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  �)3�    f��(#`�� �� ���`7� ��D	`�       �	`, 8`p��� �`)�)C� �

      ̀ � ���	`�����o "�&�c 8
��� ��8   9`:�� K�`=   �`� �`��

(Kumar et al. 1994; Verma et al., 1998).
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1. Boussinesq equation
2. Extrapolated Crank – Nicholson
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�(Schwab et al., 1996) .
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  ��#`̀ �� '`̀ ��X �`̀ �Q#�)	`̀ 
������	`̀ ��   2��`̀ ��Q� ��`̀ ��

 �``�4=� ���``��(    2�4``3 6�``�� �``>X�
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������(Ritter et al., 2003).

8`̀ �����`̀ � �� ��D	`̀ �`̀ � �4`̀:>� �8���#L`̀� �4`̀= �� ��

           �`� ���@#`�� /�`0 1`&N�; 
 1�D
�	`�� 2�?�?C� �4`,

(Hopmans and Simunek, 1999; Zou et al., 
2001; Ritter et al., 2003 ).

�`̀`� S+��`̀`� 'p�L`̀`� �� _
� 6`̀`&� �����`̀`$ 8`̀`
��� ��
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 ���`̀��� �� 	`̀>� 6`̀ 7�	`̀���$ ���@#`̀�� . R`̀�?C� 6`̀&� ��

� �#����`̀F 
� �:�D
�	`̀���
��`̀� �	`̀, 
8`̀�?� ���@#`̀�� �`̀� 

 ����,
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  8`̀ `�D
� ��`̀ `���$ �� 	`̀ `>�6`̀ `&�� 
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 	`,(Abbaspour et al., 1999; Jhorar et al., 2002) .

 ���`̀ �`̀ y�W���`̀ +J�4`̀ F "���`̀ :7� 
 )�qqq ( _
� ��
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��

  ̀̀ � /�`̀ 0 �:�D
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  )l||j (`̀ `<�= ������`̀ `?�?C� �

  �`̀� �� /�`̀0 *�+`̀,���o �:�D
�	`̀�� 2��345`̀0 �&��`̀?�

   ̀��Q� �� ���@#��    ���	`�� �`�4=� 2��      _
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 �	`, ��`��

L�w�� �4:>� 8D� ��
�$	��.
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���4,.

'$#$#$+, -����
 MG`̀ � ���#L`̀ &�  V4`̀ ��� T`̀ pdJ 
  9`̀ :�� K��`̀ =� ��
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  ':`̀ , 6`̀ &� ��L  �9`̀ :�� 
� 6�`̀ � 8)`̀ 3�; H *�`̀ @��� 

  ��&}`̀ F�� ~4`̀ @� 8`̀ &b �b�`̀ � �� ���#L`̀ &� MG`̀�h`̀ @���  *�

9`̀:�� MG`̀� �b�`̀� �� ���#L`̀&� MG`̀��`̀�
 d 8)`̀3�;

 �`̀�� �&}`̀F�� ~4`̀@� 8`̀&b �`̀ � 9`̀:�� ��4`̀7J . 6`̀&� ��

 8`̀ � R`̀ �?C�   �� "�`̀ &�c ��`̀ 
C�� "��`̀ $ �4`̀ C)� �4`̀ O
�

     R`̀ 7J �� ��J�>`̀ , "�`̀ &�c �4`̀ c
 
 9`̀ :�� K��`̀ =�

�`̀�� �	`̀, ���@#`̀�� W��`̀>� .Ho 
 ho8`̀�  *�`̀@��� U`̀����

           }`F��~4@� 8`&b �b�`� �� 8`�D
� ���#L`&� MG�    MG`� 
 �&

��� 9:�� .

