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�>@' C&�?>��
�`�&� '&8@�>. T@?&8>C
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8
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C
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:�@�>@ V�&@C?��' 8&C�'@�?&&f&�&?&' : D�@8@ ��@f�&-�
���&Y& :>�?�
�`�&Y& V�@8V�>-
;?>; [10]. 	>�?�
�`�&@ V�@8V�>;?>@ �
_�
f
?�:
@?D; �
 f
_@ :�DU@Y& ��@f�&Y& _
:@8@�>; > 
>'>?>��@? �
f&?� : @8>�&' >�B&�'
a>&��&' V�&D?�
�D?:@ V�&'�U�@��&Y& V�@8V�>;?>;. 
��
�@�>@ '
?@'
?>�@DC>g '&8@�@� > 8&C�'@�?&:, C&�?�&�` a@�&D?�&D?> >�B&�'
a>> > V�
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8&D?�V
 &D��@D?:�;@?D; : PLM-D>D?@'@. oV�
:�@�>@ ��@f��'> V�&@C?
'> &? :�8
�> _
8
-
�>� �
 V�&@C?>�&:
�>@ 8& C&�?�&�; >g :�V&��@�>; �@
�>_�@?D; V& ?@g�&�&Y>> 
Workflow [11]. 
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 : �
�
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 : &D�&:�&� �
D?> _
�;?>� :�V&��;�? >g V�
C?>�@DC> �
 
&D�&:@ >_��@���g V�&a@DD&:. p�; V&:�U@�>; qBB@C?>:�&D?> q?&Y& V�&a@DD
 >DV&�`_�@?D; 
&�?&�&Y>; ��� «��&@C?>�&:
�>@ 55�» : B&�'@ ?@_
���D
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�@�`� >DV&�`_&:
�>; ?@_
���D
 : ��@f�&' V�&a@DD@ ;:�;@?D; V&���@�>@ ?&���g > �@-

V�&?>:&�@�>:�g &V�@8@�@�>� C
�8&Y& ?@�'>�
. �@_
���D �
DD'
?�>:
@'&� ��� D>D?@'
?>-
_>��@? V&�;?>;, >DV&�`_�@'�@ V�> ?&V&�&Y>�@DC&' V�&@C?>�&:
�>> C&�D?��Ca>�. �� V&-
D?�&@� �
 &D�&:@ &?�&U@�>� “�&8-:>8” > 
DD&a>
?>:��g D:;_@� [12]. �@_
���D :g&8>? : &�-
?&�&Y>� ��� «V�&@C?>�&:
�>@ D
'&��?
» [13]. T
DU?
f &�?&�&Y>> &Y�
�>�@� �
DD'&?�@�>-
@' �
��>g D?
8>� V�&@C?>�&:
�>; D>�&:�g C&�D?��Ca>�. b�
Y'@�? &�?&�&Y>> «��&@C?>�&-
:
�>@ 55�» V�@8D?
:�@� �
 �>D��C@ 2. 	 C
�@D?:@ &�?&�&Y>�@DC&Y& �@8
C?&�
 :�f�
�
 D>-
D?@'
 Protégé. 

p@C&'V&_>a>; C�
DD&: :�V&��@�
 �
 &D�&:@ �>Dg&8;�@� �
_�
f&?C> >@�
�g>> V&�;?>�. 
	>8&:�@ V&�;?>; C&��@:&Y& C�
DD
 g
�
C?@�>_��? V&D?
�&:C� _
8
�> &V?>'>_
a>> (a@�@:
; 
B��Ca>;, &Y�
�>�@�>;, V�&@C?��@ V@�@'@���@), V�&a@DD� V�&@C?>�&:
�>; > '
?@'
?>�@DC>@ 
'&8@�>.  

