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٥٨١ 

 

�²À��[Ze�a��]��iR»�ÉZÅ��f»Y�Za�É�Z��ÄÀÌÆ]
�Z]�É{�Â¨�Y�cZ¨�§�½| »�cY�Zn¨¿Y��Y�Ê�Z¿

�ËZ»�M�ÊuY�����Á���Y�Ã{Z¨f�Y 

É�Y�]�Ê¿ZmZ«M��Z^���Á ÊÆ·Y�dËZÀ��½Z¼ËY�   

Ã|Ì°q  
Ê¸�Y��Y�Ê°Ë��Zn¨¿Y�cZÌ¸¼� �z]��¾Ë�e �����ÉZ/Å��Z/n¨¿Y��Y�¥|/Å�Á�|/�Z]�Ê»�É�Z°¿| »�cZÌ¸¼��ÉZÅ

y�Ä]�½|Ì���,½| »���������/·�½Â/q�ÊeY�/�»�Ê¿|/ »�ÉZ/Å�Zn¨¿Y�,{�YÂ»�\¸£Y��{�Ä¯�d�Y�[Â¸�»��ËY{�
|¿�Y{�µZ^¿{�Ä]��Ì¿�Y��Ã�Ì£�Á�²À��[Ze�a�,Ê³{��\¬��,¾Ì»� .�����É|/Ì·Âe�ÉZ/Å�Zn¨¿Y�cY�/�»�¾/ËY��Y�Ê°Ë

�d/�Y{�|ÅYÂy�µZ^¿{�Ä]�Y��Ê¿Zm�Á�Ê·Z»�cY�Z�y�Ä¯�d�Y�²À��[Ze�a�,�Z]Á��½{Z » .���cZ»Y|/«Y�Á��¾/ËY��Y
�]�É{| f»d�Y�Äf§�³�c�Â��²À��[Ze�a�µ�fÀ¯�Á��ÅZ¯�ÉY .�²À��[Ze�a�µ�fÀ¯�ÉY�]�ªÌ¬ve�¾ËY��{

�[Ze�a��]��iR»�ÉZÅ��f»Y�Za��Y�Ä¯�Ã�ËÁ�k�y�Á�É�Y~³�¶³�,²À��Z]��Âf¯Z§�Ä��É{�Â¨�Y�cZ¨�§�½| »��{
����Y�/§Y�¹�/¿�ªË����Y�Á��ËZ»�M�ÊuY����Á���Y�Ã{Z¨f�Y�Z]��Zn¨¿Y�Ã{�¿Z���{�|�Z]�Ê»�²À�Qualitek 4��

���d/§�³��Y�/«�Ê]ZË��Y�{�Â»�ÉÂvÀ]��Âf¯Z§��ZÆq�¾ËY��Y�®Ë��Å��Y|¬»�Á�|Àf§�³��Y�«�Ê���]�Á�Ê]ZË��Y�{�Â»
{Â��Ã{�ÁM�d�|]�²À��[Ze�a��Y|¬»�¾Ë�f¼¯�Ä¯  .  

É|Ì¸¯�cZ¼¸¯: É{�Â¨�Y�cZ¨�§�½| »�,�ËZ»�M�ÊuY���,²À��[Ze�a�,�Zn¨¿Y   

�- Ä»|¬»  
Å�|ÀËM�§�¾Ë�f¼Æ»�Ä¸¼m��Y��Zn¨¿Y�cZÌ¸¼��|�Z]�Ê»��Z]Á��½{Z »�kY�zf�Y�ÉZ�����|/»ZÌa�Ê/¸¯��Â/��Ä/]
�Y�|Àe�Z^��Ã�n¨À»�{YÂ»��Zn¨¿Y��Y�Ê�Z¿�ÉZÅ :���²À/��½|/��{�/y�,YÂÅ����·�,¾Ì»�����·���ÊËZ/n]Zm�,Z/Å

²À��½|��{Âa�Á�²À��[Ze�a�,Ã|��{�y�²À� .�Zn¨¿Y��Y�¶�Zu�É��¿Y �Z¯�¹Zn¿Y�¥����Ê/»�©Â/§�ÉZÅ-

¬»�¾Ë�f�Ì]�¾Ì»�����·�\Ìe�e�Ä]�Ä¯�{Â��Y| �������Y|/¬»�¾Ë�////f¼¯�²À/��½|/���{Â/a�Á�²À��[Ze�a�Á
|À¯�Ê»�¥��»�Y��É��¿Y .��{Á|/u�²À��[Ze�a�ÉY�]�Ê§��»�É��¿Y��Y|¬»�������É��/¿Y�¶/¯��Y|/¬»��Y�|/��{

