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

��� 

�� ��	,%�� 	� -./� �0� 12/� �34!4�,� � �5%&6! 47�� ���/� 

-8�' 9:4�,� �� �	;%2� <�=�	� 
���� �=�' 
�

�%���>�	2�� � �	0 
4"�(?���� 9�&@(*?
/,�A ���(?
�	�B �	C�� 
�4�@ 9&D�E

������ 9��	!(

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

�4�F# 

4�,��G	! $@�/� �� �6H 12/� ��/: -
�"� � IJ7� -: K�� ���: �	5%�� 
�	� ���� �"A�' $�	0 /�LM' N	�H	O ��P�� /� �B 
	� .-���R
�

-8�' 9:4�,� �=�' ?12/� N	�H	O S�	: �=�' ��� /�LM' ���/� T4� 	� � 4! �	;%2� <�=�	� -� P"U� 
� �0� 12/� K�,�:/� �A�/. ��� �

-./�)	0�� �� 12/� W��%� -2�� �(4! �	U2� ��/6' -� �� ���	Y' $�	: Z��� -H	= /� $H��%:	� SH	��B [G	0 �� ��H	��B ?.\�;D' 9H� ��

 ]C� �	"# �� �=�' ��� /L�^__?+__ ?*__ �`__ ]Ca� -� �� �A�/. ��� � -;�0� �� ��� b__ ?c__ �^__ /a� K�	a� �� �/3�a��: 

��	H��� ���� �4! 4�,� 12/� K�,�: K�/3 ��/0 .12/a� �5%&6! 47�� 9H/% : -: ��� �	�2 1H	%2)`E/E_4a7�� (��� ��+__ �� ��� 

�A�/. ��� 	� -;�0�^__ �34!4�,� 47�� 9H/%��� � K�	� �� �/3���: )))/^47�� (��� ��^__ �A�/. ��� 	� -;�0� �� ��� b__ 

K�	� �� �/3���: K�� ���� d� .12/� K�,�: 9H/'e	�)6! 47�� /%��� �34!4�,� 47�� � /% : �5%& (��� �� 4aH4A �=�a' 	�^__ 

�A�/. ��� 	� -;�0� �� ���c__4! $7	@ K�	� �� �/3���: .

�f�� 
	� 
4��� :9�4�,� ?12/�-8�' N	�H	O ?�34!4�,� 47�� ?�5%&6! 47�� ?�	;%2� <�=�	� ?
� 

-�4;� 

�� ����  !� "#$%&'
( )	(�* +��, -.,/� 0(1$2 
� (
 )3�456

 �
(� +#72 �� )�1$8 0�79 �	�:
 .-<5&(� �5� 0(�5	(=�/�#5>
� 

�?

 "�.�� ���� �@8 �	' AB3���5� "#5.C1
 �5D� '( / 0�579 

-<&(��/��5?

 0�579 ���� #.C1
 E8 #>
� ��
�5.<F( 
� (
 

�
(�)�.(-<5&(� �5� 0�7G>( 0�<3(���5	' AB53 
�5<HI 
(J5I 

���.C�553 #55.C1
 / ���55� �@558��� '( )55H	 ���55� -55
 
(J55I 

0�<3( �3( ���� +#$$8 #.C1
 +#%2 K�I)�.(

 	(J5�( �	�/#L,/ �.M%9 0/J�( '/
  	(J�( �� �91
 ��

 ���5� #.C1
 N�.O%2 
� N�M	�P  I�8 "���� �@8 �	' )P(
(

 �3( 
(�
1F�� )>�F �.%I( '(..���� #.C1
 #�/
 
� �8 �Q�R

 �M	�P �D� '( / �<&(� )3�3(  !� ), �.%I( K(
(� J.� N"#&��

 �5� E	#?
 �.G.8 (�	' "�3( #.G3 ���� �� S1<O& E	#?
 E6(�,

 �553( 
(�55T�.UV
 ���55� K
(�55T �55%.W / K#$455�
('��)��.(

�.X.
�
 ��K1Y@�(�Z��3 
�.@�(� "#&
( )3�$&
�8 /
�	��<3( 0(-.&�, [.��H, K'
/�@8 K�I"K'
/�@\ +#]@�(� "0(�7
 +�^@�(� 

�.20�7G>( )M.?_ `��$,/ K'
/�@8 N�!.!L
 J8�, )%O2 NV.I 1a 

*:)].�/�<]C( �4� "N�?
�], b1c4, :hmobli@ut.ac.ir 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
87

.1
2.

44
.2

0.
0 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
6-

17
 ]

 

                             1 / 10

https://dor.isc.ac/dor/20.1001.1.22518517.1387.12.44.20.0
https://jcpp.iut.ac.ir/article-1-884-fa.html


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

��� 


 �O6�, 
�?�� d1_�, S1<O& (#<�( "E	# [@F �O.3/ -8�� �I

 �
(/ 0#55& J55.%
 '( #55M� / +#.553
 E	#55?
 X553�$, �55�1_


�31� 8), -�1& .�31� N�.O%2 E>�6 ���5� "S1<O5& )$8

 ���5� �5	  &1� 0/#� +157W �53( K( .+157W ���5� ef53 K(

S1<O& �� g1Oh,)'�3(#9 +�^<3� '( +��G<3( i#2 N
1> 
�

S1<O& (), -8#.G3 �
(/ �1& .+17W ���� �� �
(/ K�I/�.� "K(

 S�HB55>( K/�55.� / 0'/ K/�55.� "K
�@55� K�55I/�.� E,�55&

), #$&�� .�31� '( )@h� 0#& (#9 "�I/�.� -	( b�%2( �Y.<�

 �3( ���� AB3 .���5� �5� N�579 ),�%
 
� 
18�, K�I/�.�

 �5I/�.� -5	( '( )5&�� E5%MC( e5H2 Z.W� -..M
 / +#& �
(/

 �3( EH@, 
�.4�)�.(�531� N�5.O%2 0��58 #.G53 / )5$8

 �31� #$j 
� �3( -H%, �15& i�5Y�( -8#.G3 / -8 .���5�

 �79 +#& #.G3 �.��G&/ )W(�� / +#5& -8 k(�� �
(/ �<@.�

l�<	�7��9
� ), K#$� �1&.