T�&�@D?:@��&D?` :
�>
�?&: 55� &V�@8@�;@?D; C�
DD&' «V
�
'@?�� 55�». �
C, V�&@C-
?>��@'
; C&�D?��Ca>; '&�@? D&D?&;?` >_ �
_�>��&Y& C&�>�@D?:
 D>�&:�g q�@'@�?&:. �>V 
C
�8&Y& D>�&:&Y& q�@'@�?
 '&�@? V�>�>'
?` D�@8���>@ _�
�@�>;:  
�� D?@��@�`, �
f&?
��>� ?&�`C& �
 �
D?;�@�>@ >�> D�
?>@,  
�� D?@��@�`, �
f&?
��>� �
 �
D?;�@�>@ – D�
?>@ > >_Y>f,  
�� V�
D?>�
, :&DV�>�>'
��
; ?&�`C& D8:>Y&:�@ �
Y��_C> : D:&@� V�&DC&D?>,  
�� '@'f�
��
; V�
D?>�
,  
�� >_Y>f�&-'@'f�
��
; V�
D?>�
, 
�� 8��Y>@ ?>V�.  
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���@ D>�&:�@ q�@'@�?� '&Y�? V&-�
_�&'� �
DV&�
Y
?`D; : V�&D?�
�-
D?:@ > D&@8>�;?`D; '@�8� D&f&�. �_ :D@Y& '�&Y&&f�
_>; D>�&:�g Dg@', &V�@8@�;@'&Y& :&_-
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�@�>@ B��Ca>> a@�> V�> :�V&��@�>> C&�D?��C?>:�&-
?@g�&�&Y>�@DC>g > B��Ca>&�
�`��g &Y�
�>�@�>�. 	 C
�@D?:@ C�>?@�>; &V?>'
�`�&D?> 8�; 
?�
�DV&�?��g D�@8D?: �
D?& >DV&�`_�@?D; '>�>'�' '
DD� C&�D?��Ca>>, 
 C&�D?��C?>:�&-
?@g�&�&Y>�@DC>@ &Y�
�>�@�>; �
D?& D:&8;?D; C Y@&'@?�>�@DC>' &Y�
�>�@�>;'. 
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T&8@�>��@'�@ V�&a@DD� V�&@C?>�&:
�>; 55� V�@8D?
:�@�� �
 �>D��C@ 3. 	 g&8@ ?&V&-
�&Y>�@DC&Y& V�&@C?>�&:
�>; C&�D?��Ca>> V&D�@8&:
?@�`�& �
_�
f
?�:
�?D; ��T �
_�>�-
�&Y& ��&:�;. 	 �
�	� 1 B&�'>��@?D; C&�?>��
�`�
; '&8@�`, C&?&�
; _
V&��;@? :D� 8&V�D?>-
'&@ Y@&'@?�>�@DC&@ V�&D?�
�D?:& V�&@C?>��@'&� C&�D?��Ca>> > V�@8D?
:�;@? D&f&� ��T 
V@�:&Y& ��&:�; (��T-1) [14]. �?
 '&8@�` V&?@�a>
�`�& :C���
@? : D@f; :D@ '�D�>'�@ 55�, 
C&?&��@ '&Y�? f�?` &f�
_&:
�� DY�D?C
'> V�&?�&D?> Y>V&?@?>�@DC&Y& '
?@�>
�
. �
 q?
V@ 
D?��C?���&� &V?>'>_
a>> _
 V�&@C?��@ V@�@'@���@ V�>�>'
�?D; V�&?�&D?> '
?@�>
�
 : 
q�@'@�?
g ��T-1 > '>�>'>_>��@?D; '
DD
 C&�D?��Ca>>. p�; :�V&��@�>; �D�&:>� V�&��&-
D?>, ��D?C&D?> > �D?&��>:&D?> �V��Y&� D>D?@'� V�>'@�;�?D; 
�Y&�>?'�, �
_�
f&?
���@ : 
�
f&?@ [15]. 	 �@_��`?
?@ : �
�	� 2 &V�@8@�;@?D; ?@&�@?>�@DC> &V?>'
�`�
; C&�D?��Ca>; 
(���). p
�@@ :�V&��;@?D; 
�
�>_ D>�&:&� �
f&?� ��� D >DV&�`_&:
�>@' q:�>D?>�@DC&� 
D?�
?@Y>> [1], > : �
�	� 3 D ���?&' C&�D?��C?>:�&-?@g�&�&Y>�@DC>g ?�@f&:
�>�, V�@8¥;:�;@-
'�g C &f¥@C?� V�&@C?>�&:
�>;, V�>�>'
�?D; ?@g�>�@DC>@ �@U@�>; V& D?��C?��@ C&�D?��C-
a>>. 	 �
�	� 4 �
_�
f
?�:
@?D; ��T :?&�&Y& ��&:�; (��T-2) [14], C&?&�
; &f�
_�@?D; :�-
f�
��&� D&:&C�V�&D?`� D>�&:�g q�@'@�?&:, :�V&��@���g >_ C&�D?��Ca>&��&Y& '
?@�>
�
.    