Ê»�Ã�n¨À»�Ã{Z»��Y�¶�Zu�������½Y�/Ì»��ÅZ/¯�Ê¸/�Y�¥|/Å�Á�Ã{Â/]�º/¯�½M��Y|¬»�Ä¯�|Å{�Ê»�½Z�¿�Á�|�Z]
|���Y�É�Ì³Â¸m�,¥|Å�Ä°¸]�Ã{Â^¿�É��¿Y�¥��»�[Ze�a�²À��cZ �«�{�Ây�]��Y�Ê�Z¿�ÉZÅ�\Ì�M�Á�cZ»

Ê»�Ã|�|�Z]]�.[�������ÉY�/]��Ë{Z/¬»�¾Ë�/fÆ]�,ÊqÂ³Z/e��Á��Ä/]��ËZ»�M�ÊuY����Y�Ã{Z¨f�Y�Z]�Ä·Z¬»�¾ËY��{
�²À��[Ze�a��]��iÂ»�ÉZÅ��Âf¯Z§)É�Y~³�¶³�Á�²À��Z]�,Ã�ËÁ�k�y (����{�Â/»�É{�Â¨/�Y�cZ¨/�§�½| »��{

                                                           
�- ÃÂ¯{YÂ��|uYÁ�Ê»Ô�Y�{Y�M�ÃZ´�¿Y{�,½| »�Ê�|ÀÆ»�ÃÁ�³�Ê¼¸��cZÌÅ�Â��a_aghajani@aut.ac.ir  
� - � Ê�|ÀÆ»� |��Y� Ê�ZÀ��Z¯� ÉÂn�¿Y{� kY�zf�Ym� ½Y�Æe� |uYÁ� Ê»Ô�Y� {Y�M� ÃZ´�¿Y{� ,½| »À�[Â

I.enayatollahi@gmail.com  
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٥٨٢ 

 

Y�Z]�½YÂf]�Ze�d�Y�Äf§�³��Y�«�Ê���]d�Y{��Z�f¿Y�Y��²À��[Ze�a�¾Ë�f¼¯��Ë{Z¬»�¾ËY�Ê]ZË�� .  

�-�²À��[Ze�a  
Ã|Ë|a�¾ËY�����Ê/»�|/Ì·Âe��Z/n¨¿Y�cZÌ¸¼���{�Ä¯�|�Z]�Ê»�²À��Ã|��{�y�cZ �«�Ã|�¿�µ�fÀ¯�d¯�u

�Ê»�¶Ì°�e�Y��{Y�§Y�½|Ë{�Ä»|��¾ÌÀr¼Å�Á�cY�ÌÆne�Á�ZÅ�Ã�Z��½|Ë{�\Ì�M�Ê¸�Y��]ZÀ»��Y�Ê°Ë�Á�{Â�
|Å{ .Y���Á�ZÅ��f»Y�Za|À�Z]�Ê»��iÂ»�Ã|Ë|a�¾ËY�½|»M�{ÂmÂ]��{�Ê�Zy��Ë .����Z/]��Z/^e�Y��{�Á�µZ/j»�ÉY�]

��ËY�§Y�Y��²À��[Ze�a��Á�]�µZ¼fuY�,�Y{�Ã��{�c|��Ä]�ÉZÅ�²À��Ä¯�{Â��ÄmÂe�|ËZ]�²À��Ã{Âe��ËY��
|ÀÅ{�Ê» ]�[ .����ÉZ/Å�Ã�/¨u�Á�Z/Å�wY�Â��Z]�Êf��Z¯�ª�ZÀ»��{��Zn¨¿Y�cZÌ¸¼��Ä¯�Ê»Z´ÀÅ��´Ë{�¥����Y
�½YÁY�§�������{{�/³�µZ/¼�Y�Ã|/Ë|a�¾/ËY��Â/Æ���Y�É�Ì³Â/¸m�d/Æm�|ËZ]�Ê¬Ì«{�Ê¸Ìy�µ�fÀ¯�,{Â��Ê»�¹Zn¿Y .

���iÂ/»�ÄÀÌ»��¾ËY��{��Ì¿��Zn¨¿Y�Á�É�Z¨u�ÉÂ´·Y�Ê¿�Á�Á�Ê�|ÀÅ�ÉZÅ��f»Y�Za�Á�Ã�n¨À»�Ã{Z»��Â¿�¾ÌÀr¼Å
|À�Z]�Ê»]� .[  
�¶°�����½Z/�¿�Y��Z°Ë�»M�ÉZÌ¿YÂ¸Ì�Àa�d·ZËY�®ÅM�²À��½| »��{�²À��[Ze�a�Ã|Ë|a��|/Å{�Ê/» .��{

