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Ã|Ì°q:  

®ÌÀ°eÃÂÌ»  dÌ¨Ì¯�¾ÌÌ e��{�,Ã|��Äf§�³��Z¯�Ä]�,ÊËY~£�{YÂ»�dÌ¨Ì¯�Ê���]�ÉY�]�Ä¯�Êf����½M�Ä]�ÊeÂ�Y�§�ÉZÅ���f�³�ZÅ

d�Y�Äf§ZÌ¿ .ÃÂÌ»�ÊnÀ��dÌ¨Ì¯�ÉY�]�ªÌ¬ve�¾ËY��{ÃZ��º«��Ê]Ô³�ÉY�ÊeÂ�Y�§�Ä¿Z»Z���Y�ÃÂÌ»�z]�Ä¯�|��Ã{Z¨f� �½M�Ê¸�Y�ÉZÅ

`e��Y�|¿{Â]�c�Z^� �Z� /`e �ÊËZ¼¿�½�ÂÅ�ÉY�Y{�Ã|¿�Ì³�Á�Ã|Àf��§�ÉZÅ�~³Y�e�,�Ì³)kHz ٧٥(Ä»Z¿�]�, Ä¿Z»Z��Á� ,Ä¿ZËY��,µ�fÀ¯�É É 

�¼m Ã{Y{�É�ÁM ZÅ .dÌ Ì̈¯�ÉY�]Ê³�ËÁ�½ZÌ»��Y�,ÊnÀ� �Ê°Ì¿Z°»�ÉZÅ)½Â»�M[�z»�ÉZÅ(�,µÂ¸v»�|»Zm�{YÂ»�½Y�Ì»�,Êf¨���yZ��,

�,Ê¿Z��¯�\Ë���,ÄfË|Ì�Y�½Y�Ì»pH |��{�Á Ã{Z» �yZ��½ZÌ»��Y�Á�®�y�É �ÊeÂ�Y�§�ÉZÅ)�Ì£�½Â»�M[�z»(�kYÂ»Y�d����,-

|Àf§�³��Y�«�Ê���]�{�Â»�¦Ì �e�\Ë���Á�cÂ�Y�§ .�Ì]�Á�Ã|Ì���,��Z¿��Y�|¿{Â]�c�Z^��Ê]Ô³�Ê¨Ì¯�sÂ�� �� .Zu�lËZf¿��Y�¶�

Z»�MË� ZÅ �½Y�Ì»�Á�µÂ¸v»�|»Zm�{YÂ»�½Y�Ì»��Y��Ì£�Ä]�Äf�]YÁ�¶»YÂ��¹Z¼e��]�Ä¿Â¼¿�Ê¨Ì¯�sÂ����iY�Ä¯�{Y{�½Z�¿Ã{Z» ®�y ��{

�t��٠١/٠ ÊÀ »�½YÂÀ��Ä]�d§Z]�Êf¨��Á�d�Y��Y{ºÆ» �eË¾ ÃZ��º«��Ê]Ô³�ÃÂÌ»�É�Zne�¡Â¸]�¾ÌÌ e��{��yZ�|��[Zzf¿Y�ÃÂÌ» .

���iY�Ä¯�|���z�»�¾ÌÀr¼Å�t����{�¦Ì �e�\Ë���Á�cÂ�Y�§�kYÂ»Y�d�����]�Ê¨Ì¯�sÂ�٠١/٠ ÊÀ »d�Y��Y{ .Ä�]Y��Ê���] -

Ä�]Y��,Ä¯�{Y{�½Z�¿�ÊeÂ�Y�§��YÂy�Z]�Ê¿Z��¯�\Ë���Á�Êf¨��¾Ì]�É�Á�{�Y{�{ÂmÁ�cÂ�Y�§�kYÂ»Y�d����Á�Êf¨��¾Ì]�Ê�y�ÉY

Ê»��ËY�§Y� kYÂ»Y�d���� ,ÃÂÌ»�Êf¨��½Y�Ì»��ËY�§Y� Z]|]ZË)R2 =0.81 .(r¼ÅÄ�]Y��Ä¯� |�� Ã|ÅZ�»�¾ÌÀ�Á�Êf¨��¾Ì]�Ê¨À»�ÉY

�{�Y{�{ÂmÁ�¦Ì �e�\Ë��)R2 =0.895 (��ËY�§Y�ÊËZ¼¿�c�Â��Ä]�¦Ì �e�\Ë���,Êf¨���ÅZ¯�ÊÀ Ë�Ê³|Ì���½Y�Ì»��ËY�§Y�Z]�Á

Ê»|]ZË .Ä�]Y��cÂ�Y�§�kYÂ»Y�d����Z]�Ê¿Z��¯�\Ë���¾Ì]�Ê]Ây�ÊËZ¼¿�É)R2 =0.86 (�¦Ì �e�\Ë���Á)R2 =0.835 (�d�{�Ä]

|»M.  

Ã�YÁ É|Ì¸¯�ÉZÅ :ÃÂÌ»�,Êf¨��,cÂ�Y�§�,[�z»�Ì£�½Â»�M�,ÊnÀ��dÌ¨Ì¯�Ê]Ô³�É  
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Ä»|¬»  

�dÌ¨Ì¯��Y�ÊeÁZ¨f»�Á�Ã{�f�³�¦Ë�Z eÉ��ÁZ�¯�cÓÂ�v» Ê»�ÄWY�Y Ê»�Ä�Ôy��Â��Ä]�Z»Y�,{Â� �Y��½M�½YÂe"�Á�\�ZÀe�½Y�Ì»

�Zy�Ã{Z¨f�Y�ÉY�]�µÂ�v»�®Ë�½{Â]�[Ây" {�¯�¦Ë� e (Abbott, 1999) .¥��»�ÃÁ�³�ÃZ³|Ë{��Y��f�Ì]�,dÌ¨Ì¯�¦Ë� e�½Z³|ÀÀ¯

d�Y���¿�|»�½Z³|ÀÀ¯|Ì·Âe�Á(Shewfelt and Bruckner, 2000)  .Ê»���¿�Ä]�ÄÌ·ÁY�Ê¨Ì¯�cZÌ�Â�y�\Ì��ÃÂÌ»��{�µZj»�ÉY�]-

�Å�\Ì��dÌ¨Ì¯�Ã|ÀÀ¯�¾ÌÌ e��Ì¿� Ã�Ì£�Á�®·�¾f�Y{�,Êf¨��,É{�e��Ì�¿�ÊeZÌ�Â�y�Ê·Á�|�Z]�ÃÂÌ»�º ��Á��ÅZ��|��|Àf .�Ã{�y

�Á�§ ÃÂÌ»�Ê]Ây�Ä]�ZÅÃÂÌ»� �Y� Y��dÌ¨Ì¯Z]�ÉÊ]�ÉÊ]��Ì�¿�ÊeZuÔ��Y�Z]�dÌ Ì̈¯�Á�¹�¿�,[M ...Ê»��Ìz�e ��Y�Ã{Z¨f�Y�Ê·Á�|ÀÅ{

�Á�Ê»���¿�Ä]�É�Á���,ÃÂÌ»�Ê¨Ì¯�Ê]ZË��Y�ÉY�]�½ZÀÌ¼�Y�¶]Z«�ÉZÅ |��. �Á�Ã�Y|¿Y  ÉY�]�Ê¨¸fz»�ÉZÅ �Ä]�Ê¨Ì¯��YÂy�É�Ì³

��f�Ì]�Ä¯�d�Y�Ã|��{ZÆÀ�Ìa�[�z»�Ì£�c�Â�½M ZÅ �Á� �|Àf�Å�ÊeÂ��ÉZÅ(Duprat et al., 1997; Schotte et al., 1999). 