	@D&:
; &a@�C
 C&�D?��Ca>> &D��@D?:�;@?D; D >DV&�`_&:
�>@' C�>?@�>; «��
���" E�	-
���» G, C&?&��� g
�
C?@�>_�@? &8�&:�@'@��& :@�>�>�� > V�&?;����&D?` 8@�D?:>; :��?�@�-
�>g �D>�>� : C&�D?��Ca>> [16]: 



c,c��?&�&Y>;�V�&@C?>�&:
�>;/�?&'�</�%4(22)A.,=<

�������
�!�����`��������
$#�	
�

�

(1)                                                             ,D	�

V

G dV7� �  

Y8@ �qC: – qC:>:
�@�?�&@ �
V�;�@�>@, V – &f¥�' '
?@�>
�
 C&�D?��Ca>>. 
 

 
�>D��&C 3 ý ��&a@DD� V�&@C?>�&:
�>; 55� 

�
 V�&a@DD B&�'>�&:
�>; 55� : �
�	� 3 D��@D?:@��&@ :�>;�>@ &C
_�:
@? &V�? C&�-
D?��C?&�
 [14], �?& D&_8
�? �>DC V�>�;?>; &U>f&���g ?@g�>�@DC>g �@U@�>�. �&q?&'� 8�; 
�D&:@�U@�D?:&:
�>; 55� C ��T-2 V�>D&@8>�;@?D; Y>V&?@?>�@DC
; �@V�@��:�
; �V��Y
; 
D�@8
 V@�@'@��&� V�&?�&D?> [5, 6], 8
�@@ >'@��@'
; _
V&��>?@�@'. 	 �
�	� 6 B&�'>��@?D; 
C&'f>�>�&:
��
; '&8@�` (��T-3), D&D?
:�@��
; >_ C&�D?��Ca>&���g q�@'@�?&: > q�@'@�-
?&: _
V&��>?@�;. �V?>'>_
a>; V�&?�&D?> : _
V&��>?@�@ ��T-3 > >�?@�V�@?
a>; D>�&:&� 
�
f&?� �V��Y&� D>D?@'� V&_:&�;�? :�;:>?` V�?> '&8>B>a>�&:
�>; 55� _
 D��? >_'@�@�>; 
�
DV&�&�@�>; >'@��>gD; D>�&:�g q�@'@�?&: >�> 8&f
:�@�>; 8&V&��>?@�`��g q�@'@�?&:. 
��&a@DD V�&@C?>�&:
�>; V�&8&��
@?D;, V&C
 &�@�@8��@ >_'@�@�>; V
�
'@?�&: 55� V�>:&-
8;? C D�>�@�>� '
DD� C&�D?��Ca>> (�
�	 5). ��>'@�� ?&V&�&Y>�@DC&Y& V�&@C?>�&:
�>; 
C&�D?��Ca>� �
 &D�&:@ �
_�
f&?C> '&8@�@� �
_�>��&Y& ��&:�; D >DV&�`_&:
�>@' V�&a@DD&: 
D?��C?���&� &V?>'>_
a>> > D?��C?���&� '&8>B>C
a>> D&8@��
?D; : �
f&?
g [7, 14].  

3 &��66�:�#�$�0 ���3�!5 4�"�� 
p�; �@
�>_
a>> '@?&8>C> &f��@�>; �
_�
f&?
� a>C� �
f&�
?&���g �
f&? �
 &D�&:@ DV@-

a>
�`�& V&8&f�
���g _
8
�>� �
 V�&@C?>�&:
�>@ C&�D?��Ca>�. �& >_:@D?��' Y@&'@?�>�@-
DC>' �
_'@�
' V�&@C?�&� &f�
D?>, :��?�> C&?&�&� '&�@? �
_'@�
?`D; C&�D?��Ca>;, 
 ?
C�@ 
V& _
8
���' �
Y��_C
' > _
C�@V�@�>;' ?�@f�@?D; �
�?> �
a>&�
�`��� 55�. o�@f��@ _
8
-
�>; �
 V�&@C?>�&:
�>@ 55� V&'@�@�� : f
_� 8
���g [17]. �
 �>D��C@ 4 V&C
_
�
 C�
DD>B>-
C
a>; ��@f��g _
8
�>�, :�V&��@��
; �
 &D�&:@ V&D�@8&:
?@�`�&D?> 8>g&?&'>�@DC>g 8@�@-
�>�. �D�&:
�>;'> 8�; 8@�@�>; ;:�;�?D; :_
>'�&@ �
DV&�&�@�>@ �
Y��_&C > _
C�@V�@�>� 
C&�D?��Ca>>, 
 ?
C�@ B&�'
 V�&@C?�&� &f�
D?>.  	 C�
DD@ «V�&DC>@ _
8
�>» �
Y��_C> > _
-



