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çʇʨʦʤʠʩʣʦʚʝ ʽ ʮʠʚʽʣʴʥʝ ʙʫʜʽʚʥʠʮʪʚʦè.  
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ɿɸɻɸʃʔʅɯ ʇʆʃʆɾɽʅʅʗ 

 

ʈʦʟʨʘʭʫʥʢʦʚʦ-ʛʨʘʬʽʯʥʫ ʨʦʙʦʪʫ ʩʪʫʜʝʥʪ ʧʦʚʠʥʝʥ ʚʠʢʦʥʘʪʠ ʟʘ 

ʽʥʜʠʚʽʜʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ, ʫʤʦʚʘ ʷʢʦʛʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʛʽʜʥʦ ʟ ʰʠʬʨʦʤ, 

ʚʠʜʘʥʠʤ ʚʠʢʣʘʜʘʯʝʤ. ɺʠʭʽʜʥʽ ʜʘʥʽ (ʨʦʟʨʘʭʫʥʢʦʚʽ ʩʭʝʤʠ ʪʘ ʯʠʩʣʦʚʽ ʟʥʘʯʝʥʥʷ) 

ʩʪʫʜʝʥʪ ʚʠʙʠʨʘʻ ʟ ʜʦʜ.1 ʟʘ ʚʣʘʩʥʠʤ ʰʠʬʨʦʤ ʫ ʚʠʛʣʷʜʽ ʪʨʠʟʥʘʯʥʦʛʦ ʯʠʩʣʘ. 

ʇʦʷʩʥʝʥʥʷ ʪʘ ʨʦʟʨʘʭʫʥʢʠ ʧʦʪʨʽʙʥʦ ʚʠʢʦʥʫʚʘʪʠ ʥʘ ʢʦʤʧôʶʪʝʨʽ ʟʘ 

ʜʦʧʦʤʦʛʦʶ MS Word. ɼʣʷ ʢʦʞʥʦʛʦ ʟʘʚʜʘʥʥʷ ʥʘʚʝʜʝʥʦ ʧʣʘʥ ʪʘ ʨʝʢʦʤʝʥʜʘʮʽʾ 

ʱʦʜʦ ʚʠʢʦʥʘʥʥʷ ʧʦʝʪʘʧʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ. 

ʆʬʦʨʤʣʶʻʪʴʩʷ ʨʦʟʨʘʭʫʥʢʦʚʦ-ʛʨʘʬʽʯʥʘ ʨʦʙʦʪʘ ʥʘ ʘʨʢʫʰʘʭ ʬʦʨʤʘʪʫ 

ɸ4, ʷʢʽ ʩʢʨʽʧʣʶʶʪʴʩʷ ʟʣʽʚʘ. ʊʠʪʫʣʴʥʠʡ ʘʨʢʫʰ ʨʦʙʦʪʠ ʦʬʦʨʤʣʶʻʪʴʩʷ ʟʘ 

ʟʨʘʟʢʦʤ (ʜʠʚ. ʜʦʜ. 2). 

 

ʄɽʊɸ ʈʆɹʆʊʀ 
 

ʆʟʥʘʡʦʤʠʪʠ ʩʪʫʜʝʥʪʽʚ ʟ ʙʘʟʦʚʠʤʠ ʧʦʥʷʪʪʷʤʠ ʪʘ ʤʝʪʦʜʘʤʠ ʪʝʦʨʽʾ 

ʧʨʫʞʥʦʩʪʽ;  ʦʩʥʦʚʥʠʤʠ ʧʽʜʭʦʜʘʤʠ ʪʘ ʧʨʠʥʮʠʧʘʤʠ ʨʦʙʦʪʠ ʚ Ansys 

Workbench; ʥʘʜʘʪʠ ʧʨʘʢʪʠʯʥ ̔ʥʘʚʠʯʢʠ ʧʨʦʚʝʜʝʥʥʷ ʽʥʞʝʥʝʨʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ 

ʤʝʪʦʜʦʤ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ (ʄʉɽ) ʥʘ ʤʽʮʥʽʩʪʴ, ʞʦʨʩʪʢʽʩʪʴ ʪʘ ʩʪʽʡʢʽʩʪʴ;  

ʥʘʚʯʠʪʠ ʧʨʦʚʦʜʠʪʠ ʦʙʨʦʙʢʫ ʪʘ ʧʝʨʝʚʽʨʢʫ ʦʪʨʠʤʘʥʠʭ ʯʠʩʝʣʴʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

 

ʊɽʆʈɽʊʀʏʅɯ ɺɯɼʆʄʆʉʊɯ 
 

ANSYS  ʫʥʽʚʝʨʩʘʣʴʥʘ ʧʨʦʛʨʘʤʥʘ ʩʠʩʪʝʤʘ ʘʥʘʣʽʟʫ ʤʝʪʦʜʦʤ 

ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ (ʄʉɽ), ʱʦ ʽʩʥʫʻ ʽ ʨʦʟʚʠʚʘʻʪʴʩʷ ʧʨʦʪʷʛʦʤ ʦʩʪʘʥʥʽʭ 40 

ʨʦʢʽʚ. ANSYS ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʫ ʩʬʝʨʽ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʽʥʞʝʥʝʨʥʠʭ 

ʨʦʟʨʘʭʫʥʢʽʚ (ʉɸʇʈ, ʘʙʦ CAE) ʽ ʨʽʰʝʥʥʷ ʄʉɽ ʣʽʥʽʡʥʠʭ ʪʘ ʥʝʣʽʥʽʡʥʠʭ, 

ʩʪʘʮʽʦʥʘʨʥʠʭ ʪʘ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʧʨʦʩʪʦʨʦʚʠʭ ʟʘʜʘʯ ʤʝʭʘʥʽʢʠ 

ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʪʚʝʨʜʦʛʦ ʪʽʣʘ ʪʘ ʤʝʭʘʥʽʢʠ ʢʦʥʩʪʨʫʢʮʽʡ (ʚʢʣʶʯʘʶʯʠ 

ʥʝʩʪʘʮʽʦʥʘʨʥʽ ʛʝʦʤʝʪʨʠʯʥʦ ʪʘ ʬʽʟʠʯʥʦ ʥʝʣʽʥʽʡʥʽ ʟʘʚʜʘʥʥʷ ʢʦʥʪʘʢʪʥʦʾ 

ʚʟʘʻʤʦʜʽʾ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʡ), ʟʘʜʘʯ ʤʝʭʘʥʽʢʠ ʨʽʜʠʥʠ ʪʘ ʛʘʟʫ, 

ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʪʘ ʪʝʧʣʦʦʙʤʽʥʫ. 

ʇʨʦʛʨʘʤʥʠʡ ʢʦʤʧʣʝʢʩ ʦʭʦʧʣʶʻ ʧʨʘʢʪʠʯʥʦ ʚʩʽ ʚʠʜʠ ʽʥʞʝʥʝʨʥʦʛʦ 

ʘʥʘʣʽʟʫ: ʚʽʜ ʤʝʭʘʥʽʢʠ ʪʚʝʨʜʦʛʦ ʜʝʬʦʨʤʽʚʥʦʛʦ ʪʽʣʘ ʽ ʪʝʧʣʦʚʦʛʦ ʘʥʘʣʽʟʫ ʜʦ 

ʛʽʜʨʦʛʘʟʦʜʠʥʘʤʽʢʠ ʽ ʘʥʘʣʽʟʫ ʧʨʦʮʝʩʽʚ ʛʦʨʽʥʥʷ, ʚʠʙʫʭʽʚ, ʪʝʧʣʦʦʙʤʽʥʫ ʽ 

ʬʘʟʦʚʠʭ ʧʝʨʝʭʦʜʽʚ, ʝʣʝʢʪʨʦʜʠʥʘʤʽʢʠ.  

https://ru.wikipedia.org/wiki/%D0%9C%D0%B5%D1%82%D0%BE%D0%B4_%D0%BA%D0%BE%D0%BD%D0%B5%D1%87%D0%BD%D1%8B%D1%85_%D1%8D%D0%BB%D0%B5%D0%BC%D0%B5%D0%BD%D1%82%D0%BE%D0%B2
https://ru.wikipedia.org/wiki/%D0%9C%D0%B5%D1%82%D0%BE%D0%B4_%D0%BA%D0%BE%D0%BD%D0%B5%D1%87%D0%BD%D1%8B%D1%85_%D1%8D%D0%BB%D0%B5%D0%BC%D0%B5%D0%BD%D1%82%D0%BE%D0%B2
https://ru.wikipedia.org/wiki/%D0%A1%D0%90%D0%9F%D0%A0
https://ru.wikipedia.org/wiki/Computer-aided_engineering
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ɿɸɺɼɸʅʅʗ ˉ3. ɼʆʉʃɯɼɾɽʅʅʗ ʇʃʆʉʂʆɻʆ 

ʅɸʇʈʋɾɽʅʆɻʆ ʉʊɸʅʋ ɹɸʃʂʀ-ʉʊɯʅʂʀ ɺ ʇʂ ANSYS 
 

ɼʣʷ ʙʘʣʢʠ-ʩʪʽʥʢʠ, ʟʦʙʨʘʞʝʥʦʾ ʥʘ ʩʭʝʤʽ, ʜʦʩʣʽʜʠʪʠ ʥʘʧʨʫʞʝʥʦ-

ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ. ɺʠʟʥʘʯʠʪʠ ʛʦʣʦʚʥʽ ʪʘ ʝʢʚʽʚʘʣʝʥʪʥʽ ʥʘʧʨʫʞʝʥʥʷ ʚ ʪʦʯʮʽ 

ʂ ʪʘ ʧʝʨʝʚʽʨʠʪʠ ʾʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʦʨʤʫʣ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ ʪʦʯʢʠ. ɼʣʷ 

ʤʦʜʝʣʶʚʘʥʥʷ ʚʠʢʦʨʠʩʪʘʪʠ ʧʣʦʩʢʫ ʪʘ ʧʨʦʩʪʦʨʦʚʫ ʤʦʜʝʣʽ. 

3.1. ʊʝʦʨʝʪʠʯʥʽ ʚʽʜʦʤʦʩʪ ̔

ʈʦʟʨʘʭʫʥʢʦʚʘ ʤʦʜʝʣʴ çɹʘʣʢʘ-ʩʪʽʥʢʘè ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʧʣʦʩʢʦʾ ʟʘʜʘʯʽ 

ʪʝʦʨʽʾ ʧʨʫʞʥʦʩʪʽ, ʘ ʩʘʤʝ ʧʣʦʩʢʦʛʦ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ. ɺ ʮʽʡ ʤʦʜʝʣʽ 

ʥʘʧʨʫʞʝʥʥʷ ʥʘ ʤʘʡʜʘʥʯʠʢʘʭ, ʧʘʨʘʣʝʣʴʥʠʭ ʜʦ ʛʨʘʥʝʡ ʧʣʘʩʪʠʥʠ, ʚʚʘʞʘʶʪʴʩʷ 

ʨʽʚʥʠʤʠ ʥʫʣʝʚʽ, ʘ ʽʥʰʽ ʥʘʧʨʫʞʝʥʥʷ ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʝʥ̔ ʟʘ ʪʦʚʱʠʥʦ .ʁ ʎʝ 

ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʥʝʚʽʜʦʤʠʭ, ʩʧʨʦʩʪʠʪʠ ʦʙʯʠʩʣʶʚʘʣʴʥʠʡ 

ʧʨʦʮʝʩ. 

ʈʦʟʛʣʷʥʝʤʦ ʪʦʥʢʫ ʧʣʘʩʪʠʥʫ 10¢
a

h
, ʥʘʚʘʥʪʘʞʝʥʫ ʩʠʣʘʤʠ, 

ʧʨʠʢʣʘʜʝʥʠʤʠ ʜʦ ʾʾ ʙʽʯʥʦʾ ʧʦʚʝʨʭʥʽ ʚ ʧʣʦʱʠʥʽ ʩʝʨʝʜʠʥʥʦʾ ʧʦʚʝʨʭʥʽ ʧʣʘʩʪʠʥʠ 

(ʨʠʩ. 3.1). 

ʇʨʠ ʪʘʢʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ ʥʦʨʤʘʣʴʥʽ ʽ ʜʦʪʠʯʥʽ ʥʘʧʨʫʞʝʥʥʷ ʥʘ 

ʟʦʚʥʽʰʥʽʭ ʧʦʚʝʨʭʥʷʭ ʚʽʜʩʫʪʥʽ. ʆʩʢʽʣʴʢʠ ʧʣʘʩʪʠʥʘ ʪʦʥʢʘ, ʚʚʘʞʘʻʤʦ, ʱʦ ʚʦʥʠ 

ʥʫʣʴʦʚʽ ʧʦ ʚʩʽʡ ʪʦʚʱʠʥʽ  

 0z zx yzs t t= = =. (1) 

 ),( ʫʭʭʭ ss = ,    ( , )y y ʭ ʫs s= ,   ( , )yʭ yʭʭ ʫt t= .  (2) 

 
ʈʠʩ. 3.1. 

ɼʘʥʦ: 1a ʤ= , 

1 /F ʢʅ ʤ= , 

21 / 1q ʢʅ ʤ ʢʇʘ= = , 

200t ʤʤ= , 

ɹʝʪʦʥ ʉ16/20 
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ʊʘʢʠʡ ʥʘʧʨʫʞʝʥʠʡ ʩʪʘʥ ʥʘʟʠʚʘʻʪʴʩʷ ʧʣʦʩʢʠʤ ʥʘʧʨʫʞʝʥʠʤ ʩʪʘʥʦʤ, 

ʦʩʢʽʣʴʢʠ ʥʘʧʨʫʞʝʥʥʷ ʧʨʠʩʫʪʥʽ ʣʠʰʝ ʚ ʦʜʥʽʡ ʧʣʦʱʠʥʽ. ɺʚʘʞʘʻʤʦ, ʱʦ ʽʥʰʽ 

ʥʘʧʨʫʞʝʥʥʷ ʪʘʢʦʞ ʥʝ ʟʤʽʥʶʶʪʴʩʷ ʧʦ ʪʦʚʱʠʥʽ. ʍʦʯʘ ʥʘʧʨʫʞʝʥʥʷ ʚ ʥʘʧʨʷʤʢʫ 

ʦʩʽ z ʚ̔ ʜʩʫʪʥʽ, ʜʝʬʦʨʤʘʮʽʾ ze ʧʨʠʩʫʪʥʽ:  

 
1

( ( )) ( ).z z y x y x
E E

m
e s m s s s s= - + =- + (3) 

ɿʘʢʦʥ ɻʫʢʘ ʟʘʧʠʩʫʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ 

 
1

( )x x y
ɽ

e s ms= - ;   
1

( )x ʫ ʭ
ɽ

e s ms= - ;   
2(1 )

ʭy ʭy
ɽ

m
g t

+
= . (4) 

 0yzg = ,   0=zʭg . 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʂʦʰʽ: 

 
x

u
ʫʭʭ
µ

µ
=),(e ,   ( , )y

v
ʭ ʫ

y
e

µ
=
µ

,   ( , )yʭ

ʠ v
ʭ ʫ

y ʭ
g

µ µ
= +
µ µ

. (5) 

ʆʩʢʽʣʴʢʠ ʥʘʧʨʫʞʝʥʥʷ ʥʝ 

ʟʘʣʝʞʘʪʴ ʚʽʜ ʢʦʦʨʜʠʥʘʪʠ z, 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʨʽʚʥʦʚʘʛʠ 

ʟʘʣʠʰʘʻʪʴʩʷ ʜʚʘ 

0
yxx

xF
x y

ts µµ
+ + =

µ µ
; 

0
xy y

yF
x y

t sµ µ
+ + =

µ µ
.          (6) 

ʊʫʪ yx FF ,  ʤʘʩʦʚʽ ʩʠʣʠ ʥʘ ʦʜʠʥʠʮʶ 

ʦʙôʻʤʫ. 