�Ã|À¿Y��Äi{Zu�¾ËY�����d/�Y�Ã|/���Zn¨¿Y��Y�Ê�Z¿�²À��[Ze�a�Ê¿Z]�«�ÄÌ¸¬¿�Ä¸Ì�Á�Ä·Z� .����{�Ä¸Ì/�Á�¾/ËY
���������Ã|/À¿Y��±�/»�h/�Z]�Ã|/À¿Y��¾Ì]Z¯�Ä]�Â¸m�Ä�Ì���Y�²À��}Â¨¿�Á�{Â]�Ã|���«YÁ��Zn¨¿Y�¶v»�É�f»

d�Y�Ã|��½YÂm .�Äf�Y{��¬¿�Äi{Zu�¾ËY��Á�]��{�d�Y�¾°¼»�Ê¿Â³Z¿Â³�¶»YÂ����Ê/»�Ä/¸¼m�½M��Y�Ä¯�|�Z]
���Z/n¨¿Y��Y|»�ÃZ^f�Y�ÊuY���Á�Ê´À��ÉZÅ�ÄËÓ�Ê´f�°��,ZÅ�Ê´f�ÂÌaZ¿�,cY�¨u�,{ZË��Ã�ËÁ�k�y�Ä]�½YÂe

{Â¼¿�Ã�Z�Y .d�Y�Ã|��ÄWY�Y��Z]Á��½{Z »��{�²À��[Ze�a�Ä^�Zv»��Á��Á{�Ä»Y{Y��{.  

  

  
¶°� )�(: �²À��[Ze�a��Y�Ê�Z¿�Ê¿Z�¿Y�cZ¨¸eZ°Ë�»M�ÉZÌ¿YÂ¸Ì�Àa�d·ZËY�®ÅM�²À��½| »��{ ]�[  

�-�-�É|WÂ���Á�  
�µZ���{�¾��a�Á�±�^¿Ó���Âe�Ê]�ne�µ|»�¾ËY�������¾Ë�f/�Ì]�¾ÌÌ e�½M�ÄnÌf¿�Ä¯�|��{ZÆÀ�Ìa

|�Z]�Ê»�²À��[Ze�a�Ä]��Â]�»�Ä¸�Z§ .���Ä/�]Y���Y�Ã{Z¨f/�Y�Z]�²À��[Ze�a�ÄÌ·ÁY�d����Y|f]Y��Á��¾ËY��{
��|ËM�Ê»�d�|]]�:[  

)�(  
rbT

D
V






260010
0

              

�½M��{�Ä¯V0�,ÄÌ¿Zi��]��f»�\�u��]�²À��[Ze�a�ÄÌ·ÁY�d���D���,pÀËY�\�u��]�µZq���«Tb Ã�Y|¿Y�
Á��f»�\�u��]�²À��cZ �«r�|�Z]�Ê»�\ °»��f»��]�¹�³Â¸Ì¯�\�u��]�²À��Ê·Z´q .�Ä^�Zv»��Y��a
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٥٨٣ 

 

]Y���Y�²À��[Ze�a�ÄÌ·ÁY�d����Ä��������[Z/e�a�Ä¸/�Z§��j¯Y|/u�,²À/��[Ze�a�®Ì»ZÀË{�¾Ì¿YÂ«��Z�Y��]�Á
|�Z]�Ê»�Ä^�Zv»�¶]Z«�ÊfuY��Ä]�²À� .������ÉZ/Å��ËZ/»�M�Á�{|/ f»�cZ/Ì]�ne��Á��¾/ËY��{��´Ë{�¥����Y

d�Y�Ã|��{ZÆÀ�Ìa��Ì¿��Ë��Ê]�ne��]YÁ��,²À��[Ze�a�ÄÀÌ»���{�¦¸fz»]�:[  
)�(  3

2

max 260 DL                

  
)�(  3

2

1.0 DTb                

��½M��{�Ä¯Lmax��Á��f»�\�u��]�²À��[Ze�a��j¯Y|uD��|/�Z]�Ê»�µZq���« .�����Ä/f°¿�¾/ËY�Ä/]�Ä/mÂe
��]YÁ���{�Ä¯�d�Y�É�Á�����Á�����,d/�Y�Ã|/����§�t���Ä]�®Ë{�¿�Á�ÉY�Ä�¬¿�c�Â��Ä]�Ã�n¨À»�Ã{Z»

½M��ÌiZe�Y~·��d/�Y�Ê�Á�z»�Ä¿ZÅ{��iY�c�Â��Ä]��f�Ì]�¾Ì»��t����{ .����É�Y~/´m�y�d/·Zu��{�¾ËY�]Z/À]
�µ{Z »�Ã�ËÁ�k�y�ÉY�]�Á�Ã|���f¼¯�²À��[Ze�a�½Y�Ì»�,Ê·Â¼ »�/�������j¯Y|/u�,\/ °»�f»��/]�¹�³Â/¸Ì¯

|ËM�Ê»�d�|]��Ë��Ä�]Y���Y�²À��[Ze�a�Ä¸�Z§]�:[  
)�(  DL  40max

              

�-�- Ê°�§Á�°a��Á�  
�Á���{���Ä/�]Y���Y�Ã{Z¨f�Y�Z]�[Ze�a�ÄÌ·ÁY�d����,|��ÄWY�Y�¥�Á{ÂÌ§�Á�Ê°�§Á�°a���Âe�Ä¯�É�´Ë{

��{Â��Ê»�Ä^�Zv»]�:[  
)�(  

30

72000

l

ex

R

C
V








              

