
 

½Y�ËY�ÊËY~£��ËZÀ��Á�ÄË~¤e�¹Â¸��Ä¸n»  
�µZ�ºf¨ÅÃ�Z¼��, �,�Ã�ËÁ�Ä»Z¿ ½Zf�»� ����cZv¨��, ���-���  

  
  

µ|» Â°Ë�Ì§�cZÌ�Â�y�É�Z�Ê¿Y�ËY�ÉZf§��ÌÀa�ÄËZa��]�Ê¿{�f�³���Á�a��ÌÀa�Ä^��ÊËZÌ¼Ì�  
  

Ê¿Z^ ���z^¿ZÆm�Y�\Ì^u�, ...ÊËY��Ì»�Ê¨n¿�Ê^Ì^u��«Z]�|¼v»�,�É�¨ m�É|Æ»�|Ì��,��,Ã{Y��¦n¿�{Â¼v»� 

 

�- �½Z³�³�É��ÁZ�¯�¹Â¸��ÃZ´�¿Y{�,ÊËY~£��ËZÀ��Á�¹Â¸��|��Y�Ê�ZÀ��Z¯�ÉÂn�¿Y{ 

�-  µÂX�»�Ã|À�ËÂ¿ :½Z³�³�É��ÁZ�¯�¹Â¸��ÃZ´�¿Y{�,ÊËY~£��ËZÀ��Á�¹Â¸��ÃÁ�³��ZÌ�¿Y{ 

�- ��|Æ�»�Ê�Á{�§�ÃZ´�¿Y{�,ÊËY~£��ËZÀ��Á�¹Â¸��ÃÁ�³�{Zf�Y 

�- ¹Â¸��ÃÁ�³��ZÌ�¿Y{�½Z³�³�É��ÁZ�¯�¹Â¸��ÃZ´�¿Y{�,ÊËY~£��ËZÀ��Á 

�- |Æ�»�Ê�Á{�§�ÃZ´�¿Y{�ÊËY~£��ËZÀ��Á�¹Â¸��|��Y�Ê�ZÀ��Z¯�ÉÂn�¿Y{ 

  
Ã|Ì°q  

¥|Å�Á�Ä¬]Z� :�a�¾ËY��{�ÊÅZ/Ì³�¾£Á���ÌiZe�Ê���]�Ä]�,x�Za�t����Á���Y�Ã{Z¨f�Y�Z]��ÅÁ����t�/��Ä/���{���,����Á�������Ê/]�q�¶/¯�|/��{
�{��ÌÀa��{�{ÂmÂ»�Z»{�ÉZÅ)���,����Á���Êf¿Z��Äm�{�{Y�³(�½Z»��Á��ÉZÅdza )��,����Á���Ä¬Ì«{(�������,Ê¿Â]Z/���Ë|/¿Y�,É|/Ë��Ë|/¿Y�ÉÁ���/]

�Á�Êf]Â���ÉÂfv»�,|Ì�¯Y�a��Ë|¿YÄ^��²¿����ÌÀa|��ÄfyY{�a�Ê¿Y�ËY�ÉZf§��ÌÀa�ÄËZa��]�Ê¿{�f�³���Á�a .  

�Á��Á�{YÂ» ZÅ :�Y�{Â]�c�Z^���ÅÁ�a�¾ËY��{�Ã{Z¨f�Y�{�Â»�ÄÌ·ÁY�{YÂ» :����ËÓZ/a�Y�/§��Á��Ä]�Ã|��|Ì·Âe�|Ì¨���ÌÀa)����Á�Ã�Ë�Âf/�Za��Ì/��d¯�/�
Ã{�ÁM�§�|Æ�»�ÃZ´a�ÊÀ^·�ÉZÅ(�cY�fÌ��ºË|��É�e�,)½Z¼·M�­�»�Ê¿Zb¼¯(ºË|��cZÀÌW�Z¯�, )½Z�Y�y�{ÔÌ»��¼fn»�d¯��(�Ã�/¯�, )��¶/»M�Ä/·Z¯(�,

�½Y{�´]Zf§M�¾£Á�)Â°Ë�§�É�Zne�d¯��(ºÌ�Zfa�cZ]�Â��,)½Z¼·M�­�».(  

Äf§ZË ZÅ :Ä]�,d§�³��Y�«�ÊÅZÌ³�¾£Á��Á�Z»{��ÌiZe�dve�Ê¿Â]Z���Ë|¿Y�É�Â�������¾/£Á���ËY�/§Y�Ê/·Á�d/�Y|¿�Ê¿Â]Z���Ë|¿Y��]�Ê�Zy��ÌiZe�Z»{�Ä¯
���Ë|¿Y��{��ÅZ¯�\^��ÊÅZÌ³|��Ê¿Â]Z .ÊÀ »�É|Ë��Ë|¿Y��Y|¬»��]�ÊÅZÌ³�¾£Á��ÉÂfv»��{Â]��Y{)��/� p<(���¾/£Á��ÉÂfv»��{��ËY�§Y�Z]�Á

|���Ë|¿Y�¾ËY��ËY�§Y�\^��ÊÅZÌ³ .|Ì�¯Y�a��Ë|¿Y��ÌiZe�dve�ÊÅZÌ³�¾£Á��Á�dza�½Z»��,dza�ÉZ»{��Ì¤f»�Ä���Å��d§�³��Y�«)��/� p<( .
��]�dza�½Z»��Á�Z»{a��ÌÀa�²¿��cY�ÌÌ¤e�|¿Á���Á��ÊÀ »��{Â]��Y{)��/� p<(Ä]�,�É�Â�������cY�/ÌÌ¤e��ÅZ/¯�\/mÂ»�d/za�½Z»��Á�Z»{��ËY�§Y�Ä¯

