
����� ��	
� � 
���	�� ��
� � ���� /�	�������� /��	 ! ��	"# � $"# /�	%&�	' ()*+ 

�� 

,� ��-.' , �/ �0� 12 
�	��3 �� �%���� ,"�4 �	��� 5� 6' ��7
� 

�-89 ,8:/ ��
� ;<' =
� 
�

�	 4�>
�? @	��*��� 0/�A3 0 <� ��� �(

)����	
 ��	�� :��/��/�������� ��	�� :��/�/��(

�0�B# 

C�-� �	>
� ���� 12 ��-89 
�	��3 �%& �>D� ;�� ��E 
�
A�/ �0! F�G- ? �3 ,� H	CI8J� ,K L	A�%���� �	�� ,%MN ��-O� ��!


�� -��
��-89 P�� 	� ;�� ��-9 ,K �
�3��	
��! =��-N Q6�� $�9 �� .-�ST' � �"� 
	�-%���	? �� �%���� 
�>D� $B! U	6%/� �� ��VN

�-89�	B# ��0!	� �� �
�3 U3 �.C ��	
;�� -SW� .�-89 ,�J	��	B# 	�X�/ $B! @	��-� �-89 -� ,� �%C	&� � �%���� 
�>D� �	B#

 �� �	Y!� �� U	6%/� 0
���!.�O4�-A �O�� =Z	OA �B�D��0O�� [	�J�\OA ��O] � � "� 
	�-%���	? -�ST' ;<' �%���� �	�? �	��� 

�-89 �� 
�	��3 �	�� � �	B#0!	�.,�' ��7
� 65�,"�4 $B! ,8:/ ��
� 12 �� �!	/ �%���� ^��_? 52� 
���,:8
� �� �9�� �4	�D� `a

����� ��	4 
-%�����b1� 20/� �
! ;�	� 	� ��	A �;�� ,%�-N [��J.�-89 �0%�� ��7
� 520��	B# ��� 5��T' 
�-� 	� 
	�a=(c=`c=

)c �dc0/0! �-��D	� ;�	� �� -%�D .^2	��3 Fe� ,��X� 
	��	�� �� �%���� �	�? f � � -89 -g��0C 5���' 
�-� 
� 6� 
	� �� F? h�%

 ��� ,� 
�	��3 i�-!
;�-N �	./� ��� -� .
�	��3 �� Z	A �� U3 
�-��? -� ��	C �B2X�� $���� -�ST' 	� ��-.' , �/ �8���� ;2	"/ ��

�-89 ,8:/ ��
� ;<' =
� ,�j9 � 
�π,� 
�	��� X�D	/3 � �	">
��	� 0�3 ;�� .�>D� �� ��	M%�� 	� k���� 52� 	O�
%��O�� �,O� �0O�3 ;O��

 ,� � �0! �.
��� .
� ;<J ��7
��� �� k���� =�3 b,� ��-.' 0
%�-N ��-9 ��	2��� ���� �0�3 ;�� .� �0O! �	O./� ,�D	8� ,� ,4�' 	�

 ��&/ 
	8A -g��0C)/(d
	8A [	��-� 5�>/	�� �V4 -g��0C � 0J�� */)�%/	� ^�? �� -%� 	O�� =�%��O�� ,"�4 f � � -89 �
�� [E�

,� 
%�� ,K �0�3 ;���	%/ -� 2	��3 l2^
	� ��/�0�/�� X��� �%���� �	�? ��0
� �	��� �2E	� ;9� 	� =0
!	����3-����O� � 0

� �� ���O'

"� ;2-20� � �C�-� �� 	"/3��-89 
�	��3 �%&�� ,
�-� ��	M%�� ,�D	8� ���� k2�-! 
�-� 
�.

�m�� 
	� 
0��� :�-89 
�	��3 =
�,8:/ ��
� 
�	��� X�D	/3 =�%���� ,"�4 =
� 

,�0:� 

� ���� ������� ����� !"# 	
 $%�	�&
'()* �� * +,- ./�0 

1�2� $%�31 4��(- 5  6�7(8 ,(/	
 ���9
 2(�4(:� 	
 �

3	*��%&�;1 <� +
3�� =;'>8 3'?� (�	�&@A(; �9
 	
 (�31 �

���9 3*�B� ,/	
 �,?%)C.(

�� E#�� $F9 ��G
'� 2� +
3���	�&HIJ�(8 * .K�L(8 �(;1 

M * N�O * 5  =�1*	 �� P�Q�	1 	
 * $#	R8 .O1
�$(% �(;1 +�

S'TL((8�� G�7((7:>8 $((J"� +
'((Q9 U	13 $(()'>8 G  �((�	�&*

3	*��%&; G�01�V <�!>L ��&� �	�&>0 *�,(8�* U	1R(8 G1�

3	*��((((%&9((((�1 	
 R((((�S'TL((((8 �((((81 2�,((((9	1
 �)�.(

�.W�?-	�X Y���� $�31'�1 G1��Z ,�[- +�\�91
 <&3	*��X +,]�91
 <5  �;,?[8 	��
�>;1 * ,-	1 

*:�]�9*�>]S1 �L� <H�Q��]8 ^'TL8 :Palangi_47@yahoo.com 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
87

.1
2.

44
.7

.7
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
25

-0
7-

31
 ]

 

                             1 / 11

https://dorl.net/dor/20.1001.1.22518517.1387.12.44.7.7
https://jcpp.iut.ac.ir/article-1-871-en.html


����� ��	
� � 
���	�� ��
� � ���� /�	��������/��	 !	"# � $"# �� /�	%&�	' ()*+ 

�� 

�  �*	((�	�&+�((A_ 1&��`�((� G�8,((91	 �((� &�((; $((� �QL((9 ��

�*	 �((�&� ((�	�&9
 	
 ((� $((� * �((;1 +,((- �'((;�8 ��(("#

"��_����&/�O �(O�� 	
 
	1
 $%�11�(- 3�a�(O =),(?9�8

 b�O 	
 &	���  �?- &�� (; �([?� (� � !>L (�	�&(c"� Y(;�?8 �

8�

�M .

1��&��M  �1 31 �2+1':S
 �0�L8 �d9 
	'8 G�JZ +�A_ $%

O 1	 N�O eA; 	
�8 f�,?%�9 <$(9 �(�G
'(� g:�(8 $(� 3�

'\S1&>�'V	 �8 $"/�0 �,-�� .1 W�;1 ���(8 �(�'\S1 2�G1'(�

 +�A_ $"/��G�JZ h� 1	 ����
'�9 2.$�N�(O 	
 ^�i8 G1'?# �(�&

?-�$(� S
(�
'(�# �#�(; .&	�� * 5 (��(�'\S1 G
'(� j&

>�'V	�G�JZ +�A_ $"/�� k�
R9 1	 �� (8 �d9 	
 ���M(���	
 !

