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  چكيده
 يـك   و بـين يـك فرورونـده صـلب          فـروروي بندي و تحليل مسئله تماس نانو         حل محاسباتي جديدي به منظور فرمول      يندفرآدر اين مقاله،    

 تماسـي،  استخراج روابط بين توزيع فـشار . شود  بدون در نظر گرفتن اصطكاك ارائه مي و هندسه دلخواه     يك رايي ويسكوالاستيك ب  فضا  نيم
بنـدي   با بكارگيري يـك فرمـول     . استهاي اصلي اين مطالعه       از خواسته  ي ويسكوالاستيك فضا  نيمنيروي عامل بر فرورونده و ميزان نفوذ در         

 ويسكوالاستيك با ارضاي دقيق شرايط مرزي حل فرورويسازي ماتريسي جديد، مسئله  رهيافت وارونيك  و استفاده از    مناسب در معادلات    
 را نـشان    شـيوه حـل عـددي     بـالاي    دقت   هاي كروي   بارگذاري و باربرداري در فرورونده     فرايندمقايسه نتايج عددي با حل تحليلي       . شود مي
  .دهد مي
  

  هاي كروي سازي ماتريسي، فرورونده  تماسي، حل محاسباتي وارونفرورويمكانيك تماس ويسكوالاستيك، نانو  : كليديهاي واژه
 

A Computational Matrix Inversion Approach for Analysis of Contact 
Problems between any Rigid Nano-indenter and Viscoelastic Bodies 
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ABSTRACT 
In this paper, the procedure of a novel computational solution for the formulation and analysis of nano-
indentation contact problems between a viscoelastic half-space and a rigid indenter of any arbitrary geometry is 
presented. The main objective of this paper is to develop the relations which link the contact pressure 
distribution, the load on the indenter, and the indentation depth with assumption that the surfaces are frictionless. 
The viscoelastic indentation problem has been solved numerically employing a proper formulation in 
constitutive equations and applying a new matrix inversion approach satisfying the boundary conditions. The 
computational approach has been validated by comparing the numerical results to the analytic ones for loading 
and unloading process of a spherical nano-indenter.  
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]5 [ �|�Ë�{�€�³ �Ä�W�Y�•�Y .   �· �–�‡�Â�e �Ê�Ë�Y�|�f�]�Y �d�§�Z�Ì�Å�•�Ê5  �­�Á�{�Y�• �Á 6] 6 [

      �f�‡�Ó�Y �…�Z�¼�e �¶�u �Ã�Y�• �•�Y �Ã�{�Z�¨�f�‡�Y �Z�]�Ì      �|�/�^�e �‰�Á�• �Á �‚�/�e�€�Å �®�Ë �¶

    �…�Z�¼�e �É�Y�€�] �…�Ô�a�Ó�Ë         �Á�• �€�/�] �•�Y�Â�/�¼�Å �\�¸�/�• �Ã�€�/�¯ �®�É  �/�Ë �®

                                                 
1- Correspondence Theorem 
2- Boussinesq 
3- Hertz 
4- Sneddon 
5- Lee 
6- Radok 
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�º�Ì�¿  �Z�”�§�É �Á �Ë�f�‡�Ó�Y�Â�°�ˆ�Ì   �•�Y�€�« �Ä� �·�Z�˜�» �{�•�Â�» �­�Z�°�˜�•�Y �½�Á�|�] �®

�d�§�€�³ .�Z�Æ�¿�M     �Y �•�{ �Y�• �…�Z�¼�e �t�˜�‡ �Ë       �c�•�Â�/�• �Ä�/�] �Ä� �·�Z�˜�» �¾ �/�Ë �®

  �Y�‚�§�Y �Z�] �ž�]�Z�e�Ë  �Š�Ë    �|�À�f�§�€�³ �€�œ�¿ �•�{ �½�Z�»�• �•�{ �d�y�Y�Â�À�° .�Y �Ž�¬�¿�Ë �¾

�Å�•�Ì  �e �–�‡�Â�e �d�§�Z�Ì�²�À1] 8-7 [      �/�‡�Z�¼�e �•�Z�/�f�§�• �¶�/�Ì�¸�v�e �É�Y�€�]�Ê 

�]�Ì �Ã�|�¿�Á�•�Á�€�§ �¾            �½�•�Z�/�¬�f�»�€�Ì�£ �Á �É�•�Â�/�v�» �½�•�Z�/�¬�f�» �\�¸�/�• �É�Z�Å�Á 

�Ë  �®�º�Ì�¿  �Z�”�§�É �Á �Ë�f�‡�Ó�Y�Â�°�ˆ�Ì �Â�» �®     �d�§�€�³ �•�Y�€�« �Ä� �·�Z�˜�» �{�• �/�¯ �Ä

   �Y �Á�Y �Ä� �·�Z�˜�» �•�{�Ë  �¿ �½�Z�°�»�Y �¾�Ì        �…�Z�/�¼�e �t�˜�/�‡ �Ä�¯ �d�‹�Y�{ �{�Â�m�Á �‚

�Å�Y�Â�/�/�z�·�{ �ž�]�Z�/�/�e �•�Â�/�/�¿ �€�/�/�Å �c�•�Â�/�/�• �Ä�/�/�]�Ê �Ã�Y�• �Á �|�/�/�‹�Z�] �½�Z�/�/�»�• �•�Y 

�¶�u �Z�Å�Ë �¿ �Š�Ì    �¶�u �Ã�Y�• �c�•�Â�• �Ä�] �‚  �Z�/�Å�É       �Ä�¸�X�ˆ�/�» �Z�/�] �Ä�f�ˆ�/�^�¼�Å 

�‡�Â�]�Ì �] �®�ˆ�À�Ì �|�‹ �½�Z .�¸�v�e�Ì �· �¶�Ê   �Y�€�] �­�Á�{�Y�• �Á �É    �•�{ �º�ˆ�m �Á�{ 

      �Á�• �¾�f�§�€�³ �€�œ�¿ �•�{ �Z�] �…�Z�¼�e �µ�Z�u�Ë�Ä �Z�Å�É  �/�‡�Z�¼�e �Ê �{     �Z�/�] �Ã�Y�Â�/�z�·

 �–�/�/�‡�Â�e �¹�Á�{ �Ä�/�/�^�e�€�»�Ë�²�/�/�¿�Z2] 9 [ �{�Â�/�/�^�Æ�]�Ë �d�/�/�§�Z�/�/�̄ �,�½�M �•�{ �Ä

  �c�Ó�{�Z� �»�Ä�¸�6�°�Œ�f�» �Á  �/�Ë�f�‡�Ó�Y�Â�°�ˆ�Ì    �/�‡�Á �Ä�/�] �®�Ì�¸�Ä �€�´�¸�¼�Ÿ  �/�Å�Z�É 

�·�Y�€�´�f�¿�Y�Ê �] �Ì    �Ã�|�¿�Á�•�Á�€�§ �•�Y �Á �|�¿�|�‹ �½�Z      �¿ �É�Â�”�/�Ì�] �\�¸�/�• �É�Z�Å �/�Ì �‚

�|�Ë�{�€�³ �Ã�{�Z�¨�f�‡�Y.  

     �€�f�¿�Z�Å3] 10 [       �‡�Â�] �Ä�¸�X�ˆ�/�» �¶�/�u �Ã�Y�• �…�Z�‡�Y �€�]�Ì   �•�{ �®�ˆ�/�À

�f�‡�Ó�Y�Ì�ˆ�Ì     �|�^�e �‰�Á�• �•�Y �Ã�{�Z�¨�f�‡�Y �Á �Ä�f�Ë �Ô�a�Ó �¶   �Š�Æ�m �,�… �/�Ë �®

  �Á�€�¯ �\�¸�• �Ã�€�°�Ì�a�É   �Á�• �•�Y �Y�• �É �Ë �¿ �®�Ì�º �Z�”�§�É �Á �Ë�Â�°�ˆ�Y�f�‡�Ó�Ì �®

   �{�Y�{ �•�Y�€�« �Ä� �·�Z�˜�» �{�•�Â�/�» .  �Y �•�{ �Á�Y �/�Ë     �Y �Ä�/�] �Ä�/� �·�Z�˜�» �¾ �/�Ë �f�¿ �¾�Ì  �Ä�/�n

�‡�•�Ì        �] �•�Y�|�/�¬�» �Ä�] �…�Z�¼�e �•�Z� �‹ �Y�|�f�]�Y �Ä�¯ �| �/�Ì�Œ�Ì  �/�» �Ä�À�Ê    �Á �|�/�‡�•

    �c�•�Â�• �Ä�] �†�b�‡�Ë         �|�/�Å�Y�Â�y �Š�Å�Z�/�¯ �€�¨�/�• �•�Y�|�¬�» �Ä�] �d�y�Y�Â�À�°

�Ë�d�§�Z .�¹�Z�Å�Y�€�³4] 11 [�Z�f�¿�Ë �Å�• �l�Ì     �Z�] �Y�• �€�f�¿�Z�Å �d�§�Z�Ë �Å�• �®�Ì  �d�/�§�Z

�Ã�{�Z�‡  �Ã�|�¿�Á�•�Á�€�§ �É�Y�€�] �€�e �•�Z�‡�•�Z�] �½�•�Z�¬�f�»�Z�¿ �É�Z�Å�É �{�Â�/�¼�¿  .  �…�Z�/�¼�e

�]�Ì  �¾�Ë     �•�Y�Â�¼�Å�Z�¿ �\�¸�• �Ã�|�¿�Á�•�Á�€�§ �®�Á �§�Á�€�a �Ì  �À�v�À�» �½�•�Z�¬�f�»�Z�¿ �¶�Ê 

   �É�Á�• �€�]�Ë �¿ �®�Ì�º �Z�”�§�É �Á  �/�Ë�f�‡�Ó�Y�Â�°�ˆ�Ì        �¾�f�§�€�/�³ �€�/�œ�¿ �•�{ �Z�/�] �®