�¾ËY�{ÂmÁ�Z] d�Y�Äf§�´¿��Y�«�Ã{Z¨f�Y�{�Â»�{ZË��¶¼���{�Ê·Á�d�Y�ªÌ«{�Á��Ë���,[�z»�Ì£�Ê�Á��ÊeÂ���Á��Ä¯ .{��Á��,�´Ë

�Ä]��mY��cZ¬Ì¬ve�Z»Y�d�Y�Äf§�³��Y�«�Ã{Z¨f�Y�{�Â»�Ê�|ÀÆ»�{YÂ»�Á�Ê°��a�cZ¬Ì¬ve��{�Ê Ì�Á��Â��Ä]�Ä¯�d�Y�ÊeÂ�Y�§��Á�

Ê»�­|¿Y��ZÌ�]�É��ÁZ�¯�cÓÂ�v»�dÌ¨Ì¯�Á�Ê³|Ì���¾ÌÌ e�ÉY�]�½M��Y�Ã{Z¨f�Y|�Z] (Hedric et al., 2005). �Ä]�½Â»�M�¾ËY

�Y|¿Y�ÉY�]�[�z»�Ì£�Ê�Á��½YÂÀ�Ã d�Y�|Ì¨»��ZÌ�]�{YÂ»�Ê°Ì¿Z°»�cZÌ�Â�y�É�Ì³ .�ÉZËY�»��]�ÃÁÔ���Á��¾ËY�ºÆ»�ÉZËY�»��Y

ÉÁ��c�Â��Ä]�Ã{Z¨f�Y�dÌ¸]Z«�Á�½{Â]��Z¯{Ây�,ÊeÂ���Á�Ê»�Y���y{�]�¹Z¿�½YÂe. 

d�Y�Ã|���Z£M�cÓÂ�v»�Ê¨Ì¯�¦¸fz»�ÉZÅ�f»Y�Za�¾ÌÌ e�ÉY�]�cÂ�Y�§�®ÌÀ°e��Y�Ã{Z¨f�Y�{�Â»��{��ÅÁ�a�0Y�ÌyY .�Á�cY�ÌÆne

�Á�Ã�Y|¿Y�ÉY�]�Ê¨¸fz»�ÉZÅÊ°Ë�Ì§�cY�ÌÌ¤e�Êy�]�É�Ì³ -½Â»�M��Y�Ã{Z¨f�Y�Z]�cÓÂ�v»�Ê°Ì¿Z°»�Á�ÊËZÌ¼Ì�ÂÌ]�,ÊËZÌ¼Ì��ÉZÅ

d�Y�Äf§ZË���f�³�,d�Y{�]��Y��a�Á�¶^«�¶uY�»��{�,cÂ�Y�§�[�z»��Ì£ .Ê³|Ì���Á�|���,¶»Z��¶uY�»�¾ËY )Á{Z¯ÁÁM�Á�Ä^¿Y ()  

(Mizrach et al., 1999; Gaete-Garreton et al., 2005 ¦¸fz»��ËY����{�É�Y{�Z^¿Y )Á{Z¯ÁÁM( (Flitsanov et al., 2000; 

Mizrach et al., 2000) �ÁÄ�¨«��¼�ÉY١ )Á{Z¯ÁÁM�Á�\Ì� ((Mizrach and Flitsanov, 1999; Kim et al., 2009) d�Y .��{

½Â»�M��j¯Y Y�É�Â^��½Â»�M��Á���Y�ÊeÂ�Y�§�[�z»��Ì£�ÉZÅd�Y�Ã|��Ã{Z¨f�. �Á�Ê¯}�,d§�³�¹Zn¿Y�½Y�ËY��{�0Y�ÌyY�Ä¯�ÊeZ¬Ì¬ve��{

ÃÂÌ»�ÊeÂ�Y�§�cZÌ�Â�y�½Y�Z°¼ÅÄ¿Â¼¿�ÉÁ��Y���Z¿Y�É|¿{Y{�¹Zn¿Y�ÃÂÌ»�d�Âa�ÉZÅ. �yZ��½ZÌ»��{�Ä¯�{Y{�½Z�¿�½Z¿M�lËZf¿ �ÉZÅ

�Y�É�Â^��kYÂ»Y�d����,�yZ��¾Ë�fÆ]�,�Z¿Y�ÊnÀ��dÌ¨Ì¯��ËZ»�M�ÉY�mY�ÉY�]�,cÂ�Y�§d )½Y�Z°¼Å�Á�Ê¯}, ١٣٨٨(.  

ÃÂÌ»�cY�{Z� Ê]Ô³�É �Á�¶¼u�Ä]��Â]�»�¶WZ�»�ÄÀÌ»���{�É{| f»�cÔ°�»�Z]��ÂÀÅ�É��ÁZ�¯�cÓÂ�v»��Y�É�ZÌ�]�|À¿Z»��Ì¿

�Á�� Z]�½Z³|ÀÀ¯�{Z�� Á� ½Y�Y|£Z]� ½{Â^¿� ZÀ�M� ,É�Y{Y� �Ì³Za� Á�d�{�cY��¬»� ,µÂ�v»�¶¬¿ Ê»� Ä¯�d�Y� ÄmYÂ»�Ê¼¸��ÉZÅ �|¿YÂe

|À¯�{�YÁ�µÂ�v»�¾ËY�cY�{Z��Ä]�É{ZË��cZ»|�. Ê]Ô³�ÃÂÌ»�dÌ¨Ì¯ Ã�Y|¿Y�Z]Ê³�ËÁ�É�Ì³Ê»�¾ÌÌ e�Ê¿Á�{�Á�Ê¿Á�Ì]�ÉZÅ{{�³  .

