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�3� 4�5�6���74 �&
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  ���!1 �	;8 <�#=�  
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��
 5� WE
 . D�

D��" �Y�=� �5�A   F�D �Y?= R��+  �
3 �"Q,P ��42 �") #��P" #�	9	$Q 5� ��+�S �[	2� �� � (#��P" �1� �"�� 
�#?���  � #Q

J]�
�A ^_D  EJ"3 )��+�   �
3 5��A  �F�D� �!2� ��  E��"� �� .,A �)�_� �" ��D��` aF�� �
3 ���?+�?�,b  �G  D� �E� ��F���


����Y?= #��*$ >E�  �!2 :5� EJ$` 	L
5� )AfD �(�D?J��� 1�@` ) #��!
?GSmf� �(�c )?�� ) �2�F���SL�J1
 �(3  �" ��� dG

)#Q e�9$��Vf
 R��4�2� � (����?!f3 )Hi)R�2�G 3�?�� c�� A�42��� aF�� �(MASCY?= gL� aF�� � (` �"Q,P )Bs��2 .(,h  g:�=

g���$ 5�  �5 3�
�A �,����  �)��+ ��!2 aF�� ��?: �"  �5 3�
�A  �F�D� )Iat �)��+ aF�� A,� . D� �E� #��" (  A��5 3�
   ��F�D

�� #�	2 ��,5 ���!" � ��,5 ��D?�� ��G  �)��+ �*�� ��1M �� �� �*_J� b,  �" .E
�i�D� ��� ��E� >��2� ���)�_�  EJ"3 )��+�  

�5�A  �F�D� j ��?: �",g ��!S : D�k )��+ �"�  �5�A  �F�D� �!2� F��� V�" �� l�"  �
3 "�I R��� R���� U�� R��� R��� �� 

��!Sk $��)�_�� ��+�S ���U  � �E2�,A �Y?=  V�" �� �
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3 R���- U�� � N�� R���� �E� TU�� �*_J�  � �G �E2�,A  5� �m[�� n�$E�� ��o!�

pJD  D�J�� 
 n�:?qF)�#?��� ���F�D  G�= �(#�	9	$Q  �5 3�
�A �F�D� � �� �?@?� R��+,A �Y?=  � �
�  E��")��+ �" �J1
 .�  

�5�A  �F�D� �!2� V�" �� �D?��  �
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 � �E� TU�� �*_J��  �5�A �F�D� �!2� �
�,A Y?= �G�  �
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3 PG��3 � �� O�I O?J@ � O�I �,A ��2 . +�S EJ
�?F ���U �J1
,h P�$ 5� g:�=,� ��$ ��g aF��  ?S �
,�3 )��+�  

�5�A  �F�D� ��E�� ��k 
 � #��P" #�	9	$Q�#?��� � #Q�  E��")� �" .�g ��@ PG��� � #��P" �1� #E� TU����� �� ����  W����
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��E*�  

$#�
 F��G� ��
  � ������#� 
� � ��!	� H!& I�%: 
�  *5�=� �
�� JK=%� ���!	� H!& L#�6  K=%�) ���%&

 M��1 � ��!�� JK=%� J���� !	
  1 ��N� �����#O� J���� L��
�!6 P/�� ���;1 ���Q�R� ..��  �6!" 
�!O (S�5

�� ��!	� N�0 ��:� .�&�1
�=%#N� �  K=%� 
� �R
�!� 8�� T�!- ��UN� 8�
��� 
�G1S�
�" � J���� 
� ��

���Q�R� � ��V	� W��1 	X � ��� !##9R  8��$#�
��  K=%� ���%&��&   3 !�� $	� 8��
��-�� 8�
 !1!#�� ���

P+" ��UN� ����Q�R� Y�!G� 8����- Z�![� Y�!G�  !#\]R.&�� ����-.  ����� 
� $#�
 ^=� S�!##9R

�� ����Q�R�  �1 _`R!� a���N� S�!##9R $	� .���& !��b $#�
 $�&��!1 M!R � ���6
�!6 ��"���!1 S
�/  1 ����R

 	X .3!� P+" P��& $	!	
 8�� .#5�*6 � �� �� $#�
  ���� ^=� !	
 
�  ���#� c�O�  1 ����Q�R�  !"� ��%&�1

$	!��� d5�O 
� S�3!� $	�$#�
 ��V	� W��1 �!#�1 S
�/ S�� ��R�3 8�� 8�	�1 c�O�  1  :�R �1 .�& ����- �
!5

R� �� d`+�  3 �*#`[����Q$#�
 .#5�*6 � ���� �1 _`R!� ��-��$#�
 S�*5�=� ��V�� �e5 �.�� �� � ��-��

$#�
.G	
$#�
 .#*@� ��
!1 � *5�=� $	� ��V�� 
� Z�� ..�� !	e��� I�%�:� 8!��  K=%� 
� ���%& ��-��

f![ 8�!:� 
� �R .��  K=%� *��R 8�� ���: S�
�+- c�O� 
� ��%	� 
� � ��!" g�<5 S�*5�=� $	� h	��� � K=%� 8�


� .�	� PN�  1 8!#"��:  K=%� 
� 8��i�O� � j�� $#�
����%& $#�
.-�� ��
!1  1 P����  1 ��:� ���
�� 

��N�-���� � _1��
 � �!#�8�� j3�� !1 ���� ���
��!� . Rockwell et al., (1985) �Bull and McFadden (1977) 

J)`: ��#��%#� k-�& d#3!R �1 ���+��3 (Smf)  �� c�QR
�  1 �
� F3 8�%)� �(Vf) j#+KR  1 ��3 ����#� 8�%1

 ��
  11  �R3  .�%�-��!�Wells et al., (1988) $#�
 8��!���
�� 
� 8���*R  *5�=�  1.G	
P#�<R .): ���%&  

$#�
 #��� .-�� P1�O S�!##9R ���!���
�� $	�  *5�=� 
� P/�� h	��� � �%�-��!� 8�  .#5�*6 ��;#� 
� �
 �):�R

$#�
�� _��R  3 ����� ���� ��-����  � ����#� 8�� 5;5
 ���%&  .���& S�`\� ;#� ��:�� Silva et al., (2003) 1  

$#�
 .#5�*6 ��
!1k-�&  `��<� �1 ���+��3 ����#� �`+� .-�� 8��Smf  �Vf   ����� 
� ��� �%�-��!�

�	�#6�!9: S���[� (GIS) ���N%� ���Q��� .���El Hamduni et al., (2003)  L& 
� ���Q��� �1.G	
 k-�&$#�
 -

$#�
 �`+� �1�	

�  1 ��-�� �-��!� C�*6 .-�� �  `��<� �1 � �����
8�%1 k-�& ��
�� .��1 � 
�3e� 8��

 k-�& $#���#�S/N  C�� d5�O 
�Iat$#�
 ��
 
�)0 ����N� �6!*� �
 j3 a��`+� .#5�*6 �R C�*6 
�#+1 ��-�� .���

Dehbozorgi et al., (2010) k-�&
 8��$#�.G	
 
�!O ��
!1 �
�� 8;3!� 
!`5� �����!�  #��� 
� �
 ���%&

.#5�*6 g�<5  1 �
  #��� $	� � �����$#�
 8�� K`[ ��-��h	��� $#%UN� � ����N� 8�%1 k-�&  *5�=� 
� P/��-