 �½M��{�Ä¯V0��\�u��]�[Ze�a�ÄÌ·ÁY�d���,ÄÌ¿Zi��]��f»�z»�½�Á��]�¹�³Â¸Ì¯�\�u��]�²À���Â�
�,\ °»�f»Cex �\�u��]�µZq�®Ë��{�Ã�n¨À»�Ã{Z»�½�ÁÁ�¹�³Â¸Ì¯ Rl���{Y�M�t�/��Ze�Ã�n¨À»�Ã{Z»�Ä¸�Z§

|�Z]�Ê»��f»�\�u��] .ÉY�]��Ã{Z¨f�Y�Ê]Ze�a�®Ì»ZÀË{��]YÁ���Y�²À��[Ze�a�Ä¸�Z§��j¯Y|u�½{�ÁM�d�|]
{Â��Ê».   

�-  ÊqÂ³Ze��Á��Ä]��ËZ»�M�ÊuY��  
ÀËM�§�ÄÌ¸¯���µ�/fÀ¯�¶/]Z«��Ì£�Á�µ�fÀ¯�¶]Z«�ÉZÅ�f»Y�Za�¶»Z��¾ÌÀr¼Å�Á�ÊmÁ�y�,É{Á�Á�ÉY�Y{�ZÅ|

|À�Z]�Ê» .���z/�»�ÊmÁ�y�Ä]�É{Á�Á�¶Ë|^e�½ZË�m��{�¶»Z���Å�É�Y~³��iY�ÃÂÌ��Á�½Y�Ì»��³Y�¾ËY�]ZÀ]
{�¯�µ�fÀ¯�Y��|ÀËM�§�½M�½YÂe�Ê»�,|�Z]]�.[  

�½Y�Ì»�½YÂe�Ê»�½M�®¼¯�Ä]�Ä¯�d�Y�Ê�¿Y{��ËZ»�M�ÊuY�������/]��iÂ/»�¶/»YÂ���Y�®Ë��Å�É�Ë~a��iY
�|ÀËM�§)X1,X2,� (�ÊmÁ�y�ÉZÅ�Ä�z�»��]�Y�)Y1,Y2,� (�Ä·{Z »�®Ë�¶°��Ä]Yi=f(Xi)�{�¯�½ZÌ] .�Ä]

����Z/Ë�É{Á�Á�ÉZ/Å�Ä/�z�»��{�|À¼§|Å�cY�ÌÌ¤e�{ZnËY�c�Â��Ä]�½YÂe�Ê»�Y���ËZ»�M�ÊuY����´Ë{�c�Z^�
�z�»��{�cY�ÌÌ¤e�Ã|ÅZ�»�ÉY�]�|ÀËM�§�®Ë�ÉZÅ��Âf¯Z§{�¯�¦Ë� e�ÊmÁ�y�Ä .�Ä¿Â´q�¶»YÂ��¾ËY�Ä°ÀËY
d�Y�ºÆ»�|ËM�d�|]�ÊmÁ�y�Ä�z�»�¾Ë�fÆ]�Ze�|À�Z] .�������Ê/»�x/�Za��ËZ/»�M�Ê/uY���cÓYÂ/��¾/ËY�Ä]



  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  

  

,½Y�ËY�½| »�Ê�|ÀÆ»��¿Y�¨À¯�¾Ì»Â� � -���¾¼Æ]����  
�,½Y�ËY�½| »�Ê�|ÀÆ»�¾¼n¿Yd¯���Á�{�Ë�ÃZ´�¿Y{�½Y�ËY�É�¯�»�¾ÅM�²À�  

 

٥٨٤ 

 

|Å{]�.[  
�����Ä/nÌf¿��{�Á�Z/Å��ËZ/»�M�{Y|/ e��ÅZ¯�½Âq�ÊeZ�Â�Â»�Ä]�½YÂe�Ê»��ËZ»�M�ÊuY���Ê¸¯�¥Y|ÅY��Y

Ì]�Ä¯�ÊËZÅ��Ì¤f»�¾ÌÌ e�,ZÅ�ÄÀË�Å�Á�½Z»���ÅZ¯��Ì£�ÉZÅ��Âf¯Z§�¥~u�Á�|¿�Y{�x�Za��{�Y���ÌiZe�¾Ë�f�
{�¯�Ã�Z�Y�ÄÀÌÆ]��ËY���¾ÌÌ e�Á��Ì¤f»��Å�dÌ¼ÅY�|��{�Ä^�Zv»�,É�Á��]�  .[  

