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:@�)��6�(� 	%�d� 	� $�) �7"���ju  /���O (iû  �"3���� 3(�� 	�� i7���  ...............................................5I 

:@�)��6�(� ( /�\ �7�C ��"�� ��]& :@� A��1�2
max

=d.....................................................................................56  

:@�)*�6(� 3h :O $%1O ( 	�18� 3��� � �=j<� X7 %� /7��&  .............................................................................52  

:@�)*��(�  /=\�" ��T- �8� /��\1� �&�1 !� X7 %� /7��&)	�18� 3��� � ���O(  ...........................................52  

:@�)*��(� J�C �=O�� 
��a1=- "�C���&�� 4%�  ........................................................................................................._�  

:@�)*�*(�  u��&)1 g �����* /
��0 
�x S� $�B !" �" /
��� .1=! :\�"  ..............................................._*  

:@�)*�2(� ���&�� :O �=O�� 
��a1=-  ........................................................................................................................._5  



 � 

��
��                                                                    ����  

  

:@�)2�6(�  
����v� $18&&�@� [�1\�@/ $"�� K�
� i<O�� �&�1 !� ����� y�0 U)���(  ...............................9_  

:@�)2��(�  ��=� �&�1 !� /&��� K�
� �" /��8� J�� /&��% �|S7���)r = 0.375 m (4(� %�   3�}��� 3(�� 	��

 AE�� �� �<7��� ( "(�8� 3���� (]�*[  ...........................................................................................................................99  

:@�)2��(�  ����� y�0 3��% �� /=\�" ��T- 
����v�)2�6(  .....................................................................................9>  

:@�)2�*(� ��% �� /=\�" ��T- 
����v� ����� y�0 3)2��(  .....................................................................................9>  

:@�)2�2(� ���& /G�
� 
���
���  K�
� �� 	�r = 0.375 m )/&��� K�
� ( 	��� ��=� �&�1 !� �"n  q}= S� 	�}�

  .................................................................................................................................................................................................>I  

:@�)2�5(�  K�
� �" ��=� �&�1 !� /G�
� J�� /&��% �|S7���r = 0.375 m )/&��� K�
� ( 	���n q}= S� 	��

  .................................................................................................................................................................................................>6  

:@�)2�_(�  � /}��8� J�� /&��% �|S7���    K�
}� �" �}�=� �&�1 }!r = 0.375 m )  /&�}�� K�
}� (  	��}�n  	�}�

q= S�  ....................................................................................................................................................................................>6  

:@�)2�9(� 3��% �" ���S^ �LE �" ��=� �&�1 !� /��8� J�� 
����v�t=0.3 (ms)  ...................................>�  

:@�)2�>(�  3��% �" ���S^ �LE �" ��=� �&�1 !� /G�
� J�� 
����v�t=0.3 (ms)  ...................................>�  

:@�)2�6I(� ���& /G�
� 
���
���  	r = 0.375, z = 0.75 m  	��� $��1' �&�1 !� �"nq= S� 	��  ........>* 

:@�)2�66(�   �}��& /G�
}� J�� /&��% �|S7���  	r = 0.375, z = 0.75 m     	��}� $�}�1' �&�1 }!� �"n  	�}�

q= S� ...................................................................................................................................................................................>2 

:@�)2�6�(�   �}��& /}��8� J�� /&��% �|S7���  	r = 0.375, z = 0.75 m     	��}� $�}�1' �&�1 }!� �"n  	�}�

 q= S�  ...................................................................................................................................................................................>2 

:@�)2�6� (   �}��& 	�1}8� J�}� /&��% �|S7���  	r = 0.375, z = 0.75 m     	��}� $�}�1' �&�1 }!� �"n  	�}�

  q= S�  .................................................................................................................................................................................>5 

:@�)2�6*(� ���& /��8� J�� /&��% �|S7��� 	��� $��1' �&�1 !� F!( �" 	� nq= S� 	��  .......................>_ 