Ä¿Â¼¿�Ê´¿��|��|ÅZ��Ä¿Â¼¿�Ä]�d^�¿�ZÅ.   

ÄnÌf¿�É�Ì³ : Ä]�lËZf¿�Ä]�ÄmÂe�Z]�Ä¸¼m�|Àq�µ|»�,É�Z»M��Ì·Z¿M��Y�Ã|»M�d�{�Ã{Y{��]�Á�Ã|���ÀË�³�¹Á{�Äm�{�ÉY��ÉÂfv»�ÉZÀjf�Y�Ä]�x�Za�ÉZÅ
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ÄË~¤e�{�]�ÓZ]�Y��µÂ�v»�ÉY .����Ä/ËZa��/ÌÀa��Â/�¯��Å��{�ÓÂ¼ »
������\/·Z£��/ÌÀa��Z/�Y�]��/�Á�a��/ÌÀa�|Ì·Âe��{�Ã{Z¨f�Y�{�Â»
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Ê»��Y|q��ÌÀa�É|Ì·Âe�Ê Ì^���ÌÀa�½Y�Ì»����¾Ë�f/�Ì]�Ä/¯�|�Z]

���{�Y{�Y��Ä/ËZa��/ÌÀa�½YÂÀ��Ä]���Á�a��ÌÀa�|Ì·Âe��{�ºÆ�) ��,
� .(����Ê/¿Y�ËY�ÉZ/f§��/ÌÀa�,�ÌÀa�¥��»�½Y�Ì»�¾Ë�f�Ì]�½Y�ËY��{
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Ä�Â¼n»�®ÌÀ°e�Á�cZ�ËZ»�M�ÊuY����Y�ÉY����É�Z/��Ä/ÀÌÆ]�ÉZÅ
����Ê/»�ª/¬v»�Ä/]�Y��½Z/°»Y�¾ËY�Ä¯�d�Y������¾Ì/]��Z/^e�Y�Z/e�|/Å{

x�Za�Á�¶¬f�»�ÉZÅ�Ì¤f»���|/À¯�¾ÌÌ e�Y��ZÅ)���,� .(��Ã�Á�/»Y
��e�Z//]��/�Á�a��//ÌÀa�½Z³|//ÀÀ¯�|/Ì·Âe���//f¼¯�d//¼Ì«�Ä/]�Ä//mÂ

¾£Á������¾/ËY��Y�Ã{Z¨f/�Y�Ä/]�¹Y|«Y�Ê¿YÂÌu�¶]Z¬»��{�ÊÅZÌ³�ÉZÅ
Ê]�q��Y�Äf�{���Ê/»��/�Á�a��ÌÀa�|Ì·Âe��{�ZÅ�����¾/ËY�Ä/¯�|/ÀÀ¯

������Ê/»��µÂ/�v»�Ã|/��¹Z/¼e�d/¼Ì«��ÅZ/¯�\^��¶¼���{Â/� .
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½Z»��Á���¼Ì/��cZÌ/�Â�y��]�dza�¦¸fz»�ÉZÅ�ÊËZÌ)���Ë|/¿Y
����Ê¿Â]Z/��Á�|Ì/�¯Y�a��Ë|/¿Y�,É|/Ë (�Ê/°Ë�Ì§�Á)�²/¿� (��//ÌÀa

{�Ì³��Y�«�Ê���]�{�Â»���Á�a.  
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�ÄÌ·ÁY�{YÂ»�É�Z��Ã{Z»M�Á�ÄÌÆe :����{�Ã{Z¨f/�Y�{�Â/»�ÄÌ·ÁY�{YÂ»
�Y�{Â]�c�Z^���ÅÁ�a�¾ËY :�Y�§��Á��Ä]�Ã|��|Ì·Âe�|Ì¨���ÌÀa

��ËÓZa)��Ã{�ÁM�/§�Á�Ã�Ë�Âf/�Za��Ì��d¯�����ÉZ/Å���ÃZ/´a�Ê/À^·
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�,ºË|��cZÀÌW�Z¯,|Ì¨���ÌÀa�¶»Z���cY�fÌ/��ºË|��É�e)�/��

|��{(�¹Z ��®¼¿�,)��|��{(��Z/]�ª]Z�»�ÊÅZÌ³�¾£Á��Á�Ã�¯�,
cZ]�Â��ºÌ�Zfa�Á�Ã|��Ä^�Zv»�d^�¿)�/�|��{ (����/Å�ÉY�/]

|��¾Ë�Âe�µÂ»�§ .�Y���ËÓZaY�§��Á��Ä]�Ã|��ÄÌÆe�|Ì¨���ÌÀa
Ä¿YÂf�Y�¥���®Ë�¶yY{��{���Ã�/a�½�/¼Å���Âe�ÉY���dyZ/��ÉY