      �¹�Z�Å�Y�€�³ �–�‡�Â�e �‚�Ì�¿ �\�¼�·�Â�¯ �­�Z�°�˜�•�Y]12 [   �•�Y�€�« �Ä� �·�Z�˜�» �{�•�Â�»

�d�/�/�§�€�³ .�¬�¿�/�/�Ì�Ä5 �Š�¿�Y�•�Z�/�/�°�¼�Å �Á ]13 [�/�/�Ë �/�/�‡�Z�¼�e �µ�|�/�/�» �®�Ê 

�Á�Ë�Y�Â�°�ˆ�f�‡�Ó�Ì�® �Ó �Ë�Ä �Y�É           �…�Z�/�¼�e �½�M �•�{ �Ä�/�¯ �|�/�¿�{�Y�{ �Ä� �‡�Â�e �Y�• 

�Ë �Ó �®�Ë �Á �Ä�Ë�f�‡�Ó�Y�Â�°�ˆ�Ì �˜�y �®�Ê    �Á�• �€�] �Ä�f�§�€�³ �•�Y�€�« �É �Ë�Ó �®�Ë �Ä

   �•�Â�˜�] �\�¸�•�¯   �Z�] �¶�»�Z�Ë         �­�Z�°�˜�/�•�Y �½�Á�|�/�] �\�¸�/�• �Ã�|�/�¿�Á�•�Á�€�§ �®

�Ä�¸�u�€�» �É�•�Y�~�³�•�Z�] �d�v�e �Y�É�¸�v�e �{�•�Â�» �Ì�d�§�€�³ �•�Y�€�« �¶ .  

     �¸�v�e�/�/�Ì�¶ �Z�/�/�Å�É�/�/�‡�Ô�̄ �Ì �¶�W�Z�ˆ�/�/�» �®�É�Á�8�•�Á�€�/�/�§�/�/�‡�Z�¼�e �Ê �•�{ 

�µ�Z�‡ �Z�Å�É �y�Y �Ì    �‰�€�f�ˆ�³ �Ê�a �•�{ �Á �€        �•�{ �\�/�¸�£�Y �Ä�/�¯ �Â�¿�Z�¿ �É�•�Á�Z�À�§ 

�Z�/�/�/�Å�{�€�]�•�Z�¯�É�/�/�/�¸�¼�Ÿ �Ê�Y�€�/�/�/�] �É� �e �Ì�/�/�/�Ì �•�Y�Â�/�/�/�y �¾�Ä�¸�6�°�Œ�/�/�/�f�» 

                                                 
1- Ting 
2- Yang 
3- Hunter 
4- Graham 
5- Naghieh 

�Á�Ë�f�‡�Ó�Y�Â�°�ˆ�Ì  �» �•�Z�°�] �®�Ê            �Â�¿�Z�/�¿ �‰�Á�• �•�Â�/�Æ�› �Ä�/�] �€�/�n�À�» �|�/�¿�Á�•

�É�Á�8�•�Á�€�§    �d�‡�Y �Ã�|�Ë�{�€�³ ]1 .[�‰�Á�• �Z�Å�É �» �Ì    �Â�¿�Z�¿ �Á �Á�€�° �É�Á�8�•�Á�€�/�§ 

  �Z�Å�•�Y�‚�]�Y �½�Y�Â�À�Ÿ �Ä�]�Ê�Ë    �•�{ �|�À�¼�¿�Y�Â�e �Ë  �¿�Z�°�» �•�Y�Â�y �¾�f�§�Z�Ì�°�Ê   �{�Y�Â�/�» 

 �Á �Ä�]�Ë �§ �Ã�„�Ì�º�¸   �Ó �Á �Z�Å�Ë�Ä  �Z�/�Å�É   �Á �­�•�Z�/�¿  �/�Ë�Y�Â�°�ˆ�f�‡�Ó�Ì �^�j�e �® �/�Ì �d

�Ã�|�‹ �|�¿�Y .  �Â�§ �,�Ä�¿�Â�¼�¿ �É�Y�€�]6] 14 [    �¶�/�»�Z�¯ �…�Z�¼�e �É�Á�8�•�Á�€�/�§   �Â�¿�Z�/�¿ 

�Ë      �•�Â�/�v�» �½�•�Z�/�¬�f�» �\�¸�• �Ã�|�¿�Á�•�Á�€�§ �®�É       �Z�/�] �­�Z�°�˜�/�•�Y �½�Á�|�/�] 

�§�Á�€�a�Ì  �Ä�¸�¼�m �|�À�q �¶ �Y�É    �•�{ �Y�• �Ë  �®�º�Ì�¿  �Z�”�§�É �Á  �/�Ë�f�‡�Ó�Y�Â�°�ˆ�Ì �®

  �”�« �•�Y �Ã�{�Z�¨�f�‡�Y �Z�]�Ì�{�Â�¼�¿ �Ä� �·�Z�˜�» �€�›�Z�À�e �Ä .�²�À�q7 �Š�¿�Y�•�Z�°�¼�Å �Á 

]15 [   �Â�¿�Z�¿ �Ä�¸�X�ˆ�»�É�Á�8�•�Á�€�§  �Ã�|�¿�Á�•�Á�€�§ �Ê�‡�Z�¼�e   �É�Z�/�Å    �•�{ �É�Á�€�/�¯ 

       �|�/�¿�{�Â�¼�¿ �Ä�/� �·�Z�˜�» �Y�• �®�Ì�f�‡�Ó�Y�Â�°�ˆ�/�Ë�Á �c�Y�|�»�Z�m .�¸�v�e �/�Ì   �Â�¿�Z�/�¿ �¶

�É�Á�8�•�Á�€�§ �¸�»�Z�¯ �Ê �¿ �Ì  �»�Y�|�¿�Y�Á �–�‡�Â�e �‚�Ê8  �º�·�Y �Á 9] 16 [   �Ã�{�Z�¨�f�/�‡�Y �Z�]

    �Ä� �‡�Â�e �‰�Á�• �•�Y�Ë    �|�À�¼�Œ�À�¯ �ž�]�Y�Â�e �Ä�f�§�Z�Á �/�Ë�f�‡�Ó�Y�Â�°�ˆ�Ì�®   �½�Z�/�Ì�] 

�Ã�|�/�/�¿�Á�•�Á�€�§ �•�Y �½�M �•�{ �Ä�/�/� ̄�|�/�/�‹ �Z�/�/�Å�É�/�/�—�Á�€�z�» �Ê�µ�|�/�/�» �Á  �Z�/�/�Å�É 

�Á�Ë�f�‡�Ó�Y�Â�°�ˆ�Ì �˜�y �®�Ê      �|�/�‹ �Ã�{�Z�¨�f�/�‡�Y �Ê�e�Á�Z�/�¨�f�»  . �€�Ë�{�Â�/�³10  �Á 

�¼�Å  �Š�¿�Y�•�Z�°]17 [  �‚�Ì�¿�É�Á�8�•�Á�€�§     �½�•�Z�¬�f�» �Ã�|�¿�Á�•�Á�€�§ �®�Ë �Ê�‡�Z�¼�e 

    �®�Ë �•�{ �É�•�Â�v�»�º�Ì�¿  �Z�”�§        �•�Z�/�] �®�Ë �µ�Z�¼�Ÿ�Y �d�v�e �Y�• �®�Ì�f�‡�Ó�Y �É

            �Ê�n�¿�Z�/�Ì�» �•�{ �\�/�¼�·�Â�¯ �­�Z�°�˜�/�•�Y �‘�€�§ �Z�] �Á �d�y�Y�Â�À�°�Ë �µ�Z�»�€�¿

  �Ê�‡�Z�¼�e�Z�Æ�¿�M    �|�¿�{�Y�{ �•�Y�€�« �¶�Ì�¸�v�e �{�•�Â�»  .�²�¿�Y�Â�Å11   �Â�/�· �Á 12] 18 [

      �Y�• �®�Ì�f�‡�Ó�Y�Â�°�ˆ�/�Ë�Á �|�/�»�Z�m �|�/�À�q �²�¿�Z�Ë �Ê�³�|�Ì�Å�•�Y�Á �µ�Á�|�» �º�Å

   �Â�¿�Z�¿ �d�v�e�8�•�Á�€�§�É�Á �¯�Á�€�É  �—�Á�€�z�» �Á �Ê        �Ä�Ì�”�/�« �•�Y �Ã�{�Z�¨�f�/�‡�Y �Z�/�] 

  �É�•�Â�X�e �€�] �€�›�Z�À�e      �|�¿�{�Â�¼�¿ �k�Y�€�z�f�‡�Y �½�|�À�‡�Y �Á �‚�e�€�Å �É�Z�Å . �…�Z�¼�e

         �®�Ì�f�‡�Ó�Y�Â�°�ˆ�/�Ë�Á �Á �®�Ì�f�/�‡�Ó�Y �•�Y�Â�¼�Å �s�Â�˜�‡ �­�Z�°�˜�•�Y �½�Á�|�]

�¿�Ì   �Ã�|�¿�Á�•�Á�€�§ �Â�¿�Z�¿ �d�v�e �‚      �…�Â�·�Â�b�¯�Z�/�¿�Z�Ì�m �–�/�‡�Â�e �Ê�»�€�Å �É�Z�Å13 

]19 [�|�‹ �Ê�‡�•�€�].  

