.7   
 

     3.2. 

    .  

1.       .  
2.       : σ , =  γ′ ∙ d = , ∙ , = ,  ; 
 γ′= 18,7 / 3 –      , d – 

  – 0,6 . 

3.      : σ ,i =  σ , + Σγihi, 
 i   hi–        .  
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4.      : P =  P − σ , = − , = ,  , 

  -        . 

5.     : σ ,i =  i ∙ P , 

 αi –  ,   . 5 [3],  
    l/b = 1,8/1,5 = 1,2  2zi/b (zi –  

 i-     ).  

6.    σ        
   σ  . 

7.      ,   
         

.   ,   : σ ,i , σ ,i, 
 σ ,i , σ ,i,        

     ≤ 10 . 
8.          

: σ ,i =  (σ ,i + σ ,i+ )⁄ , 
9.      : 

Si = σ ,i ∙ hiEi , 
 Ei –   i-   ,   – , 

  0,8. 
10.         

    : ΣSi S , 
 S  = 15  –      

 . 
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 , ΣSi = ,  < S =  , ,   
   . 

 

 3.2 -    

 

3.8     
 

      (  ) 
      :  σ + σ  R , 

  σ + σ  -       (  
), , R  -    . 

  σ + σ     3.2   
:  σ + σ = , + , = ,  . 

     : R =  γ ∙ γk [M k b γII + M d γII′ + M cII]; 
  1=1,25   2 = 1,0 –   ; k = 1,1 – 

,       ;  

M = 1,24, Mg = 5,95  Mc = 8,24–     ,   
.4 [3]; kz – ,   1,0   

 b 10 ; II = 10,24 –   , / 3;  γII′  = σ /Σhi = 
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17,35 -  ,  , / 3; II = 4,6  -   
  ; A =  N′ σ⁄ = ,   ,⁄ = ,  ; b = √A + a − a =  √ , + , –  , = ,  ; a =  l − b ⁄ = ,  . 

     : R =  , ∙ ,, [ , ∙ , ∙ , ∙ , + , ∙ , ∙ , + , ∙ , ]= ,  ; 
 ,    : σ + σ = ,  < R  = ,  . 

 .     b=1,5 
L=1,8. 

 

3.9    
 

     
300 300      – (-3,050) ,    
– (-2,450) .        

 20 .     1500 1800.  
 600 . 

 
 3.2 -      
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3.10      

 

      .  
     ,   
 ,  ,     

,    ,  : 

M i =  Nc il ( + el − e c il ), 
 N = Nk = 627,4  –        

     . 
    ,   , 

    b: M i =  Nc ib ,  
         

: A i =  Miξh iR , 
 h i-    , ,    

      :  
  1-1:  h =  h − , = , − , = ,  ; 
  1’-1’:  h ′ =  h ′ − , = , − , = ,  ; 

 R  -   ,   -III - R  = 365 
;  ξ - ,     : 

m =  Mibih iR , bi –    :  
 
-   : 

  1-1:  b =  b = ,  ; 
-   y: 

  1’-1’:  b =  l = ,  ; 
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R -     ,   25 - Rb = 14,5 
; 

    .3.3,   
   1  .  

 3.3 -       

 , ci,  , ·  m ξ h i,  As , 2 

1-1 0,55 63,26 0,0225 0,988 0,55 3,19 
1’-1’ 0,7 85,40 0,0225 0,988 0,55 4,31 

 

  -1.      
 200 ,    -1    l - 8ø12 -

III  As = 9,05 2(> 3,19 2),   b - 10ø12 -III  As = 11,31 2 (> 

4,31 2).     1450   1750 . 
 

3.11      
 

 3.4 -       

 

  
- 
 

 
   

 
 

 

, 
. 

, 
∙  

. .  . .  

1-168 
  1 . 

 
1000 3 0,25 22,80 8,33 2,08 22,80 

1-935 
   
 1 . 

3 8,5 5,87 0,25 2,13 5,87 

6-2   3 11,9 349,50 1,37 16,30 349,50 

6-6 
  
 

3 55,1 2123,00 4,1 225,91 2123,00 

     1,7 408,00 - - 408,00 

1-255 
  1 . 

  
1000 3 0,02 0,30 - - 0,30 

:      2909,50  246,40 
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3.12   .    
    

 
   dp    

 .    – 2,450 .  
    300 ,   hp = 0,6 , dp= -3,050 .  

