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Ã|Ì°q   
Ã�Æ] �ËY�§Y ½Y�Ë|» ÄmÂe {�Â» ¥|Å ®Ë ½YÂÀ� Ä] É�Á�Y�« ½Â³Z¿Â³ �ËZÀ� �{ ½Y�]�Z  ̄Êfu Á ½Y�Y~´f�ZÌ� ,   .{�Y{

  ,dÆm ¾ËY �Y Ä»Z¿�] ÄÀÌ»� �{ Ä �Âe Á ªÌ¬ve�ËZa É{�]�Z¯ ÉZÅ  �¨u �Â�À» Ä] dÌ �ÁÃZ´f�{ ÊËY�Z¯ ÄmÂe {�Â» ZÅ
Ê»|�Z].  ¥��» �Z�f¿Y Á cY�ÌÆne d§��ÌaÃ|� h�Z] ½Z³|ÀÀ¯ ÃÂÌ� Ä¯ d�Y Y� ½Z�{Ây ÃZ´ËZm dÌ¼¯ �] ÊÀf^» ÉZÅ

 Ã�Æ]  ½Y�´�ÅÁ�a  .|ÀÅ|]  d�{ �Y�Z°¿YÁ�  Ê°Ë�f°·Y  cZÌ�Â�y  �Y  É|À»ÃÂÌ� Y�  ZÅ  É�Y|Æ´¿  d À� ÉY�]  ¾ËÂ¿  ÉY
Äf�¿Y{ dË{Á|v» Ä] ÄmÂeZ] ,�ÅÁ�a ¾ËY �{ .|¿Y  {Y| e ,{ÂmÂ» ÉZÅ27   ¶»Z� Ã{Z» �ZÆq �Y d�¸£ Ä� Z] ¾£Á� Ä¿Â¼¿

 ¾ËY .|� Ã{Â·M �Ì¸� Á ¾ÅM �{Âa ,dyÂ� ,[M27 \¯�» s�� �Z�Y �] ¾£Á� Ä¿Â¼¿   Ä� ¾f�Y{ ��¿ �{ Z] Á É�¯�»
�  �z�»  É�¯�»  Ä�¬¿Ã�Y|¿Y  .|É{ cZÌ�Â�y É�Ì³ Ä¿Â¼¿  ®Ë�f°·Y¾£Á� ÃZ´�¿Y{ ©�]  ÃÁ�³  ÃZ´�ËZ»�M  ��Âe  ZÅ

½Y�ËY �{ Ê�Â� ¾Ë|·Y �Ì�¿ ÄmYÂy Êf À�  Ã{Y{ Ê]ZË��Y �Â�À» Ä] �¿ZË�YÁ ¶Ì¸ve Á ÄË�ne dËZÆ¿ �{ .|Ë{�³ ¹Zn¿Y  ÉZÅ
 Ã�Æ] ½Z°»Y �Y Ê¯Zu �ÅÁ�a ¾ËY lËZf¿ .|� ¹Zn¿Y Ê]�neÉ{ cZÌ�Â�y �Y É|À» Á �Z°¿YÁ� dÌ �Á �ËZa �{ ®Ë�f°·Y

ÃZ´f�{ d»Ô�Ê» ZÅ.|�Z]  ¾£Á� Ä¿Â¼¿ ÉÁ� �] Ê¸Ì¼°e cZ ·Z�» Ä] �ZÌ¿ �Â�À» ¾ËY ÉY�] Äf^·YÄfyÂ� ÉZÅ    Ã|� kY�zf�Y
¾Ì�Z» �Y Ê» cÓM.|�Z] 
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 �Ì¸� Á ¾ÅM �{Âa  
 

Ä»|¬»  
É�ÁZÀ§  �Y  Ã{Z¨f�Y  ÊÀ »  Ä]  dÌ �Á �ËZa  Ä]  Äf§��Ìa  ÉZÅdÌ �Á ¾ÌÌ e  �Â�À»�Ìa  Á  Ê¸ §  Ê]Y�y  ½Z°»Y  ÊÀÌ]

Ê» cY�ÌÆne|�Z]  [8]  .¿YÁ� �Z°  �ÂeÂ»  ,¯�e ½YÂÀ� Ä]Ì^Ê  aÌrÌÃ|  ¿YÁ� �Y�Z°  Za ËÄ  ¿{Á�§Y {YÂ» ÁÊ  �Ì¼ÌZ  ,ÊË¼Æ» �¬¿Ê    �{

