
¦·Y  

 

 

 

 
 

 
 
 
 
 
 
 
 
 
 
 

    

pdfMachine  
 A pdf writer that produces quality PDF files with ease! 

Produce quality PDF files in seconds and preserve the integrity of your original documents. Compatible across 
nearly all Windows platforms, simply open the document you want to convert, click “print”, select the 

“Broadgun pdfMachine printer” and that’s it! Get yours now! 

http://www.pdfmachine.com?cl


 

�[ 

 

 
 

Ã|°�¿Y{ :¾Ì»��¹Â¸�  

ÃÁ�³ :É�Â·Á�fa�É{Z�f«Y�Ê�ZÀ��¾Ì»��Á  

  

��§Zu�Ä¼�q�ÉÁ��Á�[����Z�¿Z¯��¿�Á�fa){Á�e(É�¯�»�½Y�ËY�,  
 

ÊfÀm�Y|¿ 
 
 

Z¼ÀÅY��{Zf�Y:  
d�Á{�§�×Y�k�§��f¯{ 

 
 
�{Zf�Y�ÁZ�»:  

½ZÌ«{Z��{Â¼v»��f¯{ 
 
 
 

|��Y�Ê�ZÀ��Z¯�Äm�{�~yY�dÆm�|��Y�Ä»Z¿�½ZËZa  

�½Zf�]Ze����  
  
  

 

    

pdfMachine  
 A pdf writer that produces quality PDF files with ease! 

Produce quality PDF files in seconds and preserve the integrity of your original documents. Compatible across 
nearly all Windows platforms, simply open the document you want to convert, click “print”, select the 

“Broadgun pdfMachine printer” and that’s it! Get yours now! 

http://www.pdfmachine.com?cl


 

�k 

 

 

 

 

e�Ä]�ºË|¬...  

�Ä]�ºË|¬el¿��Ä¼Å��ËY�]�¹{ÂmÁ�Á�d�Y�ª���Ä¼Å�ºËY�]��{ÂmÁ�Ä¯�¹�{Z» �ÊËZ¿YÂe�Ä]�Ze�d§���¿YÂe�,

,º��]��º¿Z¼]�|Ìb��ÉÁ��Ze�d§�³�É|Ìb���ËÂ»Á  

�,¹�|a���Á�dyÂ»M�¾»�Ä]�Y��d»Z¬f�Y�Ä¯�ºÌ³|¿��º¸ »�±��]  

�¹��¼Å�,�ÅZ´¿�¡Á�§�Ä¯��d�Y�¾»�Ê¿Z³|¿��ÄËZ»����ËÁ��ÊËZÀ�Á��Á��»Ô¯�Ê»�³ .  

  

  

  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  

    

pdfMachine  
 A pdf writer that produces quality PDF files with ease! 

Produce quality PDF files in seconds and preserve the integrity of your original documents. Compatible across 
nearly all Windows platforms, simply open the document you want to convert, click “print”, select the 

“Broadgun pdfMachine printer” and that’s it! Get yours now! 

http://www.pdfmachine.com?cl


 

�{ 

 

  
Ê¿Y{�|«�Á��°�e 

Ê»�{Ây��]�d�z¿��Za�Ä]�ºËÂ³��°��Y��{�Ây��Z³{�Á�a�Ä¯�º¿Y{ ÉZÅ|Àz^·�d^v»�,�Z] ½Zf�{�

É�ZË�,½Z�� ª���Á d^v»�Á��Ä¼Å�Är¿M�Y���Ä¯��Y�d¼u��ÁY �d§ZË�{�{�¯Ã�Y¹�Á��Y�ÁY�Ê»�ºÅYÂy�Ä¯�

d«ZÌ·��°�e���Y�{Zf�Y�Y���]�¾»�Ê¿Y��Y�|À¯�Ä¯   

�¾f�¿Y{�Â°¿�{Zf�Y��|«,¦Ìu !�{Y|¿�{ZË�¾»�Ä]�{Zf�Y,...  

ÊËZ¼ÀÅY����Zy�Ä]�d�Á{�§�×Y�k�§��f¯{�ÉZ«M�[ZÀm��ÄfzÌÅ�§��{Zf�Y��Y��µZ¼¯�½Z�fÀ»�Ê]��ÉZÅ

Ä¿Y��§��{Zf�Y�Y��¾ÌÀr¼Å�,¹�Y{�Y����°�e�ÊËZ¼ÀÅY����Zy�Ä]�½ZÌ«{Z��{Â¼v»��f¯{��ÉZ«M�[ZÀm�¹Y���ÉZÅ

Ê»�Ê¿Y{�|«�½Z�¤Ë�{�Ê]�,ºÀ¯  

,¹�Y{��^��É�Z³�Á��Á�É|À¸]���ÉÁ��M�½Y�Ë���¾ËY��ÉÁ{��Å�ÉY�]�Á 

�|¿{Â¼¿�É�ZË�ºÆ»��¾ËY��{� Y�»�Ä¯�¹�Ë�����¼Å�Á�Ã{YÂ¿Zy��Y�º¿Y{�Ê»�¹�Ó�¾ÌÀr¼Å ,��°�e�Á��Ë|¬e
ºÀ¯.  

  
  
  
  
  
  
  
  
  
  
  

  
  

    

pdfMachine  
 A pdf writer that produces quality PDF files with ease! 

Produce quality PDF files in seconds and preserve the integrity of your original documents. Compatible across 
nearly all Windows platforms, simply open the document you want to convert, click “print”, select the 

“Broadgun pdfMachine printer” and that’s it! Get yours now! 

http://www.pdfmachine.com?cl


 

�Ã 

 

Ã|Ì°q  
Ê»�Ä¯Á�f»�½| »�®Ë�c�Â�� Ä]� ��Zu�µZu� �{� Ä¯��§Zu� Ä¼�q� �Z�¿Z¯� �{� ,|�Z]�����É�f»Â¸Ì¯

�[ÂÀm{Á�ÅZ��[�£ ÄÌ�Zu��{�d�Y�Ã|���«YÁ�É�¯�»�½Y�ËY�É�ZfyZ��½Á��Ê·Z¼� .²À��ÉZÅ�½Z]�Ì»
��Z�¿Z¯�¾ËY�Ä�Â¼n»�Á�Ê¿Z�¨�eM�Ê¿Z�¨�eM���Ê¿Z«Â§�Ze�Ê¿ZÌ»�¾�ÂWY�Ê]Â��|Àf�Å .�Ê^Ì¯�e�¦Ì�
²À��¾ËY�Y�ZÅ�Ê¯Y�e�,d·Y�Z]�dË�|¿M�Ê¯Y�e�Á�dË�|¿M�,d·Y�Z]Ê»|�Z]. ½MÉY�Y{�ZÅ��dÌÅZ»�¾·Z°·MÂ°·Z¯
Ê¼¯�Á�Ä]�Ê°Ì¿Âf°e�ÃZ´ËZm���¿��Y�Á�Ã{Â]�¾·Z°·M��Ìv»ÉZÅ�Ã�Z«��Â«�ÉY|¿�Y{�ª¸ e .Ê¸a��Z�¿Z¯��µZf»

��§Zu� Ä¼�q��¿� �Y�Ê¿Z¯,dÌ¿�Â]� ,¾·Z³� ¶»Z�� Ä¯�d�Y� �ÂÀf»� �ZÌ�]� Ê�ZÀ�dË�ÌaÂ°·Z¯� ,�,dÌ¿�Ë{
dË�·Z¨�Y,¾Ì·ÁÂ¯, � ,dÌ¯ÓZ»� ,dÌ�Â°·Z¯,dË�ÌadË�Á���dË�Z]� Á Ê»|À�Z]. Á� �e�YÂ¯�dÌ�¸¯��Ä]� �Ì¿

Ä¿Z¯�cÓZÌ���Â¸^e�Ê¿ZËZa�ÉZÅ�Z§�½YÂÀ�Ê»��Z��a�½YÂÀ��Ä]�Á�|À�Z]�Z]�ÃY�¼Å�Ã|���Â¸^f»�Ê¬Ë�¨e�Ã|¿Z»
Ä¿Z¯Ê»�d§ZË��Â¯~»�ÉZÅ|¿Â� .Ã{Âe²À���{�ÊÀÌ�¿Zm�ªË����Y�,�Z�¿Z¯�¾ËY�Ê´À��ÉZÅ�ZË�½Z]�Ì»�ÉZÅ

½|�� �a�Ê·Zy� ÉZ�§�Ã|�� {ZnËY|¿Y .dyZ�Ä³�� ÉZÅÁ� ÉY�Är³�� ÉYd§Z]� ÁÄ¿Z�� ¶Ì^«� �Y� ÊËZÅ�,ÉY
ÊWÂa� Á�Ê�À¯YÁÊ»�Ã|ÅZ�»�­�Z¿� Á�Ê¸¬Ì����Z¬»��{�®ÌfÌ¸Ì¯{Â�.��»� ,[����ZÀ��ÉÁ��Á�����Z]

Ä¿Z¯�Ã|¿�Z��ÉZÅ��Z�¿Z¯Ä¼�q��§Zu½M�Ê¿YÁY�§�¾Ì´¿ZÌ»�Ä¯�|Àf�Å�\Ìe�e�Ä]�ZÅ��/��,��/���Á��/��
Ê»�Ê¿�Á�|��{|�Z] .�Àe�{�°¸¼��¶Ì·{�Ä]½M�ÉZÅ|»ZÌa�Á�Ê°Ì¿Âf°e�ÉZÅÃ{Âe�{ÂmÁ�¾ÌÀr¼Å�Á�ZÅ -

½M� É| ]� cÓÂve� Á� ªË�¨e� ,¾ËÂ°e� ,©Z¼�Y� �{� É}Â¨¿� ÉZÅÄy�q� �Ì�¿� ZÅ� ÉZÅÊ]Z»�³� cÓZÌ���Ä]
d�Y�Ã|���nÀ»��Z�¿Z¯�¾ËY�¶Ì°�e .��Z�Y��]Äf§�³�c�Â��cZ ·Z�»��Z�¿Z¯�Ä¼�q�§Zu��ÃÁ�³��{�Y�

ÊaY�ÉZÅ�Z�¿Z¯Ê¸a��Â¿�µZ»�e�µZf»Cu± Pb ± Zn ±Ag ÉZm�Y{�{.  
É|Ì¸¯�cZ¼¸¯ :Ê¿Z¯,Ê�ZÀ��Ê¸a,µZf»�ÊaY�,µZ»�e�,�Z�¿Z¯{Á�e�,�§Zu�Ä¼�q  .  

  
  
  
  
  
  
  
  
  
  

    

pdfMachine  
 A pdf writer that produces quality PDF files with ease! 

Produce quality PDF files in seconds and preserve the integrity of your original documents. Compatible across 
nearly all Windows platforms, simply open the document you want to convert, click “print”, select the 

“Broadgun pdfMachine printer” and that’s it! Get yours now! 

http://www.pdfmachine.com?cl


 

�Á 

 

�cÓZ¬»ÊmY�zf�Y  
  

 Ê¿Z¯�Ä ·Z�»�§Zu�Ä¼�q�ÉÁ��Á�[����Z�¿Z¯�Ê�ZÀ�¾Ì»���ËZ¼Å�¾Ì·ÁY�,�É{Z�f«Y�Ê�ZÀ�
,½Y�ËY�Ê�Á{�§�ÃZ´�¿Y{��,|Æ�»���� 

 ²À�� Ê¼Ì�ÂW�� Á� Ê§Y�³Á�fa�§Zu� Ä¼�q� ÉÁ�� Á� [��� �Z�¿Z¯� Ã|¿�Ì³�]�{� ÉZÅ�¾Ì·ÁY� ,
¾Ì»��Ê¸»��ËZ¼Å�,½Y�ËY�Ê�ZÀ��{Y�M�ÃZ´�¿Y{�,�Y�Ì�����  

 ¾Ì»� Ê�ZÀ� �Z�¿Z¯ Ä¼�q �§Zu Á Ê���] ¶Ì�¿Zfa Ê³{Â·M �Ìv» Ä] ��ZÀ� Ê¼��¾Ì¼f¨Å�,
¾Ì»���¿Y�¨À¯�,{Á�ÅZ��Êf À��ÃZ´�¿Y{�,½Y�ËY�d�Ë���Ìv»�Á�Ê�|ÀÆ»�Ê�ZÀ�����  

  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  

  
  

    

pdfMachine  
 A pdf writer that produces quality PDF files with ease! 

Produce quality PDF files in seconds and preserve the integrity of your original documents. Compatible across 
nearly all Windows platforms, simply open the document you want to convert, click “print”, select the 

“Broadgun pdfMachine printer” and that’s it! Get yours now! 

http://www.pdfmachine.com?cl


 

�� 

 

\·Z�»�d��Æ§  
Ã|Ì°q.........................................................................................................................................................................................................Ã 

�cÓZ¬»ÊmY�zf�Y....................................................................................................................................................................................Á  
µÁY�¶�§ :cZÌ¸¯  

�-� -�Ä»|¬»..............................................................................................................................................................................................�  
�-� - Ê�Z^e�Y�ÉZÆÅY��Á�ÊËZÌ§Y�¤m�dÌ «Â».....................................................................................................................................�  
�-� -�Ê¿Z�¿Y�ÊËZÌ§Y�¤m�Á�ÊËYÂÅ�Á�[M�dÌ �Á...............................................................................................................................�  
�-� -�É�Â·Â§Â»ÂW�..................................................................................................................................................................................�  
�-� -�ÄrzË�Ze�Ä¬�À»��{�É�Z°¿| »...................................................................................................................................................�  
�-�-�½M�¥Y��Y�Á�Ä¬�À»��{�Ê¸^«�cZ ·Z�»�ÄrzË�Ze.....................................................................................................................�  
�-� -�Ä ·Z�»��¥Y|ÅY...........................................................................................................................................................................��  
�-� -�Ä ·Z�»��Á�...............................................................................................................................................................................��  
�-� -�-�Ê�ZÀ��¾Ì»��cZ�Ô�Y�É�ÁM��¼m..................................................................................................................................��  
�-� -�-�ÊËY�v��cZÌ¸¼�..................................................................................................................................................................��  
�-� -�-�ÊÅZ´�ËZ»�M�cZ ·Z�».........................................................................................................................................................��  

¹Á{�¶�§ :Ê»Â¼��Ê�ZÀ��¾Ì»�  
�-� - Ä»|¬»...........................................................................................................................................................................................��  
�-� -�{Á�e�Ä¬�À»�Ê»Â¼��Ê�ZÀ��¾Ì»�.........................................................................................................................................��  
�-� -�-��¾Ë�^»Z¯�a��¾Ë�^»Z¯..........................................................................................................................................................��  
�-� -�-�®ÌWÁ�ÂX·Za�ÉZÅ|uYÁ...........................................................................................................................................................��  
�-� -�-�®ÌWÁ�Á�»�ÉZÅ|uYÁ............................................................................................................................................................��  
�-� -�-�®ÌWÁ�ÂÀ��ÉZÅ|uYÁ............................................................................................................................................................��  
�-� -�Ã{ÂeÉ}Â¨¿�ÉZÅ.........................................................................................................................................................................��  
�-� -��§Zu�Ä¼�q�Ã{Á|v»�Ê´À��ÉZÅ|uYÁ�s��....................................................................................................................��  
�-� -�- dË�|¿M�Ê´À��|uYÁ -�Ê¯Y�edË�|¿M................................................................................................................................�� 

�-� -�- É�|¿M�Ê´À��|uYÁd·Y�Z]...................................................................................................................................................��  
�-� -�- |uYÁÉZÅ��Ê´À�É�YÁM�}M................................................................................................................................................��   
�-� -�- ¥Âe�µZf�Ë�¯�Ê´À��|uYÁ...............................................................................................................................................��    
�-� -�-�®ËY{ZÅ..................................................................................................................................................................................��  
�-� -�- Ä¿Z³{ZaÊ¼Ë|«�Êf§�]M�ÉZÅ................................................................................................................................................��  
�-� -�- Ä¿Z³{Za½YÂm�Êf§�]M�ÉZÅ..................................................................................................................................................��  
�-� -�-�ÄÀ°§Y��Á�z»ZÅ...................................................................................................................................................................��  
�-� -�� -�d§�]M��Zu|Æ��ÉZÅ......................................................................................................................................................��  
�-� - �§Zu�Ä¼�q�Ä¬�À»�Ê¿Z¼fyZ��Ê�ZÀ��¾Ì»�.................................................................................................................��  

¹Â��¶�§ :Ê§Y�³Á�fa  
�-� -�Ä»|¬»........................................................................................................................................................................................��  
�-� -�²À��Ê§Y�³Á�faÊ¿Z�¨�eM�ÉZÅ..........................................................................................................................................��  
�-� -�- ¾ËÂÌ·Yd·Y�Z]ZÅ....................................................................................................................................................................��  

    

pdfMachine  
 A pdf writer that produces quality PDF files with ease! 

Produce quality PDF files in seconds and preserve the integrity of your original documents. Compatible across 
nearly all Windows platforms, simply open the document you want to convert, click “print”, select the 

“Broadgun pdfMachine printer” and that’s it! Get yours now! 

http://www.pdfmachine.com?cl


 

�s 

 

�-� -�- �d·Y�Z]ZÅ............................................................................................................................................................................��  
�-� -�-�Ê¯Y�edË�|¿MZÅ................................................................................................................................................................��  
�-� -�-�dË�|¿MZÅ...........................................................................................................................................................................��  
�-� - �Ê§Y�³Á�fa²À�É�YÁM�}M�ÉZÅ..........................................................................................................................................��  
�-� -�Ã{ÂeÉ}Â¨¿�ÉZÅ....................................................................................................................................................................��  

¹�ZÆq�¶�§ :Ê¿Z¯�Ê�ZÀ�  
�-� -�Ä»|¬».....................................................................................................................................................................................��  
�-� - Ê¿Z¯Ê�ZÀ�..........................................................................................................................................................................��  
�-� -�- Ä¿Z¯ZÅ½�ÂbÌÅ�É.............................................................................................................................................................��  
�-� -�- Ä¿Z¯½��aÂ��ÉZÅ............................................................................................................................................................��  
�-� -�-�Ä¸�Z]ZÅ.............................................................................................................................................................................��  

ºnÀa�¶�§ :�¿�Á�fa�Á�Ê¼Ì�ÂW�  
�-� -�Ä»|¬»...................................................................................................................................................................................��  
�-� - �Z��Ã{Z»M�Ê���{�Z�y��Á�]��]ZÀ»ÄË�ne�Á�ÉÄ¿Â¼¿�ÊËZÌ¼Ì��ÉZÅ..........................................................................��  
�-� -�Ã{Y{�tÌv�eÄË�ne��Y�¶�Zu�ÉZÅÊËZÌ¼Ì�ÂW��É........................................................................................................��  
�-� -�ÄË�ne�lËZf¿�{�]�Z¯Ê¸�Y���ZÀ��ÊËZÌ¼Ì��É�[ZÌ¼¯�Á�Ä¬^���{²À��É|À]Ä ·Z�»�{�Â»�ÉZÅ........................��  
�-� -�ÊËZ¼³Z»�É���¾ÌÌ e........................................................................................................................................................��  
�-�- ²À��ÊËZÌ¼Ì�ÂW��cÓÂve�Á��ÌÌ¤e�Ê���]cY�ÌÌ¤e�ÉZÅ�Y{Â¼¿�®¼¯�Ä]�ZÅ.........................................................��  
�-� - �´Ë|°Ë�¶]Z¬»��{��Z³�Z�Z¿���ZÀ��cY�ÌÌ¤e�ÉZÅ�Y{Â¼¿...............................................................................................��  
�-� -��Z³�Z�Z¿�¶]Z¬»��{��Z³�Z����ZÀ��cY�ÌÌ¤e�ÉZÅ�Y{Â¼¿................................................................................................��  
�-� - [ZÌ¼¯���ZÀ��É��À�|Àq�ÉZÅ�Y{Â¼¿..........................................................................................................................��  
�-� -�-�ÉZÅ�Y{Â¼¿ É��À�|Àq�dË�|À¯�Ä]�d^�¿�Ã|���ZnÀÆ].......................................................................................��  
�-� -�- ÉZÅ�Y{Â¼¿ É��À�|Àq Äf�Â³�Ä]�d^�¿�Ã|���ZnÀÆ]ÄÌ·ÁY�É............................................................................��  

º���¶�§ :�Z�¿Z¯��¿�  
� -�-�Ä»|¬»...................................................................................................................................................................................��  
� -�-�½Z]�Ì»�²À��cZÌ�Â�y................................................................................................................................................��  
� -�-�Ê¿Z¼fyZ��dÌ �Á............................................................................................................................................................��  
� -�-�Ê¿| »�Ã{Z»��ZfyZ��Á�¶°�............................................................................................................................................��   
� -�-��§Zu�Ä¼�q��Z�¿Z¯�¶Ì°�e�¹�Ì¿Z°»..........................................................................................................................���  

�¶�§f¨Åº :ÄnÌf¿cY{ZÆÀ�Ìa�Á�É�Ì³  
�-� -�ÄnÌf¿É�Ì³.......................................................................................................................................................................���  
� -�-�cY{ZÆÀ�Ìa........................................................................................................................................................................���  

�]ZÀ»  
Ê��Z§��]ZÀ».................................................................................................................................................................................���  

Refrence.....................................................................................................................................................................................���  
 

 

    

pdfMachine  
 A pdf writer that produces quality PDF files with ease! 

Produce quality PDF files in seconds and preserve the integrity of your original documents. Compatible across 
nearly all Windows platforms, simply open the document you want to convert, click “print”, select the 

“Broadgun pdfMachine printer” and that’s it! Get yours now! 

http://www.pdfmachine.com?cl


 

�� 

 

µZ°�Y�d��Æ§  
¶°��-�-�ÃY��Á�ÊËZÌ§Y�¤m�dÌ «Â»Ä ·Z�»�{�Â»�Ä¬�À»�Ä]�Ê��f�{�ÉZÅ...............................................................................�  
¶°��-�-�Ä ·Z�»�{�Â»�Ä¬�À»�ÉY�Ã�YÂÅZ»��ËÂ�e�������� )d�|À·�ÉY�Ã�YÂÅZ»��ËÂ�e(..................................................�  
�¶°�� -� -���{�Ä ·Z�»�{�Â»�Ä¬�À»�dÌ «Â»½Y�ËY�Ê¿Z¼fyZ��ÉZÅ|uYÁ..................................................................................��  
�¶°�� -� -�ÄÀÌq�Ê·YÂe{Á�e�½Á���{�Ê�ZÀ� -�¾Ë�Ì��ÃZq.........................................................................................................��  
¶°��-�-��Ê�ZÀ��¾Ì»��Ä�¬¿��Y�Ê�z]������/� ½Z¼¸ »...................................................................................................��  
¶°��-�-�Ã�Y|³��Y�É�ËÂ�eÊ¯Y�e�Ze�dË�|¿M�ÉZÅÉ�|¿M�Z]�ÃY�¼Å�dË�|¿Md·Y�Z]...................................................................��  
¶°��-�-��ÊfÌ�¸¯�Á�Ê�Ì¸Ì��Ä³��¶Ì°�e�Z]�Ê¿Z��³{dË�|¿M�²À���{............................................................................��  
¶°��-� -  ¾�Á��0Ô»Z¯�²¿��Ä]�É�YÁM�}M�|uYÁ��{�Ê¿Z��³{��Y�ÊËZ¼¿...................................................................................��  
¶°��-�-�½ZÌ»ÄËÓÃ�Y|³�ÉZÅ �Ze�ÊfË�|¿M�|uYÁ��{�d·Y�Z]�É�|¿MÉY�ÁM�}M..........................................................................��  
¶°��-�-�É�ÂÅZ»�Äbe�É�Â·Â§�Â»�Z]�¥Âe�µZf�Ë�¯�|uYÁ.........................................................................................................��  
¶°��-�-��Y�e��Y�ÊËZ¼¿�§Zu�Ä¼�q�Ä¬�À»��{�{ÂmÂ»�ÉZÅ................................................................................................��  
¶°��-��-��¹Y�³ZË{¶³¶�³�Ê¿YÁY�§�Êy��ZÅ...........................................................................................................................��  
¶°��-��-�¾Ìq�¶Ì°�e�Ê´¿Â´qÊ³{�Ây�ÊrÌa�Z»�ÉZÅ¶°�.............................................................................................��  
¶°��-�- d�Ë�¯ÂÀ§��{�Ê·Z]�£�d§Z]��Y�É�ËÂ�e���Ä]�ÄË�ne�Á��Ô¯ÂË�Ôa�ÉZÅË��{�dÌ�¾ËÂÌ·Yd·Y�Z]......................��  
¶°��-�-���ÊfÌ�Ë���ÉZÅ�Ô¯ÂË�Ôa��Y�É�ËÂ�eÊ¿Z¯��Â�u�Á�Ã|½ÂÌ·Y��{�µZy{Y�c�Â��Ä]�®aÁY�ÉZÅd·Y�Z].........�� 

¶°��-�-�d�Ë�¯ÂÀ§��¼ne��Y�É�ËÂ�e��{�É�Ì§�ÂaÁ�»Â¸³�d§Z]�{ZnËY�Á�¾�¯Á�Ìa�ÉZÅ¾ËÂÌ·Yd·Y�Z]..........................�� 

¶°��-�-���Y�É�ËÂ�e�¯ÂÀ§Ëd�·Y�ÉZÅÌÂË¾�,YË´¿|Ë��Zu��Y�½|��ÊfÌÄ�ZÅ�Á´f�°�Ê�ZÅ�Â¸]��¯�»�Ze�Á�Ã|���Á���ZÅ
»�Ä»Y{YÊË|]Z........................................................................................................................................................................................��  
¶°��-�-�d�Ë�¯ÂÀ§��Y�É�ËÂ�e��{�É�Ì§�Âa�d§Z]�Z]�®aÁY�Ê¿Z¯�Á�¾�¯Á�ÌaÂÀÌ¸¯��Â�u�Á�Ã|��ÄË�ne��Ô¯ÂË�Ôa�ÉZÅ

���{�¾Ì·Zf�Ë�¯ÂfbË�¯�ÄÀÌ»�d·Y�Z]................................................................................................................................................��  
¶°��-� -�d�Ë�¯ÂÀ§� �Y�É�ËÂ�e�ÉZÅÊ¿Z¯� �Â�u�Ä¯�É�Ì§�Âa�d§Z]�d·Y�Z]� �{�¾�¯Á�ÌaÂÀÌ¸¯�c�Â��Ä]�®aÁY�ÉZÅ

½M�¹|¬e�Ã|ÀÅ|¿Z�¿�[|v»Ê»�ZÅ|�Z].........................................................................................................................................��  
� ¶°�� -�-�¾ËÂÌ·Y� �Y� É�ËÂ�ed�Ë�¯ÂÀ§� �Ì¿� Á� Ã|�� ÊfË�´¿|ËY� ÉZÅ��� Ä]� Ã|�� ÄË�ne� �Ô¯ÂË�Ôa� ÉZÅË��{� dÌ�
d·Y�Z]....................................................................................................................................................................................................��  
¶°��-�-��d§Z]��Y�É�ËÂ�eÁ�É�Ì§�Âa�ÊfÌ·Á�°Ì»�dË�|¿M�Ê¯Y�e��{�ÊfÌ¯Y�e..................................................................��  
¶°��-�-�dË�|¿M�Ê¯Y�e��{�dÌ�¸¯��Y�Ã|���a�cY�¨u��Y�É�ËÂ�e .Y�¨u��ÅZ����Z¬»��{�Ê·Y|´Ì»M�d§Z]�c�Â��Ä]�c
Ê»|¿Â�.................................................................................................................................................................................................��  

¶°��-��-�É�ËÂ�e�Är³���YÃ{�¯���«�Y���Ô¯ÂË�Ôa�d�Ë�¯ÂÀ§�Ä¯�dË�|¿M�Ê¯Y�e��{�dÌ�¸¯�ÉZÅ|¿Y.....................��  
¶°��-��-��¾ÌÀr¼Å�Á�ÊfÌ·Á�°Ì»�ºÅ�Á�d�Ë�¯ÂÀ§�c�Â��Ä]�ºÅ�Ã|Ì�¯�µZ°�Y�c�Â��Ä]�ZÅ�Ô¯ÂË�Ôa���Y�É�ËÂ�e
¶°��-��-��d�Ë�¯ÂÀ§��Y�É�ËÂ�e|À¸^¿�ÂÅ�Ë�|¿M�Ê¯Y�e��{�®aY�Ê¿Z¯�Ád........................................................................��  
¶°��-��-�d�Ë�¯ÂÀ§��Y�É�ËÂ�eÊ¯Y�e��{�¾�¯Á�ÌaÂÀÌ¸¯�,|À¸^¿�ÂÅ�,�Ô¯ÂË�Ôa�ÉZÅdË�|¿M......................................��  
¶°��-��-����ÉZÅ�Ô¯ÂË�Ôa��Y�É�ËÂ�eË�Ã|��ÊfÌ��Ê¯Y�e��{dË�|¿M............................................................................��  
�¶°�� -�� -dË�|¿M��{�ÊfÌ·Á�°Ì»�ÄÀÌ»��Z]�É�Ì§�Âa�d§Z]��Y�É�ËÂ�e.................................................................................��  
¶°��-�� -�]�£�d§Z]��Y�É�ËÂ�ed�Ë�¯ÂÀ§�Ê·ZdË�|¿M��{��Ô¯ÂË�Ôa�ÉZÅ........................................................................��  
¶°��-��-�Ä³���Y�É�ËÂ�ed�Ë�¯ÂÀ§�Ä¯�dÌ�¸¯�ÉZÅdË�|¿M��{�Y���Ô¯ÂË�Ôa�ÉZÅÃ{�¯���«�ZÅ|¿Y..........................��  
¶°��-��-��d·Zu� �Y�É�ËÂ�eÊ�YÂu��{� Y��ÊnÌ¸y�Ê³{�Ây�d�Ë�¯ÂÀ§Ê¿Z¯� {ÂmÁ� Á� �Ô¯ÂË�Ôa�ÉZÅ��{�®aY�ÉZÅ

½M�¶yY{Ä³��{ÂmÁ��Ì¿�Á�ZÅdË�|¿M��{�dÌ�¸¯�ÉZÅ...................................................................................................................��  

    

pdfMachine  
 A pdf writer that produces quality PDF files with ease! 

Produce quality PDF files in seconds and preserve the integrity of your original documents. Compatible across 
nearly all Windows platforms, simply open the document you want to convert, click “print”, select the 

“Broadgun pdfMachine printer” and that’s it! Get yours now! 

http://www.pdfmachine.com?cl


 

�É 

 

¶°��-��-�ne��Y�É�ËÂ�ed�Ë�¯ÂÀ§��¼���Ä]�ÄË�ne�µZu��{�ZÅ�Ô¯ÂË�Ôa�,dË�|¿M��{��Ô¯ÂË�Ôa�Á�dË�ÁY�ÉZÅË�dÌ�
Ê»|À�Z].................................................................................................................................................................................................��  

¶°��-��-���� ÉZÅ�Ô¯ÂË�Ôa� �Y� É�ËÂ�eËÊ¿Z¯� �Â�u� Á� Ã|�� ÊfÌ�½M� �{� µZy{Y� c�Â�� Ä]� ®aÁY� ÉZÅ��{� ZÅ
dË�|¿M.....................................................................................................................................................................................................��  
¶°��-��-�dË�|¿M��{�dË�¸¯�Ä]�Ã|��ÄË�ne�|À¸^¿�ÂÅ�d�Ë�¯ÂÀ§��Y�É�ËÂ�e....................................................................��  
¶°��-��-�ÄÀÌ»��Z]�¥Âe�®ÌfÌ·dÌ·Á�°Ì»��Y�ÉYa�ÉZÅÊ¿Z¯�Á�cZb�|¸§�ÃY�¼Å�Ä]��Ô¯ÂË�Ô¾Ë�ÌÀ»Á�§�ÉZÅ.................��  
¶°��-�- ÊÅY�¼Å�dË�ÌaÂ°·Z¯�Á�¾·Z³...........................................................................................................................................��  
¶°��-�- ÊÀÌ�¿Zm��Ä]�dË�ÌaÂ°·Z¯Ä¸Ì�Á��¾Ì·ÁÂ¯dÌ¯ÓZ»�Z]�ÃY�¼Å......................................................................................��  
¶°��-�-��ÄË�ne��Y{Â¼¿ XRDÊ¿Z¯��´Ë{�ÃY�¼Å�Ä]�dË�Ìa�Á�dË�ÌaÂ°·Z¯��Â�u�Ä¯d�Y�Ã|Ì���cZ^iY�Ä]�½M��{�ZÅ...��  
¶°��-�-��c�Â��Ä]�dË�Ìa��Â�uÄ¿Y{�ÉZÅÃ|À¯Y�a....................................................................................................................��  
¶°��-�-�ÄÌ�Zu��{�dÌ¿�Ë{�Á�¾Ì·ÁÂ¯�ÃY�¼Å�Ä]�Êe�Â��²¿��Ä]�dÌ¿�Â]��Â�u�Ä¯�Ê¸¬Ì����¬»��{�Ê]M�²¿��Ä]� ZÅ
�¿d�Y�½M��{�ÊÀÌ�¿Zm�d§Z]�Ã|ÀÅ|¿Z.............................................................................................................................................��  

¶°��-� -�{�Ê]���ZË�Á�Ê]M�Ä]�¶ËZ¼f»�Ã�Ìe�|Ì¨��²¿��Ä]�Ã|��Äf�°��Ã�Ze�t����{�¾·Z³��Â�uÊf�{�Ä¿Â¼¿��.......��  
¶°��-�-�Ã�¨u�Á�ÓZ]�É�Â¿��Z° ¿Y�Z]�¾·Z³Ê¸¬Ì����¬»��{�Êj¸j»�ÉZÅ..............................................................................��  
¶°��-�-��ÄË�ne��Y{Â¼¿XRD�d�Y�Ã|Ì���cZ^iY�Ä]�½M��{��Ì¸Ì��Á�dÌ�¸¯�ÃY�¼Å�¾·Z³�{ÂmÁ�Ä¯............................��  
¶°��-�-���{�ÊÀÌ�¿Zm�d§Z]�Z]�dË�ÌaÂ°·Z¯�Á�¾Ì·ÁÂ¯�ÃY�¼Å�Ä]�É�f�¯Zy�²¿��Ä]�dÌ¿�Â]�¥Y��Y��{�dÌ�Â°·Z¯��Â�u

Ê¸¬Ì����¬»..........................................................................................................................................................................................��  
¶°��-��-�Ê¸¬Ì����¬»��{�dÌ¿�Â]�Z]�ÃY�¼Å�Ê]M�²¿��Ä]�¾Ì·ÁÂ¯��Â�u.............................................................................��  
¶°��-��-�Ã{Âe�c�Â��Ä]�dÌ¯ÓZ»��Â�u�{�ÉY�Êf�{�Ä¿Â¼¿.................................................................................................��    
¶°��-��-��Ã|À¯Y�a�c�Â��Ä]�dÌeZ¼Å�Á�dË�·Z¨�Y�,dË�ÌaÂ°·Z¯�Z]�ÃY�¼Å�Ê¸¬Ì����¬»��{�²¿���^��dÌ¯ÓZ»��Â�u

ÄÀÌ»���{..................................................................................................................................................................................................��  
¶°��-��-��ÄË�ne��Y{Â¼¿XRD�Ê¿Z¯�Z]�ÃY�¼Å�dÌ¯ÓZ»��Â�u�Ä¯d�Y�Ã|Ì���cZ^iY�Ä]�½M��{�Ê���ÉZÅ...................��  
�¶°�� -�� -�Ê¸¬Ì����¬»��{�¾·Z³�¥Y��Y��{�dË�Á����Â�u................................................................................................��  
¶°��- �� -��¾ÅM|Ì�¯Y)dÌeZ¼Å (Ä³��ÃY�¼Å�Ä]�Ä¬�À»��{�Ê¿Z��³{�ÄnÌf¿�Ä¯�Ê�Ì¸Ì��Á�ÊfÌ�¸¯�ÉZÅÊ»|À�Z]...��  
¶°��-�� -��ÄË�ne��Y{Â¼¿XRD�d�Y�Ã|Ì���cZ^iY�Ä]�½M��{�dÌ�¸¯�Á��Ì¸Ì��Z]�ÃY�¼Å�dÌeZ¼Å�Ä¯..........................��  
¶°��- �� -�²À��sÂ����{�ÊfË�|¿{��À´À»��Â�u�ZÅ)¦·Y (¶¿Âe�Ä¿ZÅ{�Á�ZÅ)[(.............................................................��  
¶°��-��-�Ä³���{�Ê�Z ��c�Â��Ä]�dË�Z]��Â�u�ZÅ)¦·Y (�º¯Y�f»�Á)[ (�§Zu�Ä¼�q�Ä¬�À»���{.............................��  
¶°��-��-��ÄË�ne��Y{Â¼¿XRD �cZ^iY�Ä]�½M��{��Ì¸Ì��Á�dÌ�¸¯�ÃY�¼Å�Ä]�dË�Z]��Â�u�Ä¯d�Y�Ã|Ì��.................��  
�¶°�� -� -�Ä¿Â¼¿�dÌ «Â»��Y{Â¼¿�ÉÁ���]�Ä ·Z�»�{�Â»�ÉZÅNa2O + K2O��¶]Z¬»��{SiO2 ),�f»Â· ����(.....................��  
�¶°��- �-�Ä¿Â¼¿�dÌ «Â»��Y{Â¼¿�ÉÁ���]�Ä ·Z�»�{�Â»�ÉZÅNa2O + K2O��¶]Z¬»��{SiO2 )�¯Z¯��,½Y�Z°¼Å�Á���� (

��Â�À»�Ä]½M�É�Y~´»Z¿ZÅ.....................................................................................................................................................................��  
¶°��-�-�Ä¿Â¼¿�dÌ «Â»� �Y{Â¼¿�ÉÁ�� �]� Ä ·Z�»� {�Â»�ÉZÅNa2O + K2O�� ¶]Z¬»� �{SiO2 )� ,d�Â¼·|Ì»���� (�Ä]

½M�É�Y~´»Z¿��Â�À»ZÅ.........................................................................................................................................................................��  
¶°��-�-�Ä¿Â¼¿�dÌ «Â»Á���]�Ä ·Z�»�{�Â»�ÉZÅ��Y{Â¼¿�ÉZr / TiO2 �¶]Z¬»��{Nb / Y  )�,|ËÂ¸§�Á��f�rÀËÁ���� (�Ä]

½M�É�Y~´»Z¿��Â�À»ZÅ.........................................................................................................................................................................��  
��¶°� - �-Ä¿Â¼¿�dÌ «Â»ÊËZ¼³Z»�É���¾ÌÌ e��Y{Â¼¿�ÉÁ���]�Ä ·Z�»�{�Â»�ÉZÅ..............................................................��  

¶°��-� -�Ä¿Â¼¿�dÌ «Â»ÉZÅ�Y{Â¼¿��{�Ä ·Z�»�{�Â»�ÉZÅ��¯�ZÅ�cY�ÌÌ¤e............................................................................��  
�¶°�� -� -�Ä¿Â¼¿�dÌ «Â»ÉZÅ�Y{Â¼¿��{�Ä ·Z�»�{�Â»�ÉZÅ�[ZÌ¼¯���ZÀ���¯�ZÅ................................................................��  

    

pdfMachine  
 A pdf writer that produces quality PDF files with ease! 

Produce quality PDF files in seconds and preserve the integrity of your original documents. Compatible across 
nearly all Windows platforms, simply open the document you want to convert, click “print”, select the 

“Broadgun pdfMachine printer” and that’s it! Get yours now! 

http://www.pdfmachine.com?cl


 

�­ 

 

�¶°�� -� -��cY�ÌÌ¤e�ÉZÅ�Y{Â¼¿�´Ë|°Ë�¶]Z¬»��{��Z³�Z�Z¿���ZÀ�..........................................................................................��  
¶°��-�-��Z³�Z�Z¿�¶]Z¬»��{��Z³�Z����ZÀ��cY�ÌÌ¤e�ÉZÅ�Y{Â¼¿.............................................................................................��  
¶°��-��-��d^�¿�ÉZÅ�Y{Â¼¿��d^�¿........................................................................................................................................��  
�¶°��-��- ��Y{Â¼¿É��À�|Àq�Ä¿Â¼¿�Ê¯Zy��{Z¿���ZÀ��Ã|���ZnÀÆ]�{�Â»�ÉZÅ�ÊfË�|À¯�dË�ÂXf»�Ä]�d^�¿�Ä ·Z�»

),Y�Â»Z¯Z¿  ����(...................................................................................................................................................................................��  
�¶°�� -�� -�É��À��|Àq��Y{Â¼¿�Ä¿Â¼¿�Ã|���ZnÀÆ]Äf�Â³�Ä]�d^�¿�Ä ·Z�»�{�Â»�ÉZÅ�ÄÌ·ÁY�É)�,¥Â¿Á{�®»�Á�½Z�
����(....................................................................................................................................................................................................��  
¶°�� -� -��Ä�¿Y�e��Y�ÊËZ¼¿Tr-15)¦·Y(�Är³��ÃY�¼Å�Ä]Ä�¿Y�e�µÂ���{�Ã|��Ã|ÅZ�»�Ê�Ì¸Ì��ÉZÅ)[.................(.....��  
¶°�� -� -��Ä�¿Y�e��Y�ÊËZ¼¿Tr-10....................................................................................................................................................��  
¶°�� -� -����Y�ÊËZ¼¿²À��Ä¿Z¯��Y{ÉY�Y{�Ä¯�Ê¿Z¯�dË�ÌaÂ°·Z¯�Á�¾·Z³�É�Z�......................................................................��  
¶°�� -� -�½Â¸¯ÁY��Y�ÊËZ¼¿W13�Ê¿Z¯�Z]�ÃY�¼Å½M�¥Y��Y��{��À´À»�É�Z�............................................................................��  
¶°�� -� -��½Â¸¯ÁY��Y�ÊËZ¼¿W16...................................................................................................................................................��  
¶°�� -�  - ÉÁZ³�¶¿Âe�Ä���Y�ÊËZ¼¿............................................................................................................................................���  
¶°�� -� -�¶¿Âe��Y�ÊËZ¼¿ Ê»�É{Á�Á�Ä¿ZÅ{�Á{�ÉY�Y{�Ä¯�½Z]�«|�Z]....................................................................................���  
¶°�� -� -��ZÅ�Ã�¤»�Ä^ m��Y�ÊËZ¼¿.............................................................................................................................................���  
�¶°��-�-���Z�¿Z¯�¶Ì°�e�¹�Ì¿Z°»��Y�Ê°ÌeZ¼��s���§Zu�Ä¼�q..................................................................................���  

  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  

    

pdfMachine  
 A pdf writer that produces quality PDF files with ease! 