)Oa�( 0(
�H%I / �.�)��(�/
 )53
�� 
� N/�5G<, K�5I

 X53�$, �58 #5$<��	
� m
�5� 0�<53( 
� ���� 0��8 #.G3 -	�5


 +�^<3� X.8�
 �31� E,�& "E	#?
 n<4.3 [	 
� �I [5<O* -8

 �� )@	�3 -8#.G3 #6(/ �3 ")H.<3o 1>-8#.G3 / K�3 N


�:.
 �� K( ), ���� )	�7� +#$$8 k(�� 0(1$2 #5&�� .)<	(#5I / 
15�

 0(
�H%I)�(�5� S1<O5& E	#5?
 0�5,' ��1_
 �.UV
 )3
�� ��

 0�@� )8�HB>( / )@	�3 -8#.G3 p1� /� 
� ��F ���� #>
�

 )^<45H& #5>
� �5� ��1_
 �U( )@	�3 -8#.G3 
� �8 #��(�

)$M, � -	�<%8 / +�1� 
(� ��1_
 
� )^<4H& #>
��#5>
� 

)5, E>�6 �15& .n5I -8#.G53 
� �58 #5���8 �
(J5T -.5$j

 #5>
�  I�58 �5� )@5	�3 p15� -8#.G53 qrF �� )8�HB>(

 �	' �� ��1_
��)5%� (#5.�  	(J5�( )^<45H& "#5>
� #5$8 .

0(
�H%I / ),(1W)�(`5B!, AB53 / )�15
 
/� �U( )3
�� 
�

 �:.
 -8#.G3 )9/�F �Q	
� � �	(
 K( ���5� )^<45H& 0(J., �

�� "
JF nW
 #$O� ��(� `B!, AB3  I�8 �� �8 #�#.3
 �Y.<� -	(

 ���5� )^<45H& 0(J5., ")�15
 
/�  	(J5�( / )9/�F �Q	
�

),  	(J�( #��	.

K�Q	 �
(JT Z?_)��("��s531
 #$I 
� S1<O& #>
� 

�:.
 -8#.G3 n<4.3 �3 �31� "K( �LG> -8 "�5	' '( 0�	�9 K(

 .
 -8#.G3�:0
#, E	#?
 n<4.3 / K()n<4.3 '( 0R
� �8)	�I

 +17W ���� '( S1<O& +#$$8(#9 �.D� -8#.G3 / K( )@5	�3 K�5I

 ), +��G<3( �1& (�, /�� )!� E	#5?
 #.G53 ���5� �� t���� �O.3/

), �1& .E� / (�
�� �I1,)��( .� �� 
� �5�(� K�5,�  	(J�( )$.�

 �� (
 0R N(�U( "S�HB>( /  	�3 �U( �
15, ���� E	#?
 �.G.8

 #��(� 
(�W )3
�� .#5$	R�� 
� )��u, Kv��( '( �8 #$<��	
� �7�R

 �/#6 "E	#?
��%"���5� 0#5& i�5T x2�� Kv��(��%�579

+(
 +�^<3� K'(#�( )!��, / �I)�/#6��(%���5�  	�53 �579

 ), q�u, �1&.0(
�H%I / 0�	 Z.!L
 )��(���5� #5.C1
 K(��

 n<4.3 [	 
� #.G3 
/� �58 �(� 0�@5� "K�1%2 )@	�3 E	#?


 �5U( )T#5& #.G53 #>
� �� ��1_
 K(1<L, / -8#.G3 
1L,

)$M, �� "�
(� K
(� "
15L, 
/� / �5�1_
  	(J5�( �� �8 K
1_

 ),  	(J�( )T#& #.G3 #>
� #5��	 .E5� / (�
�5� �5I1,)�=(
�

�5h� �5.G.8 �5� )T#5& #.G3 #>
� �.UV
 )3
�� �� )!.!L


 #$<F(��� ���� #.G53 #5>
�  	(J5�( �5� �8 #��(� �
(JT �7�R "

)T#&)'(��
��#>
� (),  	(J�( ���� �h� �.G.8 / #5��	

 �� �	�7� 
� #.G53 #>
� "�h� yF�& -	�<7� b1u6 
1D$,

 +�/#L, 
� (
 )T#&���
�� 	�,'R �
1, i�W
( K(�� #>
� 

#$<4�(� X3�$, .�%I / K���R 0�BO3 K
#.6)�()�15
 (#5<�(

9�:.
 -8#.G3 K(�� b�!<�( z.�
�, �� J7Y, K#	# / #$<F�53 K(

 )59/�F )�� �U( J.� / 0J%I '( �:.
 �O>�� �U( )3
�� �� ef3

 �:.
 -8#.G3 
� ���� �.G.8 �� �5Y.<� -5	( �5� "+#5& �5$.7� K(

 )5�� ")�15
 -5	( �5� +�^<53� K
�58 �5C�6 -	�<7� �8 #�#.3


 )9/�F=�� �O>�� / �2�3 
� i�T1O.8 ���5
��)5O., �5<,

 �:.
)�O>�� �� �?4���)O., �<, (), 0J%I '( #&��.

