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Ã|Ì°q   

 {�{ZÌ¿É  Y�»�Á  ·Âe �f�] ½YÂÀ� Ä] ­ZyÌ|  /�Y�� cÓÂ�v»Ê  £Z/] ÁÊ   Ë/°Ê  ºÆ» �Y�/e Ë¾  ·Âe ¶/»YÂ�/Ì| 
��ÁZ�¯ cÓÂ�v»É  »Ê|�Z]  [M �´Ë{ ÉÂ� �Y ,ºÆ»�e Ë¾  �Z�Y ÁÊ�e Ë¾  u ¶»Z�/ÌcZ   �/Å Ê¸/�Y �/m Á

½{Á�§Y Z] ,d�Y É�Ìz¸�Zu ­Zy Â» {Y ¦¸fz» Ä] ÂÀ�½Y Â» {Y Y�§ {Á,[}Zm�aÂ� �Ì�¿ Ê¿ Â^Æ]�/] Ê /� { 
Ây�Y  Ê°Ë�Ì§    ÁÊ°Ì¿Z°»  Zy­  Ê»Ä´¿ dÌ§�� �ËY�§Y h�Z] [}Zm�aÂ� {YÂ» .{Â�[M É�Y{ Á ­Z/y

Ê» Ê°�y �Àe c|� �ÅZ¯/� § �YÂ/y ,�ÅÁ�/a ¾/ËY �{ .|¿Â/�u �{ ­Z/y Ê°Ì¿Z/°» Á Ê/°Ë�Ì �Â
�ËZ»�M �Y Ã{Z¨f�Y Z] [}Zm�aÂ�Äv¨� d��¿ ÉZÅ s�/� \·Z« �{ ¶Ë�Âf¯Z§ �ËZ»�M .|Ë{�³ Ê���] ÉY

Ä/¿Â¼¿ ÉÁ� �]  �Y�°e Ä� Z] Á Ê§{Z�e Ô»Z¯d/]Â�� �{ ÉZÅ15%  Á10%  Ê·Z/´q Á4/1  ,5/1  Á6/1   lÀ/a �{
  t��1,0  ,2  ,3    Á4  Ì¸a ¹�³Â¸Ì¯ �Å �{ �¼n¿Y ­Zy ¹�³¿ cZ/�ËZ»�M lËZ/f¿ .d/§�³ ¹ZZ/] Ä/¯ {Y{ ½Z/� 

Ê» Y|Ìa d§Y �Àe ½Z�°Ë Ê·Z´q �{ d]Â�� �ËY�§Y d]Â�� �{ .|À¯10% �Ìa �Àe- �ËY�/§Y Z] Ê¼¯Y�e
  d]Â�� �{ Á {�Y{ Ê�ËY�§Y |¿Á� Ê·Z´q15%  �Ìa �Àe ÉY�] Ê�z�» |¿Á�  Ê·Z´q �ËY�§Y Z]- Ê/¼¯Y�e

 Ã|Ë{.|�¿  
  

:É|Ì¸¯ cZ¼¸¯  
��] �Àe ,­Zy º¯Y�ed��¿ �ËZ»�M ,­Zy Ê Äv¨�,ÉY �Ìa �Àe-,Ê¼¯Y�e .[}Zm�aÂ�  

  
*µÂX�» Ã|À�ËÂ¿: nazaninsharifi9675@yahoo.com   
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 ­Zy º¯Y�e �] [}Zm�aÂ� �iY  

Ä»|¬»  
  ¾Ì�Z»  ºnu  Á  ½�Á  Ã�Á�»Y¿Zfa  ¾ËY  ,É��ÁZ�¯  ¦¸fz»  ¶uY�»  �{  cÓM  h�Z]  Ä¯  |¿�Y{  Y�  ¶Ì�

 ­Zy  º¯Y�e cÔ°�»  |Ë|�  �ËY�§Y  Á ­Zy Ê³{��§   |¿Â�  ]23[.  ³{��§Ê  (º¯Y�e)  ­Zy,   Ë ®    ¶°�

 §Ì� Ë °Ê  �ze  �Y Ë\  ¤e  h�Z]  Ä¯ d�Y ­ZyÌÌ�  [M  }Â¨¿  ½{�¯ {Á|v» ,­Zy �ZfyZ�  Á   �ÅZ¯ Á  YÂÅ

�  }Â¨¿ ËÄ�  Á  Ã|�  ­Zy  �{  d·Zu  �{  |� Ë|  ¤e  h�Z]ÌÌ�  �  ¶°� Ë,Ä�  |��,  Ä¿YÂm¿� {  Ê��Ë,�   d���

 Ä¿YÂmÊ¿�  »  Á  ±�»  Á  º¯Ì�  ÓZ] ËÊ  » Ê {Â�.  e  ­Zy  º¯Y�eZiÌ �  ¬f�»Ì º  Ây  �]�Y   §Ì� ËÊ°    |À¿Z»  ­Zy

Ê·Z´q    {�Y{ ¶z¸ze Á Ê¼nu]20[  .Ê» ½Z�¿ cZ¬Ì¬ve lËZf¿ dz� ÄËÓ {ZnËY Z] ­Zy º¯Y�e Ä¯ |ÀÅ{

  �{½YÁ� {ZnËY ,É~¤» {YÂ» Ä] Ê��f�{ Á Ä�Ë� |�� �ÅZ¯ Ä] �nÀ» ,­Zy �Ë�   Ê·M {YÂ» \Ë�ze Á [M

  ­Zy Ä]�ÁÌÄ¸  [M  ¾f§�  ¾Ì]  �Y  ¾ÌÀr¼Å  Á  ÊËÂ�»ÌÁ�°¿Z³�YÌ¹�ZÅ  ­Zy  ¶z¸ze  �ÅZ¯  Z]  ­Zy  É

)Å{YÂÅÊ» (Ä�Ë� Á ­Zy Ä] Ê É��ÁZ�¯ cÓÂ�v» dÌ¨Ì¯ Á {�°¸¼� d§Y Ä] �nÀ» ¶»YÂ� ¾ËY Ä¯ |¿Â�

¯Ê» Ã|� d�|¿Â�  ]24[.  ÄËÓ {ZnËY  Z]  ­Zy º¯Y�e  ¾ÌÀr¼ÅY�f»  Á  dz� ÉZÅ�f�]  �Ë�  �{  º¯    ­Zy

