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. 
. 

-  

. 

. 
., 

  

  
,  

 

  
 

 
 

 
, 

/  
 

 
. 

. 

1 2 3 4 5 6 7 8 10 
1  

 
1 2 20500 24 0,5-1 1,2 1,5 8 0,1 

 
2  

 
1 2 66200 72 4-8 1,2 1,5 8 0,63 

 
3 

  
 

 
 

1 
-

 

 
20,72 

 
9 

 
10-15 

 
1,2 

 
1,5 

 
8 

 
0,064 

 
4 

  
 

, 
  

/ . 
308 308 300-400 1,2 1,5 8 0,025 

  

: 0,82 

 
     : 

          

  –       ( . 6 [4]); 

 –        ( . 6 [4]); 

 –      ; 

 –   ; 

 –   ; 

 –    ; 

 –        

 

     : 

 /            
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   2     5 / . 

Q  = 0,82+8,1+10=18,92  /  

        , 

     150     .   

     : 

 

 –     . 

           2      76 . 

 
4.5.6     

 
       

     ,   
        

,    ,     
 . 

    ,  
: 

 =  / cos  + / cos +   + , 
 os –  ;  
 –  ;  
 –   , ;  
 –    , ; 

 –    , ; 
 –    , ; 

    ( . 26). 
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 26 -      

 
/  

 
 

. .    
, 

 

 
., 

 
C , 

i 
., 

cos  

1 2 3 4 5 6 7 8 
  

1  
 -24  

. 3 0,35 0,5 23  69,0 

: 69 

  

2  
 -114 

. 2 0,25 0,5 1,5  3 

: 3 

  

3  
 

1000 2 13,632 - - 0,4  5,5 

4   1000 2 0,48 1 1 0,8  0,4 

: 5,9 

  
5  100 2 1 0,8 1,0 1,5 1,18 

6 -
  

100 2 0,25 0,8 1,0 1,5 0,38 

7  100 2 0,25 0,8 1 1,5 0,38 

8  100 2 0,15 0,8 1,0 1,5 0,22 

9   
 

 

100 2 0,31 0,8 1,0 1 0,31 

10  100 2 0,27 0,8 1 1 0,27 

11  100 2 0,03 0,8 1,0 1 0,03 

12  100 2 0,2 0,8 1,0 1,5 0,3 

: 3,07 

  81 
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   -1000/6-10  
100 ,  2300 1700 2400,  718  

 
4.5.7     
 

       

  -45     -220-1000. 

   : 

   ,    

   S  ,   : 

n = 
P

SEm ⋅⋅ 
 

: 

m = 0,115 ,     , 

      ,  

       275…350 ; 

R  = 500  -    ;   

 = ⋅  (  =1,7 –  , =2  –  

);   

n = 3,5
1000

13632*2*7,1*115,0 
==

⋅⋅
P

SEm

 

 6     1000 ,   

   . 
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 2 

 

 

-  
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2. -   
 
2.1   
2.1.1    
 

     :  
    .  
 
2.1.2  ,    
 

 1.   
       « ». 

       -
  f = 1,05 

    . 
   –   86 / 3  150 

. 

  –  , ; 

f = 1,1 –    ; 
 = 18 / 2 –     174 . 

             . 
      1 . .  . 

 4 –     
   : 

 
 = q , (6) 

  

                                                                                       (5) 
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 . (7) 

 
.

      
 5 –      

    
 q , 

/ 2 

 
  

 f 

 
 q , 

/ 2 
   

1    0,10 1,05 0,105 
2  0,08 1,05 0,084 

   
3   -

 0,6  
0,09 1,05 0,095 

   
4     

 
0,05 1,2 0,060 

5  ( . , 150 
) 

0,45 1,2 0,54 

6    
4   

0,20 1,3 0,26 

 

 

   : 

                                                                 (8) 

   : 

, (9) 

 n –    . 

. 

   : 
 

. (10) 

 
       

   p  = 1,2 / 2. 
  

 = p   f = 1,2  1,05 = 1,26 / 2. (11) 
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q = p  = 0,126  9 = 0,756 / . 
 

(12) 

   –   2.2.2 
 2. . 1  

   : 
 , (13) 

 Sg -     1 2   , 
/ 2; 

 -          
  . 

- ,        -
     (     10.5 [2]); 
 -   (     10.6 [2]) 

, 
 1, =1. 

   . 10.2, . 10.1 [1] Sg = 3,2 / 2  V  . 

 

      f: 
S = S0 f = 0,165  1,4 = 0,231 / 2. (14) 

   . 
   : 

                                                                       (15) 

   : 

                            .  (16) 

   –   2.2.3 
 3. . 2 . 
  2,    .  

  –   2.2.4 
 4.  . 

    : 
, (17) 

 W0 –    ,   
.11.1.4 [1], / 2; 

k(z) – ,     ( . 
11.1.6 [3]); 
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 –   ( . 11.1.7 [3]). 