�$.7� K/
 �� N�!.!L
 �:.
 -8#.G3 K'�3 '( +��G<53( �5� K(

 
� )T#�'�53 n5W
 ���� )^<4H& 0(J., �(� 0�@� b�!<�( z.�
�,

 ��1_
���5:.
 -8#.G53 �� #>
� "�5	(
 K(��
� / #5>
� 

+#& �$.7� -8#.G3�/��#5>
� )5, #5&��)�.(�58 )O,(152 '(

), #5	#9 )�15
 �� -8#.G3 ��HO%2 
� #�(1
)�5� +#5& J5.7Y


 b�!<�( z.�
�, ()5�� / )�15
 )5�(
/� �2�53 "#&�� �<&(�  !�

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
87

.1
2.

44
.2

0.
0 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
6-

17
 ]

 

                             2 / 10

https://dor.isc.ac/dor/20.1001.1.22518517.1387.12.44.20.0
https://jcpp.iut.ac.ir/article-1-884-fa.html


,� � �5%&6! 47�� ���/��� ��	,%�� 	� -./� �0� 12/� �34!4�... 

��� 

�5� 
18�5, E5,(12 �.UV
 Z.!L
 -	( 
� (�C "�3( ���� )9/�F

 �F�3 nW
 ���� )T#&#.G3 #>
�/ )^<4H& #>
� )i�W
( '(

0�7G>( �!B$, �	(
 (,���T 
(�W )3
�� �
1.

���� �h��	�

J58�, �F�53 b�5!<�( z.�
�5, �5� J57Y, )�15
 '( Z.!L
 -	( 
�

 #& +��G<3( 0�7G>( )M.?_ `��$, / K'
/�@8 N�!.!L
)EH& K�I

�"�/�(.
18�55, )�155
 b155_{|)<��553 �55<, �558 �553( }~

)<��3 �5<, �5� 0R d145L, 0J5%I �5.!� / b�5!<�( z.�
�5, 0(15$2

), �1&.)�15
 -	J^	�59 b�5!<�( z.�
�5, �5� J7Y, )�1
 "(#<�( 
�

 �:.
 -8#.G3 
� �	(
 
1u$, -46 S
�, K( #5&.-8#.G53 -5	( 

�� �1� E	#?
 sF -8#.G3 -.C/( 0(1$2 . 	�,'R �I)�158 ���5� 
� 

0�,JC( X6�> �5!B$, ��5�R �5Y� i�5Y�( 0�7G5>( #5	��T .K(�5�

 �.UV
 )3
�� )�1
 
/� )AB53 
�57j 
���� "���"��� /��� 

�!.W� 
� 
/� (/)59/�F )5�� )AB53 �53 
�=�� "��� /|�� 

�2�3 
� i�T 1O.8(���� �.G.8 ��'( "'( )5H	 �58 �F�53 n5W
 

#& +��G<3( �3( 0�7G>( �!B$, �	(
 i�W
( .�F�53 n5W
 ��1_


 b#5, )5H.�/�<HC( �$53 �5�1_
 '( +��G<53( �5� SP-1D2  Kitte 

+'(#�( 0R ��1_
 �8 #& K�.T }�
��	�� �� #> �� �
 #5,R �53� .

�� +��G<53( -58 [@5F '( 
18�, nW
 ��1_
 0�1� X3�$, �O2

#@�)�.(0��8 J.%
 '( #M� b1uL, "

18�5, n5W �5� +�^<53� /�

�31� b#5, )5H<O* -58ISEKI  HC600 
/� 
� }�~� 
� 
/�

 �5.��� �� �!.W���� �531� �2�53 
� i�T15O.8 #5& )5$8.'(

�31� )9/�F i/� -8 "1%���	�I)}~� #5& �<5&(��� ),�T.
�

��1%� -	( +17W ���� �I �531� ���5� / �<45H& / nC�3 K( +#5$8

+#@�)S1<O&("(#9 +#& #	��T 0'/ /���5� )5�'/ #5>
� �5\ 

+17W nC�3 K(�/���� #>
� #,R �3�.

�� ")�1
 
/� �..:
 
1D$,
�7j �%45
 �53 )C15� �#52 K(�5�

 K�I�BW}�� "}{� "}|� /}�� )O., #& �<F�3 �<,.�5� �91
 �� 

)�15
 �5� Eu<, )C1� �BW)�}� )5O., �5<, (
15
1,/�<]C( 
/� /

��L, )}~~� �!.W� 
� 
/� ("K�5I
/�|�� "��� "��� /��� 

�!.W� 
� 
/���#5,R �3� .+'(#5�( �%45W b�u5
( �5� 
/� K�5.T

�$3
/� )_/�h, )Pantec DTM30 -5�(v �F�53 "()C15� �5�

 i�Y�(�D� �
1, #& .�5Q	
� `B!, AB3 ")9/�F )�� �..:
 K(��

#& +�(� �..:
 )9/�F.

