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                $+� ���01 �� ��� 2�34��� �� $5���6 ��781 �*1 ���7 ��� �.�� 9& ���� �� - :��� ���01 ��� 2�34��� - �.�� �� �;�1 �� $)*)� <&�   �+��01 =+)>�
$�=)� .?��@�     ��� ���!�"� �� ��� $
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 B�*� I��D�    ?��@� A��� $
-� J���(4��, A�> ��� �� �"'(� $)*)� A#��   �+�� :=+
 ����� �-�D4� A�>�K L�"'� I�; - 2��%& �.�� �� $&�>
     $� 2� #� :��D4�� �� ��              �"'� I�; - ���(� �.�� �� $��� �� �"'(� $)*)� #� :��D4�� �� �� ��� �� �"'(� $)*)� 2��1F�H �-�D4� L��� $)�� .
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 :��D4�� E54'� $,�34��� B&��
 �*1 E54'� ��� �.�� F
 A��� ��� �� �"'(� $)*)� #� M-� <&� $��&#�� ��; .  �+���� M-� #� :��D4�� ��
N��� �� �"'(� $)*)� ��� �.�� �> A��� J:=
 A�>�K L�"'� I�; �*1 $)*)� <&� #� :��D4�� �� O;��F�H E54'� A�>��=
 $) . 2�(, P&�4,

    F%� :�-=*� �� �� ���    F�H A���)(�H M-� �� A�>    $� ����� $��	Q ���Q $)��    F%� :�-=*� �� - =>�  F�H R�� A�>       IS�1 M-� <&� #� :��D4�� �� $)��
$� �T� ��=
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          �� ��� 9&�1�� ���,�4H :=)>� 2�(, ��� �� �"'(� $)*)�
   $+� $+3X� ���Y� E54'� �&��@� =+
�� .    �� $+)*)� <+&� #� $>�+Z�

��	
           #� :��D4�� �� ��	
� �� ���� �� ��� �� �� 2�&�; A#��  ����U� 
  $� #��,���� #���V&�=
�� .:#�=,�     �� �"+'(� $+)*)� ��@4�+� A��Z

    M-� #� :��D4�� �� ���        �+6�[� �+& - $>�C(+&��#� A�+>   I[54�+� A�
     $� ��&# �)&[> - �Q- \�!    <+&� #� ]=+
�� M-� -�    ��@4�+��� A�+>

F�H A����4.�& M�4�Z $)*)� <&� $)�� =,� )12 J16 J18-  19.(  
  � �"'(� $)*)�      F%� �)��� �� ��� �    �+1 �D! <��1   �+� ��+� 

  �+�� 2� e+.�)� :#�=,� O&#�1 - ��� 2�34��� ��781 �*1 �=
 )17 .(
 F%� ��   ��&# A�>)1   �1 15 ���  (         �4(+�� ��+� �� �"+'(� $+)*)�

        $+� :G&- hT� - ��� �.�� ��781 �*1   =+
��)6 .(     - $+U�	Y �+���6
         +D, J$(%># J��� 2=
 9(� �53; #� $1-�D4� $6�)"�    �+� �� i�

              I�; �X�4, �� - ��� �X� ���01 �� �'
 - �R� <�
�� ��	6 J���
������������������������������������������������������������

1-2-  A�4�� A�X(,��  -  ���(,��   J�� $�=)�� :-�Z   JA#�-�(� :=%(,��   (+,��  :�C
=�(� $�-��.  
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 A�>�K L�"'�    =,��� F@,)9 .(    2���%3> - <�����)4 (  =,��� 2�(,
           J�+��-� 9+&�1�� ���+,�4H �� �-�+D1 ��PH        l��+	1 �+�.�K J��+� 

      ��+� ����+1 :�+*, A-� �+� ?� ���i ���'o - $�� ���� J$,��1��
 $� ��781=,��eZ .�               ��+� 9+& 2�34��+� :=+
 �+�i �+���6 �� �;�1 �

 	1�� $6��#p�  $� ���01          �"+'(� $)*)� J��� 2�34��� ���01 �� - =)�
              ��
 <��U1 =&�� p��=X� $)*)� <&� �e� - ��� =>��� ���01 [�, ��� ��

 :#�=,� ��    $+H �� A��+&# �)&[> - �Q- \�! $)*)� <&� $���4� A��Z
�
�� =>���.  

