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 2.2. ���������  !#"%$'&3('),*�),"  -,&'����.,��&'/0),"%*  ���H('&,!#2#4  *�-,2,),����!#*�),)+&'����2  5F* -7 *�),2#4  8@.'-'.,/  -'*�:;&H5>= 2<56&'!3.'),2#4  (5) 2  56.38@?A5B�#89C92  (6). D+&,?E-,.  5F* 7 *�),2'*  &'G<5F.'��)+&,I  8@.,-'.'/J2  
: &H5>=;&'&,GH56.#8@&'!3.')+2#4  *�-'2'),����!#*#),),& .  

3 � 	 
 � � � 
 � � � � 
  � � � 
 � � " � � �  $ �� �� 
  % � � � 
  � �� � 
 �� � 
 � �� �  �  	 % , � "  � �� � �� 1 � -
� 	 "  # 	 � 
 � � 
 � 	 � � �  (TL)  ( �  � �� � � � � �  	 � � � � � � 	 "  � 	 � # 
 � � � �� 
 
  � � % 
 � �� � � (  � �� �� � -
� �(  � 	 � # 
 � � � �� 
 (  � � � �). 

! � � � � 
 	 � ��  (1) � � (  � � 	 
 � � � 
 � � � � 
  � � � 
 � � " � � �  $ �� �� , �  4 � 	 
  � � � � �� , � � 
 -

 � �  � 
 �  

1 , , 2 , ,

1 1
( , ) ( ) ( )

2 2i i ij ij k i k j i i ij ij k i k j

V S V

J u u w W u u dV p u dS w W u u dVε σ ε ρ
K LM N M N

= + − + +
O PQ R Q RS T S TU V
W W W

�� � �� �� � � � � � � � .  

- � � 	 % � �$ � (  # � � � � 
 	 � ��  	 � � 	 � 
 � � � � � 	  � � � � , 
 �  
  	 � � �� 	 � � � �  � � 	 � 	 � � � "  
� � � � 	 � 	  � � � $ 	 � � � �� � ( 1 � � 
 "  - 
 	 � �- � 
 � � � 	 # �  

,
, ,

,

( )
( )i j

ij ik i k kj i k kj
i j

E u
u u

u
δ σ σ

∂
Σ = = + +

∂
�

� � �
�

, ,
, ,

,

( )
( )i j

ij ik i k kj i k kj
i j

E u
u u

u
δ ρ ρ

∂
Ρ = = + +

∂

�� �
�� �� �

��
 � � 
 -

� � 
  �  � 
 � �  

 1 , 2 ,( , ) ( ) ( )i i i j i i i j

V S V

J u u w E u dV p u dS w E u dV

X Y X Y
= − +

Z [ Z [\ ] \ ]� ��� � � � � � .  

& � � 	 � � $ � (  � 	 � � �� 	 � � � �  � � � 	 � 
 (  � � 
 � � � � � � � 	 � � 
  
 , 0ij i j

V

u dV∆Σ ∆ >� � , , 0ij i j

V

u dV∆Ρ ∆ >�� � , (7) 


 	 1 � 	  � 	 � �$ �� �  � � � � � . , 
 �  � � 	 � � 
 � . 
 2.3. ���������  !#"%$'&3('),*�),"  -,&'����.,��&'/0),"%*  ���H('&,!#2#4  *�-,2,),����!#*�),)+&'����2  5F* -7 *�),2#4  89.'-,.'/  -'*�:;&<5>= 2<56&'!3.'),2#4  2  5F.389?^5B�#89C92  (7). D+&,?E-'.  5F* 7 *#),2'*  8@.'-'.,/02  :;&H5>=;&'&,GH56. -

89&'!3.')+2#4  *�-'2,),����!#*�),)+& . 
 2.4. ���������  !#"%$'&3('),*�),"  -,&'����.,��&'/0),"%*  ���H('&,!#2#4  *�-,2,),����!#*�),)+&'����2  5F* -7 *�),2#4  8@.'-,.'/  -'*�:;&<5>= 2<56&'!3.'),2#4  2  5F.389?^5B�#89C92  (7). D+&,?E-'.  5F* 7 *#),2'*  &'G<5F.'��)+&,I  8@.'-'.,/02  

: &H5>=;&'&,GH56.#8@&'!3.')+2#4  *�-'2'),����!#*#),),& . 
& � � 	 � � $ � (  � 	 � � � 	 � � � � �  � �� 
 �� 
 	 � � � �  # 	 � 
 � � 
 � 	 � � 
 , � �� � 
 	 � � � � �  � � + � -

� 
 (  � �� � � � �  $ �� ��  	 � � � � � � � � 
 (  � � 
 � 
 " , 	 % � � � � � 
 � �. , 
 �  $ �� �� � � .  	 � � �� 	 � � � .  
# 	 � 
 � : 	 % � �� � �(  $ �� �� � 	 � � 	 	 � � 	 � 	  � �� � ( 1 � � 
 (  � � � � 1 � (  
  	 % � �� � �(  $ �� �� � � 
 � � 	 -
� 	  
 $ � 
 % � � � � � 1 � ( . 

   	 % � �� � �(  $ �� �� � � 
 � � 
 �� 
 � � � � 	 � 	  # 	 � 
 	 	 % � �$ 	 � �� 
 (  � � � � -
� � �� � ( � � � (  �  � 
 � �  � �� 
 �� 
 	 � � � �  � � � �� � � � � � . � � � 	 
 � � (  
 � � � �� 
 	 � � � "  
 � � 	 �  � � -
+ � � 
 (  � � 	 
 � � � 
 � � � � 
  � 
 � � " � � �  
  � � � 
 � � " � � �  $ �� �� , � 	 � �$ � � �� � � (  � � 
 � � � � � � -
� 	 � � � , � � � 	 " � 
 � 	 � � �  � � + � � 
 (  
  � � 	 � 
 
 	 � � �  
 � � � �� 
 	 � � 	 � 	  
 � � 	 � �. - � 
 � 	 � 
 � � (  
� � 8  � � �� 
 $ �� 
 (  
 � � � �� 
 	 � � 	 � 	  
 � � 	 � � 
  � 	 $ 
 	 1 � 	 � � 
  � � 	 � � �
 
 � 	 "  � � �� 
 $ �� 
 
  
�  � 	 
 � � � � � �  � � 	 � � �
 
  
 � 1 � � � � � 	 � 	  �� �� 
 $ �. �� � � 
 
 � � �  � � � � � � 
 (  � � �� � 
 � � 
  � 	 -
� �$ �� 	  � 	 � � �� 	 � �� 
 �  �  � � � 	 � 
 ( 
 
  � � 	 � 
 
 	 � � 
 . �  � �� � 	 "  � 	 � � �� 	 � � �  � 	 $ 
 	 1 � 	  
	 % 	 % , � � 
 �  
 � � � �� 
 	 � � 	 � 	  
 � � 	 � � � � � � �� � 
 � � � � 	 �  � � # 	 � 
 
 � 	 � �� 
 � . �  4 � 	 
  � � � -



 

 

15

� ��  � �� 1 �  � 	 % � . � �. � � (  � � � 	 � 
 (  � � 	 � 
 
 	 � � 
 . - � � � � �� �. � � (  � �� 
 �� � �  
 � � 	 � 	 �  

 � � � �� 
 	 � � 	 "  � � � � � ( � 
 $ �� 
 
 . 

- � � � �  � � � 	 � � � � �  � 	 � � �� 	 � � � �  � � � 	 � 
 (  � � 
 � � � � � � � 	 � � 
  � � + � � 
 (  $ �� ��  � � -
# 	 � 
 
 � 	 � �� 
 (  
  � �$ � � � $ � 
 , � 	 � � � 	 % � �� � � .  $ �� �� �  � 
 � � 
 �� 
 � � � � 	 � 	  # 	 � 
 	 	 % � �-
$ 	 � �� 
 (  �  � 	 � $ � � � � � 
  
 	 1 � 	  � � � � � � �� 
 � �  �  � 
 � �  
 
 � 
 
 
 $ �� 
 
  # � � � � 
 	 � �� 	 � : 

* 1 3 * 2
2argmin ( ) ,  [ ( )] , ( ) 0ij i i

V S

u W dV u W Q u u dSε
_ `

= ∈ − =
a bc d�� � � , (8) 

* 1 3 * 2
2argmin ( ) , [ ( )] , ( ) 0ij i i

V S

u W dV u W Q u u dSε
_ `

= ∈ − =
a bc d�� � ��� � � � , (9) 

� � �  * * * *
1 2 3( , , )u u u u=� � � �� � � � - $ �� �� � �(  � � 	 � 	 � � �  	 � � �� 	 � � � �  � � � � 
 � , � � 
 "  � � S. 