K(�5� "�5D� �
15, )59/�F )�� / )�1
 
/� n.D$
 '( e�

 
�%.
 �I K(�9()l�21%Y,|
�%.
 ("��i�T1O.8 )n5Y6 �� ��(��

 -8#.G3 0Jh, (+17W ���� / S1<O& g1Oh, 
�58 '( E5>�6 K(

�31� #5& �5<h	
 -8#.G3 0Jh, 
� -8.���5� "
�5%.
 �5I 
�

 ̀ %9 -\#.G3 '( )9/�F R�5�1%� �53 0R '( / K
/}~�)5,�T

�� #5	��T �&(��� )���u
 N
1> .+'(#5�( K(�5� #5>
� K�5.T

#& +��G<3( �	' s�(/
 '( ���� )T#& #.G3 / )^<4]&)��(:

]�[D.M = 

]�[B.P = 

B.P(Breakage Percentage) :#>
�)^<4H& 

W':���� 0'/ [j18 K�I '( �
��/�#.G53 ���5� [5	 b15_ 

nC�3 )�<4H& ����(

W:��1%� E8 0'/ 

D.M(Degree of Milling) :)T#& #.G3 #>
� 

W1:(JI 0'/
nC�3 #.G3 ���� ��(� 

W2:+17W ���� ��(� 
(JI 0'/ nC�3 K( 

+�(� �� K�I �� +#,R �3� i�� �O.3/ K
�,R 
(J�( SPSS 13 �5	JY
 

/ +#& E.OL
 /-.^��., �4	�!, #5$j 015,'R '( +��G<53( �5� �5I

�$,(� #	��T �.7
 -H�(� K(.

1H	%2iD� �

4H& #>
� �� )9/�F )�� / )�1
 
/� K�I�<,(
�� N(�U( )^<

 �3( +#& +�(� 0�@� e��	
(/ �	JY
 b/#9 
� �F�3 nW
 ����

)b/#9�.(b�5%<6( AB53 
� )^<4H& #>
� �� )�1
 
/� �U(

 )5$M, #5>
� [	 #5& 
(� .
� ���5� �5� �
(/ K�5I/�.� E5.OL


 n.45!
  5h� �53 �� (
 �7�R 0(1
 ), �,( �3( +#.Q.� -8#.G3

��8 .(
 
� b�5!<�( z.�
�5, �58 �3( )	/�.� b/( �58�6 K�<53

W2 – W1

W2

W’ 

W

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
87

.1
2.

44
.2

0.
0 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
6-

17
 ]

 

                             3 / 10

https://dor.isc.ac/dor/20.1001.1.22518517.1387.12.44.20.0
https://jcpp.iut.ac.ir/article-1-884-fa.html


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

��� 

$F!(.�B �	��� � � H40 j�2 �=�' 

$F!E.4H4A �=�' 

$F!).12/� �4
�� �	;%2� K &0 
/�	k $F! -&H	;� 

� H40 � 4H4A I/� �� 

), �
(/ 0R b�!<�( �79 ���� )BF #$8 .�58 �53( )	/�.� i/�

 -8#.G53 '( ���5� �/�5F +(
 �53 �5� )9/�F �Q	
� �M��%,

1
 ), #.C / ���5� -.5� �58 �3( )8�HB>( K�I/�.� i13 / #$8

 ��(� / �:.
 �5� ���5� K�I )5, �159/ #5	R)=.(0�5,'  	(J5�( �5�

 -8#.G3 
� ���� K
�T#��,))5, b15_ �8 )��,' N#, �5
 #@58

 #53�� 0R )9/�F �� -8#.G3 �DGL, K�/
/ �Q	
� '( ����("

�W �I/�.� -	( �.UV
 �L
 K�<@.� 0�,' N#, 
� ���� ), 
( ��.T .

 I�58 -8#.G53 
� ���� K
�T#��, 0�,' ")�1
 
/�  	(J�( ��

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
87

.1
2.

44
.2

0.
0 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
6-

17
 ]

 

                             4 / 10

https://dor.isc.ac/dor/20.1001.1.22518517.1387.12.44.20.0
https://jcpp.iut.ac.ir/article-1-884-fa.html


,� � �5%&6! 47�� ���/��� ��	,%�� 	� -./� �0� 12/� �34!4�... 

��� 

��4A(.�=�' ��� /�LM' l2	H��� -HPU' �5%&6! 47�� /� �A�/. ��� �


(#!,F N�M��, -.^��., K�('R �9
� N(�..:
 `��$, 

n.s ���/� =�/� � 
(�H
 

**�/� ��/�= � )�1
 
/� 

**��/� =�/�� � )9/�F )�� 

**�=/= ��/�� � )�1
 
/�×)9/�F )�� 

� ��/� �� E8 K�BF 

ns /**  :)$M, �.* X.
�
 �� )$M, / 
(� b�%<6( AB3 
� 
(��#>
� 

), #��	)��(K/�5.� ")�1
 )@F�j �2�3  	(J�( �� )��_ '( "

),  	(J�( ���� / �:.
 -.� S�HB>( #��	 .
� /�5.�  	(J5�( �I

 ̂ <4H& x2�� #�(1
 ), -8#.G3 �15& ���5� �<@.� ).-	�<@5.�

 )^<455H& 
(#55!,)��/��#55>
� ()�155
 
/� 
���� 
� 
/� 

)5$M, qr<5F( �5I
/� �	�3 -.� / �(� �
 �!.W� +#I�@5, K
(�

#@�)EH&=.(
/� 
���� 
/� /� �� �?4� �!.W� 
� 
/� ��� 

/��� �5,( �3( �<��	  I�8 ���� K
�T#��, 0�,' "�!.W�
� 
/� 

( K�I/�.�  	(J�( 
/� /� �5� �?45� �58 +#5& x2�� )8�HB>

 #��	  	(J�( )^<4H& �.F( .
/� 
���� �?45� "�!.W� 
� 
/� 

K�5I/�.�  	(J5�( �5� �?4� ���� K
�T#��, 0�,' �<@.�  I�8

 �� )^<4H& #>
� �
 +#& X91, )8�HB>( )$M, N
1> K
(�

 
/� '( �<%8��� K�5I
/� �� �8 �1& �!.W�
� 
/� ��� /��� 

.W�
� 
/�)$M, qr<F( #W�� �! �3( 
(� .