�µZ���{�dÌ¨Ì¯��»Zm�µ�fÀ¯�Ã�YÁ��°f^»�¹Z^À´ËZ§�����������/]��{�µÂ/�v»�®/Ë�ÊËZ/¿YÂe�Y��d/Ì¨Ì¯�,
{�¯�¦Ë� e�|Ì·Âe�¾°¼»�ÄÀË�Å�¶«Y|u�Z]���¿�{�Â»�¥|Å�½{�ÁM]�.[  

������Ä/Ë��¿�½Y�/^Å��¾Ë�/e��ÂÆ/�»��Y�YÁZ/¯�Ê�ËY�Á�ÊqÂ³Ze�,½Y�Âm�¥�Âm�,É�Y�¯�`Ì¸§�,²ÀÌ»{�{�YÁ{Y
|¿Y�Äf�Y{�½ZÆm��Á�»Y�d À���]�Ê¼Æ»��ÌiZe�Ä¯�|À�Z]�Ê»�dÌ¨Ì¯ .��Z/]�dÌ¨Ì¯�hv^»��ÌyY�ÉZÅ�ÄÅ{��{

����s�/�»�Ã�/Ì£�Á�|/ÀËM�§�É�Z»M�dÌ¨Ì¯�,{|n»�Ê�|ÀÆ»�,�»Zm�dÌ¨Ì¯�µ�fÀ¯�¦¸fz»�ÉZÅ�½YÂÀ���Ã|/�
d�Y .���ËZ/»�M�ÊuY���ÉZÅ��Á���Y�Ã{Z¨f�Y�,dÌ¨Ì¯�{Â^Æ]�ÉY�]�É�Z»M�ÉZÅ��Á��¾Ë�e�¾X¼�»��Y�Ê°Ë
d�Y .��|/Ì·Âe�µZu��{�ÉZÅ�ºf�Ì��½{�¯�ÄÀÌÆ]�ZË�Á�|Ë|m�cY|Ì·Âe��{�½YÂe�Ê»��ËZ»�M�ÊuY����Á���Y

{�¯�Ã{Z¨f�Y .»�d·ÂÆ��h�Z]�|¿YÂe�Ê»�É�Z»M��ËZ»�M�ÊuY���ÉZÅ��Á���Y�tÌv��Ã{Z¨f�Y�ÊuY���¶uY�
���������t�/��Z/]�|/Ì·Âe�Ä/ÀÌÆ]��ËY�/��¾Ì/Ì e�,Ê§�/�»�ÉZ/Å�ÄÀË�Å�Á�½Z»���ÅZ¯�,|Ë|m�cÓÂ�v»�|Ì·Âe�Á

{Â��Ã|��|Ì·Âe�cÓÂ�v»�{�°¸¼��{Â^Æ]�Á�ÓZ]�½ZÀÌ¼�Y]�.[  

ºË�Y{��Z¯�Á���|»Z f»�ÉZÅ�ÄËY�M�Z]�ÊqÂ³Ze��Á��Ä]��ËZ»�M�ÊuY����{ .�Ê�Ë�eZ»�,|»Z f»�ÄËY�M�®Ë
�½M�ÉZÅ�����Ä¯�d�Y����½Z/�¿�Y��Z/Å��Âf¯Z/§�{Y| e�½M�ÉZÅ�½Âf��Á��ËZ»�M��Å��{�ZÅ��Âf¯Z§�ÉZÅ�t��

|ÀÅ{�Ê»]�.[  
�c�Â��Ä]�Y��|»Z f»�ÉZÅ�ÄËY�MLn(X

y)��Ä¯�|ÀÅ{�Ê»�½Z�¿L����Ä/¼¸¯�µÁY�¥�/uLatin Squares�,n�
�,ZÅ��ËZ»�M�{Y| e��´¿ZÌ]X��Á��Âf¯Z§�ÉZÅ�t���{Y| e�Ä¿Z�¿y�����Z/]�Ä/¯�ÊËZ/Å��Âf¯Z§�{Y| e��j¯Y|u��´¿ZÌ]

|�Z]�Ê»�Ê���]�¶]Z«���¿�{�Â»�ÄËY�M]� .[��ËZ»�M�ÊuY���Ê¸¯��Â��Ä]������Z/§��Y�|/Àe�Z^��Ä¯�{�Y{�Ä¸u�»
¶Ì¸ve�Á�ÄË�ne�Á�ÊËY�mY�,É�Ë��Ä»Z¿�] .{Â��Ê»�¶»Z��Y���Ë��{�YÂ»�É�Ë��Ä»Z¿�]��Z§:  

