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9cc�� ��+�,ccB�� .I�cc  �cc_�8
7�+ +��,cc
 6�
�cc#� �+ � �cc���
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S�
#B +
	�� H�
� +��,
 �B�� �+ 6
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� �� 9#�� 
� <A����0�
 �5 9�� ��
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  �c�
& ��+�c� 6���+    5�c�� �c.0� ��
c&�  �c�
�(Poland et al., 

1972). C
l
 �� �_�      ��+
c�
 9c#����0 �� (�c� �"B
�c� 6
�

�0,5� ����
 ����5�����V# (Ekofisk)  �+ d��� �,�5 9�� .
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� �+ V#�0,_�� ,_� ��� �+ 
��+ �"#�1984   �� I�c�5/3 
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7 �� ,_� ����+�D �
� � '+�5 9#����0 �"
1 +�
���


9��+ �  �+ ���A� 
_��
^ �T+ .(Sulak, 1991) ��� 9#����0

�+ ����
 �
�
   C
�2000 �� 7/6    ��c�� �c"
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&+��7 �+ 150     (�c�+�D <��AcD ocL_
 �"
,��5

9�� (Marte et al., 1994) .    
c���?�8
5 �"�
,c8�+ ���c�
 )5��!

(
p 9#_� H�
� �?7 6
�    �^ +��cL! �c5 '�c�+�D (��   �+ 
c�

�� +��,
 �B��20 �8�30 
p +��L! k5 �� �K�+( (�� �?7 6
� 

����
 �+ �
 ��� (Settari, 2002) (���    �c"?� ���c�
 �� 6��+��

q�� F�T �+ �,"`������(Long Beach)    +
c	�� H�
� 
���?�8
5

#����0 +��7 �+ �"8/8   �c�+�D �"
(Kosloff et al., 1980). 

     �� I�c� 9c#����0 �c�� �cG� �+ (�� +
	�� S��
#B �cg_� 

 �c� �T+ �,���
^  9c�� (�c�+�D +�� (Zeitoun and Wakshal, 

2013)   
�       ���c�
 +��,c
 �� 6�
�c#� �+ �c_��� �c� �c&,!   6
c�

       �c�� 9c#����0 �c���+ ���c3 ��7
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c�
 �+ ����5�����

�
 ��+
�
     j/
c�
 �c�� �"c0� r^ ��� � k�� +
	�� H�
� ���,!

++�D .9#����0  (�� +
	��C
� �+1980 �+ ����
 6
�  c"?�� 

cc��,k7 �3�cc� �ccp
��+ ,4�
cc5��

 )Maracaibo( �+ �,cc�5 

 st�A�� H�
��"0� r^ ��� I��  ��2
�� 450  ��  ��c
�  6
c� 

�7
���� �  �p
��+  9c�� (�c�+�D (Atefi Monfared, 2009) .

(����� 6��+�� 6�
D ����
 �`�����D )Groningen(  �+  �,c�5

�	�
 ����  ��+
	��  5/24 �"�
� �"
 ��09#�� ��
� QO� �+ 
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cc� �+2003 (Schoustra, 2004 ) �cc�+�D .�ccp�D� ���cc.
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�c#�

�
 ��� '

� �_��� �� �&,! 
�  j/
c�
  �L�c��  �+  �,c�5 �c��� 

���
     �"c��+ ���c3 
c��+ QO� �� �! �  uc�,!  
��c�  9cf0
-
 

�
 ��+�D '��� ��09#�� Vp,5 �
 ���,! ��  �cL&
0  6�  v�Ac�

�	�
 +,� (Nagel, 2001).  
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9�+ �� �� �	�
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�� <,  �D������`� 9���
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+
	�� 
���#
�� 6��� 9�� �
D � 9?�  ++�D(Gurevich and 

Chilingarian, 1995).  
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9�� (�� �t��� ����5����� ��+
�
(Fredrich et al., 2000; 

Sroka and Hejmanowski, 2006)  .<�� �� (+
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 �+ ��,�#� ���� ���|52   
c!5/52   �c&�+

  � �3��5/26  
!27  +��+ ���c3 N�
0 }��B �+ �8
�� �&�+ .