­Zy cYÁ{Y Ê��¯ d»ÁZ¬» �ËY�§Y \^� �ËZ��§ Á ­ÔÆf�Y �ËY�§Y Ä] �nÀ» Ä¯ Ã|� d�Z¯ Á É��Á

Ê»  dyÂ� ¥��» �ËY�§Y Á cYÁ{Y ¾ËY.{Â�  Ä] º¯Y�e Z] �Z^e�Y �{ ­Zy d»ÁZ¬»  �Àe  Z]  µÂ¼ » �Â�

 Ê» ½ZÌ] ­Zy Ê¼¯Y�e �ÌaÊ» ��§ .{Â�e Ä¯ Ê¿Z»� Ze ­Zy ¶°� �ÌÌ¤e {Â� �Àe �Y �f¼¯ Ã{�YÁ �À

 Ê¼¯Y�e  �Ìa    {Á�  �eY�§  Ê¼¯Y�e  �Ìa  �Àe  �Y  Ä¯  Êe�Â�  �{  Á  d�Y  d�³�]  ¶]Z«  Á  ½Z��¯  |�Z]

Ê»  Ê¼WY{  Á  ®Ìf�Ôa  |�Z]]14  ,10[  .�Àe   �Ìa  Ê¼¯Y�eÄ]½YÂÀ�    ­Zy Ä¯ d�Y É�Zn»  �Àe �j¯Y|u

Ê»  |À¯ ¶¼ve ,|]ZË �ËY�§Y ½M Ê³{��§ Ä¯ ½M ½Á|] |¿YÂe]13[.  �Ìa �Àee�  Ê¼¯YÄ]½YÂÀ�   �Y É�ZÌ »

Ä´¿  �Y|ËZa  dÆm  ­Zy d»ÁZ¬» {�Â»  Êm�Zy Á  Ê¸yY{  ÉZÅÁ�Ì¿  �]Y�]  �{  ½M ½Z¼fyZ�  Á  d§Z]  ¾f�Y{

Ê»  �Y�«  Ã{Z¨f�Y {�Ì³  ]12[. �ÁM  d�{  Ä]  �Y  Ê¸�Y  ¥|Å�Ìa  �Àe  ½{  É�]�Z]  dÌ§��  ¾ÌÌ e  ,Ê¼¯Y�e

µZ¼�Y ½{Â¼¿ {Á|v» Z] Ze d�Y ­Zy º¯Y�e Ä¿Zf�M �{ �Àe ZË ­Zy  ¾Ì�Z» {{�e �iY �{ ­Zy Ä] �Z�§-

|��] ¶«Y|u Ä] ½M �Z³|¿Z» ¶°� �ÌÌ¤e ZË ­Zy º¯Y�e ��y ,Ä���» t�� �{ cÓM ]19[ .  

  µZ�  �{ZÅÉ  yYÌ,�   y�]  �YÊ  �  {YÂ»Ì¼ÌZÊË   ��ÁZ�¯  �{É   Ä]¿{Á�§Y  {YÂ»  ½YÂÀ�Ê  Y�]  ­Zy  Ä]É  

 Ä´¿ {Â^Æ]» Ã{Z¨f�Y ­Zy �{ [M d�Y{ Ê {Â�  .¸aÌ ZÅ�¼É   Ä] [}Zm�aÂ�·{Ì¶  �Y|Æ´¿ Á [~m  É200   Ê·Y

500   Ê¸Ì» Ê» ®�y ½�Á ¹�³�Å ÉY�Y Ä] [M �Ì·ÄÀË�³ ½YÂÀ� Ä] |¿YÂe �{ �f�Ì] d]Â�� �¨u dÆm ÉY

�Àe ¥~u dÆm [M d§�  �|Å �Y  �¿Z»  Á ­Zy �«YÁ  �iÂ»  |��  Ã�Á{ µÂ� �{  ½ZÅZÌ³  �]  {�YÁ  ÉZÅ
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  |¿{�³]16  ,15[.  Y Ë¾  ¸aÌ¼ �ZÅ  Ä] » �Â�Â�i É  ZfyZ� ,}Â¨¿  d���³{��§ ,­Zy �Ê  ,­Zy    ,­Zy d§Z]

Za Ë�Y|É  ­ZyÄ¿Y{fz�  Á  ZÅÊ  »�  Ä¸�Ì¾  z^e  d���  Á Ì�  e  dve  Y�ZiÌ�  »  �Y�« Ê|ÀÅ{  ]6[  . ¾ÌÀr¼Å

 Ã|� ��Y�³ �iÂ» �Ì¿  ­Zy Ê°Ë�Ì§ �ËY�� {Â^Æ]  �{ [}Zm�aÂ� {YÂ» {�]�Z¯  d�Y]5[  .  �{���],Ê    �iY

¸aÌZÅ�¼É  Á� �]  [}Zm�aÂ�É  ³ÌÃZ  ¹|À³  »Â· ­Zy d§Z] �{Ê   {�]�Z¯ Ä¯ |¿{Â¼¿ Ã|ÅZ�» Á |ÀfyY{�a

[}Zm�aÂ� §  �YÂy  ,µÂ�v»  {�°¸¼�  {Â^Æ]  h�Z]  ZÅÌ� Ë°Ê  Àr¼Å  Á  ­ZyÌ¾  Y�§Y Ë�  �f¯Z]ÉZÅÉ  

  d]Â��  Á  ­Zy  [M  ºnu  ,­Zy°Ì»aÂ°�Á�Ê  ­Zy    |�]17[  .  �{¬veÌ¬Ê  Zf¿ Ë l   ½{Á�§Y  {Y{  ½Z�¿

ÅÌµ�Á�|  [}Zm,   ¿ Á d]Â��Ì�  Y�§Y Ë�  Y�§Y \^� Ã{Z¨f�Y t�� Ë�  YÂ¿YÄ] ­Zy ¶z¸ze �  Á ËÃ�   ¶z¸ze

