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  .  CAD  CAE    
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 ,         

,    . 

 CAD, CAM, CAE  : 

– CAD-  ( omputer-aideddesign) —   

,       

   (     

   — ); 

– CAM-  (computer-aidedmanufacturing) —  

 ,     

       ( )   

   . CAM-     

  ; 

– -  (computer-aidedengineering) —   

,      ,  

      (  ), 

    ,      

   ,  ,   .  CA -

     . CAE-   

   ; 

–  CAD ,    ,   

     .    , 

    CAE-    

 .      

    « »  CAD  CAE. 

      : , 

   CAE- ;     CAD-

;  ,   CAE [5]. 

      CAD  CAE: 

1) CAD- ; 

2) CAE- ; 
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3) CAD/CAE- ; 

4)        

    (ProductLifecycleManagement, PLM). 

      . 

CAD –  . 

 CAD-  ,  , 

  CAD-    ,    

   .     

 .     CAD-  

     ,  

   .     

  ,     

( ),         

. ,  Pro/Engineer  PTC    

 Pro/Mechanica,  , , 

   . Pro/Mesh  Pro/FEMPOST –  -  

    .    

     .  ,  

,   CAD   .     9,  

       ,     

CAD-      . 

 

 

 

 -  CAD- ; b -   CAE 

 

 9 –   
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,     9,   -
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   ,    , 
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  ,    CAD- ,   
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  .   , , 
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 10 – AD-     CAD  CAE 
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           , . . 
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 . 

CAE –  . 

 CAE –  ,     

    ,      
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       ,    

  .       

CAD – CAE.  ,       

  (LOD) /    (LOA)  

.    LOD  LOA,    
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 CAD – CAE.      CAD –  

    ,  CAE –  
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  ,      

. 

   CAD/CAE-  , 

     « » 

 CAD/CAE.   12      . 

     :    

, NMT,  . 

 

 

 

 12 –   CAD\CAE 
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    LOD    

 .  ,   LOD   

 NMT    LOA   ё  CAE- . 

  CAD/CAE-   CAD  CAE  

      NMT .  

  CAD  CAE      

.  ,     CAD, CAE  

 LOD  LOA.     —  

   ,  ,    

 ,  . 

  PLM. 

       CAD  CAE, 

        

         

   ,         

  , ,    
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  PLM —     
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   [6].      , 
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−    ; 
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−      ; 

−       ; 

−    ; 
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−     ; 

−        

 [7]. 

    ,  

   .  ,  

   ,    

        

  . 

       -   

. ,   (  CAD),   

 (CAE)       

       .   

 PLM       

   .      

      

 –  (   )  .    

  PLM-        

   ,        

.      –  PLM –

  .      

   PLM,         

  .   –     [8]. 
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2      

    

 

2.1      

 

 
   ( )   , 

ё ,        

 .     

 , :  ,  , 

   ,    ,   , 

 ,  .  

        

  .      

        

 .  

 

 

 

 13 –   

 

   -  

      . 

https://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BD%D0%B8%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%90%D0%BF%D0%BF%D0%B0%D1%80%D0%B0%D1%82%D1%83%D1%80%D0%B0_%D0%BA%D0%B0%D0%BD%D0%B0%D0%BB%D0%B0_%D0%B4%D0%B0%D0%BD%D0%BD%D1%8B%D1%85
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    ,    

 ,        (4) 

        (5)  . 

 𝜂𝑇 = 𝜎𝑇𝜎𝑃,                                                                                                              (4) 

 𝜂В = 𝜎В𝜎𝑃,                                                                                                               (5) 

 

 𝜂𝑇 –    ; 𝜂В –     ; 𝜎𝑇 –   ; 𝜎В –   ; 𝜎𝑃 –     . 

  𝜂𝑇  и 𝜂В    1.  

     .   

     150 . 

 

2.2  ,  ,    

 

 3  ,    

 .        

    . 

 – 1 . 

  – 254 20 174  ( ). 

   1     . 
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 1 – ,    

 
 

, / 3 

 

 

E,  

. 
 