         �,�Ä�·�Z�¬�» �¾�Ë�Y �•�{�|�À�Ë�Y�€�§ �|�Ë�|�m �É   �É�Y�€�]   �¶�u  �/�‡�Z�¼�e �¶�W�Z�ˆ�»�Ê 

�Â�¿�Z�/�/�¿ �É�Á�8�•�Á�€�/�/�§   �®�/�/�Ë �•�{ �\�¸�/�/�• �Ã�€�/�/�°�Ì�a �®�/�/�Ë �º�Ì�/�/�¿ �Z�”�/�/�§ �É

        �Ê�/�» �Ä�W�Y�•�Y �Ã�Y�Â�z�·�{ �Ä�‡�|�À�Å �•�Â�¿ �€�Å �Z�] �®�Ì�f�‡�Ó�Y�Â�°�ˆ�Ë�Á  �{�Â�/�‹ . �•�Y

   �½�Á�•�Y�Á �Ê�e�Z�^�‡�Z�v�» �d�§�Z�Ì�Å�• �®�Ë      �Â�¿�Z�¿ �¶�u �É�Y�€�] �Ê�ˆ�Ë�€�e�Z�» �É�•�Z�‡

�É�Á�8�•�Á�€�§             �€�/�Å �•�{ �•�Z�Œ�/�§ �ž�/�Ë�•�Â�e �Ä�/�r�z�Ë�•�Z�e �k�Y�€�z�f�‡�Y �Á �Ê�‡�Z�¼�e 

 �d�‡�Y �Ã�|�‹ �Ã�{�Z�¨�f�‡�Y �}�Â�¨�¿ �Z�Ë �•�Z�] �Ä�r�z�Ë�•�Z�e.    �¾�Ì�/�] �•�Z�/�^�e�•�Y �¾�f�§�Z�Ë

   �,�•�Z�Œ�§ �ž�Ë�•�Â�e         �ª�/�¼�Ÿ �Á �Ã�|�/�¿�Á�•�Á�€�§ �€�] �{�•�Y�Á �É�Á�€�Ì�¿ �É�Á�8�•�Á�€�/�§   �€�/�] 

�Y �…�Z�‡�Y�Ë �¾�|�À�Ë�Y�€�§�|�m �¶�u �Ë�Y �¥�Y�|�Å�Y �•�Y �|�Ë�Ê�» �Ä�·�Z�¬�» �¾ �|�‹�Z�]. 

                                                 
6- Fu 
7- Cheng 
8- Vandame 
9- Ulm 
10- Gauthier 
11- Huang 
12- Lu 
13- Giannakopoulos  
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36                                                            �» �Ä�¸�n�»             �°�¿�Z�Ì�®�Y�Â�Å �Á  �Z�”�§)�{�Y�Â�» �Ê�°�Ì�¿�Z�°�» �•�Z�f�§�• �Z�Å �Ã�•�Z�‡ �Á(�|�¸�m �,5 �Ã�•�Z�¼�‹ �,4 �,�• �½�Z�f�ˆ�»1389 

2- �µ�|�»  �–�Ì�v�» �É�•�Z�‡     �c�Ó�{�Z� �» �Ä�f�‡�Â�Ì�a �É�Z�Å �Ä�¸�6�°�Œ�/�f�» 

�®�Ì�f�‡�Ó�Y�Â�°�ˆ�Ë�Á  

  �c�Ó�{�Z� �»�Ä�¸�6�°�Œ�f�»  �†�°� �À�» �Ä�¯  �|�À�À�¯�Ã  �e�Y�} �•�Z�f�y�Z�‡ �Ê   �/�¿�Á�•�{ �Á �Ê 

�Ë   �» �•�Z�y �Ã�{�Z�» �®�Ê    �µ�|�/�» �,�|�À�/�‹�Z�]  �Z�/�Å�É �Á  �/�Ë   �e�Á�Z�/�¨�f�» �Á �Ã�„�Ê  �•�Y 

  �Z�» �½�M �•�Z�f�§�•   �» �Ž�z�Œ�» �Y�• �Ã�{�Ê �Z�¼�¿�Ë�|�À .�Y�Ë   �·�{ �Ä�] �c�Ó�{�Z� �» �¾ �/�Ì �¶

�•�Z�/�/�£�M �Ä�/�/�˜�¬�¿ �½�Y�Â�/�/�À�Ÿ �Ä�/�/�] �Ä�/�/�°�¿�M�Ë�{�€�]�•�Z�/�/� ̄�c�Z�/�/� �·�Z�˜�» �¾�É �€�/�/�j�¯�Y 
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�Á�Ë�f�‡�Ó�Y�Â�°�ˆ�Ì�ˆ�Ì   �» �c�Ó�Z�Ì�‡ �Á �Ä�f�Ê    �/�‡�Z�‡�Y �Š�¬�¿ �,�|�À�‹�Z�]�Ê   �•�{ �Y�• 

�¿�Z�°�»�Ì �v�» �®�Ì�– �Z�Å�É �a �Ì �|�¿�•�Y�{ �Ä�f�‡�Â .�¿�Y�Â�«�Ì  �¿�Z�/�Æ�m �¾�Ê    �Á �µ�{�Z�/� �e 

 �» �c�Ó�{�Z� �»�Ì�¿�Y�|�Ê �f�À�» �Ä�n�, �Y�€�] �É    �/�v�» �¹�Z�/�¼�e �Ì�–  �Z�/�Å�É �a �Ì  �Ä�f�/�‡�Â

     �c�Ó�{�Z� �» �Ê�·�Á �|�¿�•�Y�{ �{�€�]�•�Z�¯�Ä�¸�6�°�Œ�f�»   �¿�Z�/�°�» �•�Y�Â�y �,�Ì�°�Ê   �{�Y�Â�/�» 

�e�Y�} �•�Z�f�y�Z�‡ �…�Z�‡�Y �€�] �Y�•�Ê �Z�Æ�¿�M�» �Ž�z�Œ�» �Ê �|�¿�•�Z�‡.  
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 �|�À�/�/�‹�Z�]]20 .[�µ�|�/�/�» �Z�/�/�Å�É �Ä�¸�6�°�Œ�/�/�f�»�¿�Â�³�Z�/�/�¿�Â�³ �Ê�¿�Z�°�» �•�{ �/�/�Ì �®
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       �Š�À�/�e �Ä�·�{�Z� �»-           �®�Ì�f�/�‡�Ó�Y �c�Y�|�/�»�Z�m �€�/�] �º�¯�Z�/�u �Š�¿�€�/�¯ 
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3- �µ�|�» �•�Z�‡�É �É�Á�8�•�Á�€�§�®�Ì�f�‡�Ó�Y�Â�°�ˆ�Ë�Á �Ê�‡�Z�¼�e   
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1- Convolution Theorem 
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�Ä�Ÿ�Â�¼�n�» �Ê�] �•�Y �É�Y �Ê�» �½�Z�Ì�] �Ž�z�Œ�» �ž�]�Y�Â�e �d�Ë�Z�Æ�¿ �{�{�€�³ . �†�b�‡

                �Ä�/�] �É�•�€�/�» �–�Ë�Y�€�/�‹ �É�Z�/�“�•�Y �Z�/�] �Ž�z�Œ�/�» �ž�]�Y�Â�e �•�Y �É�€�‡ �¾�Ë�Y

  �Ã�Z�e�Â�¯ �Ê�^�Ë�€�¬�e �c�•�Â�•  �Ê�» �É�•�Z�‡ �|�¿�Â�‹ . �‰�Á�• �¾�Ë�Y �Å     �¶�/�Ì�·�{ �Ä�/�] �Z

         �Ê� �˜�« �•�Â�— �Ä�] �Ê�‡�Z�¼�e �¾�Œ�¯�Y�€�e �Ä�f�‡�Â�Ì�a �ž�Ë�•�Â�e �½�{�•�Á�M �d�‡�|�]

   �Ê�Ë�Ó�Z�] �É�Z�˜�y  �{�Z�n�Ë�Y�Ê�» �|�À�À�¯ .   �Ä� �‡�Â�e �Z�]�É�•�Á�Z�À�§  �Ä�/�¿�Z�Ë�Y�•    �É�Z�/�Å

   �ž�Ë�€�‡ �c�Z�^�‡�Z�v�» �Á �½�•�|�»�,         �d�/�‡�Y �Ã�|�/�Ë�{�€�³ �º�Å�Y�€�/�§ �½�Z�°�»�Y �¾�Ë�Y 

      �\�‡�Z�À�» �Ê�e�Z�^�‡�Z�v�» �º�f�Ë�•�Â�´�·�Y �®�Ë �Ä�W�Y�•�Y �Z�] �Ä�¯�,    �¾�Œ�/�¯�Y�€�e �½�Y�Â�f�] 

      �Ä�Ÿ�Â�¼�n�» �Z�] �Ä�f�‡�Â�Ì�a �ž�Ë�•�Â�e �É�Z�m �Ä�] �Y�•  �É�Y �Ä�f�ˆ�ˆ�³     �Ã�|�/�‹ �É�•�Z�‡

 �½�Z�¼�·�Y �•�Y    �€�¯ �¾�Ë�‚�´�Ë�Z�m �Ã�Y�Â�z�·�{ �É�Z�Å      �Y�• �É�•�€�» �–�Ë�Y�€�‹ �†�b�‡ �Á �{

�{�Y�|� �e �•�{�•�Y �É�Ä�f�ˆ�ˆ�³ �•�Z�¬�¿  �Z�“�•�Y �Ã�|�‹ �É�•�Z�‡�L�{�Â�¼�¿ .  

