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e  �Âf¯Y�e Ê·|À� �Z e�Y dÌ �Á ¶Ì¸vITM 475
 
  
  

É|¼v» Ê¸�1 Ê¸��Ìy ½Y�»Z¯,�Âa1* ,½ZÆm |¼uYÊ�z]2É|ÌÆ� Z�� ,3  

 
1- ¹ÔËY ÃZ´�¿Y{ ,ºf�Ì�ÂÌ] ®Ì¿Z°» Ê�|ÀÆ» ÃÁ�³ )k.kheiralipor@ilam.ac.ir (  

2-  ½Y�ËY ,¶Ì]{�Y ,Ê¸Ì]{�Y ª¬v» ÃZ´�¿Y{ ,ºf�Ì�ÂÌ] ®Ì¿Z°» Ê�|ÀÆ» ÃÁ�³ ,É�f¯{ ÉÂn�¿Y{)k.kheiralipor@ilam.ac.ir (  

3-   Ê�|ÀÆ» É�f¯{ ÉÂn�¿Y{ Ä§�u d�Y|Æ]½Y|¼Å Ê°��a ¹Â¸� ÃZ´�¿Y{ ,ÉY.½Y�ËY ,½Y|¼Å ,  

  

Ã|Ì°q   
 �Z e�Y Á d À� �z] ½Y�]�Z¯ cÔ°�» �Y Ê°Ë É��ÁZ�¯�»Z¿ cY�iY Á |�Z] Ê» ¾ËY �{ É{ZË� {Y�§Y ½|] �] ½M [Â¸

ZÅ Ã�Âu  .d�Y �Y~³ �iY    ªÌ¬ve �Y ¥|ÅÊ·|À� �Z e�Y ¶Ì¸ve ,��Zu    �Âf¯Y�eITM 475    �Y Ã{Z¨f�Y Z][Zf� ®Ë lÀ�

ÄfÆm  Ä�    .d�Y  Ê§{Z�e  Ô»Z¯  s��  ÁZ»�M�Ë  ,��¿  {�Â»  �Âf¯Y�e  ÉÁ�  �]  Äf§�³  c�Â�  ÉZÅ  �Z�Y  �] {�Y|¿Zf�Y 

]¾Ì  �Z e�Y Ê¸¸¼·YISO 2631-1    ÁISO 5008     ¹Zn¿Y¶»Z� .d§�³  �ÂeÂ» �Á{ ¶»Z� Ê���] {�Â» ÉZÅ) t�� Ä� �{

1500,1000    Á2000  Ä¬Ì«{ �{ �Á{(  Ã|¿{ dÌ «Â» ,  Ã|¿{ t�� Ä� �{)1  ,2    Á3  (  Ã{Zm Á)d·Z¨�M Á Ê¯Zy t�� Á{ �{( 

  cZ�Ô�Y .{Â]]  Äd�{   Ã|»M    �Z�Y �]�ËZ»�M    ¶Ë�Âf¯Z§  Á  s�� ÄËZa �]Ô»Z¯    Ê§{Z�e  ¶»Z�18    Á �Z¼Ìe3    {�Â» �Y�°e

�ne ËÄ  Á  ¸veÌ¶  .d§�³ �Y�«  Ä¯ {Y{ ½Z�¿ lËZf¿    �iY¶»Z�ZÅÁ{ Ê¸�Y É  �Ã|¿{ dÌ «Â» ,�ÂeÂ»,  Ã{Zm Á   ¶]Z¬f» �iY Á

½M  µZ¼fuY t�� �{ ZÅ1%    �Âf¯Y�e Ê·|À� ¶¯ �Z e�Y ½Y�Ì» �]À »Ê�Y{    ½|] ¶¯ �Z e�Y ½Y�Ì» ¾Ë�f�Ì] .{Â] �Y|¬» Z]

49/1  ÄÌ¿Zi �Á~n» �] �f»  Ê¯Zy Ã{Zm �{    Ã|� Ã|ÅZ�»  Ä] �Â]�» Ä¯  �ÂeÂ» �Á{2000    Ã|¿{ Á Ä¬Ì«{ �] �Á{3   {Â]  . �ZÌ¿

�Y d ,¹�Ó �Ì]Y|e }ZzeY Z] .{Â� Ã|¿Z�� ½Y�Ì» ¾ËY �Y �f¼¯ Ä] Ä ·Z�» {�Â» �Âf¯Y�e ½|] ¹Z¼e �Z e�Y �j¯Y|u 

  
:É|Ì¸¯ cZ¼¸¯  

 ,�Âf¯Y�e ¶Ì¸ve Ã|¿{ d^�¿ ,�ÂeÂ» �Á{ ,�Z e�Y ,Ã{Zm.  
  