 {�Y{ �ÂeÂ» {�°¸¼�|À¿Z» É{�YÂ» -  ½YÁ��Z�É ]Ì¾ Z� Á ­Z°��Y �ÅZ¯ Á ­�vf» cZ �« Ë���¿Y Á Z»�³ µZ¬f¿Y , É  ,

³Â¸mÌ� É  ³{�Ây �YÊ  ¼e ÁÌ�   Ä�¨v» ½{�¯ZÅÉ  ¸yY{Ê    �ÂeÂ»d�Y ½M ÉZÅ{�¯�Z¯ Ä¸¼m �Y�ze Ä¿Â³�Å . Ë\   �{

�Â�yÌcZ  ¿YÁ� �Z°·{ Ä]Ì¶ ÓM {Á�Á ËÃ|À¿{Á�§Y {YÂ» �ÅZ¯ ,ZÅÊ ]Y�y ÁÊ n¿�ÌÃ�  ZÅÉ ÅÌ¾]�¯Á�| �Z¿Ê  {�°¸¼� �Y

¬f�» ,�ÂeÂ»Ì0Z¼  Y�Z¯ ,�ÂeÂ» {�°¸¼� �]ÊË  Á  �Y|Æ´¿ É  iPe Ì�  » Ê {�Y~³  . ÓÂ¼ »   �Y|Æ´¿ ¾Ì�Z» ÉcÓM    �]  c�Z�¿  ¶»Z�

Á� t��  �Z°¿Ye Á  �ËÂ YÁ� ��°»�Z°¿  Àf^» ÁÊ  a d§Z�» �]ÌÃ{Â¼Ã|�Y .d�Y Ë¾  Á� Ë {�°  "Àf^»Ê  ¼¯ �]Ìd"   { Ë�´   §Z¯Ê 

¿Ìd�  [4]  .�Ê  µZ�  ,ZÅ� Á ZÅ�´�u ½Z��zf» Á ½Y|À¼�¿Y{Ìºf�ZÅÉ  ÆmÂe ¶]Z«Ê  Y�] Y�É    �] c�Z�¿ Ë®   ËZ  y�] Ê   �Y

ZÅ�f»Y�ZaÉ  Y {�°¸¼� Ë {Zn   » �Â� Ä] |À¿YÂf] Ze |¿{�¯ [Â¸�  |ÀËZ¼¿ ��Ì» Y� dÌ �Á �ËZaY . Ë¾  � Á ZÅ�Â�À�Ìºf�    Y� ZÅ

»Ê  À°e ¶»Z� Äf�{ �ZÆq �{ ½YÂeÌ®ZÅÉ  �f°·Y Ë°Ê  �ZÀ¤») Ì �Ê § ,(Ì � Ë°Ê� ,Ì¼ÌZÊË  �Â¿ ÁÉ   {�¯ Ä�Ôy  [15]  . �] c�Z�¿

¤eÌÌcY�  �Ì¼ÌZÊË    �{¾£Á�®Ì·Á�|ÌÅ  ÉZÅ  ¿YÁ�  Á  ZÅ�Z°·{  Ä]Ì¶  �YÂ�{É  ^�eÌª   À°eÌ®ZÅÉ  Z»�M Ë ÅZ´�Ê  Y�]É  

ZÅ{�]�Z¯É   f À�Ê  �y�]  , Ë®   {�Y{ ÃY�¼Å Ä] Y� �Zy �·Zq  [7].  Ã{Y{ ½Z�¿ cZ¬Ì¬ve Ê§�� �Y  -d�Y³{Â·MÊZÅÊË 

 «Z] ,�Z^£ Á {�³ |À¿Z»Ê ZÅ Ã|¿Z»É Z� Ë� ¤e ÁÌÌcY�  §Ì� Ë° Ê ¿YÁ� {�°¸¼� µÂ¼ » �Â� Ä] Ã|� Ã{Z¨f�Y ¾£Á��Z° ¤e Y�ÌÌ � 

»ÊY .|Å{ Ë¾  ¤eÌÌcY�  ¼ÅÌ Ä�  ¤eÌÌ�  d]Zi {É�f°·Y Ë®  ¿YÁ� �Z°  Y�   {�Y{ ÃY�¼Å Ä] [12] \Ë�ze ½Y�Ì» |Ë|m �Á� ¾ËY �{ .

  d]Zi ¾ÌÌ e  Z]  �Z°¿YÁ�É{ Ä¿Â¼¿ ®Ë�f°·YÃÂÌ� ��Âe  ¾£Á� ÉÊ» d�{ Ä]  ½Â³Z¿Â³ ÉZÅ  .|ËM¬veÌcZ¬   Ã|� ��fÀ»

f�M Á �¿�e ��ÂeÌ¾ Ä�]Y� ,É   �z�»Ê  ] Y�Ì ¾  Y�§Y Ë�  �Z°¿YÁ� {�¯�Z¯  �ze Á Ë\  ¾£Á� Ä¿Â¼¿�Z°¿YÁ�  Y�§Y Á Ë�    d]Zi