     0,5      
– 3,000. 

       
.  
        1,0 ,   

  5 . ( 50.30). 
    –8,000 .  
   – 7,5 . 

   300300 . 

 
 3.3 -       
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3.13     
 

      ,    , 
           

    . 
      : F =  γ γ RA + u∑γ fihi = , , ∙ ∙ , + , ∙ Σ , ∙ ,= ,  , 

 γ  –      ,   
1,0; R –       , 

 3333 ;  = 0,09 2–    ; γ  

-        , 
  ,  ,  1,0;  = 1,2  – 

   ; γ -     
  ,   ,  , 

 1,0; fi -        
  i-   , ,   .3 [2]; hi -  i-
  , . 

        . 3.5.  

 3.5 -     
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       F γk =  , , = ,  ,⁄⁄   γk= 1,4 -    
 .  

 

3.14         

 

      : 

n =  ΣNF γk⁄ − , ∙ d ∙ γ = ,, − , ∙ , ∙ = , ≈  , 
 ΣN =  Nm = ,   -  , F γk⁄  -  
  , , ∙ d ∙ γ - ,    , 2, ,  –  ,    , 2, d = 2,55  – 

  , γ = 20 /  –    
     . 

     ,    
    900 .        

   150 , - 1500 1500 . 
 

3.15      

 𝐼′ =  𝑎𝑥 +  = 𝑎𝑥 + 𝑝 ∙ 𝑙𝑝 ∙ 𝑑𝑝 ∙ 𝑐 ∙= , + , ∙ , ∙ , ∙ ∙ , = ,  ; 
3.16          

 

  : { N F γk⁄ ;N ,  F γk;⁄N  ;  

 N -     . N = N′n ± M ∙ yΣ yi ; 
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 n –    ; y –        
,    , ; yi –      

 , . Σ(yi ) = y + y + y + y = ,   

      .3.6. 

 3.6    

№  
I  F γk⁄ ( ,  F γk⁄ ),  

N  ,  
1,2 185,5 468,72 
3,4 185,5 468,72 

  ,     . 
 4 . 

 
3.17   
 

   300 300.    
     20 .   

  1500 1500.   600 . 
 

 
3.18      
 

    ,     

        

.  

   : 

F ∙ R ∙ h [hc (b + c ) + hc (l + c )] ; 
 F = 2(N + N ) = 742,2  -   ;  R = 900  -       

 20; h  -    ;  – , 
     N   , 
  : 
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=  −  , ∙ R ∙ AN = − , ∙ ∙ , + , ,, = , < , . 
 = , . b , l  -   , ; c , c  -    

     , ,   
 h  = 0,6 – 0,05 = 0,55     0,4 h  = 0,16 .  c = 0,2 

, c  = 0,2 . 

F = ,  ∙ ∙ ,, [ ,, , + , + ,, , + , ] =   . 
 . 

3.19      
 

      .  
     ,   

 ,  ,     
,    ,  : M i =  N ixi, M i =  N iyi, 
 N i–    , ; xi, yi –    
        .  

 
         

: A i =  Miξh iR , 
 h i-    , ,    

      :  
  1-1:  h = h − , = , − , = ,  ; 
  1’-1’:  h ′ = h − , = , − , = ,  ; R  -   ,   -III - R  = 365 

;  ξ - ,      : 

m =  Mibih iR , 
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bi –    . R -     ,   20 - Rb = 
11,5 . 

     :  
i = N ixi  i = N i i,   

1-1= 185,5*2*0,45= 166,95  
`1-1= (185,5+185,5)*0,45= 166,95  

 
    . 3.7.  

 3.7 -       

 , ·  m ξ h i,  As , 2 

1-1 166,95 0,176 0,905 0,55 8,9 

1’-1’ 166,95 0,176 0,905 0,55 8,9 

  -1.      
 200 ,    -1    l - 8ø12 -

III  As = 9,048 2 (>8,9 2),   b - 8ø12 -III  As = 9,048 2(> 

8,9 2).     1450   1450 . 
 

3.20       
 

       
    .  

       -268.  

     (m4)    (m2)  
   1,5       .   
  m2=1,15 ,    m4=3,1 .   