Produce quality PDF files in seconds and preserve the integrity of your original documents. Compatible across 
nearly all Windows platforms, simply open the document you want to convert, click “print”, select the 

“Broadgun pdfMachine printer” and that’s it! Get yours now! 

http://www.pdfmachine.com?cl


 

�µ 

 

µÁY|m�d��Æ§  
�µÁ|m� -�-�²À��\Ì¯�e�ÉY�]�Äf§���Z¯�Ä]�ºWÔ��ZÅ.................................................................................................................�� 
�µÁ|m� -�-�ÄË�ne�lËZf¿Ê¿Z¯��Ë{Z¬»�,Ê¸�Y���ZÀ��ÉZÅ|Ì�¯Y�ÊËZÌ¼Ì��É�Ê¯Zy��{Z¿�Á�[ZÌ¼¯���ZÀ��,ÂÌeZ»�Â¿�ÉZÅ
Ä¿Â¼¿�Ä ·Z�»�{�Â»�Ä¬�À»�Ê´À��ÉZÅ)]�«,Ê¿Z����.................................................................................................................(��  

�µÁ|m� -�-�ÄË�ne�lËZf¿Ê¿Z¯��Ë{Z¬»�,Ê¸�Y���ZÀ��ÉZÅ|Ì�¯Y�ÊËZÌ¼Ì��É�Ê¯Zy��{Z¿�Á�[ZÌ¼¯���ZÀ��,ÂÌeZ»�Â¿�ÉZÅ
Ä¿Â¼¿�»�{�Â»�Ä¬�À»�Ê´À��ÉZÅÄ ·Z ),Ê¼�Z«����................................................................................................................(��   

�µÁ|m�-� -�Ä�¿Y�e�cZ�z�»Ä¬�À»��{�Ã|���ËZ¼Ìa�ÉZÅ......................................................................................................��  
�µÁ|m�-� -�½Â¸¯ÁY��Y�Ä¿Â¼¿�Á{�cZ�z�»�§Zu�Ä¼�q��Z�¿Z¯��{�Ã|���¨u�ÉZÅ..............................................................��  
�µÁ|m�-� -�½Z]�«�¶¿Âe�cZ�z�»................................................................................................................................................���  
µÁ|m� -�-�Ä¿Z¼³�Ê»Â¼��cZ�z�»Ã|��Ä ·Z�»�ÉZÅ.............................................................................................................���  
�µÁ|m�-� -��ÊËZÌ¼Ì��ÄË�ne�lËZf¿XRF�Ä¿Â¼¿ÊËZÅ��Z�¿Z¯��Y..............................................................................................���  
�µÁ|m�-�-���Z�¿Z¯��Y�ÊËZÅ�Ä¿Â¼¿�ÄË�ne�lËZf¿�d¯�����Âe[Z¿��....................................................................................���  

  

 

  
  
  
  
  
  
  
  
  
  
  
  
  

  

  

  

    

pdfMachine  
 A pdf writer that produces quality PDF files with ease! 

Produce quality PDF files in seconds and preserve the integrity of your original documents. Compatible across 
nearly all Windows platforms, simply open the document you want to convert, click “print”, select the 

“Broadgun pdfMachine printer” and that’s it! Get yours now! 

http://www.pdfmachine.com?cl


  

  

  

  

  

  

  

µÁY�¶�§  

cZÌ¸¯
  

  

  

  

  

  

  

  

  

  

    

pdfMachine  
 A pdf writer that produces quality PDF files with ease! 

Produce quality PDF files in seconds and preserve the integrity of your original documents. Compatible across 
nearly all Windows platforms, simply open the document you want to convert, click “print”, select the 

“Broadgun pdfMachine printer” and that’s it! Get yours now! 

http://www.pdfmachine.com?cl


 

˼ 
 

�-�- Ä»|¬»:  

Zn¿M� �Y� Á� ÄÌ·ÁY� ¹Zy� {YÂ»�Ä]�É��]��»YÂm�½Á�§Y� �Á�� �ZÌ¿�ZÀ]� �Ë��Ê¿| »� {YÂ»�Ä¯��Å� {Z�f«Y�É

Ê»�¶Ì°�e�Y��Ä »Zm|ÀÅ{½M�dyZÀ��Á�Ê¿| »�{YÂ»�¥Z�f¯Y�,��Å�ÉY�]�ZÅ�É�Á���Á�¹�Ó�É�»Y�Ä¬�À»

Ê»|�Z] .�Äf¨Æ¿��ËÂy�µ{��{�Y��½ZÆm�Ê¿| »��ËZy}��Y�ÊÆmÂe�¶]Z«��z]�½Y�ËY�Ä¯�¾ËY�Ä]�ÄmÂe�Z]

�Á�{�Y{�Ä¯�ÊËZn¿M��Y{Á�e�Ä¬�À»  - ÊÀ£�ª�ZÀ»��Y�Ê°Ë�½Z¼¸ »�Ê»��Z¼��Ä]��Â�¯�Ê¿| »��Z]��a�Á|ËM�,

Ä¬�À»�¾ËY�ÄmÂe�{�Â»��Z]��Ë{��Y�d�Y�Ã{Â]�Ê¼Ë|«�½Y�Z°¿| » .Ê¿Z¯���¿��Y�Ã|��{ZË�Ä¬�À»�Ä]�É�Z�

d�Y�dÌ¼ÅY��WZu��»�Á�ÉÁ��,[���,Ã�¬¿�,Ô��½Âr¼Å�É��ZÀ��ÉY�]�É�¸§�Ã�ËÁ .»Ä¼�q�Ä¬�À��§Zu

Ê»�É{�YÂ»��Y�Ê°Ë�Ä¯�|�Z]�Y��Ê¼Ë|«�É�Z°¿| »�|ÅYÂ���Ê§Z�f¯Y�dÌ·Z §�¾ÌÀr¼Å�Á�Äf�Y{��µZu��{

Ê»�¹Zn¿YÊ»���¿�Ä]�É�Á���Ä¬�À»��{�Ê¬Ì¬ve�¾ÌÀq�¹Zn¿Y�¾ËY�]ZÀ]�,|�Z]|��.  

  

�-� - �ÊËZÌ§Y�¤m�dÌ «Â»�ÁÃY�Ê�Z^e�Y�ÉZÅ  

� �{� Ê���]� {�Â»� Ã{Á|v»����½Z¤»Y{� ½Zf��Æ�� ©��� [ÂÀm� É�f»Â¸Ì¯�[�£� [ÂÀm� ,

[�£�Á�{Á�ÅZ��½Zf��Æ��ÉZf�Á��,{Á�e �� Â���É{Z]M�©���µZ¼��É�f»Â¸Ì¯�Ä¿{�³�¹ZÀ]�Ê¸v»��{�,Ã

,ÂeÂe�|À] ��ÊËZÌ§Y�¤m�dÌ «Â»�Z] 0�� 3�� 7�� �Ze  0�� 3�� 7��  0�Á�Ê«���µÂ��� 3�� 7���0��Ze�� 3�� 7�� 

d�Y�Ã|���«YÁ�Ê·Z¼�����.��ª�ZÀ»�½M�µZ¼���{�Á�®¼¿��ËÂ¯�ZË�±��]��ËÂ¯�,Ä¬�À»�¾ËY�[ÂÀm��{

|¿�Y{��Y�«�ºm�ÃZq��ËÂ¯�Á�Ê¸«�Ê¸��kZu��ËÂ¯.  

ÃY�Ã{Zm� ,Ä¬�À»�Ä]�Ê��f�{�Ê¸�Y�ÉZÅ½Z¤»Y{�Äf·Z¨�M�ÉZÅ -��½Z¼¸ »)�����f»Â¸Ì¯ (� {Á�ÅZ��Á -�

�e�{Á-��½Z¼¸ »)����f»Â¸Ì¯ (Ê»|À�Z].  

Ê��f�{ Ä] ¾ËY Ã{Á|v» �Y ÃY� Ä�Â� ½Z¼¸ » {Á�e ½Z°»Y �Ë~a ,d�Y �a �Y Ê� �� �f»Â¸Ì¯ �Y Ã{Zm 

½Z¼¸ » - {Á�e Ä] Ä�ÊÅY� ÊmY�� Ê»ºÌ�� .�Y ¾ËY Ä�ÊÅY� �a �Y Ê� � �f»Â¸Ì¯ Ã{Zm Ê¯Zy Ä] 

ÉY|f]Y Ã{Á|v» Ê»ºÌ�� )�¶°��-�. (   

  

    

pdfMachine  
 A pdf writer that produces quality PDF files with ease! 

Produce quality PDF files in seconds and preserve the integrity of your original documents. Compatible across 
nearly all Windows platforms, simply open the document you want to convert, click “print”, select the 

“Broadgun pdfMachine printer” and that’s it! Get yours now! 

http://www.pdfmachine.com?cl


 

۴ 
 

 

  
¶°��-�-�ÃY��Á�ÊËZÌ§Y�¤m�dÌ «Â»�Ä ·Z�»�{�Â»�Ä¬�À»�Ä]�Ê��f�{�ÉZÅ)��z�»��{Z¯���Âe�Ä ·Z�»�{�Â»�Ä¬�À»

d�Y�Ã|�)(ÃY���»Zm��¸�Y�dËZ���Y��Z^f«Y½Y�ËY�ÉZÅ.(  
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�-� -��ÉZÌ§Y�¤m�Á�ÊËYÂÅ�Á�[M�dÌ �Á��Ê¿Z�¿Y  

�®�y�Á�¹�³�ÉYÂÅÁ�[M�ÉY�Y{�Ä¬�À»�¾ËYZ]�½Zf�]ZeÉZÅ�½Zf�»��Á�¹�³��ZÌ�]�Á�{���ÉZÅ

Ê»�®�y|�Z] .�µZ���{�Ê�ZÀ�YÂÅ�½Z»�Z�� �Z»M��Z�Y� �]�������{�Ä¬�À»� �{� Z»{�½Y�Ì»�¾Ë�eÓZ]

»�Ìe��]Y�]� ÃZ���¾ÌËZa�Á�{Y�´Ìf¿Z��Äm�{��]Y�]� ÃZ»�}M��{�Ä¬�À»�ÉZ»{�¾Ë�e� -��Ã{Â]�{Y�´Ìf¿Z��Äm�{

d�Y.�]�½Y�Ì»�Ä¬�À»�½{Â]�®�y�¶Ì·{�Ä]ÃZ»��f�Ì]��{�Á��ÌqZ¿��ZÌ�]�Ê³|¿�Z�Ê³|¿�Z]�|«Z§�µZ��ÉZÅ

Ê»|�Z] .��]Y�]�Ã|��d^i�Ê³|¿�Z]�½Y�Ì»�¾Ë�eÓZ]����f¼Ì¸Ì»d�Y�Ã{Â]�ÃZ»�¾¼Æ]��{�Ä¯�,.   

ÃÂ¯� {ÂmÁ� �Ì¿� Á�½Y�ËY�±��]� �ËÂ¯�Ê·Z¼�� ÄÌ�Zu� �{� Ä¬�À»�¾f§�³� �Y�«�,�¨e�»� 0Zf^�¿�ÉZÅ

��Á�Á� YÂÅ�ÊËZn]Zm� ,�Z�§�cY�ÌÌ¤e�\mÂ»�Ê»�Ä¬�À»� �{�{Z]|¿Â� .�ÉZÅ{Z]� ,Ê¸v»�ÉZÅ{Z]� �]� ÃÁÔ�

Ê»��ÌiPe�Ä¬�À»�¾ËY�ÉYÂÅ�Á�[M��]��Ì¿�É�ËÂ¯�Á�Ê]�£|¿�Y~³ .½Y�Z]�Á�[Â��»�Ê]�£�ÉZÅ{Z]�Á�|Àf�Å�Y�

Ê»�YÂÅ�Ê°�y�Á�Z»{��ËY�§Y�\mÂ»�É�ËÂ¯�ÉZÅ{Z]|¿Â�.  

�ÄeÂ]�¶»Z��Á�Ê]ÂÀm�Ä¼Ì¿��Y��f�Ì]�Ê·Z¼��Ä¼Ì¿��{�ÊÅZÌ³���ÂaÉZÅ�Ärfy�{�,É�ËÂ¯�ÉZÅ

ÄeÂ]� Á��³ÉZÅ�� Á��Ì��­Zy� ,�ÊÅÂ¯�|Àb�Y� ,Ã�Ë� ...Ê»|À�Z] .Ä¼�q��Y� Ä¬�À»� �{� �ZÌ¿� {�Â»�[M�,ZÅ

cZÀ«Ã�¨�� �Zb¼a� Á�®qÂ¯� �ZÌ�]�Ê¯Zy�ÉZÅ|À]� ,ZÅÊ»�¾Ì»Pe�ÊÀÌ»��Ë��ÉZÅ{{�³ .��{� ,µZu�¾ËY� Z]

�§� 0ÓÂ¼ »�Á�d�Y�cÁZ¨f»�É{Á|u� Ze�ÊËYÂÅ�Á�[M��ËY���cZ�Z¨e�Y��Z]� Z]�½Zf�»��¶��¥�]�Á�½Y�Z]

Ê»�ÃY�¼ÅÊ»��¨���Ë��Äm�{�|Àq�Ze�½Zf�»��¶�§��{�YÂÅ�c{Á�]�\mÂ»�dÌ �Á�¾ËY�Ä¯�|À�Z]{Â�.  

��Ä¬�À»�Ê]�£��z]��{�Ä¯�d�Y�º���ÉZf�Á��,Ä ·Z�»�{�Â»�Ä¬�À»��Ê¿Â°�»��¯�»�¾Ë�f¼Æ»

��¯Y�»��´Ë{��Y�½Z¼¸ »�Á�½ZÌÀÌ�u�ÉZÅZf�Á��½M�[ÂÀm��{�Á�Äf§�³��Y�«|Àf�Å�Ä¬�À»�ÊfÌ ¼m�ºÆ» .

É{Z]MÂ��� �Ì�¿� Ê°qÂ¯� ÉZÅÉ|Æ»� ,Ã¾Ì�u� ,²ÀÌ�� ,{Z]MÄeÔ¯� ,�YÂÀ�Â�� ,½Zf�|Ì]� ,{Z]M�Z]� Y��Ì»

|Àf�Å� � �¯Y�»� �´Ë{� �Y� �f¼¯�ÊfÌ ¼m� �¯�¼e .ÉZf�Á���ÊfÌ ¼m� ºÆ»� �¯Y�»� �Y� �´Ë{�Ê°Ë� �Ì¿� {Á�e

Ê»��Z¼��Ä]�Ä¬�À»ÅÁ�[M� ,Ê³|¿��dz���ËY��� ,Ê¸¯��Â��Ä]�Ê·Á�|ËM½Z§Â�� ,É�ËÂ¯�¹�³�ÉYÂ�ÉZÅ

Ä�Z»¾Ì»��½{Â]�­|¿Y�,��Z]�{Â^¼¯�,ÉY��¯�¼e���¿��Y�ÄÌuZ¿�¾ËY�Ä¯�Ã|��h�Z]�����Á�d�¯�¶]Z«�ÉZÅ

|�Z]�¾ÌËZa��ZÌ�]�dÌ ¼m.  
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�-� - É�Â·Â§�Â»ÂW�  

Ê»�½Z�¿� Y��cÁZ¨f»� 0Ô»Z¯�Ã�Æq�Á{�Ê°Ë�Â·Â§�Â»ÂW����¿� �Y�Ä ·Z�»�{�Â»�Ä¬�À»|Å{ .��z]

É|À¸]� �Y� Ê·Z¼�� �Y��Ì]� �Z¨e�Y� Z]�ÊËZÅ�����¾Ì»���� �Y�Ê]ÂÀm��z]� Á� �f»�t��»� Á�d�a�ÉZÅ

Äbe� ��Âe� Ä¯� É�ËÂ¯ÄÀ»Y{� �{� Á� Ê°¼¿� ,Ê��� ÉZÅd�Y� Ã|�� Ã|Ì�Âa� ÊËY�v����§�²À�� �Y� ZÅ .

²À�º¯� ,Êfz�� d¸�� Ä]� ¾�ÂWY� Ê]Â��� ÉZÅ�Ê»� ��¿� Ä]� t��»� 0Z^Ë�¬e� Á� Ã|�� Ã{Â��§�|À��

),ÊeZ^¿Z«M���� .(Z¬¿�Ê¸¯��Â��Ä]�¨e�»��¾Ì»��Á�µZ¼��¥���Ä]��e�¥���Ä]��Z¨e�Y�º¯�Á�d�a�ÉZÅ

|¿�Y{��Y�«�[ÂÀm.  

�{Á�e�ÃÂ¯�Äf����ÃZqÊ»�©���Ä]�[�£��Y�Ä¯�{�Y{��]��{�Y��É{ZË��cZ�Z¨e�Y�¾Ë�Ì���ÃÂ¯�Ä]�½YÂe

�É|À¸]�Z]�Äf�a�ÃZÌ������ÃÂ¯�,�f»��É|À¸]�Z]�Y�«Ân¯�Ä·Z¯������É|À¸]�Z]�|¼uY�ÓZ]�,�f»������Á��f»

�É|À¸]�Z]�wY�§�ÃZq�ÃÂ¯������{Â¼¿�Ã�Z�Y�ZË�{�t����Y��f»)�,Ê¿Z]�«����(. �Ä¸Ì�Â]�{ÂmÂ»�cZ�Z¨e�Y

Ã�{Ê·Z¼��Ê^Ë�¬e�|¿Á��Z]�ÊËZÅ -��Ê°Ì¿Âf°e�ÃZ´f�Zy� 0Y�j¯Y�Ä¯�Ê]ÂÀm)Ä¸�³ (Ã|��Ã|Ë�]�,|¿�Y{�Á�|¿Y

²À�� ½Z�°Ë� �Ì£� d»ÁZ¬»� Á� Ê´À�� ÉZÅ|uYÁ� �ÂÀe� ¶Ì·{� Ä]Ã|Ë|a� �]Y�]� �{� ZÅZÅ�Á� Ê°Ì¿Âf°e� É

Ã�{�,Ê�ËZ��§�c�Â��Ä]��f�Ì]�Z»Y�cÁZ¨f»�¶°��Ä]�ÊËZÅV�ÄÅY�]M�Á�d�Y�Ã|��{ZnËY�¶°��Ê¸�Y�ÉZÅ

Ã�{�{Y|f»Y��{��Ì¿Ê»�d¯�u�[ÂÀm�Ä]�µZ¼���Y�,ZÅ|Àf�Å�Ê¸�§��Â¿��Y�Ä¯�|ÀÀ¯ )�ËÁ�{,Ã{Y�����( .  

Ã�YÂÅZ»��ËÂ�e��{�Ä¯�Ä¿Â´¿Z¼ÅÃ|ÅZ�»�Ä ·Z�»�{�Â»�Ä�¬À»�,d�|À·�ÉY�Ê»�ÊËZ¼³Z»��YÂ¿�{Â�

½Z¼¸ » -�{Á�e�©���µZ¼��|¿Á��ÉY�Y{ - Ê»�[�£�[ÂÀm�Ä�Â¼n»��¾ËY�Ä¯�|�Z]ËZ¼³Z»�Ê- �Ê]Â��

Ê»�¶Ì°�e� Y��Ä¬�À»�cZ�Z¨e�Y½YÂm�¹�¿�cZ]Â���Á�|Å{�Ä¬�À»��ËZ��§�¶Ì·{�Ä]�Ê]ÂÀm��z]��{��e

Ã{�ÁM�{ÂmÂ]� Y��d�{|¿Y .�Y�Ã|Ì�Âa�Êf�{�,Ä�Â¼n»�¾ËY�µZ¼���{�¾ÌÀr¼Å��Äf§�³��Y�«�®¼¿�Á���

�d�Y)�¶°��-� .( 
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¶°��-�-�Ä ·Z�»�{�Â»�Ä¬�À»�ÉY�Ã�YÂÅZ»��ËÂ�e�������� )d�|À·�ÉY�Ã�YÂÅZ»��ËÂ�e(  

  

�-� -��{�É�Z°¿| »�ÄrzË�Ze��Ä¬�À»  

Ä¬�À»�e{Á�  -�Ã{Â]� ¾Æ¯�½Y�Z°¿| »� ÄmÂe� {�Â»� �Z]�Ë{� �Y� ½Z¼¸ »,�]Ã�Â¯� Ä¯� ÉÂv¿� Ä�Á� ZÅ

Ã�Z]���Ä¬�À»��Z¬¿� �Y� É�ZÌ�]� �{� ,|Àf�Å� ¥Á� »� É{Y|�� É�Z°¿| »� ¹Z¿� Ä]� Ä¯� Ê¼Ë|«� [Á}� ÉZÅ

Ê»� Ã|ÅZ�»Á�|¿Â��]� Ã�Á�»Y�Ä�¥Z�f¯Y�ÉY�]�ÊËZ¼ÀÅY�� Á�Ä¿Z�¿�½YÂÀ���Y�«� Ã{Z¨f�Y� {�Â»�Ê¿| »�{YÂ»

Ê»|¿�Ì³ � Ä¯Ã�YÁ�Ê»� �Z¯� Ä]� ½Y�ËY� �{� Ã|�� ZÅ�� Ê¼Ë|«� ½{Z »� Á� É�Z°¿| »� ÉY�]� É{Y|��{Á�

),Ê¿Z]�«���� .(�Ê¼Ë|«�½{Z »�Ä¸¼m��Y�É{Y|��Á��Ä¬�À»Ê»,Ê�Â»�ÃZq��»�½{Z »�Ä]�½YÂe Á�[�� 

,½Y�f¨¯�Ä¸«�ÉÁ��ÄËZa�cY�¸§�Ô�� ,|»Zu�ÃZq��»� ,ÊÀ�v·YÂ]YÉ�,Â£Z] ,º���[�����»� ,Á�Z¿Y�ÉÁ� -�

Ô��,�§Zu�Ä¼�q�ÉÁ��Á�[��É�,Â·Zq�¾ÅM�,É|À³ ÃÂ°����[��ÃÂ¯�ÉÔ��,{�¯�Ã�Z�Y�Ã�Ì£�Á���.���]

� {Á|u� Ä]� Ä¬�À»� �{�É�Z°¿| »�dÌ·Z §�Ê¸v»�cZ�Ô�Y��Z�Y���Ê»� �Z]�¶^«� µZ�]� Ä¯� {{�³��f�Ì
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��»�kY�zf�Y�dÆmÊ»�c�Â�Ã�Z]����Â�u�Á�Äf§�³ÉZÅ��»�dÌ·Z §�¹Zn¿Y�ÉZËÂ³�[Á}�Á�[Á}�ÉZÅ

Ê»��Z�¿Z¯�c�ÁZn»��{�Ê¿| »�Ã{Z»��Ì¸¤e|�Z].  

  

�-�-�¥Y��Y�Á�Ä¬�À»��{�Ê¸^«�cZ ·Z�»�ÄrzË�Ze�½M  

Ä]}Zm�¶Ì·{�Ä]�{Á�e�Ä¬�À»�Ã{Â]�½Y�Z°¿| »�Á�½Z�ZÀ��¾Ì»��ÄmÂe�{�Â»��Z]�Ë{��Y�Ê¿| »�ÉZÅ

Ä�¬¿�ÄÌÆe�\·Z«��{�Ä¯� ,Äf§�³�c�Â��Ä¬�À»�¾ËY��{�É{ZË��cZ ·Z�»� � Á�d�Y�Z]�Ê�ZÀ��¾Ì»��ÉZÅ

��ZÌ¬»������/��� Á� {Á�e������/���{�Â»� ¦¸fz»� ÉZÅ|uYÁ� ÊÀ�� Á� Ê°Ë�Â·ÂfÌ·� Ê·YÂe� ½Z¼¸ »

��]d�Y�Äf§�³��Y�«�Ê� .Z»���Y�Ê¿Z�¨�eM��YÂ¿�¾ËY��{��»�Ê¿| »�Ã{Z»½�Ã|��ÄfyZÀ��ºË|«��ZÌ�]�ÉZÅ

Ä¯� {Â]�d�Y� Ã{Â]� Ä¬�À»�¾ËY� Ä]� ÄmÂe� Á�dÌ§Á� »� �{�Ê¼Æ»�¶»Z� .Ê¿Z¯�ÄÌ�Zu� �{� Ä¯��»�É�Z�

��Y��Ì]�µÂ���{�±��]��ËÂ¯�Ê]�£�µZ¼����Ê»�Ã|Ë{��f»Â¸Ì¯{Ây�Ä]�Y��É{ZË��¾Ì¬¬v»�ÄmÂe�,{Â��

d�Y�Ã{�¯�\¸m.  

�Ã|��ÄWY�Y�ÊeZ��Y�³�Á�Äf§�³�c�Â��ÊeZ ·Z�»�¦¸fz»�Ê¿| »�{YÂ»�¥Z�f¯Y�ÄÀÌ»���{�¾ÌÀr¼Å

½M��Y�Êy�]�Ä]��Ë���{�Ä¯�d�Y|��|ÅYÂy�Ã�Z�Y�ZÅ.  

-�®¼ÀÅ� )����(�¯ZÆ¼¸Å� Á� ,�)����(� ¾Ì·ÁY� ,Êa� ¥|Å� Z]� Ä¯� |Àf�Å� Ê¿Z¬¬v»�¾Ì»�� Ô�� ÊËÂm

Ã{Y{��Y�«�Ä ·Z�»�{�Â»�Y��Ä¬�À»�Ê�ZÀ�|¿Y. 

-�¶rË{� )����(d�Y�Ã{Y{�¹Zn¿Y�ÊeZ ·Z�»�½M��ZÌ��Á�Ô���ËZy}�Ã�Z]�{�, .�Ä¯�|Ì���ÄnÌf¿�¾ËY�Ä]�ÉÁ

Ä³��Z]�Ô���ËY|ÌaÃ{Âe�Á�Ä¬�À»��{�{ÂmÂ»�Ê�Ì¸Ì��ÉZÅY��^e�»����ÃÂ¯�©���ÊfÌ¿Y�³�ÉZÅd�. 

-��µÁY�|uÂ»)����(��»�{ÂmÁ�µZ¼fuY�Á�Ã{Y{�¹Zn¿Y�ÊeZ¬Ì¬ve�Ä¬�À»��{�Â£Z]�Ã�Á�Ì§�½| »�Ã�Z]�{�,

d�Y�Ã|���ÁM{ZË�ÄÌuZ¿�¾ËY��{�Y��É�Ì§�Âa. 

-��Ã{Y��Ê¬e)����(º��Ä]�ÊeZ¬Ì¬ve�{Á�e�ÃÂ¯�µZ¼���{�Ã�Á�Ì§�Á��»�Ã�Z]�{�,�d�Y�Ã{�ÁM�µ. 

                                                           
˺ - Henmacke 
˻ - Helmhacker 
˼ - Dichal 
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-��]ÂÅ��¾Ì¸¯Âf�Y�Á� )����(��]ÂÅ�Á� ,)����({Á�e�Ê�ZÀ��¾Ì»��ÊeZ»|¬»�cZ ·Z�»� ,  -��Y��½Z¼¸ »

Ã{Y{�¹Zn¿Y�ÉÂ¸����Âe�Ä¯�|¿Y)����(d�Y�Äf§�³��Y�«���¿�|Ë|ne�{�Â»�, .Á��]ÂÅ �¾Ì¸¯Âf�Y)����(�,

ÃÂ¯� Äf��� Ê]ÂÀm� �z]� ¹Z¼e{Á�e� ÉZÅ -��Ä�¬¿� Á� Ã{�¯� Ä ·Z�»� ªÌ«{� É|Ë{� Z]� Y�� ¾Ë�Ì�� ÃZq

������/��Ã{�¯�ÄÌÆe�Y��½M|¿Y. 

 f�Y�� �{¾ËY� �{�Ê¿| »� {YÂ»�¥Z�f¯Y�ÉZ�ÄÌuZ¿Á{�cZ��Â»� Á� ZÅ{ZÆ¿� ,Ã�Á�a�Êf·��{� Y��ÊËZÅ

e�Ä¬�À»{Á�  -�Ã{Y{�¹Zn¿Y�½Z¼¸ »�Ä¯�|¿YÊ»{�¯�Ã�Z�Y��Ë��{�YÂ»�Ä]�½YÂe:  

-��{Á�e���Y�³)����(Ã|Ë|a�µÂve�½YÂÀ��Z]�,�Z]�ÃY�¼Å�{Á�e�ÄÌuZ¿�Ê�ZÀ��¾Ì»��ÉZÅ�¾Ì»��Ä�¬¿�ÄÌÆe

�Ê�ZÀ�������/���{Á�eÊ�ZÀ��¾Ì»��½Z»�Z����Âe��Â�¯�Ê¿| »�cZ§Z�f¯Y�Á. 

-��Ë{Za�½Y�Æe�¾Ë�ÁZ�»�d¯�� )����(�c�{Z^»�½ZÀ¼��½Zf�Y�½{Z »�Á��ËZÀ��½Z»�Z��ÉZ�Z¬e�Ä]�ZÀ]�,

Ê�ZÀ��¾Ì»��Ä ·Z�»�Ä] -���ZÌ¬»��{�ÄÌuZ¿�Ê¿| »�����/��d�Y�Ã{Â¼¿. 

-�� �Â�¯� Ê¿| »� cZ§Z�f¯Y� Á� Ê�ZÀ�� ¾Ì»�� ½Z»�Z�)����(Ä¬�À»� ,ÉY�Êa� �Â�À»� Ä]� Y��Ô�� ÊËÂm

Ê»�¶»Z���Ì¿�Y����¿�{�Â»�É�Ã{Á|v»�Ä¯�{Â¼¿�Ê���]{{�³.  

-�ÄÌuZ¿� ÊËZÌ¼Ì�ÂW��cZ§Z�f¯Y��ZÌ¬»� Z]� ÉY������/���Ê�ZÀ��¾Ì»�� ½Z»�Z����Âe�cZ§Z�f¯Y� Á

�Ê¿| »�Â�¯ )���� -����(,��Ê�´¿ZÌm� ¹ZÀ]�ÊÀÌq�d¯���®Ë� Á(Jiangxi) ½ZÀ¼�� �Âv»�¾Ì]  -�

f§�³�c�Â��ÄË�|Ìu�d]�ed�Y�Ä.   

- ¾Ì»��¹Â¸��d¯�����Âe�ZÅ�Z�¿Z¯�¥Z�f¯Y�Á�Ê]ZË��Y���Y�³�½YÂÀ��dve�Ê��Y�³�Z]�ÃY�¼Å �½Z»�Z�

É{Z]M�ª���Á�Z¿�]�½ZËZ«M���Âe�½ZÀ¼��½Zf�Y�½{Z »�Á��ËZÀ� )����(�Á�[���½{Z »�Ê���]�Ä]�Ä¯�,

ÄfyY{�a�½Zf�Y�ÉÁ�Ã{Á|v»�Á�|¿Y�ZÌ¬»�Z]�Ê���]�{�Â»�É ����/��d�Y�Ã|��Ä ·Z�». 

-��Ë|¿Y�Ê���]�Ä]��½ZÀ¼��½Zf�Y�ª]Z��cY�¸§�Á�½{Z »�¶¯�Ã�Y{Y�Z]�ÃY�¼Å�¾Ì»��¹Â¸��Ä �Âe�d¯��-

�½���Âe�½Zf�Y�t����{��»�ÉZÅ .�½ZË|]Z�)����(ÄfyY{�a�,|¿Y  . 

                                                           
٥- Huber   
٦ - Stocklin 
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-�½Z¼¸ »�Ä¬�À»� �{�¾Ë|·Y| ��Á�Ê«Y��Y�½ZËZ«M���Âe�Ô��¥Z�f¯Y�s�� )����(� ,� Ä�¬¿�ÄÌÆe� Á�Z]

��ZÌ¬»�����/���§Zu�Ä¼�q�Ä¬�À»�Á{��{  -�É|À³�Á�ÊÀ�v·YÂ]Y -��ÃÂ°�����Ã{Á|v»�¾Ì¼Å��{�Á -

ÊËZÌ¼Ì�ÂW��cZ§Z�f¯Y�Ê§Z�f¯Y�ÉZÅ - ����Âe�Ê¸Ì�¨e�Ä¼Ì¿�¾Ì´À��Ê¿Z¯ .f§�³�c�Â��Ê¸ËZ�§�Ä

d�Y. 

-��¾Ì»��¹Â¸��Ä �Âe�d¯�����Âe�½Z¤»Y{�½Zf��Æ��½{Z »�ÊeZ»|¬»�¥Z�f¯Y�Ã�Á�a���Y�³)����(�,

��ZÌ¬»�Ä]�Ê�ZÀ��¾Ì»��Ä�¬¿�ÄÌÆe�½M��{�Ä¯�Ã|����fÀ»�����/��{Á�e�Ä¬�À»��Y - ��¹Zn¿Y�½Z¼¸ »

d�Y�Ã|�. 

-��Ê�ZÀ��¾Ì»��Ä�¬¿�ÄÌÆe - Ê¿| » ���ZÌ¬»�Z]����/��¹���Âe.©�Á�Ê¸ÌÆ� .½Z�y~] )����.(  

-��µZf»�Ê¸a�ª�ZÀ»��{�Ê¸Ì�¨e�Ä¼Ì¿�Ê§Z�f¯Y�Ã�Á�a - Â·Zq�Á��§Zu�Ä¼�q��Y{Ô� )����.( 

- ¬¿�ZÌ¬»�Z]�Ê�ZÀ��¾Ì»��ÊeZ»|¬»�Ä�������/���cZ§Z�f¯Y�Á�Ê�ZÀ��¾Ì»��½Z»�Z����Âe�½Z¼¸ »

�Â�¯�Ê¿| » )����(,�|Ë{�³���fÀ»d�Y�Ã. 

- ½ZÀ¼��½Zf�Y��§Zu�Ä¼�q�ÉÁ��¥Z�f¯Y�s�� )����(,��Á�½{Z »�É�Z�Â¿�Á�Ä �Âe�½Z»�Z����Âe

½Y�ËY�Ê¿| »��ËZÀ���ZÀ��¾Ì»��½Z»�Z��É�Z°¼Å� Z]�½Zf�Y�½{Z »� Á��ËZÀ�� Á�Ê¿| »�cZ§Z�f¯Y� Á�Ê

½ZÀ¼�.  

ÄfyY{�a�Ä¬�À»�®Ì¿Âf°e�Á�º�ÌeZ¼³Z»�Ê���]�Ä]�,cZ ·Z�»�Êy�]�,¾¼���{Ê»�Ä¸¼m�½M��Y�Ä¯�|¿Y�½YÂe

{�¯�Ã�Z�Y��Ë��{�YÂ»�Ä]:  

-��ÊÀÌ�u�Âa)����(dÌ·Z §�,½Zf�]���ÊËY�´¼Å�Z]�Y��Ä¬�À»�ÊËZ¼³Z»�ÉZÅ -���Á�Äf�¿Y{��^e�»�½Y�ËY

{�Ây�]��Y��a��Â¿��Y�Ê»|¿Y{.  

-�� ½ZË�¨ m)����(²À�� ,Ã{Âe� Á� ÊfË�|¿M� 0Ze|¼�� Y�� Ä¬�À»� Ê¿Z�¨�eM� ÉZÅ��Â¿� �Y� Y�� É}Â¨¿� ÉZÅ

��Â¿�dÌ¿Y�³I�Ã{�¯�Ê§� »dÌ·Z §�ÃZ´ËZm�Á�|¿YÃ�Z«�Ê¿Z�¨�eM�½Z¼¯� Y��Ä¬�À»�ÊËZ¼³Z»�ÉZÅÊ»�ÉY-

|À¿Y{.  
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-��½Y�¼��{Y�¿�|Ì��)����(�Z]�½M��Z^e�Y� Á�ÊËZ¼³Z»� ,Ê�ZÀ��²À��cÓÂve���¿��Y� Y��Â£Z]�Ä¬�À»� ,

Ê¿Z¯d�Y�Ã{Y{��Y�«�Ê���]�{�Â»�Ô��É�Z� .dÌ¿Y�³�ÉÁÃÂ¯�ÉZÅ��Â¿��Y�Y����I d�Y�Ã{Â¼¿�Ê§� ».  

-��µZ�ÀÆ¯)����(Ã{Âe�,Ä«�Á��{�ªÌ¼��Ä¼Ì¿�É}Â¨¿�ÉZÅ������/� �Ã{Y{��Y�«�Ê���]�{�Â»�Y��½Z¼¸ »

²À��ÁÅÄ¬^���Ë��ÃÁ�³�Ä���{�Y��Ä¬�À»�¾ËY�ÉZd�Y�Ã{�¯�É|À] :  

� -�²À�� ÉZÅÉ|Ì�Y)dÌ¿Y�³Á�°Ì»�dË�ÂË{Â¿Y�³Á�°Ì»� Ze(� ,� -�²À����YÁ|u� ÉZÅ

)dË�ÂË{�e�YÂ¯Á�°Ì»�Ze�dË�ÂË{Á�¿Â»�e�YÂ¯ (�Á�-�²À��®Ë�Z]�ÉZÅ)Á�]Z³Á�°Ì»�Á�dË�·Á{ .(�ª¬v»�¾ËY

�Y{Â¼¿� ÄËZa� �]Ì¿Âf°e��Ìv»� ,ÊËZÌ¼Ì�ÂW��ÉZÅ²À��¶Ì°�e�Ê°��Y��a��Â¿� �Y� Y�� Ä¬�À»�É}Â¨¿�ÉZÅ

d�Y�Äf�¿Y{�{�Ây�].  

-��É�Z¬¨·YÁ})����(½Z¼¸ »�Ã{Á|v»��{�¾�ÂWY�Ê¿Z�¨�eM�Ê���]�Ä]�, - d�Y�ÄfyY{�a�½Z¤»Y{ .�ÄËZa��]

²À�� ,ªÌ¬ve�¾ËY�®Ì�Zfa��ËY�³� Z]� �f�Ì]�¾·Z°·MÂ°·Z¯� Á�¾·Z°·M��Â¿� �Y�Ä¬�À»�¾ËY�Ê¿Z�¨�eM�ÉZÅ

|Àf�Å .  

-�¼��½ZÌ¿Z )����(�Z�¿Z¯��¿��Ä ·Z�»�¾¼��,�ÊÀ�v·YÂ]Y�Á�É|À³�ÉÔ��ÉZÅ)½Z¼¸ »�µZ¼�(²À��, -

Ã�Z«�½Á�{�ÊËZ¼³Z»�½Z¼¯�Ä]�Y��ªÌ¼��Ä¼Ì¿�ÉZÅ�Z]�½Z»��ºÅ�½Z¼¯�¾ËY�Ä¯�d�Y�|¬f »�Á�Ã{Y{�d^�¿�ÉY

Ã�Z«�Äf�Âa��Ë��Ä]�½YÂm��Ìfe�Ê�Â¿ZÌ«Y�Äf�Âa��¿Y�Á�§d�Y�Ã|»M�|Ë|a�É�¯�»�½Y�ËY�ÉY .ÉÁ��ÓZ]  

�d^�¿�½{Â]LILE/HFSE ²À���{²À����Z]�Ê³�ËÁ�®Ë�½YÂÀ��Ä]�Y��Ä¬�À»�¾Ë�}M�ÉZÅ�Äf�]YÁ�ÉZÅ

�Ìv»�Ä]d�Y�Ã{Â¼¿�Ê§� »��¿Y�Á�§�ÉZÅ.  

-��½ZÌmY�ËY)����(²À��ÊËY��dÌ·ÂW��Á�ÊËY��dÌ¿ÂfÀ]�|ÀËY�§�Ä ·Z�»�Ä]� ,�Ä¬�À»�Ê¿ZÌ»�¾�ÂWY�ÉZÅ

�½Z¼¸ »)�º����É|À³(Ê�ZÀ��Z¯�Ä»Z¿�½ZËZa�\·Z£��{�½Z¤»Y{�[ÂÀm�, d�Y�ÄfyY{�a�|��Y.  

-��Ê¿Z]�«)����(®Ë�Z]�Y��{Á�e�[ÂÀm��{�Ä¬�À»�º�ÌeZ¼³Z»�,É|Ì�Y�Y��½M�µZ¼���{�Á��eÊ»��e�Á�|¿Y{

Ã�Z«�½Á�{�P�À»�®Ë�¾¼���{d�Y�¶WZ«�½M�ÉY�]�ÉY .�¾·Z°·MÂ°·Z¯�dÌÅZ»�Ä¯�d�Y�|¬f »�ÁY�²À��ÉZÅ

¶�³�µZ¼����Y�Ê�Z¿�¾·Z°·YÂ°·Z¯�ÉZ¼³Z»�Z]�Äf�Â³��Y�Ã|��ªf�»�¾·Z°·M�ÉZ¼³Z»��ÔfyY�¶�Zu�{Á�e
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²À��[Á}d�Y�Äf�Âa�ÉZÅ .Ê³�ËÁ�Ä]�ÄmÂe�Z]�ÉÁÃ{Âe�,ÊËZÌ¼Ì�ÂW��ÉZÅ�Y��Ä¬�À»�É|ÌWÂfÌ¿Y�³�ÉZÅ

��Â¿� �YIf§ZË��Z�Y� �]� Y�� Ä¬�À»�¾ËY� º�Ì¿ÂeÂ¸a� Á� º�Ì¿Z°·Á� Á� Äf�¿Y{�¾Ì»Â·M�a� Ze�¾Ì»Â·MZf»� ,Ä�ÉZÅ

���¯�ÉZÅ�ºf�Ì��Z]��Z^e�Y��{��f�Ì]�ÊËY�v��Á�ÊËZÌ¼Ì�ÂW�)Pull apart(�Ê»�ª^�À»|¿Y{.  

- ÄmYÂyÃ{Y� )����(� ,É�Â·Á�fa Á Ê¼Ì�ÂW� Ã{ÂeÉZÅ ¾Ë�}M É}Â¨¿ µZ¼� ½Z¼¸ »��\·Z£� �{� Ä¯ 

½ZËZaÄ»Z¿ Ê�ZÀ��Z¯ |��Y�d�Y�Ã{Y{��Y�«�Ê���]�{�Â»�Y��Ä¬�À».  

-��Ê¼�Z«)����(Ê���]� Ä]� ,�¾Ì»�Ê¿Z¯� ,Ê�ZÀ�Ê¸a� �Z�¿Z¯� �¿�� Á�Ê¼Ì�ÂW�� ,Ê�ZÀ��Ä¼�q�µZf»

d�Y�ÄfyY{�a�|��Y�Ê�ZÀ��Z¯�Ä»Z¿�½ZËZa�\·Z£��{��§Zu.  

