
  �������	
 ��
�� � ����
�� ���� � ���� �
� � �� ���� � /  
!"#$%&
' /  (�
)' "*+ � ,-' /
.+%� /01/  

  

��  

 

  


&2�3�+  4� HYDRUS-2D	' �$ ��  �
!���3 +! ,53 6
� �$ ,��
� ���� "78��
�  

(9:; 2�� +5:!9�  
 

  

�<& $%�9#�/�8= �>45� ��� &�
?*�9@ �29A' +)�9B�C �0 2 D85� �+,!�4&29?   

  

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

  
 

EF�(4  
AG 6
� �$ �� �+��3 (�5& �2 �#
C�"78�! H�5I ,+9+4� � �=29
 , �
# ��
��� (9:;  ,J!2 ���9K �9�2 �5:!9+� �2 .  �+
J�&� �2

              ,;� � ,M! �
�8� 6
� N�2$ �$ ,��
� �+��3 N*' O�M�3 �29� �P+
��� �
�&2 �@  �� 9�C      ��	J' �2 ($
Q7!2 2RS �4'
�     �$4J� ��
J!
��          "78�! D+2 �=29
 9�2 �$ 2�
@ � 9>T� �'�� 4&2�3  4'
� 
# .�2    4� D+2 ��)G      4� �
#HYDRUS-2D          ��	J' �J� �$
J;  �J@ ,!2    ��
J!

         9�B � U
	'2 V+29' �$ 
�9C � WX�2 ��� ,@9=    �� 6
� �$ U
	'2 4'
� .              ��	J'  4J� �+
J&2�3 �2%J�� �J!�9� P#�YJ. D+2 �2 Z4#  
J! �  
-2D HYDRUS           �:<& �
*E (9:; [+ Z29
2 6
� �$ ,��
� �+��3 D�)M3 ,AG   �� �2 4'
� .  \+
7&��	' ��
!   ($2$ 
� 
#  � �
#�   (4J�� ,!$

     (9:; ��
��� "78�! N�
' ���%� �2    �
�� �$ �5:!9+� �2       � ��
��� �2 ]�7M� �
#^?      4' �8+
<� ��
��� �2 _. ,�
!  . "J#     9+$
J<� D�J�E
            �
�� ��
)3 �$ � �
*E (9:; �2 NI2�� � `
<& ��
)3 �29� 
:�        4' �!�9� �� �2 _. � ��
��� �
# . �
�& \+
7&       4J&�� �78&2�3  4� �@ $2$ 
           ��	' ,!2 ($2$ a� 6
� N���9. �$ �@ �b&� ��
�� 2� c29��d3  4�@ ��
! .            
�&� �$ ,��
� P+2%�2 �@ �

<& �$ 2� 6
� ,��
� �2%�� �7	S2

4' $���9� �97��� �
:� 
� �,!2 ($2$ a�,!2 ( 
:� �24<� 9e@24= �fg/f  RMSE= �
�� �2�2 ��g// �
J��� U�9' �2 ,�
!   hJ)� �$ �
0f �7&
!       �
*E (9:; i-& N5� �$ �97� ."#                   �,J��
� $4J�� �J+��3 9>2 �$ 6
� ,��
� �4' ,�2��*+ � ��
��� �
�� P+2%�2 
� D��E

          �4' �9j! 
� 
#$���9� $9@ �k2�2 �97A� �
#$���9�  4�^?           �
J:� D�l&
J�� � ��
��� �
)32 �2 ,�
! ff?/f=RMSE       �J�;2� 9+$
J<� �J� 
[+$%& !2 (4' 93,.  

  
  

(n2� 
#�  ���4� : �lS2���3 + �,��
� �HYDRUS-2D�� ���
�(9:;  2�� +5:!9�  

  

  

  
  

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

� ./01 234+5  6#�7  648$9:	234+5  # 2+� / ;3: 	:"1 6�<$9:	-4=:#   .� ��  

� .34+5  6#�7-01 /  />"�#�$� 648$9:	5? 6�<$9:	!� �+@�* 4.� �  

* :   ABCD EF: �D� /%�'��E9#�G!E-: m.hosseinyniya@yahoo.com  

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
91

.1
6.

61
.5

.2
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

6-
05

 ]
 

                             1 / 10

https://dor.isc.ac/dor/20.1001.1.24763594.1391.16.61.5.2
https://iutjournals.iut.ac.ir/jstnar/article-1-2429-fa.html


 �������	
 ��
�� � ����
�� ���� � ���� �
� � �� ���� � /  
!"#$%&
' /  (�
)' "*+ � ,-' /
.+%� /01/  

H�  

��4<�  
 "�#�$� I,3B�&  � # J !        ��� 01 )*�K+  	B'L� 	BM# �* :�N O�  P�K'

N! �3: O8L � . : �	 K�    7BKQM �GK3:� O!�&       .#�K�: "#� �K�: ": 

 01 RS3  �K@& " � "�! K+-     T@�K� # �!U K!    VK5  ": /01 �  �K�� O

BF#:��  �@& 4  ��� "�#�$� �& -  4?�* .  3 ": 6	�UG3:!VGD   �K@& 

*1!��&       A�3 �	 �591 I,3B� # ��$� ���  �@& W: !    	#4K= �K� �& 

  B<X3�� �3: IGD9:B�& : � 9 O! 4?�* "� .V@ +Y!   .	�* Z�* �5M O

 3 .� 49:�!VGD  �@& *1 !��& 3 /! *1 VGD!��&  6�KS[  &: " � �SK3�- 

   .:B+\ I*�  ] 3�3: ��8@:�-  D* �	 !��&   : ^(�+  ": �   IKQL_+  .:�

    :�:	 I� .� �� .�G3: �	& Q[: !   9 # ]$W V!IL    ]$KW -K    4K?�*

`B�!  I-  		�7 .   *1 )*�+  	BM# a4\-  � �* !U K!     �K�: /bK3�+  �

   01 RS3 .#��: "#� �@& " � "�!+-  X'� # !   : �	 Z�* � K�   IK�S+  O

      3 ": 6	�UG3: I* �B'_  :� .:�:4N�*!VGD  �@& 6�S[  :& " � �SK3�- 

 �3: 6	BL9 . : �*�   3 bc9 d�3: O!VGD  �@& 6�S[  &: " ��S3�- 

 @�71 #-  B�9 ": e =:�( - �` !       	BKMB  %;8$  )�� �	 �591 R

 "�#�$� �	&   I�S+  ) 5* 6	�UG3:!   *1 )*�+  ": I+-     �BG��K� f�= # 

X'�!  �)����   !Q-   A�3 �	 �G  ((4� K�64 :&      	BK* 4K@:BW BK9  . ":

B3& 	 � =:�( �<-  : �3�	 � 3 O!D 9 VG!   ��� %�\;(: I* "�-  ": 

 "B� 6B�9� �M )�    I* g�W �	 01 .�  ��: %�B`- #  	BL\& 	�:	  .