��
!1 �1 �
 �� �+��� 
�"
�� �	�!</ 8�� .��� Bagha et al., (2014)  
!`5�) ��!)R  K=%� 
� 
� ���Q��� �1 (8;3!�

l	!R�� �`R�!�  �+�� P#�<R ,�
  1 �:�
  +	�K� 8��(AHP)  @�� !��#1  3 ���#�
  V#�� $	�  1 8��

$#�
 .#5�*6 8X�1 ��
  3 ����
�� ���� �
 ��-��P+" �1 ��%�� m`=%� 8;3!� 
!`5� �1�%:  `5 ��/� 8��

 .�%�+�Partabian et al., (2016) � ���Q��� �1k-�& ����� P#�<R 
$#�
 8����G	
 $#�
 !#\]R ��
!1  1 .-��

$#�
 8���%	�!6 !1 C�*6 �-��!� ��!	� H!& I�%: 
� ��!�� ��3  �&
 
� ��G	
���� P/�� h	���  3 ��� ��%��

.#5�*6 L��3$#�
 8��..�� ���1  K=%� $	� 
� I�%:  1 C�N& 
� ��-�� Jami et al.,  (2016) �
  �N3 ��
!1

$#�
 .#5�*6k-�& 
� ���Q��� �1 ����!#� � ���QR ���Q�R�  #��� 
� ��-�� 8��� 
��K� ���1 X�1 �8!���6
�� 8��
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k-�& �+��� �	�N"�� 8���%	�!6 !#\]R .<R !��#1 �
 ����Q�R� Y�!G� 
� ��.#5�*6 LK� � ���$#�
 8�� ��-��

kG�� j3 
�#+1 �
 ���Q�R� Y�!G� LG1 
� ���N�.��� 

�����
  

 h	���P/��  
�  *5�=��� k-�& $	�%0 n!� !#o� S���[� !	��  1 ��&  6�@� �1 � ��& d#3!R !�	��	 �1 ����R

X�1�
 ��"���p  .#5�*6$#�
��-�� �%	�N� kG�� �
� ��
 $	��%�+�  #��� q	 
� .#5�*6 �`+�  :
� !����� �� 

)Pourkermani and Solgi, 2009� .(k-�& 8!#"
�3  1 �1 L��r� $	� 
$#�
 8��.#5�*6 ���G	
$#�
 8�� -

�� 
�!O ��
!1 �
�� ���;1 !)& !1 �#3]R �1 ���;1 ���Q�R� �O!& I�%: LG1 
� ;	!1�  @�� ��-���!#".  $	�1

k-�& 
� .): $#�
 8��.#5�*6  *5�=� 8�!1 ��G	
 $#�
 8�� k-�& ..�� ��& ���Q��� ��-���%R
�`� �� :
� 

@�� �
�KR ��� .`+�  ����
1 )Af �()`: ��#��%#�J ���+��32 )Smf( ��-��
 �5�[ d#& �3 )SL( 8�%)� �

�� c�QR
�  1 �
� F34 )Vf(8!���+t#� C�!���� �5 (Hi)k-�& � $#���#� d#& C���3 8
�<�(MASC) 6�  k-�&

;	!1� J@�� P�&7 )Bs(  �6!" 
�!O ��
!1 �
�����  C��:)1($	� . k-�&$#�
  *5�=� 
� �� !1 �`+� C�*6 .-��

��&  �-�%& �#Q� 
�#+1 �!Q%� k-�& q	  #)R w���) ���Bull and McFadden, 1977; Azor et al., 2002; 

Keller and Pinter, 2002; Silva et al., 2003 .(  

  
gL�1A��5 ��D��� k?�2 :7�� 3�J�� �" R��+ ��!2  F�D )El Hamdouni et al., (2008.  

                                                      
1- Asymmetry factor 
2- Mountain front sinuosity 
3 - Stream Length-gradient index 
4 - Ratio of valley floor width to valley high 
5 - Hypsometric integral 
6 - Mean axial slope of the channel 

7 - Drainage basin shape 
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 K`[$#�
 �`+� 8�%1 .-��C�*6 ) ��
��N� � ����N� C� S�*5�=� w��� !1 ;	!1�  @�� $	� 
�2008 S
�/ (

��R�*5�=� p���<� 
!� ..��  �6!" $#�
 8��
��-�� ��6�!"���R �����
 .#*@� $�6!" !o� 
� �1 �  K=%� ���%&

 @��6�!"���R � ���;1 ���Q�R� 
�  �6!" S]�� 8�� Y�!G� $	� ����!#� ��#*N: ;3�!� $#%UN� � �� Z�![� �

_��R ��&  7�
� ,�
 w��� !1 ..�� ��&  �6!" !o� 
� (���;1 !)&  1 �r	� �&!�� �1) ����Q�R� El Hamdouni 

et al., (2008)  �1J`��<� k-�&$#�
 8��  K=%� 
� ��G	
 ���3 !�  3p�%�� ����  �"r	�$#�
z�- ��-��  
�

 K=%�  ��
!1 �
��$#�
 �`+� .#*@� ��%�+��� $##*R .-�� $#�
 k-�& 
� 
�o%� $	� 8�!1 .��!" .-��

C�*6 �`+� (Iat)    3���� .��  1 (8�%1  ��3) 8���  ��NV� 
� ���1 k-�& �%0 
�  .�� ��& ���Q��� �.��

 P�&)1 .(  1  *5�=� �
��  K=%�111  @��  j#+KR�	�!" �j#+KR ��V�� .): �K� 
� 8�%1 8��1:250000 

 ��	
��
�: � !)���!	�1:100000 ��&  �6!" �!)1 ���;1 @�� �R �& ��!1 �*� ��
!1 $	� 
� .��� $�N� ���R ��

$#�
 .#5�*6 
� m#O� 8!#+QR ����1 �R ���&  �6!" !o� 
� q0�3) P�& .�
�� .��1  K=%� 
� ��-��5(  .#*O��

 @�� ���� �
 ��
!1 �
�� 8����.���  

  

��)�_� ��?� �*_J� �+���  

 ����;1 ���Q�R�I�%: 
� ..�� ��	�!" {O�� ���;1 !)& C�N& 
� � !)���!	� ����!)& �1!| C�N& ���!	� H!&

 P�&)2( . S�i�G� �1  *5�=� �
�� p���<�ʺ00ʹ00°60 � ʺ20ʹ20°60 p���<� $#1 � �O!& C�[ʺ 10ʹ00°27  �ʺ-

10ʹ00°28 I�%: 
� �5�N& }!� �
�� p���<� 
� ��:�� 8��
��-�� LK� !1 ���� ..�� ��& {O�� ��!	� �O!&

