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ê

u  

X3, 	��� �������.............................................................................................................................................................ˆ
e

p  

#$�
��� 	Q��\ 5)�&�	/U�� A��� ................................................................................................................................. W  

���
 	$�7)�,........................................................................................................................................................................u�  

��3�
 



 � 

���	�7Z ����.....................................................................................................................................................................
i

b  

�� #SQ �������......................................................................................................................................................................
i

T  

#SQ ��� ������
 ��� �) 	Q���� 	,��U ��...................................................................................................................i
T  

38+�& ��� 5)�&..................................................................................................................................................................{ }j
φ  

#Q��K
 	T"EU <
�%�Y��Z ....................................................................................................................................{ }p
u  

��� v"��M� s$�&�
�..................................................................................................................................................[ ]A  

V�M���J$� #Q��K
 	T"EU <
�% #) #8M)�� ���
 ������� ����)......................................................................{ }p
T  

A��� ��/�� s$�&�
H��C
 ���f&.................................................................................................................................[ ]L  

	��� ��� 	$�7)�, ����)...............................................................................................................................................{ }d�  

*B
 YM, *��Z ��� *Q�Z............................................................................................................................................ r  

#E8B
�	K�St 	G�+ ��& ��8
�� �� ...........................................................................................................................ξ  

#E8B
�	G�+ ��& �"�� ��8
�� �� 	K�St ................................................................................................................η  

�"F
 ��8
�� �� #FJT �����x .......................................................................................................................................
x

θ  

�"F
 ��8
�� �� #FJT �����y .......................................................................................................................................
y

θ  

	��) VC� 0$�G................................................................................................................................................................
s

k  

��F��...........................................................................................................................................................................................κ  

	��) A���............................................................................................................................................................................γ  

 

�����\ 



 � 

���.����/�
�0  

  

	&����f& VC� VF (Variational Form) 

�"> VC� SF (Strong Form) 

W�KG VC� WF (Weak Form) 

���F
 ��3,� b�� FEM (Finite Element Method) 

���F
  ��J& b�� FDM (Finite Difference Method) 

#$�
����#8J�� �V�  TPE (Total Potential Energy) 

#$�
����#8J�� �V�C
 V�  TCPE (Total Compelementary Potential Energy) 

����/�H��3$�� HR (Hellinger-Reissner) 

-)"$�H"�H�3���� VHW (Veubeke-Ho-Washizu) 

���"�%H38+�& HT (Hybrid-Trefftz) 

 

  

  

  

  

3��%�� 



�). 
1�:  

  

  

�!�.� ����3%�  

  

  

  

2323 ��"4!�-�  

      ��$�% �8��) (	K�St 4"/� ��
������ � ��
���
       #Q��K
 �� 	���8
�  �"T #) �� 	C$3�+ ���    �') �'�

  ���% ��� �8�
    	
 (	Q"�K
 �$ � ����M$"� .          �� �$ � VC�
 �"�K
 �"t #) ���8
� �$� ��>� VZ �C�


*
� .    #��$�� �8+�� ��� #) ���)       	
 #8B$� ��S, 0Q�> -$ �� #Q@M
 (�"� .���) �) #Q@M
 VZ  �� �8M',

�"��>  ���
 ��S, ��� 	
 �&���) . 	
 (<
�% #) ���
� ���)b�� �� ��"& #8M'M� �"���"� ���  ���'


 *M, ���) .  �"�� �$� �� 5)�& (��    	
 #8�"� ���� lB�
�� ��� ��"'� . <'
�%   �'1U ��'�    �'$� �� (���

   	
 *
� #) ��C����$2 .         #1)�� ���) 0
��
 	G�$� �"�Q� -$ #) (��MZ �$� �)    *'
� ���� #Q@M
 ���
 .

  	
 ���� �t�U        �"/1
 (	G�$�  �"T #) ��$�% -$ ���� ��
2 (���  ���� 4�� ���
 .  �� '
���#   (��'� �

�"/1
 #�"� �$��\�$2 	
 ���
 .  