  

�-�- Y|Å�¥Y�Ä ·Z�»  

�{Á�e�Ä¬�À»��{�É�Z��Ê¿Z¯��ÂÀe�¶Ì·{�Ä]-��Ä]�cY�¸§�Ê¿ZÆm�����Y�Ä]�ÄmÂe�Z]��Ì¿�Á�½Z¼¸ »

Ã{�f�³�cZ ·Z�»�,ÉÁ��Á�[���Ã�ËÁ�Ä]�ÉYd�Y�Äf§�³�c�Â���Â�¯��{�cY�¸§�¥Z�f¯Y��Â�À» .�Ä¬�À»

¶Ì�¿Zfa��Y�Ê°Ë��§Zu�Ä¼�q�{Á�e�ÄÌuZ¿��{�Ê¿| »�ÉZÅ��ÃZqÊ»�¾Ë�Ì��Ê´¿Â´q�Ê���]�Z]�Ä¯�|�Z]

Ä¿Z¯�¶Ì°�e�ÃÂv¿�Á��{�ZÅÊ»�,Ä¬�À»�¾ËY�Y�½YÂe�Ê¿Z¯��ËZ��¥Z�f¯Y�dÆm��{�Ã|»M�d�|]�lËZf¿É�Z�-

Ê¿Z¯�Á�Ä¬�À»�ÉZÅÉ�Z��»�ÉZÅ�½Y�ËY��{�Ä]Z{�¯�Ã{Z¨f�Y.  

�½ZËZa��Z�¿Z¯��¿��¾ÌÌ e�Á�ÊËZÌ¼Ì�ÂW��,Ê�ZÀ��Ê¿Z¯�Ä ·Z�»�dÆm�,Zf�Y��¾Ì¼Å��{���Zu�Ä»Z¿

d�Y�Ã|��¦Ë� e��§Zu�Ä¼�q .  

  

�-�-��Ä ·Z�»��Á�  

�-�-�-�Ä�¬¿�Á�Ê¸^«�Ã|����fÀ»�Ê�ZÀ��¾Ì»��cZ�Ô�Y�É�ÁM��¼m�Á�Ê�ZÀ��¾Ì»��ÉZÅ

Ä¬�À»�Ê§Y�³ÂaÂe  
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�¾ËY� �{��Y�³��Y�º�Y�{ÂmÂ»�Ê¸^«�Ã|����fÀ»�cZ�Ô�Y�Ä¸u�»�½ZËZa� ,{ÂmÂ»�ÊeZ¬Ì¬ve�ÉZÅ

Ä»Z¿Ä�¬¿�,ZÅÃ�YÂÅZ»��ËÁZ�e�Á�Ê§Y�³ÂaÂe�,Ê�ZÀ��¾Ì»��ÉZÅ��Y�«�Ê���]�{�Â»�Á�É�ÁM��¼m�¦¸fz»�ÉY

|Àf§�³.  

�-�-� -��ÊËY�v��cZÌ¸¼�  

d§�³�¹Zn¿Y�Ê¸¯�Ä¸u�»�Á{�Ê��ÊËY�v��cZÌ¸¼�.  

� |Ë{�Z]� µÁY� Ä¸u�»�Á�Ê�ZÀ��¾Ì»�� Ä�¬¿� ÄÌmÂe� Á� Ä¬�À»� Z]� ÊËZÀ�M�¥|Å� Z]� Ä¯� ,ÊeZ»|¬»

²À��Z]�½M��Z^e�Y�Á���f�³�,Ê¿| »�Ã{Z»�Ê¸¯�dÌ �Á�Ê���]|��¹Zn¿Y�Ã|¿�Ì³�]��{�ÉZÅ.  

�Êv���¥Z�f¯Y�ÉZÅ�Z¯�d�Y{�]�¶»Z��d§�³�¹Zn¿Y��Á��|Àq�Ê��Ä¯�¹Á{�Ä¸u�»)Ä�¿Y�e�Á�ZÅ

½Â¸¯ÁYZÅ (Ä¿Z¼³�Á¿Â¼¿�Á�Ã|���¨u�ÉZÅÄ½M�É�Y{�]d�Y�Ã{Â]�®ÌeZ¼f�Ì��c�Â��Ä]�ZÅ.  

  

�-�-�-�ÊÅZ´�ËZ»�M�cZ ·Z�»  

Ä¿Â¼¿��Ë�Âe��Z�Y� �]� Á�|Àf§�³� �Y�«� Ä ·Z�»� {�Â»�Êf�{�Ä¿Â¼¿� �{� Y|f]Y� ,Ã|��d�Y{�]�ÉZÅ

�{Y| e�Ê´À���ÂÀe� Á�Ê¿Z°»�����Â�À»�Ä]�­�Z¿���Z¬»�ÄÌÆe�dÆm�Ä¿Â¼¿� Á�Ê§Y�³Á�fa�cZ ·Z�»���

Ä¿Z¯� Ä ·Z�»� �Â�À»� Ä]� Ê¸¬Ì�� ��Z¬»� � ÄÌÆe� dÆm� Ä¿Â¼¿½M� d§Z]� Á� ZÅ|¿|�� [Zzf¿Y� ZÅ.

Ä¿Â¼¿�ÊaÂ°�Á�°Ì»�Ä ·Z�»��Y��a�{Y| e�,ZÅ����Ä �Y�½ÂÌ�¯Y�¨Ë{��Á��Ä]��Ì·Z¿M�dÆm�Ä¿Â¼¿

��°ËY)XRD (Ê¿Z¯��Y�Êy�]�ÊËZ�ZÀ���Â�À»�Ä]��{�,|¿{Â^¿�ÊËZ�ZÀ��¶]Z«�_Â°�Á�°Ì»���Âe�Ä¯�ZÅ

�{Y| e�Á�½Z¤»Y{�ÄËZa�¹Â¸��Ã|°�¿Y{�ÃZ´�ËZ»�M���Ä¿Â¼¿ ��Á��Ä] ��°ËY�Ä �Y��¿Z��Â¸§)XRF (�Ä]

½M�d�¸£�¾ÌÌ e� ¾ÌÀr¼Å� Á� Ê��§� Á�Ê¸�Y� ��ZÀ�� ¾ÌÌ e� �Â�À»ÃZ´�ËZ»�M� �{� Ä¯� Ã|��[Zzf¿Y� ZÅ�

|Àf§�³��Y�«��Ì·Z¿M�{�Â»�|Æ�»�{Â·ZÀÌ]�½Y�Z�¿Z¯�d¯�� .  
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� -� - Ä»|¬» 

� Ä ·Z�»� {�Â»� Ä¬�À»Ä^·� �{�É�¯�»�½Y�ËY� ½Á��Ê·Z¼��É)� ,ÊeZ^¿Z«M����¾Ì¸¯Âf�Y� , �,ÉÂ^¿� Á

����(,��{�Ã{Á|v»Ê·Z¼��É Ê�ZÀ��¾Ì»��Ä�¬¿������/��½Z¼¸ » ),Ê·Ôm�Á�Ê«Y��Y ���� (��z]�Á

Ê�ZÀ��¾Ì»��Ä�¬¿�É�¯�»������/���{Á�e),Ã{Y�|À¼�ÂÅ�Á�ÉÂ¸����� (�d�Y�Ã|���«YÁ)¶°��-� .(  

Ä¬�À»�¾ËY� �{�{ÂmÂ»�Ê´À��ÉZÅ|uYÁ, ²À��¶»Z�Ê¯Y�e� ,dË�|¿M�\Ì¯�e� Z]�Ê¿Z�¨�eM�ÉZÅ -

dË�|¿MÊ¯Y�e� ,�MÉ�|¿dÌ�Y{�,d·Y�Z]� ,d·Y�Z],dÌ�Y{ÂË�� ,  ...Ê]Â����f¼¯��Y|¬»�Ä]�Á  -�eM�¶»Z��Ê¿Z�¨�

ª¸ f»�dÌ§Âe�Á�¥Âe�Ê¿ZÌ»�¾�ÂWY�Ã�ËÂ]�¹Â��½Y�Á{�Ä] -�|Àf�Å�Ê¿Z«Â§,�d§�]M���Âe��Z¬¿�Êy�]��{�Ä¯-

Ë|«�ÉZÅ�Y�e�¶»Z��É�¿�eYÂ¯�cZ]Â��� Á�Ê¼ZÅZ]Â��� ,Ê¼Ë|«�É�d¸Ì�� ,Ä�Z»� ,¾��Ä¸¼m� �Y�Êf§�]M�c

Ã|��Ã|Ì�Âa|¿Y .Ã{ÂeÉZÅ��É}Â¨¿�Ê¿Z�¨�eM�ÉZÅ|uYÁ�¾Ì]��{�É|Ì�Y� Ze���YÁ|u�\Ì¯�e�Z]�Ê°qÂ¯��

e�½Z»��Ä¯�|Àf�Å�½ZËZ¼¿�¾�ÂWY�Ê]Â��½M�¶Ì°��Ê¿ZËZa�¾�ÂWY�Ä]� ZÅ���d�Y�Ã|��Ã{Y{�d^�¿�¾�Â´Ì·Y

)�,Ã{Y�|À¼�ÂÅ���� .(  

²À�e�Á�¾�ÂWY�Ê¿Z�¨�eM�ÉZÅÃ{Â®ËY{���Âe�É}Â¨¿�ÉZÅÃ|����«���YÁ|u�Ze�®Ë�Z]�ÉZÅ�|¿Y

®ËY{��f�Ì]�Ä¯Ê«���µZ¼��|¿Á��Ä¬�À»�ÉZÅ-�|¿�Y{�Ê]�£�[ÂÀm ),Ê¿Z]�«����(.  

��»�ÉZÅ�Z�¿Z¯-��Á�É|À³�ÉÁ��Á�[���,Ê�Â»�ÃZq��»�,�§Zu�Ä¼�q�ÉÁ��Á�[�� ...Ä¿Â¼¿ -

Ä¿Z¯���Z]�ÉZÅÊ»�Ä¬�À»��{�ÊËY��Z]À|.  
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˺̋ 

 

 

� �{�Ä ·Z�»�{�Â»�Ä¬�À»�dÌ «Â»�½Y�ËY�Ê¿Z¼fyZ��ÉZÅ|uYÁ��¾Ì¸¯Âf�Y��Y�¶¬¿�Ä]
�������Á�Ê�ZÀ��¾Ì»��Ä�¬¿����������{Á�e��,½Y�Z°¼Å�Á�Ã{Y�|À¼�ÂÅ
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�¶°��-� -�� �{�Ä ·Z�»�{�Â»�Ä¬�À»�dÌ «Â»
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� -�-�{Á�e�Ä¬�À»�Ê»Â¼��Ê�ZÀ��¾Ì»�  

� -�-�-��¾Ë�^»Z¯�a��¾Ë�^»Z¯  

Ê¼Ë|«� ¾Ë�e²À�²À�� Y�� Ä¬�À»�ÉZÅ�0ÓZ¼fuY� ,¾Ì�ËÁ{{�Y� �Y� ¶^«� Ä]� [Â�À»� Ê¿Â³�³{�ÉZÅ

Ê»�¶Ì°�e�¾Ë�^»Z¯�aÃÂ¯� �{� Ä¯� |ÀÅ{|¿�Y{� ½Â¼Ày�� �f�� ÃÂ¯� Á� Äf�a� ÃZÌ��ÉZÅ .Ã�Y|³�dË�|¿M�ÉZÅ

�¾ËY�dÌÀÌf¿Za��� Á� �»�»� ,d�Ì�Z°Ì»� ,d�Ì�� ,Ä¿Â³�³{�Êf·Y�Z]Ê»�¶Ì°�e� Y�� Ä�Â¼n»�|u� �{� Á� |ÀÅ{

Ã�Z�y�Ã|��½Â³�³{�dÌ·Â^Ì¨»M�Ze��^��d�Ì��ÉZÅ|¿Y .�½ZËZ¼¿�Ä¬�À»��{�Ê¿Â³�³{�ÉZÅ|uYÁ�¾ÌËZa���»

²À��Z]�½M�ÊËÓZ]���»�Á�d�Ì¿Ê»�Äf�ÂÌaZ¿�c�Â��Ä]�®ÌWÁ�ÂX·Za�Ê¿Â³�³{�ÉZÅ�|�Z]),Ê¿Z]�«����.(  

  

� -�-�-�®ÌWÁ�ÂX·Za�ÉZÅ|uYÁ  

²À�Á�ÂX·Za�ÉZÅ\Ì��ºÅ���»�Z]�Á�½Â³�³{�c�Â��Ä]�®ÌW�²À��ÉÁ���]�Äf�a�ÃZÌ��ÃÂ¯��{�ÉZÅ

Ê¼Ë|«�½Â³�³{|Àf�Å�½ZËZ¼¿��e .²À��¾ËY�¾ÌÀr¼Å�ÃZq�ÊuYÂ¿��{�ÄmÂe�¶]Z«�d»Zz��Á���f�³�Z]�ZÅ

ÃÂ¯�¾Ë�e|À¸]�Á�|¿�Y{�½Â¼Ày��º���Ã�{�Á�Âf·|Ìb��,¾Ë�Ì�Ã{�ÁM�|Ë|a� Y��º���Ä¬�À»�ÉZÅ|¿Y .�,d�Ì�

Á�®ÅM�²À��Ä�Z»�,�»�»�,�Â¸^f»�dÌ»Â·Á{®Ì¿Z°·ÁZf»�Á�Ã|��½Â³�³{�²À��¶Ì°�e� Y��Ä�Â¼n»�¾ËY� ZÅ

Ã{Y{½M�d»Zz��Ê¸v»��Â��Ä]�Ä¯�|¿Y��Y��Ì]�Ä]�ZÅ�����Ê»��f»|�� .�dÌ «Â»�Á�Ê´À��\Ì¯�e��Zv·�Ä]

ÄÀÌq�²À�Ê»�Ä�ËZ¬»�¶]Z«�µZ¼m�|¿�Z��Z]�Ê¿Â³�³{�Ä�Â¼n»�¾ËY�ÉY�|�Z]),Ê¿Z]�«����.(  

  

� -�-�-�®ÌWÁ�Á�»�ÉZÅ|uYÁ  

�d�Y�Ä�ËZ¬»�¶]Z«�¶Ì��w���|¿�Z��Z]�Ä¯�Ê^Ë�ze�|uYÁ�®Ë���Âe�¾Ì»�a�²¿��|Ì¨��ÉZÅ�»�»

Ê»�Ã|Ì�Âa{Â� .Ä�Z»�Á�d�Ì���Y�¶°�f»�Ê^Ë�ze�|uYÁ�¾ËY�Á�d�Y�²À�����Ze����{�Y{�d»Zz���f» .

�Ã|��{ZË�|uYÁ�ÉÁ���]����¼fuY�Ä¯�d�Y�½ZËZ¼¿�½Â³�³{�ÊfÌ»Â·Á{�®ÅM�²À���f»� 0ÓZ�É�f��|¿�Z��Z]

�d�Y���Y�ºÅ)�,Ê¿Z]�«����.(  
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Äf�Æ¿�ÉÁ�� �]� \Ì��³{� ��»� Z]� Á� ½Â³�³{{Z¿� Á� º·Z�� c�Â�� Ä]� Ê¿ZËZa� Á� É�Z£M� Ä�Ze�¯� ÉZÅ

Ê¼Ë|«� ÉZÅ|uYÁ|Àf�Å� ½ZËZ¼¿� �e .ÃZq� Ä¬�À»� �{� É�Z£M� Ä�Ze�¯� Ã|�� dz�� cZ]Â��� Ã|�Z«�¾Ë�Ì�

���Âe�Ä¯�d�Y�ÊËY�»Â¸´À¯�����Á�½�Z»�[ÁZÀe��f»Ä�Z»d�Y�Ã|��Ã|Ì�Âa�¾�Á���^��²¿��Ä]�²À� .��{

¶Ì�§�Ê]Â���|uYÁ�¾ËY�¾Ì�aM�ÉZÅ���d�Y�Ã|����Y�³�¾Ì^·M)�,Ê¿Z]�«����.(  

  

� -�-� -�®ÌWÁ�ÂÀ��ÉZÅ|uYÁ  

Äf�Æ¿dÌ·Z §� Z]�®ÌWÁ�ÂÀ��½Y�Á{�ÉZÅÊ»� �Z£M�¾Ë�Ë��¾�ÂWY�Ê¿Z�¨�eM�ÉZÅ{Â� )�¾Ì»��Ä�¬¿

Ê�ZÀ�������/�½Z¼¸ »(.�Z�¨�eM�ÉZÅ|uYÁ�Ê¿��|¿�Y{�Ä¬�À»��{�É{ZË����f�³�¾�ÂWY�Ê]Â�� .�¾ËY

�{Á|u�d»Zz��Z]�Ä�Â¼n»�����Ê¼Ë|«�ÉZÅ|uYÁ�\Ì��³{�Ä¿Â³�Ä]��f»Ê»�Y���e|¿Z�Âa .�ÉZÅ|uYÁ�Ã|�Z«

Ä�Z»��Y�Á�d�Y�Ê^Ë�ze�¾�ÂWYd�Y�Ã|��¶Ì°�e�dÌ§Âe�Á�Y�»Â¸´À¯�,½�Z»�,¶Ì��,²À� .Ã|�Z«�|uYÁ�¾ËY -

�{Á|u�ÉY�����{�Y{�d»Zz���f»¶Ì�§�ÁÊ»�d§ZË�½M��{�¾�ÂWY�ÉZÅ�{Â�),Ê¿Z]�«���� .(À¼�ÂÅ|�Á�Ã{Y�

�½Y�Z°¼Å)���� (²À���f�Ì]�\Ì¯�e� {Á�e� Ä¬�À»� �{�¾�ÂWY�Ê¿Z�¨�eM�ÉZÅ��ÃZq�ÊfË�|¿M� Y��¾Ë�Ì�

�ZÆq�Á�Äf�¿Y{�z]Ã|�Z«�Ã�Y|³����]�,¾Ë�Ë��Ê¿Z�¨�eM���]�,dË�|¿M�ZË�ÉY��{�Ä¯�Ê¿ZÌ»�Ê¿Z�¨�eM�ÉZÅ

½M� ¾Ì]� ZÅ��]� ¹Zn¿Y��� Á� {�Y{� {ÂmÁ� ªÌ¼�� Ä¼Ì¿� ÉZÅ|^À³��Y� Ê]ÁZÀe� ¶»Z�� ÊËÓZ]� Ê¿Z�¨�eM� ÉZÅ

Ä�Z»�,Y�»Â¸´À¯Ã{Â¼¿�Ê§� »�Y��Ê¿Z�¨�eM���]�Á�Ã�Y|³�,²À�|¿Y.  

Äf�Æ¿�Â´Ì·Y�ÉZÅ���Ê^Ë�ze��Â¿��Y��f�Ì]�¾�ÂÌ»��Ê»�Ê¿�Z»��»�«�ÉZÅ|¿�Z��c�Â��Ä]�Ä¯�|�Z]

�z]��{�ÊËÓZ]��»�«�Á�º«�,¾Ë�Ë�ZÅ|À¿ZËZ¼¿�Ä¬�À»�Ê]ÂÀm�É .Äf�Æ¿�¾ËYÃ{�Ây�¾Ìq�ZÅ�Ë|«Ze�Á�|¿Y�Á�ZÅ

�Ë{ÁZ¿Ã{�ÁM�|Ë|a� Y�� �ÂÀf»�ÉZÅ|¿Y½M�Ê´fzË��ºÅ� Ä]�\mÂ»�Ê°¼¿�ÉZÅ|^À³� }Â¨¿� Ä°ÀËY� ZË� ,�Ã|�� ZÅ

d�Y .ÄËÓ�Â´Ì·Y�Ê]Â���ÉZÅ|uYÁ�¾Ì]��{�dÌ§Âe�Á�¥Âe��Y�É{Á|v»�ÉZÅ���Ä¯�{�Y{�{ÂmÁ�Ä¬�À»�¾�ÂÌ»

dÌ·Z §�Ä¿Z�¿½Z»��¾ËY��{�Ä¬�À»�{Á|v»�ÊËZ¼³Z»�ÉZÅÊ»�ZÅ�|�Z])�,Ê¿Z]�«����.(  
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Äf�Æ¿�ÂÌ¸a�½YÂm�ÉZÅ��Ê»���Âa�Y��ÄÌuZ¿��Y�Ê Ì�Á��z]�Ä¬�À»�É�¿�eYÂ¯|Å{ .Äf�Æ¿�¾ËY�ZÅ

Ä¿Z³{Za�¶»Z�Y�Ä]�Ä¯�|Ë|m�Á�ºË|«�ÉZÅd�{�,ÄÀ°§Y��Á�z»�µZ°�ZÅ�Ê]ÔÌ��ÉÄ¿Zy{Á���f�]�Ã�yÓZ]�Á�ZÅ

Ê»��ÅZ�e|À¯ .Äf�Æ¿�¾ËY�Ê³|��d¨��Äm�{Ìy�ZÅÊ»�Ã{Â��§�Ê¿Z�M�Ä]�Á�Ã{Â]�º¯�Ê¸Â�¿|.   

  

� -�-�Ã{ÂeÄ¬�À»�É}Â¨¿�ÉZÅ  

²À��{Á�e�Ä¬�À»��{�¾�ÂWY�Ê¿Z�¨�eM�ÉZÅ��ÃZqÃ{Âe���Âe�¾Ë�Ì����«�É{| f»�É}Â¨¿�ÉZÅ

Ã|�|¿Y .Ã{Âe�¾ËYÁ�­Âf�Y�,|^À³�¶°��Ä]�ZÅ�²À��¾Ì]��{�®ËY{�ZËÃ|��¾Ë�´ËZm�Ê¿Z�¨�eM�ÉZÅ|¿Y .��]

²À�� ÊËY�v�� �]YÁ�� Á� \Ì¯�e� ÄËZaÄ¬^�� ¶]Z«� �Ë�� ÃÁ�³� Ä�� Ä]� Ä¬�À»� É}Â¨¿� ÉZÅ|Àf�Å� É|À] 

),Ê¿Z]�«����(:  

  

-�Ã{Âe�ÊfË�ÂË{Á�¿Â»�ÉZÅ���ÊfË�ÂË{Â¿Y�³��ÊfÌ¿Y�³  

Ê¼Ë|«�ÃÁ�³�¾ËY²À��¾Ë�eÊ»��Z¼��Ä]�Ä¬�À»�É}Â¨¿�ÉZÅ�|ÀËM�¾Ì]� �{�­Âf�Y�c�Â��Ä]�Ä¯

²À�²À��ZË�ÄeZÀ]�¯�ÉZÅ|À¿ZËZ¼¿�¾�ÂWY�Ê¿Z�¨�eM�ÉZÅ .²À��¾��ÄËZa��]��Ì´¿Á�{�ÉZÅ)Ê¿ZÌ»�¾�ÂWY (

½M�¶Ì°�e�½Z»��Ê¿ZËZa�¾�ÂWY�Ä]�ZÅ���d�Y�Ã|��Ã{Y{�d^�¿�¾�Â´Ì·Y)�,½Y�Z°¼Å�Á�Ã{Y�|À¼�ÂÅ���� .(  

  

-�®ËY{���YÁ|u�ÉZÅ��®Ë�Z]  

Ã{Âe�¹Z¼e�ÊfË�ÂË{Á�¿Â»�ÉZÅ���ÊfË�ÂË{Â¿Y�³��®ËY{���Âe�ÊfÌ¿Y�³���YÁ|u�ÉZÅ���Ä¯�®Ë�Z]

�Ê«���µZ¼��|¿Á��\¸£Y���Ê«���Ze�Ê]�£�[ÂÀm��|¿�Y{�ºWZ«� 0Z^Ë�¬e�\Ì��Z]�Ê]�£ .Ã{Âe��]�½Á�§Y�ÉZÅ

®ËY{� ,É}Â¨¿²À�� ¾Ì]� �{� ZÅ²À�� Á� Ä�Ze�¯� Ê]Â��� ÉZÅ� ÉZÅ|¿�Y{� ½Â¼Ày�� �Ì¿� ¾�ÂWY� Ê¿Z�¨�eM .

Ì¯�e½M�\²À��\Ì¯�e� Z]� ZÅ®ËY{�½YÂÀ��Ä]� Á�Äf�Y{�Ê¿YÂz¼Å� 0Z»Â¼��{Ây�½Z]�Ì»�Ê¿Z�¨�eM�ÉZÅ�ÉZÅ

ÄË~¤eÃ{�¯�¶¼��Ã|ÀÀ¯|¿Y.  
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-��dË�|¿M�ÉZÅ|^À³��ÊfÌ�Y{  

Ã|�� ¾Ë�´ËZm� ¾Ì»�� t��� Ze� ¾Ì»�� t��� Ä]�®Ë{�¿� �{� Ä¬�À»� �{� {ÂmÂ»� ÉZÅ|^À³|¿Y .�¾ËY

²À��sÂ�Á�Ä]�ÉZÅ|^À³���«�Y��Ê¿Z�¨�eM�ÉZÅ�É{Á|v»�Ê^¿Zm���f�³�ÓZ]�ÉÁ�¿Y�³�d¸��Ä]�Á�Ã{Â¼¿

|¿�Y{.  

�¶°���{�-��ÄÀÌq�Ê·YÂe{Á�e�½Á��Ê´À��ÉZÅ|uYÁ� �Y�Ê�ZÀ� - ���fz»��Â��Ä]�¾Ë�Ì��ÃZq

d�Y��Ã|��Ã{Y{�s��:  

  

  
�¶°�� -� -�ÄÀÌq�Ê·YÂe{Á�e�½Á���{�Ê�ZÀ� - �¾Ë�Ì��ÃZq)�,Ã{Y�|À¼�ÂÅ����(  
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� -�-��s���§Zu�Ä¼�q�Ã{Á|v»�Ê´À��ÉZÅ|uYÁ  

²À��¶»Z��Ä ·Z�»�{�Â»�Ã{Á|v»�Ê´À��ÉZÅ|uYÁ�Ê¿Z�¨�eM�ÉZÅ��YÁ|u�\Ì¯�e�Z]��®Ë�Z]�Ze

¶»Z��,d·Y�Z]�É�|¿MÊ¯Y�e�,d·Y�Z]¥Âe�,dË�|¿M�,dË�|¿M�Ã{Âe�ÁÉ|Ì�Y�Ze���YÁ|u�\Ì¯�e�Z]�É}Â¨¿�ÉZÅ��Á

d§�]M�¾ÌÀr¼ÅÊ»�½YÂm�Á�Ê¼Ë|«�ÉZÅ|À�Z] .�ZÅ|uYÁ�¾ËY�¾��Y���Z�Y��]�¾ËY��{�Äf§�³�c�Â��cZ ·Z�»

Ä¬�À»� ,Ä]�Ã{Y{� d^�¿� ÊËÓZ]� Ze� Ê¿ZÌ»� ¾�ÂWY|¿Y .� ¾ÌÀr¼ÅÂ¨¿� Ã{Âe}� Á� É®ËY{�¾�� Z]� Ã{Á|v»� ÉZÅ

¾�ÂWY-�d§�]M�Á�¾�Â´Ì·YÊ»��z�»��¿�eYÂ¯�¾��Z]�½YÂm�Á�Ê¼Ë|«�ÉZÅ|À�Z] .  

½Á��ÉZÅÊ¿Z��³{�½Á��¶»Z�� Ã{Á|v»�¾ËY� �{�ÉZÅ|Ì�¯Y� Ä]� Äf�£M�ÊfÌ¸Ë��M� Á�Ê�Ì¸Ì��ÉZÅ

Ê»�¾ÅM|À�Z] .Ä³��¾ÌÀr¼Å¶]Z«���f�³�Ã{Á|v»��{�ÊfÌ�¸¯�Á�Ê�Ì¸Ì��ÉZÅ |¿�Y{�ÊÆmÂe .�ÉZÅ|uYÁ

�Y�|Àe�Z^��|¿�Y{�½Â¼Ày���§Zu�Ä¼�q�Ã{Á|v»��{�Ä¯�Ê¸�Y�Ê´À�:  

 dË�|¿M�Ê´À��|uYÁ -��dË�|¿M�Ê¯Y�e)Ean( 

 É�|¿M�Ê´À��|uYÁ�d·Y�Z])Eab( 

 �Ê´À��|uYÁÉ�YÁM�}M )Et( 

 �¥Âe�µZf�Ë�¯�Ê´À��|uYÁ)Ect(  

 ®ËY{ZÅ 

 �¿�eYÂ¯�Êf§�]M�cZ]Â�� 

¶°���{ �-���Ä�¬¿��Y�Ê�z]������/���Ä ·Z�»�{�Â»�Ä¬�À»�dÌ «Â»�¾ÌÌ e�Z]�ÃY�¼Å�½Z¼¸ »

Ê»��Â¯~»�ÉZÅ|uYÁ��Y�®Ë��Å�s���Ä]�Ä»Y{Y��{�Ä¯�d�Y�Ã|��Ã{�ÁMºË�Y{�a:  
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�¶°�� -� - �Ê�ZÀ��¾Ì»��Ä�¬¿��Y�Ê�z]������/��½Z¼¸ »  
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� -�-�- dË�|¿M�Ê´À��|uYÁ-�Ê¯Y�e�dË�|¿M)Ean(  

Ã�Y|³��Y�¶°�f»�Ê´À��|uYÁ�¾ËY�ÉZÅÊ¯Y�e�Ze�dË�|¿Md¼�«��Y�Êy�]��{�Á�dË�|¿M�Z]�Y�»Â¸³M�ZÅ

Ê»�dË�|¿M�cZ �«�|�Z])¶°�� -� .(ÃÂÆ«� Ze�É�f�¯Zy��Y�Á�Ã{Â]��Ì¤f»�|uYÁ�¾ËY�²¿��É�f�¯Zy� ,ÉY

Ê»��^��Ze�Ã�Ìe|�Z] .�²¿��Ä]�Á�Äf�Y~³��ÌiPe�½M�ÉÁ���]�ÊfÌ¸Ë��M�Á�Ê�Ì¸Ì��½ÂÌ�Y�f·M��«YÂ»�Êy�]��{

�É{Âz¿�Á�¾�Á�Ê»�Ã|ÅZ�»{Â�.�dË�|¿M�|uYÁ -�Ê¯Y�eÊ¼Ë|«�dË�|¿M�Ä ·Z�»�{�Â»�Ã{Á|v»�|uYÁ�¾Ë�e

Ã{Á|v»�d �Á�¾Ë�f�Ì]�Á�Ã{Â]�d�Y�Äf§�³�]��{�Y�.�É�|¿M�|uYÁ�Z]� ,|uYÁ�¾ËY�d·Y�Z](Eab)��[ÁZÀe��{

Ê»�Z]À|uYÁ�Ä¯�,|  Ean�Ã�Ìe�Á�¾�y�É�ÅZ��Z]|uYÁ�Ä]�d^�¿��e  EabÊ»��ËZ¼f»�½M��Y�,{Â� .{��Êy�]�

Ê»�Y��½M�Ã|��{�y�cZ �«�ZÆÀe�Á�d�Y�Ã|��{�y�|uYÁ�¾ËY�,�«YÂ»��Y�Äbe�É�Â·Â§�Â»�Z]�0Y�j¯Y�Ä¯�|Ë{�½YÂe

Ê»��z�»� Y�v���{�É�ÂÅZ»|�Z] .dve��Z¬¿��f�Ì]� �{�|uYÁ�¾ËYÄ³���ÌiPe�Á�dÌ�¸¯� ,Ê�Ì¸Ì��ÉZÅ

®ËY{Äf§�³��Y�«�¦¸fz»�\Ì¯�e�Z]�ÉZÅ )¶°��-�(�Ê¿Z¯�{�YÂ»�Êy�]��{�ÁÄ³����»��{��»�É�Z��Z]�ZÅ

Ê»� Ã|Ë{� ½Z]�Ì»�²À�{Â�.�Ê´f�£M� ÃY�¼Å� Ä]� ÊfË�¸¯� Á� ÊfÌ����Ê¿Z��³{� �Y� É�ZiM� ¾ÌÀr¼Å�ÉZÅ

Ê»�Ã|ÅZ�»�|uYÁ�¾ËY��{�¾ÅM|Ì�¯Y{Â�.  

  

  
¶°��-�-�Ã�Y|³��Y�É�ËÂ�eÊ¯Y�e�Ze�dË�|¿M�ÉZÅÉ�|¿M�Z]�ÃY�¼Å�dË�|¿M�d·Y�Z])[�£�d¼��ÄË�|Ë{(  
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¶°��-�-��ÊfÌ�¸¯�Á�Ê�Ì¸Ì��Ä³��¶Ì°�e�Z]�Ê¿Z��³{dË�|¿M�²À���{  

  

�-�-�- É�|¿M�Ê´À��|uYÁ�d·Y�Z](Eab)  

É�|¿M�|uYÁÃ�Y|³��Y�¶°�f»�d·Y�Z]É�|¿M�ÉZÅd·Y�Z]-�Ê¯Y�e�Ê/»�Ã�Ìe�dË�|¿M���Ä/¿Â¼¿��{�Á�|/�Z]

f»�Ã�Ìe�É�f�¯Zy�Á�Ã�Ìe��^��Ze�ÃZÌ��Ä]�¶ËZ¼f»�Ã�Ìe�É�f�¯Zy�²¿��Ä]��f�Ì]�Êf�{��ÃÂ/Æ«�Ä/]�¶ËZ¼�ÉY

d¼�«��{�Ã{�YÂÅ�Á�Ã|Ì�¯Y�ÉZÅÃ|ÅZ�»�Ê»{Â� .É�|¿M�|uYÁd·Y�Z] ��Ì¿���Ä/�uÔ»�¶/]Z«�½Â/¼Ày���{�ÉY

\¸£Y�Ä¯�{�Y{�Ä¬�À»�½ZÌ»�c�Â��Ä]ÄËÓÃ�Ìe�Á��z�»�ÉZÅ�²¿��|uYÁ�½Á�{�dË�|¿M -���dË�|/¿M�Ê¯Y�e

)Ean(���Y�«d�Y�Äf§�³ )¶°��-� .(�|uYÁ�¾ËY��Ì¿dve��Z¬¿��f�Ì]��{��ÌiPeÄ³��dÌ�¸¯�Á��Ì¸Ì��ÉZÅ

®ËY{�ÁZÅ��{�Á�d�Y�Äf§�³��Y�«�½M�d¯ZfÀ¯��{�{�YÂ»�Êy�]Ê¿Z¯�ZÅÊ»�Ã|Ë{�É�Z�{Â�.  

  

�-�-�- |uYÁÉZÅ��Ê´À�É�YÁM�}M  (Et)   

|uYÁÉZÅ��Ê´À�É�YÁM�}M�®ÌfÌ·� �Y�¶°�f»®ÌfÌ·�µZf�Ë�¯� ,¥ÂeÊ»�¥Âe�Z]À|. �¾ËY� ½Â¼Ày�

|uYÁZÅ�Ê»�Y�d¼�«��{�½YÂeÉZÅ��Ã|ÅZ�»�Ä ·Z�»�{�Â»�Ã{Á|v»�[ÂÀm�Á�©���,[�£�,µZ¼���Y�Ê Ì�Á

{�¯. |uYÁ� ¾ËY�²¿�ZÅ�c|�� Á�²À�� �Â¿�\�u� �]�Ê¿Z��³{��Ze� �^�� Ä]� ¶ËZ¼f»� Ã�Ìe� É�f�¯Zy� �Y

d�Y��Ì¤f»�{���Ä]�¶ËZ¼f»�É�f�¯Zy�Á�É�f�¯Zy.  
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�Ã|Ì�Âa�­Zy�Ê¼¯��Y|¬»�Ä¸Ì�Á�Ä]�0Z^·Z£�{Ây�¹�¿�dÌÅZ»�¶Ì·{�Ä]�Ê´À��|uYÁ�¾ËY���Á�d/�Y�Ã|�

ÄËÓ]�Ã|���¯}�¦¸fz»�ÉZÅ�ÄÊ»��Y�°e�ÄËÓ�­�Z¿�Á�[ÁZÀf»�c�Â��½M�®/Ì°¨e�¶Ì·{�¾Ì¼Å�Ä]�,|¿Â���Z/Å

Ê¼¿���Ì»|�Z] .ÄËÓ�\Ì�[ÂÀm�Á�©���¥���Ä]�0Y�j¯Y�ZÅ�Ê/»�©���|/�Z] .�����|/uYÁ�¾/ËY��/«YÂ»��f/�Ì]��{

dveÊ¿Z��³{��ÌiPeÊfÌ¸Ë��M�,Ê�Ì¸Ì��,ÊeZÀ]�¯�ÉZÅfË�¸¯�,Ê M�Z]�ÃY�¼Å�Ê´f�£���Ä/f§�³��Y�«�¾ÅM|Ì�¯Y

d�Y .YÂ»��{��Ä/¯�É{���Ê¿Z/��³{��/fÌ¸Ë��M�Á�Ê/�Ì¸Ì�������Á�¾/�Á��½M�²/¿��,Äf/�Y~³��ÌiP/e�½M�ÉÁ���/]�Ê

��/e|Ë|���Ì¿�½M�Ê/³|�{�yÊ»�|�Z])�-�(.  

  

  
¶°��- �- É�YÁY�}M�|uYÁ��{�Ê¿Z��³{��Y�ÊËZ¼¿��¾�Á��0Ô»Z¯�²¿��Ä])©���d¼��Ä]�|Ë{(  

  

½ZÌ»ÄËÓ\Ì¯�e�Z]�ÊËZÅ�É�|¿MÊ¯Y�e�Ze�d·Y�Z]Ê»�Ã|ÅZ�»�|uYÁ�¾ËY�½Á�{�Ã�Ìe�dË�|¿M�����/�Âe�Ä/¯�{Â/�

Ã�Ìe�²/¿��Á�¾�y�É�Â·Â§�Â»�|uYÁ��Y��e Et Ê»�®Ì/°¨e�¶]Z«|À�Z] )¶°��-�.(   
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¶°��-�-�½ZÌ»ÄËÓÃ�Y|³�ÉZÅ �Ze�ÊfË�|¿M�|uYÁ��{�d·Y�Z]�É�|¿MÉ�YÁM�}M )[ÂÀm�Ä]�|Ë{©��(  

  
  
  

� -�-�- Ê´À��|uYÁ�¥Âe�µZf�Ë�¯  (Ect)  

�|uYÁ�Ê´À��¥Âe�µZf�Ë�¯{ÄËÓ� �Y�Ê°Ë��«YÁ� �¶Ì°�e�ÉZÅ�|uYÁ� Ã|ÀÅ{É�YÁM�}M �Ä]� Ä¯�d�Y

d�Y� Ã|��®Ì°¨e�½M� �Y� ,Ä¬�À»�Ê«���[ÂÀm�d¼�«� �{�ÄmÂe�¶]Z«���f�³�¶Ì·{ .�|uYÁ�¾ËY�²¿�

�É�f�¯Zy�Ä¯Ê»��Ìz�e�¶]Z«�Y�v���{�É�ÂÅZ»�Äbe�É�Â·Â§�Â»�Z]�|�Z])¶°�� -�.(   

  

  
¶°��-�-��É�ÂÅZ»�Äbe�É�Â·Â§�Â»�Z]�¥Âe�µZf�Ë�¯�|uYÁ)©���µZ¼��d¼��Ä]�|Ë{(  
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� -�-� -�®ËY{ZÅ  

®ËY{Ä¼�q� Ã{Á|v»� �{� ZÅ� �§Zu� ��YÁ|u� \Ì¯�e� ÉY�Y{��� ®Ë�Z])Ê¯Y�e� ,ÊfË�|¿M�,ÊfË�|¿M

Êf·Y�Z]� ,ÊfÌ�Y{ (� Á¾�ÂWY�¾��ÉY�Y{��ËY|Ìa� ��¿� �Y-�Ê»�¾�Â´Ì·Y|À�Z] .®ËY{�\¸£Y�|¿Á��ÉY�Y{� ZÅ

�©���µZ¼����Ê«���Ze�Ê]�£�[ÂÀm��¶�³�{Y|f»Y��{�Á�É�YÂ»�Á�|Àf�Å�ºWZ«�\Ì��Z]�Ê]�£�Ê¸�Y�ÉZÅ

Ã|��¶Ì°�e�Ä¬�À»|¿Y .½M�\Ì¯�e²À��\Ì¯�e�Z]�ZÅ�Äf�Y{�Ê¿YÂz¼Å�0Z»Â¼��{Ây�½Z]�Ì»�Ê¿Z�¨�eM�ÉZÅ

®ËY{�½YÂÀ��Ä]�ÁÄË~¤e�ÉZÅÊ»�¶¼��Ã|ÀÀ¯|ÀÀ¯ .®ËY{�d»Zz��Ì¤f»�ZÅ��½Â¼Ày��µÂ��Á��f»�|Àq�Ze�Á

½MÊ»��f»�|���Y��Ì]�Ä]�ÃZ³�¾Ì»��t����{�ZÅ�|��),Ê¿Z]�«����()¶°��-�(.  

  

�-�-�-�Ä¿Z³{Za�Ê¼Ë|«�Êf§�]M�ÉZÅ(Qt1)  

�¾ËYuYÁ|��Y�e�Ä]��Â]�»�Ê¼Ë|«�ÉZÅÊ»��Ä/¯�{�Y{�½Â¼Ày��Ä¬�À»��¯�»��{�Á�|�Z]���Y�¶°/�f»

µÁY�³Ä¿Y{���Âf»�Ze�d��{�ÉZÅ�|Àf�Å�ÉYÁ�½Z°»��{ÄÅY�]M�ÄÌ�Zu��¨e�»�00Zf^�¿�ÉZÅ�|¿�Y{�½Â¼Ày��ZÅ

)¶°��-�.(  

  

  
¶°��-�-��Y�e��Y�ÊËZ¼¿��§Zu�Ä¼�q�Ä¬�À»��{�{ÂmÂ»�ÉZÅ)µZ¼��d¼��Ä]�|Ë{(  
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�-�-�-�Ä¿Z³{Za�½YÂm�Êf§�]M�ÉZÅ(Qt2) 

¯�cZ]Â��¾��,ÉÓ�Á�¶³�\Ì¯�e�Z]�d���0Ô»ZcZ �«�Á�Ä�Z»�,�Ê´À����d/��{��ZÌ�]���Y�¶/�Zu

²À�d�{ÓZ]�ÉZÅ,�Äf�Æ¿�¾ËYÊ»�¶Ì°�e�Y��ZÅ|ÀÅ{ .�{�0ÓÂ¼ »�cZ]Â���¾ËY����{��§Z/u�Ä¼/�q�Ä¬�À»�

d§�]M��ZÀ¯Zu�|Æ��ÉZÅÊ»�Ã|ÅZ�»���|¿Â�.  

