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3.2.     

3.2.1.   

№ /     

 

 

 

 

 

I.   

1 /   

 

  4,9  / 2 

2  

   

, t = 50 , P = 

1800 / 3 

q = 1800*0,05 

= 90 / 2 = 

0,9 / 2 

1,3 0,9*1,3 = 

1,17  / 2 

3   

, t = 30 , 

P = 2400 / 3 

q = 2400*0,03 

= 72 / 2 = 

0,7 / 2 

1,2 0,7*1,2 = 

0,864  / 2 

4  0,5 / 2 1,2 0,6  / 2 

II.   

5   

 , 

  

 

  1,5 / 2 

:                                                               9,034 / 2 

 

       : 

Q  =   * h ,    –   = 2500 / 3; h  –  

  200 . 

:    q       

   9,034 / 2 
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     , . .   
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 =    

 = S/2*L1 

Q   =  

∗𝐴
 = 

∗ ∗∗  = ∗ /  

Q   =  (9,034 / 2
 * 10 )/ 2 = 

45,17 /  

Q   =  Q *  = 45,17 /  * 
 

 

= 745,3  

  = Q  *  = 45,17*  *  

= 6148,8 *  

 

3.2.3.      

    -35    300  

 : 

Rb = 19  = 19900 / 2 

Rs  = 280  = 280000 / 2 

h –   ( )  

x –     

a –    

h0 –  ( )  

 

Ab –    

As –     

ds –    
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b –   (400 ) 

     Mmax –  

 . 

 

     : 

r = 
+  𝑢 ∗ − .  

 sr –     

scu –     

 -    (  ),  =  - 0,008*Rb 

r = 
, − , ∗  П+  П П  ∗ − , − , ∗  П. = ,  

 

   : 

h = , ∗ √  [ ∗ ][ / ]∗ [ ] 
h = , ∗ √ ,   [ ∗ ][ / ]∗ , [ ] = 0,9 .    h = 1,5 , 

        . 

 

   : 

     = 40  

h0 = h -  

h0 = 1,5 – 0,04 = 1,46  
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       : 

Mmax = b2*Rb*b*x* (h0-0.5*x) [ * ] 

 b2 = 0,9 –    ,  = 0,9*19900*0,4* *(1,46-0,5* ) 

        

: 

3582 2 – 10460 +6148,8 = 0 

D = b2 – 4ac 

D = 104602 – 4* 3582 *6148,8 = 21311594 

1,2 = 
− ±√ −

 

1 = 
+∗  = 2,1                  2 = 

−∗  = 0,8 

        

:  = 0,8. 

   

 = h =  ,,  <=r            0,55 < 1,1 – ,   

 

    s: 

Rs*As  = b2 * b * x * Rb (   ) 

As = 

b  ∗  ∗ x ∗R  Rs   =  
, ∗ , ∗ , ∗

 = 0,0147 2 * 104 = 147 2 

 

       

,   : 
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 ( ,  As
 > As )   

As  = 147 2      =>    As  = 153,92 2 

ds =  70    

 

3.2.4.       

       

 Qmax.          

  . 
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Qb  -  ,   

Co –    

C –    

ds –    

dsw –    

As –     

Asw –     

 

)     c ,   

     :  

 𝑖 = 𝜑 ℎ  [ 𝐻] 
 = 1 –     (   15 

 2.03.01-84 «    ») 𝜑  = 0,6 (   2.03.01-84 «    

») 

 –      = 1,3  = 1330 

/ 2 (   13  2.03.01-84 «   

 ») 
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ℎ  = 1,46  = ,   

 𝑖 = , ∗ ∗ ∗ , ∗ , =  𝐻 

 

)     

dsw >= 0,25ds 

ds = 70  => dsw >= 17,5  

 dsw = 18  = 0,018  (    2.03.01-84 

«    »,   ). 