. 

. 

   : 
q = 2Wm f (18) 

 

  

. 

,   ,   , -
    ,      1 . 

. (17) 

. (18) 
 

   –   5 
 5.   

  –    4,   ,     
 .    –   6. 
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 5
 -

 
 1

.
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 6
 -

 
 2

.
 , 

1 
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 7
 -

 
 3

.
 , 

2 
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 8

 -
 

 4
. 
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 9
 -

 
 5

. 
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2.1.3        
« » 

 
        

      . 
1) . f = 1,1 ( ) 
2)  1. . f =1,4.   -

 – 1.   – 0.7. 
3)  2. . f =1,4.   -

 – 1.   – 0.7. 
4)  . . f =1,4.   -

 – 2.   – 0. 
5)  . . f =1,4.   

 – 2.   – 0. 
 

 
 

 10 –   
 

2.1.4      
    (      ) N = 

-75,5 , M = -21,8 . 
        6. 

 6 –      

20 3 -33,58 1 2 
21 3 -45,2 1 2 
22 3 -45,2 1 2 
23 3 -33,58 1 2 
24 3 -33,58 1 2 

 -  ,  ,   
15 6 18,04 1 2 
16 6 41,4 1 2 
17 6 18,16 1 2 
18 6 41,4 1 2 
19 3 -33,58 1 2 
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26 3,15 -5,92 1 2 
27 3,15 -5,92 1 2 
28 3,15 -5,92 1 2 
30 4,35 21,14 1 2 
31 4,35 -12,6 1 2 
32 4,35 4,32 1 2 
33 4,35 7,12 1 2 
34 4,35 -12,6 1 2 
35 4,35 21,14 1 2 
39 4,35 -28,58 1 2 
40 4,35 -28,58 1 2 
 
2.1.5    -1   

       -1;  
 . 

 10 –     
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     Nmax = 285,8 .  -
   t=-46 .    t  = 8 .  

  – 345 (Ry = 32 / 2) 
      ,   

   . 
   . 

  1 [2]  = 1;  . 10.1 [2]lef = 3 , l’ef = 6  
   A   ,  

 =0,5 
 

 

 

                                     . 

 
  125 9,    44 2. 

  : 

                                                   

    : ix = 3,07 , iy=5,49 ,  -
 : 

. 

. 

      : 

 

 

 

 
 . .1. [4]  =0,363 

  : 

                                              

 

. 

 . 
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    ( . 32 [4]).   
 : 

u = 180-60  = 180 – 60 = 127. 

   : 
. 

 . 
   125 9 

    
  1 [4]  = 1;  . 10.1 [4]lef = 6 , l’ef = 12   

      

 

 

 

  70 5,    13,72 2. 
  : 

    : ix = 2,16 , iy=3,16 ,  -
 : 

 

 

 

 
  33 [4]      u =400 

 
 

 
 .       

   100 10. 
  ( ) . 

  1 [4]  = 1;  . 10.1 [4] lef = 4,35 , l’ef = 4,35  
   A   ,  

 =0,5 

. 

  125 9,   44 2. 
  : 

    : ix = 3,86 ,   : 
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. 

      : 

 

 . .1. [4]  , =0,347 
  : 

. 

 ,     .  . 
    ( . 32 [4]).   

 : 

u = 180-60 = 180 - 60  0,85 = 129, 
 

  

 

   : 
 

 ,      .  
   125 9 

  31(34) . 
  1 [4]  = 0,8 ;  . 10.1 [4 lef = 3,48 , l’ef = 4,35  

   A   ,  
 =0,5 

 

  100 10,   38,48 2. 
  : 

    : ix = 3,05 ,   : 

 

      : 

 

 . .1. [4]  , =0,238 
  : 
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 ,     .  . 
    ( . 32 [4]).   

 : 

u = 180-60 = 180 - 60  0,53 = 148, 
 
 

  

 

   : 
 

 ,      .  
   100 10. 

  32(33) . 
  1 [4]  = 1 ;  . 10.1 [4] lef = 3,48 , l’ef = 4,35  

   A   . 

 

  20 3,   2,26 2. 
  : 

    : ix = 1,16 , iy=1,51 ,  -
 : 

 

 

  33 [2]      u =400 
 

 
 .       

   63 5. 
  30(35) . 

  1 [4]  = 1 ;  . 10.1 [4] lef = 3,48 , l’ef = 4,35  
   A   . 

 

. 

 
  45 4,   6,96 2. 

  : 
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    : ix = 1,38 , iy=1,64 ,  -
 : 

 

 

  33 [2]      u =400 
 

 
 .       

   63 5. 
  ( )  

  1 [4]  = 0,8;  . 10.1 [4] lef = 2,52 , l’ef = 3,15  
   A   ,  

 =0,5 

 

  50 5,   9,6 2. 
  : 

    : ix = 1,92 ,   : 

 

i  = 2,6 ,   : 

 

      : 

 

 
 . .1. [4]  , =0,272 

  : 

 

 .  . 
    ( . 32 [4]).   