                                       
1Shelf life 
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Ê³�ËÁÊ»�Y��²¿��Á�¹�m�,¶°���Ì�¿�Ê¿Á�Ì]�ÉZÅÊ³�ËÁ�Ê·Á�d§�³�Ã�Y|¿Y�Ê¿Z�M�Ä]�½YÂe�|»Zm�{YÂ»�½Y�Ì»�,Êf¨��|À¿Z»�Ê¿Á�{�ÉZÅ

d�Y�¶°�»�É�»Y�,Ê¿Á�{�\ËZ »�{ÂmÁ�¹|��ZË�{ÂmÁ�¾ÌÌ e�Á�ÄfË|Ì�Y�½Y�Ì»�Á�µÂ¸v» .  

¾ËY��{ ÃZ��º«��Ê]Ô³�dÌ¨Ì¯�Ê���]�,�ÅÁ�a �[�z»�Ì£�c�Â��Ä]�����Ì]�Á�Ã|Ì���,��Z¿�d·Zu�Ä���{�ÃÂÌ»)�Á�¶»Z¯�ÃÂÌ»

Ã{�Âz¿�d�{ (Â»�M�Á�ÊeÂ�Y�§�kYÂ»Y��Y�Ã{Z¨f�Y�Z]½d§�³��Y�«�Ê���]�{�Â»�[�z»�ÉZÅ  .Ä�]Y��Ê���]��ÅÁ�a�¾ËY��Y�Ê¸¯�¥|Å-

¾Ì]�É Ê³�ËÁ Ê°Ì¿Z°»�ÉZÅ ÃÂÌ» )Êf¨��,��Ë\ ¿Z��¯�,µÂ¸v»�|»Zm�{YÂ»�½Y�Ì»�,ÊpHÄfË|Ì�Y�½Y�Ì»�Á�®�y�Ã{Z»�½Y�Ì»�,(�Á�,

Ê³�ËÁ�ÉZÅ�ÊeÂ�Y�§ )�\Ë��cÂ�Y�§�kYÂ»Y�d����Á�¦Ì �e (Ã�Y|¿Y�ÁÊ³�ËÁ�É�Ì³�ÊeÂ�Y�§�kYÂ»Y��Y�Ã{Z¨f�Y�Z]�Ê°Ì¿Z°»�ÉZÅ

Ê»�ÃÂÌ»�\Ë�ze�½Á|]|�Z].  

�Á��Á�{YÂ» ZÅ  

��iY�Ê���]��Â�À»�Ä]�ªÌ¬ve�¾ËY� ,Êf¨�pHÃ{Z»�½Y�Ì»�,µÂ¸v»� |»Zm�{YÂ»�½Y�Ì»� ,ÄfË|Ì�Y� , ®�y�É �ÊeÂ�Y�§��YÂy�Á )

¦Ì �e�\Ë��Á�cÂ�Y�§�kYÂ»Y�d��� (ÃZ��º«��Ê]Ô³� ÃÂÌ»�Ê³|Ì���½Y�Ì»� �]��Z¼Ìe�Ä�� Z]� Ê§{Z�e� 0Ô»Z¯�s���\·Z«� �{� ÃÂÌ»

)����Ì]�Á�Ã|Ì���,��Z¿ (��{١٠ d§�³�¹Zn¿Y��Y�°e .Ê]Ô³�ZÅÊ³�ËÁ��Z�Y��]�Ä]Z�»�É�ÅZ��ÉZÅ)®·�¾f�Y{  Á�Ê»�¿�,²¿� (�Z]

�ÃZ´�ËZ»�M�Ä]�0Y�Â§�Á�ÄÌÆe��Y�Z]��Y�½Z�°Ë�0Z^Ë�¬e�Ã�Y|¿Y�Ì ºf� ZÅÃ�Y|¿Y�É |��Ã{Y{�µZ¬f¿Y���|»�dÌ]�e�ÃZ´�¿Y{�µ�fÀ¯�Á�É�Ì³ .��b�

e�\Ë���Á�ÊeÂ�Y�§�kYÂ»Y�d����Á�d§�³��Y�«�ÊeÂ�Y�§�[�z»��Ì£�½Â»�M�dve�dÌ «Â»�Á{��Y�Ä¿Â¼¿��Å|��kY�zf�Y�½M�¦Ì � .

ÃÂÌ»��Y�¹Y|¯��Å�Êf¨��½Y�Ì»�Á�d§�³�¹Zn¿Y�É}Â¨¿�[�z»�É�Y~³�Z]�½Â»�M�,[�z»��Ì£�½Â»�M��Y�| ] |��¾ÌÌ e�ZÅ .�Ä°ÀËY�Ä]�ÄmÂe�Z]

Ã�Y|¿Y�ÉÁ��Ê·Z¼�Y�ÉÁ�Ì¿�Á�Ä¸�Z§�,�ÄËÁY� �¾ËY  ,|¿�iR»�¦Ì �e�\Ë���Á�d����É�Ì³٣ �µÂ���{��f»Y�ZaZ»�MË� ZÅ �[Zzf¿Y�d]Zi

|� .�ËZ»�M�´�ÁZ¯�¾Ì]�ÄËÁY��¾Ë�fÆ]�Ä¯�{Y{�½Z�¿� ,Ã|��ÄfyZ��ÊeÂ�Y�§�Ä¿Z»Z��Ê]ZË��Y��Â�À»�Ä]�Ã|��¹Zn¿Y�ÉZÅ �ZÅ٦٠ �,Äm�{

�¾Ì]�Ä¸�Z§½M ZÅ ١٠ Ê¸Ì» �ÃÂÌ»��{��´�ÁZ¯�­Â¿�¾f§��Á�§��Y�É�Ì³Â¸m�ÉY�]�Á�Ì¿�½Y�Ì»��j¯Y|u�Á��f»٤ d�Y�¾eÂÌ¿ .  

  

Ã�Y|¿Y Ê³�ËÁ�É�Ì³ ÊeÂ�Y�§�ÉZÅ  

� �{½Â»�M �\�u��]� 0ÓÂ¼ »�¦¸fz»� {YÂ»� �{�cÂ��d���� ,ÊeÂ�Y�§�ÉZÅms-1 Ê»�½ZÌ] {Â� .�Á�cY|»Zm��{�ÊeÂ�Y�§�kYÂ»Y

Ê»���fÀ»�ÊËÓZ]�0Zf^�¿�d����Z]�cZ ËZ»½M��Z�f¿Y�d����ZÅ�Z³��{�Ê·Á�|¿{�³�0Z^Ë�¬e�Á�d�Y�{ZË���ZÌ�]�½Z�¯ÔÆf�Y�½Y�Ì»�Á�º¯�ZÅ

Z³��Ìv»�®Ë�Ä]� {Á�Á��Y��a�Ä¸�Z§Ô]Ê»�¾Ì]��Y�É�� |¿Á�(Hedrick et al., 2005; Schmerr,1998 ) .� �Z�f¿Y�d���YÂ»�kY

É�ÂXe�c�Â��Ä]�Ê·Â��ÊeÂ�Y�§(CL)  Ä�]Y��Z]�ª]Z�»�É١ ��]Y�]d�Y Z] :  

 )١(  
21

1
.