2343 ��3��6�D31/	 ���� 

    ��$�% (V�/F& ��"�� ��
2 ���)    �� 	C$3�+ ��"/1
 	
 ���
���� .#7�8�         ��'� #'Q��K
 ��'� �'$� �

     �") ���"U #Q@M
 ��8+� �) Y��Z.  #1)�� �$�                   	'
 	'&����f& � W�K'G (�"'> VC'� #') �� 	'G�$� ��'�

��M$"�[F1].  



 `

234323 �3E 0��  

  #Q��K
 �� 	���8
�  �8�
 �) �� ���% ���       	
 �� �"> VC� (	Q"�K
 �$ � ������
 .  	
 �")3
 ���8
� ���"&

  �"T #) #Q��K
    ���) 3�� ��S, ��� . #1)�� �$�  #�"�7
 � ��   ��'� �� ��      #'Q��K
 �� ���'
 ��'�  ��'�

	
 #Q@M
 �) Y��Z��$"�.  

234343 F-G: 0��  

#1)��    #�Q�� 5)�& �) W�KG ���  ��� ����    	
 �% �) �������� .	
   ����
 b�� �� ��"&       V'Z �� 	'��� ��'�

 #Q��K
 	S$�I& ���% ���   �� � 	1U ��  M, ���) 	1U* .  ���)  �"T ��       #'Q��K
 (�'+ �'$� �� 	$",  ��'�

	
 �� ���F
 ��3,����2 *
� #) #Q@M
 �) Y��Z 	K)�& #) *SM� 	���� �8��� ���) ��"& .  

234353 �%��--H% 0��  

            VC� (#Q@M
 �) Y��Z 	K)�& ���� �$ � 	&����f& VC� ��"�� �8M$� �)      	
 *
� #) �"> � W�KG ���-

��$2 .   �8M� �����)��� (�"�� �$���     ���� 	G�$� � -$3�+ �� �� .  ���8
� �8��) (��$�      #') 	'C$3�+ ��'�

#�"�     	K)�& #� ��$��� 	
 ��8+� ��   �2 #) #8M)�� ���   ����� 	$�8M$� ���I
 (�� .  ��&�) 	&����f& VC� ���

���� �� �$�:  

_ H   	
 #8M)�� 	K)�&  	�9$� 	
��& ���"&    ����) �)�� �� ���8
� ��� . 	�9$� �$�    'Q��K
 V
�'� ��#-

  ��� (����
 ���   �"��> � ���
 ���  ��8M� ��8M$�% ��� .      ���'� ���I
 -$ 	K)�& (������

	�� ���f&  �E8B
 �"F
 ��I8�� �) � *
����.  

` H       ���I
 	
��& (Y�I8M
  �"T #) (	&����f& VC�      	
 �) �� �� ��� ��"
 ������� .  (#�"�� ���)

      ��) 4�� �� #$�
��� � ���8�� (4�, ��"& 	
 .
 �$����I      �"��'> �') (	'G�$�  �"'T #') �'�  ��'�

 	
 W$�K& ��8M$�%��"� .#$�% (�"�� �$� �� �8+�� ���) �) �'+ ���) 	S
��
 �  #8M'M� ��'�-

      	
 �$�% #Q@M
 	S$�I& VZ � ���
�$2 .#8MM�    #$�% 	S$�I& VZ � ���
     ��3',� b��  ���

��8M� ���F
.  

e H    #1)�G ��$2�+ (	&����f& VC�    @M
 VZ ���) �� ���
#Q       	'
 Y���'+ #��$�� #/�
� #) ���2 .  �'$�

"�Q� ���) 	�9$�*
� 0
��
 ���M) #8MM� ���.  

g H  #Q@M
 ���)     V'Z 	$����� (�1U V�/F& (����$�% ���    �'$� �'���
 � ���'� ��'�   VC'� �� �'�

	
 ���) 	&����f&�����  .  


