
  

مکانیکسیزدھمین مھندسی ملی کنگره
مکانیزاسیون و ایرانبیوسیستم

بیوسیستم  )١۴٠٠(مکانیک
  

 
   

 
  
  
  

iPeÌ� É�Y~³�Z] d��� Á Ê°Ì¿Z°» �YÂy �] \Ë�� Ê¿Z��¯ É�ÅZ� \Ì� ÊÀÌ»�  
  

 
 

Ã|Ì°q   
  Ê°Ë�Y ÃY�ÉZÅ É�Ì³Â¸m  �Y �Á�] Ê°Ì¿Z°» cZ»|/� dyZÀ/� Ê³�ËÁÉZÅ Êf»ÁZ¬» µÂ/�v» dve ¦¸fz» �ËY�/� 

.d/�Y ¹Zn¿Y ½Â»�MÊ°Ì¿Z°» ÉZÅ |À¿Z»  ½Â»�M �Z/�§ �Y Ê°Ë ÉÃY�d/�Y Ê°Ì¿Z°» �YÂy Ê/���] ÉZÅ �/�Zu ªÌ¬ve .
Ä]\Ì/� Ê°Ì¿Z°» �YÂy ¾ÌÌ e �Â�À»  ,Ä¿Y{ d/�°/� Á Ê°Ë�Â·ÂÌ] ºÌ¸/�e ÉZÅÁ�Ì¿ ¶»Z/� ÊÀÌ»��/� Ë\ ¿Z/�/�¯Ê �ÅZ�É  Á

d��//� �{ Ê´»�¬q  É�Y~³�Z] ÉZÅ30   Á90 Ê¸Ì»Ä¿Â¼¿ .d§�³ ¹Zn¿Y Ä¬Ì«{ �] �f»  ®ÌeZf//�Y Ä^//� É�Y~³�Z] dve ZÅ
  ÃZ´f/�{ �/�ÂeÊÀ » �ÌiPe É�Y~³�Z] d��/� Ä¯ {Y{ ½Z/�¿ Ä ·Z�» ¾ËY lËZf¿ .|Àf§�³ �Y�« {YÂ» ½Â»�M ÉÁ� �] É�Y{

\Ë�/� Á d/�°/� Á Ê°Ë�Â·ÂÌ] ºÌ¸/�e ÉÁ�Ì¿ ¾Ì´¿ZÌ» Ê¿Z/�/�¯ É�ÅZ� Ä¿Â¼¿ �{Ä] .{�Y{ �ËZ»�M dve ÉZÅÉ�Â� Ä¯
d��/� �{ d/�°/� Á Ê°Ë�Â·ÂÌ] ºÌ¸/�e ÉÁ�Ì¿ �Ë{Z¬» ¾Ë�f¼¯  ÉÓZ] ÉZÅÊ» ©Z¨eY É�Y~³�Z]d��/� �ËY�§Y Z] .|f§Y 

\Ë�� ¾Ì´¿ZÌ» �Ë{Z¬» ,É�Y~³�Z] Ê¿Z��¯ É�ÅZ� Ä¯ d§ZË �ÅZ¯   �{ µÂ�v» ÄfÌ�Ìf�ÓY dÌ�Zy �ËY�§Y �´¿Z�¿ ¾ËY
d��/� �f¼¯ ÉZÅd/�YZ] . ÄmÂe ,lËZf¿ Ä] Y~· �fÆ] d/�Y cZÌ¸¼� d/�Y{�] Á �Y �a \Ì/� d/�Y{�]ÊÀÌ»� �{ d��/�ÉZÅ 

É�Y~³�Z] Y �f¼¯¹Zn¿ .|]ZË �ÅZ¯ ½M cZ ËZ� ½Y�Ì» �Y Ze {Â�  
 

:É|Ì¸¯ cZ¼¸¯  
 ÉÁ�Ì¿ ,Ê°Ë�Â·ÂÌ] ºÌ¸�e ÉZÅÁ�Ì¿d�°�®ÌeZf�Y Ä^� É�Y~³�Z] ,Ê´»�¬q ,.  