 , Asw = 10,18 2 

 

)     

fsw = 


  

fsw = 
, ∗ ,

 = 0,0002543 2 

 )      

sw = n * fsw = 4 * 0,0002543 = 0,000402 = 1017 * 10-6 2 

 

)        

= √𝜑 ℎ   [ ] 

Q  = 45,17  / 2 
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φb2 = 2 (   2.03.01-84 «    

») 

Rbt = 1330 

b = 0,4 

h0 = 1,46 

= √ ∗ ∗ , ∗ , ∗ ,,   = 7  

)    ,   

= 𝜑 ℎ   [ ] 

= ∗ ∗ , ∗ ,  = 324  

  : 

 >  𝑖  

         324 < 466 -   , ,   52-102-

2004 «    

»   0,5* Rbt *b* h0  < Qb< 2,5* Rbt *b* h0   

388,4  < Qb< 1941,8  

    = 500  

  >  𝑖  

500 > 466 –   

 

)     

    ,    
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𝑤 = 𝑤𝐴 𝑤  [ ] 

𝑤 = ∗ ∗ ∗ −  ,  = 1966 /  

          )  

= √𝜑 ℎ𝑤  [ ] 

= √ ∗ ∗ , ∗ ,  = 1,07  

  : 𝐶 <  𝐶 

1,07 < 7 

  

)   ,   

 

𝑤 = 𝑤 ∙   [ ] 

𝑤 = ∗ ,  = 2103,6  

)    ,  

    

Qcn = 𝑤  +  

Qcn = , +  = 2603,6  

 

)     

      ,  

  : 

Q  < Qcn 
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745,3 < 2603,6 -   

       

         ,  

  . 

 

3.2.5.      
     

 

           Lon –   = 200  

Lan –   

 

)        

𝑀 = 𝑙 ∙ −  [ ∙ ] 

𝑀 = , ∗ ∙ − , ∗ = , − , = ,  ∙  

 

)     

𝑙 = (𝜔 + ∆ )   [ ] 
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ds –    

Rs –    = 280  = 280*103 / 2 

Rb = 19  = 19*103 / 2 ω n = 0,7 ∆λ n = 11 

𝑙 = , ∗ ∗∗ + ∗ ,  = ,    

𝑙  ≥  20*  , > ,     

 

)      

𝑥 = 𝑙𝑙 ∙ 𝐴 .∙  [ ] 

𝑥 = ∗ ∗ ,, ∗  ∗ −, ∗ ∗ = , ∗ −     

 

)  ,    

𝑀 = 𝑙𝑙 𝐴 . ℎ − . ∙ 𝑥  [ ∙ ] 

𝑀 = ∗ ∗ ,, ∗  ∗ − ∗ , − , ∗ , = ,  ∙  

 

)  ,    
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𝑀 𝑤 = 𝑤  [ ∙ ] 

𝑀 𝑤 = ∗  =  ∙  

)    𝑀 = 𝑀 +  𝑀 𝑤 

Mcn = 891,8 + 48167 = 49058,8 *  

Mcn ≥ Mc ;    49058,8 > ,  

  ,      

. 

     : 

         

 ,      

    . 

  II   я : 

3.2.6.   я  

       

       . 

      .  

,   II  III ,    0,3 

. 

1.     = [ + ]       [ ] 

= [ , + , + , + , + , ] ∗ =  [ ]  
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2.      

𝑀 = 𝑙     [К ∙ ] 

𝑀 = ∗ = ,     [К ∙ ] 

 

3.  ,    

       = 𝑛ℎ . 𝑒          [кН/м] 

.  = 22  (       

  2  ) 

 = 0,4  –    ℎ  = 1,46  –     = ,, ∗ , ∗ ∗  = 0,9 [кН/м] 

 

4.    

= 𝐴ℎ  

= , ∗ −, ∗ ,  = 0,0264 

 = 𝐸𝐸  

𝐸  –    𝐸  –    
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 = ∗∗  = 6,66 (       

 ) 

 

5.      

= 𝑥ℎ = + +  

 –     = , + + ∗ ,  ∗ , ∗ ,   = 0,2 

 

6.         

  = ℎ − .  [ ] = , ∗ − , ∗ , = ,  [ ] 

 

7.    