:@�)2�62(�  3��% �" �=j<� :O $%1O �" /��8� J�� A7%1�t = 0.15 (ms)  ................................................>9  

:@�)2�65(�  3��% �" �=j<� :O $%1O �" /��8� J�� A7%1�t = 0.6 (ms)  ...................................................>>  

:@�)2�6_(�  F��(� y�0 3��% �� /=\�" ��T- 
����v�)2�*(2(  .............................................................................6I6 

:@�)2�69(�  F��(� y�0 3��% �� /=\�" ��T- 
����v�)2�5(_(  .............................................................................6I�  

:@�)2�6>(� ���& /G�
� 
���
���    �&�1 }!� /&�}�� K�
� �" Am�( 	�FGM ��� �}8� U    	��}� U.(� .�}� 	��H})

nq= S� 	��  ........................................................................................................................................................................6I�  

:@�)2��I(� ���& /G�
� 
���
���   �&�1 }!� /&��� K�
� �" Am�( 	�FGM     	��}� U`(" .�}� 	��H})��� �}8� U

nq= S� 	��  ........................................................................................................................................................................6I�  

:@�)2��6(� ���& /G�
� 
���
���  �&�1 !� /&��� K�
� �" Am�( 	�FGM      	��}� U`1}! .�}� 	��H})��� �}8� U

nq= S� 	��  ........................................................................................................................................................................6I2 

:@�)2���(� ���& /G�
� 
���
���  �&�1 !� /&��� K�
� �" Am�( 	�FGM U    	��}� U`��}La .�}� 	��H)��� �8�

nq= S� 	��  ........................................................................................................................................................................6I2 

:@�)2���(� ���& /G�
� 
���
���  �&�1 !� /&��� K�
� �" Am�( 	�FGM c�S^    U.(� .�}� 	��H})��� �8� U��

 	���nq= S� 	��  ...............................................................................................................................................................6I5 



 � 

��
��                                                                    ����  

  

:@�)2��*(�  �}��& /G�
� 
���
��� �	    
�}x S� �" A}m�(r = 0.375, z = 0.75  �&�1 }!� �" UFGM   �}! ("

"�
�� �� ��"��)ri = 0.25  Uro = 0.5  (L = 1.5 m 	��� U.(� .�� 	��H)��� �8� Unq= S� 	��  ....................6I_  

:@�)2��2(�    �}��& /G�
}� 
�}��
���    
�}x S� �" A}m�( 	�r = 0.375, z = 1.5  �&�1 }!� �" UFGM   �}! ("

"�
�� �� ��"��)ri = 0.25  Uro = 0.5  (L = 3 m 	��� U.(� .�� 	��H)��� �8� Unq= S� 	��  ....................6I_  

:@�)2��5(� ���& /G�
� 
���
���   
�}x S� �" Am�( 	�r = 0.375, z = 0.75  �&�1 }!� �" UFGM    �}! X}7

"�
�� �� ��"��)ri = 0.25  Uro = 0.5  (L = 1.5 m 	��� U.(� .�� 	��H)��� �8� Unq= S� 	��  ....................6I9 

 



 � 

���< �����	!  

                                                                                                                   ���< 2%	 3 ����  

  

 .(�E)6�6(� 
(�V� 4(� 	�� �� 	��"(�8� 3���� ( 3���� 3(  ................................................................................_ 

.(�E )��6(� 4(� 	��� ���03���� 3(�� 	��  ..........................................................................................................�> 

 .(�E)���(� $1��4(� 	��� .1��- q= S� 	��3���� 3(�� 	��........................................................................*I 

 .(�E)2�6(�   t}B�� �C1� �&�1 !� X7 	�18� 3���� 
���
��� 	��� .(� ,&�'�- � ����C ��C �<7��� ( /7��B��

 "�%h(L/r0 = 4)  ....................................................................................................................................................................9� 