�� � *5�=�.#5�*6 !#\]R ���R$#�
 8��!���
�� !##9R 
� ;#� �
 ���;1 ���Q�R� 8!�!R��3 8�� 
�!O ��
!1 �
�� ��G	


 .���  

  
gL�2 �� (�L	� `�?S��1M) ��)�_� ��?� `*_J�  ��U?� :�"?D�  ����!*$ �	*2- #��,� 3���F�D .(Stocklin, 1968)  
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d)� - A��5�*_J� �D�J�3�  

 P�&) ���;1 ����Q�R� Y�!G�3( � %#0 C�� 
��� 8���
�6 P/�� 8��
��" � �&�1 ���� 
� ��*�� 8�� 8��

..�� ��& T
�- F��G�  $	�
��-�� 8�
�� ����Q�R� Y�!G� ��#U#�  8�.�� ~%� T
�- 8��c�� 
� �� 
� ��& 

.#����  .#����	
 � .	
���~%� $	� �.����N%-
 8�
�� Y�!G� $	� �O!& J%��� 
� ����!�+" 8���%�+� 8!R .

1�%: LG1 
�� ~%� ����Q�R���8 ���Q�R�� !�!R��3� �4�D�8  ,!�+"��
��~%� .��8 ���Q�R��   1 ���:

 �K6� .5��	� &#d �O 8������ 8�
 j3	�N 
�!O !R �6!"��� .  ��"  1 ���;1 ���Q�R�	q  ����5��R�!��� ���Q�R�

!�!R��3 ���
 
�  3 .��8 ��
�6��8 
�VQ��8 | �#
�VQ��!8 ~%� � ���� ..��  �&����8 R����Q�� �
 ���;18 

������8 ���Q�R�� ��R �4�D�#P ��&��� )Shiaian et al., 2014
� �1��%R P��& ����Q�R� Y�!G� $	� .(: ~%� -

 8��!1�& �+#����  ..�� �
��" � ��	!`N#%�	�.�
�� ���N3 !	�;:  1 8��	
 .��`& P#5� $#N�  1  $	� {O�� 
�

�	�N"�� ��N3 �O!& .N+O ���Q�R� .�� ��!	� J���� !	
  1 ��N� �����#O� J���� L��
�!6 P/��  �� J�/�6 �

!�	� ���Q�R� �1  +	�K� 
� �����#O� C���" 
�
�  1 .`+� �� !�N3 .�� {O�� ��!	� 
�  3 ��N3 $	� $#N�  1 ��&�1

�� 
�iR P#5� ���Q�R�  3 �3��1 
� S��Q�� � .�� 8!��#1 d#& 8�
�� p���
 �!6 M��1 
� LG1 $	�  3 ��&

�� .�� ���N� ��V	� �
 ���QR) .�&�1Aqanabati, 2004 .(�O	N�!R	$ ������8 �%�� ������ ���;1  K=%�8 

1��
� - !GR	`� %1!3#!Q ��%1!3 ��
�� �� �!� $� �1 C�N:#$ �R _��R  3 �%�+��� ��!"#��   ��R!3 $� �1 ���;1

������ ..�� ��& {=O8 1��
�- !GR	`� � � $��7�#$�� 0 �%1!N3  ��"  1#$��
�- �+"#��  C�N& ���
 �1

C�N&�1!| - I�%: I�%:�O!&  LG1 
��O!& ��
�� ��N%-
 ���;1 ���Q�R�  P�&)4  �5( .  

  
 gL�3���?
�� �,?q$ : 3���E��k  ��)�_� ��?�#�	9	$Q s����  ��U?� ����
 �"  :��"��
���)1398(. 



  

  

  

  

112  -------------------  ���	 
��
�� 
��� �	 ������	�� ����
� ��
  � ! ����" �28 � $�%&'�(1400  

 
O - 35�D��L�Q ���?_F3�
 �$��)�_� ���E��  

8
��
��&� �
��=-�� �  #)R  �K� 
� �)�� �1 ���Q��� 
� ������ � ,�
�V%�
�� 8�� q	 .#K6�� j)� 
� S�*5�=� 

$#�
���%&  1 �r	� S�*5�=� $#�
 ) .�� .-��Shupe and Akhavi, 1989; Tibaldi and Ferrari, 1991; Kar,) 

1994; Kresic, 1995; Rolet et al., 1995; Rowen and Bowars, 1995; Philip, 1996; Solomon and 
Ghebreab, 2006; Masoud and Koike, 2006; Marghany and Hashim, 2010; Hashim et al., 2013
� .( 

�	�V��  3 8��
��-�� $#�
���%& ��UN� ���+�&P+") ���� � 

��(��  %)�8�� �&!1 �"
��"!1 � 
� ^=� 

$#�
  1 S
�/ �
��=- 
� !	��iR �
�����) 8�Solomon and Ghebreab, 2006� ( �	��� 
��&� � ���� ���� ��& 

�-!1 �.�� 
� ��!����r� 
� ,�
8�� LV%� 
� 
��  1 ��!N� S�*5�=� �	�!</ 8����
 
� T�!G��� }
��� 

8
��-��  1 �r	� �
��=-��  1 
�o%� .-�%& ]�%� )Drury et al., 1994�( $#�
��-�� ���� ���Q��� ��!3 ���

)Gholamzadeh, 2014
� .( S�*5�=� ��V�� �V%�
�� ��& �*� !1 $	� ���1 .�� �R �=-�� Ze� .��&  

  
 gL�4 :A��5 �	*2 ��)�_� ��?� �*_J� �D�J� :��"��
���)1398(.  

  

  
 gL�5R���  �D �" E,�) �$��)�_� �*_J� �U�� ����= ��!S ���F�D 5� �,��2 :(N��  :��"��
���)1398(.  



  

  

  

  

113  --------------------------------------  +��'
 	, 
�&-�.  /0�+ 10�" ,� � �2%+� �' 3��4  ��5 ...  

 

8
��
��&� �
��=-�� 
� ���;1  K=%�  1 P#5� I� 8��� � q�- L&�� � F#*@ ���#"  1 �1�- ��V��!	e� ���1 

 .��P�&)6  �7.#5�*6 ��
!1 .): .($#�
 8�� ��R�*5�=� p���<� �!�+" 
� ��-������ �	��� �+#[�%9� 8��

��& ,
��!� �.�� ���� ���`� w!��� 
� P#5�1l#[�%9� 8��.&��!1 
� P/�� �V%� 
�  K=%� 
� �	�: 8��

�
��=-  �K����� $	� ..�� ��& ���Q��� ��!	� �+#[�%9� 8�� ��� 8�
��!	
 }
��� !#+QR .): �&

� �1 S���[-

 �%�+� �<=�)Neawsuparpet al., 2005�
��=- J�K� ��
!1 
� l� .($#�
 ���
��) ��!	� �+#[�%9� 8��

 � (
��3 ���*� S�6���3� � ���%&H�`=��  �K��
��=-) ��8��  �+#[�%9��K� � J$#�
���%&(  �	�!" kG��

 3 $	� �
��=-��� �+#[�%9� 8��P+" !���� ������ P1�O $#�
 ^=� 
�  3 �%�+� �	��.�%&�1  

  
 gL�6 3�
����+ R���� (d)�) :High pass (O) .Loww pass �@��F �,��q$ ��,5 ��E�$ �@?$ �" .�$��)�_� �*_J� ��  �� �*+ ���P+� >�2 5�

 D� �E� ����Q �)�*� �� �2?�2 #�?J� �" �,?q$  :��"��
���)1398(.  

  
 gL�7 :g!S � �!���Ju� 3�
��?_F �	*2���?
�� �,��q$ 75���
 5� g:�= 3�
3� ����)$#�
 ���
�� 
� l� ��& 8
�� � ���%&

 �
��3 ���*� S�6���3�1384.(  



  

  

  

  

114   -------------------  ���	 
��
�� 
��� �	 ������	�� ����
� ��
  � ! ����" �28 � $�%&'�(1400  

 
 
� 8!i�G� f!&k-�&8��  ��-�� $#�
 .G	
 � J`��<� p�<� �)��) C��: 
�1.�� ��& ��
�� ( LG1 
� .

 
� P/�� !	��K� h	��� � W<1k-�& J`��<� ..��  �6!" 
�!O ��
!1 �
�� ���  

 R�E@1 :aF�� �+����12Q `�D��� k?�2 � ��F�D A��5  �,� 3�
  

��aF��  ��D��� �?�2  �)���� v�P@�  ����Y?$  

1  
 �
�KR ���

����
 �
��  �� = 100 (��
�	) 

Ar=  .N� �
�� .��+�

 .N�  1 �	�) ��
 .��


$#	��(  

At=  �
�� P3 .��+�

����
  

AF= �
�� �
�KR ���  

 
� !��#1 �	 �!�N3 !	��K�50  �/
�

h3 !����� .�� $�N� k-�& $	�-

�%&�1 �"�& 

2  

 �#��%#� 

 ����#�

���+��3  
��
 =  (��


�� ) 

Smf  ����#�  �#��%#� =

���+��3  

Lmf  ����#� C�[ =

 8�%<�� � ���+��3

 %��� 
� kG��  

Ls _- C�[ = j#K�+�

����+��3 ����#�  

 �1 !1�!1 !	��K�1  z�- �k-�& $	�

$#�
 C�*6 �����.�� ��-��  

 - 
� !�N3 !	��K�4/1 ����#� 8��

$#�
 C�*6�� ���� �
 ��-�� -

��
��N� � C�3�
)�%��1 �1985� 

�3!21986.(  

  

3  
C�[ k-�& - 

��
 ��	��!"  
�� =  ���

�� � . � 

SL - C�[ k-�& - 

��
 ��	��!"  

∆�   c�QR
� S�!##9R =

C���3  

∆� C���3 C�[ S�!##9R =  

L P<� 
� C���3 P3 C�[ =

��
 j#+KR  

�� $##*R 8�!1 �#Q� 
�;1� q	 ����R

 1�:�	�:$#�
 8�� �&�1 ��-��

��
��N� � $0)3  �2003 � ��	��
 �

��
��N�4 �2004( 

  

4  

 8�%)� .`+�

  1 �
� F3

�� c�QR
�  

�� =  2���
(��� − ���) + (�!� − ���) 

V f �
� F3 8�%)� .`+� =

c�QR
�  1  

V fw= �
� F3 8�%)�  

Eld  �Erd �
��	� c�QR
� =

  1 .`+� �
� .��
 � �0

j�  

Esc= �
� F3 c�QR
�  

�
�8�� )V ( 
��K� �1 P�&)Vf (
 
� !�N31  �"��� X�1  1 ���� 
�

�� P���R C�*6�%1�	  

 - �
� 8��)U ( �1 P�&)Vf ( !�"
;1

 
�1   3 �
 �N)� �`��: L	��!6

 ��� �	 �%`� ^=� 8
��	�� 
� �&��

 �!��N�$#�
.�� .-��  

5  
c�QR
� �%<%� -

�V%�  
�" =  ������ ��	
��� −  �
��� ������

������ ������ − �
��� ������
 

 -----   -  ���������  ������ �	
��


 �����  !�"�#�  

                                                      
1-  Rockwell et al 
2 - Keller 
3- Chen et al 
4- Zovoili et al 



  

  

  

  

115   --------------------------------------  +��'
 	, 
�&-�.  /0�+ 10�" ,� � �2%+� �' 3��4  ��5 ...  

 

6  
k-�& 

$#���#� d#& 

8
�<� C���3  

#��$ =  �%&' − �%()
�� × 100 

MASC - d#& 8
�<� 

C���3  

Hmax - $	!RX�1  =K� 

�
��  

Hmin - $#	��$	!R  =K� 

�
��  

Ls- C�[ C���3 8
��� �1 

_- ��/� .����
  


� �K[�%� �1 !�3��� 8
��N���  3 

�
�8�� ��& ��	!1 
�!O ��
�� � C�[ 

�
��� ��R�3 ���&�1 $	� .`+� 

�� L	�;6��1�	  �#5��
� 
� m[�%� 

�1 8
��N��� j3 � 
� f�=�  ��:8� 

� 
��N�  3 �
��� !��	�[ ���%&�1 

$	� 
��K� k-�& L��3 ���1�	  

7  
 P�& k-�&

;	!1� �
��  
+� =  +�

+, 

Bs=  �
�� P�& k-�&

;	!1�  

Bw$)� 
� �
�� }!� =

�� .N+O $	!R  

BL  =K� 
� �
�� C�[ =

 $	!R
�� �R �:�!-  �/�6

�� 
�  

��;#�  $#	��Bs  !#| ����� 
� d�|�

$#�
 C�*6�� .��  1 ��-���	�  

 - ��3 ����#� X�1 .�!�  1  3 �	��

�����
�� d�|� ���� �1 � ��#�3 8��

�� ��V	� �%R d#&�%%3  

  

��2,h w�" �  

�
��=- J�K� ��
!1 � 
�� 
� LV%� S�*5�=� 
� P/�� h	��� ���!	� �+#[�%9� 8�� �1 �<=� 8��
��-�� H�`=��

�
��=-�� ���� �
 mN� 
� ��& ������ 8���
��=- .�����& ������ mN� 
�  3 �	��  1 $#�
 ^=� 
� ����

P+") �=- 8��
��-�� S
�/k-�& S�!##9R 
� ��
��-�� $	� S�3!� !#\]R � �%�+� ������ P1�O (�� �
�� 8��

 ..�� ������ P1�O ^@�� 
�[  1 ��
!1�
��=- $	� ���R �� {O�� 
�P+" ��!N�  1 �
 �� $#�
 ^=� 
�  3 �	��

$#�
 ��V	� .): ��K5�1 8!=- ���%�  1 �%�+� ������ P1�O�
!5k-�& ..6!" !o�  K=%� 
� PN�<� 8� 8��

$#�
.#5�*6 P��� �� !#\]R .<R � K=%� 
� ��G	
$#�
 8���� !##9R 
�0� ��<=� P���� � ��-��.���&   :�R �1

L	��!6  1LG1 ���1 !	e�C�N& ��O!& 8��~%� .���K� � K=%� �O!&.#5�*6 !\� !1 ���� ��:�1 8�� 8��

C�N& LG1 
� ���;1 ���Q�R� � K=%� 
� X�1 �6�!"���R Z��-� � F#*@ 
�#+1 ���#" L&�� � K=%� I!| � �1!|

���R .):  1  K=%� 
� ��:�� 8��
��-�� .#5�*6 !1 ���� $#�
 S�![�G� ��V	� � �<=� P���� LK� ���-�%&

k-�& !	��K�  `��<� � ��
!1 
� ��	��!6.G	
 8��$#�
�� .#N�� �1 
�#+1 ��-��8
��N��� .�&�1 
� �	��

LG1�O!& 8��- C�N&I!| � �O!&- C�N&����  K=%� 
� 
�!R �%<%� .�
�� ��:�  K=%� I!| L��3 p�%��

�QR
�c I�%: .N�  1 ��~%� S�!##9R .�&�1.N+O 
� ���%& � .�� ������ P1�O �R�*5�=� JK=%� F��G� 8��

k-�& J`��<� 
� P/�� !	��K� !##9R 
� �	�;+1 !#\]R !�� $	�.G	
 8��$#�
 L��r� $	� 
� ..��  �&�� ��-��

) q	�� � ����4
 ,�
 
�1971 K`[ .): (L	��!6 8�%1 P�&) .�� ��& ���Q��� 8!	e�8~%� .( ���%&

�� ���K� ��#- � ���K� �.+�  K`[  � 8�
��  K=%� ���N�~%� L	��!6 W��1 �=#<� P����  �`5� ��%&�1 8��

 @�� ..�� ��	�!"  K=%��� j#+KR LG1 ��  1  K=%� 8�� @�� (F5� ����&~%� 
�  3 �	�� $	
�� 8��

��& P#��R (...� .#��!" �.	
���) @�� (I ����3 �	��~%� 
�  ��& P#��R (...� ~%�  ��� �P#&) �1��
 8��-

S�!##9R .��� ~%����%& 
� !	��K� k-�&8�� .G	
$#�
��-�� 
�  @��8��  !\�� ���;1 ���Q�R� ����!#�



  

  

  

  

116  -------------------  ���	 
��
�� 
��� �	 ������	�� ����
� ��
  � ! ����" �28 � $�%&'�(1400  

 
~%� 
�K0 !� �.���!� ���%&���� � !��#1 L	��!6 
��K� �&�1 !Rk-�& $#7�� !	��K� p�%��.G	
 8��$#�
 -

�.�� ��-�� ~%� !"�.G� ���%&k-�&   `��<� 
� ���� .��  1 !	��K� �&�1 !R  �`5� .��1 �%���- !��#1 ��

���+�&  3 �K[�%� 
�  3 .&�� !o� 
� j� �
 �
�� $	� �	�1$#�
 8�� 
� ��:�� 8��

�) .�� ����!6 ��-��

~%�~%� ��
�  1 SX�#� ��Q� P#5�  1 L	��!6 ��:� C�N��� (���� X�1 ��.�&�1  

  
gL�8�*�� :pJD 3EJ"V,�D�+ �"  �!2 b,?2 � �LDr�� 3�J�� �" �*_J� �D�J�  :��"��
���)1398(.  

 k-�&  *5�=� �
�� JK=%� 
�AF  8�!1111 ~%� 8�
��  K=%� 
� ��
!1 �
�� {[�K� .�	�!"  `��<� � @�� -

�
���� 
��K� S�!##9R � �%�+�  ��!1� .N� �� 
� .-��%�	 ���%&8!#"  @�� $	� 
� k-�& $	� ��& 
� �&�� ��

.3!�P+" j7�O 8�� @�� .�%�+�  K=%� 
� ��:�� C�*6 8��
��-�� � ��C�N&  K=%� 8�� p���<� H!& � H!&

I�%: � I�%: .N�  1 �R�*5�=� @�� � ��
�� ��	!: I!|C�N& 8�� I�%: .N�  1  K=%� ;3!� � I�%: �I!|

 �
�KR �1�	

� .��
�� ��	!: @�� @�� S�*=O !�3� 
� �@!� �6�!"���R �
�KR 
��3�6 
� ���Q��� �1 ����
 8�� ��

h3 ���� �"�&����� @�� .C�N& � H!& LG1 8�� - C�N&h3 8�
�� d#R!R  1  K=%� I!| .N�  1 �"�&

I�%: � H!& �I!|h3 $	� .�%�+� H!&P+" .#5�*6 !\� !1 ����<� �O!& .N+O 
� �"�& K=%� 8��  ��-  3

 Y�!G�) �N"�� .&�`�� 
� �&�� �"��� X�1 !\� !1  K=%� C�N& .N+O 
� � .�� ��-�%& $#�
 S�![�G� {O� W��1

��  �&e" 
���� 
� (���;1 ����Q�R�.�&�1 ��
!1  3 ��� ���� ��22/25 ) �/
�28  @�� $	� 
� ( @�� 8�
�� ��

$#�
 .#5�*6 �X�1 ��-��74/47 ) �/
�53  ( @��$#�
 .#5�*6 8�
�� � _���� ��-��02/27 ) �/
�30  ( @��

$#�
 .#5�*6 8�
�� k-�& ��
!1 
� P/�� h	��� .�%�+� $#7�� ��-��Smf .#5�*6 
� �R�!##9R$#�
 8�� �
 ��-��

 )`: 
��� ���� ���+��3 F��G� 8���� 
� k-�& $	�  3 �*[�K� .���~%� g�<5  1 .�� ��& ��
!1 ��



  

  

  

  

117   --------------------------------------  +��'
 	, 
�&-�.  /0�+ 10�" ,� � �2%+� �' 3��4  ��5 ...  