S�0�N�O 	
 $%��&;	�$�c�1 �%�0 �"#�2([� * 5  �(�

 >�'V	 &��'\S1 G
'��<G�JZ +�A_ $"/�� �� 1	 �(� (�� ,(�	
 �>� 

���M �d9)�.(

2�1 $� 
	1
 �\>L� R�9 &	���  G�83 H,8 f(� �9�83 $Z $X

 31 ���l8 �� * +��M $��	 m�# $� �>�'V	 $[Q) &	���  U*�- 31

 ,;�� G  .�()*�O $"(/�� &	�(��  G�(83 * G�(��) H,(- <�(�

+�A_ +,(- 5'V�8 b�O !B0 $X 

�M �01�V &	'V ,��� &1

 
'(- k(�
R9 +��M $��	 !B0 $�.�1���(?���(M  2�* .J(- 31 

O N�O !B0�3 	
 +,- f�+�A_ �$� G�JZ 8n(� 	'(d?8�9 2(�3�

� �M�,(8 <+����[� ��1R(�1 * $(?�� G�8,(91	 4(�	�&	*�(o &

�;1.

S*,) G1	�]�� * �"X�$K1	1 +
�X f�(O �0�L(8 $(% ,(91

 +�A_ �� ��3 	
 +,- 131 $� 1	 G�]Z&��
 C$; * �#�; 	
 �>�S 

<�-	
 b�O U'9 �(8 2�(�:� =(;'>8 * R�	 ,(93 .�([9  p��(>9

 ��
*,@8 &1	1
 �8 ����31 $� $X1�Z ,-��&1��
 �(� �(>�X &��

 +,(- �Xq ��
�c8 31 ��r +,- f�O eA; 	'X�8 	1,c8 31 �>���

 �8 ^*,) 	
,-�� .g:�(81	 �>�'(V	 $([Q) m�# ^*,) 2�1

��9 ^*,) G  �� +*I# <,?X$K1	1 +*�M $; =c� �[9  =;'� +,- 

b�O 31 �"X �8 �d9 	
 1	 �� $X �S�0 	
 
��M���(��� WIX 


	1
 
')* b�O .�(�
 k(� &131 $(� R(�9 +,- f�O b�O �A_

 �8 ���s� $]"� �L�9 ���t G�83 $� �QL9 2�h8 +
�u>;1 �� 1�S ,?X

 G�(]81 ^*1,() $(9'M 2�1 31 
	* �(� 	
 +,(- f�(O �0�L(8 

G�83 
	1,9 
')* &	���  v">:8 &��)�.(

8�(�r �(S�0 	
 b�(O 	
 5  �X�0 �� !X�0 $S
�h U�Q(-1

 �8 3
	�F�	 $S
�h8,-��<$(� G  &,(h�*
 ��(� $X �(�3 H	'(/

�;1:

]�[



 +

∂
∂

∂
∂

+





∂
∂

∂
∂

=
∂
∂ )h(K

z
h)h(K

zx
h)h(K

xt
θ

<G  	
 $%θ�B0 ��'V	 ,/	
�<h<4J8 	�� K1,(���

��S*	,�J�<x*Z��� $��c�1 �[) Y��(X�0 �� 
'�# *

* 5 t8 G�83 �,-��)�.(

^�; 	
 &���wx� �� �w�wcc@8 �L� 2�	�&)��<��<�C*

�w ("@� $��� 	
 q'(u9 $"TL8 .(�	�&+�(A_ 1&h� *�(� .J(- 2

'\S1&>�'V	 �� *+�A_ $"/�G�JZ +1	 * $(>O1
�� �(� .(0 �(�&

"@��"�
,# *&
,h>8 &+
�(; 2>��M �d9 	
 �� 1	 3�(;&* �(�

o���H*�u>8 H�$K1	1 ,(9
'�9 .(%IB9 �G1	�(J�� * f)x(	


$hS�A8 k� 3'� ���\���83�9 	
 1	 5  y�2(\�� N�(O z�(�

 (;	 �'S N�O U'9 *
 	
�?(- *��(@� (�+�(A_ y(Q?8 j1&

�9 $hS�A8,9
' .^,8 �[9  �*	 * �� ��&�(>9 �� 1	 G'M�9'M �p$(�

 +,8  �;
 �c8 �,9
�% $L .� {�8'�#�*��&�(�&
'(�# &$([Q) 

>�'V	��83  H1,���8 �� +,- $Q;�@8 (���\��U'(9 *
 �(�	
 

!� N�O \>L��3�
�&S* �-1
 �>�'V	 $[Q) �c�1 �$Q(;�@8 

+31,91 * +,- M��&1�� +,- &G�83 9`'(V &���1	1
 &6I>(O1

+
'� 40�� ,91.

$(S
�h8 �("�"@� * &
,# .0 $?�83 	
 R�9 &
��3 H�c�c@�

3
	�F�	 ^,8 * +,- ��B91 ,(?9�8 ��*�(u>8 &
,# &��CSMP<

HYDRUS-2D *SWMS-2D 4�((� 	
 ��`�((� ��1	�((X �((?��

 G��(9 
'(O 31 b�O +,- f�O .��*�� * �>�'V	 &'\S1 .]-

+
1
 ,91)�<w<��<�x*��.(A8m�_
 {�?h� �*	 2��>[� * 2���

 =�1�(- �@� 3
	�F�	 $S
�h8 .0 �>�'V	 3��� 
�h�1 2��h� &1��

 �8 �d9 
	'8 &3�8 * $�S*1 �("# <,-�� G
'(� W�>(;
 	
 !(r	

 ̂ ,8 * $9��1	 $�Q- &1�� $X �9'M�9'M &
,# &�� �(X�0 &3�(;

 $� 
	1
 
')* ��9
 	
 b�O 	
 5 $(� G�(;  �;�>;
 �,# �"#

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
87

.1
2.

44
.7

.7
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
25

-0
7-

31
 ]

 

                             2 / 11

https://dorl.net/dor/20.1001.1.22518517.1387.12.44.7.7
https://jcpp.iut.ac.ir/article-1-871-en.html


,� ��-.' , �/ �0� 12 �-89 
�	��3 �� �%���� ,"�4 �	��� 5� 6' ��7
� 
�... 

