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Ä»|¬»  

Ã{Z» ½YÂÀ� Ä] �Z°¿YÁ�  µ�fÀ¯ ÉY�] ,ÉY  Ê§� » Ê^�¿ d¯�u µZu �{ ¹Z�mY Z] �Z¼e �{ sÂ�� �ËZ� Á ­Z°��Y
Ê» {{�³  [10]  . .|�Z] Ê» �Ì¿ ¾Ì�Z» {�¯�Z¯ dÌ �Á Ã|ÀÅ{ ½Z�¿ Á Ã{Â] ½Z�¿Y ½|] �{ ½Ây |À¿Z¼Å ¾Ì�Z» �{ �Z°¿YÁ�

 Ã�Âu dÌÅZ» Ä] ZÀ] ½YÁ� �Y ,É{�]�Z¯ ÉÃ|ÀÀ¯ Y  �Ì¿ c�|« µZ¬f¿Y Á Z»�³ ½{�] ¾Ì] �Y �Â�À» Ä] ZÅÊ» Ã{Z¨f�.{Â�   Ä]
 ¾Ì�Z» ,µZj» ½YÂÀ�cÓMÊ» ½ZÆm É��ÁZ�  ̄d À� cY�¬§ ½Âf� ,Ã{Zm �Y k�Zy ÄÌ¸¬¿ ¶ËZ�Á ½YÂÀ� Ä] É��ÁZ�¯ -|À�Z]

Ä¯�v» ÉÁ�Ì¿ ¾Ì»Ze dÆm Ä] Ä¯cZÌ¸¼� É¿�Y{ {�]�Z¯ d À� ¾ËY ½Â³Z¿Â³ ÉZÅ|[9]  . ºf�Ì� ¹Z¼e ½ZÀÌ¼�Y dÌ¸]Z« ÉZÅ
  �{ µZ¬f¿Y Á ®Ì·Á�|ÌÅ½YÁ� ¾£Á� cZÌ�Â�y Ä] �Âf¯Y�e ½YÁ� �³Y .{�Y{ Ê´f�] Ã|ÀÀ¯ ¹�Ó ÉZÅ{�°¸¼� |¿YÂf¿ Ã|ÀÀ¯

Ã{�ÁM�] Y�Å{ w� Ê Ì^� �Ì£ {�°¸¼� �{ µÔfyY Á �ËZ� ,d�Y ¾°¼» -|ËZ¼¿ |[14] .  
�],�Z�Y  ¾ËY ,cY�ÌÆne  Ä¿Â´ÀËY  {�¯�Z¯  É�Y|ËZa  dÆm  Ä]  Ä»Z¿�]  Á  Y�mYdÌ·Z §  É�Ë�]  ÊÀf^»  É�Y|Æ´¿  ÉZÅ  �

  ¾£Á�  ¶Ì¸ve  ½Âr¼Å  ÊÀ§  �ËY��1,  ÊnÀ�  �Z e�Y2Ê§Y�³Â»�e  ,3  Ê»  c�Á��  Á  dÌ¼ÅY  �WZu  ...  Á.|�Z]   Ä¯  Y�q
ºf�Ì�ÀÀ¯ ¾Ì¼�e Y� dÌ¨Ì¯ �Y ÊËÓZ] t�� |ËZ] Ê°Ì¿Z°» ÉZÅ |[17] .�Á� ¾Ì] �{ cZ�Z e�Y �Ì·Z¿M ,dÌ �Á �ËZa ÉZÅ

\Ì� dÆm Y� ÊËY�Z¯ ¾Ë�f�Ì]¾Ì�Z» Ê]ZË  cÓMÃ|¼� Ä¯ Y�q {�Y{ �¬¿ É¾Ì�Z» ÉZÅ Ä¯ d�Y É{�YÂ» ¶»Z� cÓM
ÄmÂe ¶]Z« kYÁ� Á Ê³{�f�³ �Y ¾£Á� �Ì·Z¿M ,{ÂmÁ ¾ËY Z] .{�Y{ ÃY�¼Å Ä] Y� �Z e�Y �Á�] Ä¯ Y�q d�Y �Y{�Ây�] ÉY

Ê» �Á� ¾ËY �Y Z§��Ã|ÀËÓM ��ZÀ� ½YÂeªÌ«{ ¶v» ªË�� ¾ËY �Y Á {Â¼¿ ÊËZ�ZÀ�  Y� ¾£Á� �{ {ÂmÂ» É   ZË �¬¿
Â¼¿ ÊËZ�ZÀ� Y� Ê³{Â��§ {[2].  