*µÂX�» Ã|À�ËÂ¿  

:Ä»Z¿ZËY� k.kheiralipor@ilam.ac.ir ,kamrankheiralipour@gmail.com 
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e  �Âf¯Y�e Ê·|À� �Z e�Y dÌ �Á ¶Ì¸vITM 475

Ä»|¬»  
 É��ÁZ�¯ �z] �{ Ä¯ d�Y ÊeZ¬Ì¬ve ºÆ» ÉZÅ Ã�Âu �Y Ê°Ë ,ZÅÁ�{Ây Á ,ZÅ ¾Ì�Z» ,ZÅ�Y�]Y ,¶ËZ�Á �Z e�Y ¶Ì¸ve

 {ZnËY �Z e�Y ,µZj» ÉY�] .{�Y{ {ÂmÁ [Â¸�»Z¿ Á [Â¸�» c�Â� Á{ Ä] �Z e�Y .{Â� Ê» µZ^¿{ ,d À� �z] |À¿Z¼Å

½{�¯ Y|m ÉY�] cÔ£ d�Y{�] ¾ËZ^¼¯ ½Y�a ÃZ¯ Ä¿Z»Z� �{ Ã|�  É�Z�Y|m ¾ÌÀr¼Å Á �¸¯ �Y [Â¯ ºÌ¿ ÉZÅ Ä�Ây

 �{ Ã|� {ZnËY �Z e�Y �YÂ¿Y ¶»Z� [Â¸�»Z¿ �Z e�Y .d�Y �Z e�Y [Â¸�» �Â¿ {�M ÉZÅ Ä¿Zy�Z¯ �{ ¹|À³ �Y ²À�

 ½M cY�iY ZË �Z e�Y {Ây ¥~u ZË �ÅZ¯ �{ ��] Ã�YÂ¼Å ,ZÅ ½M [Â¸�»Z¿ cY�iY ¶Ì·{ Ä] Ä¯ d�Y ¦¸fz» ÉZÅ ¾Ì�Z»

 Ã{Â¼¿ �Ôe ZÅ    .d�Y  

   [Â¸�»Z¿ �iY  É��¿Y ½Y�Ì»�Z e�Y    Á �ËZ�M ZË ÊfuY� �{ µÔfyY {ZnËY |À¿Z» ½Z�¿Y ½|] �] ®Ë�Â·ÂË�Ì§ µZ¼�Y

½Z�¿Y  ,  �Á�]É�Z¼Ì] Êy�] Á Êf¸°�Y cZ ËZ�ZÅ,    Á ,Ê´f�y �ËY�§Y  ÊÅ{�Z] �ÅZ¯  Ä] �nÀ»  Ê¿Z�¿Y �Z e�Y Ä ·Z�» Á{ �{

  Ã�Âud�{ �Z e�Y Á ½|]  ¹Z¼e �Z e�Y-  Á�Z]  d�Y Ã|�  .  Ä ·Z�»d�{ �Z e�Y-    Á�Z] ¶ËZ�Á Á ZÅ�Y�]Y Z] �Z¯ ¾Ìu

  |À¿Z» Êf�{ � e�»  ,²À¸¯ ,�°qÄf» Ã�Y ,  ,  Á  �Z e�Y Ä ·Z�» Á ,...  ½|] ¹Z¼e Ä¯ {�Ì³ Ê» c�Â� Ä¯ ÊËZÅ d·Zu �{

½|] �Y Ê Ì�Á t��    Á � e�» º�m Z] �Z¼e �{  ZË¾Ì�Z» ½Z³|À¿Y� |À¿Z» � e�» �Ìv» ®Ë �{ ½|] ¶¯ Êfu  ÉZÅ

¶Ì^»ÂeY Á É��ÁZ�¯ {�Ì³ �Y�« ZÅ ]3[.  

  dÌ �Á  Ê���]  dÆm  Ê¨¸fz»  cZ¬Ì¬ve�Z e�Y    ½YÂÀ�  Ä]  �Âf¯Y�e½YÂe  �^À»    .d�Y  Äf§�³  c�Â�  Á  Ê¸Ì��Z»

½Y�Z°¼Å   [~m Á ªÌ¸ e Ä¿Z»Z� Ä] Ä¯ |Àf§�³ Ã�Y|¿Y Y� �Âf¯Y�e ®Ë Ê·|À� �Z e�Y  lËZf¿ .{Â] �Æn» ­Â� Ã|ÀÀ¯ ½MZÅ 

  É�Z¯ ¦¸fz» �ËY�� �{ Y� �Z e�Y [Zf� ,Ê·|À� ªÌ¸ e Ä¿Z»Z� Ä¯ {Y{ ½Z�¿Ä]�Â�    ��Âf»15    Ze36   �ÅZ¯ |��{

Ê»|Å{  ]10[  .  É|¼v» Á ÊËY��Ì» �Âf¯Y�e ½Z³|À¿Y� Ê¿Ô�� Êf¸°�Y cÓÔfyY Á �Z e�Y Z] ÄÆmYÂ» ½Y�Ì» Ê¬Ì¬ve �{

  Ê���] {�Â» Y�|¿{Y{�Y�«  ¾Ì]  �{ {�{ Ê¿YÁY�§  ¾Ë�f�Ì]  .|À¿Y� ½Z³  ) {�{�¼¯ Y�8/56  |¿{Â¼¿  ¹Ô�Y (|��{  ]12[ .   �{

  �Âf¯Y�e Ê·|À� �Z e�Y Ê¬Ì¬ve­Zy cZÌ¸¼� µÂ� �{É��Á  ) ­Zy d]Zi d]Â�� �{20-  18   ºz� ª¼� Á{ Z] (%

)15    Á20  Êf¿Z�(�f»  �Âf¯Y�e d��� Ä� Á  )2  ,5/3    Á8/6  (d�Z� �] �f»Â¸Ì¯    �Y�« Ê]ZË��Y {�Â»d�Y Äf§�³  . Ã|� ��Y�³

  Ä¯ d�Y�f�Ì]¾Ë    �Z e�Y  Ê·|À�  ©Z¨eY É{Â¼� t�� �{ �Âf¯Y�eÃ{Zf§Y  » ¶¬fÀ» Ê·|À� Ä] w�q �Y Ä¯Ê {Â�  . t��

Y|Ì» cZÌ¸¼� µÂ� �{ É{Â¼� �Z e�Y  ÉZÅ{�Y|¿Zf�Y t�� �Y 0ÓÂ¼ » Ê¿ISO    �eY�§ Äf§�    Ád��� �ËY�§Y Z]    ÉÁ��Ìa

  [Zf�Ã|� ¶¬fÀ»  �ËY�§Y �Âf¯Y�e Ê·|À� Ä]  Ê»|]ZË  ]9[  .  ½Y�Z°¼Å Á Ê¿Á|Ë�§  �{Ä ·Z�»Y  Ä] É Á d�{ �Z e�Y Ê���]

  ÉÁ�Z]�]�Z¯  Ê�»  ÉZÅ�Âf¯Y�e  ¾�³�§285  Á    µZ��ÂÌ¿ÂË650  �ÁZ´À¯  ½Zf��Æ� �{   Ä¯ |¿{Â¼¿  ��Y�³  Á  |ÀfyY{�a

  ÉÁ�Z] Á d�{ ÉÁ� �] Ã|� {ZnËY �Z e�Y ¥ÔfyY Ê���] {�Â» ÉZÅ�Âf¯Y�e �]�Z¯ÊÀ »Ê¼¿ �Y{�Z]|   ]5[  .  Á ½ZË|¼uY

  ½Y�Z°¼ÅÊ���] Ä] Ê¬Ì¬ve �{ �Z e�Y Äf�{ Á Ê·|À� �Âf¯Y�e Á{ w�q �{ d·Zu ¶¼u¶¬¿Á    .|ÀfyY{�a lËZf¿   cZ¬Ì¬ve

 ½MZÅ ½Z�¿  {Y{  Ä¯ �Z e�Y  Z] �ËY�§Y  d��� �ÂeÂ» �{ Ê»Z¼e sÂ�� Ã|¿{  Á �{ ¼eZ¹  cZÆm �ËY�§Y »Ê½M .|]ZË ZÅ

  Ä¯ |¿{Â¼¿  ��Y�³ ¾ÌÀr¼Å�Y|¬» �Z e�Y �{ dÆm  É{Â¼� �{  ¹Z¼e Z»�M�ËZÅ �f�Ì]  »Ê|�Z]  ]4[  .½ZÆm Á Ê�z]

  ½Y�Z°¼Å  Ê]ZË��Y Ä]  Ê¬Ì¬ve �{ dÌ �Á Ê�Z e�Y  Ê·|À� ¾ËZ^¼¯ �Ë|¿Zm µ|» 1055I �{ Ã�Âu ½Z»� Á  �¿Z¯�§
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½M .|ÀfyY{�a  ,|¿{Â¼¿ ��Y�³ ZÅ  �iY ¶»Z�ZÅ  µZ¼fuY t�� �{ Ã|¿{ dÌ «Â» Á �ÂeÂ» �Á{ Ê¸�Y É1%    �Z e�Y t�� �]

Ã|���fÀ»    ¾ËZ^¼¯ Ê·|À� �Y  ¥ÔfyYÀ » Ê  ��¿ �Y É�Y{  c|» ½{�ÁM d�{ Ä] Z] .{Y{ ½Z�¿ É�Z»M  ÄÆmYÂ» �Zn» ½Z»�

  Ã|¿{ �{ Ä¯ ,|¿{Â¼¿ �z�» Ê·|À� �Z e�Y Z] �]�Z¯1    Á2    �ÂeÂ» d��� Z]1800    Ã|¿{ Á Ä¬Ì«{ �{ �Á{1   d��� Z]

  �ÂeÂ»2500    Ã|À¿Y� Ä¬Ì«{ �Á{» Ê |¿YÂe    c|» Ä] Ê¸°�» pÌÅ ½Á|]8  |ËZ¼¿ Ê³|À¿Y� �Â¯�» ¾ËZ^¼¯ Z] ,�Á� �{ d�Z� 

]2[.  

�Âf¯Y�e ÃZ´ËZm Á dÌ¼ÅY Ä] ��¿    Á ,½M [Â¸�»Z¿ �Z e�Y cY��» ,É��ÁZ�¯ �z] �{  ÄmÂe Z] ½ÂÀ¯Y Ze Ä¯ ¾ËY

�Z e�Y {�Â» �{ ÉY Ä ·Z�»    �Âf¯Y�e475  ITM  �Y ¥|Å ,d�Y Ã|�¿ Ã|ÅZ�»    ªÌ¬ve  ½|] ¹Z¼e �Z e�Y ¶Ì¸ve ��Zu

 �Âf¯Y�e ��¿ {�Â» ¦¸fz» �ËY�� �{d�Y ½M Z] Ê³|À¿Y�  .  

  

ZÅ �Á� Á {YÂ» 
Z»�M�Ë  ÉZÅ  �{  Äf§�³  c�Â�  �ÅÁ�a  \·Z«  �{  ��Zu  s�� ÄËZa  �]  ¶Ë�Âf¯Z§  ½Â»�M0Ô»Z¯  Ê§{Z�e,   Ã|°�¿Y{  �{

 ,d�Y|Æ] ½Y|¼Å Ê°��a ¹Â¸� ÃZ´�¿Y{, |Ë{�³ Y�mY.   ,��¿ {�Â» �Âf¯Y�e µ|»ITM475  dyZ�½Y�ËY É�Z� �Âf¯Y�e  ,

,½Y�ËY ,�Ë�^e  ½YÂe Z]  hp 75  Á¹�m  kg 3170   {Â] �ËZ»�M {�Â» �Âf¯Y�e dyZ� µZ� .1393   .{Â]  

