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��4> ?���4(� &�4M� 	�C4� 	^�� 4� ]�'� "� 	E�� ?�  	/�F(��(� ?��
 	%�4� �O�^ 

 
  C�(E�� 	,(3* $�(\�*a  <�(�L�� ���* Kb K  ?��� A3)���c  Z�X;! N��� Kd 

 
a  A���, )�*�*+, � !�"# ���� (��-�� ��./ $�0&'�� (����� ����� ������ �3�� T��3��
 :�\&'�� 

b b�
 (:.���&
 ������ � ��M )�*�*+, �E��� (����� ����� � !�"# $��F �����	�� 
c A���, )�*�*+, � !�"# ���� (��-�� ��./ $�0&'�� (����� ����� � !�"# $��F �����	�� 

 d A���, )�*�*+, � !�"# ���� (��-�� ��./ $�0&'�� ()�,�' q-�� � �#��. $��F �����	�� 

���*� �M���� [���, :1388/10/15                                                                        ���*� o���8 [���, :1389/4/1  

$�(/H 
���'�  :�>�F $��� �"2> .� �0'�M 6�, � �%�'�%� )�@�m �@ T�E� :�� ��� �%�9�M :��  .          �� R�=_+� <_�� .� ��>�, B@�� A�9��

�@�> � B*' � B2� (�3���@ )��"2# R-? �� B��, )�5��m �@ � �	M� <�@ .� ���> ��3 .   v�*_� l�1,�� ��s�, ����@ k�*+, <�� .� e��
�F7�� �@ v�*� wd� L�> �  $��� P� �; �� �0'�M �>�F �%�9�M��@ :��18 ��� $��@ $.��. 

Z�C � !��� ��  :�'�2' k�*+, <�� �� �>�F :��  ��� �0'�M !�� :�����)Rum TH 20163  (   4"	]� l�1,�� �� �s� � �'�3 {�]	'�
(�1� B��330  �60 �	'��   �F7�� � :��F�'�� :�� P�	�-8 � !�M ({�� B��3 v�*� wd� 4"	]� L�> �� � �	�     �_%�9�M��@ :��

 B��3 �0'�M �>�F �@�m .� �3�' :n�'� 9�' � �'� (�M�@ �	]� (�F��&M ��	
�M (�	�E'�� �; ��18    :��� �� :�����'� .��15   �>��
�	'��  ���F�3 ����@. 
�7��� ��  :    �_M�� 6��9M� �F��&M ��	
�M (�3 B��� :����0' A��. )�� 6��9M� �s� �� �
 �t'/ ��z' v�*� l�1,�� 6��9M� �@  .   �� <_��

�� R�=+� �'� )����^, � �@�m .� �3�' :n�'� ���&, �� �
 R�� <�# �� (v�*� l�1,�� 6��9M� �
 �E����      �� �_M�@ �	]� (��3
�� 6��
 ��>�, B@�� A�9�� �@ (:����0' A��. �; �� ��� . 

��(7� ?4(^ :�� �@�s �5��d� <�� c��	' �
 !�M wd� �
 ��
 $��� �@ �� �@�m .� �3�' ���/ <��, �� ���� �� ��
. 
 

$j�� ?�(�8 ?��:  ���/ �F7�� (�0'�M �>�F (:��F�'�� ��"@�� (�@�m .� �3�' :n�'� (�%�'�%� :�� �%�9�M��@ :��  

 *)�,�%� R�jE� $��E��'email: hoseinihoshiar@yahoo.com                                                                                           
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     ���'� 
                                             �3���@ 4"	]� B���� �� :.���&
 )a�=+�

                              �@�> B��3 �3���@ .� L8 �                                     (B_*' � B_2� (���_>
                                                     � �%�'�%� :�����' ��s�, �+, (:��/�M � :����0'

                           �� ���� :��5	� �%�9�M )����        �'�3     .                :���E_@ ��
                                  ��_�/ �>�� �����' <�� ����� .�                           �_%�'�%� �F�_��

                                                 )a��_, �'�� � $�3 ���"� $����� �F��8 � R�=+�
                                             �_� R-_	?� ��_�� $����� �5�;           ���_F     .               �_\�	' ��

                    $�__2# )���__�^,                                                 � �__%�n����@ :���__����M �� :�
                                                      �__� ��__\�� )a�=__+� <__�� ����2�__3��@                                         ��__3

 )Idah et al. ,2007; Mohsenin,1986  .( 
                 �5��d� �*�*+, ��                                  �_	M�@ )����=? :�� �@ :�

                                              �3���@ �F���� 4"	]� B���� �� �
 �0'�M �>�F
   $�3                  ����F !�\'� (�'�   .                                    �_�� $��� A�&' )�*�*+, <��

                                                  $��_�� �_@ �0'�M �>�F �M�@ �	]� �
                    A�_3 �_,
       �� 6��
        �@��(Kader et al.,1978)  . 