  

�-�-�-�ÄÀ°§Y��Á�z»ZÅ(Qf)   

d¼�«�Êy�]��{ÊÆfÀ»��{�ZÅÄÅY�]M�ÄÌ·Y���Y�¶°/�f»�Ä¯���Zu�����cZ]Â���,ZÅ��cZ/ �«�́ À/�Ê�

Ê»�d�{ÓZ]|À�Z], ¶°��Ä]��d¼�«�¾Ë|Àq��{�ÄÀ°§Y��Á�z»Äe�Ä¬�À»Ã|��¾Ì�¿|¿Y .  

  

�-�-�-�d§�]M��Zu|Æ��ÉZÅ(Qal)   

d§�]MÄÅY�]MÁ�Ê¸�§�ÉZÅ{Á��ÄÌ�Zu�ZË��f�]��{�¶Ì°�e�µZu��{���Zu�|Æ��ÉZÅ�|Àf/�Å�ZÅ��Ä/¯�

����½MZÅ��Ä]�ÃZ³���Ê»��Ì¿��f»|�� .�cZ/ �«�¶»Z��cZ]Â�����Ê´À/�����ËZ/��§��Y�¶/�Zu�²À/��ÉZ/Å�

Á�d�{ÓZ] É�|¿M�Á�dË�|¿M�\Ì¯�e�Z]�¥Y��YÊ»�d·Y�Z]|À�Z] .Ä¸�Z]²À��ÉZÅ����,Ê¼Ë|/«�ÊmY�zf/�Y�ÉZ/Å

¶¿ÂeÃ�Z]���¾ÌÀr¼Å�Á�ZÅdÌ·Z §��Y�Ê�Z¿�[Á}�ÉZÅÄÀÆa��Ì¿�É{Y|��ÉZÅ�Ê Ì�Á�0Zf^�¿�ÉZÅ��t�/���{�Y�

Ê»�Ã{Á|v»|À¿Z�Âa.  

  

� -�-��§Zu�Ä¼�q�Ä¬�À»�Ê¿Z¼fyZ��Ê�ZÀ��¾Ì»�  

- ¶�³ZÅ  

� Ê¿Z¼fyZ����YÂ�� Ê¸�Y� |¿Á�)¶�³¾Ìq� Á� ZÅZÅ (� Ê«��� µZ¼�� Ä ·Z�»� {�Â»� Ä¬�À»� �{��

d�Y� Ê]�£� [ÂÀm .¶�³Â¸Ìn¿Y� ÉZÅ�µZ¼�� �{�{Á�e� Á�[ÂÀm� �{�� {Y|f»Y� Z]N60-70E��¾Ë�f¼Æ»

Ê´f�°�Ä¬�À»� ÉZÅ|¿Y�`q� �¤·� {Y|f»Y� Ä¨·Â»� ¶�³� Á{� ¾ËY� Ä¯|¿�Y{� �Â° »� �¤·� \Ì�� Á� {�³ 
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),Ê¿Z]�«���� .(�Ä]Ê»���¿¾Ì»��cÓÂve�Ã|¼��|��¶�³�¾ËY�d¯�u�ÄnÌf¿��{�Ä¬�À»�Ê�ZÀ�Ê»�ZÅ-

|�Z] .`q�cZ¯�u½M�{�³ÅZ�\mÂ»��Ã{Á|v»�Á�{Y|f»Y��{�Ä�Ze�¯��Y��Ìa�cZ]Â���|Ë|��Ê³{�Ây�¾Ìq

¶�³�¾Ì]Ê»�{Á�e� Á� Â¸Ìn¿Y�ÉZÅ�{Â�),½Y�Z°¼Å�Á� Ã{Y�|À¼�ÂÅ���� .(��Z�Y� �]ºf�Ì�Ä¸�³�ÉZÅ Á�

ÉZÅÁ�Ì¿�{�°¸¼���Ä¬�À»��]�{�YÁÊ»{�¯�ºÌ�¬e�Äf�{�Á{�Ä]�Y��Ä¬�À»��{��¸�³�½YÂe .  

- ¶�³� µÁY� Äf�{Ä¿Z¯� �Y� ¶^«� ÉZÅµÂ¸v»� ½ZË�m� �{�Ê¼Æ»��¬¿� Ä¯�ÊËY�Ê¿Z¯�ÉZÅ�Ã{Z»� Á� Äf�Y{� �Z�

Ã{Y{�ÉZm�{Ây��{� Y��Ê¿| »�¶»Z��Á�|¿Y¶�³�Ê¸�Y�ÉZÅe� Á�µZ¼���{�Â¸Ìn¿Y�ÉY�Y{�Ä¯�[ÂÀm��{�{Á�

«��� µZ¼��ÉZf�Y��Ê-�[ÂÀm]�£Ê Ê·Z¼�� �Ì¿� Á -�� Ê]ÂÀmÊ»|À�Z]�¶�³� Ä¯�Ê«��� µZ¼��ÉZÅ��

`q��¤·�{Y|f»Y�ÊËZn]Zm�Á�Ã{Â]�®ÌffÀÌ���Â¿��Y�Ê]�£�[ÂÀm¶�³�¾ÌÀr¼Å�Á�Äf�Y{�{�³�Ê·Z¼��ÉZÅ� 

`q�ÊËZn]Zm�¶Ì·{�Ä]�Ê]ÂÀm¶�³�{�³�|Àf�Å��Â° »��¤·�\Ì��Ê¸�Y�Ä¨·Â»�ÉY�Y{�{Á�e�Á�Â¸Ìn¿Y�ÉZÅ

),Ê¿Z]�«����( .Ä¼�q�Ã{Á|v»��{¶�³��§ZuËZÅÊ �Ä¯µZ¼��ÉZf�Y���{«��Ê-�[ÂÀm]�£Ê�ºÅ�Z]�|¿Á�

¶�³�Ä¬�À»�Ê¸�Y�ÉZÅ|Àf�Å�Äf§�³�¶°��Ä¬�À»��]��Z�§�µZ¼�Y��Y�Á\¸£Y�Ä¯�|¿Y�Ä³����ÂeÄ¿Z¯�ÉZÅ-

Ã|���a��Y{|¿Y .Ä¿Z¯�Ê¸�Y�Ä³���§Zu�Ä¼�q�¶�³�{Y|f»Y��{��§Zu�Ä¼�q��Y{)Ê·Z¼��|¿Á� - Ê]ÂÀm (

d�Y�Ã|��¶Ì°�e.  

- ¶�³�¹Á{�Äf�{ZÅÊ¿Z¯��Y�| ]�ÉÃ{�¯���«� Y��Ê¿| »�Ã{Z»��Z¬¿�Êy�]��{�Ä¯�É�Z����Âe��f�Ì]�Á�|¿Y

Ã|�� �a�dË�Z]� Á��Ì¸Ì�� ,dÌ�¸¯|¿Y .¶�³�¾ËY� ZÅµZ¼��ÉZf�Y�� �{]�£Ê-�[ÂÀm«��Ê�Ê»|À�Z],��Ä¯

�Y�ÊËZÅ���iY� �{� 0ÓZ¼fuY�Á�Ã|��¶Ì°�e�Ã{�YÁ�Ê��Z�§�ÉÁ�Ì¿��]�{Â¼��Äf§�³�¶°���Àe�Á�|¿Y�Z]� ÃY�¼Å

¶�³�Ê«���ÉZÅ���Ê]�£���Â¿��YÊf¿Md�Y���¤·�{Y|f»Y�ÊËZn]Zm�Á�Ã{Â]�®Ìfe|¿�Y{�{�³ .¶�³�|¿Á���{�ZÅ

½Á��ÊeY}�cZÌ�Â�y��Y�¾ËY�Á�d�Y��Y{�Ây�]�ÊËÓZ]��ÂÀe��Y�Ä¬�À»��¤·�{Y|f»Y�Ê¸�³�ÉZÅd�Y )�,Ê¿Z]�«

����(.�¶�³�{�YÂ»��f�Ì]��{Ê«���ÉZÅ -  Ä]Zm�h�Z]�Ê]�£¶�³��ËZ��Á�Ê´À��ÉZÅ|uYÁ�ÊËZmÃ|��ZÅ-

|¿Y.�Ê»���¿�Ä]¶�³�¾ËY�Ä¯�|��Ê»�Ä ·Z�»�{�Â»�Ã{Á|v»��{�Ä¸�³�¶�¿�¾Ë�yM�ZÅ�|À�Z]��{Y|f»Y��{�Ä¯

½MÄ³��ZÅÄ¿Z¯��ZiM�|«Z§�Ê�Ì¸Ì��Á�ÄeZÀ]�¯�ÉZÅd�Y�Ã|��¶Ì°�e�ÊËY�. 
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¶�³�¾ÌÀr¼ÅÊ»� Y��Ä¬�À»�ÉZÅ¶�³�Äf�{�Á{�Ä]�½YÂe{Â¼¿�ºÌ�¬e�Ê��§�Á�Ê¸�Y�ÉZÅ .�|¿Á�

¶�³�Ê¸�Y�ÉZÅN60-70E��{Á�e�¶�³�Z]�É�YÂ»)�©���µZ¼���[�£�[ÂÀm (d�Y .¶�³�¾ËY�Á{�ÉY�Y{�ZÅ

�\Ì��Z]�É{Â¼��ÊËZn]Zm��Â¿����Ê]ÂÀm�d¼�«�Ä¯�Äm�{�Ä¯�Ê¬§Y�ÊËZn]Zm�Á�¾ÌËZa�d¼��Ä]�Y��¶�³

Ê»� ©Â�� ©��� d¼�� Ä]� Y�� ¶�³� Ê]ÂÀm� d¼�«|Å{ .¶�³� |¿Á�� Ê��§� ÉZÅN20-30E� ��d�Y

)�,½Y�Z°¼Å�Á�Ã{Y�|À¼�ÂÅ���� .(�¶°���{� -���¶³�¹Y�³ZË{¶�³�ÉY�]�Ã|��º���Êy���Ã{Á|v»�ÉZÅ

Ä¼�qÊ»�Ä�uÔ»��§Zu {Â� .�¾ËY��{�Ä¯��Â�¿Z¼ÅÊ»�Ã|Ë{�¹Y�³ZË{ ¶�³�|¿Á��{Â���ÂÀe��Y�Ã{Á|v»��{�ZÅ

ÉZÅ|¿Á��¾°Ì·�d�Y��Y{�Ây�]�É{ZË�  N-S Á NE-SW�d�Y��Y{�Ây�]�É�f�Ì]�Ê^�¿�dÌ¼ÅY��Y .  

- ¾ÌqZÅ 

¾Ìq�|¿Á��{Á�e�ÄÌuZ¿�¦¸fz»�ÊuYÂ¿��{�Ê³{�Ây»�cÁZ¨fd�Y .¾Ìq�|¿Á���ZË�e��yYÁY�Ê³{�Ây

¾Ìq�¦ ��d¸��Ä]¾Ìq�c|��Á�Ê³�ÂyÊ³{�Âyd�Ì¿��z�»�É| ]�ÉZÅ .¾Ìq�Ê³{�Ây�®Ì�Y�Á�

¶�³�¾Ì]�¾ÌËZa�Ä�Ze�¯�Á�ÊËÓZ]�[�£�µZ¼��|¿Á��ÉY�Y{�{Á�e�Á�Â¸Ìn¿Y�ÉZÅ����Y�Ä¯�d�Y�©���[ÂÀm

N40W fÀ»��{�Ze�Ê]�£�ÄÌ·YZÆN20W��Ze�µZ¼��Á��¯�»��{N40W��Ä]�Ä¯�d�Y�©���[ÂÀm�Á�[ÂÀm��{

¾ÌqÊ»�pÌa�Z»�d·Zu�ZÅ�|Å{)�¶°�� -��.( ¾Ìq�ÉY�Y{��Ì¿�¾�ÂWY��Y��Ìa�Á�Ä�Ze�¯��Y��a�Ê³{�Ây

»�Ä°Ë�Â��Ä]�d�Y�ÊfÌ �Á�¾ÌÀq�Ë{ÁZ¿�Á��Ë|«Ze��Âvd�Y�µZ¼��Ä]�Á��Ä�Ze�¯�ÉZÅ .¾Ìq�Ê³{�Ây

�½M��]�º¯Zu�|¿Á��Ä¯�|¿�Y{�Y��Ê¨¸fz»�ÉZÅ|¿Á���Ì¿�¾�ÂWY��Y��aN70E�d�Y .��{��Ì¿�ÊrÌa�Z»�d·Zu

¾Ìq�¾ËYÊ³{�Ây{�Y{�{ÂmÁ�ZÅ )�,½Y�Z°¼Å�Á�Ã{Y�|À¼�ÂÅ����.(  
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¶°��- �� -��¶³�¹Y�³ZË{¶�³�Ê¿YÁY�§�Êy���ZÅ)¦·Y(�¶³�¹Y�³ZË{��ÁÄ³��Ê¿YÁY�§�Êy��Ä¿Z¯�ÉZÅÄ¼�q�Ä¬�À»��{��Y{ -

��§Zu),Ê¼�Z«����.( 

 

  
�¶°�� -�� -�¾Ìq�¶Ì°�e�Ê´¿Â´qÊ³{�Ây�¶°��ÊrÌa�Z»�ÉZÅ)�,½Y�Z°¼Å�Á�Ã{Y�|À¼�ÂÅ������Y�Äf§�³�],

,Ê¿Z]�«����.(  
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� -� -�Ä»|¬»  

�cZ ·Z�»²À�²À��¶Ì°�e��ËY���Á�Ê°Ì¿Âf°e� ÃZ´ËZm� ,P�À»�dyZÀ���Â�À»�Ä]�Ê�ZÀ���{� ,ZÅ

Ê���]� Á� Ê§Y�³Á�fa� cZ ·Z�»� Ä]� Äf�]YÁ� µÁY� Äm�{d�Y� ÊËY�v�� ÉZÅ .Ê���]��»Zm� Á� ªÌ«{� ÉZÅ

¾f§�³���¿��{�½Á|]�ÊËZÌ¼Ì�ÂW��Ê¼¿�Ê§Y�³Á�fa�cZ ·Z�»²À��ªÌ«{��¿�Á�fa�ÉÂ´]YÂm�|¿YÂe�Á�|�Z]�ZÅ

²À��ÊaÂ°�Á�°Ì»�Ê���]½M�Ê¼Ì�ÂW��Á�ZÅ�Ê§Y�³Á�fa��Y��f�Ì]�É�Â·Á�fa�Ã�Á�»Y�Á�|¿�´Ë|°Ë�¶¼°»�ZÅ

Ê���]�Ä]�|À»�ZÌ¿��v»ÊaÂ°�Á�°Ì»�ÉZÅ�²À��{�Y{�ZÅ),Ê¸�����.(  

�{�ÊËY�v��cZÌ¸¼�� Ä¸u�»� �ZÆq�Ê�� �Â�À»�¾Ë|]�|¿Á�� �]� {Â¼��c�Â�� Ä]� {| f»�ÉZÅ�Ì�»� �

��Y��Ì]�,Ê¿| »�Ã{Z»�Á�Ê°Ë�Â·ÂfÌ·���|��d�Y{�]�Ê´À��Ä¿Â¼¿ .Ä¿Â¼¿�¦Ì�Âe��Y��a�{Y| e�,Êf�{�ÉZÅ

���½M��Y�­�Z¿���¬»|Ë{�³�ÄÌÆe�Ê§Y�³Á�fa�cZ ·Z�»�dÆm�ZÅ .  

�n¿Y�ÊÅZ´�ËZ»�M�cZ ·Z�»��Z�Y��]�¾ÌÀr¼Å�Á�|��½ZÌ]�¶^«�¶�§��{�Ä¯��Â��½Z¼Å�,Ã|��¹Z  

²À��ÉZÅ�Ä¬�À»�Ä]�Ä ·Z�»�{�Â»�ZÆq �Äf�{Ã|��ºÌ�¬e�|¿YÄ¯��Y�|Àe�Z^�:  

�( ²À�Ê¿Z�¨�eM�ÉZÅ�¶»Z� : ¾ËÂÌ·ÁY,d·Y�Z]�,d·Y�Z] Ê¯Y�edË�|¿M�Á�dË�|¿M. 

�( ²À�É�YÁM�}M�ÉZÅ�¶»Z�: ®ÌfÌ·�¥Âe®ÌfÌ·�µZf�Ë�¯�,�¥Âe. 

�( ¶»Z��É}Â¨¿�Ã{Âe :Ã{Âe�ÊfÌ¿Y�³�ÉZÅ��®ËY{�,ÊfË�ÂË{Á�¿Â»���YÁ|u�ÉZÅ���®Ë�Z])³�Á�ÊËÁ�]Z

� ,Êf·Y�Z]� ,ÊËÁ�]Z³Á�´Ì»É�|¿MÊfË�ÂË{Á�°Ì»� ,Êf·Y�Z](� ,� dË�|¿M� ÉZÅ|^À³���ÊfÌ�Y{

),Ê¿Z]�«����.( 

Ê³�ËÁ�¦Ì�Âe�Ä]�Ä»Y{Y��{½M��Y�®Ë��Å�Ê§Y�³Á�fa�ÉZÅ|��|ÅYÂy�ÄfyY{�a�ZÅ.  

  

� -�- ²À��Ê§Y�³Á�faÊ¿Z�¨�eM�ÉZÅ  

cZ ·Z�»�Ä]�ÄmÂe� Z]�ËY�v��,Ê§Y�³Á�fa�Á�Ê�ÉÂ«�µZ¼fuY�Ä]²À�Ä¬�À»�Ê¿Z�¨�eM�ÉZÅ�{�Â»�É

Ê»�dË�|¿M�Ze�d·Y�Z]��Y�ªË�¨e�|¿Á��®Ë�ÉY�Y{�Ä ·Z�»|À�Z] .ÃÁ�³�¾ËY��{�|ÀËY�§�d§��Ìa�Z]�Ê´À��ÉZÅ

ªË�¨e���Y�¾ËÂÌ·Y��Y|¬»²À���{�{ÂmÂ»��]�Á�Äf�Z¯�ZÅ��Ô¯ÂË�Ôa��Y|¬»�Ê»�Ã{Á�§Y{Â� .�ÄmÂe�¶]Z«�Äf°¿
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À���{²�Êf§Z]�|ÅYÂ��{ÂmÁ�Ä¬�À»�ÉZÅ�µ{Z e�¹|���ËY��¶»Z���,µZy{Y�,Ê�À¯YÁ�ÄÌ�Zu�Ê·Z]�£�d§Z]

Ä¬�À»� Ád�Ë�¯ÂÀ§� �{�É|À]¾�¯Á�Ìa� Á� �Ô¯ÂË�Ôa�ÉZÅ d�Y�²À�� �{� Ä¯�Ä]� Ä¬�À»�Ê¿Z�¨�eM�ÉZÅ

Ê»�Ã|ÅZ�»�Ê]Ây|¿Â�.  

�Y�|Àe�Z^��¶�§�¾ËY�µZ°�Y��{�Ã{Z¨f�Y�{�Â»�É�Z�fyY�ºWÔ�:  

����������������������cZb�|¸§Fld  �������������������®aÁY�Ê¿Z¯Opc  ������������������¾ËÂÌ·ÁY        Oli 

�e�YÂ¯                          Qa �������������������������dÌ�¸¯Ca  ���������������Ô¯ÂË�ÔaPlg  
����������������������|À¸^¿�ÂÅHbl  ��Ë�����������������������dÌ�Ser  ��������¾�¯Á�ÌaÂÀÌ¸¯Cpx  

  

� -�-�- ¾ËÂÌ·ÁY�d·Y�Z]ZÅ  
¾ËÂÌ·Yd·Y�Z]Ê»� Ã|Ë{� ÃZÌ�� Ze� Ã�Ìe� É�f�¯Zy� ²¿�� Ä]� Ä ·Z�»� {�Â»� Ä¬�À»� �{� ZÅ|¿Â� .��Y

Ä�z�»Ã|¼��É²À��É�¨�eM�ÉZÅÊ»�Ä¬�À»�Ê¿ZÄ¬�À»� {ÂmÁ� Ä]�½YÂed�Ë�¯ÂÀ§� �{�É|À],ZÅ �d§Z]

Ê·Z]�£ É�Ì§�ÂaÁ�»Â¸³� Á {�¯� Ã�Z�Y. Ê¿Z¯� Ê¸�Y� ÉZÅ¾ËÂÌ·Yd·Y�Z]�Á� ¾ËÂÌ·ÁY� ,¾�¯Á�ÌaÂÀÌ¸¯� Y�� ZÅ

Ê»� ¶Ì°�e� �Ô¯ÂË�Ôa|ÀÅ{. Ê¿Z¯Ê��§� ÉZÅ Ê¿Z¯� ¶»Z�Y� ÉZÅÁ�®aÊ¿Z¯� Á� ÄËÂ¿Zi� ÉZÅ�,dË�¸¯� ¶»Z�

dÌ�¸¯�,dË�´¿|ËY�Ê»�dÌ����Á|À�Z]. {���¿�Ä]ËÌ��½Y�Z°¼Å�Á )����(�§�,ËMY�|ÀË´¿|�Ë�½|��ÊfË�®

¤eÌÌ|^e�Á��Ëa�¶Ì·Y�½Z¼fyZ���{�Äf�ÂÌÂË�Á�¾Ëa�ZÌ�{�Ä¯�d�Y�¾�¯Á� Ê»�ÉÁ��|»Zm�d·Zu�Ê��Á�|Å{

ºeY�{Á�Á�½MÅ�ÉZÅÌ]�½�Á�|Ä ·Y�½Z¼fyZ��½Á�{ÌÂË½M�µZ�eY�Á�¾ºeY�Ä]�ZÅ�¯Y�ÉZÅÌ�½|��{Y�M�\mÂ»�½�

eZ¯Ì½Â�ÉZÅMg, ˻+  Fe�ÁSi�eZ¯��Â���{�Á�Ã|�Ì½ÂÉZÅ�+ Fe�,Al �ÁCa �¿Zm�Á�Ã|��Ä°^��{�YÁÌ½M�¾ -

Ê»�ZÅ|¿{�³ .Ê¿Z¯�¾Ì·ÁY�,¾ËÂÌ·Y�Á��Ô¯ÂË�Ôa|Àf�Å�Êf·Y�Z]��ËZ»��Y�Ã|���Â¸^f»�ÉZÅ .��Â¸^e�Z]�|¿Á��¾ËY

Ê»�µZ^¿{�¾�¯Á�ÌaÂÀÌ¸¯µZy{Y�ÉY�Y{��«YÂ»�Ê� ]��{�Ä¯�{Â�Ê»��Ô¯ÂË�Ôa��Y�ÉZÅ|�Z].   
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-�¿Z¯ÊÊ¸�Y�ÉZÅ��{ ¾ËÂÌ·Y d·Y�Z]ZÅ  

 �ÔaË��Ô¯Â  

]Ì�f�Ë]��{�Y��ºnu�¾Ì�¯ÂÀ§�¾Ëd�²À��ÉZÅÊ»�Y�Y{�Êf·Y�Z]�ÉZÅ|�Z]. ½M�Ã�Y|¿Y]�ZÅÌ�¾�/���Ze��

»Ì¸Ì¿� Ze�¶°�{Ây� 0Y�j¯Y� Ä¯�d�Y� �f¼Ì|Àf�Å�¶°�{Ây�Ä¼. YËÄ]�Ê¿Z¯�¾ �¯ÂÀ§�c�Â�Ëe� ,d�ÌÄ¤�,ÉY

»Ì·Á�°Ì{�¶°��Ê¿�Â��Á�ÊfËÊ»�Ã|{Â�.�½M��Y�Êy�]ZÅ�¸a�¶¯Z»ÊfÀ�Ì®�Ê·Z]�£�d§Z]�Á�Ê»�½Z�¿|ÀÅ{ 

)¶°��-�(. ZÅ�Ô¯ÂË�Ôa ¶¼vf» ��ËÃ|Ë{�³�½|��ÊfË�Â�Â��Á�½|��ÊfÌ��|¿Y)¶°�� -� .(Ä³��ÉZÅ

Ä¿Â¼¿��Y�Êy�]��{��Ì¿�ÊfÌ�¸¯d�Y�Ã|ÅZ�»�¶]Z«�ZÅ.  

  

 ¾�¯Á�Ìa 

¾�¯Á�Ìa��{�{ÂmÂ»�ÉZÅ�¾ËÂÌ·Yd·Y�Z]��¾�¯Á�ÌaÂÀÌ¸¯��Â¿��Y¶°�{Ây�c�Â��Ä]�0Y�j¯Y�Ä¯�|Àf�Å�

Ê» �Z]À|. Ê³�ËÁ�Ä]�ÄmÂe�Z]�,��Âf»��¿Y�¿�§�Ì]�,{ZË��Ê´f�m�]�¶»Z��Ä¯�Ê¿Z¯�¾ËY�ÊaÂ°�Á�°Ì»�ÉZÅ

w��Z]�Ê ¸��d�Å���Z¬»¾�¯Á�ÌaÂÀÌ¸¯�,d�Y�¶ËZ»�Ê�Â»Zy�ÄËÁY��Á�É�Â�À»�ÉZÅ�0ÓZ¼fuY�,{ÂmÂ»�ÉZÅ

|Àf�Å�dË�ÁY��Â¿��Y )¶°��-� .(Ä¬�À»½M��{�ÊÀ��d�Z���É|À]Ê»�Ã|ÅZ�»�¶]Z«�ZÅ|�Z] .Ä¬�À»�É|À]

ÊÀ��d�Z��Ê»�|Ë|a�Ê «Â»\Ì¯�e� Z]�sÂ���Ä¯�|ËM�|ÀÀ¯�|��� ,�Â¸]�®Ë��{�¦¸fz» )� ,Ê¸�����.( 

Äf°¿¾�¯Á�Ìa� �{� ÄmÂe� ¶]Z«� ÉÊ»� É�Ì§�ÂaÁ�»Â¸³� d§Z]� {ÂmÁ� ,ZÅ|�Z] )¶°��-�(. �d§Z]

§� �Y� ÊeZ ¼ne� {ÂmÁ�É�Ì§�ÂaÁ�»Â¸³d�Ë�¯ÂÀd�Ë�¯ÂÀ§Á�°Ì»� ZË� ZÅZÅÊ»� Á�d�� |¿YÂe��{�Ê¼Æ»��¬¿

Ã{Âe�Y�Ë��|À¯�Z¨ËY�[Y~»�ªË�¨e¾Ì´À��ÉZÅduY��,�e½M�{�¨À»�cY�}��Y�®Ë��Å��Y��eÊ»�Á�§�ZÅ��]�Á�,|¿Á�

Ê¿Z¯�,�°�Äe�,¾Ì´À��Ê¿Z¯�Äf�{�®Ë�½ZÌ»��{�¾f§�³��Y�«�c�Â���{�,cZb�|¸§�¶j»�®^��ÉZÅ�¾Ì�¿

� |�� |ÀÅYÂy)Ê¸��� ,����.(�Ê¿Z¯� �¼ne� ¶�Zu� d§Z]� ¾ËY� Ä]Z�»� ÉZÅ)d�Ë�¯ÂÀ§�Á� ¾�¯Á�Ìa� ÉZÅ

�Ô¯ÂË�Ôa(Ã�Y|¿Y�Z]�,ÄÀÌ»���{�½Z�°Ë�0Z^Ë�¬e�ÉZÅ�d�Y��Ë��Ä¿Y{�É)�,d�]���� .(�Ä¯�|¿{Y{�½Z�¿�½Z¬¬v»

²À���{�É�Ì§�ÂaÁ�»Â¸³�cZ ¼ne�Á�Êf�Ë�¯ÂÀ§�cZ�Z¼fmY�\¸£YÄ¸u�»��{�,É�Ì§�Âa�Ê¿Z�¨�eM�ÉZÅ�É
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ËZ¼³Z»�©ZeY��{�®Ë�Â¸eY�fÀËYnËY�½Y�Â§��Y�¶^«�Á�ÊÊ»�{ZÂ�¿�|)Ê]�Z]���,½Y�Z°¼Å�Á����pËÁÂ¿YÁÂ¸Ì»�-���Á

�,½Y�Z°¼Å����¶WÂ»Z��-���,½Y�Z°¼Å�Á���� .(Ã|Ì¬��Ä]�ZÀ]®Ë�eZb¯�¯�É� )���� (�¶b¼¯�Á� )����(�,

Å�Â¸]��¼neËZÂ¿�®Ë��Y�ÊÄnÌf¿� ,µÁ�»Â¸³�¶Ì°�e�Á��Ä¨�¿�ÉÊ¿Z¯�¾ËY�¾´¼ÅZ¿�É|À]Ê»�ZÅ|�Z] .�Ê¸�

)���� (Ä¯�d�Y�|¬f »� �Ì¿�Ê»�{�Ây�]� �´Ë|°Ë� Z]� {Â ��¾¼�� ZÅ�Â¸]Ä°^��Ä¯�Êe�Â���{�Á�|ÀÀ¯�É

½M�É�Â¸]»� �´Ë|°Ë� Z]� ZÅÊaY��]YÁ��dÆm� �{� ZË� Á� |�Z]�É�YÂ��´Ë|¼Å� Ä]� ,|¿�Ì³� �Y�«�\�ZÀ»� µZÌ�¯Ze

µÁ�»Â¸³�Á�Ã|Ì^�qÊ»�{ZnËY�Y��ZÅ|ÀÀ¯ .�Ê�ÂÀÌ��cÓZ�eY�Y��d§Z]�¾ËY�¶Ì°�e�º�Ì¿Z°»��´Ë{�c�Z^��Ä]

Ê»|¿Y{ .Ã|Ì¬��Ä]��fÀËÁ�É)���� (�d�]�Á)����(��Y�¶�Zu�ÉZÅ�Â¸]�ZË�Á�P�À»�ºÅ�Á�ª¸ »�ÉZÅ�Â¸]�,

Ã�YÂË{�½|��Äf�°�ËZ¼³Z»�©ZeY� �Â¸^f»�ÉÊ»�¶Ì°�e� Y��d§Z]�¾ËY� ,Ê|ÀÅ{ .� ��¿�ª^��Á���½Y�Z°¼Å� Á

)����(ÄnÌf¿� É�Ì§�ÂaÁ�»Â¸³� d§Z]� ,d�Ë�¯ÂÀ§� �¼ne� ÉÊ»� Ä¸u�»� Ä�� ¶»Z�� Á� d�ZÅ�|�Z]

)�ZÌÆ·Y,É����:(  

Ä¸u�»µÁY�É :Y��{�ÄÌ·ÁY�ÉZ¼³Z»�ÊÀË�´ËZm�Ê���{ËZ¼³Z»�©ZeÄÌ·ÁY�¶uY�»��{�Á�Êd�Ë�¯ÂÀ§�,�Â¸^e�É-

Ê»�¶�Zu�ÊËZÅ|¿Â�.  

Ä¸u�»¹Á{�É :{�ÉZ¼³Z»� ½Á�{� Ä]� [Y~»�Ê§{Z�e� ªË��eËZ¼³Z»� ©ZeY� �{� {ÂmÂ»� �Â¸^e� µZu� ��h�Z]� ,Ê

[Y~»�¶Ì°�eÊ»��¸fz»�ÉZÅ{Â� .ÉÁ�¿Y�³�Á�Ê·Z´q��ÅZ¯�Ã|¿�Y{�]�{�[Y~»d�Ë�¯ÂÀ§�¾ËY�É�h�Z]�,ZÅ

d�Ë�¯ÂÀ§��¼neµZ´q�ÉZÅÊf�Z^¿Y�c�Â��Ä]��e��ËZ¼³Z»�©ZeY�¦¯��{Ê»�Ê�{Â�)�ÂÌÅ��,�������{��Á

�,½Y�Z°¼Å�Á����.(  

Ä¸u�»¹Â��É :µZ´q�ÉZ¼³Z»�ªË��e�µZ¬f¿Y� ,½�z»�½|��Äf¨�M�\^��,ÓZ]�d¼��Ä]��Ë���d¯�u�Z]��e

Y~»Á�{� �Z�§��ËY�§Y� Á�[ËZ¼³Z»� ©ZeY� ½Ê»�Ê{{�³ .Å�Â¸]� ½|�� Äf�°��h�Z]�[Y~»� �Z�§��ËY�§Y�ÉZ

ËZ¼³Z»�©ZeY�½Á�{�Ä]�Á�Ã|��ªÌ¼��ÊËZ¼³Z»�©ZeY�¦¯��{�{ÂmÂ»���{Á�Ê»�µZ¬f¿Y��eÓZ]�Ê|À]ZË .�¾ËY��{
                                                           
˺-Barbey   
˻-Milovanovic   
˼-Samuel   
٤-Kirkpatrik  
٥-Kempel  
٦-Xu   
̀-Cumulate   
́-Hughes   
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d�Ë�¯ÂÀ§�ÉY�]�Ê��¯�ÉÁ�Ì¿�{ZnËY�h�Z]��Z�§��ÅZ¯� ,½Z»��0ÓZ¼fuY�Á���Âm�Á�Ã|��Êf�Z^¿Y�ÉZÅ

~»��{��Zn¨¿Y{�Y{�Êa��{�Y���Â¯~»�[Y .�Á�Êf�Z^¿Y�ÉZÅ�Â¸]�¾Ì]�Ê��]��Àe�,[Y~»�µZ¬f¿Y�Á�ªË��e��iY��{

Ê»�{ZnËY�[Y~»{Â� .�|Ì·Âe�Á�Êf�Z^¿Y�ÉZÅ�Â¸]�½|��Äf�°��Ä]��nÀ»� ,Ê��]��Àe�Á�Ê��¯�ÉZÅÁ�Ì¿

Ê»�É�Ì§�ÂaÁ�»Â¸³�cZ�Z¼fmY|¿Â� .Ã�Ì¼y� ,½M� �Ë���½|�� {��� Á�[Y~»� {Â �� �iY� �{�¥Y��Y� �{�ÉY

YÊ»�¶Ì°�e�É�Ì§�ÂaÁ�»Â¸³�cZ�Z¼fm{Â�.  

 ¾ËÂÌ·Y 

¾ËÂÌ·Y�c�Â��Ä]�0Z^·Z£ ¶°��Ä¼Ì¿ÄÀÌ»���{��Y{�Ã|À¯Y�a�²À��ÉÊ´f�°��¶v»��{�\¸£Y�Á��Zq{�ZÅ

d�Y� Ã|��Ê¿Z��³{ )�¶°�� -�(. � 0Y�j¯Y�Ê¿Z¯�¾ËY�ÉZÅ�Â¸]�c�Â��Ä]Ã|�� {�³|¿Y�Ä¯��¶Ì¸ve� �Y�Ê�Z¿

Ã�ZÀ¯� Á� sÂ��� º�Å� Á� Ê´f§�Ê»� �Â¸]� ÉZÅ|�Z] .�µZÌ�� �Z§� ®Ë� �{� |»Zm� �Z§� ®Ë� Ê´f§�� ¶Ì¸ve

d�Y� �Z§� ½M� �Y� �Â]~»� µZÌ��½{Â]� �Z^�Y�dve� Ã|ÀÅ|¿Z�¿ .��ËY��� �ÌÌ¤e� ,\Ìe�e�¾Ë|])�\Ì¯�e� �ÌÌ¤e

�Z�§�ZË�Z»{�,ÊËZÌ¼Ì� (d�Ë�¯ÂÀ§�É�Y|ËZa��]�ÄÌ·ÁY�µZÌ���{�½M�½{Â]��Z^�Y�©Â§�d¸��Ä]� 0Ô^«�Ä¯�ÊËZÅ

Ã|�� �Â¸^f»,|¿Y �f�Y~³� �ÌiPe½M� ¶Ì¸ve� Á� º�Å�h�Z]� Á� ÄÊ»� ZÅ{Â� .Ê»� Y�� ZÅ�Â¸]� Ê³|�{�³�Ä]� ½YÂe

¯�uËZ¼³Z»�©ZeY��{�¾ËÂÌ·ÁY�ÉZÅ�Â¸]�dÄ¸u�»��{�[Y~»�µ{Z e�ÃZeÂ¯�½Z»��Á�Ê½M�¶Ì°�e�É{Y{�d^�¿�ZÅ 

),É�ZÌÆ·Y����(.  

 

-  Ê¿Z¯��{�Ê��§�ÉZÅ¾ËÂÌ·Y d·Y�Z]ZÅ 

 Ê¿Z¯®aÁY�ÉZÅ 

Ê¿Z¯Y�ÉZÅÁ]�®a�Ä�Á�Ã|À¯Y�a�c�Â�Ê¿Z¯�¾Ì]��{�d��{�Ze���Âf»�{Z ]Y��{Ê»�Ã|Ë{��´Ë{�ÉZÅ -

|¿Â�. Ê¿Z¯�¾ËYÊ¿Z¯��ËZ��½Á�{�µZy{Y�c�Â��Ä]� 0Z^·Z£� ZÅ|¿�Y{��Â�u� ZÅ .½Z�¿��»Y�¾ËYÃ|ÀÅ{��Â¸^e�É

Ê¿Z¯�½Z»�¼Å� 0Z^Ë�¬eY� Á�¾�Á��ÉZÅÁd�Y�®a .Ê¿Z¯�Ê¸¬Ì����Z¬»�Ä]� ÄmÂe� Z]�¶»Z���f�Ì]�®aÁY�ÉZÅ

dË�ÌaÂ°·Z¯�,dË�Ìa�Ê»�dÌeZ¼Å�Á|À�Z] )¶°��-�.(   
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Ê¿Z¯�Ê���ÉZÅ{�¯� Ã�Z�Y�dË�´¿|ËY� Á��

Ê¿Z¯�É�ÉZÅ|Ì�¯Y� Á�dË�¸¯� ,dÌ�¸¯�ÉZÅ

|¿Y�  

�ÉZÅ�Ô¯ÂË�Ôa� �Y�É�ËÂ�e��ËÊfÌ���Á� Ã|�
Y�ÉZÅÁ� �{�µZy{Y�c�Â�� Ä]�®a¾ËÂÌ·Y�d·Y�Z]

��Y�É�ËÂ�e�¯ÂÀ§Ëd�·Y�ÉZÅÌÂË¾�,YË´¿|Ë��Êf
Ä� ZÅ� Á´f�°�Ê��¯�»� Ze� Á� Ã|�� �Á��� ZÅ
Ë|]Z��XPL�� 

 

˼̀ 

 Ê¿Z¯ÄËÂ¿Zi�ÉZÅ��{�¾ËÂÌ·Y�d·Y�Z]ZÅ  
Ê¿Z¯�¾ËY�¾Ë�f¼Æ»� �YÊ»� ZÅ�½YÂe��� Ä]Ë� ,dÌ�¸¯� ,dÌ�Ê¿Z¯

Ä¸Ì�Â]�¶»Z¯� �Â��Ä]�¾�¯Á�Ìa�Á�¾ËÂÌ·ÁY�ÉZÅ�Â¸]� �Y�Êy�]Ê¿Z¯�É

Ã|��¾Ì�¿Zm�¾¥�Â»Á{Â��Á�|¿YÊ¿Z¯�¾ËY�ÉZÅY��ZÅ�Ã{�¯�{ZnËY|¿Y

d�Ë�¯ÂÀ§��{�Ê·Z]�£�d§Z]� �Y�É�ËÂ�e�ÉZÅ
ÄË�ne�Á��Ô¯ÂË�Ôa���Ä]ËdÌ����{�¾ËÂÌ·Yd·Y�Z]XPL)��  

¶°��-�-��ÉZÅ�Ô¯ÂË�Ôa� �Y�É�ËÂ�e
Ê¿Z¯� �Â�uY�ÉZÅ

�XPL��  

d�Ë�¯ÂÀ§��¼ne��Y�É�ËÂ�e�¾�¯Á�Ìa�ÉZÅ
��{�É�Ì§�ÂaÁ�»Â¸³�d§Z]�{ZnËY�Á¾ËÂÌ·Y�d·Y�Z]�PPL��  

¶°��-�-���Y�É�ËÂ�e
�Zu� �Y� ½|�ÌÄ
»�Ä»Y{Y�ZÅ�Â¸]ÊË

- 

Ê¿Z¯�¾ËY� ¾Ë�f¼Æ»� �Y

Ä¸Ì�Â]�¶»Z¯� �Â��Ä]�¾�¯Á�Ìa� Á�¾ËÂÌ·ÁY�ÉZÅ�Â¸]� �Y�Êy�]

ÅMÃ|��¾Ì�¿Zm�¾

  

¶°��-�-�d�Ë�¯ÂÀ§� �{�Ê·Z]�£�d§Z]� �Y�É�ËÂ�e
ÄË�ne�Á��Ô¯ÂË�Ôa

¶°��-�-�d�Ë�¯ÂÀ§��¼ne��Y�É�ËÂ�e
��{�É�Ì§�ÂaÁ�»Â¸³�d§Z]�{ZnËY�Á
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� -�-�-   d·Y�Z]ZÅ  

d·Y�Z]ZÅ�Ä]�Êf�{�Ä¿Â¼¿��{��Ã�Ìe�É�f�¯Zy�Ze�Ã�Ìe��^��²¿�Ê»�Ã|Ë{|¿Â�. �Z]�\·Z£�d§Z]d·Y�,ZÅ

É�Ì§�Âa��¾Ì·Zf�Ë�¯ÂfbË�¯�ÄÀÌ»��ÁÊ»|�Z]. ²À���Y�Äf�{�½M�ÉY�]�É�Ì§�Âa�c�Z^�Ê»��Z¯�Ä]�ZÅ�Ä¯�{Á�

d�Ë�¯ÂÀ§�¶»Z�ÄÀÌ»��®Ë�¶yY{��{��z�»�ÉZÅ|À�Z]��Ë��Ä¿Y{�É .Â��Ä]�É�Ì§�Âa�d§Z]�É{Y�|Àq�c�

)®Ìf¿��Ê¸a� (Ê»�¶Ì°�e{Â� .�[Y~»�½|��{���Ä¸u�»�Á{�¶»Z��d§Z]�¾ËY�{ZnËY�Ê¸�Y��Z¯Á�Z��0ÓZ¼fuY

d�Y .Ê»�¶Ì°�e�¾Ì»��t����Ë���{�Á��Á|Ì°Ì·�ÉZ»{��Ë���{�Äf�Å�Ê¼¯�{Y| e�,Y|f]Y{Â� .�|���,�b�

Äf�Å�¾ËYd�Ë�¯ÂÀ§�,ZÅÊ»�|Ì·Âe�Ê³��]�0Zf^�¿�ÉZÅ|À¯ .�nÀ»�Z»{��ÅZ¯�Ä�Ì��ÄÀÌ»��¶Ì°�e�Ä]�ZË�ÉY

d�Ë�¯ÂÀ§�¥Y��Y��{��Ë��Ä¿Y{Ê»�ZÅ{{�³ .d�Ë�Â·Á�fa�¦¸fz»�ÉZÅ)�¯Z¯���,½Y�Z°¼Å�Á�����,d�]�-

����¾»|ÀÌÅ� -�� ,����- ��f»Â·�� ,����¾��¾Ìf�Ë�¯� Á�d�]� -�,  ����� ,�f»Â·� -����(�ÉZÅ�Ì�»� ,

Ã{�¯� �¯}� É�Ì§�Âa�d§Z]� ¶Ì°�e� ÉY�]� �Ì¿� Y�� É�´Ë{�®ÌfÀÌ¯|¿Y�²À�� �{� 0Z»Â¼��d§Z]� ¾ËY� Z»Y�ÉZÅ

Ê»�¶Ì°�e�©Â§�ªË���Ä]�Ê¿Z�¨�eM�{Â�)�fÀËÁ��,�����,d�]�-����.(  

Ê¿Z¯ÉZÅ ÄÀÌ»� dÌ·Á�°Ì»ÉZÅ ,�Ô¯ÂË�Ôa ÉZÅ�Â¸]�Ë� ½YÁY�§ �Y Ê¿Z¯ÉZÅ YÁ�®aÁ \¸£Y cZ ¼ne 

cZÀ]�¯ + Á�dË�¸¯ dË�¸¯ +�e�YÂ¯ ��Ì¿Ã|ÅZ�» Ê»|¿Â�.  