  ¾ËY�]ZÀ] .d�Y Ã{Zm �Â¿ Á ,ÉÁ��Ìa d��� ,�ÂeÂ» �Á{ ,|¿�Y~³ Ê» �ÌiZe �ÂeY�e �Z e�Y ÉÁ� �] Ä  ̄Ê¸�Y ¶»Z� Ä�

  .|� Ê���] ��¿ {�Â» �Âf¯Y�e �Z e�Y �] ZÅ ¶»Z� ¾ËY �iY�¶»Z    �ÂeÂ» �Á{ t�� Ä� �{  ¶»Z�  :1000  ,1500    Á2000  

 «{ �{ �Á{Ä¬Ì  ¶»Z� ,  Ã|¿{ d^�¿ { t�� Ä� �  ¶»Z�:    Ã|¿{1  ,2    Á3,    Á  ¶»Z� t�� Á{ �{ Ã{Zm  ¶»Z�  :  Ã{Zm Á Ê¯Zy

d·Z¨�Md§�³ �Y�« Ê���] {�Â» , .  

�Âf¯Y�e Ê·|À� �Z e�Y    {�Y|¿Zf�Y Z] ª]Z�»ISO 2631-1    ÁISO 5008   ]6    Á7[    Á  |»Z�] Ã{Á|v» �{HZ   80-1    {�Â»

  �Y�« Ä ·Z�»d§�³  ]3[.    .|� ºÌ�Àe �ËZ»�M {�Â» �z� ¹�m \�u �] Ã|¿�Z� Ä¿Zy�Z¯ �Âf�{ ª^� Ê·|À� �Y   ½M  Zm 

  Ä¯¹�mZÅ  lËZf¿ cÁZ¨f» É ½Â»�MZÅ  dve Y� �Z e�Y ÉiPe Ì�    �Y�«»Ê|ÀÅ{  ]7[,    ¹Zn¿Y ÉY�] ½Â»�MZÅ   �Y ªÌ¬ve ¾ËY �{

  ¹�m Z] �]�Z¯ ®Ë75    Ã{Z¨f�Y ¹�³Â¸Ì¯�|.  Ã�Y|¿Y  ÉY�]µZÀ´Ì� É�Ì³�Z e�Y  ÃZ´f�{ ®Ë �Y ,�Z e�Y ÉZÅ Ä� lÀ�

  ÄfÆm2260B&K    �Â�¯ dyZ�­�Z¼¿Y{,    Z]  d«{2-m.s1μ     Á  Ã{Á|v»|»Z�]  HZ  100 –  4/0  ¶°�) |� Ã{Z¨f�Y1 .(

 d]Â�� Ã{Á|v»    \Ìe�e Ä] lÀ� �Z e�Y É�Z¯ ÉZ»{ ÁRH  90%    ÁC⁰70    .|�Z] Ê»  µZ�eY �Y �a  �´�u lÀ� �Z e�Y

  Ê·|À� ÉÁ� �] �eYZ]  ,Ê���] {�Â»  �Âf¯  \�q �Y  Ã{Z¨f�Y  )¶°�  2( ,   ½Â»�MµZÀ´Ì� kY�zf�Y  dÆm ¹�Ó ÉZÅ  ÉZÅ

 Ê·|À� �Z e�Y dÆm Ä� �{X ,Y Á Z |� d^i ¶°�)3 .(  
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 ¶°�1.  lÀ� �Z e�Y  ÄfÆm Ä�2260B&K .  

  

  
 ¶°�2.  µZ�eY�´�u  Ä] lÀ� �Z e�Y Ê·|À�.Ê���] {�Â» �Âf¯Y�e  

  

    
 ¶°�3. Ã�Y|¿Y�Âf¯Y�e Ê·|À� �Z e�Y É�Ì³ Ê���] {�Â» ÉÁ� �] d¯�u ¾Ìu d·Z¨�M Ã{Zm (d�Y�) 

Ê¯Zy Á (`q) .  
  

� �Y Ã{Z¨f�Y Z] (dÆm Ä� |ÀËM�]) ¶¯ �Z e�YÄ�]Y |Ë{�³ Ä^�Zv» �Ë� ]6[.  
)1 (  ܽ௧ ൌ ඥሺ1.4ܽ௫ሻଶ ൅ ሺ1.4ܽ௬ሻଶ ൅  ܽ௭

ଶ                                                   
  Ä¯xa  ,ya  ,za    Áta   �]�» Ä�Ë� ¾Ì´¿ZÌ» \Ìe�e Ä] \�u �] Ê¸¯ [Zf� Á É{Â¼� ,Ê��� ,Ê·Â� dÆm �{ [Zf� ÉZÅ

Ê» ÄÌ¿Zi �Á~n» �] �f»  .|�Z]  
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  ÉY�]¸veÌ¶   ��Zu ªÌ¬ve �{ �Z e�Y�Y  ¹�¿Y�§Y  ÉZÅ�Excel 2013    Á SAS 9.1Ã{Z¨f�Y   .|�  ¾ÌÌ e ÉY�]  sÂ��
À »Ê�Y{ É¶»YÂ� cY�iY Ê¸�Y Ä ·Z�» {�Â» �¿ZË�YÁ ÄË�ne �Y �Z e�Y �]  Á ÉY�]¾Ì´¿ZÌ» Ä�ËZ¬» sÂ�� ¶»YÂ� Ê¸�Y 
 Á ¶]Z¬f» cY�iY  ZÅ ½M�Y ½Â»�M |Àq ÄÀ»Y{  ¾°¿Y{ .|� Äf§�³ Ã�Æ]    