 

 

*µÂX�» Ã|À�ËÂ¿ 
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iPeÌ� É�Y~³�Z] d��� Á Ê°Ì¿Z°» �YÂy �] \Ë�� Ê¿Z��¯ É�ÅZ� \Ì� ÊÀÌ»�  

  
Ä»|¬»  

\/Ì//�ÊÀÌ»� ¼¸� ¹Z¿Z]Ê )Solanum tuberosum,(  ÊÅZ/Ì³  �Y Ã{YÂ¿Zy \/Ì//�½Z/ÌÀÌ»� Á Z] |/Ì·Âe  Ä¿ÓZ//� �Ì] �Y 300  
½ÂÌ¸Ì»  ¾e �{ Z/Ì¿{  �a  �Y ,¹|/À³ c�}  Á  l¿�]  �Y ºÆ»�e Ë¾ cÓÂ//�v» É��ÁZ//�¯ Ä] �Z/¼//�  »Ê {Á�.   Ê°Ë�Y ÃY� ÉZÅ  
Ê·Â/�Y ÉY�]  É�Ì³Â¸m  �Y �Á�] ,Ê°Ì¿Z°» cZ»|/� dyZÀ/�  Ê³�ËÁÉZÅ Êf»ÁZ¬» µÂ/�v»  dve ¦¸fz» �ËY�/� .d/�Y  

ÉY�]  µÂ/�u Ä]  ¾ËY  ,cZ�Ô�Y  ¹Zn¿Y ½Â»�MÊ°Ì¿Z°» ÉZÅ |À¿Z»  ½Â»�M  É�Z/�§  |Ì¨»  |ÅYÂy   {Â] [1].   Ê°Ì¿Z°» �YÂy
  dve Ã{Z» ®Ë �Zf§� Ä] �Â]�» �YÂy Ä]eiPÌ�   ©Ô�Y Á�Ì¿ ZË �Z]»Ê {Â/� Á �Àe �Zf§� ¶Ì^« �Y Ê/�YÂy ,¦Ë� e ¾ËY Z] .

  Á Ê°Ì»Z/ÀË{ Z/Ë Ê°ÌeZ/f//�Y �Z/] d/ve Ã{Z/» ®/Ë �¿�¯Á Ë³�ÊZ/Å YÂÅ Z/Ë [M �{ Ã{Z/» ½Z/Ë�m ÉÄ/]½YÂÀ�  Ê°Ì¿Z/°» �YÂy
Ä¬^�|À]  É»Ê|¿Â/�.  cÓÂ/�v»É��ÁZ/�¯ Ä] d¸� ¾f/�Y{ �ZfyZ/�  Ê·Â¸/� Á d]Â��  ,{ZË�  »Z´ÀÅÊÄ¯  dve  É�Y~³�Z] 
�Y�« »Ê³Ì|¿�,  �Zf§�  ¶¬f/�»  �Y) ½Z»�(®Ìf/�ÓY Á Äf/�]YÁ Ä]  ) ½Z»�®Ìf/�ÓYÂ°/�ËÁ(  Y� 0Z»OÂe  �Y  {Ây ½Z/�¿ »Ê|ÀÅ{ . �{  

»ÌÃÂZÅ  Á �^/�ÉZÅ, �ZfyZ/�  LZ/�£  É�·Â¸/�  Á �¿Z/���Âe �Z/�§  ½Á�{·Â¸/�Ê  �´¿ZÌ]  �Zf§�  ®Ìf/�ÓY Á  ¿ÌÄ¼YÁY�e  ½{Â]   LZ/�£  
Ê¼/�ÔaÂfÌ/�  �´¿ZÌ]  �Zf§�  �Â°/�ËÁ  Á  ¹OÂe Z]  �Àm ½ZÌ» ÄËÓ  Ê·Â¸/� h�Z]  �ÂÆ� �Zf§�  Äf/�]YÁ Ä]  ½Z»�  »Ê {Â/� [2]  . \Ë�/�

Ê¿Z/�/�¯  \Ì/�  �Y{Â¼¿  �Àe-�¿�¯ �{ Ã{Á|v»É  d/�Y ®Ìf/�ÓY  [3].  Y�yÊË  )2008 YÂfv» Á Ä]�/� d��/� �iY (É  
f]Â��Ê /�M �] Y�Ì\ZÅÉ  °Ì¿Z°»Ê Ä¿Y{ZÅÉ ]Â·ÌZ  �Y~³�Z] dve |Ì¨/�É Ä]�/�YÉ /���]{�Â»Ê Á .{Y{�Y�«É  {Y{ ½Z/�¿