      0,005-0,01 . 
   : S = E ∙ η ∙ AF F + η ∙ A ∙ m + , m + mm + m + m ; 

 E = ∙ m ∙ H = ∙ , ∙ =   -    

  , m4 = 4  –  , H = 1  –  

 ;  η - ,     
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1500 / 2; A = 0,09 2 -    ; Fd= 600  - 

  ; m1 = m4 = 5,1  –      
; m2 = 1,15  -  ; m3 = 0,2  -  . S = ∙ ∙ ,+ ∙ , ∙ , + , , + ,, + , + , = ,  . 

       0,005-0,01 . 

3.21      
 

 3.8 –       

 

 

 
-

 

 

   

 
 

 
, . , 

∙  

. .  . .  

1-230 
  1 . 

 
1000  3 0,22 33,8 7,44 - - 

1-935 
   

 1 . 
3 8 7,48 59,84 1,25 10,00 

    680 7,68 5222,40 - - 

5-9     1 . 3 48,96 19,6 959,62 3,31 162,06 

5-31     136 1,19 161,84 0,96 130,56 

6-2   3 9,8 39,1 383,18 4,5 44,10 

6-6 
  

 
3 45,9 40,94 1879,15 - - 

 
  

 
 1,5 240 360,00 - - 

1-255 
  1 . 

  
1000 3 0,02 33,8 0,68 - - 

:    9034,10  346,70 
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3.22     

 3.9 –   

     

 . . 2909,5 9034,2 

 -  246,4 346,7 

 

        
    . ,     

      (  , 
. ),   .   (  , 

)  .  ,   
  ,     

 .  
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4    
 

4.1      

      2-  
    ( )  .   

      
,  -  ,  

,  , , . 
      

  .      12.03.2001   
-11-06-2007. 

     
   23407-78. 

       
 1,6 ,    –   1,2 . 

,      , 
     2      

.  
    ,    , 

         
. 

     ,   
     . 

         
 .        

      2    . 
         

. 
          

 4 . 
        

      . 



 

52 

 

       
     10 /      5 

/  –  . 
         

   . 
      

    , -  
     «    

  ». 
       

     .   
          

 .      
. 

 -      
     .  

     
23-05-95 «    »   12.1.046-

85 « . .    ». 
   ( )   

    . 
     , 

    ,  , 
 ,   . 

4.2      , 
      

         
  ( )   . 

      –   
 –    4,33 . 
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 4.2.1 -  " ", ,    , 
 1,6 3. 

 : 

497,4167,033,4  ЭM MM .  

  –   ,  4 -16-5; 

–    . 

   : 
=+++=h+h+h+h=H ЭК 2,194,23,20,53,110 ,                                 

 h0  –  , ; 

h –   , (0,5 ); 

h –     , (3,2  ); 

h –  ,       

  = 4,2 ; 

   (  ): 
 L = + b + b  ,  

  –          

; 
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b –           

(min=2,05) b  -         

        , . 

   ,  
 L = , + , + , =  . 

    42 . 

      ,  

        LTM 1150 

   :  

 150 ,   68 . (   

   4.2.2). 

  4.2.2 ,    42     

    ,  5,2 .,   

 . 

   LTM 1150 

        

 1 . 

=8582+2050=10632  -      

     . 
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 4.2.2 -   LTM 1150 
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4.3        
      

 
        

,        

 .  

     , 

    ,  ,   

 .     .  

        

 :  ,   , 

 ,    ,   . 

1.  – ,      

   .     11,3   

      ,  3,7  + 

lmax. . =6,9 . (l = 3,7 , . .     10   l = 

3,5 ,     20  - 5 .   ). 

2.   : 

Rmax= l =42 ,  

3.   : 

R . .=Rmax+0,5lmax. .=42+0,5·3,2=43,6 .                                    

  Rmax –    ; 

lmax. . –    . 

4.    :  

R =Rmax+0,5 .+lmax. + =42+0,5·0,89+3,2+4,39=50,1 .               

   –    ; 

. -    . 
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4.4       

 
      

 . 

     -  

   ,       

.   –     , 

     1-2 %     

. 

        

      .   

       

 .    . 

     : 

      – 1 . 

     – 3,5 .   

,    ,     

      6 ,  

  12-18 . 

    12 ,     

      3,5  5 .  

 

4.5      
:       

 
       

ё    ё      : 

 21 KK
T

P
P щ    



 

58 

 

  – -  ,   ,   

     ; 

          -   , ; 

  -   , ; 

       1  - .     ; 

       2  - .      

  . 

