
��� ����	� 
	�� ����� ���������� ���������  �!� 

��������	�
 ���� �������� �� ��� ����������	 
����� �� �������� ��� ��� � 
! �
� " #��$  

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

�.�� ���	
��� ����� ���	�����
��� ���� � ������ ���� !�

".��#	��� $ %&' ���	��� ( �
��� )
�* 

)#$�%� &�	�': )/!/!+,-	�./ #0�/ &�	�':1/�/!�(

.�&3 

�� �����	
 � �������� �����
 ���� �� )����
�����(!� "��#��$%&�� �$��� '�(�) ��%*�+ ��,�-�$. "���	
 ��
/ �$01 �2,�!� +��� %0*-.3 .�
�-0�/ �0��$5 �0� 
6�� 7$8 �� +�$+ +�9� "��$�5 "$8 :�$%	� �/ 5$ );�8 �,�-�$. "���	
"��)� �8+�9� ��%�/ .+�$+ ����
����� <$�= >5$%
$ �8 ��-�8 ���$5 ��$ .�+ �0� ?�+0� >%��0��

 �8 ��-�8 �� +�$+ +�9� ���	
 ��$ "$8 �,�-�$. %28!	
�"$@	
 �� +�$+ �+/'(� ���+�3 .�$%&�0� A!� "�9 ��);�8 � $%-8$ 5$ #� 3$ '�B0�) ��5�0C/ '0�$� D0*2�
@	
 �,�-�$. %28 :%��8 >%� �-.3 EF/HIJF/H$%�K ��+����-��1 ��� 5$ #� 3$ �%��8 >%� '�(�) :�,�-�$. %28 L/HIM/H>%���� ��+�0� .-� �,�0-�$. %028 ��0,�$ N0O2

 ���� �8 P�$/!� "�� Q�� �����
 #R�
 � ���$��
 S��-
 ��. ����+ �8 NO2-� T(&��
�U+�� "$��$ :P�$ ��-�$V;P,;+ 08 �0�$ +�$+ 0� �0W �0�9 �-0�+ �+ �0X*�$ �+ D

 P�$ +�9��.5�*� �W5�C/�+�U�� ���� �$1 P�Y
 �
��9 �-�+ �+ %
%�
 'Z-� ?� �8 �-1� ��$ %
�3�U�� ��?� �8 ��%
%
��K�
�U+�� �B&� [�R�. �� '�\ 7$ %*W .�] %0* 

�X*�$ �+�8��^
 � +�$+ +�9� ���� �+ ���� 5$ _K '	-*� A!� �8��+��.��� �8 R�
 �
�-�/ ���$5 �5 7���	
 D,�-W$. %28 %
%�/ P�+ �8 D�-�&�� �8�)�'`�� �FL/H�)
L/HP�$ >+�8 .

.4�� ��'� ���:@	
 �
��9 �-�+ :�����
 <;��� :�,�-�$. %28 :�,�-�$. 

5.#(�7( 
3�4� 
	 �' 5	�� 6���7�89�: ;�#/8�/ -<=��> ?�%�/� �� ;�

 �@ -A��-@-�B/ �	�� ] C�[7'�D: ED�� �� #�89 F	��G�@

&H� .-� J� -��KL� �.L9 
��8MH��:�� ?�%�/� ;��D�/ #: ��'

8�� �9 #/��HN ���%� �� 7�/�@�L: ��� .#/��HN 
	'�/ #/�DG/ -	�D� 

?8O -	��P�� #��� �� -/��4@ ���� ����'��' '8D�� �-K�D�Q .

RS� -Q$�� -��= ;���T�U��%� ;�L@ -D/��4@ ;�D�/ F�@ 3@��� 

� V�@F�	�� �� 7��> � #/��HN -���89&��' ��B�/� .FD	� ;�D.$�S�

 -D� �� ���� #DG�� 7�D�L� �' #D: -	�.DG%/ �' ��8D9 � ;� W�DKL

 RM� -P�/��@-�'��P ] [�	?�D� �' 7�D� '�D�	� X�.G%/ �' 

�G� � ��	���/ ]1[�	'�Y�	8Z 3�4� ��.$�S� F	� #�� �' -D@ [DB/ 

7'�DH [D�� 
D	 �3�D4� F	� ���� �' ��� &H� \D� �8DQ] �DL^ 

)DD<=_8�/�DDH��@� �' ��DD� ]+[�;�.DD���� FDDK�� 5	�DD� 

)� `<DDH ;�� 6��DD@DD@aDD�S: �] [(�='�� #bQDD�#DD/� X�

)��8���/ F��� X�� �� cN �8Q] ]d�![(3�D4� ��� #�G>N �	

 R0�0��#@���H� c8O����> 5	�� 7�LL: ]�[.