 : 

u = 180-60 = 180 - 60  0,38 = 157, 
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   : 
 

 
 .  

   50 5. 
       -

  63 5. 
          

2.5.1.2. 

 11 –     
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 7
 -
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   « »    , 
  11,36 . 

 [3]        

 

    ,   -
 .  

2.1.6  ,     
      -

   ,   . 7.6.2 [4].   
          

    (  2.7.2.1).  
  (    ) a = 60 ,  b = 

(h+40) ,  – 8  (   ).  
   : 

•   : 
c = 40i, 

(24) 

•   : 
c = 80i, 

(25) 
 i –    . 

 8 –   

 
 

19-24 15-18 39, 40 31, 34 
30, 32, 33, 
35 

26,28 27 

,  300 600 435 435 435 300 300 
i,  3,86 3,05 3,86 3,05 1,94 2,96 1,74 

 

19-24 15-18 39, 40 31, 34 
30, 32, 
33, 35 

26,28 27 

 
  

,  
150 250 150 240 150 120 75 

  2 2 2 2 2 2 3 
 , 

 
60x165 60x140 60x165 60x103 60x103 60x174 60x174 
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 12 –      
           

      : 
 
N  = N(b-z0)/b = 1N, 

(26) 
 
N  = Nz0/b = 2N, 

(27) 
 b –  , ; 

z0 –       , ; 

1, 2 – ,   . 7.4 [5],  

1 = 0,7; 2 = 0,3. 
  . 

 . 39 [4]: f = 0,9; z = 1,05 (    
, «  »). 

 . 4 [4]       
 : 

                                          ,  
(28) 

  -       
  , / 2 (   . .2 [4]); 

 = 1,35   / 2. 

. 

   50 ,  -08 2 . 
     : 

                    , 
(29) 

 Run –       , 
/ 2 (   . .5 [4]). 

                                 . (30) 
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                              . 
(31) 

, . 

  : , . 

   

. 

 kf ( . 40 [4]).  

 
(32) 

 
 

 9 –   
-

 
t1, 

 
t2, 

 
kf  

max 
kf 

 max 
kf max, 

 
kf 

min,  

19-24 
1

0 9 
10.

8 
8.

1 9.6 4 

15-18 
1

0 
1

0 12 9 9,6 4 

39-40 
1

0 9 
10.

8 
8.

1 9,6 4 

31, 34 
1

0 
1

0 12 9 9,6 4 

32,33 
1

0 5 6 
4.

5 5.4 4 

30,35 
1

0 5 6 
4.

5 5.4 4 
26,27,

28 
1

0 5 6 
4.

5 5.4 4 
 kf = 4    . 

    : 

 
(33) 

   
l   85 fkf = 30,6  

(34) 
          10 
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 10 –    

  
N

,  
     

 
N

,  
K

f,  
L

w,  
N

,  
K

f,  
Lw,

 
19-

24 
12

5 9 
-

452 
-

316.4 4 
1

7,7 
1

35.6 4 8,1 
15-

18 
10

0 10 
4

13 
2

89.1 4 
1

6,2 
1

23.9 4 7,5 
39-

40 
12

5 9 
-

286 
-

200.2 4 
1

1,6 
-

85.8 4 5,5 
31, 

34 
10

0 10 
-

126 
-

88.2 4 
5

,6 
-

37.8 4 2.9 
32,

33 
63

5 
7

1.2 
4

9.84 4 
3

,6 
2

1.36 4 2,1 
30,

35 
63

5 
2

11.4 
1

47.98 4 
8

,9 
6

3.42 4 4,3 
26,

27,28 
63

5 
5

9.5 
4

1.65 4 
3

,2 
1

7.85 4 1.9 
 

         -
  ( . ).  

    ,    , -
         . 

 
 13 –      

  (35) 

  (36) 

  (37) 

F = 84,51 –   . 
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 6 
  285 410 . 

 : 
N = 452 – 336 = 116 . 

     : 
l  = 41 – 1 = 40 . 

      :  
  

(38) 

 

 

. 

 

 

 .  
2.1.7       

 3 
 
 
 

 14 -  3 
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1: 

 

 

(39) 

 

2: 

 

 

(40) 
 

. 

3: 
 

 

 

4
(41) 

. 

4 – . 
5: 

 
(42) 

 

   
. 

   12  
  1    
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 ; 
  

 
 4 

 
 

 15 –  4 
 

1:  

 

 

2: 
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3, 4  

 
5: 

 

 

. .     4 ,   kf5 = 4  
     

 

                             . 
    14 . 

   

                                                

 

 
      10 . 
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2.2    -1   
 

         -
        : 

-     ; 
-     ; 
-   ; 
-  . 
           -

      .   
      .  
2.2.1        -1; 

    

 
 16 –     

     Nmax = 285,8 .  -
   t=-34 .   – 345 (Ry = 32 / 2) 

   ,      -
.         2.7. 