�Ì£ d Ì^� ¶Ì·{ Ä] ½Y�´�ÅÁ�a [YÂm ½Y|¬§ Á Ê�y �Á� �Y Ê¸Ì¸ve ÉZÅ Ê�ÂÀ�» Ê^�� ÉZÅ Ä°^� Á É�Z§ ÉZÅ
 {Y{ ¶Ì¸ve dÆm |À»{Â� ÊËZÅ�Y�]Y ½YÂÀ� Ä]Ãµ|» ÊuY�� �{ ,ZÅ  ¶Ì¸ve ÉZÅ\Ì� Á dÌ �Á Êf À� cY�ÌÆne Ê]ZË

¹�¿ Äf�Å ½YÂÀ� Ä]ºf�Ì� É�Y�§Y|Ë{�³ ½Z�¿Y �Y ¶¬f�» �ËZa ÉZÅÃ�Y  d[13] Ê]ZÌf�{ dÆm ½Y�´�ÅÁ�a �Y ÊÅÁ�³ .
¾£Á� Ê�ËZ��§ |¿Á� Ä]f�Y Ä] ¹Y|«Y ,�ÂeÂ»Ã{Â¼¿ ¹�¿ cZ^�Zv» �Y�]Y �Y Ã{Z¨¿Y  |[1,3-5]  .  �] ÊÀf^» Ê·|» ,Ê�ÅÁ�a �{

¾Ì�Z»�]  Êm�Zy �ËZ�  �Y ¶�Zu  Ê]Y�y ÊÀÌ]  �Ìa  Á  ÊËZ�ZÀ� ÉY�]  ½Z^Ìf�a  �Y{�] �ËZa  �Y  ¶�Zu cZ�Ô�Y �Z�Y
dÌ �Á    Êf�³�Z] Ê³�ËÁ ¥~u |ÀËM�§ �Y �ÅÁ�a ¾ËY �{ .|� ÄWY�Y ¾£Á� )RFE µ|» ¶¬f�» ÉZÅ�Ì¤f» �ÅZ¯ ÉY�] (

  Z] �]Y�] �ÅÁ�a ¾ËY �{ �Ìz�e d«{ ¾Ë�fÆ] .|� Ã{Z¨f�Y94.20   ¹ÂÌÀÌ»Â·M , ¾ÅM Ä¯ {Y{ ½Z�¿ ½M lËZf¿  .|� |��{
  É�f�Ì] dÌ¼ÅY �Y µ�Ë{ �ÂeÂ» �ËZ��§ dÌ �Á ¾ÌÌ e �{ [�� ÁÀ�Z] Ê» �Y{�Ây�]  |[12]  . ½Y�´�ÅÁ�a �Y ÉY Äf�{

¾£Á� Ê¨Ì� �Ì·Z¿M ¹Zn¿Y  Á �ËÂ e ÄÀÌÆ] ½Z»� ¾ÌÌ e Ä] ¹Y|«Y  ZË  �ËÂ e dÆm Ä¯ {Y{ ½Z�¿ ZÆ¿M lËZf¿ .|¿{Â¼¿ �ÂeÂ»
¾£Á� Ê¨Ì� �Ì·Z¿M ¹Zn¿Y  ¾Ì�Z» {�¯�Z¯ �ËY�� Ä]  |ËZ] �ÂeÂ» {�¯ ÄmÂe cÓM[6,8]  .  ½Y�´�ÅÁ�a  �Y ÊÅÁ�³ ¥|Å Z]

 {Ã|� ¥�� ½Z»� �ÅZ¯ �Ì¿ Á ÄÀË�Å �ÅZ¯ ,²¿�{Ô] �ËZa ½Z°»Y Ä] Ê]ZÌf�,  Ã�Æ] ½Z°»Y Ê���] Ä] �YÂy �Y É|À»
É{ÀfyY{�a dÌ �Á �ËZa dÆm ZÅ�Z°¿YÁ� ®Ë�f°·Y  |[6,7,15,16]  .) ½Y�Z°¼Å Á Ê¼�Z«1397(  Ê¨Ì¯ dÌ �Á �ËZa Ä]