[5	 b�5%<6( AB3 
� )^<4H& #>
� �� )9/�F )�� �U(

 )$M, #>
� #& 
(�)b/#59�.('(EH5&��58 �53( yh@5, 

)^<45H& #>
� -	�<%8)��/��#5>
� ()59/�F )5�� 
� "

=�� ( �2�553 
� i�T155O.8 )55�� -.55� / +��55<�( k�55G
 K�55I

��� �2�553 
� i�T155O.8)��/�=#55>
� (/��� 
� i�T155O.8 

�2�3)��/�=()$M, qr<F( (
 0R �O2 �8 #@� +#I�@, K
(�

 (�5	' "��8 1Y<49 -8#.G3 �DGL, )T#&�� 
(#!, 
� 0(1
 ),

 ),  I�8 �DGL, )T#&�� 
(#!, ")9/�F )��  	(J�( �� #5��	

 ��� d�
�� "�Y.<� 
� // �5<��	  	(J5�( -8#.G53 ��(1<53( 
� �

)55, ��55	' ���55� )^<455H& #55>
� �155&)�.(/ �55P�!
 �155F

 0(
�H%I)=(/ �5:.
 X.8�
 "K�/
/ ���� 
(#!, �U( )3
�� 
�

 )T#5&#.G3 #5>
� / )^<4H& #>
� �� 0J%I '( �:.
 �O>��

 ����))T#�'�3 nW
(K�/
/ )5��  	(J5�( �5� �58 #��(� 0�@� "

"-8#.G3 �� ���� �5Y.<� 
�/ �5<��	  	(J5�( -8#.G53 )T#&��

),  I�8 )^<4H& #>
� #��	.

)^<45H& #5>
� �5� )59/�F )5��/ )�1
 
/� E��!<, �U(

 )5$M, #5>
� [5	 b�5%<6( AB53 
� ���� #5& 
(�)b/#59�.(

0�%I b/#59 '( �8 K
1_�#5>
� -	�5<%8 "�53( yh@5, 


/� 
� ���� )^<4H&��� )59/�F )�� �� �!.W�
� 
/� ��� 

8nI / �2�3 
� i�T1O. 
/� 
� -.$j��� )�� �� �!.W� 
� 
/� 

)9/�F=�� �53( +�(� �
 �2�3 
� i�T1O.8 .�5� �591
 �5�

 
/� 
� +�^<53� ��	' N�&�M

( / Sr7<3(��� "�5!.W� 
� 
/� 

�45.� X3�$, 
/� -	( 
� -8#.G3 
�8 .-8#.G53 ��5HO%2 )'(

)^<455H& #55>
� �55D� (
/� 
����55� �55!.W� 
� 
/� )55�� �

)9/�F=�� nI / �2�3 
� i�T1O.8 
/� 
� -.5$j��� 
/� 

)9/�F )�� �� �!.W�
���� �� d1OB, �2�3 
� i�T1O.8 �5D�

), #3
)b/#9�.(

0(
�H%I / ),(1W)�()�1
 
/� �U( )3
�� 
�)+�/#L, 
�

��� �
 ��� �O5>�� �� �!.W� 
� 
/� ���5!.W�
� 
/� (AB53 /

)9/�F �Q	
� `B!,)
�+�/#L, ����
��� )O., `5��, �5<,

 �O>�� ��=�)O., `��, �<, (�5:.
 -8#.G53 
� �5	(
 K()S
�5,

 
1u$, -46(#5��(� 0�@5� 
JF nW
 ���� )^<4H& #>
��� "

[5	 b�5%<6( AB53 
� )^<45H& #5>
� �� )�1
 
/� �U( �8

)$M, #>
� �3( 
(� .)^<4H& #>
� -	�<@.� �7�R �	�<� Z?_

 
/� 
����
/� 
/� 
� 0R -	�5555<%8 / �5555!.W� 
� ���
/� 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
87

.1
2.

44
.2

0.
0 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
6-

17
 ]

 

                             5 / 10

https://dor.isc.ac/dor/20.1001.1.22518517.1387.12.44.20.0
https://jcpp.iut.ac.ir/article-1-884-fa.html


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

��� 

)�1
 
/�)�!.W� 
� 
/�(

$6!b.�5%&6! 47�� /� �=�'��� /L� 

)9/�F )��)�2�3 
� i�T1O.8(

$6!c.�5%&6! 47�� /� �A�/. ��� /L� 

��4AE.9�52	�� -&H	;� �5%&6! 47�� /� �A�/. ��� � �=�' ��� $�	;%� /L� 
	� 

)�1
 
/�)�!.W� 
� 
/�(
F )��)9/� )�2�3 
� i�T1O.8(

��� ��� ��� ��� 

=�� abc��/��ab��/��abc��/��a��/��

��� ab�/��bcd=�/�=cde�=/��cde��/�=

��� de��/��a��/��e�=/��abc��/��

b�%<6( AB3 
� S�<@, q�6 [	 K(
(� �(#2(�)$M, qr<F( #W�� #>
� #$<4I 
(�),'R-H�(� 01.(

��<�( k�G
( �!.W�
� .K�I
/� +�/#L, 
� )^<4H& #>
���� �
 

��� )$M, qr<F( #W�� �!.W� 
� 
/� �1� 
(� .�57�R �	�<� m�3( ��

 '( 
/�  	(J�(��� �� ��� �<@5.� )^<45H& x2�� �!.W�
� 
/� 

'( 
/�  	(J5�( �5P�6 Z5.!L
 �	�5<� Z?_ �8 )C�6 
� #& ����

��� �� ��� 
/� #	��T )^<4H&  I�8 x2�� �!.W�
� .