   . 
  1 [4]  = 1;  . 10.1 [4]lef = 3 , l’ef = 6  

   A   ,  
 =0,5 

 

 

   140 140 7,    35,56 2. 
  : 

    : ix = iy = 5,36 ,   
: 
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      : 

 

 . .1. [4]  =0,412 
  :  

. 

 . 
    ( . 32 [4]).   

 : 

u = 180-60  = 180 – 60 = 123,1 

   : 
 

 . 
    140 140 7. 

    
  1 [4]  = 1;  . 10.1 [2]lef = 6 , l’ef = 12   

      
2. 

   100 100 5,    18,36 2. 
  : 

    : ix = iy = 3,84  ,   
: 

 

 

  33 [4]      u =400 
 

 
 .       

    120 120 3. 
  ( ) . 

  1 [2]  = 1;  . 10.1 [2] lef = 4,35 , l’ef = 4,35 . 
   A   ,  

 =0,5 
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. 

   100 100 8.    27,24 2. 
  : 

    : ix = 3,66 ,   : 

 

      : 

 

 . .1. [4]  , =0,345 
  : 

. 

 .  . 
 

    ( . 32 [4]).   
 : 

u = 180-60 = 180 - 60  0,95 = 123, 
  

 

   : 
 

 ,      .  
    100 100 8. 

       -
   120 120 3. 

  31(34) . 
  1 [4]  = 0,8 ;  . 10.1 [4] lef = 3,48 , l’ef = 4,35  

   A   ,  
 =0,5 

. 

   90 90 4,   13,35 2. 
  : 

    : ix = 3,48 ,   : 

 

      : 
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 . .1. [4]  , =0,470 

  : 
 
 

 

 .  . 
    ( . 32 [4]).   

 : 

u = 180-60 = 180 - 60  0,78 = 129 
  

 

   : 
 

 .  
    90 90 4. 

       -
   120 120 3. 

  32(33) . 
  1 [4]  = 1 ;  . 10.1 [4] lef = 3,48 , l’ef = 4,35  

   A   . 

. 

   40 40 2,   2,94 2. 
  : 

    : ix = iy=1,54 ,   : 

 

 

  33 [4]      u =400 
 

 
 .       

    80 80 3. 
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  30(35) . 
  1 [4]  = 1 ;  . 10.1 [4] lef = 3,48 , l’ef = 4,35  

   A   . 

 

   50 50 4,   6,95 2. 
  : 

    : ix = iy=1,85 ,   -
: 

 

 

  33 [4]      u =400 
 

 
 .       

    80 80 3 
  ( )  

  1 [4]  = 0,8;  . 10.1 [4] lef = 2,52 , l’ef = 3,15  
   A   ,  

 =0,5 

 

   70 70 3,   7,81 2. 
  : 

    : ix = i  = 2,71 ,   -
: 

 

i  = 2,6 ,   : 

 

 
      : 

 

 . .1. [4]  , =0,359 
  : 
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 .  . 
    ( . 32 [4]).   

 : 

u = 180-60 = 180 - 60  0,83 = 130, 
  

 

   : 
 

 .  
    70 70 3. 

       -
   80 80 3. 
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 1
1-
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2.3       . 
 

 12 –      : 
  ,  

19-24 125 9 203 
15-18 100 10 177,8 
39,40 125 9 72,75 
31,34 100 10 63,73 
32,33 63 5 203 
30,35 63 5 203 
26,27,28 63 5 14,16 

  : 1177 
 

 13 –      : 
  ,  

19-24 140 7 348,6 
15-18 120 3 131,4 
39,40 120 3 47,1 
31,34 120 3 47,1 
32,33 80 3 31 
30,35 80 3 31 
26,27,28 80 3 21,6 

  : 657,8 
 

:      ,    
      1,7 .    -

    .  
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2.4     
 

  21-23   +5.25    
.  .    

        80   
 1 .       20 1   

 20-93.     ,  -
    . 

   . . 
 
2.4.1      
 

   qn,   , 
    (  ) gn   

( ) ,    
 20,13330,2011 [1. . 8,.3] 

   1 2   .12. 

 
2.4.2   
 

       
  ,     .  

       . 
   –     

 14 -    1 2  
    

  ,   , 
 / 2  [5], yf / 2 

 : 
1)   

 
2)   80  
δ =1  
    3)    (2 ) 

 24  
4)   
                      

 
gnn=362 
 
15,6 
 
27,1 
 
120 
gn=524,7 

 
1,1 
 
1,05 
 
1,3 
  
1,3 

 
gn=398,2 
 
16,4 
 
135,2 
 
156 
g=705,8 

 : pn=200 1,2 p=240 
 : qn = 724,8 ___ q = 945,8 
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2.4.3   
 

 .       -
   0,92   340 . . 3.1 [3] 

 . 1  [2]       
 2.       t ≥ -45 -

  245. 
        3–   245, 

. .   235  -     
 
 . 5 [2]       

 245    2  20    – Ry = 24,0 / 2,    
20  30    – Ry = 23,0 / 2. 