𝜎 = 𝑀𝐴 ∙  [ ] 

𝐴 − я щ  я − я   . .     . . щ   я я   

𝜎 = ,, ∗ − ∙ , = ,    [ ] 
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8.    𝜑 = , −  𝜑 = , − ∗ , = 1,2 = ∙ 𝜑 𝜂 𝜎𝐸 . −  √  

=  . я   𝜑 − . я я   𝜂 =  . я   

s = 20*107  (   ) − . я 

ds= 70  (   ,  ) 

= ∗ ∗ , ∗ , ∗∗ ∗ . − ∗ ,  √ = ,  

  : acrc <= 
𝑔

         

 
𝑔 = ,  

0,23 < 0,3 -  .      

        

. 

3.2.7.     

  20.13330.2011      

l/300 = 33000/300 = 110 .        

    .     r,  

   . 
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= 𝑀ℎ [ Ψ𝐸 𝐴 + Ψ∙ ∙ ℎ 𝐸 ] , [ ] 

 = 0,15 ( ,      

   )  Ψ  = 0,9 ( ,      

      ) Ψ = , −  𝜑 ∗ 𝜑  ( ,    

       

)  𝜑 = ,  ( ,     

)  

𝜑 =  . 𝑊𝑀  

. = ,  П =  /  (    

,    –35) 

 

   : 

𝑊 = ℎ,  [ ] 
b = 0,4  (   )  

h = 1,46  (   )  

𝑊 = , ∗ ,, = ,  [ ] 
𝜑 =  , ∗ ∗ ,,  = 0,04 

Ψ = , − , ∗ , = ,  
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= ,, ∗ , ∗ [ ,∗ ∗ , ∗ − + ,, ∗ , ∗ , ∗ , ∗ ∗ ]
=  , ∗ −   [ ] 

 

      :  

𝑓 = ∙ ∙ 𝑙 [ ] 
𝑓 = ∙ , ∙ = ,  = 103  

f < f  

103  < 110  –  .  ,     

,     ,    

  . 

 

 , b (   ) = 0,4 ; 

h (   ) = 1,5 ; 

  -35; 

 :   300, ds (  

 ) = 70  ( -   = 4 ); dsw 

(   ) = 18  ( -   = 4 

). 
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4.1.     

 ,  ,   

 ,      

.     , , 

, , ,  

.         .  

      

.       

 9.602-2016.  

      31.13330.2012 

   0,5   ё   ,   

    .  ,  =  + 0,5 . 

   (     ) = 1,7  

 = 1,7 + 0,5 = 2,2   

     . 

    . 

 

1)     

)   : 

(30 000 , 5000      

 446023 2 =>    (2200*4 2 + 2800*3 2 + 2500 2 + 

4100 2) – U = 3255  ).  

   «       

  »  ,   1 , = 0,871. 

 ,  -  = 1740 ,  = 1515 . 
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И          -   (N, ), 

    2.08.02–89. 

)    : 

   3  2.04.01-85 ,    

        : 

 

  

 

N 

 

𝑞0𝑜  

л/  

U 

ел 
𝑞ℎ .𝑜  

л/  

P PN  q 

л/  

  248 0,14 3000 2,7 0,065 16,12 5,876 4,11 

 

 

23 0,14 255 4 0,088 2,03 1,437 1,01 

И : 271  3255     5,12 

 

N –    (    

  , , , ); 𝑞ℎ .𝑜  -       ; 

U –  ; 𝑞0𝑜  –    ; 

P -   ; 

𝑃 =  𝑞ℎ .𝑜 ∗ 𝑈3 00 ∗ 𝑞0𝑜 ∗ 𝑁 

 - ,    4  2.04.01-

85. 

)        

   : 𝑞 = ∗ 𝑞0𝑜 ∗  
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2)        

(       ) 

   . .   . .     

q = 5,12 /      d  50  175  (  10704-

63).   d = 75 ,      ν = 

0,94 / ,    1000i = 25,0.  

     ;    3-

4 . 

 

3)          

: 

  1   2.04.01-85   = 2 ,  

         = 2,5 

/ . 

 , q  = 2 * 2,5 = 5 /  

, q  = q  + q 

q  = 5 + 5,12 = 10,12 /  

И    . .   .    

 : d = 150  ν = 0,52 / , 1000i = 3,68. 

       

  D = 700 . 