PU �
 

E
CL  
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��{�Ä¯©Â§�È�]Y� CL, eÂ�Y�§�kYÂ»Y��Z�f¿Y�d���Ê ·Â�Ê )( 1�ms,  E�\Ë���,Ê¿Z��¯١ (MPa)�,U�,�Ê·Z´q)3�kgm (

�ÁP�,½Â�YÂa�\Ë��٢ Ê» |À�Z] (Schmerr,1998 )  .  

Ä¿Z»Z� Ã�Y|¿Y�É ¶°��ª]Z�»�,ªÌ¬ve�¾ËY�ÉY�]�Ã|��ÄfyZ��ÊeÂ�Y�§�É�Ì³ ١ ¶»Z� :�µZÀ´Ì��|·Â»)�Z��`e(d§ZË�{�, Ã|ÀÀ¯ �É

�µZÀ´Ì�)`e  �Ì³(Ã|ÀÀ¯�¯�¼f»�Z]�ZÅ�~³Y�e�, ÊËZ¼¿�É٣½Z�Â¿�, �Z¼¿)_Â°�Â¸Ì�Y(Ã|¿�Y|Æ´¿�,Ä¿ZËY��, lÀ�Á�Ì¿�Á�ÃÂÌ»�É Ê»|�Z] .�®Ë��Y

��~³Y�e�d¨m kHz٧٥ |��Ã{Z¨f�Y�ÊeÂ�Y�§�kYÂ»Y�Ã|¿�Ì³�Á�Ã|Àf��§�½YÂÀ��Ä] .�~³Y�e�ÉÂ¸m��{�ÊeÂ�Y�§�kYÂ»Y�É��¿Y��¯�¼e�ÉY�]�ZÅ

d¨m�®Ë Ã|ÀÀ¯�¯�¼f» É Ê»�ºÅY�§�Y��[�z»��Ì£�½Â»�M�¹Zn¿Y�½Z°»Y�Ä¯�|��Ã{Y{��Y�«�ÊËZ¼¿dyZ�)½Y�Z°¼Å�Á��Z¼ », ١٣٩١( .   

Ã�Y|¿Y�ÉY�]�cÂ�Y�§�kYÂ»Y�d����É�Ì³�Z]�ª]Z�»Ä�]Y��É٢  �YÁ�a�½Z»��kY�zf�Y�Ä]��ZÌ¿(TOF٤)  Ê»|�Z] .½Z»� ,�YÁ�a Ê¿Z»� 

d�Y Ä¯ �·Za cÂ�Y�§ �Y ®Ë ¥�� ÃÂÌ» Ä] ¥�� �´Ë{ ½M µZ¬f¿Y Ê»|]ZË Á ÉY�] Ä^�Zv» ½M �Y �Y{Â¼¿ ¶°� kÂ» �{ Ã�Âu ½Z»� 

Ã{Z¨f�Y Ê»{{�³ .  

 )٢(  v

�,½M��{�Ä¯v�ÃÂÌ»��{�cÂ�Y�§�kYÂ»Y�d���,(ms-1)� ,L�ÃÂÌ»�d»Zz�  ,(mm) �ÁTOF�cÂ�Y�§�kYÂ»Y��YÁ�a�½Z»��,

(ms-1) Ê»|À�Z](Rose, 2004 ).  

¾ËY Ä»Z¿�]��{�Ä�]Y� Ã�Y|¿Y�Á� Ã|��Ã{Y{��Y�«�Ä¿Z»Z��µ�fÀ¯�É �ZË�Ä¿Â¼¿�d»Zz��½{�¯�{�YÁ� Z]� �Z¯{Ây�c�Â��Ä]�d����É�Ì³

�ÁZ¯�½ZÌ»� Ä¸�Z§ �³Ê»�¹Zn¿Y� ZÅ {�Ì³ .µZÀ´Ì����Y{�a�Z]�Ä¿Z»Z��µ�fÀ¯�Ä»Z¿�] �Á�Ê·Z��Y�ÉZÅ�Ä^·�,Ê ]�»�kÂ»�{ZnËY�Á�Êf§ZË�{

{�YÁ�Z]�Á�¾ÌÌ e�ÄÌ¿ZiÁ�°Ì»�®Ë�d«{�Z]�Y���YÁ�a�½Z»��,�´Ë|°Ë��Y�Á{�¾ËY�¶�Z¨e�Z]�Á�Äf§ZË�Y��Êf§ZË�{�Á�Ê·Z��Y�µZÀ´Ì���{�Ã|¿Á�ÓZ] 

�Z�f¿Y�d����,d»Zz��½{�¯ �Y��kYÂ»Y Ê»��ËZ¼¿�Á�Ã{�¯�Ä^�Zv» |Å{ . 

Ä�]Y���Y�¦Ì �e�\Ë���Ä^�Zv»�ÉY�]�É٣  |��Ã{Z¨f�Y(Cartz, 1995) :  

 )٣(  A = A଴e
ିୟ୐ 

�,�©Â§��{�Ä¯A �ÁAƕ ÄÀ»Y{�\Ìe�e�Ä] �Z�f¿Y��Ì�»�½ZËZa�Á��Á����{�cÂ�Y�§�µZÀ´Ì��É(V)  �,a �¦Ì �e�\Ë�� (dBmm-1) 

ÁL  Ä¿Â¼¿�d»Zz�(mm)  Ê»|À�Z].  

                                       
1 Elastic coefficient 
2 Poission’s ratio 
3 Exponential horn 
4 Time Of Flight 
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�¶°�١-  �Ä¿Z»Z�Ã�Y|¿YÊ³�ËÁ�É�Ì³�ÃÂÌ»�ÊeÂ�Y�§�ÉZÅ)١- �,Ä¿ZËY�٢- Ã|Àf��§ ,cÂ�Y�§�kYÂ»Y�Ã|¿�Ì³�Á  
٣- �,½�ÂÅ�Á��~³Y�e٤- Ê]Ô³,  ٥- lÀ�Á�Ì¿(  

Ã�Y|¿Y Ê¿Z��¯�\Ë���¾ÌÌ e�Á�ÃÂÌ»�Êf¨��½Y�Ì»�É�Ì³  

Ä¿Â¼¿�Êf¨��¾ÌÌ e� �Â�À»� Ä] �À´»�Êf¨��{�Y|¿Zf�Y��yZ�� Z]� ÃÂÌ»�ÊnÀ�Á�§�½Â»�M� ,ZÅ -�Â¸Ìe١ |�� Y�mY .�¾ËY�¹Zn¿Y�ÉY�]

½Y�ËY�¹ZfÀ��d¯���dyZ��{YÂ»�½Â»�M�¾Ì�Z»��Y��ËZ»�M �µ|»STM-20 |��Ã{Z¨f�Y .�{ ½Â»�M Êf¨� d§Z], ��Å�ÃÂÌ»¿Á{�Ä]ºÌ 