  

- Ê¿Z¯Ê¸�Y�ÉZÅ���{d·Y�Z]ZÅ 

 �Ô¯ÂË�Ôa 

 d·Y�Z]Ê»�±��]� 0Zf^�¿� {Z ]Y� Z]� �Ô¯ÂË�Ôa�ÉZÅ�Â¸]�d��{�ÉY�Y{� ZÅ|À�Z])� ¶°�� -� .(Ã�Y|¿YÉ�

²À���{�ZÅ�Â¸]ËZ¼³Z»�ÉZÅÊ»� Y��Ê��¾ËY�Ä]�½YÂeÄf�Å�Z]�½Z»�¼Å�Ä¯�{�¯�ÄÌmÂe�c�Â��Ì¿�|���,É|À]

Ê»�c�Â��,|�Z]�º¯�0Zf^�¿�|���d����Ä¯�Êe�Â���{�,{�Ì³Äf�Å�d�Y�¾°¼»�,|¿Â��¶Ì°�e�É{ZË��ÉZÅ

                                                           
˺-Polygenetic   
˻-Cox   
˼-Hyndman   
٤-Le Maiter   
٥-Christian sen   
٦-Winter   
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Ä¿Y{�Ã�Y|¿Y� ,ÄnÌf¿��{Ê»�®Ìf¿Z§M�Êfu�Á�®qÂ¯� 0Zf^�¿�ZÅ{Â� .f·Zu��{�Z»Y�Ä]�d^�¿�|���d����Ä¯�Ê

Äf�Å�d���Ê»�¶Ì°�e�Äf�Å�Ê¼¯�{Y| e� ,|�Z]��f�Ì]�É|À]Ä¿Y{�Ã�Y|¿Y� Á�{Â���Â¸]� �Z°�M�Á��f³��]� ZÅ

Ê»�|¿Â�)� ,d�]���� .(ÁZ�� )���� (�ÌaÃ�Y|¿Y�Ä¯� {�¯�{ZÆÀ��Â¸]�|���d����d^�¿�Ä¸Ì�Â]� Ä¿Y{�É

)ö(��É|À]�Äf�Å�d����Ä])n (Ê»�µ�fÀ¯{Â� ),É�ZÌÆ·Y����(:  

( ö/n)
1/4~��Â¸]���Âf»�Ã�Y|¿Y  

�d�]����¿�Ä]�¾ÌÀr¼Å)����(��Y�dÌ ^e�Ä]�,�f³��]�ÉZÅ�Â¸]�Ä]��f°qÂ¯�ÉZÅ�Â¸]�½|��¶Ë|^e�,

¿Y��ÅZ¯�h�Z]� ,|·YÂf�Y�Êf§Z]�¡Â¸]�¶�YÄ¿Y{�Êv���É��Ê»�ZÅ�Â¸]��f�Ì]�É�Y|ËZa�ÄnÌf¿��{�Á� ZÅ{Â� .

Ê»��Ì¿� Y���Z�f¿Y�ÉÓZ]�d����,Êf·Y�Z]�ÉZ¼³Z»�½{Â]�ªÌ«��Ä]�ÄmÂe�Z]�¾ËY��]�ÃÁÔ��±��]�Ã�Y|¿Y��{�½YÂe

d�¿Y{��iR»�ZÅ�Â¸].  

�¯ÂÀ§Ëd�ZÅ�Ô¯ÂË�Ôa�É �Ä¯�¯�\¸£YÌÁ�Ã|�¶°�Ê»��Y{|À�Z] Ê³{�Ây��Zq{���Z¬»�Êy�]��{�

Ã|�|¿Y .YË³{�Ây� ¾ÊÃY�� �iY� �{� ZÅËÃ|�� ¹Zn¿Y� �Â¸]� ½Á�{� Ä]� [Y~»� Ê]Z|¿Y .Ze� ��¿� Ä]Ëd�, )����(�,

�¯ÂÀ§Ëd�ZÅËÊ»�[Y~»�µZy{Y�ÉÁZu�Ä¯�ÊµZy{Y�¶yY{��Z�§�Z¼³Z»�{Â ��¹Z´ÀÅ�Ä]�,|À�Z]��Â^v»�ÉZÅ

�§YËY��Ë�Â¸]�Á�Äf§Z �Àe�¶¼vf»�Y�Ê��¯�ÉZÅ Ê»f¿��{�Ä¯�|¿�Z�Ì«��Â¸]�½M�Än{Â��Ê»�Ä �«�Ä �.  

  

 ¾�¯Á�Ìa 

Ê»�¶°�{Ây�Á�º·Z��\¸£Y�¾�¯Á�Ìa�ÉZÅ�Â¸]|À�Z] .�0Ô^«�Ä¯�ÊaÂ°�Á�°Ì»�cZÌ�Â�y�Ä]�ÄmÂe�Z]

Ê»���¿�Ä]� ,|���¯}dË�ÁY� ,¾�¯Á�Ìa��Â¿� �Ä¯�|���ZË�Á |�Z]�dË�ÁY�½ZfÌe .�dË�ÁY�ÉZÅ�Â¸]�Ê´¿��|Àq

²À���{�½ZfÌe�{ÂmÁ��´¿Z�¿d�Y�Ä¬�À»�ÉZÅ .�Á�¹|¬e���¿��YÊ»��Â¸^e��yPe�ÃÂmÁ�� ¬e�Á�[|ve�Ä]�½YÂe

Ê¿Z¯�Ë���[|v»�sÂ���Ä¯�É�Â��Ä]� ,{�¯� Ã�Z�Y� ZÅÃ|���Â¸^f»�� ¬»�sÂ����Y��e|¿Y .�ÉZÅ�Â¸]�½Á�{

Ê¿Z¯� ,dË�ÁYY�ÉZÅÁ®a �Y{� {ÂmÁ¿Ã|ÀÅ|¿Z�¿� Ä¯� |½M� �Â¸^e� ¹|¬e�Éd�Y� ¾�¯Á�ÌaÂÀÌ¸¯� Ä]�d^�¿� ZÅ 

)µZ°�Y�-���Á�-�(.  

                                                           
˺-Shaw   
˻ -Tait  
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 ¾ËÂÌ·Y 

 ��{�{ÂmÂ»�¾ËÂÌ·ÁY�ÉZÅ�Â¸]d·Y�Z]½M��{�Ê³{�Ây�Á�µÔv¿Y�Á�Ã|��½Z��³{�0Ze|¼��ZÅÊ»�Ã|Ë{�ZÅ-

{Â� )¶°��-�( .Ê´f�°��¾ËY� {Y|f»Y� �{�Ä¯�d�Y� �f�Ì]� �Â¸]� ÄÌ�Zu� �{�Ê³|��ÄË�ne� Á�µÔv¿Y�,ZÅ

{�Y{�Ä»Y{Y��Â¸]��¯�»�Ze�Á�Äf�ÂÌa��Â«Â]�½|��ÊfË�´¿|ËY.  

  

- Ê¿Z¯ÉZÅ�Ê��§���{d·Y�Z]ZÅ  

 Ê¿Z¯®aÁY�ÉZÅ 

Ê¿Z¯Y�ÉZÅÁ¶°��ÉZÅ�Â¸]�c�Â��Ä]�®a¶°��Ä¼Ì¿�Ze��Y{�Y{Ã|À¯Y�a�²À��ÄÀÌ»���{�,|¿Y .�¾ÌÀr¼Å

|¿�Y{�{ÂmÁ�µZy{Y�c�Â��Ä]�¾�¯Á�Ìa�Á��Ô¯ÂË�Ôa�ÉZÅ�Â¸]�½Á�{ )°�¶�-�(.  

  

-  Ê¿Z¯ÄËÂ¿Zi�ÉZÅ���{ d·Y�Z]ZÅ 

 ��ËdÌ�  
��Ë²À���{�Ê¿Z��³{�¶�Zu�ÄËÂ¿Zi�Ê¿Z¯�®Ë�dÌ�Ê»�¾Ë�}M�ÉZÅ�Ä¯�|�Z]�,cÁ|ÌaY�ÃY�¼Å�Ä]

Â��Ä�Â¼n»�dÌÀÅ�a�Á�dÌ�¸¯� ,dÌ^·M� ,dË�¸¯Ê»�{ÂmÂ]� Y��dË�Â�|¿�ÁM )�¶°��-�( .���|��Ë�dÌ�

d�Y�ºÌ�Zfa�½ÂË� Á�[M��ËY�§Y�|À»�ZÌ¿ .½|��ÊfË�¸¯�|ÀËY�§� ,ºÌ�Zfa�½ÂË�ºÆ»��]ZÀ»��Y�Ê°Ë�dÌeÂÌ]�

ÄnÌf¿� �{�Ä¯�d�Y¿�Z�� Z]�ºÌ�Zfa�½ÂË�¶¼��¾ËY�ÉÃ|�½ÂË� Á� Ã|���À¯YÁ� {�YÁ� �Ô¯ÂË�Ôa�ÊfÌe�Â¿M�É

Ê»� {Y�M� ºÌ�¸¯|À¯ .d¼�«� Á�� ¾ËY� �Y�Y� ÊÀ£�ÉZÅ���� ÊfuY�� Ä]� �Ô¯ÂË�Ôa�dÌe�Â¿MËÊ»�ÊfÌ��|¿Â�

)�,Ê¸�����.(   

dË�Â�Â�,�Y��Ô¯ÂË�Ôa�Ê¿Z��³{��´Ë{�µÂ�v»|¿�Z��,[M��ËY�§Y�Z]�½M�Ê��Ä¯�d�ÃÉ��ÊfÌe�Â¿M

cÁ|ÌaY� Ä] )dË�ÌWÁ�ÂÀÌ¸¯�dË�ÌWÁ�� ZË (Ê»� �ÌÌ¤e ]� �Ì¿� Ã|¿Z¼Ì«Z]� �Ô¯ÂË�Ôa� Á� |]ZË� Ä��{�dÌ^·M� c�Â�

Ê» |ËM. �¾ÌÀr¼ÅdË�´¿|ËY�dË�¸¯�ÁÊ¿Z¯�,ÄËÂ¿Zi�ÉZÅ�ÉÉ�|¿Md·Y�Z]|Àf�Å�ZÅ . 
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¶°��-�- d�Ë�¯ÂÀ§� �Y� É�ËÂ�e�ÄË�ne� �Ô¯ÂË�Ôa� ÉZÅ
Y�Ê¿Z¯�Á�¾�¯Á�ÌaÂÀÌ¸¯��Â�u�Á�Ã|�Á�É�Ì§�Âa�d§Z]�Z]�®a

���{�d·Y�Z])XPL(.  

¶°��-� - d�Ë�¯ÂÀ§��Y�É�ËÂ�e��{�¾�¯Á�ÌaÂÀÌ¸¯�ÉZÅ
Ê¿Z¯��Â�u�Ä¯�É�Ì§�Âa�d§Z]�Z]�d·Y�Z]�c�Â��Ä]�®aY�ÉZÅ

Ã|ÀÅ|¿Z�¿�[|v»½M��Â¸^e�¹|¬e�É�ZÅÊ»|�Z] )XPL(.  

  
�¶°��-� -�¾ËÂÌ·Y��Y�É�ËÂ�ed�Ë�¯ÂÀ§��Ì¿�Á�Ã|��ÊfË�´¿|ËY�ÉZÅ�ÉZÅ���Ä]�Ã|��ÄË�ne��Ô¯ÂË�ÔaË�d·Y�Z]��{�dÌ�

)XPL(.  
  

� -�-�-��Ê¯Y�edË�|¿MZÅ  

¾ËY�Ä¼�q�Ä¬�À»�[�£�µZ¼�� Á�µZ¼�� �{�|uYÁ{�Y{�½Â¼Ày���§Zu .� |uYÁ�¾ËY�²¿��Ä¿Â¼¿� �{

Êf�{�ÃÂÆ«�Ze�É�f�¯Zy�Êy�]��{�Á��^��Ze�Ã�Ìe�É�f�¯Zy�,ÉYfÌ¸Ë��M�Á�Ê�Ì¸Ì��½ÂÌ�Y�f·M��«YÂ»��]�Ê

ÌiPe�½M�ÉÁ���Ä¯�Äf�Y~³�Ä]�Ê»�Ã|ÅZ�»�É{Âz¿�Á�¾�Á��²¿�{Â� .Ã|¼�½M�ÊaÂ°�Á�°Ì»�d§Z]�¾Ë�e�ZÅ

ÊfÌ·Á�°Ì» É�Ì§�Âa�� d�Y� ÊfÌ¯Y�e�d§Z]� Á)¶°��-�.(��ÉZÅ�Â¸]� Ê´f§ZË�dÆm� �iY� �{� ÊfÌ¯Y�e�d§Z]
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Ê»�¶�Zu�Ã�Y|³�½ZË�m�dÆm��{��Zb�|¸§�{Â�)ZfaÂ³�,����.(�d�Ë�¯ÂÀ§�Ä¸¼m��Y��{�Ã|ÅZ�»�¶]Z«�ÉZÅ

Ê¯Y�edË�|¿MZÅ�Ê»Ê¿Z¯�Á�¾·Z°·M�cZb�|¸§� ,�Ô¯ÂË�Ôa�Ä]�½YÂe�¾�¯Á�Ìa�Á�|À¸^¿�ÂÅ�|À¿Z»�®Ì§Z»�ÉZÅ

{�¯�Ã�Z�Y. Ã�Y|³µY|´Ì»M�Á�Är³��ÉÁZu�ÄÌuZ¿�¾ËY�ÉZÅÊ¿Z¯���Âe�Ä¯�|Àf�Å�½YÁY�§� 0Zf^�¿�ÉZÅ�ÉZÅ

Ã|���a�dÌ�¸¯�Á�dË�¸¯� ,�e�YÂ¯�|À¿Z»�ÄËÂ¿Zi|¿Y .�¾Ì]�cY�¨u�¾ËY���«�-���Ä]�Á�d�Y��Ì¤f»��f¼Ì¸Ì»

Ê»� �ÅZ����Z¬»� �{�Ê·Y|´Ì»M�d§Z]�c�Â��|¿Â�)¶°�� -� .(Är³��¾f»� �{�ÊfÌ�¸¯� Á�Ê�Ì¸Ì��ÉZÅ

Ê»�Ã|ÅZ�»�²À�d�Ë�¯ÂÀ§�ÊÅZ³�Ä¯�|¿Â�Ã{�¯���«�Y���Ô¯ÂË�Ôa�ÉZÅ�|¿Y)¶°��-��.(  

  

¶°��-�-��Y� É�ËÂ�e��d§Z]ÊfÌ·Á�°Ì»�É�Ì§�Âa��d§Z]� Á
�dË�|¿M�Ê¯Y�e��{�ÊfÌ¯Y�e)XPL(.  

¶°��-�-��Ê¯Y�e��{�dÌ�¸¯��Y�Ã|���a�cY�¨u��Y�É�ËÂ�e
dË�|¿M .��ÅZ����Z¬»��{�Ê·Y|´Ì»M�d§Z]�c�Â��Ä]�cY�¨u

Ê»�|¿Â�)XPL(.   
  

  
¶°��-��-�Är³���Y�É�ËÂ�eÃ{�¯���«�Y���Ô¯ÂË�Ôa�d�Ë�¯ÂÀ§�Ä¯�dË�|¿M�Ê¯Y�e��{�dÌ�¸¯�ÉZÅ�|¿Y)XPL(.  

  
                                                           
˺- Gupta  
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- Ê¿Z¯ÉZÅ�Ê¸�Y�Ê¯Y�e��{dË�|¿MZÅ  

 �Ô¯ÂË�Ôa  

Ê»�¶Ì°�e��Ô¯ÂË�Ôa�ÉZÅ�Â¸]� Y��²À��ºnu�¾Ë�f�Ì]�ºÅ�Á�d�Ë�¯ÂÀ§�c�Â��Ä]�ºÅ�Ä¯�|ÀÅ{

Ã|À¯Y�a�²À�� �{�dÌ·Á�°Ì»�c�Â�� Ä]|¿Y. ¶°�� 0Z^·Z£� ZÅ�Ô¯ÂË�Ôa� �Y{�ÉY�Y{� ÁÄ¬�À»� ½Z¼fyZ��É|À]

Ê»|À�Z],��Y�Ã|Ì�¯�É�Â¸]�µZ°½M�Ê·{Z e��Ì£�Á��Ë���|���ÄnÌf¿�ZÅ�Ô¯ÂË�Ôad�ZÅ .�Ã|Ë|a�¾ËY�d¸�

Ê»�|���½|��{���µZu��{�ÉZ¼³Z»�®Ë��{��z�»�¾Ë�Â¸]�sÂ���Z]�Ê¿Z¯�ÃZ³��Å�Ä¯�d�Y�½M�,|À¯

Ê»�º�À»�Á�¥Z��sÂ���ÉY�Y{�Ê»Z´ÀÅ¾ÌËZa��{�Ä¯�|�Z]|�Z]�Äf�Y{��Y�«�{Ây�É��¿Y�t���¾Ë�e .�¾ËY

¯�d�Y�½M�|À»�ZÌ¿�d·ZuºeY�|¿YÂf]� �Z�f¿Y�¶v»� ,�Â¸]��Ë���|��� Z]�¹Z´¼Å�Ä¶v»�Ä]� Y�� ZÅ�\�ZÀ»�ÉZÅ

|Å{�µZ¬f¿Y .Ã|Ë|a�¾ÌÀq�½Z°»Y�¶¼���{��{�½|��{���µZu��{�ÉZ¼³Z»�®Ë��{�Y�Ë��,d�Y�º¯��ZÌ�]�ÉY

Äf�Å�d����Ä¯�Ê·ZuÊ»�{ZË��|���Á�É|À]Ê»�½Z�¬¿��Zq{��Z�f¿Y�d�����° ·Z]�,{Â��¹�Ó�{YÂ»�Á�{Â�

�ÉY�]Ã�ZÀ¯��{� 0Ze|¼�� ZÅ�Â¸]�|��Ä�Â³�Á� ZÅÊ»�Äf�Z^¿Y� �Â¸]�ÉZÅ{Â� .¶v»�¾ËY��Y�É�e{ZË��ºnu�Z]� ZÅ

Ê»��Â�v»�Z¼³Z»Ä¯�Êe�Â���{�Á�|¿Â� Ã�ZÀ¯�,|À¯�d§��Ìa�ZÅ�Â¸]�|���Z]�ÃY�¼Å��Z�f¿Y�¶¼�Ä�Â³�Á�ZÅ -

�Ë��� �Â¸]� ÉZÅÊ»� |��� �Â¸]� �Z¬¿� ÄÌ¬]� �Y� �eÄ¤Ìe� Á� Ã|Ì�¯� É�Â¸]� µZ°�Y� Á� |À¯�É{ZË�� {Y| e� Á� ÉY

Ê»� |Ë|a�dÌ·Á�°Ì»� |ÀËM),Ê¸����� .(�fËY���� ½Y�Z°¼Å� Á)����(��¿Z»�[M� {ÂmÁ� Ä¯� |¿�ÁZ]� ¾ËY� �]� ,

Ê»��Ô¯ÂË�Ôa�Ê¿Z¯�É�Y|ËZa{Â� .Ä¿Â¼¿��{��Ô¯ÂË�Ôa�ÉZÅ�Â¸]�ÄmÂe�¶]Z«�Ê¿YÁY�§�¾ËY�]ZÀ]�Á�Ä¬�À»�ÉZÅ

Ä¿Z�¿�d�Y�¾°¼»�µÂ^Ì¨»M��Â¸]�d��{��Â�u�¹|���Â¸^e�É²À��¾ËY�Ä¯�,|�Z]�[M�º¯�ÉZ¼³Z»�®Ë��Y�ZÅ

Äf�Â³�P�À»��]�É|ÌËPe�{Ây��»Y�¾ËYd�Y�µZÌ��{Á�Á�½Á|]�ÄÌ·ÁY�ÉZ¼³Z»�ÉY. ��{�Êf§Z]�cZ�z�»��´Ë{��Y

½M��{�Ê·Z]�£�d§Z]�{ÂmÁ�ZÅ�Ô¯ÂË�Ôad�ZÅ )¶°��-��.( Ê·Z]�£�d§Z] �µZy{Y�½{Zf§Y�¹Y{�Ä]�¶�Zu�ÉZÅ

d�Y��Â¸]��{�[Y~».��µÔv¿Y�h�Z]�ÊËZ¼³Z»�ÉY�n»�ZË�½�z»��{�Z¼³Z»�ÊËZÌ¼Ì��Á�Ê°Ë�Ì§��ËY����ÌÌ¤e

d¼�«��{�Ã|¿Z¼Ì«Z]��ËZ»�}Â¨¿�Á��Â¸]Ê»��Â¯~»�É�Zn»�{ZnËY�Á�Ã|��¶u�ÉZÅ{Â� .��{��Â¸]�É| ]�|��

d¼�«�¥Y��YÄf§ZË�¶Ì¸ve�ÉZÅ½M�¶»Z¯���Âa�Á�Ê¼Ë|«�É�Á�ÄÌ·ÁY� �Â¸]��Z^e�Y� {Á|v»���«�h�Z]� ZÅ
                                                           
˺-Righter   
˻- Sieve texture  
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۴۴ 
 

{YÂ»��¾ËY�dÌ^je��\mÂ»�Ê³|�{���Á�kÁ�y�dËZÆ¿��{�Á�Ã|��Ã|¿Z¼Ì«Z]��ËZ»�Z]�¶yY{��{�Ã{Zf§Y�¹Y{�Ä]

Ê»� dÌ �Á� {Â�)½Y�Z°¼Å� Á� ½Z¨f�Y�, ���� .(¿�Á�fa� ÉZÅ�Ì�¨e� ÉY�Y{� Êf§Z]� ¾ÌÀq� ¶Ì°�ef�Ê°Ì

Ê»�ÊeÁZ¨f»|�Z] .�Y�|Àe�Z^��Ê·Z]�£�d§Z]�{ZnËY�Ê¸�Y�¶»YÂ� ),É�ZÌÆ·Y����(:  

  

- �\Ì¯�e��ÌÌ¤e�Â¸^e�µZu��{�ÉZ¼³Z» 

�,Êm�Zy� {YÂ»� Z]� Z¼³Z»��ËÓM� Á� º�Å� ZË� �Â¸^e�µZu� �{�½�z»�®Ë�¶yY{� Ä]� Ã�Ze�ÉZ¼³Z»� {Á�Á

Ê»�½M�ÉZ»{�Á�ÊËZÌ¼Ì��\Ì¯�e��ÌÌ¤e�\mÂ»d�Ë�¯ÂÀ§�Ê°Ì»ZÀË{Â»�e�É�Y|ËZa��]��Â¼n»��{�Ä¯�{Â�-

Ã{Â]��Y|ËZa�Á�Ã|���Â¸^f»�¾ËY��Y�¶^«��ËY����{�Ä¯�ÊËZÅÊ»��iY�,|¿Y~³{�Y .�Ê^Ì¯�e�µ{Z e�¹|��,Ê§����Y

Ê»�c�Â��¾Ë|]�Y�{�¯�tË��e�½YÂe�Ä¬�À»�Z]�ÊËZ¼³Z»�½�z»�®Ë��{�Ä¯ÄËÓ�Ä¯�ºWZ«�Êe�Y�u�É|À]�ÉZÅ

®Ë|��ÉZÅ�Ô¯ÂË�Ôa�Zn¿M��{�Á�|¿�Y{��Y�«�½�z»�Ê¿Z«Â§��Z¬¿��{��e{��Ê»��Â¸^f»��e�ÉZÅ�Â¸]�¾ËY�,|¿Â�

ÂÌ�¯ÂÀ¯�ÉZÅÁ�Ì¿�d¸��Ä]�Ã|��¶Ì°�e�Ã�Ze�0Z¼¸�»�Á�Äf§��Á�§�½�z»�¦¯�Ä]�,Êe�Y�u�¥ÔfyY��Y�Ê�Z¿�Ê¿

Ê»�ÄmYÂ»� ,|Àf�Ì¿�µ{Z e�µZu��{�½M� Z]�Ä¯��f»�³�Ê�Ìv»� Z]� Zn¿M��{Ê»�µ{Z e�¹|��¾ËY�Á�|¿Â��|¿YÂe

�{{�³�ZÅ�Â¸]�ÊËZÌ¼Ì��Ê³{�Ây�Ä]��nÀ»)Z»ZË�ÊqÂ�e��,����  .( 

Ê»��Ì¿�Êm�Zy�{YÂ»���Âe�Z¼³Z»��ËÓM�ÌÌ¤e�h�Z]�|¿YÂe��{ZnËY�Á��Â¸^e�µZu��{�ÉZ¼³Z»�\Ì¯�e

�{Â���Ô¯ÂË�Ôa��{�Ê·Z]�£�d§Z])�ZÆ¿Z]ZÌ�M����.(  

  

- �Z�§��ÅZ¯ 

c�YÂf�Y����Ìa� Á� )����(��Ë���d¯�u�¾Ìu� �{� �Ô¯ÂË�Ôa�ÉZÅ�Â¸]�É�Y|ËZaZ¿� Ä¯�|¿|¬f »� ,

Ê»��Ô¯ÂË�Ôa��{�Ê·Z]�£�d§Z]��ËY|Ìa�h�Z]�,�Z�§��ÅZ¯�ÄnÌf¿��{�Á�ÓZ]�d¼��Ä]�Z¼³Z»{Â� .��ÅZ¯�Z]

w��{Y|f»Y��{�ZÅ�Z§�¹Z¼e�,�Z�§Ê´f�°��Á�ZÅÊ»��Y�«�µÔv¿Y��ÌiPe�dve�ZÅ�|¿�Ì³)�µÔv¿Y�Á�Ê´f§��¶Ì¸ve

                                                           
˺-Stephan  
˻-Tesochiyama   
˼-Stwart    
٤-Pearce   
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۴۵ 
 

Ê»�c�Â���f¼¯�ª¼���{{�Ì³ .(��Á����Ë���c�Â��Ä]��Â¸]�½Á�{�,�Ô¯ÂË�Ôa�µÔv¿Y��Y�Ê�Z¿�cÓÂ�v»

Ê»��Â¸^e�Ä]Ê»�Ê·Z]�£�d§Z]��ÂÆ��h�Z]�Á�|ÀÀ¯|¿Â� .Â�¸¿½��Z¿Zf¿Â»�Á� )���� (�|ÌËPe� Y����¿�¾ËY��Ì¿

Ê»|ÀÀ¯ .½M���¿�ª^�d§Z]�¶Ì°�e�|ÀËM�§�ZÅ��Ë���d§Y��iY��]�d�Y�¾°¼»�ZÅ�Ô¯ÂË�Ôa��{�Ê·Z]�£�ÉZÅ

�®�y��Z�§)Z»{�­|¿Y��ÅZ¯�½Á|]�ZË�ÃY�¼Å (|�Z]�Ã|»M�{ÂmÂ].  

 

- Z»{��ËY�§Y 

¹�³�ÉZ¼³Z»� {Á�Á�d¸�� Ä]� �Ì¿�¶»Z��¾ËY»�½�z»�½Á�{� Ä]� �eËZ¼³ZÊ»�Ê��{� �ÌÌ¤e� 0Z ^e� Ä¯�|�Z]

�{�Y{�Êa��{�Y��Z¼³Z»�ÊËZÌ¼Ì��\Ì¯�e)½Â�°Ì¿���,��Ìa�Á����.(  

²À���{Ä¬�À»�ÉZÅ�Ä]�ÄmÂe�Z]� ,Ê·Z]�£�d§Z]�Ã|ÀÅ{�¶Ì°�e�º�Ì¿Z°»�¾Ë�f¼Æ»�,Ä ·Z�»�{�Â»�É

Ê»��Z�§�d§Y�,²À��Ã�Ì¼y��{��Ô¯ÂË�Ôa�¶°�{Ây�ÉZÅ�Â¸]�{ÂmÁ¯�e��ÌÌ¤e�¶»Z��Z»Y�-|�Z]�ÉZ¼³Z»�\Ì

Ê¼¿��Ì¿�Y���Â¸^e�µZu��{d§�³�Ã|Ë{Z¿�½YÂe .  

 d�Ë�¯ÂÀ§�ÉZÅ�ÔaË�Ô¯Â��,dÌ�Ë���Ä]cZÀ]�¯ZÅ�Ê¿Z¯�ÁÊ���ÉZÅ�Ã|��½Z��³{|¿Y.  

  

 |À¸^¿�ÂÅ 

d�Ë�¯ÂÀ§¶°��|À¸^¿�ÂÅ�ÉZÅ�Y{,���0Y�j¯YÁ�Ã|Ì�¯�½M�Ã�Y|¿Y�¾Ì]�ZÅ�/���Ze��d�Y��Ì¤f»��f¼Ì¸Ì» .

Ê¯Y�e��{dË�|¿M�¾ËY�ZÅ|Àf�Å�Ê·Â¼ »�|À¸^¿�ÂÅ��f�Ì]�ZÅ�Â¸] )¶°� �-����Á�-��( .  

  

 ¾�¯Á�Ìa 

d�Ë�¯ÂÀ§Ê¯Y�e��{�{ÂmÂ»�¾�¯Á�Ìa�ÉZÅdË�|¿M�Ä¯�|Àf�Å�dË�ÁY��Â¿��Y�ZÅ0Z^·Z£�¶°�Ê»��Y{-

|À�Z] .�Â^¿�Á��½Â¿Z«�ª^���]��Ê¿Z¯Ê»��Â¸^f»��e{Á��Ä¯�ÊËZÅÊ»�|���Ä¿Y{Y�M�[Y~»��{�,|¿Â��Á�|ÀÀ¯

                                                           
˺-Nelson   
˻ -Montana   
˼-Nikson   
˻-Rosenbush 
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۴۶ 
 

y�{Á|u�ÉY�Y{º�À»�Êm�Z��e)¶°��Y{ (Ê»Ê»��Â¸^f»��e�Ë{�Ä¯�ÊËZÅ�Â¸]�Á�|À�Z]Ä¿Y{�c�Â��Ä]�|¿Â�-

¶°��Ä¼Ì¿�ÉZÅÊ]�Á��Y{|¿�Y{��Â�u�¶°� .¶°��Ä¯�d�Y�É�ÁM{ZË�Ä]�¹�Ó�Ä�Ì¼Å�Ê¿Z¯�®Ë�½{Â]��Y{

d�Ì¿� ½M� ½|�� �Â¸^f»� �e{Á�� ÉY�]� ÊÀÌ¼�e .Ä¿Â¼¿� �Y� É�ZÌ�]� �{Ê ¸�� d�Å� d·Zu� ZÅ w�� Z]�ÉZÅ

Â�À»É��Ê»�Ã|ÅZ�»�¶]Z«�{ZË��Ê´f�m�]�Á�|�Z])¶°��-��.(  

  

-  Ê¿Z¯Ê¯Y�e��{�Ê��§�ÉZÅdË�|¿MZÅ 

  �e�YÂ¯ 

� �e�YÂ¯�ÉZÅ�Â¸]²À��¾ËY� �{Ê]�c�Â�� Ä]� ZÅ�Ã|À¯Y�a�²À�� ÄÀÌ»�� ZË� Ã�Ì¼y� �{� Ä¿Y{�Ë�� ,¶°�

�|Àf�Å)¶°�� -��(.   

  

 Ê¿Z¯ÉZÅ�®aÁY 

Ê¿Z¯�¾ËY¶°�� Ze�¶°��Ê]�ÉZÅ�Â¸]�c�Â��Ä]� ZÅ�Y{�� Ã|À¯Y�a� Á� �Â§Á� Ä]ZË� Á�²À��ÄÀÌ»�� �{��Ä]

c�Â��Ê»�d§ZË� ¾�¯Á�Ìa�½Á�{� µZy{Y|¿Â� )¶°��-��( .Ê¿Z¯� �Â§Á�d¸�²À�� �{�®aÁY� ÉZÅ�ÉZÅ

Ê»��Ì¿� Y��Ä¬�À»{Y{�d^�¿��Â¸^e�¹Z´ÀÅ��{�½�Ì�¯Y�Ê�z]��Z�§�½{Â]�ÓZ]�Ä]�½YÂe .�½ÂË�d·Zu�¾ËY��{

½M�ÉZm�Ä]�[Y~»��Ìv»��{�ÊfÌ§���Á{�¾ÅM�{�Ä¯�Ê¿Z¯�½Z¼fyZ��c�Â��Ä]�,{Â��{�YÁ�ÄeZ°Ì¸Ì��ÉZÅ

�É|Ì�¯Y�Ê¿Z¯)®aÁY (Ê»��Â¸^f»�{{�³)�ËÁ�{�,Ã{Y�����.(  

  

- Ê¿Z¯ÄËÂ¿Zi�ÉZÅ Ê¯Y�e��{dË�|¿MZÅ 

Ê¿Z¯� ¾Ë�f¼Æ»� dÌ�Ë��� ,dÌ�¸¯� ,dË�¸¯²À�� ¾ËY� �{� ÄËÂ¿Zi� ÉZÅZÅ Ê»� |À�Z])¶°�� -��( .

�ÄËÂ¿Zi�dÌ�¸¯�,�e�YÂ¯Är³��Á�cY�¨u�ÉZÅÃ{�¯��a�Y��{ÂmÂ»|¿Y.  
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̊̀ 
 

    
¶°��-��-��Ã|Ì�¯�µZ°�Y�c�Â��Ä]� ZÅ�Ô¯ÂË�Ôa� ��Y�É�ËÂ�e

fÌ·Á�°Ì»� ºÅ� Á�d�Ë�¯ÂÀ§�c�Â�� Ä]� ºÅÊ���Â�u�¾ÌÀr¼Å� Á
dË�|¿M�Ê¯Y�e��{���e�YÂ¯ .�Ã|ÅZ�»�ZÅ�Ô¯ÂË�Ôa��{�Ê·Z]�£�d§Z]

Ê»�{Â�)XPL(.  

¶°��-��-�� d�Ë�¯ÂÀ§� �Y� É�ËÂ�e� |À¸^¿�ÂÅ��{�®aY� Ê¿Z¯� Á
�dË�|¿M�Ê¯Y�e)XPL(.   

    
�¶°��-�� -�d�Ë�¯ÂÀ§� �Y�É�ËÂ�e�,|À¸^¿�ÂÅ� ,�Ô¯ÂË�Ôa�ÉZÅ

Ê¯Y�e��{�¾�¯Á�ÌaÂÀÌ¸¯�dË�|¿M)XPL(.  
¶°��-��-�d�Ë�¯ÂÀ§�Ê¿Z��³{��Y�É�ËÂ�e�Ä]��Ô¯ÂË�Ôa�ÉZÅ

�dË�|¿M�Ê¯Y�e��{�dÌ���)XPL(.  
  

� -�-� -�dË�|¿MZÅ  

dË�|¿MÄeÔ¯� ÉZÅZf�Á�� ¥Y��Y� �{� Ä¬�À»� Ê]ÂÀm� �z]� �{� ZÅ�½Â¼Ày�� ÊmY��� Á� Y��Ì»

|¿�Y{.Ã�Y|³Ä¿Y{� �ZÌ�]�Êf�{�Ä¿Â¼¿� �{�ÊfË�|¿M�ÉZÅÊ»� Ã|Ë{��¨À]� Ze�É�f�¯Zy�²¿�� Ä]� Á� �Ë�|¿Â� .

d�Ë�¯ÂÀ§� �Y� �f�Ì]ÄÀÌ»�� Z]� |À¸^¿�ÂÅ� Á�¾�¯Á�ÌaÂÀÌ¸¯� ,�Ô¯ÂË�Ôa�ÉZÅÄ¿Y{� �ZÌ�]� ÉY¸]� �Y� �Ë��ÉZÅ�Â

Ê¿Z¯�Á�¾·Z°·M�cZb�|¸§�,¾�¯Á�ÌaÂÀÌ¸¯�,�Ô¯ÂË�ÔaÃ|��¶Ì°�e�®aÁY�ÉZÅ|¿Y. ]Z«�\·Z£�d§Z]�Ã|ÅZ�»�¶

dË�|¿M��{�ÊfÌ·Á�°Ì»�ÄÀÌ»��Z]�É�Ì§�Âa�ZÅ��d�Y)¶°�� -�� .(�d§Z]Ê·Z]�£���{��Ì¿dË�|¿MZÅ��Ã|ÅZ�»
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̊́ 
 

Ê»� {Â�)¶°��-��.( Ä³�Är³�� Á� ZÅ½M� �{�Ê¿YÁY�§�ÉZÅ� Ã|�� {ZnËY� ZÅ�Á��Ì¸Ì�� ,dÌ�¸¯���Âe� Ä¯

Ã|���a�¾ÅM�ÉZÅ|Ì�¯Y�|¿Y)¶°��-��.( 

  

¶°��-��-��ÊfÌ·Á�°Ì»�ÄÀÌ»��Z]�É�Ì§�Âa�d§Z]��Y�É�ËÂ�e�
dË�|¿M��{ )XPL(.  

¶°��-�� -�d�Ë�¯ÂÀ§� Ê·Z]�£� d§Z]� �Y� É�ËÂ�e�ÉZÅ
�dË�|¿M��{��Ô¯ÂË�Ôa)XPL(.  

  
¶°��-��-�Ä³���Y�É�ËÂ�ed�Ë�¯ÂÀ§�Ä¯�dÌ�¸¯�ÉZÅdË�|¿M��{�Y���Ô¯ÂË�Ôa�ÉZÅÃ{�¯���«�ZÅ�|¿Y)XPL(.  

 

- Ê¿Z¯Ê¸�Y�ÉZÅ�dË�|¿M��{ZÅ  

 �Ô¯ÂË�Ôa  

½YÁY�§²À��Ã|¿�Z��Ê¿Z¯�¾Ë�eÊ»�ÊfË�|¿M�ÉZÅ�ÉZÅ�Â¸]�ZË�Á�d�Ë�¯ÂÀ§�c�Â��Ä]�\¸£Y�Ä¯�|�Z]

²À��¾ËY��{��Ë�Ê»�d§ZË�ZÅ{Â� .¶°��0ÓÂ¼ »�ZÅ�Ô¯ÂË�Ôa¶°��Ä¼Ì¿�Ze��Y{��Y{�{�YÂ»��Y�Êy�]��{�Á�Ã{Â]

Äf§�³��Y�«�º�ÌeZ»Â�Zf»�|ÀËY�§��ÌiPe�dve�Ä]�{Ây�Ê�YÂu��{�Y��ÊnÌ¸y�Ê³{�Ây��Ì�¿�É|ÅYÂ��Á�|¿Y

Ê»��ËZ¼¿�|¿�Y~³)¶°��-�� .(ZÅ�Ô¯ÂË�Ôa�Ä¬�À»�dyZ��ÉY�Y{É|À]��|Àf�Å½Z�¿�Ä¯Ã|ÀÅ{�{���É
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̊̂ 
 

Ã�Y|³��Ë���½|�Ê»�ZÅ�|À�Z])�,Ê¸�����( .Ä¬�À»��{�É|À]½MÊ»�{ÂmÁ�Ä]�d¸��¾ËY�Ä]�ZÅ��{�Ä¯�|ËM

Ê»�c�Â��Êfz��Ä]�¹ÂÌÀÌ»Â·M� Á�º�Ì¸Ì��µ{Z^e� ,[Y~»� Z]� �Ô¯ÂË�Ôa�ÉZÅ�Â¸]�µ{Z e�¾Ìu{�Ì³ .�Äf^·Y

ZÅ�Ô¯ÂË�Ôa�¾ËY��{�Ê³�ËÁ�¾ËY�½{Â]��z�»�½M�Ä¯�d�Y�d¸��¾ËY�Ä]ZÅÉ�e�,��Âv»�Á�|Àf�Å�®ÌÀÌ¸¯

Ê»�dÆm� �ÌÌ¤e� �Â¸]� É�Â¿Ä¯� |Å{�ÁY�� ½Z¼ÅÊ»�[Â�v»� Ê�Â»Zy� ÄË� {Â�)� ,Ê¸�����.( �Ã|Ì¬�� Ä]

� d�Â¼·|Ì»)���� (�,ÊfË�|¿M� ÉZ¼³Z»� ½Y�Â§� ¹Z´ÀÅ� �{� Ä¯� d�Y� ½M� �Y� Ê¯Zu� ZÅ�Ô¯ÂË�Ôa� Ê¿YÁY�§

Ê»�Z¼³Z»��Á|Ì°Ì·��Z§�,�Ô¯ÂË�Ôa|�Z].  