      : 

S =P *q,   

 q –    1 2       
; 

 4.5.1 –     

  . .  q   S  

 ( ) 3 1160,0 0,5 10 31,99 16,00 

   ( ) 2 494,54 2,3 12 16,37 37,64 

 ( )  20,064 1 14 0,77 0,77 

 ( )  277,18 2,3 17 13,00 29,89 

  ( ) 2 1606,8 1,2 12 53,18 63,81 

 ( ) .  109,16 2,3 10 3,01 6,92 

 ( ) 2 3464,7 0,7 10 95,55 66,89 

  ,  S=4557,9 2  : 

-   - 52,81 2; 

-    - 66,89 2; 

-   - 102,22 2; 

   - 221,92 2. 
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4.6     

       
 . 

         (Ni) 
         

  : 

Ni = Qi ∙ tTi ∙ q ∙ ∙ , 
 Qi −    ,    , 

 (    ); t  -     , ; Ti −     , . 

(   ); q −   , ; = , −    , ; −    ,     

(         ). 

   : t = t + lv + t , 
 t −    , ; l – , ,    ; v  -  , / ,  ,    

  ,  ,    ; t −        ,  

(0,02 – 0,05 ). 
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 4.6.1 –   
 

 
 

 

 
 

 
 

 
, 

 

 
, 
  
 

,  

 
 

 
  

  - 55102 15 21 - 1 

  - 5410 22 343 - 2 

  - 55102 15 60  1 

 

 

4.7   :   
  ,     

 
   (  - ) 

( )       
 

=(68025,24/1760)·100/110=35,14≈36 . 

  -    , - ;  
 -      , ; 

. -     . 
   F   : 

F = f∙N,   

 f –    1 ,  
N –  ,     
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 4.7.1 –     

№ 
/  

 
 

  
  % 

 
 

     
  

1  
%  

 
 

 
 

1  83,9 30 70 21 

2  11,0 4 80 3 

3  3,6 1 80 1 

4    1,5 1 80 1 

 

 4.7.2 –      

№   
-

 N 

 2  
  

 

 2 
-  

   
 f  

 
 

 
 

-  

1  36 0,7 25,2 
 

 
4 7 

28 28 1 

2  22 0,54 11,88 
 

 
4 3 

12 12 1 

3  26 0,2 5,2 
 

 
4 3 

12 12 1 

4 
 

  
  

26 
0,8  
20% 

4,16 
 

 
4 3 

12 12 1 

5  22 0,2 4,4 
 

 
4 3 

12 12 1 

6  26 
1 .  
15 . 2  1 2 2 

 

7 
 

 
4 24  5  24 

-
 

4 6 
24 24 1 
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4.8     , ,   
    ,    

     

 
 ,      

,   : 

 = α×(Σ 1× /cosφ + ΣK2× / cosφ + ΣK3×  + ΣK4× )           

  –   , ; 

α – ,          
,  (1,05÷1,1); 

К1, К2, К3, К4 -   ,     
    ;  

 –   , ,     
 ; 

 – ,    , ; 

 – ,    , ; 

cosφ –    ,      
 . 

      4.8.1. 

 4.8.1 –   

 
 

 
 

-  

 
  
 
, 

 

. 
, 

 

 
, 

 

1.   . 4 20 0,35 28 

2.   . 4 0,8 0,6 1,9 

3.   . 2 4,5 0,7 6,3 

4.   . 4 0,5 0,15 0,3 



 

63 

 

5.   2 20200,1 0,015 0,8 242,4 

6.   
  

2 88 0,015 0,8 1,1 

7.    2 14 0,003 0,8 0,1 

8.   2 42 1,5 1 63 

9.   
   

 0,02 5 1 0,1 

 343,20 

 

 : 

 = 1,1×343,2 = 377,52 . 

     

   -630/6,  

 630 .  

       

   .    

   . 

      : 

Q  = 1,1. Σq. ni
. Ki, 3/                                                                      

 1,1 – ,     ; 

qi –     , 3/ ; 

ni –   . 

Q  = 1,1. (6,4+2+0,85) = 9,95 3/ . 

  ,  

   Ø 40     10 3. 

          

   ,     , 
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. 

        

 : 

Q  = (Q +Q ) . 1
. 

2 

 Q  –     ; 

Q х  –     ; 

К1 –   ; К1 = 1,2; 

К2 –     ; К1 = 1,2. 

