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  №1 
 

:    . 
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,     . 
:       ,  

     
    . 

 
1   
 

        
  ,    .  

          
        

 .    . 
        

.      , 
     ,    

        
.     ,   , 

     F    
 Δl .       

. 
        , 

  ё     , 
     σ   . 

     : 
 𝜎 = 𝐹𝐴 ,                                                    

 = Δ𝑙𝑙 ,                                                     

 
 F –  , 𝐴  –     

, 𝑙  –   , Δl –  . 
        

   . 
    (  1). 
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 1 –    

 
        – A, B, C, D, E, S. 
  OA –   ,     

,    σ       
. 

 
σ = E                                     (3) 

 
     E –   

.  А   𝜎П –  . 
  –  ,   

     ,   
: 

 𝜎П = 𝐹П𝐴 .                                                 

             
    А,      , 

    ,    В –  
  . 

  –  ,     
   ,   : 

 𝜎 = 𝐹𝐴 .                                                

 
         D – 
 .      𝜎 ,  ё  
   ё ,     . 
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  – ,     
   ,   : 

 𝜎 = 𝐹𝐴 .                             

 
       . 

     ,    
  ,      

 0,2%.        
 𝜎 , . 

 Е   𝜎В –  . 
  –  ,   

  ,   : 
 𝜎 = 𝐹𝐴 .                                  

 
       

      . ,  
      ,   

  – . 
         
,   . 
   Е    -   

  ,    .    
  S   𝜎 . 

   :  
 𝜎𝑃 = 𝐹𝑃𝐴 .                               

 
 ,  ,  ,  

     –   
 ,   . 

      
  ψ.      

   𝑑     𝑙𝑝   .   
  : 

 Δ𝑙𝑝 = 𝑙𝑝 − 𝑙 ,                         
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𝐴ш = 𝜋𝑑ш .                               

 
     : 

 = Δ𝑙𝑝𝑙 %,                       

 
     : 

 ψ = 𝐴 − 𝐴ш𝐴 %,                

 
 А  –    . 

     5%  
 ,   – . 

 
2   
 
1.      . 
2.       . 
3.      1  

  . 
4.      , 

        
     1. 

5.       
 . 

 
3  ё  
 
1. №  , , ,  . 
2.      ё  

 . 
3.      , 

      .  
4.   1. 
5.      ё  

 . 
6. . 
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4   
 
1.        
. 
2.      . 
3.      ? 
4.    .   

? 
5.      ? 
6.  .  , . 

 

 
 

 
 

 



 
 

 1 –     
 № .   ё   𝑙 ,  𝑙𝑝,  𝑑 ,  𝑑ш,  𝐹П,  𝐹 ,  𝐹 ,  𝐹В,  𝜎 , 

/  
𝜎 , 
/  

𝜎 , 
/  

𝜎В, /  
,% ψ,% 

1 80 103 8 5.4 9.5 10 10.5 17.5       

2 60 77.7 6 4 6.3 6.5 7.1 11       

3 160 203 16 10.7 45 47 50 85       

4 160 203.4 16 13.6 57 59 59.5 98       

5 80 97.8 8 5.7 14 14.5 15 24       

6 160 195 16 11.3 63 65 70 119       

7 160 194.1 16 11.9 61 62 67 110       

8 200 221.2 20 16.1 180 190 225 310       

9 80 97.1 8 5.8 15 16 17.5 29       

10 100 119.9 10 7.4 30 31 32 55       
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  №2. 

 
:     . 
 :       

:     ,   
  ё       . 

:     – KOMPAS-3D. 
 
1   
 

     ,   
    .    

       .  
         .    

–  ,     . 
    ,   

  ,     ( ,   ,   
 . .).        

  ,    ,     
 ,  ,      . 

       y,  
      – 𝑐  𝑐 . 
        
  ,  .     

,     . 
       

   .      
,      –  . 
        

       ,  ,  
   ,      

    : 
 

𝑐 = 𝐴 = + + ⋯ +𝐴 + 𝐴 + ⋯ + 𝐴 ;                       

 
 
 

𝑐 = 𝐴 = + + ⋯ +𝐴 + 𝐴 + ⋯ + 𝐴 ;                           
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 A –    (    ,   
 ), ,  –      

   (      
,    ). 

        
  : 

 = ∙ 𝐴 ;                                                 
 = ∙ 𝐴 ;                                                 
 

           
 , 𝐴  –   . 

        
     (  2). 

 

1 – , 2 – , 3 –  , 4 – . 
 