�x 

� H��/'7O b�(O �]�S*	,� &�(�	1R�1 ��(9 G1,(c� R(�9 * �(�

$�Q- !>L�; G�01�V $9�u;n>8 <	'�X .O1
 	
 &3�; &	���  &��

����91,?Z .��*	 31 +
�u>;1 $���&31 �(>�X * ,9	1,9 	'%�8 

�*	 .�Q_ 2�1 $� &1�� �� �(� * �>�'(V	 3�(�� 
�h�1 G
	*  �;


O b�O .��*�� 2��h���8 +
�u>;1 +,- f,??X.

	*3 * 28R�	1'-)��($(� $(X ,9
'� �9�LX 2�S*1 31 	'(d?8

 +�((A_ $"((/�� 2�(�h� �((��[9 	
 * �>�'((V	 3�(�� 
�((h�1 2�(�:�

G�]Z ,?>(-1
�� &�t|8 &�[8�M �� .$(��9 =(�1*	 ,?>L(91'� �([9 

 131 $(� �>�'(V	 3�(�� 
�h�1 2��h� &1�� 1	 ���B�&$(��s� y(Q?8 

$Ac9 $� �AO * &1 ,9	*��� �;
 . $A�1	131 $� �[9&$(��s� y(Q?8 

$Ac9�8 ��3 ��� $� &1,-��:

]}[33.033.035.032.1 −= skqzd

$%q+�A_ ��
 <G�]Z ks<b�(O U�Q(-1 �]�S*	,�� ��1,�d

* �A_ �iX1,0z�8 +,- f�O b�O m�# ,-��.

	*3)}�(c�c@��	$� 1G�(��) j(� H�(Qt1 * 
�(B�1 	'd?8

01�V�$� 
1
 ��B91 ~�(V k(� G
�(% +
�(�� 31 .(Q_ $(% &	'V

 +�A_ &	���  	
 <&1 G1'(>� 1	 +,(- 5'(V�8 N�(O !(B0 1,(>�1

 
3 2��:� .�
 Y�%�� �� $���O 	
 m�c@� 2�1 	
��(A_ * m�# <

S'(8�� W�;1 �� +,- f�O N�O !B0 <+,- f�O N�O�$(% 

R�	1'- $"�;* $�,�
�M $Q;�@8 <+,- 
�[?��� 	*3 * 28.

�";�� * ��Q;1
)�}($�$� 	'd?8 $([Q) U�h- G
	*  �;


>�'V	�� 	
 (�	�&+�(A_ 1&�c� .(0 +1	 <�(Q�1�(� 1	 &$(S
�h8 

5  �%�0$K1	1,9
'�9 .

1	�f9RZ * f)�C(� �*	�* ��Q(;1
 =;'� +,- 
�[?�

 $� ,9
'�9 ~I/1 1	 �";�� 	'V&� �[?� $%���>81	�&9 
	'(8 (�3�

1��&��4��?�O U�h- �31 H	�Q# N�O +,- f:�,(� �+�(A_ 

L(9�>� * N�(O �(��� <G�JZ�
'(� N�(O 5 ..�(83 �4&�(� 

$#	R81&*	 �[9  &8'S N�O �?-�1�(� *&�,(�  	1,(c8 *
 �

)x�/�*�x/xS��#�;	
 �> (
�(c8 $% 
1
 G��9�(O ��+,(- f

��� 4�?�
*,0 	
 +,- ��%���w%
�(c8 �(��+31,(91 �M(��&

,9	1
 6I>O1 +,- .!�?Z�1�(� 2&�,(�  	1,(c8 ��/�S�	
 �(>

 � 6I>O1 �#�;�
�c8 2�O eA; ��� +,- f�� 4�?��(� +,(- 


�c8�+31,91 �M��&?h8 +,- �(S* +
'Q9 	1
�1�(� &�,(�  ��x/x

S�1 �#�; 	
 �>�?h8 6I>O1 2��;1 +
'� 	1
.

9�B9�O�91	�� *�)}(9�;	�� $� R�3'� (�>�'(V	 y�N�(O 

3�+�A_ �� 	
 G�JZ�	�&+�A_ 1&h(; * ,?>O1
�� �$(% ,(9
�% 

;,?� 
�h�1���>�'V	 3���*	 �� 1	 N�O ��&$� v">:8 �;


 $� 1	 G  +31,91 * ,9	*  h��� H	'/��; 31 ����>81	�� �&M(�* +�

 ,??% $Q;�@8 N�O .c@��(8 G��9 �[9  H�c�H`
�(h8 $(% ,(�


$� $#	R8 eA; 	
 +,8  �;
1&1�� &,8���� ��	�&��% �+
'� 

8 *�M 	1�_ +
�u>;1 
	'8 ,91'��
�.1�� $Z�M1&$�G
	*  �(;


 $V'��8 H`
�h8��LJ&+
�; 3�;&� $A�1	 	
 �N�(O * 5  2

M *��;1 $>��M H	'/ +�.

�1���2K�_	,/ *)�(	
 1	 �0�V�G�>(;1 	
 y_1* $cA?8 

�O * G�[u/1 b�O 	
 * G�;1 ���� �� ���� 1�()1 v(">:8 &�(�

 ���(�3	1 
	'(8 1	 	*3* 28R�	1'- ^,8 G  W�;1 �� $X ,9
'�9

 ,9
1
 	1�_ .31 R(�8  �(�c�'8 +
�u>(;1 G�J81 �� �S`
 �[9  p��>9

4�� 	
 ^,8 2�1 ?���+�A_ $"/�� G�JZ 
	1
 ��.

�13��8�G1	�J�� *)�($�3�; G'�9 	'd?8&>�'(V	 $([Q) �<

A�1*	�J�R�� .81'# �S�O
 �� 1	 �5'(V�8 N�O !B0 �� �t|8 

$�l(_ 31 +�u>;1 �� * �AO $��s� yQ?8 ��3 	
 +,-π* ��([\?�%�� 


�h�1 R�S�9 &$�,9
	*  �;
 .+
1
 �(� =(�1*	 2(�1 ���[9 	
 �(�&

��M +31,91&B?;1* +,- �(�"# =(�1*	 * ,(- ��(��B� ��*C

$� !� $% ,8  �;
 91'O���L� �'O 	�4��(83  p��>9 �� G��(9 �(�


1
.H`
�h8 G  �� +*I# $K1	1 h��(� +,- �	
 * ,?>L(� G�(83 31 

* �A_ $Q;�@8 G�J81 G�83 �� 
	1
 
')* +,- f�O N�O m�#.