     �Ã�{�Z�‡    �¾�Œ�/�¯�Y�€�e �ž�Ë�•�Â�e �½�Z�Ì�] �c�•�Â�• �¾�Ë�€�e�,   �Ä�/�] �½�M �Š�Ë�Z�/�¼�¿ 

 �Œ�Ë�Y�•�M �c�•�Â�•�Ê           �•�{ �Ê�/�‡�Z�¼�» �Á �É�{�Â�/�¼�Ÿ �‚�/�¯�€�¼�f�» �É�Z�Å�Á�€�Ì�¿ �•�Y 

    �Ê�» �Ê�‡�Z�¼�e �Ê�n�¿�Z�Ì�» �Ä�Ì�u�Z�¿ �€�‡�Y�€�‡     �•�{ �Ä�¯ �|�‹�Z�]  �¶�°�‹2  �¶�/�]�Z�« 

�Œ�» �d�‡�Y �Ã�|�Å�Z .  �Z�¼�¿ �¾�Ë�Y �¶�°�Œ�»�Ë  �Š �Y �•�{�Ë �{�Z�/�n   �¾�Ì�/�°�e �–�Ë�Y�€�/�‹ 

�d�‡�Y]   22[�,   �Ê�Ë�Z�n�]�Z�m �Ä�¯ �Y�€�q    �«�{ �Ê�v�˜�‡ �É�Z�Å�Ì     �•�Z�/�¬�¿ �•�{ �0�Z�/�¬

   �Ê�] �‚�¯�€�¼�f�» �•�Z�] �µ�Z�¼�Ÿ�Y  �Ê�» �d�Ë�Z�Æ�¿ �{�{�€�³ .   �¿ �Y�• �¶�°�Œ�» �¾�Ë�Y �/�Ì   �Z�/�] �‚

    �½�Â�f�‡ �•�{ �¾�Œ�¯�Y�€�e �ž�Ë�•�Â�e �½�Z�Ì�]          �c�•�Â�/�• �Ä�/�] �º�/�Å �•�Á�Z�/�n�» �É�Z�Å

    �½�Z�¼�·�Y �É�Y�€�] �Ê�n�Ë�•�|�e �Á �d�y�Y�Â�À�°�Ë �Z�Å�É  �Ä�f�ˆ�/�ˆ�³     �|�/�‹ �É�•�Z�/�‡�Ç 

�Ë�Á�•�Ä �Ê�n�¿�Z�Ì�» �Ê�» �Ê�‡�Z�¼�e  �½�Y�Â�e �{�Â�¼�¿ �ž�§�•) �¶�°�‹2.(   
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38                                                            �» �Ä�¸�n�»             �°�¿�Z�Ì�®�Y�Â�Å �Á  �Z�”�§)�{�Y�Â�» �Ê�°�Ì�¿�Z�°�» �•�Z�f�§�• �Z�Å �Ã�•�Z�‡ �Á(�|�¸�m �,5 �Ã�•�Z�¼�‹ �,4 �,�• �½�Z�f�ˆ�»1389 

 
 �¶�°�‹)2:(�Ä�f�ˆ�ˆ�³ �s�€�—  �Ê�‡�Z�¼�e �•�Z�Œ�§ �Ê�¿�Z�¼�·�Y �É�•�Z�‡.  

  

     �Ê�Ë�Z�n�]�Z�m  �€�´�Ë�{ �d�·�Z�u �¾�Ë�Y �•�{ �Ê�‡�Z�¼�e �Ê�n�¿�Z�Ì�» �Ä�Ë�Á�• �É�Z�Å

�Ê�¼�¿ �¾�Ì�°�e �½�Z�¼�·�Y �¹�Z�¼�e �•�{ �Á �{�{�€�³ �•�Y�|�¬�» �É�Y�•�Y�{ �Z�Å�É �|�À�q �€�Å 

�{�Â�] �|�/�Å�Y�Â�y �{�Á�|�v�/�» .�Y�€�]�Z�À�]�Ë �¾�Œ�¯�Y�€�e �ž�Ë�•�Â�e �¾�¯�˜�‡�Y�Á �Ä�] �¶�Ä 

�½�Z�¼�·�Y �¾�Œ�¯�Y�€�e �€�Ë�{�Z�¬�»  �•�Â�˜�] �Ä�f�ˆ�ˆ�³ �É�Z�Å �¾�Ì�Ì� �e �¶�]�Z�« �¶�»�Z�¯

�Ê�» �{�Â�‹. �Y �•�{�Ë�Z�n�À�,�Å�• �Ì �Ê�e�Z�^�‡�Z�v�» �d�§�Z�½�Á�•�Y�Á  �Ê�ˆ�Ë�€�e�Z�» �É�•�Z�‡

�|�m�Ë�|�É �•�Â�œ�À�» �Ä�] �½�Z�¼�·�Y �€�Ë�{�Z�¬�» �¾�Ì�Ì� �e  �É�Z�Å» �¾�Œ�¯�Y�€�e

�®�Ì�f�‡�Ó�Y�Â�°�ˆ�Ë�Á« �L�Z�“�•�Y �Z�] �Ä�Ì�·�Á�Y �Á �É�•�€�» �–�Ë�Y�€�‹ �\�‡�Z�À�» 

�Ê�» �Ä� �‡�Â�e �|�]�Z�Ë. �•�{ �Ë�Y �¾ �d�§�Z�Ì�Å�• �c�•�Â�• �Ä�] �É�•�€�» �–�Ë�Y�€�‹

 �Ž�z�Œ�» �Ä�f�ˆ�ˆ�³ �•�Z�¬�¿ �•�{ �ª�Ì�«�{�Ë�¼�Å �Z �É�‚�¯�€�» �•�Z�¬�¿ �½�Z

�½�Z�¼�·�Y �Á�• �É�•�€�» �É�Z�Å�Ä�Ë�» �Ì�n�¿�Z�Ê�‡�Z�¼�e �Ê�Z�“�•�Y �L�Ê�»  �|�¿�{�€�³ . �•�Y

�Å�• �¾�Ë�Y�Ì�y�€�] �•�{ �d�§�Z�Ê�œ�¿ �ž�]�Z�À�» �Ì �€]5[ �,]17[ �,]23 [ �Á

]24 [ �…�Z�¼�e �Á �É�‚�e�€�Å�€�Ì�£ �®�Ì�e�Z�f�‡�Y�Â�f�‡�Ó�Y �¶�W�Z�ˆ�» �¶�u �É�Y�€�]

�Ä�Ë�Â�‡ �®�e �É�{�Â�¼�Ÿ1 �Ã�|�‹ �Ã�{�Z�¨�f�‡�Y �¯�Y �•�{ �Ä�Ë �c�•�Â�• �Ä�] �Z�n�À

 �{�Â�^�Æ�]�Ë�Ä�f�§�Z �Y�É�Y�€�] �É�Á �{�•�Y�Â�» �Ë�ˆ�°�f�‡�Ó�Y�Â�Ì�®�Z�¼�¿�•�Z�] �Ë�Ê 

�»�Ê �{�{�€�³.  

     �Ë�Á�•�Ä �Ë�® �º�Ì�¿  �Z�”�§   �Á �|�/�»�Z�m �É �/�Ë�ˆ�°�f�‡�Ó�Y�Â�Ì�®     �Z�/�] �¾�/�´�¼�Å 

 �{�Z�/�/� �]�Y)yx DD �u ( �Ž�z�Œ�/�/�» �{�Y�|�/�/� �e �Ä�/�/�]yx nnN �  �½�Z�/�/�¼�·�Y 

  �Ä�f�ˆ�ˆ�³ �Ê� �¸�“ �•�Z�Æ�q  �Ê�» �É�•�Z�‡ �{�{�€�³ .�Y�Ë �½�Z�¼�·�Y �¾    �{�Z�/� �]�Y �Z�] �Z�Å�É 

 �c�•�Â�/�/�/�• �Ä�/�/�/�])yy nDdy /�  × xx nDdx /�  ( �[�Z�/�/�/�z�f�¿�Y

�‹�Ã�|  �|�/�¿�Y . �½�Z�/�¼�·�Y            �‚�/�¯�Y�€�» �Z�/�] �Ê� �¸�/�“ �•�Z�/�Æ�q �É�Z�/�Å)ii yx , ( �•�{

          �‚�/�¯�Y�€�» �•�{ �Ä�f�§�Z�Ë �‚�¯�€�¼�e �c�•�Â�• �Ä�] �Ê�f�y�Y�Â�À�°�Ë �•�Z�Œ�§ �Ã�|�¿�€�Ì�³�€�]

           �|�/�¿�Y �Ã�|�/�‹ �Ä�/�f�§�€�³ �€�œ�¿ �•�{ �{�Â�y �t�˜�‡     �¶�°�/�‹ �•�{ �Ä�/�¯3�¿  �/�Ì �‚

                                                 
1- Unilateral Contact  

�Ä�f�ˆ�ˆ�³ �É�•�Z�‡       �d�/�‡�Y �Ã�|�‹ �Ã�{�Y�{ �½�Z�Œ�¿ �Ã�€�°�Ì�a �Ä�Ë�Á�•  .    �¶�/�Ì�·�{ �Ä�/�]

     �½�Z�»�• �Ä�] �Ä�f�ˆ�]�Y�Á �•�Z�f�§�•�º�Ì�¿  �Z�”�§     �Ä�n�Ì�f�¿ �•�{ �Á �®�Ì�f�‡�Ó�Y�Â�°�ˆ�Ë�Á �É

  �Z�] �Ê�‡�Z�¼�e �É�|�À�]�€�°�Ì�a�Ë�|           �Ä�/�] �‚�/�Ì�¿ �Ê�¿�Z�/�»�• �É�•�Z�/�‡ �Ä�f�ˆ�ˆ�³ �®�Ë 

  �{�Y�|� �e�Wn     �{�€�Ì�³ �c�•�Â�• �½�Z�ˆ�°�Ë �Ê�¿�Z�»�• �¹�Z�³  . �f�¿ �•�{�Ì   �Y�€�/�] �Ä�/�n�É 

�À�»�Y�{�Ä�¿�Z�»�• �Ê�Å�Y�Â�y �º�Å �Ì�d�‹�Y�{ �º:  

)13(dn�W�W �W�  � ˜ 

   �Ä�·�{�Z� �» �µ�Z�u�É�Á�8�•�Á�€�§   �Ê�‡�Z�¼�e )12 (   �Y�€�/�‹ �µ�Z�¼�Ÿ�Y �Z�]�Ë  �¿�Z�/�¼�·�Y �–�Ê 

�Ä�]�» �Ê�Ë�Z�¼�¿�•�Z�] �€�Ë�• �Ã�|�‹ �É�•�Z�‡ �Ä�f�ˆ�ˆ�³ �¹�€�§ �Ê �{�{�€�³ :  

)14(
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k �  �,)( �W�G�G dll �  �,