ʈʠʩ. 2 . ʅʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 

 ʧʦʚʝʨʭʥʽ ʪʽʣʘ 

 

ʈʠʩ. 1. ʇʣʦʩʢʠʡ ʥʘʧʨʫʞʝʥʠʡ ʩʪʘʥ (Plane Stress) 

ʭ  

ʫ  

z  

h  

ʭ  

ʫ  

z  

h  
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ɿʘʧʠʰʝʤʦ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ ʧʨʠ ʟʘʜʘʥʠʭ ʥʘ ʧʦʚʝʨʭʥʽ  ʥʘʚʘʥʪʘʞʝʥʥʷʭ 

( )0,,( yx nnn=   ʚʝʢʪʦʨ ʥʦʨʤʘʣʽ ʜʦ ʧʦʚʝʨʭʥʽ, )0,,( nynx ʨʨʨ=   ʚʝʢʪʦʨ 

ʧʦʚʝʨʭʥʝʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ) (ʨʠʩ. 2): 

 x x xy y nʭn n ʨs t+ = ;   xy x y y nʫn n ʨt s+ = . (8) 

ʆʪʞʝ, ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʟʚʦʜʠʪʴʩʷ ʜʦ ʧʦʰʫʢʫ ʜʚʦʭ ʧʝʨʝʤʽʱʝʥʴ ,u v , 

ʪʨʴʦʭ ʜʝʬʦʨʤʘʮʽʡ ʭe , ye , yʭg  ʪʘ ʪʨʴʦʭ ʥʘʧʨʫʞʝʥʴ ʭs , ys , yʭt .  

3.2. ʄʦʜʝʣʴ 1. ʇʣʦʩʢʠʡ ʥʘʧʨʫʞʝʥʠʡ ʩʪʘʥ (Plane stress)  

1) ʇʦʧʝʨʝʜʥʽ ʥʘʣʘʰʪʫʚʘʥʥʷ. 

ʂʨʦʢ 1. ʇʝʨʝʪʷʛʫʻʤʦ ʤʦʜʫʣʴ Static Structural  ʫ ʧʦʣʝ Project Schematic. 

ʇʝʨʝʡʤʝʥʦʚʫʻʤʦ ʥʘ ñʄʦʜʝʣʴ 1. Plane stressò. 

ʂʨʦʢ 2. ʇʨʠ ʚʠʜʽʣʝʥʥʽ ʤʦʜʫʣʷ Geometry ʟôʷʚʣʷʻʪʴʩʷ ʪʘʙʣʠʮʷ Properties of 

Schematic A3: Geometry, ʚʩʪʘʥʦʚʣʶʻʤʦ Analisis Type ï 2D, ʱʦʙ ʚ 

ʧʦʜʘʣʴʰʦʤʫ ʟʘʜʘʪʠ ʧʣʦʩʢʠʡ ʥʘʧʨʫʞʝʥʠʡ ʩʪʘʥ (ʙʘʣʢʫ-ʩʪʽʥʢʫ). 

 

2) ʉʪʚʦʨʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʤʦʜʝʣʽ ʚ ʛʨʘʬʽʯʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ 

SpaceClaim. 

Analysis Type ï 2D 
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ʂʨʦʢ 1. ɺʽʜʢʨʠʚʘʻʤʦ SpaceClaim, ʦʙʠʨʘʶʯʠ Geometry-ʧ.ʢ.ʤ.-Edit  

Geometry in SpaceClaim. Select New Sketch Plane ï ʦʙʠʨʘʻʤʦ ʧʣʦʱʠʥʫ ʍY 

ï Plane View (ʜʚʦʚʠʤʽʨʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʟʘʚʞʜʠ ʧʨʦʚʦʜʠʪʴʩʷ ʚ ʧʣʦʱʠʥʽ ʍY). 

ʂʨʦʢ 2. ʋ ʚʢʣʘʜʮʽ Sketch-Create ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʩʪʨʫʤʝʥʪʘ Line ʩʪʚʦʨʶʻʤʦ 

ʩʽʪʢʫ ʟ ʢʨʦʢʦʤ 1000 ʤʤ. ʌʽʢʩʫʻʤʦ ʨʦʟʤʽʨ Dimension (ʨʦʟʤʽʨʠ ʤʦʞʥʘ 

ʨʝʜʘʛʫʚʘʪʠ). ʅʘʪʠʩʢʘʻʤʦ End Sketch Editing  ʱʦʙ ʟʘʚʝʨʰʠʪʠ ʛʝʦʤʝʪʨʽʶ. 

ɿʘʢʨʠʚʘʻʤʦ ʩʝʨʝʜʦʚʠʱʝ SpaceClaim. 

 

3) ʉʪʚʦʨʝʥʥʷ ʥʦʚʦʛʦ ʧʨʫʞʥʦʛʦ ʤʘʪʝʨʽʘʣʫ.  

ʇʦ ʚʘʨʽʘʥʪʫ ï ʙʝʪʦʥ ʉ16/20. ʄʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ 27000 ʄʇʘ, ʢʦʝʬʽʮʽʻʥʪ 

ʇʫʘʩʩʦʥʘ 0,2. 

ʂʨʦʢ 1. ɺʽʜʢʨʠʚʘʻʤʦ ʤʦʜʫʣʴ Engineering Data. ʆʙʠʨʘʻʤʦ Engineering Data 

Sources. ʉʪʚʦʨʶʻʤʦ ʙʽʙʣʽʦʪʝʢʫ ʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ï My material ʪʘ 

ʩʪʚʦʨʶʻʤʦ ʥʦʚʠʡ ʤʘʪʝʨʽʘʣ ï ʙʝʪʦʥ ʉ16/20.  

ʂʨʦʢ 2. ɿ Toolbox ʧʝʨʝʪʷʛʫʻʤʦ ʥʝʦʙʭʽʜʥʽ ʬʫʥʢʮʽʾ ʥʘ ʥʘʟʚʫ ʥʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ: 

Density (ʛʫʩʪʠʥʘ ʤʘʪʝʨʽʘʣʫ), Isotropic Elasticity (ʧʨʫʞʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʽʣʘ). 
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ʂʨʦʢ 3. ʋ ʚʽʢʥʽ Properties of Outline 

Row 3: ɹʝʪʦʥ ʉ16/20 ʟʘʜʘʻʤʦ: 

Density=2400ʢʛ/ʤ3, Young`s 

Modulus=27000 ʄʇʘ ʪʘ Poissoǹs 

Ratio=0,2. ʅʘʪʠʩʢʘʻʤʦ Save 

ʥʘʚʧʨʦʪʠ My material ʪʘ 

ʧʨʠʙʠʨʘʻʤʦ ʨʝʞʠʤ ʨʝʜʘʛʫʚʘʥʥʷ. 

ɼʦʜʘʻʤʦ ʩʪʚʦʨʝʥʠʡ ʤʘʪʝʨʽʘʣ ʜʦ Engineering Data. 

ʂʨʦʢ 4. ɺʽʜʢʨʠʚʘʻʤʦ ʤʦʜʫʣʴ Model. ʆʙʠʨʘʻʤʦ ʧʣʦʩʢʠʡ ʥʘʧʨʫʞʝʥʠʡ ʩʪʘʥ: 

Details of ñGeometryò ï 2D Behavior ï Plane Strass.  

ʂʨʦʢ 5. ʇʨʠʟʥʘʯʘʻʤʦ ʤʘʪʝʨʽʘʣ ɹʝʪʦʥ ʉ16/20: ʘʢʪʠʚʫʻʤʦ ʚ ʜʝʨʝʚʽ Geometry-

SYS\Surface, ʫ ʚʽʢʥʽ Detailes of ñSYS\Surfaceò-Assignment ʦʙʠʨʘʻʤʦ 

ʥʝʦʙʭʽʜʥʠʡ ʤʘʪʝʨʽʘʣ ʪʘ ʚʩʪʘʥʦʚʣʶʻʤʦ ʪʦʚʱʠʥʫ Thickness=0,2 ʤ. 
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4) ʈʦʟʙʠʚʢʘ ʩʢʽʥʯʝʥʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ, ʧʨʠʟʥʘʯʝʥʥʷ ʛʨʘʥʠʯʥʠʭ 

ʫʤʦʚ.  

ʂʨʦʢ 1. ɺ ʜʝʨʝʚʽ ʧʨʦʝʢʪʫ ʧʝʨʝʭʦʜʠʤʦ ʜʦ ʩʪʚʦʨʝʥʥʷ ʩʽʪʢʠ ʩʢʽʥʯʝʥʥʠʭ 

ʝʣʝʤʝʥʪʽʚ Mesh, ʚʩʪʘʥʦʚʣʶʻʤʦ ʤʘʩʰʪʘʙ ʩʽʪʢʠ Element Size =0,25 ʤ ʪʘ 

ʛʝʥʝʨʫʻʤʦ ʩʪ̔ʢʫ Generete Mash. 

 

ʂʨʦʢ 2. ɺ ʜʝʨʝʚʽ ʦʙʠʨʘʻʤʦ Static Structural  ʪʘ ʧʨʠʟʥʘʯʘʻʤʦ ʞʦʨʩʪʢʝ 

ʟʘʢʨʽʧʣʝʥʥʷ ʥʠʞʥʴʦʾ ʛʨʘʥʽ ʪʘ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʣʷ ʙʘʣʢʠ-ʩʪʽʥʢʠ. ɺʢʣʘʜʢʘ Static 

Structural   ʧ.ʢ.ʤ.  -Insert  Fixed, ʦʙʠʨʘʻʤʦ ʥʠʞʥʶ ʛʨʘʥʴ. ɼʣʷ ʚʠʜʽʣʝʥʥʷ 

ʛʨʘʥʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʨʝʞʠʤ ʚʠʜʽʣʝʥʥʷ Edge ʪʘ ʢʣʘʚʽʰʘ Ctrl  ʜʣʷ 

ʚʠʜʽʣʝʥʥʷ ʦʢʨʝʤʠʭ ʧʨʷʤʠʭ ʥʠʞʥʴʦʾ ʛʨʘʥʽ, ʥʘʪʠʩʢʘʻʤʦ Apply . 
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ʂʨʦʢ 3. ɺ ʜʝʨʝʚʽ ʦʙʠʨʘʻʤʦ Static Structural , ʟʘʜʘʻʤʦ ʩʠʣʫ F=1000 ʅ/ʤ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʚʢʣʘʜʢʠ Environment  Structural   Force ʘʙʦ Static Structural   

 ʧ.ʢ.ʤ.  Insert-Force. ɼʣʷ ʚʠʜʽʣʝʥʥʷ ʪʦʯʢʠ ʧʨʠʢʣʘʜʘʥʥʷ ʩʠʣʠ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʨʝʞʠʤ ʚʠʜʽʣʝʥʥʷ Vertex. ʆʩʢʽʣʴʢʠ ʙʘʣʢʘ ʩʪʽʥʢʘ ʤʘʻ 

ʪʦʚʱʠʥʫ 0,2 ʤ, ʩʠʣʘ ʨʦʟʧʦʜʽʣʝʥʘ ʧʦ ʪʦʚʱʠʥʽ ʽ ʧʨʠʢʣʘʜʘʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ 

F=1000 ʅ/ʤ*0,2=200 ʅ. ɺ Details of ñForceñ ʦʙʠʨʘʻʤʦ Define By  

Components ï ʟʘʜʘʻʤʦ ʧʨʦʝʢʮʽʶ ʩʠʣʠ ʥʘ ʚʽʩʴ Y F=200 ʅ. 

 

ʂʨʦʢ 4. ʈʦʟʧʦʜʽʣʝʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ q=1ʢʇʘ ʪʘ q=-1ʢʇʘ ʧʨʠʢʣʘʜʘʻʪʴʩʷ ʫ 

ʚʠʛʣʷʜʽ Static Structural   ʧ.ʢ.ʤ.  Insert  Pressure, Define By  

Components  X Component=1000 ʇʘ.  

ɺʠʜʽʣʷʻʤʦ (ʬʫʥʢʮʽʷ 

Edge) 

ʚʠʜʽʣʷʻʤʦ ʚʫʟʦʣ 

(ʬʫʥʢʮʽʷ Vertex) 
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ʇʨʘʚʠʣʴʥʽʩʪʴ ʧʨʠʢʣʘʜʝʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʧʝʨʝʚʽʨʷʻʤʦ ʥʘʪʠʩʢʘʥʥʷʤ ʥʘ 

Static Structural :  

   

5) ʉʪʚʦʨʶʻʤʦ ʽʟʦʣʽʥʽʾ ʥʘʧʨʫʞʝʥʴ. 

 

ɺʠʜʽʣʷʻʤʦ (ʬʫʥʢʮʽʷ 

Edge) 



13 

 

ʂʨʦʢ 1. ɺʠʚʦʜʠʤʦ ʚ ʨʝʟʫʣʴʪʘʪʠ ʥʦʨʤʘʣʴʥʽ ʥʘʧʨʫʞʝʥʥʷ: Solution ï Insert ï 

Stress ï Normal. ɼʣʷ ʚʠʙʦʨʫ ʚʽʜʧʦʚʽʜʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ ʚ Details of ñNormal 

stressò ʦʙʠʨʘʻʤʦ Solution Coordinate System ʪʘ Orientation   X Axis ʜʣʷ 

ʥʦʨʤʘʣʴʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ ʭʭs . ɸʥʘʣʦʛʽʯʥʦ ʟʘʜʘʶʪʴʩʷ ʽʥʰʽ ʥʦʨʤʘʣʴʥʽ 

ʥʘʧʨʫʞʝʥʥʷ, ʟʤʽʥʶʶʯʠ Orientation ʥʘ Y Axis ʪʘ Z Axis. 

ʂʨʦʢ 2. ʇʽʜʢʣʶʯʘʻʤʦ ʜʦʪʠʯʥʽ ʥʘʧʨʫʞʝʥʥʷ Solution ï Insert ï Stress  Shear 

ʪʘ ʦʙʠʨʘʻʤʦ ʧʣʦʱʠʥʫ ʍY ʾʭ ʜʽʾ. ɸʥʘʣʦʛʽʯʥʦ ʙʫʜʫʶʪʴʩʷ ʛʦʣʦʚʥʽ ʥʘʧʨʫʞʝʥʥʷ 

(Maximum , Middle  ʪʘ Minimum  Principal  Stress) ʪʘ ʤʘʢʩʠʤʘʣʴʥʽ ʜʦʪʠʯʥʽ 

ʥʘʧʨʫʞʝʥʥʷ (Maximum Shear) ʪʘ ʝʢʚʽʚʘʣʝʥʪʥʽ ʥʘʧʨʫʞʝʥʥʷ ʟʘ 4-ʶ ʪʝʦʨʽʻʶ 

ʤʽʮʥʦʩʪʽ (Equivalent von  Mises). 

 

ɼʘʣʽ ʥʘʪʠʩʢʘʻʤʦ Solve ʪʘ ʦʮʽʥʶʻʤʦ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ. ɺʠʚʝʜʝʥʥʷ 

ʨʝʟʫʣʴʪʘʪʽʚ ʚ ʦʢʨʝʤʽʡ ʪʦʯʮʽ ʚʠʢʦʥʫ̒ ʪʴʩʷ Display  Probe. ʆʪʨʠʤʘʥʽ ʽʟʦʣʽʥʽʾ 

ʥʘʧʨʫʞʝʥʴ ʚʥʦʩʠʤʦ ʚ ʟʚʽʪ: 

ɯʟʦʣʽʥʽʾ ʥʘʧʨʫʞʝʥʴ ʧʣʦʩʢʦʾ ʤʦʜʝʣʽ ñɹʘʣʢʘ-ʩʪʽʥʢʘò 

  



14 

 

ʅʦʨʤʘʣʴʥʽ ʥʘʧʨʫʞʝʥʥʷ ,xx ʇʘs  ʅʦʨʤʘʣʴʥʽ ʥʘʧʨʫʞʝʥʥʷ ,yy ʇʘs  

  

ɼʦʪʠʯʥʽ ʥʘʧʨʫʞʝʥʥʷ ,xʫʇʘt  ʄʘʢʩʠʤʘʣʴʥʽ ʜʦʪʠʯʥʽ ʥʘʧʨʫʞʝʥʥʷ 

max,ʇʘt  

  

ɻʦʣʦʚʥʝ ʥʘʧʨʫʞʝʥʥʷ 1,ʇʘs  ɻʦʣʦʚʥʝ ʥʘʧʨʫʞʝʥʥʷ 2,ʇʘs  

 
 

ɻʦʣʦʚʥʝ ʥʘʧʨʫʞʝʥʥʷ 3,ʇʘs  ɽʢʚʽʚʘʣʝʥʪʥʝ ʥʘʧʨʫʞʝʥʥʷ ,ʝʢʚʇʘs  

ʟʘ 4-ʶ ʪʝʦʨʽʻʶ ʤʽʮʥʦʩʪʽ 
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2. ɺʠʟʥʘʯʝʥʥʷ ʛʦʣʦʚʥʠʭ ʥʘʧʨʫʞʝʥʴ, ʧʦʣʦʞʝʥʥʷ ʛʦʣʦʚʥʠʭ 

ʧʣʦʱʘʜʦʢ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʪʝʦʨʽʶ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ ʚ ʪʦʯʮʽ. 