2 � 
 � � � �(  	 � � �� 
 � � � 
 (  
 � � 	 � 	 
  + � � �# � 
 	 1 � 	  � 	 � � � 	 
 � �  # � � � � 
 	 � ��  	 % -
� �� � 	 "  $ �� �� 
  � 
 � � 
 �� 
 � � � � 	 � 	  # 	 � 
 	 	 % � �$ 	 � �� 
 (   

 * 2 * 2

1 2

1 1
( , ) || || ( , ) ( , ) || ||

2 2S SJ u u u u a u u a u u u u
ε ε

= − + + + −� � � � �� � � � � � � � ,   

1 0ε > , 1 0ε → , 2 0ε > , 2 0ε → . 
�  � �� � 	 
  # � � � � 
 	 � �� �  � � � � 	 �  
  � 	 � � � � � � �  � � �� �� 
 	 �  �  $ �� 
 � 
 
 	 � � 
  � �� -

� 
 	 � � � � 
 (  � � ( 
 	 "  
 � 
  	 % � �� � 	 "  $ �� �� 
  � � � � � � �� � ( . �  � 	 % 	 " ,  � � 	 
 �  � 	 � 	 , � � � � � ( -
� 
 $ 
 � � . , 
 �  # � � � � 
 	 � �� � . ' � (  � � � � �(  � � ( 
 	 "  � 	 � � �� 	 � � 
  $ �� �� 
  � 	 � � � � � � �  � � �-
� �� 
 	 �  
 	 1 � �  % � � �  � � � � � � �� � � � 	  �  � 
 � �  2|| ||Su�� . ' �� � � �  � � � �1 � � 
 (  
 � � 	 � � $ 	 � �-
� 
 � �  �  # � � � � 
 	 � �� ��  	 % � �� � � �  4 � � � � � 
 �� � � � �  $ �� �� ��  
 �� � 	 � � � � � 	 � �, � � � � 	 
 �� -
� 	 � � � � � 	 � � 
  � � � � 
 �  $ �� �� , 
 � � � � � 	 � �� � � �  3 .� . � � � � � � � � � 
  
  � 	 $ � 	 � ( . �  � 	 � �$ � -
� �� �  � � � 	 " � 
 � 	 � � �  
  � � 
 � � � � � � � 	 � � �  � � + � � 
 ( . ' � (  � � � � �(  � 	 � � �� 	 � � 
  	 % � �� � 	 "  
$ �� �� 
  # 	 � 
 	 	 % � �$ 	 � �� 
 (  �  � �� � � � � �  *u�  % � � � � � (  � � 	 
 $ � 	 � � � 	 �  � � 
 % � 
 1 � � � 	 �  � � -
+ � � 
 � . 

� � � � � � � � 
 �  � � � � � � 	 � � 
  # � � � � 
 	 � �� 	 �  $ �� �� �  (8), (9) � � � � � � �� 
 
  � �� 
 �� 
 	 � -
� � 
 
  � � � �� � � � � � �
 
  

 ( , ) 0a u v u− ≥� � �  ,v∀ �  2|| || 0Sv u− =� � , (10) 

 ( , ) 0a u v u− ≥� � �� � �  * 2, || || 0Sv u u∀ − =� � �� � � . (11) 
& � � 	 � � $ � (  � � � � � � �� � � � 
 �  $ �� ��  # 	 � 
 	 	 % � �$ 	 � �� 
 (  �  � 
 � �  � �� 
 �� 
 	 � � 	 � 	  � � -

� �� � � � � � �, � 	 � �$ � � �� � � (  � � 
 � � � � � � � 	 � � �  � � + � � 
 (  � � ( 
 	 "  
  	 % � �� � 	 "  $ �� �� 
  � 
 -
� � 
 �� 
 � � � � 	 � 	  # 	 � 
 	 	 % � �$ 	 � �� 
 ( . & � � � �� 
 	 � � � "  �� �� 	 �  � � 
 
 �  � � � �� � � � � �  (10) 
  
(11) �  � � � � 	 
  	 � � �� 
 � � � 
 "  
 � � 	 � 	 
  + � � �# � 
  �� � 
 � 
 � � 	 � 	  � � � �� � � � 
 (  � � 
 
 � �  
� 
 �   

 
1 1 1

1 ( , ) ( , )k k k k k k
SA u u v u a u v u+ + +− − + − +� � � � �  

 
* * *

2( , ) ( , ) 0k k k
Sa u v u A u u v u+ − + − − ≥� � � � �� � � � � � �  v∀ � , v∀ �� , (12) 

� � �  1 0kA > , 2 0kA > , 1,2,k = � , 1lim k

k
A

→∞
= ∞ , 2lim k

k
A

→∞
= ∞ . 

�  � 	 
 	 , � .  � �� 
 �� 
 	 � � 	 � 	  � � � �� � � � � � � (12) � 	 � �$ �� � � � � � � � � � � �(  $ �� 
 � 
 -

 	 � � �  	 � � �� 	 � � � �  � � 	 � 	 � � � "  � � � � 
 � , � � 
 "  	 �  � � � � , 
 � . 



 

 

16
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  1Û , � 	 � � � � � � � 
 
  �  � � $ � � � � �� �  � � � � 	 � 	  
� �� � � � �. 

2. � � + � � 
 �  $ �� �� 
  � 	 � � � � � 
 (  � � 
 � 
 $ � �  � � � � , � � 	  � � 
 % � 
 1 � � 
 ( . �  � � $ � � � � �� �  
�  � �� � � � � �  � � + � � 
 (  4 � 	 "  $ �� �� 
  � 	 � � � �� 
  
 	 � � � �  � � � 
 � � � � � �  � � � � , 
 
  � � -
� � 1 � � � 
 � 
 . 

3. � � + � � 
 �  $ �� �� 
  
 $ � 
 % � � � � 
 � � � � � �  � � � � 1 � � � 
 � 
  � 	  � � 	 � 
 
  � �� � � 
 .  
4. � �� � � �  � 	 � # 
 � � � �� 
 
  � �� � � 
  �  � � 
 � � � � �� � � 
  � � � 
 � � � � 	 
  �  � �� � 	 "  � � � � 1 -

� �. , � "  � � 
 � 
 $ � 	 "  
  	 � � � � � � � � 
 �  	 � � � 	 � � � 
 "  	 �  � � 	 � 
 
  	 % + 
 � � 
 . 



 

 

25

5. - � 	 � � � � � �  MSC.Patran � � � 	 � � � � 
 (  � 	 � � � � � r 	 � � � 	 � � � 
 "  � �� � � 
  	 �  � � 	 � � -
� 
 � � � � 	 "  � 	 � # 
 � � � �� 
 
 : 1i r+ ≤U .  � � 
  � �� � 	 �  � � � �� � � � � � 	  � �  � � � 	 � � ( � � -

� ( , � 	  � � � � � 	 �  �  + �� �  2; 
 � �� �  � 	 � � �  �� � 	 � 
 � 
 �. 
' �� � � "  �� � 	 � 
 � 
  	 � � � � � � � � 
 (  � � � � 1 � �. , � "  � � 
 � 
 $ � �  � � � 
 � � � � � � � � � -

� � �� � ( � �  � 	 % 	 "  
 � � � �� 
 	 � � � "  
 � � 	 � , � �� � 
 	 � � � � � � "  �  � � �� �  3, � � � , � 
 � � � 	  � � 	 � 	 -
� � � "  � � # 	 � 
 �� 
 "  � 	 � $ � � � � � 
 , � �� � 
 �� � 
 � �. � � (  � � 	 � 	 � � 
  � � # 	 � 
 �� 
 "  � � �� � 
 � � 	 -
� � 
 . 2 � 
 � � � �(  � 	 � � �� 	 � � � "  � � 
 � � � 
 "  � � 
 � � � � � � � 	 � � 
 , % � � � �  � � � �� � � � 
 �  � � � � � � -
� � "  
 � � � �� 
 	 � � � "  
 � � 	 �  � � + � � 
 (  	 % � �� � � �  $ �� �� . �  � �� � 	 
  � � � � ��  $ �� �� � � �-
� � � $ � 
  � � � � � � �� � ( � �  � 	 % 	 "  $ �� �� �  	 � � � � � � � � 
 (  � �� � ( 1 � � � 	 -� � # 	 � 
 
 � 	 � �� � 	 � 	  
� 	 � � 	 ( � 
 (  � � � 
 � � � � � � 	 �  � � " � � � 
 � 
  � � � � 
 � , � � 
 "  � � � 
 � � � � � � � 	 � �  � 	 � � � � � 	 � � 
  

1S  � 	  
 � � 	 � � 	 � 	  � 	 � 	 1 � � 
 (  � � � �� � � 
  
  � � " � � � 
 (  � � 
 � 
 "  � � � 	 � � � � � 	 � � 
  2S , � 	 $ -
� 
 � �. , 
 �  �  
 � � � ��  � 	 � � 
 � � � 
 (  �  � �� � � � .  � 	 � � �  � � � � � 
 . ' �� � � �  � � 
 � 
 (  (� � � 	 -
� � � � � 	 � � 
  2S ) � �  
 � � ( . � � (  
  � � 
 � 
 
 �. � � (  $ �� �� � � 
 
 . � �� � 
 � 	 � �� 
 �  � 	 $ 
 	 1 � 	  
� 	 � � � 	  � � � � 
 � , � � 
 "  � � 1S .  

2 � 
 � � � �(  � 	 � � �� 	 � � � "  � � 
 � � � 
 "  � � 
 � � � � � � � 	 � � 
  $ �� �� �  	 � � � � � � � � 
 (  � � � � -
1 � �. , � "  � � 
 � 
 $ � �  � � � 
 � � � � � 
 	 1 � 	  � � � � � � �� 
 � �  �  � 
 � �   

2 1

* * 1 3 * 2
, 2argmin ( ) , [ ( )] , ( ) 0i j i i i i

V S S

u E u dV p u dS u W Q u u dS

¤ ¥¦ ¦
= − ∈ − =

§ ¨¦ ¦© ª� � � � � � , (15) 

 1

* 1 3 * 2
, 2argmin ( ) | [ ( )] , ( ) 0i j i i

V S

u E u dV u W Q u u dS

¤ ¥¦ ¦
= ∈ − =

§ ¨¦ ¦© ª� � � ��� � � � � , (16) 

� � �  , , ,

1 1
( )

2 2
p

i j ijkl ij kl ijkl ij kl ij k i k jE u c c u uε ε ε ε σ= − +� � � �� � � , 

, , ,

1 1
( )

2 2
p

i j ijkl ij kl ijkl ij kl ij k i k jE u c c u uε ε ε ε ρ= − +� � �� � �� � � � �� � � , p
klε�  - � � 	 � 	 � � 
  � � �� � 
 � � � � 
 �  � � # 	 � 
 �� 
 " . 

* * * *
1 2 3( , , )u u u u=� � � �� � � � - $ �� �� � �(  � � 	 � 	 � � �  	 � � �� 	 � � � �  � � � � 
 � , � � 
 "  � � 1S ; *

iu�  - � � 	 � 	 � � �  
� � � � 
 � , � � 
 "  � � � 
 � � � � � � � 	 � �  � 	 � � � � � 	 � � 
  1S  � 	  
 � � 	 � � 	 � 	  � 	 � 	 1 � � 
 (  � � � �� � -
� 
 . 