    <����� - �5U�)10(         A��+� - r�-�+� l=� A�>�4����H �����01 
         =+,��� $���� �� A�>�K L�"'� I�; ���01 ?��� �� .    2�(+, �+�,�

         $� �� A��� - r�-�� l=� A�>�4����H ���01 �� =,���    A�+)	� �� 2��1
      ��+� 2�+�� A�>�K L�"'� I�; .      2���+%3> - s+,�t)20 (   ��78+13 

        -� $%��-�=�> ���!�"� A-� �� �� ����1 E54'� hT�   ��� �,�3, 
   =,��� $���� $45�� I�� .         �=
 �� ��� ����1 �� ��� 2�(, ��,� P&�4,

         $+� ���+Q ��781 �*1 �� ��� $%��-�=�> ���!�"� =+>� .  <�+)V3>
    F%� �� ��)1 ����1 ��781    #� �43� A�>1 ��� �4�;�� ���  .  $��#�+��)9 (
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         ���(+4��, B�+*� I�+�D� ?��� �� �� $�=�1(NSMC)      �+� ��� �+���� 
 - F%�  �� �� ��� ��	
� $%��-�=�> �&�=> - ��> �-�    I�+; �+� $��+�

��� B	1�� A�>�K L�"'�.  
?�++�@� A#�++�  $,�++%� ���++��01 h&�(++1 A��++� =++����� $++
-�

              - 9+&�1�� ���+,�4H =+),�� �+6�[� �� ��+� $%��-�=�> ���!�"�
    $� ��	
� �� $%��-�=�> �&�=>=
�� .      #� :��D4+�� �+� ?�+�@� A#�+� J

   $%��-�=�> O���1���  $� E54'� A�>    �	�+, �+� =),��1    9+& #� $&�+>
               9+& A-� �+� J?�+�@� ��4��+. 2��+)6 �*1 J$%&[�. �"'(� l�Y

   =,�
 OQ�- O;�� $)*)�   $� ���(� ���! �� ]    ��4��+. E+&�U1 �+� 2��1
    ��� $%��-�=�> O���1 Jv��)� ?��@�         #� :��D4+�� �+� �� E+54'� A�>

 ��� <��U1 O;�� ��� $%��-�=�> O���1)1-  7 .(  
 2���++%3> - s++,�-t)21 (?�++�@� l=++� �(++> �&�=++> A#�++�

      =,��� ��&�@� �C&=%& �� �� ��	
� $%��-�=�> .      �+� =+)4.�Z �X�4, ��,�
l=� NSMC       l=� �&�� <�� �� �� $&���� <&�4�� ���� �> .   - s+,�-t

  2���%3>)23 (          A�4����+H 9& l=� - ���(4��, B�*� I��D� v���1 ��
      A=&=; l=� A��� - r�-��  F�+H A���      $%��-�=+�> �&�=+> $+)��

  =,��� ����� ��	
��� .      2���+%3> - s+,�-t)22 (       I�+�D� #� :��D4+�� �+�
NSMC               #� ��+� �� �"+'(� $+)*)� w��'4+�� A��+� �� $
-�

          =+,��� �+���� A�>�+K L�"+'� I�+; - ���i :#�=+,� O+&#�1 $)*)� .
       $��#�+�� - �,�+��, ��@�@*1)11 (        l=+� �+� ��� 2�(+,NSMC  ��

F�H��            L�"+'� I�+; - ��	+
� $%��-�=�> �&�=> <�� $C4���- $)
   ��� ���� �� A�>�K         ���+� �� $+�- J�+�� x+.�� $*T+��&# A�+>

������=, ��;- $C4���- <&� =)4�> �'
 ��781 �*1 �� $&�>.  
    F�H \=> �� F>-GH <&�           �+� ��+� �� �"+'(� $+)*)� $+)��

            I�; - ���(� �.�� �� $��� �� �"'(� $)*)� #� :��D4�� L�"'�
   �.�Z I�X,� �-�D4� A�>�K .      ?�+�@� I��D� #� x�@*1 <&� ��  JA#�+�
       �5�� - �5�� B��1 �4(�H ��)8 ( B�*� A���     �� ��@.�� �� ���(4� A�>