 

 

ʈʠʩ. 3.3. ʅʘʧʨʫʞʝʥʥʷ ʥʘ ʛʨʘʥʷʭ ʝʣʝʤʝʥʪʘʨʥʦʛʦ ʝʣʝʤʝʥʪʘ 

ʅʘʧʨʫʞʝʥʥʷ ʚ ʪʦʯʮʽ ʂ ʧʨʠʡʤʘʶʪʴʩʷ ʟ ʤʦʜʝʣʽ 1: 

 460,33ʭ ʇʘs =- , 238,87ʫ ʇʘs = , 249,37ʭʫ ʇʘt =  

ɻʦʣʦʚʥʽ ʥʘʧʨʫʞʝʥʥʷ: 

 

2

2
max

min

2
2

460,33 238,87

2 2 2

460,33 238,87
249,37 110,73 429,42 ;

2

ʭ ʫ ʭ y
xy

ʇʘ

s s s s
s t

+ -å õ - +
= ° + = °æ ö

ç ÷

- -å õ
° + =- °æ ö
ç ÷

 

 1 318,69ʇʘs = , 2 0ʇʘs = , 3 540,15ʇʘs =- . 

ʈʠʩ.3.4. ɻʦʣʦʚʥʽ ʥʘʧʨʫʞʝʥʥʷ ʪʘ 

ʧʦʣʦʞʝʥʥʷ ʛʦʣʦʚʥʠʭ ʧʣʦʱʘʜʦʢ 

 

ʈʠʩ.3.5. ʅʘʧʨʫʞʝʥʥʷ ʥʘ 

ʧʣʦʱʘʜʢʘʭ ʟ ʤʘʢʩʠʤʘʣʴʥʠʤʠ 

ʜʦʪʠʯʥʠʤʠ ʥʘʧʨʫʞʝʥʥʷʤʠ 
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ɻʦʣʦʚʥʽ ʥʘʧʨʫʞʝʥʥʷ ʪʘ ʧʦʣʦʞʝʥʥʷ ʛʦʣʦʚʥʠʭ ʧʣʦʱʘʜʦʢ: 

 ( )0
2 2 249,37

2 0,713
460,33 238,87

xy

x y

tg
t

a
s s

Ö
= = =-

- - -
; 

0 17,75a =- ,̄ ʢʫʪ ʜʦʜʘʪʥʠʡ ʧʨʠ ʧʦʚʦʨʦʪʽ ʧʨʦʪʠ ʛʦʜʠʥʥʠʢʦʚʦʾ ʩʪʨʽʣʢʠ. 

ʄʘʢʩʠʤʘʣʴʥʽ ʜʦʪʠʯʥʽ ʥʘʧʨʫʞʝʥʥʷ ʚʠʥʠʢʘʶʪʴ ʥʘ ʧʣʦʱʘʜʢʘʭ ʧʽʜ ʢʫʪʦʤ 

45 ʛʨʘʜʫʩʽʚ ʜʦ ʛʦʣʦʚʥʠʭ: 

 1 3
max

318,69 540,15
429,42

2 2
ʇʘ

s s
t

- +
= = = . 

ʅʦʨʤʘʣʴʥʽ ʥʘʧʨʫʞʝʥʥʷ ʥʘ ʧʣʦʱʘʜʢʘʭ ʧʽʜ ʢʫʪʦʤ 45 ʛʨʘʜʫʩʽʚ ʜʦ 

ʛʦʣʦʚʥʠʭ: 

 1 3
13

318,69 540,15
110,73

2 2
ʇʘ

s s
s

+ -
= = =- . 

ʆʪʨʠʤʘʥʽ ʥʘʧʨʫʞʝʥʥʷ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 3.2. 

ɽʢʚʽʚʘʣʝʥʪʥʽ ʥʘʧʨʫʞʝʥʥʷ ʟʘ 4 ʪʝʦʨʽʻʶ ʤʽʮʥʦʩʪʽ (ʟʘ ʄʽʟʝʩʦʤ): 

 ( ) ( ) ( )( )2 22

1 2 1 3 2 3

1
751,97

2
ʝʢʚ ʇʘs s s s s s s= - + - + - = . 

3.3. ʄʦʜʝʣʴ 2. ʇʣʦʩʢʘ ʤʦʜʝʣʴ ʚ ʇʂ çANSYSè ʟ ʚʨʘʭʫʚʘʥʥʷʤ 

ʩʠʤʝʪʨʽʾ  

ʗʢʱʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʛʝʦʤʝʪʨʽʷ ʪʽʣʘ ʤʘʶʪʴ ʩʠʤʝʪʨʽʶ, ʪʦ ʾʾ  

ʚʨʘʭʫʚʘʥʥʷ ʧʽʜ ʯʘʩ ʤʦʜʝʣʶʚʘʥʥʷ ʟʤʝʥʰʫʻ ʢʽʣʴʢʽʩʪʴ ʥʝʚʽʜʦʤʠʭ ʪʘ 

ʧʨʠʰʚʠʜʰʫʻ ʦʙʯʠʩʣʶʚʘʣʴʥʠʡ ʧʨʦʮʝʩ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʨʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ 

çɹʘʣʢʠ-ʩʪʽʥʢʠè ʤʘʻ ʚʝʨʪʠʢʘʣʴʥʫ ʚʩʽ ʩʠʤʝʪʨʽʾ. 

1) ʇʦʧʝʨʝʜʥʽ ʥʘʣʘʰʪʫʚʘʥʥʷ. 

ʂʨʦʢ 1. ʇʝʨʝʪʷʛʫʻʤʦ ʤʦʜʫʣʴ Static Structural  ʫ ʧʦʣʝ Project Schematic. 

ʇʝʨʝʡʤʝʥʦʚʫʻʤʦ ʥʘ ñʄʦʜʝʣʴ 2. Plane stress. ʉʠʤʝʪʨʽʷò.  

ʂʨʦʢ 2. ʇʨʠ ʚʠʜʽʣʝʥʥʽ ʤʦʜʫʣʷ Geometry ʟôʷʚʣʷʻʪʴʩʷ ʪʘʙʣʠʮʷ Properties of 

Schematic A3: Geometry, ʚʩʪʘʥʦʚʣʶʻʤʦ Analisis Type ï 2D, ʱʦʙ ʚ 

ʧʦʜʘʣʴʰʦʤʫ ʟʘʜʘʪʠ ʧʣʦʩʢʠʡ ʥʘʧʨʫʞʝʥʠʡ ʩʪʘʥ (ʙʘʣʢʫ-ʩʪʽʥʢʫ). 

2) ʉʪʚʦʨʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʤʦʜʝʣʽ ʚ ʛʨʘʬʽʯʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ 

SpaceClaim. 
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ʂʨʦʢ 1. ɺʽʜʢʨʠʚʘʻʤʦ SpaceClaim, ʦʙʠʨʘʶʯʠ Geometry  ʧ.ʢ.ʤ.  Edit 

Geometry in SpaceClaim. Select New Sketch Plane ï ʦʙʠʨʘʻʤʦ ʧʣʦʱʠʥʫ ʍY ï 

Plane View. 

ʂʨʦʢ 2. ʋ ʚʢʣʘʜʮʽ Sketch  Create ʩʪʚʦʨʶʻʤʦ ʣʽʚʫ ʯʘʩʪʠʥʫ ʩʽʪʢʠ Line 

ʜʦʚʞʠʥʦʶ 1000 ʤʤ. ʌʽʢʩʫʻʤʦ ʨʦʟʤʽʨ Dimension (ʨʦʟʤʽʨʠ ʤʦʞʥʘ 

ʨʝʜʘʛʫʚʘʪʠ). ʅʘʪʠʩʢʘʻʤʦ, End Sketch Editing, ʱʦʙ ʟʘʚʝʨʰʠʪʠ ʛʝʦʤʝʪʨʽʶ. 

ɿʘʢʨʠʚʘʻʤʦ ʩʝʨʝʜʦʚʠʱʝ SpaceClaim. 

 

3) ʉʪʚʦʨʝʥʥʷ ʪʘ ʜʦʜʘʚʘʥʥʷ ʥʦʚʦʛʦ ʧʨʫʞʥʦʛʦ ʤʘʪʝʨʽʘʣʫ.  

ʂʨʦʢ 1. ʉʪʚʦʨʝʥʥʷ ʤʘʪʝʨʽʘʣʫ ʦʧʠʩʘʥʦ ʚ ʧ 3.1 ʄʦʜʝʣʴ 1. ʇʦ ʚʘʨʽʘʥʪʫ ï ʙʝʪʦʥ 

ʉ16/20. ʄʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ 27000ʄʇɸ, ʢʦʝʬʽʮʽʻʥʪ ʇʫʘʩʩʦʥʘ 0,2.  
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ʂʨʦʢ 2. ɺʽʜʢʨʠʚʘʻʤʦ ʤʦʜʫʣʴ Model. ʆʙʠʨʘʻʤʦ ʧʣʦʩʢʠʡ ʥʘʧʨʫʞʝʥʠʡ ʩʪʘʥ: 

Details of ñGeometryò ï 2D Behavior ï Plane Stress. 

ʂʨʦʢ 3. ʇʨʠʟʥʘʯʘʻʤʦ ʤʘʪʝʨʽʘʣ ɹʝʪʦʥ ʉ16/20: ʘʢʪʠʚʫʻʤʦ ʚ ʜʝʨʝʚʽ Geometry-

SYS\Surface, ʫ ʚʽʢʥʽ Detailes of ñSYS\Surfaceò  Assignment ʦʙʠʨʘʻʤʦ 

ʥʝʦʙʭʽʜʥʠʡ ʤʘʪʝʨʽʘʣ ʪʘ ʚʩʪʘʥʦʚʣʶʻʤʦ ʪʦʚʱʠʥʫ Thickness=0,2 ʤ. 

ʂʨʦʢ 3. ʅʘʣʘʰʪʦʚʫʻʤʦ ʚʽʩʴ ʩʠʤʝʪʨʽʾ. ɺ ʜʝʨʝʚʽ ʧʨʦʝʢʪʫ ʦʙʠʨʘʻʤʦ Model 

Insert ï Symmetry  Symmetry Region. ʆʙʠʨʘʻʤʦ ʣʽʚʫ ʚʝʨʪʠʢʘʣʴʥʫ ʛʨʘʥʴ 

ʩʠʤʝʪʨʽʾ ʚ Details of ñSymmetry Regionò ʪʘ ʧʨʠʟʥʘʯʘʻʤʦ Symmetry Normal 

ï ʍ Axis. 

 

4) ʈʦʟʙʠʚʢʘ ʩʢʽʥʯʝʥʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ, ʧʨʠʟʥʘʯʝʥʥʷ ʛʨʘʥʠʯʥʠʭ 

ʫʤʦʚ.  

ʂʨʦʢ 1. ɺ ʜʝʨʝʚʽ ʧʨʦʝʢʪʫ ʧʝʨʝʭʦʜʠʤʦ ʜʦ ʩʪʚʦʨʝʥʥʷ ʩʽʪʢʠ ʩʢʽʥʯʝʥʥʠʭ 

ʝʣʝʤʝʥʪʽʚ Mesh, ʚʩʪʘʥʦʚʣʶʻʤʦ ʤʘʩʰʪʘʙ ʩʽʪʢʠ Element Size =0,25 ʤ ʪʘ 

ʛʝʥʝʨʫʻʤʦ ʩʪ̔ʢʫ Generate Mash. 

 

ʚʠʜʽʣʷʻʤʦ ʛʨʘʥʴ 

(ʬʫʥʢʮʽʷ Edge)  
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ʂʨʦʢ 2. ɺ ʜʝʨʝʚʽ ʦʙʠʨʘʻʤʦ Static Structural  ʪʘ ʧʨʠʟʥʘʯʘʻʤʦ ʞʦʨʩʪʢʝ 

ʟʘʢʨʽʧʣʝʥʥʷ ʥʠʞʥʴʦʾ ʛʨʘʥʽ ʪʘ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʣʷ ʙʘʣʢʠ-ʩʪʽʥʢʠ. ɺʢʣʘʜʢʘ Static 

Structural   ʧ.ʢ.ʤ.  Insert-Fixed, ʦʙʠʨʘʻʤʦ ʥʠʞʥʶ ʛʨʘʥʴ. ɼʣʷ ʚʠʜʽʣʝʥʥʷ 

ʛʨʘʥʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʬʫʥʢʮʽʷ Edge ʪʘ ʢʣʘʚʽʰʘ Ctrl  ʜʣʷ ʚʠʜʽʣʝʥʥʷ 

ʦʢʨʝʤʠʭ ʧʨʷʤʠʭ ʥʠʞʥʴʦʾ ʛʨʘʥʽ, ʥʘʪʠʩʢʘʻʤʦ Apply . 

 

ʂʨʦʢ 3. ɺ ʜʝʨʝʚʽ ʦʙʠʨʘʻʤʦ Static Structural  ʟʘʜʘʻʤʦ ʩʠʣʫ F=1000/2 ʅ/ʤ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʚʢʣʘʜʢʠ Environment-Structural -Force ʘʙʦ Static Structural   

ʧ.ʢ.ʤ.  Insert  Force. ɼʣʷ ʚʠʜʽʣʝʥʥʷ ʪʦʯʢʠ ʧʨʠʢʣʘʜʘʥʥʷ ʩʠʣʠ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʬʫʥʢʮʽʷ Vertex. ʆʩʢʽʣʴʢʠ ʙʘʣʢʘ ʩʪʽʥʢʘ ʤʘʻ ʪʦʚʱʠʥʫ 0,2 ʤ, 

ʩʠʣʘ ʨʦʟʧʦʜʽʣʝʥʘ ʧʦ ʪʦʚʱʠʥʽ ʽ ʧʨʠʢʣʘʜʘʻʪʴʩʷ ʫ ʨʦʟʤʽʨʽ F=500 

ʅ/ʤ*0,2=100 ʅ. ɺ Details of ñForce ʦʙʠʨʘʻʤʦ Define By  Components ï 

ʟʘʜʘʻʤʦ ʧʨʦʝʢʮʽʶ ʩʠʣʠ ʥʘ ʚʽʩʴ Y F=100 ʅ. 

ʂʨʦʢ 4. ʈʦʟʧʦʜʽʣʝʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ q=1ʢʇʘ ʧʨʠʢʣʘʜʘʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ Static 

Structural   ʧ.ʢ.ʤ.  Insert-Pressure, Define By  Components  X 

Component=1000 ʇʘ. 
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5) ʉʪʚʦʨʶʻʤʦ ʽʟʦʣʽʥʽʾ ʥʘʧʨʫʞʝʥʴ. 

ʂʨʦʢ 1. Solution ï Insert ï Stress  Normal ʦʙʠʨʘʻʤʦ Stress (ʥʦʨʤʘʣʴʥʽ ʪʘ 

ʜʦʪʠʯʥʽ ʥʘʧʨʫʞʝʥʥʷ). ɺʩʽ ʧʦʜʘʣʴʰʽ ʜʽʾ ʚʠʢʦʥʫʶʪʴʩʷ ʘʥʘʣʦʛʽʯʥʦ ʄʦʜʝʣʽ 1. 