#5>
� �5� )59/�F )5�� / )�15
 
/� K�5I�<,(
�� N(�U( 

+
�%5& e��5	
(/ �	JY
 b/#9 
� )T#& #.G3�+#5& �5�(
( 

�3( .[	 b�%<6( AB3 
� )T#& #.G3 #>
� �� )�1
 
/� �U(

10

12

14

16

18

20

22

24

26

28

600 700 800 900

گي
ــت
كس

ش
صد

در

10

12

14

16

18

20

22

24

26

400 500 600

ي
تگ
ســ

شك
صد

در

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
87

.1
2.

44
.2

0.
0 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
6-

17
 ]

 

                             6 / 10

https://dor.isc.ac/dor/20.1001.1.22518517.1387.12.44.20.0
https://jcpp.iut.ac.ir/article-1-884-fa.html


,� � �5%&6! 47�� ���/��� ��	,%�� 	� -./� �0� 12/� �34!4�... 

��� 

)$M, #>
� #& 
(� .�U15, )T#5&#.G3 #5>
� �5� �58 )O,(12

 B5>( K�5I/�.� E,�& �3( / -8#.G53 
� ���5� �5� �
(/ )8�H

 )5, �I/�.� -	( K
(�T�U( N�M�� �(#M
 #5&�� .�5� �5^	� N
�5?2

 -8#.G3 �(#M
 / -8#.G3 [	 
� ���� �� +�
(/ 
�@� 
(#!, K�I

 )T#5&#.G3 #5>
� +#5$$8 -.5.M
 E	#?
 sF 
� +��G<3( �
1,

 �3( ���� .)�15
 �58 b/( -8#.G3 )9/�F �7$
 Z.!L
 -	( 
�

 �
�, �� 0R (�5C �5��T 
(�5W )��5	'
( �
15, #& J7Y, b�!<�( �.

#>
� +'(#�( )T#&#.G3 K�I / +�15?� )	�57� 
(#5!, +#& K�.T

  	(J�( )T#&#.G3 -	( K#M� -8#.G3 
� "
�8 �,(�( N
1>
�

 ���	 #I(1F .�� �91
 ��EH&�)T#5&#.G3 #5>
� -	�<@5.� "

)��/=(
/� 
� "��� ,( -	( �O2 �8 +#& ���6 �!.W�
� 
/� �

1Y<459 -8#.G53 �DGL, 
� �(1, b�!<�( �2�3 
� 0(1
 ), (


 / �<��	  I�8 �(1, b�!<�( �2�3 ")�1
 
/�  I�8 �� (�	' "��8

  	(J5�( �53( -8#.G53 �DGL, EF(� 
� ���� �8 )��,' N#,

), #5��	)��()5OF(� K�5I/�.� �.UV5
 �5L
 �<@5.� �5Y.<� 
� "

 	(J5�( )T#&#.G3 #>
� / �<��T 
(�W -8#.G3 )5, #5��	 .�5�

 0�.� �O<h, K�I
/� 
� ���� )^<4H& �
1, 
� �Q�R �� �91


 
/� 
� #55&��� 
� )8�HB55>( K/�55.�  	(J55�( �55!.W�
� 
/� 

�� �?4� ���� 0#& �
#.G3 x2�� "K
�T#��, 0�,'  I�8 E��!,

 
/���� /��� �553( +#55& �55!.W�
� 
/� .
/� 
���� 
/� 

K
�T#��, 0�,' �<@.�  I�8 �� �!.W� ��(� "-8#.G3 
� ���� K�I

 #5�( �<5&(� 0#& #.G3 �79 K�<%8 �>�� ���� .
/� 
���� 

)8�HB5>( K�I/�.� �19/ / K
�T#��, 0�,' E��!
 �!.W�
� 
/�

 ��1T ��'( )T#5&#.G3 #5>
� 
/� -	( 
� �8 �3( +�(� �
 K(

 
/���� /����� �!.W� 
� 
/� )5$M, N
15> +#5& �5<%8 
(�

�3( .���^	� N
�?2 �5� 0(15
 )5, 
/� -	(  I�8 �	  	(J�( �� 

���	 �3� K�<@.� )T#& #.G3 #>
� .�5� )59/�F )5�� �U(

 )5$M, #5>
� [	 b�%<6( AB3 
� )T#&#.G3 #>
� #5& 
(� .

)T#55&#.G3 #55>
� -	�<@55.�)��/=()559/�F )55�� 
�=�� 

��<�( k�G
( �2�3 
� i�T1O.8)EH5&�((
 �5,( -5	( �5O2 �58

), �@�  	(J�( 
� 0(1
 ��(� �/�F E��!, 
)5��  I�8 �U( 
� �I

 )9/�F))9/�F �Q	
� `B!, AB3  I�8 (��8 1Y<49 .�U(

 AB3 
� )T#&#.G3 #>
� �� )9/�F )�� / )�1
 
/� E��!<,

 )$M, #>
� [	 b�%<6( #& 
(�)b/#9�(.�� �91
 �� b/#9="