   =
 :��D4�� J�.� ��� . $)*)� A�&eH���01 <�3'1 A���  �"+'(� A�>
      J��� 2�34��� ���01 �7� �� ����� ��	   
���� ��� ���  ���
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 B�*� ���(4��,             :#�=+,� - 2��+%& ���i :#�=+,� A���� �+� =)4�> $&�>
   =)4�> 2��%& �� e.�)� .  $��#���)9 (         ���+! �+� �� ��+� z[; 9&

  �%
1       �+� �.�Z �{, ��S           - =+��; #�+. �"+'(� l�+Yd  �+Y  l
��� eD)� �"'(�.  
  :=&� ��� 9&   #� l�N         �e� ]��� :=
 ��%(1 2��%& :#�=,� �� :�i 

������������������������������������������������������������
1- Non-Similar Media Concept 

�� ��� <&� �� I�; - �X� B��-� #� v�1�11 - 2$� �	��*� ��
:  
)1 (                                                    � �3dSNV ��   
) 2   (                                                   3SNM s���   

   B��-� <&� �� ��s�  - ��� ���i $@�@� $��C|�   #�+. �%
 ��4��.
           �� ��� ���i $UQ�- �X� �	�, ����� �� ��� =��;S3  $�  =+
�� . ��

             ����� A-�� ���i A��� - 9& ����� ��4��. <&� $	U%� ���i ����
6
� 

$�=
�� .              <&�+43� - 9+& �%+
 ��4��+. A��+� <%3� ��=@� <&�4(��

 <%3� ��=@�
s

b

�
� $� =
�� .  $��#���)9 (       ��� 2�(+, $+��X1 ���! ��

         ��� ���� �� =��; #�. �%
 ��4��. ��=@� <&�4�� ��    �+���� $)
 A�>
��++� ���++� �� - 9++&�� A�++>�++,�=���++� =++),�� A� - $++�� A�++>

 ����� $,�(D(1� A�>�4����
s

b
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�$� =
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      �)4� ��� �� F%� J$C)���� �T��� x	Y       :#�=+,� �� eD)� �> �� �K
  :#�=++,� �++� ��++> �-�- F++%� <&����++)� ]���� r++%6 �	�++, e++D)� 2�

}�[�     ���� r%6 �	�, eD)� <&�1 .     :��� ���01 ��� 2�34��� �V,�)|
     #� e.�)� :#�=,� �"'(� l�Y -d ��d �        ��+> �-�- F+%� =��& ���01 

#�eh�� eh '=
 =>��� �&=	1  .  
   ��=+@� A��eC&�; ��d - 'd    �+���U� #�3    ?�+�@� ��4��+. ��=+@� 
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��! ���  ��! "#����$	�� ���

    �6�3X� #� $U�	Y ��� 9&      :#�=+,� �+� ���i #� A�    E+54'� A�+>
  ��� :=
 ��%(1 .           :#�=+,� �+� $��+� A�>�+K L�"'� I�; �V,�)|

 #� E54'� ���ib� ��b
'�    �"+'(� $+)*)� #� �T@, �> =��& ���01

  =),�� ��� �� � �h,�  �T@, ��         �� �"+'(� $+)*)� �� �K�)4� A�
=),�� =&=; ��� � �'' ,h�=
 =>��� �&=	1  .  
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 )�*1-+, ./ �� $/0*  �!"#� 2�3 � �(4 ./ )�* �� 5S �!"#� 2�3 � 6�%� 	 d

  
        �� ��� #� $&�[;� �� ~�. <&� ��S   ��=+@� A���� =+,��� 2��%& 

d       :#�=+,� ��+� A�>�K L�"'� I�; ���01 �� $.�Y #� - =)
�� ����� 
       $� =)� ���01 �	�, 9& �� e.�)� $��31   �T��� 2��14       �+> ���+� �� ��

   �� ��3U1 :��'�� F%�            �� �"+'(� $+)*)� �� F+%� �> �� ��| ]�
               �� 2� �+��Y� �+� �+�� AeD)� <&�4Z�[� :#�=,� �� �K�)4� ��)1 ���

   $� 2=
 ��5'1 l��      <+&� �� e.�)� $��31 �� ��� <&� �� ~�. - =
��
     $� ���01 �	�, 9& �� :#�=,�=))� .        F+%� ���+� �� ?��@� ��4��. �e�
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      $� ��� �X� �� �� �� #�=
�� .       �+� �K�)4� $3X� ���Y� ��=@� �e�

$� 2��� �&# ����U� #� :��D4�� �� F%� �>��
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     �T��� <&� �� ��n   - �� #� ��	+
� e.�)� �� ��� A�[;� ��=U1 k  ��=+U1 
$� ��� :=)>� ��%(1 A�[;� ��=
��.  