 

ɯʟʦʣʽʥʽʾ ʥʘʧʨʫʞʝʥʴ ʧʣʦʩʢʦʾ ʤʦʜʝʣʽ ñɹʘʣʢʘ-ʩʪʽʥʢʘò 

  

ʅʦʨʤʘʣʴʥʽ ʥʘʧʨʫʞʝʥʥʷ ,xx ʇʘs  ʅʦʨʤʘʣʴʥʽ ʥʘʧʨʫʞʝʥʥʷ ,yy ʇʘs  

  

ɼʦʪʠʯʥʽ ʥʘʧʨʫʞʝʥʥʷ ,xʫʇʘt  
ʄʘʢʩʠʤʘʣʴʥʽ ʜʦʪʠʯʥʽ ʥʘʧʨʫʞʝʥʥʷ 

max,ʇʘt  
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ɻʦʣʦʚʥʝ ʥʘʧʨʫʞʝʥʥʷ 1,ʇʘs  ɻʦʣʦʚʥʝ ʥʘʧʨʫʞʝʥʥʷ 2,ʇʘs  

  

ɻʦʣʦʚʥʝ ʥʘʧʨʫʞʝʥʥʷ 3,ʇʘs  
ɽʢʚʽʚʘʣʝʥʪʥʝ ʥʘʧʨʫʞʝʥʥʷ 

,ʝʢʚʇʘs   

3.4. ʄʦʜʝʣʴ 3. ʇʨʦʩʪʦʨʦʚʘ ʤʦʜʝʣʴ  

ʋ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʦʩʪʦʨʦʚʘ ʛʝʦʤʝʪʨʠʯʥʘ ʤʦʜʝʣʴ 

çʙʘʣʢʠ-ʩʪʽʥʢʠè, ʟʘʜʘʯʘ ʨʦʟʚôʷʟʫʻʪʴʩʷ ʫ ʪʨʠʚʠʤʽʨʥʽʡ ʧʦʩʪʘʥʦʚʮʽ 

1) ʇʦʧʝʨʝʜʥʽ ʥʘʣʘʰʪʫʚʘʥʥʷ. 

ʂʨʦʢ 1. ʇʝʨʝʪʷʛʫʻʤʦ ʤʦʜʫʣʴ Static Structur al ʫ ʧʦʣʝ Project Schematic. 

ʇʝʨʝʡʤʝʥʦʚʫʻʤʦ ʥʘ ñʄʦʜʝʣʴ 3. ʇʨʦʩʪʦʨʦʚʘ ʟʘʜʘʯʘ.ò 
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ʂʨʦʢ 2. ʇʨʠ ʚʠʜʽʣʝʥʥʽ ʤʦʜʫʣʷ Geometry ʟôʷʚʣʷʻʪʴʩʷ ʪʘʙʣʠʮʷ Properties of 

Schematic A3: Geometry, ʚʩʪʘʥʦʚʣʶʻʤʦ Analysis Type ï 3D.  

ʂʨʦʢ 3. ɺʽʜʢʨʠʚʘʻʤʦ Engineering Data- Engineering Data Sources ʪʘ 

ʜʦʜʘʻʤʦ ʟ ʙʽʙʣʽʦʪʝʢʠ ʥʝʦʙʭʽʜʥʠʡ ʤʘʪʝʨʽʘʣ (ʥʘʪʠʩʢʘʻʤʦ ). ɼʝʪʘʣʴʥʦ 

ʧʨʦʮʝʩ ʩʪʚʦʨʝʥʥʷ ʤʘʪʝʨʽʘʣʫ ʦʧʠʩʘʥʦ ʚ ʄʦʜʝʣʽ 1. 

2) ʉʪʚʦʨʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʤʦʜʝʣʽ ʚ ʛʨʘʬʽʯʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ 

SpaceClaim. 

ʂʨʦʢ 1. ɿʘ ʜʦʧʦʤʦʛʦʶ ʬʫʥʢʮʽʾ Select New Sketch Plane ʦʙʠʨʘʻʤʦ ʩʠʩʪʝʤʫ 

ʢʦʦʨʜʠʥʘʪ ʍY, ʥʘʪʠʩʢʘʻʤʦ Plane View. ʌʫʥʢʮʽʻʶ Rectangle ʢʨʝʩʣʠʤʦ 

ʢʦʥʪʫʨ ʙʘʣʢʠ-ʩʪʽʥʢʠ. ʅʘʪʠʩʢʘʻʤʦ End Sketch Editing . 

 

ʂʨʦʢ 2. ɿʘ ʜʦʧʦʤʦʛʦʶ ʬʫʥʢʮʽʾ Pull ʚʠʪʷʛʫʻʤʦ ʧʨʷʤʦʢʫʪʥʠʢ ʚ ʪʨʠʚʠʤʽʨʥʝ 

ʪʽʣʦ ʙʘʣʢʠ-ʩʪʽʥʢʠ ʪʦʚʱʠʥʦʶ 0,2 ʤ. (ʧʦ 100 ʤʤ ʚ ʢʦʞʥʫ ʩʪʦʨʦʥʫ, ʱʦʙ 

ʧʣʦʱʠʥʘ XY ʧʨʦʭʦʜʠʣʘ ʧʦ ʮʝʥʪʨʫ ʪʽʣʘ). 
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ʂʨʦʢ 3. ɼʣʷ ʪʦʛʦ, ʱʦʙ ʟʘʜʘʪʠ ʩʠʣʫ F ʨʦʟʧʦʜʽʣʝʥʫ ʧʦ ʪʦʚʱʠʥʽ ʙʘʣʢʠ-ʩʪʽʥʢʠ 

ʪʘ ʥʘʚʘʥʪʘʞʝʥʥʷ q ʥʝʦʙʭʽʜʥʦ ʚ ʛʝʦʤʝʪʨʽʶ ʚʚʝʩʪʠ ʚʽʜʨʽʟʦʢ (ʧʦʜʽʣʠʪʠ 

ʧʣʦʱʠʥʫ ʙʘʣʢʠ-ʩʪʽʥʢʠ ʥʘ ʯʘʩʪʠʥʠ). ʆʙʠʨʘʻʤʦ ʬʫʥʢʮʽʶ Pull (ʚʠʙʠʨʘʻʤʦ ʣʽʚʫ 

ʚʝʨʭʥʶ ʛʨʘʥʴ) ï Options Pull ï Copy Edge ʪʘ ʧʝʨʝʤʽʱʫʻʤʦ ʚʠʜʽʣʝʥʠʡ 

ʚʽʜʨʽʟʦʢ ʚʧʨʘʚʦ ʥʘ 2000 ʤʤ. ɸʥʘʣʦʛʽʯʥʦ ʚʝʨʭʥʷ ʣʽʚʘ ʪʘ ʧʨʘʚʘ ʛʨʘʥʴ 

ʧʝʨʝʤʽʱʫʻʪʴʩʷ ʚʥʠʟ ʥʘ 2000 ʤʤ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʧʣʦʱʠʥʠ ʜʽʾ ʨʦʟʧʦʜʽʣʝʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ. ɿʘʢʨʠʚʘʻʤʦ ʩʝʨʝʜʦʚʠʱʝ SpaceClaim. 

 

3) ʉʪʚʦʨʝʥʥʷ ʪʘ ʜʦʜʘʚʘʥʥʷ ʥʦʚʦʛʦ ʧʨʫʞʥʦʛʦ ʤʘʪʝʨʽʘʣʫ.  

ʂʨʦʢ 1. ʇʦ ʚʘʨʽʘʥʪʫ ï ʙʝʪʦʥ ʉ16/20. ʄʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ 27000ʄʇɸ, 

ʢʦʝʬʽʮʽʻʥʪ ʇʫʘʩʩʦʥʘ 0,2 ʦʧʠʩʘʥʦ ʚ ʄʦʜʝʣʴ 1. ɺʽʜʢʨʠʚʘʻʤʦ ʤʦʜʫʣʴ Model. 

ʇʨʠʟʥʘʯʘʻʤʦ ʤʘʪʝʨʽʘʣ ɹʝʪʦʥ ʉ16/20: ʘʢʪʠʚʫʻʤʦ ʚ ʜʝʨʝʚʽ Geometry  SYS-

2\Solid, ʫ ʚʽʢʥʽ Detailes of SYS  2\Solid  Assignment ʦʙʠʨʘʻʤʦ ʥʝʦʙʭʽʜʥʠʡ 

ʤʘʪʝʨʽʘʣ. 

4) ʈʦʟʙʠʚʢʘ ʩʢʽʥʯʝʥʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ, ʧʨʠʟʥʘʯʝʥʥʷ ʛʨʘʥʠʯʥʠʭ 

ʫʤʦʚ. 

ʂʨʦʢ 1. ɺ ʜʝʨʝʚʽ ʧʨʦʝʢʪʫ ʧʝʨʝʭʦʜʠʤʦ ʜʦ ʩʪʚʦʨʝʥʥʷ ʩʽʪʢʠ ʩʢʽʥʯʝʥʥʠʭ 

ʝʣʝʤʝʥʪʽʚ Mesh, ʚʩʪʘʥʦʚʣʶʻʤʦ ʤʘʩʰʪʘʙ ʩʽʪʢʠ Element Size = 0,1 ʤ ʪʘ 

ʛʝʥʝʨʫʻʤʦ ʩʪ̔ʢʫ Generʘte Mʝsh. 
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ʂʨʦʢ 2. ɺ ʜʝʨʝʚʽ ʦʙʠʨʘʻʤʦ Static Structural  ʪʘ ʧʨʠʟʥʘʯʘʻʤʦ ʞʦʨʩʪʢʝ 

ʟʘʢʨʽʧʣʝʥʥʷ ʥʠʞʥʴʦʾ ʛʨʘʥʽ ʪʘ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʣʷ ʙʘʣʢʠ-ʩʪʽʥʢʠ. ɺʢʣʘʜʢʘ Static 

Structural   ʧ.ʢ.ʤ.  Insert  Fixed, ʦʙʠʨʘʻʤʦ ʥʠʞʥʁ ʛʨʘʥʴ. ɼʣʷ ʚʠʜʽʣʝʥʥʷ 

ʛʨʘʥʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʬʫʥʢʮʽʷ Edge ʪʘ ʢʣʘʚʽʰʘ Ctrl  ʜʣʷ ʚʠʜʽʣʝʥʥʷ 

ʦʢʨʝʤʠʭ ʧʨʷʤʠʭ ʥʠʞʥʴʦʾ ʛʨʘʥʽ, ʥʘʪʠʩʢʘʻʤʦ Apply . ɼʣʷ ʚʠʜʽʣʝʥʥʷ ʧʣʦʱʠʥʠ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʬʫʥʢʮʽʷ Face. 

 

ʂʨʦʢ 3. ɺ ʜʝʨʝʚʽ ʦʙʠʨʘʻʤʦ Static Structural  ʟʘʜʘʻʤʦ ʩʠʣʫ F=1000 ʅ/ʤ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʚʢʣʘʜʢʠ Environment  Structural   Force ʘʙʦ Static Structural  

 ʧ.ʢ.ʤ.  Insert  Force. ɼʣʷ ʚʠʜʽʣʝʥʥʷ ʚʽʜʨʽʟʦʢ ʧʨʠʢʣʘʜʘʥʥʷ ʩʠʣʠ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʨʝʞʠʤ ʚʠʜʽʣʝʥʥʷ Edge. ʆʩʢʽʣʴʢʠ ʙʘʣʢʘ ʩʪʽʥʢʘ ʤʘʻ 

ʪʦʚʱʠʥʫ 0,2 ʤ, ʩʠʣʘ ʨʦʟʧʦʜʽʣʝʥʘ ʧʦ ʪʦʚʱʠʥʽ ʽ ʧʨʠʢʣʘʜʘʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ F=100 

ʅ/ʤ*0,2=200 ʅ. ɺ Details of ñForce ʦʙʠʨʘʻʤʦ Define By  Components ï 

ʟʘʜʘʻʤʦ ʧʨʦʝʢʮʽʶ ʩʠʣʠ ʥʘ ʚʽʩʴ Y F=100 ʅ. 
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ʂʨʦʢ 4. ʈʦʟʧʦʜʽʣʝʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ q=1ʢʇʘ ʧʨʠʢʣʘʜʘʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ Static 

Structural   ʧ.ʢ.ʤ.  Insert  Pressure, Define By  Components  X 

Component = 1000 ʇʘ. 

 

5) ʉʪʚʦʨʶʻʤʦ ʽʟʦʣʽʥʽʾ ʥʘʧʨʫʞʝʥʴ. 

ʂʨʦʢ 1. Solution ï Insert ï Stress  Normal ʦʙʠʨʘʻʤʦ Stress (ʥʦʨʤʘʣʴʥʽ 

ʥʘʧʨʫʞʝʥʥʷ). ɼʣʷ ʚʠʙʦʨʫ ʚʽʜʧʦʚʽʜʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ ʚ Details of ñNormal 

stressò ʦʙʠʨʘʻʤʦ Solution Coordinate System ʪʘ Orientation   X Axis ʜʣʷ 

ʥʦʨʤʘʣʴʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ ʭʭs . ɸʥʘʣʦʛʽʯʥʦ ʟʘʜʘʶʪʴʩʷ ʽʥʰʽ ʥʦʨʤʘʣʴʥʽ 

ʥʘʧʨʫʞʝʥʥʷ, ʟʤʽʥʶʶʯʠ Orientation ʥʘ Y Axis ʪʘ Orientation   Z Axis. 
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ɼʘʣʽ ʥʘʪʠʩʢʘʻʤʦ Solve ʪʘ ʦʮʽʥʶʻʤʦ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ. ʌʫʥʢʮʽʻʶ 

Display  Probe ʚʠʜʽʣʷʻʤʦ ʪʦʯʢʫ ʥʘ ʧʦʚʝʨʭʥʽ ʪʽʣʘ. ɿʥʘʯʝʥʥʷ ʧʦʩʝʨʝʜʠʥʽ 

ʙʫʜʫʪʴ ʚʽʜʨʽʟʥʷʪʠʩʴ, ʘʣʝ ʮʝ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʪʦʯʥʽʩʪʴ. 

ʂʨʦʢ 2. ɼʦʪʠʯʥʽ ʥʘʧʨʫʞʝʥʥʷ Solution ï Insert  Shear ʪʘ ʦʙʠʨʘʻʪʴʩʷ 

ʧʣʦʱʠʥʘ ʍY ʾʭ ʜʽʾ. ɸʥʘʣʦʛʽʯʥʦ ʙʫʜʫʶʪʴʩʷ ʛʦʣʦʚʥʽ ʥʘʧʨʫʞʝʥʥʷ (Maximum, 

Middle  ʪʘ Minimum  Principal  Stress) ʪʘ ʤʘʢʩʠʤʘʣʴʥʽ ʜʦʪʠʯʥʽ ʥʘʧʨʫʞʝʥʥʷ 

(Maximum Shear) ʪʘ ʝʢʚʽʚʘʣʝʥʪʥʽ ʥʘʧʨʫʞʝʥʥʷ ʟʘ 4-ʶ ʪʝʦʨʽʻʶ ʤʽʮʥʦʩʪʽ 

(Equivalent von-Mises). 

ɯʟʦʣʽʥʽʾ ʥʘʧʨʫʞʝʥʴ ʧʨʦʩʪʦʨʦʚʦʾ ʤʦʜʝʣʽ ñɹʘʣʢʘ-ʩʪʽʥʢʘò 

  

ʅʦʨʤʘʣʴʥʽ ʥʘʧʨʫʞʝʥʥʷ ,xx ʇʘs  ʅʦʨʤʘʣʴʥʽ ʥʘʧʨʫʞʝʥʥʷ ,yy ʇʘs  

  

ɼʦʪʠʯʥʽ ʥʘʧʨʫʞʝʥʥʷ ,xʫʇʘt  
ʄʘʢʩʠʤʘʣʴʥʽ ʜʦʪʠʯʥʽ ʥʘʧʨʫʞʝʥʥʷ 

max,ʇʘt  

  

ɻʦʣʦʚʥʝ ʥʘʧʨʫʞʝʥʥʷ 1,ʇʘs  ɻʦʣʦʚʥʝ ʥʘʧʨʫʞʝʥʥʷ 2,ʇʘs  
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ɻʦʣʦʚʥʝ ʥʘʧʨʫʞʝʥʥʷ 3,ʇʘs  
ɽʢʚʽʚʘʣʝʥʪʥʝ ʥʘʧʨʫʞʝʥʥʷ 

,ʝʢʚʇʘs  ʟʘ 4-ʶ ʪʝʦʨʽʻʶ ʤʽʮʥʦʩʪʽ 

 

ʇʦʨʽʚʥʷʥʥʷ ʟʙʽʞʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ ʪʦʯʢʠ ʂ. 