�¬eºÌ Ã|� �Á�Y|¬»É Á��d�Âa��YÉ Äf�Y{�]�Â«Zq���Âe�Ä¿Â¼¿��Å Ã|� �ÁY�]�Ä¿Â¼¿É ½Â»�M �Ã{Z»MÊ»|Ë{�³ .Y��{¾Ë Z»�MÄ¸Ì»��Ë �É

�À´»- ���«�Ä]�[|v»�­Â¿�Z]��Â¸Ìe٨ »Ì¸Ê �f» |��Ã{�]��Z¯�Ä] .��YZn¿MÊË Ä¯ ,d�Y�[�z»�½Â»�M�¾ËY ��Å��Y�¶^«�½Â»�M�,½Â»�M

�[�z»��Ì£�ÉZÅ)�¾ÌÌ e§��YÂyÊ°Ë�Ì �Ä¿Â¼¿�ºnu�Á�½�Á�,��«�|À¿Z»ÊeÂ�Y�§��YÂy�Á  (d§�³�¹Zn¿Y .�Y~³�Z]�d���É Y��{¾Ë 

½Â»�M mm/min ١٠٠ »�Á�Ã{Â]½Y�Ì Zn]ZmÊË �[Á�amm ٨ {Â](Paz et al., 2009) . lÀ�Á�Ì¿ �Ã{Z¨f�Y�{�Â»N ١٠٠ »Ê|�Z].   

�Z]�Ê¿Z��¯�\Ë��Ä] ³�Z¯Ì�Ä�]Y��É �É٤ �|��Ä^�Zv»(Mohsenin, 1978) :  

)٤(  
rD

F
E

2

)1( 2P�
 

 

½M��{�Ä¯ :  

E =�Ê¿Z��¯�\Ë��)MPa(� -F  =�Êf¨��ZË�É}Â¨¿�d»ÁZ¬»�ÉÁ�Ì¿)N(� -D =�ÊËZn]Zm)mm(� -r =�Ä¸Ì»��Z �)mm (� Áµ =

�½Â�YÂa�\Ë��)| ]�Ê] .(�Ê]Ô³�½Â�YÂa�\Ë���Z�Y��] Ã{Y{ �ÉZÅASAE ,٤٩/٠ |��Äf§�³���¿��{(ASAE, 2002) Ã�Y|¿Y �É�Ì³

Ê¨Ì¯��YÂy��ËZ�  

ÉY�] Ä] d�{ ½{�ÁM ½Y�Ì» {YÂ» |»Zm µÂ¸v» �Y �d¯���dyZ���f»Âf¯Y�§��ÃZ´f�{ATAGO �µ|»�¾aY�dr-a1 Ã{Z¨f�Y |� .

Ã�Y|¿Y É�Ì³ pH  �Y�Ã{Z¨f�Y�Z]�ÄfË|Ì�Y�½Y�Ì»�Á �ÃZ´f�{pH meter �µ|»Metrohm WÂ���Â�¯�dyZ��Ì |��¹Zn¿Y .Ê·Z´q �ÃÂÌ»

��Á���Y�Ã{Z¨f�Y�Z]�Ê]Ô³Ä�Â£ Ã�Y|¿Y�É�Á|��É�Ì³ . 

                                       
1 - Magness-Taylor 
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ÉY�]  Ã�Y|¿Y Ã{Z»�|��{�É�Ì³ Ä�]Y��Á�½ÁM��{�½{�¯�®�y��Á���Y�ÃÂÌ»�®�y�É É ٤  |Ë{�³�Ã{Z¨f�Y.  

)٤(  

 

hv]�Á�lËZf¿ 

��¿ZË�YÁ�ÄË�ne�lËZf¿ÃZ��Ê]Ô³�Ê¨Ì¯�sÂ����iY Ê³�ËÁ�ÉÁ��ÃÂÌ» [�z»�Ì£�Á�[�z»�Ê¨Ì¯�ÉZÅ �{ µÁ|m ١ �Ã|��Ã{Y{�½Z�¿

d�Y .  

µÁ|m١ - ÃZ��Ê]Ô³�Ê¨Ì¯�sÂ����iY��¿ZË�YÁ�ÄË�ne�lËZf¿ Ê³�ËÁ��]�ÉÁ��ÃÂÌ» [�z»�Ì£�Á�[�z»�Ê¨Ì¯�ÉZÅ  
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Ê³�ËÁ Ê°Ì¿Z°»�ÉZÅ  

Ê���]  Ã{Y{��¿ZË�YÁ�ÄË�ne��Y�¶�Zu�lËZf¿�t����{�ÃÂÌ»�d§Z]�Êf¨��ÉÁ��ÃÂÌ»�Ê³|Ì���t����iY�Ä  ̄  {Y{�½Z�¿� ZÅ٠١/٠ 

ÊÀ »�d�Y��Y{)�µÁ|m١ .(�¾Ì´¿ZÌ»�Z]���Z¿�ÃÂÌ»�,d§Z]�Êf¨��½Y�Ì»�ÉÁ��Ê³|Ì���t����iY�¾Ì´¿ZÌ»�Ä�ËZ¬»�lËZf¿��Z�Y��]٦٥/٣٤ 

�t���¾Ë�eÓZ]��{�¾eÂÌ¿)ÃÁ�³a  (  Ã|Ì���Á�¾Ì´¿ZÌ»�Z]٣/٢ �Êf¨��½Y�Ì»�¾Ë�f¼¯�¾eÂÌ¿)ÃÁ�³ c  (�{�Y{�Y�)¶°�٢ .(�¾ËY��Z�Y��]

ÃZ��º«��Ê]Ô³�ÃÂÌ»�É�Zne�¡Â¸]�¾ÌÌ e��{�Ê¼Æ»��yZ��ÃÂÌ»�d§Z]�Êf¨��,ÄnÌf¿ d�Y�ÃÂÌ» .�cZ¬Ì¬ve�lËZf¿�Z]�ª^�À»�ÄnÌf¿�¾ËY

³�ÃÂÌ»�É�Zne�¡Â¸]�¾ÌÌ e��{�ÃÂÌ»�d§Z]�Êf¨��dÌ¼ÅY� Z]�Ä�]Y���{�¾Ì�Ìad�Y�Ê]Ô .�Á�ÃÂÌ»�É�Ìa� Á�¡Â¸]�,Ê³|Ì���d§��Ìa� Z]