� � �� 	 � 
 � � 	 , 	 % 	 $ � �� � � 
 ( 
  � � 	 � 	 "  � � �� � , � � 	 � 
 
 : ,
,

,

( )
( , ) i j

i j
i jV

E u
a u v v dV

u

∂
=

∂
�

� � �
�

, 

,
,

,

( )
( , ) i j

i j
i jV

E u
a u v v dV

u

� �
∂

= � �� �∂� �
�� �

� � �� � �
��

. 

/ �� �� 
  
 
 � 
 
 
 $ �� 
 
  # � � � � 
 	 � �� 	 �  (15) 
  (16) 
 	 1 � 	  � � � � � � �� 
 � �  � �� 
 �� 
 -
	 � � � 
 
  � � � �� � � � � � �
 
  

 2

*( , ) ( , ) 0Sa u v u p v u− − − ≥� � � � � �  ,v∀ �  
1

2|| || 0Sv u− =� � , (17) 

 ( , ) 0a u v u− ≥� � �� � �  
1

* 2, || || 0Sv u u∀ − =� � �� � � . (18) 

� � � 	 � 	 
  + � � �# � 
 	 1 � 	  � 	 � � � 	 
 � �  
 � � � �� 
 	 � � � "  �� �� 	 �  � �� 
 �� 
 	 � � � �  � � -
� �� � � � � �  $ �� �� 
  (17)-(18) 



 

 

26

1 2

1 1 1 * 1
1 ( , ) ( , ) ( , )k k k k k k k

S SA u u v u a u v u p v u+ + + +− − + − − − +� � � � � � � �  

 1

* * *
2( , ) ( , ) 0k k k

Sa u v u A u u v u+ − + − − ≥� � � � �� � � � � � �  v∀ � , v∀ �� , (19) 

� � �  1 0kA > , 2 0kA > , 1,2,k = � , 1lim k

k
A

→∞
= ∞ , 2lim k

k
A

→∞
= ∞ . 

 6.1. «�¬�­�®�¯  ku� , ku��  - °F±�²³±�´+µ#¶  ·E±�¸ ¡ ±#®¹°Fµ'ºJ±�­ � µ  ´,±1»,µ'´,±#¼'´+¸,¼  ½@¾'¿'¾'ºJµ  ¿'± -À ¸H° ¡ µH°6¸'Á3¾'´+µ#¶  ­  ½9¾,¿'¾'´,´,Â ¡ µ  ´,¾  Ã'¸,Á#±f°BÄ'´,¸'­�®�µ  1S  ·A°F¾,´,µ,º0´,Â ¡ µ  ¬�­1»'¸'Á3µ#¶ ¡ µ  µ  ½@¾'¿'¾,ºJµ  
°F¾3½9·^°B¬#½ � µ . Å+¸,·E¿'¾   µ,®�±l°F¾,Æ,µ'¸'´+´,Â%¼  ÃH°6¸,Æ'±#­�­  (19) °F±�²³±�´+µ#¶  ¸'Ç<°F¾'®�´+¸,¼  ·E±#¸ ¡ ±�®¹°6µ'º0±#­ � µ  
´,±1»'µ'´,±#¼'´+¸,¼  ½@¾'¿'¾,º0µ  

À ¸H° ¡ ¸'¸,ÇH°6¾#½@¸'Á3¾'´+µ#¶  ́,¾  1S  ÃH°F±�¿'­�® ¾'ÁH»#¶k±�®�­1¶  Á  Á#µ'¿'±  

 
1 *( )k k k k

i i i iu u u uα+ = + −� �� � � � , 2

1

k
k

k

A

A
α = .  

& � � 	 � � $ � (  
 � � � �� 
 	 � � � "  
 � � 	 � , � �� 	 � 
 � � (  � � � � 1 � �. , �(  � � 
 � 
 $ � � � � � 
 � -
� � � �. �� � 
 � .9 � �� � � � � � � � � 
 �  � � � � 
 � , � � 
 "  � 	 � � �  � �$ � � � $ � 
  � � (  4- "  
 � � � �� 
 
  � 	 -
� � �� � ( � �  1.52 
 
 , � � � 1- "  
 � � � �� 
 
  � 	 � � �� � ( � 	  2.42 
 
 . ' �� � � "  �� � 	 � 
 � 
  	 % 	 % -
, �� � � (  � � (  � � � 
 � � � � 
 (  � � � � 1 � �. , � "  � � 
 � 
 $ � �  � � � � 	 � � � 
 �  � � � 
 � � � � 	 �  � � 	 % -
+ 
 � � ��  ( � 
 � .10). 

 
� 
 � .9. � �� � � � � � � � � 
 �  � � � � 
 � , � � 
 "  – 	 � � � 	 � � � 
 "  	 �  � � 	 � 
 
  4-"  
 � � � �� 
 
  �� � 	 � 
 � 
 � 

 
� 
 � .10. 8 � � � � � 	 � � �(  
 	 � � � �  � �� � � � "  
  � � � 
 � � � � 	 �  �  � % 	 � � �  



 

 

27

  � # 	 � 
 � � 
 � 	 � �� �  	 � � 	 � � � �  � � $ � � � � �� �  
  � � � 	 � �  � 
 � � � � � �-
� 
 	 � � 	 "  � �% 	 � � . 

 
 ,    

 
   : 

1. ' �� �  # � � � � 
 	 � �� �  	 % 	 % , � � � � �  � �� 
 �� 
 	 � � � �  � � 
 � � 
 � 	 �  � � ( 
 � �  
  	 % -
� �� � � �  4 � � � � � 
 �� � � � �  � � �$ 
 � � �� 
 � � � � 
 �  $ �� ��  # 	 � 
 	 	 % � �$ 	 � �� 
 (  � � � �� � "  �  
� � 1 
 
 �  � 	 � $ � � � � � 
 . � �� � 
 	 � � � � �  � � + � � 
 (  	 % � �� � 	 "  $ �� �� 
  	 � � 	 	 � � 	 � 	  
� �� � ( 1 � � 
 (  
  � 
 � � 	 � 	  
 $ � 
 % � � � � � 1 � ( . 

2. ' 	 � �$ �� � � � 
 � � � � � � � 	 � � � , � � � 	 " � 
 � 	 � � �  � � + � � 
 (  $ �� ��  # 	 � 
 	 	 % � �$ 	 � �� 
 (  
� � 
  � � � 	 � � � � 
 
  � 	 � � �� 	 � � 	 � 	  � � 
 � � � 
 (  � � 
 � � � � � � � 	 � � 
  � � �� � � �  $ �� ��  � � (  
� � � � �� �  % � � � 	 � � � � 	  
 �� 	 "  � � # 	 � 
 �� 
 
  
  
 �� 	 "  � � # 	 � 
 �� 
 
 , � 	  % 	 � � + 
 �  
� � � � 
 � , � � 
 "  
  � 	 � 	 � 	 � 	 � . 

3. ' �� � 
 �� � 
 �� 
 � � � � �(  # 	 � 
 � � 
 � 	 � � � 	 % � �� � � �  $ �� ��  	 � � 
 
 �� � � 	 � 	  # 	 � 
 	 -
	 % � �$ 	 � �� 
 (  �  � � 1 
 
 �  � 	 � $ � � � � � 
  �  � � � � 	 
  
 
 � 
 
 
 $ �� 
 
  � 	 � � � 1 � �� 
 	 � � 
  
  
	 � � �� 
 � � � 
 "  � � � �� � ( 1 � � 
 (  
  � � � � 
 � , � � 
 ( . ��" � � � �  	 � � 
 
 �� � � � �  � � � 
  
� � # 	 � 
 
 � 	 � �� 
 (  � � 
  
 $ � 
 % �  � � �� � 
 � � 
  
  � 
 % � 	 "  
 � 
 % � �� � , � 	 � 	 � � �  � 	 � � �-
� � . � � (  �  
 $ � � � � � � 
 
  � � $ � � � � �� �
 
 . 

4. - � 	 � � � � � 	  
 	 � � � 
 � 	 � �� 
 �  $ �� �� 
  � � � � � 
  � �� � � 
  � 	  � � � 
 � � � � 	 
 . - � 	 � � � � �  
�� �� 
 $  � � 
 ( � 
 (  
 �� + � � � � � � � � � 
  + � 	 �  � � � � 	 
 � � � 
 � � � � 
 �  � �� �
 � � � �  � �� � -
� 
 . 

5. � �$ � �% 	 � �� � � 	 � �(  
 �� � 
 �� 
 � � � � �(  
 	 � � � �  $ �� �� 
  	 � � � � � � � � 
 (  � � 
 � 
 $ � �  
� � � 
 � � � � � � � 
  � � � � 	 � � 	 "  � % 	 � � 
  	 % + 
 � � 
  � � � � �, 	 % � � � � � 
 � �. , � "  $ �� �� -
� � .  	 � � �� 	 � � � .  � 	 � # 
 � � � �� 
 .  � �� � � 
 . 