           : 

Q  = V .q.α .(t  - t ),                                                                        

 Vз  –     , 3; 

q –    , q = 2,5 / 3 ; 

α – ,      

;  

t  –    ; t  = - 40 ; 

t  –    , t = + 20 . 

Q  = 18363 .25 . 0,9 . (20+40) = 24,79 .106 . 

Q  = (24,79.106+ 300) . 1,2 . 1,2 =35,7.106 . 

  , ё  : 

     ё  

 .     :  

n = P∙E∙S/P ,   

 –   (   -35 =0,75-0,4 / 2 );  

 – ё , , =2 ;  

S–     S=11727,9 2;  
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–   ,  (    

-35 =1000 ). 

n = 0,4∙2∙ 11727,9/1000 = 10 . 

 

4.9        

 

      , 

-    . 

     

   ,   ,  , 

  ,      

. 

       

. 

       :  

  

  –       ; 

 – ё   ,      

; 

 –    . 

     : 

 

 , / ,      

   = 𝑊 ∙ 𝑞 ∙ К / ; 

,
3600

1




 

n

KAS
Q

S

A

1К

лQ /3,3
36008

39296
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 W -  . = ∙ ∙ = , / . 

 , / ,  -      

 -       

. = ∙ 𝑞 ∙ К / ∙ ; 

  -     ,    

  ; 𝑞  -     1   , . 

. = ∙ ∙∙ = , . 

 , / ,       = ∙ 𝑞 ∙ К /𝑡 ∙ ; 

  -     ,    

  ; 𝑞  -     1 ,  ,  , ; К  - ,     (0,3-0,4); 𝑡  -    (0,5-0,7 ). = ∙ ∙ , / , ∙ =0,11 / . 

        

       5 /   .  

 ,         

       

,    , / ,    = + , + + . ы ; = + , , + , + , + , =13,11 / . 
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  ,  / ,    = + + . ы + =3,3+0,03+0,11+2,78+10=16,22 / . 

     , ,  

   𝐷 = , ∙ √ / 𝜋 ∙ 𝑣 =63,25∙ √ ,, ∙ , = ,  ; 

  10704-91      

102 .      102 .  

       

       

(  , )        

  .      

  ё       

 (     150    )   

    (     5   

). 

 

4.10        

  

      
 , , ,   

  ,       
           

   ; 
         

       ,    
       

. 
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 ,        
 . 

         ( ) 
  ,    ,   , 

      
  . 

,    ,    
            

,     ,    
  . 

          
.     ( )   

      2    .  
    , ,    

      1 ,   
      1,1 ,    
   0,15         

0,5   . 
  ,      

     ,   
   . 

 ,     ,   
            

   . 
 ,    ,      

, ,   . 
 -      

        . 
   ,     

      200 . 
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    ,   75  
  . 

       , 
   .  

  

  ( ),    ,   
      . 

     ( ) 
       
        

( )     . 
        
        

   . 
       

      . 
         
 ,    ,  . 

      , 
   ,         
  ,   . 

    ,  
  ,     , 

    . 
        

     . 
    ,  , 

  . 
     :    20 - 

30 ,        
. 
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       1 ,   -  
 0,5 . 

        
    15 /   ,  ,   , 

     . 
  

      
       

 ,        
. 

       7    
        

 . 
        

.        , 
           

      . 
       0,7      

          
( )  1,3     
( ) ,      - 

 . 
      ,  

   .  
  

 , ,     ,   
 ,        

      
     ,   
 : 
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-        1,3   ; 

-      ; 
-   ; 
-   ; 
-     ,   
    . 

      , 
         

  -    
   : 

-     , 
,    ; 

-       ,  
      ; 
-        

   ; 
-            
  . 

,      
,        

. 
     ,  
   ,    , 

        , 
 . 

    (    
 )    ,   

  (  ,  ) —  
  . 

 ( )       
21807.       

   . 
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  ,    . 

    . 
       

        
     . 

          
         , 

   ,     1 ,   
     . 

      
     ,       

         
. 

  

     ,    
,     

       , 
 ,      ,    

  . 
      . 

      , 
         . 

       , 
,      ,     

 15 /   . 
   ,      , 

 ,   , ,   . .  
      . 

  

         
     - . 
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       , 

    1    ,    
 . 

,       
,  .     

       .   
          

     . 
 

4.11        
   

 

 ,     
 ,     ,  

     ,     
,   . 

    ,  
      

, ,  . 
     

   .    
         

  -  . 
        

ё .  ,    ё   
. 
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