ºË�¿M�dÌ·Z §�Á�Ã|ÀÀ¯�Ì·Á�|ÌW�ÉZÅiPeÌ� ½M ZÅ Ê¸a�ÉÁ� ��ÅZ¯�\^��Á�Äf§��¾Ì]��Y�Ê·Â¸��Ã�YÂË{�¹Zn�¿Y�,Ê·Â¸��Ã�YÂË{�ÉZÅ|Ë�Z¯Z�

Ê»�ÃÂÌ»�d§Z]�Êf¨�Ê¿Z»Z�]Z¿��YÂ¿Y��Á�]�ÉY�]�Y��|�Z�»�ÄÀÌ»��ªË���¾ËY��Y�Á�{Â�Â·ÂË�Ì§�ÉZÅÃÂÆ«�Ã�ËÁ�Ä]�Ê°Ë�  Ê¸yY{�½|��ÉY

É�Z¼Ì]�¶»YÂ��Ä¸¼u�Áo�Z«��Â�y�Ä]�Y�Ê»�ºÅY�§�Y��ZÅ{�ÁM(Chen et al., 1995; Galvis et al., 2004; Hernandez et al., 

2007; Pinto et al., 2001) .�¶°��ª]Z�»٣ Ê»��ÅZ¯�Ê³|Ì���½Y�Ì»��ËY�§Y�Z]��Ì¿�Ê¿Z��¯�\Ë��|]ZË .�Ä�]Y���Z�Y��]٤ 

d�Y�ÊËZn]Zm�½Y�Ì»��ËY�§Y�Á�Êf¨���ÅZ¯��´¿ZÌ]�d¬Ì¬u��{�Ê¿Z��¯�\Ë����ÅZ¯ . 

 

¶°�٢- ÃZ��º«��Ê]Ô³�Ê¨Ì¯�sÂ����{�Êf¨��cY�ÌÌ¤e ÃÂÌ»  
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¶°�٣- ÃZ��º«��Ê]Ô³�Ê¨Ì¯�sÂ����{�Ê¿Z��¯�\Ë���cY�ÌÌ¤e ÃÂÌ»  

Ã{Y{��¿ZË�YÁ�ÄË�ne��Y�¶�Zu�lËZf¿�Ê���]½Z�¿�ZÅ |»Zm�{YÂ»�|��{�ÉÁ��ÃÂÌ»�Ê¨Ì¯�t����iY�Ä¯�{Y{ µÂ¸v» ÊÀ »�d�Ì¿��Y{

)�µÁ|m١ .(�½YÂÀ��Ä]�µÂ¸v»�|»Zm�{YÂ»�|��{�¶Ì·{�¾Ì¼Å�Ä]�Á�d�Y�|À¯�Á�ÊX�]  µÂ¸v»�|»Zm�{YÂ»��yZ��cY�ÌÌ¤e�d¬Ì¬u��{

Ê¼¿�Ã{Z¨f�Y�Ê]Ô³�ÃÂÌ»�É�Zne�¡Â¸]�¾ÌÌ e�ÉY�]�É�^f »��yZ�{Â� .Á�ÂfÀÌa�cZ¬Ì¬ve�Äq�³Y �Ä¯�{Y{�½Z�¿�Ê]Ô³�ÉÁ��½Y�Z°¼Å

�yZ��½YÂÀ��Ä]�ÃÂÌ»�ÄfË|Ì�Y�½Y�Ì»�Á�Êf¨���yZ��Á{�ÃÁÔ��Ä]�½M�cY�ÌÌ¤e�|¿Á��Á��Ì¤f»�¾ËY Ê»�ÃÂÌ»�É�Zne�¡Â¸]�¾ÌÌ e�ÉZÅ -

� �Â��Ä]�|À¿YÂe£Ì¬f�»�Ìº ÃÂÆ«�Ä]�Ê]Ô³�ÃÂÌ»�dÌ�Z�u�½Y�Ì»�¾ÌÌ e��{�|À�Z]�Äf�Y{��¬¿�½|��ÉY(Pinto et al., 2001) .��Y

ÊÀ »�Ì£��Ì¿�®�y�Ã{Z»�|��{�ÉÁ��ÃÂÌ»�Ê¨Ì¯�t����iY�Ê§��d�Y��Y{ .d�Y�d]Zi�0Z^Ë�¬e�dÌ¨Ì¯�d·Zu�Ä���{��Ì¤f»�¾ËY�½Y�Ì» .��{

d�Y�Ã|�¿�Ã{Z¨f�Y�ÃÂÌ»�¡Â¸]�¾ÌÌ e�dÆm�Ê¨Ì¯�Ê�yZ��½YÂÀ��Ä]�®�y�Ã{Z»�|��{��Y  Ê���]�{�Â»�cÓZ¬»��Y�®Ë�pÌÅ.  

�yZ� ÊeÂ�Y�§�ÉZÅ  

¶�Zu�lËZf¿�Ê���] Ã{Y{��¿ZË�YÁ�ÄË�ne��Y�yZ��ÉZÅ�ÊeÂ�Y�§�ÉZÅ)µÁ|m١ (�d����ÉÁ��ÃÂÌ»�Ê¨Ì¯�t����iY�Ä¯�{Y{�½Z�¿

�t����{�¦Ì �e�\Ë���Á�ÃÂÌ»� �Y�É�Â^��cÂ�Y�§�kYÂ»Y٠١/٠ À »Ê �Y{ d�Y .ÃÂÌ»��{�ÊeÂ�Y�§�kYÂ»Y�d����¾Ì´¿ZÌ» ���Z¿�É

�{Á|u ms-1٢٠١ Ê»�{Á|u�Ä]�Ä¯�|�Z]ms-1 ١٠٠ �Ì]�ÃÂÌ»��{d�Y�Äf§ZË��ÅZ¯��� .�ÃÂÌ»��{�¦Ì �e�\Ë���¾Ì´¿ZÌ»�¾ÌÀr¼Å

�{Á|u���Z¿ dBmm-1٠٨/٠ Ê»�Ì]�ÃÂÌ»��{�Ä¯�|�Z]Ä]���dBmm-1 ١٤/١ d�Y�Ã|Ì�� .½Z¼Å¶°���{�Ä¯��Â� �ÉZÅ٤ �Á٥ �½Z�¿

Ê»��ÅZ¯�¦Ì �e�\Ë���Á��ËY�§Y�ÊeÂ�Y�§�kYÂ»Y�d����ÃÂÌ»�Ê³|Ì���½Y�Ì»��ËY�§Y�Z]�d�Y�Ã|��Ã{Y{|]ZË .ËY�Z]�ª^�À»�lËZf¿�¾

Ê»�ÄÀÌ»��¾ËY��{�½Z¬¬v»��ËZ��cZ¬Ì¬ve|�Z](Kim et al., 2009 and Zaki et al., 2009).  ½Z¼Å �Ä�]Y���{�Ä¯��Â�٤ )��Z^e�Y

Ê¿Z��¯�\Ë���Á�d����¾Ì] (��ÅZ¯�,d�Y�Ã{�°¿�Ê¿Y|Àq��ÌÌ¤e�dÌ¨Ì¯�d·Zu�Ä���{�Ê·Z´q�Ä°ÀËY�Ä]�ÄmÂe�Z]�d�Y�Ã|��Ã{Y{�½Z�¿