 {É�f°·Y Ë®  Ä¿Â¼¿ZÅÉ ¾£Á�ÄfyÂ�  .d�Y Ã{Y{ ½Z�¿ ½M Ê���]ZÅ ] ¾£Á� Äq�Å Ä¯ {Y{ ½Z�¿Ì�f� Á {Â� Ã{Z¨f�Y  �{

ÄnÌf¿  �ze Ë\  ]Ì�f�   {  d]Zi  ,|�Z]É�f°·Y Ë®  ³  Ã�Y|¿YÌ�É  ]  Ã|�Ì�f�  d�Y  [6].    É�Z»M  Ê���]  Ä]  �ÅÁ�a  ¾ËY  �{

É{  cZÌ�Â�y¾£Á�  Ä¿Â¼¿  ®Ë�f°·Y  ,dyÂ� ,[M  Ê�·ZyZ¿  �ZÆq  Z]  Ã|�  Ã{Â·M  ÉZÅ ºÌÅYÂy  �Ì¸�  Á  ¾ÅM�{Âa

.dyY{�a  
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 �Á� Á {YÂ»ZÅ  

�yZ�  Ä]  ÄmÂeZ]  ,�ÅÁ�a  ¾ËY  �{ÊËZÅ  ÃZ´�ËZ»�M  Ä¯¾£Á�  �Ì·Z¿M  ÉZÅ dÆm  �Y  dÌ �Á  �ËZa  ÉY�]  �ÂeÂ»
Ê³{Â·M Á ¾£Á� ,�ËZ��§  

  Ê» ��¿ �{ dË{Á|v» ,|¿�Ì³�Y�Ìe d¯�� cY�Ì¼ e Á É�Y|Æ´¿ |uYÁ ��¿ �Ì¿ Á Ê�ÅÁ�a s�� Ê·Z» ÉZÅ �ZÆq cY�iY ,
É{ �YÂy ½Y�Ì» �]  �Ì¸� Á ¾ÅM�{Âa ,dyÂ� ,[M Ê�·ZyZ¿d�¸£ �{ ¾£Á� ®Ë�f°·Y  µÁ|m s�� Ä] ÊËZÅ)1( 

.|Ë{�³ Ê���]  
  

µÁ|m1 : Ã{Á|v»Ê�·ZyZ¿ d�¸£ É Ä¿Â¼¿ �{ ZÅÃ|� ÄfyZ� ÉZÅ  
 Ê�·ZyZ¿  Ê�·ZyZ¿ Ê¿�Á |��{ s��Ä ·Z�» {�Â» ÉZÅ   �m�»  

) [Mw (  
0  

[3]  0.1  

0.2  

dyÂ� )F (  
0

[2]  6  

12  

) ¾ÅM �{ÂaI (  
0  

[10]  0.04  

0.08  

) �Ì¸�S (  
0

[10]  0.005  

0.01 

 
 É�¯�» \¯�» s�� �Y Ã{Z¨f�Y Z] ,��Zu Ä ·Z�» �{1  )CCD  ¶»Z� Ê�ËZ»�M s�� ,(27   É�¯�» Ä�¬¿ Ä� Z] �ËZ»�M

  �Y�§Y ¹�¿ �Y �Â�À» ¾ËY ÉY�] .|Ë{�³ Ê���]Design-Expert v.11.0.3    �Å ¹�m Ä¿Â¼¿ ¥Á�� {Z ]Y Ä] ÄmÂeZ] .|� Ã{Z¨f�Y
  Z] µ{Z » Ä¿Â¼¿72  Äf§�³ ��¿ �{ ¹�³  µÁ|m �{ k�|À» �Ë{Z¬» Ä] ÄmÂe Z] Ê�·ZyZ¿ �Å ½Y�Ì» Á |�)1(    µ|» Á2RSM  

 Ä¿Â¼¿ É�Z� Ã{Z»M .|Ë{�³ Ã{Á�§Y¹Â¸� Ã|°�¿Y{ Ê¼Ì� ÃÁ�³ ÃZ´�ËZ»�M �{ ZÅ¿Y{ ÄËZad§�³ ¹Zn¿Y |Æ�» Ê�Á{�§ ÃZ´�. 
  �ÂeÂ» ¾£Á� �Y �ÅÁ�a ¾ËY  �{20W50   Ã{Z»M dÆm Ä¿Â¼¿  É�Z�Ã{Z¨f�Y ZÅ.|�  Ê�·ZyZ¿  ¹�m ¾£Á� Ä¿Â¼¿  �Å �{ ZÅ

  d«{ Z] ÊËZÅÁ�Y�e �Y �Â�À» ¾ËY ÉY�] -|� Ê¯|¿Y �Y|¬» ,Ä¿Â¼¿ �Å ¹�m Á Ê�·ZyZ¿ �Å |��{ Ä] ÄmÂeZ]0.0001    Á0.001   
  ¹�³Ã{Z¨f�Y.|�   Ä¿Â¼¿Ã�Y|¿Y  dÆm  ¾£Á�  ÉZÅ³ ÄmYÂy  ÃZ´�¿Y{  ©�]  Ê�|ÀÆ»  ÃÁ�³  Ä]  ®Ë�f°·Y  cZÌ�Â�y  É�Ì