]�[)/()/()/(
S tqk/d 4605400801232 −=

]C[)/()/()/(
S tqk/z 5804201702812=

*t�8 &	���  G�83 H,8 ,-��.

4��((83  ��((B91 2�1���((?� 
�((B�1 * $((#	R8 	
 �((��B� &�((�

 $(>��� q'(u9 5 !B0 <G�]Z +�A_ +,� <b�O ���� 2�� �A�1*	

 �>�'(V	 3�(�� m(�# * �(A_ <+,(- f�(O b�O !B0 <2�83 $�

$� * �(01�V 	
 ,(91'>� $(X �(��B� �(A�1*	 $(� ����>;
 	'd?8

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
87

.1
2.

44
.7

.7
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
25

-0
7-

31
 ]

 

                             3 / 11

https://dorl.net/dor/20.1001.1.22518517.1387.12.44.7.7
https://jcpp.iut.ac.ir/article-1-871-en.html


����� ��	
� � 
���	�� ��
� � ���� /�	��������/��	 !	"# � $"# �� /�	%&�	' ()*+ 

�� 

$(� &	*�(o <,(���9 k(�X &	�(��  !>L(�; k(� ����,8 �(d9

�8 ,;	.

$�� 2(- * �?- &�� G�>(;3'O G�>(;1 &�(�	13C/�,(/	
 

* G�>(;1 �0�L(8�/}w.�]�((� 1	 &3	*��(X �(o1	1 ,(/	
 

�8 ,�
.��V 31�&	�(��  ��(\?� 	
 5 
�(�3 H�u"� $� $)'� ��

 �*	 �� $� * ^*1,>8 &�� �o1	1 2�1 ��Qi� 	'd?8 31 &��M'(") <

31 �-�9 H1�AO 2- �X�0 G1*	 &�� +�[� *��&3	*��X &	1


 <mV�?8 2�1 	
 .\?) �#1	3 *RM�9 ��!>L�; 31 +
�u>;1 $�����

,?9�8� �	�&+�A_ &1>L��!)�(.


'()* * mV�(?8 $(9'M 2(�1 	
 H�(hS�A8 
'Q�X $� $)'� ��

 2(�1 $���(8 H��/'7(O �(� G�8	'�(X mV�(?8 31 &
��3 ,/	


 $� 4�*�� 2�1 mV�?8 B� <+
�; �A�1*	 $� ����>;
 	'd?8 * �(��

 $(� �]�R�� &�?Q8 &1	1
 	
 �>�'(V	 3�(�� 
�(h�1 2�(�:� 	'(d?8

+�A_ &	��� $Ac9 yQ?8 �@� <&1�;1 $>����� ��B91 &1.

$� 	
 $(X R(�9 G�83 �>81	�� +,- �h; 4�*�� 2�1 	
 +*I#

 	*3 * 28R�	1'- ^,8)��($(� H`
�h8 	
 <
	1,9 
')* �(;


 

�M 
	1* +,8  .� G�J81 Y���� 2�,��:��>�'(V	 $[Q) 
�h�1 2

�  U*�- 31 f� +1':S
 G�83 �� 	
�	�&�-1
 ,�1'O 
')* .

f�:<' 
��o' 

	
 b�(O 5 �(X�0 �(� !X�(0 �(]�R�� 2�91'_ 31 �8 �-1
��

 $Ac9 yQ?8 k� 61�V1 b�(O !(B0 �;,?� .]- $X �L?�1 &1

 �((�
 <b�((O U'((9 $((� &	�((��  �((� G�((��� 	
 +,((- f�((O

+�A_ G�]Z)q(b�O $� +,- 
	1* 5 !B0 .X *)V(G�83 *

&	��� )t(
	1
 �\>L� .

$(� �(S�0 2��(>[� 	
 �>�'(V	 3�(�� �;,?� .]- H	'(/

 �A_ �iX1,0)d(b�O m�# *)z(�(8 G�(�� +,(- f�O 
'(- .

$� b�O U'9 ;*U�Q(-1 �]�S*	,�� ��1,� $"�)Ks(+
1
 G��(9 

�8
'- .

2�(� $(A�1	 $(X +,�,� k� �� �t|8 &���>81	�� �O�?- &1��

 �(8 �Q(;�?8 �*	 &
�h�1 R�S�9  �L�9 +,- g:�8 �[9  ,(-�� .

$�l(_ H`��; k�9�]8 	
 &
�h�1 R�S�9  ![8 &���l_ 31 �]�π

�X�� �;1 ��[\? .�M1 $�l_ 2�1 W�;1 ��nk(� 	
 	1
,h� ��s>8 

$(� $(X ,-�� $>-1
 
')* &
�h�1 2\�� $S
�h8 $"�(;*m�(�s>8 

�8 v�/'� �"/1 �8 <
'- $� 1	 �[9  G1'� n-m ,(h� G*,� +*�M 


�X !�Lc�)��(.

�(8 $�l(_ 2(�1 W�(;1 �� +,- G��� YS�A8 m��A8 1�S G1'(�

�-'9:

]�[0=)t,k,q,v,z,d(f S

<G  	
 $X)d(=<+,(- f�(O b�(O �A_ �iX1,0)z(=m(�#

 <+,- f�O b�O)q(=G�]Z +�A_ ��
)v(=
	1* 5 !B0

 <b�O $� +,-ks=* b�O U�Q-1 �]�S*	,�� ��1,�)t(=83G�

�8 &	��� ,?-��.

�((((��((((h� �((((�s>8 (	1
 ,)t,k,q,v,z,d( S*},((((h� 

�"/1)T,L(<C=− mn$X �-1
 ,�1'O 
')* G*,� 
,# 

$�l_ W�;1 ��π�8 ��[\?�X�� $� 1	 �[9  G1'� � ��3 H	'/ (� G�


'�9:

]�[

tkq

vkq

zkq

dkq

b
S

a

b
S

a

b
S

a

b
S

a

44

33

22

11

4

3

2

1

=

=

=

=

π

π

π

π

$((X �((B9  311π((� f((� �((;1 ,((h� G*,((� $G ,((h� &�(()

00TL�8 2�R\��) &�) �� 
'- 
�h�1 &	1�MSk,q*d	
 1π

&*�L((� &	1�((_ �((� *111300 11 L.)LT.()TL(TL ba −−=	1,((c8

 Y�1�o1a*1bY���� $��/��*�/�$��8 �;
,�  .2(�1 $(�

 ,h� G*,� 
1,#1 ���t Y�1�o Y����23 ππ ,*4π$� R�9 �;


�8,�  .$X �B9  31123 πππ ,,*4π�h�1'(� * +
'� ,h� G*,� 

31v,d,z*t,?>L� <�(� Y���� $� 1	 �[9  ∗∗∗ v,d,z*∗t

�8 G��9!��
)$S
�h8x.(

,h� �� &���>81	�� 2�� $A�1	∗z<∗d*∗v$S
�h8 	
 x1	

�8 �83  p��>9 31 G1'��4&�� $#	R8 1&$�
	*  �;
 .H	'/ 	


 ;�>;
 �,#�1 $���>9 2�8 p��>931 G1'�����\�(��83  p),(?9�8

f%�� ��&-�$�1&��; ��^,8 ���&��R�J�(*�$�Q(- �&3�(;

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
87

.1
2.