   :  
6. & � � 	 � � $ � (  � �� 
 �� 
 	 � � � �  � � � �� � � � � � �, � 	 � � � 	 � �  
 � � � �� 
 	 � � � "  
 � � 	 �  � � -

+ � � 
 (  	 % � �� � � �  $ �� ��  # 	 � 
 	 	 % � �$ 	 � �� 
 ( . ' 	 � �$ �� � � � 	 � 
 
 	 � � �  
 � � � �� 
 	 � -
� 	 � 	  
 � � 	 � �. � � � 	 �  	 % 	 % , � �  � � � � � � �"  � � �� � 
 � � � � 	 � 	  # 	 � 
 	 	 % � �$ 	 � �� 
 ( . 
� �� � 
 	 � � � � �  � � � � � ( � 
 $ 
 � � . , 
 �  � �� 
 �� � �  
 � � 	 � �. � % 	 � � 	 � �� � � 	 $ 
 	 1 -
� 	 � � �  � � �� 
 $ �� 
 
  
 � � � �� 
 	 � � � �  � � � 
  �  � � + � � 
 
  	 % � �� � � �  $ �� ��  # 	 � 
 	 	 % -
� �$ 	 � �� 
 (  
 � � 	 � 	 
  � 	 � � � � � �  4 � � 
 � � � 	 � . - � 
 � � � � � �  � 
 � � � � � � �  � � $ � � � � �� �  
� � + � � 
 (  � � � � 	 � � �  
  � � � 	 � 	 � � �  $ �� ��  � 	 � � � 
 � � � 	 � 	  �� 
 �� � � 	 � � 
 ( .  � � $ � � � -
� �� �  � 	 � � � � � 1 � �. � � (  4 � � � � � 
 
 � � � �� � � � 
 
  � �� � � 
 
 . 

7. - � � � � 	 1 � �  � 	 � � "  �� � 	 � 
 � 
  � � + � � 
 (  	 % � �� � 	 "  $ �� �� 
  � �� 
 	 � �� � � 	 � 	  # 	 � -

 	 	 % � �$ 	 � �� 
 ( . ��" � � � �  � �� 
 	 � �� � � � �  � � � 
  � � # 	 � 
 
 � 	 � �� 
 (  � � � � 1 � � "  
  
� � �� � 
 � 	 � .  

8. - 	 � � � 	 � �  
 � � � �� 
 	 � � � "  
 � � 	 �  	 � � � � � � � � 
 (  � � � � 1 � �. , � "  � � 
 � 
 $ � �  � � % � � 
1 � � � � 	 � � 
  � � 
  � � � � � � , 	 % � � � � � 
 � �. , � "  $ �� �� � � �  � � 	 
 � � � 
 � � � � 
 �  � �� �
 � � -
� �  � �� � � 
 , � �� �  � � � 	 � 
 (  � � 	 � 
 
 	 � � 
  
 � � 	 � �.  - � 
 � � � � � �  � � $ � � � � �� �  � �� � � -
� � � � 
 � 
 $ � �  � � � 
 � � � � � � � 
  � � � � � �  �  � � � � � � � 	 "  � �� � � 
 . 

   : 



 

 

28

9. � �$ � �% 	 � �� �  � 	 
 � � � � � �  � � 	 � � �
 
 , � � �� 
 $ � . , 
 �  
 � � � �� 
 	 � � � �  
 � � 	 � �  �  
� 
 � � � 
 �  MSC.Patran, MSC.Marc � � 
  � � + � � 
 
  $ �� ��  # 	 � 
 	 	 % � �$ 	 � �� 
 (  
  
� � � � � 
  � �� � � � " . 

10. � �$ � �% 	 � �� �  � ( �  � 	 � � � 	 � � �
 
  � 	 � � $ 	 � �� � � (  � 
 � � � 
 �  MSC.Marc, � � �� 
 $ � . -
, 
 �  � 	 � � �  
 	 � � � 
  �� . 
 
 � 
 � � � �  � � � �� 	 �  
  # 	 � 
 
 � � . , 
 �  � � � 	 �  � � 	 % � 	 � 
 -

 � �  � � $ � � � � �� 	 �  � � (  	 � � � � 
   � � 
 � � � 
 (  � �� 
 	 � �� � � 	 � � 
  � � 
  � � + � � 
 
  $ �� ��  
# 	 � 
 	 	 % � �$ 	 � �� 
 (  �  � � 1 
 
 �  � 	 � $ � � � � � 
 .  
� �� 
 
  	 % � �$ 	 
 , � �$ � �% 	 � �� �  � � 	 � � � 
 � � � � 
 �  � 	 � 	 1 � � 
 ( , � �� �. , 
 � � (  
 �� � -


 �� 
 � � � � 
 �  # 	 � 
 � � 
 � 	 � 	 �  
  � 
 � � � � � � �  
 � � 	 � 	 �  � � + � � 
 (  	 % � �� � � �  $ �� ��  # 	 � 
 	 -
	 % � �$ 	 � �� 
 ( , 
 $ � 	 1 � � �  � �� � � 	  	 % 	 � � 	 � �� � � �  � � 	 � � �
 
 � � �  � � + � � 
 ( , 	 % � � � � � 
 -
� �. , 
 �  	 � � � � � � � � 
 �  � � 	 � � � � � �  
  � � � � 	 � 	 � 
 � � � � 
 �  � �� �
 � � � 	 �  � � 
  
 $ � 	 � 	 � � � � 
 
  
� � � �� � "  � � 	 1 � 	 - � 	 � � � � � � � 
 � � � �  # 	 � 
  �  � � � 	 � 
 
 
  � � � % 	 � �� 
 ( 
 
  �  � �$ 
 � � � 	 "  
� 	 � � 	 � � 
  
  4 � � � � � �� �� 
 	 � � 	 
 �  � � � � � � � , 
  � � � � � � � 
 �  � 	 � 	 � � �  � � 	 � 
 �  $ � �� 
 � � � � -
� � "  � � � ��  �  � �$ � 
 � 
 �  
 �+ 
 � 	 � � � 	 � � 
 (  � � � �� � . 

 
    

 
� � �� � 
  �  1 � � � �� ��  
 $  � � � � � � (  � � � : 

1. � 	 � 
 	 � 
 �  � .� ., � � � " � 
 � 	 �  � .& . � �� � � �  4 # # � � � 
 � � 	 "  � 	 � , 
 � �  
  � � � � � # � 

 $ � 	 � 	 � � 	 " � 	 � 	  � 	 � � � � 
 (  �  CAE- � 
 � � � 
 ��  // - � 	 % � � 
 �  
 �+ 
 � 	 � � � 	 � � 
 (  
  
�� � 	 
 �� 
 $ �� 
 
 , 2005. < 3. � . 60-64. 

2. � � � 
 �  � .' ., � � � " � 
 � 	 �  � .& ., � 	 � 
 	 � 
 �  � .� . � 	 � � � 
 � 	 � �� 
 �  � � 	 � � � � 	 �  
# 	 � 
 	 	 % � �$ 	 � �� 
 (  � �� � � � "  � � � � � � �
 	 � � � � SSJ-100 // - � 
 � � �� � �(  
 � � �� 
 � � 

  � � � � 
 � � � � �(  # 
 $ 
 � �, 2010. � .51. < 4. � . 155-165. 

3. � 	 � 
 	 � 
 �  � .� . � �� 
 �� 
 	 � � � �  
 � � 	 � �  � � + � � 
 (  	 % � �� � 	 "  $ �� �� 
  	 � � 
 
 �� � -
� 	 � 	  � � # 	 � 
 
 � 	 � �� 
 (  �  � 	 � $ � � � � � 
  // & � # 	 � 
 �� 
 � � 
  � 
 � � � 
 �  � � � �� � � � 
 ( , 
2011. < 2(28). � .106-116. 

4. � 	 � 
 	 � 
 �  � .� . � % � �� � � �  $ �� �� 
  	 � � 
 
 �� � � 	 � 	  � � � �� � � � 
 (  �  � � 	 � 
 
  � 	 � $ � -
� � � � 
  // � 
 % 
 � � � 
 "  1 � � � ��  
 � � � � � � 
 �� � � 	 "  
 �� � 
 �� 
 � 
 , 2012, � 	 
  15, 
< 2(50), � .33-42. 

5. � 	 � 
 	 � 
 �  � .� ., � � � " � 
 � 	 �  � .& . � �� 
 �� 
 	 � � � �  � � 
 � � 
 � �  
  	 � � 
 
 �� � � � �  
� � + � � 
 (  	 % � �� � � �  $ �� ��  
 $ � 
 % � � � �� � 
 �  � � 
  � 	 � $ � � � � � 
  // - � 
 � � �� � �(  
 � -
� �� 
 � � 
  � � � � 
 � � � � �(  # 
 $ 
 � �, 2012, � 	 
  53, <  5, � . 136–146. 

6. � 	 � 
 	 � 
 �  � .� . & � � � �� 
 � � � "  
 � � 	 �  � � + � � 
 (  	 % � �� � � �  $ �� ��  # 	 � 
 	 	 % � �$ 	 -
� �� 
 (  4 � � 
 � � � 	 �  � 	 � � � � � � � 
 "  �  � � 1 
 
 �  � 	 � $ � � � � � 
  // � � � 
 � � 
 � � � � � � �  
 � -
� 	 � �  
  � � 	 � � �
 
 
 � 	 � �� 
 � . 2013. � .14. � �$ � � �  1. � . 141-148. 

7. � 	 � 
 	 � 
 �  � .� .  � 
 � � � � � � � 	 � � �  � � �$ 
 � � �� 
 � � � � 
 �  $ �� ��  # 	 � 
 	 	 % � �$ 	 � �� 
 (  �  
� 	 � $ � � � � � 
  // ' �� � � � � 	 � � 	 � � � "  
 �� � 
 �� 
 � � � � 
 "  1 � � � �� , 2013. � .13. < 1. � . 
3 -14. 

8. � � � " � 
 � 	 �  � .& ., � 	 � 
 	 � 
 �  � .� . � 	 � � � 
 � 	 � �� 
 �  � � 	 � � � � � � � � � � 
  � �� � � 
  // 
' �� � � � � 	 � � 	 � � � "  
 �� � 
 �� 
 � � � � 
 "  1 � � � �� , 2013. � .13. < 1. � . 102-106. 

9. � � � " � 
 � 	 �  � .& ., � 	 � 
 	 � 
 �  � .� ., �	 � 	 � 
 � � �  � .� . � 	 � � � 
 � 	 � �� 
 �  
  � �� � � �  
� � 	 � � � � � � � � � � 
  � �� � � � "  // 2 � � � � �  $ �� 
 � � 
  � � � 3 � 2 , <  II - 1(14) 2013 
«��� � 
  	  � � 
 � 	 � �  
  � � � � 
 � � », � . 41-48.  