    ��=@� A��eC&�; ��d    �T��� #� 3    �T��� �� 6         <4.�+Z �+{, �� �+� - 
 �&# �T��� :=
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    �T��� ���@1 ��8    �T��� �� 7    Y� ?��@� ��4��. ��=@�   $3X� ���
�� ���$� =&�:  
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)9              (                               

2�3>  $� �{��� �� ��Y  �&��+@� :=
 l�36� ���o�. �� ��
d - 
S    :#�=,� ���Q �� ��  $� A��Z        ��4��+. - F%� ?��@� ��4��. #� =)
��

=,=
 \e� ���Y� ?��@�.  
  
�%���������� ��� ��  

                #� :�C(+&��#� �� ��+� �� �"+'(� $+)*)� <�+�U1 ��+{)� ��
   =&��Z :��D4�� t�D&�4,�� :�C4�� .     F%� :�C4�� <&� #� :��D4�� ��  A�+>

  �,�3, �� $D54'�               L�"+'� I�+; - 2��+%& ��+� �+.�� �+� $&�>
            F+%� �> l��U� $3X� ���Y� - =
 l�36� =)4
�� �-�D4� A�>�K

:#�=,�=&��Z A��Z .  
            l=+� #� :��D4+�� �+� J<+&� �� :-�6Rosetta    $+)*)� [+�,   A�+>

   ��� A��� �� �"'(�             L�"+'� I�+; - 2��+%& �+.�� �+� $&�+>
  F�H �-�D4� A�>�K   =+
 $+)�� .           $	"+6 �%	+
 [���+,� #� l=+� <+&�
  F�H A��� $6�)"�    $� :��D4�� $%��-�=�> A�>�4����H $)��  =)�)13 .(

      � $)*)� #� l=� 2�����	���� ��{)� ��    ��� �� �"'(2134  �,�3, 
     ��� :=
 :��D4�� ���)14 .(5       �@4�� ��04� 2��)6 �� E54'� ���� 

       ���� ��;- l=� <&� �� A�-�-)13 .(        J<+
 =+!�� #� F>-G+H <&� �� 
              A�-�- �@4�+� ��04� 2��)6 �� A�>�K L�"'� I�; - ?� J�5��

 =
 :��D4�� .     l=� #� :��D4�� ��Rosetta   A��� 5      E+54'� ��+� �.�� 
        F�H ��� �� �"'(� $)*)� �-�D4� $,�34��� B&��
 �*1  $+)��
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=
 .     B+��-� #� :��D4�� �� r��5   - 9          $+)*)� ��+� �+.�� �+> A��+� 
            A�>�+K L�"+'� I�;�+� JO+;�� ��� �� �"'(�5/1     �+� I�+Z 

$4,��               L�"+'� I�+; �+*1 $+)*)� <+&� #� :��D4+�� �� JvU%� �4�
A�>�K  F�H �-�D4� A�> =
 $)�� . �+,�3, ���� ��  :#�=+,� A�+>  A�+�Z

       $)*)� #� $%& O;�� $)*)� :�C(&��#� �� :=
 :#�=,� A�>   :=+
 A��Z
   =
 �4.�Z �{, �� .          <��U1 �T� - $U� �� [�, �%
 ��4��. ��=@� <&�4��

=&��Z.  
             O+��� <�C,�+�� �(+&� �4����+H A���)(�H M-� $��&#�� ��{)� ��

   ���
 2��)6 �� �T�   $)*)� A��� �T�      @� - :=+
 ?��@� A�>  ?�+�
�� :=(,�� �&# ���!�.� ���.  

� �
N

RMSE

N

ii� �
� 1

2
�̂�

 )10        (                          
   �T��� <&� �� ��i�             $+)*)� �� �'(+� F+%� �� �+��Y� ��=+@� 

JO;��i�̂  F�H ���Y�        - F+%� 2�+3> �� :=
 $)��N1    ��+@, ��=+U
F�H �� :��D4�� ����$� ��� �� �"'(� $)*)� $)��=
��.  