Ã�Y|¿Y �Y Ã{Z¨f�Y Z] ÊÀË�À] �ÂeÂ» ®Ë �{ ¾£Á� { \Ë�� É�Ì³ É.|ÀfyY{�a ¾£Á� ®Ë�f°·Y  Ä] Ê]ZÌf�{ �Â�À» Ä] ½Z¿M
 dÌ �Á ¾ÌÌ e �Â�À� {�°¸¼� ,�´Ë{ Ê�ÅÁ�a �{  .|¿{�¯ ÊuY�� dÌ¬§Â» Z] Y� �´�u ®Ë ,¾£Á� ½ÂÌ�Y|Ì�¯Y dÌ �Á

 
1 Oil Analysis 
2 Vibration Analysis 
3 Thermography 
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 ¹Z¿ Ä] ¾£Á�Tan Delta   Ê» ¾£Á� Ê¸¯ dÌ �Á ¾ÌÌ e ÉY�] ½M Ä¯ |¿|Ì�� ÄnÌf¿ ¾ËY Ä] Á d§�³ �Y�« Ê]ZË��Y {�Â»
¿YÂe�Z] |Ì¨» |  |[11].    

   ½M ½{Â] �^¿Z»� ,ZÅ�Z°¿YÁ� Ê¨Ì��Ì·Z¿M ÉÓZ] ÄÀË�Å[7]    Ä¸¼m �Y |¿YÂe Ê» {�§ Ä]�ne Ä] ½M ÄnÌf¿ ½{Â] Äf�]YÁ �Ì¿ Á
 ¾Ì�Z» �Z°¿YÁ� dÌ �Á �ËZa �Á� �Y Ã{Z¨f�Y �{ Ã|ÀÀ¯ {Á|v» ¶»YÂ�  �ÅÁ�a ¾ËY �Y ¥|Å Y~· .|�Z] cÓM Ê]ZË��Y

Ä^ m d Ì�Á �Ìz�e �{ Ê¨Ì� �Ì·Z¿M ��Âe Ã|� É�Ì³ Ã�Y|¿Y ÉZÅ�Âf¯Z§ �ÌiZe Á dÌ¼ÅYÅ �ÅZ¯ �Â�À» Ä] Ã|¿{ ÄÀË�
.d�Y dÌ¼ÅY º¯ ÉZÅ�Âf¯Z§ ¥~u ªË�� �Y ÊÅZ´�ËZ»�M ÉZÅ  

  
ZÅ �Á� Á {YÂ»  

 {Y| e ,�ÅÁ�a ¾ËY �{131  Ä^ m �Z°¿YÁ� �Ì·Z¿M ÄnÌf¿¾Ì/�Z» Ä] �Â]�» Ã|¿{ �Y�« Ê/���] {�Â» �Y�Ìe d¯�/� cÓM
¾Ì] Ê¿Z¼fyZ//� d¯�//� ®Ë �Y�Ìe .d§�³Ã�Âu �{ Ä¯ d//�Y Ê¸¸¼·YÃ{Zm ¦¸fz» ÉZÅ |//� ,É�Z//� gY|uY ,É�Z//�

Y�ÃÊ» ... Á ½ÂÌ»Z¯ Á É�Z//�ÅY� ¾Ì´À//� ¾Ì//�Z» ZÅ|//� ÉY�Y{ d¯�//� ¾ËY .{�Y{ dÌ·Z § ... Á ¾ÅM |uYÁ Ä¯ |//�Z]
¾Ì//�Z/» d/Ë�Ë|/» ¾ËY ®/Ì·Á�|/ÌÅ ¾£Á� Á c�|/« µZ/¬f¿Y ºf//�Ì//� ¾£Á� ,�ÂeÂ» ¾£Á� �Ì·Z/¿M Z/] \/e�» �Â�] cÓM