����d��/��Z/]�¾/§�Ê¼Ì��d¯�������{��Á{���Á�{�/y�Ä/¬Ì«{��

|��½�Â¼Å .���Ê/¼Ì¿�Á�¹Z/ ��®¼¿�,cY�fÌ��ºË|��É�e��b�
|��Ä§Z�Y��Â¸z»�Ä]�[M�Á�cZÀÌW�Z¯��Y .���½Z/»��d/�~³��Y�| ]

�|/��Ä§Z�Y��Â¸z»�Ä]�cZÀÌW�Z¯�ºË|��Á�[M�ÄÌ¬]��z�» .��{
��Á{�Z]�½{�¼Å�¶¼��Ä¸u�»�¾ËY�������c|/»�Ä]�Á�Ä¬Ì«{��{��

d§�Ë~//a�c�Â//��Ä//¬Ì«{ .//Ì³�¾//£Á��|// ]�Ä//¸u�»��{�Z//]�ÊÅZ
d^//�¿��ÉZ//Å���,����Á������{�{Â//mÂ»�Ê//]�q�¶//¯�|//��{

����Ä§Z/�Y��Â/¸z»�Ä/]�{ÂmÂ»�ÉZÅ�Z¼Ìe�Z]�ª]Z�»�ÊËZÆ¿�µÂ�v»
|� .�Ã|��ÊuY���cZ�ËZ»�M�Z]�ª]Z�»��b�)�¶°��(��¶/¼��,

���c�Â/��½ÂÌ/�ÓÂ»�§��Å��{�Ã|��¾ÌÌ e�½Z»��Á�Z»{��{�dza
d§�³ .Ä¿Â¼¿�dza�¶¼���Ä¿YÂf/�Y�¥���®Ë�¶yY{��{�ZÅ���Z/]�ÉY
�Y�«����Z/]�ÃY�/¼Å�¹�³�[M�ÉÁZu�É�Z»�¾]�®Ë�¶yY{��{�¾f§�³

Ä¿Â¼¿�½{�¼Å�¶¼���Ã�/a�½�¼Å���Âe�ZÅ����d��/��Z/]�ÉY�����
d§�Ë~a�c�Â��Ä¬Ì«{��{��Á{ .��¶/¼��,dza�¶¼��¹Z¼eY��Y�| ]

Ã�a�½�¼Å��Y�Ã{Z¨f�Y�Z]�½{�¯�½�Â¼Å��c|»�Ä]�ÉY����Z/]�Ä¬Ì«{
��Á{�����d§�Ë~a�c�Â��Ä¬Ì«{��{��Á{ .���¥�/���{�µÂ/�v»
����³��Y�| ]�Á��a�Ê»�����¹Z/n¿Y�½Z»��Ze�Á�µZrzË�{�YÁ�Ä¬Ì«{

|¿|��É�Y|Æ´¿�µZrzË��{�cZ�ËZ»�M .  
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�Á�Ê//]�qpH��c�Â//��½Y�//ËY�Ê//¸»�ÉZÅ{�Y|¿Zf//�Y��Z//�Y��//]
d§�Ë~//a .��ÉÂ//fv»�,Ê¿Â]Z//���Ë|//¿Y�,É|//Ë��Ë|//¿Y��Y|//¬»

��Á�Ê//]�q�,¾ÌXeÁ�//a��Y|//¬»�,Êf]Â//��pH��Ê//´¿��cY�//ÌÌ¤e�Á
Ä¿Â¼¿���q�|Ì/�¯Y�a��Ë|/¿Y��Y|¬»�Á�|Ì·Âe��Y��a��Á��Ã{�ZÅ���Z/Æ

|��¾ÌÌ e�|Ì·Âe��Y��a�Äf¨Å .  
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 Ä¿Â¼¿�Ê´¿��cY�ÌÌ¤e ZÅ:��cY�ÌÌ¤e�Ê���]�ÉY�]�ªÌ¬ve�¾ËY��{

����µ|/»�lÀ/��²/¿��ÃZ´f/�{��Y�±Â·Z¿M���Á�a��ÌÀa��{�Ê´¿� 
CR- 410 |��Ã{Z¨f�Y�¾aY���Â�¯�dyZ� .����Y�ª/Ì¬ve�¾/ËY��{

�d�Y�c�Z^��Ä¯�|��Ã{Z¨f�Y�Ê´¿��cY�ÌÌ¤e�sÔ��Y�½Y�Ì»��Y
Ä¿Â¼¿�Ê´¿��cY�ÌÌ¤e���Ë{Z¬»�Ä]�d^�¿�ZÅL,a,b��Ã|ËY�Ä¿Â¼¿�®Ë