YÂfv» Á Ä]�//� d��//�É  f]Â��Ê  ¶]Z« ½Y�Ì» Ä]ÆmÂeÊ //�M �]Ì\ZÅÉ  °Ë�Ì§Ê   �ËY�§Y Z] ¾ÌÀr¼Å .d//�Y �iR» ZÌ]Â·
 �Y Ä]�/� d��/�5   Ä]12 °Ì¿Z°» \Ì/�M ,ÄÌ¿Zi �] �f»Ê  �Y25/3   Ä]37  Y�§Y |/��{ Ë�  Ëd§Z  �ËY�§Y Z] Á YÂfv»É  f]Â��Ê 

 �Y5   Ä]15  » ,|/��{Ì´¿ZÌ¾ Ä¿Y{ZÅÉ /�MÌ\ { ËÃ| a �ÅZ¯ÌY|   {�¯  [4]  .  ¾ÌÌ e ÉY�] É�´Ë{ Ê¬Ì¬ve �{�/� Ë\  Ê¿Z/�/�¯  
�»�« ZÌ]Â· º«� Á{ Ê¸³  Á ½Z/�¿ �fyY �{ {Y{ Ä¿Â³ Á{ �Å    �ËY�§Y ,d]Â�� �ÅZ¯ Á d��/� �ËY�§Y Z] Ê¿Z/�/�¯ \Ë�/�

 Ëd§Z  [5].  �´Ë{ Ê//���] ®Ë �{  ÉY�]   ¾ÌÌ eÊ¿Z//�//�¯ \Ë�//� ] |Ì¨//� �Â´¿Y ½|Ì//�� Ã�Á{ �{ÊÄ¿Y{, �ËZ»�M ÉZÅ
  ®ÌeZf//�Y É�Y~³�Z]¹OÂe   Z]�°�É�Y{�] d§�³ ¹Zn¿Y Ê·ZfÌnË{. Zf¿ Ë l  {Y{ ½Z//�¿ Ê¿Z//�//�¯ \Ë�//�   Ã�Á{ µÂ� �{
 �ÅZ¯ ÃÂÌ» ½|Ì//�� Ëd§Z  [6]  .Ä]  �Â�À»Ê//���] �iY  �ËY�//� Á ½Z»�  É�Y{�Z^¿Y �] dÌ¨Ì¯ d§Z] \Ì//�,ÊÀÌ»� ¾Ì¬¬v» 

Êy�]  �Y �YÂy  Ê°Ì¿Z°»  ½M  �Y  ¹Z°vf�Y ¶Ì^« ZË Êf¨� [7]µÁ|»  Ê��]  [8]    Y� Ä ·Z�»  |¿{�¯    d]Â�� Ä¯ |� �z�» Á
 {�Y{ ZÅ Ä¿Â¼¿ Ê°Ì¿Z°» �YÂy ÉÁ� É�Y�³�ÌiZe �iY É�Y�³�Z] dÆm Á.  

  
�Á� Á {YÂ»ZÅ  

�ËZ»�M �Á�/� �Y ¶^« ZÅ/�Ì\»�ÌÀÊZÅÉ ÉY�Y{ °/�¶ Ê Ì^��Ì£ Á \ËZ » Ê°Ë�Ì§ ¥~uÃ|/� Á Ä¿Â¼¿º·Z/� ÉZÅ Á 
 ËdyYÂÀ° dyYÂÀ°Ë Ã�Y|¿Y �{ [Zzf¿Y \Ì/� ÄÌ·ÁY d]Â�� |¿|Ë{�³Ã�Y|¿Y Ê¿�Á {�Y|¿Zf/�Y �Á� Ä] ÊÀÌ»� .|/� É�Ì³

�Y ¶^« �Z/�Y ¾ËY �] �ËZ»�M ¹Zn¿YÄ¿Â¼¿ �Y ÊÀÌ » �Y|¬» ,ZÅ  d]Â¿ Ä/� �{ ZÅÉZ»{ �{ ºC 105   c|» Ä] Á24 d�Z/�  �{
½ÁM  Ä´¿ Äf/�Y{|¿|/�  [9].  Ä¿Â¼¿ ®/�y ½�Á Á ÄÌ·ÁY ½�Á ¾f/�Y{ Z]\Ì/� ÄÌ·ÁY d]Â�� ,ZÅ�e ÄËZa �] ÊÀÌ»�   �Y Ã{Z¨f/�Y Z]