¾Ì�Z»Ê» �ËZa Y� cÓM  {ÂmÁ Z] ¾£Á� dÌ �Á �ËZa .|ËZ¼¿ÄÀË�Å �ZÌ�] ½M ��°e Ä] ÄmÂe Z] ,{�Y{ Ä¯ É{ZË� ÉZËY�» �]
d//�e �{ .d//�Y d/̄ �//� ¾ËY {�Y|/¿Z/f//�Y ÉZ/Å20 Ê» �Y�« Ê]Z/Ë��Y {�Â» �f»Y�Z/a �Á� Ä/] Ä/f//�] ¹Y|/̄  �Å Ä/̄  {�Ì³

Ã�Y|¿YÉZÅ Ã{Y{ Ê¿YÁY�§ .{�Y{ Y� {Ây Ä] �/�vÀ» ÄÀË�Å É�Ì³  dÌ /�Á Á{ ¾f/�Y{ ��¿ �{ Z] Ã{Z¨f/�Y {�Â»  Á Ê�ZÌfuY
) µÁ|m s�/� Ä] µZ»�¿1Ê» (.|/�Z]  Ã{Y{ Ê¿YÁY�§ Ä] ÄmÂeZ]µÁ|m) ZÅ1�yZ/� É�Z»M Ê/���] Z§�/� Ä»Y{Y �{ ( ÉZÅ

 .|Ë{�³ ¹Zn¿Y �ËZ//��§ dÌ //�Á �{ �iÂ»y�]Ê  Á Ë³�ÊZÅÉ  //�Âe �Z»MÌ¨Ê �yZ//� dÌ //�Á Ê]ZË��Y �{ �iÂ» ÉZÅ
Ä^ m �Z°¿YÁ� �ËZ��§ �Y�§Y ¹�¿ �Y Ã{Z¨f�Y Z] Ã|¿{Minitab 19 d�|] .|»M  

  
  

µÁ|m1 Ã{Y{ Ê¿YÁY�§ :dÌ �Á �{ ZÅ Ä� ÉZÅÄ¿Z³  
dÌ �Á   Ê³{Â·M Ê]ZË��Y   �ËZ��§ Ê]ZË��Y   Ê¸¯ Ê]ZË��Y  
 µZ»�¿  119  76  63  

Ê�ZÌfuY  12  55  68  
 

  
Ê���] Á hv]  

�Á� Á {YÂ»  d¼�«  �{ Är¿M Ä]  ÄmÂeZ]  �z] ¾ËY  �{  Ä]  |�  ½ZÌ]  ZÅÊ���]  Á  hv]    �Z°¿YÁ�  Ê¨Ì� �Ì·Z¿M lËZf¿
Ä^ m¾Ì�Z» Ã|¿{�Y�Ìe d¯�� cÓM    .dyY{�a ºÌÅYÂy  �{µÁ|m2,  y�]Ê  Á Ë³� ÊZÅÉ  �Âe �Z»MÌ¨Ê  �yZ�  �iÂ» ÉZÅ

Ä^ m �Z°¿YÁ� �ËZ��§ dÌ �Á Ê]ZË��Y �{ Ê» Ä�uÔ» Ä¯ �Â�¿Z¼Å .d�Y Ã|� Ã{�ÁM Ã|¿{ \Ë�� ÉÓZ] �Y|¬» ,{Â�
  �Y ®Ë �Å cY�ÌÌ¤edÌ �Á Ä¯ d�Y �Â�Â» ¾ËY Ã|ÀÅ{ ½Z�¿ ZÅ �yZ�Ä^ m É�Z¯ Ã|¿{�Y Ä ·Z�» {�Â» ÉZÅ    �ÂÀe

  .d�Y �Y{�Ây�] ÊËÓZ]  Z] �]Y�] ÄÀÌ¼¯ �Y|¬» �Y ¾ÅM �Y|¬»3    Ze1081  ppm  d�Y �Ì¤f»  �Y [�� �Y|¬» .0    ÄÀÌ¼¯ ½YÂÀ� Ä]
  Ze732  ppm   Ã{Â] cÁZ¨f» ÄÀÌ�Ì] ½YÂÀ� Ä].d�Y Ã�Y|¿Y �» ½Y�Ì» É�Ì³    �Y Ã|�0.81  Ze549  ppm   ½YÂÀ� Ä] \Ìe�e Ä]