�����Ä/f§�³��/�¿��{�|ÅZ/��Ä/¿Â¼¿�,µM�Ã|ËY�Ä¿Â¼¿�ZnÀËY��{�Ä¯�µM
|� .����Ä/·{Z »��Z/�Y��/]�²¿��cY�ÌÌ¤e�ZË�¥ÔfyY��f»Y�Za�-��

Ä¿Â¼¿�ÉY�]����d/�Y�Ã|/��½Z/Ì]���Á�a��ÌÀa�ÉZÅ .���Z/Ë�cY�/ÌÌ¤e
½ZÌ]�²¿��¥ÔfyY��cY�ÌÌ¤e�Äm�{��³��Ä/¿Â¼¿�²/¿�����Ä/ÌÆe�ÉZ/Å

Ä¿Â¼¿�Z]�Ã|��ÊuY���cZ�ËZ»�M��Z�Y��]�Ã|���Ä¯�µ�fÀ¯�ÉZÅ
�¶»Z�Lc, ac,bc�Ê»|�Z] .��Á�ÊÅZ/Ì³�¾£Á��½Á|]���Á�a��ÌÀa

��{�Ã|��Ã{Z»M���Êf¿Z��Äm�{����c|/»�Ä/]�{Y�³������Ä/]�Ä/¬Ì«{
����|/��Ä/f§�³��/�¿��{�µ�/fÀ¯�Ä¿Â¼¿�½YÂÀ� .���Ë{Z/¬»Lc, ac, bc�

����Z/]��/]Y�]�|ÅZ/��Ä/¿Â¼¿ ��/��L= �,��/�- a=��Á��/�� b= 
{Â].  

�Ä·{Z »)�(  
∆E= [(L � Lc) 

�
 + (a � ac) 

�
 + (b � bc)

�
 ]

�/�
                                  

  
É�Z»M��Ì·Z¿M�Á�Ê�ËZ»�M�s��: RSM��Ä/�Â¼n»���Ê/uY����Y�ÉY

®ÌÀ°e�Á�cZ�ËZ»�M����Y��½Z/°»Y�¾/ËY�Ä¯�d�Y�É�Z��ÄÀÌÆ]�ÉZÅ
Ê»�ª¬v»�Ä]�Ì¤f»�¾Ì]��Z^e�Y�Ze�|Å{x�Za�Á�¶¬f�»�ÉZÅ����Z/Å
|À¯�¾ÌÌ e�Y� .�������¥Z/��É�/¯�»�\/¯�»�s�/��ª/Ì¬ve�¾/ËY��{

(FCCD)�Ä]����|/��Ä/f§�³��Z/¯ .����Á�¶¬f/�»�ÉZ/Å�Ì¤f»�sÂ�/�
Ã{Y{�Ä]�ÉZÅ������sÂ�/��c�Â/��Ä/]�Ê/�ËZ»�M�s����Y�Ã|»M�d�{

�Ê¬Ì¬ud�Y�Äf§�³��Y�«�ÄË�ne�{�Â» .Ã{Y{�Ä]�ÉZÅ���Ã|/»M�d�{
������Y�/§Y�¹�/¿��Y�Ã{Z¨f/�Y�Z/]�s���¾ËY��YDesign Expert���µ|/»

������µ|» ¶°��Á�Ã|��É�Z����É|/ ]�Ä��ÉZÅ)�Ê/ÀvÀ»���ÉZ/Å
x�Za�t�� (x�Za�½ZÌ»�Ä�]Y��Ê���]�dÆm���/Ì¤f»�Á�ZÅ���ÉZ/Å

|��º���¶¬f�» .Ã{Y{��]��ËZ»�M��Y�¶�Zu�ÉZÅ���|/Àq�µ|»�ZÅ
Ä¸¼m������ºfË�Â/´·Y��Y��b/��Á�Ã|/��Ã{Y{���Y�/]�¹Á{�Äm�{�ÉY

Backward�Ä¸¼m�{Y| e��ÅZ¯��Â�À»�Ä]���µ|/»�ÉZÅ��Ã{Z¨f/�Y
|�.  

�Ä·{Z »)�(  
Y=b0+ b1x1+b2x b3x3+b11x12+ b22x22+ b33x32+ b12x1x2+ 
b23x1x3+ b23x2x3+ å            

 
Ä¸¼m�|Àq�µ|»�\ËY���Ä]�ÉY��c�Â�b0 )��d/]Zi�c�Z/^�(�,b1, 

b2, b3 )Ê�y�cY�iY(�,b11, b22, b33 )¹Á{�Äm�{�cY�iY (�Áb23, 

b13, b12 )¶]Z¬f»�cY�iY (Ã|��½ZÌ] |¿Y .»ÊÀ ��µ|»�\ËY���É�Y{

��Y�Ã{Z¨f//�Y�Z//]R2�,R2��Ì//a�Á�Ã|//��sÔ//�Y��Á�Ã|//ÀÀ¯�Ê//ÀÌ]
ºÅ��]�»��Â¼n»�¾ÌÀq�����Ê/ÀÌ]��Ì/a�ÉZ/�y�ÉZ/Å PRESS)(�

d§�³��Y�«�Ê���]�{�Â» .  
Äf§ZË ZÅ  

µ|»���Y�] :Ã{Y{�Ä]��Â]�»�ÉZÅ��É|/Ë��Ë|¿Y )Y1(�,���Ë|/¿Y
|Ì�¯Y�a )Y2(Ê¿Â]Z���Ë|¿Y�, )Y3(�Êf]Â���ÉÂfv»�,)Y4( �Á
Y�ÌÌ¤e�Ê´¿��c)Y5( �����±Â·Z/¿M��/�Á�a��/ÌÀa�|/Ì·Âe��Y�¶�Zu