44
.7

.7
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
25

-0
7-

31
 ]

 

                             4 / 11

https://dorl.net/dor/20.1001.1.22518517.1387.12.44.7.7
https://jcpp.iut.ac.ir/article-1-871-en.html


,� ��-.' , �/ �0� 12 �-89 
�	��3 �� �%���� ,"�4 �	��� 5� 6' ��7
� 
�... 

�w 


,#&
'�9 +
�u>;1 )��.(

]x[

)
q

k
(tt

)
q

k
(vv

)
q

k
(zz

)
q

k
(dd

/

/
S

/S

/S

/S

21

23

23

21

21

=∗

=∗

=∗

=∗

!�(;�� * ,(h� G*,(� &�(��>81	�� 2�(� �(A�1*	 &	1�(_�� &1��

��
�c8∗d*∗z��1�� 	
 ∗v�8 $X ,- $d0I8 �([9  2�� G1'�

$� �91'� $A�1	 3 H	'/�	1�_�� �
'�9.

]�[
2

2

1
1

n

n

vAz

vAd

∗=∗

∗=∗

$X2121 n,n,A,A�8 ���t Y�1�o ,?-�� .$(S
�h8 Y(�X�� ��

 $S
�h8 �� �'�x&	1�(M�) *)t.qv( =$(� �(�3 =(�1*	 �(;


�8 ,?� :

]w[1
1

1 2
1

2
1

2
1

2
3

1
n)n()n(

S tqk.Ad
+−−=

]��[2
2

2 2
1

2
1

2
1

2
3

2
n)n()n(

S tqk.Az
+−−=

H`
�((h8 	
w*��f�((O b�((O !��RX�((8 �((A_ * m((�# 

+,-)d,z(�()*�O �(�
 31 �h��� )q(�]�S*	,(�� ��1,(� <

U�Q-1)k( S&	���  G�83 H,8 *)t(�;1 .2121 n,n,A,AR�9 

8 $S
�h8 ���t Y�1�o�,?-�� 4��83  p��>9 31 +
�u>;1 �� $X&�� 

$#	R8 * ���\���83  <&1�Q- �$�
,# &3�;&$��8 �;
,?� .

���� �P��	�

^�(; +�8 G��  	
 4��83  2�1���C ��(c�c@� +�\>L(�1 	
 �y��(?8 

h�QV�$�� <G�>;3'O G�>;1 ��&?(- �)�(QS1 �	
 y(_1* }�'("�% 

�>8&31'�1 +
�) �����1�s) ��# $� j���,91 ���* $)	
 }�

S��- $c�_
�^'V *C�* $)	
 C�_�(- $(c�_
 �
U�(u�	1 	}�

�>8&,�
�M 1�)1 ��	
 eA; 31 .

1�((�&31 	�((X 2((�1 ��((B91 ((� 
�((h�1 $((� GR((:8 j��×C�×��

>9�;��>8Yh]8)!B0���/�YhJ8 �>8 ($�"(/1 GR:8 G1'?#�

1�� * ,- +
�u>;1&6*�� G'9�_ 31 R�9 5  	��� 2>-1
 $\9 ���t 

	�8�,�
�M +
�u>;1 H' .+�A_ 1,>�1 	
 G�(JZ �(�&�(83  
	'(8 4�

1��&(�
 $� G,�;	 ��(� &�<��<}�<��*C��#�(; 	
 �(>�S 

,9,- !�d?� .4��83  31 ,h� �(�&S*1 (�
�M g:�(8 $(�	
 $(% ,

8 31 +
�u>;1 H	'/��*�J�5's� * �����([9  �A_ * ^'V �)�(�


�<��*C��#�; 	
 �>�S (*�$S'S G
�% 
	1* �� ���&	�� (�j�(�

 � *��$S'S .O1
 	
 	1
 �(�&8��*�J (� 5')�(�
��*}�	
 �(>�S 

�#�;(8 <�31 +
�u>(;1 �(� G1'(� (� (� �(>�% 5  ,(� j$(>01	�

�
���&9 
	'8 (�8n(� 1	 3��8n(� �"(/1 6,(� G'(Z * 
�(% 2�2

�
���&� 
'� �d9 
	'8 �+�A_ �>� G�JZ 1 31 �(� (� 5�(:>91 U'(9 2

,9,-.

+�(A_ G
�% !�d?� 31 f� G�(]Z $(� ^,(8 <+�\�(��83  	
 �(�

#	R8 4��(83  * ,- +
1
 ^�c>91 $�(�&$(#	R8 1&1�(� &$(� �(;


 ��'\S1 G
	* &>�'V	 �,�
�M 1�)1 .1�(� $(% Y���� 2�1 $�&�(� 

�
�+	1'(�
 �(� ��(� j� 
�B�1 �� 
��	�X G�83 �� ����1 31 f� *


'�#&+�A_ Y79 .@8 31 '\S1 <G�JZ&* +,���(8 +,- f�O 

+31,91 G  
�h�1 ��M&,-).J-�.(G1R�8*���� &	
 �(((�'V	

�>;1	&c�1 �*	&	
 * G�(JZ +�(A_ Y7(9 .@8 31 N�O eA; 

�>;1	&
'�# &./1'� �� ��>9�; ��>8&,(�
�M �(Qt * �(K1�_ .

^*,(() 	
}131 $((� !>L((�; 
�X	�((X G�((83 H,((8 &31 k((��� 

+�A_ G�]Z �;1 +,�
�M �	
 ��.