 +��7 �+ �"7
#
 6���+ ����
 ���9700    9c�� nc��
�"
,��5

 +��7 �53700 r^ �+ �^ n��
�"
,��5 6�,��& 6
�   �
sc��

9�� (�� n3�� �����.    k_c� �+ ���c�
 ��� ��
�0��{& 9�L3,


1 9�� (�� (+�+ �
��. ��
� (
D��+ ��     �+ ���c�
 �c�� �c�
��

���      �c� �c� �
c`�5 � �T�+ ���
c� �+ � (�� n3�� N�D�� 6

��
� -    �c� �c� V"�+ ���
� � �A@
 N
��!  ��c#  N
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 �� ����
 ��� F�� <, �
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-
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 )5��! 6�,U! ��� N
����

+�+ h� �^ M
?!�� I�
5 �G�(      C,c/ �+ �Ac@
 �4�
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cL�� �

  �c�

 �c���,B �3
� 9�
G �^ )5��! .(Geertsma, 1973)   ��Ac�


�^ M
?!�� I�
5 �!�
4� �� 
� � �A@
 )5��!h) ∆(    9c�� �����


�: 

 )1(                                          pHCmh ∆=∆ α  

  �cO��� ��� �+H   �c�8�� M
c?!��   '�Ac@
 6Cm    )5��c! o��c2

V! (�,-
 '�A@
 F�� 6 p∆  �A@
 �
�0 I�
5 �α   o��c2

S,�� (Biot)  �A@
 F���
 ��
�.  
  

  

A#, 1. ��,�& N�
  ����
 ��
�0��{& 9�L3,
  
   

)5��! o��2�
�� (�,-
 V! 6��=  (���5  �c7�� )5��! ��A�
 6

     xT,c�L
 � 9c�� �
c�0 9c0� �7�� 6��� �� �A@
 F�� M
?!��

 o#7��
kg

cm2 �
 �
�� ++�D .)5��! o��2  ��
�,� �� 6��= 

   � kc@�@! '�D�c� ��
��� �&�+ 'F�� M,� �,w�� �?�"@


�0+ j��   9c�� �"c#��� F�� �D��.   )5��c! o��c2   6��=c 

�
 �� �A@
   �c� 
c� � 6�"
,�+� I�

�^ �� )�."#
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 C��c
 �� (+
?"�� 
� )�."#
��| S�,K    F�c� �"�c#"�T� 6
c�

 �A@
)0 
�    �c��{! +
c	�� Z�c� � �A@
 V�"�T���  �
"0� ~�

  V�"c�s  k_c� (    �cO��� �� (+
?"c�� 
c�2(Fjær et al., 2008) 

+,�� �4�
-
 :  

)2(                                     
( )( )

ν
νν

−
−+=

1

2111

E
Cm  

�O��� ��� �+ E F�
� C��
  � �A@
 F��ν   �,c��,  o��2

�
 �A@
 F����
� .  

�
 �� �A@
 F�� S,�� o��2   �cO��� �� (+
?"c�� 
c� ��,! 63 

)Detournay and Cheng, 1993( +,�� �4�
-
:  

)3(                                                    

s

fr

K

K
a −=1  

 �O��� ��� �+Kfr    r,p�
cp C��c
 
c� r,p�
p V8
� C��
 

)Frame modulus ( �Ks  V8
� C��
 �c��+  �c

& 6
c� )solid 

grains (�
��
�.  

N�
  �A@
 W��
0,"�8 6���+ ��,�&  6
�������0 � M,�"
 

�
  �+ �8� ��
� M,�	
6  ����
 ��� �+ �B
� W��
0,"�8

�
 ��
�
�� k�
3��
�. 'S,�� o��2 )5��! o��2  6��= 

V! ��� )5��! ��A�
 � (�,-
6  W��
0,"�8) Z�� S�,K �+

V�"�s  k_� ���{! +��B� ((��+ �
�
  �+  �+ 9��+�� 6

 C��&1 9�� (��+�D �t���. �O��� �� (�s� 62' Geertsma  

(1973)  )5��! o��2 ���@! 9�& �� ��
���+,��  6��= 

V! (�,-
  �^ W�& � j�� '�A@
 F�� k@�@! ��
�4
 ��

+,�� �t��� .)5��! o��2 
���+,�� ��� �� (+
?"�� 
� 6��= 

V! (�,-
N�
  �A@
 6  +��7 �+ ��,�&1- bar4-10×9/0 

 �8�3/0 �
��
�. 
  

 ����1. )5��! o��2 )5��! ��A�
 � (�,-
 V! 6��= 

W��
0,"�8�A@
 �B
� 6
�  
W��
0,"�8  α Cm (bar-1)  �h (m)  

 �,"#���D)9��+ ���+( 89/0 0000107/0 043/0 

�,"�+

 83/0 0000024/0 0.087 

�,"#_  )���+A��( 82/0 0000031/0 04/0 

(+,! �,"#���D 6� 85/0 000013/0 201/0 

 �,"#_ )9��+ ���+(  93/0 0000074/0 101/0 

 �,"#���D)���+A��( 87/0 0000038/0 026/0 

 �� �&,! 
� C��&1 �A@
 k5 )5��! ��A�
  (��+ �
�
  �+

x
4��.! 9��+��  
� �����5/0 �
 �"
��
�.   