Ã�Y|¿Y Á |� µZ��Y ¾Ë|·Y�Ì�¿�Ì³  �{ É40  ) µÁ|m �{ k�|À» �¿Z¯�§2.|Ë{�³ ¹Zn¿Y (  ߝᇱ   ½ZÌ]Ã|ÀÀ¯  É{ d]Zi É
  .d�Y ®Ë�f°·Y É{ d]Zi Ê¬Ì¬u �z] �´¿ZÌ] Á Ã{Â] Ã�Ìy} ®Ë�f°·Yߝᇱᇱ    Ä¯ d�Y Ê§ÔeY ®Ë�f°·Y É{ d]Zi �´¿ZËZ¼¿

|�Z] Ê» ®Ë�f°·Y É{ d]Zi Ê»ÂÅÂ» �z] Z] �]Y�]  [5] .  
  

µÁ|m2 :�¿Z¯�§ Ê�¿Z¯�§ Ã{Á|v» �{ Ä ·Z�» {�Â» ÉZÅMHz 300  Ze9 GHz  
 �¿Z¯�§ {Z¼¿   �¿Z¯�§GHz   �¿Z¯�§ {Z¼¿   �¿Z¯�§GHz   �¿Z¯�§ {Z¼¿   �¿Z¯�§GHz   �¿Z¯�§ {Z¼¿   �¿Z¯�§GHz  

f10.3  f11  2.45  f21  4.6895  f316.9495  

 
1  Central Composite Design
2 Response surface methodology
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f2  0.434  f12  2.6  f22  4.9155  f32  7.1755  
f3  0.675  f13  2.84  f23  5.1415  f33  7.4015  
f4  0.915  f14  3.085  f24  5.3675  f34  7.6275  
f5  1.16  f15  3.325  f25  5.5935  f35  7.8535  
f6  1.4  f16  3.565  f26  5.8195  f36  8.0795  
f7  1.64  f17  3.8  f27  6.0455  f37  8.3055  
f8  1.88  f18  4  f28  6.2715  f38  8.5315  
f9  2.12  f19  4.2375  f29  6.4975  f39  8.7575  

f10  2.36  f20  4.4635  f30  6.7235  f40  9  
  

�¿ZË�YÁ ¶Ì¸ve Á ÄË�ne ,Ä»Y{Y �{3  )ANOVAÃ{Y{ Ê]ZË��Y �Â�À» Ä] (Ê���] ¾ËY .|Ë{�³ ¹Zn¿Y Ê]�ne ÉZÅ  �{ ZÅ

  ½ZÀÌ¼�Y t��95%    .|� ¹Zn¿Y �Y�°e Ä� Z] cZ�ËZ»�M ¹Z¼e Á Äf§�³ ¹Zn¿Y  .|� ÄWY�Y [Â¸�» µ|» dËZÆ¿�{  ¹Z¼e Ä¯ Ê·|»

�ËZ»�M x�Za ÊÀÌ] �Ìa ÊËZ¿YÂe Á {�Y~´] �� d�a dÌ¬§Â» Z] Y� �ZÌ¿ {�Â» É�Z»M ÉZÅÄÀÌÆ] ZË ZÅ  Äf�Y{ Y� |ÀËM�§ É�Z�

ÄfyZÀ� \�ZÀ» µ|» ®Ë -|�Z] Ê»Â� { [13] . 

 
Ê���] Á hv]  

�¿Z¯�§ ½Âr¼Å ¦¸fz» �ËY�� dve {YÂ» ®Ë�f°·Y É{ d]Zi Ä¯ ÊËZn¿M �Y , Z»{ ,  �ÌÌ¤e ¶]Z« Ã{Z» �Z�§ Á \Ì¯�e
Ê»  |�Z]]11,14,9[  .) ¾ÌÌ^e  \Ë�� ½Y�Ì»  ,Ä ·Z�» ¾ËY ÉY�] \�ZÀ» �¿Z¯�§ ¾ÌÌ e �Â�À»  Ä]2R  ÉY�] �¿Z¯�§  �Å �{ (