Ê¿Z¯� �Y� �e�Ë{� ZÅ�Ô¯ÂË�Ôa� ,Êf§Z]� |ÅYÂ�� Ä]� ÄmÂe� Z]Ã|�� �Â¸f^»�®aÁY� ÉZÅ½M� Y�Ë�� |¿Y� ZÅ�Ä]� Y�

d�Y� Äf§�³� �]� �{� µZy{Y� c�Â� .Ê¿Z¯� \Ì¯�e� Z]� \�ZÀf»� ZÅ�Ô¯ÂË�Ôa� Êy�]�¶¼vf»� {Ây� Ê�ZÀ�

��ËÃ|Ë{�³�½|��ÊfË�Â�Â��,½|��ÊfÌ�|¿Y )¶°��-����Á�-��(.  

  

 ¾�¯Á�Ìa  

d�Ë�¯ÂÀ§�¾�¯Á�ÌaÂÀÌ¸¯�ÉZÅ�¶ËZ»�Ê�Â»Zy�ÄËÁY��Z]�,¶°�{Ây�0Y�j¯Y�dË�ÁY�ÉZÅ�Â¸]�c�Â��Ä]

Ê»� ÄfyZÀ�� �^��²¿�� Á|¿Â� .Ä�Ây� cZ ¼ne� ZÅ�Ô¯ÂË�Ôa� ÃY�¼Å� Ä]� dË�ÁY� ÉZÅ�Â¸]� ¾ÌÀr¼Å�ÉY

)µÁ�»Â¸³ (Ê»�½Z�¿��Ì¿|ÀÅ{)¶°��-��.(  

  

 |À¸^¿�ÂÅ 

ÃÂÆ«�|À¸^¿�ÂÅ�ÉY0Y�j¯Y�Ã|��½Z��³{�dË�¸¯�Ä]��Á�Ã|��½M�¾Ì�¿Zm�dË�¸¯�¶»Z¯�c�Â��Ä]�ÊÅZ³�Á

�d�Y�Ã|¿Z»�Ê«Z]�½M��Y�Ê^·Z«� ZÆÀe)¶°��-��.( �[M�ÉÓZ]��Y|¬»Ä¿ZÌ�M�Ä¯�Ê]Y~»��{��a� Y��ÊËZ¼³Z»�É

Ê»�|ÀÀ¯)�-�/��Ê¿�Á�|��{ (Ê»�Ã�ZmY�µÂ^Ì¨»M�Ä]��{�Êfu�,ÄÌ·ÁY�Á��Y|ËZa�Ê¿Z¯�®Ë�½YÂÀ��Ä]� Ze�|Å{

Ä�Â¼n»� {Â�� �ÅZ�� ,ÄÌ·ÁY� Êf�Z^¿Y� ÉZÅ)½Â�Ì¸¯���Á�Ì»� Á�� ,����.( {ËÌ½Y�Z°¼Å� Á� � )���� (��{

°�e�Ê´¿Â´qÌf »�Êf·Y�Z]�ÉZÅ|À¸^¿�ÂÅ�¶��c�Y�u�¶¼ve�Ä��YÁ�Ä]�Ê·Â¼ »�|À¸^¿�ÂÅ�Ä¯�|¿|¬Ë�Ã�Y|³�{Z
                                                           
˺-Claeson 
˻-Meurer 
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- {Á|u�Ze ����Êf¿Z��Äm�{{Y�³-�|^e�Êf·Y�Z]�|À¸^¿�ÂÅ�Ä]�,YÂÅ�c�ÁZn»��{ËÊ»�¶{Â� .�¶¼��¾ËY�Ê�

�Á�|ÌÅ½ÂË�Ä¯�Ê¿¶Ì°�e�Y��¶Ì�¯Á�|ÌÅ�ÉZÅ Ê»½ÂË�Á�Ã|��Y|m�,|Å{Ê»�{Y�M�½�Ì�¯Y�ÉZÅ|¿Â� .�{Y�M

½ÂË�½|��½�Ì�¯Y�ÉZÅ¶Ë|^e�\mÂ»�+   FeÄ]�+   FeÊ»{{�³�\Ìe�e�¾Ë|]�ÁFe 3O4  )dÌfÀ´» (�|Ì·Âe

Ê»{Â�.  

  

- Ê¿Z¯ÉZÅ�Ê��§�dË�|¿M��{ZÅ 

 Ê¿Z¯ÉZÅ�®aÁY 

Ê¿Z¯Y�ÉZÅÁ®a�\¸£Y��Ì¿�]�ÄÃ|À¯Y�a�c�Â��Ë��,��ÁÊ¿Z¯��ËZ��½Á�{�µZy{Y|¿�Y{��Â�u�ZÅ .�¾ËY

½Z�¿� �»YÃ|ÀÅ{Ê¿Z¯�½Z»�¼Å� 0Z^Ë�¬e� �Â¸^e�É¾�Á��ÉZÅ�Y� ÁÁd�Y�®a .�ÊËZÆÀe� Ä]�Ê³|�{���d���

Ã�Y|¿Y��{�cÁZ¨e�¶»Z��Ä°¸]�,d�Ì¿�ZÅ�Â¸]�|���ÉÄf�Å�d����¶]Z¬f»��iY�Ä]��»Y�¾ËYÊ¿Z¯�|���Á�É|À]-

Y{�Ê´f�]�[Y~»��{�¦¸fz»�ÉZÅ{� .Äf�Å�ÉÓZ]�w�¿�Ä¯�c�Â��¾Ë|]Ã�Y|¿Y�,|���¾ÌËZa�w�¿�Á�É|À]�É

Ê¿Z¯�®qÂ¯Y�ÉZÅÁ�®ad�Y{�|ÅYÂy�Êa��{�Y� )�,d�]����) (¶°�� -��.(   

 

-  Ê¿Z¯ÉZÅ�ÄËÂ¿Zi dË�|¿M��{ZÅ 

Y�¾Ë�f¼Æ»��YÊ¿Z¯�¾ËÊ»�ZÅ���,dË�¸¯�Ä]�½YÂeÊ¿Z¯�Á�dÌ�¸¯�,dÌ�Ë�Ê���ÉZÅ�{�¯�Ã�Z�Y .�Êy�]

Ä¸Ì�Â]�¶»Z¯��Â��Ä]�¾�¯Á�Ìa�ÉZÅ�Â¸]��YÊ¿Z¯�ÉÃ|��¾Ì�¿Zm�¾ÅM�ÉZÅ|Ì�¯Y�Á�dË�¸¯�,dÌ�¸¯�ÉZÅ -

¥�Â»Á{Â��Á�|¿Y{ZnËY�ÊËZÅ�Ã{�¯|¿Y.����Ä]�0Ô»Z¯�ZÅ�Ô¯ÂË�Ôa���Z¬»�Êy�]��{ËÃ|��ÄË�ne�dÌ�|¿Y.  

 dË�¸¯ 

½YÁY�§�dË�¸¯²À��¾ËY��{�ÄËÂ¿Zi�Ê¿Z¯�¾Ë�eÊ»�ZÅ�Ä¯�,|�Z]Ê¿Z¯�Ê¿Z��³{��iY��{�¾Ë�ÌÀ»Á�§�ÉZÅ

Ê»�{ÂmÂ]ËMÀ�|)¶°��-��(. ÉZÅ|Ì�¯Y�Á�cÁ|ÌaY�,dÌ�¸¯�Z]�ÃY�¼Å��^��²¿��Ä]�dË�¸¯�Ã�Ë�Ôa��Â¿��{�

Ê»�d§ZË�¾ÅM{Â� .Ê¿Z¯Ã|��½Z��³{�dË�¸¯�Ä]�É{Á|u�Ze��^��|À¸^¿�ÂÅ�Á�dË�ÁY�ÉZÅ|¿Y .�½|��ÊfË�¸¯

Ê¿Z¯�¾ËY��Y�ºÌ�¸¯�É�Y|¬»�kÁ�y�Z]�¾�¯Á�Ìa�Á��^�|À¸^¿�ÂÅd�Y�ÃY�¼Å�ZÅ .�ÄmÂe�Z]�Ã|��{Y�M�ºÌ�¸¯
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¯�d¯���cÁ|ÌaY�ZË�Á�dÌ»Â·Á{�,dÌ�¸¯�½Z¼fyZ���{�²À���]�º¯Zu�Ê�Ìv»��ËY���Ä]d�Y�Ã{� .�ÊÀ Ë

�ÄfÌ�Z³Â§��³YCO2 Ê»�dÌ�¸¯� 0ZvÌm�e�ºÌ�¸¯�|�Z]�{ZË���Ìv»��{�ºÌÀÌ»Â·M�É�Y|¬»�ZË�[M��³Y�Á�{�Z�

Ê»�¥��»�cÁ|ÌaY�dyZ��dÆm�ºÌ�¸¯�|�Z]{Â�.  

  

¶°��-��-�� d·Zu� �Y� É�ËÂ�e��{� Y�� ÊnÌ¸y� Ê³{�Ây
Ê�YÂu�d�Ë�¯ÂÀ§Ê¿Z¯�{ÂmÁ�Á��Ô¯ÂË�Ôa�ÉZÅ��{�®aY�ÉZÅ
½M�¶yY{Ä³��{ÂmÁ��Ì¿�Á�ZÅ�dË�|¿M��{�dÌ�¸¯�ÉZÅ)XPL(.  

¶°��-��-�d�Ë�¯ÂÀ§� �¼ne� �Y� É�ËÂ�e�Á� dË�ÁY� ÉZÅ
�Ôa� ,dË�|¿M� �{� �Ô¯ÂË�Ôa�Ä]� ÄË�ne� µZu� �{� ZÅ�Ô¯ÂË

dÌ�Ë���Ê»�|À�Z])XPL(.  

¶°��-��-���� ÉZÅ�Ô¯ÂË�Ôa� �Y� É�ËÂ�eË�Á� Ã|�� ÊfÌ�
Ê¿Z¯��Â�uY�ÉZÅÁ½M��{�µZy{Y�c�Â��Ä]�®a�dË�|¿M��{�ZÅ

)XPL(.  
  

¶°��-��-��Ä]�Ã|��ÄË�ne�|À¸^¿�ÂÅ�d�Ë�¯ÂÀ§��Y�É�ËÂ�e
�dË�|¿M��{�dË�¸¯)XPL(.  
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� -�-��Ê§Y�³Á�fa²À�É�YÁM�}M�ÉZÅ  

²À�É�YÁM�}M�ÉZÅ�®ÌfÌ·�µZf�Ë�¯�,¥Âe�¶»Z�®ÌfÌ·�Á�¥ÂeÊ»�¥Âe|À�Z] .½M�Ä]�Ä¬�À»��{�ZÅ

ÃÂÆ«�²¿�� Ze�¾�Á��É�f�¯Zy�²¿�� {��� Ze�ÉYÉ{Âz¿ Ê»� Ã|Ë{|¿Â�. ²À��¾ËY� �{�d§Z]�c�Â��Ä]� ZÅ

�Ä¯�Ã{Â]�®Ìf�Ô¯Á�Ì§�Âa\¸£Y �Ìz�e ÄÀÌ»� Ê¸�Y ²À� �Y ÄÀÌ»� cZ �« Ê´À� Ê»�¶°�»|�Z].�

� Ä�Ì�� �Y�¶°�f»�²À��Ê¸�Y�ÄÀÌ»�Ê¿Z�¨�eM�dÌ·Á�°Ì»� ,Ã|��½Z��³{��Ë�� Z]� ÃY�¼Å� �Ô¯ÂË�Ôa�ÉZÅ

Ê¿Z¯��Â¸]Ê»�®aÁY�ÉZÅ|�Z] .Ê¿Z¯ÉZÅ�¶Ì°�eÃ|ÀÅ{�½M,cZb�|¸§�¶»Z��ZÅ �,�e�YÂ¯Ê¿Z¯�¾Ë�ÌÀ»Á�§�ÉZÅ

|Àf�Å� Ã|�� {�y�Ê´À��cZ �«� Á� Ã|Ì�¯Y�Ê�YÂu� Z]. ®ÌfÌ·ÂmÂ»�ÉZÅ²À��½|��{�y� �Y� �f�Ì]� {�

Ã|��¶Ì°�e�½Z]�Ì»|¿Y .Ê¿Z��³{cZb�|¸§� ÄË�ne�¶»Z�� Ã|�� Ã|ÅZ�»�ÉZÅÊ¿Z¯� Á�dÌ���� Ä]� ZÅ�ÉZÅ

�¾ÅM�ÉZÅ|Ì�¯Y�Ä]�¾Ë�ÌÀ»Á�§Ê»�dË�¸¯�Á�|�Z])¶°��-��.(  

  

¶°��-��-��®ÌfÌ·Z]�¥Âe�ÄÀÌ»��Y�ÉY�dÌ·Á�°Ì»�Ô¯ÂË�Ôa�ÉZÅ�Ê¿Z¯�Á�cZb�|¸§�ÃY�¼Å�Ä]¾Ë�ÌÀ»Á�§�ÉZÅ )XPL(.  
  

� -�-�Ã{ÂeÉ}Â¨¿�ÉZÅ  

Ã{Âed¼�«��{�É}Â¨¿�Ä¼Ì¿�Á�É}Â¨¿�ÉZÅ��Ä/]�Ä/ ·Z�»�{�Â»�Ä¬�À»�¦¸fz»�ÉZÅ����¦/¸fz»�µZ°/�Y

)­Âf�Y�Á��Ì§ÂaM�,®ËY{�,|^À³(�²À��½Á�{²À��Á�Ä�Ze�¯�ÄeZÀ]�¯�ÉZÅ�Á�Ê¿Z/�¨�eM�ÉZÅ ���/�Ê¿Z/�¨�eM

Ã{Â¼¿�}Â¨¿�¾�ÂWY�Ê]Â������,º/�ÌeZ»Â�Zf»�,Êe�ÁZ/n»�Ê¿Â/³�³{�¶Ì^«��Y�Ê�ÂÀf»�Á�{| f»�ÉZÅ|»ZÌa�Á�|¿Y

Äf�Y{�ÃY�¼Å�Ä]�ÊËY��Ä¿Z¯�Á�Ê]Z»�³�Ê¿Z��³{|¿Y�½M�Ä¯�/Æq�Ä]�Y��ZÅ��ÃÁ�/³��Z�²À/���ÊfË�ÂË{Á�]Z/³�ÉZ/Å,�
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ÊfÌ¿Á�¿Â»,�ÊfË�ÂË{Â¿Y�³�Á�ÊfÌ¿Y�³�Ã{�¯�ºÌ�¬e�|¿Y)ÄmYÂy,Ã{Y�����.(��´Ë{�ÊÅZ´¿��{��Ê¿Z]�«)���� (

�ÃÁ�³�Ä��Ä]�Y��Ã{Âe�¾ËYÃ{Âe�ÊfÌ¿Y�³�ÉZÅ��®ËY{�,ÊfË�ÂË{Á�¿Â»����/�YÁ|u�ÉZ/Å����®/Ë�Z])��Á�ÊËÁ�]Z/³

ÊfË�ÂË{Á�°Ì»�,Êf·Y�Z]�É�|¿M�,Êf·Y�Z]�,ÊËÁ�]Z³Á�´Ì»(�dË�|¿M�ÉZÅ|^À³�,���d/�Y�Ã{�¯�ºÌ�¬e�ÊfÌ�Y{.�

Ã{Âe�¾ËYÊ»�Ä¬�À»��{�É{ZË��Ê³|À¯Y�a�Á���f�³�ÉY�Y{�ZÅ|À�Z].  
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�-� - Ä»|¬»: 

Ê¿Z¯�ÊËZ�ZÀ��Á�Ä ·Z�»¶Ì°�e�ÉZÅÊ¿Z¯�¾ÌÌ e�dÆm�Ä]�,�Z�¿Z¯�Ã|ÀÅ{�Á�Ê��§�Á�Ê¸�Y�ÉZÅ

½M�ÊËZÌ¿Z¯��Z§��Ì¿Ê»��Y{�Ây�]�É{ZË��dÌ¼ÅY� �Y� ,ZÅ|�Z] .��Z§�|Àq��{�d�Y�¾°¼»��Zy���À��®Ë

ËZÌ¿Z¯0Ôj»�Ê�É|Ì¨·Â��,ÄeZÀ]�¯�,É|Ì�¯Y�Á ...½M��Y�®Ë��Å�Ä¯�,|�Z]�Äf�Y{�d¯���Y��Ê�Zy�|ÀËY�§�ZÅ

�§� �{� Ä¯� É�Â�� Ä]� ,|¿�Y{� �ZÌ¿� ��À�� µZ�vf�Y�dÆmÉ|Ì¨·Â�� �Z§� �Y� ��À�� µZ�vf�Y� |ÀËY��´Ë{� -

Ê»�Á�Ã|��[Â�v»�Ä¸�Z]�½YÂÀ��Ä]�ÊËZÌ¿Z¯�ÉZÅ�Z§|¿Â��®Ì°¨e�d�ËZ] .  

 ·Z�»�,ÊËZÌ¿Z¯��Z§��]�ÃÁÔ�Ê»�dÌ¼ÅY��WZu��ZÌ�]�²À�¿Z¯��{�Ê¿| »�Ã{Z»�d§Z]�Ä|�Z] .�|ËZ]

½Y�Ì»�{Â���z�»�Ê¿Z¯�É{Y�M�Äm�{ .�|u��Y��f¼¯�½M�d§ZË�Z]�,��À��®Ë�ÉÓZ]��ZÌ��{ÂmÁ�Z]�ÊÅZ³

Ê»��Z�f¿YÄ¿Z¯�¾Ìu��{�Ä¿Z¯�¶»Z¯��ËY|m�¹|��Á�\�ZÀ»Z¿�d§Z]�¶Ì·{�Ä]�d�Y�¾°¼»�Ä¯�,|�Z]�ÊËY�M

|�Z].  

�¾ÌÌ e��Â�À»�Ä]Ê¿Z¯�{Y| e��§Zu�Ä¼�q��Z�¿Z¯�d§Z]�Á�Ê�ZÀ����Â¼¿�,Ê¸¬Ì��Ä¿����Ä¿Â¼¿

½ÂÌ�¯Y�¨Ë{��Ì·Z¿M�dÆm���°ËY�Ä �Y)XRD( |¿|��Ä ·Z�»�Ã{Z»M�Á�[Zzf¿Y.   

  

�-�- Ê¿Z¯Ê�ZÀ� 

cZ ·Z�»�Ê¿Z¯Ê�ZÀ��Ê»� ½Z�¿Ê¿Z¯� Ä¯� |Å{Ä¼�q� Ä¬�À»� �{� Ê�ZÀ��c�Â�� Á{� Ä]� �§Zu

Ê»�½��aÂ��Á�½�ÂbÌÅ|�Z].�Ê¿Z¯�,¾·Z³�,dÌ¿�Ë{�,dÌ¿�Â]�,dË�Ìa�,dË�ÌaÂ°·Z¯�ÉZÅ�½YÂÀ��Ä]�dË�·Z¨�Y

Ä¿Z¯� ÉZÅ½�ÂbÌÅ�Ê¿Z¯� ÁÉZÅ ,¾Ì·ÁÂ¯ ¾ÅM� ÉZÅ|Ì�¯Y� ,dÌ¯ÓZ»� ,dÌ�Â°·Z¯� ,dË�Á����À´À»� Á��Ä]

¿Z¯�½YÂÀ�Ä�Á�½��aÂ��ÉZÅ,dË�Z]�Á��e�YÂ¯�Ä¸�Z]�½YÂÀ��Ä]�dÌ�¸¯|¿|��ÊËZ�ZÀ���Z�¿Z¯�ÉZÅ.  

¶»Z�� �Z�¿Z¯�Ê¸�Y�d§Z]�Ê»�Ê·Zy�ÉZ�§� Ã|ÀÀ¯�a�d§Z]����� Ä]�Ê��]� ½Á��®Ë� Ä¯� |�Z]

�Ê^Ë�¬e�-���Ê^Ë�¬e�µÂ��Ä]�Á��f»��¶�³�{�°¸¼���Y�¶�Zu��f»Â¸Ì¯d�Y�Ã{�¯��a�Y��ZÅ .µÂ¸v»�ÉZÅ

Ä¿Z¯Ê´f�°���Ì�»� �{� �Y{�Á� Z»{��ÅZ¯� Ä¸¼m� �Y�ÊËZÌ¼Ì�Â°Ë�Ì§��ËY��� �ÌÌ¤e� Z]� Á� Ã{�¯�d¯�u� ZÅ
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۵۶ 
 

� ÉZÅZ�§� �{� Y�� {Ây� �Z]� �Z�§d�Y� Äf�Y~³�ÉZm� �]� Ê·Zy. d§Z]�¾Ë�f¼Æ»��Ë�� �{� Ã|�� Ã|ÅZ�»�ÉZÅ

Ã{Âe�,ÊÀÌ�¿Zm�d§Z]�¶»Z��_Â°�Á�°Ì»Är³��Á�ÉYÊ»�ÉY|À�Z] .  

�Ä]�ZnÀËY��{Ä¿Z¯��Y�Êy�]�s��Ä¼�q��Z�¿Z¯��{�ºÆ»�ÉZÅÊ»��§ZuºË�Y{�a:  

  

�-�-�-�Ä¿Z¯ZÅ½�ÂbÌÅ�É  

- dË�ÌaÂ°·Z¯ 

�dË�ÌaÂ°·Z¯�¶°�{Ây�ÉZÅ�Â¸]�c�Â��Ä]¶°��Ä¼Ì¿� ZeÃ{Âe�d§Z]�c�Â��Ä]��Y{�Ã|À¯Y�a�Á�ÉY

Ê¿Z¯� �ËZ�� Z]� ÃY�¼ÅÊ»�d§ZË�¾·Z³�½Âr¼Å�É|Ì¨·Â��ÉZÅ{Â� )�¶°�� -�( .�Ä¸Ì�Á� Ä]�dË�ÌaÂ°·Z¯

ÄÌ�Zu� �{�¾Ì·ÁÂ¯Ã|��¾Ì�¿Zm� ZÅ�|¿Y)�¶°�� -� .(Ê»� Ã�Â¨·Â��Ê¿Z¯�®Ë�dË�ÌaÂ°·Z¯��{� Ä¯� |�Z]

�Ìv»�ÉZÅÊ]Z»�³ ½Á���{�É�Ì§�Âa�Á��ÂbÌÅ��½�¶Ì°�eÊ»{Â� .  
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½M�ZÅ�Á�cZ ·Z�»�¶Ì¼°e���Â�À»�Ä],��ZÀ��µÂve��Ì��Ê���]�|��Ã{Z¨f�Y .Ä¿Â¼¿�¾ËY��Á��Ä]�ZÅICP � 

MS��Äf§�³��Y�«�ÄË�ne�{�Â»Ä¯�|¿Y  ICP � MS�É�Z��Z°�M�|u�¶Ì·{�Ä]�Ä¯�d�Y�|Ë|m�0Zf^�¿�Ê�Á��,

���Ë~a�{�Â»�,ÊW�m���ZÀ��Á�ÊaÂeÁ�ËY�ÄË�ne�ÉY�]�É�Y�]Y�º°u��{�,[Ây�d«{�Á�Êf��{�,¾ÌËZa��ZÌ�]

�d�Y� Äf§�³� �Y�«� Ã{�f�³)½Â�ÀÌ·Á��� ,����(. �¹�¿���Âe�ÊËZÌ¼Ì�� ÄË�ne� �Y� ¶�Zu� lËZf¿� ,�b�

�Ê°Ë�Â·Á�fa�ÉZÅ�Y�§Y GCDKIT��ÁIgpet�|Àf§�³��Y�«���Y{�a�{�Â».  

|Ì�¯YÉZÅ�¿��Ë{Z¬»�Á�Ê¸�Y���ZÀ�ÂÊ¿Z¯�ÂÌeZ»��Ê¿�Á�|��{�c�Â��Ä]�É�Zn»�ÉZÅ)Wt. % (�Á

�½ÂÌ¸Ì»��{�d¼�«�c�Â��Ä]�Ê¯Zy�[ZÌ¼¯�Á�[ZÌ¼¯���ZÀ�)ppm (Ê»|À�Z] . .�Ä¯�d�Y��¯}�½ZËZ�

� �Y3�§� {YÂ»�¥~u�|À¿Z»� ¹�Ó�cZvÌv�e)L.O.I (�d^�¿�tÌv�e� ÁFe2O3/FeO�Ä¿Â¼¿� ¹Z¼e�ÉY�]�ÉZÅ

d�Y� Ã|Ë{�³�µZ¼�Y�Ê´À�. ÊËZÌ¼Ì�� ÄË�ne�lËZf¿  ICP � MS�Ä¿Â¼¿��{� Ä ·Z�»� {�Â»� Ä¬�À»�ÉZÅ

µÁ|m �-� Ã|��Ã{Y{��ËZ¼¿�d�Y.  

�]YÁ���]�ÃÁÔ��¶�§�¾ËY��{�¾ÌÀr¼Å��ÊËZÌ¼Ì�ÂW�Á�ÊËY�v���]YÁ��Á�Ê§Y�³Á�fa¶�§��{�Ä¯�, -

Äf�~³�ÉZÅ ,d�Y�Äf§�³�Ê���]�{�Â» Ã|»M�d�|]�lËZf¿�Ä]�ÄmÂe�Z] �Ä]Ê°Ì¿Âf°e��Ìv»�¾ÌÌ e�Ê» -

ºË�Y{�a.  

                                                           
˺-Henderson   
˻-Rollinson   
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� -�-�ÄË�ne�Á�É�Z��Ã{Z»M�Ê���{�Z�y��Á�]��]ZÀ»Ä¿Â¼¿�ÊËZÌ¼Ì��ÉZÅ  

²À��ÊËZÌ¼Ì�ÂW���]YÁ��{�Â»��{�Ê���]�Á�hv]��Y�¶^«�§�Ä]�|ËZ]�ZÅM�Ä¯�ÊËZÅ|ÀË�0ÓZ¼fuY�lËZf¿

²À��ÊËZÌ¼Ì��ÄË�ne��Y�«��ÌiPe�dve�Y��ZÅÊ»Å{À|,�{Â¼¿�Ã�Z�Y ),É�ZÌÆ·Y����(.  

�|��|ÅYÂy�Ã�Z�Y�¶»YÂ��¾ËY�¾Ë�f¼Æ»�Ä]��Ë���{.  

-�Ã{Z»M�µÂ���{��ËÓMd�Y�ÊËZÌ¼Ì��ÄË�ne��{�Z�y�ºÆ»��^À»�®Ë�,Ä¿Â¼¿�É�Z� .�¾ËY�{ZË��µZ¼fuY�Ä]

©Z¨eY�Ä¿Â¼¿�½{�¯��{Âa�Á�½{�¯�{�y�µÂ���{Ê»�w��ZÅ��Y�Ã|��¶¬fÀ»��ËÓM�c�Â��Ä]�ºÅ�Ä¯�|Å{

Ä¿Â¼¿Ã|�� Ã{Z»M� 0Ô^«� Ä¯�ÊËZÅÊ»�Ê�Z¿�[ZÌ�M� ÃZ´f�{� {Ây� �Y� ºÅ� Á� |¿Y{Â� .�,Ã|��¶¬fÀ»��ËÓM

ªÌ«{�½{�¯��Ì¼e���Âe�cZ �«�|��|ÅYÂy�¥���]�[ZÌ�M.  

M� cZ �«� Ã|¿�Z�� {YÂ»� {Á�Á� �Y� Ê�Z¿��ËÓM[ZÌ�M� ,d�Y��ËÓM� {�YÂ»� �´Ë{� �Y� [ZÌ��É{ÓÂ§� ÉZÅ

Ê»�{ZnËY�Y��Ê³{Â·M�¾Ë�f�Ì]|ÀËZ¼¿ .�¾ËY�]ZÀ]ÄË�ne�ÉY�]�ÊeZ³M�[ZÌ�M��Y�|ËZ]�,d«{�¾Ë�f�Ì]�Z]�ÊËZÅ

{�¯� Ã{Z¨f�Y .� Ê¼¯� �ËÓM� d�Y� ¾°¼»� �Ì¿� ÊeZ³M� [ZÌ�M� µZu� ¾ËY� Z]� �Ì¸Ì�� �Y�|À¯� {ZnËY

),½Â�ÀÌ·Á�����- ¹Ârm��½Y�Z°¼Å�Á,���� .(  

-��cZ]Â����Y�Ê¯�Z¿���Âa�Ä¸Ì�Á�Ä]�Ä¿Â¼¿�Ä¯�d�Y�Ê¿Z»��½M�Á�|Àf�Å�d Ì^���{�,�ËÓM��´Ë{��]ZÀ»

[M��{�µÂ¸v»�{YÂ»��Y�Ê�Z¿�½Z»��½{Â]�Ê¿ÓÂ��¶Ì·{�Ä]� ZË�Á�{Â��Ã|Ì�Âa�ZË�{�[M�ZË�ÊÀÌ»��Ë��ÉZÅ

Ä¿Â¼¿�¾Ì]Ä¿Â¼¿�,½{�¯��{Âa�Á�É�Y{�]·M�Á�Äf§�³��Y�«�ÉÂm�¶»YÂ���� »��{�ZÅ|À]ZË�Ê³{Â .�{�YÂ»�¾ËY

Ä°e�ÉÂ�f���Ä¸Ì�Â]�Z]�½{�¯��{Âa��Y�¶^«�Á�½|Ë�]��Y��a�²À��ÉZÅHCl��|Àq�c|»�Ä]�,�ÓÂ»�®Ë

Ê»��¨e�»�Ä¬Ì«{{Â� .  

-�Ê»� Z�y��]ZÀ»� �´Ë{� �Y®Ìa�Ê¿Z�Âb¼Å� �Y�Ê�Z¿�ÉZ�y� ,½ÂÌ�Y�^Ì·Z¯� �Y�Ê�Z¿�ÉZ�y�Ä]�½YÂe�Á� ZÅ

Ã{Y{�É�Z��Z°�M�ÉZ�yÃ�Z�Y�ÊËZÌ¼Ì�ÂW��ÉZÅ�{�¯ .  

-�Ä¿Â¼¿� Ä°ÌWZn¿M� �Y��Á�� Ä]� Ä¬�À»�ÉZÅICP-MS�Äf§�³� �Y�«�ÊËZÌ¼Ì�� ÄË�ne� {�Â»Ê»� ,|¿Y�Z]� ½YÂe

{Y{��Y�«�¶Ì¸ve�Á�ÄË�ne�{�Â»�Y��Ã|»M�d�|]�lËZf¿�É�f�Ì]�½ZÀÌ¼�Y .ICP-MS ��Ã�Ze�d^�¿�Ä]�Ê�Á�

                                                           
˺ - Jochom   
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¦Ì�� Ä �Âe� �Y� Ä¯� d�Y� d�Y� Ã|�� ¶�Zu� ÊËZ¬·Y� Ã|�� d¨m� ÉZ¼�Ôa� É��¿� ÊnÀ� )�Á� dË{

�ËÁ�Zm˺�,���� .(  

  

� -�-�Ã{Y{�tÌv�eÄË�ne��Y�¶�Zu�ÉZÅÊËZÌ¼Ì�ÂW��É  

ÄË�ne��Y�¶�Zu�lËZf¿��Y�Ã{Z¨f�Y��Y�¶^«Ä¿Â¼¿�ÊËZÌ¼Ì�ÂW��É½M���Y{�a�Á�Ä ·Z�»�{�Â»�ÉZÅ�,ZÅ

½M�{�Â»��{�ÊeZvÌv�e�d�Y�¹�Ó{Â��µZ¼�Y�ZÅ .Ä¸¼m��YÊ»�cZvÌv�e�¾ËY�É��Y6�§�{YÂ»�¥~u�Ä]�½YÂe

)L.O.I (�d^�¿�ÁFe2O3/FeO�{�¯�Ã�Z�Y.  

²À���{��Y6�§�{YÂ»�½Y�Ì»½M��Â�u�Á�d�Y�º¯�ÊËZ¼³Z»�ÉZÅ�ÄËÂ¿Zi�ÉZÅ|ÀËM�§��Y�Ê�Z¿�0Ze|¼��ZÅ

Ê»�Ê³{�YÂÅ� Á�Ê¿Z��³{�|À¿Z»�|�Z])½Â�¸ËÁ�� ,����.( Ä¿Â¼¿� �Å�ÉY�]� �Y6�§� {YÂ»�¥~u��Â�À»�Ä]�É

�|��{�,Ê´À�L.O.I�½M�ÉZÅ|Ì�¯Y��¼m�¶�Zu��Y|¬»��Y�Y��,Ã{�¯�º¯�Ä¿Â¼¿ ���Y|¬»�,Ã|»M�d�|]�{|�

d�Y�Ã|��¥~u�½M��Y6�§�{YÂ»�Ä¯�{Â]�|ÅYÂy�Ê´À���{�ZÅ|Ì�¯Y��Â¼n»�|Ë|m .�d^�¿�,�b�)����

|Ë|m��Â¼n»��]�ºÌ�¬e( ��,Ã{�¯�[���²À��ÉZÅ|Ì�¯Y��Y�®Ë��Å�|��{��Y|¬»��{�Ê^Ë���c�Â��Ä]�Y�

��¯Y�Ê¿�Á�|��{�Ze{{�³�Ä^�Zv»��Y6�§�{YÂ»�½Á|]�ZÅ|Ì.  

ÄË�ne� �{,ÊËZÌ¼Ì�� ÉZÅ �� c�Â�� Ä]� ¾ÅM� ÉZÅ|Ì�¯Y� �Y|¬»Fe2O3�Ê»� ÄWY�Y� ¶¯{Â�.��d^�¿   

Fe2O3 / FeO�²À���{Ê»��ËY�§Y�½Y|Ì�¯Y��ËY����{�Ê¿Z��³{�¶Ì·{�Ä]�¾Ë�}M�ÉZÅ|]ZË .�¶Ì·{�¾ËY�Ä]

Ã|��Ä^�Zv»��Ë{Z¬»�ÉFeO��ÁFe2O3Ê¼¿�Ê «YÁ��Ë{Z¬»�,|�Z]. Ê¿Z¯�\Ì¯�e��]��»Y�¾ËY�ÂÌeZ»�Â¿�Ê�ZÀ�

,d�Y{�|ÅYÂy�ÊÆmÂe�¶]Z«��ÌiPe�²À� �É�Â��Ä]Ä^�Zv»��{�Ä¯�d^�¿��ËY�§Y�¶Ì·{�Ä]�,¹�Â¿�ÉFe2O3 

/ FeO�Á�{Y{�|ÅYÂy�½Z�¿�É�f�Ì]�dÌfÀ´»�½Y�Ì»�Ã|��Ã|Ì�¯Y�²À��,FeO��¶Ì°�e�dÆm�É�f¼¯

Ê¿Z¯�¹�Â¿Ê»�Ê«Z]�ÄeZ°Ì¸Ì��ÉZÅ�|¿Z»)�Â¼·|Ì»d�� ,���� .(� �Y{Â¼¿� �Y� Y~·Na2O + K2O �¶]Z¬»� �{

SiO2 ),�f»Â·���� (�d^�¿�¾ÌÌ e�ÉY�]Fe2O3 / FeO�d�Y�Ã|��Ã{Z¨f�Y )¶°��-�.(  

                                                           
˺- Date & Jarvis  
˻-Wilson   
˼-Middlemost  
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�¶°��-� -�Ä¿Â¼¿�dÌ «Â»� �Y{Â¼¿�ÉÁ���]� Ä ·Z�»�{�Â»�ÉZÅNa2O + K2O �¶]Z¬»� �{SiO2 ),�f»Â· ����(,��½M� �{�Ä¯

d^�¿��Â�y�|��{�ÉÁZ�»�½ÂÌ�Y|Ì�¯Y�ÉZÅFeO / (FeO + Fe2O3) ²À��ÉY�]�Ê¿Á�{�¾Ë�}M�ÉZÅ)|f¼»��Â�y�Z] (
²À��ÉY�]�Á�Ê¿Z�¨�eM�ÉZÅ)¾Ìq��y�Z] (d�Y�Ã|��Ã{Y{�½Z�¿ .  

  
  
  

�µÁ|m� -�-�²À��\Ì¯�e�ÉY�]�Äf§���Z¯�Ä]�ºWÔ�¶�§�¾ËY�ÉZÅ�Y{Â¼¿�¹Z¼e��{�ZÅ  
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�µÁ|m� -�-�ÄË�ne�lËZf¿Ê¿Z¯��Ë{Z¬»�,Ê¸�Y���ZÀ��ÉZÅ|Ì�¯Y�ÊËZÌ¼Ì��É�{Z¿�Á�[ZÌ¼¯���ZÀ��,ÂÌeZ»�Â¿�ÉZÅ�Ä¿Â¼¿�Ê¯Zy�ÉZÅ
�Ä ·Z�»�{�Â»�Ä¬�À»�Ê´À�),Ê¿Z]�«����(  

kah6  kahan  kah10  kahn1  kah1x  kah2x  kah120  FT-4  FT-3  Samples                 FT-2         
                  Major oxides(Wt%)             

55.64 59.15 47.63 49 46.99 47.5 51.85 59.78 61.44 64.16 SiO2 
0.89  0.64  0.4  1.1  1.18  1.18  1.12  0.49  0.51  0.46  TiO2 
17.51  17.5  16.91  16.9  17.21  16.66  15.89  15.13  16.31  15.67  Al2O3 
13.6  11.95  16.93  17.58  17.37  17.63  15.79  7.9  7.9  7.54  FeO(t) 
0.13  0.11  0.14  0.16  0.16  0.16  0.09  0.14  0.06  0.08  MnO 
2.56  2.56  8.74  6.22  6.72  6.59  6.25  0.65  1.46  0.52  MgO 
7.44  7.84  9.64  8.7  9.38  9.59  8.62  3.87  3.13  1.36  CaO 
4.23  4.75  4.84  4.63  4.73  4.59  4.46  0.38  3.52  1.38  Na2O 
2.15  1.01  0.65  1.04 0.7  0.72  1.02  10.89  5.9  10.23  K2O 
0.51  0.21  0.26  0.29  0.31  0.29  0.27  0.2  0.27  0.18  P2O5 

108.49  105.87  107.99  108.88  108.16  108.28  106.56  93.8  103.58  94.22  Sum 
1.75  0.15  1.85  3.26  3.41  3.37  1.2  3.37  3.08  1.64  L.O.I 
          Norm (CIPW) 
0  1.066  0  0  0  0  0  35.282  4.526  42.217 Q 
0  0  0  0  0  0  0  5.901  0  10.027  C 

24.298  5.969  3.841  6.146  4.137  4.255  6.028  11.169  34.867  7.269  Or  
24.65  40.193  10.656  18.129  13.681  14.584  28.244  3.215  29.785  11.677  Ab 

16.297  23.445  22.495  29.258  23.660  22.728  20.335  17.893  11.277  5.571  An 
6.037  0  16.414  11.023  14.271  13.140  5.144  0  0  0  Ne 

14.901  12.1  19.718  16.093  17.598  19.196  17.434  0  2.146  0  Di 
0  21.245  0  0  0  0  0  15.577  16.305  14.53  Hy 

16.988  0  31.593  28.511  28.446  27.896  25.434  0  0  0  Ol 
1.691  1.216  0.76  2.09  2.443  2.242  2.128  0.931  0.969  0.874  Il 
1.208  0.497  0.616  0.678  0.734  0.687  0.64  0.474  0.64  0.426  Ap  

106.769  105.733  106.156  105.638  104.769  104.928  105.376  90.442  100.515  92.59  Sum  
                  Trace elements(ppm)                

357  336  56.3  225  127  136  121  841  1340  1660  Ba 
17.2  20.8  27.1  33  36.2  35.9  33.9  9.1  5.8  7  Co 
403  474  149  745  476  426  278  6.1  6  7  Cr 

184  166  121  270  198  193  157  3  3  0  Ni 
10.6  7.3  5.2  6.2  5.8  5.7  5.2  20.4  17.2  22.6  Nb 
19.6  27.6  2.2  24.5  12.5  11.2  8.8  89.6  205  162  Rb 
16  11.6  26  29  30  24.6  29  5.1  5  4  Sc 
1.2  1.2  0.6  0  1.2  1.1  0.9  0  0  0  Sn 
821  576  246  610  599  529  624  1002  1241  1377  Sr  
2.6  4  0.7  2.1  0.8  1  1.1  11.8  10.5  13.5  Th 

1  1.2  0.21  0  0.3  0.3  0.26  4.46  4.59  3.87  U 
102  74  51  0  71  65  48  157  64  112  Zn 
17  10  1.2  0  3  3  3.4  20.6  88.8  69.9  Pb 
25  64  109  0  104  100  104  32.4  49.2  15.6  Cu  

186  141  93  245  233  221  199  69  63  24  V 

18.6  20.4  21  22  23.9  21.3  22.6  14.8  13.9  15.5  Y 
  Rare Earth Elements (ppm) 

21.4  17.1  8.3  11.8  10  10.2  8.9  37  42  44  La 
44.3  36.2  18.3  27.5  24.1  23.6  26.3  71.1  68.6  73.9  Ce 
24.4  18.3  0  16.5  16.1  16.5  0  28.7  26.6  28.3  Nd 
5.2  3.9  0  3.85  4.2  4.3  4.04  4.67  4.37  4.33  Sm 
1.3  1  0  1.26  1.3  1.3  0  1.61  1.34  1.43  Eu 
4.2  3.8  0.32  0  2.6  2.6  2.7  0  0  0  Hf  
1.9 1.9  0  1.93  2  2  0  1.49  1.48  1.75  Yb  
0.3 0.3 0  0  0.3  0.3  0  0.21  0.21  0.26  Lu 
1.9 1.8 0  2.1  2.2  2.1  0  1.56  1.55  1.77  Er 
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�µÁ|m� -�-�ÄË�ne�lËZf¿Ê¿Z¯��Ë{Z¬»�,Ê¸�Y���ZÀ��ÉZÅ|Ì�¯Y�ÊËZÌ¼Ì��É�{Z¿�Á�[ZÌ¼¯���ZÀ��,ÂÌeZ»�Â¿�ÉZÅ��Ê¯Zy
Ä¿Â¼¿�ÉZÅ�Ä ·Z�»�{�Â»�Ä¬�À»�Ê´À�)«,Ê¼�Z����(  

CH-10  CH-9  CH-8  CH-7  CH-6  CH-5  CH-4  CH-3  CH-2  Sample                   CH-1 
                  Major oxides(Wt%)             

51.24 50.92 50.72 50.91 54.3 56.44 51.6 51.6 49.26 50.5 SiO2 
1.59  0.8  10.7  0.8  0.6  0.77  1.1  0.8  0.78  0.9  TiO2 
11.5  14.15  13.82  16.3  13.7  14.22  16.6  16.96  15.45  16.3  Al2O3 
11.59  11.27  8.45  12  5.7  9.29  7.9  8.1  11.4  8  FeO(t) 
0.26  0.14  0.24  0.13  0.1  0.16  0.3  0.4  0.2  0.7  MnO 
3.75  6.73  6.11  7.04  1.1  4  1.3  2.1  10.1  11.2  MgO 
11.18  5.87  4.88  5.1  8.1  6  4.5  8.1  5  4.32  CaO 
2.61  2.65  1.46  3.5  2.4  2.5  0.4  2  1.5  1.8  Na2O 
0.19  1.3  2.64  1.1 3.4  2.7  5.8  5.7  1.1  3.03  K2O 
0.24  0.21  0.25  0.19  0.3  0.12  0.6  0.8  0.14  0.7  P2O5 
99.65  97.03  101.13  100.84  100.9  99.16  98.6  98.76  100.13  100.95  Sum 

5.6  5.6  2.25  3.77  7.8  2.96  8.5  2.2  5.2  3.5  L.O.I 
          Norm (CIPW) 

5.529  0.622  7.961  0  9.454  7.783  11.154  0  1.132  0  Q 
0  0  0.481  0.533  0  0  2.918  0  3.036  3.88  C 

1.123  7.683  14.538  6.501  20.093  15.95  34.276  33.685  6.501  17.906  Or  
22.085  22.424  12.538  29.616  20.308  21.154  3.385  16.478  12.693  15.231  Ab 

19.102  22.875  22.577  24.061  16.567  19.604  18.405  20.464  23.891  16.589  An 
0  0  0  0  0  0  0  0.241  0  0  Ne 

29.488  4.055  0  0  18.648  7.887  0  12.392  0  0  Di 
13.521  34.377  28.373  22.779  2.797  22.077  16.485  0  45.174  34.573  Hy 

0  0  0  11.662  0  0  0  9.932  0  5.678  Ol 
3.021  1.52  3.23  1.52  1.14  1.463  2.09  1.52  1.482  1.71  Il 
0.567  0.497  0.592  0.45  0.711  0.284  1.421  1.895  0.332  1.658  Ap  

94.166  94.053  90.107  97.082  89.717  105.733  90.135  96.607  94.94  97.967  Sum  
                  Trace elements(ppm)                

409  94  932  492  58  515  622  441  23  2.71  Ba 
20.4  16.1  20  20.8  18.4  29.6  26.5  14.8  10.8  18.9  Co 
39  14  27  29  14  45  44  44  14  31  Cr 

18  8.9  14.2  32  20.8  24.4  19.5  15.8  9.4  12.8  Ni 
7  0.55  4.32  4.11  1.27  6.56  5.99  7.09  0.74  4.57  Nb 

71.6  9.9  148.4  108.9  18.1  50.5  100.5  90.4  12.3  69.5  Rb 
1.02  15.12  1.75  4.21  3.36  0.97  6.39  0.92  16.05  1.6  Sb 
17.8  1.9  14.8  13.6  6.9  25.5  14.4  19  2  13.9  Sc 

1  0.4  0.8  0.8  0.4  1.2  1.2  1.1  0.6  0.7  Sn 
406  55  204  202  29  766  80  334  38  142  Sr  
4.8  0.4  3.3  1.6  0.8  5  2.26  4.2  0.5  3.8  Th 

1.3  0.6  1.1  0.7  0.5  1.5  1.8  1  0.5  0.1  U 
107.3  65  197.7  441.3  195.7  90.1  10000>  102.5  559.8  158.6  Zn 
32.44  280.7  85.9  273  13.75  36.71  10000>  18.34  7320  36.01  Pb 
528  772.1  121.6  49.86  10000>  39.98  746.3  103.5  2496  4504  Cu  
215  35  160  185  52  274  195  222  30  124  V 

18  2.7  12.7  8.03  3  18.7  5.9  16.2  2.6  20  Y 
  Rare Earth Elements (ppm) 

17.5  1.8  14.2  7.4  11.1  19.3  9.06  14.07  2  16  La 
37.4  4.68  27.19  17.41  16.14  38.52  17.57  33.76  4.16  34.3  Ce 
20.5  3.6  16.5  10.8  5.9  22.5  12.8  22  2.8  25.5  Nd 
4.1  0.8  2.8  2.4  1.1  4.4  2.6  4.4  0.5  5.5  Sm 
1  0.3  0.8  0.6  0.3  1.3  0.5  1.2  0.2  1.8  Eu 

2.7  0.11  2.08  1.51  0.38  3.15  1.48  2.45  0.28  1.95  Hf  
1.6 0.2  1.4  0.9  0.3  1.9  0.8  1.7  0.2  1.6  Yb  
0.3 0.1 0.2  0.1  0.1  0.3  0.1  1.2  0.01  0.2  Lu 
1.8 0.2 1.4  1  3  2.2  0.8  1.7  0.3  1.6  Er 

  

Ê¿Z¯�¥� »�ºWÔ�¿�ÉZÅÂ��Y�|Àe�Z^��ÂÌeZ»�:  

Q :,�e�YÂ¯ C: ,¹Á|¿Á�¯ Or:�,�Âe�Y Ab:�,dÌ^·M An :,dÌe�Â¿M Ne :,¾Ì¸¨¿ Di :,|Ì�aÂË{ Hy :

,¾f��bÌÅ Ol :,¾ËÂÌ·ÁY Ap :dÌeZaM, Il :dÌÀ¼¸ËY. 
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� -�-�ÄË�ne�lËZf¿�{�]�Z¯Ê¸�Y���ZÀ��ÊËZÌ¼Ì��É�[ZÌ¼¯�Á�Ä¬^���{²À��É|À]�ÉZÅ

Ä ·Z�»�{�Â»  

�Á��¾Ë�e|À»{Â���Y�Ê°ËÄ¬^��ÉZÅÄ¬^��ÉZÅ�Y{Â¼¿��Y�Ã{Z¨f�Y�,ÊËZÌ¼Ì��É|À]��Â¼n»�É|À]

� Ê·Z°·M)Na2O + K2O (� �Ì¸Ì�� ¶]Z¬»� �{)SiO2 (d�Y .Ä¸Ì�Â]� ÊËZÅ�Y{Â¼¿� ¾ÌÀqÁ� �¯Z¯� É�

�½Y�Z°¼Å)����(��Á�d�Â¼·|Ì»)���� (Ã|��ÄWY�Y�Ã�Ì£�Á|¿Y .ÃÂv¿��{�ZÅ�Y{Â¼¿�¾ËY�cÁZ¨e��»�É�É|À]

½Y|Ì»Ê»�¦¸fz»�ÉZÅ|�Z].  