Ä�]Y� )1.|� Ä^�Zv» (  

଴ܯ                                                                                                        )                                                     1( =
ଵܯ − ଶܯ

ଵܯ
 

  
  Ä/·{Z/ » ¾ËY �{0M    Ä/ËZ/a �] Ä/Ì·ÁY d/]Â�� ½Y�Ì») ®//�y  ,(�Z//��Y1M  �Y ¶/̂« Ä/¿Â¼¿ Ä/Ì·ÁY ½�Á    �{ ½{Y{ �Y�«  ½ÁM

) ,(¹�³2M  ®�y �Y | ] Ä¿Â¼¿ ½�Á) ½|�.d�Y ½ÁM �{ (¹�³ f¿�{ÌÄn  ÄÌ·ÁY d]Â��72/0 .|»M d�{ Ä] �e ÄËZa �] 
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 {Y| e8  \Ì/� {|� ��« Á ¹�m Á {Z ]Y Z] ÊÀÌ»��¬e Ë0Z^  {Z ]Y Á ÄÌÆe |¿{Â] Êf]Â�� t�/� ®Ë �{ Ä¯ ½Z/�°Ë¹Y|¯�Å 

 �Ì·Â¯ ®¼¯ Z]Ã�Y|¿Y³Ì� {YÂ» ½Â»�M ÃZ´f//�{ �Y ªÌ¬ve ¾ËY �{ .|//� É  Hunsfield)  µ|»  k-SH50  dyZ//�  �Â//�¯
Ä¿Â¼¿ .|/� Ã{Z¨f/�Y  (½Zf/�¸´¿Y  ÃÁ�³ Á{ �{ ZÅ4d��/� Z] Á É�Z/�§ �Z] dve ÊËZe Ze |Àf§�³ �Y�« ¦¸fz» É�Y~³�Z] ÉZÅ

  {Y| e Äf/�{ �Å ÉY�] .|À/��] Ê´fzÌ/�³ Ä�¬¿ Ä]4  d��/� µÁY Äf/�{ ÉY�] .|/� ¹Zn¿Y �Y�°e30  Ê¸Ì»  ÉY�] Á Ä¬Ì«{ �] �f»
 ¹Á{ Äf/�{90 Ê¸Ì» µÂ� �ÌÌ¤e �Ë{Z¬» É�Y~³�Z] �Á�/� Z]  .|/� ºÌ�Àe Ä¬Ì«{ �] �f»\/�u�]  �{ Ã{�YÁ É�Z/�§ ÉÁ�Ì¿

Ä�v·�Å  �Âf/�{ µÂ� �ÌÌ¤e �Y|¬» ¹Z¼eY �Y �a Á |/� d^i {YÂ» ½Â»�M ÃZ´f/�{ Ä] ¶/�f» ºf/�Ì/� �/�ÂeÃ{Y{Ã|/�  Ä]
  É�Y~³�Z] ºf/�Ì/� ��«Ã|/�   µÂ� �ÌÌ¤e ÊÀvÀ» ®Ë ºf/�Ì/� Á\/�u�] Ì¿ �Y|¬»  Ã{�YÁ ÉÁ�Ä]c�Â/�  º/�� ¶/�¯Y ¶ËZ§

 Ê´»�¬q Á ÊËZn]Zm ,¹�Ó ÉÁ�Ì¿ �/�Âf» �Y|¬» ¾f/�Y{ Z] µZu .{�¯¿{�Â»Ì�Z  ,Ê°Ë�Â·ÂÌ] ºÌ¸/�e ÉY�]Ê»  ½YÂe�/� Ë \  
¿Z��¯Ê  �ÅZ�É  .{�¯ Ä^�Zv» Y�  

  
 ¶°�1 : \Ì� É�Y~³�Z]ÊÀÌ»� .  