 

 

 

 ,  

 

 

 ,  

 2700 70 0,31 155 330 

 8940 130 0,4 280 450 

 
1750 20 0,273 - 300 

 61 8500 120 0,46 26 47 

 3880 247 0,22 - 280 

 

2.3     

 

   . 

  ,    « »,  

       

   ,  2. 

 2 –   

, / 2 (g) 

20 g 

 
2.4 CAD  

 

   ,     

   14, 15, 16 3D   .    

,        ,    

 . 
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 16 –  – 250 
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   3    2   

 . 

  17    ,   ,  

: ,     . 

 

 

 

 17 –    №1 

 

-   ( )      ANSYS. 

     18. 

 

 

 

 18 –   1545362.   731158. 

 –   

 



37 

 :   ( ) ,  

      –  . 

 . 

       OX. 

        

 ANSYS.        2. 

 : 

№1 0,0004   19 . 

  : 

№1 2,5   19 . 

 

 

 

 19 –   ( )   

 ( )       

№1   OX 

 

       OY. 

        

 ANSYS.        2. 

 : 

№1 0,0003   20 . 

  : 

№1 1,4   20 . 
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 20 –   ( )   

 ( )       

№1   OY 

 

       OZ. 

        

 ANSYS.        2. 

 : 

№1 0,03   21 . 

  : 

№1 29,8   21 . 

 

 

 

 21 –   ( )   

 ( )       

№1   OZ 

    1   OX, OY, OZ   3. 
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 3 –        

   

 

 

 
(σ ) 

 

 
(σ ), 

 

    №1 

 OX  OY  OZ 

. 

 (σ ), 

 

 

 (η) 

. 

 
(σ )

,  

 

 (η) 

. 

 (σ ), 

 

 

 (η) 

 155 (σ ) 2,5 

>10 

1,2 

>10 

16,6 

>10 

 

300 

(σ ) 
0,4 0,2 3,8 

  

,  
217,8 216,6 217,2 

 

  . 

  :      

 ,  22    . 

 

 

 

 22 –    №2 

 

 –   ( )      ANSYS. 

       ( , 
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  .)    ,  

  .      23. 

 

 

 

 23 –   53797.   23872 

 –   

 

 :   ( ) ,  

      –  . 

 . 

       OX. 

        

 ANSYS.        2. 

 : 

№2 0,0006   24 . 

  : 

№2 2,5   24 . 
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 24 –   ( )   

 ( )       

№2   OX 

 

       OY. 

        

 ANSYS.        2. 

 : 

№2 0,0009   25 . 

  : 

№2 1,3   25 . 
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 25 –   ( )   

 ( )       

№2   OY 

 

       OZ. 

        

 ANSYS.        2. 

 : 

№2 0,1   26 . 

  : 

№2 25,0   26 . 
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 ( )       

№2   OZ 

 

    2   OX, OY, OZ   4. 

 4 –        

   

 

 

 (σ ) 

 

 
(σ ), 

 

    №2 

 OX  OY  OZ 
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 (σ ), 

 

 

 (η) 
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(σ ), 

 

 

 (η) 
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 (σ ), 
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>10 

1,3 

>10 

25,0 

>10 

 
300 (σ ) 0,4 0,2 5,9 

  

,  
9,8 10,1 10,3 
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  . 

  :      

 ,    ,  27   

 . 

 

 

 

 27 –    №3 

 

-   ( )      ANSYS. 

       ( , 

  .)    ,  

  .      28. 

 

 

 

 28 –   17798.   7483 

 –   
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 :   ( ) ,  

      –  . 

 . 

       OX. 

        

 ANSYS.        2. 

 : 

№3 0,0006   29 . 

  : 

№3 1,5   29 . 

 

 

 

 29 –   ( )   

 ( )       

№3   OX 

 

       OY. 

        

 ANSYS.        2. 

 : 

№30,0007   30 ; 

  : 
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№30,6   30 . 