 2 –      
 

     (1),   
   (2).   (3)   

 ,    ,   
 ( ,   .).      

   ,          (2). 
       ,   

   .   ё    ,   
  .    (4),  ё    (2),    

    .      
    ,     
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    .       ё 
   (    ё   ). 

  ё     ё    
     . 

 
2 :  
 
2.1    ё  
 

        3.  
    ,    –   

.         
. 

 
 3 –   

 
2.1.1        
 = 𝑙 = = ; 
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= 𝑙 + − 𝑙 = + − = ; = = = ; = ℎ = = ; 𝐴 = 𝑙 ∙ = ∙ = ; 𝐴 = − 𝑙 ℎ = − = . 
 
2.1.2      
 = ∙ 𝐴 = ∙ =  ;       = ∙ 𝐴 = ∙ =  ; = ∙ 𝐴 = ∙ =  ;         = ∙ 𝐴 = ∙ =  ; 
 
2.1.3     : 
 

𝑐 = +𝐴 + 𝐴 = ++ = ,  ;   𝑐 = +𝐴 + 𝐴 = ++ = ,  . 
 
При еча ие.   ,    , 

  ,       
,        

 . Е       ,  
     ,  

     . 
 
2.2    
 

    ё ,  
  -3D,   ё  

 -   ( )  . 
 
2.2.1        
 

   ё   . 
     ,     

     .   
     ,     

(  4). 
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 4 –   

 
2.2.2         
 

 ё        . 
       (  2D),    

   ( ё    ),   
→ →  . 

,    ё    (    
),       .    

« »    (  5): 
 

 
 

 5 –   
 

      ,   
(  6): 
 

 
 

 6 –   
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2.2.3      
 

        
         . 
      « » (  7). 

 

 
 

 7 –   
 

  ,  ,    
,   ё . 

При еча ие. Е     ё      
  «  »,     

 .           
 ,  ё    ,    

,    ,   ,   
    . 

 
3   
 
1.    . 
2.          

 3,  . 
3.      ,  , 

         (   
   ). 

4.        
   . 

5.          
 2    ё . 

 
 

 2 –   ё  
№ .  x,  y,  A,  ,  ,  𝑐,  𝑐,  
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6.     -3D,  ё   
. 
7.  ё       ,    

  . 
8.   ё     

  .  
9.  ё . 
 
4  ё  
 
1. №  , , ,  . 
2. ё  ,  ё  ,    

,   ,       
        . 

3.   2. 
4.        , 

         
   . 

5.   ,   ё . 
6. . 

 
5   

 
1.     ? 
2.        

. 
3.         

 . 
4.        

 ?      ? 
5.        
,  ? 
6.        

,  ?  
7.         
? 
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 3 –    № 2, 3 
 

№ 
. 

  № 
. 

  

1 

 

2 

 
3 

 

4 

 

5 

 

6 
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  3 

7 

 

8 

 
9 

 

10 
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  №3. 
 

:     . 
 :      

,    ,   , 
    ,   

  ё       . 
:     – KOMPAS 3D. 

 
1   

  –       
  dA        . 
   –      

,     : 
 

𝑎 , 𝑖 = + ± √( − ) + ;                         

 
    –       

  ,  –   . 
      .              

  .    b   h  
 : 

 = ℎ ;                                                                            

 = ℎ .                                                                             

 Д я вад а а   b: 

 = = .                                                                     

 
 : 

 = = 𝜋𝐷 .                                                                  
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    ,    
         

      
 
2  
 
2.1    ё  
 

  ё       №2, 
     . 

 
 8 –    

 
2.1.1        

    
 = − = − , = , ; 
 = − = − , = − , ; 
 = − = − , = − , ; 
 = − = − , = , ; 
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2.1.2     , 
    

 = [𝑙 ∙ + 𝐴 ] + [ − 𝑙 ∙ ℎ + 𝐴 ] = = [ ∙ + , ∙ ] + [ − ∙ + − , ∙ ] = + =   

 = [𝑙 ∙ + 𝐴 ] + [ − 𝑙 ∙ ℎ + 𝐴 ] = = [ ∙ + − , ∙ ] + [ − ∙ + , ∙ ] = + =   

 
          

2.1.3    
 = [ + 𝐴 ] + [ + 𝐴 ] == [ , − , ] + [ − , , ∙ ] = −   

 
2.1.4      
 

𝑎 = + + √( − ) + = + + √( − ) + −=  ; 
 

𝑖 = + − √( − ) + = + − √( − ) + −=  ; 
 
2.2    
 

    ё ,  
  -3D,   ё  

 -   ( )  . 
 