 ʅʘʧʨʫʞʝʥʠʡ 

ʩʪʘʥ ʚ ʪʦʯʮʽ. 

ʈʦʟʨʘʭʫʥʦʢ 

ʟʘ 

ʬʦʨʤʫʣʘʤʠ 

ʄʦʜʝʣʴ 1. 

ʇʂ çɸnsysè 

Plane stress 

ʄʦʜʝʣʴ 2. 

ʇʂ çɸnsysè 

Plane stress ʟ 

ʚʨʘʭʫʚʘʥʥʷʤ 

ʩʠʤʝʪʨʽʾ 

ʄʦʜʝʣʴ 3. 

ʇʂ 

çɸnsysè 

ʧʨʦʩʪʦʨʦʚʘ 

ʤʦʜʝʣʴ 

,xx ʇʘs  ʟ ʤʦʜʝʣʽ 1 -460,33 -460,33 -460,33 

,yy ʇʘs
 ʟ ʤʦʜʝʣʽ 1 238,87 238,87 238,72 

,xʫʇʘt
 ʟ ʤʦʜʝʣʽ 1 249,37 249,37 247,04 

max,ʇʘt  429,42 429,42 429,42 428,01 

1,ʇʘs  318,69 318,69 318,69 317,21 

2,ʇʘs  0 0 0 0 

3,ʇʘs  -540,15 -540,15 -540,15 -538,82 

,ʝʢʚʇʘs  751,97 751,98 751,98 749,57 

 

ɺʠʩʥʦʚʦʢ: ʧʦʨʷʜʦʢ ʯʠʩʝʣ ʤʘʻ ʜʦʩʪʘʪʥʶ ʟʙʽʞʥʽʩʪʴ. ɿʥʘʯʝʥʥʷ, ʦʪʨʠʤʘʥʽ 

ʟ ʧʨʦʩʪʦʨʦʚʦʾ ʪʘ ʩʪʝʨʞʥʝʚʦʾ ʤʦʜʝʣʽ, ʥʝ ʧʦʚʠʥʥʽ ʩʧʽʚʧʘʜʘʪʠ, ʦʩʢʽʣʴʢʠ 

ʧʨʦʩʪʦʨʦʚʘ ʤʦʜʝʣʴ ʩʢʣʘʜʥʽʰʘ ʚ ʜʝʢʽʣʴʢʘ ʨʘʟʽʚ ʪʘ ʚʨʘʭʦʚʫʻ ʪʦʚʱʠʥʫ ʪʘ ʟʤʽʥʫ 

ʥʘʧʨʫʞʝʥʴ ʚʟʜʦʚʞ ʦʩʽ Z. 
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ɿɸɺɼɸʅʅʗ ˉ4. ɺɯʉɽʉʀʄɽʊʈʀʏʅɸ ɿɸɼɸʏɸ ʊɽʆʈɯɰ 

ʇʈʋɾʅʆʉʊɯ ɺ ʇʂ ANSYS. ʂɯʃʔʎɽɺɸ ʇʃɸʉʊʀʅɸ 
 

 ʈʦʟʛʣʷʜʘʻʪʴʩʷ ʪʦʥʢʘ ʢʽʣʴʮʝʚʘ ʧʣʘʩʪʠʥʘ ʟ ʦʩʝʩʠʤʝʪʨʠʯʥʠʤʠ 

ʛʨʘʥʠʯʥʠʤʠ ʫʤʦʚʘʤʠ, ʧʝʨʝʨʽʟ ʷʢʦʾ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 4.1. ʇʦʪʨʽʙʥʦ 

ʘʥʘʣʽʪʠʯʥʦ ʚʠʟʥʘʯʠʪʠ ʚʥʫʪʨʽʰʥʽ ʟʫʩʠʣʣʷ, ʥʘʧʨʫʞʝʥʥʷ, ʧʨʦʛʠʥ ʪʘ ʢʫʪʘ 

ʧʦʚʦʨʦʪʫ. ɺʠʢʦʥʘʪʠ ʨʦʟʨʘʭʫʥʦʢ ʚ ʇʂ Ansys, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʪʨʠ ʤʦʜʝʣʽ: 

ʚʽʩʝʩʠʤʝʪʨʠʯʥʫ ʧʦʩʪʘʥʦʚʢʫ, ʤʦʜʝʣʴ ʫ ʬʦʨʤʽ ʧʣʘʩʪʠʥʠ (ʪʝʦʨʽʷ ʧʣʘʩʪʠʥ 

ʊʠʤʦʰʝʥʢʦ), ʪʨʠʚʠʤʽʨʥʫ ʧʦʩʪʘʥʦʚʢʫ. ʇʦʨʽʚʥʷʪʠ ʦʪʨʠʤʘʥʽ ʤʘʢʩʠʤʘʣʴʥʽ 

ʧʨʦʛʠʥʠ ʪʘ ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʞʝʥʴ ʧʦʩʝʨʝʜʠʥʽ ʧʨʦʣʴʦʪʫ ʧʣʘʩʪʠʥʠ.  

 

4.1. ʊʝʦʨʝʪʠʯʥʽ ʚʽʜʦʤʣʦʤʦʩʪʽ. 

ʂʣ̔ʴʮʝʚʘ ʧʣʘʩʪʠʥʘ  ʮʝ ʪʽʣʦ, ʱʦ ʤʘʻ ʬʦʨʤʫ ʧʦʨʦʞʥʴʦʛʦ ʢʦʣʦʚʦʛʦ 

ʮʠʣʽʥʜʨʘ, ʚʠʩʦʪʘ ʷʢʦʛʦ ʟʥʘʯʥʦ ʤʝʥʰʘ ʨʦʟʤʽʨʫ ʦʩʥʦʚʠ (ʨʠʩ. 4.2). 

 

ʈʠʩ.4.2. ɻʝʦʤʝʪʨʽʷ ʢʽʣʴʮʝʚʦʾ ʧʣʘʩʪʠʥʠ  
 

 

ʈʠʩ. 4.1. ʇʦʧʝʨʝʯʥʠʡ ʧʝʨʝʨʽʟ ʢʨʫʛʦʚʦʾ 

ʧʣʘʩʪʠʥʠ 

ɼʘʥʦ: 0,4a ʤ= , 1,4b ʤ= , 

60 /F ʢʅ ʤ= , 25 /q ʢʅ ʤ= , 

80t ʤʤ= , ʘʣʶʤʽʥʽʡ 

0,32m= , 70ɽ ɻʇʘ=  
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ʈʘʜʽʘʣʴʥʽ ʧʦʚʝʨʭʥʽ ʮʠʣʽʥʜʨʘ ʥʘʟʠʚʘʶʪʴ ʢʦʥʪʫʨʦʤ, ʘʙʦ ʙʽʯʥʠʤʠ 

ʧʦʚʝʨʭʥʷʤʠ ʢʽʣʴʮʝʚʦʾ ʧʣʘʩʪʠʥʠ, ʘ ʚʝʨʭʥʽ ʪʘ ʥʠʞʥʽ ʪʦʨʮʽ ʮʠʣʽʥʜʨʘ ï 

ʚʽʜʧʦʚʽʜʥʦ ʚʝʨʭʥʽ ʪʘ ʥʠʞʥʽ ʧʦʚʝʨʭʥʽ ʧʣʘʩʪʠʥʠ. ɻʝʦʤʝʪʨʠʯʥʝ ʤʽʩʮʝ ʪʦʯʦʢ, ʱʦ 

ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʦʜʥʘʢʦʚʽʡ ʚʽʜʩʪʘʥʽ ʚʽʜ ʟʦʚʥʽʰʥʴʦʾ ʪʘ ʚʥʫʪʨʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ 

ʧʣʘʩʪʠʥʠ, ʫʪʚʦʨʶʻ ʩʝʨʝʜʠʥʥʫ ʧʣʦʱʠʥʫ ʧʣʘʩʪʠʥʠ. ɻʝʦʤʝʪʨʽʶ ʧʣʘʩʪʠʥʠ 

ʟʨʫʯʥʦ ʟʘʜʘʚʘʪʠ ʚ ʮʠʣʽʥʜʨʠʯʥʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ. ʇʦʣʦʞʝʥʥʷ ʙʫʜʴ-ʷʢʦʾ 

ʪʦʯʢʠ ʧʣʘʩʪʠʥʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʦʦʨʜʠʥʘʪʘʤʠ ʚ ʮʠʣʽʥʜʨʠʯʥʽʡ ʩʠʩʪʝʤʽ 

ʢʦʦʨʜʠʥʘʪ: ʘʙʩʮʠʩʦʶ r , ʢʦʣʦʚʦʶ (ʜʫʛʦʚʦʶ) ʢʦʦʨʜʠʥʘʪʦʶ q ʪʘ ʘʧʣʽʢʘʪʦʶ 

z . 

ɻʝʦʤʝʪʨʽʷ ʢʽʣʴʮʝʚʦʾ ʧʣʘʩʪʠʥʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʦʟʤʽʨʘʤʠ ʚʥʫʪʨʽʰʥʴʦʛʦ 

ʨʘʜʽʫʩʘ a, ʟʦʚʥʽʰʥʴʦʛʦ ʨʘʜʽʫʩʘ b ʪʘ ʪʦʚʱʠʥʦʶ h. ɺʽʜʩʪʘʥʴ ʤʽʞ ʢʦʥʪʫʨʘʤʠ 

ʧʣʘʩʪʠʥʠ ʚʟʜʦʚʞ ʨʘʜʽʫʩʘ ʥʘʞʠʚʘʻʪʴʩʷ ʧʨʦʣʴʦʪʦʤ ʧʣʘʩʪʠʥʠ l b a= -. 

ʈʦʟʛʣʷʥʝʤʦ ʧʣʘʩʪʠʥʠ ʟ ʚʽʩʝʩʠʤʝʪʨʠʯʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʪʘ ʟʘʢʨʽʧʣʝʥʥʷʤ, 

ʷʢʝ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʣʦʚʦ ʾʢʦʦʨʜʠʥʘʪʠ. ʅʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠʢʣʘʜʘʻʪʴʩʷ ʣʠʰʝ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʦ ʩʝʨʝʜʠʥʥʦʾ ʧʣʦʱʠʥʠ. ʋ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʚ ʢʽʣʴʮʝʚʽʡ 

ʧʣʘʩʪʠʥʽ ʚʠʥʠʢʘʶʪʴ ʚʽʩʝʩʠʤʝʪʨʠʯʥʽ ʜʝʬʦʨʤʘʮʽʾ, ʧʝʨʝʤʽʱʝʥʥʷ ʪʘ 

ʥʘʧʨʫʞʝʥʥʷ. 

ɺʠʙʽʨ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʜʝʬʦʨʤʫʚʘʥʥʷ ʧʣʘʩʪʠʥʠ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʛʘʙʘʨʠʪʥʠʭ ʨʦʟʤʽʨʽʚ. ʇʣʘʩʪʠʥʠ ʨʦʟʜʽʣʷʶʪʴʩʷ ʥʘ 3 ʚʠʜʠ: 
 

1) ʪʦʚʩʪʽ ʧʣʘʩʪʠʥʠ 2) ʪʦʥʢʽ ʧʣʘʩʪʠʥʠ 3) ʤʝʤʙʨʘʥʠ 

1
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>

-  
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10 80

h
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> >
-  
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h
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>
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ʊʦʚʩʪʽ ʧʣʘʩʪʠʥʠ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʷʢ ʦʙôʻʤʥʝ ʪʽʣʦ, ʚ ʷʢʦʤʫ ʚʩʽ 

ʥʘʧʨʫʞʝʥʥʷ ʪʘ ʜʝʬʦʨʤʘʮʽʾ ʤʘʶʪʴ ʩʧʽʚʨʦʟʤʽʨʥʫ ʚʝʣʠʯʠʥʫ. ɼʣʷ ʾʭ ʚʠʟʥʘʯʝʥʥʷ 

ʥʝʦʙʭʽʜʥʦ ʨʦʟʚôʷʟʫʚʘʪʠ ʧʨʦʩʪʦʨʦʚʫ ʟʘʜʘʯʫ ʪʝʦʨʽʾ ʧʨʫʞʥʦʩʪʽ.  

ʋ ʤʝʤʙʨʘʥʘʭ ʟʘʜʘʯʘ ʟʚʦʜʠʪʴʩʷ ʜʦ ʜʦʩʣʽʜʞʝʥʥʷ ʜʝʬʦʨʤʫʚʘʥʥʷ 

ʩʝʨʝʜʠʥʥʦʾ ʧʦʚʝʨʭʥʽ, ʚ ʷʢʽʡ ʚʠʥʠʢʘʶʪʴ ʣʠʰʝ ʥʘʧʨʫʞʝʥʥʷ ʨʦʟʪʷʛʫ, ʱʦ 

ʨʦʟʧʦʜʽʣʷʶʪʴʩʷ ʨʽʚʥʦʤʽʨʥʦ ʟʘ ʪʦʚʱʠʥʦ  ʁʪʘ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʟʥʘʯʝʥʽ ʽʟ ʫʤʦʚʠ 

ʨʽʚʥʦʚʘʛʠ. 

ɼʣʷ ʪʦʥʢʦʾ ʧʣʘʩʪʠʥʠ ʾʾ ʥʘʧʨʫʞʝʥʠʡ ʩʪʘʥ ʧʨʠ ʧʦʧʝʨʝʯʥʦʤʫ ʟʛʠʥʽ 

ʧʦʜʽʙʥʠʡ ʥʘʧʨʫʞʝʥʦʤʫ ʩʪʘʥʫ ʚʫʟʴʢʦʾ ʙʘʣʢʠ ʦʜʠʥʠʯʥʦʾ ʰʠʨʠʥʠ. ɺʽʜʦʤʦ, ʱʦ 

ʷʢʱʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʨʦʟʧʦʜʽʣʝʥʝ ʧʦ ʜʦʚʞʠʥʽ ʧʨʦʣʴʦʪʫ ʙʘʣʢʠ, ʪʦ ʚʝʣʠʯʠʥʘ 

ʥʦʨʤʘʣʴʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ zs  ʩʢʣʘʜʘʻ ʙʽʣʷ ʦʜʥʦʛʦ ʚʽʜʩʦʪʢʘ ʚʽʜ ʚʝʣʠʯʠʥʠ 

ʥʘʡʙʽʣʴʰʦʛʦ ʥʦʨʤʘʣʴʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ. ʊʦʤʫ ʚ ʪʝʦʨʽʾ ʟʛʠʥʫ ʪʦʥʢʠʭ ʧʣʘʩʪʠʥ 

zs  ʥʝʭʪʫʶʪʴ. ʊʘʢʦʞ ʧʨʠʡʤʘʶʪʴ ʛʽʧʦʪʝʟʫ ʧʨʦ ʚʽʜʩʫʪʥʽʩʪʴ ʪʠʩʢʫ ʰʘʨʽʚ 
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ʧʣʘʩʪʠʥʠ ʦʜʠʥ ʥʘ ʽʥʰʠʡ: ʥʦʨʤʘʣʴʥʽ ʥʘʧʨʫʞʝʥʥʷ ʤʽʞ ʰʘʨʘʤʠ ʧʣʘʩʪʠʥʠ 

0zs =  ʚʽʜʩʫʪʥʽ. ɿʚʽʜʩʠ ʚʠʧʣʠʚʘʻ, ʱʦ ʙʫʜʴ-ʷʢʠʡ ʰʘʨ ʧʣʘʩʪʠʥʠ, ʧʘʨʘʣʝʣʴʥʠʡ 

ʾʾ ʩʝʨʝʜʠʥʥʽʡ ʧʣʦʱʠʥʽ, ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʧʣʦʩʢʦʤʫ ʥʘʧʨʫʞʝʥʦʤʫ ʩʪʘʥʽ. 