�G� � ��	���/]1[;�� 5	�D� 6��� -<=��> ���� ;��@ 

�@� `<H7�89�: ;�'�.LG�� ?�� 
	 �7'�D: �D/� .�?�D� FD	� �'

 #: &H� 7�� e�-@-�B/ DH� ;8DZ -�D: ����D/� #D@ �D9 &

�� 6��� �LMDG@ ?�D/�: F	�Lf #@.��DLg�� #D: E�D� `<DH

Archive of SID

www.SID.ir



��� ����	�
� ��� �
������� ���� ����� �������� ����	 ������  !��"� #���$#� %
��  ��!���& '���  �٣

7'�' �	��� -���N #@ ���Q��-�'8� 
D	 �@ -	�.$�'8P �' 5	�� �

5�� h0G� i�]-�'8� �LDH�@ j�Q�� �k #@ #: -��KL� �9 �

7�K/N �� �� ����� ;�.$�'8P F�	�D� �D� -D� �DLL: #D�8= �;�D�

P$�'8.-� RM� ��/��P .�P� `<H #	��� ��D��@ 
Df8: ���Q�D� 

Yl��: �� �.$�'8P �cN 7�K/N ��-�/ �L: .`<DH #D	��� #: -��KL�

 ��P��@ ���Q��-�'8� #D�8= ?8DO -D� �	��D� �D� �' � �D@�	

#	��� ���%� #@ -/��4@ #/��HN -D� &D	�.L�@ ��DH .�Dk FD	� �D	� 

-/��4@ ��8= ;'�	� '��A9;��L� 7�D� -D� /�8D9[�#D: [�DL�Q@ 

��� �� Yl��: �L��� ��� 6.#D: #/��DHN �' ��� [D� DP��m ��D 

a	�A9-�'8���D9 V�D@ �� ;��� #/�='�� 
	 [: &H' F�	�D� 

'��' '8��)�N -K�D�Q�� ?8DO #D: #D�8= 
D	 [D: &H' -LA	

-@ &H� &	�./(.

#bQ� �K	' X8H �� #D/�='�� 7�D� #=�D� #=�� X�� �� �D�

 &�	 &A�QO�' #^ \	�.G%/ F	��$����� ����-�/8D� #D@ ��8DO

 [�DB] X'�DA@� �D@ \	�.$8O U��%� �' X���=�H X'8= #@ '8=

 \� '��	� �LL^ .#/�='�� #bQ� #A$�<� &DH� n�D� F	� X���' X�

 \	�.	���	���/ #^��� �D.$�/�^ #D@ cN ��D� RDo�� #D@ ��L� #^

�	�./Y�#/�='�� #bQ� \� X� �DH�LG@ '8� ]d�![.\$�D�^�� �DA@

7'��4� �' ���=�H F	� d/ �9p/ &H� ]d�![.

��.$�S� F	� R@�%� �' 5	�D� �' #D: &DH� -����H �� [���H

 q�4��-@-D�B/ &DH� FDK�� 3�D4� � &DH� 7�D� ���Dr .

cN � &H�� �� 7�� R�MG9 ;�./8��/�sH8H)t�'(9 �'8D� ��� 
D$

cN #DG�� `<DH ;�� #: cN � '�N ���D�� 6��D� ���Q�D� ;�

-� �LL: .	�� �&H� ���9 Yl��: ̀ <H-�/ �N �	�H� u]�@ v�A �8�/.

8.9%�(:! ;1��( 
7�D� W�D�/� �8��/�sH8H #H �@ �.G	���N F	� �D/� :cN � &DH�� 

)t�'(�cN � 
D$�9 �'8��'�N �?�D�L: ;�.�QD�/ �D@ cN 7�D�.

F	���.���@ U��H' R@�Z � -/���� _8�0� #H F	� &	8&H� �./N �' .