:�    ,� �	 %�\;(: hB9 O!!   A:��Z bc9 ^L\ O  �@     # �K591 IQK`�� /

  .�8Y 6�S[ 6":49:  �@        <9BK<Y �	 # 6	BK* �ijK  -  Kk+� !   %4K? V

�M� M#�W .�-    L5  T�9 .1 ": - : �  �U-  4+� .V@ +Y! : O�  hB9 O

 �	 %�\;(:       .49�K3� l[:4= I*  K!    K�L\ mBKU9 .:�- 3  K!  # VGD

 X'� %�UQ�! 9 �! iJ� �!  �:�7�-  4?�*)� .( L@ I*! F	 O! A4  l   �K@& 

"�	�&  64? In:�:      IcX$  OG?:	 �* I� 49:  �@& @ !F#�4!8-  /g�W 

*	- M#�W -       LX� 4+9:BG* 64? o��W 01 V_= # !  FB'[ l*�[ O- 

� l8? ":!G*B(� "�-4+@	 In:�: )�.(  

: ":�  O!/.� A4  HYDRUS-2D  �8-A4  ":  &�@� ! IG��$

            g�KW �	 � �7 # p; : /01 ���= �* q�'��: �	 -K      IK� 4K?�*

 3 r3B�!    � "1 �	 .:��8L@ # ]9BL� �B? 6�<$&   � 1 g�KW �  �K8

   �3: 64? 6	:	 rD*)� .( : �	�  ��� �G3:� O! " %���	�&   %�BK` 

      K3 # dBF4K+� /�3: IG��7!L!  ]9B)�� (  �K "1 #	� *1 T K!��& 

6�S[ :& " ��S3�-    :�K? �K�� � � "1 r K�      a�K_9: IK\��  # 6�<$

49	:	 .  ��  �* �591� 6	:	 ID  &�@ 6":49:  7 K!�&     'K? # 64K? !I  "�K3& 

 :�KK* 64K?& �@4KK`�	 #	 �K@ &  =�9 	�K,*: # g�KKW �K*B(� KK! I

W!s      � �[	 I� 49	:	 .�$9 64? K!B<$-�  �K@& HYDRUS–2D 

D*!     # 6	B* Z�* ��-       �:�*: .:B+\ I* .1 ": .:B�& U  !   K* �	�[ I� 4 I

5*!   �@�BG��� IL@ .	�� I+& Q`: -    K=:�( � : �	 - 3  K!VGD  �K@& 

*1!��& 6�S[  :& " ��S3�-   	�� 6	�UG3: /�3:  . K3!!   �<8K3: # A�

)�� ( 3��* I*- B<F: &   : 01 TX� �   IFBF �* 64? 	�_  &�@  F�UK3 - 

 AB( I*��   ̂ L\ # �G  �� G9�3 -    :�K* �KG &       ��$K� h�KU��: ��K5Y 

4+GW:	�� . ��  �	� 6	:	 ID   &�K@  6":4K9:  7 K!�&       # IK\��  �	 64K? 

'?!I "�3&   a�9 �* 64?    �:��:HYDRUS-2D   �  I3 �* ! �� 1 d�& 

(R2,ME,RMSE) �G9 �  5*�$K  t-  K* I       * IK� 4K9	�#1 �K3	 K! �<9�

:���-�    LX� �	 A4  0BW ! B<F: O& G*B(� - -  4?�* . BQ7BF�LF:

 	 #�  dBFB�BG9� �)� (   *1 .	�� A4  �*!��& 6�S[  :& " ��S3�-  # 

�� � �G9 ID�": l`�= tA4  �* .1  &�@Q�� ! KQ- 	4K\ # &)   A4K 

HYDRUS-2D (�	�    u� 4K9#� I� 4+G�� K!!  K*	 %:�-    BK<F: �K* & 

G*B(�-   �L\ mBU9 # - iJ� ! �3: �:�7� .     	�K�  �K* �K :� X'� � K!  # �

KK,[:# v�KK,�-iJKK� !�&	�:4KK9  .VKK@ KK+Y!iJKK� O!`BcKKW �! %�

@!F#�4!8-   g�W -     W I34+@ �* 49:B�!       6�KS[ rK3B� 64K? s

iJ� .�8Y!4?�* �:�7�.  

    .:��8L@ # .BG9��)�� (  IK* �*  7��K�!�&  3 #	  K! *1 VGD K!��& 

�S3-  " # ��S3�- ) � hB9!w (  �B? #	 #&  :�* xQGX  &  01 

*1!��& d.S/m) H/� # �/� ( '? I*!I "�3&      g�KW �	 p; : )L_� 

   A4  �*HYDRUS 4+GW:	�� .  �\ �591!   ,� I� 49�:	 64!!  BK<F: O& 

   ]L9 )L_� # A��G9:       1 	�*��� ": l'[ g�W �	 �@ *1 0!��&  :�K* & 

7!  I* xQGX  .�@�    I9:BM a�<+@ �	 yBcW 9"- �K : & �#�Kz & 

    A4  # �3:HYDRUS   -  �:�*: 49:B�& U   K!    KLX� �K5M 4! O

:�  4?�* �@�G :��� O .    .:��8L@ # gB�){ ( 3��* �5M-  BK<F: & 

G*B(�-                  .�K8Y 6�KS[ hBK9 #	 /g�KW �K��* IK3 ": 6	�UGK3: �* 

�S3-  " # ��S3�-      	4K\ l= 6:� #	 # & (HYDRUS-2D)  # 

Q��!Q- )  � �#�!Q!w (�	�      LX� �B��  �#� #	 �@ I� 4+G��! O

 FB'[ l*�[-   G*B(� I5'M ": - 49	:	  .   Q�� �#� �K :! KQ-) � K�  # AB

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
91

.1
6.

61
.5

.2
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

6-
05

 ]
 

                             2 / 10

https://dor.isc.ac/dor/20.1001.1.24763594.1391.16.61.5.2
https://iutjournals.iut.ac.ir/jstnar/article-1-2429-fa.html


  4� �+
&2�3 HYDRUS-2D��	' �$   6
� �$ ,��
� �+��3 ��
!…   

H�  

  /.:��8L@���{ � �!Q!  /w���� (    z�� ": 6	�UG3: �* I�!   )K'+  %�

IKKS�9 :&�#� #  �KK@&,S[ KK!:�KK* �&� y:BKKW !�KK� g�KKW ]

���I �:�7& 64?   �9:B� 49:-� �3 �) ��& M  Lc� �5!V 7!�&   IK5'M 

G*B(�-   �?:	 4+@:BW :�  .  �#� /l*��  �	 �@& 	4\ &  	BKM# �* 

z��!      [	 # V5  %�'3��  I* �GL� %�! ̂��& 9 ! 49�:	 "� .3!  # |+

  .:��8L@)�� ( ��� �	!  IFBF ": .�$� �@&     � �:BK9 # lXQXG   K! w

 3��* �5M- u� !!  BK<F: %:�&  G*BK(� -  *1 �	  K!��& " � �SK3�- 

 49	�� 6	�UG3:.    �591  K!      A4K  .� 4K9:� .:�HYDRUS-2D   �	 :� 

�!T *!+-  # }�\   W ^L\! 74? s- I*  ���!  b�/�H %  #�/�� %

4KK9	�� a;KK\:.��� �	 !��KK�-;  rKK3B� IKK� -KK�.:��KK8L@ #   

 )�  /� # H ( *:�� #-    On�[�4` # )� (I*    �� a�_9: :�_  �B(� ���

 <GD'L@ I*- Z�* & 6	:	   �K@&  6":4K9:  7 K!�&     6":4K9: # 64K?   �K@& 

*I  64 1 �3	  �#� ":  �@& 	4\ & (HYDRUS-2D) �#� /  �K@& 

Q��!Q-  *�_� # -)  :�K*&      �#" # O ���:BK? A�K�   (    64K? 6��K?:

�3: . 9 �591!   ,� I� 494�G,  �!! � O K!  G*BK(� "�-     K=:�( ": lK'[ - 

3! *1 VGD!��& " ��S3�- �8- �@�G :��� ": &   	BK'5* �K5M V5  

:���-�3 !	B* 4@:BW VGD. �	�:&) � (9 K!#� �&7  K!   �K* 0�K� 6�

*1!��&6�S[   :&�S3 -'? A4  # !I  "�3 HYDRUS-2D�G9 I*� t

5*�$ -   �3	 ���� .: ": f4@���� O!��  ^�'? ID!I "�3& �@& 

HYDRUS-2D  �	 !    "B� # 01 mBU9 .:� K�       �K* �K*B(� 	4K_  )

6	:	 �KK@&:��KK` -�"�: # KK�*�-  KK!4+ 	BKK3 .:�& ": 6	�UGKK3: 

'?!I  "�K3&  QL\ �	  K!  K=:�( %�-   4K  # ��� *1 � K!��&  6�KS[  :& 

"��S3�-  - 4?�*.  

  

q�� � $2�� 
#  


��� ���%�+��  

   "B� # mBU9 I,F�S �    *1 �	 01 	4_  )!��&  6�KS[  :& " � �SK3�- 

 I\��  �	 :&   �:�uM %�cGX  �*  K!�-�º��/��  F�LK? -   # º�{/�{ 

[�?-          4K? a�K_9: .� �� ��* �U@ 6	�M �	 )[:#  .    a�K_9: �K5M

� "1� A�9�� /T �@-�  AB( I* �� ^L\ # �G  ��G9�3 - G   �K5M �

 IFBF .	:	�:�[ �@& #�= &    " .�K8Y 6�S[ � �SK3�-  �:	�'��KW /& 

494? ..�8Y 6�S[ �@&: �	 6	�UG3: 	�B  ���� O! lW:	 hB9 ": ^

   : ���? �W�3 rW� �	 .:��  *	 �* w- � F !     I� 	B* �\�3 �	 �G

   l`:B� I*� �G  & #� &  \�� IFBF - �H   !Q- �G &  64? )[:#   4K9: .

� "1� :�* T& .� "   �K@& �/�  /�  /�/�   # H  *1 �\�K3  K!��& # {� 

    *1 a�L�: ": s� �\�3!��&  �� a�_9: ���� .      	�BK  IK�S+  g�KW

 +? I,F�S -   l �? /�/��    /O? 4`�	 {/{    K3 4K`�	 !   # �Q�� 

  	B* d� 4`�	 .:�*& ,�  !K!         �#�� �KU= �K* g�KW �K��* O K!  ": l

^KKL\ �KK@& ���� /����� /����� /H���� /{��H� /������ 

G9�3-  I9BL9 �G  �:	�*&  �7 %�B` �� .	�� �  �@4K`�	 �&   /OK? 

KK3!: a�KKL� �	 d� # �QKK�Z OKK���� I� P�KK'�KK@ # 	BKK* .�DKK8! �

N!��GW:B+8-  Z �	 �I �@&     4$K9 64@�$K  g�W  .    �:4K�  K!<9�! O

�{/�   G9�3 �* a�7 -  9 b,8 �G !   F�<Y .:B+\ I* �- �@�� &  g�W 

 � "1 �	�T     ���7 �:�[ 6	�UG3: 	�B  �@ .	�� �      4K= �	 �K*B(� �

���! \:�" �-  S�9 #  7	� �� I-     T8  #	 �	 �/�   # ��     �K* ��K* 

    ��$� %��U` 6�<G3	 ": 6	�UG3:&  � "1 �	  K�  6":4K9: 6�<$ 7 K!�& 

   : IK� 4? K�  	�K�  O�       � %�cKX$  6:�KL@ IK* �!�� K8-    �	 g�KW   

  A#4M�  �3: 64 1  . ,� �5M!!   L_= �*B(� 4`�	 O-   g�KW 

   9� " 0��"�* 6�<G3	 ":-   o:B : ) :�� A4 �V�      64K? Iz�\ /a: f: 

 ���? r3B� :�L!B8 (  �( ": #�        6�<GK3	 �BDK+3 .	�K� 	�:# ^

 IFBF lW:	 �@& PVC        ^L\ �� I� b3�+  �S[ �* ��� G9�3 - �G & 

      �K� /49	B* 64? 6	:	 �:�[ g�W� 	�7 T K�4)� .(: K�  IKFBF O     IK* �K@

 z�\ l`:B�- ��  /��   # �� G9�3 -   A:��Z ": �G      �:�8� I3 �	 �@

   49	B* 64? 6	:	 �:�[ .   IFBF ": 6	�UG3: �* �@&  9�GK3:     # 	BKMB  	�:4

I9BL9 �:	�*&    ,� # g�W ":  !K!    KL_= �K*B(� O-  � "1 �	  K� 6�<$

 � "1 ^*�S �       9 6	BGK3 rK3B� IG��7 %�B` %�$ K!    .:��K8L@ # �

)�(IFBF �	 �*B(� �n:�[ / �@& PVC_+3:# -	�7 �4.  

  

 4� �
!�$4� �  

 !   � # mBU9 .:�!#�$&          A4K  ": 6	�UGK3: �K* 01 HYDRUS–2D 

'?!I "�3& 4?  .   # O<L@ }�� �* : �     IKF	�,  g�W .	B* �#��#�

   �M �K* V��= K�       4K,* #	 �KF�= �	 01 .�&  IK*      IKF	�,  %�BK`

��	B* 4@:BW "	���:  

]�[            ( ) ( ) ( )
h h

K h K h K h
t x x z z

θ∂ ∂ ∂ ∂ ∂   
= + +   ∂ ∂ ∂ ∂ ∂   

  

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
91

.1
6.

61
.5

.2
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

6-
05

 ]
 

                             3 / 10

https://dor.isc.ac/dor/20.1001.1.24763594.1391.16.61.5.2
https://iutjournals.iut.ac.ir/jstnar/article-1-2429-fa.html


 �������	
 ��
�� � ����
�� ���� � ���� �
� � �� ���� � /  
!"#$%&
' /  (�
)' "*+ � ,-' /
.+%� /01/  

H�  

  �4G/ .��S
:� $��� �<:�� 6
� �*+%�� c
-M��  

^L\  

)-G9�3 �G ( 

d�  

)4`�	( 

�Q!3  

)4`�	( 

 O?  