                                                 A�_�� ��_�/ p#�@ (�%�'�%� )���� <��t2�
   ��a                               ��a ���], � $��� �+d� :��                       ���&_� :�_�
   �0'                                         �� $��� .� �	&�@ �@�;� b��? � {/ $�'���       ��3   .

                                                             �_\�	' �� � $�_�� A.� 6��
 �� �	@�;� )�1",
                                ��� .� �%� � $����F A/ o.�� 6��
                   B_���# <��,

                                                               $�_�� �_3���@ .� L_8 )�5��m ���&, �� �s��           �_�
        �� {�E+�        ���F )Golomb et al., 1984  .( 

                                          $��� A�&' �'�2	?�� k��� )�5��d�                         �� �_
 �_'�
                                                                  �_'��� �_�a �� �_2�� )���_�^, ($��� A���� �;

                      �� S� ���"� $�����       ���     .                                         �_@ ���"_� $���_�� ��_	@�
                                                  (A���� B2# �M�&�8 �@ � ��/ ���� R�"+� )���

                     �� �	&�@ $����� R-+'�                    $��� �� �
 ��3                    ���E_@ :��
                                                              $���_�� A�_3 $���%_3 � r.�_' �>�� ($����           �_�

  ��      ���F   )1986 , .Grieson et al  .( 
           �@�m :n�'�                                           �_�1�
 ($�_�� X��, $�3 {�> :�

                                                                <_��5, :�����_'� � B*' � B2� �; �� �� R�=+�
  ��     ��
     .        ���� A��                                                  :n�_'� B_��� �_@ �_M�@ �F���

            �@�m .� �3�'                                          �_� ���� $��� �@ �
 ��� :�                � ��_3
                   �� A/ B%3 ���^, ��                                �_� �@ ��? <�� �
 (���F

                                                                     �__%�9�M �__�� )��__��=? .� �__?�@ �� ��__�^,
      $�����                                                        R�"_� $�_��� R�=_,� ���� � ���"� :��           �_�

  ��      �3�@     .                                            $��� �%�'�%� x��? :�� �@ ���	����8 <��
                      �'��� �2�� ���E@ )��s�   )Ruiz Altisent, 1991     .( 

                                    �_3 $��� A�&_' �*�*+, ��                                 )�_�"2# <_�� �� �_

      �__@�>                                                                       :�__����' (l�__1,�� .� v�*__� �__s� �� � ���__>

                                                               ���� :.���&_
 )a�=_+� �_@ 4_"	]� �%������
  ��      �'�3     .                                                            �_@ $�_3 ���� �%�'�_%� )���_� A�9�_�

                                                   9�' � v�*� l�1,�� �@ �0	E@ (���� <�� �� R�=+�
                                                                 v�*_� A/ :�� �_@ R�=_+� �_
 �+d_� L�>

  ��          ���� ��
     .                                        6_��9M� �@ $��/ B2# �@ )�*�*+, k;
                                                                           wd_� 9�_' � �@�_m .� �_3�' :n�'� (v�*� l�1,��

                                       �____'�2' $�____�� ���____�                                                           6____��9M� �____�
  ��      �@��  )Idah et al., 2007  .( 
                                   �@�m :�����' ��s�, �*�*+, ��                             �_@ ����_'�8 :�

     �F7��                          �>�F $��� �1�
 � �2
 :��                      A�9�_� � �0'�M
    ����                                     �_���F �_���@ A/ �F�_��     .                        k_�*+, <_�� ��
    �>�F         �0'�M                                                             �_@ � �F��_�� 4_"	]� B_���� �� ��
      $.��'�                       �'�3 {�]	'� 4"	]� :��     .                       R��_'�8 P� X��,

              l�53 �@ :��
mm    25                              � X_��	� (�
 wd� �� ��
                                                      �_'�2' �_@ �_m�# � ���; ��5��� �� �� � a�@           �_�

            �3 ���� �@�m     .                                        ��� A�&_' �5��d� <�� .� B��� c��	'
                                                          �_0'�M �_>�F �_@ $���� �@�m wd� �� �� �
           �_�

                                    �'�2' X��, $�3 {�> :n�'� (�3�@ �	&�@               6��9M� ��
  ��      �@��   )Van Zeebroeak et al., 2006  .( 
                                                                   �_@ �%�'�_%� )�@�_m .� �_3�' )���� )��s�

     �F7��                        6]@ �%�'�%���%�� :��                   :�_8 :�_�             |��_

 )                                                   ��&_'���8 � !���_g�� (!���8� (R�%�,�
     (               ��	?�_� �

                      :�__8 �8�%__���%��                                            4__"	]� �__	���� �� |��__

    �>�F                                                   �_; �� � �_3���@ A��. �� �� �0'�M14         .��

                                        �_M�F ���_� ����@ ���� :�����'�     .                     )�_*�*+, <_��
           $��� A�&'                             )��_1, �_
 �_'�                                      �� �_�>�, B_@�� :�_�

     �F7��                                     6_]@ �%�'�_%���%�� :�_�                       4_"	]� :�_�
   :�8           �>�F |��
       �0'�M              �'�3 $��� ��     .           �� �z' �@         ���

                                                     �� �_� �_����g�� 6]@ ����� :���	����8 )��1,
                                  <_��5, �_0'�M �>�F l�'            $�_��
                            )��_� )��_1, :

                  �'�2' ���8 �%�'�%�                                         A�9�_� �� )��1, <���@��@ � ��
                                                      �__� �%�'�__%� )���__� �__@ ��__��E�          �__3�@                                              

. (Allende et al., 2004 ) 
          o�� )��s�                                                  �_@ (�%�'�_%� �3���@ 4"	]� :��

                                       �_>�F .� ������ �%�9�M � �1�
 )����=?              �_0'�M
                                                                  �___M�F ���___� �@�___�.�� ���___� $�0&___���./ ��   .

      �3���@       $���
               �� )��1	� :��                     �_F7�� ��	E'��,            :�_�
                                     �_��� ���� ��s�, �+, �� ����'     .                             B_@�� )��_1, �_��
                             �3���@ 4"	]� l��'� �� ��>�,            $�_��
                       $���&_� �_�

   �&'     .                                            �>�F �M�@ �	]� 6��
 $n��8 <�� )�&���./
     �0'�M                    A�9�� �, �� ��30                                     �_���*� 6��_
 � (����

<�C�/�� � C�(E�� 	,(3* $�(\� Archive of SID
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       A/ ���8                                                             �_, �y
��_� r�_, ��_\�� B��� �@ �� ��    6  
              $��� A�&' ����       �'� )Arazuri et al., 2007 ( . 

          �� �z' �@                                                  �_� � v�*_� .� �3�' )�@�m �
 ���
                                                      �_@ �_%�9�M )���� R�2#� �@ R�=+� B*' � B2�

      $�����                                                                  )�_3 6��9_M� k_��; .� 9�_' � ���"� :��
                    ��9'/ .� �?�@ ����5M                                   !�_' �_'�� (�_s�� :��             �F�_3

                     �� �#�� �� R�=+� �M�@      �&]@   . 
                                                     � 9��"_� B�	� �E
�@�
 �@ �
 ��9'/ �� B����

                                           �_� �_s� ���"� $����� !�%+	��                               $��=_# �� �_'���F
    $���                $�3 ������3 ��     �'�     .                                      <_�� �_���5M (�_
 ���0��
     ��9'/               �� �	&�@ ��                                               ���_� �_M�@ A�_3 !�_' ��3           �_,

            �_� )���               ���_F )                               (A���_%2� � :���_z�1386    .(
                                             9_��� �'� ����, �
 ��� $����F `]&� <��t2�
                                                              �_2\, � B_�M��"
 �_��], �"# �@ $���� $��� ��
                                                                  �_'� (�_�� <8�%�� � <,���
�	@ (����Y��,���
 ���.
                                                                              ���_*� 6��9_M� �_@ $�_�� A��_�� .� B_� �\'��'

                           ��� $�3 $��� �E' <,���
�	@     .           A/ R�_�                    �_'� �_

                                                                         <_8�%�� ���_� �_2\, B_��� �_@ $���� $��� 9���

  ��        �3�@ )                   (A���%2� � :���z�1386  .( 
                            �� A�&' ��>�� :�����/ ����@                         A�9�_� �
 ���

                                         R�_� �_; A��> �� �0'�M �>�F ����,                      �_�?� :�_�
                ��� �	M�� 6��9M�     .                                   <_�� .� :���. 6]@ �'a�� ���

                                                                          <_�@ .� e�=_� ��.�_@ �_, �#�9� ��E� �� R�=+�
  ��     ���     .                                                �&_
 �_@ �_�>�, B@�� wd� �� A���� ��

                   �� x�=	?� R�=+� <��                                 )�5��_m A�9�_� ��� �@��
                ��a�@ ���E@ A/ )                   (A���%2� � :���z�1386  .( 

                                                                    ��_�> )��.� :�_� .� $�_3 �_Y��� ���/ k; �@
                                                          �_#��. R�� �� �0'�M �>�F ����, A�9�� :.���&