Â»ÌËÄÀ  » Ä]Ì½Y�  Àr¼Å Á |ÅZ� Ä] d^�¿ �]Y�] Ä�Ì¾  Y�§Y h�Z] Ë�  Z¿YÂeÊË  Å [M [~mÌµ�Á�|  f¿ �{ ÁÌ Än  

Y�§Y Ë�  »Ì ½Y�   [M   Ã|�  ÃZÌ³  Ã{Z¨f�Y  ¶]Z«  d�Y]1[  . �¼Ì¸a  �ËY��  Êy�]�{  ½YÂÀ�  Ä]  [}Zm�aÂ�  ÉZÅ

 {Y�M  ¶»Z�  {�Â»  ­Zy  �Ë�eZ»  �{  {Â¯ Ã|ÀÀ¯�«  Ã{Z¨f�Y Ê»  �Y¿�Ì³  ÊËY~£ ��ZÀ�  Ä¯ c�Â�  ¾ËY  Ä]  |

Ê» �Y�«  ÃZÌ³  �ZÌfyY  �{ Á  Ã{�¯  {Y�M Y� ½M  �Á�»  Ä]  Á  Ã{Â¼¿  [~m  Y� ½ZÅZÌ³  �ZÌ¿  {�Â» ¾ËY  Ä]  |ÀÅ{

 [M �¿Z»  \Ìe�eÊ»  ��ZÀ�  ¾ËY  ÊËÂ�|¿{�³  ]18[  .Ê»  \Ë�ze  ­Zy  �{  [}Zm�aÂ�  Ä¯  Ê»Z´ÀÅ ,{Â�

  |Ì�¯Y É{ ,­ZÌ¿Â»M ,[M cÓÂ�v» ËZ� Á ¾]�¯Ì°�e {YÂ»� cZ^Ì¯�e Ä] Äf�]YÁ Ä¯ ºË|� |À¿Z» Ã|ÀÅ{ ¶

 Ê» ¶Ë|^e ,|Àf�Å �¼Ì¸a  {Â�]11[.    ½|� �^� |��{�] [}Zm�aÂ� �iY Ê���] dÆm Ã|� ¹Zn¿Y Ä ·Z�» �{

 {Âz¿  Á  ¹|À³  ,Âm-   ÊÀ »  ¹|À³  Á  Âm  ½|�  �^�  |��{  �]  [}Zm�aÂ��Z¼Ìe  Z»Y  ,|�¿  �Y{  2/0|��{ 

Y�Ì» Ä] [}Zm�aÂ�  ½6/91  f�Ì] |��{Ä¿YÂm ¾Ë�d�Y{ Y� Ê¿�  �ËY�§Y \mÂ» Ä¯36  É|��{    ½|� �^�

|ÅZ� �Z¼Ìe Ä] d^�¿    ¾ÌÀr¼Å Á |�Y�§Y Ä¯ |Àf�Y{ �Y�]YË�  1/0  ,2/0  Á3/0    É|��{  ­Zy Ä] µ�Á�|ÌÅ

¹Â·  Á  Ê»Â·  ÊÀ�  Y�§Y  Ä]  �nÀ» Ë�  Y�§Y  Á  Ê�Y��  dÌ§�� d]Â�� Ë�  Y  ¶]Z«  [M� Á{  �Å  �{  ÃZÌ³  Ã{Z¨f 

Ê»  ­Zy  {{�³]7[  .Ì�]  º£�Ì¸�Z�» �Y  É�Z[}Zm�aÂ�  Ä¯  d�Ì¿  �z�»  �ÂÀÅ cZ ·  �]  Ã�Y|¿Y  Äq Ze  ZÅ

Ê» �ÌiZe ­Zy �ZfyZ�|¿�Y~³  ]9[  .  ¾ËY Z][}Zm�aÂ� Ä¯ |¿|¬f » ½Z³|À�ËÂ¿ �Y É�ZÌ�] µZuÄ] ZÅ  ¶Ì·{

Äf�Y{ ­Zy ¶z¸ze �] Êf^j» �ÌiZe Á ­Zy ½|� ¶� h�Z] ��°» �Z^¬¿Y Á �Z�^¿Y|À�Z] ]21[ .  

  Ì¼ÅY Ä] ÄmÂe Z]­Zy º¯Y�e d� ÉZÅ  ¾ÌÌ e �ÅÁ�a ¾ËY ¹Zn¿Y �Y ¥|Å ,Ê¼¯Y�e �Ìa �Àe Á Ê�Y�

 �Ìa �Àe �{ [}Zm�aÂ� �iY Ê���] Á [}Zm�aÂ� {YÂ» �Â�u ¹|� Á �Â�u �{ ­Zy Ê³{��§ t��

.Ê¼¯Y�e  

  

 �Á� Á {YÂ»ZÅ  

 ­Zy Ä¿Â¼¿ ÄÌÆe �Á�  

  ¸¼�ÌcZ  Y�mYÉ  Y Ë¾   s��    µZ�  �{1399    Z»�M  �{ ËÃZ´�  ¿Z°»Ì®    ÃÁ�³  ­Zy�|ÀÆ»Ê  ¿Z°»Ì®  

]Ì�ÂÌºf�  ¸�Â] ÃZ´�¿Y{Ê  �ÌZÀ  .|� ¹Zn¿Y ½Y|¼Å.   �Ìv» d]Â�� Á �Â¿ ,Z»{ ��¿ �Y Ã|� µ�fÀ¯ �Ìv» �{

  ª¼� Ê�Y�� ­Zy �Y ªÌ¬ve ¾ËY �{ .|� ¹Zn¿Y0-20  Êf¿Z� {Z]M �Z^� Ê�ÅÁ�a Á Ê��Â»M Ä���» É�f»
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  Á |Ë{�³ ÄÌÆe ZÀÌ� Ê¸�Â] ÃZ´�¿Y{] .|� Ã{Y{ µZ¬f¿Y ÃZ´�ËZ»�M Ä]  \Ì¯�e Z] ÊÀ� Ê�� ¹Â· ­Zy d§Z46%  

 ,Ä�Z»27%  Á dÌ¸Ì�26% .{Â] ��  

   »  Á{  ®·Y  �Y  �Â^�  Z]  ­ZyÌ¸Ê�f»É,  dÆm    ½|�  ®�y�{  �{  ,YÂÅ  v»Ì�Ê  �ÁÌ �  ]  Ä c�Â�

ÓÄËZÅÉ  �{ .|� �za ­�Z¿  ¹Z´ÀÅ  ­Zy �Y  Ã{Z¨f�YÆe  Á ®�y YÂÅ ZÅÌÄ    Z] Ä¿Â¼¿d]Â��   �Y ,�z�»