2.2.1        
 

   ё   . 
     ,     

      (  9). 
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 9 –   
 

2.2.2    
 

 ё     .    
    (  2D),     

  ( ё    ),   → →  . 
,    ё    (    

),     .    
« » (  10)   : 

 
 

 10 –   
 

3    
 
1.    . 
2.          

 3,  . 
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3.      ,  , 
       (    
  ). 

4.        
   . 

5.          
 3  . 

6.         
   . 

7.       : 
    ,    

;   ;    
 .     4. 

 
 4 – .   

 𝑐 ,   𝑐 ,  𝑐 𝑐  𝑎 ,  𝑖 ,  
      

      
.       
 
8.     -3D. 
9.  ё      . 
10.   ё     

  ,      
  .     3.  

11.  ё . 
 
4  ё  
 
1. №  , , ,  . 
2. ё  ,  ё  ,    

,   ,       
        . 

3.        , 
         

 ,        
   ,    

 ,    ,   
;     . 

4.    ё . 
5.  . 
6.  . 
7. .  
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5   

1.       ? 
2.        

 ? 
3.        ? 
4.         

? 
5.    ?  
6.        

      .  
7.         

   ? 
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  №4. 
 

:       . 
 :   ,    

   . 
:     ё   

   .   . 
:     – SolidWorks. 

 
1   

          
  .    ,   
       :  – 
   Q –  ,  ,    . 

         , 
      . 

      ,  .  
   ,   ,    
  .       

          
  (  ). 

        
  ,   : 

 𝜎 = ,                                                       

 
 M –     , I –   

     , y –   
   ,    .   

 ,        ё  
       ё    

 ,   : 
 𝜎𝑀 𝑋 = 𝑀 𝑋 𝑀 𝑋 = 𝑀 𝑋𝑊 ,                    

 
 𝑊  –     . 
       
. 
       
:  
 : 
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 𝑊 = ∙ ℎ ,                                                 

 
 b –   , h –   ; 

 
 
 

 : 
 𝑊 = 𝜋 𝐷 .                                                   

 
2  
 
2.1    ё  

 
    (  11), ё    

. 

 
 

 11 –    
 

     P.   𝜎𝑀 𝑋. 
         (  12), 

      . 
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 12 –     
 

 I (0 ≤ x ≤ 1): 
 𝐼 = = . 

 
    : 

 𝐼 = ∙ = ; 
 𝐼 = ∙ =  . 
 

 II (1 ≤ x ≤ 3): 
 𝐼𝐼 = − 𝑃 − 𝑙 = − − = . 

 
    : 

 𝐼𝐼 =  ; 
 𝐼𝐼 =  . 
 

 III (3 ≤ x ≤ 4): 
 𝐼𝐼𝐼 = − 𝑃 − 𝑙 − 𝑃 − 𝑙 = − − = − + . 

 
    : 

 𝐼𝐼𝐼 = − ∙ + =  ; 
 𝐼𝐼𝐼 = − ∙ + = . 
 

  ,   (  13). 
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 13 –   
 

        ,   
  ё  .     

     ,      
  : 

 𝑊 = ∙ ℎ = ∙ =   = ,  ; 
 𝜎𝑀 𝑋 = 𝑀 𝑋𝑊 = , =  . 
 

2.2     
 

    ё   
   SolidWorks. 

        ,  
   14. 
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 14 –    

 
      SolidWorks Simulation. 

        
 : 

1.        . 
2.       ,    -
. 

3.        ,  
    . 
4. ,   ,     

 . 
5.   . 

      . 
  (  15),     

    ,    
 . 
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 15 –   
 

3   
 
1.    . 
2.        5. 
3.     . 
4.    ,  

. 
5.      ,   SolidWorks 
6.    SolidWorks Simulation 
7.      . 
8.  ё . 
 
4  ё  
 
1. №  , , ,  . 
2.  . 
3.   ,   . 
4.    ё . 
5.  . 
6. . 

 
5   
 
1.    ? 
2.      ? 
3.            

 ? 
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4.         
  ?      ? 
5.         

 ?  
6.       

  ,     ? 
 

 5 –    № 4 
 
№ b,  h,  l,  P,  

1 6 10 1 8 
2 7 11 0.5 6 
3 5 12 0.25 5 
4 4 9 1 7 
5 6 8 0.25 7 
6 7 10 0.5 6 
7 5 11 0.25 9 
8 4 12 1 8 
9 6 9 0.5 6 
10 7 8 1 8 
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