ʇʨʠ ʧʦʧʝʨʝʯʥʦʤʫ ʟʛʠʥʽ ʢʽʣʴʮʝʚʦʾ ʧʣʘʩʪʠʥʠ ʾʾ ʩʝʨʝʜʠʥʥʘ ʧʣʦʱʠʥʘ 

ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ ʩʝʨʝʜʠʥʥʫ ʧʦʚʝʨʭʥʶ ʽ ʚʩʽ ʪʦʯʢʠ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ 

ʦʪʨʠʤʘʶʪʴ ʧʝʨʝʤʽʱʝʥʥʷ. ɺʝʨʪʠʢʘʣʴʥʘ ʩʢʣʘʜʦʚʘ ʧʦʚʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʪʦʯʦʢ 

ʧʣʘʩʪʠʥʠ ʥʘʟʠʚʘʻʪʴʩʷ ʧʨʦʛʠʥʦʤ w. ɺʘʞʣʠʚʠʤ ʻ ʚʽʜʥʦʰʝʥʥʷ ʧʨʦʛʠʥʫ ʜʦ 

ʪʦʚʱʠʥʠ ʧʣʘʩʪʠʥʠ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʞʦʨʩʪʢʽʩʪʴ ʧʣʘʩʪʠʥʠ.  
 

ɻʥʫʯʢʽ ʪʦʥʢʽ 

ʧʣʘʩʪʠʥʠ ʥʝʚʝʣʠʢʦʛʦ 

ʧʨʦʛʠʥʫ 

ɻʥʫʯʢʽ ʪʦʥʢʽ 

ʧʣʘʩʪʠʥʠ ʚʝʣʠʢʦʛʦ 

ʧʨʦʛʠʥʫ 

max 1

5

w

h
<

 

max 1
2

5

w

h
> >

 
 

ʇʣʘʩʪʠʥʠ ʥʝʚʝʣʠʢʦʛʦ ʧʨʦʛʠʥʫ ʥʝʩʫʪʴ ʪʘʢʝ ʧʦʧʝʨʝʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ, 

ʱʦ ʧʨʦʛʠʥ ʤʘʣʠʡ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʪʦʚʱʠʥʦʶ. ɼʝʬʦʨʤʘʮʽʷ ʩʝʨʝʜʠʥʥʦʛʦ ʰʘʨʫ 

ʧʣʘʩʪʠʥʠ ʤʝʥʰʝ 2%, ʪʦʤʫ ʥʝʶ ʥʝʭʪʫʶʪʴ. ʎʝ ʩʧʨʦʱʝʥʥʷ ʚʽʜʦʤʝ ʷʢ ʛʽʧʦʪʝʟʘ 

ʧʨʦ ʚʽʜʩʫʪʥʽʩʪʴ ʜʝʬʦʨʤʘʮʽʡ ʨʦʟʪʷʛʫ ʩʝʨʝʜʠʥʥʦʾ ʧʦʚʝʨʭʥʽ ʟʽʛʥʫʪʦʾ ʧʣʘʩʪʠʥʠ. 

ɺ ʚʠʧʘʜʢʫ ʚʝʣʠʢʠʭ ʧʨʦʛʠʥʽʚ ʧʣʘʩʪʠʥʘ ʧʨʦʛʠʥʘʻʪʴʩʷ ʪʘ ʩʪʚʦʨʶʻ ʜʝʬʦʨʤʘʮʽʶ 

ʩʝʨʝʜʠʥʥʦʛʦ ʰʘʨʫ, ʷʢʦ  ʁʥʝ ʤʦʞʥʘ ʥʝʭʪʫʚʘʪʠ. ʇʨʠ ʮʴʦʤʫ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ 

ʩʪʘʻ ʥʝʣʽʥʽʡʥʦʶ. 

ɻʥʫʯʢʽ ʪʦʥʢʽ ʧʣʘʩʪʠʥʠ ʥʝʚʝʣʠʢʦʛʦ ʧʨʦʛʠʥʫ ʧʽʜʧʦʨʷʜʢʦʚʫʶʪʴʩʷ 

ʛ̔ ʧʦʪʝʟ ̔ʧʨʷʤʠʭ ʥʝʜʝʬʦʨʤʦʚʘʥʠʭ ʥʦʨʤʘʣʝʡ ʂʽʨʭʛʦʬʘ-ʃʷʚʘ, ʱʦ ˇʨʫʥʪʫʻʪʴʩʷ 

ʥʘ ʬʘʢʪʽ ʤʘʣʦʩʪʽ ʢʫʪʦʚʠʭ ʜʝʬʦʨʤʘʮʽʡ ʚ ʦʢʦʣʽ ʜʦʚʽʣʴʥʦʾ ʪʦʯʢʠ ʩʝʨʝʜʠʥʥʦʾ 

ʧʦʚʝʨʭʥʽ ʧʣʘʩʪʠʥʠ.  

ɻʽʧʦʪʝʟʘ ʧʨʷʤʠʭ ʥʦʨʤʘʣʝʡ ʂʽʨʭʛʦʬʘ-ʃʷʚʘ:  

ɺʚʘʞʘʻʤʦ, ʱʦ ʙʫʜʴ-ʷʢʠʡ ʧʨʷʤʦʣʽʥʽʡʥʠʡ ʚʽʜʨʽʟʦʢ, ʥʦʨʤʘʣʴʥʠʡ ʜʦ 

ʩʝʨʝʜʠʥʥʦʾ ʧʣʦʱʠʥʠ ʜʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʟʘʣʠʰʘʻʪʴʩʷ ʧʽʩʣʷ ʜʝʬʦʨʤʘʮʽʾ 

ʧʨʷʤʦʣʽʥʽʡʥʠʤ ʽ ʥʦʨʤʘʣʴʥʠʤ ʜʦ ʩʝʨʝʜʠʥʥʦʾ ʧʦʚʝʨʭʥʽ, ʫ ʷʢʫ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ 

ʩʝʨʝʜʠʥʥʘ ʧʣʦʱʠʥʘ ʧʣʘʩʪʠʥʠ.  

ɻʽʧʦʪʝʟʫ ʧʨʷʤʠʭ ʥʦʨʤʘʣʝʡ ʤʦʞʥʘ ʪʨʘʢʪʫʚʘʪʠ ʷʢ ʚʠʤʦʛʫ 

ʥʝʟʤʽʥʶʚʘʥʦʩʪʽ ʧʨʷʤʠʭ ʢʫʪʽʚ ʤʽʞ ʧʨʷʤʦʣʽʥʽʡʥʠʤʠ ʚʽʜʨʽʟʢʘʤʠ ʽ ʜʦʪʠʯʥʦʶ 

ʧʣʦʱʠʥʦʶ. ɸ ʮʝ ʦʟʥʘʯʘʻ, ʱʦ ʚ ʦʢʦʣʽ ʜʦʚʽʣʴʥʦʾ ʪʦʯʢʠ ʩʝʨʝʜʠʥʥʦʾ ʧʣʦʱʠʥʠ 

ʚʽʜʩʫʪʥʽ ʟʩʫʚʠ. 
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ʈʠʩ. 4.3. ɻʽʧʦʪʝʟʘ ʧʨʷʤʠʭ ʥʦʨʤʘʣʝʡ 
 

ɿ ʛʽʧʦʪʝʟʠ ʂʽʨʭʛʦʬʘ-ʃʷʚʘ ʚʠʧʣʠʚʘʶʪʴ ʛʝʦʤʝʪʨʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ 

ʧʝʨʝʤʽʱʝʥʥʷʤʠ ʪʦʯʦʢ ʧʣʘʩʪʠʥʠ: 

dw

dr
j=   ʢʫʪ ʧʦʚʦʨʦʪʫ ʧʝʨʝʨʽʟʫ; 

( , )
dw

u r z z
dr

=-   ʛʦʨʠʟʦʥʪʘʣʴʥʝ ʧʝʨʝʤʽʱʝʥʥʷ ʪʦʯʦʢ ʧʣʘʩʪʠʥʠ; 

( , ) 0v r z =   ʧʝʨʝʤʽʱʝʥʥʷ ʟʘ ʢʦʣʦʚʦʁ  ʢʦʦʨʜʠʥʘʪʽ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʽʟ ʪʨʴʦʭ ʥʝʚʽʜʦʤʠʭ ʬʫʥʢʮʽʡ ʧʝʨʝʤʽʱʝʥʴ ʟʘʣʠʰʘʻʪʴʩʷ 

ʥʝʚʽʜʦʤʦʶ ʬʫʥʢʮʽʷ ʧʨʦʛʠʥʫ ( , )w r z . ɺʨʘʭʦʚʫʶʯʠ ʟʘʢʦʥ ɻʫʢʘ ʪʘ ʨʽʚʥʷʥʥʷ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʂʦʰʽ, ʥʘ ʨʠʩ. 4.4 ʧʦʢʘʟʘʥʦ ʨʦʟʧʦʜʽʣ ʥʦʨʤʘʣʴʥʠʭ ʪʘ 

ʜʦʪʠʯʥʠʭ ʥʘʧʨʫʞʝʥʥʷ ʟʘ ʪʦʚʠɦʥʦ  ʁʢʽʣʴʮʝʚʦʾ ʧʣʘʩʪʠʥʠ. 
 

 

ʈʠʩ.4.4. ʅʦʨʤʘʣʴʥʽ ʪʘ ʜʦʪʠʯʥʽ ʥʘʧʨʫʞʝʥʥʷ ʫ ʧʝʨʝʨʽʟʽ ʧʣʘʩʪʠʥʠ. 
 

ɺʥʫʪʨʽʰʥʽ ʟʫʩʠʣʣʷ ʚʠʨʘʞʘʶʪʴʩʷ ʯʝʨʝʟ ʧʨʦʛʠʥ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

 
2

2
( )r

d w dw
M r D

r drdr

må õ
=- +æ ö

ç ÷
;   

2

2

1
( )

d w dw
M r D

r drdr
q m

å õ
=- +æ ö

ç ÷
; 
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1

( )r

d d dw
Q r D r

dr r dr dr

å õå õ
=- æ öæ ö

ç ÷ç ÷
, (4.1) 

ʜʝ 
3

2 121

E h
D

m
=
-

  ʮʠʣʽʥʜʨʠʯʥʘ ʞʦʨʩʪʢʽʩʪʴ. 

ʌʦʨʤʫʣʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʥʦʨʤʘʣʴʥʠʭ ʥʘʧʨʫʞʝʥʴ ʯʝʨʝʟ ʚʥʫʪʨʽʰʥʽ 

ʟʫʩʠʣʣʷ: 

 r
r

M z

I
s = ,   

M z

I

q
qs = ,    

 
max r
r

M

W
s = ,   

max M

W

q
qs = , (4.2) 

ʜʝ 3 12I h= , W I h=   ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʪʘ ʤʦʤʝʥʪ ʦʧʦʨʫ ʜʣʷ ʧʨʷʤʦʢʫʪʥʠʢʘ 

ʦʜʠʥʠʯʥʦʾ ʰʠʨʠʥʠ. 

ɼʦʪʠʯʥʽ ʥʘʧʨʫʞʝʥʥʷ: 

 
( )r

rz

Q S z

I
t =- ,   

max 3

2

r
rz

Q

h
t =- . (4.3) 

ɼʠʬʝʨʝʥʮʽʘʣʴʥʝ ʨʽʚʥʷʥʥʷ ʟʛʠʥʫ ʢʨʫʛʣʠʭ ʧʣʘʩʪʠʥ ʟʘʧʠʩʫʻʪʴʩʷ ʷʢ:  

 
1d d d dw qr

r r
dr dr r dr dr D

å õå õå õ
=æ öæ öæ ö

ç ÷ç ÷ç ÷
. (4.4) 

ʌʫʥʢʮʽʷ ʧʨʦʛʠʥʽʚ ʢʽʣʴʮʝʚʦʾ ʧʣʘʩʪʠʥʠ ʻ ʩʫʤʦʶ ʦʜʥʦʨʽʜʥʦʛʦ ʪʘ 

ʥʝʦʜʥʦʨʽʜʥʦʛʦ ʨʦʟʚôʷʟʢʫ ʨʽʚʥʷʥʥʷ (4):  

 
2 2

1 2 3 4( ) ln ln ( )w r X r r X r X r X w r= + + + +, (4.5) 

ʜʝ 1X , 2X , 3X , 4X   ʜʦʚʽʣʴʥʽ ʩʪʘʣʽ, ʱʦ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ. 

ʏʘʩʪʠʥʥʠʡ ʨʦʟʚôʷʟʦʢ ʥʝʦʜʥʦʨʽʜʥʦʛʦ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʯʝʨʝʟ ʨʦʟʧʦʜʽʣʝʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ zq : 

 ( )1 1 1
( ) zw r r rq dr dr dr dr

D r r

å õå õ
= æ öæ ö

ç ÷ç ÷
ñ ñ ñ ñ . (4.6) 

ʂʫʪ ʧʦʚʦʨʦʪʫ ʧʝʨʝʨʽʟʫ ʢʽʣʴʮʝʚʦʾ ʧʣʘʩʪʠʥʠ: 

 ( )1 2 3

( ) 1
( ) 2 ln 2 ( )

dw r
r X r r r X r X r

dr r
j j= = + + + +,  (4.7) 
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ʜʝ  ( )( ) 1 1 1
( ) z

d r
r r rq dr dr dr

dr D r r

j
j

å õ
= = æ ö

ç ÷
ñ ñ ñ . 

ʈʘʜʽʘʣʴʥʠʡ ʟʛʠʥʘʣʴʥʠʡ ʤʦʤʝʥʪ: 

 ( )( ) ( )1 2 32

1
( ) 2 1 ln 3 2 1 ( )r rM r D r X X X M r

r

m
m m m

-å õ
=- + + + + + + +æ ö

ç ÷
, (4.8) 

ʜʝ 
2

2
( )r

d w dw
M r D

r drdr

må õ
=- +æ ö

ç ÷
. 

ʂʦʣʦʚʠʡ ʟʛʠʥʘʣʴʥʠʡ ʤʦʤʝʥʪ: 

( )( ) ( )1 2 32

1
( ) 2 1 ln 3 1 2 1 ( )M r D r X X X M r

r
q q

m
m m m

-å õ
=- + + + + + + +æ ö

ç ÷
, (4.9) 

ʜʝ 
2

2

1
( )

d w dw
M r D

r drdr
q m

å õ
=- +æ ö

ç ÷
. 

ʇʦʧʝʨʝʯʥʘ ʩʠʣʘ ʚ ʧʝʨʝʨʽʟʽ ʟ ʥʦʨʤʘʣʣʶ r: 

 
1

4
( ) ( )r r

D
Q r X Q r

r
=- +

, (4.10) 

 ʜʝ  
1

( )r

d d dw
Q r D r

dr r dr dr

å õå õ
=- æ öæ ö

ç ÷ç ÷
. 

4.2. ɸʥʘʣʽʪʠʯʥʠʡ ʨʦʟʚôʷʟʦʢ ʢʽʣʴʮʝʚʦʾ ʧʣʘʩʪʠʥʠ 

ɼʘʥʦ ʢʽʣʴʮʝʚʫ ʧʣʘʩʪʠʥʫ ʟ ʦʩʝʩʠʤʝʪʨʠʯʥʠʤʠ ʛʨʘʥʠʯʥʠʤʠ ʫʤʦʚʘʤʠ, 

ʟʦʙʨʘʞʝʥʫ ʥʘ ʨʠʩ. 4.1. ʇʦʙʫʜʫʚʘʪʠ ʝʧʶʨʠ ʚʥʫʪʨʽʰʥʽʭ ʟʫʩʠʣʴ, ʥʘʧʨʫʞʝʥʴ, 

ʧʨʦʛʠʥʫ ʪʘ ʢʫʪʘ ʧʦʚʦʨʦʪʫ.  
 

 

 

 

ʈʠʩ. 4.1. ʇʦʧʝʨʝʯʥʠʡ ʧʝʨʝʨʽʟ ʢʨʫʛʦʚʦʾ 

ʧʣʘʩʪʠʥʠ 

ɼʘʥʦ: 0,4a ʤ= , 1,4b ʤ= , 

60 /F ʢʅ ʤ= , 
25 /q ʢʅ ʤ= , 

80t ʤʤ= , ʘʣʶʤʽʥʽʡ 

0,32m= , 70ɽ ɻʇʘ=  
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ʈʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ. 