­Zy Ä¿Â¼¿ ZÅ³Ì�É  ��{ Á Ã|�  d]Â�� | ½MZÅ   Ã�Y|¿Y³Ì�É   {�³ Ë|  .Y�] É  ³Â¸mÌ �É    �YµZ¬f¿Y    ,d]Â��

� Ë�  Ó Ë Ä  ¾Æa ­Zy  f�Ôa Ã|�Ì®    �Y�«Ã{Y{  .|�  Ä¿Â¼¿ |Àq  ½M Á Äf§�³ ­Zy �Y Ä] �b� Á ½�Á Y� ZÅ

  c|»24  ÉZ»{ �{ d�Z�  5  110    | ] Á |� Ã{Y{ �Y�« ½ÁM �{ �ÂÌ�¸� Äm�{  Y{|n» ½|� ®�y �Y

|¿|� ½�Á  .¼�Y  �Y  | ]Ì½ZÀ  ¶»Z¯ ½|� ®�y �Y  ­Zy,   �¼m  Ã|�  ®�y  ­Zy �ÁMÉ   ¶yY{  Á  Ã|�

¯ÌÄ�ZÅÉ  f�ÔaÌ°Ê  Ó  |Àq  c�Â� Ä] ËÄ  f]Â��  µ{Z^e  �Y  Ze  |�  Ã{Y{  �Y�«Ê  ¸mÂ³Ì�É  .{Â�   Y�]É  ÆeÌ Ä  

 Ä¿Â¼¿  ��¿  {�Â»  d]Â��  Z]  ZÅ Ë®  �ÌÀÊ  �¸§É  ¿YÂ·Z³ÌÃ�  Ä^·  Z]ZÅÊË  Ä]    lÀa  �Z¨e�Yf¿Z�Ê�f»É  Y�]É  

³Â¸mÌ�É    {�Â» ­Zy ½|� Ã|À¯Y�a �Y  �ËZ»�M  ��¿ �{ Z] Á ®�y ­Zy ½{�¯ ½�Á �Y | ] .|� ÄfyZ�

»  ,d]Â��  |��{  ¾f§�³Ì½Y�  M[  ¿  {�Â»Ì�Z  Y�] É  ÆeÌÄ   Ä¿Â¼¿»  Ä^�Zv»  ZÅÊ|�Ó  c�Â�  Ä]  ­Zy  . Ë Ä  

� t�� �{ ­�Z¿ÌÀÊ  » �zaÊ|�  f�{ �Zb]M Z] [M ÁÊ  Á� �] É  �b�Y ­ZyÉ  »Ê|�    Ô»Z¯ ­Zy Z] Á

Â¸z»» � Ê {�³ Ë|  Y Á Ë¾  ¿Z»� Ze ¶¼�Ê   Ä¿Â¼¿  Ä¯a Ä»Y{Y |À��] [Â¸�» d]Â�� Ä]  ZÅ ÌY|  » Ê {�¯  �Y | ]  .

 Ä¿Â¼¿  �Z¯ ½ZËZa �¼m ÊÀÌ� t�� �Y  ZÅ d¯Za  ¶yY{  Á  Ã|� É�ÁM  c|» Ä]  Ê°Ìf�Ôa ÉZÅ24  �Y�« d�Z�

Ê» Ã{Y{ |�]2[.  

   ÃÂv¿ Ä] ÄmÂe Z]    t�� Á{ �{ ­Zy d]Â�� ,­Zy Ä¿Â¼¿ ÄÌÆe10%  Á  15%     Á (­Zy ®�y ½�Á)

 ½Y|¸³ ¶yY{ ­Zy Ê·Z´q  t�� Ä� �{ ZÅ4/1  Á5/1  Á6/1  Êf¿Z� �] ¹�³)Á (\ °» �f»   [}Zm�aÂ� �Y|¬»

  t�� lÀa �{0  ,1  ,2  ,3  Á4  Ä] ÄmÂe Z] .{Â] (­Zy ®�y ½�Á) |��{  )Ä�]Y�1,(   )Ê·Z´q ¾f�Y{ Z](   Á

) Ä¿Â¼¿ ºnu  (^�Zv» Ä¿Â¼¿ �Å ½�Á» ­Zy �b� .|Ë{�³ Ä ÉÁZ�»  d¼�« Ä� Ä] Á Ã|� ½�Á �ZÌ¿ {�Â

ÄËÓ Ä� �{ ­Zy .|� ºÌ�¬e  ÄËÓ �Å)  4  �f» Êf¿Z�  Ze Ã|� º¯Y�f» �b� Á |� ÄfzË� �ËZ»�M ¥�� ¶yY{ (

 .|��] ��¿ {�Â» Ê·Z´q Ä]  

)1 (  
  

Z»�M Ë� Äv¨� d��¿YÉ 

  Z»�M Ë�  Äv¨� d��¿Y)ÉPST(   Ë°Ê  �Á� �YZÅÉ  Y|¿Y Ã�a �Àe É�Ì³­Zy Ê¼¯Y�e �Ì   �{ .d�Y

  ,Êa  Ê�|ÀÆ»Y Ë¾  Z»�M Ë�  Ä]  ½YÂÀ� Ë®  £  �Á��Ì¬f�»Ìº   Y�]É   eÌÌ¾   §��Ìd   �]�Z]É    ¶v»  �{  ­Zy

» Ã{Z¨f�YÊ {Â�.  Y �{Ë¾  Z»�M Ë,� �Y~³�Z] É�]  t�� ­Zy Z] Ã{Z¨f�Y �Y  Ë® Äv¨�  �¸§ ÉZ] ��« 5  Êf¿Z�

�f»  d»Zz� Á 16   �f» Êf¿Z�    ÃZ´f�{ Z]CBR d��� Z]  1-mm.min1   |� ¹Zn¿Y  ]2[.    ¥��   Ê§�� ,�ËZ»�M

 Ä¿YÂf�Y  ��« Z] ¶°� ÉY20   �f» Êf¿Z�  �Z¨e�Y Á 12  �f» Êf¿Z�    Á ½Z¼Å�Â�    ¶°� �{ Ä¯1    Ã|� Ã{Y{ ½Z�¿

Äv¨� d��¿ �ËZ»�M Ê� ,d�YÄ¿YÂf�Y ¥�� �¯�» �{ É�Y~³�Z] Äv¨� ,ÉY d§�³ �Y�« ­Zy Ä¿Â¼¿ ÉY . 
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بیوسیستم  )١۴٠٠(مکانیک

 
  ®Ë �Å ÉY�Y Ä]»Ì¸Ê�f»  YÁ Á�Ì¿ �Y|¬» ,d��¿Ì¿ ��Âe Ä¿Â¼¿ �] Ã{�  É�Z�§ lÀ�Á�S    dÌ§�� Z] ¶°�1   ¾e  

 d«{ �Ô¯ �{C3 Ê» d^iÁ�Ì¿ �Y{Â¼¿ Á |�-� ÊËZn]ZmÊ» º�|Ë{�³.  