1386   (4781017                                       A�9�_� �@ �>�, �@ � ��� $��@ <,
                                           ���_� �_
 �0'�M �>�F �'a�� )�5��m30             �_���

             ��� $�3 �
u )                                  6_��
 :����� ���'�@ �"� o��9F
                                                  ��__M )�__*�*+, �E__��� )�5��__m–          �__�����

         :.���&__
      .(                  �__@ P__��9'1434305/1                      B__
 .� <__,
                                                           �_�� �_
 �_	M� <�@ .� R�� <�� �� :����, R�=+�

                            �_�� �_�>�, B@�� )                                            (A��_�� :.���&_
 �_��' ��_�/
1385  .( 

                                                   )�5��_m 6��9_M� � ��\�� �� ��� B�a� .� �%�
    �>�F             ���/ (�0'�M                                         �� �
 �E�� �@�m .� �3�' :��

                                                     (�_3���@ �; �� (R�=+� �@ l�1,�� .� v�*� �\�	'
    �@�>                              �� ���� B*' � B2� � ���>       ��3     .                 ��_�/ A�9��

                                                 �+d_� L�> �@ (l�1,�� �@ $�-# R�=+� �@ $����
                           �� v�*� A/ �@ �0'�M �>�F �
                                �0	E_@ 9�_' �_�


    ����     .                                                             �_@ R�=_+� <_�� (�_3���@ .� L8 B���� ��
                                                   P�	_�-8 � !�M ({�� (9"M �"2> .� �1"	]� q�d�

           ���� ���?�@     .                                          �_%�'�%� �3���@ B���� �� 9"M L�>
                                         �_�"*' �"��� A��� �@ R�=+� R�*	'� � )                 � B_2� ��

       �"M B*'    :�   (     L�> �                                         �� P�	_�-8 � !�M ({�� :��
                        �_0'�M �>�F R�*	'� <��                                  �_5> A��� �_@ �_�               � �_�

                                    �� T�2, �� R�=+� �@ L�> <�� .� �M���          ��_3�@   .
            A/ �5��d� �
                                      �_� ����_M �� A�%�� <�� ��                    �_
 �_�


                             �	E_@ e��� L�> <��	�@                                  R�=_+� :��_@ :�_�@
                                                     )�5��_m A/ R�'� �@ � ���F ������3 �0'�M �>�F

                           �@�� 6��
 e�=� �8 R�=+� <�� . 
                                                              :�_����' )��_s� k�*+, <�� �� (�	��� <�2� ��

    �@�m                                                            �_@ v�*_� wd_� L�> � v�*� .� �3�' :�
                 �F7�� .� �?�@ :��                             �0'�M �>�F �1�
 � �2
 :��

                       :����0' $��� P� �; ��18                            :��� X���3 �� $.��
15                            �E' �@�;� � T��E"� �>��88                  ���_� ����

                             ��� �	M�F ���� ����@ � �5��d� . 
 

          Z�C � !���    �� 
-                               �(;�� ����� ?"�� $!��# � �(.� 

                   �>�F �5��d� <�� ��                         �_�� �_0'�M                                    !�� :�_����
 )Rum TH 20163     (                                         � �___@�s �___"��� P___� ��

                �F���� .� `]&� )                          }           �,��_� �_'� �@ $���� ����*,
            9��� �@ B��� (                                                    �� �_��� �=_=], �_'�]"F P_� .� (

                                             (�3���@ <�� ��� )��� �@ (b�
 ��@ ���� �*d��
                             �_�a P, )��� �@ �                                    x�=_]� :���_� �� :�

                                                          )��_� �_@ $�_��
 B_2� �"��� P� X��, � $���
                                  }          �_
 �_
 :��_; �@ ($�3 R�	�
 --��
                      6_�, <��_,

               �'�2' �@ �%�9�M                                                B_*	�� $�0&���./ �@ ��3 R�2#� ��
     ����F     .                         �_F7�� <_��5, .� L8                                   �_1�
 � �_2
 :�_�
     �'�2'                                                   (�F��&M ��	
�M (�	�E'�� (A.� ��z' ����� :��

                                          �'�2' A��
 ��� �@ (�M�@ �	]� � �'� )����^,           .� ��
              (�1� l�1,�� ��30     �60       �	'��                       wd� �� :�� �@ �	�
            L�> .� 4"	]�                                            A�9�_� P�	�-8 � !�M ({�� :��

          �@�m :n�'�                                                       :�_�� �_@ �'�2' �� v�*� .� �3�' :�
        ����5� )1     (            ����F ���+�     .               �F7�� )����^,               �2
 :��

                                �'�2' �%�9�M��@ )����=? � �1�
 �                       ��
�_� :�_�
            �	�E'�� B��3         (���� :                                        ��	
�_M ($��&_M $��, �	�E'��

��4> ?���4(� &�4M� 	�C4� 	^�� 4� ]�'� "� 	E�� ?�  	%�4� �O�^ 	/�F(��(� ?�� Archive of SID
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                                                 $��� P_� �� �M�@ �	]� � �'� )����^, (�F��&M
18                                                    :�__�� X���__3 �� :���__�0' $.��15            �__>��

                     �E' �@�;� � T��E"�88                                    .�� �_� �_� (�_���
  P�                                         ��	M�F ���� �@��.�� ���� ��. q�3 �@ ��@ . 

 
-       	^��                  	���"C� !C�� ?�� 

                        �@�m .� �3�' :n�'� 
             $.��'� .� L8                                          A��_
 ��� �@ � �'�2' �� A.� :��F

                       l�1,�� .� �%� .� A/                                   (�1_� 4_"	]� :�_�30         �60  
     �	'��                                                           <_�� �� �_	M� ��%@ q�d� .� �%� :�� �@ �	�

                                                            �_�. R�_��M .� �@�_m .� �3�' :n�'� ���*� 6��78
            ����F ���+�  :(Idah et al.,2007 )  

   
   )        ����5�1     (E = mgh                                   

 
           A/ �� �
E                       �@�m .� �3�' :n�'�   )J   ( (    m            !�_>

      $���(g)   (g                                 <_�_�. �@u�> {�	3   )9.8 m/s2     ( �h   
             v�*� l�1,��(m)     ��      �3�@ . 

 
              ���� �	�E'�� 

                         �'�2' ���� �	�E'�� <��5,             �_>�F :��                      �_@ �_0'�M
                                                   �_@�> o�� �_@ � T��23�� A�'�� :���                  {/ ���_>

           ����F !�\'�     .                                            �� �_'�2' �� A.� ��	@� �
 ��,�, <��@
                      �;�� .� L8 � ��./ :���                                        A.� ({/ �� A/ A��_
 ��

       �@�> {/               $.��'� $�3 �>                                           �	�E_'�� �_�. �d@�� .� � :��F
                                           �__'�2' .� P__� �__� �__���                                                                      �__3 �__��+� �__�

(Mohsenin, 1986) : 
 

 )        ����5�2 (         m .�w / mw   =� 
   

                     A/ �� �__
�                                                                   �__0'�M �__>�F �__��� �	�E__'��
 )3    g/cm (     (m                                                     ��__� �� �__0'�M �__>�F A.� )g (                             (

�w                             {/ x�=_]� A.� )3 g/cm (         �mw              {/ A.�
    �@�>          $�3 �> )g   (                               ��� {/ �� $��� A.� �@  R��5� �
 . 

   
                    $��&M $��, �	�E'�� 

                  �__��+� :��__@                 �	�E__'��              $��__,                            ���__5, ($��&__M
          �>�F �=]&�                                               B_?�� �� ��_2�, �� �@ v�@�� �0'�M

                               l�1,�� �@ P&� �%�	�-8 �� P�9                     � �	� �	'��
     �d�12                                                                       P_� .� $��1	_�� �_@ � $��� ���� �	� �	'��

                  �@�_m ��,����                                 R�_� �_%��	%�� :�K1-Retsch   
              A��, �+,10                                                          R�_2#� �_@ �� �_� )�_��	+� ()��

    o.��                                     )�� :��@ (A�E%� �,�@�m � ��2                      �_, �_*���
                                                                      �_
 ��_M o�� �@�&_� � �	?�� $��&M A�%�� ��

           $.��'� :��@                                                         :�_�� �_@ (�3 A��@ ���� �	�E'�� :��F
                                                                         �_@ � {/ � ��_� �� $�_3 $��&M $��, A.� ���+�

                        �_���5� .� $��1	��5                                                 �_>�F $��&_M $��_, �	�E_'�� (
     �0'�M                   ����F ���+� �� )Mohsenin, 1986    :( 

 
 )        ����5�3 (        M.�w / mw     =P� 

 
                     A/ �� �__
P�                                               �__>�F $��&__M $��__, �	�E__'��

     �0'�M         �_�     )3 g/cm     (     �M                                           �_>�F .� �_8 �_� A.�
              ��� �� �0'�M )g   (   ��� . 