 �� <�)V3>          2-=+� �4����+H #� A#�� ?��@� ��%536 $���� ��{)�
 2��=,�� =U� ?��@�  =&��Z :��D4�� A#�� .        �+&# ���+! �+� �4����H <&�
$� E&�U1 ��
)2:(  

1001 �		



�
��


�
��

u

s

RMSE
RMSESE )11         (                        

��uRMSE - sRMSE��   �C,�+�� v�1�1RMSE:���    - �+	Q �+>
  ?��@� #� =U� $� A#��=
�� . 9&�[, ��   $+)*)� 2=
 �1    ?�+�@� A�+>

     ��=@� �C&=%& �� :=
sRMSE  $� F>��  =+��& . �+�    ��=+@� 2��+� R
SE    $)*)� 2��� 9&�[, �C,���        �� �	�, �C&=%& �� :=
 ?��@� A�>

$)*)�   $� :=(, ?��@� A�>=
�� .       <+&� �C,��� ���
 <&� $1��	6 ��
        $� =� �| �1 :=
 ����� M-� �� ���  $+)*)� =,��1      �+� ��+��� A�+>

A�>�K L�"'� I�;=)� 9&�[, �C&=%& �� �� E54'� A�>.  
  

7&� 	 8/�9  
=;  l-1    ��� ���!�"� :=)>� 2�(,       <+&� �� �U��T� ���� A�>

 $� F>-GH=
�� . �,�3, <&�  �,�Z �� �>   :=+
 ��'4,� A�      E+�Y �+� =+,�
��� #� $U��-���Z �� �� �� �>.  

v��)�          ��+� ���+� �� �%+
 ��4��. A��� ��=@� <&�1   �+>   <+
 A
    $� 9& J�5�� - $���=
�� .      J?� ��=+@� F&�[+.� �+�      v+��)� ��=+@� 

��.   $� �� �%
 ��4��
 . �*D! ��4��� �%	
 A�   $�� $��4�&�� A�>
2�(,  �*D! �%
 :=)>�   ��� ?� ���i A�)5(]  ��4��. ?� ���i �e� 

        =,��� �5�� - <
 ���i �� �	�, A�4%|�� �%
 .     ��=+@� F&�[+.� ��
       $+� F&�[.� ��� �� �"'(� $)*)� �� ���i <&� F@, ?�  - =+��&

    %
 ��4��. A��� ��=@� <&�4��  $� F>�� �=��& .       l-=+; �+� �;�1 ��1 
 $� �{���      E+54'� �&��@� #� $U��- �)��� �� :=
 ����� l=� �� ��


        ���� $&���+� ��+� A�>�+K L�"'� I�; .  �+%�&�X,� #�
s

b

�
�

� � 
$�              �� �&�-=+*� �+6�� v+��)� �%+
 ��4��. ��=@� 2��� �� J=
��

     A���)(�H M-� #� :��D4��          ��+&# A�>�+K L�"+'� I�+; �&��@� ��
$�  � �e� ]��
              L�"+'� I�+; �+)��� $)+
 ?� - ?� ��� ���� �

     �� �U��T� ���� A�>�K8/1            �+� $+�� I�� ��� ��� ���� �� - 9/1 
  $4,�� �� I�Z    ��� :=
 �-=*� vU%� �4� .  ��+� ��    A#�-�(+� A�+>

         $3, �1��. �&��@� <&� #� ��� A�>�K L�"'� I�; pR�3U�   �e� - �-�
           �+K L�"+'� I�+; �� �&�-=*� <&� $6��# ���� ��    �� $+55� A�>

     $3, ��X&� M-� <&� #� :��D4��=)� .        �5�+� - $��� <
 ��� ���� ��
             R�+� A�>�+K L�"'� I�; �&��@� �� l=� #� :��D4�� �� $4&�-=*�

���=, ��;-.  
    �,�3, ��� �� �"'(� $)*)�          �&��+@� �+*1 :=+
 �+�i A�+>

     JA�>�K L�"'� I�; E54'���  ���       l=+� #� :=+�� Rosetta  �� J
    �%
 �| �3�2     �+�� :=
 :��� 2�(,  .      �+��� �3+� A�+>����3,