  

  
 ¶°�1 -  Äv¨� d��¿ ½Â»�M Ê� É�Y~³�Z] Äv¨� Á lÀ�Á�Ì¿ �Y ÊËZ¼¿ ­Zy ÉY  

  

Z] dve ­Zy Ê°Ì¿Z°» �Zf§� Ê���] ÉY�]Äv¨� d��¿ �ËZ»�M �Y Ê¿Á�Ì] ÉZÅ�ÉY  f�YÃ{Z¨  .|�     �{

Y Ë¾  Z»�M Ë,�   Ë®  Á� \¸� Äv¨�É  ­Zy t��  Á Äf§�³ �Y�«  �Y~³�Z]É   {Â¼�É  » ¹Zn¿YÊ {Â�   d��¿ Á

 {Â¼�  É³ Ã�Y|¿Y Äv¨�Ì�É  ÀvÀ» Á Ã|�Ê    �Z]-  » º�� d��¿ Ê {{�³  ´¿Â´q Ä¯Ê   �]Y�] �{ ­Zy �Zf§�

 {Â¼� �ÀeÉ » ½Z�¿ Y�Ê|Å{.  

Zn¿Y �Y ¥|Å�ËZ»�M ¾ËY ¹d�{ ,ZÅÄÀÌ�Ì] Ä] Ê]ZË   { Ä¯ d�Y Ê�Àe  Á �e ,d��¿) Ê¿Á�{ ¶»YÂ� �iY �

  ½|� ®�y¾Ì�Z» {{�e) Ê¿Á�Ì] ¶»YÂ� Á (­Zy.d�Y Ã|� {�YÁ ­Zy Ä] (ZÅ  Ä�¬¿ �Y �Àe ¾ËY �Y|¬» -

 { d�°� Ä¯ ÉYÊ» {ZnËY ­Zy d��¿ / �Àe ÊÀvÀ» �Ê» kY�zf�Y ¶]Z« ,{Â�.|�Z]    �Àe �Y|¬»  ¾ËY �{

Ä�¬¿ �Ìa �Àe Y�   Ê¼¯Y�e)pcσ { �Àe ZË (e Ä¿Zf�M �Ê» º¯Y�.|À»Z¿  

  

hv] Á lËZf¿  

�¼Ì¸a  Zm�aÂ�[}  Z]  YZnË {  �¨uÃ    ÁZ¿Z¯µ  Zy­  ZÅÉ  Ä]   ºÅ  �^e�»,  h�Z]  Â^Æ] {  Z¼fyZ� ½ZÅÉ   ¾Ì´À�  

  Á¾Ì´À�Ä¼Ì¿  Y Á�§Y�Ë  Y|¿Ã�Y  ¶¸y    Á�§k  Zy­  �{ (d·Zu  YZ^��    Áh�Z]  Y�§Y�Ë  ¶z¸ze  |��aÃ    [M �Y

Â�Ê» {,  ¾ÌÀr¼Å  �¼Ì¸a  Zm�aÂ�[}  ÄËZa  ®Ì¸Ë�¯M  M  [ Á{d�  Yd�  ®Ë  �¼Ì¸a  |Ë|�Y  Â°·Â»µZÅÉ    [M

  Y� Ä]  ZmÉ   { �§,  ~m[  |À¯ .  Y¾Ë  |Ë|a,Ã  �Ì¿ ÉÁ  Â»�e {Ê°Ì»ZÀË  �ZËÉ{  |Ì·Âe  |À¯Ê»   Ä¯   h�Z]  Â¨¿ }    [M

Ê»Â� {    �{  ÁÄnÌf¿  h�Z]  Y�§Y�Ë  d���  ~m[    Á  [M\Ë��  [MÉ�~³  YZ^��   Zy­  Â�Ê» {    Z][3]  

.{�Y{ d¬]Z�»  

897



مکانیکسیزدھمین مھندسی ملی کنگره
مکانیزاسیونبیوسیس و ایرانتم
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ZÅ�¼Ì¸aÉ  Zm�aÂ�[}  ¾¼�  Ây�]É�Y{�    �Y��d�    ÁdÌ§��  � ZË {  ~m[    ,[M|À¿Z¼Å  YZ ¿̂�ZÅ É 

ÂeZÌÀÌ»É�  ¶¼�  �¯Ã{    �{ Á �«Â»  ZÌ¿�  �Ä�Ë  �]YÊfu  Y �{ Y� [MZÌfy�    ½M�«�Y  Ê» {|Å. { Är¿M�  Y ªÌ¬ve¾Ë  

d�|]  M|»  Z�¿½   {Y{  Y�§½{Á  Z»Ã{  Zm�aÂ�[}  Ä]  Zy­ÊËZÅ  Z]  d§Z]  ��Âf»  h�Z]  ~m[  �f�Ì]  �d]Â�  

 �{Zy ­Ê» {Â�Á YÔfy¥ ÊÀ »  É�Y{¾Ì] Z¼Ìe� ZuÉÁ �aÂ� Zm[}  ÁZ¼Ìe�  {�Y{ [}Zm�aÂ� |«Z§[4] .  