����{�,|/¿|»M�d/�{�Ä]�cZ�ËZ»�M�Ä¼Å��Y�Ä¯�Ê¿{�f�³��¶/Ì¸ve
d�Y�Ã|»M .Ã{Y{�����Ä/·{Z »�\ËY�/��Ä^/�Zv»�ÉY�]�Ê�ËZ»�M�ÉZÅ
Ä¸¼m�|Àq�|Àf§�³��Y�«�Ã{Z¨f�Y�{�Â»�¹Á{�Äm�{�ÉY.����/Å�ÉY�/]

c�Z^���Y�®Ë�����{|/��Á�±��/]�½ÂÌ/��³��\Ë���,µ|»��{�ZÅp�
�¿�®qÂ¯x�Za�ÉÁ��É�e�ÊÀ »�Z]��iY�Ã|ÀÅ{�½Z���Ä/�Â]�»�ÉZÅ

{�Y{ .ANOVA��Ä/¸¼m�|Àq�µ|»�Ä¯�{Y{�½Z�¿���¹Á{�Ä/m�{�ÉY
Ã{Y{�Ã|¿�Y�]�Ê^�ZÀ»��Â��Ä]�Ã|»M�d�{�Ä]�����Z/]�Ê/�ËZ»�M�ÉZ/Å

�Ä//¿Z³|Àq�¾Ì//Ì e�\ËY�//�)R2 (��/�, ��/�, ��/�, ��/����Á
��/���ÉY�]�\Ìe�e�Ä]É|Ë��Ë|¿Y�,����Ë|/¿Y�,|Ì/�¯Y�a��Ë|¿Y

Ê¿Â]Z�Êf]Â���ÉÂfv»�,��Á{Â]�Ê´¿��cY�ÌÌ¤e.   
Ê³�ËÁ�Ê���]�ÊËZÌ¼Ì��ÉZÅ :½Â»�M�lËZf¿�����/]�ÊËZÌ¼Ì/��ÉZÅ

�Ã{Z¨f�Y�{�Â»�ÄÌ·ÁY�{YÂ»�ÉÁ�)���Ã�/¯�Á�Ê/¿Y�ËY�|Ì¨/���ÌÀa (��{
��{�,�ÅÁ�a�¾ËY��{���Á�a��ÌÀa�|Ì·Âe��Ë�d�Y�Ã|»M .��lËZ/f¿

½Â//»�M��Á�Ä//Ì·ÁY�{YÂ//»�ÉÁ���//]�Ã|//��¹Z//n¿Y�ÊËZÌ¼Ì//��ÉZ//Å
µÂ»�§��ÉZÅ������ÅÁ�/a�¾/ËY��{�Ã|/��|/Ì·Âe���Á�a��ÌÀa)���

��{�µÂ»�§��Á�|Ì·Âe��Y�°e���½Â/»�M��Å�ÉY�]��Y�°e (�Ä/]���d/�{
d�Y�Ã|»M .���½Y�/Ì»�Z/Å�Z¼Ìe�ÄÌ¸¯��{pH���Ã{Á|/v»��{��/�-

�/��Ê]�q�,����¾ÌXeÁ�a�Á�|��{�������Ä/f§�³��/�¿��{�|/��{
|� .���¾/£Á��d^/�¿�Z»Y�d]Zi�¶¯�Ê]�q�½Y�Ì»��ÅÁ�a�¾ËY��{

·�Ê]�q�Ä]�ÊÅZÌ³ÊÅZÌ³�¾£Á���Y|¬»�Á��ÌÌ¤f»�ÊÀ^���,����Á
���{Â]�ÊËZÆ¿�µÂ�v»��{�{ÂmÂ»�Ê]�q�¶¯�|��{ .  

�½Y�Ì»�ZÅ�Z¼Ìe�ÄÌ¸¯��{pH��Ã{Á|v»��{��/�-�/��Ê]�q�,���
�¾ÌXeÁ�//a�Á�|//��{���|//��Ä//f§�³��//�¿��{�|//��{ .�¾//ËY��{

�����Ä/]�ÊÅZ/Ì³�¾/£Á��d^/�¿�Z»Y�d]Zi�¶¯�Ê]�q�½Y�Ì»��ÅÁ�a
Á���Y|¬»�Á��ÌÌ¤f»�ÊÀ^·�Ê]�qÊÅZÌ³�¾£���,����Á����|��{