D� 5	�D� �� #D: &DH� n�Dr 
D	 R��� ��: ���@� � 7�D� �

-� -� 7���� 5	�� #@ � �=�f ���Q�D� `<DH -	V�D@ #DQ$ �� #: ��'�

#@ &=�8LM	 �8OF�	�� '�	�@ .-� 7���� 7�� 7�Q�$�: #4wx �D�'

 #G�� n�r #:'8D� iQ<L� �B/ '�8� #	��� �@ ;� .;V�D@ `<DH

 #�0	� �N ;�� 5	�� #: #4wx-�'8� D@ ##4wDx 
D	 #��DH�

 #G�� ���9 7�� 7�/��8� ;�&H� .#�� ?8O �' �.O8�0� &Q�/

 #���' #K/ &@�T �.G	���N-�'8� .&H�� [�k &Q�/ ?�S� ;��@

 cN #@ yy#@ zy'8@ .

F��� �� #�0	� ���Q�� `<H ;�� 5	�� #:�-@8H� ;�.G%/ 

�� #@ 5	�� #:-�'��mP 7���G� R@�Z -$��:�� ;�.G%/ ;���' �;�

�L��� .@ �.G%/ F	�##��DH� � �LMDH� D: -�8DZ�� &DQT � �98�s��

-� �/8� .RM� �' 7�� -�8Z� {�O �� ?�S� 
	 &H� 7�� 7'�' ��G/ .

�T� �' 7�� R�MG9 -$��:�� �%/6��� #@ 5	�� F�	�� ;�� 

���Q�� `<H��M�N &H� .7���DG� �D� [	'�D^ #D	��� 
D	 #D:

 '��' '8�� ���Q�� `<H ;��@ -/��4@ .���Q�D� `<DH #	��� �P�

 �@ #/��HN �	����-$��:�� {�O ;�H�9�H -LA	 &��/ -�k 
	

&=�')#=�� (5	�D� #: ���Q�� `<H ;�.�/� �9 ���@� �� -$��:��

 '���/ '8�� &H� 7�� #�0	� .;'�D	� '��DA9 #/��HN #	��� ;V�@

 -$��:�� #=��;�H�9�H '��' '8�� .RM� ��L�Q@ �� .FD	� �D�

 F�D@ �� #	���)° +C y(� &DH�� ;��D@)° yC!(�'8D� ;��D@

 � 
$�9)°�pC�1(D@ '�N ;��@ #[D	'��N &DH' .#/��DHN #D	���

 -$�D�:�� �D%/ F�$�� �� #: &H� -	�� ;�DH�9�H 7���DG� �� 

-� [�DL: .v�D�|�� �D�L	� �' U�D�%� ;�DL@ 6���DP �� [�D��H 

-� [�L^ .}	�D�/ �D@ �D� v����DG� X�DB/ ;�� v�DA	�� 6��D� 

�@� {8<H ]1�z[RMD� j��� �' �D%/ ;�D�P ;V�D@ -DLA	

 [� � �L��� ��P��H ���Q�� `<H #MQD� �D@ F�DLf #D/�='�� ;�

;��@R^�/��P��H �%/ .

��'8�/v��~ 7���/� #D@ #^ #��DH�Particle Size Analyzer  

7���/� 7�� ;��P�RMD� �' +7�D� 7'�' ��DG/ &DH� .7���DG� 

#: [	'�: &H�� v��~&H' 
	 �' �./N 7���/� � �L��� �9 '��Dk 

mµzy &H� .;�.�M���1�'8D� ;��D@ v��~ 7���/� 5	�89 E�9�9 #@ 


$�9 �-� ��G/ �� '�N �L�'.'��Dk �' 
D$�9 �'8D� ;��@ v��~ 7���/� 

mµ+z ;��@ �'�N Y�Q	�%9 mµ !&H� .#D: �./8�D�/�sH8H FD	� v�o0G� 

Rx�k7���/� ;�.	��P&H��8^m� ?��� �' � &H� 7�� 7'�' .

<.��%�=� >��
! 
�� �A@ �'�: '���k�O �LMDH� iD	�O�� #D/�	�� #D@ �. �-�8DZ� 

Archive of SID

www.SID.ir



��!���&��  �'�٣�	���(�� �� )*�
	 �"�+,��- �	 .#� %/��01���2
  %

34 # ��1��... ��6 

 7�8.���Q�� `<H 
	 ;�� cN � &H�� �8��/�sH8H ��	�� 7�� -�8Z� {�O #/��HN #	��� XV�@ .� �L��� &H�� c8H� ��wH iO�L�
 7��H iO�L�#@#��H�6��� #��� cN7�� �/�.