  

�{  ¶°�2  �{  )Ê·Z´q4/1  (  d]Â�� �ËY�§Y Z] ,  �Y{Â¼¿ �{ �ÀeS3  )    Ä�­Zy ¹�³Â¸Ì¯ �Å �{ ¹�³ (  

  �Y147    Ä]102   Á µZ°�ZaÂ¸Ì¯    �Y{Â¼¿ �{S2  )  ­Zy ¹�³Â¸Ì¯ �Å �{ ¹�³ Á{(    �Y117   Ä]42      É|Ë|� d§Y

Äf�Y{ .d�Y    

  

  

  

  

  

  

  

  

  
{Â¼¿) �Y (¦·Y  

  
 ([)�Y{Â¼¿  

 ¶°�2 -  d]Â�� ¦·Y �Y{Â¼¿10%  Ê·Z´q Á4/1  d]Â�� [�Y{Â¼¿-15%  Ê·Z´q Á4/1  
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  ¶°�  Ä]  ÄmÂe  Z]3  )Ê·Z´q  �{5/1(  d]Â��  �ËY�§Y  Z]�Àe  ,    �Y{Â¼¿S3  )  Ä�  �Å  �{  ¹�³  ¹�³Â¸Ì¯

(­Zy    �Y228    Ä]97  �ÅZ¯  µZ°�ZaÂ¸Ì¯  º�qÄf�Y{  É�Ì³  .d�YÅZ�»  ¶°�  ¾ËY  �{  Ê¸¯  �Â�  Ä]  Ã|

Ê»Ê» d§Y �Zq{ ZÅ�Y{Â¼¿ Ê»Z¼e d]Â�� �ËY�§Y Z] Ä¯ {Â� .|¿Â�  
  

  
 ¦·Y �Y{Â¼¿  

  
 [ �Y{Â¼¿  

 ¶°�3 - Ê·Z´q5/1   ¦·Y �Y{Â¼¿d]Â��10%  d]Â�� [ �Y{Â¼¿ -15%  

  
 

  ¶°� �{4)Ê·Z´q �{6/1  (Ê» �z�» {Â�,  d]Â�� �ËY�§Y Z]    �Y{Â¼¿ �{ �ÀeS2    �Å �{ ¹�³ Á{)

(­Zy ¹�³Â¸Ì¯    �Y218    Ä]110  �Y{Â¼¿ �{ �Àe Á  S1    �Y (­Zy ¹�³Â¸Ì¯ �Å �{ ¹�³ ®Ë)228  Ä]  122  

Äf�Y{ �ÅZ¯ .|¿Y  
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 ¦·Y �Y{Â¼¿  

  

 
 [ �Y{Â¼¿  

 ¶°�4 -  Ê·Z´q6/1 d]Â�� ¦·Y �Y{Â¼¿10% d]Â�� [ �Y{Â¼¿ ,15 % 

 
 

  ÉZÅ�¼Ì¸a  ��Âe  [M  [~m  ½Y�Ì»  Ä¯ |¿|Ì��  ÄnÌf¿  ¾ËY  Ä]  {Ây cZ¬Ì¬ve  �{  ½Y�Z°¼Å Á  É�|¿M

 Ê»  Y|Ìa  �ÅZ¯  É{Á|u Ze  Z»{  �ËY�§Y  Á  Ã{Â]  �Ìv»  ÉZ»{  Ä]  Äf�]YÁ  [}Zm�aÂ�|À¯  cZ¬Ì¬ve  lËZf¿  .

É�f�Ì]  �¼Ì¸a Ä¯ ÊËZÅ�¼Ì¸a Ä¯ ÊËZÅ�Z¼Ìe  �{ Ã|� [~m [M ½Y�Ì» Ä¯ Ã{Â]  ½M �Y  Ê¯Zu �Ì¿  Äf�~³  

­Zy d]Â�� �Y �f�Ì] ,|¿�Y{½M �{ Ä¯ d�Y ÊËZÅ {�Y{ {ÂmÁ Ê·M {YÂ» ZÅ  [8]   Á ZÅ�¼Ì¸a �iY ¾ÌÀr¼Å

µ�Á�|ÌÅ Ã|� cZ^iY [M �Ìz^e �iY �] [M d§� �|Å �ÅZ¯ �{ É��ÁZ�¯ ÉZÅd�Y [22].  
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�Ìa �Àe ½{�ÁM d�{ Ä]  ÉY�]-�Àe �Y{Â¼¿ �Y Ã{Z¨f�Y  Z] Ê¼¯Y�e-Ä]Zm �{  Ê°Ë �Z¼»  Á{ ÊËZm

Y d¼�«Ê» Y� �Z¼» Á{ ¾ËY Ê«Ôe �b� Á Ã|Ì�¯ ®Ìf�Ôa d¼�« �{ É�´Ë{ Á ®Ìf�Ó  Ä�¬¿ ¾ËY .ºÌ]ZË

�Ìq �Àe �Y{Â¼¿ ÉÁ� -Ê» Ê¼¯Y�e .|�Z]  

  
 ¶°�5 - �Ìa �Àe ½{�ÁM d�|] Ê´¿Â´q �Y{Â¼¿ - Ê¼¯Y�e  

  

  

�Àe�Ìa  ÉZÅ-¶°�  �{ Ã|»M  d�{  Ä]  Ê¼¯Y�e6   Ê»  Ã|ÅZ�»|��{  Ã{  d]Â�� �{  .|ÌÀ¯ �Y{Â¼¿)

¦·Y  (    Z]�Ìa  �Àe  Ê·Z´q �ËY�§Y-  �Y  [}Zm�aÂ�  |«Z§  ­Zy  �{  Ê¼¯Y�e68    Ä]85   �{  Á  µZ°�ZaÂ¸Ì¯

  �Z¼Ìe1  �Y [}Zm�aÂ� Ê¿�Á |��{80    Ä]132    �Z¼Ìe �{ Á µZ°�ZaÂ¸Ì¯2�Y [}Zm�aÂ� Ê¿�Á |��{67   Ä]

140    �Z¼Ìe  �{  Á  µZ°�ZaÂ¸Ì¯3    �Y  [}Zm�aÂ�  Ê¿�Á  |��{80    Ä]140    �Z¼Ìe  �{  Á  µZ°�ZaÂ¸Ì¯4 {  |��

�Á  �Y [}Zm�aÂ� Ê¿30   Ä]102  Äf�Y{ �ËY�§Y µZ°�ZaÂ¸Ì¯|¿Y.    �Z¼Ìe �{ Äf^·Y3  Ê·Z´q �{ Ê¿�Á |��{5/1 

�Ìa �Àe Á Ã{Y{ w� �Àe ¾Ë�f�Ì]-  Ä] Ê¼¯Y�e158 Ã|Ì�� µZ°�ZaÂ¸Ì¯.d�Y  

�Ìa  �Àe  �ÌÌ¤e  �{  Ê�Zy |¿Á�  Ê·Z´q �ËY�§Y  Z]  ([  �Y{Â¼¿)  |��{ Ã{�¿Za  d]Â�� �{- Ê¼¯Y�e