{Â]�ÊËZÆ¿�µÂ�v»��{�{ÂmÂ»�Ê]�q�¶¯ .)��,  ��(  
ePx�Za��]�¶¬f�»�ÉZÅ�Ì¤f»��Ìi ZÅ  

É|Ë��Ë|¿Y��]�¶¬f�»�ÉZÅ�Ì¤f»��iY�Ê���] :���t�/���Ì·Z/¿M
Ê»�½Z�¿�x�Za��¾Ì]�Ä�]Y��Ä¯�|Å{�É|Ë��Ë|¿Y��ÉZ/Å�f»Y�Za�Á

�\�ZÀ»�½ÂÌ��³��\Ë���Z]�Á�¹Á{�Äm�{��Â¿��Y�¶¬f�»)��/ 

�R2= (Ê»�|�Z] .����/]�|/ÀËY�§�ÉZÅ�Ì¤f»�Ê¸¯��iY��¿ZË�YÁ��Ì·Z¿M
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 ���                                                                                      µ|»�cZÌ�Â�y�É�Z�  /...Ê¿Z^ ���z^¿ZÆm�°¼Å�Á½Y�Z 

 

 ٣٥٨

���Ê/�y�cY�/iY�ZÆÀe�Ä¯�{Y{�½Z�¿�É|Ë��Ë|¿Y�Ê¿ÂÌ��³��µ|»
�ÊÅZ//Ì³�¾//£Á�)����/�p < (��d//za�½Z//»��Á)��/�p< (�Á

���ÊÅZ////////Ì³�¾////////£Á��¹Á{�Ä////////m�{�c�Z////////^�  
)����/� p < (ÊÀ »��Y{���|/�)�¶°/� � .(���Ë|/¿Yp���\ËY�/�

����Ì¤f»�Z/]�É|/Ë��Ë|/¿Y�Ê¿ÂÌ/��³��µ|»����½Z/�¿�|/ÀËY�§�ÉZ/Å�
Ê»��ÊÅZÌ³�¾£Á���ÌiZe�Ä¯�|Å{)����/�p< (����ÌiZ/e��Y��f/�Ì]

�½Z»�)��/�p < (Ê»�|�Z] .��¥�/��Ä]�ÄmÂe�Z]�É{ZÆÀ�Ìa�µ|»
c�Z^���Y�½{�¯���¿�Ê]�ÉZÅ���Ä/]�É|/Ë��Ë|¿Y�ÉY�]�µ|»�ÊÀ »

Ê»��Ë��c�Â�|�Z]:  
�Ä·{Z »)�(  

É|Ë��Ë|¿Y = ��/��  + ��/�  ×ÊÅZÌ³�¾£Á� + ���/� × ½Z»� - 
����/�  × )ÊÅZÌ³�¾£Á�(  �       

 

  
  

�¶°��. �Á�ÊÅZÌ³�¾£Á���Y|¬»��iY�ÉY�]�x�Za�t���ÊÀvÀ»
�dza�ÉZ»{)dza�½Z»� =���Ä¬Ì«{ (|Ì�¯Y�a��Ë|¿Y�½Y�Ì»��]  

  
¶°��Z]�ª]Z�» �������Á�ÓZ/]�½Z/»���{�ÊÅZ/Ì³�¾/£Á���ËY�§Y

��µZ/u�,|/��É|Ë��Ë|¿Y��{��ËY�§Y�\^��,dza�¾ÌËZa�½M���Ä/¯
��������ÊÅZ/Ì³�¾/£Á��¾ÌËZ/a�Á�ÓZ/]��Y|/¬»�Á{��/Å��{�½Z/»���ËY�§Y

d�Y|¿�É|Ë��Ë|¿Y�ÉÁ��É�ÌiZe .¿Y½ZÌ]�É|Ë��Ë|���½Y�/Ì»��³
½{Â]��Z^�Y��Ì£�Ê»�[�q�ÉZÅ|Ì�Y��½Y�Ì»��ËY�§Y�Z]�Ä¯�|�Z]

�Z^�Y��Ì£�½{Â]Ê»��ËY�§Y�É|Ë��Ë|¿Y�,�|]ZË .���/ÌÀa�|Ì·Âe��{
ÊÅZÌ³�¾£Á��d^�¿��ËY�§Y�,±Â·Z¿M���Á�a�����\^/��Ã�/¯�Ä/]

�Ê]�q��{�{ÂmÂ»�[�q�ÉZÅ|Ì�Y�dÌ�Z^�Y��Ì£�½Y�Ì»��ËY�§Y
d§ZË��ËY�§Y�É|Ë��Ë|¿Y�Z^«Z f»�Ä¯�|���ÌÀa.  