),( iii yxzz �  �‚�Ì�¿ �Á )(tnn � �½�Z�¼�·�Y �{�Y�|� �e   �•�{ �Ê�‡�Z�¼�e �É�Z�Å

 �½�Z�»�•t�Ê�» �½�Z�Œ�¿ �Y�•  �|�Å�{.�i�P�e �\�Ë�€�“ �Ì �€ikB �€�´�¿�Z�/�Ì�] �Ä�¯ 

 �Ê�e�Z�•�f�z�» �Ä�˜�¬�¿ �•�{ �Ê�¸�¯ �Ê�Ë�Z�n�]�Z�mi �€�i�Y �•�{ �Ê�‡�|�À�Å �½�Z�¼�·�Y 

 �Ä�˜�¬�¿ �•�{ �Ä�f�§�Z�Ë �‚�¯�€�¼�e �|�u�Y�Á �•�Z�Œ�§k �•�{ �É�|�Ì�¸�¯ �Š�¬�¿ �,�d�‡�Y 

�{�•�Y�{ �Ê�e�Z�^�‡�Z�v�/�» �º�f�Ë�•�Â�´�·�Y �¾�Ë�Y . �•�Y �Ã�{�Z�¨�f�‡�Y �Z�] �\�Ë�€�“ �¾�Ë�Y

�Ó �É�•�Â�X�e �l�Ë�Z�f�¿�Á2] 5 �Á 25 [�®�Ë �Ê�¸�Ì�˜�f�ˆ�/�» �Ä�Ë�Á�• �®�Ë �É�Y�€�] 

�º�Ì�¿ �Z�”�§�d�‡�Y �Ã�|�‹ �Ä�^�‡�Z�v�» �€�Ë�• �c�•�Â�• �Ä�] �®�Ì�f�‡�Ó�Y �É:  

)15(
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 �¶�°�‹)3( -�Ä�f�ˆ�ˆ�³  �Ê�‡�Z�¼�e �Ê�n�¿�Z�Ì�» �Ê�‡�|�À�Å �É�•�Z�‡.  

                                                 
2- Love’s Theory 
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�]�¾�Ë�Y�€�]�Z�À�, �½�Â�À�¯�Y �{ �Ë �Ê�» �€�´          �Â�¿�Z�/�¿ �Ê�/�¸�¯ �Ä�/�·�{�Z� �» �½�Y�Â�/�e �É�Á�8�•�Á�€�/�§ 

  �®�Ì�f�‡�Ó�Y�Â�°�ˆ�Ë�Á)14 (    �Y �•�Y �Ã�{�Z�¨�f�‡�Y �Z�] �Y�•�Ë  �Ä�] �Ä�˜�]�Y�• �¾   �c�•�Â�/�• 

�{�Â�¼�¿ �½�Z�Ì�] �€�Ë�• �Ê�Ë�Z�Æ�¿ �Ê�e�Z�^�‡�Z�v�»:  
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  �µ�|�» �¾�Ë�Y �•�{�,    �Ê�e�Z�^�/�‡�Z�v�»    �|�/�Ë�Z�]        �¾�Ì�/�] �É�{�€�/�°�¸�¼�Ÿ �c�Á�Z�/�¨�e �Ä�/�]

    �Ê�‡�Z�¼�e �•�Z�Œ�§ �É�Z�Å�€�f�»�Y�•�Z�aj
kp   �Á 1��j

kp      �c�Á�Z�/�¨�f�» �Ä�] �Ä�m�Â�e �Z�] 

   �{�Y�|� �e �½�{�Â�]�½�Z�¼�·�Y    �Ê�‡�Z�¼�e �É�Z�Åj   �Á 1��j    �{�Â�/�¼�¿ �d�/�«�{  . �•�{

  �¾�Ë�Y �|�/�À�Ë�Y�€�§          �€�Ì�i�P�/�e �†�Ë�€�e�Z�/�» �,�Ê�e�Z�^�/�‡�Z�v�» �¶�/�u B     �{�Z�/� �]�Y �Z�/�] 

)mm nn �u (     �É�•�Z�Œ�§ �†�Ë�€�e�Z�» �•�Y�{�€�] �Áp   �|� �] �Z�] mn�Â�e �Z�]   �Ä�/�m

 �À�Ì�Œ�Ì�] �Ä�]�Ä  �½�Z�¼�·�Y �{�Y�|� �e        �Ê�/�‡�Z�¼�e �Ê�n�¿�Z�/�Ì�» �É�Z�Åm�<    �€�/�œ�¿ �•�{ 

�Ã�|�‹ �Ä�f�§�€�³ �|�¿�Y.  

         �Y �•�Y �Ã�{�Z�¨�f�‡�Y �Z�] �µ�Z�u�Ë      �Ê�/�» �Ê�e�Z�^�/�‡�Z�v�» �º�f�Ë�•�Â�/�´�·�Y �¾   �½�Y�Â�/�e

  �•�Z�Œ�§l
kp        �Ä�^�‡�Z�v�» �Ž�z�Œ�» �É�•�Y�~�³�•�Z�] �Ä�r�z�Ë�•�Z�e �®�Ë �É�Y�€�] �Y�• 

�{�Â�/�/�¼�¿ .  �Ê�ˆ�/�/�Ë�€�e�Z�» �c�Ó�{�Z�/�/� �»)17-16 (  �º�f�Ë�•�Â�/�/�´�·�Y �ª�]�Z�/�/�˜�»

�Á�½�Á�•�Y   �» �¶�u �Ê�ˆ�Ë�€�e�Z�» �É�•�Z�‡�Ê �|�¿�{�€�³ .   �d�/�‡�|�] �€�Ë�{�Z�/�¬�» �Ê�y�€�]

  �Ã�|�»�Ml
kp           �,�|�À�/�‹�Z�] �Ê�/�¨�À�» �c�Ó�{�Z� �» �¶�u �•�Y �†�a �d�‡�Y �¾�°�¼�» 

�¯      �•�Â�/�˜�] �Ê�/�‡�Z�¼�e �•�Z�Œ�/�§ �Ä�f�ˆ�/�ˆ�³ �•�Z�¬�¿ �¾�Ë�Y �É�|� �] �•�Y�€�°�e �•�{ �Ä

�{�Â�y�¯  �Ë�Á�• �•�Y �•�Z�Ä       �/�» �¥�~�/�u �Ê�¸� �§ �Ê�‡�Z�¼�e �Ê�n�¿�Z�Ì�» �Ê    �Á �|�/�¿�{�€�³

    �½�Z�¼�·�Y �•�Z�¬�¿ �½�M �•�{ �•�Z�Œ�§      �§�€�³ �€�œ�¿ �•�{ �€�¨�• �€�]�Y�€�] �Z�Å �Ê�» �Ä�f �{�Â�‹ .

 �€�e�Z�» �¶�u�Ë�ˆ�Ê    �Y �¥�~�u �•�Y �†�a �Ë   �e �Ã�•�Z�]�Á�{ �•�Z�¬�¿ �¾�° �» �•�Y�€�Ê �{�{�€�³ .

       �•�{ �d�^�j�» �É�Z�Å�•�Z�Œ�§ �–�¬�§ �Ä�¯ �Ê�»�Z�´�À�Å�|�À�Ë�Y�€�§   �Ê�e�Z�^�‡�Z�v�» �¶�u 

 �•�Y�€�°�e �Ê�f�ˆ�Ë�Z�] �,�|�¿�Â�‹ �Ã�{�Y�{ �Ž�Ì�z�Œ�e�|�À�Ë�Y�€�§�{�{�€�³ �ž�˜�« .  

          �Ë�Z�] �Ê�¿�Z�»�• �¹�Z�³ �€�Å �•�{ �Z�Å�•�Y�€�°�e�|       �Ê�/�Ë�Y�€�´�¼�Å �Ä�/�] �½�|�Ì�‡�• �Z�e

 �|�]�Z�Ë �Ä�»�Y�{�Y    �†�b�‡ �Á �|�À�Ë�Y�€�§    �|� �] �Ê�¿�Z�»�• �¹�Z�³ �•�{ �É �e    �•�Y�€�/�°  �{�Â�/�‹ .

        �•�Y �€�f�¼�¯ �Z�] �Ê�¿�Z�»�• �¹�Z�³ �€�Å �•�{10  �¿ �•�Y�€�°�e  �/�Ì �f�¿ �‚�Ì    �[�Â�/�¸�˜�» �Ä�/�n

�¶�•�Z�u       �Ë�€�‡ �Ê�Ë�Y�€�´�¼�Å �Ê�À� �» �Ä�] �Ä�¯ �d�‡�Y �Ã�|�‹     �Ä�/�] �º�f�Ë�•�Â�´�·�Y �ž

  �d�‡�Y �Ê�¨�À�»�€�Ì�£ �É�Z�Å�•�Z�Œ�§ .�³�{�Z�‡�Ê  �µ�Â�/�»�€�§   �|�/�À�]�É�,     �Z�/�] �Ã�Y�€�/�¼�Å 

�Y�€�´�¼�Å�Ê�Ë �€�‡ �Ë �Y �ž�Ë  �e�Z�^�‡�Z�v�» �¶�u �¾�Ê �|�m  �/�Ë  �¸�]�Z�« �•�Y �| �/�Ì�d  �Z�/�Å�É 

�Á�Ë �Y �Ã�„�Ë �Å�• �¾�Ì �» �d�§�Z�Ê �|�‹�Z�] .  �Y �Ä�] �Ä�m�Â�e�Ë �¿ �¾�° �•�Á�€�“ �Ä�f�É  �d�‡�Y

�¯  �·�{ �Ä�] �Ä�Ì �•�Z�y �¶�Ì �£ �d�Ì �˜�y �€�Ê  �‡�Z�¼�e �¶�W�Z�ˆ�» �Ê �·�Y �,  �½�|�‹ �©�Z�v