.|�¿  �z�»  �f�Ì]�Ìa �Àe  ¾Ë-    �Z¼Ìe  �{ Ê¼¯Y�e3Ê·Z´q  �{ Ê¿�Á |��{6/1    Ä]  ,105   µZ°�ZaÂ¸Ì¯

.|Ì��    d]Â�� �{15 %  �Àe ¾Ë�f¼¯�Ìa  ÉZÅ-  Ê·Z´q �{ Ê¼¯Y�e5/1   �{  µZu ¾ËY Z]  d�Y Ã{Y{ w�

  �Z¼Ìe2�Ìa  �Àe  ¾Ë�f�Ì]  [}Zm�aÂ�  Ê¿�Á  |��{-Ê·Z´q  �{  Ê¼¯Y�e5/1  Ê»  Ä]  Ä¯  |�Z]78  

Ã|Ì�� µZ°�Z³Â¸Ì¯  .d�Y  
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 ¦·Y �Y{Â¼¿  

  

  
 [ �Y{Â¼¿  

 ¶°�6 - �Ìa �Àe -Ê·Z´q Ä� �{ Ê¼¯Y�e4/1 ,5/1 Á6/1  d]Â�� (¦·Y)�Y{Â¼¿10% ؛([)�Y{Â¼¿  d]Â��15%

  

�]ÉY  � �§  ¶°�»  |Å �  �d§    �{ [M­ZyÉZÅ  ®^�  ) ÊÀ�  (ÂeÊ»½Y  Z]  YZ¨f�Ã{    �Y|ÌÅµ�Á�   dÌ§�� 

|Æ´¿É�Y    Y�  [M ÓZ]  �] {  . Ä]  Ô�ÃÁ  �]ÉY  � �§  ¶°�»   Â¨¿ }  �Ë~aÉ  ¯ZyZÆÉ  ¾Ì´À�    (Ê��)ÂeÊ» ½Y    �Y

902



مکانیکسیزدھمین مھندسی ملی کنگره
مکانیزاسیونبیوسیس و ایرانتم

بیوسیستم  )١۴٠٠(مکانیک

 
|ÌÅµ�Á�  YZ¨f�Ã{  Â¼¿ {.  |ÌÅµ�Á�    �{Z�¯É��Á  ,Ê¿Z^£Z],  ¶´ÀmÉ�Z¯    ÁZ�§É  �^�  YZ¨f�Ã{  Â�Ê» {.  

|ÌÅµ�Á�  �ÌiZecY  d^j»  ��]YÊË    �{�fÀ¯µ  �ËZ��§  Zy­  .{�Y{  M �YZn¿  Ä¯  Y¾Ë  Â» {Y  ~m[    [MÊ�Z¿    �Y

Z]�Ê³|¿ZÅÉ  �aY|À¯Ã    Y�ÓZ]  �]Ê» {  �a  Â§Y¶�  MZÌ]É�  Y  Y� §�Y�Ë   Ê» {|ÀÅ,Ä¯  Y¾Ë  Y�§Y�Ë  Ê´f�]  Ä] 

��Y�Ë  Ê°Ë�Ì§  Zy­  Á [M ,ÂÅY    Á�Ì»½Y  ��»¥  |ÌÅµ�Á�    �{Zy­  Z¨f»cÁ  Yd�.    �{ lËZf¿  d�|]M |»Ã  

Y  �{¾Ë  �aÁ�Å  |ÅZ�»Ã   �³ {|Ë  �Á{  �{ É�ZÌ]M  Z¼Ìe�ZÅÉ  Zu ÉÁ   �¼Ì¸a  YÂ¯Âf�[�  �{  Ä�  d§Z]  Zy ­  

®^�,  ��Âf»    ÁÄ¼Ì¿  Ä] ¾Ì´À�  \Ìe�e  11  ,12  Á13    �Á�Z]Ê»|�,Ä¯  ÂfÌ»½Y  Y �Y¾Ë  Äf§ZË  ZÅ  ÄnÌf¿   d§�³

Ã{Z¨f�Y    �Y�¼Ì¸a  YÂ¯Âf�[�  �{  Ê¯Zy  Z]  d§Z]  Ä¼Ì¿  ¾Ì´À�  �°¸¼� {  �eÓZ]É  �{    [~m    d]Â�� d�Y|Æ´¿

­Zy Z] Ä�ËZ¬» �{d§Z] Z] ÊËZÅd�Y Äf�Y{ ��Âf» Á ®^� ÉZÅ[4].  

  

Y�§Y Z] Ë�  sÔ�Y �Y|¬» Ã|ÀÀ¯  �Å ZÅ Ë®  �Â�y �YÌcZ  §Ì�Ë°Ê  Ä] ­Zy  m �m�ÅZ� �Â�z» ¹� É  

Y�§Y Ë�  Ëd§Z  ]  ÁÌ¾  sÔ�Y  ¦¸fz»  sÂ��Ã|ÀÀ¯À »  cÁZ¨e  ZÅÊ�Y{É    t��  �{Ë®    Ã|ÅZ�»  |��{

 {�³ Ë|Ä]  .  �Â� ËÄ°  ]  �{Ì¾  ��  sÂsÔ�Y  ¦¸fz» Ã|ÀÀ¯ t��  ,ZÅ  2    ¾Ë�f�Ì]  ­Zy  ¹�³Â¸Ì¯  �]  ¹�³

» ,¶z¸zeÌ´¿ZÌ¾  ¿�ÁÊ  Ä¿Y|¯Zy ��«Á ZÅ    [M³ Ã{Z¨f�Y ¶]Z«ÌÃZ  Á�f¼¯ Ë¾  �Â�z» ¹�m  �ÅZ�É    ½Z�¿ Y�

 {Y{[5] .  