��|Ì/�¯Y�a��Ë|/¿Y��]�¶¬f�»�ÉZÅ�Ì¤f»��iY�Ê���] :���Ë|/¿Y
���ÊÅZ/Ì³�¾/£Á��Á�½Z»��,Z»{��Ì¤f»�Ä���Å��ÌiZe�dve�|Ì�¯Y�a

Ä]�,Äf§�³��Y�«�É�Â�������Ä/���/Å�¹Á{�Ä/m�{�Á�Ê/�y�cY�/iY�Ä¯�
����ÊÅZ/Ì³�¾/£Á��¶/]Z¬f»��/iY�Á��Ì¤f»-�����µ|/»��{�d/za�ÉZ/»{

ÊÀ »��Y{�d�Y�Ã|� .�����/�¿�¥�/��Ä/]�ÄmÂe�Z]�É{ZÆÀ�Ìa�µ|»
c�Z^���Y�½{�¯���Ä/]�|Ì�¯Y�a��Ë|¿Y�ÉY�]�µ|»�ÊÀ »�Ê]�ÉZÅ
Ê»��Ë��c�Â��|�Z]:  

�Ä·{Z »)�(  
 |Ì�¯Y�a��Ë|¿Y ��/� =  + ���/�  × ÊÅZÌ³�¾£Á� � ���/�  × Z»{ + 

���/�  × ½Z»� � �����/�  × ÊÅZÌ³�¾£Á�( )�+ �����/�  × Z»{( )� 

� �����/�  × ½Z»�( )�� ������/�  ×¾£Á� × Z»{                

  
  

¶°�� .�dza�½Z»��Á�ÊÅZÌ³�¾£Á���iY�ÉY�]�x�Za�t���ÊÀvÀ»
)�dza�ÉZ»{ =���Êf¿Z��Äm�{�{Y�³ (|Ì�¯Y�a��Ë|¿Y�½Y�Ì»��]  
  

��Ê¿Â]Z/���Ë|/¿Y��]�¶¬f�»�ÉZÅ�Ì¤f»��iY�Ê���] :����/iY�Z/ÆÀe
�Ê�y)����/� p < (�¹Á{�Äm�{�Á)��/� p < (��ÊÅZ/Ì³�¾£Á�

�Ê¿Â]Z���Ë|¿Y��]�µ|»��{ÊÀ »��Y{�|¿|� .�Z]�É{ZÆÀ�Ìa�µ|»
ÊÀ »�Ä]�ÄmÂeÊ»��Ë��c�Â��Ä]�\ËY���É�Y{�|�Z] :  

�Ä·{Z »)�(  
  

 =Ê¿Â]Z���Ë|¿Y ��/���  + ��/�  × ÊÅZÌ³�¾£Á� � �)ÊÅZÌ³�¾£Á� ( ×���/�                

  
��¶°�����Ê¿Â]Z/���Ë|¿Y�ÉÁ��Y��ÊÅZÌ³�¾£Á��Á�Z»{��ÌiZe

Ê»�½Z�¿�Ä¬Ì«{�Ã{�d]Zi�½Z»���{�|Å{ .�¶°��Z]�ª]Z�»���Z/»{�,
���ÊÅZ/Ì³�¾/£Á���ËY�§Y�Z»Y�,d�Y|¿�Ê¿Â]Z���Ë|¿Y��{�É�ÌiZe
������Ë|/¿Y��ÅZ/¯�\/mÂ»�d/za�ÉÓZ]�Á�dza�¾ÌËZa�ÉZ»{��{

|��Ê¿Â]Z� .�Ë|¿Y�¾£Á��Ê¿Â]Z�����Ã�/Ìn¿��µÂ/���ËY�§Y�Z]�ZÅ
Ê»��ÅZ¯�[�q�|Ì�Y�����¾/£Á��d^/�¿��ËY�/§Y�Z]�¾ËY�]ZÀ]�,|]ZË

������¶/ËÂ��¶/Ì·{�Ä//]��/�Á�a��/ÌÀa�|/Ì·Âe��{�ÊÅZ/Ì³ ��½{Â//]��/e
�d^�¿�Ê·Â°·Â»�½�Á�½{Â]�ÓZ]�Á�ÊÅZÌ³�¾£Á��[�q�ÉZÅ|Ì�Y
�d//§ZË��ÅZ//¯�Ê¿Â]Z//���Ë|//¿Y�,Ã�//¯�[�//q�ÉZÅ|Ì//�Y�Ä//]  

 )���,��.(  

0.0769182  
0.124107  
0.171296   
0.218485   
0.265674   

20.00   
25.00   

30.00   
35.00  

40.00   
  5.00 

  7.50 
  10.00 

  12.50 
  15.00 ½Z»�)Ä¬Ì«{( 

0.134582  
0.199353  
0.264125  
0.328897  
0.393668  

20.00  
25.00   

30.00   
35.00   

40.00   

  65.00 
  70.00

  75.00 
  80.00

  85.00 
ÊÅZÌ³�¾£Á�  

)|��{( �Z»{){Y�´Ìf¿Z��Äm�{( 
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ÊÅZÌ³�¾£Á�)|��{( 
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�µZ��,½Y�ËY�ÊËY~£��ËZÀ��Á�ÄË~¤e�¹Â¸��Ä¸n»ºf¨Å�Ã�Z¼��,�,�Ã�ËÁ�Ä»Z¿ ½Zf�»� ����                                                              ��� 

 

  
�¶°�� .�Á�ÊÅZÌ³�¾£Á���Y|¬»��iY�ÉY�]�x�Za�t���ÊÀvÀ»

dza�ÉZ»{)dza�½Z»� =���Ä¬Ì«{(Ê¿Â]Z���Ë|¿Y�½Y�Ì»��]  
  