�yZ�É{ ÉZÅ  ®Ë�f°·Yߝ,  ′ߝ′′  ¶°�) |Ë{�³ Ä^�Zv»4-1  �yZ� Ä¯ {Y{ ½Z�¿ Ê���] ¾ËY .(ߝ′    �¿Z¯�§ �{5.8195    Z]
  ¾ÌÌ^e  \Ë��94.78    �yZ� ÉY�] .d�Y Äf�Y{ Y� x�Za ¾Ë�fÆ]ߝᇱᇱ    �¿Z¯�§ �Ì¿5.8195    ¾ÌÌ^e  \Ë�� Z]94.25   ¾Ë�fÆ]

 Äf�Y{ ÃY�¼Å Ä] Y� x�Za �Å ÉY�] ,¾ËY�]ZÀ] .d�YÁ{ É{ �yZ� �¿Z¯�§ ,®Ë�f°·Y5.8195 GHz  .{�Y{ Y� x�Za ¾Ë�fÆ]  
  

  

 
3 Analysis of variance 
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 ¶°�1:   ÉY�] �¿Z¯�§ �Å �{ ¾ÌÌ^e \Ë�� ½Y�Ì» ÉZÅ�Y{Â¼¿ࢿ, ′ࢿ′′  

 �Á� Á {YÂ» �z] \·Z�» Ä] ÄmÂeZ] ZÅ�Z¼Ìe  �Á� ®¼¯ Ä] ZÅCCD  \ËY�� �Ë{Z¬» .|¿|� {ZnËY) ¾ÌÌ^e2R  ÉY�] (

  cY�iY ,Ê�y Ê¿ÂÌ��³� µ|» �ZÆq�ÅZ¯ ¹Á{ Äm�{ ,¶]Z¬f»Äm�{ Á Äf§ZË  �Â�y �{ .|� Ê���] ¹Á{ߝ′  Äm�{ µ|» ,

  Z] Á��a ¥~u �Á� Ä] ¹Á{%   94.78=  2R    �Ë{Z¬» Á2R  �ÌaÊÀÌ]) Ã|�pre
2R  Z] �]Y�] (92.81%    Áadj

2R    Z] �]Y�]94.03%     �Y

Ê» �Y{�Ây�]  Ê§Z¯ �Z^f�Y  �Ë{Z¬» ¾Ì] ¥ÔfyY .|�Z]2R  �ÌaÊÀÌ]) Ã|�pre
2R  Á (adj

2R     �Á� Ä]  ¹Á{ Äm�{ µ|» �{

Ê» �Y{�Ây�] Ê^�ZÀ» Ê¬�À» ª§YÂe �Y ÄnÌf¿ �{ ,Ã{Â] º¯ Á��a ¥~u�yZ� Z] Ä�]Y� �{ .|À�Z]  ߝ′′  ,  �ÌÌ¤e �Y Ã{Z¨f�Y

  �Ì¤f»y^2  �Ë{Z¬» ¾Ì] ¥ÔfyY |� h�Z]2R �ÌaÊÀÌ] ) Ã|�pre
2R Á (adj

2R   Ä] Á Ã|� º¯100 ®Ë{�¿|¿Â� �e µÁ|m)3.(  

µÁ|m3 :µ|» Ê���] lËZf¿�yZ� ÉY�] ¦¸fz» ÉZÅÉ{ ÉZÅ  ®Ë�f°·Yࢿ,  ′ࢿ′′  

 ®Ë�f°·Y É{ �yZ�  µ|»  2R  adj2R  pre2R  

 ′ߝ

 Ê�y  77.49 76.31  73.69  

¶]Z¬f» cY�iY  89.56  88.07  85.85  

Äf§ZË �ÅZ¯ ¹Á{ Äm�{  82.83  80.92  78.84  

 ¹Á{ Äm�{  94.90  93.81  91.95  

 ¥~u �Á� Ä] ¹Á{ Äm�{
 Á��a  94.78  94.03  92.81  

 ′′ߝ

 Ê�y  76.16  74.90  72.27  

¶]Z¬f» cY�iY  87.15  85.32  82.55  

Äf§ZË �ÅZ¯ ¹Á{ Äm�{  83.52  81.69  79.73  

 ¹Á{ Äm�{  94.52  93.35  91.27  

 ¥~u �Á� Ä] ¹Á{ Äm�{
 Á��a  

94.25  93.52  92.21  
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 �Á� Ä] �Ì¤f» �ÌÌ¤ey^2  96.44  96.04  95.35  

  
) µÁ|m �{4ÄnÌf¿ (  Á��a ¥~u �Á� Z] ¹Á{ Äm�{ µ|» �¿ZË�YÁ ÄË�ne É�Ìa ÉY�]  �yZ� ÊÀÌ]ߝ′    .d�Y Ã|»M

¶»Z� ¥~u �Y �a µÁ|m ¾ËY d�|] ,|¿|�¿ �Y{ZÀ » Ä¯ ÊËZÅ Ã|»MÊ» ½Z�¿ µÁ|m ¾ËY .d�Y  ,Ê¸�Y cY�iY Ä¯ |Å{