        

 .    = 200 ,   

  = 150 . 
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4.2.      
 

-        

     2.04.01-85. 

        

: 

  – 850 ; 

  – 850 ; 

  – 380 . 

      .  

   -    . 

       .  

     = 100 ,    = 

50 .   i = 0,02   . 

       

        

   6942-98. 

           

   135 . 

  -   : 

qs = q  + 𝑞0 𝑞0 –   2.04.01-85  2 (    ): 

qs = 10,12 + 1,6 = 11,72 /  

  8       

  .    = 100 ,  
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   qs. ,   = 

12,8,    = 150 . 

        

 , ,   . 

       

        , 

   . 

     150 . 

        

6942-98. 

    300    

    1200 . 

 

4.3.      

        

      .    

    -2.04.03-85 – «К . 

   ». 

1)    ,  

   : 

 

Q = q20 * F * Ψ ( / ) 

 

 F –  ,     ( ); 

 Ψ –   ,   

    . 
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◾К   — 1,0 

◾   — 0,95 

◾   — 0,85 

◾    — 0,4 

◾  , ,  — 0,35 

 q20 -     , 

       ;   = 60 

 

 

 , Q = 60 * (1*7 + 0,95*0,3 + 0,85*0,8 + 0,35*1,4) = 570 /  

 

2)     : 

      ,    

   ,     

      Q = 285 / .  , 

   d = 600      ν = 

1,48 /    i = 5%  
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3)     : 

 =  + 0,7 . 

   (     ) = 1,7  

 = 1,7 + 0,7 = 2,4  

  ,    

: 

    . 

        

,   . 

    –   ,  

    ( ): DN500-600 = 75 . 

          

 .   ,    

   (  600 ),    

 1000 × 1000  (  – d=1000). 
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4.4.    

 ,      

 ,      

.       

   ,      

      

    50 / . 

     Ю ,   

   ,   

 .      

      -   

,       .  

 ,       

 ,    .    

        

 ,   ,     

    . ,  

        

     . 

 -     

       

,          

0,2 . 
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4.5.    
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5. А  А АЦ  А 
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5.1.      
 

№ /    

1  -   -  ( 3) 50 000 

2      ( ) 3 000 

3   ( 3) 3 500 

4     

  ( ) 

40 000 

 

 

5.2.      
  

       

,         

. 

        

    2       

.      . 

       

       , 

       

        ,  

   -,   .  

1)  : 

 = 
б ∗ Т ∗ 𝑘 ∗𝑘Т б  
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  –  -  ,     

 ; 

 –   ; 

k1 = 1,1 –      

; 

k2 = 1,2 –      ; 

 –      . 

 

  : 

1.   

 = 
∗ ∗ , ∗ ,∗  (      = 8 ;   25 ) = 

369,6 3; 

2.  -   -  

 = 
∗ ∗ , ∗ ,∗  (      = 8 ;   25 ) 

= 5280 3; 

3.      

 = 
∗ ∗ , ∗ ,∗  (      = 12 ;   25 ) 

= 475,2 ; 

4.      

 

 = 
∗ ∗ , ∗ ,∗  (       = 8 

;   25 ) = 4225 ; 

 

2)  : 

S  =  * q 

 q –    ; 
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q  = 3,5  

q  = 0,8  

q  = 0,02  т 

q  = 0,3 т  

: 

1.   : 

S  = 369,6 * 3,5 = 1293,6 2 

2.   -   - : 

S  = 5280 * 0,8 = 4225 2 

3.      : 

S  = 475,2 * 0,02 = 9,5 2 

4.      

 : 

S  = 4225 * 0,3 = 1268 2 

 

    = 6796,1 2. 

   ,   ,   

         

      

  .  ,    

          

      . 

 

5.3.     Щ   
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-

 

-  
ч  

-

я 
щ  

( 2/ч) 

-

я 
щ  

( 2) 

-  
х 

щ  

 
щ  

( * ) 

 3 4 12 1 3 6 

-

 

2 7 14 1 3 6 

-

 

20 0,9 18 2 2,5 4 

 20 0,54 11 2 2 4 

 20 0,2 4 1 2 4 

 25 0,8 20 2 2,5 4 

 25 0,1 2,5 2 2 4 

 

 

5.4.    