�•�Z�y�Ì �Á �d�Ë�ˆ�°�f�‡�Ó�Y�Â�Ì�® �¿ �Ì  �´�f�ˆ�]�Y�Á �\�^�‡ �‚�Ê �¿�Z�»�• �Ê �Y �Ë  �•�Â�¿ �¾

 �» �¶�W�Z�ˆ�»�Ê    �Y �•�Y �-�{�Â�/�‹ �/�Ë   �‰�Á�• �•�{ �Á�• �¾  �Z�/�Å�É  �{�|�/�Ÿ �É  �^�« �•�Y  �/�Ì �¶

�½�Z�¼�·�Y �Z�Å�É   �{�Á�|�v�» �Ë �½�Z�¼�·�Y �Z �Z�Å�É �•�€�» �É �¯  �³�€�] �•�{ �Ä�Ì   �Ã�|�/�¿�€ �/�¯ �¶

�a�Ì�°�|�À�]�€�É    �» �…�Z�¼�e �µ�Z�u �•�{ �Ê    �Z�] �,�|�À�‹�Z�] �/�Ë�® �‡  �/�Ì   �¶�/�u �º�f�ˆ

�a�Ì�r�Ì �£ �Ã�|�Ì�˜�y�€�Ê     �» �Á�€�]�Á�• �½�Z�»�• �Ä�] �Ä�f�ˆ�]�Y�Á �Ê �Â�‹�Ë   �·�Z�/�u �•�{ �º�Ê 

�¯   �Z�] �Ä�|�À�Ë�Y�€�§     �³�{�Z�‡ �Ä�] �Ã�|�‹ �Ä�W�Y�•�Y �¶�u �Ê   �¿�Z�»�• �•�{ �Á �Ê �¯   �Ä�/�] �Ã�Z�e�Â

�Y�€�´�¼�Å�Ê�Ë�ˆ�] �Ì�]�Â�¸�˜�» �•�Z�Ê�» �Ê �‡�•�Ì�º.  

        �}�Â�¨�¿ �€�³�Yl�G�¬�f�ˆ�» �•�Â�˜�] �|�‹�Z�] �Ž�z�Œ�» �Ì �º�É�Á�•  �Ä�/�·�{�Z� �» 

)16 ( �» �µ�Z�¼�Ÿ�Y�Ê   �{�{�€�³�Á       �Y �º�Ì�¬�f�ˆ�/�» �¶�/�u �Z�/�]  �/�Ë     �Ä�/�] �Ä�/�·�{�Z� �» �¾

  �Ä�¸�Ì�‡�Á�Á�•�Y�Á�½      �Ê�/�» �Ê�ˆ�/�Ë�€�e�Z�» �É�•�Z�/�‡    �½�Y�Â�/�en    �µ�Â�/�Æ�n�»l
kp  �Y�• 

 �{�Â�¼�¿ �¾�Ì�Ì� �e .  �{�Â�m�Á �Z�] �,�¾�Ë�Y  �Ä�/�·�{�Z� �» �½�{�Á�‚�§�Y �Z�] �¹�Á�‚�· �c�•�Â�• �•�{

�{�Ë�€�´�É     �Ê�ˆ�Ë�€�e�Z�» �c�Ó�{�Z� �» �Ä�] )17-16 (�Ê�»     �º�/�Å �½�Y�Â�el
kp  �Á 

  �º�Ål�G�‡�Z�¼�e �É�Á�€�Ì�¿ �Ž�z�Œ�» �Ä�r�z�Ë�•�Z�e �®�Ë �É�Y�€�] �Y�• �Ê �µ�Z�»�€�¿ 

  �¶�¯)lF (    �{�Â�¼�¿ �¾�Ì�Ì� �e �Ã�|�¿�Á�•�Á�€�§ �É�Á�• �€�] .  �©�Z�/�v�·�Y �Ä�·�{�Z� �» �¾�Ë�Y

�Ë�•�Y �d�‡�Y �c�•�Z�^�Ÿ �Ä�f�§�Z:  

)18(
1

n
l j

k
k

F p dx dy
� 

�  � ˜�¦  

�Ä�/�/�»�Z�¿�€�] �Z�/�/�]  �c�Ó�{�Z�/�/� �» �Ê�ˆ�/�/�Ë�Â�¿)18-16 ( �º�f�Ë�•�Â�/�/�´�·�Y �\�/�/�·�Z�« �•�{

     �Ä�/�/�»�Z�¿�€�] �•�Y�‚�/�/�§�Y �¹�€�/�/�¿ �•�{ �Ã�|�/�/�‹ �½�Z�/�/�Ì�] �Ê�e�Z�^�/�/�‡�Z�v�»  �Ê�ˆ�/�/�Ë�Â�¿

MATLAB �¸�v�e �,�Ì    �Ã�|�¿�Á�•�Á�€�§ �Â�¿�Z�¿ �É�Y�€�] �€�Ë�• �¶  �€�¯ �É�Z�Å �•�Y �É�Á�Y �Ä�W

 �d�‡�Y �Ã�|�‹ .   �•�Â�— �½�Z�¼�Å�¯    �/�» �Ã�|�Å�Z�Œ�/�» �Ä�Ê      �c�Ó�{�Z�/� �» �•�{ �{�Â�/�‹

)18-16(      �É�Á�€�Ì�¿ �,�•�Z�Œ�§ �ž�Ë�•�Â�e �¾�Ì�] �¯       �Á �Ã�|�/�¿�Á�•�Á�€�§ �€�/�] �{�•�Y�Á �¶

  �ª�¼�Ÿ�É�Á�8�•�Á�€�§     �Y �…�Z�/�‡�Y �€�/�]  �/�Ë �¾ �|�/�À�Ë�Y�€�§ �|�m �¶�/�u  �/�Ë  �•�Z�/�^�e�•�Y �|

�e�Z�^�‡�Z�v�»�Ê�d�‡�Y �Ã�|�‹ �•�Y�€�«�€�] .  
 
5 - �Z�Å�{�€�]�•�Z�¯  

    �,�d�¼�ˆ�« �¾�Ë�Y �•�{  �Â�¿�Z�¿�É�Á�8�•�Á�€�§        �É�Á�€�/�¯ �Ã�|�/�¿�Á�•�Á�€�§ �®�/�Ë �Ê�‡�Z�¼�e 

    �•�Z� �‹ �Ä�] �\�¸�•R �€�´�¸�¼�Ÿ    �€�] �Ë�® �º�Ì�¿   �Z�”�/�§  �®�Ì�f�‡�Ó�Y�Â�°�ˆ�/�Ë�Á �É

�‡�•�€�]�Ê �Ê�»  �{�{�€�³ .�Y�€�]�É �{�‚�¿ �Ë�°     �Y�€�/�‹ �Ä�/�] �½�|�‹ �€�f�Ë  �/� �«�Y�Á �–�Ê  �•�Y 

�Ë�®   �|�»�Z�m �®�Ì�f�‡�Ó�Y�Â�°�ˆ�Ë�Á �¸�a �Ì�€�¼�É �€�a  �/�¯      �/�¸�a �¹�Z�/�¿ �Ä�/�] �{�€�]�•�Z�Ê 

�¯    �½�Y�Â�À�Ÿ �Ä�] �c�Z�À�]�€�º�Ì�¿  �Z�”�§   �d�‡�Y �Ã�|�‹ �Ã�{�Z�¨�f�‡�Y  .   �¶�/�u �d�§�Z�Ì�Å�•

  �Ã�|�/�/�‹ �Ä�/�/�W�Y�•�Y �Ê�e�Z�^�/�/�‡�Z�v�» �Ä�ˆ�/�/�Ë�Z�¬�» �•�{  �Á �Ê�/�/�¸�Ì�¸�v�e �l�Ë�Z�/�/�f�¿ �Z�/�/�]

   �ž�]�Z�À�» �Ê�Å�Z�´�Œ�Ë�Z�»�•�M]1[  �,]15[  �,]18 [  �Á]26 [ �•�•�Y �{�•�Â�» �/�Ë�]�Z�Ê 

�d�‡�Y �Ä�f�§�€�³ �•�Y�€�«.  

      �µ�|�/�/�» �•�Â�/�/�œ�À�» �Ä�/�/�]  �•�Z�/�/�f�§�• �É�•�Z�/�/�‡�Ä�¸�6�°�Œ�/�/�f�» �º�Ì�/�/�¿ �Z�”�/�/�§�É 

�®�Ì�f�‡�Ó�Y�Â�°�ˆ�Ë�Á   �•�Y �Ë�®       �•�{ �®�Ì�f�‡�Ó�Y�Â�°�ˆ�/�Ë�Á �Š�À�/�e �Ä�r�z�Ë�•�Z�e 

 �u�€�— �\�·�Z�«�Ê  �µ�|�» �•�Y  �Z�Å�É    �Ä�f�§�Z�Ë �º�Ì�¼� �e ]3-2 [   �€�Ë�• �c�•�Â�• �Ä�]

�{�€�³ �Ã�{�Z�¨�f�‡�Y�Ë�d�‡�Y �Ã�|:  
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�Ä�¯�,�½�M �•�{   0�0 �Ê�¿�M �Š�¿�€�¯  �,�Ä�Ì�·�Á�YE�’   �d�/�·�Z�u �•�{ �²�/�¿�Z�Ë �µ�Á�|�» 

 �,�Ê�Ë�Z�f�ˆ�Ë�YE0 �Á �Ê�¿�M �²�¿�Z�Ë �µ�Á�|�» �2 �Ê�» �Ä�•�z�Œ�» �½�Z�»�• �|�‹�Z�].  