 Ã{Â] �ÌÌ¤f» ÄÀÌ�Ì] Á ÄÀÌ¼¯Á d�Y Ê» Ã|Ë{ sÂ�Á Ä] �Ì¿ ZÅ �yZ� �ËZ� ÉY�] �Â�Â» ¾ËY.{Â�  
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Ê³�ËÁ ¹Z¼e �Z°¿YÁ� dÌ �Á �Ìz�e ÉY�] \¸£YÊe�Â� �{ Z»Y .{Â� Ê» É�Ì³ Ã�Y|¿Y ÃZ´�ËZ»�M �{ ½M ÉZÅ Ä¯
  cÁZ¨e |¿YÂf¿ ZÅ Ê³�ËÁ ½MÊÀ » Ã�Y|¿Y Ä] É�ZÌ¿ Ä¯ {�¯ ½ZÌ] ½YÂe Ê» ÃZ´¿M |Å{ ½Z�¿ �Z°¿YÁ� dÌ �Á �{ Y� É�Y{

 ½M É�Ì³ZÅ    .d�Ì¿  ÄÀË�Å �ÅZ¯ �Ì¿ �ÅÁ�a ¾ËY �Y ¥|Å Ä¯ ÊËZn¿M�Y �Y ZÅ�Z°¿YÁ� Ê¨Ì��Ì·Z¿M  ÊÅZ´�ËZ»�M ÉZÅ
�yZ� ÊËZ�ZÀ� ªË��º¯ ÉZÅ ¾Ì´¿ZÌ» Ä�ËZ¬» Y~· .|�Z] Ê» dÌ¼ÅYY Ã|ËZ§ |Ì¨» ZÅ.d�  

  
  

µÁ|m2Êy�] : ÁË³�ÊZÅÉ �Âe �Z»MÌ¨Ê �yZ� �ËZ��§ dÌ �Á Ê]ZË��Y �{ �iÂ» ÉZÅ  

 �yZ�  |uYÁ  ¶«Y|u   �j¯Y|u   ¾Ì´¿ZÌ»  
  ¥Y�v¿Y

�ZÌ »  
  \Ë��

 cY�ÌÌ¤e  

) ¾ÅMFe(  PPM 3  1081  144.9  177  122.1  

) ¹Á�¯Cr (  PPM  0  10.32  1.557  1.917  123.14  

) [��Pb (  PPM  0  732  21.1  80.88  383.34  

) �»Cu(  PPM  0.81  549  59.13  91.65  154.99  

) �¸«Sn(  PPM  0  17.21  1.145  2.72  237.6  

) ¹ÂÌÀÌ»Â·MAl(  PPM  0.45  64.9  9.496  11.182  117.76  

 ) ¶°Ì¿Ni(  PPM  0  71.97  4.37  11.64  266  

) Ã�¬¿Ag (  PPM  0  3.97  0.0706  0.3752  531.32  

) ¹Â¿|^Ì·Â»Mo (  PPM  0  63.16  11.02  13.97  126.77  

) ¹ÂÌ¿ZfÌeTi (  PPM  0  1.02  0.0454  0.1445  318.05  

) ÊÀÅM d��{ cY�}PQ (  -  26  3696  245.1  427.6  174.44  

  �ËZ��§ c|� �yZ�
)TDPQ (  -  0.3  9.6  1.5099  1.1161  73.92  

  
¾Ì´¿ZÌ» Ä�ËZ¬» lËZf¿  Ê³�ËÁ  É�Y{ ÊÀ » t�� �{ Ê¯Âe �Á� Ä] �Z°¿YÁ� ÉZÅ5   ÊfÌ �Á �Ô¯ Á{ ¾Ì]  |��{

  µÁ|m �{ Ê�ZÌfuY ,µZ»�¿3    .d�Y Ã|� Ã{�ÁM  µÁ|m �{ Ä¯ �Â�¿Z¼Å3  Ê» Ã|ÅZ�»,{Â�   dÌ �Á Ê]ZË��Y  dÆm
�yZ� �Y d�Y �fÆ] Ã|¿{ Ä^ m �ËZ��§  d��{ cY�} ,¶°Ì¿ ,¹ÂÌÀÌ»Â·M ,�¸« ,�» ,[�� ,¹Á�¯ ,¾ÅM ÉZÅ Á ÊÀÅM