Ä·Z�»�¶»Z¯�s���Á�¦Ë� e 

ËZ»�M�¥Y|ÅY�ZË�¥|Å�s��� 

x�Za�½Y�Ì»��]��iÂ»�ÉZÅ��Âf¯Z§�ZË�Á�ºf�Ì��ÉZÅ��Ì¤f»�[Zzf¿Y 

ZÅ��Âf¯Z§�sÂ���[Zzf¿Y 

ZÆ¿M�sÂ���Á�ZÅ��Âf¯Z§�{Y| e��Z�Y��]�\�ZÀf»�|»Z f»�ÄËY�M�[Zzf¿Y 

|»Z f»�ÄËY�M��{�¶]Z¬f»�cY�iY�Á�ZÅ��Âf¯Z§�½{�Y~³ 

½{�ÁM�d�|]�Á�|»Z f»�ÄËY�M��{�ZÆ¿M��ËY���Ä]�ÄmÂe�Z]��ËZ»�M�ÉY�mY���¹Z/n¿Y�ÊËY�mY��Z§��{�ZÅ�x�Za
�����¶/Ì¸ve�Á�Ä/Ë�ne��Z/§��{�Ä/Ë|ÌWZe��ËZ»�M�ÉY�mY�Á�ZÅ��ËZ»�M�lËZf¿��Ì�¨e�Á�¶Ì¸ve�Á�ÄË�ne�Á�{Â��Ê»

|�Z]�Ê»�Y�mY�¶]Z«]�.[  
�������Y�/§Y�¹�/¿��Y�Ã{Z¨f/�Y�Z/]�Á�ÊqÂ³Z/e��Á��Ä]��ËZ»�M�ÊuY���Z]�Ä¯�d�Y�½M��]�|�«�ªÌ¬ve�¾ËY��{

Qualitek 4�qÂ³Ze��Á���fz»�Ä¯�����Y�®/Ë��/Å�ÉY�/]�Ã|��[Zzf¿Y�sÂ���¾Ì]��Y�d�Y�Ã|��ÊuY���Ê
{Â��[Zzf¿Y�t���¾Ë�f¼Æ»�ZÅ��Âf¯Z§.  
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�-�ÊqÂ³Ze��Á��Ä]��ËZ»�M�ÊuY���Ä¸Ì�Â]�ZÅ��ËZ»�M�¶Ì¸ve�Á�ÄË�ne  
���������Y�/§Y�¹�/¿��Y�Ã{Z¨f/�Y�Z/]�Á�|/Ë{�³�[Z/zf¿Y�Êv�/���ZÆq��Âf¯Z§�Ä���Z¯��Á���ÉY�]Qualitek 4�

�{Y| e�Ä¯�|���z�»���»�M{Â��¹Zn¿Y�d�ËZ]�Ê»��ËZ .������Ê/uY���µ|/»�¾/ËY�ÉY�/]�|/»Z f»�ÄËY�M�ÊÀ Ë
�c�Â��Ä]��ËZ»�ML16(3

4)��|�Z]�Ê» .���µÂ/��,²À/��Z]��Y�|Àe�Z^���ËZ»�M�¾ËY��{���¿�{�Â»�ÉZÅ��Âf¯Z§
�µÁ|m��Y��ËZ»�M�ÊuY���ÉY�]�ZÅ��Âf¯Z§�¾ËY��Y�®Ë��Å�ÉY�]�Ä¿Z³��ZÆq�sÂ���Á�Ã�ËÁ�k�y�Á�É�Y~³�¶³

��»�Ã{�ÁM�d�|]{Â��Ê:  
µÁ|m )� :(�ËZ»�M�ÊuY���ÉY�]�Ã|��Äf§�³���¿��{�sÂ���Á�ZÅ��Âf¯Z§  
¹�ZÆq�t��  ¹Â��t��  ¹Á{�t��  µÁY�t��  ZÅ��Âf¯Z§  

�/�  ��/�  �  ��/�  ²À��Z]  
�  �/�  �/�  �/�  �¶³�µÂ�

É�Y~³  
�/�  �/�  ��/�  �/�  Ã�ËÁ�k�y  

 
§��Y�®Ë��Å�ÉY�]�Ê]Zzf¿Y�sÂ���Ä]�ÄmÂe�Z]�,ZÅ��Âf¯Z�������Y�/§Y�¹�/¿�Ä¸Ì�Â]�Ä¯��ËZ»�MQualitek 4�
�µÁ|m��{�Ä¯�|��¹Zn¿Y�{Â]�Ã|��Ã|Ë{�³�¾ÌÌ e�������Á�cZ/�ËZ»�M��Y�®/Ë��/Å�ÉY�/]�Ê]Zzf¿Y�sÂ���Ã�Z¼�

d�Y�Ã|��Ã{�ÁM�ZÆ¿M�lËZf¿ .�²À��Z]��Y|¬»�µÁY��ËZ»�M��{�µZj»��Â�]�/���É�Y~³�¶³�µÂ��,�f»���Á��f»
�Ã�ËÁ�k�y�/��»��]�¹�³Â¸Ì¯�µÁ|m��{�{Y|�Y�¾ËY�Ä¯�|�Z]�Ê»�\ °»�f���Z]�\Ìe�e�Ä]�,���Á���Ã{Y{�½Z�¿
|¿Y�Ã|�  .  