 

 

29

10. � 	 � � 
 � � 
 "  � .= ., � � � � � 	 � � � .� ., � 	 � 
 	 � 
 �  � .� ., � � � � 
 � � � 	  � .� . 2 � � �� � � -
� 
 �  � � # 	 � 
 �� 
 	 � � � 
 
  � � 	 � � � � �
 
  
 � � �� � � � � 
  � 	 � � � 	 � 	 � �� � 	 "  	 % � �% 	 � � �  
// � � � � 	 � 	 � 
 (  
 � � �� � 	 � . � % � �% 	 � � � � �� � � � 
 � 
  
 � � �� � 	 �  
  
 �� � � 
 �� 	 � , 2013, 
< 6, � .29-33. 

11.  � 	 � 
 	 � 
 �  � .� . & � � � �� 
 � � � "  
 � � 	 �  � � + � � 
 (  � � 	 
 � � � 
 � � � � 
  � � � 
 � � " � � �  
	 % � �� � � �  $ �� ��  # 	 � 
 	 	 % � �$ 	 � �� 
 (  4 � � 
 � � � 	 �  � 	 � � � � � � � 
 "  �  � � 1 
 
 �  � 	 � $ � -
� � � � 
  // 9 � � � ��  � � � 
 � � 
 � � � � � 	 "  
 �� � 
 �� 
 � 
  
  
 �� � 
 �� 
 � � � � 	 "  # 
 $ 
 � 
 , 
2013, � 	 
  53, < 12, � . 145-153. 

12. � 	 � 
 	 � 
 �  � .� ., 0 	 � � 
 � � � .� . � � � 	 �  � � + � � 
 (  
 � � � �� 
 � � 	 "  � � � � � ( � 
 $ �� 
 � "  
	 % � �� � � �  $ �� ��  # 	 � 
 	 	 % � �$ 	 � �� 
 (  � � � �� � "  // � � � 
 � � 
 � � � � � � �  
 � � 	 � �  
  
� � 	 � � �
 
 
 � 	 � �� 
 � . 2014. � .15. � �$ � � �  1. � . 77-84. 

13. � 	 � 
 	 � 
 �  � .� . : 
 � � � � � 	 �  
 	 � � � 
 � 	 � �� 
 �  $ �� �� 
  # 	 � 
 	 	 % � �$ 	 � �� 
 (  �  � 	 � -
� �� � � � 
 
  � � � 	 � 
 ( 
 
  �  � � 1 
 
 �  � � �� � 
 � � 	 � � 
  
  � 	 � $ � � � � � 
  // & � � � � � � � -
1 � � � ��  «��� � 	 � � � � � 
 � », � � � � � �  1(20), 2014. 

14. � 	 � 
 	 � 
 �  � .� . : 
 � � � � � � "  
 � � 	 �  � � + � � 
 (  	 % � �� � 	 "  $ �� �� 
  � �� 
 	 � �� � � 	 � 	  
# 	 � 
 	 	 % � �$ 	 � �� 
 (  �  � � 1 
 
 �  � 	 � $ � � � � � 
  // � � � 
 � � 
 � � � � � � �  
 � � 	 � �  
  � � 	 -
� � �
 
 
 � 	 � �� 
 � . 2014. � .15. � �$ � � �  1. � . 222-227. 
 
- � 	 � 
 �  � � % � 
 � �� 
 
 : 

15. � 	 � 
 	 � 
 �  � .� ., � � � " � 
 � 	 �  � .& . � � � � � ( � 
 $ 	 � �� � � �  � �� �� � � � � � � �  �� � 	 � 
 � -

 �  � �� � � � � � � � � � 
 �  � � �  �  � 	 � � 
 
 
  4 � � 
 � � � �
 
  � � � � � � � � �  // � � � � �  � � 1 � � -
� �� 	 � � 	 "  � 	 � # � � � � � 
 
  � 	  � � � 
 � � 
 � � � � � 	 "  
 �� � 
 �� 
 � �  � � � � -2004. 
: .1/ - 	 �  � � � . 3 .� . � 
 � �" � 	 � �, � .- . & � � 
 � �, * .� . 0 �� � � � 	 � 	 . – �	 � 	 � 
 -
% 
 � � � : & $ � . & � � 
 � 3  � �  � � �, 2004. � . 192-196. 

16. Bormotin K.S., Oleinikov A.I.  Regularizing parallel algorithms boundary - ele-
ment calculation of elastic bodies with thin elements of structure // Book of Ab-
stracts of XXXII International Summer School-Conference "Advanced Problems 
in Mechanics (APM)" 2004. P. 81-82. 

17. � 	 � 
 	 � 
 �  � .� ., � � � " � 
 � 	 �  � .& . � 	 � � � 
 � 	 � �� 
 �  � 	 � � 	 ( � 
 (  � � 1 � , � � 	  
 � � � -
� � 
 � � � � �  � 	 � � 	 � � 	 
 � � � 
 
  
  � 
 � � � � � � � 
 
  � 	 � � � � 
 ( 
 
  // “ & � # 	 � 
 �� 
 � � 
  
� 
 � � � 
 �  � � � �� � � � 
 ( ”  < 2(8), 2004. � . 14-19. 

18. � 	 � 
 	 � 
 �  � .� ., � � � " � 
 � 	 �  � .& . 8 # # � � � 
 � � �(  � � � � � ( � 
 $ �� 
 (  
 � � 	 � � � � �-
� 
 � � 	 � 	  4 � � 
 � � � � � � 
  
 	 � � � 
 � 	 � �� 
 
  
 $ � � � 
 "  �  � 	 � � � � 
 ( 
 
  // & � # 	 � 
 �� 
 -
� � 
  � 
 � � � 
 �  � � � �� � � � 
 ( , 2004. < 2(8). � . 19-26. 

19. � 	 � 
 	 � 
 �  � .� ., � � � " � 
 � 	 �  � .& . � �� � � �  � � 1 � , 
 �  
 � � � � � 
 � � � 	 �  
  � 	 � � � � 
 "  

 �� � 
 
 �� � � 	 "  � �% 	 � 	 � � 	 � 	 % � 	 � � 
  
  � 	 � � 	 � � � � 	 � � 
  // �	 � � �  
 �� � � 
 �� �  
  
� � � � 	 � 	 � 
 
 -�� � -2004. � � $ 
 � �  � 	 � � �� 	 �  � � � � 	 � � 
 " � � 	 "  � �� � � 	 -
� � � � 
 � � � � 	 "  � 	 � # � � � � � 
 
 . �  3- �  � 	 
 �� . � .2.- � .: & 7  " � � � & "- � 3 � 2  
 
 . 
� .8 .7 
 	 � � 	 � � � 	 � 	 , 2004. � . 8-9. 

20. � 	 � 
 	 � 
 �  � .� ., � � � " � 
 � 	 �  � .& . � � � 
 � � 
 � � � � � 	 �  
 	 � � � 
 � 	 � �� 
 �  �' �  � � -
1 � , � � 	  
 � � � � � 
 � � � � �  � 	 � � 	 � � 	 
 � � � 
 
  
  � 
 � � � � � � � 
 
  � 	 � � � � 
 ( 
 
  // / 
 
 -
� ( (  + � 	 � � � 	  
 � � �� 
 � �  � � � 	 + � � �  � � � �  ( � � � � � � �� � �� �( ) � � $ 
 � �  � 	 � � �� 	 � . 
 � �� � � 
 � % � � � : 2 � �  � � �, 2005. � . 38. 



 

 

30

21. � � � " � 
 � 	 �  � .& ., � 	 � 
 	 � 
 �  � .� ., 3 � 
 � 	 � � � �  = .* , � � � + � 
 � � � .0 . 2 
  3d 
 � -
1 � � � � � � "  �� �� 
 $  
  � � 	 � � �
 
 � � �  � � + � � 
 (  � � (  	 � � � � 
  � � � � 	 � 	 � 
 � � 	 � � 
  
� � 	 � � � 	 �  // - � 	 % � � 
 �  
  � � � 
  � � + � � 
 (  
 � � � � � 
 � 
 	 � � 	 "  
  
 � � 	 � �� 
 	 � � 	 "  
� 	 � 
 � 
 � 
  � � � � � � � � 
 ( � 
 ( �  ) �% �� 	 � � � 	 � 	  � � �( . � � � � 	 � �� � 
 . & � � 	 � �� 
 	 � -
� � �  � � � � � � : � �� � � 
 �� �  � � � � 	 � � 
 " � � 	 "  � �� � � 	 -� � �� � 
 � � � � 	 "  � 	 � # � � � � � 
 
 : 
�  3 � . : . 2. / � � � � 	 � .: * .3 . � �% �� � 
 �  ( 	 � � .� � � .) 
  � � . – � 	 
 � 	 
 	 � � � � -� �-
� 
 � � � : 3 � 2 � - �  “ � � � 3 � 2 ” , 2005. � .10-12. 

22. � � � " � 
 � 	 �  � .& ., � 	 � 	 % � " � 
 � 	 �  � .�.,  � � � � "  � .� ., � 	 � 
 	 � 
 �  � .� . � 	 � � � 
 -
� 	 � �� 
 �  � � 	 � � � � � # 	 � 
 	 	 % � �$ 	 � �� 
 (  
 � � �� � 
 � � � � 
 �  
 $ � � � 
 "  �  � � 	 � � � � �  
� 	 � $ � � � � � 
  �  � � � � 	 
  � �$ � � �  � � 	 " � � �  
 �� � � 
 �� � � � 
  � �� � ( 1 � � 
 
  
  � 1 �� 
 
  �  
MSC.Marc 
  � � �� � � � � � �  � � + � � 
 (  � � (  � � � 	 � 	 � � 	 
 $ � 	 � 
 � � � � � � �  � � � 
 � � � � 
 "  
// � � � 
 � � 
 � � � � � �(  
 � � �� 
 � � � � # 	 � 
 
 � � � 
 	 � 	  � � � � � 	 � 	  � � � �// � � � � �  
 � 1 -
� � � �� 	 � � 	 "  � �� � � 	 - � � � � 
 � � � � 	 "  � 	 � # � � � � � 
 
 . �  � � � �  � 	 
 �� . – � .: � & -
& � ,2006, � . 2, � . 311-315. 