  

hv] Á lËZf¿  
¶»Z� sÂ�� ¾Ì´¿ZÌ» �¿ZË�YÁ ÄË�ne lËZf¿  ÉZÅ  ,�ÂeÂ» �Á{ ÊÀ Ë ,Ê���] {�Â» Ê¸�Y  ,Ã|¿{ dÌ «Â»  ÁÃ{Zm �Â¿,   Á

½M ¶]Z¬f» cY�iY  ½|] ¹Z¼e �Z e�Y �] ZÅ  �Âf¯Y�e �]�Z¯ITM 475  dÆm �{  ÉZÅX  ,Y  ,Z  Á  dÆm |ÀËM�]) ¶¯ �Z e�Y -

Å  Ä¿Z³ Ä� ÉZX  ,Y    ÁZ(  µÁ|m �{  )1(    .d�Y Ã|� ��Y�³½Z¼Å  Ä¯ �Â�,d�Y Ã|»M µÁ|m ¾ËY �{    �iY¶»Z�ZÅ  É

  Ê¸�Y  Á¶]Z¬f» �iY  ½M  �Y Ã|� ��fÀ» �Z e�Y �] ZÅdÆm �{ �Âf¯Y�e Ê·|À�  ÉZÅX  ,Y  ,Z  |ÀËM�] [Zf� Á,   t�� �{

 µZ¼fuY1% À »Ê�Y{ Ê».|�Z]  

  

 µÁ|m1.  �¿ZË�YÁ ÄË�ne�iY  ¶»Z� ÉZÅÊ���] {�Â»  ½|] ¹Z¼e �Z e�Y �] dÆm �{X  ,Y ,Z Á   ¶¯ �Z e�Y
)2-m.s.(  

 cY�ÌÌ¤e �]ZÀ»  
 Ä//////m�{

É{Y�M  
cZ ]�» ¾Ì´¿ZÌ» 

X Y  Z |ÀËM�] [Zf�  
 �Á{�ÂeÂ»  2  069/0 ** 014/0 ** 537/0 ** 614/0 ** 

Ã|¿{ dÌ «Â»  2  237/0 ** 026/0 ** 711/0 ** 112/1 ** 

Ã{Zm  1  413/0 ** 435/0 ** 456/1 ** 241/3 ** 

Ã|¿{ dÌ «Â» × �ÂeÂ» �Á{  4  0015/0 ** 0012/0 ** 049/0 ** 023/0 ** 

Ã{Zm × �ÂeÂ» �Á{  2  009/0 ** 0098/0 ** 041/0 ** 015/0 ** 

 dÌ «Â»Ã{Zm × Ã|¿{  2  038/0 ** 0/0008n.s 044/0 ** 084/0 ** 

 × Ã|¿{ dÌ «Â» × �ÂeÂ» �Á{

Ã{Zm  

4  008/0 ** 0021/0 ** 028/0 ** 034/0 ** 

Z�y  36  0002/0  0002/0  0007/0  0007/0  

 ¶¯  53  - - - - 

** ÊÀ » µZ¼fuY t�� �{ �Y{1%  Án.s ÊÀ » ¹|�Ê» ½Z�¿ Y� É�Y{.|Å{  
  

  ÉZÅ dÆm �{ �Z e�Y |ÀËM�] ÊÀ Ë ¶¯ �Z e�Yx  ,y    Áz  Ã|¿{ dÌ «Â» Á ZÅ�Á{ �{ ½Z»� Ã�Âu �{ ¦¸fz» ÉZÅ

µÁ|m �{ Ê¯Zy Á d·Z¨�M Ã{Zm ÉÁ� �] �Âf¯Y�e d¯�u ¾Ìu )2( Md�Y Ã|» .  

  
 µÁ|m2 . �Âf¯Y�e Ê·|À� ¶¯ �Z e�YITM475 . 
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) �ÂeÂ» �Á{rpm(  Ã{Zm �Â¿    dÌ «Â»
Ã|¿{  

) ¶¯ �Z e�Y2-m.s (  

1000 

d·Z¨�M  
1 23/0  
2 32/0  
3 43/0  

 Ê¯Zy  
1 50/0  
2 65/0  
3 11/1  

1500 

d·Z¨�M  
1 33/0  
2 40/0  
3 56/0  

 Ê¯Zy  
1 69/0  
2 90/0  
3 31/1  

2000 

d·Z¨�M  
1 43/0  
2 49/0  
3 04/1  

 Ê¯Zy  
1 85/0  
2 15/1  
3 49/1  
  

µÁ|m Ä] ÄmÂe Z]  )2,(    �Âf¯Y�e Ê·|À� ¶¯ �Z e�Y |ÀËM�]eÂ» d��� �ËY�§Y Z]  �Y �Â1000    Ä]2000  Ä¬Ì«{ �] �Á{  ,

Ê» �ËY�§Y|]ZË  .  ½Y�Z°¼Å Á d·�Z°�Y]13[,  ½Y�Z°¼Å Á ÂË{YÁ��  ]14[,    ½Y�Z°¼Å Á �ÀÌf�Y]15[   ��Y�³ Y� ÊnËZf¿ ¾ÌÀq �Ì¿

  ,�Z e�Y �ËY�§Y ¾ËY d¸� .|¿Y Ã{Â¼¿ ��Â¯ {Y| e �ËY�§Y �{ �ÂeÂ» Ê��ÀËY ÉZÅÁ�Ì¿ Á ½Âf�Ìa cZ]�� Á ©Y�fuY ÉZÅ

½Z»� |uYÁ    Ê»  �Y Ã|¿{ �ÌÌ¤e Z] �Z e�Y [Zf� �ËY�§Y d¸� .|�Z]1    Ze3  »Ê|¿YÂe  .|�Z] ÉÁ��Ìa d��� �ËY�§Y   ¾ËY

 Ä¯ d�Y ÊnËZf¿ Ä]Z�» lËZf¿ ½Y�Z°¼Å Á ½ZË|¼uY  ]4[  ÁÊ¬eÊ¸� Ã{Y� Á ÊËY��½Y�Z°¼Å ]1[    ��Y�³ Ã{Â¼¿|¿Y.    