9�& �#�
.
' o��2 )5��! 6��=  V! (�,-
6 �A@
 

�`�����D +��7 �+ 1-bar 5 -10×45/0  
!75/0 � 9

@2 

u�,"
 ��� �A@
 170 �"
 9�� (�� <��AD .�
�0 ��8��6 

�A@
 �`�����D MPa 7/34  (+,��5 �+ �+ 9��+�� �G�  C
�

2005 �� MPa 5/12 ����. '�����
�� ��A�
 )5��!  ����A@
 

��� 17  �28 �"�
� �"
 9�� .����� 9#����0  �+ (�� 94G

 ��� QO� C
� �+ ����
2005 +��7 �+ 25 �"�
� �"
  <��AD

9�� (��+�D )Ketelaar, 2009(.  

  

4 .��������  ��� �
 "B�6.�
 �� 	
��� �
����� ����  

cc� 6��cc� � �"cc#��+ '9cc#����0 �� �cc�5 +��^�cc� �+��^ 9cc�+

    k_c� �c��{! <�"c#D �`�,`p   )5��c! �� kcK
7  �+ �Ac@


����� (�
��� �/
7� u�-
 �  (�c��5�^ 6   �c
 6���c2 �c�
� .

 6��� �2
�� A�8
�^ V� �� ����� 6��� <s! ��8��C�
   6�
c�

�cc��@! �� �cc�
� 9cc#����0 ucc�,! 9cc?� � �
ccD ��
cc@
 6 

McCann and Wilts (1951)  9cc0�D S�,ccK.  �cc�� e�cc�

C�
 S
L8
O
   +,c� �,c"`������ ���c�
 9#����0 6�
� .  �c��

   (�c�D C�c
 � Ic�5 A5��
 C�
 �+ �� kK
7 }�
"� �
..-
 6

� 6+,�) k_�2 �
 �
�� �� I�5 A5��
 C�
 �c�+ (  +�,c
 ��

��+�+ ���3 ����� .   �cOB V�"c�T� �
"0� N
�� �� C�
 �+ ��

  +,c� (�c�+�D �t��� . �c#�
.
      
c� C�c
 �c�� �� kcK
7 }�
c"� 6

     �c5 9B
c� �@c�
 ����c�
 S���
�
    Ic�5 Ac5��
 C�c


�
�� (���+6      ���c�
 �
c"0� �c��
�� x
c.�3+ 6��,g! '9c��  �+

�8
7(��D C�
 �_       (��c�� �c� �� �8,c43 kc�
3 }�
c"� 6+,c�� 6

+���� .     6��c� �8,c43 kc�
3 Q�c2,! ��"#��,"� �
..-
 ��� �_�8

   � �c��5 �ct��� �L�4/ �
"0� �� I�5 A5��
 C�
 9�
4� ��&,!


� S
4cc�
-
"cc��+   Icc�5 Acc5��
 C�cc
 �� (+
?"cc�� 
cc� �� �

��
  ��+�5 6��=D.  Geertsma (1973)   �ct��� Ic�5 A5��
 C�


u�,! (�� McCann and Wilts (1951)   ���c3 �����
� +�,
 ��

 �
^�
5 �
�#� C�
 V� � +�+   6��c� �� I��c5 A5��
 C�
 Z
� ��

C�
  �t��� �A@
 )5��! �� kK
7 9#����0 6�
�+,�� .(��� 6



C�
N�
  ����
 9#����0 6�
�<�� 
� ��,�&���� � ����-! 6
� ����-!                                                                                                                                     / 51          

_________________________________________________________________________________________________  
 

 �4c�
-
 C�
 ��� ��K�     Vc� )5��c! �� kcK
7 9c#����0 6

(�5  �4c�
-
 WX� � 'Vp,5 6     
c� ���c�
 9c#����0 kc5 6

! �+�5 n�&R(�5 ��� �� 6+
�� +��L! ��G�
 
���
� .  �c��  C�c


9�� 6+��,
 �� +��-
   � �Ac@
 V�"�T� S
�K,gB ��� �5

��
� �"���� +,&� �!�
?! �^ e��/�.  

  

 A#,2. I�5 A5��
 C�
 �� V�!
�� 6��,g!  