��G/'�:��A@ .��� #@ �� �./N -$��:�� 7���/� a��0� ;�P[���.

7'�w�DH� aD��0� 6�� #DH �� -$�D�:�� �DA@ #QDH�4� ;��@ ��

[	'�::

(#�89�� W��A� ��	�� F�m#@ ���	�� ?8O�;8H F�	� 

��@ 6���K'��' -.W�� ��L	� �' 5Z�� �' =�D� RD: &k��� #

�ℓ&H� #=�� ?8O.

fd
l~m(ℓ)

/ F	�Lf 6�� F	� �' �� �%#=�� ��:�� ;D�;�.DH��%� �' -$� 

aDD��0� c�DD0�/� �DD./N �� W��DD: �DD� ;��DD@ � 7�DD�m(ℓ)�ℓ

� #QH�4� �./N -��	��K$ -L4L� &H� 7�� [H� .3DH8�� E�D� 

��.�L4L� ���?'�A� ��89 fd&H� .

RM�z��DG/ &DH�� ;��D@ �� �Q�D� � �D.�L4L� FD	� �� -M	 

-� ��' .� F	� �' 6�fd�D%/ ;V�@ ;��@ RDk��� �' -DLA	 

NR�MDG9 �M	�DM	 �� R%�D�� �D./�	�� #D: �%/ R�MG9 F	��>

-� �/8� �L��' �'1z/ C�z/ @#&H� 7��N &H'.

(#��:��.���� -�: W��MR: ?8O �@ L#�	�%� -�'8�.

fdLM(L)~  

�� RS� Y�H�H� 6�� F	�&H� ?�� 6�#@ '�8� �� �' #ML	� �� ;�� 

Archive of SID

www.SID.ir



��; ����	�
� ��� �
������� ���� ����� �������� ����	 ������  !��"� #���$#� %
��  ��!���& '���  �٣

0
5
10
15
20
25
30
35

20
0

10
0 60 40 20 10

Diam.

7� �.&H�� ;��@ 7�~ 7���/� 5	�89 .

0

5

10

15

20

25

80 60 50 40 30 20 15 10 8 6 5 4

Diam. (µm)

7� �.'�N ;��@ 7�~ 7���/� 5	�89 .

0

5

10

15

20

25

80 60 50 40 30 20 15 10 8 6 5 4

Diam. (µm)

7� <.
$�9 �'8� ;��@ 7�~ 7���/� 5	�89 .

Archive of SID

www.SID.ir



��!���&��  �'�٣�	���(�� �� )*�
	 �"�+,��- �	 .#� %/��01���2
  %

34 # ��1��... ��= 

>#��8.v��~ v�o0G� 

`<H &k��� 

)/( gm2

;�8x�<Z)?�'8�(

)µm(
3H8���<Z)µm(H8Hs�8��/� 

 1/ +!/1!�d/1)&H�� 

+!/y+)/ +dz/ d'�N 

++/y1/+1dz/+18�
$�9 �' 

-$��:�� #=�� R: �#=�� �	�c�0�/� -�'8� .FD	� �' F	��@�DL@

 #D@ �	�D��N �' #4wDx �D� �@ 6�� ��D�� �D%/ 
D	 ��8DL]

-� '8� .#���/ �'@#;�� Rx�k #<%/ 
	 -L4L� 
	 -�'8D� 

[H� �� �A@;�.�M�log-log  )RMD�p(3D= 
D	 _�D%/ FD	�

 R�MG9 &H��-��L�' �D%/ -$�D�:�� �DA@ ��D�� �N E�� #: 

&H� .

@ -$��:�� �A@ 6�� F	� �'#;��D@ &DH�� ;��D@ 7�D�N &DH'

 -$��:�� �%/ -	V�@ &��Z �D%/ R�MG9 F	��>N &��Z -LA	 

yz/y±1y/ =fd&H� .