Ã�Æ] �ËZ��§ c|� �yZ�Z] �ËZ��§ Ê�ZÌfuY  Á µZ»�¿  dÌ �Á Á{ ÉY�]  ZÆ¿M ¾Ì´¿ZÌ» Y�Ë� d§�³   ¥ÔfyY �´Ë|°Ë
Ê» Ä¸X�» ¾ËY  Á |¿�Y{ É�Y{ ÊÀ »�yZ� ¾ËY Z] ¾£Á� �Ì·Z¿M lËZf¿ É|À] Ä¬^� Á É|À] Äf�{ ½Z°»Y ÊÀ » Ä] |¿YÂe ZÅ

  .|�Z] �yZ� ÉY�]  ¾Ì´¿ZÌ» Ä�ËZ¬» lËZf¿  ÃÁÔ ]�yZ� Ä¯ {Y{ ½Z�¿  �ËZ��§ ÉZÅ Ä] ¹ÂÌ¿ZfÌe  Á ¹Â¿|^Ì·Â» ,Ã�¬¿ ÉZÅ
Ä^ m �ËZ��§ Ä°¿M ¶Ì·{|¿Y Ã{�¯ ºÌ�¬e É�Y{ ÊÀ » ÃÁ�³ ®Ë �{ ZÆÀe Y� Ã|¿{ ¹|� ÊÀ » Ä] |¿YÂe Ê» �Â�Â» ¾ËY .
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 �yZ� ¾ËY  �ÌiZeY~· .|�Z] ¾£Á� �Ì·Z¿M lËZf¿ É|À]  Äf�{ Á É|À] Ä¬^� �{ ZÅ   Ê»  Ä¯ {�¯ ½ZÌ] ½YÂe  Ã�Y|¿Y  Ä] É�ZÌ¿
 ½M É�Ì³.d�Ì¿ ZÅ  

  
  
  

  
µÁ|m3:  ¾Ì´¿ZÌ» Ä�ËZ¬» lËZf¿ÁË ³�ÊZÅÉ ��YË]ZÊ  �ÁÌd  Á� Ä^ m �Z°¿Y Ã|¿{ ÉY�] Ê�ZÌfuY Á µZ»�¿ dÌ �Á Á{ �{   Z��§Ë �   

 �yZ�   µZ»�¿  Ê�ZÌfuY  

) ¾ÅMFe(  86.931a 225.050b 

) ¹Á�¯Cr (  1.06645a 2.23473b 

) [��Pb (  5.3941a 42.8000b 

 �»)Cu(  27.882a 102.313b 

) �¸«Sn(  0.16579a 2.49800b 

) ¹ÂÌÀÌ»Â·MAl(  5.8778a 14.4956b 

 ) ¶°Ì¿Ni(  1.59329a 8.21745b 

) Ã�¬¿Ag (  0.0526316a 0.0954545a 

) ¹Â¿|^Ì·Â»Mo (  9.5371a 13.0702a 

) ¹ÂÌ¿ZfÌeTi (  0.0275000a 0.0701818a 

) ÊÀÅM d��{ cY�}PQ (  128.526a 406.218b 

  �ËZ��§ c|� �yZ�
)TDPQ (  

1.30132a 1.79818b 

  
ÄnÌf¿cY{ZÆÀ�Ìa Á É�Ì³ 

Ê»  ½Z�¿  É�Z»M  Ê���]  lËZf¿  Ä¯  �Â�¿Z¼ÅÄf�¿YÂf¿  ¹ÂÌ¿ZfÌe  Á  ¹Â¿|^Ì·Â»  ,Ã�¬¿  �yZ�  Ä�  ,|Å{ �ËZ��§  d�Y
Ä^ mÊÀ » ÃÁ�³ Á{ Ä] Y� Ã|¿{ Ê» Y~· .|ËZ¼¿ ºÌ�¬e É�Y{  Ä] É�ZÌ¿ Ä  ̄{�  ̄½ZÌ] ½YÂe ½M É�Ì³ Ã�Y|¿Y  ,¾ÌÀr¼Å .d�Ì¿ ZÅ