1. ɺʠʟʥʘʯʘʻʤʦ ʮʠʣʽʥʜʨʠʯʥʫ ʞʦʨʩʪʢʽʩʪʴ ʧʣʘʩʪʠʥʠ: 

 
3

2

70000 0,08
3327,39

121 0,32
D ʢʅʤ= Ö =

-
. 

2. ɿʘʧʠʩʫʻʤʦ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ: 

ɻʨʘʥʠʯʥʽ ʫʤʦʚʠ ʥʘ ʚʥʫʪʨʽʰʥʴʦʤʫ ʢʦʥʪʫʨʽ ʧʣʘʩʪʠʥʠ ʧʨʠ 0,4 r ʤ=  

(ʚʽʣʴʥʠʡ ʢʦʥʪʫʨ): 

  ( )0,4 60 /Q ʢʅ ʤ= ;   ( )0,4 0rM = ,  

ɻʨʘʥʠʯʥʽ ʫʤʦʚʠ ʥʘ ʟʦʚʥʽʰʥʴʦʤʫ ʢʦʥʪʫʨʽ ʧʣʘʩʪʠʥʠ ʧʨʠ 1,4 r ʤ=  

(ʞʦʨʩʪʢʝ ʟʘʱʝʤʣʝʥʥʷ):  

 ( )1,4 0w = ;   ( )1,4 0j = . 

3. ɼʣʷ ʢʦʞʥʦʾ ʚʽʜʦʤʦʾ ʛʨʘʥʠʯʥʦʾ ʫʤʦʚʠ ʟʘʧʠʩʫʻʤʦ ʚʽʜʧʦʚʽʜʥʝ ʨʽʚʥʷʥʥʷ 

ʪʘ ʟ ʩʠʩʪʝʤʠ ʣʽʥʽʡʥʠʭ ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ ʚʠʟʥʘʯʘʻʤʦ ʩʪʘʣʽ ʽʥʪʝʛʨʫʚʘʥʥʷ. 

 
2 2

1 2 3 4(1,4) 1,4 ln1,4 1,4 ln1,4 (1,4) 0w X X X X w= + + + + =. 

ʆʩʢʽʣʴʢʠ ʨʦʟʧʦʜʽʣʝʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʘ ʢʦʦʨʜʠʥʘʪʦ  ʁ r 5 /zq ʢʅ ʤ=  

ʩʪʘʣʝ, ʪʦ ʯʘʩʪʢʦʚʠʡ ʨʦʟʚôʷʟʦʢ ʚʠʟʥʘʯʘʻʪʴʩʷ ʽʥʪʝʛʨʫʚʘʥʥʷʤ: 

 
4

( )
64

zq r
w r

D
= , 

4
35 1,4

(1,4) 0,0902 10
64

w
D

-= Ö = Ö; 

 ( )1 2 3

1
(1,4) 2 1,4ln1,4 1,4 2 1,4 (1,4) 0

1,4
X X Xj j= Ö + + + + =,  

ʜʝ 
3

( )
16

zq r
r

D
j = ,   

3
35 1,4

(1,4) 0,25771 10
16D

j -= Ö = Ö. 

 

( )( ) ( )1 2

32

(0,4) 2 1 0,32 ln0,4 3 0,32 2 1 0,32

0,32 1
(0,4) 0;

0,4

r

r

M D X D X

D X M

=- + + + - + -

-
- + =

 

 ( )
2

( ) 3
16

z
r

q r
ʄ r m=- +, ( )

25 0,4
(0,4) 3 0,32 0,166

16
rʄ

Ö
=- + =-. 

 1

4
(0,4) (0,4) 60

0,4
r r

D
Q X Q=- + =, ( )

2

z
r

q r
Q r =- , 

5 0,4
(0,4) 1

2
rQ

Ö
=- =-. 
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ʆʪʨʠʤʘʣʠ ʩʠʩʪʝʤʫ ʣʽʥʽʡʥʠʭ ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ: 

 

5
1 2 3 4

5
1 2 3

1 2 3

1

0,6595 1,96 0,3365 9,0198 10 ;

2,3421 2,8 0,7143 25,771 10 ;

2997,9547 8784,3137 14141,4141 0,166;

33273,9156 61.

X X X X

X X X

X X X

X

-

-

ë + + + =- Ö
î
î + + =- Ö
ì
- - + =î
î - =í

 

ʈʦʟʚôʷʟʫʻʤʦ ʩʠʩʪʝʤʫ ʨ̔ ʚʥʷʥʴ: 

 3
1 1,833 10ʍ -=- Ö ;  3

2 1,332 10ʍ -= Ö ;  3
3 0,4273 10ʍ -= Ö ;  3

4 1,637 10ʍ -=- Ö . 

ʇʽʜʩʪʘʚʣʷʻʤʦ ʩʪʘʣʽ ʽʥʪʝʛʨʫʚʘʥʥʷ ʚ ʦʩʥʦʚʥʽ ʨʽʚʥʷʥʥʷ, ʟʤʽʥʶʶʯʠ 

ʨʘʜʽʘʣʴʥʫ ʢʦʦʨʜʠʥʘʪʫ ʚʠʟʥʘʯʘʻʤʦ ʚʥʫʪʨʽʰʥʽ ʟʫʩʠʣʣʷ ʪʘ ʧʝʨʝʤʽʱʝʥʥʷ: 
 

r , ʤ 
w, 

310-  ʤ 
3,10j -

 ʨʘʜ rʄ ʢʅʤ/ʤ ʄqʢʅʤ/ʤ rQ
 ʢʅ/ʤ 

0,4 -1,562 2,80 0,00 -20,89 60,00 

0,5 -1,29 2,59 1,22 -15,07 47,55 

0,6 -1,04 2,38 2,81 -10,96 39,17 

0,7 -0,82 2,16 4,41 -7,81 33,11 

0,8 -0,61 1,92 5,92 -5,27 28,50 

0,9 -0,433 1,653 7,31 -3,15 24,861 

1,0 -0,28 1,36 8,57 -1,33 21,90 

1,1 -0,16 1,05 9,71 0,25 19,43 

1,2 -0,07 0,72 10,74 1,65 17,33 

1,3 -0,02 0,37 11,66 2,89 15,52 

1,4 0 0 12,49 4,00 13,93 

 

ɺʠʟʥʘʯʘʻʤʦ ʝʢʩʪʨʝʤʘʣʴʥʽ ʥʘʧʨʫʞʝʥʥʷ. ʄʘʢʩʠʤʘʣʴʥʽ ʚʥʫʪʨʽʰʥʽ 

ʟʫʩʠʣʣʷ ʚʠʥʠʢʘʶʪʴ ʚ ʞʦʨʩʪʢʦʤʫ ʟʘʢʨʽʧʣʝʥʥʽ ʧʨʠ 0,9 r ʤ= . ɺʽʜʧʦʚʽʜʥʽ 

ʨʘʜʽʘʣʴʥʝ, ʢʦʣʦʚʝ ʪʘ ʜʦʪʠʯʥʝ ʥʘʧʨʫʞʝʥʥʷ ʧʨʠʡʤʘʶʪʴ ʟʥʘʯʝʥʥʷ: 

 max

2 2

6 6 7,31
6,85

0,08

r
r

M
ʄʇʘ

h
s

Ö
= = = ; 

 max

2 2

6 6 3,15
2,95

0,08

M
ʄʇʘ

h

q
qs

Ö
= = = ; 

 
max 3 3 24,86

0,466
2 2 0,08

r
rz

Q
ʢʇʘ

h
t =- =- =- . 
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ʈʠʩ. 4.6. ɽʧʶʨʠ ʚʥʫʪʨʽʰʥʽʭ ʟʫʩʠʣʴ ʚ ʧʣʘʩʪʠʥʽ 
 

4.3. ʄʦʜʝʣʴ 1. ɺʽʩʝʩʠʤʝʪʨʠʯʥʘ ʟʘʜʘʯʘ 

ʋ ʜʘʥʽʡ ʤʦʜʝʣʽ ʢʽʣʴʮʝʚʘ ʧʣʘʩʪʠʥʘ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʚ ʧʣʦʱʠʥʽ ʾʾ ʧʝʨʝʨʽʟʫ, 

ʚʨʘʭʦʚʫʶʯʠ ʦʩʴʦʚʫ ʩʠʤʝʪʨʽʶ. ʎʝ ʜʦʟʚʦʣʷʻ ʧʨʠʰʚʠʜʰʠʪʠ ʨʦʟʨʘʭʫʥʦʢ, 

ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʥʝʚʽʜʦʤʠʭ. 

1. ʇʦʯʘʪʢʦʚʽ ʥʘʣʘʰʪʫʚʘʥʥʷ ʤʦʜʝʣʽ 1. 

ɼʣʷ 3D ʚʽʜʦʙʨʘʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʚʽʩʝʩʠʤʝʪʨʠʯʥʦʾ ʟʘʜʘʯʽ ʥʝʦʙʭʽʜʥʦ ʚ 

ʤʝʥʶ Tools  Optionsé  Appearance ʟʨʦʙʠʪʠ ʘʢʪʠʚʥʦʶ ʬʫʥʢʮʽʶ Beta 

Options, ʱʦ ʜʘʻ ʟʤʦʛʫ ʚʽʜʦʙʨʘʟʠʪʠ ʢʽʣʴʮʝʚʫ ʧʣʘʪʠʥʫ ʧʦ ʢʦʣʦʚʽʡ ʢʦʦʨʜʠʥʘʪʽ. 
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ʂʨʦʢ 1. ʇʝʨʝʪʷʛʫʻʤʦ ʤʦʜʫʣʴ Static Structural  ʫ ʧʦʣʝ Project Schematic. 

ʂʨʦʢ 2. ʇʨʠ ʚʠʜʽʣʝʥʥʽ ʤʦʜʫʣʷ Geometry ʟôʷʚʣʷʻʪʴʩʷ ʪʘʙʣʠʮʷ Properties of 

Schematic A3: Geometry, ʚʩʪʘʥʦʚʣʶʻʤʦ Analysis Type ï 2D, ʱʦʙ ʚ 

ʧʦʜʘʣʴʰʦʤʫ ʨʦʟʛʣʷʜʘʪʠ ʚʽʩʝʩʠʤʝʪʨʠʯʥʫ ʢʽʣʴʮʝʚʫ ʧʣʘʩʪʠʥʫ ʚ ʩʠʩʪʝʤʽ 

ʢʦʦʨʜʠʥʘʪ XY. ɺʽʩʴ Y ʘʚʪʦʤʘʪʠʯʥʦ ʷʚʣʷʻʪʴʩʷ ʚʽʩʩʶ ʩʠʤʝʪʨʽʾ. 

 

2. ʉʪʚʦʨʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʤʦʜʝʣʽ ʚ ʛʨʘʬʽʯʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ 

SpaceClaim. 

ʂʨʦʢ 1. ɸʢʪʠʚʫʻʤʦ ʤʦʜʫʣʴ SpaceClaim. ʅʘʪʠʩʢʘʻʤʦ ʧ.ʢ.ʤ. ʥʘ Geometry ï 

Edit  Geometry in SpaceClaim. 

Analysis Type ï 2D 

1

1

2 
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ʂʨʦʢ 2. ɿʘ ʜʦʧʦʤʦʛʦʶ ʬʫʥʢʮʽʾ Select New Sketch Plane ʪʘ ʦʙʠʨʘʻʤʦ 

ʧʣʦʱʠʥʫ ʍY. 

ʂʨʦʢ 3. ʃʽʥʽʻʶ  ʢʨʝʩʣʠʤʦ ʧʨʷʤʦʢʫʪʥʠʡ ʢʦʥʪʫʨ ʧʝʨʝʨʽʟʫ ʢʽʣʴʮʝʚʦʾ 

ʧʣʘʩʪʠʥʠ ʟ ʜʦʚʽʣʴʥʠʤʠ ʨʦʟʤʽʨʘʤʠ. 

ʂʨʦʢ 4. ɺʽʩʴ Y ʙʫʜʝ ʚʽʩʩʶ ʩʠʤʝʪʨʽʾ, ʪʦʤʫ ʨʦʟʪʘʰʦʚʫʻʤʦ ʢʦʥʪʫʨ ʥʘ ʚʽʜʩʪʘʥʽ 

400 ʘ ʤʤ= . ɺʽʩʴ ʍ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʮʝʥʪʨ ʚʘʛʠ ʧʨʷʤʦʢʫʪʥʦʛʦ ʢʦʥʪʫʨʫ. ɼʣʷ 

ʧʨʠʟʥʘʯʝʥʥʷ ʨʦʟʤʽʨʽʚ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʬʫʥʢʮʽʷ Dimension.  

ʂʨʦʢ 5. ʅʘʪʠʩʢʘʻʤʦ End Sketch Editing , ʱʦʙ ʟʘʚʝʨʰʠʪʠ ʛʝʦʤʝʪʨʽʶ. 

ɿʘʢʨʠʚʘʻʤʦ ʩʝʨʝʜʦʚʠʱʝ SpaceClaim. 

 

 
 

1 

4. ʇʨʠʟʥʘʯʘʻʤʦ ʨʦʟʤʽʨʠ ʪʘ 

ʧʨʠʚôʷʟʢʫ ʧʝʨʝʨʽʟʫ ʧʣʘʩʪʠʥʠ 

3 
5 
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3. ʉʪʚʦʨʝʥʥʷ ʥʦʚʦʛʦ ʧʨʫʞʥʦʛʦ ʤʘʪʝʨʽʘʣʫ.  

ʇʦ ʚʘʨʽʘʥʪʫ ʟʘʜʘʥʦ ʘʣʶʤʽʥʽʡ: ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ 70000ʄʇʘ, 

ʢʦʝʬʽʮʽʻʥʪ ʇʫʘʩʩʦʥʘ 0,32. 

ʂʨʦʢ 1. ɺʽʜʢʨʠʚʘʻʤʦ ʤʦʜʫʣʴ Engineering Data. ʆʙʠʨʘʻʤʦ Engineering Data 

Sources. ʉʪʚʦʨʶʻʤʦ ʙʽʙʣʽʦʪʝʢʫ ʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʘʙʦ ʟʘʭʦʜʠʤʦ ʚ ʨʘʥʽʰʝ 

ʩʪʚʦʨʝʥʫ ï My material ʪʘ ʩʪʚʦʨʶʻʤʦ ʥʦʚʠʡ ʤʘʪʝʨʽʘʣ ï ʘʣʶʤʽʥʽʡ1. 

ʂʨʦʢ 2. ɿ Toolbox ʧʝʨʝʪʷʛʫʻʤʦ ʥʝʦʙʭʽʜʥʽ ʬʫʥʢʮʽʾ ʥʘ ʥʘʟʚʫ ʥʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ: 

Isotropic Elasticity (ʧʨʫʞʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʽʣʘ). ʋ ʚʽʢʥʽ Properties of Outline 

Row 3: ɸʣʶʤʽʥʽʡ1 ʟʘʜʘʻʤʦ: Young`s Modulus = 70000 ʄʇʘ ʪʘ Poissoǹs 

Ratio = 0,32. ʅʘʪʠʩʢʘʻʤʦ Save ʥʘʚʧʨʦʪʠ My material ʪʘ ʧʨʠʙʠʨʘʻʤʦ ʨʝʞʠʤ 

ʨʝʜʘʛʫʚʘʥʥʷ. ɼʦʜʘʻʤʦ ʩʪʚʦʨʝʥʠʡ ʤʘʪʝʨʽʘʣ ʜʦ Engineering Data ʥʘʪʠʩʢʘʶʯʠ 

. 

 

4. ʈʦʟʙʠʚʢʘ ʩʢʽʥʯʝʥʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ, ʧʨʠʟʥʘʯʝʥʥʷ ʛʨʘʥʠʯʥʠʭ 

ʫʤʦʚ. 