Êf]Â���ÉÂfv»��]�¶¬f�»�ÉZÅ�Ì¤f»��iY�Ê���] :�Ä]�ÄmÂe�Z]
�¶°�� Ã|ÅZ�» »Ê {Â�����Ä/]�d/]Â���ÉY�]�Ã|��ÄWY�Y�µ|»�Ä¯

�t����{�Á�Ê�y�c�Â������|/��{)����/� p< (�Ê/À » ��Y{
��Ê/À »�½M���Y�/]�¦ ��½Â»�M�Á�Ã{Â]��d/�Ì¿��Y{)��/� p> (

Ê»�½Z�¿��»Y�¾ËY�Ä¯������\/�ZÀ»�Ê·|/»�,Ã|/��Äf/�Z¯�µ|»�|Å{
Ê»|�Z] .���{�d/]Â���ÉÂfv»��]�dza�½Z»��Á�Z»{�Ê�y�cY�iY

ÊÀ »���Á�a��ÌÀa�|¿{Â]��Y{)¶°� � .(�ª]Z�»¶°� � �Ô»Z¯
��������/]�Y���ÌiZ/e�¾Ë�f/�Ì]�d/za�ÉZ/»{�Ä/¯�d/�Y��z�»��ÉÁ�

d�Y{�d]Â���ÉÂfv» .���ª/Ë����Y�Ä/¿Z³|Àq�½ÂÌ��³��\ËY��
�Ìa��Â�À»�Ä]�cZ ]�»�¶«Y|u��Á��Ä¸¼m�|Àq�µ|»�ÊÀÌ]��ÉY

���Ê/À »�Ä/]�Ä/mÂe�Z]�Á�|��{ZnËY�x�Za��Ì¤f»�ÉY�]�¹Á{�Äm�{-

|��ÄWY�Y��Ë��É{ZÆÀ�Ìa�µ|»�\ËY���É�Y{ :  
�Ä·{Z »)�(  

 =�d]Â���ÉÂfv»��/��  � ��/�  × Z»{ � ��/�  × ½Z»�                            
 

Ä¿Â¼¿�²¿���]�¶¬f�»�ÉZÅ�Ì¤f»��iY�Ê���]�ZÅ :�cY�ÌÌ¤e�|¿Á�
��ÉZ/Å�Ì¤f»�Z]�|Ì·Âe�|ÀËM�§�Ê���{�±Â·Z¿M���Á�a��ÌÀa�²¿�

�¶°���{�¶¬f�»���d/�Y�Ã|��Ã{Y{�½Z�¿ .����{�{Â/mÂ»�lËZ/f¿
¶°� )� (Ê»�½Z�¿dza�ÉZ»{�Ä¯�|Å{ )����/�p< (�½Z»��Á
dza )��/�p< (Y�iY�c�Â��Ä]������/ÌÀa�²/¿��ÉÁ���/]�Ê/�y�c

ÊÀ »���Á�a|¿{Â]��Y{ .��Ê/À »�¹Á{�Ä/m�{�c�Z^��ZÆÀe��{��Y{
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�������Ë|/¿Y�½Y�/Ì»��{��ÅZ/¯�\^/��Z/»{��ËY�§Y�,ÊÅZÌ³�¾£Á�

ÊÅZÌ³�¾£Á��º¯��Ë{Z¬»��{��Y|¬»�¾ËY�Ä¯�|��|Ì�¯Y�a���f�Ì]
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����ÅZ/¯�\/mÂ»�dza�ÉÓZ]�ÉZ»{�Á�º¯�ÉZ»{��{�dza�½Z»�
�����d/za�ÉÓZ/]�ÉZ/ÅZ»{��{��/iY�¾ËY�Ä¯�|��d]Â���ÉÂfv»��{
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Abstract 
 

Background and Objective: In this study, response surface methodology was used to investigate the 
influence of vegetable oil in three level 20, 30 and 40 percent of total fat in process cheese in cooking 
temperatures (65,75, 850c) and time (5,10 and 15 minute) on iodine value; Saponification value, peroxide 
value, moisture content and color difference of processed analogue cheese on the base of Uf- feta Iranian 
cheese. 

Materials and Methods: Optimum conditions factors by Design Expert software was used for 
manufacturing of process analogue cheese and responses as were found to be vegetable oil 20%, cooking 
temperature 850c and cooking time 15 minute  

Results: Vegetable oil content was significant on iodine value (p<0.05) as increased this value. Peroxide 
value influenced cooking temperature and time and Vegetable oil (p<0.05). Cooking temperature and time 
was significant on color difference (p<0.05), as increasing in cooking temperature and time decreased 
color difference to control sample 

Conclusion: The result of the statistical analysis for each response, a second-order polynomial model 
exceptional moisture content that was linear was developed. Saponification value influenced cooking 
temperature and vegetable oil, as cooking temperature has no effect on saponification value but increasing 
in vegetable oil decreased it. 

Keyword: Process cheese, Iodine value, Saponification value, Peroxide value, Color, RSM 
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