)4`�	( 

FC  
) -L_= 4`�	( 

PWP   
)-L_= 4`�	( 

���� �� � �� �/�� H/H 

����� �� � �� {/�� { 

����� �� H �� �/�� �/H 

H���� �� H �� �/�� �/H 

{��H� �� �� �� �/�� �/{ 

���{� �� H �� �/�{ �/{ 

������ H �� �� �/�� �/H 

  

 /.1 �	 I�өL_= �*B(� - ) 3�
 l 3 l ( /hD9�G� ! ��$K� l& 01 

  g�W �	 	BMB (L)   / t    .�K " (T)   / x    K��: %�cKGX  - (L)   / z 

 	BL\ %�cGX &(L) # k :4@ � @ �!F#�4!8- (LT-1)  K  -  4K?�* .

`BcW! @ %� K!F#�4!8-          ��� rK*:#� ": 6	�UGK3: �K* g�KW ! K'-   

VQ, ��7 I'3��  OGWB+7 .:# �4:  

]�[                        ( ) ( )
s r

r m
n

s

h

h h

h

θ θ
θ

θ α

θ

−
+ <

= +

 ≥

0

1

0

  

]�[                             ( ) ( )/
m

m
s e eK h K S S

 
= − − 

 

1 2
1 1  

]�[                                   , /r
e

s r

S m n
θ θ

θ θ

−
= = −

−
1 1  

    .1 �	 I�Se  'D9 h�'?: -  /sθ  L_= �*B(� -    /g�W h�'?: rθ 

 [�* �*B(�-   �#�� �	 649� !   /g�W lsK :4@ � *1 �-    # h�'?: n 

 #α�KK@�G :���&KK*�_� -KK  - 4+KK?�* HYDRUS–2D . �#� ":

  ��F�7 	#4�  .�LF:! :�* O&    %Z	�,  l= �   �� �    6	�UG3: - 4+� .

: lKK= �#�KK�KK3 rKK3B� %Z	�KK,  O!L! �	 .:��KK8L@ # ]9B

�L+@:�& ccX� -   �3: 64 1 A4  )�� .( F��G9: I+ :	-    :�K* IK� & 

 �,� A4 � 	�7 x� SGD  /4!Q-      }�K\ �* �3: H�  G9�K3 -    # �KG 

L\  ^��� G9�3 -    9 �M I* �G !V :	 K�6� :&          �K* wKY �LK3 �	 IK� 

  h�,?� G9�3 ]-     �L9 I* �G �74+-         IQK`�� �	 .�K8Y 6�S[ ": �� 

G9�3- �G &     �3: 64? )[:# RS3 ":  .V@ +Y!   : }�� �* O K�O   IK�

B<F:&  : �*B(� �    �3: .���G  .�8Y 6�S[ f�( #	 �	 64? 	�_

   �#�� �3:� �L3 r��! '? l!I "�3&  K  -  	BK?. "B� K�   4K`�	 )

 F#: �*B(�!      IK9BL9 �K*B(� 4`�	 d�3:�* I        a�K_9: ": lK'[ �K@

*1!��& LX� /!  4? 6	" O . : �*�    KL_= 4`�	 /d�3: O-   �K*B(� 

F#:KK! KK��: �KK5M �	 I- �  	BKKL\ �KK5M �	 # �KKW:B+8&":   

��/� = θ      �� g�W RS3 �	 ��/�=θ  �5G9: �	 & �#�� !l   g�KW 

I*   %�B`SW- :�* &     4? IG��7 �k9 �	 A4   .  *1 a�<+@ �	 K!��& /

:�?� "�  r& �M � uG  .�!! :�* �&       �	 I� 4? 6	�UG3: .�8Y 6�S[ 

���  #� �@ .�� *1 	:4!��& :�* /&     :�K? IKFBF "�  �  "�K  r& �M  K� .�

  4? 0�XG9: �U` .:�*& �* !     �@"�  # wY "�  �LD[ I&   �K3:� 

 �� #!�  ( V@ O- *1 !��&      *1 ": 4K,* V@ #  K!��&   :�K? ": �  "�K  r& 

�M�  �_91 ": # 4? 6	�UG3: �U` .��- �M I+ :	 I� K� ��'K3��  .�- 

  ��� 6":49: I*-      #� �K@"�  /64? 0�XG9: ���* & �M  K�   �	 01 .�

 iJ� I+ :	!�& L9 - 49�:�7.    �K� "�K !�+- 9  K! * � K! 6" �<9�  $K�-  	:"1 

 - 4?�*.  

KKLX� �KK5M!�KK@�G :��� O&@ KK!F#�4!8- ": :4KKG*: �	 g�KKW 

a�9   �:��:Rosetta �UG3:  4? 6	 . :4@ � :� @ �!F#�4!8- LX� !O  6	"

   r3B� 64?Rosetta D* !  �K� ��!�  	BK* O )m/s �� ��×HH/�=Ks (

   I* I�HYDRUS  L9 6"�M: -  ̀ B� 4@	! *BW x-   �@4K`�	 ": & 

  ( g�W �*B(�- � "1 �T �@&     4K@	 IKn:�: mBU9  ." K�  :�Rosetta 

`BcKKW d�KK3:�* rKK��! a�KK_9: :� %�'KK3��  g�KKW �KK��* %�

 -   L9 # 4@	-   49:B�LX�! *BW O-  :4@ ": � @ �!F#�4!8-   h�'K?: 

 :�? �	�  �3	 g�W r        dBF4+� I� 4@	 �3	 I* I\��  6	�BX9

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
91

.1
6.

61
.5

.2
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

6-
05

 ]
 

                             4 / 10

https://dor.isc.ac/dor/20.1001.1.24763594.1391.16.61.5.2
https://iutjournals.iut.ac.ir/jstnar/article-1-2429-fa.html


  4� �+
&2�3 HYDRUS-2D��	' �$   6
� �$ ,��
� �+��3 ��
!…   

H�  

 ]9BL!KKK3 #)�� ( O!KKKLX� �KKK5M �#� O!KKKL@ ": �KKK!9

  g�KKKW r�:�KKK? &:�KKK* g�KKKW -8!F#�4KKK!@ &�KKK@�G :���

�3	   IK\��  6	�BX9    4K9	�� 6	�UGK3:  . :�*�K+*� �7 ": O�   lK= IK+

�	 dBKKK8, HYDRUS-2D KKKLX� �KKK5M !KKK@�G :��� O�& 

@!F#�4!8-   4? 6	�UG3: g�W  .:�*& :  K�     �@4K`�	 ": �BKk+  O& 

  I* I� �*B(� 9"# %�B`-I9BL9 IG  r3B�  �:	�*& # l`:B� �	 

^L\ �@&    ^L\ �	 )[:# .�8Y 6�S[ ": xQGX  �� G9�K3 -  �KG & 

   :�M: �5M /4? �?:	�*& F�91 !   4? 6	�UG3: dB8,  � .  A#4M� 

	�� � : ��      LX� �F�= #	 �	 :� �@�G :��� O!O  l= r3B� 64? 6	" 

dB8,   #Rosetta  .�$9 - 4@	.  