ʂʨʦʢ 1. ɺʽʜʢʨʠʚʘʻʤʦ ʤʦʜʫʣʴ Model. ʇʨʠʟʥʘʯʘʻʤʦ ʤʘʪʝʨʽʘʣ ɸʣʶʤʽʥʽʡ 1: 

ʘʢʪʠʚʫʻʤʦ ʚ ʜʝʨʝʚʽ Geometry-SYS\Surface, ʫ ʚʽʢʥʽ Detailes of SYS\Surface 

2 

1 
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ʥʝʦʙʭʽʜʥʠʡ ʤʘʪʝʨʽʘʣ ʪʘ ʦʙʠʨʘʻʤʦ ʚʽʩʝʩʠʤʝʪʨʠʯʥʫ ʟʘʜʘʯʫ: Details of 

ñGeometryò ï 2D Behavior ï Axisymmetric. 

 

ʂʨʦʢ 2. ɺ ʜʝʨʝʚʽ ʧʨʦʝʢʪʫ ʧʝʨʝʭʦʜʠʤʦ ʜʦ ʩʪʚʦʨʝʥʥʷ ʩʽʪʢʠ ʩʢʽʥʯʝʥʥʠʭ 

ʝʣʝʤʝʥʪʽʚ Mesh , ʚʩʪʘʥʦʚʣʶʻʤʦ ʤʘʩʰʪʘʙ ʩʽʪʢʠ Element Size 

=0,05 ʤ ʪʘ ʛʝʥʝʨʫʻʤʦ ʩʪ̔ʢʫ . 

 

ʂʨʦʢ 3. ɺ ʜʝʨʝʚʽ ʦʙʠʨʘʻʤʦ Static Structural  (A5) ʪʘ ʧʨʠʟʥʘʯʘʻʤʦ ʞʦʨʩʪʢʝ 

ʟʘʢʨʽʧʣʝʥʥʷ ʟʦʚʥʽʰʥʴʦʛʦ ʢʦʥʪʫʨʫ ʧʣʘʩʪʠʥʠ. ɺʢʣʘʜʢʘ Environment  Fixed, 

ʦʙʠʨʘʻʤʦ ʧʨʘʚʫ ʛʨʘʥʴ. ʋ ʚʽʢʥʽ Details of ñFixed Supportò ʦʙʠʨʘʻʤʦ ʤʽʩʮʝ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʞʦʨʩʪʢʦʛʦ ʟʘʢʨʽʧʣʝʥʥʷ, ʜʣʷ ʚʠʜʽʣʝʥʥʷ ʛʨʘʥʽ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʬʫʥʢʮʽʷ Edge  ʪʘ ʥʘʪʠʩʢʘʻʤʦ 

Apply . 

1 

2 
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ʂʨʦʢ 4. ʋ ʜʝʨʝʚʽ ʦʙʠʨʘʻʤʦ Static Structural , ʟʘʜʘʻʤʦ ʩʠʣʫ 1F  ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʚʢʣʘʜʢʠ Environment  Structural   Force. ʋ ʚʽʢʥʽ Details of ñForceò 

ʦʙʠʨʘʻʤʦ ʤʽʩʮʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʩʠʣʠ, ʜʣʷ ʚʠʜʽʣʝʥʥʷ ʛʨʘʥʽ ʧʨʠʢʣʘʜʘʥʥʷ ʩʠʣʠ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʬʫʥʢʮʽʷ Edge ʪʘ ʥʘʪʠʩʢʘʻʤʦ Apply . 

1 2 60000 2 0,4 150796,45F F r ʅp p= Ö = Ö Ö =  (ʩʠʣʘ ʨʦʟʧʦʜʽʣʝʥʘ ʧʦ ʢʦʣʫ). 

3 
ʚʠʜʽʣʷʻʤʦ ʛʨʘʥʴ 

(ʬʫʥʢʮʽʷ Edge)  

ʚʠʜʽʣʷʻʤʦ ʛʨʘʥʴ 
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ʂʨʦʢ 5. ʈʦʟʧʦʜʽʣʝʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ 5000 q ʢʇʘ=  ʧʨʠʢʣʘʜʘʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ 

Environment  Structur al  Pressure, Define By Components  Y 

Component = 5000 ʇʘ. 

ʚʠʜʽʣʷʻʤʦ ʛʨʘʥʴ 

4 
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5. ʉʪʚʦʨʶʻʤʦ ʽʟʦʣʽʥʽʾ ʥʘʧʨʫʞʝʥʴ ʪʘ ʧʝʨʝʤʽʱʝʥʴ. 

ɺʨʘʭʦʚʫʻʤʦ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʛʣʦʙʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ: X=R 

(ʨʘʜʽʘʣʴʥʘ), Y=Z (ʘʧʣʽʢʘʪʘ) , Z=ⱥ (ʢʦʣʦʚʘ). 

ʂʨʦʢ 1. ɺʚʦʜʠʤʦ ʚ ʨʝʟʫʣʴʪʘʪʠ ʨʘʜ̔ʘʣʴʥʝ ʥʦʨʤʘʣʴʥʝ ʥʘʧʨʫʞʝʥʥʷ rrs . ɺ 

ʜʝʨʝʚʽ ʦʙʠʨʘʻʤʦ Solution ï Insert ï Stress ï Normal ʦʙʠʨʘʻʤʦ Stress 

(ʥʦʨʤʘʣʴʥʽ ʥʘʧʨʫʞʝʥʥʷ). ɼʣʷ ʚʠʙʦʨʫ ʚʽʜʧʦʚʽʜʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ ʚ Details of 

ñNormal stressò ʦʙʠʨʘʻʤʦ Global Coordinate System ʪʘ Orientation - X Axis 

ʜʣʷ ʨʘʜʽʘʣʴʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ. ɸʥʘʣʦʛʽʯʥʦ ʧʽʜʢʣʶʯʘʻʤʦ ʽʥʰʽ ʥʦʨʤʘʣʴʥʽ 

ʥʘʧʨʫʞʝʥʥʷ, ʟʤʽʥʶʶʯʠ Orientation ʥʘ Z Axis (ʜʣʷ qqs ) ʪʘ Y Axis (ʜʣʷ zzs ).   

5 

ʚʠʜʽʣʷʻʤʦ ʛʨʘʥʴ 
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ʂʨʦʢ 2. ɺʠʚʦʜʠʤʦ ʜʦʪʠʯʥʽ ʥʘʧʨʫʞʝʥʥʷ Stress  Shear ʪʘ ʦʙʠʨʘʻʤʦ ʧʣʦʱʠʥʫ 

ʍY ʾʭ ʜʽʾ. 

 

1 

2 
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ʂʨʦʢ 3. ɺʠʚʦʜʠʤʦ ʧʨʦʛʠʥ ʧʣʘʩʪʠʥʠ. ɺ ʜʝʨʝʚʽ ʦʙʠʨʘʻʤʦ Solution ï Insert ï 

Deformation  Directional. ɼʣʷ ʚʠʙʦʨʫ ʚʽʜʧʦʚʽʜʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʚ Details 

of ñʇʨʦʛʠʥò ʦʙʠʨʘʻʤʦ Orientation  Y Axis. 

 

ɼʘʣʽ ʥʘʪʠʩʢʘʻʤʦ Solve ʪʘ ʦʮʽʥʶʻʤʦ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ. 

ɯʟʦʣʽʥʽʾ ʥʘʧʨʫʞʝʥʴ ʪʘ ʧʝʨʝʤʽʱʝʥʴ 

 

ʈʘʜʽʘʣʴʥʽ ʥʦʨʤʘʣʴʥʽ ʥʘʧʨʫʞʝʥʥʷ ,rr ʇʘs  

 

ʂʦʣʦʚʽ ʥʦʨʤʘʣʴʥʽ ʥʘʧʨʫʞʝʥʥʷ ,ʇʘqqs  

3 
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ʅʦʨʤʘʣʴʥʽ ʥʘʧʨʫʞʝʥʥʷ ,zz ʇʘs  

 

ɼʦʪʠʯʥʽ ʥʘʧʨʫʞʝʥʥʷ ,rz ʇʘt  

 

ʇʨʦʛʠʥ ,w ʤ 

6) ʅʘʣʘʰʪʦʚʫʻʤʦ ʚʽʩʴ ʩʠʤʝʪʨʽʾ. 

ʂʨʦʢ 1. ɺ ʜʝʨʝʚʽ ʧʨʦʝʢʪʫ ʦʙʠʨʘʻʤʦ Model ï Insert Symmetry. ɺ Details of 

ñSymmetryò ʧʨʠʟʥʘʯʘʻʤʦ Type ï 2D Axisymmetric ʪʘ ʧʨʠʟʥʘʯʘʻʤʦ ʢʫʪ 

ʩʝʛʤʝʥʪʫ 10qD = ¯ ʪʘ Num Repeat=37  ʢʽʣʴʢʽʩʪʴ ʩʝʛʤʝʥʪʽʚ 36. 
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ʎʝ ʜʦʟʚʦʣʷʻ ʚʽʜʦʙʨʘʞʘʪʠ ʚʽʩʝʩʠʤʝʪʨʠʯʥʫ ʟʘʜʘʯʫ ʚ 3D ʧʨʦʩʪʦʨʽ. 

1 
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ʇʨʦʛʠʥ ,w ʤ 

4.4. ʄʦʜʝʣʴ 2. ʊʦʥʢʘ ʢʽʣʴʮʝʚʘ ʧʣʘʩʪʠʥʘ 

ʋ ʜʘʥʽʡ ʤʦʜʝʣʽ ʢʽʣʴʮʝʚʘ ʧʣʘʩʪʠʥʘ ʤʦʜʝʣʶʻʪʴʩʷ ʧʦʚʝʨʭʥʝʶ Surface, ʘ 

ʪʦʚʱʠʥʘ ʟʘʜʘʻʪʴʩʷ ʦʢʨʝʤʦ ʚ ʧʨʦʮʝʩʽ ʨʦʟʨʘʭʫʥʢʫ. ʇʨʠ ʨʦʟʨʘʭʫʥʢʫ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʝʦʨʽʷ ʪʦʥʢʠʭ ʧʣʘʩʪʠʥ. 

1. ʇʦʯʘʪʢʦʚʽ ʥʘʣʘʰʪʫʚʘʥʥʷ ʤʦʜʝʣʽ 2. 

ʂʨʦʢ 1. ʇʝʨʝʪʷʛʫʻʤʦ ʤʦʜʫʣʴ Static Structural  ʫ ʧʦʣʝ Project Schematic.  

ʂʨʦʢ 2. ʇʨʠ ʚʠʜʽʣʝʥʥʽ ʤʦʜʫʣʷ Geometry ʟôʷʚʣʷʻʪʴʩʷ ʪʘʙʣʠʮʷ Properties of 

Schematic: Geometry, ʚʩʪʘʥʦʚʣʶʻʤʦ Analysis Type ï 3D. 

 

1 

Analysis Type ï 3D 

2 
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2) ʉʪʚʦʨʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʤʦʜʝʣʽ ʚ ʛʨʘʬʽʯʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ 

SpaceClaim. 

ʂʨʦʢ 1. ɿʘ ʜʦʧʦʤʦʛʦʶ ʬʫʥʢʮʽʾ Select New Sketch Plane ʦʙʠʨʘʻʤʦ ʩʠʩʪʝʤʫ 

ʢʦʦʨʜʠʥʘʪ ʍY, ʥʘʪʠʩʢʘʻʤʦ Plan Viev. 

 

ʂʨʦʢ 2. ʌʫʥʢʮʽʻʶ Circle ʢʨʝʩʣʠʤʦ 2 ʢʦʣʘ ʟ ʨʘʜʽʫʩʦʤ 400 ʤʤ ʪʘ 1400 ʤʤ, 

ʮʝʥʪʨ ʦʙʠʨʘʻʤʦ ʥʘ ʧʦʯʘʪʢʫ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ. ɺʽʩʴ Z ʙʫʜʝ ʚʽʩʩʶ ʩʠʤʝʪʨʽʾ. 

ʅʘʪʠʩʢʘʻʤʦ End Sketch Editing, ʱʦʙ ʟʘʚʝʨʰʠʪʠ ʛʝʦʤʝʪʨʽʶ. ɿʘʢʨʠʚʘʻʤʦ 

ʩʝʨʝʜʦʚʠʱʝ SpaceClaim. 
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3. ʉʪʚʦʨʝʥʥʷ ʤʘʪʝʨʽʘʣʫ, ʧʨʠʟʥʘʯʝʥʥʷ ʪʦʚʱʠʥʠ ʧʣʘʩʪʠʥʠ ʪʘ 

ʧʝʨʝʭʽʜ ʜʦ ʮʠʣʽʥʜʨʠʯʥʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ. 

ʂʨʦʢ 1. ɺʽʜʢʨʠʚʘʻʤʦ ʤʦʜʫʣʴ Model.  

 

ʇʨʠʟʥʘʯʘʻʤʦ ʤʘʪʝʨʽʘʣ ɸʣʶʤʽʥʽʡ 1: ʘʢʪʠʚʫʻʤʦ ʚ ʜʝʨʝʚʽ Geometry  SYS 

1\Surface, ʫ ʚʽʢʥʽ Details of ñSYS-1\Surfaceòʦʙʠʨʘʻʤʦ ʥʝʦʙʭʽʜʥʠʡ ʤʘʪʝʨʽʘʣ 

ʪʘ Thickness = 0,08 ʤ. ʉʪʚʦʨʝʥʥʷ ʥʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ ʦʧʠʩʘʥʦ ʚ ʄʦʜʝʣʽ 1 ʧ.3. 

4. ʉʪʚʦʨʝʥʥʷ ʮʠʣʽʥʜʨʠʯʥʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ. 

ʂʨʦʢ 1. ʉʪʚʦʨʶʻʤʦ ʜʦʜʘʪʢʦʚʫ ʮʠʣʽʥʜʨʠʯʥʫ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ. ɺ ʜʝʨʝʚʽ 

ʥʘʪʠʩʢʘʻʤʦ ʥʘ Coordinate Sʫstem ʧ.ʢ.ʤ. ʪʘ ʦʙʠʨʘʻʤʦ ʥʦʚʫ ʩʠʩʪʝʤʫ 

ʢʦʦʨʜʠʥʘʪ, ʥʘʟʠʚʘʻʤʦ ʾʾ çʎʠʣʽʥʜʨʠʯʥʘ ʩʠʩʪʝʤʘè. 
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ʂʨʦʢ 2. ɺ Details of ñCoordinate Systemò ʧʨʠʟʥʘʯʘʻʤʦ Type ï Cylindrical  

ʪʘ ʧʦʛʦʜʞʫʻʤʦ ʦʩʽ, ʱʦʙ Y ʩʪʘʣʘ ʢʦʣʦʚʦʶ ʢʦʦʨʜʠʥʘʪʦʶ. 

 

5. ʈʦʟʙʠʚʢʘ ʩʢʽʥʯʝʥʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ. 

ʂʨʦʢ 1. ɺ ʜʝʨʝʚʽ ʧʨʦʝʢʪʫ ʧʝʨʝʭʦʜʠʤʦ ʜʦ ʩʪʚʦʨʝʥʥʷ ʩʽʪʢʠ ʩʢʽʥʯʝʥʥʠʭ 

ʝʣʝʤʝʥʪʽʚ Mesh, ʚʩʪʘʥʦʚʣʶʻʤʦ ʤʘʩʰʪʘʙ ʩʽʪʢʠ Element Size = 0,05 ʤ ʪʘ 

ʛʝʥʝʨʫʻʤʦ ʩʪ̔ʢʫ Generʘte Mʝsh. 

 

ʂʨʦʢ 2. ʅʘʣʘʰʪʦʚʫʻʤʦ ʩʠʤʝʪʨʠʯʥʫ ʩʽʪʢʫ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ: Mesh  Face 

Meshing ʦʙʠʨʘʻʤʦ ʧʣʦʱʠʥʫ ʧʣʘʩʪʠʥʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʝʞʠʤʫ ʚʠʜʽʣʝʥʥʷ 

Face, ʥʘʪʠʩʢʘʻʤʦ Apply  ʪʘ ʧʦʚʪʦʨʥʦ ʛʝʥʝʨʫʻʤʦ ʩ̔ʪʢʫ . 
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