  
\Ì/� Ä¯Zn¿M�Y  d/�Y [|v» sÂ�/� Á Ã|WZ« Ê] ¶°/� ÉY�Y{ ÊÀÌ»� Ê/�Z¼e �Àe cÓ{Z » �Y ºÌ¬f/�» Ã{Z¨f/�Y ½Z°»Y

Ä] ÁÄ¿Â¼¿ É�Ì³�Z¯º�À» Ê/�|ÀÅ µZ°/�Y Z] ÊËZÅ  Y�].{�Y|¿ {ÂmÁ É�ÅZ� Ê¿Z/�/�¯ \Ë�/� Ä^/�Zv» É  ¹Zn¿Y Z] ¾ËY�]ZÀ]
É�Y~³�Z] �ËZ»�M ®e �] É�Âv»Ä¿Â¼¿ZÅ   Á �e�Å É�ÂXe ÉZÀ^» �] Ä¿Y{ É�ÅZ� Ê¿Z��¯ \Ë�� �Y|¬») Ä�]Y�2 e (ÌÌ¾ 

 {�³|Ë [10]. 

)2 (  
  

� ,©Â§ Ä�]YE  Ê¿Z/�/�¯ \Ë�/� \/�u�]  Z´» µZ°/�Za ,F  Ã{�YÁ ÉÁ�Ì¿\/�u�]    ,¾eÂÌ¿µ Âa d^/�¿Y Á ½Â/�D �ÌÌ¤e 
  ¶°/�\/�u�] Ê¸Ì»�f»  d/�Y  d]Zi �Ë{Z¬» .1K   Á2K   �Y Ê ]Ze�Z /�ÉZÅ   ZÀv¿Y�{ ¶v»  µÁY|m �Y Ä¯ |Àf/�Å �Z¼e

�{ {ÂmÂ»   {�Y|¿Zf/�Y  [10]  kY�zf/�Y  Ê»  .{Â/�1R   Á1R'  �Z /� ÄÀÌ¼¯  Á  ÄÀÌ/�Ì]  Äv¨/� Z] �Z¼e ¶v» �{ º/�m LZÀv¿Y
 Á ¾ÌËZa2R  Á2R'  �Z � ÄÀÌ¼¯  ÁÄÀÌ�Ì] Z/] �Z¼e ¶v» �{ º�m LZÀv¿Y  \�u �]ÓZ] Äv¨�Ê¸Ì»�f»  d�Y) ¶°�2.(  
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 ¶°�2 : �Z � Á º¼ÌÀÌ» �Z¼e ¶v» �{ º�m LZÀv¿Y º¼Ë�¯Z».  

�Z /� ZÀv¿YÉ ÄÌuZ¿ÉY �Y /�Ì\»�ÌÀÊ Ä¯ �Y�«  {Â] dve ½Â»�M Ä^/� Ê°ÌeZf/�Y �Y�«  {�Ì´] Z] Ã{Z¨f/�Y �Y ÃZ´f/�{ 

�Z �  lÀ�  d«{ Z]01/0 »Ì¸Ê�f»  ÁZ] Ã{Z¨f�Y �Y Ä�]Y� )3 ( Ã�Y|¿YÉ�Ì³ |� ) ¶°�3.(   

    
 ¶°�3 :Ã�Y|¿Y .ZÀv¿Y �Z � É�Ì³  

  
)3                                                                                                                            (ܴ =

2ܥܣ
ܦܤ8 ൅

ܦܤ
2  

  
hv] Á lËZf¿  
) ¶°/�4  (½Z/�¿Ã|ÀÅ{ Á�Ì¿ ÊÀvÀ» É–  Ä]Zm d��/� �{ Ä¯ d/�Y ÊËZm90 Ê¸Ì»�f»  .|/� ¹Zn¿Y Ä¬Ì«{ �]  ÉZÅÁ�Ì¿

\Ì/� �Å ÉY�] d/�°/� Á ºÌ¸/�eÄ] ÊÀÌ»�½M Ä]  Ã{�YÁ cZ»|/� ½Y�Ì» Ê]ZË��Y �Â�À». .|/� Ä^/�Zv» ZÅ Á�Ì¿ ÊÀvÀ» �{-
   ¶°/� �ÌÌ¤eÄ]d/�{Ã|»M   d¼/�« �{Zf¿ Ë l  É�Y~³�Z] d��/� �{ ,hv] Á90 Ê¸Ì»  ,½M µÁY �Y�°e �{ Á Ä¬Ì«{ �] �f»R² 