131 $(� �>�'V	 3��� �A_ �iX1,0 * �>�'V	 $[Q) m�# 	1,c8&

+�A_ 
�X	�X G�83 �� $(V'��8 H�Q(;�@8 ��(B91 &1�(� <G�(]Z *

,�
�M 5�:>91 m�c@� &,h� .01�8)^*,)}*�.(

	
 ^*,)��	
 $(hS�A8 
	'(8 b�(O �(]�R�� H��/'7O 

�;1 +,- .b�O U�Q-1 ,/	
 2�(� �)�(QS1 &��}C�(� }�,(/	
 

93*����� a'7:8 G3* *&�(� 2(- &)�(QS1 G1*	 ���/�*

a'7:8 G3* c0 �c���/}>9�; �� ��M �(8 Y(hJ8 �>8�,(-�� .

"��_�1,� ���>JS1 ��J���/�+�/�8�"�>9�(; �(� W'(8��(>8

 (;1 +
'��,�+
*,(@8 	
 G  $>C/���/xb�(O $(�S*1 �(�'V	 *

R(�9 &	�(�� 31 .Q_ k�Ox�/��(;1 �(93* ,(/	
 .2�(o 	


 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
87

.1
2.

44
.7

.7
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
25

-0
7-

31
 ]

 

                             5 / 11

https://dorl.net/dor/20.1001.1.22518517.1387.12.44.7.7
https://jcpp.iut.ac.ir/article-1-871-en.html


����� ��	
� � 
���	�� ��
� � ���� /�	��������/��	 !	"# � $"# �� /�	%&�	' ()*+ 

w� 

$B!(.�-89 �� $J	C �%���� �	�?��� 	� �	B# a�� F? ;�	� �� -%�D 

a�-��	� ;�	� ))(

��04(.^2	��3 ���� Z	A 
0
� ,/�� 

$9'�9 m�#

&��M 

2- 

�-	
 

�–�/�

=;'>8 2- 

�/�–}�/�

R�	 2- 

}�/���/�

R�	 �"�O 2- 

�/����/�

�"�; 

��/����} /�

W	 

31 �>�X��}/�

�����}��/���/�}�/}

������w/}x�/��C/�w/��/}

w�����}�C/�C�/�}C/}

���� �?- 

4��(83  
	'(8 b�(O �]�S*	,�� ��1,�C}/��#�(; �(� �(>8 

�8 ,-��)�.(

l2	%/ 

2��h� &1��2121 n,n,A,AH`
�(h8 	
 w*����
�(c8 d**

Z*��1�� 	
 V*�([9  	1
'(�9 $X +,- !;	 	
.](- &�(� }*�

�;1 +,- +
1
 G��9.�(; �31�(� * G'�(;�M	 31 +
�u>(;1 �(� f

,- 2��h���3 ~�- $� +,- �Xq &���>81	�� ��
�c8 <�?@?8 2��>[�:

]w[*]��[
985804241078121

97860327202172
2

22

2
11

/R,/n,/A

/R,/n,/A

===

===

H`
�h8 	
 �'� ��
�c8 ^��#1 ��w*���-1
 !��1'O :

]��[)/()/()/(
S tqk/d 3303400090222 −=

]�}[)/()/()/(
S tqk/z 42030140781=

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
87

.1
2.

44
.7

.7
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
25

-0
7-

31
 ]

 

                             6 / 11

https://dorl.net/dor/20.1001.1.22518517.1387.12.44.7.7
https://jcpp.iut.ac.ir/article-1-871-en.html


,� ��-.' , �/ �0� 12 �-89 
�	��3 �� �%���� ,"�4 �	��� 5� 6' ��7
� 
�... 

w� 

��04`.,&2	:����0/� �%���� ,"�4 f � -2�	:� 5��
-�N)Zo ( ����3-� �0! )Ze(

v�
	 q(lit/hr) t(min) V(m3) Zo (cm) Ze (cm) �QL9 &�AO(%) 

������}�/��/}C�/}��/C

}���� �}�/�x�����

��C�� �C/�xw���

C������/�C}C}�

���}C� �C/�xC�/x�}

�}�����/���}/��w

x}�w���/��w�/���

�}��}� �C/�x}x/���/C�

w�������/�}�}x�/�

�� �������/�C�C��/C

�� ������/����/�x�/}

�} �����C/�x}���/w�

�� C�������/�}��/}w�/�

�C C�}����}/�C��w���

�� C�C��}��/����/�}�}�

RMSE(cm) �/�

31 ./�0 p��>9

G'�;�M	 
Ze = 0.9418Zo + 0.0258, R2 = 0.9622 

H`
�((h8 W�((;1 �((���*�})1�((- 6�((h8 $((%�$((#	R8 =1&

8��,?-� (�>�'V	 $[Q) m�# * �A_ �iX1,0)m(�8 1	 �(� G1'�

 +�(A_ �)*�O ��
 YL0 G�(]Z)
s

m(
3]�S*	,(�� ��1,(� <�

U�Q-1)
s
m(&	���  G�83 *)s($� 
	*  �;
.

$� $(� p��(>9 �;	�� 	'd?8 * �(AO G'�(;�M	 +,(8  �(;


 !� Y��o �\>L�)}R(+31,91 ��
�c8 2�� * +,(- &�(�M 
	* �(� 

!� * +,- �(AO 	*�(B8 2�\9�(�8 $�(�	 * �QL(9 &�AO 2�?Z

(RMSE))Root mean square error ( ,((�
�M $Q((;�@8 .	


^*,) &�� }*�4�� ��
�c8 * �h_1* ��
�c8 &1�(� +,(- �(?��

)z(*)d(�;1 +,�
�M �	
 �[9  $Q;�@8 	
 �AO G1R�8 *.

r<� 

^*1,) $� $)'� ��}*��8 +,���8 �QL(9 &�AO 	1,c8 $X 
'-

 4�� &1�� �RX�8 �?�� 2�� +,- f�O �A_ !�C/��(� �/�C,(/	
 

)2�\9��8��/�,/	
 (	
 * +
'(���9 
	1'(8 ,(/	
 (���
�(c8 R

4�� �8 �h_1* ��
�c8 31 �>��� +,- �?��,-�� .�QL(9 &�AO 	1,c8

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
87

.1
2.