(#��:-K�DD�Q�� 5@�DD9 6�� 7�DD� #DDA$�<� 6�� F	�DD=N 

] �p[a	�A9 �	� #<@�� iQO #: &H� -�'8�:

) (( ) ( ) ( )rrr
N

rC ci
rrr

+∑≡ ρρ1

��L	� �'ρ#<%/ �P� � &H� -�4� -$�Kf ��@&�AZ8� r�i�A��

 =�H #@���@ ��� 7�M/N  =)(rρ7�DK/N �D��Q/ �DP� �y=)(rρ

&H�.N�9�A�-K�D�Q�� 5@�D9 #QDH�4� �' #: &H� -O�%/ R: '

@#-� ��: ��/�.5@�9r )C (�L	��/ �&DH� ;��B�/� '�8� ���%� 

�L��@ �%/ #@ i�A�� #<%/ �' #:.�'�K/�D��� -$��:�� {�O �'

 �� [	��' ��B�/�r )C (3% #M�@ ���@ #����/ -K��@ �&.� #@ 

' -K��@ #�x� #@�D��@ #����F	��@�DL@ )()( rCrC =
r.FD	� �'

 ��L�D�� v��Dw�� -LD��� #D@ -D%� � ;'8D�] ;�.�.� �'�8�

 #: [	��' ��B�/� �� F	��@�L@r#D@ �� ;��H�� ;��8� -�.� F�	�D� 

���@ #���' .��Q�� 5@�9 -K \/�89 #<@�� �� RM� #@-� ����� �	� �L:.

)+(( ) α−rrC ~

6��� W��m(ℓ)��-���89 '�: ���@ -K��Q�� 5@�9 E�k �@ 

iQO -$��:�� �A@ #:�� �	� #<@�� Rx�k �N-�'8� ]p[.

)�(α−= 2fd

#: &H� ;��f ���� #<@�� F	�vicsek ]p[���|'�: ##DML	� ��

 &H� '�K/������> �N.;'�K/���� ��> �#<@�� U��%� ;�DL@ �� 

' #:�5��� ] [-�/ ����9 &H� 7�� #�wP ��' .RMD� �' �D�d

�� -L4L� 
	)(ln rC ED�k �D@)ln(r;��D@ v��Dw�� ;�D� 

6���F�	�� H8H ;8H-� 7���G� &H�� �8��/�s [�L:.

���� �' #�k�/ �' �' -L4L� F	�\/�89 �'��' j��� �' -M	

 -/�D�� �D0@ �' ;�DK	' � -L4L� .;�.�MD�!�);�D.�L4L� 

�� -��	��K$#@���H� : ��./N -<= �0@ �'�: ��� D@ ##{8D��

 ��G/ �L��� v��w��-��L�' ��D.<= FD	� E�� �'�: ���� �@ �

-� /�89 E�� �' [� 1α�2α[�DL: ��D�� �� �� #D: �DA@ �D./N ;��

@ -$��:��#&H'-��	N.

;�.�MDD� y�  � -K�DD�Q�� 5DD@�89 �EDD�9�9 #DD@ ;���DDA@

 �/�sH8H ;��@ -$��:���8� '�N ��ED�9�9 #@ RDk��� &D$�k �' �' 

��%/ R�MG9 F	��>N �-� ��G/ �%/ -���9 ��'.

;�.�M� +� ���Q�� 5@�89 E�9�9 #@K;��@ -�'8� 
D$�9 �

�&H�� ��DG/ ��� �/8D� c�0�/� -H��@ ;��@ �%/ -���9 -�Z�

-� ��'.;��@ �.�L4L� F	� 
$�9 �'8� �&H��� '��D]� ED�9�9 #@

d�/ �d/ ��@#&H'-��L�'.

�' 7�� R�bG9 �%/ \$��^�� �A@ ��	�� �'�	� #/��HN #	��� 

@ ��/ �� #7'��4� �' Rx�k #^ [	'��N &H'zd/ �9d/ 7'8D@ 

&H�.Rb� 1��G/ �� ��^ F	� �� #/8�/ �	 -���'.

Archive of SID

www.SID.ir



�<? ����	�
� ��� �
������� ���� ����� �������� ����	 ������  !��"� #���$#� %
��  ��!���& '���  �٣

7� @.�&H� 7�� #�0	� ���Q�� `<H 
	 ;�� #: &H�� _8�0� -$��:�� �A@ m��� � #=�� `<H &kℓ&H� �N ?8O .

7� �.W�� #�	�%� i	�O �� -$��:�� �A@ R:?8O �#=�� R: .

7� 6.� 5@�9 ��Q� ;��@ -K 6���F�	�� &DH� 7�� c�0�/� �%/ R�MG9 F	��>N Rk��� -LA	 �N ;V�@ �� #: �%/ �� -G0@ ;��@ &H�� ;8H 
%��� ;�./�	�� �� -@�0�/� �%/ ��G�@ #: ;�8O #@ R�MG9 R7�� �/�.