  

��2+�
��
�� �  

I!'KK? v�KK'S9: .:�KK!  &"�KK3  &�KK@HYDRUS-2D6	:	 �KK*   &�KK@

6":49:          %�,*�  �#�_  r3BG  &�SW &�� 1 �G :��� �* 64? &�!7

)RMSE ( 4? .�!* .      %B  l�# r3B� �G :��� O�:)�H (I*  %�B`

�3: 64? x��,� ��":  

]�[                                    
( )

N

i i

i

p O

RMSE
N

=

−

=

∑ 2

1  

.1 �	 IKK� :N6	:	 lKK�   �KK@KK� /%�KK\;(: �Pi iKK : ! 6	:	 IKKS�9 O

'?!I "�3&    # 64? Oi i :!  �:4@�$  6	:	 O- �3:  .  �:4� RMSE 

 74+�:�� �*- 6	:	  �@&    'K? ": l`�= !I  "�K3&    6	:	 ": A4K    �K@& 

6":49: 7!�&	�:	 �FZ	 64? .  

  


7&+r5� � \  

  l8?�  L_= �*B(� - �#�� !   :�* :� g�W l&    Kz�\ lK`:B� - 

��/��   # �� G9�3 - �G &     .�K " �	 .�K8Y 6�S[ ":   �K@& �/� /� /

�/�  /H   # {�     *1 "�N1 ": s� �\�3 !��&  �KL9 �   �K3: 6	:	 T . �	

:KK�	�KK�  �:	BKKL9 O�KKLX� �KK*B(� �!O  A4KK  rKK3B� 64KK? 6	"

HYDRUS-2D 9 !    �3: 64? 6	:	 .�$9 � .    	�K�  |K9��� q��9� �

�*�_-   � rW # !  	�K�  IG3B�  KLX� �!O       :� A4K  rK3B� 64K? 6	"

  .�$9- 4+@	 .F#: %�\�3 �	!� "1 I� I�S+  �	 g�W �*B(� /T

	�9�     .�8Y 6�S[ I* ])  IQ`����   # ��  G9�K3 -  �KG & ( :�K�:� T

�   �3 �	 # IG���     g�W q��9 �!  u� �*B(� .:�!! " %:� K�	�& �  K! :4

  �3: 6	�89)l8?� .(   �LK3 IK* g�W �*B(� /.� " �?�7 �*

      ^�: �5M �	 # ^L\) z�\ IQ`��-     .�K8Y 6�S[ I* �'D9  ( �	

 �#�� l�!  "B� g�W l�   64? ))"B��  	4K_  ) (     �K*B(� �:4K�  #

  B�9 I* g�W& u� !!      �#�� q��9 a�L� �	 I� 6	�� �!    	�BK  g�W l

    4?�* �*:�* /I,F�S )l8?�.( �G9 �    A4  �":�* tHYDRUS-2D 

) :�? �	� � "1 r�T ( LX� #!       	�B  q��9 a�L� �	 g�W �*B(� O

   .� " �	 # I,F�S  �@& � "1 �     l8K? �	 T�    �K3: 64K 1  . �KG9� t

   .�$9-      u� 49#� IGD9:B� A4  I� 4@	!!       IK� IK�91 I*�$  :� %:�

 �#�� �	!     '? �3: 6	:	 �� g�W l!I  "�K3&  4K+�  .     IKL@ �	 IKG'F:

.� "      �#�� q��9 IL@ �	 # �@! g�W l   K� �[	 /!T *! K+-   �K*B(� 

6	:	 I* �'D9 /A4  r3B� g�W �@&*�_� - �9 .�D8!�D.  

l8?    &�@�   # �   ! �SW .:�& LX� !   A4  O)RMSE ( �'D9

 	��  I*� *�_� �-      *1 ": s� %�\�3 �	 :� !��&  :�* # & ̂ L\   �K@& 

  �L9 I,F�S  	�B � 6	:	 T 49: .�G9�    K  .�$K9 t-       ": sK� 4K@	�/� 

   *1 "�N1 ": �\�3!��&   /!  .:��SW& 'D9 -       A4K  64K? I'K3��  

)RMSE (  	�9 q��9 �	�    .�8Y 6�S[ ] )  IQ`���� G9�3 -  �KG & 

   ^L\ #��  G9�K3 -  �KG  (* K!      ̂ KL\ # lK`:B� ": �G$  �K@& 	 �  �K<

 - 4?�* . : �	�    .� " O!     9 g�KW �K*B(� .:� K!  : �	 � K�   q�K�9 O

*!  �3:�G$)l8?�( . !     	��  I* �'D9 A4  �":�* f:��9: .:�� �

*�_�-     ^KL\ �	 H�  G9�K3 -     :": IK* �KG &    .�K " �/�    ": �\�K3 

*1!��& 9 !   �3: IMB� l*�[ � .  K!  �KSW .:�&    : �	 A4K   K�  ^KL\ O  

)H� G9�3 - �G  (  "B� ": s��    .� " �	 # �*B(� ) �@& 9ZB( -   �K�

     : I* �*B(� ��GD7 �i: �	 # .:�'M� T@�� ^L\ O�  �K3: IG��

)l8?� .( !  	��  f:��9: .:��  KLX� �!O        A4K  rK3B� 64K? 6	"

:�*&   .� " �/�    *1 ": s� �\�3 !��&  ̂ L\ #  �@& n�� !O     ": �K�H� 

G9�3-  49#� �G & F#�9 -    �3: IG?:	 )l8?� .(:�  �KG9 O�   .�$K9 t

 -        ̂ L\ �	 :� g�W �*B(� /A4  I� 4@	 �@& �� !�O     .�K " �	 ��

�/�    *1 ": s� �\�3 !��&  LX� �G5* !O  �3: 6	" . : �	�   v�KL\: O

 !     ̂ L\ I* �'D9 g�W �*B(� .:� �@&   : �GL� /Z�* �3 .   �Kk9 I*

 -      (��9 �	 �3: IGD9:B� A4  43�-         "BK+@ g�KW �K*B(� IK�   

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
91

.1
6.

61
.5

.2
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

6-
05

 ]
 

                             5 / 10

https://dor.isc.ac/dor/20.1001.1.24763594.1391.16.61.5.2
https://iutjournals.iut.ac.ir/jstnar/article-1-2429-fa.html


 �������	
 ��
�� � ����
�� ���� � ���� �
� � �� ���� � /  
!"#$%&
' /  (�
)' "*+ � ,-' /
.+%� /01/  

H�  

  �4G?.
#97�2�
. �# �S��4�*�)M3 �D  V!�3 (4' ($�Inverse Solution , Rosetta  

L ks n Alpha Qs Qr  

�/� H �{/� ���/� ��/� ���/� Rosetta 

�/� �� � ���/� �/� ���/� Inverse Solution 

  

 

N*'/.
<� + �8
#4I�$�	' ,��
� �� �
!�324#
�� � (4' ��
�� �$  
#� g// 
3 s�� �
l�# ,�
! ��
�� ^?�� �2 4�� ,�
! ��
�  

  

:��:� 9 T!  [	 �":�* /IG��! ̂��&       I* �'D9 g�W �*B(� �:4�  ": 