 

� ���%&�� ��R�*5�=� JK=%� 
� .1�\ �	��� � I� _	�!& $�6!" !o� 
� �1 ��%�+� ��-��%�	 a�`	!KR .���K� 8�
�-

 k-�& S�!##9R ���RSmf .#5�*6 P/�� �
$#�
 8��..+���  K=%� 
� ��-�� 

 k-�& ��
!1 
�Smf  �K�  1  :�R �1$#�
 8�� ����#� P+"  ���U#� � *5�=� �
�� p!�+" ���%& 
� ����+��3

LG1C�N& 
� �	��- C�N&I�%: �  K=%� I!| - I�%:�N� ������ P1�O $#�
 8�
 
�  K=%� H!&$	� 
� ��&�1 �


�N� �
 !o� �
�� k-�&�� 8�!1 ���R )`:  N� .��N�  `��<� �� )`: ��
 
�  K=%� 
� ��:�� ����+��3 8�� 8��

�� 
�!O C�*6 @�� ���!#" 8��24 �25 �26� 44 �68  �71 $#�
 .#5�*6 $	!RX�1 q	 ��
 
� � ��
�� �
 �`+� ��-��

$#�
 @�� .��
�� 
�!O ��-��LG1 
� {O�� 8����
 
� ����<� C�N& � I!| ��O!& �(���;1 !)&) 8;3!� 8�� -

�� 
�!O 8�*1 8��.#5�*6 !��#1 .��!#"$#�
 8��P+" ������ 
� ��-�� @�� 
� ��:�� C�*6 8��8��  ����!#�

 o��� P1�O !#\]R ����Q�R� Y�!G� �  �6!" S
�/ ���;1 !)&  1  :�R �1 ..��  �&��� k-�& $	� S�!##9R 
� 8�

�� !o�  1 ���;1 !)& ����!#� 
� k-�& $	�  *5�=� 
� P/�� h	���$#�
 .#5�*6 !"� ��
 ����
 �
�1 
� ��-��

$#�
 ��V	� d`� ���& ��V�� ��R�3� PN�<� �
!5��
!1 
� P/�� h	��� .�& ����-  K=%� 
  3 ��� ���� ��2/7 

) �/
�8  @�� $	� 
� ( @��$#�
 .#5�*6 8�
�� �� �X�1 ��-��81/19 ) �/
�22 $#�
 .#5�*6 8�
�� ( @��-

 � _���� ��-��18/18 ) �/
�20 $#�
 .#5�*6 8�
� ( @��.�%�+� $#7�� ��-��  

 k-�&  `��<�  1  :�R �1SL 3 
� 
� � *5�=� �
��  #��� P @�� 8��3 �4 �28 �34 �35 �37 �46 �2 �24 �53  �

59  k-�& 
��K� SL �� X�1 k-�& ���1 X�1 ��&�1SL LG1 
�C�N& 8�� ��:� P#5�  1  K=%� I!| � I!|

~%�$#�
 
��-�� ��:� P#5�  1 �� �O!& LG1 
� � .G� ���%&��  =K� �� 
� ���: � C�*6 ��-��1 ��&�

 @��  #K1 k-�& !	��K� 8�
��  *5�=� �
��  #��� 8��SL LG1 
� ��%�+� ��� � ��� ��
 k-�& ��
  3 �	��

�� �
 �� .�� �.�� (��� p�
) $#7��~%� ��:� ���  1 ���R �� 
� ���: � C�*6 8��
��-�� �	 � ���K� ���%&

k-�& !	��K� $	!�N3 .�!3 �
�&� ����<� @�� Y�1!� ���� S�1��
 P��& a�R�N�  3 .��  K=%� I�%: LG1 8

�� !@�� �)� ��6!1�~%� $	� .���K� ���1 j3 .�&�1�� �� k-�& ���1 $#	�� !1 ��#5� �%���RSL  !	
 $	� 
�

 k-�& ���1 X�1 .�&�1  @��SL   @�� !	
 
�3 �4 �
�N& X�1 
�) �!#| �  @�� 
� � (.�� ��& !3� ��7 ���� -

1 C�*6 ��%��}!� �����  *5�=� �
��  #��� 8X�1 �	�#6�!9: 8��LG1 
� .�&�1 ����Q�R� Y�!G�  1 q	�;� 8��

 k-�& 
� �	X�1 !	��K� ���;1SL �� ������~%� ��:� .��  1  3 ��&~%� 
� P����) .G� ���%& 8��

.5�
�1 8
��� � .	
��� �N	�O
��-�� 
��� $#%UN� �(����Q�R� 8��$#�
 8��-��$#0) �&�1  K=%� C�*6 �� -

�"�
�-P+" � ��LG1 
�  3 (C�*6 8�� @�� $	� 
� �*#�� 8������ !�� $	� ���
�� ,!�+" ��  `�| ��%��

�%	�!6$#�
 8���%	�!6 !1 C�*6 ��-�� $	!�N3 � $	!��#1 ..�� ��	��!6 8��SL  @�� 
�����  K=%� $	� 8��-

$#�
 .#5�*6 L��3 � L	�;6� p�%����� ��-� @�� 
� S������ ���1 j3 ��&�1�%	�!6  `�| 
� ���� �� 8��

.#5�*6 !1 ��	��!6$#�
 8�� @�� 
� �N#� 
� L#1 ��3 
�[  1 �5� �.�� Y�K� �� 
� ��-�� �
��  K=%� 8��

��
 
�  *5�=�$#�
 $#	�� 8������  3 ���
�� 
�!O ��-��� �R�*5�=�  #��� 
� �
;1 L	��!6 ��%��..� 

.G	
 8��!���
�� 
� !#\]R 8��� g�<5  1 Y�!G� �"��� X�1  3 ��� ���� S�`��<� $	� 
� P/�� h	��� �V%�

~%� .���K� 
� S��QR  1  :�R �1 $#%UN� � .��  �&��  K=%� $	� C�*6 !	��K� L	��!6 P1�K� 
�  K=%� 8��



  

  

  

  

118  -------------------  ���	 
��
�� 
��� �	 ������	�� ����
� ��
  � ! ����" �28 � $�%&'�(1400  

 
LG1 
� k-�&�� X�1 Y�!G� ����!#� 8��� P/�� h	��� .�&�1 k-�& J`��<� 
 SL���� �R�*5�=�  K=%� 
�-

  3 .�� $	� p�%��9/9 ) �/
�11  @�� $	� 
� ( @��$#�
 .#5�*6 8�
�� �� �X�1 ��-��32/24 ) �/
�27 

$#�
 .#5�*6 8�
�� ( @�� � _���� ��-��76/65 ) �/
�73 $#�
 .#5�*6 8�
�� ( @�� �%�+� $#7�� ��-��

 C��:)2.(  

 k-�& ��
!1Vf �� �����
��=-  ��" �#�  3 ��� -�& � ��/�  ��!1� � @�� ��!6 8��LG1 8��C�N& 8��-

�N� �
 !o� �
�� k-�& �!%	� 
� �.�� ��!�� {=O �
  K=%� �1�%: � 8;3!� ��O!&�� 8�!1 ���R �1 .��N�  `��<� ��

~%� ��-��%�	  1  :�R%)� .`+� k-�& 8!#" �
���� {[�K� 
� d5�| ���%& 
�=%#N� � �� mN�  1 �
� 8�

 	X 
� j3 8!	e� L	��!6 � j3 S�!##9R �1 �	��� � I� _	�!&�� �1�G��� {[�K� 8�� �
 k-�& S�!##9R ���R

$#�
 .#5�*6 P/�� 
� ..+��� ��-��44  k-�& !	��K�  *5�=� �
��  K=%� 
� P#6�!�Vf  ..�� ��	�!" kG��

LG1 
�P+" .#5�*6 P#5�  1 �O!& 8�� .N+O 
� �  @��  #&�� �
;1C�N& 8��  :�R �1 ����<� I!| � I!|

 Y�!G� $	� ����!#� ��+" 8��
��-�� ��:� $#%UN� ���;1 .#��!" � ���;1 ����Q�R� ��3 �"���X�1 !#\]R  1

�� �����Q�R� @�� $	� ���R���: �
 ��C�*6 � $	!RLG1 $	!R$#�
 .#5�*6 g�<5 
� ��  K=%� 
� ��-�� �6!*�

P�&) ��N� 9���� .( k-�&  `��<� 
� P/�� 8��Vf ���� �1 k-�&  `��<� 
� P/�� 8��Smf  .��
�� H�`=��

 k-�& ��
!1Vf   3 ��� ����9 ) �/
�7  @�� $	� 
� ( @��$#�
 .#5�*6 8�
�� �� �X�1 ��-��32/24  �/
�

)27 $#�
 .#5�*6 8�
�� ( @�� � _���� ��-��17 ) �/
�17 �$#�
 .#5�*6 8�
�� ( @� .�%�+� $#7�� ��-��

LG1 
��8;3!� 8�� C�N&  @�� 
� � H!& � H!&31  @�� � !	��K� �� ����!#� 8��Vf ��  3  �6�	 L��3 -


��-�� 
� �&�� ����R$#�
 8��P+") C�*6 ��-�� C��:) .��  K=%� ���1 C�*6 
� �&�� !�� $	� ��&�1 �� (��2.(  

 

  
 gL�9F�" :g�+��
 5� �) aF�� 3�
Vf �$��)�_� `*_J� �� ( :��"��
���)1398(.  



  

  

  

  

119   --------------------------------------  +��'
 	, 
�&-�.  /0�+ 10�" ,� � �2%+� �' 3��4  ��5 ...  

 

 k-�& h	���Hi �� ���� @��  3 ���LG1 8��C�N& � �5�N& ��1!| 8�� 
��K�  3   K=%� H!&Hi �� 
� ��

 8X�150/0 ��$#�
 C�*6 .5��) �&�1 @�� l	�	� 8��5� ���1  ��!� �	 ��-���� ���� �
 ��
��K� ���� 

�%	�!6  3 �
�� �� 
� ���� _�����$#�
 8�� @�� 
� ��G	
LG1 8�� 
� �(��
�� 
�!O C��*R .5�� 
� 
�3e� 8��

LG1$#�
 C�*6 !#| .5�� �1�%: 8���� ���� �
 l	�	� 8��5� 8!#�  ��!� �R
�`�  1 �	 ��-�� !	��K� �!	
 ��%��

Hi  
� !�N3 ��#- �� 
�50/0 8�	�" !�� $	� � .��  @�� !	
 $	� 
�  ��-��
 L	��!6 .#6!b L��3�� �� ��%&�1

LG1C�N& �H!&)  K=%� C�*6 8�� 
� ���� � �
�� 
�!O l	�	� 8��5� ����:  ��!� 
� ( K=%� I!| � C�N& �H!&

$#�
 �`+� .#5�*6~%� �R�*5�=�  K=%� 
� .�
��  @�� !	
 $	� 
� X�1 ��-��L	��!6 ���%&�� ������ !	e� -

�� L��3 ����<� I�%: � ;3!� .N�  1 H!& 
� � I�%:  1 C�N& 
� Z��& � 

� j3�!R � ��&  .�1�	  

.N+O 
� 8
��N��� S�6��-�L	��!6 W��1 ��& ��	 8��LG1 �� 8!	e�!6 !\� !1 � ��& ��� �1 ��#��%	� 8���%	

) �%�+� �!1�
 L	��!6  -!0 
� d	!GR 
� 8��	
 jV�Prasad, 1986(.  
� �%0  `��<� � ��
!1 
� l� .	�)�

 
� ��;#5��� P/�� h	��� ���& !3� k-�&P�& 8 �� ������ P1�O k-�& 
� ��&  `��<� !	��K� w��� !1 .�&�1

Hi 13/35 ) �/
�39 $#�
 .#5�*6 8�
�� ( @�� �X�1 ��-��82/28 ) �/
�32 $#�
 .#5�*6 8�
�� ( @�� ��-��

 � _����03/36 ) �/
�40 ( @��  @�� 
�$#�
 .#5�*6 8�
�� 8��.�%�+� $#7�� ��-��  

 C���3 8
�<� d#& $#���#� k-�&MASC ����$#�
 .#5�*6 
� !##9R p�%�� !1 !	��K� $	� �.��  K=%� ��-��

~%� ��
� C�[ w���$#�
 8���%	�!6 !#\]R .<R �	 � ���%&�� !##9R 
�0� ��-��) ���&Prasad, 1986 
� .(

LG1�N& 8��C�N& ��5 � I!|I!| ~%�  K=%�LG1 
� � (.#��!" �.	
���) ���K� ��#- ���%&C�N& 8�� H!&

~%�  K=%� �O!& � ���) ���K� ���%&L	��!6 8�� �R � (~%��� ������ !	e�LG1 $	� ���& 8�
� ��

 k-�& J`��<� 
� ���� .��  1 !	��K� $	!��#1MASC LG1 
� ��� ��%�+��  3 �1�%: 8�� S�1��
 
� ��#&�

 C���3 8
�<� d#& $#���#� k-�& !	��K� $	!�N3 W��1 �%�+� 8!�!R��3MASC �� ��
!1 
� P/�� h	��� .��&

 k-�&MASC   3 �	�!" kG��13/15 ) �/
�17  @�� 
� ( @��C�N& 8��C�N& � I!| 8�
��  K=%� H!&

$#�
 .#5�*6 �X�1 ��-��63/39 ) �/
�44 5�*6 8�
�� ( @��$#�
 .# � _���� ��-��22/25 ) �/
�28  ( @��

 @�� 
�$#�
 .#5�*6 8�
�� 8�� C���3 8
�<� d#& $#���#� k-�& !	��K� .�%�+� $#7�� ��-��MASC  
�

..��  �6�	 L��3 I�%:  1 C�N& 
� ��N� 
�[  1  K=%� 

 k-�& J`��<�Bs �� ���� �
 I�%:  1 C�N& 
� k-�& $	� L	�;6� � K=%� 
���C�N& �C�N& m[�%� 
� �� I!|

~%� g�<5 
� � K=%� H!& ��� 8!��#1 .���K� 8�
�� ���%&���+�& ��:� P#5�1 ��&�1Z��& � ��

� �� ��

�� 
�!O 8!��#1 L	��!6 !#\]R .<RLG1 
� .��!#"L	��!6 S
�O  K=%� �1�%: 
��N� 8���� L��3 8!	e� �1�	

 @�� P�& ���#�3 ��.��1 ����- !R  k-�& 
� ���� .��  1 !	��K� w��� !1Bs 02/27 ) �/
�30  8�
�� ( @��

$#�
 .#5�*6 �X�1 ��-��35/51 ) �/
�57 $#�
 .#5�*6 8�
�� ( @�� � _���� ��-��72/20 ) �/
�23  ( @��

 @�� 
� .#5�*6 8�
�� 8��$#�
��-�� k-�& ��
!1 .�%�+� $#7��$#�
 .G	
 8��& ����!#� 
� ��-�� !)