Archive of SID

www.SID.ir



��!���&��  �'�٣�	���(�� �� )*�
	 �"�+,��- �	 .#� %/��01���2
  %

34 # ��1��... �<8 

7� ;..-/��� �0@ RM� -L4L� dV�@ �0@ #@ _8@�� &H� �N E$�> �0@ ���b�N #^ A	&H� �%/ R�bG9 F	��>N Rk��� \L .-$��:�� �A@
Rx�k1/ &H� .

7� =.RM� -L4L� ?�� &��Zd�0@ ���b�N #^ ��> R�bG9 F	��>N Rk��� \LA	 V�@ �0@ #@ _8@�� &H� �N E$�>&H� �%/ .-$��:�� �A@
Rx�kd/ &H� .\$��^�� �A@ �%/ R�bG9 F	��>N Rk��� X��@ �m$1/ &H� E$�>.

7� 8?.;��@ -K��Q�� 5@�9 �'�N -k�O ;��@P�%/ R�MG9 F	��>N Rk��� �� 7�	�.�A@ &H� 3= E�� #: -$��:���1/ &H�.

Archive of SID

www.SID.ir



�<� ����	�
� ��� �
������� ���� ����� �������� ����	 ������  !��"� #���$#� %
��  ��!���& '���  �٣

7� 88.'�N ;��@ -K��Q�� 5@�9 ��%/ R: -�Z� c�D0�/� -DH��@ -D$�@
-� '8��Rx�k -$��:�� �A@p)/ &H� .

7� 8�.�&DH�� ;��D@ -K��Q�� 5@�9 ;��D@ �D%/ -��D�9 -D�Z�
 c�0�/� -H��@-�'8�.�A@ �' -$��:�� &$�k F	�d/ &H� .

7� 8�.;��@ -M��Q�� 5@�9
$�9 �'8��;��@ �%/ -���9 -�Z�
'8� c�0�/� -H��@.-$��:�� �A@ &$�k F	� �'d�/ &H� .

7A 8<.#/��HN �	� �%/ X��@ \K��Q�� 5@�9.\$��^�� �A@
k��'8�/ F	� �� Rx�d/ &H�.

?.#@�
 ��A 
�G� � ��	���/]1[;�� 5	�D� 6��D� -D<=��> ��D�� ;��D@ 

�@� `<H7�89�: ;�'�.LG�� ?�� 
	 �7'�D: �D/� .�?�D� FD	� �'

 #: &H� 7�� e�-@/-�B �D9 &DH� ;8DZ -�D: ����D/� #D@ 

�� 6��� �LMDG@ ?�D/�: F	�DLf #@.��DLg�� #D: E�D� `<DH

 7'�' �	��� -���N #@ ���Q��-�'8� 
D	 �@ -	�.$�'8P �' 5	�� �

5�� h0G� i�]-�'8� �LDH�@ j�Q�� �k #@ #: -��KL� �9 .

�� �� ����� ;�.$�'8PF�	�� �� -��DLL: #D�8= �;�D�P�D.$�'8

 -� RM� �P�/� .����@ 
f8: ���Q�� `<H #	����P� �cN 7�DK/N 

Yl��: �� �.$�'8P ��-�/ �L: .���Q�D� `<DH #D	��� #D: -��DKL�

 ��P��@-�8�'#�8= ?8O -� �	��� �� #	��� �' � �@�	 #/��DHN

 ���%� #@ -/��4@ -� &	�.L�@ ��H.�Dk FD	� �	� -D/��4@ '��DA9

 7�� #$��	� ��8= ;'�	� -�/�89[�DL�Q@ 6��D� �� Yl��D: #D: [�

 �L��� ��� .#: #/��HN �' ��� [� DP��m ��D aD	�A9 -D� '8D��

�D9 V�D@ �� ;��D� #D/�='�� 
D	 [: &H' F�	�D� '��' '8D�� 

)-@ �N -K��Q�� ?8O #: #�8= 
	 [: &H' -LA	 &	�./ &DH�(.

