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$�� �" 01� &$�2 #� 3"��4 #�15 �" -64�5 #���� �*� 3

��7�&89� :�� ;1<=� 3�=� �� �>?]�A [.D8�E" F��8G,

 $�� �" 01� &$�2 -9��� 4� HI�2��7��8� � �8*� 3�>8?

 � 3�=� ��J�>K�� #�L8� 4� HI�2 F��G, M�L89�N� � 34�89

$�%� �" �#O1��� 3"�P�]'[&���-�"1�.� �"88888888$�%�]�[�

1�P-��8� � �8*� Q�� J��57��8� -8	�? &8R�" 3�� �>8?

��7�S�"
, �>? � -��=� -T��+�� J��G#��1O U�� �8� D�E" 

	2 � &9� :�� H2 -$�R :4�� �8� "�18� �V -S���8>�" � �8��� 3

&9� #G��6 ���E WN�.

�G+8�9 ��8G�� �" #8$�%� J8�� �"���G+8�9 � -�"�X85 3��3

�� � �*�7�YZ9 � �>? -��=� 01� &$�2-��" � �,18�

�"�#���� �� -	�? &R�" 3�� 01� &$�2 7�J��8GS�"
, �>8?

�� #=$�<� -T��+-�U�� [8915 Q�8� J8�� ��8RV �" � ""�6

:4��AH2 -S���>�" � ���� &$�2 �" ��-�"1�.

0.	$��12 ��34 5�� 
[R �� ��� &9� JS�� 7�4��,��� �� #S9 �� �6� �8���� .�J�8=

 �2 �"�? JGR��,� 4� HLE #S9 &$ #8�$�� [���8� JG8��" �� #S9

��S�� D�E" 8�$�� [���� J��=5 ��� �&9� ��\����8? ]̂ 8�P #S89 

&+�, -,�9V .-� #S9 JGR��,� 4� HLE Q�8�G2� #8� _8��� ��185

 "�? &LNI [R �� ��� ���V .#S89 �86� ]̂ `� ���8%G� � 7$�89 

���V Q��G2� ���� ��� 1
2


8�, [8R ���V Q��G2� �1
2

&89� .

Q�8�G2� �8� � &89� -�"�X85 ��a$1N5 #? -����G+�9 J�>b #�

-� c�I15 -� -�"�X5 3���G+�9 �"1� 7��16 .Q1N5 4� �1d>�

 &89� ��8�4 &�\6 �� �V &$�2 ���e5 �7G+�9 .7G+8�9 Q18N5

-� ���� #G++6 ���4 �� #G91�� ���4 �,�15 .�� ]̂ `� �8� �#S9 3�

 � ��� -� �� #S9 JGR��, �	� �� 7�,�15 � 7��8�T� �8d, �" -,�8�4 

7�8>? c�I15 #G++6 ���4 M�1I #� �� �V Q1N5 .�8� #S89

 �"�X5 7G+�9-&9� -G$�2 �" )[R � ��� .( �d, �" #SL� ��

����T� .��� �� :�T-����� -$�R �� �� �,�15 .f8� �"18� -$�R � �
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&9� -G$�2 �" �:�T��� �� -8� :�8T��� �� #?"18R #8� �8,�15

�"��T .8� -�"�X5 7G+�9 �� 
�, g�5 &89� -G$�82 �.�8�

-�"�X5 7G+�9 N-G$�2 ��G2� �� ���4 �� �" QPi (t) &$�2 �" 

i&9� U� h� .:��1�� #? 7���" #�15:
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N

i
i

P t
=

=∑
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1.

6. 5��47#�� � 89� ��3 8"� 
��G+�9 4� #G9" �� �-�"�X5 3���G+�93�7��� � �*� �>?

�>G+� .J�� �"���G+�9 3�� �j18, �8>b �� �� 4� :�k 3"��=5 

-� &?�2 ��G91�� �� #SL� �� -8� �8*� � �>>? #8� � �,18�

 7��� H�$" �8>? �8��e5 &89� J8S�� ���"��=5 �T��S� �� �>? .

7��� �� :�^P �� �" �>?T�-8� #? -�� �8��e5 #8� �8
>� �8,�15

 M��k "��=5 � "��� �"1� 78� 7G+8�9 3�8�4�� 4� :�k l��8R

-� ��" ���e5 �� M��k "��=5 �,�15.

:.&;����	#�<=�> 
:"�9 SL� �Q�`� J��5��"-��T��� #8? m�� J�� �� �&9� 

��:�T��� :�k �8� �� �`?��2 �� &9� -$�R �� f88� �&89� .