Y�§�kYÂ»Y�d����Ê�Z¿�cÂ��Y �ÅZ¯ �d§Z]�½|��¹�¿��iY��{�Ä¯�d�Y�Ê¿Z��¯�\Ë��Ä] {ÂmÁ d�Y�Ã|»M  .¦Ì �e�YÂÅ�¾ÌÀr¼Å -

Ã|Ì���Z]  Á�Ã{�¯��ÌÌ¤e� ÃÂÌ»�Ê³|Ì����ËY����ÌÌ¤e� Z]�Ê·Â¸��¾Ì]�ÉYÂÅ�½Y�Ì»�Á�d�Y�ÊeÂ�Y�§�kYÂ»Y�|Ë|��Ã|ÀÀ¯�,ÃÂÌ»�½|���e
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Ê»��ËY�§Y�½M�½Y�Ì»|]ZË .��Ì¿�¦Ì �e�\Ë����ÌÌ¤eÃ|Ì���Z]�Ä¯�d�Y�Ê·Â¸��¾Ì]�ÉYÂÅ��ÌÌ¤e��Y�Ê�Z¿Ê»��ËY�§Y�,ÃÂÌ»�½|���e�|]ZË

(Camarena and Martinez, 2006).  

  

�¶°�٤-  ÃZ��º«��Ê]Ô³�Ê¨Ì¯�sÂ����{�É�Â^��cÂ�Y�§�kYÂ»Y�d����cY�ÌÌ¤e ÃÂÌ»  

  

  

¶°�٥- �cY�ÌÌ¤e¦Ì �e�\Ë�� ÃZ��º«��Ê]Ô³�Ê¨Ì¯�sÂ����{ ÃÂÌ»  

��YÂy�¾Ì]��Z^e�YÊeÂ�Y�§��YÂy�Á�Ê°Ì¿Z°»  

Ê»��ÌÌ¤e�¦Ì �e�\Ë���Á�cÂ�Y�§�kYÂ»Y�d����,�ÃÂÌ»�d§Z]�Êf¨��,ÃÂÌ»�Ê¨Ì¯�t����ÌÌ¤e�Z]�Ä¯�ÊËZn¿M��Y�Ê���]�Z]�,|ÀÀ¯

Ê»�[�z»�Ì£�ÉZÅ�f»Y�Za�Á�ÃÂÌ»�d§Z]�Êf¨��ÊÀ Ë�[�z»�¶»Z��¾Ì]�Ê´f�^¼Å�Á�[�z»�Ì£�c�Â��Ä]�Y��Ê]Ô³�ÃÂÌ»�dÌ¨Ì¯�½YÂe

Y��Y�Ã{Z¨f�Y�Z]�Ìa�ÊeÂ�Y�§�kYÂ» {�¯�ÊÀÌ] .�¶°�٦ Ä�]Y��Y��cÂ�Y�§�kYÂ»Y�d����Á�ÃÂÌ»�d§Z]�Êf¨��ÊÀ Ë�Ê°Ì¿Z°»��Ì¤f»�¾Ì]�É
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Ê»�½Z�¿|Å{ .½Z¼ÅÄ�]Y��d�Y��z�»�¶°���{�Ä¯��Â���ËY�§Y�Z]�Á�{�Y{�{ÂmÁ�ÊeÂ�Y�§�kYÂ»Y�d����Á�Êf¨��¾Ì]�Ê�y�ÉY

Ê»��ËY�§Y�ÊeÂ�Y�§�kYÂ»Y�d����,ÃÂÌ»�Êf¨��½Y�Ì»|]ZË)R2 =0.81.( 

 

  

¶°�٦- Ä�]Y� ÃZ��Ê]Ô³��{�ÊeÂ�Y�§�kYÂ»Y�d����Á�Êf¨��¾Ì]�É ¦¸fz»�Ê¨Ì¯��ËY����{�ÃÂÌ»  

�¶°���{٧ Ê»�Ã|ÅZ�»�Á�d�Y�Ã|��Ã{Y{�½Z�¿�Êf¨��Á�¦Ì �e�\Ë���¾Ì]�Ä�]Y��\Ë���Á�Êf¨��¾Ì]�Ê¨À»�Ê´f�^¼Å�Ä¯�{Â�

�{�Y{�{ÂmÁ�¦Ì �e)R2 =0.895 (Ê³|Ì���½Y�Ì»��ËY�§Y�Z]�Á d§ZË��ËY�§Y�ÊËZ¼¿�c�Â��Ä]�¦Ì �e�\Ë���,Êf¨���ÅZ¯�ÊÀ Ë.  

.  

  

¶°�٧- Ä�]Y� ÃZ��Ê]Ô³��{�¦Ì �e�\Ë���Á�Êf¨��¾Ì]�É ¦¸fz»�Ê¨Ì¯��ËY����{�ÃÂÌ»  

¶°� �ÉZÅ٨ �Á٩ Ä�]Y��ÊeÂ�Y�§�ÉZÅ�f»Y�Za�¾Ì]�É)¦Ì �e�\Ë���Á�ÊeÂ�Y�§�kYÂ»Y�d��� (Ê»�½Z�¿�Y��Ê¿Z��¯�\Ë���Á-

|Å{ .½Z¼Å�{�Ä¯��Â� ¶°�\�ZÀ»��Y{Â¼¿�Á{��Å��{�,d�Y�Ã|��Ã{Y{�½Z�¿�ZÅ �µ|»�,Ê´f�^¼Å�\Ë����Z�Y��]�É�Z»M�µ|»�¾Ë�e

y = 2.956x + 98.76
R² = 0.810
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y = 1.178e-0.08x

R² = 0.895
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�cÂ�Y�§�kYÂ»Y�d���� Z]�Ê¿Z��¯�\Ë���¾Ì]�Ê]Ây�Ê´f�^¼Å�Á�d�Y�ÊËZ¼¿)R2 =0.86 (�¦Ì �e�\Ë���Z]�Ê¿Z��¯�\Ë���Á

)R2 =0.835 ({�Y{�{ÂmÁ .¶°��ª]Z�»½Z¼Å�Á�ZÅ �Ä�]Y���Z�Y��]�Ä¯�Ä¿Â³٤ Ê»��Z�f¿Y�d����,Ê¿Z��¯�\Ë����ËY�§Y� Z]�d§�

d�Y�Äf§ZË��ËY�§Y�ÊeÂ�Y�§�kYÂ»Y .Ê»��ÅZ¯�ÊËZ¼¿�c�Â��Ä]�¦Ì �e�\Ë���,Ê¿Z��¯�\Ë����ËY�§Y� Z]�¾ÌÀr¼Å �Z]�Ä¯�|]ZË

�{�Y{�d¬]Z�»�¾Ì¬¬v»��ËZ��lËZf¿(Kim et al., 2009).  