= 0.851  Ê» \Ë�//� ¾Ë�fÆ] ÉY�Y{ Ä¯ |//�Z]Á ¾ÌÌ^e    É�Y~³�Z] d��//� �{30 Ê¸Ì»  ,½M ¹Â//� �Y�°e �{ Á Ä¬Ì«{ �] �f»
 �Y|¬»R² = 0.6675 .d�Y Y�Y{ Y� Ê�y d·Zu �Y Ä¸�Z§ ¾Ë�f�Ì] Á Ã{Â] ¾ÌÌ^e \Ë�� ¾Ë�f¼¯ ÉY�Y{ Ä¯ 

  
 ¶°�4: Á�Ì¿ �Y{Â¼¿- Ä]Zmd��� �{ ÊËZm É�Y~³�Z] ÉZÅ90 Ê¸Ì»Ä¬Ì«{ �] �f».  
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) µÁ|m1)Á (2  ÉY�] Y� d//�°//� Ä�¬¿ �Ë{Z¬» (2   Á ¦¸fz» É�Y~³�Z] d��//�¹Y|¯�Å  �{4 Ê» ½Z//�¿ �Y�°e|Å{ 

 {Z¬») Ë�  ¿ \/�u�]Ì¾eÂ  »Ê|À/�Z](½Z¼Å .  �ËY�§Y Z] d/�Y �z/�» Ä¯ É�Â�d��/�    ÉY�] ¹�Ó ÉÁ�Ì¿ É�Y~³�Z]
d¸� .d§ZË �ÅZ¯ µÂ/�v» Ê°Ë�Â·ÂÌ] ºÌ¸/�e ÉÁ�Ì¿ ZË Ê´fzÌ/�³ �ÅZ¯ ÉÁ�Ì¿ �Ó¹ ÉY�]  �]Y�] �{ Ê´fzÌ/�³  

d��/� �ËY�§Y É�Y~³�Z]  �ËY�§Y Ê/�^Àm É��¿Y ,®§ d��/� �ËY�§Y Z] .d/�Y É��¿Y Ê´f/�ËZa ½Â¿Z«  �{ Á Äf§ZË
¶/�Zu Ê´fzÌ/�³ ¶»Z� Ä¯Zn¿M�Y ¶]Z¬» �ÅZ¯ Ê/��] ÉÁ�Ì¿ ,d��/� �ËY�§Y Z]  d/�Y d��/� �{ Á�Ì¿ [�/�

Ê» .|]ZËÃ{Y� |�Y )2011(  �Ì¿ ,Ä]Z�» �Â� Ä].|¿{�¯ ��Y�³ ®§ d��� �ËY�§Y �Y Ê�Z¿ Y� Ê��] ÉÁ�Ì¿ �ÅZ¯ 
) µÁ|m1 ( {Z¬» Ë�   Ä�¬¿) ºÌ¸�eN( d��� �{ZÅÉ É�Y~³�Z].  

  
 
 
 
 
 
 
 
 

 
) µÁ|m2 () d�°� Ä�¬¿ �Ë{Z¬»Nd��� �{ (É�Y~³�Z] ÉZÅ. 

  
 
 

µÁ|m )3 ½Z//�¿ Y� Ê´»�¬q �Ë{Z¬» (»Ê|Å{,Ê´»�¬q . d¨//� ½{Â]  {YÂ» �{ |uYÁ ºnu ½Z//�¿ Y� Ê».|Å{ 

Ä]c�Z^�,�´Ë{ Ê´»�¬q �Z¯ �ZÌ¿{�Â» �{ ºnu |uYÁ ÉY�] \Ë�ze  {YÂ» Ê» t�/�) É��¿Y d^/�¿ ªË�� �Y Ä¯ |/�Z]� Ë �  
�Y{Â¼¿  Ä¿Â¼¿ ºnu Ä] (d/�{ Ä] »ÊM Ë|Z] . ÄmÂe Ä]  lËZf¿   d��/� �ËZ»�MÉ�Y~³�Z] �]  .d/�Å �Y~³�iY Ê´»�¬q �Y|¬»

Ä]É�Â�Z] Ä¯ �ËY�§Y d��/� ,É�Y~³�Z] Ê´»�¬q �ËY�§Y ZÅ Ä¿Â¼¿ �Y É{ZË� {Y| e �{ .d§ZË   ÊËZÀÌ» Á Êm�Ë{ Ê¯}
)1386.|Àf§ZË d�{ Ä]Z�» lËZf¿ Ä] ,{Âz¿ ÉY�] (   

  
 µÁ|m3:  �Ë{Z¬»´»�¬qÊ )3mJ/mmd��� �{ (É�Y~³�Z] ÉZÅ.  