Q  = Q  + Q  + Q  

1) Q  = 𝑞х з∗ ∗𝑘𝑡∗ + 𝑞д ∗ 𝑛д𝑡 ∗  

 𝑞х з = 15 /  –     1 ; 

 = -    ; 𝑘  =     = 2; 𝑡 =    = 8 ; 𝑞д  = 30 /  –       1 

; 𝑛д  = 0,5*  – -   ; 𝑡  –    = 15  

Q  = ∗ ∗∗  + 
∗ , ∗∗  = 0,03 + 0,42 = 0,45 /  
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2) Q  = 10 /  

3) Q  = 0,7*(Q  + Q ) = 0,7*(0,45 + 10) = 7,32 /  

Q  = 7,32+ 0,45 + 10 = 17,77 /  

 

   

D =2 *√𝑄т ∗, ∗ 𝜐  

 𝜐 = 0,9 /  –      

D = 2 ∗ √ ,  ∗, ∗ ,  = 158,6  

      = 159  

 

 

 

 

 

 

 

 

 

 

 

5.5.    

      

  : 

Pp = * (Σ((k1c * Pc)/cos) + Σ((k2c * P )/cos) + Σ(k3c * P ) + Σ P ) 

  

 = 1,1 – ,     ; 

k1c, k2c, k3c –  ,    : 
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       k1c = 0,36 

       k2c = 0,5 

       k3c = 0,8 

Pc –   : 

       (А  = 300-320  

          = 100-120  

           = 200-250  

           = 70-100 ) 

P  –      = 500  

P  –     = 60-120  

P  –     = 40  

cos = 0,65 –  ,      

 

Pp = 1,1 * (3*((0,36*(310+110+230+100))/0,65) + 3*((0,5*500)/0,65) + 

3*(0,8*90) + 40) = 2922 *А 

 

   -750.      

     

  . 

 

 

5.6.  .     

1)   Liebherr LTM 1200-5.1,     

     ё  

 : 

   = 11  

   = 3  

  = 4,85  

   = 72  
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2)         

 

B = R +L  

  

       R  –    ;    LTM 

1200-5.1 R  = 4,85 ,                                                                        

       L  = 0,7  

 = 4,85+0,7 = 5,55  
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3)      

R  = Rmax + 0,5*L  + L  

  

      Rmax –   ;    LTM 1200-5.1 Rmax 

= 72 ,                                                                  

       L  = 6  

       L  = 10  (      =  8-  

 ) 

R  = 72 + 0,5*6 + 10 = 85  
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5.7.   1:2000 
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А ЮЧЕН Е 

   ВК      

 ,      . 

И     , 

  ,      

  Ю -   ,   

        

. В        

,      . 

 ,       

        

  ,       , 

    . 
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Г Ф ЧЕ   

1.      : .   

   " " / . . , . .  ;  

. . .  ; .- . . - , .  ;   - 

 : И    , 2016. 

2.          

 . . .  / . . , . . . –  

: , 1974. 

3.     , , 

,      / . 

. . –  : , 1973. 

4.  9.602-2016 Е       . 

 .      . – ., 

2016. 

5.  6942-98        . 

 . – , 1999. 

6.  2.08.02–89      . 

   .  . – .:  , 

1996. 

7.  2.03.01-84 «    ». – ., 1989. 

8.  2.04.01–85      . 

    .  . – .:  

, 2001. 

9.  21-01-97*      . 

    . – ., 1997. 

10.  21-02-99*      . 

 .  . – .:  , 2003. 

11.  31.13330.2012 .    . 

   2.04.02-84.  , 2015. 
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12.  1.13330.2009  .   . 

   . – ., 2009. 

13.  60.13330.2012  . ,   

 .    41-01-

2003. ., 2012. 

14.    2.08.02-89      

  . –  : , 1992. 

15.  42.13330.2011.  . .   

    .   

 2.07.01-89*. – ., 2011. 

16.  131.13330.2012.  .  

  23-01-99*. – ., 2012. 

17.  20.13330.2011   .   

 2.01.07-85*. – ., 2011. 

 