  

ÄnÌf¿É�Ì³  

Ê»  ½Z�¿  �ËZ»�M  ¾ËY  �Y  Ã|»M  d�|] lËZf¿Ê» [}Zm�aÂ�  �Y  Ã{Z¨f�Y  Ä¯ |Å{ Ä]  d^�¿  �{  |¿YÂe

uÔ» ¶]Z« ¥ÔfyY ½M �Y Ã{Z¨f�Y ¹|�� Ä lËZf¿ {ÂmÁ ¾ËY Z] .|À¯ {ZnËY ­Zy �{ Ã|� {ZnËY �Àe �{ ÉY

  Ê¸¯[}Zm�aÂ� �Y Ã{Z¨f�Y Ä¯ {�¯ �z�»,  �§Y Z]�ËY    �Y d]Â��10%    Ä]15%    �Àe |Ë|� �ÅZ¯ h�Z]

Ê».{Â�  �Ìa �Àe ¾Ë�f�Ì]-  d]Â�� �{ Ê¼¯Y�e10%    �Z¼Ìe �{3  Ê·Z´q �{ [}Zm�aÂ� Ê¿�Á |��{5 /1 

  Ä]158    d]Â��  �{  �Z¼Ìe  ¾Ì¼Å  Ä¯  |Ì��  µZ°�ZaÂ¸Ì¯15%  Ê·Z´q  Á6/1  �]Y�]105   Á  |�  µZ°�ZaÂ¸Ì¯

¯�Ìa �Àe ¾Ë�f¼-  d]Â�� �{ Ê¼¯Y�e10%  Ìe �{  �Z¼4Ê·Z´q �{ [}Zm�aÂ� Ê¿�Á |��{4/1    �]Y�]30 

.|� µZ°�ZaÂ¸Ì¯  
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:�mY�»  

١ .  .­ ÊÀmÁ�] ®¿YÁ�a1388  d]Â�� [}Zm µ�Á�|ÌÅ �ÌiZe .Super AB A 200   ÊËZ¿YÂe ,¶z¸ze �]
  ,¹Â]  d�Ë� Á  ÃZÌ³  ÄË��¿  .Ä���»  �ËY��  �{  ­Zy  Ê°Ì·Á�|ÌÅ dËY|Å  Á [M É�Y|Æ´¿5)18 :(

102- 118. 
  

٢ .  É�]Zm»  .¹ Z§�� ,� Ê¿ZÆÌ¯ ,� É�¨ m ,¹ � 1397  É�Ë~a º¯Y�e �] [Á} Á ½Y|À^zË |ÀËM�§ �iY .
 ,É��ÁZ�¯ ½ÂÌ�Y�Ì¿Z°» ÄË��¿ .­Zy4)1 :(45- 55 . 

  
٣ .�]  ,­  É�Y�¼¸�  .�  \�¿|À»Á1392  .  [}Zm�aÂ�  ¦¸fz»  sÂ��  �ÌiZeA300    Êy�]  ÉÁ�

Ì§  cZÌ�Â�y  .¹Â·  Êf¸Ì�  ­Zy  Ê°Ì·Á�|ÌÅ  Á  Ê°Ë�  ¹Â¸�É�ZÌ]Y  Ê�|ÀÆ»    Ê¼¸�  Ä¸n»
 ,É��ÁZ�¯36)4 :(63- 71 .  

  
٤ .,s  ½ZÌ¨Ë��  ,¹  É�Ë|«    .¹  ÊÀÌ�v·Y|^�,¹  ¹Z�u  ,¦·Y  Ê^Ë�m1392.   [}Zm�aÂ�  �ÌiZe  Ê���]

  d§Z] �Â¿ Ä� �{ [�Â¯Âf�Y ÉZÅ �·Zq Ê¸» �ËZ¼Å ¾Ì·ÁY ,¾Ì´À� Ä¼Ì¿ Á ��Âf» ®^� ­Zy
, ½Y�ËY Ê�°Å� Á É�ZÌ]Y ¾¼n¿Y ,É��ÁZ�¯ Á [Y �]ZÀ»24    

  
٥ .  ,¹ ½ZË{Y�»  .¦·Y É{Z]Y|Ì] ,� Ê°¸»1398M �Â¸] [}Zm�aÂ� �¼Ì¸a �ÌiZe .[  A,    dÌ·ÂW� Á dÌ·�a

Ê³�ËÁ �]½Y�ËY ­Zy Á [M cZ¬Ì¬ve ,ÊÀ� ¹Â· ­Zy Ê°Ë�Ì§ ÉZÅ ,50)5 :(1219- 1230 .  
 
6. Abedi-koupai, J., Asadkazemi, J. 2006. Effects of a Hydrophilic Polymer on the Field 

Performance of an Ornamental Plant (Cupressus arizonica) under Reduced Irrigation Regimes. 
Iranian Polymer Journal, 15(9): 715-725. 

 
7. Akhter, J., Mahmood, K., Malik, K. A., Mardan, A., Ahmad, M., Iqbal, M. M. 2004. Effects of 

hydrogel amendment on water storage of sandy loam and loam soils and seedling growth of 
barley, wheat and chickpea. Plant Soil Environmental. 50(10): 463- 469. 

 
 

8. Andry H., Yamamoto T., Irie T., Moritani S., Inoue M., Fujiyama, H. 2009. Water retention, 
hydraulic conductivity of hydrophilic polymers in sandy soil as affected by temperature and water 
quality. Journal of Hydrology, 373: 177–183 . 

 
9. Boodt de, M. F. 1993. Soil conditioning, a modern procedure for restoring physical soil 

degradation. Pedologie, 43: 157-195. 
 

10. Casagrande, A. 1936. .The determination of preconsolidation load and tis practical significance. 
International Conference on Soil Mechanics and Foundation Engineering. 3: 60-64. 

 
11. De Barros, A. F., Pimentel, L. D., Araujo, E. F. 2017. Superabsorbent polymer application in 
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Abstract 

The pain of soil as a substrate for crop and horticultural production is one of the most important factors in the 
production of agricultural products. On the other hand, water is the most important and basic factor of life and the main 
component of any soil fertility. It becomes mechanical and mechanical. Superabsorbent materials increase soil water 
holding capacity and reduce drought stress intensity. In this study, the physical and mechanical properties of soil in the 
presence of superabsorbent were investigated using plate subsidence experiments. Factorial experiment was performed 
in a completely randomized design with three replications on samples at 15% and 10% humidity and densities of 1/4, 
1/5 and 1/6 at five levels of 0,1, 2, 3 and 4 g of polymer per kg of soil. The experimental results showed that with 
increasing humidity at the same density, the stress decreases. At 10% humidity pre-compression stress increased with 
increasing density and at 15% humidity with increasing density no specific trend for pre-compression stress was 
observed. 

 
Key words: Soil compaction, soil shear stress, plate subsidence test, pre-compaction stress, 
superabsorbent. 
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