(��9-    * g�W �*B(� I� !     4K?�* IGK?:	 /�3: �G$ .   :�K�: �K*� T

 *1 .� "!��&) � �\�3  ( � #!#�$&  lK`:B� �K� �*B(�  Kz�\ - 

��   # �� G9�3 - �G &     .�8Y 6�S[ ": )  l8?�(       IK* 01 mBKU9 # /

^L\ �@& �� !�O    /��!    * vB� q��9 �	 g�W �*B(� .:�!  64K? �G$

�3: . : �	�     64@�$  �F�= O-   LX� f:��9: 		�7!O �@&   A4K  

  	��  I* �'D9� *�_� �-  : �	 �  9 v�L\: O!  :�K�: ��  T�    �K3: IKG��

)l8?�.(   �:4�  RMSE   F�S  	�B  A4       ": sK� I,H    ": �\�K3

*1KK!��& �	  l8KK?�  �KK3: 64KK 1 . KK! .:�RMSEQ� �	 KK! I

�#�� K!l �KK@& KKz�\ lK`:B� -  g�KKW RSKK3 �	 /IK,F�S  	�BKK  

*!�G$� 	��  O�        T@�K� ^L\ �L3 I* # ��   �K3: IKG�� .    �Kk9 IK*

 -    �* 43��       "B� �Ki: �	 g�W �*B(� .4? �W:B+8 K�   	4K_  )

     	��  �3: IGD9:B� �G5* A4  /�*B(��    g�W �*B(� �  	�#1�* :�

4+� . ��( ":- �G9 �           IK* V@ �*B(� .� " �?�7 �* I� 	:	 .�$9 t

         ��GD7 ^�: �5M �	 V@ # ^L\ �L3�   : I� /�3: IG���  � : O

    :�K�: IK* �_+ �   T K!  .:�RMSE     Kz�\ lK`:B� �	 - ��   # ��   

 

g// 

,�
!  

  

  

0  

,�
!  

  

   

  

g/t  

,�
!  

  

 

  

s  

,�
!  

  

 
  

^? 

,�
!  

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
91

.1
6.

61
.5

.2
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

6-
05

 ]
 

                             6 / 10

https://dor.isc.ac/dor/20.1001.1.24763594.1391.16.61.5.2
https://iutjournals.iut.ac.ir/jstnar/article-1-2429-fa.html


  4� �+
&2�3 HYDRUS-2D��	' �$   6
� �$ ,��
� �+��3 ��
!…   

H�  

        
N*'?. 
<�+� �8�2 u
:� �2%+� (4' $
��($2$ D 
#�(�24&2  C�9�)M3 � (4' �D  ($�h)� � NI2�� �$  4� V!�3 (4' 
#� (9:; �2 ]�7M� 

 �
*E �$�
�� 
#� g// � 0  �2 4�� ,�
!����
�  

  

       
N*'0.($2$ D�� (4' $
�+2 �
:� �2%�� �8+
<�  (�24&2 �
# D�)M3 � (4' �9�C h)� � NI2�� �$  4� V!�3 (4' ($�  (9:; �2 ]�7M� �
#

�
�� �$ �
*E   �
#g/t � s�2 _. ,�
! ��
���   

  

-G9�3 �G &   Q� �	 # ! ̂ L\ I �@&     I,F�S  	�B  -  		�K7 .  : �K* K� O

     ": sK� d�3:H    *1 ": �\�K3  K!��&    G*BK(� IK5'M -     IQK`�� IK* 

z�\- ��   # ��  G9�K3 -  �KG &       K3� .�K8Y 6�KS[ ": !  �K3: 64 .

:�*�+*� +Y O!   O-   3� �* I� 	�� }�� .:B�!G*B(� I5'M .4-  IK* 

    LX� /�B��  I,F�S  	�B  q��9! : O� 9 O  �X3 A4  r3B� q��  ��

�GL� �[	 A4  # 64?&:�* &LX� !	�:	 g�W �*B(� O.  

  l8?�   �:4�  RMSE  :�* :� & Q� !      sK� IK,F�S  	�B  q��9 I

 ":{�*1 ": �\�KK3 KK!��&�KK3: 6	:	 .�$KK9  . �:4KK� RMSE �KK* 

  �?�7�    *1 a�L�: ": "#� !��&  "B� #  K�  )�     �	 �K*B(� �KW:B+8

 �#�� l�!      .�K " IK* �'D9 g�W l  �K@& F#:  K!  I*1 K!��&    a�KL� �	 /

9!Ik=;  l*�[ T@�� g�W ��L :& �3: IG?:	 ) !<9�! �:4�  O 

RMSE��/�   *1 .� " �	 !��&    �:4�  # ���/�     �?�7 ": 4,* {� 

�\�3 .( ��  � :�   ID! ��B  .:�!     .� " �	 A4  �{�   s� �\�3 

 *1 ":!��&    9 AB( �	 # !     � �* 	:	 .�$9 /g�W ��L!#�$&   �K*B(� 

    ^L\ �L3 I*)	BL\& ( * #  ��( �L3 I!  O) K��:-  K� Kz�\ �- (

 �SW �:4� & 'D9 -      �* q��9 �	 !   " �K*B(� .:� K� * /��	� K!  ": �G$

^L\ �@&   	�9 # RS3 �     .�8Y 6�S[ ]- 4?�* . G9 �	!    IK_ K! .:�

: �	 �KK*B(� 	�#1�KK* �	 A4KK  �KK[	KK� �KK� q�KK�9 �	 # .�KK " O

�*B(�    �3 I* �'D9 ���   L@ �	 q��9 �!     T@�� .� " O- �4*� . �	

:�   V53 .� " O"�	�&*1 ": - r3B� �3: 64? I��z: g�W I* I� 

9!#�&        $X* # 6	�� ���= ^L\ �L3 I* l�i -   9 �*B(� ":  K! �

  ��: �5M �	-           �K3: IKG��7 IQK`�� .�K8Y 6�KS[ ":  .    �Kk9 IK*

 -     A4  43�!     :": I* :� g�W �*B(� .:�&   .� " {�    ": �\�K3 

*1!��&  (��9 �	 -  :��: I� �         :� /�K3: 6	:	 �� �_91 �	 �*B(� T  

�/��\�3  ��\�3   

�/��\�3  H�\�3   

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
91

.1
6.

61
.5

.2
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

6-
05

 ]
 

                             7 / 10

https://dor.isc.ac/dor/20.1001.1.24763594.1391.16.61.5.2
https://iutjournals.iut.ac.ir/jstnar/article-1-2429-fa.html


 �������	
 ��
�� � ����
�� ���� � ���� �
� � �� ���� � /  
!"#$%&
' /  (�
)' "*+ � ,-' /
.+%� /01/  

HH  

  

N*'t.
<� +� �8�
:� �2%v2 +� (4' $
��($2$ D 
#�(�24&2  C�9�)M3 � (4' �D h)� � NI2�� �$  4� V!�3 (4' ($� 
#� (9:; �2 ]�7M� 

 �
�� �$ �
*E^?�� �
)32 �2 ��
�  

  