     �Z�] �¯�€�e�Ì �^�‡�Z�À�» �c�Z�^�Ê     �/�‡�Z�‡�Y �½�Z�¼�·�Y �Á�{ �•�Y �Ê    �/�˜�y �€�/�À�§ �Ê  �Á 

  �¿ �Ã�|�À�À�¯ �®�¸�Æ�f�ˆ�»�Ì�À�e�Â�Ê  �/�» �Ê      �³�{�Z�/�‡ �Ä�/�] �½�Y�Â�/�e�Ê  �µ�|�/�»   �Z�/�Å�É 

�Á�Ë�f�‡�Ó�Y�Â�°�ˆ�Ì �e�Á�Z�¨�f�» �®�Ê    �• �s�€�/�— �Y�•  �/�Ë�‚�É  �{�€�/�¯  . �µ�|�/�»  �Z�/�Å�É 

�Ã�{�Z�‡  �É�Y   �¯�€�e �•�Y �Ä�¯ �Ì      �/�À�À�¯ �®�¸�Æ�f�ˆ�/�» �Á �€�À�§ �\     �c�•�Â�/�• �Ä�/�] �Ã�|

�€�‡�É  �•�Y�Â�» �Á �É  �» �¶�•�Z�u �Ê  �µ�|�» �,�|�¿�Â�‹ �Z�Å�É    �Á �µ�Â�ˆ�¯�Z�» �¯�Â�¸�Ë �¾

�»�Z�¿�Ì �» �Ã�|�Ê �|�¿�Â�‹.   � �«�Y�Á �{�Y�Â�» �•�{�Ê �Á �Ë�f�‡�Ó�Y�Â�°�ˆ�Ì  �^�— �•�{ �®�Ì �d� 

�Ë  �Z�¼�¿ �x�‡�Z�a �®�Ê�Ë      �Á �‰�‚�y �•�{ �Ã�{�Z�‡ �Ë �Å�•�Y�Á �Z�Ì�³�|�Ê  �Œ�/�À�e �Ê   �Ä�/�] 

�Z�Æ�À�e�Ê�Ë   �•�Â�e �Ã�|�À�Å�{ �½�Z�Œ�¿ �Ì �¸�»�Z�¯ �¦�Ê  �´�f�ˆ�]�Y�Á �•�Y �Ê �¿�Z�»�• �Ê �Y  �/�Ë �¾

 �¼�¿ �{�Y�Â�»�Ê �|�‹�Z�] .�Z�¼�¿�•�Z�]�Ê�Ë �^�‡�Z�À�» �Ê   �Á �•�Z�f�§�• �•�Y �Ë�Â�°�ˆ�f�‡�Ó�Y�Ì  �Y�• �®

�»�Ê  �Y�€�] �½�Y�Â�e�É �^�‹ �Ì�Ä �•�Z�‡�É�|�a �Ë   �/�‡�Á �Ä�/�] �‰�‚�/�y �Ã�|�Ì�Y�•�M �Ä�¸ �/�Ë �Š

�€�‡�É �µ�|�»  �Z�Å�É �Â�¸�¯ �Ë        �Y�€�/�] �Á �º�/�Å �•�Z�/�À�¯ �•�{ �¾�É  �^�/�‹ �Ì�Ä  �•�Z�/�‡�É 

�|�a�Ë �Å�•�Y�Á �Ã�|�Ì�³�|�Ê �Œ�À�e �Ê   �Y�•�M �Ä�˜�‡�Y�Á �Ä�] �Ë �•�Y�Â�» �Š�É �µ�|�»   �Z�/�Å�É 

     �{�•�Á�M �d�‡�|�] �º�Å �•�Z�À�¯ �•�{ �µ�Â�ˆ�¯�Z�» .      �•�Z�f�§�• �½�Z�Ì�] �É�Y�€�] �Á�• �¾�Ë�Y �•�Y

  �®�Ì�f�‡�Ó�Y�Â�°�ˆ�Ë�Á�º�Ì�¿ �Z�”�§ �Å�•�Y�Á �•�Z�/�f�§�• �Á�{ �€�Å �\�·�Z�« �•�{  �/�Ì�|�³�Ê �Á 

�‹�‚�y�Ê            �Ã�|�/�‹ �Ã�{�Z�¨�f�/�‡�Y �{�•�Y�|�¿�Z�f�/�‡�Y �Ê�˜�y �|�»�Z�m �µ�|�» �®�Ë �•�Y 

�d�‡�Y .           �Ä�/�] �Ä�m�Â�e �Z�] �Y�• �Ê�‹�‚�y �‰�€�Ë�~�a �Á �Ê�³�|�Ì�Å�•�Y�Á �µ�Á�|�» �Y�~�·

�Ê�» �{�•�Y�|�¿�Z�f�‡�Y �µ�|�» �¾�Ë�Y �] �€�Ë�• �c�•�Â�• �Ä�] �½�Y�Â�e�Ì�{�Â�¼�¿ �½�Z:  
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�Y�€�]�É �c�Ó�{�Z� �» �Ä�¸�6�°�Œ�f�»�Ê�¸�a �|�»�Z�m  �c�Z�À�]�€�¯�, E�’�€�]  �€�]�Y453/1 

 �Á �µ�Z�°�‡�Z�a�Z�´�Ì�³E0 - E�’ �€�]�Y�€�] 068/0 �½�Z�»�• �Á �µ�Z�°�‡�Z�a�Z�´�Ì�³ 

 �Ä�•�z�Œ�»�2 �€�]�Y�€�] 100 �d�‡�Y �Ã�|�‹ �Ä�f�§�€�³ �€�œ�¿ �•�{ ]18.[  

       �€�]�Y�€�] �½�Z�»�• �Ä�] �Ä�f�ˆ�]�Y�Á �…�Z�¼�e �•�Z� �‹)/sin(2.2 Tt�S �•�{ 

 �½�M �•�{ �Ä�¯ �Ã�|�‹ �Ä�f�§�€�³ �€�œ�¿T �É�•�Y�~�³�•�Z�] �½�Z�»�• �¶� ̄ �€�´�¿�Z�Ì�] 

�d�‡�Y .�¿ �¶� ̄�É�•�Y�~�³�•�Z�] �½�Z�»�•�Ì �€�]�Y�€�] �‚10�Z�i  �Ä�f�§�€�³ �€�œ�¿ �•�{ �Ä�Ì�¿

�d�‡�Y �Ã�|�‹ .�Y�€�]�É�¿ �…�Z�¼�e �•�Z� �‹ �Z�] �}�Â�¨�¿ �½�Y�‚�Ì�» �•�Z�^�e�•�Y �Ì �•�Y �‚

 �ž�^�À�» �Ê�¸�Ì�¸�v�e �¶�u]15 [�|�‹ �Ã�{�Z�¨�f�‡�Y.  

        �•�{�|�À�Ë�Y�€�§      �½�Z�/�¼�·�Y �{�Y�|�/� �e �Ê�e�Z�^�‡�Z�v�» �¶�u     �Ê�/�‡�|�À�Å �É�Z�/�Å

xn   �Á yn   �€�]�Y�€�] 101     �½�Z�/�¼�·�Y �{�Y�|�/� �e �,       �Ê�¿�Z�/�»�• �É�Z�/�Å�Wn   �€�/�]�Y�€�] 

201    �‚�Ì�¿ �Á xD   �Á yD   �€�]�Y�€�] 10        �Ä�/�f�§�€�³ �€�/�œ�¿ �•�{ �€�/�f�»�Á�€�°�Ì�» 

�|�¿�|�‹ .      �º�Å �É�Á�€�¯ �Ã�|�¿�Á�•�Á�€�§ �Â�¿�Z�¿ �•�Z� �‹5     �[�Z�/�z�f�¿�Y �€�/�f�»�Á�€�°�Ì�» 

 �|�‹]1.[  

     �É�Á�€�Ì�¿ �É�{�|�Ÿ �¶�u �Ä�ˆ�Ë�Z�¬�»�É�Á�8�•�Á�€�§ �‡�Z�¼�e �Ê     �•�{ �Ã�|�/�»�M �d�‡�|�] 

 �¿�Z�»�• �Ä�À�»�Y�{�Ê     �Ê�¸�Ì�¸�v�e �l�Ë�Z�f�¿ �Z�]    �¶�°�‹ �•�{4 �Ã�{�•�Á�M    �/�‡�Y �Ã�|�‹ �d .

  �¾�Ì�Ë�Z�a  �½�{�Â�]    �Å�• �l�Ë�Z�/�f�¿ �¾�Ì�] �¥�Ô�f�y�Y�Ì       �Z�/�] �É�{�|�/�Ÿ �d�/�§�Z  �l�Ë�Z�/�f�¿

 �[�Â�/�/�y �•�Z�Ì�ˆ�/�/�] �d�/�/�«�{ �Ã�|�/�/�À�Å�{ �½�Z�Œ�/�/�¿ �Ê�/�/�¸�Ì�¸�v�e�|�/�/�À�Ë�Y�€�§ �¶�/�/�u 

  �Ê�e�Z�^�‡�Z�v�»�d�‡�Y . �Ê�» �¾�Ì�À�r�¼�Å      �Ê�À�v�À�» �Ê�^�ˆ�¿ �½�•�Z�¬�e �Ä�] �½�Y�Â�e

�®�Ì�f�‡�Ó�Y�Â�°�ˆ�Ë�Á         �{�€�/�¯ �Ä�/�m�Â�e �É�•�Y�~�³�•�Z�] �Š�Å�Z�¯ �Á �Š�Ë�Y�‚�§�Y �•�{  .

    �•�{ �Ä�¿�Â�¼�¿ �É�Y�€�]  �¶�°�‹5      �•�Z�Œ�§ �ž�Ë�•�Â�e �Ã�Â�v�¿ �º�Å ),,0( typ �{  �•

  �Ä�œ�v�·5� t   �Á�• �•�{ �Ä�Ì�¿�Z�i �Ë �» �Ä�Ì�n�¿�Z�Ê      �d�/�‡�Y �Ã�|�/�‹ �Ã�{�Y�{ �½�Z�Œ�¿  .