 
(�Y�°e)    Ä¿Â¼¿   

�Y~³�Z] d���É  )mm/min (  
30  90  

  Ä¿Â¼¿1  5/529  25/317 

  Ä¿Â¼¿2  25/509  4/338  

  Ä¿Â¼¿3  345  25/344  

  Ä¿Â¼¿4  75/591  5/417  
¾Ì´¿ZÌ»  937/493  35/354  

 
 

(�Y�°e)    Ä¿Â¼¿   

�Y~³�Z] d���É  )mm/min (  

30  90  

  Ä¿Â¼¿1  75/582  75/588 

  Ä¿Â¼¿2  25/710  6/749  

  Ä¿Â¼¿3  588  606  

  Ä¿Â¼¿4  635  5/637  
¾Ì´¿ZÌ»  625  712/605  

 
 

Y�°e)    Ä¿Â¼¿(�   

�Y~³�Z] d���É  )mm/min (  

30  90  

  Ä¿Â¼¿1  25/0  29/0 

  Ä¿Â¼¿2  27/0  26/0  
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) µÁ|m4 {Z¬» ( Ë� �� Ë\  ¿Z��¯Ê �ÅZ�É  Y�] Y�É  » ½Z�¿ (�Y�°e) Ä¿Â¼¿ �ZÆq Á d��� t�� Á{Ê|Å{.  Z]   �ËY�§Y
d��/�  ¾Ì´¿ZÌ» �Ë{Z¬» ,É�Y~³�Z]�/� Ë\ ¿Z/�/�¯Ê  �ÅZ�É  d§ZË �ÅZ¯ Á   ÄfÌ/�Ìf/�ÓY dÌ/�Zy �ËY�§Y �´¿Z/�¿ ¾ËY

d��/� �{ µÂ/�v»Ê·Zu�{ .d/�Y �f¼¯ ÉZÅÄ] �m Ê/���] �{ Ä¯Ä¿Â¼¿ �m\Ì/� ÉZÅ ÄfÌ/�Ìf/�ÓY µÁ|» cY�ÌÌ¤e ,ÊÀÌ»�
Ä]¶]Z« dyYÂÀ°Ë c�Â/�Ä] .{Â^¿ Ê/���]É�Â�Ä¿Â¼¿ �Y Ê/� ] �{ É�Y~³�Z] d��/� �ËY�§Y Z] Ä¯  ,ZÅ�/� Ë\   ¿Z/�/�¯ Ê  

�ÅZ�É  Ä] �Y|¬» ¾ËY �´Ë{ Ê//� ] �{ Á �ËY�§Yd§ZË �ÅZ¯ �Â//�v» �Â�.  Z] ÄmÂe ,lËZf¿ Ä] Y~· �fÆ] d//�Y cZÌ¸¼� 

d/�Y{�] Á �Y �a \Ì/� d/�Y{�]ÊÀÌ»� �{ d��/�ÉZÅ É�Y~³�Z] �f¼¯  ¹Zn¿Y   ½Z°»Y |u Ze ½M cZ ËZ/� ½Y�Ì» �Y Ze {Â/�
 {{�³ É�Ì³Â¸m 

  
) µÁ|m4 (  �Ë{Z¬»�� Ë\ ¿Z��¯Ê  �ÅZ�É )pa( d��� �{É�Y~³�Z] ÉZÅ.  