9!   A"�9 �[	 �* � ��&         KLX� �KGL� �K*B(� �K* q�K�9 I* �'D9 ! O

 - 49" .:��G9 O�:�* t&��: �5M �	 �*B(� �:4�  - 9! 64@�$  �

 �3: 64?)l8?�.(  

 �G9 d�3:�*� * tI     64 1 �3	! �SW .:�&   .� " �	 A4    �K@& 

*1!��&   :�:	 q��9 I� &   * �*B(� 4`�	 !�G$&   -  * /4+?�*! ": �G$

�@"#�&   *1 ": 4,* !��&      4K+Y �?�7 �* # �3: �   �� ": "#� O K� .�

*1!��&  * v�'S9: /! 6	:	 O �@& *�_� -  6	:	 #  �@&   LX� ": l`�= ! O

 * A4 !  �3: 64? �G$ . : �	�    3 # dBF4+� IS*:� O!L!  ]9B)�� (

  �	�   +? aBF g�W ]-    �:�7��K� ^L\ # & ��  G9�K3 -    :�K* �KG & 

   6":49: # .�8Y 6�S[ 7!�&          %4K  IK* �K*B(� 4K`�	 �   ": "#� 

��� *1 .�!��&  : I* �      6	�K� 6��K?: bKQS  O        K* �K�*�S  IK� 4K9:! O

6	:	 �@& 6":49:   7!�&   LX� # 64? !O      : A4K  r3B� 64? 6	"  "#� "

* 4,* I* aB3!  �G$- 		�7.* I �B( Q�-�  �:4RMSE  ": ���/� 

  ����/�   .� " a�L� �	  �@&  �K "1 � u� T K!!  	�K� � .: K�  �KG9 O�   �K* t

6	:	 �@& * I      �K "1 ": 64K 1 �3	�T  �K@&  :��K` -�     rK3B� IK� 

  �<83:  .:��8L@ #)�� ( �	�   +K? aBKF �K��* �* g�W ]-  �K* # 

       ^L\ �	 64? )[:# .�8Y 6�S[H G9�3 -  �G&       /	BK* 64K? a�K_9: 

�� � 	�7 ID�4 .  3��* �5M �591-   !   'K? �[	 .:�!I  "�K3&  �K@& 

     	��  ": A4  r3B� 64? a�_9:� �@4`�	 �&  6":49: �*B(�  7!�& 

        *1 %#�KUG  V_= I3 	�*��� ": 4,* 64? K!��&    4K9	�� 6	�UGK3:  .

�:4�  RMSE  ": ���/� �� ��/� :�K* & :�K? � �K "1 r�  �K591 T

u�!! 	�� � . 494�G,  �591  : I� �   O!          # 6	BK* ABK'[ lK*�[ �KSW .:�

:�*�+*�  *BW ^*�S� O-   ! 6	:	 .� �@& '? !I "�3&     A4K  r3B� 64? 

6	:	 # �@&6":49:  7!�&	�:	 	BM# 64? )��.(  

V@     T�� "1 �* t��G9 O!+Y        rK3B� IG��7 %�B` &�@  dBF4K+�

   ]9B!L!3 #)��(      �K��7 �:�[ ID���  	�B  �!9  .      -K3��* IK* �K591

 I!'? �[	  &"�3  @    )!3# I+ :	 �	 A4  &�      �@�!uG  ": &��)^L\   &�@

        6�KS[ &��!*1 #	 �	 .�8Y 6�S[ &�:�7��� %#�UG     -�SK3��" &:

 -�S3 # (4+GW:	�� .     &��K 1 �G :��� ":RMSE  �K!9      O!K!,� �K5M

  I!'? v�'S9: .:�!  &"�3           t��KG9 # 6	BKL9 6	�UG3: -,[:# ��	��  �* �@

         L@ # �<8K3: r3B� 64? In:�: ��	��  �* :�      T_+K3 	�BK  .:��K8

 49	:	 �:�[ .               �	 �K!9 T��K "1 OK�: �	 64K? 	�K_�: &�K@�SW .:�! 

        	BK* .:��8L@ # �<83: r3B� 64? ��m 6	#4� .  �K*     d�K3: OK�:

         -  # 6	B* �!Y�9 64? 	�_�: &�@�SW I� 494�G,  �591     A4K  ": .:B�

HYDRUS-2D  I!'? �	         .�K8Y 6�S[ f:�(: �*B(� )�"B� &"�3

	�KK� 6	�UGKK3:)�� .(KKQ\- VKKN� �	 -'DKK9 &�KK@�SW .:�KK!  	BKKM# 

  6	:	 O!* %�D���     I!'? # -*�_� &�@ &"�3      rK3B� 64? a�_9: &�@

  .� " �	 A4                  lK� .:�K!  /.�K8Y 6�KS[ ": xKQGX  lK`:B� # �K@

T�� "1 O�: �	 64? 	�_�: &�@�SW  )� �:4RMSE  ": ���/�  �K� 

��/� (             .:��K8L@ # �<8K3: rK3B� 64K? IKn:�: 6	#4�  �	)�� (

BF4+�# ]9B!L!3 # d)�� (-   4?�*)�:4�  RMSE  ": ���/� �� 

��/� .(    �<9�!* bQS  O�:         IK5'M 	�#1�K* �	 A4  O�: &Z�* ���U�

  6�S[ f:�(: �*B(�  * .�8YI     .�K " &:�K* yBcKW    -9ZBK( &�K@

.� " # &��!*1 ": 4,* &�@  .1�3:.  

{��\�3  

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
91

.1
6.

61
.5

.2
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

6-
05

 ]
 

                             8 / 10

https://dor.isc.ac/dor/20.1001.1.24763594.1391.16.61.5.2
https://iutjournals.iut.ac.ir/jstnar/article-1-2429-fa.html


  4� �+
&2�3 HYDRUS-2D��	' �$   6
� �$ ,��
� �+��3 ��
!…   

H{  

7&��� C�9�  

 : �	� ��� O!  '? �[	 ^!I "�3& �@& HYDRUS–2D    	�#1�K* �	 

 !  "B�# mBU9 .:��    3 ��� �*B(� 	4_  )! *1 VGD!��&  6�KS[  :& 

"��S3�-  +? g�W �	 -"�: �*�-4?  ."B��) �@& �*B(� 4`�	 

�!T *!+-     A4  r3B� 64? HYDRUS–2D  �G9 �* � � "1 t�@�<$- 

 *BW ^*�S�- �?:	  .   .� " IL@ �	 IG'F:     �#�� q��9 IL@ �	 # �@! l

  � �[	 /g�W!T *!+-          'DK9 /A4K  rK3B� g�KW �K*B(�    IK* �

6	:	 �@& *�_� - � 	B'9 .�D8 .   :4KG*: %�\�3 �	-� *1  K!��&   K! .:�

�SW&     A4  64? I'3��  )RMSE (  	�9 q��9 �	�   .�8Y 6�S[ ]

*!    ̂ L\ # l`:B� ": �G$ �@& 	 �  	BK* �< . : �	 K�     A4K  /%�\�K3 O

    ̂ L\ �	 :� g�W �*B(� �@& �� !�O   LX� �G5* ��!  �3: 6	" O . �	

:�    v�L\: O!      I* �'D9 g�W �*B(� .:� ̂ KL\  �K@&     �KGL� Z�K* 

       �k9 I* :�F # 6	B*-           (�K�9 �	 �K3: IGDK9:B� A4K  4K3�-   IK� 

   :��: "B+@ g�W �*B(�� 9 T!  [	 �":�K* /IG�� K! ̂ �K�&  �:4K�  ": 