), yh@, )T#5&#.G3 #>
� -	�<%8 �8 �1&)��/�#5>
� (


/� 
���� 
� 
/� )5�� �5� �!.W���� / �2�53 
� i�T15O.8 

0R -	�<@5.�)��/�#5>
� (
/� 
� "��� )5�� / �5!.W�
� 
/� 

)9/�F=�� �53( +��5<�( k�G
( �2�3 
� i�T1O.8 ./ ),(15W

0(
�H%I)�(AB53 / )�1
 
/� �U( )3
�� �� �1F N�!.!L
 
�

 �8 #���8 �
(JT 
JF nW
 ���� �.G.8 �� ���� )9/�F `B!,

 � -	�<@.� 
/� 
� )T#&#.G3 #>
��� AB53 �� �!.W� 
� 
/� 

)9/�F �Q	
� `B!,��� )O., 
/� 
� 0R -	�5<%8 / `��, �<,

��� )9/�F �Q	
� `B!, AB3 / �!.W� 
� 
/� ���)O., �5<,

 AB53  	(J5�( �5� �58 #$<��T �Y.<� �	�7� 
� "��<�( k�G
( `��,

 )559/�F �55Q	
� `55B!,))559/�F )55��  	(J55�((#55>
� "

#&#.G3 ),  I�8 )T �5P�6 Z.!L
 �Y.<� �� �Y.<� -	( �8 #��	

nI �
(� )�(1F.

-55	( �55� �5591
 �55� #55>
� / )^<455H& #55>
� 0(J55., �558

 �%.W / K#$4� 
('�� �� �U�, K�I�<,(
�� '( /� �I ")T#&#.G3

 �3( ���� K
(�T)x52�� ���5� #6 '(  .� 0#&#.G3 #$j �I

 )5, 0R '( K�:, �(1, 0#& (#9 �15& (	(���5$� -.5.M
 
� #5	�� -

�� )9/�F )�� / 
/� X.8�
 -	�<7� -	�
o�5� b1u56 
15D$,

 #�1& �<��T �D� 
� �<,(
�� /� �I "���� �.G.8 .�5� 
1D$, -	#�

 b/(#9 �� �M9(�,�/=�5.G.8 -	�
o�5� �8 ���	
� 0(1
 ),

���� )�<@5.� )T#5&#.G3 #5>
� / �<%8 )^<4H& #>
� (
�

)�1
 
/���� !.W� 
� 
/� )9/�F )�� �� ���� 
� i�T15O.8 

), ��Y	( �2�3 �� �1& "0R )^<45H& #>
� �8 K
1_�/��/

"0R )T#&#.G3 #>
���/�), #>
� #&�� .)5, ��7$@.� �15&

 	�,'R 
� �1591, #5$O� / +�
18 ��(� i�W
( �
1, 
� 
18�, K�I

 )5, +��G<53( -8#.G3 p1� -	( '( �8 
1@8 / +#5& i�5Y�( �15&

�$.7� s	(�&���T -..M
 �!B$, �I K(�� .

-U�%2
/�3 

��)^<4H& #>
� -	�<@.�)�=/��#>
� (
/� 
� "��� 
/� 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
87

.1
2.

44
.2

0.
0 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
6-

17
 ]

 

                             7 / 10

https://dor.isc.ac/dor/20.1001.1.22518517.1387.12.44.20.0
https://jcpp.iut.ac.ir/article-1-884-fa.html


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

��= 

0

1

2

3

4

5

6

600 700 800 900

ي
دگ
ش
يد
سف

صد
در

0

1

2

3

4

5

400 500 600

گي
ـد
شـ

يد
سف

صد
در

��4A).�=�' ��� /�LM' l2	H��� -HPU' /� �A�/. ��� ��34! 4�,� 47�� 


(#!,F N�M��, -.^��., K�('R �9
� N(�..:
 `��$, 
n.s ��/� ��/� � 
(�H
 

**��/�� ��/�� � )�1
 
/� 

**=�/�� ��/�= � )9/�F )�� 

**��/� ��/= � )�1

/�×)9/�F )�� 

� ��/� �� E8 K�BF 

ns /** :)$M, �.* X.
�
 �� / 
(�)$M, AB3 
� 
(�b�%<6( �
�#>

)�1
 
/�)�!.W� 
� 
/�(

$6!^.�34! 4�,�47�� /� �=�' ��� /L� 

)9/�F )��)i�T1O.8�2�3 
�(

$6!+.�34!4�,� 47�� /� �A�/. ��� /L� 

a

c

b

c

a

b b

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
87

.1
2.

44
.2

0.
0 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
6-

17
 ]

 

                             8 / 10

https://dor.isc.ac/dor/20.1001.1.22518517.1387.12.44.20.0
https://jcpp.iut.ac.ir/article-1-884-fa.html


,� � �5%&6! 47�� ���/��� ��	,%�� 	� -./� �0� 12/� �34!4�... 

��� 

��4Ab.9�52	�� -&H	;� �34!4�,� 47�� /� �A�/. ��� � �=�' ��� $�	;%� /L� 
	� 

)�1
 
/�)�!.W� 
� 
/�(
)9/�F )�� )�2�3 
� i�T1O.8(

��� ��� ��� ��� 

=�� a��/�bcde�/�a�/�b��/�

��� a��/�bcde��/�cde=�/�de��/�

��� bcd��/�e��/�cb��/�bcde��/�

b�%<6( AB3 
� S�<@, q�6 [	 K(
(� �(#2(�<F( #W�� #>
� )$M, qr #$<4I 
(�)-H�(� 01,'R(.

)9/�F )�� �� �!.W� 
���� -	�<%8 / �2�3 
� i�T1O.8 

0R)��/��#55>
� (
/� 
� "��� )55�� �55� �55!.W� 
� 
/� 

)9/�F���
� i�T1O.8 #& ��Y	( �2�3 .

��)T#&#.G3#>
� -	�<@.�)��/�#>
� (
/� 
� "��� 
/� 

)9/�F )�� �� �!.W� 
�=�� -	�5<%8 / �2�3 
� i�T1O.8 

0R)��/�#>
� (
/� 
� "��� )9/�F )�� �� �!.W� 
� 
/� 

����(� �
 �2�3 
� i�T1O.8 .