���� ���;1 ���Q�R� �O!& I�%: � ���;1LG1 
�  K=%� ���1 C�*6 p�%���� �%�&�� �
 �1�	

� .#�1�O  3 �	�� -



  

  

  

  

120   -------------------  ���	 
��
�� 
��� �	 ������	�� ����
� ��
  � ! ����" �28 � $�%&'�(1400  

 
.#5�*6 $	� {O�� 
� ��&�1$#�
 S�3!� �1 _`R!� �� d`+� �R�� S
�/  1 ��-  3 �%�+�  K=%� 
� C�*6 ��-��

$#�
 S�![�G� ��V	�$#�
) �5�N��� ��-�%&.#5�*6 ��
!5 .�	�!" �%���- ��%	� 
� (����Q�R�  

P+"  K=%� $	� 
�.#5�*6 ��%%3 C!�%3 .&� J#&�� 
�=%#N� � ����Q�R� Y�!G�  #&�� 8�� $#��
 8��  ��-���

.�%�+�  

���A��5  �)��+ 3EJ"��!2 ��F�D  

��
 
�  5�K� $	� 
�$#�
 8�%1) _��R 
�1 $#5��  3 �`+� C�*6 .-��El Hamdouni et al, 2008 8�!1 ���&  7�
� (

$#�
 �1�	

�) �`+� C�*6 .-��Iat @�� ( P�&) �& ���Q���  *5�=� �
�� JK=%� 8��9��V�� S�*5�=� w���!1 .( 

 ���&��
$#�
 .#5�*6 8�%1:��1 ����- !	
 S
�/  1 ��-�� ) ��
1$#�
 .#5�*6 $#`� ( ..�� X�1 ��#- ��-��

) p�
2���� ($#�
 .#5�*6 p�%���-��) p�
 .X�1 �3$#�
 .#5�*6 () p�
 .	�)� 
� � _���� ��-��4���� ( p�%��

$#�
 .#5�*6k-�& J`��<� 
� ���� .��  1 !	��K� $#���#� .$#7�� ��-�� 8��.G	
)  =1�
 
� ���%&S/n  1 (

�� .�� P�&) �	�10 K`[ .($#�
 8�%`� !1 8�%1) �`+� C�*6 .-��IatS�`��<� ��V�� 
� l� (  �
��  #��� 
�

) C��: 
�  *5�=�2k-�& �"�%3�!� C��: $	� ..�� ������ P1�O (����#� �1 _`R!� ����� 8�� ��+" 8��

n!�  V#�� 
� � F��G�$#�
 �`+� .#5�*6 F��G� 8���� ���� �
 ��-��.���  

  

 R�E@2��� :�)� �" .��)�_� ��?� �*_J� �� ��!2 R��+ b�2?�L$ 3EJ"g � 3l�" ��= �E� ����� �)�*� A�� �� #Q 5� �	�" �*+ �
 ���

. D�  

Basin  
Class of: 
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AF Hi Smf SL Vf MASC Bs 

1 1 1 ٣ ٢ ٣ 1 2 ٨٦/١ 2 High 

2 1 2 2 3 3 1 2 2 3 Moderate 

3 2 1 3 1 ٢ 1 2 ٧١/١ 2 High 

4 2 1 
 

1 3 1 2 ٤٣/١ 1 Very High 

5 2 1 
 

1 3 1 1 ٢٩/١ 1 Very High 

6 2 2 3  3 3 2 2 ٤٣/٢ 3 Moderate 

7 1 1 2 2  3 2 2 ٨٦/١ 2 High 

8 2 1 2 2 
 

2 2 ٥٧/١ 2 High 

9 1 2 
 

3 
 

2 2 ٤٣/١ 1 Very High 

10 2 2 
 

3 
 

 1 ١٤/١ 1 Very High 

11 2 2 2 3 3 2 1 ١٤/٢ 3 Moderate 

12 1 2 
 

2  2 2 1 ٤٣/١ 1 Very High 

13 2 2 1 3 
 

2 1 ٥٧/١ 2 High 

14 2 2 2 2  ٢ 1  2 ٨٦/١ 2 High 

15 1 2 
 

3 
 

2 2 ٤٣/١ 1 Very High 

16 2 1 
 

1 
 

1 2 ١ 1 Very High 

17 2 2 
 

2 3 1 2 ٧١/١ 2 High 

18 1 2  2 1 ٢ 2 ٤٣/١ 1 Very High 



  

  

  

  

121   --------------------------------------  +��'
 	, 
�&-�.  /0�+ 10�" ,� � �2%+� �' 3��4  ��5 ...  

 

19 1 2  2 3 1 1 ٤٣/١ 1 Very High 

20 2  2  3 1 1 1 ٤٣/١ 1 Very High 

21 3 2 2 3  2 3 ١٤/٢ 3  Moderate 

22 1 2  3  2 2 ٤٣/١ 1 Very High 

23 1 1 3 2 2 1 2 ٧١/١ 2  High 

24 2 2  3  2 1 ٤٣/١ 1 Very High 

25 2 1 1 1 2  1 2 ٤٣/١ 1 Very High 

26 1  2 1 3  2 2 ٥٧/١ 2 High 
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Abstract  
Bazman volcano, in the South East of Iran, northwest of the city of Iranshahr and is located in the north of the 
city Bazman. The aim of this study was active tectonic basinemanating from the Bazman volcano (with a focus 
over the city Bazman) and its environment as well as the level of tectonic activity in the region is the relative. In 
this regard has been paid to the study of morphometric indices The morphometric indices which include over 
Drainage Basin Asymmetry (Af), Sinuosity Front Mountain (Smf), Longitudinal slope gradient of River (SL), 
Floor width to valley Height (Vf), Hypsometric Integral (Hi), Mean axial tilt channel (MASC), the shape of the 
basin (Bs) for the study of tectonic activity in the area has been used. These indicators have been studied to 
evaluate the relative tectonic activity (IAT) of the basins and sub-basins of the region. The results of geomorphic 
analyzes are expressed as a relative index of tectonic activities (IAT). This index shows the tectonic activities of 
a region in four categories of low, medium, high and very high activity. on the Base of studies, the classification 
of tectonic activity is as follows: Area with very high relative tectonic activity in the northwestern and 
northeastern parts of the study area, These basins are located in the north-northeastern and eastern parts of the 
region, which is mainly affected by lithology (especially around the volcano), the young vertical movement of 
faults and active tectonic structures in these basins. The zone with moderate relative tectonic activity is located 
in the middle and southern parts of the region and the zone with low relative tectonic activity is located in the 
basins of the central, western and southwestern parts of this zone. The results of the analysis of indicators 
indicate tectonic activity in the area of Bazman volcano and its surroundings. Due to the located of Bazman city 
and population centers in the vicinity of the volcano, especially its southeastern part, the possibility of geological 
hazards in the future is inevitable.  

 
Keywords: Active tectonics, Bazman volcano, morphometric indices, Jazmourian. 
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