  �%
2         F�+H ��� �� �"'(� $)*)� �C,��� [�,       A��+� :=+
 $+)��
             A�>�+K L�"+'� I�+; �+*1 J:=
 ��i ��� �.��5/1     �+� I�+Z 

$4,��  $� vU%� �4�=
�� .  �%
3:#�=,� �&��@� �C,��� [�,    :=+
 A�+�Z
          $��� ��� �,�3, A��� $3X� ���Y� ����� �� F%�)�3�  �+|  ( -

 ?��@� �&��@�    ��@, <&� :=
) ���� �3� ($� =+
�� .    �+� ��+� �+,�3,
    A�>�K L�"'� I�;25/1    $4,�+� �� I�Z         2��+)6 �+� v+U%� �+4�
=
 �4.�Z �{, �� O;��.

���
 �&��@� A���� A�>RMSEu J RMSEs -SE l-=; �� 2 
  ��� :=
 �����.      l-=; �� �;�1 ��2  $� �{���       �+���� B+��-� �� ��


  :=
  F�H ��3X� ��$)��           �+.�� ���+� �� �� $��+	Q �+��Q A�+>  A�+>
$� ����� ��� E54'�=>�.  

   �%
 �� �� ��T,�3>  A�>2   - 3  $� �{���    $+)*)� ��+
  A�+>
    F%� �� ��� �� �"'(�   J�� A�>     �-=� �11000  $4,�+�     �+� J�+4�

  :=
 ?��@� $���   F%� �� $�- ]=,�  F�H ��&# A�>    #� :��D4+�� �+� $)��
 �i B��-�     $� �T� �� IS�1 :=
 �=
�� .     F+%� �� �+T� ����    ��+&# A�+>

        B��-� �� 2=��� A��� :=
 l�36� ���o�.5   -9  $+� =+
�� .   #� $+%&
           $� ��� ���i $��31 ���� �� �%
 ��4��. 2��� ���7 ���o�. <&�-

]=
��  
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 )�*2-�9�09 �� �� �!"#� $%&%� �� 
� ;�� �� ����Rosetta)=� ;0� ($%&%� 	 ��* ���� 
�);��( ;0�(?  

 )@@ ( JO;�� $)*)�)---  (A�>�K L�"'� I�; �*1 $)*)� JE54'� A�> (.....)$)*)�:=
 ?��@� A�>  
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�
* )�3-$%&%�  ����9� �� �� �!"#� 
� ��* 
B�C)=� ;0� ($%&%� 	 � ��* ���� 
);��( ;0�(?  

 (   )� ��� JO;� (  )A�>�K L�"'� I�; �*1 ���E54'� A�> (  - (  ):=
 ?��@� ��@,  
  

 2	�,1-�� D�E�!� �FGH� �(�� 
�  
�� ;I�  J* �E(�  ;��� �E(�  �( �E(�   �FGH� �(�� 
B�K L�!"� �B, �%���(gr/cm3))�* (���I  

$��� <
(*)  80  10  10  2 – 1/1  1  
?�(*)  10  10  80  8/1 – 1/1  7/0  

$�� I��(*)  34  33  33  9/1 – 1/1  75/0  
�5��(*)  10  80  10  2 – 1/1  1  

$)
 ?�(*)  50  10  40  8/1 – 1/1  7/0  
I��(**)  46  39  15  6/1 – 12/1  9/0  

 :*�,�3, l=� #� :��D4�� �� ��� �� �"'(� $)*)� �� $&�>RosettaF�H ��� :=
 $)��. 
:**�,�3, � �� 2� �� ��� �� �"'(� $)*)� �� A���� :=
 <��U1 F&��#� #� :��D4�.  

  
 2	�,2-M�* 
(�� 
�  

��G $%* �( ;��� $�( ��G �( $��G J* ;I��� 

0284/0 0349/0 0484/0 0370/0 0435/0 0404/0  RMSEu
* 

0151/0 0194/0 0238/0 0234/0 0272/0 0189/0 RMSEs
* 

89/46 48/44 85/50 65/36 34/37 14/53 SE 

 :*
 <&� �&��@������� :=
 2��� ���Y� $3X� �	�, v�� �� �>.  
  