 .(�E)2��(�      "�%h t}B�� �C1}� �&�1 }!� X}7 	�1}8� 3���� 
���
��� 	��� .(� ,&�'�- � ����C ��C�  ( ��"�}�)

�� �<7��� ]6* [ (]6_ [
(�V � /E��\ K�
� �� .10 ��<& 	���  ...........................................................................9� 

 .(�E)2��(�     ��"�}�) t}B�� /��}\1� ( �C1}� �&�1 !� 	�18� 3���� 
���
��� 	��� .(� ,&�'�- � ����C �T��

<7��� ( ��"��) �� �]6_ [
(�V � /E��\ K�
� �� .10 ��<& 	���  .........................................................................9� 

 .(�E)2�*(�  �?E� /@�&�@� [�1\FGM  ...................................................................................................................9* 

 .(�E)2�2(� .(� /
��0 ,&�'�- � ����C ��C �7"���  �&�1 !� 	���FGM "�%h�  31@�=�}! /=\�" ��! �� ��"��)

 /�dO �<' ���e 
����v� 	�%� �� U�&% �^ "N1- /E��\ ��! ( �����'(ro/ri = 2 , L/ro = 3)  ..................92 

 .(�E)2�5(� .(� /
��0 ,&�'�- � ����C ��C �7"���  �&�1 !� 	���FGM "�%h�   31@�=�}! /}=\�" ��! �� ��"��)

  /�dO �<' ���e 
����v� 	�%� �� U�&% �^ "N1- /E��\ ��! ( �����'(ro/ri = 2 , L/ro = 6)  .................92 

 .(�E)2�_ .(.(� /
��0 ,&�'�- � ����C ��C �7"��� 	���  �&�1 !�FGM "�%h�   31@�=�}! /}=\�" ��! �� ��"��)

  /�dO �<' ���e 
����v� D�%� �� U�&% �^ "N1- /E��\ ��! ( �����'(ro/ri = 1.5 , L/ro = 3)  ...............95 

 .(�E)2�9 .(.(� /
��0 ,&�'�- � ����C ��C �7"���  �&�1 !� 	���FGM      ( �}����' 31@�=�}! /}=\�" ��}! �'

 �&% �^ "N1- /E��\ ��! q= S� 	%�� F7��� 	�%� ��(ro/ri = 2 , L/ro = 6)  .............................................9_ 

  

  



 	 

B���	!+ +%	�5C� 

                                                                                                                        �
���                ��B�  

  

i7��^ ,7����  ........................................................................................................................................................................A 

F��� ,7����U  ��"�� t��v���3�@�� J&�' ��"�� (  ............................................................................................................B  

C gQ'�B !1/  ....................................................................................................................................................................C .. 

F��� ,7����U J�� ��"�� ( J&�' ��"�� t��  .....................................................................................................................D   

 .(��7�&�  ............................................................................................................................................................................... .E  

& ��"�����(�	 8�!/  ............................................................................................................................................................F . 

��� .(��/  ............................................................................................................................................................................. . G 

g1) 	��) .��B &� .1=! �� ���(� .1=! ���B& t��1'�E  ............................................................................................1
J  

&�1 !� .10�...............................................................................................................................................................................  L   

 ,7���� 3��� ,7���� ( `�E  ........................................................................................................................................... ..M  

 $�� �Q�� `�E ,7����  .................................................................................................................................................... M̂  

"(�8� D�?E� :@� A��1� ��"��  ............................................................................................................................................N .. 

�� $�) :' "��
�  ................................................................................................................................................................... ..N  

�7�C A��1� ��"��......................................................................................................................................................................... P 

&�@� [�1\�@/  ..................................................................................................................................................................  .... P  

=\�" K�
�/ �&�1 !�  ........................................................................................................................................................  ...... ri  

E��\ K�
�/ �&�1 !�  ......................................................................................................................................................  ...... ro  

:7��� ,7����  ....................................................................................................................................................................   ....T  

��3�� v����O 3�@� ���/  ................................................................................................................................................  û U, 
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