 
             �F��&M ��	
�M 

        }     <�@ �� aa�25�                  $��_, � )��u          :�_�                        �_���� ���_�
                                                    A��_
 $��&M �
 (���� ��>� ���? :���hM :���*�

                            �� ���hM <�� 6��
 �>�� R�=+�      ���F     .          <�� ��
                                                                             � )�__3�5,�� �__s� �__@ (����__� $��__� B__*' � B__2�

    A�%,                               �_� ���� R�=+� �@ �
 ����                        R�=_+� (��_3
     $��&M                            A/ <�@ ���? :���hM ($�3 �,                   �	M�� 6��
 ��

                      �	E@ �� �� :�	2
 �\� �               �� R�^3� :��@      ���
     .         �� �@
                                                                $��&_M $��_, �	�E_'�� � ���� �	�E'�� <	3�� ���

  ��                                                    R�=_+� $��_, �F��&_M ��	
�M A��, )Pf (           �_

                  B_]"], L%# )�     (                                                �_���5� �_@ k@�_d� �� �_��6  

            ��
 ���+� )Mohsenin,1986  :( 
   

     )        ����5�4   (        � /1  )=� / P� (-  1  Pf = 
 

         �M�@ �	]� 
                                                  �__M�@ $�0	__�� .� $��1	__�� �__@                     R�__� c�__�

HOUNSFILD-H5K                                   (A�	E_"0'� ��&_
 �?��
            $.��'� A��./                                                 �� �_M�@ ����*� �� �M�@ �	]� :��F

                                                 P, :��&M :���F ��@ :��� �@ (�3�@ :���' B@�*�
                                               �__���5� �__@ k@�__d� � :��__+�7                        �__M���8 !�__\'�

(Mohsenin,1986) : 
 
 )        ����5�5   (                                                .L   .d �   /F =SS 

 
           A/ �� �
SS                                          �_3�_@ :���' �@ �M�@ ����*�

                     {��8 X��, $��/ ����N/mm2     � (F                     :��_�_' ���*�
       :��&MN �    d            {��8 �d�   )mm     (   �L       ���]m      �M�@  
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                               ���' A��/ ���� �*d�� �� �'�2'(mm)     ��� . 
 

     �'� 
       $.��'�                        �"
 �'� )����^, :��F )E�     (        �_'�2'            :�_�

                                                   $��� �_; �� � $�3 R�2#� :����2�, �+, (�&���./
                                                                    R�__� c�__� �__'� $�0	__�� X__��, (:���__�0'

Hunterlab-D25-9000                             :�_�� �@ � �%���� �?��
       �d@��6              �M���8 !�\'� : 

 
 )        ����5�6 ( 

 
  
                                                   �	'�� :���	����8 .� $��1	�� �@ �'� )����^, A�9��

                      :��1� �� ��3�� �E��@ )l* (       :9��� (–          :9� )a*   (
     �@/ �–        :��. )b*     (            ����F A��@     .                                 �_"
 �_'� )����^,

 )E�     (                                                                         ���/�_@ ��_z�� �_@ (a�_@ �_d@�� .� $��1	�� �@
                                                                                                            �___M�F ���___� �@�___�.�� ���___� �___'� )���___�^,

 )Mohsenin,1986      .(        L��___'� *           A�&___'              $�___���
                     �'�2' �0'� :���	����8                         ��� $.�, �0'�M �>�F :�� . 

 
-                     ?C��# �(�)� � ��F�� 

             }                               �@ �M��=, --��
 q�; P� )��� �@ k�*+, <��
                                                          l�_1,�� B��_3 �"��# �� B���	
�M 6���./ P� ���8

        v�*� )        (�1�30         �60            �	'�_�          �	_� (                     wd_� L_�> (
      v�*� )                   P�	�-8 � !�M ({��     (        A��. �                    4_"	]� :��

                      ��'� �� :����0' )       (�1_�15(12(9(6(3         �18       .��     (       �_@
                                                                   �_	M�F !�_\'� ���%, �� �� A��./ �� � $��/ �� ��>�

   ���     .    $���                    6���./ .� B��� :��                            �_@ �5��d� <�� :��

             !�__' P__2
               ��9__M�13.1 Minitab                           � �__�9\, ���__�
                     ��	M�F ���� B�"+,     .                                              9_���'/ (4_"	]� )�1_� :�� �@

                                                                       !�_\'� �"��_# �_� B_���	
�M q�; ���8 �@ L'�����
                                                           <�0'�_�� �E_��*� A��./ .� $��1	�� �@ � �M�F            :�_�

            �E��*� <%'��                                                 <_�0'��� � �M���_8 )��� !.a :��
                                                                           B_@�*	� � B*	E_� )��_s� <_��5, ��_z�� �@ )�1�

           �'�3 �E��*� . 
 