 ¹Á{ Äm�{ cY�iYW,I  ÁS  ¶]Z¬f» cY�iY ÁF×I ,F×S  ÁI×S ÊÀ »Ã|� �Y{ ¥~u �Á� Z] ¹Á{ Äm�{ Ê¿ÂÌ��³� µ|» .|¿Y

  Ê¸�Y cY�iY ,Á��aW    ÁF  ¹Á{ Äm�{ cY�iY ,W    ÁI    ¶]Z¬f» cY�iY ÁF×I  ,F×S    ÁI×S    É�Y{ZÀ » t�� �{1%   �Y{ ÊÀ »

Ã|�  Ê¸�Y �iY .|¿YI    É�Y{ZÀ » t�� �{5%  ÊÀ » Ã|� �Y{  Ê¸�Y �iY .d�YS    ¹Á{ Äm�{ �iY ÁS    É�Y{ZÀ » t�� �{10%  

ÊÀ »Ã|� �Y{ ÊÀ » ��Y�] ¹|� Ê���] ¾ËY �{ .d�Y ½M [Â¸�» Ä¯ Ê·Zu�{ d�Y Ã|� �Y{  ÊÀ » Ä¯ d�Y.{Â�¿ �Y{ 

 Ã|»M µ|» �Z^f�Y �{ �iÂ» ¶»YÂ� Ê���] �Ì¿ Á ��Y�] ¹|� É�Y{ZÀ » ¶¸� Ã�Z]�{ ÊeZvÌ�Âe Ä»Y{Y �{.d�Y  

  

µÁ|m4 :�Ìa ÉY�] Á��a ¥~u �Á� Z] ¹Á{ Äm�{ µ|» �¿ZË�YÁ ÄË�ne lËZf¿  �yZ� ÊÀÌ]ࢿ′  
�^À»  DF  SS  MS  F-value  p-value  

 ½ÂÌ��³�  10 2.423  0.242  127.08  0.00  
)[MW( 1  0.004  0.049  25.62  0.00  

)dyÂ�F (  1  1.848  0.553  290.20  0.00  
)¾ÅMI (  1  0.129  0.007  3.88  0.05  
)�Ì¸�S (  1  0.000  0.006  2.89  0.09  

W×W  1  0.120  0.045  23.84  0.00  
I×I  1  0.008  0.012  6.55  0.01  

S×S  1  0.006  0.006  3.08  0.08  

F×I  1  0.097  0.097  50.97  0.00  
F×S  1  0.108  0.108  56.79  0.00  
I×S  1  0.103  0.103  53.84  0.00  
Z�y  70  0.133  0.133      

 ��Y�] ¹|�  14  0.128  0.128  91.35  0.00  
 �·Zy ÉZ�y  56  0.006  0.006      

¶¯  80  2.557        

  
  

µÁ|m5 :µ|» �¿ZË�YÁ ÄË�ne lËZf¿ y^2 �Ìa ÉY�]  �yZ� ÊÀÌ]ࢿ′′  
DFSSMSF-valuep-value

 ½ÂÌ��³�  8 0.1  0.0125  243.83  0.00  
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)[MW ( 1  0.000463  0.00397  77.32  0.00  

)dyÂ�F (  1  0.0737  0.0298  579.47  0.00  
)¾ÅMI (  1  0.00967  0.0154  300.38  0.00  

 )�Ì¸�S (  1  0.00108  0.00110  21.43  0.00  
W×W  1  0.00353  0.00353  68.65  0.00  

F×I  1  0.00821  0.00821  159.74  0.00  
F×S  1  0.00283  0.00283  55.11  0.00  
I×S  1  0.000776  0.000776  15.09  0.00  
 Z�y  72  0.00370  0.0000510      

 ��Y�] ¹|�  16  0.00236  0.000147  6.15  0.00  
 �·Zy ÉZ�y  56  0.00134  0.0000240      

¶¯  80  0.104        

)  µÁ|m5ÄnÌf¿  (  �Ì¤f»  �ÌÌ¤e �Á� Ä]  ¹Á{ Äm�{ µ|» �¿ZË�YÁ  ÄË�ne Éy^2    �Ìa ÉY�]  �yZ� ÊÀÌ]ߝ′′    Ã|»M

¶»Z� ¥~u �Y �a µÁ|m ¾ËY .d�Y d�|] ,|¿|�¿ �Y{ZÀ » Ä¯ ÊËZÅ Ã|»MÊ» ½Z�¿ µÁ|m ¾ËY .d�Y µ|» Ä¯ |Å{