  ¶]Z¬f» �iY Ä] �Â]�» ¾°¿Y{ ½Â»�M lËZf¿ ¶»Z�ZÅ  �] Ã|¿{ dÌ «Â» Á �ÂeÂ» �Á{ É ½Z»� Ã�Âu �{ ¶¯ �Z e�Y    �{

) ¶°�4  Ã|»M (.d�Y     ­�f�» ¥Á�u {ÂmÁ ¹|�  �]  ZÅ�Z¼Ìe ¾Ì´¿ZÌ» ÉÁ��{  ¶°�  )4  (  ¥ÔfyY �´¿ZÌ]À »Ê  ½M ¾Ì] �Y{

ZÅ    µZ¼fuY t�� �{1%  .d�Y    �Y �ÂeÂ» d��� �ËY�§Y Z]1000    Ä]2000    �Y Ã|¿{ d^�¿ Á Ä¬Ì«{ �] �Á{1    Ze3 |ÀËM�] ,

  �ËY�§Y �Âf¯Y�e Ê·|À� ¶¯ �Z e�Yd�Y Äf§ZË  ��Â¯ {Y| e �ËY�§Y ½M d¸� Ä¯ Á ½Âf�Ìa cZ]�� Á ©Y�fuY ÉZÅ

  Á  ÉÁ��Ìa  d���  �ËY�§Y  ,½Z»�  |uYÁ  �{  �ÂeÂ»  Ê��ÀËY  ÉZÅÁ�Ì¿  Ã{Zm  t�� cY�iY  Ê» .|�Z]   lËZf¿  Z]  lËZf¿  ¾ËY

 cZ¬Ì¬ve ½Y�Z°¼Å Á ÂË{YÁ��]14[  ½Y�Z°¼Å Á ZfÆ» Á]11[  .d�Y Ä]Z�»  
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 ¶°�4.  �] Ã|¿{ dÌ «Â» Á �ÂeÂ» �Á{ ¶]Z¬f» �iY lËZf¿ �Z e�Y�Y Ã|� ��fÀ» ¶¯ .�Âf¯Y�e Ê·|À�   

  

 d��� ��Âe Ã|� {ZnËY ¶¯ �Z e�Y �Ë{Z¬»  ¦¸fz» ÉZÅ Ã|¿{ �Y �f�Ì] �ÂeÂ»Ä^ m ¦¸fz» ÉZÅ  Ê» Ã|¿{  Ä¯ |�Z]

.d�Y �Z e�Y |Ì·Âe Ê¸�Y ¶»Z� Ä¯ ½Z»� |uYÁ �{ ½Âf�Ìa cZ]�� Á ©Y�fuY ��Â¯ {Y| e  �ËY�§Y ½M Ê¸�Y d¸� 

  Ä] �Â]�» ¾°¿Y{ ½Â»�M lËZf¿iPe  ¶¯ �Z e�Y �] �ÂeÂ» ¦¸fz» ÉZÅ�Á{ �ÌÃ|���fÀ»   ½Z»� Ã�Âu �{ �Âf¯Y�e Ê·|À� �Y

) ¶°� �{ Ã{Zm ¦¸fz» sÂ�� ÉÁ� �]5.d�Y Ã|� Ã{Y{ ½Z�¿ (  

  
 ¶°�5.  �] Ã{Zm ¦¸fz» sÂ�� Á �ÂeÂ» �Á{ ¶]Z¬f» �iY lËZf¿ �Z e�Y�Y Ã|� ��fÀ» ¶¯   .�Âf¯Y�e Ê·|À�  

  

 Ä¯ �Â� ½Z¼Å  ) ¶°� �{5 ,d�Y Ã|� Ã{Y{ ½Z�¿ (  ¯�f�» ¥Á�uÊ    �]  ZÅ�Z¼Ìe ¾Ì´¿ZÌ» ÉÁ�  Ä¯ {�Y|¿ {ÂmÁ lËZf¿

  ¥ÔfyY �´¿ZÌ]À »Ê�Y{    ZÅ ½M ¾Ì]  µZ¼fuY t�� �{1%  Ê»  .|�Z]  �Y �ÂeÂ» d��� �ËY�§Y Z]1000    Ä]2000   �{ �Á{

  Ä]  (Ê¯Zy Á  d·Z¨�M)  Ã{Zm ¦¸fz»  sÂ�� ÉÁ� �] d¯�u ¾Ìu �Âf¯Y�e  Ê·|À� ¶¯ �Z e�Y ,Ä¬Ì«{  ¶Ì·{ �ËY�§Y

