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� M���     ��@ D, �� �7�6 ���
   ��� D, J�4� 6�,     Da2�� �, ��
 D# ��� D@      �	* �E�� �7�	�� �� �,�! �

	4*�, .  
  

��� ����� 
��GM(1,1)  
  �� �-4�� �6         ��� $	� ���S� ���, �6	Q $�c� 3� �� Y�<�')1I1 (

 �� �6�&�#�6�* .      ��� $	� �X��� 1�2�� ���,)1,1 ( D+E?Q  M�	+4�
��    �R4� D, 	4
���15  	44@ DS'���   .   ���]� %��GM(1,1)   {�* D,

 "#� ��� :            �, ���4�� �S�-� `�' � ��
 �KE �O���� ���	
� ���H �	�,� �6
M9   �� u�]�
� ��  6�* .,         �4S� ��� $�	' �� ���
 ���	
� ���H I$�c� ���

mm 530/9 ri= Imm 760/4 = 2 ri+ Imm 000/2 = 3ri+  �
840/0=4ri+        	
	* u�]�
� ���
 ���	
� �a2� �O��� M��4Q D,)   $�	+'

1(.  
DQ��-� 6�	Q� ��� �� `�'  +S�-�  � ���+4��  �+,  ��+��KE  ��@d+� 

=��N� �� 6�*:  
)9(  � �

� �0/6830/81395901
43211..4

,,/,
)(),(),(),('

)(

�

� rPrPrPrPX  

  

  
 �	��1-   
�� ��� �� ��
��)1!1  .("��# �$%) d( &��' 
��� ����*� ��+,/ 0��) Fd(&  ��� 
2  ��+,/ 0�� ��	3�2 GM(1,1) 

)F�d ( 456� �� �7��� �2)15(  
 d 530/9  760/4 000/2 840/0 250/0 149/0 074/0 03/0 014/0 011/0 008/0 
Fd 000/1 959/0 813/0 683/0 527/0 449/0 215/0 168/0 129/0 082/0 056/0 

  GM(1,1)  $	� �, �S�-� `�' 6��9�,  

F�d 000/1  959/0 813/0 683/0 577/0 436/0 353/0 183/0 100/0 081/0 062/0 
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`�� 1 .�, >�#� )(
'

1..4XI � �� ��' �� ��Q  �+,  =+2�P  �+�' 
�����Q I�aRE  DQ��-� 6�	Q� ��� =��N�  �� 6�*:  

)10(  

� �3/4552/772,1/959,1,
0/6830/8130/95911

0/813,0/95910/959,11,'
)1..4(

�

				
			

�
��

�
�
�

��

�
�
�

X  

  `��2 .  Q �6 ��7
����       D+Q��-� �� �O��+�� �)(
'

1..4X   ���+Q�
DQ��-� �� =��N� �� ��� � 	4�6:  

)11(  

� �3/11352/3655,1/479,
2

3/4552/722,2
2/7721/959,2

1/9591

�

			�
�
�
�

�
�
�Z  

            D+Q��-� �� �+��@ ��+Q 3� DQ��-� ��� D@ "#� �S�RZ   �+aRE �
6��6.  

  `��3 .    ��� $	� ���������0a   � b    D+O6�S� =P �,       ��+�S� �+�� �
��6�*:  

)12( 
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�
�
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�

�

�
�

�
b
a

nZ

Z
Z

nrP

rP
rP

1

13
12

3
2

)(

)(
)(

)(

)(
)(

���

  
DO6�S� ��7�#6 DaP�� ��� �6 D@ �� �6 ��� =�* D, ��� �	�9:  

)13( 
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�
�
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�
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�








�

�

�
�
�

�

�

�
�
�

�
b
a

13/1135
12/3655
11/4790

0/683
0/813
0/959

����,�4,:  
)14( 


�

�
�
�

�


�

�
�
�

�
� 1/2097

0/1687
b
a  

`��4 .DO6�S� /�0 �      �+�� =�* D, ��
 ���	
� �� �S�-� `�' �4�,
"#�:  