L/2

H
o

 ?@"� �
����&� ��:�� 'p�L� �	

$ P�34� TpdJ 
 1���7, 

                 �� %� "�`&�c "�4`� 8`
&�X 8`� 8`c4� �`� R�?C� 6&� ��

    �`̀ ���� ��
	`̀ C� ��`̀ 
����&� 9`̀ :�� 
� '`̀ 3�; 	`̀ <

               9`:�� U5`� '`C� �� �`� 9`:�� K�`G� %� "�&�c

 	< ��S��
 9:�� 
� ���)':,� .(

'$#$'$.�	 �� �� /0	,-	��1
A4� ( ?C�C� �&*- D-�E F�0 �-�EG$

4� 8`̀`D��>�� �)�L`̀`���@&� 2b��`̀`>� 8`̀`)7c �� 1L`̀`
�

�`̀��`̀� %� *�+`̀,� "�`̀&�c ���`̀� 8�+`̀, �� 8`̀$ 8 K�`̀=

9`̀ `:��   �	`̀ `�F �>�`̀ `�
 �����`̀ `$ �`̀ `��`̀ `$�`̀ `�� ��

(Chauhan et al., 1968; Van Schilfgaarde, 1974).

            �p4`F
� 2��`B�; ��`
+� �`� 8`D��>� 6&�–  ̀,�4; �7&��n

  8`̀`D��>� 
 ��4`̀`� ��4#`̀`�� "�`̀`&�c � #`̀`�4�F '`̀`3� 


 �)�L`̀`���@&� 8`̀`c��l ��47�`̀`��`̀`�� �`̀`G0��o 
 .

8`̀D��>� 6`̀&� �`̀)$ ':`̀, f��(#`̀��� �`̀�Q#� �`̀& �`̀��. 8`̀� 

 E�`̀ ; "��`̀ $ '`̀ ()(� �#����`̀ F�.-`̀ ����� � #L`̀ � . �`̀ �

       '`()(� "�4`� �`��. E�; �.-`� /�`0 �   ��4`7J ':`, 

� 8D��>� 6&�8 	��40 �&� 2�43,	.
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��&}`̀ F��~4@�kf ,  '`̀()(� 
 *�+`̀,� �`̀ �� �&�	`̀� �.-`̀ �

�/�`̀0x
 9`̀:�� �� �`̀ ?;� 8)`̀3�;t *
�`̀, �� "�`̀ �� 

 ��:�����.

H ( ?C�C� �&*- ��I�$ F�0 �-�EG$

              "�`&�c �`� T$�`< 8`D��>� f��(#`�� ���� �7LX 6&� ��

8`̀D��>� ��l�`̀� ���@#`̀�� �`̀�Q#� �`̀��Q� �`̀� 
 �4`̀, .�`̀��h

           9`:�� MG`� �b�`� �� ���#L`&� MG`� *�@��� 
 �`�ed

  	`̀ ,�� ~4`̀ @� '`̀ ��X��o 8`̀ &b �� 9`̀:�� 8)`̀3�;�`̀ &� ��  6

 2�4`̀3  '`̀()(� "�4`̀ � �`̀ �Q#� E�`̀ ; �`̀ ��.-`̀ � /�`̀0 

� 8D��>� 6&� ��47J ':,8�4� 	��40 �&� 2�43:
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    9:�� �b�� �� ���#L&� MG�  ����� .     �� R`�?C� 6&� ��

 � 8G���  ���H      "���`:7� 
 �	`
F)�qql (    P�`34� ���`�

   '()(� V�+����.-�           K��`=� �� ���#L`&� MG`� *�`@��� 
 

 ���@#�� 9:��	,) 8G����j.(

    "� �� 8$of              8`$ �`�� ���`�� �� /�`0 �.-`� '`()(� 

    8`̀ `#;�� ���`̀ `X ��`̀ `:�� R`̀ `7J �� ���#L`̀ `&� MG`̀ `�

����)(hf      /�`0 �.-`� '`()(�         ���#L`&� MG`� �`� �� 

h�oh   �� 9`̀`:�� �b�`̀`� �� ���#L``&� MG`̀`� *�``@��� 

1. Dupuit - Forchheimer
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#L� .           ���`� �+`��
� �&��`?� 6#;�`� �`O� �� ��q 
 Z

��            �	`, 8+`��C� �.-`� '`()(� 6�`� ��4`0 \�+G�� "�4�

     ��`̀ $ ��`̀ H&� P`̀ )#(� ��`̀ �$�0 ���`̀ � ��� �`̀ &���� 


(Pandy et al., 1992) .
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� S&��`̀,
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A4�(- ?C�C� �&*- D-�E F�0 ��EG$:
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b��>� W�7J� ��2��� �� ��+c ����+��C� ��� �� #�� 

 '�:�� ��b��>����4, ���� 
 8�D
� S&��, W�7J� �� 8$ 

���:� _
� 8� 
 �4� –W	&�� n ��� "�4� �&��?�H 
 

h ��P)#(� �����:� 
 "��� ����  8+��C� �$�.