�Z�¬�»�Ë  �Z�f�¿ �¾�Ì�] �Ä�ˆ�Ë �Å�• �l�Ì          �½�Z�Œ�/�¿ �Ê�/�¸�Ì�¸�v�e �¶�/�u �Z�/�] �É�{�|�Ÿ �d�§�Z

�Y�€�´�¼�Å �Ã�|�À�Å�{�Ê�Ë�Ó�Z�] �É�•�Â�´�·�Y �Ë�d�‡�Y �Ã�|�‹ �Ä�W�Y�•�Y �º�f .  

  

  

 
�‹�° �¶)4(: �É�Á�€�Ì�¿ �•�Â�¼�n�» �É�Á�8�•�Á�€�§ �€�] �{�•�Y�Á �Ê�‡�Z�¼�e 

�½�Z�»�• �Ä�] �d�^�ˆ�¿ �Ã�|�¿�Á�•�Á�€�§.  

  

  

  
�‹�° �¶)5:(�•�Â�e �Ê�´�¿�Â�´�q �Á�• �•�{ �Ê�‡�Z�¼�e �•�Z�Œ�§ �ž�Ë�Ë�Ê�n�¿�Z�Ì�» �Ä.  
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�‹�° �¶)6:( �Ê�´�¿�Â�´�q �É�Á�8�•�Á�€�§ �d�^�ˆ�¿ �Ã�|�¿�Á�•�Á�€�§ �Â�¿�Z�¿ �}�Â�¨�¿ �Z�Ë 

 �|�»�Z�m �•�{ �½�Z�»�• �Ä�]�Ê�¸�a �É�€�¼�Ì�¸�a �c�Z�À�]�€�¯.  

  

        �•�{�,�½�Z�Ë�Z�a     �Z�Ë �}�Â�¨�¿ �½�Y�‚�Ì�» �É�Á�8�•�Á�€�§ �¯�Á�€�É    �½�Z�»�• �Ä�] �d�^�ˆ�¿ 

  �¸�a �|�»�Z�m �•�{�Ì�€�¼�É �¸�a �Ê �¯  �{�€�³ �Ä�^�‡�Z�v�» �c�Z�À�]�€�Ë  �| �/�¯  �/�À�v�À�» �Ä�Ê 

�e�Z�^�‡�Z�v�»�Ê    �•�{ �½�M   �¶�°�‹6 �¶�]�Z�«    �Ã�|�Å�Z�Œ�» �d�‡�Y .    �€�/�¯�} �½�Z�Ë�Z�/�‹

    �–�Ì�v�» �®�Ì�¿�Z�°�» �¾�Ì�¿�Y�Â�« �Ä�¯ �d�‡�Y     �Y �•�{ �Ä�f�/�‡�Â�Ì�a �É�Z�Å �/�Ë   �•�Â�/�¿ �¾

   �Â�¿�Z�¿ �¶�W�Z�ˆ�»�É�Á�8�•�Á�€�§             �{�Z�/� �]�Y �•�Y �½�M �•�{ �Á �d�/�‡�Y �º�¯�Z�/�u �Ê�/�‡�Z�¼�e 

�–�Ì�v�» �Ä�•�z�Œ�» �Ê�¼�¿ �Ã�{�Z�¨�f�‡�Y �Ä�f�‡�Â�Ì�a �Ä�^�‹ �É�Z�Å  �{�Â�‹]27.[  

  

6- �f�¿�Ì�Ä�n �³�Ì�€�É  

         �¶�/�Ì�¸�v�e �,�Â�¿�Z�¿ �É�•�Á�Z�À�§ �‰�€�f�ˆ�³ �Ê�a �•�{ �€�Ì�y�Y �É�Z�Æ�·�Z�‡ �•�{   �É�Z�/�Å

�|�Ë�|�m   �Â�¿�Z�¿ �É�Á�8�•�Á�€�§ �‡�Z�¼�e �Ê   �¾�Ë�‚�´�Ë�Z�m �¶�Ì�¸�v�e  �Z�/�Å�É   �®�Ì�/�‡�Ô�¯ 

 �¶�W�Z�ˆ�/�/�»�É�Á�8�•�Á�€�/�/�§�{�€�³ �Ê�/�/�‡�Z�¼�e �/�/�Ë�d�/�/�‡�Y �Ã�| .�Y �•�{�/�/�Ë�Ä�/�/�·�Z�¬�» �¾ �,

�¿               �Ä�/�Ì�u�Z�¿ �Á �•�Z�Œ�/�§ �ž�/�Ë�•�Â�e �,�½�Z�/�»�• �Ä�/�] �Ä�f�ˆ�/�]�Y�Á �Ê�‡�Z�¼�e �É�Z�Å�Á�€�Ì

�»�Ì�n�¿�Z�Ê �‡�Z�¼�e �Ê   �É�Y�€�]  �É�Á�8�•�Á�€�/�§          �Â�¿�Z�/�¿ �Ã�„�/�Ë�Á �•�Â�/�˜�] �Á �Ê�/�‡�Z�¼�e 

�Ã�|�¿�Á�•�Á�€�§     �Ä�] �É�Á�€�¯ �É�Z�Å�¯�¼�® �Ë�®  �|�/�À�Ë�Y�€�§    �e�Z�^�/�‡�Z�v�» �¶�/�u �Ê 

�|�m�Ë  �M �d�‡�|�] �|�»�|�¿�| .      �Œ�/�§ �ž�Ë�•�Â�e �Ã�Â�v�¿ �¾�Ì�] �–�]�Y�Á�• �k�Y�€�z�f�‡�Y �•�Z

              �•�{ �}�Â�/�¨�¿ �½�Y�‚�/�Ì�» �Á �Ã�|�/�¿�Á�•�Á�€�§ �€�/�] �¶�»�Z�Ÿ �É�Á�€�Ì�¿ �,�Ê�‡�Z�¼�e �/�Ë�® 

�º�Ì�¿  �Z�”�§�É �Á �Ë�ˆ�°�f�‡�Ó�Y�Â�Ì�® �Ë�°�Ê       �Ä�/� �·�Z�˜�» �¾�Ë�Y �Ê�¸�•�Y �¥�Y�|�Å�Y �•�Y 

 �d�‡�Y �Ã�{�Â�] .   �|�Ë�|�m �d�§�Z�Ì�Å�•�½�Á�•�Y�Á �•�Z�‡�É�€�e�Z�» �Ë�ˆ�Ê�,    �Ê�]�Â�/�y �Ä�/�]

  �Ä�¿�Z�»�Z�‡ �Ä�f�Ì�ˆ�Ì�f�‡�Ó�Y�Â�°�ˆ�Ë�Á �€�i�Y      �Š�À�°�¼�Å�€�] �•�{ �Y�• �Ê�°�Ì�¿�Z�°�» �É�Z�Å

    �€�´�Ë�|�°�Ë �Z�] �Ê�‡�Z�¼�e  �Ê�/�» �¾�Ì�/�¼�z�e  �/�¿�•�|.    �Ã�|�/�À�Ë�M �É�Z�Æ�Œ�/�Å�Á�„�a �•�{

�Ê�»  �½�Y�Â�e   �³�|�À�^�ˆ�q �Á �­�Z�°�˜�•�Y �Ê   �Y�•     �Z�/�Å�€�f�»�Y�•�Z�a �½�Y�Â�/�À�Ÿ �Ä�/�]�Ê�Ë 

        �º�f�ˆ�/�Ì�‡ �Ê�n�¿�Z�/�Ì�» �t�˜�/�‡ �•�{ �€�Ë�~�a�Z�¿ �d�Œ�³�•�Z�]      �µ�Z�/�u �•�{ �É�Z�/�Å

 �‡�Z�¼�e �Š�À�°�¼�Å�€�]�Ê      �{�Y�{ �•�Y�€�« �€�œ�¿ �{�•�Â�»�¯   �a �h�/�Ÿ�Z�] �Ä�Ì�r �/�Ì�³�|�Ê 

�]�Ì �Y �€�f�Œ�Ë   �¿ �¶�W�Z�ˆ�» �•�Â�¿ �¾�Ì �» �‚�Ê �{�{�€�³.    �¾�Ì�/�À�r�¼�Å  �•�{�•�Z�¯  �É�Z�/�Å

�Y�€�/�/�] �Ã�|�/�/�À�Ë�M�É�] �/�/�Ì�Å�•�Y�Á �µ�Á�|�/�/�» �½�Z�/�/�Ì�³�|�Ê�~�/�/�a �Á �Ë�/�/�‹�‚�y �‰�€�Ê 

�»�Ê    �µ�|�/�» �•�Y �½�Y�Â�e  �Z�/�Å�É  �/�¯�¸�»�Z�€�f�É   �Z�» �|�/�À�¿�Z�»  �/�¯   �Á �µ�Â�ˆ�¯ �Â�/�¸�Ë �¾

�¼� �e�Ì �º�Ë �Ä�f�§�Z�,�|�¿�€�f�°�Ë�{�‚�¿ �d�Ì� �«�Y�Á �Ä�] �Ä�¯�{�Â�¼�¿ �Ã�{�Z�¨�f�‡�Y . 
 
7- �¿�Y�{�•�|�«�Ê  

  �½�Z�¨�·�R�»   �{�Â�y �€�]�¹�•�Ó �» �Ê �¿�Y�{�|�À �Ä�¯  �•�Y    �É�Z�/�Æ�Ì�Ë�Z�¼�À�Å�Y�•   �½�Y�{�Z�f�/�‡�Y

  �{ �½�Z�Ë�Z�«�M �|�À�¼�m�•�Y�¯   �½�Á�‚�v�» �€�f)  �•�Y�€�Ì�/�‹ �Ã�Z�´�Œ�/�¿�Y�{(�{ �,�¯   �`�/�¿ �€�/�f

)  �Z�Ë�|�¿�Z�‡ �Ê�¸�» �•�Y�Â�e�Y�€�]�Ó (   �€�f�¯�{ �Á�¯  �¾�·�Â) �¦�·�{ �Ã�Z�´�Œ�¿�Y�{( �Œ�e �°  �Á �€

�¿�Y�{�•�|�«�Ê �¿�Z�¼�|�À�Ë.  
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