23. � � � " � 
 � 	 �  � .& ., � 
 � � � � � �.� ., � 	 � 
 	 � 
 �  � .� . � � � 	 � �  
  �� � 	 � 
 � 
 �  � �� �� -
� � � � � � �  � �� � � � 	 �  � � �  �  � 	 � � � � 
 ( 
 
  
  � � 	 � � � � 	 �  # 	 � 
 	 	 % � �$ 	 � �� 
 (  � �� � -
� � "  RRJ // ! � � � �
 � � � �� � � � �  
  � � 
 � � �� � � �  � 	 � � 	 � �  
 � � �� 
 � 
 . � �� � � 
 �� �  
� � � � 	 � � 
 " � � 	 "  � 	 � # � � � � � 
 
 , � 	 � � ( , � � � 	 "  70- � � � 
 .  �� �� � 
 
 � � � .- . � ( � -
� 
 � 	 � �. � � �� 
 � 	 � � 	 � : & � - 2  ' � �  � � �, 2006. � .26-27. 

24. � � � " � 
 � 	 �  � .& ., 3 � $ � �  � .� ., � � � � "  � .� ., � 	 � 
 	 � 
 �  � .� ., - � � �� +  � .& . � 
 � -
� � �� � � �(  	 % � �% 	 � � � � � � � �� � � � � � �  � 	 
 � � � � � ��  � � � � 	 � 	 � 
 "  # 	 � 
 	 � � 
  � � � � -
� 	 � �% �� 
 � � � �  
 $ � � � 
 "  � � 	 " � 	 "  � � 
 � 
 $ � �  
  � � � � 
 � � � 	 "  � 	 � , 
 � �  // - �� �� -
� � � � � � �  � � � 
 � � 
 � � � � � � �  � � � � 	 � 	 � 
 
  (- �� � ’2007): � � � � �  � � 1 � � � �� 	 � � 	 "  
� �� � � 	 "  � 	 � # � � � � � 
 
  ( : � � ( % 
 � � � , 29 ( � � �� (  – 2 # � � � �� (  2007 � .). – : � � ( -
% 
 � � � : & $ � - � 	  * 2 � 3 2 , 2007. – � .1. – � .15-23. 

25. 3 � $ � �  � .� ., � � � " � 
 � 	 �  � .& ., � � � � "  � .� ., - � � �� +  � .& ., � 	 � 
 	 � 
 �  � .� . � 
 � -
� � �� � � �(  	 � � �% 	 � � � � � � � �� � � � � � �  � 	 
 � � � � � ��  � � � � 	 � 	 � 
 "  # 	 � 
 	 � � 
  � � � � -
� 	 � �% �� 
 � � � �  
 $ � � � 
 "  � � 	 " � 	 "  � � 
 � 
 $ � �  
  � � � � 
 � � � 	 "  � 	 � , 
 � �  // " � � -
� 
 � � 
 � � � � � � �  
 � � 	 � �  
  � � 	 � � �
 
 
 � 	 � �� 
 � ", 2007, � 	 
  8. � . 123-129. 

26. � � � " � 
 � 	 �  � .& ., - � � �� +  � .& ., � 	 � 
 	 � 
 �  � .� . � 	 � � � 
 � 	 � �� 
 �  # 	 � 
 	 � � 
  
� � � � � 	 � �% �� 
 � � � �  
 $ � � � 
 "  � � � � �� � � � � � �  � 	 
 � � � � � ��  // � �� � � 
 �� �  XV 
� � 1 � � � �� 	 � � 	 "  � 	 � # � � � � � 
 
  � 	  
 � � �� 
 � �  
  � 	 � � � 
 � � � � 
  � � 
 � � �� � � 
  
� � 	 � � �
 
 � � 
  � 
 � � � 
 �
  ( � � � - - � ’2007), 25-31 
 �(  2007� ., � � � + � �. – � .: 
� � $ 	 � � � �(  � � 
 � �, 2007. - � . 399-400. 

27. � � � " � 
 � 	 �  � .& ., ' 	 � � 	 � 	 � 
 �  � .' ., � 	 � 
 	 � 
 �  � .� . & � � � � � 
 � 	 � �� � �(  
 � 	 � 	 -
� 	 � 	 � � �(  � 
 � � � 
 � � � 	 � � � 
 � 	 � �� 
 (  � � 	 � � � � 	 �  
 $ � 	 � 	 � � � � 
 (  � �� � � � "  � � �� � � � 
� �
 	 � � � � // - �� �� � � � � � � �  � � � 
 � � 
 � � � � � � �  � � � � 	 � 	 � 
 
  ( - �� � '2008): � � � � �  

 � 1 � � � �� 	 � � 	 "  � �� � � 	 "  � 	 � # � � � � � 
 
  ( � �� � � - - � � � � % � � � , 28 ( � � �� (  – 1 
# � � � �� (  2008 � .). – : � � ( % 
 � � � : & $ � . * 2 � 3 2 , 2008. – � . 199-206 

28. � � � " � 
 � 	 �  � .& ., � 	 � 
 	 � 
 �  � .� . � � �� 
 $  � � � 
 � 
 � �  
  � �� � � � � � � � � 
 (  � � 	 % � �-
� 
 
 � �  � � # 	 � 
 �� 
 "  � � � � � � � 	 "  � �� � � 
  � � 
  # 	 � 
 	 	 % � �$ 	 � �� 
 
  // ) ) ) ;  
' � � � � � � 	 � � 	 � � � (  
 � � � 
 � � 
 � � � � � (  + � 	 � �- � � 
 
 � � �  
 
 � � 
  �� �� � 
 
 � � 
 .� . / 	 � 	 � 	 � �: � � $ 
 � �  � 	 � � �� 	 � . � � �� 
 � 	 � � 	 � : & $ � -� 	  ' �� � � �� � �, 2008. – 
� .223. 



 

 

31

29. � � � " � 
 � 	 �  � .& ., � 	 � 	 % � " � 
 � 	 �  � .�., � 	 � 
 	 � 
 �  � .� . �  � � 
 ( � 
 
  � 
 � � � 	 � � � -
� 	 - 4 � � 
 � � � � 	 � 	  � � � � � � �� � � � 
 (  � � 
  
 	 � � � 
 � 	 � �� 
 
  # 	 � 
 	 	 % � �$ 	 � �� 
 (  � �� � -
� � "  
 $  �� 
 $ 	 � � 	 � � � �  � �$ � 	 � 	 � � 	 � 
 � � ( . , 
 � � (  � � � �� 	 �  // ) ) ) ;  ' � � � � � � 	 -
� � 	 � � � (  
 � � � 
 � � 
 � � � � � (  + � 	 � �- � � 
 
 � � �  
 
 � � 
  �� �� � 
 
 � �  .� . / 	 � 	 � 	 -
� �: � � $ 
 � �  � 	 � � �� 	 � . � � �� 
 � 	 � � 	 � : & $ � -� 	  ' �� � � �� � �, 2008. - � . 223. 

30. � � � " � 
 � 	 �  � .& ., � 	 � 
 	 � 
 �  � .� ., - � � �� +  � .& . ��� � ( 1 � � � 	 -
� � # 	 � 
 
 � 	 � �� � 	 �  � 	 � � 	 ( � 
 �  � � � � � � � � �  � �� � � � "  �  � � 	 � � � � �  
 �  # 	 � 
 	 	 % � �-
$ 	 � �� 
 (  // ) ) ) ;  ' �� � � � � 	 � � 	 � � �(  
 �� � 
 �� 
 � � � � �(  + � 	 � �- � � 
 
 � � �  
 
 � � 
  
�� �� � 
 
 � �  .� . / 	 � 	 � 	 � �: � � $ 
 � �  � 	 � � �� 	 � . � � �� 
 � 	 � � 	 � : & $ � -� 	  ' �� � � �� -
� �, 2008.- � .225-226. 

31. � 	 � 	 % � " � 
 � 	 �  � .�., � � � " � 
 � 	 �  � .& ., 3 	 � � �  � .� ., � 	 � 
 	 � 
 �  � .� . � �� � 
 �� 
 -
� � � � 	 �  
 	 � � � 
 � 	 � �� 
 �  � � 	 � � � � 	 �  � 	 � $ � � � � � 
  
 � � �� � 
 � � � � 
 �  
 $ � � � 
 "  
 $  
 �-
� � � 
 �� 	 � , 
 
 � . , 
 �  � �$ � � �  � � 	 " � � � � � � 
  � �� � ( 1 � � 
 
  
  � 1 �� 
 
  // � � � 
 � � 
 -
� � � � � � �  
 � � 	 � �  
  � � 	 � � �
 
 
 � 	 � �� 
 � , 2008, � 	 
  9. � . 346-365. 

32. � � � " � 
 � 	 �  � .& ., � 	 � 	 % � " � 
 � 	 �  � .�., � 	 � 
 	 � 
 �  � .� . � � 
 ( � 
 �  � 
 � � � 	 � � � � 	 -
4 � � 
 � � � � 	 � 	  � � � � � � �� � � � 
 (  � � 
  
 	 � � � 
 � 	 � �� 
 
  # 	 � 
 	 	 % � �$ 	 � �� 
 (  � �� � � � "  

 $  � � � � � 	 � � �� � 
 � � � � 	 � 	  
 �� � � 
 �� � // � � � 
 � � . 
 � � . � � � 	 + . � � � � . – 2008. – � . 
1, <  2. – � . 63-73. 