c,< %4(22)A.,=</�Q7</�����$�[\����|�L�[���[

`�����	�����#�������;�
���#��	� ��;���	��������G�	������	
�"����
�

�

C�@V�@�>; �@�
? : &8�&� V�&DC&D?>. 	 C�
DD@ «V�&D?�
�D?:@���@ _
8
�>» �
Y��_C> > _
-
C�@V�@�>; �
DV&�
Y
�?D; V�&>_:&�`�&. 	 q?&' C�
DD@ : &?8@�`��� :>8 :�8@�@�� _
8
�> D 
V�&DC&� 8&V�D?>'&� Y@&'@?�>�@DC&� &f�
D?`� &f¥@C?
 V�&@C?>�&:
�>;, ?>V>���' V�>'@-
�&' C&?&��g ;:�;@?D; _
8
�
 �
 V�&@C?>�&:
�>@ D>�&:&Y& UV
�Y&�?
 B�_@�;�
 [18]. 	 ��@f-
��g _
8
�>;g '&�@? >DV&�`_&:
?`D; �@DC&�`C& �
Y��_&C, 8@�D?:���>g �
_�&:�@'@��&. W>-
D?`;'> 8@�@:
 C�
DD>B>C
a>> ;:�;�?D; Y��VV� _
8
�>� �
 V�&@C?>�&:
�>@ 55� D :&_�
D?
-
��>' ��&:�@' D�&��&D?>.  

 
�>D��&C 4 – ��
DD>B>C
a>; ��@f��g _
8
�>� 

 p�; 8@'&�D?�
a>> V�&a@DD&: ?&V&�&Y>�@DC&� &V?>'>_
a>> V�&D?�
�D?:@���g C&�-
D?��Ca>� D >DV&�`_&:
�>@' 8@B&�'>��@'&Y& ?:��8&Y& ?@�
 V@�@'@��&� V�&?�&D?> �
DD'&?-
�>' _
8
�� V�&@C?>�&:
�>; D>�&:&� Dg@'� B�_@�;�
 D
'&��?
 : _&�@ :��@_
. p&V�D?>'&@ 
Y@&'@?�>�@DC&@ V�&D?�
�D?:& V�&@C?>��@'&� C&�D?��Ca>> : B&�'@ a>�>�8�>�@DC&� &f&�&�-

C> D V�;'&�Y&�`��' :��@_&' V�@8D?
:�@�& �
 �>-
D��C@ 5.  

p�; V�&@C?>�&:
�>; 55� �
_�
f&?
�
 C&�?>-
��
�`�
; '&8@�` >_ Y>V&?@?>�@DC&Y& '
?@�>
�
 V@-
�@'@��&� V�&?�&D?>, �
_8@����
; V& ?&��>�@ &f&-
�&�C> �
 ?�> D�&; &f¥�'��g C&�@���g q�@'@�?&:. 
	�@U�>� D�&� '&8@�>��@? &fU>:C� B�_@�;�
, 
V&8C�@V������ �
C�
8C
'> > D?�>�Y@���' �
f&-
�&'. 5�@8�>� > :��?�@��>� D�&> – UV
�Y&�?� > 
8&V&��>?@�`��@ D>�&:�@ q�@'@�?� 8�; C&'V@�D
-
a>> :��@_
. �
 �>D��C
g 6-8 V�@8D?
:�@�& �
DV�@-
8@�@�>@ '
?@�>
�
 > �D>�>� : D�&;g ���, V&��-
�@��&� V& «�
:�&V�&��&'�» 
�Y&�>?'� [1]. ��> 
B&�'>�&:
�>> 55� &�>@�?
a>� q�@'@�?&: C
�C
D
 
�@C&'@�8�@?D; :�f>�
?` : D&&?:@?D?:>> D �
V�
:-
�@�>;'> V&?&C&: Y�
:��g �D>�>� (��o) [1], &V�@-
8@�;@'�g �'�&�@�>@' Y�
:��g �
V�;�@�>� �
 
?&��>�� D&&?:@?D?:���@Y& C&�@��&Y& q�@'@�?
. 