)15( � � )(exp)exp()()( aka
a
brPkrP ����

�

�
�

��
� 11

  x0     �S�-� `�' ���-40 ���,) ��E� �4S� :5 k= (   6��9�+, ��	;�
 I�	*)( 5rP

�

 �,��, I �, "#�:  

)16( 
� � � � 0/5770/1687(5)(0/687)1

0/1687
1/2097)1()5(

���

��
�


�
�

��
�

expexp

rPrP 

`��5 .`�' �S�-�  ���N+*   I��
 �+KE  )( 6rPI  �+,  �6�&�+#� �� 
DQ��-� 	�	' ��� �4S� `�'  ��
 �S�-�  �  � `�6�  �]� t-40�� �6� 

�� 6�*:  
)17( � �

� �0/5770/683,0/813,0/959,
532 42..5

�

� )(),(),(),('
)( rPrPrPrPX

  `��1    `�� �� 5   DQ��-� ��� ���,  	�	' � ����� ��6�* . 6��9�+, 
`�' �S�-�  $�	' `�# �K# �6 ����� �� �61"#�  .  

  0 ��� �6          D�O�� %�� I/���GM(1,1)         ��+@ D+, �+��o� ���	;� �,
  "#� �	* D���� :      ���+�� �� �6 D@ ���2 ��	,        `�+' 6��9�+, ���+, I 

  �	S, ��
 �S�-�    �aRE ���
 `��� �S�-� `�' �� I 	+* �6�&�#�  .  Y?c+�
             D+Q��-� �� ��
 ���N+* �+S�-� `�' ���]� ���, `�6 ����� �6 �

	* �6�&�#� "#� t-40 �� $�� ���
 �S�-� `�' =��* D@ ���:  

)18( � �
� �0/5770/683,0/813,0/959,1, 

532 411..5

�

� )(),(),(),(),('
)( rPrPrPrPrPX 

����     �-� `�' ����&� 6��9�, ���, ��Z     �S�-� `�' ���H �� �S
              ��+�]� �+� =+�Q �+�� � 	+* �6�&�#� tN* � t-40 6��9�, �6 � D�O��

  ���!9 �S�-� `�'  	* ����� .          ��+� � �7�+#� $	� �6 �����@ )1I1 (
 `��� ���,138D
��
 	* `�-
� D
���	' ���2 D, ��! �.  

  
�9;
����� �;��
� 
 
�  

 ����9 ���H      �K! ��S,�� ��7
��� 8#��� �)MSE(   ��K! 	2�6 I
:aK� )MAPE(I  �S�-� :aK� ��K!)AAE (  ��+�S� W��X �)R2 (

$	� DF��;� ���,"��� ���E �6�&�#� 6��� ��.  
MSE  �� 1��S� ��� ���2 D,6�*:  

)19(  
2n

)()(
1
 
�

�
�� 
�

�
��
�

1k krPkrP
n

MSE  

    M9 �6 D@)( krP   � 
�

)( krP      ���	+
� ��	+;� W���� D,    ��+��   � �	+*
  �	* 6��9�, ��	;�      ���, ���
 �S�-� �F@ �R   >?@)�KE (   � ��
n 

  "#��6��9�, =@ 6�	S� . ����6 D@ �O	�MSE 3+H�@     �+��, 	+*�, �+�
"#�.  

MAPE �� 1��S� ��� ���2 D,6�* :  

)20(   
�

�


�
�

��
� �

�
n

k k

kk

rP

rPrP

n
MAPE

1 )(

)()(
1 

 ����6 D@ �O	� MAPE "#� ���, $	� 	*�, ���@.  
AAE � 1��S� ��� ���2 D,�6�*: 

)21(   
�

�

��
n

k
kk rPrPAAE

1
)()( 
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 DH��AAE "#� ��N�, $	� �����@ 	*�, ���@ $	�.  
 R2  �� 1��S� ��� ���2 D,6�*:  

) 22(  
� �

� � � �

2

2
2

2
2

2

)()()()(

)()()()(

�
�

�

�
�

�

�

�
�

�

�
�

�

�

�
�
�

��
��
�

�
��
�


�
�

��
��

�

    

   
�

�
��

kkkk

kkkk

rPrPnrPrPn

rPrPrPrPn
R

  

 R2             �+4��]� � �	+* ������	
� �6�6 �6 ��, w?�!� =E�	P ���2 D,
  �� M��, �	*6�*  .     ����6 D+@ �O	�R2  g��+,       6 ~�'�+� 	+*�, �+� �6�

�� 6�*.  
  