cZ¬Ì¬ve lËZf¿ ¾Ì�Z» dÌ �Á �ËZa�ÂeÂ» ¾£Á� �Ì·Z¿M �Y Ã{Z¨f�Y Z] É��ÁZ�¯ ÉZÅ -d�Y Ã{Y{ ½Z�¿  �{ ¾£Á� �ËÂ e
250  Ê¼¿ ÄÌmÂe ¶]Z«  {�¯�Z¯ d�Z�dËZÆ¿  �{ .|�Z] ¾Ì�Z» �Y ®Ë �Å {�¯�Z¯ �ËY�� Ä] �ÂeÂ» ¾£Á� �ËÂ e cÓM

d�Y Äf�]YÁ [8]f¿  �{ . Ê» ��¿ Ä] ÄnÌ ÄÀÌ»� �{ Ä �Âe Á ªÌ¬ve c�Á�� ¾¼� ,|��ÃÂÌ� É ¶¼°» ZË Á ¾Ë�´ËZm ÉZÅ
 ½Z»�Z� cY�Ì¼ e Á É�Y|Æ´¿ �z] d�Y �fÆ] ,ZÅ�Z°¿YÁ� Ê¨Ì� �Ì·Z¿M  ÉY�] d¯�� Á ZÅ Ê¨Ì� �Ì·Z¿M Ä]  ¹Y|«Y Ä¯ ÊËZÅ

Ê» {Ây cÓM ¾Ì�Z» ÉY�] �Z°¿YÁ� Ä¿Â¼¿ Ã�Á{ |Àq �Y �a .|ÀËZ¼¿Z¿M Á É�Ì³ {�Y|¿Zf�Y �Z�Y �] Ê¨Ì� �Ì· {ÂmÂ» ÉZÅ
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Ä ·Z�» Ä] ¹Y|«Y ,Äf§ZË ��f�³ Á\�¯ lËZf¿ É�Z»M ÉÃ�Á{ |Àq �{ Ã|��yZ� Á Ã{Â¼¿ Ê·YÂf» É Y� ��¿ {�Â» ÉZÅ
¾Ì�Z» É�Z¯ �ËY�� �] ª^�À»Ê�Â�y {Ây cÓM .|ÀËZ¼¿ É�Z�  

  
Ê¿Y{�|«  

  Ä] d»Y�¯ �ÁZÌ� d¼ ¿ �f¯{ ÉZ«M [ZÀm �Y ,[{Y º�� Ä]  �Ì·Z¿M Ä] �Â]�» cZ�Ô�Y ®¿Z] ½{Â¼¿ ºÅY�§ dÆm
Ä^ m �Z°¿YÁ�¾Ì�Z» Ã|¿{Ê» �°�e �Y�Ìe d¯�� cÓM .ºËZ¼¿  

 �]ZÀ»  
١.  �uÌÀÊ,.Á .� , «{Z�Ê) .� ,1395 .(»  Á �Â¿ Ä ·Z�»Ì½Y�  ]Y�yÊ  { �ÂeÂ» Ëµ�  �{ ËZÊË Za �Z�Y �] Ë�  �ÁÌ d  

¾£Á�. ·ÁYÌ¾  Z¼Å Ë� aÌÄ¿Y�� ZÅÉ �{ Ë ZÊËZÀ� ½Z»�Z� ,Ë �  �{ËZÊË Y Ë½Y�-  f À� ÃZ´�¿Y{Ê �� Ë¦. 
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\Ì� Á dÌ �Á �ËZa Ê��ze �¿Y�¨À¯ ¾Ì»�ZÆq¾Ì�Z» Ê]ZËcÓM, ½Y�ËY- .¦Ë�� Êf À� ÃZ´�¿Y{ 
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Abstract 

Lubricants, due to their contact with the surface of the parts, can monitor the condition and specify the exact location of 
erosion, because a small amount of erosion affects the physicochemical properties of the lubricant and can be investigated 
through spectral analysis of the lubricant. The nonlinear nature of the issues related to spectral analysis of lubricants has 
led to extensive research in this field. Some of these studies have focused on the use of soft computing methods in this 
field. Another group of researches has been done with the aim of research and development in the field of complementary 
or alternative methods. In this study, an attempt has been made to identify ineffective indicators in determining the result 
of lubricant spectral analysis through statistical analysis of 131 results of spectral analysis of gearbox lubricant, thus 
reducing the cost and more making machine maintenance units willing to perform lubricant spectral analysis. 
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