 

�&�D?��Ca>; �
Y���@�
 C��?;�>' '&'@�?&' 
Mk=6T�·'. �
�
C?@�>D?>C> C&�D?��Ca>&��&-
Y& '
?@�>
�
: '&8��` ��Y
 70000 T�
, V�&?-
�&D?` 2700 CY/'3, 8&V�DC
@'&@ �
V�;�@�>@ 
400 T�
, C&qBB>a>@�? ��
DD&�
 0,3.  
�>D��&C 5 – ��>'@� ��@f�&Y& _
8
�>; �
 V�&-

@C?>�&:
�>@ �

�
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�������
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�

�

 

) V�&?�&D?` (CY/'3) 

 
f) ��o 

�>D��&C 6 – �
DV�@8@�@�>@ '
?@�>
�
 > �D>�>� :& :�@U�@' D�&@ ���  

 

) V�&?�&D?` (CY/'3)  

 
f) ��o  

�>D��&C 7 – �
DV�@8@�@�>@ '
?@�>
�
 > �D>�>� : D�@8�@' D�&@ ��� 



c,J %4(22)A.,=</�Q7</�����$�[\����|�L�[���[

`�����	�����#�������;�
���#��	� ��;���	��������G�	������	
�"����
�

�

 

) V�&?�&D?` (CY/'3)  

 
f) ��o  

�>D��&C 8 – �
DV�@8@�@�>@ '
?@�>
�
 > �D>�>� :& :��?�@��@' D�&@ ���    

�
>f&�`U>@ _�
�@�>; V�&?�&D?> 8&D?>Y��?� :& :�@U�@' D�&@ C&�?>��
�`�&� '&8@�> 
(�>D��&C 6, �). 
�
�>_ �D>�>�, 8@�D?:���>g : ���, :�;:>� _&�� V& �Y�
' :��@_
, : C&?&-
��g �
f��8
@?D; &8�&&D�&@ �
V�;����&@ D&D?&;�>@ (�>D��C> 6 ý 8, �), �
V�
:�@�>; ��o : 
q?>g _&�
g �@ D&:V
8
�? D �
V�
:�@�>;'> Y�
�>a :��@_
. �&q?&'� C&�D?��Ca>� B�_@�;�
 
a@�@D&&f�
_�& D�
f8>?` f
�C
'>, �
DV&�&�@���'> V& �Y�
' :��@_
 : D&&?:@?D?:>> D 
�
V�
:�@�>;'> ��o : q?>g _&�
g > &f�
_���>g �&'f&:>8��� D?��C?���. 

�?'@?>', �?& V�&a@DD >�?@�V�@?
a>> D>�&:&� �
f&?� ��� V�&g& B&�'
�>_�@?D; > _
:>-
D>? &? &V�?
 C&�D?��C?&�
. p�; V�>�;?>; ?@g�>�@DC>g �@U@�>� V& 55� 8�; ��@f��g _
8
-
�>� (f�&C 3 �
 �>D��C@ 3) �
 �
f&�
?&���g _
�;?>;g V�&:&8>?D; « �9����" ���� ». 5?�8@�-
?� Y&?&:;? 8�; ��@f��g _
8
�>� C
�?>�� �
DV�@8@�@�>; '
?@�>
�
 > �D>�>� : ���. �?
 >�-
B&�'
a>; 8@'&�D?�>��@?D; : 
�8>?&�>> �
 qC�
�@ V�&@C?&�
, > ��
D?�>C> '&_Y&:&Y& U?��'
 
V�@8�
Y
�? :&_'&���@ D?��C?����@ �@U@�>; 8�; &f¥@C?&: V�&@C?>�&:
�>;. ��@V&8
:
?@�` 
B>CD>��@? �
 8&DC@ :D@ V�@8�
Y
@'�@ ?@g�>�@DC>@ �@U@�>;. �
?@' :�V&��;@?D; &?f&� >8@�, 
>g D>D?@'
?>_
a>; > &a@�C
. 	 g&8@ &fD��8@�>; '&��& C&'f>�>�&:
?` > 8&V&��;?` >8@> �&-
:�'> q�@'@�?
'>. �?&? V�&a@DD V&_:&�;@? :�8@�>?` �
a>&�
�`��@ ?@g�>�@DC>@ �@U@�>; V& 
55�. 	 �
f&?
g [8, 19] &?'@�@�&, �?& q:�>D?>�@DC>@ '@?&8� &f��@�>; qBB@C?>:��, V&DC&�`-
C� V�&f��8
�? 
C?>:�&D?` &f��
��>gD;, �
_:>:
�? D
'&D?&;?@�`�&D?` >g '�U�@�>;. 