 

 

 

 30 –   ( )   

 ( )       

№3   OY 

 

       OZ. 

        

 ANSYS.        2. 

 : 

№3 0,1   31 . 

  : 

№3 13,6   31 . 
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 31 –   ( )   

 ( )       

№3   OZ 

 

    3   OX, OY, OZ   5. 

 5 –        

   

 

 
 

(σ ) 

 
 

(σ ),  

    №3 

 OX  OY  OZ 

. 

 
(σ ), 

 

 

 (η) 

. 

 
(σ ), 

 

 

 (η) 
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 (σ ), 

 

 

 (η) 

 
155 (σ ) 1,5 

>10 
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>10 

13,6 

>10 

 

300 (σ ) 0,2 0,09 2,6 

  

,  
3,5 3,5 3,4 
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3.1.1      

     

 
        

       

        . 

       

 ( ),       

 32.         

         

.  ,     -

      . 

        

       

 ,          

  .       , 

  :      

 [9]. 

 

 

 

 – ;  – ;  – ;  – ;  – ;  –  

 

 32 –   
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3.1.2      

 

 
       

       .   

      –  

 (  , ё ,  

,   ,  ),    

( ,  ,      

. .).     33 [10]. 

 

 

 

 33 –  LDSV8 – 440     

 

 : 

−   , : 440; 

−   , : 42; 

−     , : 63,5; 

−  , : 42; 

− .  ( ), g: 102; 

−  ( ), ., / : 1,8; 

−   , : 47,1; 
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− . , g: 85; 

−    , : 84,5; 

−   , : 0 - 6 300; 

−  , : 700. 

 

3.1.3      

 

   -      

 34. 

 

 

 

 34 –     

 

,   ,   .  

    ,    

     ,   

    . 
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  [11]. 

      . 

 – ,     

,     ,        

, ,   ,    .    

    .   

      , 

        

,        . 

  –   ,      

      ,    

    [12]. 

      

 . 

 

3.1.1        
  

 

      

        

       . 

       

   .  ,    

       

-  .    

        

        

 .  
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     ,  

   ,     

.         

      

 .      , 

     –   .   

         

    , . . -  

 . 

   ,    

,      

    .  ,    

        

        . 

          

      .  

         

       

   .     

 ,       

     . 

       

  .      

        

     , . .   

     ,   

   . ,    

 -   ,  « »,  
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    .     

 .       

   . 

 ,        

        

      ,    

     . 

,        

    ,   

     . 

 ,     

       ,  

   ,   

        , 

    .   

      , 

 «    ,   

    » [13]. , , 

      

    .  

     : 

–    ±20 %; 

–      –  5  (10±2) ; 

–      –  10  ±2 %; 

–       

±3 . 
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3.1.5      

   

 

     , 

        

 .     ( , 

,   .)     

 .  

     ,  

       .  

     .   35  

    [14].  

 

 

 

 35 –   ( ) 

 

     ,  

     36, 37, 38. 
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 36 –      

    

 

 

 

 37 –      

   Y 

 

 

 

 38 –      

   Z 

7.8000

gn

8.0000

gn

4.1000

3.9000

gn
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   -  

      . 

       

150 . 

 . 

    ,    18, 23, 

28.     ANSYS.   6  

   . 

 6 –     

. №  (№1),   (№2),   (№3),  

1  446 252 261 

2  869 461 490 

3  1042 635 666 

4  1404 772 832 

5  1690 948 1032 

6  1829 1129 1185 

 

 

,  

320,0 15,3 5,5 

 

3.2     

 

3.2.1  ,    

 

        

,      ( , 

,   . .),     

 .      , 

  ,       
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 ,     
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      :   

 ;     

  ( ). 

        , 

      .  ,    

         

.        

   ,    

   .     

        ,   

    ,   

. ,       

        

(  ),         

 . 

  –     ,  

 ,      

 .       

  ,      

         

 . 

        

.       –  20  10 000 . 

,   ,   

  .     
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    ,  

  :    ( , 

)        , 

      ,  
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 « »   ,    
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