 

�¶°�٨- Ä�]Y� ÃÂÌ»��{�ÊeÂ�Y�§�kYÂ»Y�d����Á�Ê¿Z��¯�\Ë���¾Ì]�É ÃZ��º«��Ê]Ô³�É �ÃÂÌ»¦¸fz»�Ê¨Ì¯��ËY����{  

 

�¶°�٩- Ä�]Y� ÃÂÌ»��{�ÊeÂ�Y�§�kYÂ»Y�d����Á�Ê¿Z��¯�\Ë���¾Ì]�É ÃZ��º«��Ê]Ô³�É �ÃÂÌ»¦¸fz»�Ê¨Ì¯��ËY����{  

  

�¶°�١٠ Ä^�Zv»�Á�É�Â^��cÂ�Y�§�kYÂ»Y�d����¾Ì]��Z^e�Y�ÉY )Ä�]Y���Z�Y��] �É١ (Ê»�½Z�¿�Y�|Å{ .�¾Ì]�Ä�]Y��¾Ë�fÆ]

�d�Y�ÊËZ¼¿�Ä�]Y��,�f»Y�Za�Á{�¾ËY)R2 =0.86(. Ê»�Ã|ÅZ�»Ä^�Zv»�kYÂ»Y�d����Ä]�d^�¿�É�Â^��kYÂ»Y�d����Ä¯�{Â���f�Ì]�ÉY

Ê»��»Y�¾ËY�d¸��Ä¯�d�Y|�Z]�µÂ�v»�Ã|ÌrÌa��ZfyZ��|¿YÂe .]Y���{� {ÂmÂ»�ÉZÅ�f»Y�Za� �]�ÃÁÔ��ÊÀ ËÄ�  É٤  ��Ì¿�É�´Ë{�¶»YÂ�

{�Y{�É�f�Ì]�cZ¬Ì¬ve�Ä]��ZÌ¿�Ä¯�|¿�iR».  

y = 97.63e0.984x

R² = 0.860
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Modulus elasticity(MPa)  

y = 1.404e-4.15x

R² = 0.917
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¶°�١٠-  Ä^�Zv»�cÂ�Y�§�kYÂ»Y�d����¾Ì]��Z^e�Y Ã�Y|¿Y�d����Á�É Ã|��É�Ì³  

ÄnÌf¿ �Ê¸¯�É�Ì³  

x {Y{�½Z�¿�ÊeÂ�Y�§�[�z»��Ì£�½Â»�M �\Ë���Á��ËY�§Y�ÊeÂ�Y�§�kYÂ»Y�d����ÃÂÌ»�Ê³|Ì���½Y�Ì»��ËY�§Y�Z]�Ä¯

��ÅZ¯�¦Ì �ed§ZË. 

x  Ä�]Y��Ä¯�|���z�»�[�z»�Ì£�ÉZÅ�f»Y�Za�Á�Êf¨��ÊÀ Ë�[�z»�¶»Z��¾Ì]�Ê´f�^¼Å�Ê���]�Z] �¾Ì]�Ê�y�ÉY

Ê»�ÊeÂ�Y�§�kYÂ»Y�d�����Y�Á�{�Y{�{ÂmÁ�Êf¨��Á�ÊeÂ�Y�§�kYÂ»Y�d��� �Ã{Z¨f�Y�Êf¨��½Y�Ì»�¾ÌÌ e�ÉY�]�½YÂe

{�¯ .{�Y{�{ÂmÁ�Ê¨À»�Ê´f�^¼Å�Êf¨��Á�¦Ì �e�\Ë���¾Ì]�Ä¯�|���z�»�¾ÌÀr¼Å �Ê³|Ì���½Y�Ì»��ËY�§Y�Z]�Á

��ËY�§Y�ÊËZ¼¿�c�Â��Ä]�¦Ì �e�\Ë���,Êf¨���ÅZ¯�ÊÀ Ëd§ZË. 

x  \�ZÀ»� ,|���z�»  [�z»�Ì£�ÉZÅ�f»Y�Za� Á�Ê¿Z��¯�\Ë���¾Ì]�Ê´f�^¼Å�Ê���]� Z] ��]�É�Z»M� µ|»� ¾Ë�e

�ÊËZ¼¿�µ|»�,Ê´f�^¼Å�\Ë����Z�YÃ{Â] �cÂ�Y�§�kYÂ»Y�d����Z]�Ê¿Z��¯�\Ë���¾Ì]�Ê]Ây�Ê´f�^¼Å�Á)R2 

=0.86 (�¦Ì �e�\Ë���Z]�Ê¿Z��¯�\Ë���Á)R2 =0.835 (Ä] |»M�d�{. 

x Ä]�ÊeÂ�Y�§�kYÂ»Y�d����Ä¯�{Y{�½Z�¿�lËZf¿ �ËZ»�M��{�Ã|»M�d�{  �ÊeÂ�Y�§�kYÂ»Y�d�����YÄ^�Zv» Ã|� ��]YÁ��Z]

�,É�ÂXe±��] �e d�Y{�{ÂmÁ��f»Y�Za�Á{�¾ËY�¾Ì]�Ê]Ây�Ê´f�^¼Å�Á�d�Y. 
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Calculated ultrasonic velocity (ms-1)
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Abstract: 

Development of the ultrasound technique as a means of evaluating food quality has 

not progressed as fast in the fresh fruit sector as in the processed food industry. In this 

research for quality assessment of pear fruit (Shah Miveh) an ultrasonic measurement 

system to transmit and receive the ultrasonic waves was designed, fabricated and 

evaluated. The apparatus included a pulser-receiver, a pair of 75kHz ultrasonic 

transducers with exponential horn, and a computer system for data acquisition and 

analysis. Several mechanical and chemical properties, including firmness, TSS, acidity, 

elastic modulus, pH and total dry matter for destructive quality assessment were 

measured. Velocity and attenuation of ultrasonic waves for nondestructive tests were 

also measured. Fruit quality levels for the experiment were: unripe, ripe and overripe. 

Results of the tests showed that firmness was the best parameter for measuring fruit 

quality and decreased significantly with ripeness. The effect of ripeness on the velocity 

and attenuation of ultrasonic waves was significant.  Investigation showed that the 

relationship between fruit firmness and wave velocity was linear and velocity increased 

with fruit firmness (R2=0.81). Furthermore, the relationship between fruit firmness and 

attenuation was exponential and attenuation decreased with increasing fruit firmness 

(R2=0.895). The Relationship between ultrasonic properties and fruit modulus elasticity 

showed that wave velocity increased and attenuation decreased with  increasing 

elasticity. It is shown that the ultrasonic instrument equipped with exponential horns 

can effectively be utilized for pear quality assessment based on measurement of wave 

velocity and attenuation. 

 

Keywords: Quality assessment, Non destructive test, Ultrasonic, Firmness, Pear fruit 
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