4 ������6��#� �3�����0 
p�; V�&:@�C> �
f&?&DV&D&f�&D?> '@?&8>C> &f��@�>; ?&V&�&Y>�@DC&'� V�&@C?>�&:
�>� 

V�&:@8@� V@8
Y&Y>�@DC>� qCDV@�>'@�?. 	 ��@f�&' V�&a@DD@ V�>'@�;�>D` V�&'�U�@���@ 
V
C@?� V�>C�
8��g V�&Y�
'' Siemens NX [20] 8�; �
_�
f&?C> Y@&'@?�>�@DC>g '&8@�@�, 
NASTRAN [21] 8�; :�V&��@�>; >��@�@��&Y& 
�
�>_
 C&�D?��Ca>� > PLM-D>D?@'
 Windchill 
[11] 8�; �V�
:�@�>; V�&@C?��'> 8
���'>.  
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�������
�!�����`��������
$#�	
�

�

� ��
D?>� : V@8
Y&Y>�@DC&' qCDV@�>'@�?@ V�>:�@�@�� 5 Y��VV D?�8@�?&: ?�@?`@Y& > V;-
?&Y& C��D&: DV@a>
�`�&D?> «5
'&��?&- > :@�?&��?&D?�&@�>@» D �>D�@���' D&D?
:&' 10÷15 
�@�&:@C. 	�f&� D?�8@��@DC>g Y��VV &f�D�&:�@� D�@8���>'> D&&f�
�@�>;'>. �
 �
�
�`��g 
C��D
g V&8Y&?&:C> DV@a>
�>D?&: >_��
�?D; V�@>'��@D?:@��& 8>Da>V�>�� '
?@'
?>�@DC&Y& 
> @D?@D?:@��&�
���&Y& a>C�
. �
 ?�@?`@' C��D@ �
�>�
@?D; >_��@�>@ 8>Da>V�>� V�&B@DD>&-
�
�`�&Y& a>C�
 >, : �
D?�&D?>, '@?&8 C&�@���g q�@'@�?&:. �
 V;?&' C��D@ _
:@�U
@?D; >�-
�@�@��
; V&8Y&?&:C
, V�>&f�@?
�?D; �
:�C> �
f&?� D D>D?@'
'> >��@�@��&Y& 
�
�>_
 > 
PLM-D>D?@'
'>. 	 V�&a@DD@ V@8
Y&Y>�@DC&Y& qCDV@�>'@�?
 �
DD'
?�>:
@?D; :&V�&D & a@�@-
D&&f�
_�&D?> :�@8�@�>; V�@8�&�@��&� '@?&8>C> &f��@�>; ?&V&�&Y>�@DC&'� V�&@C?>�&:
-
�>� C&�D?��Ca>� : ��@f��� V�&a@DD 
:>
a>&���g DV@a>
�`�&D?@� 	o�&: D�@8�>g C��D&: 
&f��@�>;. 

p�; &a@�C> qBB@C?>:�&D?> &f��@�>; ?&V&�&Y>�@DC&'� V�&@C?>�&:
�>� C&�D?��Ca>� 
>DV&�`_&:
� C�>?@�>� ¡ [22], C&?&��� ��>?�:
@? &f¥�' > qBB@C?>:�&D?` V�>'@�@�>; _�
-
�>�:  

(2)                                                               P8 9� & , 
Y8@ ¢ – V&��&?
 V�&�
f&?C> V�&@C?
, &V�@8@�;@'
; qCDV@�?�& : 8>
V
_&�@ (0÷100 %); P – 8&-
D?>Y��?�� V&C
_
?@�` qBB@C?>:�&D?> V�&@C?�&Y& �@U@�>;.  

	 C
�@D?:@ qCDV@�?
 :�D?�V
� V�@V&8
:
?@�`, &a@�>:
:U>� :�V&��@�>@ C
�8&Y& q?
V
 
V�&@C?
 : D�@8@ ��@f�&-�
���&Y& :>�?�
�`�&Y& V�@8V�>;?>;.  

�&C
_
?@�` qBB@C?>:�&D?> �
 i-&' q?
V@ iP  &V�@8@�;�D; V& B&�'��@ [9]: 

(3)                                                 ,opt
i

i

GP G�   

Y8@ optG  – D>�&:&� B
C?&� ���, &V�@8@�;@'�� V& D&&?�&U@�>� (1) >�?@Y�>�&:
�>@' V& &f¥-
�'� ?@�
 V@�@'@��&� V�&?�&D?>; iG  – D>�&:&� B
C?&� C&�D?��Ca>>, �
_�
f&?
��&� �
 q?
V@ 
V�&@C?
, &V�@8@�;@'�� >�?@Y�>�&:
�>@' V& &f¥�'� C&�D?��Ca>&��&Y& '
?@�>
�
. 