 ��Â¯ {Y| e�fuY ÉZÅ  ½Z»� |uYÁ �{ ½Âf�Ìa cZ]�� Á ©Y  �ËY�§Y  .d§ZË  ¹Z¼e �{ ZÅ�Á{  �ÂeÂ» É|»Z�]   cZ]�� Z] \·Z£
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  Ä¯ d�Y ÊnËZf¿  Ä]Z�»  lËZf¿  ¾ËY .{�Y{ d¬]Z�» ½Âf�ÌaÊ¬eÊ¸� Ã{Y�  ½Y�Z°¼Å Á  ÊËY��]16[  ½Y�Z°¼Å Á  ZfÆ»  ,]11[ , 

Ê¬e Ã{Y�Z°¼Å Á ÊËY��  ½Y�]1 [½ZÆm ,½Y�Z°¼Å Á Ê�z]  ]2 [  Ã{Â¼¿ ��Y�³  .|¿Y) ¶°� Ä] ÄmÂe Z]5,(    ¶¯ �Z e�Y

  d·Z¨�M Ã{Zm �Y �f�Ì] Ê¯Zy Ã{Zm ÉÁ� �] d¯�u ¾Ìu �Âf¯Y�e Ê·|À� �Y Ã|� ��fÀ»  d�Y Ã{Â] cY�iY  ½M d¸� Ä¯

 .|�Z] d·Z¨�M Ã{Zm Ä] d^�¿ Ê¯Zy Ã{Zm t��    lËZf¿e ¾Ì´¿ZÌ» Ä�ËZ¬»iP  �ÌÃ{Zm ¶»YÂ�    d^�¿ ÁÃ|¿{   ¶¯ �Z e�Y �]

�¶°� �{ �] ½Z»� Ã�Âu �{  �Âf¯Y�e Ê·|À )6 ( .d�Y Ã|� Ã{Y{ ½Z�¿  

  
¶°� 6. .�Âf¯Y�e Ê·|À� �Y Ã|� ��fÀ» ¶¯ �Z e�Y �] Ã{Zm ¦¸fz» sÂ�� Á Ã|¿{ dÌ «Â» ¶]Z¬f» �iY lËZf¿  

 
) ¶°� �{6 Ä¯ d�Y Ã|� Ã{Y{ ½Z�¿ ( ¥ÔfyYÀ »Ê�Y{É Ê���] {�Â» �Âf¯Y�e Ê·|À� �{ Ã|� {ZnËY �Z e�Y ¾Ì] 

  d¯�u ¾Ìu  d·Z¨�M Ã{Zm ÉÁ� �]  �{  d^�¿ Ã|¿{    ÉZÅ1    Á2   {�Y|¿ {ÂmÁ  Z»Y -  �ËZ� �{  d^�¿ Ã|¿{ZÅ    d¯�u ¾Ìu

  �Âf¯Y�e  ÉÁ� �] Äq  Á d·Z¨�M Ã{Zm  Ã{Zm ÄqÊ¯Zy,    ¥ÔfyYÀ »Ê  µZ¼fuY t�� �{ É�Y{1%   {�Y{ {ÂmÁ ½Z�¿ lËZf¿ .

Ê»|Å{    �Y Ã|¿{ dÌ «Â» �ÌÌ¤e Z] Ä¯1    Ze3  ÉÁ� �] d¯�u ¾Ìu �Âf¯Y�e Ê·|À� ¶¯ �Z e�Y |ÀËM�] ,�Â¿ Á{ �Å   Ã{Zm 

Ê» �ËY�§Ym ÉÁ� �] d¯�u ¾Ìu �Âf¯Y�e Ê·|À� ¶¯ �Z e�Y ¾ÌÀr¼Å .|]ZË  d�Y d·Z¨�M Ã{Zm �Y �f�Ì] Ê¯Zy Ã{Z

  Ä¯Á��Ìa d��� �ÌÌ¤e �iY �{ �Âf¯Y�e cZ¿Z�Â¿ �ËY�§Y ½M ¶Ì·{  Ã{Zm t�� Á É  Ê» d�Y ÊnËZf¿ Ä]Z�» lËZf¿ ¾ËY .|�Z]

 Ä¯½Y�Z°¼Å Á �Ì^¯ ]8[  ,½Y�Z°¼Å Á ½ZË|¼uY ]4 [,   ÁÊ¬eÊ¸� Ã{Y�½Y�Z°¼Å Á ÊËY�� ]1[  ��Y�³Ã{Â¼¿|¿Y .  

  

É�Ì³ ÄnÌf¿  
  �{  ��Zu �ÅÁ�a  �Z e�Y ½Y�Ì»  �Âf¯Y�eITM 475    �Z�Y �] {�Y|¿Zf�Y  ] ¾Ì  �Z e�Y Ê¸¸¼·YISO 2631-1 �Y Ã{Z¨f�Y Z] ,

  �Z e�Y ½Y�Ì» .|� É�Ì³ Ã�Y|¿Y ÄfÆm Ä� lÀ� �Z e�Y ®Ë  dÆm Ä� �{X  ,Y  Á ,Z   ½Y�Ì» ,d^i    ¶¯ �Z e�Y ,Ä^�Zv»

  .|� ¶Ì¸ve ¾Ì´¿ZÌ» Ä�ËZ¬» Á �¿ZË�YÁ ÄË�ne ÉZÅ �Á� �Y Ã{Z¨f�Y Z] �b� Á  �iY ¶»Z� ZÅ dÌ «Â» ,�ÂeÂ» �Á{ Ê¸�Y É

 ,Ã|¿{m Á ½M ¶]Z¬f» �iY Á Ã{ZZÅ  �]dÆm �{ �Z e�Y ½Y�Ì» ÉZÅX ,Y ,Z Á  ¶¯ �Z e�Y µZ¼fuY t�� �{1% À »Ê �Y{ 