 
2.4.4    
 

    ,    
  1,2 . 

    qn = 724,7 / 2 = 7,25 / 2 

     q = 945,8 / 2 = 9,46 / 2 

8,7  /  
11,35 /  

 

                              
 17  -   . 

 
      

 
2

max q125,0M =  (  ). 

 = 51,1 · . 
   cymax RMW γ=    -

 . cγ  –   ,  cγ  = 1.    
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 = 212 3 

I20 1 x =2690 4,            g = 30,6 / ;   
 J  –   ;  

g –  . 

      
x

n

EI

qf

384

5 3

=   

   
250

1f = . 

  <  

 . 
 
2.4.5      
 

       =1,2  < 1,5   
  9,46*6 = 56,8 /  

  7,25*6= 43,5  /  
l  -   . 
 

)  . 
=  = = 1024   

=  = = 784,8   

Q =  =  *1,03 = 341,4  

                               
 18.         
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        = 1,02 …1,06. 

= 1024*1,04 = 1065   
= 784,8*1,04=816   

Q =  = 341,4*1,04=355  

      :   -
   ,   –     

,          -
. 

       h –  
,       ,     

. 
,       ,  

 

 

   –     

;  
= 1065* / 24*1 = 4438 3 

tw –  ; 
k – ,       

1,15…1,2; 

 –  . 

  ( ),  

;  L =12000 –  . 

 

 =  = 77  

   

 =    = 

=0,208*0,019*250*0,77=0,76  
. 

        
  « » 

  Q       k =1,22 
   tf = 20 . hw = 80 - 2*2,0= 76  

 =  = 0,004  
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      -
   . 

    760∗10 ,    h=800 . 
        

 =  = 43,5 2 

 =  =1925 3 

    h
5

1

3

1
bf −= ,    180…200  

   280*20      = 56 2 

                                    
 19.   . 

 
)   . 

 
      -

  . 
 : 

 =  = 

= 36581 +146016 = 182597 4 
 : 

 =   = 4565 3 

  : 

 =  24*2,0*  = 1872+962= 2834 3 

=  = 76 

  : 
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  . 
        

  ,   Q = Qmax. 

 

 
)      

 

=14,6, . .    

  . 
 
)     . 

 

 =  = 2,6 

   =2,6 < 3,2       
  2,5 hw= 2,5*0,76 = 1,9 .   1,2 , (    -

   );     : 

=  = 65 ,    80 . 

 =  = 5,5 ,       8 ; 

 
     1-   5-  .  

 1-  :       (120 ); 
    Q    

= = 383 . ,  

= (0,5*56,8*12-56,8*1,2)*1,04=284  
        

 =   = 81785 = 81,8  

    =37368=37,4  ; 
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 == 2
w

ycr
cr

Rc

λ
σ 1182 ,  

 ccr=33,3    21    δ ( 77 [2])  β=0,8 
( . 22 [2]);  

 

   

 22

76,0
13,10

ef

s
cr

R

λμ
τ +=  = 10,3* , 

 μ —       

μ=1200/760=1,58,  

==
E

R

t

d y

w
efλ ;    d —    . 

       74, [2]:

107,0
277

4,37

1182

8,81
2222

=<=+=+ c
crcr

γ
τ
τ

σ
σ  . 

     5-  .   
  120 .       -

      

=    =1022 . ,  

= (0,5*56,8*12-56,8*4,8)*1,04 =71  

 =   = 212686 = 213  

    =9,342 =9,3  ; 

  : 

124,0
277

3,9

1182

213
2222

=<=+=+ c
crcr

γ
τ
τ

σ
σ  

,    . 
 

)   : 

021,0003,0
00182597,01006,2

12*04,1*5,43

384

5

384

5
8

33

=<=
⋅⋅

== un f

EI

qf . 

 . 
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)      
 

        
   .       

  max = 1065  ,  Q = 0. 

     d = 16      
40 .          –     

,     –    
. 

  
 ,    , -

  : 

 =  =851   

 =  = 4    ; 

 = 182594 4  -     ; 
 = 182594-36581 = 146013 4 -   . 

    
Nf  = f  / (hef  + tf ) =  851 *102/ (76+2,0)  =1092  

 ,      -
   ,    , 

  : 

Qbh =  =  = 49,4 , 

  = 75,5 / 2  -    -
-  ,   [2, . 8]. 
    d=16    40 ;  

bn = 1,57 2 –     [2, . .9];  

 = 0,42 –   [2, . 42]; 
 h = 1,12 ·  0,9 = 1,008 – ,   [2, . 42],  

 0,9 – ,       
  . 