Archive of SID

www.SID.ir



��!���&��  �'�٣�	���(�� �� )*�
	 �"�+,��- �	 .#� %/��01���2
  %

34 # ��1��... �<� 

��D	� &DH� v��Dw�� �DG� � ��D	���/ ;�.$�� �@ #A$�<� &49 [���H

-@ -�B/ H� 5	�� �' `<H �' #/ &.v��w9 F	� [>� #@��7���/ ;�D�P

 RMD� #D�$�� RDk��� �� -LA	 ��%/ ;V�@ �� -$��:�� �A@ ;�D�P

 ��� �@ �%/ �G� � ��	���/ ?�� ;�.�L�@]1[-@��9 v����G� �

&H� ��P��H] [F�DH8�� �� RDQZ 7�D� #A$�<� [���H Y����r �

��./�	�� k��YV�� ��H' ���� �� �&H� -/�.� kN ?� �� �DA@ #: �

�./�	�� F�H8��YV���k� #MQD� 
D	 #D/�='�� ;��'[D	� .#D	�B/ 

#MQ� �� j8/ F	� -$��:�� �A@ ;��@ 3H8�� ����� ���%� ���1/ 

����� -� -L�@ �L:]1[�7���/� &��: #: -$�k �' �D� ��� ;��P

 RM� #�$�� Rk��� ;��@ �D%/ ;��P)yz/y±1y/ (�D@��@ Y�DQ	�%9

 F	� �@ %� ��� &H�.;��@ ��%/ -���9 Ro�� [� #@ �./�	�� -�Z�

-� ��/8� -$��:���A@ #MQ� -$��:�� �A@ �@��@ ;�D� #D/�='�� ;�

-� '8�.

#A$�<� '�8� �	���N �' [�D:� FH��89 3H89 cN &D:�k �

a�S: ���Q�� `<H ;��] [7���D/� -$�D�:�� �A@ �7�D� ;�D�P

yz/y±�d/ 7���/� �@ ��P��H #: '8@ P#D�$�� Rk��� ;��@ �� ;��

RM� &H� �%/ ;��P.

\� �B/ #@ E�9�9 F	�@ �8Do0� \D�4� ������� ��� �H�

 � v��~ 7���D/� 5D	�89 RD�QZ �� �./8�D�/�sH8H FD	� �� �D	 ��

 9 \$��^�� �A@ �' `<H �@ v��~ \P�LQ�f E	���'���D/ ��T �

&H� ���b	 #�� �' #^ 6��� \K/8Kf �.L9F��A9 �DA@ 7�DLL^

�� �D	 �' \DK�� #D^ &DH� \DLA� F	�D@ '8= #^ &H� \$��^

 ���Z \/�.� #�H'-��/��P.8H�\D� \Z�@ #^ \Q$�� ?j8D/ �D/��

 &H� #/��HN #	��� �@ v��~ 7���/� 5	�89 #<@��.\� �8L^ �9 [�D/�'

 �D� FD	� �' #D^ 6��D� 7�D/�@ 8D�� X���/ #@ #/��HN #	��� #^

'��' \K��@ &H� �/��P.�' ��B�/� ��89 \� E	�D� #D@ #^ &�

 ���@ #���' \K��@ ��/ `<H #@ v��~ \P�LQ�f.�@ �N #<@�� ���

 #D@ ���/� &��/ F��� �� X��@ �8��/�sH8H v��~ 7���/� 5	�89

[�@�	 &H' �N �H�� #@ 7�L	N �' [	������� #^ '��' X��G�@ ��^.

�
�$��- 
�' ��DGM�: ;��D@ -D��] [/�=� -:8�@�H ��:' ;�ZN �� [��	��

�/���7;��P #/�' 7���/� ��� ;�MD�] ���DG� #��DH� ;�ZN �� ��/�

#/�	�� -�	8/ #��/�@ �' ��G	� 
�: ;��@ [�	��/ �MG9 ;�.

,"��( 
1. M S Tomassone and J Krim, Phys. Rev. E, 54 (1996) 

6511. 
2. A I Larkin and Yu N Ovchinikov, J. Low Temp. Phys.

34 (1979) 409. 
3. R Leonormand and C Zarcone, Phys. Rev. Lett. 54 

(1985) 2226. 
4. O Narayan and D S Fisher, Phys. Rev. B, 49 (1993) 

9469.  
 

5. J Watson and D S Fisher, Phys. Rev. B , 54 (1996) 
938.  

6. T Vicsek, Fractal Growth Phenomena (World 
Scientific, Singapore,1989). 

7. S Kramer and M Marder, Phys.Rev.Lett., 64 (1991) 
205. 

8. A Rinaldo etal., Phys.Rev.Lett.,70 (1992) 822.

Archive of SID

www.SID.ir