 <=2 	 >;
7*  
 >?@ �����         =�+* �+cac� ��6�+�
 �6 ��+! "+��, ���1  �	+�6 

��  6�*.      =�* �6 D@ ��K
���1  �� �	��N�        D+
��
 �+c@� 6�+*     �6 �+�
>?@    ̀ �O ����, ���   ��a�#)SiL(  �#� `�O I )CL(    ��a�# �#� `�O I

)SiCL  ( ̀ �O � )L (    D
��
 �� ����@ 6�	S� �          "+��, >?+@ �6 �+�
 �+� 
  �#�)C ( �� ���E 	
��� .    ��+! �a@ ��Z D,         �6 6�@��+* "+*6 ��+�

 >?@ ����     �� ���E ����, ��� 	
���  .   $�	' �62  D
��
 6�	S�    ��+�

     ��!��4�� W��X >?@ ��)DK,���1 (    �4<
� W��X �)DK,���2 ( �6
D
��
��! ��� "#� �	* �6�6 M�N
 6�@��* "*6.  

  D
��
 ��� �6     �� ��!��4�� W��X ��2   �� 1105      �� �+4<
� W��+X �
1/0    6�	P �� 14  �� ���o�	4@  .  ���+�9 ��7
���       $	+� �6 ��9��+@ ��+�

    ��� � �7�#�)1I1 (   ���+,138  D+
��
         �6 6�@��+* "+*6 ��+! �
 $�	'3"#� �	* �6��9 .  

 �6 ��      �6 �,�+! �����+@ ��+�� �7�+#� $	+� 5   ����+, >?+@ 
��!    	
��6 6�@��* "*6 ��� . ��4U��  9��@ 5���
       �+, $	� �6 �� ��

   M������ � �� 5���
 )15 (            �6 D+@ ���+&� �+�� �+, 6��6 �a@ �
��]��
              ��+� $	+� �����+@ �� ���, �@	
� �7�#� $	� ��9��@ �X�P DSO�K�

"#� .      ����9 D# 5���
 �a@ ��Z D,    �MSE  IAAE   �MAPE  M�N

��      ����+, >?@���H �6 	4�6 ̀ �+O   ��a�+#(SiL)  ̀ �+O I  �+#�  ��a�+# 

(SiCL) O I`�  �#�)CL (    `�O  �)L (       �+��, �@	+
� �7�#� $	� �����@
$	��� "��, >?@ �6 8;� � "#� ����#�) C(   ��+� $	� �����@

 "#� �7�#� $	� �� ���, �@	
�)$�	'3  .(  
 

 
 ?�'1-@A� 4;��/  B
C �*�+* �7�
2 

�����D' E'� 

�  

 
�	��2 –@A� G�� !B
C E�
2 

�HC
' 	 ��*�� 

�B
C �� �7�
2 @A� �� 
�62����D' E'� 

� 


6=*� I;�J �7C��6�; I;�J �G�� �*�+* ����/ �7�
2 @A� 
8/0-6/13  15- 360  5/6  9  ��a�# �#� `�O(SiCL) 
8/0-0/9  33- 1105  5/35  49  �#� `�O)CL( 
1/0-7/9  2-143  3/41  57 ��a�# `�O (SiL) 
7/0-4/8  64-464  5/14  20  `�O)L( 

9/1 - 5/1  129-383  2/2  3  �#�)C( 

silt clay 

sand
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�	��3-��� �9;
��  ��
�3 �� L�M*
�� ��
N7O� 
2 
�� 	 PM�O� 