  

¦·Y-���Y{Â¼¿Na2O + K2O��¶]Z¬»��{SiO2 ),½Y�Z°¼Å�Á��¯Z¯����(  

� ½Y�Ì»��Z�Y� �]� �Y{Â¼¿� ¾ËYSiO2Ã{Á|v»� Ä]� ,� Á� ��YÁ|u� ,®Ë�Z]� ,®Ì§Z»Y�f·ÁY� ÉZÅ�É|Ì�Y

Ê»�ºÌ�¬e�¾·Z°·M�[Z��Á�¾·Z°·M�Ã{Á|v»�Á{�Ä]�|f¼»��y�®Ë���Âe�Á�d�Y�Ã|��ºÌ�¬e|¿Â� .Ä¿Â¼¿ -

Ã{Á|v»��{��Y{Â¼¿�¾ËY��{�Ä ·Z�»�{�Â»�ÉZÅÉ�|¿M�,d·Y�Z]�ÉZÅÊ¯Y�e�,dË�|¿M�,d·Y�Z]ÉYÁZÅ,dË�|¿M�dËY

Ã�Â»�ÁÊ»��Y�«��dË�M|¿�Ì³)¶°�� -�.(  

  

[-���Y{Â¼¿Na2O + K2O��¶]Z¬»��{SiO2 )�,d�Â¼·|Ì»����(  

��Ë{Z¬»��Z�Y��]��Ì¿��Y{Â¼¿�¾ËYNa2O + K2O��Ê¿�Á�|��{�¶]Z¬»��{SiO2�d�Y�Ã|��ºÌ��e 

)¶°��-�.( �,�Y{Â¼¿�¾ËY�Ä]�ÄmÂe�Z]�²À�Ã{Á|v»��{�Ä ·Z�»�{�Â»�ÉZÅY�e�,d·Y�Z]�É,d·Y�Z]�Ê¯ ��Ê¯Y�e

,d·Y�Z]� É�|¿M�� dË�|¿M� Ê¯Y�eÉ�|¿M� Ád·Y�Z]�Ê»� �«YÁ�®Ë� Á� |¿Â��Ê¯Y�e� Ze� d·Y�Z]� �Y� ªË�¨e� É��

Ê»�½Z�¿�Y��dË�|¿M|ÀÅ{.  
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�k - ���Y{Â¼¿Zr / TiO2��¶]Z¬»��{Nb / Y )�f�rÀËÁ��|ËÂ¸§�Á��,����(  

Ä¬^���Y{Â¼¿��{�d^�¿�,|ËÂ¸§�Á��f�rÀËÁ�É|À]Zr / TiO2 ��Âv»�ÉÁ���]x �d^�¿�ÁNb / Y ��]

��Âv»�ÉÁ�y d�Y�Ã|��ÄWY�Y .Ä¿Â¼¿��{�Ä ·Z�»�{�Â»�ÉZÅÃ{Á|v»��{�,�Y{Â¼¿�¾ËY�É�|¿M�Á�dË�|¿M�ÉZÅ

Ê»��Y�«�d·Y�Z]�|¿�Ì³)¶°��-�.(  

  

� ¶°�� - �-�Ä¿Â¼¿� dÌ «Â»�ÉÁ�� �]� Ä ·Z�»� {�Â»� ÉZÅ
� �Y{Â¼¿Na2O + K2O � ¶]Z¬»� �{SiO2 )�Á� �¯Z¯
,½Y�Z°¼Å���� (½M�É�Y~´»Z¿��Â�À»�Ä]ZÅ.  

¶°��-�-�Ä¿Â¼¿�dÌ «Â»��Y{Â¼¿�ÉÁ���]�Ä ·Z�»�{�Â»�ÉZÅ
Na2O + K2O�� ¶]Z¬»� �{SiO2 )� ,d�Â¼·|Ì»���� (�Ä]

½M�É�Y~´»Z¿��Â�À»ZÅ.  

  
¶°��-�-�Ä¿Â¼¿�dÌ «Â»��Y{Â¼¿�ÉÁ���]�Ä ·Z�»�{�Â»�ÉZÅZr / TiO2 �¶]Z¬»��{Nb / Y  )�,|ËÂ¸§�Á��f�rÀËÁ���� (�Ä]

½M�É�Y~´»Z¿��Â�À»ZÅ.  

                                                           
˺-Winchester   
˻-Floyd   
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� -�-�ÊËZ¼³Z»�É���¾ÌÌ e  

²À��Ê¸¯��Â��Ä]É���Ä]�¾Ë�}M�ÉZÅ�ÉZÅ��]�¦¸fz»�¾Ì¨·R»�Á�|¿�Y{�ª¸ e�Ê¨¸fz»�ÊËZ¼³Z»

Ê³�ËÁ��Z�Y¹Z¿�ÊËZÌ¼Ì�ÂW��ÉZÅ½M�Ä]�Y��ÊeÁZ¨f»�ÉZÅÃ{Y{��Z�fyY�ZÅ|¿Y. �¶»Z��ÊËZ¼³Z»�É���®Ë

Ä�Â¼n» ²À���Y�ÉY��Â¸^e��iY��]��{Z»�ÉZ¼³Z»�®Ë��Y�Ä¯�d�Y�¦¸fz»�ÊËZÌ¼Ì��\Ì¯�e�Z]�¾Ë�}M�ÉZÅ

Ã|Ë{�³�¶�Zu�Ê�z] |¿Y )Â¿Â¯�, ����.(����Zu�µZu��{��Ã|���z�»�ÊËZ¼³Z»�É���|Àe�Z^��Ä¯�|¿Y

�Ê·Âve�Á�ÊfÌ¿Â�Â��,¾·Z°·M�®·Z¯�,¾·Z°·M�,ÊfÌX·Âe�É����Y)Ê·Z¬f¿Y(�ÊËZ¼³Z»�É���¾ÌÌ e�dÆm�Ä¯�,

²À�½M�s��� Á�Ê§� »�Ä]� �Ë�� �{�Ä¯�d�Y� Ã|��Ã{Z¨f�Y�¦¸fz»�ÉZÅ�Y{Â¼¿� �Y� Ä ·Z�»�{�Â»�ÉZÅ�ZÅ

dyY{�a�ºÌÅYÂy.  

  

 ��Y{Â¼¿Na2O+K2O��¶]Z¬»��{SiO2   

Ä¿Â¼¿� ÊËZ¼³Z»� É��� ¾ÌÌ e� �Â�À»� Ä]�Ê¿�Á� |��{� �Â¼n»� ÉZÅ�Y{Â¼¿� �Y� Ä ·Z�»� {�Â»� ÉZÅ

Na2O+K2O��¶]Z¬»��{SiO2 ¾ËÁ�ËY�,���Z³Y�Z]�Á� )����(�,�d�Â¼·|Ì»)����(��Á�Â¸ËZe�Á�Â¸Ë��°a� 

)���� (�d�Y�Ã|��Ã{Z¨f�Y)�¶°�� -�-k�Ze�¦·Y.( �d�Â¼·|Ì»��Y{Â¼¿��{)����(�, ���ÊËZ¼³Z»�É��

�Ê·Z°·M� ,Ê·Z°·M� ,ÊfË|ÌWÂ§��Ã|��®Ì°¨e�Ê�Ì¸Ì��Á�Ê·Z°·M�[Z�� ,Ê·Âve|¿Y.��,ZÅ�Y{Â¼¿�¾ËY��Z�Y��]

²À�Ã{Á|v»��{�Ê���]�{�Â»�ÉZÅÊ»��«YÁ�¾·Z°·M�Ze�¾·Z°·M�[Z��É���É|¿Â�.  

  

  

  

  

  

                                                           
˺-Kuno  
˻- Irvine  
˼- Baragar  
٤- Peccerillo & Taylor   
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¦·Y  [  

  
k  

�¶°�� - �- Ä¿Â¼¿�dÌ «Â»ÊËZ¼³Z»�É���¾ÌÌ e��Y{Â¼¿�ÉÁ���]�Ä ·Z�»�{�Â»�ÉZÅ .¦·Y-���Y{Â¼¿Na2O+K2O��¶]Z¬»��{
SiO2 )� ,�Z³Y�Z]� Á� ¾ËÁ�ËY����([� , -�� �Y{Â¼¿Na2O+K2O�� ¶]Z¬»� �{SiO2 )� ,d�Â¼·|Ì»����(k� ,-���Y{Â¼¿

Na2O+K2O��¶]Z¬»��{SiO2 )�Á�Â¸Ë��°a�,½Y�Z°¼Å����.(  

  

� -�-�²À��ÊËZÌ¼Ì�ÂW��cÓÂve�Á��ÌÌ¤e�Ê���]cY�ÌÌ¤e�ÉZÅ�Y{Â¼¿�®¼¯�Ä]�ZÅ  

�Ä¯�¶»Z°e�Ê���{�ÊËZ¼³Z»�g{YÂu�|¿Á��Ê���]�Á�ÊËZ¼³Z»�cÓÂve�Á�cY�ÌÌ¤e�dyZÀ���Â�À»�Ä]

²À��{ZnËY�Ä]��nÀ»Ê»�¾Ë�}M�¦¸fz»�ÉZÅ�Ê���]�Á�Ä ·Z�»� ,|¿Â��¹OÂeÊ¿Z¯� Á�Êf§Z]��]YÁ�Ê�ZÀ��

²À�ÃY�¼Å� ,ZÅ�½M� ÊËZÌ¼Ì�ÂW�� cY�ÌÌ¤e� Z]�cÓÂve� Ê «YÁ� �Ì�¨e� Á� dyZÀ�� Ä]� É{ZË�� ®¼¯� ,ZÅ

{Â¼¿�|ÀÅYÂy�ÊËZ¼³Z».  
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¾ËY�ÉY�]���Y��Â�À»�¶]Z¬»��{�[ZÌ¼¯�Á�Ê¸�Y���ZÀ��ÉZÅ|Ì�¯Y�|��{�ÉZÅ�Y{Â¼¿SiO2 )�¯�ZÅ�, 

����(� ,Ê»�Ã{Z¨f�Y{Â�.�Ê»�cY�ÌÌ¤e�ÉZÅ�Y{Â¼¿��Y� Ã{Z¨f�Y�Z]�½YÂe�Ê°Ë�Â·Á�fa�Á�ÊËZÌ¼Ì�ÂW���]YÁ�

²À�� ¾Ì]{�¯� ¾ÌÌ e� Y�� Ä¬�À»� ®Ë� �{� {ÂmÂ»� ÉZÅ .��Y� ZÅ�Y{Â¼¿� ¾ËY� �{� Ã|�� Ã|ÅZ�»� cY�ÌÌ¤e

Äf�Âa�º�Å�Á��ËÓM�ZË�ÊËZ¼³Z»��ÔfyY�,Ê�z]�[Á}�,Ê¬Ë�¨e��Â¸^e��Ì�¿�ÊËZÅ|ÀËY�§Ê»�Ê�Z¿�ÉY -

�|¿Â�),½Â�¸ËÁ����.( e�½Z»���Y�Y��Z¼³Z»�µÂve�,ZÅ�Y{Â¼¿�¾ËYÊ»�½Z�¿�ÊÀË�´ËZm�½Z»��Ze�¶Ì°�|ÀÅ{.  

  

¦·Y-��|��{�¶]Z¬»��{�|Ì�¯Y�|��{�ÉZÅ�Y{Â¼¿SiO2 ),�¯�ZÅ ����(  

Ê¼Ë|«�,�¯�ZÅ�cY�ÌÌ¤e�ÉZÅ�Y{Â¼¿lËY���Y�Ê°Ë�Á�Ã{Â]�cY�ÌÌ¤e�ÉZÅ�Y{Â¼¿��Â¿�¾Ë�e�Á��¾Ë�e -

Ã{Y{��ËZ¼¿�ÉZÅÊ»�[ZÌ¼¯�Á�Ê¸�Y���ZÀ��ÉZÅ|�Z] .¹Y�³ZË{�®¼¯�Z]Ê»��¯�ZÅ�ÉZÅ�Á�ZÅ|ÀËY�§�Ä]�½YÂe

[Á}��Ì�¿�ÊeÓÂveÄf�Âa�Ê³{Â·M�Á�ÊËZ¼³Z»��ÔfyY�,Ê¬Ë�¨e��Â¸^e�,Ê�z]��Â¸^e�ZË�¶Ì°�e��{�Ä¯�ÉY

Ê»�c�Â��Ä]�Z¼³Z»�{�]�Êa�,{�Ì³)�,½Â�¸ËÁ����.(  

��ËY�§Y� Z]� ,�¯�ZÅ�ÉZÅ�Y{Â¼¿� �{�Ê¸¯� �Â�� Ä]SiO2��ÉZÅ|Ì�¯Y� �Y|¬»MgO,  TiO2� ,FeOt�,

CaO��ÁP2O5 �Á��ÅZ¯Na2O+K2O �ÁAl2O3�Ê»��ËY�§Y|À]ZË.  

- MgO 

���Y{Â¼¿�¾ËY��{)�¶°��-�-�¦·Y(�,��Y|¬»��ËY�§Y�Z]SiO2,��Ë{Z¬» MgO�Ê»�½Z�¿�Y��Ê·Á�¿�|¿Á� -

|ÀÅ{. �d¯�Z�»�¶Ì·{�Ä]|Ì�¯Y�¾ËY �Â¸^e��{�Ê¿Z¯�ÉZÅ�½Âq�¾�¯Á�ÌaÂÀÌ¸¯�,¾ËÂÌ·ÁY��{�½M��Y|¬»��ËZ»

�Ã|¿Z¼Ì«Z]Ê»��ÅZ¯|]ZË .  

- TiO2 

��Y{Â¼¿�¾ËY��{ )�¶°�� -�-�[ (��Y|¬»��ËY�§Y�Z]SiO2�Ë{Z¬»�, TiO2 {�Y{�Ê�ÅZ¯�|¿Á� .�0ÓZ¼fuY

½ZfÌe��ZfyZ���{�ºÌ¿ZfÌe�|Ì�¯Y�d¯�Z�»�,�ÅZ¯�¾ËY�¶Ì·{Á�dË�ÁY ¾ÅM�ÉZÅ|Ì�¯Y ��½ZfÌe�Ê»|�Z].�

                                                           
˺-Harker   
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�ÉÂfv»�,Z»{�Á�½�Ì�¯Y�ÄfÌ�Z³Â§��ÅZ¯�Á�ªË�¨e�d§��Ìa�Z]Ti�Ê¿Z¯��{½ZfÌe�ÉZÅ��Y{Ê»��ÅZ¯�|]ZË

)Ê·Â§��,����.( 

- FeOt 

��Y{Â¼¿�¾ËY��{)¶°��-� -k( ��Y|¬»��ËY�§Y�Z]SiO2Ê»�½Z�¿�Y��Ê·Á�¿�|¿Á��|Ì�¯Y�¾ËY��Ë{Z¬»�,-

|Å{ .Ê¿Z¯�¾ÅM�ÉZÅ|Ì�¯Y�Ã|ÀÀ¯�¥��»�¾Ë�f�Ì]�µÂ^Ì¨»M�Á�¾�¯Á�Ìa� ,¾ËÂÌ·Y�½Âr¼Å�®Ì§Z»�ÉZÅ

Ê»|À�Z] .Ê¿Z¯�¾ËY��Â¸^e�Z]�¾ËY�]ZÀ]��Ë{Z¬»�,ZÅÊ»��ÅZ¯�Ã|¿Z¼Ì«Z]��ËZ»��{�¾ÅM�ÉZÅ|Ì�¯Y|]ZË .  

- CaO  
�Y{Â¼¿�¾ËY��{ )¶°��-�-{ (��Y|¬»��ËY�§Y�Z]SiO2Ê»�½Z�¿�Y��Ê·Á�¿�|¿Á��|Ì�¯Y�¾ËY��Ë{Z¬»�,-

|Å{ .�,Ê¬Ë�¨e��Â¸^e�Ê���{CaO Ê¿Z¯�½Z¼fyZ��{�YÁ�ºÌ�¸¯��Y�ÊÀ£�¾�¯Á�Ìa�,�Ô¯ÂË�Ôa�|À¿Z»�ÊËZÅ

)dË�ÁY (Ê»�|À¸^¿�ÂÅ�Á�{Â�)�ÄÌ·�Zq�Á��ÀqY{��,����(Ê»��ÅZ¯�Ã|¿Z¼Ì«Z]��ËZ»��{�½M��Y|¬»�Y~·�,|]ZË .

��Y|¬»�¾Ë�f�Ì]CaO�²À���{��Ô¯ÂË�Ôa�Á�¾�¯Á�ÌaÂÀÌ¸¯��Â�u�d¸��Ä]�Êf·Y�Z]�Ê¯Y�e�Á�Êf·Y�Z]�ÉZÅ

Ê»�ÓZ]�|��{�dÌe�Â¿M�Z]|�Z].  

- P2O5  
��Y{Â¼¿�¾ËY��{)¶°��-� -Ã (��Y|¬»��ËY�§Y�Z]SiO2��Ë{Z¬»�,Ê»�½Z�¿�Y��Ê·Á�¿�|¿Á��|Ì�¯Y�¾ËY-
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Ê»|]ZË. |Ì�¯Y� ¾ËYZÅ�Ê¿Z¯� \Ì¯�e� �{� ,±��]� Ê¿ÂË� �Z �� ¾f�Y{� ¶Ì·{� Ä]ÄÌ·ÁY� ÉZÅ�ÓZ]� c�Y�u� É
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� �cY�ÌÌ¤e��Y{Â¼¿��{U �ÁTh��¶]Z¬»��{SiO2  )�¶°��-� -�k,{(Ê»�É{Â ��|¿Á��ÉY�Y{� , -

|À�Z] .��Y��f³��]�Ê¿ÂË��Z ��ÉY�Y{���À��Á{�¾ËY�/��|Àf�Å�{ZË��dÌ§���ÉY�Y{�¾ÌÀr¼Å�Á�¹�f�´¿Y .

� �ZÌ�]� ��ZÀ�� �Y� Y~·½M� �Y|¬»�ªË�¨e��ËY�§Y� Z]� Á� |¿�Z³�Z�Z¿²À�� �{� ZÅ�ÊËZÆf¿Y�¶uY�»�É|Ì�Y�ÉZÅ
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Ê» {Â�. ¾�¯Á�Ìa� �{�ºË{Z¿YÁ� ZÅ�|À¸^¿�ÂÅ� Á� {�YÁÁ� Ã|���Ê¿YÁY�§�d¸��Ä]� ÄnÌf¿� �{�¾ËYÊ¿Z¯ÉZÅ��{�

d·Y�Z]��{��Â¸^e�ÄÌ·ÁY�¶uY�»²À��¾ËY�,ZÅ|¿�Y{�Y��ºË{Z¿YÁ��Y|¬»�¾Ë�f�Ì]�ZÅ.��Ê¨À»�|¿Á�V��d§��Ìa�Z]

��ËY�§Y�Á�ªË�¨eSi2O�Á�¾ËÂÌ·Y�ªË�¨e��´¿ZÌ]�,d�Y�¾�¯Á�ÌaÂÀÌ¸¯ )�¿�ÂÅ�Á�²¿ZË�, ����.(  
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�cY�ÌÌ¤e��Y{Â¼¿Co��ªË�¨e�\Ë���¶]Z¬»��{)�¶°�� -�-Á(Ê»�Ê·Á�¿�|¿Á��ÉY�Y{�,|�Z] .�Zn¿M��Y

Ã|¼���z]�,d�Y��]Y�]�0Z^Ë�¬e�ºË�ÌÀ»�Ê¿ÂË��Z ��Z]�d·Z^¯�Ê¿ÂË��Z ��Ä¯��{�{ÂmÂ»�d·Z^¯���À���Y�ÉY
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� -� - �´Ë|°Ë�¶]Z¬»��{��Z³�Z�Z¿���ZÀ��cY�ÌÌ¤e�ÉZÅ�Y{Â¼¿  

�¾Ì]��{�{ÂmÂ»�cY�ÌÌ¤e�Ê´¿Â´q�Ä]�½{�]�Êa�ÉY�]²À�½M�Ê�ËY���Z^e�Y� Á�Ä¬�À»�ÉZÅ�Z]� ZÅ

d�Y�Ã|��Ã{Z¨f�Y��Ì¿�[ZÌ¼¯���ZÀ��cY�ÌÌ¤e�ÉZÅ�Y{Â¼¿��Y��´Ë|°Ë. �Y�ZÅ|¿Á���Â^����Á����´¿Z�¿�,O|^»

���ZÀ����Ë~aÊ¿Z¯�½Z¼fyZ���{��Z³�Z�²À��ÉZÅ d�Y��Z� .���ZÀ�� �Y|¬»�Ê¬Ë�¨e��Â¸^e�d§��Ìa�Z]

��ËY�§Y�Ã|¿Z¼Ì«Z]�[Y~»��{��Z³�Z�Z¿]�d^j»�\Ì��Z]��y�®Ë�Á�Äf§ZËÄÊ»�{ÂmÁ |¿�ÁM.��Ä¯�Êe�Â���{

�cZ�fz»�O|^»��Y�Á�|�Z]�d^j»�Á�Ê�y�|¿Á��ÉY�Y{��´Ë|°Ë�¶]Z¬»��{��Z³�Z�Z¿���À��Á{�cY�ÌÌ¤e��Y{Â¼¿

� ,{�~´]� �Ì¿� �Z³�Z�� ��ZÀ��cY�ÌÌ¤e�ÉZÅ�Y{Â¼¿� �{� ZË� Á��Z�Z¿,|À�Z]�Ê�ÅZ¯� Á�Ê¨À»�c�Â��Ä]� �Z³� 

{� ¶Ì°�e� Ê¸�Y� |ÀËY�§Ã|ÀÅ²À�� ÉÊ»� Ê¬Ë�¨e� �Â¸^e� ZÅ� |�Z])��mY���,½Y�Z°¼Å� Á  ����.( ��Y{Â¼¿

�cY�ÌÌ¤eU/Th Á La/ Nb Ä¿Â¼¿�ÉY�]Ä¬�À»�ÉZÅÃ|��º���Ä ·Z�»�{�Â»�É�|¿Y)�¶°�� -�(. ��Â�¿Z¼Å

Ê»�Ã|ÅZ�»�Ä¯Ê»�½Z�¿�Y��É{Â ��Á�Ê�y�|¿Á��,ZÅ�Y{Â¼¿�¾ËY�,{Â�Ê»��Ì¿�cZ�fz»�O|^»��Y�Ä¯�|Å{-

{�~³ .Ê»�Ê¬Ë�¨e��Â¸^e�,Ä¬�À»�ÊËZ¼³Z»�cÓÂve��{�\·Z£�|ÀËY�§�Â´·Y�¾ËY��Z�Y��]�,¾ËY�]ZÀ]|�Z].  
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�d�Y�Ã|��Ã{Z¨f�Y��Ì¿��Z³�Z�Z¿�¶]Z¬»��{)�¶°��-� .(��Â¸^e�|ÀËY�§��¬¿�,ZÅ�Y{Â¼¿�¾ËY��{�Ê¨À»�\Ì�
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� ,½Y�Z°¼Å���� (Ê»�Ã|ÅZ�»�,{Â�Äf�ÂÌa�Ê°Ìf¿���Z^e�Y²À��½ZÌ»�ÉY��Y�Á�{�Y{�{ÂmÁ�Ä¬�À»�ÉZÅ
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� -�- ÉZÅ�Y{Â¼¿���|Àq[ZÌ¼¯���ZÀ��É��À  

�Á��Ä¸¼m��Y�ÉZÅ��Â�À»�Ä]�[ZÌ¼¯���ZÀ��Ê���]Ä]�½{�]�Êa��§MÊ°Ë�Â·Á�fa�ÉZÅ|ÀË,��Ã{Z¨f�Y
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ÄÌ·ÁY�ÉZÅZ¼³Z»�Ä]�d^�¿P�À»�¾ÌÀr¼Å�Á��Ê�z]�[Á}�|��{�,�d]Y�«�Á½M�Ê°Ìf¿��ÉZÅ�dÌ¼ÅY��Y�ZÅ

|¿�Y{�Ây�]� Ê�Zy.�� �{� ¾ËY{Â¼¿ZÅ�Y�ÃÁ�³� Ê¿YÁY�§[ZÌ¼¯� Á� [ZÌ¼¯� ��ZÀ�� �Y� ÊËZÅ� {ÂmÂ»� Ê¯Zy��{
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������  �������  ��  ���  ����  ���
��  ��%  É�|¿M]Á�d·Y�Z�
®Ìf�Ô¯Â¿Z°·Á  

�Ê·Á�|Ë{�³��¨u�Ê¬¼��cZ�Ô�Y�Ä]�Ê]ZÌf�{��Â�À»�Ä]�Ä¿Z¼³�¾ËY
�Ìa�¶v»��{�,Ã|��ÊÀÌ]����{�Ây�]�Ã�¨u�Ä]�É�Z¨u��Y��a��f»

�ª¼��¾ËY� Ze� Ä³�� Ä¯�d�Y�¾ËY� Ã�¨u�{ÂmÁ�cÓZ¼fuY� �Y�Ê°Ë� Ä¯
Ã�Æ]� {�Â»Ê¿Z¯� �Z�f¿Y� �a� ,d�Y� Äf§�³� �Y�«� É�Y{�]�¶]Z«� É�Z�
¿�ÊÆmÂeÊ¼ºÌ�Z]�Äf�Y{�Ä¿Z¼³�¾ËY��Y�ºÌ¿YÂe.  

BH-24  ������  ������  ��  ���  ����  ��
�  �/��%  É�|¿M�,d·Y�Z]
�Á�®Ìf�Ô¯Â¿Z°·Á

Ê¯Y�e�Z]�ÃY�¼Å�dË�|¿M
ÊfÌ�¸¯�Ä³�  

Ê¿Z¯Ä�uÔ»�¶]Z«��ZÌ��Á�Ã{Â]�¦Ì ��Ä¿Z¼³�¾ËY��{�É�Z��½M��{�ÉY
Ê¼¿�Ã|Ë{{Â� .\Ìe�e�Ä]�ÉÁ��Á��»�,[����Ë{Z¬»�¾Ë�eÓZ]���]Y�]

��/�� ,�/��� Á��/���Ä]� �Ì¿� Ã�¬¿� Á� Ô�� �Ë{Z¬»� ¾Ë�eÓZ]� Á� |��{
�\Ìe�e��/���Á�/��d�Y�¾e��{�¹�³.  

  

�µÁ|m�Ä»Y{Y�-�.  
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�-�- �§Zu�Ä¼�q��Z�¿Z¯�¶Ì°�e�¹�Ì¿Z°» 

�ÉZÅ�f»Y�Za�¦Ì�Âe��Z�Y�],Ä¬�À»��{�ZÅ�ZfyZ��¶°��Á�½Z]�Ì»�²À��cZÌ�Â�y�½Âr¼Å�

Ê»�,�§Zu�Ä¼�q��Z�¿Z¯�¶Ì°�e��]��iÂ»{Â¼¿�½ZÌ]��Ë��s���Ä]�Y��½M�¶Ì°�e�¹�Ì¿Z°»�½YÂe.  

�{Á�e�É�YÁM�}M�Á�Ê¿Z�¨�eM�Ä�Â¼n» -�ÃZqÊ¯Y�e�,dË�|¿M��Y�¶°�f»�Ä¯�¾Ë�Ì��d·Y�Z]�,dË�|¿M

Á ...Ê»�½Z��³{� Á� Äf§�³� �Y�«� ZË�{�[M� �ÌiPe�dve� ,Ê]Â��� Ä�Âu�¶yY{� �{�É�Ì´ËZm� �Y��a� ,|�Z]

|�Ã�Äy�q�{ZnËY�dÆm�º¯�d��§� ZË�Á�µÂ¸v»�º¯�ºnu�¶Ì·{�Ä]� ZË�Ä¸u�»�¾ËY��{�Ê·Á�|¿YÊ]Z»�³�,

d�Y�Ã|�¿�¶Ì°�e�|Ì¨·Â�ÂÌ�Z»�c�Â��Ä]��Z�¿Z¯ .¾Ìq�|ÀËY�§�Ê�ÊËY�ÅÂ¯�Á�Ê³{�Ây,�Ê´f�°��ZÅ

¶�³�Á[M�}Â¨¿�ÉY�]�É�Ì�»�ÄnÌf¿��{�Á�{ZnËY�Ä¬�À»��{�Ê¿YÁY�§�ÉZÅd�Y�Ã|��ºÅY�§�Êv���ÉZÅ .

]�Ê¼�Z«���Âe�Äf§�³�¹Zn¿Y�cZ ·Z�»��Z�Y��)���� (Ä¿Z¯�µZÌ���Â¿�Á{�,�Ì³�{�cÓZÌ��ÉÁ���]��Z�

d�Y�Ã|���z�» :� (���Âf»�É�Â��Z]�µZÌ��/���Ze���Á�¹Z ��®¼¿�µ{Z »�Ê¿�Á�|��{� (�Z]�µZÌ�

��Y��eÓZ]�É�Â�����Ze���Ê¿�Á�|��{ ��Z�¿Z¯�½|��¾´¼Å�ÉZ»{�¾ÌÀr¼Å�Á�,¹Z ��®¼¿�µ{Z »��� -

����[M�Ä]��Â]�»� �f¼¯�ÉZ»{�Á�ÊË�Â�� Z]�µZÌ�� 0ÓZ¼fuY�Ä¯�d�Y� Ã|��½ZÌ]� {Y�´Ìf¿Z��Äm�{�ÉZÅ

Ê»�ÊËZ¼³Z»�µZÌ��Ä]��Â]�»��eÓZ]�ÉZ»{�Á�É�Â��Z]�µZÌ��Á�ÉÂm|�Z] )Ê]Á�b»Z¯�,���� .(  

 ª¼�� �{�Êe�Y�u��^À»� �Â�u� Á�ÊËZ¼³Z»� ��¿� �Y� Ä¬�À»�½{Â]�µZ §�¶Ì·{� Ä] )�Z^Ë}Â¨¿� Ã{Âe

Ì¯�eÉ|Ì�Y�Ze���YÁ|u�\([M�,Ã{�¯�d¯�u�ÓZ]�d¼��Ä]�Á�Ã|��¹�³�É}Â¨¿�ÉZÅ��Y��Â^��¾¼��Á�|¿Y

²À�Â�f���|ÀËY�§�¥Y��Y�ÉZÅ )Leaching (Äf§�³�c�Â���{�YÁ�¶u�¶]Z«�É�¸§��Ì£�Á�É�¸§���ZÀ��Á

ª§Y�Ä]�Á�Ã|��µZÌ�Äf§ZË�µZ¬f¿Y��eÓZ]�ÉZÅ|¿Y .{��ÅZ¯�¶Ì·{�Ä]�ÓZ]�¥���Ä]�µZÌ��d¯�u�¾¼��,Z»

�cY�ÌÌ¤e�Á��Z�§pH�°¸b¼¯�,�¶yY{�Ê·Zy�ÉZÅZ�§��{� Y��{Ây��Z]�Á�Ã|���Y|ËZaZ¿� ,��ZÀ��¶»Zu�ÉZÅ

Ê´f�°�Äf�Y~³�ÉZm��]�ZÅ|¿Y .�Á��À´À»�,ºË�Z]�,Ô��,Ã�¬¿�,ÉÁ��,[���,�»�½Âr¼Å�É��ZÀ���Â�u

Ê¸a��Z�¿Z¯�¾ËY�Ä]�Ä¯�Ã|��h�Z]��ºf�Ì��¾ËY��{�¾ÅM{Â��Äf¨³�µZf».�ÄmÂe�Z]�¾ÌÀr¼Å��cZÌ�Â�y�Ä]

ÊaY�ÉZÅ�Z�¿Z¯Ä¸¼m��Y�µZ»�e���{�Ä°ÀËY��j¯Y|uÉZ»{�¾Ì]� Y�� ZÅ�Z�¿Z¯�¾ËY�¶Ì°�e ���-�����Äm�{

                                                           
˺- Camprubi  
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˺˹̋ 
 

{Y�´Ìf¿Z��Ê»� ��¿� �{� |¿�Ì³)|¸ÌÅ��,½Y�Z°¼Å� Á����Ê¸¼Å� -�,�����Á� dËYÁ� -

d�ÌWÂ°¿|Å�,����.(½M�¶Ì°�e�ª¼�ZÅ �Y��Ê^Ë�¬e�ª¼�� Ze�¾Ì»��t�������É�f»Ê»|�Z] )�ª¼�

Ã�Y|¿YÄ¼�q�ÉY�]� Ã|��É�Ì³��§Zu�����f»),Ê¼�Z«����((�d§Z]� ,�{�\·Z£�½M� �Â¿� �Y� ZÅ�Ã|ÀÀ¯�a

ÊÀÌ�¿Zm�Á�Ê��]�,Ê·Zy�ÉZ�§�,Ä³��c�Â��Ä]��f�Ì]��Z�¿Z¯�¶°�Är³��,ÉY�½Z�§Y�Á�ÉY�Á�½ÂÌ�Y�f·M

½M��{� Ã|��Ã|ÅZ�»®ÌfÌ�Ë��� ,®Ì¸Ë��M��Â¿� �Y��f�Ì]� ZÅÊ»�Ê�Ì¸Ì��Á�®ÌfÌ¸aÁ�a� ,|�Z] .[M�ÉZÅ

¶°�� �{� Ê�Z�Y��¬¿� ÉÂm� Á� ÊËZ¼³Z»� {�Y{� ZÅ�Z�¿Z¯� ¾ËY� É�Ì³)[ZÆ�,�Âa���� (Ê»�d¨³� ½YÂe

Ä¼�q��Z�¿Z¯ÊaY��Â¿��Y��§ZuÊ»�µZ»�e|�Z].  

� ¾ÌÀr¼ÅÊaY� ÉZÅ�Z�¿Z¯µZ»�e�Y� ¶°�� �Ìv»� Ä]� ÄmÂe� Z]Ê³�ËÁ� ,É�Ì³Ä¿Z¯� µZÌ�� ÉZÅ�,Y�

Ê¿Z¯Äf�{� Ä�� Ä]� Ê¿Z��³{� Á� Ê�ZÀ� :� (ÓZ]� ½ÂÌ�Y|Ì¨·Â�� ,� (� Á� ��Âf»� ½ÂÌ�Y|Ì¨·Â�� (

Ê»�ºÌ�¬e�¾ÌËZa�½ÂÌ�Y|Ì¨·Â�|¿Â�.  

�dË��Z¿Y�Ê¿Z¯��Â�u)�,É{Z¿ÂWY����(Ê¿Z��³{�,��e�YÂ¯�ÉZÅ��dÌ¿Â·M��e�YÂ¯�,���Á�dÌ¸Ì§Á�Ìa

��e�YÂ¯���dÌ°Ë{)�,ÂfÌ¸Ì����� (Ê³�ËÁ��Y�ÄÌ·ÁY�¾Ì·ÁÂ¯�Á�dÌ�Â°·Z¯�Ê¿Z¯��Â�u�Á�Z]�ZÅ�Z�¿Z¯�ÉZÅ

d�ÓZ]�½ÂÌ�Y|Ì¨·Â��Ä¼�q��Z�¿Z¯��{�Ä¯d�Y�Ã|�¿�Ã|ÅZ�»��§Zu .�c�Â��Ä]��Z�¿Z¯�¾ËY�Äq��³Y

Ä³�Ê»�Ã|Ë{��Ì¿�ÉYÄ¿Z¯�Ã|¼��Z»Y�{Â�½M��{�ÊËY�Ê»�ÊÀÌ�¿Zm�Á�Ã|À¯Y�a�Ä¿Y{�c�Â��Ä]�ZÅ�|�Z])�dËYÁ

�,d�ÌWÂ°¿|Å�Á����.(  

�ZË�ÓÁ{M�Ê¿Z��³{�Á�dË�ÌaÂÀ��M�Ê¿Z¯���dÌf°¼�Y)�,É{Z¿ÂWY���� (Å�Z�¿Z¯��yZ�ÊaY�ÉZ -

Ê³�ËÁ�¾ËY�{Â^¿�Ä¯�d�Y�¾ÌËZa�½ÂÌ�Y|Ì¨·Â��Z]�µZ»�eÄ¼�q��Z�¿Z¯��{�ZÅ�§Zu��Y�«�Ã{��¾ËY��{�Y��½M�,

Ê¼¿|Å{.  