  
  
 
 
 
 
 
 
 

 
 
 

ÄnÌf¿É�Ì³  
  

١-Z] Ê//���] �YÂy Ê°Ì¿Z/°» ¹Â¸ » ÊÀ » �ÌiPe É�Y~³�Z] d��//� Ä¯ |//�  ÉÁ�Ì¿ ¾Ì´¿ZÌ» ÉÁ� �] É�Y{
  �{ d/�°/� Á Ê°Ë�Â·ÂÌ] ºÌ¸/�e ÉY�] �ZÌ¿{�Â»Ä¿Â¼¿Ä] .{�Y{ �ËZ»�M dve ÉZÅÉ�Â�  �Ë{Z¬» ¾Ë�f¼¯ Ä¯

d��� �{ d�°� Á Ê°Ë�Â·ÂÌ] ºÌ¸�e ÉÁ�Ì¿Ê» ©Z¨eY É�Y~³�Z] ÉÓZ] ÉZÅ.|f§Y 
٢-d��/� �ÅZ¯ Z]   ¾Ì´¿ZÌ» �Y|¬» ,É�Y~³�Z]�/� Ë\ ¿Z/�/�¯Ê  Ê» Ä¯ d§ZË �ËY�§Y É�ÅZ� ¶Ì·{ Ä] |¿YÂe

  Ä¿Â¼¿ Ê´fzÌ//�³ ÉY�] ¹�Ó ÉÁ�Ì¿ �ËY�§Y { .|//�Z]  ®Ìf//�ÓY ¶°//� �ÌÌ¤e Ä] �Â]�» ÄÌuZ¿ c�Â//� ¾ËY �
Ê» ��f�³ .|]ZË  

  Ä¿Â¼¿3  26/0  31/0  

  Ä¿Â¼¿4  27/0  32/0  
¾Ì´¿ZÌ»  23/0  24/0  

                      
                                

 (�Y�°e) Ä¿Â¼¿   

�Y~³�Z] d���É  )mm/min (  

30  90  

  Ä¿Â¼¿1  1/232743  7/146394 

  Ä¿Â¼¿2  6/219911  140707  

  Ä¿Â¼¿3  24/99633  151183  

  Ä¿Â¼¿4  89/72977  1/183567  
¾Ì´¿ZÌ»  5/156316  9/155462  
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٣-Á�Ì¿ ÊÀvÀ» �{-  ¶°/� �ÌÌ¤eÄ]d/�{Ã|»M   d¼/�« �{Zf¿ Ë l    É�Y~³�Z] d��/� �{ ,hv] Á90 Ê¸Ì»  �] �f»

  ,½M µÁY �Y�°e �{ Á Ä¬Ì«{R² = 0.851  Ê» Á d/�Y ¾ÌÌ^e \Ë�/� ¾Ë�fÆ] ÉY�Y{ Ä¯ |/�Z] {�¿ Ë®�e Ë¾  �Y|¬»
Ä] Ê�y d·Zu   .d�Y Y�Y{ Y� 

۴- {Á�Ì¿ ÊÀvÀ» �-  ¶°/� �ÌÌ¤eÄ]d/�{Ã|»M   d¼/�« �{Zf¿ Ë l  É�Y~³�Z] d��/� �{ ,hv] Á30  Ê¸Ì»  �] �f»
  ,½M ¹Â/� �Y�°e �{ Á Ä¬Ì«{  �Y|¬»R² = 0.6675   �Y Ä¸/�Z§ ¾Ë�f/�Ì] Á Ã{Â] ¾ÌÌ^e \Ë�/� ¾Ë�f¼¯ ÉY�Y{ Ä¯

.d�Y Y�Y{ Y� Ê�y d·Zu 
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Effect of Loading Speed on Mechanical Properties and Apparent Elastic 
Coefficient of Potato  

 

 

 

Abstract 

A manner to avoid mechanical damage is to understand the strength characteristics of the product 
under different conditions. Mechanical properties may be checked by performing mechanical tests 
such as compression tests. This study aims to the potatoes' mechanical properties, such as biological 
yield and grain fracture forces, apparent elasticity, and toughness at loading speeds of 30 and 
90mm/min.  The material tester loads the sample quasi-statically. A material tester applied quasi-
static loading to the samples. The loading speed has a considerable impact on the mean biological 
yield strength, apparent fracture, and samples tensile strength, according to this research results. The 
apparent elasticity coefficient's mean values dropped as the loading speed rose, indicating that the 
product's elasticity increased at lower speeds. These research results, recommend harvesting and post-
harvest potatoes at slower loading speeds to decrease waste. 
 
Key words: Biological yield forces, fracture forces, toughness, quasi-static loading. 
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