 Ê¿ÂÌ��³� �Ì¤f» �ÌÌ¤e �Á� Ä] ¹Á{ Äm�{y^2  ¹Á{ Äm�{ �iY ,Ê¸�Y cY�iY ,W  ¶]Z¬f» cY�iY ÁF×I ,F×S  ÁI×S  t�� �{

ÊÀ » É�Y{1%  ÊÀ »Ã|� �Y{ÊÀ » ��Y�] ¹|� �Ì¿ Ê���] ¾ËY �{ .|¿Y ½M [Â¸�» Ä¯ Ê·Zu�{ d�Y Ã|� �Y{   Ä¯ d�Y

ÊÀ ».{Â�¿  �Y{  µ|»  ÊnÀ��Z^f�Y  �{  Ä¯  �´Ë{  ¶»Z�  Ä�  {ÂmÁ  ¾ËY  Z] ¹|�  ¶»Z�  d�Y  �iÂ»  Ê�y  ½ÂÌ��³�  ÉZÅ

 Ë�Âe  ,ZÅZ�y Ê´f�^¼Å{ÂyÃ{Â]  ©{Z�  ZÅZ�y �¿ZË�YÁ  ½{Â]  d]Zi  Á  ZÅZ�y µZ»�¿  �  Ä]  ÄmÂeZ]  ¾ËY  �]  ÃÁÔ� .d�Y

Ê» ��¿ Ä] Äf�~³ cZÌ]�ne Ã�Y|¿Y ¾Ì] ­|¿Y ¥ÔfyY ,½Âr¼Å Ê¸»YÂ� |�� É�Ì³ �Ì¿ Á �Y�°e Ä� �{ Ã|� ¹Zn¿Y ÉZÅ

 �Y ZÅ�Z¼Ìe �ÅZ¯81   Ä] �Z¼Ìe27  �Á� ®¼¯ Ä] �Z¼ÌeCCD Ê»ÊÀ » \mÂ» |¿YÂe Ã|� ��Y�] ¹|� ½|� �Y{.|�Z] 

  
ÄnÌf¿cY{ZÆÀ�Ìa Á É�Ì³ 

  lËZf¿  Ä¯ �Â�¿Z¼Å  �¿ZË�YÁ  ÄË�neÊ»  ½Z�¿  ,|Å{�Ìa  ÉY�]  ÊÀÌ]�yZ� É{ ÉZÅ  ®Ë�f°·Yߝ,  ′ߝ′′     Ê¸�Y  cY�iY  ,

ÊÀ ».|¿Y Ã|� �Y{  Äf^·Y ��Y�] ¹|� �Ì¿  ÊÀ »Ã|� �Y{ÊÀ » Ä¯ d�Y ½M [Â¸�» Ä¯ Êe�Â� �{ d�Y �Y{ Ê���] ¾ËY lËZf¿ .{{�´¿

Ê»¾£Á� Ä¿Â¼¿ ÉÁ� �] �ÅÁ�a ÉY�] ÄÌmÂe |¿YÂe ¾Ì�Z» �Y Ã|� kY�zf�Y ÄfyÂ� ÉZÅ .|�Z] cÓM Á �ÅÁ�a ¾ËY �Y ¶�Zu lËZf¿

  dÌ �Á �ËZa �y�] �´�u |Ì·Âe ZË Á dÌ �Á �ËZa ¶¼u ¶]Z« cY�ÌÆne dyZ� Á ÊuY�� \mÂ» |¿YÂe Ê» Ê¸Ì¼°e ÉZÅ �ÅÁ�a

.{Â�  Á�a  �Y  ÊÅÁ�³½Y�´�Å   Ä ·Z�»  Ä] ÉZÅ�´�u �Y  Ã{Z¨f�Y  Z]  ÊÀË�À]  �ÂeÂ»  ®Ë �{ ¾£Á� Ê¨Ì¯ dÌ �Á �ËZa É

ÄfyY{�a Ê¿�Zy.|¿Y  Ê» �ËY�§Y ,{�¯�Z¯ d�Z� �ËY�§Y Z] ¾£Á� ®Ë�f°·Y É{ \Ë�� Ä¯ {Y{ ½Z�¿ lËZf¿  ¶Ì¸ve  .|]ZË

É{ \Ë�� �ËY�§Y ¾ÌÀr¼Å Ê» ©Z¨eY  ¾£Á� Ê]Y�y c�Â� �{ ¾£Á� ®Ë�f°·Y]Z«  .|f§Y  �´�u ¾ËY Ä¯ d�Y ÄmÂe ¶

 ©Z^�¿Y �Y Ê¯Zu Ã|»M d�|] lËZf¿ dËZÆ¿ �{ .|ËZ¼¿ Ê¼¿ �z�» Y� ªÌ«{ ¶»Z� Z»Y d�Y ¾£Á� Ê]Y�y �Ìz�e Ä] �{Z«