Ê³�ËÁ� Ä�ËZ¬»� Z]Ä¼�q��Z�¿Z¯�ÉZÅÄ¸¼m� �Y��§Zu :� (Ä¿Z¯ÊËY���,¾·Z³� ,dË�ÌaÂ°·Z¯� ,dË�Ìa

� ,dÌ¿�Ë{�Á�dÌ¿�Â]� ,dË�·Z¨�Y� (�d^�¿Ag/Au�� 0Z^Ë�¬e��� ,� (� ,ÊfÌ�Ë���Ê¿Z��³{� (Ê¿Z¯�ª¼�-

                                                           
˺- Heald  
˻- Hemeley  
˼- White & Hedenquist  
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˺˹̌ 
 

�É�Z������Á��f»� (Ê³�ËÁ�Z]�,|Ì¨·Â��ÉÓZ]�ºnuÊaY�ÉZÅ�Z�¿Z¯�ÉZÅ���Âf»�½ÂÌ�Y|Ì¨·Â��Z]�µZ»�e

Ä¸¼m� �Y :� (Ê¿Z¯� Ä�Â¼n»� ,dË�·Z¨�Y� Á� ¾·Z³� ,dË�ÌaÂ°·Z¯� ,dË�Ìa� ÉZÅ� (�d^�¿Ag/Au� ,����Ze

�����,� (Ê¿Z¯�ª¼��¾Ì]�É�Z������Ze�����,�f»� (�,Ã�¬¿�Á�ÄËZa�cY�¸§�ÉÁZu� (Ê¿Z¯�{ZË��ºnu -

Ì¨·Â�� É�Z�� É|��-��Á� É|��{�(� Ê¿Z��³{� �Â�u� dÌ�Ë��)�Á� ÂfÌ¸Ì�

°¿|Å,d�ÌWÂ����,¶¼³-������ Á� ,�¿ÁY{���� (Ê»�{Y{� ÉZm� ÃÁ�³� ¾ËY� �{� Y�� �Z�¿Z¯� ¾ËY� ½YÂe

),Ê¼�Z«���� .(  

µÂ¸v»� �{� {ÂmÂ»���ZÀ�� {Y| e� Á� �Â¿�\Ì¯�e�¥� »� ZÅ²À��ÊËZÌ¼Ì�Ê»��Ì�»�ÉZÅ|À�Z] .

Ä�ËZ¬»��{�Ê·Á�Ê¿Z�¨�eM� Ä�Â¼n»�¾Ì¼Å� �{�½M� Ä]Z�»� 0Z^Ë�¬e�ÉZÅ�Z�¿Z¯� Á� �Z�¿Z¯�¾ËY�¾Ì]� Ä¯�ÉY

½M�ÊËZÌ¼Ì��\Ì¯�e��{�ÊeÁZ¨e�,Äf§�³�c�Â���e�Á{�¶�YÂ§Ê»�Ã|ÅZ�»�ZÅ��Â�u�½M�¾Ë�f¼Æ»�Ä¯�{Â�

�{�½M��Â�u�¹|��Á��§Zu�Ä¼�q��Z�¿Z¯��{�ÄmÂe�¶]Z«�[����{Z]M��Z^��Ä¸¼m��Y��´Ë{�ÉZÅ�Z�¿Z¯

Ê»|�Z] .Ê»�Y��cÁZ¨e�¾ËY�¶Ì·{Äf�Âa���À��®Ë�0Z�Z�Y�[���Ä¯�{Â¼¿�ÄÌmÂe�¾ÌÀq�¾ËY�½YÂeÊ»�ÉY -

ÊÀ£�Äf�Â³��{�Á�|�Z]Ê»�½Z�¿�Y��É�f¼¯�Ê³|�|Å{ .Ê¼¿�ÊÅY�¼Å�Y���»���À��Ä¯�Ê�Z¬¿��{�|À¯

Ã{Âe��Y�É�iYÊ¼¿�Ã|ÅZ�»�É}Â¨¿�ÉZÅ�Ä°Ì·Zu��{�{Â�®ËY{��§Zu�Ä¼�q�Ä¬�À»��{��Â�u�Ê¿YÁY�§�ÉZÅ

Ê»��f¿YÂm�Ê¿Z�¨�eM�Ä�Â¼n»�Ä]�d^�¿�Ä¯�Äf�Y{|¿�Y{�É�f�Ì]���f�³�ª¼���{� 0ÓZ¼fuY�Á�|À�Z] .

�Ê�z]�Ã|ÀÀ¯�¾Ì»Pe�{Ây�Ê·Z»�eÁ�|ÌÅ�Äy�q�{ZnËY��{�Êe�Y�u��¬¿��]�ÃÁÔ��0ÓZ¼fuY�É}Â¨¿�Ã{Âe�¾ËY

Ä¿Z¯�µÂ¸v»��YÄ¯��[�����À��Á�Ã{Â]��Y{��Ê·Z»�eÁ�|ÌÅ�ºf�Ì��Ä]�Y��Ã|��ºÅY�§�Äf�Âa�º�Å�ªË����Y

Ã{Â¼¿�{�YÁ�d�Y .Ê»�Z�|»�¾ËY�½{Â]�d��{���§�Z]��Â¿�Á{��§Zu�Ä¼�q��Z�¿Z¯�¶Ì°�e��{�d¨³�½YÂe

Äf�Y{�d¯���µZÌ��®ËY{�Á�É}Â¨¿�Ã{Âe�Ã|¿�Z��ÉZ¼³Z»�Ã|¿Z¼Ì«Z]�µZÌ��¶»Z��Ä¯�µZÌ��Á�Ä¬�À»�ÉZÅ

[M�}Â¨¿��Y�¶�Zu{�Êv���ÉZÅÊ´f�°��{Y|f»Y��Ê»�ZÅ|�Z] )½ZÌ«{Z�ÊÅZ¨��ÉÂ´f¨³�,(  .  

�°¸b¼¯�c�Â��Ä]� 0Z�Z�Y� Ã�¬¿� Á�ÉÁ�� ,[��� ,�»� ��ZÀ��É�Á�¸¯�ÉZÅ ){�YÂ���� ,�����Á

YÁZ¿ZÌ·Za���,���� (�°¸b¼¯�c�Â��Ä]��f�Ì]�Ô��ÁÊ]�ÉZÅÊ»�¶¼u�É|Ì¨·Â��|¿Â�)²ÀÌÀ]��,���� .(

                                                           
˺- Seward  
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�°¸b¼¯�É�Y|ËZaZ¿� �]� �iÂ»�¶»YÂ�¿� Á� ZÅÄe� 0ZfËZÆ�Y�|Àe�Z^����ZÀ��ÊÀÌ�¿ :��ËY�§Y� ,Z»{��ÅZ¯pH��Á

�d�¸£��ÅZ¯H2S  .�°¸b¼¯�Y|f]Y� Z»{��ÅZ¯�Z]��Y|ËZaZ¿�ÉÁ�� 0ZfËZÆ¿�Á�[����b���»�ÉÁZu�ÉZÅ

Ê»�Y|m�µÂ¸v»��Y�Á�Ã|�Ä¬�À»�{ZnËY�h�Z]�ÊÅZ³�cÁZ¨e�¾ËY�Ä¯�|¿Â�Ê»��Z�¿Z¯��{�É|À]�Ê·Á�{Â�

¼¯�|�Z]�Ê¿ZÆ³Z¿�Z»{��ÅZ¯��³Y�°b¸Äe�Á�Ã|���Y|ËZaZ¿�½Z»�¼Å��Â��Ä]�ZÅ�ÃY�¼Å�Ä]���ZÀ��Ä¼Å�ÊÀÌ�¿

Ê»�c�Â���´Ë|°Ë{�Ì³.  

Äe�h�Z]� Z»{��ÅZ¯�Á���Âm�¶j»�Ê¸»YÂ��°¸b¼¯��Y�cY�¸§�ÊÀÌ�¿Ê]�ÉZÅÊ»�É|Ì¨·Â�-

{Â�.  

Me =Ô��Á�ÄËZa�cY�¸§  

Me(HS)3
-           MeS + HS- + H2S  

� �Â�uH2S,��°¸b¼¯� �Ë���À¯YÁ� Ê���Ìv»� �{�|Ì¨·Â�� Á� Ã{�¯� �Y|ËZaZ¿� Y�� É�Á�¸¯� ÉZÅ

Äe�cY�¸§Ê»�¾Ì�¿{Â�.  

MeCl2(aq) + H2S         MeS + 2H+ + 2Cl-   

  

ªÌ«���iY��{�¾ÌÀr¼ÅµÂ¸v»�Ê³|�[M���Âe�ZÅ½|��Ä§Z�Y�Á�ÉÂm�ÉZÅ Ca2+ µZÌ��Ä] �¾¼�

½|��\Ì¯�e��Z]Cl, Á�d�Y��d¼��Ä]�Y��©Â§��À¯YÃ{�¯�dËY|Å�Äe�Ä]�½|Ì�z]�d����\^��Á�ÊÀÌ�¿

Ê»�cY�¸§�|Ì¨·Â�{Â�.  

�½ÂË��ËY�§YH+��°¸b¼¯�É�Y|ËZa� Á� Ã|��µÂ¸v»�½|��É|Ì�Y�\^�Ê»��ËY�§Y� Y�� ZÅ�|Å{

Ê¿Z¯�ÄË�ne�Ê·Á�¥��»�\^��Ê¯Zy�ÊËZÌ¸«�Á�ÊËZÌ¸«�cY�¸§�½|��ZÅ��Á�ÄeZ°Ì¸Ì��ÉZÅH+ ��ËY�§Y�Á

pH Ê»|¿{�³ .��ËY�§YpH���ÊËZÌ¸«�Á�°¸b¼¯�É�Y|ËZaZ¿�\^��µZÌ��½|Äe�Á�Ã|��cY�¸§�ÉZÅ�ÊÀÌ�¿

½Md�Y{�|ÅYÂy�Êa��{�Y��ZÅ .�°¸b¼¯�É�Y|ËZaZ¿�\^��½�Ì�¯Y�ÄfÌ�Z³Â§��ÅZ¯�¾ÌÀr¼Å�É�¸§�ÉZÅ

Äe�Á½M�ÊÀÌ�¿Ê»�ZÅ{{�³.  

                                                                                                                                                                          
˺- Palyanaova  
˻- Benning  
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�\Ìe�e�Ä]�ÉÁ��Á�[���,�»�Ê¸�Y���À��Ä��¾Ì´¿ZÌ»��/��,��/���Á��/���Ã�¬¿�Á�Ê¿�Á�|��{

��/���Ô�� Á�¾e� �{� ¹�³��/���d^�¿� �Ì¿� Á�¾e� �{� ¹�³Ag/Au�� ,����d�Y� Ã|��¾ÌÌ e)�,Ê¼�Z«

����) (�µÁY|m�-�Á� .( 

Ê»�Ã|ÅZ�»�Ä¯��Â�¿Z¼Å�{Â��É�f¼¯��ZÌ���Y��§Zu�Ä¼�q��Z�¿Z¯��{�Ô����À�Ê»��Y{�Ây�] -

�|�Z])¾Ì´¿ZÌ»��Â��Ä]ppm  ��/� (Ê»�Y��½M�{Â^¼¯�d¸��Ä¯{Y{�d^�¿��Ë��¶»YÂ��Ä]�½YÂe.  

Ê¸a�ÉZÅ�Z�¿Z¯ÊaY�µZf»|¿�Y{�Ê´f�]�µZÌ��É�Â��Ä]�Ô��½Y�Ì»��Zv·��Y�µZ»�e .��Y�ÊÀ£��YÂ¿Y

�º¯�É�Â��Z]�µZÌ��Z]�Ô�)�-��¹Z ��®¼¿�Ê¿�Á�|��{ (Â��Z]�Ã�¬¿�Á�ÄËZa�cY�¸§��Â¿�Á�ÃY�¼Å��eÓZ]�É�

�|Àf�Å)Á�{Á��,�����Z¿{Â]�-�,���� .(Ê¼¿�Ô��|�Z]��Y{�Ây�]�ÊËÓZ]�É�Â��Äm�{��Y�µZÌ��ÃZ³��Å-

Ä¿Y{�c�Â��Ä]�|¿YÂe{Â��¶Ì°�e�{Y�M�ÉZÅ. Äe�ºÆ»�|ÀËY�§��Y�®Ë���Âmºf�Ì���{�cY�¸§�ÊÀÌ�¿�ÉZÅ

ÊaYÊ»�µZ»�e�|�Z])wZ]�¾´Ì³�� ,���� (�Ì���{�Ô���¼ne�¾Ë�f�Ì]�Ä¯ÊaY�ºf�Ä¸u�»�¾ËY��{�µZ»�e

Ê»�c�Â��Ã|��Ô���¯�¼e�¹|��\^���§Zu�Ä¼�q��Z�¿Z¯��{���Âm�Ä¸u�»�½Y|¬§��0ÓZ¼fuY�Á�{�Ì³

d�Y.��Ì³�{�cÓZÌ��Ä ·Z�»� Z]���Âm�½Y|¬§ �Ê¼�Z«���Âe� Ä¬�À»� �{)���� (ÄnÌf¿�Ã|��É�Ì³

Ä³��Ê´Ë{�¿� �{�dÌ¸ËY� Á� Ä¿Y{� �Ë��dËÂ°�»� �Â�u�Ê·Á�d�YÊ»�½Z�¿� ZÅ��{�É{Á|v»���Âm�|Å{

d�Y�Ã{Y{�w��Ä¬�À» .��ZÌ���Y|¬»�,Äf�Y{���À��¾ËY�{Â^¼¯��{��Ê�Z�Y��¬¿� 0ÓZ¼fuY�Ä¯�É�´Ë{�¶Ì·{

²À���{�Ô��º¯Ê»�P�À»�ÉZÅ|�Z].  

�Ã{���{�½ÂÅ�|ËZÀ�Y�É|À])����(Ã{���{��Ì¿�Á�Ê]Z»�³�ÉZÅ�Z�¿Z¯�ÃÁ�³��{��Z�¿Z¯�¾ËY�,�É|À]

¿Âf°e�dÌ «Â»�Á�P�À»��Z�Y��]�Ä¯ÊaY�ÉZÅ�Z�¿Z¯�ÃÁ�³��{��Z�¿Z¯�¾ËY�,Äf§�³�c�Â��Ê°Ì��Â¿��Y�µZ»�e

Ê¸a�µZf»Cu±Zn±Pb±Ag  Ê»��Y�«{�Ì³ )ºË�¯�,�Âa����.(  

¶°���{�-��d�Y�Ã|��Ã{Y{�½Z�¿��§Zu�Ä¼�q��Z�¿Z¯�¶Ì°�e�¹�Ì¿Z°»��Y�Ê°ÌeZ¼��s�� .

Ê»�Ä�uÔ»�Ä¯��Â�¿Z¼Å�É}Â¨¿�Ã{Âe��Y�Äf§�³�P�À»�cÓZÌ��{Â ��Z]�,{Â�[M�}Â¨¿�Á�µZ §�Á�ÉÂm�ÉZÅ

                                                           
˺- Roedder  
˻- Bodnar  
˼ -Giggenbach 
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½M�½|�½M��iY�Á�ÊËZ¼³Z»�Ã{Âe���Âe�ZÅ²À���]�ZÅµÂ¸v»��¶Ì°�e�h�Z]�½Z]�Ì»�ÉZÅÄ¿Z¯�ÉZÅ�É�Y{

¶�³�{Y|f»Y��{�Ä¯�Ã|�Ê´f�°��Á�ZÅÄ³��¶Ì°�e�ÉZÅÃ{Y{�Y��Ê¿| »�ÉZÅ|¿Y.  

  

�
�¶°��-�- �Ä¼�q��Z�¿Z¯�¶Ì°�e�¹�Ì¿Z°»��Y�Ê°ÌeZ¼��s���§Zu  
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�µÁ|m�-� -��ÊËZÌ¼Ì��ÄË�neXRF�Ä¿Â¼¿Ä¬�À»��{�²À�¿Z¯��Y�ÊËZÅ  

Ä¿Â¼¿�Ã�Z¼� Cu(ppm) Pb(ppm) Zn(ppm) Ba(ppm) 

J1 ����� ������ ����� ��� 

J2 ��� �� ��� ��� 

J3 ����� ���� ���� ���� 

J4 ���� ���� ���� ��� 

J5 ����� �� ��� ��� 

J6 ������ ���� ��� ��� 

J7 ����� ���� ���� �� 

J8 ������ ��� ���� ���� 

J9 ������ ��� ��� ���� 

J10 ����� ����� ���� �� 

J11 ����� ������ ��� �� 

J12 ���� ��� ��� ���� 

J13 ���� ����� ��� �� 

�µÁ|m�-�-�[Z¿���d¯�����Âe�Ã|��ÄË�ne�ÉZÅ�Ä¿Â¼¿  
Ä¿Â¼¿�Ã�Z¼� Au(ppb) Ag(ppm) 

ZHT-1 ��� �
� 

ZHT-2 ��� �
� 

ZHT-3 ���� �
� 

ZHT-4 ��� �
� 

ZHT-5 ��� �
� 

ZHT-6 ��� �
� 

ZHT-7 ��� �
� 

ZHT-8 ��� �
� 

ZHT-9 ��� �
� 

ZHT-10 ��� ��
� 

ZHT-11 �� �
� 

ZHT-12 �� �
� 
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�¶�§ºf¨Å  

ÄnÌf¿cY{ZÆÀ�Ìa�Á�É�Ì³  
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�-�- ÄnÌf¿É�Ì³  

Ä�¿Y�e� Ä ·Z�»� Á� d�{Y�]� ,ÊËY�v�� cY|ÅZ�»� �Z�Y�]½Â¸¯ÁY� ,ZÅ¶¿Âe� ,ZÅÄ¿Z¼³� ,ZÅ�Á� ZÅ

|Ë{�³�¶�Zu��Ë��lËZf¿��§Zu�Ä¼�q��Z�¿Z¯��Â�y��{�ÊÅZ´�ËZ»�M�cZ ·Z�»�¾ÌÀr¼Å:  

�Ê¿Z�¨�eM�Á�Ê¿Z�¨�eM�Ä�Â¼n»���{Á�e�ÊËZ¼³Z»�½Z¼¯�Ê]Â����ÃZq��Y�Ã|��¶Ì°�e�¾Ë�Ì�

²À��ÉZÅÊ¯Y�e� ,dË�|¿MÊ¯Y�e� ,dË�|¿MÉ�|¿M� Á�d·Y�Z]�¦f·Y�Z] ...� Ê¿ZÌ»� ¾�ÂWY� ¾�� Z]���Z]� Ê¿Z«Â§

Ê»�¾·Z°·MÂ°·Z¯�Ze�¾·Z°·M�ÊËZÌ¼Ì��\Ì¯�eÃ{�¯�½Y�Â§�ª¼��º¯�Ê]Â���Ä�Âu�¶yY{�Ä]�Ä¯�|À�Z]�Á�|¿Y

�Á�dÌÅZ»��ÌÌ¤e�\^��Ä¯�Äf§�³�c�Â��Ä�Â¼n»�¶¯��{�Ê¿Z��³{�ZË�{�[M�Z]�c�ÁZn»�ÄnÌf¿��{�²¿�

½M��{d�Y�Ã|��ZÅ .Ä�Â¼n»�,[ÂÀm��{�{Á�e�Á�µZ¼���{�Â¸Ìn¿Y�¶�³�Á{�{�°¸¼��Á�ÊËY�ÅÂ¯�¾¼��ÉY

¶�³� �YÊ´f�°��Á� ZÅÃ|��{ZnËY� ZÅÊ»�½Z�¿� Y��ÊeÁZ¨f»�ÉZÅ|¿Á��Ä¯�|¿Y|ÀÅ{ .�®Ë� �{�Ê¿| »� Ã{Z»

�Ê¸�³�½Á����Ê·Z¼��|¿Á��Z]�Ê��]���{Á|u�µÂ��Ä]�,Ê]ÂÀm��Ê^Ë�¬e�d»Zz��Z]��f»Â¸Ì¯ �-����f»

Ã|��¾Ë�´ËZm|¿Y.  

®ËY{�Ã|¿�Z��Ä¯�ªÌ¼��É}Â¨¿�Ã{Âe�Á�ÉÁ��Á��»���ZÀ��Ê¸�Y�P�À»�Ê¿Z�¨�eM�Ä�Â¼n»�ÉZÅ

Ê»��Ì¿�Ä¬�À»d�Y�Ã|��Äf§�³���¿��{�[���Ê·Z¼fuY�P�À»�½YÂÀ��Ä]� ,|À�Z] .¶�³Ê´f�°��Á�ZÅ�ZÅ

[M�}Â¨¿��{�Ê�Z�Y��¬¿Ê·Zy�ÉZ�§�Á�Ê·Z»�eÁ�|ÌÅ�Zy�q�{ZnËY�,Êv���ÉZÅ�Äe�ÉY�]�\�ZÀ»�ÊÀÌ�¿

Ã{�¯�Z¨ËY�Ê¿| »�Ã{Z»|¿Y .µÂ¸v»��Y�Ê�z]�¾Ì»Pe��]�ÃÁÔ��É}Â¨¿�Ã{Âe��{�,��ZÀ���Y�Êy�]�Á�¹�³�ÉZÅ

[M�½{�¯�¹�³Ê»�Z¨ËY�Y��ÊËY��]��¬¿��Ì¿�É}Â¨¿�ÉZÅ|À¯.  

µÂ¸v»��y�q�¾¼��Á��À´À»�,¾ÅM�,dË�Z]�,Ô��,Ã�¬¿�,ÉÁ��,[���,�»���ZÀ��,¹�³�ÉZÅ ...��Y

²À�ZÅª§Y�Ä]�Á�Ã|��Äf����Ì�»�ÉÄf§ZË�µZ¬f¿Y��eÓZ]�ÉZÅ|¿Y .��ZÀ��µZ¬f¿Y��{ �Á�ÉÁ��,[���,�»

�°¸b¼¯�Ã�¬¿�°¸b¼¯�Ô��µZ¬f¿Y��{�Á�É�Á�¸¯�ÉZÅÊ]�ÉZÅÄf�Y{��¬¿�É|Ì¨·Â�|¿Y .�d¯�u�¾¼�

µÂ¸v»�c�Y�u�Äm�{��ÅZ¯�ÄnÌf¿��{�,ÓZ]�¥���Ä]�Ê]Z»�³�ÉZÅ�����ËY�§Y�Á��Z�§pH�°¸b¼¯�,�ZÅ

Ê´f�°��Ê·Zy�ÉZ�§��{�Y��µÂ¸v»��Z]�Á�Ã|���Y|ËZaZ¿Ê»�ÉZm��]�ZÅ|¿�Y~³.  
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Ê»�º¯Zu�cÁZ¨f»��Ìv»�Á{� ,ÊËZÌ¼Ì�ÂW����¿� �Y½M� �Y�®Ë��Å�Ä¯�|�Z]�ÊËZÌ¿Z¯�ÉZÅ�Z§� Z]� ZÅ

Ê»��z�»��Zy|¿Â� .Ê¿Z¯��Â¿�Á{�Ä¯�ÊËZÌuY��Ìv»d�Y�Ã{Y{�¶Ì°�e�Y��½��aÂ��Á�½�ÂbÌÅ�É�Z� .

Ê¿Z¯�¾Ë�f¼Æ»�»�ÉZÅ�Y�|Àe�Z^��½�ÂbÌÅ�Ä¸u :�dË�·Z¨�Y�Á�¾·Z³�,dÌ¿�Ë{�,dÌ¿�Â]�,dË�ÌaÂ°·Z¯�,dË�Ìa

Ê¿Z¯�Á¶»Z��½��aÂ��Ä¸u�»�ÉZÅ :,¾Ì·ÁÂ¯�dÌ�Â°·Z¯�À´À»�Á�¾ÅM�ÉZÅ|Ì�¯Y�Á�dË�Á���,dÌ¯ÓZ»�,�

Ê»|À�Z] .  

Ê»�Ô����À���Z�¿Z¯�¾ËY��{��Z�f¿Y�{�Â»���ZÀ���Y�Ê°Ë��¹Zn¿Y�ÉZÅ�Ì·Z¿M��Z�Y��]�Ä¯�|�Z]�Ã|

d�Y� Ã|�� ÄWY�Y�½M�ÉY�]� Ã|¼��¶Ì·{� Ä�� Ä¯� Ã{Â]� �ÌqZ¿� �ZÌ�]�½M� �Y|¬» :�-�� ,ÓZ]�É�Â��Äm�{�-�

�Á�P�À»�²À���{�½M�º¯�d�¸£�-�µZÌ����Âm�¹|� .  

d§Z]�¾Ë�f¼Æ»�Y�|Àe�Z^��Ã|��Ã|ÅZ�»�ÉZÅ :� -��¶¯�Ä�z�»�Ä¯�Ê·Zy�ÉZ�§�Ã|ÀÀ¯��a�d§Z]

Ê»�Ã{ÂeÊ»� Y��Ê¿| »�Ä³��¶Ì°�e�Á�|�Z]� ,|Å{� -�Ê¿Z¯�ÊÀÌ�¿Zm�ÄnÌf¿��{�Ä¯�ÊÀÌ�¿Zm�d§Z]�ÊËZÅ

ÄÌ�Zu��{�¾Ì·ÁÂ¯�Á�dÌ�Â°·Z¯�½Âr¼ÅÊ´f�°��{Y|f»Y�Á�ZÅÊ»�{ZnËY�dÌ¿�Â]�Á�dË�ÌaÂ°·Z¯��Y�ÉZÅ -

,|¿Â��-�Ã{Âe�d§Z]Ê¿Z¯��{�Ä¯�Ã|À¯Y�a�Á�ÉY�Ã|Ë{�dË�·Z¨�Y�Á�¾·Z³�,dË�Ìa�,dÌ¿�Â]�,dË�ÌaÂ°·Z¯�ÉZÅ

Ê»�Á�{Â��-�Är³��d§Z]|£�Á�ÉYÃÊ¿Z¯�Ä¯�ÉYÊ»�½Z�¿�{Ây��Y�dÌ¯ÓZ»�ÉZÅ|ÀÅ{.  

Ê¿Z¯�cZ�z�»�Ä]�ÄmÂe� Z]Ê»�ÊËZÌ¼Ì��\Ì¯�e� Á�¶°�� ,d§Z]� ,Ê�ZÀ��Ä¼�q��Z�¿Z¯�Ä¯�d¨³�½YÂe

��Z�¿Z¯�®Ë��§ZuÊ]Z»�³�ÊaY�ÃÁ�³Ê¸a��Â¿�µZ»�e�µZf»Cu±Zn±Pb±Ag |Ì»Z¿.  
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�-� -�cY{ZÆÀ�Ìa  

 �¾ÌÌ e�dÆm�ÊaÂeÁ�ËY�cZ ·Z�»�¹Zn¿YÄ¿Z¯�cÓZÌ��ªÌ«{� P�À»�P�À»�¾ÌÌ e�ÄnÌf¿� �{� Á� �Z�

��ZÀ�. 

 �cZ ·Z�»EPMA��Z�¿Z¯��{�Ã�¬¿�Á�Ô����ZÀ��Ê³|À¯Y�a�¾ÌÌ e�dÆm�ªÌ«{. 

 ½M�Ä�ËZ¬»� Á�Ê¿Z�¨�eM� Ä�Â¼n»�¾ËY�ÉÁ���]��«YÁ�ÉZÅ�Z�¿Z¯� �´Ë{�Ê���]�Ä]� �´Ë|°Ë� Z]� ZÅ

½M��{�É�Â·Zf»�ÉÂ´·Y�®Ë�ÄWY�Y��Â�À». 

 dÆm�ÊnÀ���Á{�Ä ·Z�»�¶v»�¾ÌÌ eÄ¬�À»�¶¯��{��z]�|Ì»Y�ÉZÅ. 

 �Ê�Ìv»�d�Ë��cY�iY�Ä ·Z�»Ä¬�À»�Ã|ÀËM�Á���Zu�µZu��{. 
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�]ZÀ»  
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Ê��Z§��]ZÀ»  
- ��,ZÆ¿Z]ZÌ�M. )����(, "�²À/��ÊaÂ°�Á�°Ì»�Ê���]���Ê¿Â/³�³{Á�¾/Ë�}M�ÉZ/Å)�Ä/¼m�e("�,

�¾Ì]�ÃZ´�¿Y{�cY�Z�f¿Y�,ÊÀÌ¼y�¹Z»Y�Ê¸¼¸·Y�����Äv¨. 

- ��,ZÆ¿Z]ZÌ�M.�,)����(�,"�¾Ì»�Ã�Z�y���¿�Á�fa�Á�Ê�ZÀ���Ê/�Z]�ÂË�Ä¬�À»�Ê¿Z�¨�eM�ÉZÅ

�ÉZq)¾ËÁ�«�[�£("�,�,��|»�dÌ]�e�ÃZ´�¿Y{�,¹Â¸��Ã|°�¿Y{����Äv¨. 

- ��,ÊeZ^¿Z«M) .����(�,"Ä¬�À»�Ê�ZÀ��¾Ì»��{Z]M��Z^��Á�|»Á�§"Ä»Z¿�½ZËZa�,��Ê�ZÀ��Z¯

�,½Y�Æe�ÃZ´�¿Y{�,¹Â¸��Ã|°�¿Y{�,|��Y���Äv¨�. 

- ��,ÊeZ^¿Z«M) .����(�,"½Y�ËY�Ê�ZÀ��¾Ì»�"��cZ§Z�f¯Y�Á�Ê�ZÀ��¾Ì»��½Z»�Z��cY�Z�f¿Y,

�,�Â�¯�Ê¿| »����Äv¨�.  

- ¦·Y�,Ê«Y��Y.¦·Y�,Ê·Ôm�,) .����(�,"�Ê�ZÀ��¾Ì»��Ä�¬¿������/��½Z¼¸ »". 

- Ã�,¹�,Ê»Z»Y) .����(�,"�º�ÌeZ¼³Z»½Y�ËY��{"�Ê¿| »�cZ§Z�f¯Y�Á�Ê�ZÀ��¾Ì»��½Z»�Z��,

�,�Â�¯����Äv¨�. 

- ��,É�ZÌÆ·Y) .����(� ,"²À���¿�Á�fa�®ÅZ¯�ÊËZ¼³Z»� �YÂ¿�Ê¿Z«Â§�¾�ÂWY�¾Ë�}M�ÉZÅ��

{Z]M��Z^�",�½ZËZa{Á�ÅZ��Êf À��ÃZ´�¿Y{�,|��Y�Ê�ZÀ��Z¯�Ä»Z¿. 

- � ,½ZÌmY�ËY)����(� ,"�dÌ¿ÂfÀ]�|ÀËY�§dÌ·ÂW�� Á�ÊËY�²À��ÊËY��Ä¬�À»�Ê¿ZÌ»�¾�ÂWY�ÉZÅ

� ½Z¼¸ »)� º����É|À³(½Z¤»Y{� [ÂÀm� ,",�½ZËZa�Êf À�� ÃZ´�¿Y{� ,|��Y� Ê�ZÀ��Z¯� Ä»Z¿

{Á�ÅZ�. 

- [� ,Z¿�].¹� ,É{Z]M�ª��� ,) .����(� ,"�Ë|¿Y� Á� ZÅ�Z�¿Z¯�Ê§Z�f¯Y� Á�Ê]ZË��Y���Y�³�ÉZÅ

½ZÀ¼��½Zf�Y�ÉÁ��Á�[��"½ZÀ¼��½Zf�Y�cY�¸§�Á�½{Z »�¶¯�Ã�Y{Y�,. 

- ,½ZË�¨ m �., ����, "Ê���] Ê°Ë�Â·Á�fa �Â« Â¿Z°·Á - ®Ì¿ÂeÂ¸a Äf�� ÃÂ¯ ÃÂ¯ �� - 

{Á�e Á Ä¿Z¯ ÊËY� Äf�]YÁ Ä] ½M", ½ZËZa Ä»Z¿ Ê�ZÀ��Z¯ ,|��Y ÃZ´�¿Y{ ½Y�Æe. 
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- ÄmYÂy¹�,Ã{Y�.s) .���� .("Á�É�Â·Á�fa Ã{Âe�Ê¼Ì�ÂW��}M�ÉZÅË½Z¼¸ »�µZ¼��É}Â¨¿�¾",�

½ZËZa�Êf À��ÃZ´�¿Y{�,|��Y�Ê�ZÀ��Z¯�Ä»Z¿{Á�ÅZ�.�Á���Äv¨�. 

- ��,Ã{Y���ËÁ�{) .����(�,"½Y�ËY�Ê�ZÀ��¾Ì»�"�,½Y�Æe��Ì^¯�Ì»Y�cY�Z�f¿Y�,����Äv¨�. 

- Á}Y,É�Z¬¨· �., ����, Ê���] É�Â·Á�fa ²À� ÉZÅ ®Ì¿Z°·Á ¾�ÂWM Ä¬�À» ½Z¼¸ » 

,½Z¤»Y{ ½ZËZa Ä»Z¿ Ê�ZÀ��Z¯ ,|��Y ÃZ´�¿Y{ {Y�M ,Ê»Ô�Y |uYÁ ½Y�Æe µZ¼�. 

- |Ì�� ,½Y�¼�{Y�¿ ½ .)����(, "Ê���] cÓÂve ²À� Ê�ZÀ� Á ÊËZ¼³Z» Á �Z^e�Y ½M Z] 

Ä¿Z¯ É�Z� Ô� �{ Ä¬�À» Â£Z])[ÂÀm ½Z¤»Y{(", ½ZËZaÄ»Z¿ Ê�ZÀ��Z¯ ,|��Y ÃZ´�¿Y{ 

dÌ]�e º¸ » ½Y�Æe. 

- ,Ê�Zn��s.�,)����(, "²À��Ê¼Ì�ÂW��Á�É�Â·Á�fa�,²ËZ]�Ä¬�À»�¾�ÂÌ¸a�Ê¿Z�¨�eM�ÉZÅ

ÄË�|Ìu�d]�e�[�£�µZ¼�", ½ZËZa{Á�ÅZ��Êf À��ÃZ´�¿Y{�,|��Y�Ê�ZÀ��Z¯�Ä»Z¿ .�� -���

Äv¨�. 

- �,¥Z�f¯Y�[Z¿����ÁZ�»�¾Ì�|ÀÆ»�d¯��)����(,"�[����Z�¿Z¯�Ê¸Ì�¨e�¥Z�f¯Y���Y�³

Ä¼�q�Ã{Á|v»��{�ÉÁ��Á�§Zu", ½Y�ËY�Ê¿| »�{YÂ»�{�]�Z¯�Á�cZ¬Ì¬ve�d¯��. 

- ¡� ,Ê¿ZÆ¨�Y� ½ZÌ¿Z ¼�.s) .����(� ,"� Ê]Z»�³�Ê¿Z��³{� Ä ·Z�»��{� ZÆ^¿Y�³� Á� ÄËZa�cY�¸§

½Z¤»Y{�½Z¼¸ »�Ä¬�À»"Êf�Æ]�|ÌÆ��ÃZ´�¿Y{�,É�f¯{�Ä·Z���,. 

- [ZÆ�k�,�Âa.�,)����(�,"É{Z�f«Y�Ê�ZÀ��¾Ì»�"�,½Z»�¯��ÀÅZ]�|ÌÆ��ÃZ´�¿Y{�cY�Z�f¿Y�,

���Äv¨�. 

- ¹� ,Ê¼�Z«.[� ,Ê]Y�Æ»� ,) .����(� ,"�Ê¸a� �Z�¿Z¯�É{Z�f«Y�Ê�ZÀ��¾Ì»�� Á�Ê�ZÀ��Ê¿Z¯

�§Zu�Ä¼�q�µZf»"f«Y�Ê�ZÀ��¾Ì»��Ä¸n»�,½Y�Æe�º¸ »�dÌ]�e�ÃZ´�¿Y{�,É{Z�. 

- ¹� ,Ê¼�Z«) .����(� ,"¾Ì»�Ê¿Z¯� ,Ê�ZÀ�Ê¿Z¯� ,Ê�ZÀ�Ê¸a� �Z�¿Z¯� �¿�� Á� Ê�ZÀ��µZf»

Ä¼�q�§Zu", ½ZËZa� ,|��Y� Ê�ZÀ��Z¯� Ä»Z¿ � ,½Y�Æe� º¸ »� dÌ]�e� ÃZ´�¿Y{��-�� -���

Äv¨�. 
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- ©� ,Ê¿Z]�«) .����(� ,"²À�� É�Â·Á�fa� ÊËZ¼³Z»� ÉZÅ½Z¤»Y{� [ÂÀm"� ,�,É�f¯{� Ä·Z��

�,Êf�Æ]�|ÌÆ��ÃZ´�¿Y{��,��,��,����Äv¨�.  

- ¹�,Ê¿Z]�«) .����(�,"ÄqZ^Ë{¾Ì»���]�ÉY½Y�ËY�É{Z�f«Y�Ê�ZÀ�"�¾Ì»��½Z»�Z��cY�Z�f¿Y�,

�,�Â�¯�Ê¿| »�cZ§Z�f¯Y�Á�Ê�ZÀ�����Äv¨�. 

- ºË�¯s� ,¹� ,�Âa.�� ,c{Z �� ,) .����(� ,"¾Ì»�É{�]�Z¯� É{Z�f«Y� Ê�ZÀ�"�f¿Y� ,�cY�Z

�,|Æ�»�Ê�Á{�§�ÃZ´�¿Y{���Äv¨�. 

- ºË�¯¹� ,�Âa.s.®¸»� ,¦·Y� ,Ã{Y�.¹,½ZË�|Ìu� ,) .����(� ,"µ|»�,Ê¿| »��ËZy}�¥Z�f¯Y�ÊËZÅ

Ã�YÂÅZ»�,Ê¼Ì�ÂW��,Ê�ZÀ��¾Ì»�Ê°Ë�Ì§ÂW��Á�ÉY"|Æ�»�Ê�Á{�§�ÃZ´�¿Y{�cY�Z�f¿Y�,. 

- �� ,µZ�ÀÆ¯) .����(� ,"Ã{Âe�Ê���]Ä«�Á�Ã{Á|v»��{�¥���Ä¼Ì¿�É}Â¨¿�ÉZÅ ���������

½Z¤»Y{�½Z¼¸ »" .µZ¼��|uYÁ�Ê»Ô�Y�{Y�M�ÃZ´�¿Y{�,|��Y�Ê�ZÀ��Z¯�Ä·Z��. 

- ¹�,ÊËZ��) .����(�,"½| »ÊÀÌ»��Ë��É�Z¯"{Á�ÅZ��Êf À��ÃZ´�¿Y{�cY�Z�f¿Y�, . 

- s� ,É�Ë�Á� ¾Ì ».�� ,É|¼uY� ,.� ,)����(� ,"�²À�� É�Â·Á�fa� Á� Ê§Y�³Á�fa¾Ë�}M� ÉZÅ",�

,º¸ »�dÌ]�e�ÃZ´�¿Y{��� Äv¨�. 

- uÂ»¹�,µÁY�| .()�����,"������ÃÂ/¯�Ä/ÌuZ¿�,Â£Z/]�Ã�Á�Ì§�½| »�ÊeZ»|¬»���Y�³"��½Z»�Z/��,
�Â�¯�Ê¿| »�cZ§Z�f¯Y�Á�Ê�ZÀ��¾Ì»�. 

- ���,Ã{Y�|À¼�ÂÅ.,½Y�Z°¼Å�Á�,)����(, "Ã|Ë|a�µÂve�{Á�e�Ê�ZÀ��¾Ì»��ÉZÅ)�¾Ë�^»Z¯�a

��Zu�|Æ��Ze(",��Â�¯�Ê¿| »�cZ§Z�f¯Y�Á�Ê�ZÀ��¾Ì»��½Z»�Z��cY�Z�f¿Y. 
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Abstract 
Cheshmeh Hafez deposit, which now is an abundant mine, is located in the 190 km of 
southwest of Shahrood and in the northern margin of Central Iran Zone. Surrounding 
rocks of this deposit are middle � upper Eocene volcanic and volcanosedimentary 
complex. These rocks include a wide variety of the compositional range from basalt, 
trachybasalt, andesite to trachyandesite. They have calc-alkaline and weakly alkaline 
nature and they belong to continental arc tectonic setting.  
Polymetalic Cheshmeh Hafez deposit has very wide variety of minerals such as 
gallena, bornite, chalcopyrite, digenite, sphalerite, covelline, pyrite, calcosite, 
malachite, cerussite and barite. Quartz and calcite are late phases which resulted from 
crystallization ore forming fluids and from final products of fractional crystallization, 
which find with the mentioned above minerals. Ore bodies of this deposit generated by 
substitution in host rock and ore filling the open spaces, vein and veinlet structures and 
comb, reactional and poikilitic textures have been seen in the studied polished and thin 
sections of this deposit. Lead, copper and zinc are the major elements of the ore 
minerals of the Cheshmeh Hafez deposit and their average frequency are as follows: 
4.47, 2.64 and 1.73 (% wt). Because of the action of tectonic activity and their results 
and also the existence of the plutons in depths, evolution, fractionation and their later 
evolutions such as hydrothermal fluid cycles are resulted in producing of the studied 
deposit. Based on the carried out studies, Cheshmeh Hafez deposit is belongs to 
polymetalic epithermal (Cu±Pb±Zn±Ag) deposits. 
Key words: Mineralogy, polymetal, epithermal, deposit, Cheshmeh Hafez, Torud. 

 
 
  
  
 

 
 
 
 
 
  
  
 
 
 
 
 

 

    

pdfMachine  
 A pdf writer that produces quality PDF files with ease! 

Produce quality PDF files in seconds and preserve the integrity of your original documents. Compatible across 
nearly all Windows platforms, simply open the document you want to convert, click “print”, select the 

“Broadgun pdfMachine printer” and that’s it! Get yours now! 

http://www.pdfmachine.com?cl


  

  
Shahrood University of Technology 

Faculty of Earth Science  

 

Subject: 

Petrogenesis of Laed and Zinc ore deposit of Cheshmeh 
Hafez (Torud)(Central Iran) 

 

By: 

Neda Jannati 

  
  

Sopervisor: 
Dr.Faraj Fardoost 

  
  
 

Consultant: 
Dr.Mahmoud Sadeghian 

 
 

June 2011  

    

pdfMachine  
 A pdf writer that produces quality PDF files with ease! 

Produce quality PDF files in seconds and preserve the integrity of your original documents. Compatible across 
nearly all Windows platforms, simply open the document you want to convert, click “print”, select the 

“Broadgun pdfMachine printer” and that’s it! Get yours now! 

http://www.pdfmachine.com?cl