33.  � � � " � 
 � 	 �  � .& ., � 	 � 	 % � " � 
 � 	 �  � .�. � 	 � 
 	 � 
 �  � .� . & � � 	 � � $ 	 � �� 
 �  
 	 � � � 
  
�� 
 $ 	 � � 	 � � 	 "  � 	 � $ � � � � � 
  �  � � + � � 
 ( �  � � � � 
 � � � � �  $ �� ��  � � 8  // - � 
 � � �� -
� � �  $ �� �� 
  
 � � �� 
 � 
  � � # 	 � 
 
 � � � 
 	 � 	  � � � � � 	 � 	  � � � � 
  � � 	 � � � � � 
 � � � �  � � � -
� 	 � 	 � 
 
  �  
 �+ 
 � 	 � � � 	 � � 
 
 : � % .� � . – � � � .3.- : .1. – � 	 
 � 	 
 	 � � � � -� �- � 
 � � � : 
& � 
 �  ' � �  � � �, 2009. – � .131-143. 

34. � � � " � 
 � 	 �  � .& ., � 	 � 	 % � " � 
 � 	 �  � .�., ' 	 � � 	 � 	 � 
 �  � .' ., - � � �� +  � .& ., � 	 � -

 	 � 
 �  � .� . & � � � � � 
 � 	 � �� � 	 �  � � 	 � � � 
 � 	 � �� 
 �  
  
 	 � � � 
 � 	 � �� 
 �  � � 	 � � � � 	 �  
# 	 � 
 	 	 % � �$ 	 � �� 
 (  � � � � � � � � �  � �� � � � "  // - � 
 � � �� � � �  $ �� �� 
  
 � � �� 
 � 
  � � -
# 	 � 
 
 � � � 
 	 � 	  � � � � � 	 � 	  � � � � 
  � � 	 � � � � � 
 � � � �  � � � � 	 � 	 � 
 
  �  
 �+ 
 � 	 � � � 	 � -
� 
 
 : � % .� � . – � � � .3.- : .1. – � 	 
 � 	 
 	 � � � � - � �- � 
 � � � : & � 
 �  ' � �  � � �, 2009. 
– � .190-252. 

35. � � � " � 
 � 	 �  � .& ., � 	 � 
 	 � 
 �  � .� . � 	 � � � 
  � � � �� 	 � 
 � + � " � (  � 	 � $ � � � � � 
  �  � � 	 -
� � � 
 � 	 � �� 
 
  � � 	 � � � � 	 �  
 $ � 	 � 	 � � � � 
 (  4 � � 
 � � � 	 �  � 	 � � � � � � � 
 "  // 2 � � � � 
  
 � -
� �� 
 � 
  � � � 	 + � � �  � � � � : �  70- � � � 
 .  �� �� � 
 
 � � � .� . 0 � � 
 � �: � % . � �� � . � � . – 
� � �� 
 � 	 � � 	 � : ' �� � � �� � �, 2009. – � . 571-582. 

36. � � � " � 
 � 	 �  � .& ., � 	 � 
 	 � 
 �  � .� . �	 � � �  
 	 � � � 
  � 	 � $ � � � � � 
  � � (  
 $ 	 � � 	 � � � �  

  � � �� � � � � � �� � � 	 -
 $ 	 � � 	 � � � �  � � �  �  �� 
 �� � � 	 � � 
 
  // 2 � � � � 
  
 � � �� 
 � 
  
� � � 	 + � � �  � � � � . � � $ 
 � �  � � � � 	 � � 
 " � � 	 "  � 	 � # � � � � � 
 
 , � � 
 � � 	 � � � � 	 "  �  70-
� � � 
 .  �� �� � 
 
 � � � .� . 0 � � 
 � � – � � �� 
 � 	 � � 	 � : ' �� � � �� � �, 2009. – � . 14. 

37. � � � " � 
 � 	 �  � .& ., - � � �� +  � .& ., � 	 � 
 	 � 
 �  � .� . - � 	 � � � 
 � 	 � �� 
 �  � � 	 � � � � 	 �  
� � '  �  � � 1 
 
 ��  � � �� � � 
 (  // � � 	 � 
 (  
  � � �� � 
 � � 
 � � �� 
 � � � � 	 "  
  4 � � � � � 	 # 
 -
$ 
 � � � � 	 "  	 % � �% 	 � � 
  
 �� � � 
 �� 	 � . � �� � � 
 �� �  
 � 1 � � � �� 	 � � 	 "  � �� � � 	 -
� � � � 
 � � � � 	 "  � 	 � # � � � � � 
 
  ( � . � 	 
 � 	 
 	 � � � � -� �- � 
 � � � , 2009): 3 � 2 � - �  
«� � � 3 � 2 », : .2. 2009. � . 120-130. 

38. � 	 � 
 	 � 
 �  � .� . � �� 
 �� 
 	 � � �(  # 	 � 
 � � 
 � 	 � � � 	 % � �� � � �  $ �� ��  � � 	 � 
 
  � 	 � $ � -
� � � � 
  // � � 	 � 
 (  
  � � �� � 
 � � 
 � � �� 
 � � � � 	 "  
  4 � � � � � 	 # 
 $ 
 � � � � 	 "  	 % � �% 	 � � 
  



 

 

32


 �� � � 
 �� 	 � . � �� � � 
 �� �  
 � 1 � � � �� 	 � � 	 "  � �� � � 	 - � � � � 
 � � � � 	 "  � 	 � # � � � � � 
 
  
( � . � 	 
 � 	 
 	 � � � � - � �- � 
 � � � , 2009): 3 � 2 � - �  «� � � 3 � 2 », : .2. 2009. � . 131-
136. 

39. � 	 � 
 	 � 
 �  � .� . � �� 
 �� 
 	 � � �(  # 	 � 
 � � 
 � 	 � � � 	 % � �� � � �  $ �� ��  � � 	 � 
 
  � 	 � $ � -
� � � � 
  � � (  � � 8 -� � + � � 
 (  // XXXV ' �� � � � � 	 � � 	 � � �(  
 �� � 
 �� 
 � � � � �(  + � 	 � �-
� � 
 
 � ��  
 
 � � 
  �� �� � 
 
 � �  .� . / 	 � 	 � 	 � �. – � � �� 
 � 	 � � 	 �  : & � - 2  ' � �  � � �, 
2010. � . 463-468. 

40. Annin B. D., Oleinikov A. I., Bormotin K.S. Modeling of forming of wing panels 
of the SSJ-100 aircraft // Journal of Applied Mechanics and Technical Physics,  
2010, V.51, Issue 4, pp 579-589. 

41. Guzev M.A., Oleinikov A.I., Dolgopolik O.D., Bormotin K.S. Multithreaded In-
tegrated Design of Airframe Panel Manufacture Processes // Methods and Tools 
of Parallel Programming Multicomputers,Revised selected papers of the 2nd Rus-
sia-Taiwan Symposium, MTPP-2010, Vladivostok, Russia, May 2010, LNCS 
6083, Springer-Verlag Berlin Heidelberg, 2010. C 283-292. 

42. � 	 � 
 	 � 
 �  � .� . � � 8  - � � + � � 
 �  	 % � �� � � �  $ �� ��  � � 	 � 
 
  � 	 � $ � � � � � 
  �  
 
 � 
 -

 �� � � 	 "  � 	 � � � 1 � � � � 	 � � � .  // � � 1 � � � �� 	 � � � "  � 
 
 � 	 $ 
 � 
  «� % � �$ 	 � �� 
 � , 
� �� � � 
  � � 	 
 $ � 	 � � � � 	 : � � 	 % � � 
 � , � 	 � � 
 1 � � 
 (  
  � � � � � � � � 
 � � »: 
 �� � � 
 �� �  
� � � � 	 � � 
 " � � 	 "  � 	 � # � � � � � 
 
  «; � 	 � � � 	  # � � � �
 � � � �� � � � 
  	 � � 	 � �
  
 	 � � -
� 
 � 	 � �� 
 (  	 % � �% 	 � � 
  
 �� � � 
 �� 	 � » 
  � �� � � 	 - � � � � 
 � � � � 	 "  � 	 � # � � � � � 
 
  
«� �� � 
 �� 
 � � � � 	 � , � � � 
 � � 
 � � � � � 	 �  
  
 � # 	 � 
 �� 
 	 � � 	 �  	 % � � � � � � � 
 �  � � � � 	 -
� 	 � 
 � � � � 
 �  � � 	 � � � � 	 �  
  � 
 � � � 
 »: �  5� . � .4 / � � � � 	 � .: � .� . ; � 
 � � �  (	 � � .� � � .) 

  � � . - � 	 
 � 	 
 	 � � � � - � �- � 
 � � � : 3 � 2 � - �  «� � � 3 � 2 », 2010. � .34-37. 

43. � � � " � 
 � 	 �  � .& ., � 	 � 
 	 � 
 �  � .� . & � � � �� 
 	 � � � "  
 � � 	 �  � � 8 - � � + � � 
 (  	 % � �� -
� � �  $ �� ��  � � 	 � 
 
  � 	 � $ � � � � � 
  �  
 
 � 
 
 �� � � 	 "  � 	 � � � 1 � � � � 	 � � � .  // & � � � � � 	 -
� �� 
 (  
  � � � � � � � � 
 � � � �  � �$ � �% 	 � � 
  �  
 �+ 
 � 	 � � � 	 � � 
 
 : 
 �� � � 
 �� �  � �� � � 	 -
� � �� � 
 � � � � 	 "  � 	 � # � � � � � 
 
  
 	 � 	 � � �  � � � � � �  
  � � � � 
 �� 
 � � 	 �   / � 	 � .	 % .� � � . 
� .� . ! 
 $ � � �� 	 � �. - � 	 
 � 	 
 	 � � � � -� �- � 
 � � � : 3 � 2 � - �  «� � � 3 � 2 », 2010. – 
� .8-13. 