������ �.G.8 -	�
o�� �D� '()#5>
� / �5<%8 )^<45H& #>
�

G3 �<@.� )T#& #.(
/� "��� )59/�F )5�� / �5!.W� 
� 
/� 

��� ��5Y	( �5� �2�53 
� i�81O.8 �/��/ )^<45H& #5>
� 

��/�X553�$, ")T#55&#.G3 #55>
� )55�� / 
/� X55.8�
 -	�55


�F�3 nW
 K(�� )9/�F)s31<, ��(� nW
 (#& +�(� y.h@
.

��	
� ���� ��	,%�� 

�.i�� )�.����.�� #.C1
 K�I��?I(
 �
(JT0�7G>( 0�<3( 
� �� .K'
/�@8 ��79 0�,'�3"0�<3( 0�7G>(.

�."K���R 0�BO3 K
#.6 i.���=.�$.7� �:.
 -8#.G3 n<4.3 K'�3 b�!<�( z.�
�, '( +��G<3( �� ���� K( .�
(JT )
�5!.!L
 ��_ )	�7�

,�$7, / )$� N�!.!L
 �43K'
/�@8 )3# .0�7G>(.

�.K���R 0�BO3 K
#.6 "i.p /.�%I .}��|.� ���� �.G.8 �� )9/�F )�� / 0J%I '( �O>�� �U(
K( �5:.
 -8#.G53 �5$.7� �5	(


+#&.0�7G>( )M.?_ `��$, / K'
/�@8 01$� / i1O2 �OY, }})}:(}�~.

=.�P�!
 �1F "i.I..i ".K���R 0�BO3 K
#.6 /N.)O81
.}���.(#5!, / �5:.
 �5U( )5G.8 �U( )3
��
K�/
/ 
� ���5� -8#.G53

)8�HB>(.Y,'(1I( 0(�%j #.7& +�^@�(� �O �{)�:(}��.

�.)��,' "k./i.+�(J.O2 .}��{.N�.>1uF"
 / )	�3�$&?0(�	( ���� �O<h, i�W
( E	#.0(�7
 ")I�^@�(� ��79 N(
�@<�(.

�.K#��2 "�.}��|.�� �&(��� 0�,' / E	#?
 �$.7� ��1_
 -..M
 ���� )^<4H&  I�8 
1D$,.�
(JT )
�!.!L
 ��_ )	�7�����.

0�<3( )M.?_ `��$, / K'
/�@8 N�!.!L
 J8�, 0�7G>(.

�.),(1W "�.}��}.��5F ���5� 0(J5., K/
 �� )T#&#.G3 #>
� / )�1
 
/� �U( )3
�� +#5& 
n5W 
� 
J5F -8#.G53 +�^<53�.

0�	�� "#&
( )3�$&
�8 �,�� 0(�7
 +�^@�(�.

�."),(1W�.p ".)MW�� /(.�� )	�?_�?_ .���=./� �U( )3
�� �5:.
 -8#.G53 -.5&�,
� )9/�F `B!, AB3 / )�1
 
K/
 �5� "K(

���� )^<4H& 0(J., .K'
/�@8 )3#$7, N�!.!L
 �OY, �)��:(���.

�.( "
1� )<	(#I.i ".i / ),(�7� .K�G> .���= .
� ��F ���� #>
��� S1<O& E	#?
 0�,' ��1_
 �.UV
 p1� /� / )@5	�3 -8#.G3

)8�HB>( .o�!, �21%Y, -.,/� NNo1uL, N�M	�P )O,  	�%IK'
/�@8"�LG>=���=�=.

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
87

.1
2.

44
.2

0.
0 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
6-

17
 ]

 

                             9 / 10

https://dor.isc.ac/dor/20.1001.1.22518517.1387.12.44.20.0
https://jcpp.iut.ac.ir/article-1-884-fa.html


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

��� 

10. Afzalinia, S., M. Shaker and E. Zare. 2004. Comparison of different rice milling methods. Can. Biosys. Eng. 46(3): 
63-66. 

11. Anonymous, Test code and Procedure for rice Mills. 1990. RNAM Test Codes and Procedures for Farm Machinery. 
Pasay City, Metro Manila, Philippines. 

12. Courtois, F., M. Abud and C. Bonazzi. 2001. Modeling and control of a mixed- flow rice dryer with emphasis on 
breakage quality. J. Food Eng. 49: 303-309 

13. Mohapatra, D., S. Bal. 2004. Wear of rice in an abrasive milling operation -part2: prediction of bulk temperature 
rise. Biosys Eng. 89(1): 101-108. 

14. Mohapatra, D., S. Bal. 2007. Effect of degree of milling energy consumption, optical measurements and cooking 
quality of rice. J. Food Eng. 80(1): 119-125. 

15. Woodcock, C.R. and J.S. Mason. 1989. Screw conveying. PP. 335-357. In: Bulk Solids Handling an Introduction to 
the Practice and Technology. Chapman and Hall, New York, USA. 

16. Yan, T.Y., J. H. Hong and J. H. Chung. 2005. An improved method for the    prediction of white embryo in vertical 
mill. Biosys. Eng. 49: 303- 309 

17. Yechury, S. S. 1983. Rice Milling. Govt.of India, New Delhi. 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
87

.1
2.

44
.2

0.
0 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
6-

17
 ]

 

Powered by TCPDF (www.tcpdf.org)

                            10 / 10

https://dor.isc.ac/dor/20.1001.1.22518517.1387.12.44.20.0
https://jcpp.iut.ac.ir/article-1-884-fa.html
http://www.tcpdf.org