'$#$6$ ���� ��� 78
 9�	�3��
 �C`̀3 2�`̀+.� ���`̀� ��`̀:)7J��D	`̀�� ���	`̀J  �&��`̀?�

   9`̀`:�� 
� S`̀`��
 	``< �� ���#L`̀`&� MG`̀`� *�``@���

 S`̀ �4���D	`̀ � 9�`̀ F ��	`̀ J � �`̀ 
�� ̀̀ #� �`̀ � 
 W	`̀ � Y&�
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2
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e
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dD +=  )��(

 2b��`̀ ``>� 6`̀``&� ��D '�L`̀``��#F S`̀``�4#� ��	`̀``?� 

 �:�D
�	����� .

 ��`̀`:)7J �C`̀`3 ���`̀`&��� ���`̀`���D	`̀`� ��	`̀`J �

����
�`̀ `�F����� ��  "���`̀ `:7� 
 �	`̀ `
F ��`̀ `�)�qql (

`̀��#@ ���	`̀, .���F ̀̀ � W	`̀ � 
� ��
�
 ��`̀ ��#�8 2�4`̀3

	, 8#;�� �O� �� �&�.

A4� ( ?C�C� �&*- D-�E F�0 �-�EG$:

daymk /0375.0= 33 /031.0 mmf =
mL 4.9= md e 38.0= mho 22.1=

H ( ?C�C� �&*- ��I�$ F�0 �-�EG$:

daymk /0375.0= 0375.0=of 8.0=q
6.0=Z mL 4.9= md e 38.0= mho 22.1=

     9�`F ���#L`&� MG`� *�@��� �&��?�   ̀ � �	`, �`
�� 8  8)�`�


 1& W	� �	`>��            '`()(� "�4`� �`��. E�`; �`�  �.-`�  
 

   �4`̀ )� �`̀ )�)C� W	`̀ �–`̀ , �� a��  ':j T�`̀ ��� 	`̀ , �

1. Gauss -  Seidel

�``�� . �	���``�	``,  �``����� ���``7� �� 8``$� Y&�``#� 

 �4`̀ `)� �`̀ `)�)C� 
 ��	`̀ `J ���D	`̀ `�� ���4`̀ `(7� a�� 

	`̀���� �+`̀��
� . 9�`̀F �C`̀3 � ��`̀�� U`̀)G� 6`̀&� �`̀
��

��D	� ����
��F �	>� 1& ��	J ���� .

2$%��(� /:���;*� �3	<
             T#&�4` D� %�`(#�� aN)#L`� U`��
� �4`:>� W	`� SL�

8`̀ 
���  �4`̀ X ���`̀ � R`̀ )G� 'X�	`̀ < 6�`̀ �>� ��! ��`̀ G0 

9�F  8�+, W	� �
��  �`�� ���� . 8`�      ��
	`C� 8`:�� '`�D�

    *�+`̀ ,� �`̀ �� �&�	`̀ � 
 �.-`̀ � '`̀ ()(� ��	`̀ ?� 2��`̀ ��Q�

/�0           �`�� �	`, 8#0�
`, 
 a4`)>� �`J��� ����    �� �}`D 

  �`̀:&N�; 
 �`̀>�+= 2��345`̀0 �`̀)J 8`̀ � R`̀ �?C� 6`̀&�

   W	`̀ � "��`̀ $ ��+�D�`̀ $ ���`̀ � �8`̀ >D�G� ��4`̀ � ��`̀ ��#����F

 �� 	`̀ &�� 8`̀ 
��� ���`̀ ,
� �� �`̀ :&  ���@#`̀ �� 	`̀ �?� ���`̀ �

�4, .

 e��`̀� �"�`̀��; "�`̀�� 8`̀� �	`̀, 8`̀��� ���4�h��`̀$ 8`̀����� ��

�`̀� 'X�	`̀< 8`̀$ �;	`̀�8`̀� ��4`̀, P`̀&�>� �`̀&� 2�4`̀3

��� �	,:

∑
=

−=
n

i

c
i

m
i hhF

1

2)( )�l                                    (

    "� �� 8$m
ih      ��#L`&� MG`� *�`@���        �	`, ��`�� ���	`�� �

   �9`̀ :�� MG`̀ � �b�`̀ � ��c
ih   ���#L`̀ &� MG`̀ � *�`̀ @��� 

        9`:�� MG`� �b�`� �� �	, 8+��C�        ���D	`� �`� 8`$ �`�

                  8+`��C� �"�`�� �`� �� 
 8`G?� �`� �� �	`, 8`��� ��	J

�� 
 �4,n���	�� V�?� ��	>� ��� ����.

 ̀̀ � K	`̀� e��`̀ � 8`̀ � 8`̀c4��� "� R#�`̀� 8+`̀��C� 8`̀$ 8)^L

"�`̀:�� T�?#L`̀� ��`̀� _
� �� 	`̀&�� ��L`̀�� �&}`̀F� 8`̀$ 

 	���	� e��� R#�� 8+��C� 8� �������4, ���@#�� .

8�        8`
��� ���`,
� �� ���@#`�� 8:�� '�D�     �� 	`�?��� ���`�

    ���`� �������`$ �����
gF      8`
��� ���`,
� �� �`�  ���`�

 _
� �� R`̀�?C� 6`̀&� �� �}`̀ D ��`̀�� 	`̀�?�8`̀ 
���  ���`̀�

'X�	< ���� 	�?���	, ���@#�� K	� e��� ����.

2. Absolute minimum
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  L`̀ � '&	`̀ +� ���`̀ �w  _
� �� 	`̀ �?��� 8`̀ � 	`̀ �?� 8D e��`̀ � 

8`̀`7&�cn	`̀`, ���@#`̀`��  . ���#&�
	`̀`C� _
� 6`̀`&� ��

L�w        K}`< �`�Q#� ���Q� �� 8D �	`,         "�4`� �`� 8`H�#� �� 
 

� �`̀ :& �� ���`̀ ,
�8`̀ 
��� �   6`̀ &� ���`̀ � 	`̀ �?��� ���`̀ �

 ���@#�� �D�<�$�(Greig 1980).

    8`
��� P`)#(� ���,
�      �� 	`�?��� ���`� ̀�  r$�)�q�� (

   K	``� e`̀ ��4� ���`̀ ��| �� �j �l 
l|  '?#L``� �`̀ �Q#� 

 8L`̀&�?��`̀$�`̀�� �� .8L`̀&�?� 6`̀&� ��	`̀>� ��`̀�� �`̀� �`̀�

 �`̀�� �	`̀, a�`̀H�� '?#L`̀� ��`̀���Q#� . Y&�`̀ #� '`̀�D� 8`̀ �

��`̀�� 
 %4`̀0 6#`̀,�	� �K	`̀� e��`̀� R#�`̀� 8+`̀��C� 8`̀�

 �� W
�F _
�"�����,
� %�(#�� P)#(� �	,.

  8`̀ � �� �4`̀ X ���L`̀ � �`̀ ,
� �W
�`̀ F _
� "��
� �`̀ ��

    �&�
	`̀ C� "
	`̀ � ��`̀ �Q#� 	`̀ 
t e`̀ ��4� 'X�	`̀ < 8`̀ G?�

 �`̀ � %4L`̀ C��4`̀ , .��   "��`̀ $ �	`̀ �F ���`̀ � _
� 6`̀ &�

  8G?�  8
���      K	`� e��`� ��   �`&   �'X�	`<n  ��    ���`� ��	`#��

;�� �`̀O� ��  8`̀G?� �`̀ � T�`̀ 
$ �`̀ � �`̀$�< "� �
� 
 8`̀ #

   	`̀ `&� �`̀ `�	� ����	`̀ `#�� 6`̀ `&� �� �`̀ `:& �
� 8`̀ `
���

(Greig 1980) .

5$ =��>)	(*�� �  ��� �
 ����D	``�  �����
�``�F �4``:>� � ����D	``� � ��	``J

1&   ��`:�� ���	`�����o �	>�     �`�Q#� 
 �`��. E�`; �`� 

1. Penalty functioin
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