  �Y �ÂeÂ» d��� �ËY�§Y Z]  .{Â]1000    Ze2000    �Y Ã|¿{ d^�¿ Á Ä¬Ì«{ �] �Á{1    Ze3 .d§ZË �ËY�§Y ½|] ¶¯ �Z e�Y ,

 �ÂeÂ» �Á{ ,d·Z¨�M Ã{Zm �{ ½|] ¶¯ �Z e�Y ½Y�Ì» ¾Ë�f¼¯1000 Ä¬Ì«{ �] �Á{,  Ã|¿{ Á1  �]Y�] Ä¯ Ã{Â]23/0  �] �f»
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|] ¶¯ �Z e�Y ½Y�Ì» ¾Ë�f�Ì] .{Â] ÄÌ¿Zi �Á~n»  �ÂeÂ» �Á{ ,Ê¯Zy Ã{Zm �{ ½2000  Ä¬Ì«{ �] �Á{,    Ã|¿{ Á3   Ä¯ Ã{Â]

 M �Y|¬» ½  �]Y�]    Z]49/1  ÄÌ¿Zi �Á~n» �] �f»  Ã|¿{ d^�¿ Á �ÂeÂ» ÉZÅ�Á{ Ä¼Å �{ .{Â] ¶¯ �Z e�Y ,Ê���] {�Â» ÉZÅ

Ê» {ZÆÀ�Ìa .{Â] �f�Ì] Ê¯Zy Ã{Zm �Y d·Z¨�M Ã{Zm �{ ½|]  �ÂeÂ» �Á{ {Â�  Ã|¿{ d^�¿ Á¾ÌËZa  �] Ê³|À¿Y� ÉY�] É�e

 ¾ËY �Y �f¼¯ Ä] �Z e�Y �j¯Y|u Ä¯ {Â� �Zv· Ê�ËY�� �Âf¯Y�e ÊuY�� �{ d�Y �ZÌ¿ .{Â� [Zzf¿Y Ê¯Zy Ã{Zm ÉÁ�

  .{Â� Ã|¿Z�� ½Y�Ì»  
 

  �°�e Á �Ë|¬e  
 ½Y|¼Å Ê°��a ¹Â¸� ÃZ´�¿Y{ Á ¹ÔËY ÃZ´�¿Y{ �Y    ��Zu �ÅÁ�a �Y dËZ¼u ��Zy Ä]Ê» Ê¿Y{�|«  �Y ¾ÌÀr¼Å .{Â� [ZÀm

®¼¯ ��Zy Ä] ½Y|¼Å Ê°��a ¹Â¸� ÃZ´�¿Y{ d�Y|Æ] Ã|°�¿Y{ {Zf�Y É|¼v¼¸³ ºf�� �f¯{ ÉZ«MÊËZ¼ÀÅY� Á ZÅ ÉZÅ

|À¼���Y�{ ½Z� ��Zu �ÅÁ�a Ê» É�Y�´�Zb�.{Â�    

  
:�mY�»  

١ . Ê¬eÊ¸� Ã{Y�Ê¸¯Âe ,.Y ,ÊËY��   .[ ,½ZË{Z^« ,.c ,¾Ìrf�Å1386  µZ��ÂÌ¿ÂË �Âf¯Y�e Ê·|À� �Z e�Y Ê���] .650  

 ,½Y�ËY É��ÁZ�¯ ¹Â¸� Ä¸n» .¹Y38 )4 :(580 -571 . 

٢ . ½ZÆm ,É�¼« .Y ,Ê�z]   .[   .­ ,Ê´Ì]�|Ìu1395Ê]ZË��Y . dÌ �Á Ê�Z e�Y Ê·|À� ¾ËZ^¼¯ �Ë|¿Zm µ|» 1055I 

Ã�Âu �{ ½Z»� Á  Ä»Z¿ ÄË��¿ .�¿Z¯�§ ,¦Ë�� ®Ì¿Z°»18  )46.( 

٣ .  .� ,É|¼v¼¸³1389 .½Y�ËY ,½Y|¼Å ,Ân�¿Y{ cY�Z�f¿Y ,¹�ZÆq �ËY�ËÁ .�Z e�Y Á Y|� Ê�|ÀÆ» . 
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Analysis of seat vibration of ITM 475 Tractor  
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Abstract: 
Vibration is one of the problems of users in industry and agriculture and it adversely effects on the body of many people 
in these areas. The aim of the present study was to analyze the vibration of the ITM 475 Tractor seat using a three-
direction accelerometer and via a completely randomized design. The tests were performed on the tractor according to 
the international vibration standard ISO 2631-1 and ISO 5008. The studied factors included engine speed (at three levels 
of 1500, 1000 and 2000 rpm), gear position (at three levels of gear 1, 2 and 3) and road (at two levels of soil and asphalt). 
The obtained data were analyzed via a factorial experiment based on a completely randomized design consisting of 18 
treatments and 3 replications. The results showed that the effect of the main factors of engine speed, gear position, and 
road and their interactions on the total vibration of the tractor seat was significant at 1% probability level. The highest 
vibration of the whole body was observed on the dirt road as 1.49 m.s-1 which was related to the engine speed of 2000 
rpm and 3rd gear ratio. This amount should be delivered. It is necessary to take the required measurements to reduce the 
maximum vibration of the whole body of the studied tractor to less than this amount. 
Key words: Tractor, Vibration analysis, Engine speed, Gear ratio, Road. 
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