     �7���    �� 
             l�1,�� ��s�,                                 (�1_� B��3 v�*� 4"	]� :��30       �
60       �	'��          �@ �	�     �F7��                                   �_'�2' �1�
 � �2
 :��           �_�

                                    (�@�m .� �3�' :n�'� B��3                                  ($��&_M $��_, �	�E_'��
                                      �'� � �M�@ �	]� (�F��&M ��	
�M                   :�_�����2' ��

1      �,5                     ��� $�3 $��� A�&' .                                     �_@ $���� ��_�/ A�9��
                                                 �>�F �
 �+d� L�> �@ (l�1,�� �@ $�-# R�=+�

                          �_� v�*� A/ �@ �0'�M                                     ���� �0	E_@ 9�_' �_�
 .        ��
           :������2'6      �,8       �s�                          v�*_� wd� 4"	]� L�> ��

                                       �F7�� )����^, �@ P�	�-8 � !�M ({�� B��3            :�_�
                         �__>�F �__%�9�M                      �__	���� �__0'�M                                                   !�� :�__����

 )Rum TH 20163     (                                        (�@�_m .� �_3�' :n�'� B��3  
                                      ����F ���@ �M�@ �	]� � �F��&M ��	
�M     .     �'�2'        ��

                  $��� P� ��18                                        :�_�� X���_3 �� $.��15             �_>��
                     �E' �@�;� � T��E"�88                            �'�_3 :����0' ����

   �     �s�                  :����0' A��. )��                              �_F7�� )���_�^, �@            :�_�
            �'�2' �%�9�M                                                 ��	
�_M (�	�E_'�� B��_3 �&���./ :��

                                           :�_�����2' �� �'� � �M�@ �	]� (�F��&M9            �_��
13               ��� $�3 ����@ . 
 

��4> ?���4(� &�4M� 	�C4� 	^�� 4� ]�'� "� 	E�� ?�  	%�4� �O�^ 	/�F(��(� ?�� 
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     �0'�M                     }               �	_3��' �;�*_� --�� �
 ����              �_'� )         l�_1,��   :
   �1� (                                                      A�_�. �; �� �� �M�@ �	]� A�9�� <��	&�@ (

                      �� A�&' ��? .� :����0'        ���� .                                   l�_1,�� 6��9_M� �_@
                                                                   �@�_m :n�_'� (R�"_� �&_� � ��	?�� �@ v�*�        :�

                �� ���� :�	&�@                                                   �_%�9�M )���_� �_\�	' �� (��3
                        $����� � �M�@ �@ $����                                            (�_	M�� 6��9_M� ���"_� :��

     ��9'/                                           �_� ���� ��	E@�� ��5� �� �	&�@ ��                  � �_'��F
                      �� ���&, �2�9'/ ����5M     ��3     .                     ��9'/ <�� �"2> .�           �_�

                                                               ��	E_� ��.��	_�� B�	� <�	%8 � ��.�'���	
a�F �"8
                        �� �M�@ �	]� 6��
 �� �
       �'��F     .            B��� c��	'

                )�5��d� .�Van Zeebroeck                   A���_%2� � )2006   (
     �	M��                           �� ����, �� k�*+, <�� :��      ���
 . 
            ����2' ��5           �� $���&�                             l�1,�� 6��9M� �@ �
 ��3  

    v�*�                              �_'�2' �'� )����^, A�9�� (                                6_��9M� 9�_' �_�
  ��      �@�� . 

                                                 �_@�_m :n�'� � l�1,�� 6��9M� �@ �*�*� ��          :�
                          ����5M )�3 �@ v�*� .� �3�'                                        � �_2_�9_'/ :�_�

          6�
�� �#��                                            $��9_M� �_0_'�M �>�F A���� :��
  ��      ���F     .                                        �_>�_F �� �F���� A�9�� 6��9M� �@              (�_�

              A/ �'� )����^,                 �� ���&, 9�' ��     ��3 . 
                    v�*� wd� L�> )��s�        �F7�� �@                              � �_2_
 :�_�

          �'�2' �1�
    �� . 
     A�2�                                 ����_2' �� �
 ��;6                     �_� $���&_�             (��_3
  �
                           �@�m :n�'� <��	&�@ � <��,                             v�*_� .� �_3�' :�

                       �'�2' �@ v�@�� ��,�, �@                                            :�� �_@ �_
 �_�� ���_�
                          $��
 v�*� P�	�-8 � !�M wd�     �'�     .                 �5��d� <�� ��

                                                                      <	_3�� B_��� �_@ !�_M L_�> �
 ����F `]&�
                                                               ��_%@ q�d_� ���_� �_@ �E��*� �� �	&�@ �	�E�	�a�
                                                                    �_@ $���� :n�_'� .� :�	&_�@ A�9�� ��� ���� (�	M�
                                                                            .� � �	__3�� �__0' ��__? �� �� $�__�� v�*__� �__�

��4> ?���4(� &�4M� 	�C4� 	^�� 4� ]�'� "� 	E�� ?�  	%�4� �O�^ 	/�F(��(� ?�� 
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                                          ���2' :��F�"> $��� �M�@ �@ A/ A�'���F.�@     .           ��� <��
      �� ��                                                          �� $�_�� �_@ $���� �	&F.�@ �@�m �
 ��3

                                                             �_@ !�_M L�> .� q�d� �@ ���?�@ �� � v�*� A��.
                                  �_@�� 6��_
 ��>�, B@�� A�9��     .                           B_��� <_�2� �_@

  ��                                                                        )��_s� !�_M L_�> �_@ q�d_� �_
 �_1F A��,
      �zM�+�                                                            B_@�*� �� $�_�� �_M�@ .� :�	&�@ �F���


                   �'��� �%�'�%� )�@�m     .         �	M�� <��                         .� B��� c��	' �@ ��
          �5��d�Idah                                       R�_� �� A���_%2� �2007       }      --��_


           ���� �*@�d� .   
         ����2'7         �� A��@             �>�F �
 ��
                    $��_
 v�*� :��

                                                                  6_�, R�_2#� .� L_8 (!�_M L�> �@ wd� :�� �@

         �
 �F��&M                             �>�F � �F��&M ��	
�M <��,                  �_
 ����
                                   $��_
 v�*_� {�_� :�� �@                                     A�9�_� <��	&_�@ (�_'�

        �F��&M )                        �F��&_M ��	
�M <��,a�@     (                    ��	E_� ���� ��   .
                                     �
 !�M L�> �%��� �@ �>�, �@ ��� <��                     � �@�m <��,

                                                     ���� R�=+� �M�@ �@ ���?�@ A��. �� �� ���], �s�
  ��                                �_� A/ �_, �@ � ��
                                        A.� 6��_
 �_'�� �_'��,

     �'�2'                                                                   B_@�� A�9�_� �_@ �� :����0' A��. �; �� ��
                              ��� ��>�, B@�� (��� 6��
 ��>�, .  

               ����2' k@�d�8           �� $���&�                                 <��	&_�@ �_
 ��_3
            �	]� A�9�� )  �
                            !�_' A�9�_� <��,                     �_M�@ �F�_3 (   (

              �'�2' �@ v�@��                                   L�> �@ wd� :�� �@ �
 ��� ����

<�C�/�� � C�(E�� 	,(3* $�(\� 
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 C�!���6-  4(Me� ]�'� uI� V,O��4> "� 	E�� ?j4�� 4� 
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             $��
 v�*� !�M     �'�     .         A�2� ���.                              x�=_? �� �
 �'�F
          ����2'6                                                                 :n�_'� (!�_M L_�> �_@ q�d_� (�3 �
u

    �@�m                                                            A�9�_� �_@ �� R�=+� �M�@ �@ $�3 {�> :�
                                                             �� A/ �_��], )��s� .� � $��� 6��
 ��>�, B@��

                      �� �M�@ �	]� � !�%+	��      ���
   . 
     ����@                                                    w_d_� L_�_> �
 �E'/ �0'��@ :���/ :��

                                            ��� �	3��' :��� ��5� �s� �'� )����^, �@ v�*� . 
                      :����0' A��. )�� )��s�          �F7�� �@             � �2
 :��

          �'�2' �1�
    �� . 
     A�2�                          ����_2' �
 ��;9                     �_� $���&_�                     �_@ (��_3

                                                 �_��� �	�E'�� (�'�?��� �� :����0' A��. 6��9M�       �
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Abstract 
 
Introduction: Tomato is a product susceptible to physical vibrations and mechanical 
damages. Losses during harvesting, handling and transportation are considerable. In this 
research, the effects of different falling heights and type of falling surfaces on the shelf life 
and biophysical properties of tomato during 18 days of storage were investigated. 
 Materials and Methods: Tomatoes; Rum TH 20163 variety were chosen and the effects of 
different falling heights, (0.30 and 60 cm) and kind of falling surfaces (wood, foam and 
plastic) on the shelf life and biophysical properties of tomato, such as density, packing 
factor, firmness, color and impact energy, during 18 days of storage, at 15ºC, were 
investigated. 
Results: It might be concluded that falling height and time of storage period, increase the 
packing factor of the samples whereas increasing of falling height intensifies the impact 
energy, color changes and reduces the firmness of texture during storage. 
Conclusion: The results of this study demonstrate that foam surface inflicted the minimum 
impact damage on the fruits. 
 
Keywords: Biophysical Properties, Impact Energy, Mechanical Damages, Shelf life, Tomato. 
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