44
.7

.7
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
25

-0
7-

31
 ]

 

                             7 / 11

https://dorl.net/dor/20.1001.1.22518517.1387.12.44.7.7
https://jcpp.iut.ac.ir/article-1-871-en.html


����� ��	
� � 
���	�� ��
� � ���� /�	��������/��	 !	"# � $"# �� /�	%&�	' ()*+ 

w} 

��04).���0/� �%���� ,"�4 -89 -2�	:� 5�� ,&2	:�
-�N)do(����3-��0! )dee(

v�
	 q(lit/hr) t(min) V(m3) do(m) dee(m) �QL9 &�AO(%) 

������}�/��/�C����

}���� �}�/���x/���/��

��C�� �C/�xxxC�/�

C������/����/Cx��

���}C� �C/�x}x/xC�/�

�}�����/�C��/Cxw/�

x}�w���/����/���/�

�}��}� �C/�x}}/x��/C

w�������/����/��w/�

�� �������/��C�/�CC/�

�� ������/���x/��x/�

�} �����C/���C/x��/�C

�� C�������/�C�C/C}�/��

�C C�}����}/���x/�}�

�� C�C��}��/�x�C/���

RMSE(cm) �/�

31 ./�0 p��>9

G'�;�M	 
de = 1.0708.do - 0.0374,  R2 = 0.9367 

Q;�@8 	
 2�� R�9 �>�'V	 $[Q) m�# !��RX�8 $�����,(/	
 

)$�2�\9��8 	'V��/�,(/	
 (	
 $(X +
'(���(/	
 (
	1'(8 ,

c8(4�� ��
� +
'(� �(h_1* 
	1'(8 31 �>��� ^,8 =;'� +,- �?��

�;1 .�iX1,0 31 �>�X �"�O �AO ��
�c8 2�1��&�(AO ,(/	


$� 2K�_	,/ * ��1�� =;'� +,8  �;
)�(���� 	
 &�� v">:8

 8 b�O�,-�� .	
 1	 �(AO ,(/	
 �u(/ ._1,(0 R(�9 �([9  $>QS1

 $� 
'O H�Q;�@8 ,9
	*  �;
 .(���231 �(>�% 	'(V���(� �w

�AO ,/	
��1	 $% �;1 �f9RZ * f)�C(1�(�&(��� 4�(?�

O U�h-�=;'� +,- f�+�A_ j�8'S ���� �� �X�O 	
 G�JZ

$� �?- ,9
	*  �;
 .

	1,c8RMSE �8 G��9 �
2�(� 6I>(O1 ,(0 $(Z �(� $(X ,

k� 4�� ��
�c8 k� - �?��(QL9 +,(c8 $� �((91 ��
�(+31, &�(�M

 6�/ <���?>8 +,- ()* <,(-�� �>�(�� �� �>�X $X 2�1 31 �d9(
'


	1
 .	1,c8RMSE <�/��>9�; 2�(�:� �(A_ !��RX�(8 &1�� �>8

 2��� * +,- +
3 	'V�/��>9�; $([Q) m(�# !��RX�8 &1�� �>8

 
 �>�'V	 ��1�� 	���>9�(; (>8(2K�_	,(/ * �(�1�� $(X &�)�(

$� +
	*  �;
 _
�� �S`
 <,91(8 2�1 &`�� �(4�(� 	
 ^, �(?��


	1
 �>�'V	 3��� 
�h�1.

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
87

.1
2.

44
.7

.7
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
25

-0
7-

31
 ]

 

                             8 / 11

https://dorl.net/dor/20.1001.1.22518517.1387.12.44.7.7
https://jcpp.iut.ac.ir/article-1-871-en.html


,� ��-.' , �/ �0� 12 �-89 
�	��3 �� �%���� ,"�4 �	��� 5� 6' ��7
� 
�... 

w� 

$B!`.0�� ��0� ��0�� 5�� ,8���d* �v* 

$B!).0�� ��0� ��0�� 5�� ,8���z*�v*

+31,91 ��
�c8 +,- &��M *
	* �� �A_ +,- �M,(- f�O m�# *

.]- 	
 &��}*��;1 +,- +
1
 G��9 .G��� +,���8 $X &	'V

�8 !� Y��o 
'- +31,91 +,- f�O �A_ �\>L� +,(- &��M)�d(

+,- f�O �A_ *
	* �� +,(- (de)<w��x/�+
'(�).](-�(*

!� Y��o +31,(91 �M,- f�O m�# �\>L� +,(- &�(�M)�Z(*


	* �� +,- (Ze)R(�9 w�}}/�).](-C(�(8 �(�1�� 	
 $(X ,(-��

 G1	�]�� * ��13��8 =;'� +,- �	
 Y�1�o)Y(���� $(�www/�

&1��d*ww}/�&1�(� Z) (�(	*3 * 28R�	1'(- *)ww/�1�(� &


	'8 *
��) (��(^,8 &`�� ���uX * 
	1
 
')* �KR) 6I>O1

4�� 	
�8 G��� 1	 �d9 
	'8 &���>81	�� �?��,?X.

S
�1 .�	1,c8 	
 6I>O1 2}R;�M	 $A�1	 	
 $% �9'�(��2d**

Z*��1�� 	
 V*9�
 R�8 +,�G 
'(- 1(A�1*	 $(% �(;��([9  $(% 1	 

$� +
	*  �;
,91<?>Q8 ��(>9 �� ��83  p(���\��)�(*(�Q(- ��$3�(;&


,#&)��(8�QV $% ,-����>9 ��1�� 	
 {�>h��(83  31 ./�0 p�4&�(� 

8�91,��'\S1 �&!d?8 51') * �� ��&_
�m��&$�(8 �(;
� (�	
 ,

S�0��>9 $%���	�% 31 ./�0 p&8�91,�"�# �
��	�% * ��&,9��.

d* = 2.217v*0.3272

R2 = 0.9786

0

1

2

3

4

5

6

7

8

0 5 10 15 20 25 30 35

v*

d*

z* = 1.7812v*0.4241

R2 = 0.9858

0

1

2

3

4

5

6

7

8

0 5 10 15 20 25 30 35
v*

z*

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
87

.1
2.