964



 

مکانیکسیزدھمین مھندسی ملی کنگره
مکانیزاسیون و ایرانبیوسیستم

بیوسیستم  )١۴٠٠(مکانیک

 
 Ä¿Z� �´�u [Ây �ZÌ�]É�Zne �´�u Z] Ã|� ÄfyZ� ÉY Tan Delta Äf�Y{d�Y  [1] .   É�ÁZÀ§ �Y Ã{Z¨f�Y Ä] ¹Y|«Y Ê�ÅÁ�a �{

) �e�Å Y�eÄÌuZ¿  Ä]  �e�ÅY�e �]Ze  ¦Ì� �Y ÉYÊ�Ì�ZÀ¤»Á�f°·Y  kYÂ»Y  {�Y{  Ã�Z�Y  Ä¯  Y  ÂËÁÁ�¯Z» kYÂ»Y  ¦Ì� ÉZÆf¿Y  �

d¼�« Ze Á Ã|� �Á��  ¦Ì� ÊËZÆf¿Y ÉZÅ�»�« ½Á{Z» Ê» Ä»Y{Y|]ZË Ã�Y|¿Y Z] �ÂeÂ» ¾£Á� cZÌ�Â�y ¾ÌÌ e ÉY�] (  É�Ì³

\Ë��   Ã{Â¼¿ }Â¨¿ \Ë�� Á d�°� Ä¿Â¼¿ .|¿Y  µ�Ë{ �ÂeÂ» ¾£Á� ÉZÅSAE 15W-40    t�� Ä� Z]0  ,0.1    Á0.2    [M

  Z] ¾£Á� Ä¿Â¼¿ Ä] �Â]�» }Â¨¿ Á d�°� \Ë�� ¾Ë�f¼¯ Ä¯ {Y{ ½Z�¿ Ê���] lËZf¿ .|¿|� Ã{Â·M ��¬»0   Ê»�m |��{

 Z] ¾£Á� Ä¿Â¼¿ Ä] �Â]�» }Â¨¿ Á d�°� \Ë�� ¾Ë�f�Ì] Á [M0.2  Ê» [M Ê»�m |��{|�Z] [3].  

  

  
Ê¿Y{�|«  

  ,[{Y º�� Ä]  Ê¿ZuÁ� �Z^� �f¯{ ÉZ«M [ZÀm �Y  Á ÊËZ¼ÀÅY� {Zf�Y ��Ë~a dÆm Ä]|Æ�» Ê�Á{�§ ÃZ´�¿Y{    �Y
 dËZ¼u d]Z] .¹�Y�³ �Zb� Ê�ÅÁ�a s�� ÉÂÀ » Á Ê·Z» ÉZÅ  

  
 �]ZÀ»  

١. Á .� ,ÊÀÌ�u ,.Y  ,Ê¼�Z«., )  .­ .� ,d��a ½Y{�Ë1397 µZ f�Y �ÂeÂ» �{ ¾£Á� dÌ¨Ì¯ dÌ �Á �ËZa  .(

 Z] ÊÀË�À] ÉY Ä«�mÉ{ \Ë�� É�Ì³ Ã�Y|¿Y �Y Ã{Z¨f�Y  ,�ÂeÂ» cZ¬Ì¬ve .¾£Á� ®Ë�f°·Y53)53 ,(54-45.  

2. Abdul-Munaim, A. M. (2018). Evaluation of Terahertz Technology to Determine 
Characteristics and Contaminants in Engine Oil, Southern Illinois University at Carbondale. 

3. Abdul-Munaim, A. M., M. Reuter, O. M. Abdulmunem, J. C. Balzer, M. Koch and D. G. 
Watson (2016). "Using terahertz time-domain spectroscopy to discriminate among water 
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Abstract 

Increasing productivity as a goal is considered by managers, policymakers and even users in various industries. For this 
reason, research and development in the field of status monitoring applications in order to maintain the efficiency of 
devices is important. Advances in equipment and consumer expectations have led to quantitative approaches losing their 
relevance. Researchers have found that taking advantage of the electrical properties of lubricants is a new way for the 
maintenance industry. In this study, due to the existing limitations, 27 oil samples were contaminated by three 
concentrations of four substances, including water, fuel, iron powder and Silicon. These 27 oil samples were identified 
based on a central composite design with three central points. The dielectric properties of the oil samples were measured 
by the laboratory of the Electrical Department of Khajeh Nasir Toosi University of Technology on IRAN. Finally, analysis 
of variance was performed to evaluate the experimental data. The results of this study indicate the possibility of using 
dielectric properties in monitoring the condition of the lubricant and the health of the devices. However, for this purpose, 
additional studies are needed for the sample of burnt oils extracted from machinery. 
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