44. � 	 � 
 	 � 
 �  � .� . � � 	 � 	 � � 
 � � � 
 �� � � �(  � 	 � � �� 	 � � � 
  � � � 	 � 	 � � �  � � + � � 
 (  	 % -
� �� � � �  $ �� ��  � � # 	 � 
 
 � 	 � �� 
 (  �  � � � 	 � 
 ( �  � 	 � $ � � � � � 
  // ' � # 	 � 
 
 � 	 � �� 
 �  
  
� �$ � � + � � 
 �  � � � � � � � � � 	 - � � 	 � � 	 � 	 � � � �  � � � �  
  � 	 � � � � � � � 
 " : � � $ . � 	 � � . II 
� � � � 	 � .� 	 � # . – �	 � 	 � 
 % 
 � � � : & $ � - � 	  �3 � 2 , 2011. � . 19. 

45. � 	 � 
 	 � 
 �  � .� . � � � � 	 � 	 � 
 (  � � + � � 
 (  	 % � �� � � �  $ �� ��  	 � � 
 
 �� � � 	 � 	  # 	 � 
 	 -
	 % � �$ 	 � �� 
 (  � � � �� � "  �  � 	 � $ � � � � � 
  // � �� � � 
 �� �  � 	 � � 
 " � � 	 "  � �� � � 	 -
� � � � 
 � � � � 	 "  � 	 � # � � � � � 
 
  «! � � � �
 � � � �� � � � �  
 � � � � � 	 � �� 
 (  �  	 % � �� � 
  � � � -
� 	 � 	 � 
 "  � � 	 " � 	 � 	  � �$ � �� � � 
 ( » 
  � 	 � � 
 " � � 	 "  � 	 � # � � � � � 
 
  «; � 	 � �- � � 
 
 � ��  
� 	  
 � � 	 � 	 � 	 � 
 � � � � 	 
 �  	 % � � � � � � � 
 .  
  # � � � �
 � � � �� � � � 
  	 � � 	 � �
  � � � � 	 � 	 -
� 
 "  � � 	 " � 	 � 	  � �$ � �� � � 
 ( » – � 	 
 � 	 
 	 � � � � - � �- � 
 � � � : ! 3 � � 2  � - �  «� � � 3 -
� 2 », 2011.  � .125-128. 

46. Bormotin K.S. Inverse problems of optimal control in creep theory // Journal of 
Applied and Industrial Mathematics, 2012, Volume 6, Issue 4, pp 421-430. 

47. � 	 � 
 	 � 
 �  � .� . � � + � � 
 (  	 % � �� � � �  $ �� ��  # 	 � 
 	 	 % � �$ 	 � �� 
 (  � � � �� � "  �  � 	 � -
$ � � � � � 
  // � 	 � 	 � � �  � � � � � �  - ) �% �� 	 � � � 	 
 �  � � �. : 
 �� � � 
 �� �  XIV � � �� � 	 � 	  



 

 

33

� 	 � � � � � � 
 	 � 	 � � �  � � � � � �  
  �� � 
 � �� � 	 � , ) �% �� 	 � � � : & $ � - � 	  � 
 � 	 	 � � �� . � 	 � . 
� � - � �, 2012. - � .2. - � .92-96. 

48. Bormotin K.S., Oleinikov A. I. Variational principles and optimal solutions of the 
inverse problems of creep bending of plates // Journal of Applied Mechanics and 
Technical Physics 2012, Volume 53, Issue 5, pp 751-760. 

49. � 	 � 
 	 � 
 �  � .� . � 	 � � � 
 � 	 � �� 
 �  $ �� ��  # 	 � 
 	 	 % � �$ 	 � �� 
 (  �  � 	 � $ � � � � � 
  // 
XXXVI ' �� � � � � 	 � � 	 � � �(  
 �� � 
 �� 
 � � � � �(  + � 	 � �- � � 
 
 � ��  
 
 � � 
  �� �� � 
 
 � � 
 .� . / 	 � 	 � 	 � � – � � �� 
 � 	 � � 	 � : & � - 2  ' � �  � � �, 2012. � .80-85. 

50. � 	 � 
 	 � 
 �  � .� ., � � � " � 
 � 	 �  � .& . � 	 � � � 
 � 	 � �� 
 �  � � 	 � � � � � � � � � � 
  � �� � � � "  // 
XXXVI ' �� � � � � 	 � � 	 � � �(  
 �� � 
 �� 
 � � � � �(  + � 	 � �- � � 
 
 � ��  
 
 � � 
  �� �� � 
 
 � � 
 .� . / 	 � 	 � 	 � �, – � � �� 
 � 	 � � 	 � : & � - 2  ' � �  � � �, 2012. � .169-174. 

51. � 	 � 
 	 � 
 �  � .� ., � � � " � 
 � 	 �  � .& . � �� � 
 �� 
 � � � � �(  
 	 � � � �  	 % � �� � 	 "  $ �� �� 
  
# 	 � 
 	 	 % � �$ 	 � �� 
 (  � � � �� � "  �  � � 1 
 
 �  � 	 � $ � � � � � 
  // � �� � 
 �� 
 � � � � 	 �  
 	 � � -
� 
 � 	 � �� 
 �  
  � � �� � � �  $ �� �� 
 : � � � � �  � � � ( � 	 "  � � � � 	 � � 
 " � � 	 "  � �� � � 	 "  � 	 � # � -
� � � � 
 
  �  
 � 1 � � � �� 	 � � � 
  � � �� � 
 � 
 . : .1: � �� � 
 �� 
 � � � � 
 �  
 	 � � � 
  
 � � �� 
 � 
 , 
� � 	 � � 	 � � 
  
  � �� � 1 � 	 � � 
  4 � � 
 � � � 	 �  � 	 � � � � � � � 
 " . – � �
 �� �: � �
 3 � 2 , 2013.   
� . 56-57. 

52. � 	 � 
 	 � 
 �  � .� ., � � � " � 
 � 	 �  � .& . � 	 � � � �  
  
 � � 	 �  � � + � � 
 (  	 % � �� � 	 "  $ �� �� 
  
# 	 � 
 	 	 % � �$ 	 � �� 
 (  � � � �� � "  �  � � 1 
 
 �  � 	 � $ � � � � � 
  // � �� � � 
 �� �   XVIII � � 1 -
� � � �� 	 � � 	 "  � 	 � # � � � � � 
 
  � 	  � � � 
 � � 
 � � � � � 	 "  
 � � �� 
 � �  
  � 	 � � � 
 � � � � 
  
� � 
 � � �� � � 
  � � 	 � � �
 
 � � 
  � 
 � � � 
 �
  (� � � - - � ’2013), � � � + � �. – � .: & $ � -
� 	  � � & , 2013. – � . 55-57. 

53. � 	 � 
 	 � 
 �  � .� ., � � � " � 
 � 	 �  � .& . : 
 � � � � � � �  
 � � 	 � �  � � + � � 
 (  	 % � �� � 	 "  $ �-
� �� 
  # 	 � 
 	 	 % � �$ 	 � �� 
 (  � �� � � � "  �  � � 1 
 
 �  � 	 � $ � � � � � 
  �  � � # 	 � 
 �� 
 	 � � � 
  
� � �� � � 
 � 
  // � � � � 	 � � 
 " � � �(  � 	 � # � � � � � 
 (  � 	  
 �� � 
 �� 
 � �  
  
 � � �� 
 � � , � 	 -
� � ( , � � � �(  135- � � � 
 .  � 	 
 � � 	 � 	  � 	 � � � �� � � � � � � 	 � 	  � � 
 � � � � 
 � � � � 
  65- � � � 
 .  

 � � �� 
 � 	 -
 �� � 
 �� 
 � � � � 	 � 	  # �� � � � � � � �: � % 	 � � 
 �  � � $ 
 � 	 �  (� 	 
 � � , 02-04 	 � -
� ( % � (  2013� .) – � 	 
 � � : & $ � - � 	  «& � ��  ! � � 	 � 	 � », 2013. – � . 215.  

54. � 	 � 
 	 � 
 �  � .� ., ��� �� � � 0 .� . � � � 	 �  � � + � � 
 (  	 % � �� � 	 "  $ �� �� 
  # 	 � 
 	 	 % � �-
$ 	 � �� 
 (  � � � �� � "  �  � � � 	 � 
 ( �  � � �� � 
 � � 	 � � 
  
  � 	 � $ � � � � � 
  // � �� � � 
 �� �  II 
 � -
1 � � � �� 	 � � 	 "  � �� � � 	 - � � �� � 
 � � � � 	 "  � 	 � # � � � � � 
 
  «� � �� � 
 
 � � � � �(  � �� � � - 
� � 	 % � � 
 �  
  � 	 � � 
 1 � � 
 ( » ( � 	 � � � �, 5-6 � � � � ( % � (  2013 � .) – CreateSpace 4900 
LaCross Road, North Charleston, SC, USA 29406: 2013. - � . 205-208. 

55. Bormotin K.S. Iterative method for solving geometrically nonlinear inverse prob-
lems of structural element shaping // Computational mathematics and mathemati-
cal physics, 2013, Vol.53, < 12, pp.1908-1915. 
 
� � 
 � � � � � � � � � �: 

56. � � 
 � . 	  � � � 
 � � � . � � 	 � � �
 
 �  � � (  8 � � . - � 	 � � �
 
 � � � (  8 � �  
«UnformTheory» / � � � " � 
 � 	 �  � .& ., � 	 � 
 	 � 
 �  � .� . ( � 	 � � 
 ( ) - < 2012612440; 
/ �( � � . 01.11.2011; / �� � � 
 � � � . 06.03.2012. 

57. � � 
 � . 	  � � � 
 � � � . � � 	 � � �
 
 �  � � (  8 � � . - � 	 � � �
 
 � � � (  8 � �  «AutoUnform-
Theory» / � � � " � 
 � 	 �  � .& ., � 	 � 
 	 � 
 �  � .� . ( � 	 � � 
 ( ) - < 2013613916; / �( � � . 
01.03.2013; / �� � � 
 � � � . 18.04.2013. 