��Y�§Y�¹�¿��{�ZÅ��Âf¯Z§��Y�®Ë��Å��Ë{Z¬»�½{�¯�{�YÁ�ÉY�]Qualitek 4�����/Å�t�/��Ã�Z¼��d�ËZ]�Ê»
�x�Za�ÉY�]�Á�{Â��Äf§�³���¿��{��Y�§Y�¹�¿�É{Á�Á�½YÂÀ��Ä]��Âf¯Z§)ÊmÁ�y (���d/�|]�²À/��[Ze�a��Y|¬»

�{Â��Ê»�Ã{Y{��Y�§Y�¹�¿�Ä]��ËZ»�M��Å��Y�Ã|»M)�µÁ|m� .(������Y�Ê/°Ë�c�Â/��Ä/]�x/�Za��ËZ»�M�ÊuY����{
��f�Ì]�ÉZÅ�d·Zu����f¼¯�,�fÆ]����e�®Ë{�¿�Á��fÆ]����{�/Ì³�Ê/»��Y�«�Ê]ZË��Y�{�Â»��fÆ] .���Z/nÀËY��{�Ä/¯

��f¼¯�d·Zu�ZÅ�x�Za�Ê]ZË��Y�ÉY�]��d�Y�Ã|Ë{�³�[Zzf¿Y��fÆ] .¶uY�»�¹Z¼eY��Y�| ]��É{Á�Á��Y�§Y�¹�¿�©Â§
�²À��Z]�½Y�Ì»�c�Â��Ä]�lËZf¿�ªÌ¬ve�¾ËY�ÉY�]�Ä¯�|À¯�Ê»�¶Ì¸ve�Á�ÄË�ne�Y��ZÅ�ÊmÁ�y�Á�ZÅ�/���,�f»

�É�Y~³�¶³�µÂ��/���f»��Ã�ËÁ�k�y�Á�/��|��Ã|Ë{�³�¾ÌÌ e�\ °»��f»��]�¹�³Â¸Ì¯ .����½Y�/Ì»��Y�/§Y�¹�/¿
�Y��²À��[Ze�a��/����{Â¼¿�ÊÀÌ]��Ìa��f».  

Ë��Å��ÌiZe�|��{�²À��Z]�½Y�Ì»�Ä¯�d�Y��Y�«�¾ËY�Ä]�ZÅ��Âf¯Z§�¾ËY��Y�®��/�������¶/³�µÂ/��,|/��{
�É�Y~³��/����Ã�ËÁ�k�y�½Y�Ì»�Á�|��{��/���|¿�Y{��ÌiZe�²À��[Ze�a��]�|��{.  

Ê»�ÊqÂ³Ze��Á��Ä]��ËZ»�M�ÊuY���Ä¸Ì�Â]�¶Ì¸ve�Á�ÄË�ne��Y�¶�Zu�ÄnÌf¿�Ê¸¼��c�Â��Ä]�d�ËZ]
{�Ì³��Y�«�Y�mY�Á��ËZ»�M�{�Â» .Y����¹Z/n¿Y�cZ/�ËZ»�M�¾Ì/]��{��Y�§Y�¹�¿���Âe�É{ZÆÀ�Ìa�s���Ä¯�Zn¿M��Y�Z»

�d�Y{�{ÂmÁ�Ã|�)�Ã�Z¼���ËZ»�M�� (��ÉY�/]�ZÆÀe�Á�d�Y|¿�{ÂmÁ�s���¾ËY�{|n»�ÉY�mY�Ä]�É�ZÌ¿��´Ë{
��ËZ»�M�ÄnÌf¿�d�ËZ]�Ê»�¶�Zu�ÄnÌf¿�dv��Ê���]������Y�/§Y�¹�¿�Ä¸Ì�Â]�Ã|��ÊÀÌ]��Ìa�ÄnÌf¿�Z]�Y�

{Â¼¿�Ä�ËZ¬» .�Ì»��ËZ»�M��{�²À��[Ze�a�½Y���,����d�Y�Ã|��É�Ì³�Ã�Y|¿Y��f» .���d/�Y�Ê·Z/u��{�¾ËY
�Y��½Y�Ì»�¾ËY��Y�§Y�¹�¿�Ä¯��/����d�Y�Ã{Â¼¿�ÊÀÌ]��Ìa��f» .�d«{�Ä]�½YÂe�Ê»��Y|¬»�Á{�¾ËY�Ê°Ë{�¿��Y

{�]�Êa��Á��¾ËY���Âe�ÊÀÌ]��Ìa.  
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µÁ|m )� :(�ÉY�]�Ê]Zzf¿Y�sÂ���Ã�Z¼�ZÆ¿M�lËZf¿�Á�cZ�ËZ»�M��Y�®Ë��Å  
²À��[Ze�a  

 )m(  
k�y Ã�ËÁ  

  (kg/m3)  
�¶³�µÂ�

É�Y~³ )m(  
²À��Z]   