�
 �>D��C@ 9 V�@8D?
:�@�� �@_��`?
?� &f��@�>; D?�8@�?&:, 8&D?>Y��?�@ �
 &D�&:@ 
V�@8�
Y
@'&� '@?&8>C>. �>C� ��@f�&Y& V�&@C?>�&:
�>; &? _�
C&'D?:
 D >�?@�B@�D
'> 
:-
?&'
?>_>�&:
���g D>D?@' CAD/CAE/PLM 8& D&g�
�@�>; >?&Y&:&Y& &?��?
 : PLM �
_8@��� 
�
 8 q?
V&:. �
 «&V&��&�» ?�
@C?&�>> V&C
_
�� �@_��`?
?�, C&?&��@ '&Y f� 8&D?>�` «>8@-

�`���» D?�8@�?, :�V&��>:U>� C
�8�� q?
V V�&@C?
 D '
CD>'
�`�&� &a@�C&� > D '
CD>-
'
�`��' V&C
_
?@�@' qBB@C?>:�&D?> Pi=1.  

b&�'� ?�
@C?&�>� &f��@�>; D?�8@��@DC>g Y��VV, V&���@���@ : �@_��`?
?@ V@8
Y&Y>�@-
DC&Y& qCDV@�>'@�?
, :>_�
�`�& V&g&�> �
 f�C:� «S». �
C
; ?@�8@�a>; D:>8@?@�`D?:�@? & �@-
V&D?&;�D?:@ DC&�&D?> V�>&f�@?@�>; _�
�>� > �
:�C&: �
 �
_��g q?
V
g V�&@C?��g �
f&?. 

�
�&Y>���@ «S»-&f�
_��@ C�>:�@, g
�
C?@�>_���>@ qBB@C?>:�&D?` &f��@�>; 
:?&'
?>_>-
�&:
��&'� V�&@C?>�&:
�>�, V�>:&8;?D; : �
f&?
g [22, 23].  

	 �@_��`?
?@ :�V&��@�>; V�&@C?
 D?�8@�?
'> 8&D?>Y��?� _�
�@�>; :@D&:&Y& C
�@D?:
 
C&�D?��Ca>� Pi : 8>
V
_&�@ &? 0,87 8& 0,96. p�; D?�8@�?&: ?�@?`@Y& C��D
 q?&? V&C
_
?@�` 
D&D?
:>� 0,87÷0,94, 8�; D?�8@�?&: V;?&Y& C��D
 0,88÷0,96.  

��
�@�>@ >�?@Y�
�`�&Y& V&C
_
?@�; 8�; :D@g D?�8@�?&:, ��
D?:&:
:U>g : V@8
Y&Y>�@-
DC&' qCDV@�>'@�?@, �
 _
C���>?@�`�&' q?
V@ D&D?
:>�& ¡=81,7% D& D�@8�>' C:
8�
?>�@-
DC>' &?C�&�@�>@' _�
�@�>� : :�f&�C@ 4,1 %. p�; D?�8@�?&: ?�@?`@Y& C��D
 q?&? V&C
_
?@�` 
D&D?
:>� 79,2%, 8�; D?�8@�?&: V;?&Y& C��D
 85,5%.  

�D&f@��&D?` V�&a@DD&: ��@f�&Y& V�&@C?>�&:
�>; V& V�@8�
Y
@'&� '@?&8>C@ _
C���
@?-
D; : �
�>�>> q?
V
 '&8>B>C
a>> 55�. 	 g&8@ V@8
Y&Y>�@DC&Y& qCDV@�>'@�?
 D�
:�>:
�>D` 
?@g�>�@DC>@ �@U@�>;, V&���@���@ D?�8@�?
'> V&D�@ 
�
�>_
 D>�&:&� �
f&?� ��� (f�&C 3 �
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C���>?@�`�&' q?
V@ &f��@�>; (V&D�@ :�V&��@�>; f�&C&: 4ý6 �
 �>D��-
C@ 3). p�; D�
:�@�>; D�@8�>g _�
�@�>� 8:�g :�f&�&C �
 �C
_
���g q?
V
g :�V&��@�
 D?
?>-
D?>�@DC
; &f�
f&?C
 Y��VV&:�g �@_��`?
?&: &f��@�>; D?�8@�?&: D >DV&�`_&:
�>@' C�>?@�>; 
5?`�8@�?
 [24]. 	�;:�@�& �:@�>�@�>@ V&C
_
?@�; qBB@C?>:�&D?> &f��@�>; Pi �
 8,2% _
 
D��? '&8>B>a>�&:
�>; 55�. 	��>D�@���@ q'V>�>�@DC>@ _�
�@�>; C�>?@�>; 5?`�8@�?
 