 )Geertsma, 1973(  

 C�
 j4/ �� A5��
I��5 
&�� ��
L� ��
&u(r) ��K
0 �+ 6r 

(�5 V� A5�
 ��6  M
L� 
� (�� ���@!R0    ��
c	�
& �c5u0  �+


� 9�� ����� (+�+ h� �^ QO�:  

)4(                 2

2
0

0)(
r

R
uru =   

(�5 V� QO� �+ (+�+ h� ��
	�
&6    )c	7 �c� (�� ���@!V 

�	�"� �+ �
�0 I�
5 +�+ h� 6p�  �^ �+
� 9�� �����:  

)5(                                             2
0

0
4 R

pCmV
u

π
α∆−=   

 �O��� �+�5 ��A`�
& 
�5 �O��� �+ 4'  �cO��� 6  S�,cg�   �c��

�
 kK
7++�D:  

)6(                                     2

1

4
)(

r
pV

Cm
ru ∆−= α

π
  

 �� (+
?"�� 
� �O��� ����
 ��,!  Vc� e��/� �+ ��
	�
& ����


(�5 +��c-

� u�-
 V� �+ (�� ���@! 6  �c`�� �   ��c�L! ��

+,��.   

�"�#�"�T� 6
��"
��
  
� �O�-
 �+ 6�`�� � �
#_� )  u�c-


��T V�(' 
��!   I�c! ���c�� �?K �� 6��
 u���� ) �c��5 (

+,��6 )i3σ(  �+ ��
� QO� )Z=0( �
  '��
� c8��  �cO��� 6 6 

��� (+��^�� �� z�� ��� ��5.Geertsma (1973)   6��
 u����

 �
�� +�,
(�� �� (+
?"�� 
� �� k7 �"�#�"�T�,
�! 6
��O��� �+ 6

6 +,�� C
���  � ����O���  S�,K �� ���O��� 7  k

5+,��:  

)7(        

[ ] fpVzDz
R

z

R

RDzz

R

R

R

RCm
u ∆−+−

∧

+

→
=

−

→

−+

→

=
→

ανν
π

 ))(43(3
2

2

5
2

2)(6

3
2

2
)43(3

1

1
(

4

  

�O��� 6
��"
��
  � �����   �+ �,c0 6  k_c�3    (�c�+�D �ct���

9cc�� . �ccO��� ucc#� �� kccK
7 �ccO��� �cc�� C�� S�
cc4�  66 

�
 �!�,K �+ '��
���.� �5   9c�& �3
c-8� S��
4� 'S��
4� 6

!R �+ �?K 6+,�� I�! ��
��
� QO� �
 ���
� )Fjær et al., 

2008(.  

  

 A#,3.  C�
A5��
 6
��"
��
  � I��5 �+ (�� (+
?"�� 

�O���  67 (Fjær et al., 2008)   

  

4-1 .C�
k_� V#�+ ����
 V� 9#����0 6�
�  

��
& ������6+,�� ��
&  �+ �_�
  ���c�
 6A5�
 �,-
 +��"
�

+�+ ���,B h� .    9c���� �� ��
c	�
& �c�� ���.
 ���L! �����
��

9�� ��+�,B�� �K
B .    �c
 ��
c	�
& �c�� ��c�L! 6���  ��,c!


E�?8 ��
	�
& 6+,�� 6      6��c5 �
c�8� Vc� )5��c! �� �c�
�

 �A@
 �� k_��O��� �� (+
?"�� 
� �� 67    6�� WXc� � ��c�L!

C��`"�� �A@
  6��D+�5 .��,�	
 S
4�
-
 ��� �+ �� 6�A5��
 

 j�� �+ I��5D �
 ~�0� 6��� � +,� �  }�
c"� �+��^ 9�+

 �A@
 M
?!�� �+ ��
��(H) �
 r�2++�D .    �c�� ��
c�� �c	�"�

 S�,K �� S
4�
-
�O��� 9 �
��
�:  



52  /���� ��	
-                                                   ����� �����
 ��
�� ��
� ��	�� �����             �
"#
� � A��
  1392 ��& '�� (�
�� ')3 �4              

________________________________________________________________________________________________ 
 

)8(    













−+
+

++

−+
−

−+

−
−

−

−
+−∆−=

23
)

2
)(

2
(

2
2

2
)(

2

)43)((

2
)(

2
43

2

1

ZDR

ZR

ZDR

ZD

ZDR

ZD

ZD

ZD
hZu

ν
ν

  

�
 �� ����
 A5�
 �+ QO� 9#����0  �+�+ ���c3 
� ��,!Z=0 '

 �O��� �+8  �4�
-
+,��:  

 )9(      










+
−−∆=

22
1)1(2

RD

D
phCu fmZ να  

  6A5�
 �,-
 �� y�
B �/
.� 9#����0 V� ���c�
   Vc#�+

�
 �� k_� �� (+
?"�� 
� ��,!�O��� 10  ���L!,��+:   

  

 )10(                     ),()1(2)0,( ηρν Ahruz −∆−=   
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       η  
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