      

n  =  = 11,1 

 k = 2 –     ;  

b = 1 –     , -

  [2, . 14.3.4]       n  10. 
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  12 .    -
       , . .   -

. 
 [2, . 40]   : 

    min,1 = 2,5d  = 2,5 *19 = 47,5 ; 

      min,2 = 1,3d  = 1,3* 19 = 24,7 . -

        5 : 1 
= 60 , 2 = 30 . 

     –    
280 14      2 120 14 .   -

          
28*1,4+2*12*1,4 = 72.8 2 > f = bf tf  = 28*2,0 = 56 2 

        
d  = 19 .        

= bf tf  – n d  t f = 28*2,0 – 4* 1,9* 2,0 = 40,8 2  <  0,85 f  =  

                                                                              = 0,85*52= 44,2 2 

  <  0,85 f  ,     -

    

 =  = =  = 22,7 / 2  <  = 24*1,0 = 24 / 2, 

 ef –  ,   [2, . 14.3.11]. 

    ,    -
, . 
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 20 -    . 

 
        

 
 72,8-2*4*1,4*1,9 = 51,5 c 2 > 0,85 f  = 

                                                                                       = 0,85*52= 44,2 2 

  .    -
  1,4 . 

 
  

,   ,   : 

 =  = 266   

        , 
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y = 100  . 

max =h
ef - 2 y = 760 – 2* 100 = 560 . 

   

 =  = 1,6 

 m = 3 –      ;  
k = 2 –     . 

 . 7.9 [5]    k      
   = 1,71.  k = 8  

    [2, . 40]     
  = 80 ,       -

 

max = 7 *80 = 560 . 

   
 

 =  = 64,8   < Qbhk = 49,4* 2 = 98,8 . 

   . 
      640 10 

.         b = Rbh bn = 

49,4*1,57 = 77,6 . 
 
2.5    -   
2.5.1     
 

  —  245 (   Ry=240 ). 
    ,   — . 

    
N  =N +Nc =  355 +0,01*355 = 359  
N =355       (    ):  
Nc = 0,01*355   (        

  0,5%  1%). 
    4250+500 = 4750  

500  -     ; 

ef = μ  = 0,7*4750 = 3325  —   ;  

μ =0,7— ,      
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              .  
                              

 21 -     
            1)  ;   2)   
 

  λ=80.      -

    ϕ=0,686.     -

 γ =1. 
     

 

       14    
2*15,6=31,2 2. 

      .  

    

     

 = 71*  =2,4,   ϕ = 0,75 

    

   λb=30.     
     

 

     iy= y/λy=332,5/71=4,7   
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 i0y —       ; 
 ,   b     -

     ≥100 ,     -
   bf —   . 

  b=2bf +a=2*58+184=300 . 
      . 

Ab=15,6 2,     A=31,2 2,      ix=5,6 ,        Iyb=45,4 4,   
Iy=2*[45,4+15,6*(15-1,67)2]=5635 4, 

 iy=   =   =13,4 ,    λy=332,5/13,4 = 24,8      

 b0= b - 2z0=30-2*1,67=26,66 . 
  d=(0,5…0,75 ) b =16     td=0,8 . 
    Id=0,8·163/12=273 4. 

    b= 0b+d=λb·iyb+d=30*1,64+16=65,2 . 
    60 . 

   

=71 

 n —    (n=Iyb·b0/Id· b ); 
n=45,4*26,66/273*60 = 0,074 

   

     ϕy=0,768 . 

 σ=0,359/(0,768*2*15,6*10-4)=150  < 240 .  
 . 

  .     
  42 (βf=0,7,       βz=1,0 Rwf=180 ,      

Rwz=0,45Run=166 ,   γwf=γwz=γc=1). 
         

 

 
        T, -

   ,   ,      
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 = 0,115   

    Wd=0,8·162/6=34,2 3. 
  σ=0,115*10-3/34,2*10-6=3,6 ,  

  τ=9,65*10-3/16*10-4=6 . 
   

  
  ,     . 
  ,   ,  16-1=15 . 

     .    6 . -
        (βf·Rwf·γwf = 

0,7*150*1 = 105<βz·Rwz·γwz =1,0*166*1=166 ). 

   Aw=βfkf f=0,7*0,6·*15=6,3 2.  

   Ww=βfkf f
2/6=0,7*0,6*152/6 = 15,75 3.  

     
 τ1=T/Aw=9,65*10-3/6,3·10-4=15,3 ,  

  τ2=M/Ww=0,115*10-3/15,75·10-6=7,3 . 
  

 

   

                                 
 22 -  . 

 
2.5.2     
 

    ,  – . 
    N=359  . 

        
           ,  

 =  < 1,5*  
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    25  =1.     –      
  B15       Rb  =0,75  / 2   

 =   =  1*0,75*  = 0,858  2 

     

  , 

      = b+2 (ttr +c) = 14+2*(1,0+5) =  26 , 

 b = 14  –    , t tr =1,0  –  -

  (    t tr =8…12 ); =5   –    ; 

     50…100 . 
     Lpl =Apl /Bpl =418/26=16 . 