    (��9 I* �'D9 g�W �*B(�-     * g�KW �*B(� I�  K!   /�K3: �G$

 4?�* IG?:	 . :��: �*�  *1 .� " T K!��&        ̂ KL\ IK* 01 mBKU9 #   �K@& 

��!�O    /��!   �	 g�W �*B(� .:� : �  * q��9 O!     f:�K�9: # 64? �G$

LX�!O �@&  9 A4  !   	��  I* �'D9 �� *�_� �- :��: �  T���� .: K� O

�G9�    .�$9 t-      A4  I� 4@	!     (��9 �	 :� g�W �*B(� .:�-  I� 

:��:�             �KSW �K* /�K3: 6	:	 �� �K_91 �	 �K*B(� T& *  K!�G$& 

LX�!  K  O-  4K9" .       �KSW lK� �:4K�  IKG'F:&      K* 64K? I'K3��  ! O

LX�!O �@&     # A4  	��� *�_� �-  :": I* &    *1 %�\�K3 a�L�  K!��& 

       �3 r3B� 64? In:�: AB'[ l*�[ t9� �	� ���  �! 	B* O .V@  K+Y! O

  �*�   "B� .4K? �W:B+8 K�       "B� # g�KW �	 �K*B(� ) K�   	4K_  )

  .� " �	 �*B(� �@&   *1 ": 4,* !��&   !  6	:	 f:��9: .:�     �KGL� �K@

      �K* # 4? K!   6	:	 v�K'S9: .:�  �K@&  KLX� !O        # A4K  ": 64K? 6	"

	:	6 �@&*�_� -	�7 6	#��: �4.   

  

($
Q7!2 $��� ��
��  

�. �	�:& � / .���{ .'?!I "�3& "B� �     3 �	 g�W �	 �*B(� )! *1 VGD!��& 6�S[  :&         A4K  ": 6	�UGK3: �K* HYDRUS-2D .    aBKQ\ IKQ_ 

"�#�$�&'( )*�+  # !,-�)�� :(����. 

�. *:��- a / . d # .p .On�[�4` .���� ."�:�*�- �  9 A4  ]! *�_� IL- :�* & X� L!  � 	�,*: O! G*B(� "�-     .�K8Y 6�S[ IQ`�� #   �K@ .  IKQ_ 

 &"�#�$� -34+5  %��!����{)� :(����� .  

�. 6	BG3 9! h /�. d / .a . ! USF �- a / .p .45 �  o # .� .[:"�- .���� .�� � IFBF ID �@& � - # & 3 -) PVC (  %�9�8� #)TEKANAT ( �	

�*B(� _+3-9� " 0��"�* 6�<G3	 r3B� - o:B : )TDR(. IQ_  ���!34+5  %��-"�#�$� & {)� :({���{ . 

�.   a /dBF4+� -�; . h / .  f # �[�!F .-3�'\ .���� .I!'?         6�KS[ &��K!*1 �	 -G*BK(� "�K!� &"�K3      A4K  ": 6	�UGK3: �K* -�SK3��" &:

HYDRUS-2D . /.:�5� /&��!*1 	�W -+� 6�7��� O! #	 %Z��  I\BL_ �y /�m1 �{���.  

�.   a /dBF4+� -�; . h / .  f # �[�!F .-3�'\ .���H .                6�KS[ &��K!*1 �	 -G*BK(� "�K!� 	�K,*: O!!,� �	 &	�,*: �!F�91 ": 6	�UG3: &: 

"KK�� �SKK3- (SDI) .KKL59!LKK3 O!�KK3:�3 ��+&*1 KK!��&X'� T@�KK� # KK! /�http://www.civilica.com/Paper-ABYARI09-

ABYARI09_147.html) �� �5  ����.( 

6 . ; -� BF4+� d a /. h / .F!  f # �[� .3�'\- .���{ .  � 	�,*: 	�#1�*!  G*BK(� "�-  *1 �	  K!��&  6�KS[  :& " � �SK3�-       F�K91 ": 6	�UGK3: �K* ! �

	�,*:& .��� IQ_ ! &"�#�$� -34+5  %����)� :(�{���{�.  
7. Cook, F.J., P. Fitch, P.J. Thorburn, P.B. Charlesworth  and K.L. Bristow. 2006. Modeling trickle irrigation: 

Comparison of analytical and numerical models for estimation of wetting front position with time. Environ. 

Modeling & Software 21: 1353-1359. 

8. Elmaloglou, S.R. and E. Diamantopoulos. 2009. Simulation of soil water dynamics under subsurface drip irrigation 

from line source. Agric. Water Manage. 96: 1587-1595. 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
91

.1
6.

61
.5

.2
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

6-
05

 ]
 

                             9 / 10

https://dor.isc.ac/dor/20.1001.1.24763594.1391.16.61.5.2
https://iutjournals.iut.ac.ir/jstnar/article-1-2429-fa.html


 �������	
 ��
�� � ����
�� ���� � ���� �
� � �� ���� � /  
!"#$%&
' /  (�
)' "*+ � ,-' /
.+%� /01/  

H�  

9. IMKO Company. 1998. User’s Manual, moisture measuring systems for soil science, 

http://www.imko.de/en/products/soilmoisture/mobile-trime-meters (2010/2/5).   

10. Kandelous, M.M. and J. Simunek. 2010. Numerical simulations of water movement in a subsurface drip irrigation 

system under field and laboratory conditions using HYDRUS-2D. Agric. Water Manage. 97: 1070-1076. 

11. Simunek, J., M. Sejna and M. Th. van Genuchten. 1999. The HYDRUS-2D software package for simulating two-

dimensional movement of water, heat and multiple solutes in variably saturated media, Version 2.0. Rep. 

IGCWMC-TPS-53, p 251, Intl. Ground Water Modeling Center, Colo. School of Mines, Golden, CO. 

12. Singh, D.K., T.B.S.  Ragput, H.S.  Sikarwar, R.N.  Sahoo and T. Ahmad.  2006.  Simulation of soil wetting pattern 

with subsurface drip irrigation from line source. Agric. Water Manage. 83: 130-134. 

13. Siyal, A.A. and T.H. Skaggs. 2009. Measured and simulated soil wetting patterns under porous clay pipe sub-

surface irrigation, Agric. Water Manage. 96: 893-904. 

14. Skaggs, T.H., T.J. Trout, J. Simunek and P.J. Shouse. 2004. Comparison of HYDRUS-2D simulation of drip 

irrigation with experimental observations.  J. Irrig. Drain. Eng. 4: 304-310. 

15. Trenton, L.R., A.W. Scoll, W.W. Arthurw and L.T. Thomas. 2008. Tape depth and germination method influence 

patterns of  salt accumulation with subsurface drip irrigation, Agric. Water Manage. 95(6): 669-677. 

16. Willmott, C.J. 1982. Some comments on the evaluation of model performance. Bull. Amer. Meteorol. Soc. 63(11): 

1309–1313. 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
91

.1
6.

61
.5

.2
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

6-
05

 ]
 

Powered by TCPDF (www.tcpdf.org)

                            10 / 10

https://dor.isc.ac/dor/20.1001.1.24763594.1391.16.61.5.2
https://iutjournals.iut.ac.ir/jstnar/article-1-2429-fa.html
http://www.tcpdf.org