)m(  �Zn¨¿Y�Ã�Z¼�  

���  �  �  �  �  
���  �  �  �  �  
���  �  �  �  �  
���  �  �  �  �  
���  �  �  �  �  
���  �  �  �  �  
���  �  �  �  �  
���  �  �  �  �  
���  �  �  �  �  
���  �  �  �  ��  
���  �  �  �  ��  
���  �  �  �  ��  
���  �  �  �  ��  
���  �  �  �  ��  
���  �  �  �  ��  
���  �  �  �  ��  

�- ÄnÌf¿  
���Ã�Z/�Y�Z/Å�ÄÀË�Å�Á�½Z»���ÅZ̄ �ÄnÌf¿��{�Á�cZ�ËZ»�M�{Y| e��ÅZ̄ �Ä]�½YÂe�Ê»��ËZ»�M�ÊuY���Ê¸¯�¥Y|ÅY��Y

{Â]�{ÂÆ�»�Ã�Á�a�¾ËY�ÉY�mY��{��Â�Â»�¾ËY�Ä¯�{�¯ .�f¿Y�ÉZ/Å��Âf Z̄§�{Y| e�Ä]�ÄmÂe�Z]�Ä¯�Y�q����{Y|/ e�¶«Y|/u�Ê]Z/z
{Â¼¿�[Zzf¿Y�Y�mY�dÆm�Y��cZ�ËZ»�M .�����Ä/]��ËZ/»�M�Ê/uY���Ä¸Ì/�Â]�²À��[Ze�a�Ã|��ÊÀÌ]��Ìa��Y|¬»�Ä¯�Zn¿M��Y

{�]�Êa��Á��¾ËY�{�°¸¼��d«{�Ä]�½YÂe�Ê»�|»M�d�|]�®Ë{�¿�0Ẑ Ë�¬e�Ê «YÁ��Y|¬» .�����0Zf^/�¿�d/Ì¼ÅY�|/��{�Ä/mÂe�Z]
Ë�Y���f»Y�Za�¾ËY�½YÂe�Ê»�²À��Z]�½Y�Ì»�ÉÓZ]������{�É{�Â¨/�Y�½|/ »�²À/��[Z/e�a��{��Y~³��ÌiZe�ÉZÅ��f»Y�Za��Y�Ê°

{Â]�É�fÆ]�lËZf¿�|ÅZ��,�f»Y�Za�¾ËY��{�\�ZÀ»�ÊeY�ÌÌ¤e�Z]�Á�d§�³���¿.  
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]� [Ê���Ô³Y{ .�-É�»Â´f¿Â»�µ�fÀ¯É�Z»M�dÌ¨Ì¯µÂ���,LZÀ�·Y�Â¿�Ä¼m�e�, .�,½Y�ËY�d À��Á�º¸��ÃZ´�¿Y{�cY�Z�f¿Y����.  
]� [� -¹ZÆ·Y� ,Ê·ZÀË�� �Y�§Y� ¹�¿� �Y� Ã{Z¨f�Y� Z]� ÊqÂ³Ze��Á�� Ä]��ËZ»�M� ÊuY��Qualitek�É�ÁZÀ§� Á��ÅÁ�a� d¯��� ,

�,Ê¼Ì�Á�fa����.  
]� [�,¾Ìe�Z]�É�ÓZÅ��ËZ»�M�ÊuY�� :dÌ¨Ì¯�{Â^Æ]�ÉY�]�Ê�Á�c�, :�Â¿µÂ���,LZÀ�·Y .�,Êf À��dË�Ë|»�½Z»�Z��cY�Z�f¿Y

����.  



  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  

  

,½Y�ËY�½| »�Ê�|ÀÆ»��¿Y�¨À¯�¾Ì»Â� � -���¾¼Æ]����  
�,½Y�ËY�½| »�Ê�|ÀÆ»�¾¼n¿Yd¯���Á�{�Ë�ÃZ´�¿Y{�½Y�ËY�É�¯�»�¾ÅM�²À�  

 

٥٨٧ 

 

Optimization of effective parameters on fly 
rock by design of experiments in Esfordi 

phosphate mine 
A. Aghajani bazzazi1 & I.Enayattollahi2  

 

ABSTRACT 
Blasting is a primary means of extracting minerals and ores at surface mining 

operations.  The main object of blasting is fragmentation but air blast, fly rock, 
ground vibration are disadvantage of blasting in open pit mines. Fly rock is one of 
the mentioned disadvantages of production blasting in open pit mines. Fly rock from 
surface blasting operations has caused serious injury and death to employees and 
habitants, and it is always known as one of the major concerns for the blasters. In 
this research for controlling fly rock in Esfordi phosphate mine, burden, stemming 
and specific charge which are the most effective parameters on fly rock were 
evaluated by design of experiments and Qualitek 4 software. Optimum values of 
these parameters were calculated with regards to minimum fly rock distance in this 
phosphate mine.  

 

Keywords: Explosive, fly rock, design of experiments, Esfordi phosphate mine 
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