      26  42  ( A =102 2), 
   70 70 . 

                            
 23 -   . 
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  = N / Apl  =359 /(26*42) =0,33  2  . 

  [2, . 8.6.2]      
       

t =  

 –     M,   x  
      :  

-     
 

-   ,        
    

;    
-   ,     

 
  –    ;  –  ,  -

  , ,  – ,    
         -

  .2[2]; –      
    . 
     : 

 =  1,7  

 = 8,1  –    . 
= 0,5*0,33*5 2 = 4,2   

 = 0,125*0,33*14 2= 8,1         b/a=290/140=2,07 
 = 0,037*0,33*14 2 =2,4         

, . .  = 140/ 60=2,3 > 2 

= 4,1   

   20 ;     19903-
74*. 

       1-  , 
        .   –    -

     : 
 / 2 = 0,33*26/2 = 4,3 /  

             
 ,       . 

 —     ,  —  
390.    -08 2 .   -

  Rwf=215 .      -
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 Rwf=166,5 .  βf=0,8, βz=1,0.    kf=6 
. 

     ,   

  =   = 1,03>1 

   

 =    =  0,09  

  = 12 .        
.     

=  = 384    

Wtr = 1,0*102 /6=17 3 ; Itr  =1,0*103/12 = 84 c 4 

 

 =  =  = 22,6 / 2= 226 .  

   . 
   ,     

,      : 

kf =  =  =  0,21  

 = (420-10)+2*(60-10) =510  –   . 
 kf = 6 . 

      20  (  1, 
  600 ). 

 
2.5.3.   . 

         -
    .      , 

   245. 
    ,     

N=359 .  
          
     t  = 20 ,  

    180  340 .    -
         -

 kf = 7 . 

              
  : 
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 R  = Run / m = 37 / 1,025 = 36,09 /
2 –   

   ,  

 Run = 37 / 2 –     

245  t = 20…30  ,  

m = 1,025 –     [2, . 3]; l   – 

  ,     
lr = bf,  + 2t  = 30+2*2 = 34  

   = 8  
        -

  42 .      : 

kf 

min  kf   kf 
max , 

 kf 
min  = 4  –     

 kf 
max = 1,2tmin = 1,2* 5 = 6  –   . 

 kf   = 6 .  

  f Rwf = 0,7*19 = 13,3 /
2  < z Rwz = 1*16,65 = 16,65 /

2
, 

     . 
               

 : 

 

   hp 
max  = 85 f kf  = 85* 0,7 *0,6 = 35,7 . 

   h  = 160 .     : 

 =  =  = 13 / 2 < Rs  = 13,92 / 2, 

 Rs = 0,58R  = 0,58*24 = 13,92 / 2,  R  = 24 / 2 –  

    t  = 10 ; ns = 2 –    . 

   . 
           

   

 =  =  = 23 / 2  > Rs  = 13,92 / 2, 

    ,      -
        .  
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   t  = t  – tw = 0,81 – 0,49 = 0,32 . -

   t  = 8 . 

         
 ,    . -

          d = 20 
. 

 
2.6    
 
h = 2,0  -    . 

       
  h=2,1   > h = 2,0 .  

  Hf= h – 0,5  = 2,1-0,5  = 1.5  
     -0,5 . 

 - .   N=359 . 
        

,        
 .      

 : 

Af =  

R0= 0,25  = 250 / 2 
 =20 / 3 –        

   . 

Af =  = 1,72 2 

l =  = 1,3    1,5      300 . 
Af = = 2,25 2 

  .  
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 .  

    -  
  , - , 
  -  .  

   ,    
  -  ,  

     . 

 -       
   24 ,   .    
       . 

  «   »   
 ,   - ,     

      . 

  «   »   
 ,   ,    

       
 . 
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      -

  ( ).        

    .    

      .   

 .       ,  

    .    ,   

       

     .    

,    ,    

     . 

    -  . 

     ,      

.     .    

        . 

      ,   (  

   2 ),    .   

,          

     -     

        . 
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 1 -   

 

1.1 -     

 

       ,  

  ,   .   

  ,   .   – 

. 

  : [1]; [2]. 

  : I  

    +20 º ; 

    : -34 º ; 

   : -38 º ; 

 : 218 ; 

   : -6,5 º ; 

    : -48 º ; 

     -  

.          

        

 .        

6,0 ,        88.     

     ,   

      ,  

    ,   

,   . 

         

         

.  - ,  ,     -

     3-4 / .    

   16-28 / .  -       -
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,    ,     

     16-25 / .  -  

     - ,     

3 / ,  18-28 / . 

-  : 

•  : ;  

•   – II,     – 30 

/ 2; 

•   – III; 

•      :  

-6,5 , [1]; 

•       

  0,92: -34 , [1]; 

•    : 1,9 , [1]; 

•      

 8 : 218 , [1]; 

  : 

•  : II; 

•  : ; 

•   :   50 ; 

•    : 0 

•  : 1   

•  : 16,640 . 