      �*D+! �%+
 �+��� �+� �.��[&� ���i �� $1��! ��  ��4��+. A�
           - $	U%� �%
 ���� �� �
�� ���i �%������ ]=,��� A�4%|�� �%


    =,��� A�4Z�[� �%
 ��4��. A-�� .         �+��01 �+� �+� =
 ~�. <�)V3>
        9|�� �	�, 9& �� e.�)� $��31 A�>�K L�"'� I�;  $+�  ]=,�+
  

       pR�+3U� [+&� e.�)� :#�=,� �%���� ��           �+��01 ��+� 2�34��+� �+��01 �+� 
$3,                  �+
�� e+.�)� �+��01 �+6�� �4(+�� ��+� 2�34��+� ���01 - =)�
$�         F%� :�-=*� �� �� ��� ���� <�3> �� ]��
     $+)*)� ��+&# A�>

       $+� ��+� �+.�� ��78+1 �+*1 �4(�� ��� �� �"'(� =+
�� .  P&�+4,
  [�, <�(�H ��U��T�         F%� �� ��)1 ����1 ��781 �� ��� :��� 2�(,  A�>

 #� �43�1000$4,�� $� �4�;�� �4� =
��)6 J15J 17-  20.(  
        F+%� �� M-� ��+%536 $��&#�� ��{)� ��      #� �+43� A�+>1000 

$4,�����
 �&��@� �4�A���� A�>RMSEuJ RMSEs  -SE <&� �� 
   =
 �	��*� F%� :�-=*� .  l-=;3 2�(,  �&��@� :=)>�  ���
 <&� -

�.�� ���� �� �>$� ��� E54'� A�>=
��.  
         ��+� �� �"'(� $)*)� F%� F&�[.� �� �%�&�X,� #�    �+� A�+>

       $� 9&�[, �C&=%& �� �-�D4� A�>�K L�"'� I�;    ��=+@� �e� =,�

RMSEu   F%� :#�� ��           �+� ���+� �� ���
 <&� ��=@� #� <�&�H A�>

F%�  $� �4(�� �>=
�� .   �%
 �� �;�1 ��  A�>2   - 3 $� �{���  ��+

   F%� :�-=*� �� ��  $)*)� R�� A�>    ��+� �� �"'(� A�>   �+*1 

       $� 9&�[, �C&=%& �� E54'� A�>�K L�"'� I�;  �%������ ]=,�

$)*)�      $� �5!�. �C&=%& #� :=
 ?��@� A�>=,��Z .    M-� A�+T� �e�

 F%� ��     ?��@� 2��=,�� F>�� �6�� R�� A�>       - �+�� :=+
 A#�+�
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  �
 <&� ��=@�   �.�� $��31 �� ��       :�-=+*� �� �U��T� ���� ��� A�>
F%�    #� �43� A�>1000 $4,��           �� ���+
 <+&� ��=+@� #� �4(�� �4�

F%� $��31 ����$� �>=
��.  
    l-�=; ��&�@� ��2   -3  $� �{���         <+
 ��+� ���� �� �� ��


        #� �43� F%� :�-=*�  �� $���1000 $4,��     �&��+@� �4�RMSEs  -
SE  �&��@� ��   ���
 <&�    F%� �� �� �>    ���=+, $,�=)| �-�D1 �> .  �+�

                 �+� �� $��+� <+
 ��+� ���+� �� A���)(+�H M-� A�T� $1��	6
F%�      �+�� 2��+%& 8+	&�@1 �> .       ��=+@� ��C3(+| F>�+�RMSEs  -

    F&�[.�SE  ��� ��          2�(+, $)+
 ?� - $�� I�� J?� A�>  :=+)>�
    F%� �� l=� AR�� $&����     #� �+43� A�>1000  $4,�+�    �+4�   <+&� ��

��� ��� �> .     �%
 �� �;�1 ��2  $� �{���        ��+� ���+� �� �� ��

   F%� :�-=*� �� �5��  $)*)� �� $5�� A�>     ?�+�@� $��+� �+� �+>

:=(,=,� .   ��=@� �e�RMSEs             F+%� :�-=+*�  �� ��+� <+&� ���� �� 
   #� �43�1000 $4,��               �+� �� ���+
 <+&� ��=+@� #� �4(+�� $3� �4�

F%� ��� �> .     l�+� <&� ��         �� ��+� <+&� ���+� �� :=+
 �+���� M-�
F%�    ���� �T� [�, R�� A�> .         $+3X� �+��Y� ����� ��  F%� �&��@�

       �-=� F%� �1 I�� ��� ��10000$4,��   :#�=+,� �+4�      �e+� ]=+
 A�+�Z
   F%� �� l=� A�T�         �&��+@� - ��� :=(, :=&� �1R�� A�>RMSEu J

RMSEs   - SE  F%� ��     #� �43� A�>1000 $4,��  -�D1 �4�  $,�=)| �

F%� �� �� ���
 <&� ��=@� �����=, �>.  
     $,�+�� �� ���� $Z���GH - $6��# ��.�K =� -� <�� ���Y� I�31

           B@. :��Z ��, �� �4�� - :��	, :��Z :��D4�� ���Q40    �+1 75    2� =+!�� 
$�               F+%� �+%)&� #� �	Q �36 �� �e� ]��
 :��Z �e; ����� �� =,��1

      A��+��� =��� $&R�� =� �� ���    $+� I�+X,�       �� l=+� A�+T� - ��+

F%�            ��78+1 $+6��# �R�"*� A����� A[&� ���,�� A-� �� ��&# A�>

�
�� =>��', $,�=)|.  
 

�N��9
B�C  
      B�*� I��D� ?��� �� JF>-GH <&� ��    A��� $
-� ���(4��, A�>

?��@� $)*)� A#��           E+54'� B&��+
 �+*1 ��+� �� �"'(� A�>
    =+
 �+���� $,�34��� .    � 2�(+, P&�+4,           M-� <+&� #� :��D4+�� �+� �+� ��

$)*)�           L�"+'� I�+; E54'� �&��@� �*1 ��� �� �"'(� A�>
   F%� :�-=*� �� A�>�K �� �� A�>?��@� $��� :=+
 A#�� =+,� .  �+�

  $)*)� F%� F&�[.� $� �5!�. �C&=%& #� :=
 ?��@� A�> �e� ]=,��Z
     F%� :�-=*� �� l=� #� :��D4��  $3, ��!�1 ��&# A�>��
 . <�+)V3> 

               A�>�+K L�"+'� I�+; �&��+@� #� $U��- �)��� �� :=
 ����� M-�
��� :��D4�� ���Q .  

  
 2	�,3-M�* O�� �(�� (� 
(�� 
� �� B�0� 
�1000$�9� B��  

��G $%* �( ;��� $�( ��G �( $��G J* ;I��� 

0314/0 0459/0 0646/0 0489/0 0566/0 0537/0  RMSEu
* 

0156/0 0102/0 0273/0 0139/0 009/0 0209/0 RMSEs
* 

50 70/77 79/57 65/71 84 06/61 SE 

         :*���
 <&� �&��@���� :=
 2��� ���Y� $3X� �	�, v�� �� �>.  
  
Q�%�  

1- I $Q��!.   I ��D)� ��-���Z J.�.J -   � 2����Q  .1387 .?��@�         #� :��D4�� �� ��� $%��-�=�> �&�=> O��1 A#�����6  �7�� $C)�&��  .�5X�   - �� 
 ���)A#�-�(� O&�)! - I�56 .(24)1:(189-197 . 

2-I $Q��!.J� 2����Q -  .1389 .?��@���� $%��-�=�> �&�=> - �� �
�=�C, O���1 2����1 A#�� . ��� - �� �&�(,24 :406-394.  
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Abstract
The soil-water characteristic curve is one of the most important soil properties used in modeling of water 

flow in unsaturated soils. This curve is a function of soil texture and structure and for a soil is influenced by the 
changing of soil structure. Scaling is used for relating properties of different soils using a scaling factor. In this 
study, we develop a model for the scaling of the soil-water characteristic curve for soils with the same texture 
and different structures using non-similar media concept. The model can predicts The soil-water characteristic 
curve of a soil using the curve of a soil with the same texture and different bulk density. For evaluating the 
proposed model, the soil-water characteristic curves of 6 soil samples with different textures under different 
structure conditions were used. For each soil texture, the soil-water characteristic curve of reference soil was 
predicted using the curves of other bulk densities. The results show that proposed model has good prediction for 
low tensions, and by increasing the tension, the prediction error is increased. Proposed model can be used for a 
wide range of bulk densities. 
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