44
.7

.7
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
25

-0
7-

31
 ]

 

                             9 / 11

https://dorl.net/dor/20.1001.1.22518517.1387.12.44.7.7
https://jcpp.iut.ac.ir/article-1-871-en.html


����� ��	
� � 
���	�� ��
� � ���� /�	��������/��	 !	"# � $"# �� /�	%&�	' ()*+ 

wC 

$B!d.���0/� f � 5�� ,8����0! 
-�N(Zo) ����3-��0! (Ze) 

$B!a.���0/� -89 5�� ,8����0! 
-�N(do) ����3-��0! (de) 

%/,.�
-�N 

.](- 2�(�h� &1�(� 
')'8 HI]�8 $� $)'� �� �>�'(V	 3�(�� 

)4��83  ��B91 &��$#	R8 ^,(8 31 +
�u>;1 G�]81 �,# * &1 &�(�

&
,#($� p��>9 <�(�c�'8 G�(]81 �(� �(S`
 +,8  �;
 31 R(�8 

 $� =�1*	 �8 * 
	1
 +,8  �;
 5�(:>91 	
 $"(/�0 p��>9 31 G1'�

+�A_ G�JZ "/�� 2��h� * �� +�A_ 2�� $G�]Z $� �� �(01�V 	'd?8

 +�A_ &	���  !>L�; $?�[� ����,8 *$(hS�A8 
	'(8 $cA?8 	
 &1

 
'�9 +
�u>;1 .2�1 �� +*I#<[��S*1,) $�* �("% ^*,() $���(8 

$((� =((�1*	 31 +
�u>((;1 �((� G1	�((J�� G�((01�V $((� +,((8  �((;


;�!>L ��&� �	�&+�A_ 1&�- j�% �9��8���9�,)C(.

ze  = 0.9418zo + 0.0258
R2 = 0.9622

0

0.2

0.4

0.6

0.8

1

0 0.2 0.4 0.6 0.8 1

Zo (m)

Ze
(m

)

de  = 1.0708do - 0.0374
R2 = 0.9367

0

0.2

0.4

0.6

0.8

1

0 0.2 0.4 0.6 0.8 1

do(m)

de
(m

)

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
87

.1
2.

44
.7

.7
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
25

-0
7-

31
 ]

 

                            10 / 11

https://dorl.net/dor/20.1001.1.22518517.1387.12.44.7.7
https://jcpp.iut.ac.ir/article-1-871-en.html


,� ��-.' , �/ �0� 12 �-89 
�	��3 �� �%���� ,"�4 �	��� 5� 6' ��7
� 
�... 

w� 

��	
� ���� ��	M%�� 

�.�1���� <.~ *.2K�_	,/ .���} .���3	1���B� $��9 ^,8 j� �1�� &>�'(V	 3��� 
�h�1 2��:� �G�(JZ +�(A_ $"(/�� *�(� .$("B8

;,?[8 H�c�c@��3	*��% &C)�x: (���}x.

}.9�B9�O�� <.� *.91	���.��x�.;	���3'� �3 N�O ��'V	 y�� G�JZ +�A_ ��	�&+�A_ 1&.`�(c8 $#'�B8 ��(- H��(; 2�	�?

� �	�&:Q� 4��% *��<&3	*��X +,]�91
 <[- +�\�91
G�8�% �?��� ,�.

�.� <�\?"� W�Q# .���� .h�����'\S1 2&��*��&>�'V	 �N�O 	
 ��&?-�$Ac9 yQ?8 �@� <&1.��(�(;�?-	�% $(8�9 G��,(-	1 *

+3 * &	���  <��X;,?[8 +,J�91
 �<5 �'"# [- +�\�91
31'�1 G1��Z ,�.

C.1 <+
1R�"#.���C .	���  H��"�# * ^'/1&+�A_ 1&.'o	 W,_ G�>;  H1	��>91&<�o	 ��81 +�\�91
 )U(<,[�8.

�.�13��8�6 <.U <.H <�_��S .�1�[;�� *.,�81 .���C .G'�93�;&>�'V	 $[Q) �(AO $(��s� y(Q?8 31 N�(O �	�(��  	
 &+�(A_ 1&

	1'9&.;,?[8 H�c�c@� $"B8�3	*��% &�)}�: (�����.

�.uB9�� <
'8 .���C .01�V�!>L�; ��&	���  &	��� �@� )$�)�� .(8|;*
�� +�\�91
 ��Z $L;�<,[�8.

7. Angelakis, A. N., D. E. Rolstin, T. N. Kadir and V.H. Scott. 1993. Soil water distribution under trickle source. J. 
Irrig. and Drain. Eng. 119(30):767-774. 

8. Armstrong, C., R. Fletcher and T. V. Wilson. 1983. Computer model for moisture distribution in started soils under 
trickle source. Trans. Am. Soc. Agric. Eng. 26:1704-1709. 

9. Assouline, S. 2002. The effects of micro drip and conventional drip irrigation on water distribution and uptake. Soil 
Sci. Soc. Am. J. 66:1630-1636. 

10. Brandt, A., E. Breslker, N. Diner, I. K. Ben-Asher, J. Heller and D. Goldberg. 1971. Infiltration from a trickle 
source: I. Mathematical models. Soil Sci. Soc. Am. 35:683-689. 

11. Bresler, E. 1978. Analysis of trickle-irrigation with application to design problems. Irrig. Sci. 1:13-17. 
12. Dasberg, S. and E. Beresler. 1985. Drip irrigation manual. International Irrigation Information Center, Bet Dagen, 

Israel. 
13. Meshkat, M., R. C. Warner and S. R. Workman. 1999. Modeling of evaporation reduction in drip irrigation. J. Irrig. 

and Drain. Eng. 125(6): 315-323. 
14. Risse, L. M. and J. L. Chesness. 1989. A single simplified design procedure to determinate the wetted radius for a 

trickle emitter. Trans. ASCE. 32(6):1909-1913 
15. Robert, L. and Y. Daugherty. 1977. Fluid Mechanics, with Engineering Applications. McGraw-Hill Book Co. USA. 
16. Schwartzman, M. and B. Zur. 1986. Emitter spacing and geometry of wetted soil volume. J. Irrig. and Drain. Eng. 

112(3): 242-253.  
17. Skaggs, T. H., T. J. Trout., J. Simunek and P. J. Shose. 2004. Comparison of HYDRUS-2D simulation of drip 

irrigation with experimental observations. J. Irrig. Drain. Eng. 130(4):304-310. 
18. Tan, T. S., K. K. Phoon and P. C. Chong. 2004. Numerical study of finite element method based solutions for 

propagation of wetting fronts in unsaturated soil. J. Irrig. and Drain. Eng. 130(3):254-263.  
19. Warrick, A. W. 1974 . Time-dependent linearized infiltration, I: point-sources. Soil Sci. Soc. of Am. Proc. 

38(3):383-386 
20. Zur, B. 1996. Wetted soil volume as a design objective in trickle irrigation. Irrig. Sci. 16:101-105. 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
87

.1
2.

44
.7

.7
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
25

-0
7-

31
 ]

 

Powered by TCPDF (www.tcpdf.org)

                            11 / 11

https://dorl.net/dor/20.1001.1.22518517.1387.12.44.7.7
https://jcpp.iut.ac.ir/article-1-871-en.html
http://www.tcpdf.org