•    : +20 ; 

1.           

 1      [3]. 
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 1 –   (%) 

          

 0 0 3 20 35 40 7 0 

 0 0 2 20 45 30 0 0 

 

  ,    1,     

      -  . 

     1: 

 

  1 -   

 

       

     ,  

 ,      

, -       

. 

 -     15,0   

 -   ( ),  : 

 1.      , 

, , .  .   0,60-0,70 .  

 2. -  ,  0,40 .  

 3.  ,  ,  

   , - , ,  

 ,    ,   
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    10%,  ,   .  

 4,00-7,00 .  

 4.   , ,   6,80-

8,00    7,40  -   .   3,50-4,00 .  

 5.        

 34,6-49,7% -  ,    , 

     .    

6,70-8,30 .  

        

.       6,05-6,80 , 

  ,  2017 . 

 

1.2    

 

     .   

    ,      

  .  

    .   

   ,    

  .      

    .    

      

.  

  – .     

    . 
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 2 –     

 

   : 

•  ; 

•   ; 

•   ; 

•       . 

       

    ,   , 

    . 

 , ,    – . 

       

,     . 

       . 

.      

, ,    . 

      

          

  .       
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  2    1    (     ) 

          . 

       – 7 . 

   ,   [4] –  6 . 

      3 . 

 , ,     

.      ,  – 

. 

         

     , 

,       . 

       . 

   0,000      

,     225.00    . 

 

1.3      

 

        21-

21/ - .  

    1-23 – 102 ,    -  – 60 . 

         

 – 5.25 ; 

  – 16.64 . 

        

–  .  

 1    -  ,  , 

      .  

   21-23   +5.250  -

   . 
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- ,  ; 

-  ; 

-   ; 

-  ; 

-   (  -  

, ); 

-    ; 

-   (   ); 

-   ,   . 

; 

-     . 

      

,      - ,   .  

-          

  .       

1,1 . 

       

   . 

   ,    

      

.        

,       

 . 

         

   : [13]. 

  -     

        

,    [31].    

       ,  

   .  
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   . +0,000 

-   –  2650,66 2; 

-  –  797.39 2; 

-  –  221.67 2; 

-   –  127.45 2; 

-    –  44.74 2; 

-  –  60.12 2; 

-    –  13.78 2; 

-     –  29.12 2; 

-   –  23.77 2; 

-  –  23.12 2; 

-   –  4.36 2; 

-  –  29.15 2; 

-  –  9.41 2; 

-  –  94.57 2; 

-     –  38.13 2; 

-  –  23.2 2; 

-    –  7.34 2; 

-   –  14.61 2; 

-   –  12.98 2; 

-  –  41.9 2; 

-    –  55.64 2; 

-   –  80.59 2; 

-      –  29.34 2; 

-    –  31.04 2; 

-   –  46.62 2; 

-   –  100.98 2; 

-   –  5.51 2; 

-   –  4.55 2; 

-   –  9.92 2; 
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-   –  58.67 2; 

-    –  4.55 2; 

-  –  6.15 2; 

-   ( / ) –  15.64 2; 

-  –  4.60 2; 

-   –  4.99 2; 

-   –  17.13 2; 

-   –  5.27 2; 

-   –  5.58 2; 

- -   38.24 2; 

-   –  11.92 2; 

-  –  15.83 2; 

-   56.11 2; 

-      –  230.68 2; 

 

   .+0,000 5107.14 2. 

  . +5,250   21-23/ -  

-  –  18,29 2; 

-  –  3.54 2; 

-  –  7.55 2; 

-  1 –  15.58 2; 

-  2 –  15.57 2; 

-   –  13.57 2; 

-  –  80.72 2; 

-      –  89.26 2; 

-   –  66.9 2; 

-     –  12.36 2; 

-   –  11.46 2; 

-    –  4.62 2; 

-  –  3.56 2; 
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-  –  4.66 2; 

-  –  13.07 2; 

-  –  138.86 2; 

-    –  35.88 2; 

-   –  25.32 2; 

-  –  10.14 2; 

- .   –  4.86 2; 

    . +5,250: 575.77 2; 

  : 5692.38 2. 

 

1.4   

 

 ,  ,   

     ,   

    . 

       4-  ( ) 

, ,        60,0 

102,0  (  ),       21-23.   

   60,0 *12.0  (  ).  

  ,    25 F100 

W4.        

      

 –    .        

         

 . 

        40 1. 

   /  1-21 - 4,5 , /  21-23 - 6 , /  -  - 6 ,   

 /  1-21 – 9 , /  21-23 – 12 , /  -  – 12 ,   21   6 .  

   - ,   

  1,0 – [42]. 
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  21-23/ -      

       80,  

    100 100 6 .    

 200     .    

   25,  500. 

       

 150 .       

. 

  ,  :  , 
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