&C
_
�>D` f&�`U@ C�>?>�@DC>g _�
�@�>� V�> :@�&;?�&D?> 8&V�D?>'&� &U>fC>, �@ V�@:�U
-
��@� 5%. 5�@8&:
?@�`�&, V@8
Y&Y>�@DC&@ :&_8@�D?:>@ '@?&8>C> &f��@�>; �
 &D�&:@ �D&-
:@�U@�D?:&:
���g V�&a@DD&: V�&@C?>�&:
�>; 55� ;:�;@?D; qBB@C?>:��'.  

 
T ý :�@'; ��@f�&Y& V�&@C?>�&:
�>;, :��
�@��&@ : �@8@�;g, ¡ ý >�?@Y�
�`��� C�>?@�>�;  
1 – «&V&��
;» ?�
@C?&�>; &f��@�>;; 2,3,4 – ?�
@C?&�>> &f��@�>; Y��VV D?�8@�?&: 3 C��D
;  

5 > 6 –  ?�
@C?&�>> &f��@�>; Y��VV D?�8@�?&: 5 C��D
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Y&Y>�@DC&Y& qCDV@�>'@�?
 

)�#�@����� 
��@8D?
:�@�
 '@?&8>C
 &f��@�>; ?&V&�&Y>�@DC&'� V�&@C?>�&:
�>� C&�D?��Ca>�, &f¥-

@8>�;��
; D�@8���>@ 
DV@C?�: 
�� ?@_
���D ��� «��&@C?>�&:
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�� f
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8
�>� �
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?@�
 V@�@'@��&� V�&?�&D?> [1, 5, 15], g
�
C?@�>_���>@D; 
C?>:�&� ?:&��@DC&� D
'&D?&-
;?@�`�&� �
f&?&� &f��
��>gD; : V�&a@DD@ &?�DC
�>; �
a>&�
�`��g �@U@�>�;   

�� 8>
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�@_��`?
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, &C
_
�>D` f�>_C> C _�
�@�>;' 
V&C
_
?@�@� D?�8@�?&: V;?&Y& C��D
, �?& D:>8@?@�`D?:�@? & a@�@D&&f�
_�&D?> :�@8�@�>; '@-
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TRAINING TECHNIQUE FOR TOPOLOGICAL STRUCTURES DESIGNING 
BASED ON A VARIABLE DENSITY BODY MODELS 

A.V. Boldyrev1, M.V. Pavelchuk2  
Samara National Research University named after academician S.P. Korolev, Samara, Russia 
1bolav@ssau.ru, 2pmv90aircraft@gmail.com   

Abstract  
The article describes the training principles for topological structures designing. The ontology of subject area "The 
structural load-carrying layout designing" is given. The training technique of automated designing structural layouts 
using deformed solid body model with variable density is proposed. The educational process is based on creative peda-
gogy methods and is carried out in the environment of an educational and scientific virtual enterprise. The classification 
of training assignments for structural layouts designing is presented. Assignments are characterized by a multiplicity of 
engineering solutions and uncertainty in decision-making by rational structural layout. An example of a training as-
signment with the spatial design area, showing the aircraft fuselage structural layout designing in cutout region, based 
on deformed solid body model with variable density is given. The problems of assessment of training results the topo-
logical structural designing are considered. The results of the pedagogical experiment,�demonstrating efficiency of the 
proposed training technique, are presented.   

Key words: designing, topological optimization, continual model, training, thesaurus,� decision making, pedagogical 
experiment. 
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 Boldyrev Andrey Vyacheslavovich, (b. 1963) graduated from the Kuibyshev Aviation Institute 
named after S.P. Korolev in 1986, Dr. (2012). Professor at the Department of Aircraft Construc-
tion and Design at Samara National Research University, the deputy director of the Institute of 
Aeronautical Engineering of Samara University. The list of scientific papers includes more than 

70 papers in the field of automation of designing of aircraft structures.   
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Pavelchuk Maksim Vladimirovich (b. 1990) graduated from the Samara State Aerospace Uni-
versity named after Academician S.P. Korolev (National Research University) in 2012. Post-
graduate Student at the Department of Aircraft Construction and Design at Samara National 
Research University, assistant. The author of 15 articles. Scientific interests: formalization of 

process designing the aircraft structures, training of automated engineering designing with using CALS-technologies.     
 

 