� 

�R2 !MAPE! AAE 	 MSEB
C ��   E'� 

�
����D'  .Q�RJ S	�T�� U
V* �� �/W
2 �;��
� �/���  

E�
2 @A�    MSE    AAE    MAPE    R2  
    PM�O�  
��    PM�O�  
��    O�PM�  
��    PM�O�  
��  

`�O ��a�#(SiL)    001/0  004/0    30/0  54/0    08/0  14/0    99/0  99/0  
`�O�#���a�#  (SiCL)     001/0  004/0    25/0  40/0    05/0  11/0    99/0  99/0  
`�O �#�)CL(   001/  005/0    32/0  67/0    06/0  14/0    96/0  98/0  

 `�O)L(  001/0  010/0    22/0  97/0    05/0  26/0    98/0  99/0  
 �#�)C(    002/0  040/0    37/0  26/0    06/0  04/0    94/0  99/0  

 ��7
���    001/0  011/0    30/0  56/0    06/0  14/0    97/0  99/0  
  

   >�#� �,R2 6  >?@ D�� �    ��+� $	+� �	+* DSO�K� ����, ���
"#� �7�#� $	� �� ���,.  =�+*2  ���+��o�    �+S�-� :+aK� ��+K! 

)AAE (    4�� W��X �,��, �6 ��        ����+, >?@ ���H ���, �4<
� � ��!��
�4S� WO�^ SiL ISiCL ICL � L �� M�N
	�6 .  

   =�* ��� >�#� �,) :1O� (         ����+, >?+@ ��+�H �� �6 [��-��6
�7�#� $	� �� =2�P   ��	+;�AAE   ��	+;� �� �+��@AAE    �� =+2�P

  $	����   I"#� )u(   �����o� AAE       �����o� �� ���@ �7�#� $	� �6
AAE   ��� $	� �6    � I"#� )� (       ��	+;� ��!��+4�� W��X /����� �,
AAE          6��6 /��@ D, =���� �7�#� $	� �� =2�P)     >?+@ �� ��^ D,
SiCL (  �O�AAE             /���+�� D+, ���H�+
 =+���� ��� $	� �� =2�P

6��6. M������ � ��  )15 (    >?+@ �6 D+@ 	
	�+#� D+-��
 ��� D,  ��+�
        �+* >?+@ �� ��^ ����,AAE         �� �+��@ ��+� $	+�AAE   $	+�

"#� �7�#�.  
 G]N� J�R��� `	QAAE     �+��� �+4<
� � ��!��4�� W���X �,

   �4�74# �� �*�
 "#� )���� ( "��, ��N�, 	*�, �X�P DSO�K� �6 �� . �6
  DSO�K�  M������ � �� )15 (      ����, >?@ �6 �6 ��4� ���O �*) LS ( �

�4* `�O) SL( ����� �,    �+S�-� :+aK� ��+K! ��!��+4�� W��X / 
)AAE( =2�P       "+��� /��@ $	� �6 �� .         Y��	+�Q �+X�P D+SO�K� �6  

    �S�-� :aK� ��K!)AAE(        /����� �, �7�#� $	� �� �	* DR#�<� 
     �� /��@ �4<
� � ��!��4�� W��X      	�	* M�	4H /��@ ��� �O� 	,��

"F�
  .    �7�6 w�Z ��AAE            �+, ��+� $	+� >�+#� �, �	* DR#�<�
  /�����        +, �@	+
� =���� �4<
� � ��!��4�� W���X   6��6 /���+�� D . �6

��!     �� �@�+P ��!��+4�� W���X /����� ��74# ��� $6�+S�   �RF+
 
 "*�6 ���
       �	4�6 =��N� ��� ���
 �, DF��;� �6       �+�� I"#� "��, �

            ����6 �	�s��7�# "O�P �� ��! �S�-� ����� D@ "#� �4S� ��� D,
       �� �	�0 =���� "#�� 8! 3� D, �             �7�+#� $	+� D+@ �+-
9 �� � 	+4@

��4R��,      x+0 "#� �	* �6��
 �4, ��! ���
 ����� M6�, �	�s��7�# 
��     ��! ��4H �6 "&� M���            /���+�� �+, $	+� ��+K! /��+@ ����

���@ ��!��4�� W��X 6�, 	���! .   
 =�* �63         >?@ 540 ���, ��! ���
 �S�-� ����� �����6��
 

   "#� �	* �6��9 ����,  .         �6�6 ��7
�+�� >�+#� �+, �+���6��
 ���  ��+�
���	
�      /�0 M9 �, ����� � �	* t#� >?@ �� �	* ���� $	� �6 �4�,

          "+#� �	+�9 ����, >?@ �� ���, ��� � �7�#�  .      D+@ ��+Z M�+��
 �� �	��N�  6�*   ���
 �����   ̀ �O >?@ D# �6 �+#�   ��a�+#(SiCL) I
   ��a�# `�O)SiL (   `�O �)L ( $	� 8#��          ��+� $	+� �� �+��, �7�#�  

      	� �����@ � "#� �	* �6� ���]�         ��+� >?+@ ��+�]� �6 ��� $
 ̀ �O ����,  �#�(CL)    `�O � )L (1�SX  "#� ��  .   $	+� 6�+�a�Q  ��+�

  >?@ �6 ��4�       "+#� �7�#� $	� �� ���, �#� ����,  .    �+���� �+4<4�
 
 ���	
�    "#� 3��F-O �4<4� 3� �7�#� ��� .�6�6 D@ ���74�  ��+�

      3�6�
 3��F-O �,�� D, ���
 ���	
� �����    �+� �+�   6�+*)  D+a�' ��  �6 
"��,  3R# ��� (              1�+2�� �+��, �� ���
 ���	+
� �+���� �7�+#� $	+�
��  	+4@ .   $	+� ��+�           �+�
 �+���� =�+* 6��+� �6 �+X��     �6 � 	+4@

>?@   ��74# ����, ���              �+���� �� �,�+! 1�+2�� "+#� �6�+E ��
 ��
   	�6 Ds��� ���
 ���	
� . M������ � )15 (       >?+@ �6 ��+� $	� ����,

     ��^ D, �	* DSO�K� ����, ���  �6 	+
6�6 M�N
 �� �4* ����, >?@ �� 
�O�P              $	+� D+, "RF
 �7�#� $	� �	
� ����, /���0 ��� 5���
 D@

       �� M�N
 ����, >?@ ���H �6 �� ��� 	�6  .       �O�+��P� =+aQ �� �+��
      "#� ��! "��, ���'� ����� w?�!� ���  .   ��+! D+
��
     6��+� ��+�

   M������ � �� DSO�K� )15 (        +7�� D+
��
 D+# �� ��^ D,     �� /�+, �40 
       �� /�, ����Q � �* 	2�660         >?+@ �6 Y��	�Q � 	4�*�6 �* 	2�6 

   �4* ����,)S( �* I   ���O)LS(  ̀ �+O I    �4+*)SL(        �4+* �+#� `�+O � 
)SCL(        �+H "�+# �4���0 D*�� �6 �4S�          ���+E ��+! "+��, b+ac� 

 	4�*�6)=�*2IM������ � �� DO�;�  :15  .(  
DSO�K� �6 D@ "#� �O�P �6 ��� �X�P �  +@>?    ����+, ��+� �6
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Abstract 
Particle size distribution (PSD) is one of the most important soil physical properties. The Grey Model 

GM(1,1) is a new method and different from empirical and parametrical models for description and estimation of 
soil particle size distribution.  In this study, the models of Grey GM(1,1) and Skaggs have been used to estimate 
PSD in five soil textural classes including 138 soil samples taken from Shahrekord Plain.  For evaluating and 
comparison of two models, four statistical indices (MSE, MAPE, AAE, R2) and 1:1 lines were used.  The results 
showed that the performance of both models was relatively good in all five textures.  However, Skaggs and Grey 
GM(1,1) had the best performance in loam and clay textures, respectively.  It seems that the performance of 
Skaggs and Grey GM(1,1) models improved when soil textures changed to coarser and finer textures, 
respectively.  Absolute cumulative error (AAE) of the Skaggs model in some textures tended to decrease while 
that of the Grey GM(1,1) tended to slightly increase with increasing uniformity and curvature indices of soil. 
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