:�k �� [%� #? J��:�T��� -� Q�e�� �� #8� h1891� ��8>?

 &9� "�O �>�V�� .�6� ��>5f8� ��"1� -$�R �:�8T��� "�18� 

�� 3��� ���� �d,:�T��� .j1, �6� ��� �"��" "1�� &$�2 

�k���� 7�� 7� :�>>? Q�e�� j1, #� #G+� M�1I J�� �" ��

��k ���" :�T���$�2 �G&��" 7���1R -5��nG� 3� .m�� ��

.�� �"1� -G$�2 :�T�����SL� 7G+8�9 �8� �� o-G$�82 

"1� ���1R .J�� o�>�V�� �� &$�2 �8�,V "��=5 #? ��\6 3��

 -	? �" &$�2 J��5�.H��8L5 �T��8S� #8� �&89� �8>�V�� 

�-�,1� .�8>�V�� 8�R�, � :�8� �8?k 3�8� #8O1��� 3� ijω

4� �>5��LP:

�A&9�� #� �*� )Diffusion to the right(: →23 i� �iω

.Apb #� �*� )Diffusion to the left ( : →32 �i i�ω

�A&9�� #� "�%=,� )Coalescence to the right(: →24 ii �iω

oApb #� "�%=,� )Coalescence to the left ( : →34 ii i�ω

qA&9�� #� r�%G�� )Branching to the right ( : →43 i� iiω

'Ab #� r�%G�� p)Branching to the left ( : →42 �i iiω

 A&9�� �" D	R : →21 � � �iω

�Apb �" D	R : →31 �� i�ω

sA&9�� �" �>� : →12 �i ��ω

�tApb �" �>� : →13 i� � �ω

��AD	R : →41 � � iiω

�.A�>� : →14 ii ��ω

?.��� 
?.-.&;� @A�4 �+ �+��� �L#�<=�>	
?.-.-.A�4 �+ �+��� 

SL� ���L��T��� �d, �" --��8� �7��8�6 :�8T��� -$�8R �8� 

8� :�k �8� �8� �`?��2 �� � &9�f8&89� �.8���#SL8� �" M��k 

�� �� ��,V � �>G+� j1>A-� 7���, .0� -$�R &$�2 #� 1#8� 

&$�2 8�f8��8� :�8T��� -8� :"�" &L+8, "18� .0�18��� ��

S�
��-3�u� 3��"��:�T���-� H�Sa5 �� �d, "�1� �>�":

,
   

= =   
   
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0 1

0 1

�" :�k �1u2 Q��G2� �6�:�T��� ih�iρ&$�2 ����� :�T��� 

i�� #? h� ui-� :"�" ��a, &9� ��4 M�1I #� �"1�:

( )i i i
iu

i

ρ
ρ ρ

ρ

−    
= + − =            

10 1
1

1 0

SL� �7G+�9 �� ��d, "�1�2L���8�G$�2 #8? &9� -G$�2 �8�

( ), ,...,= 1 2 2L
iE i -� :"�" ��a, "18� .��"�8� -8	? &8$�2 �"

-L�?�5 7G+�9 Q��G2� 4� -<R Ei�� &9�.
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Pi-%�%2 "��P� �� ? �" � �>G+8� -n>��, -8	 �8�>5 &8$�2 J��85

,V J�� #? 3��E#? &9� J�� �"��" "1�� ��:

=
=∑
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1
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?.0.
��� &;� �� ��� � 	��B�� ��#�L#�<=�>	
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1.;��6 23
5.Q1O #� #G+� ���� �.

b

a

c d

e

f
23
�.���, ;��6 �>L.

HI�2 �85 �85 Q�8�G2� ��"�� 3�1+,�5 v�w �T�����8�

���� .�8�E �V �" #8? &89� -I�R &$�2 �&$�2 J�� 3�8�

 J�88� 3�Ga88��Pi#88? 3�188O #88� �&889� ���88E�� �88�P

HI�2 3�1+,�5 v�w L��"�� �"&9� 3�=� .Q��G2� �6� 

�" :�k �1u2:�T��� ih� iρ#8� �8d, "�18� &$�2 ����� 

&9� ��4 HS�:

=
=
⊗
1

L
P ui

i
,

M�1I J�� �":

=ni iρ ,

_��15 �N#<%, HI�2 3� v�w N#8<%, �85 _��5 �8>��1R 3�

 " :�k �1u2 ->=� �"1� �� �:�T��� 4� H%G+� 3����T��� �T�" 

x-TG+L�� -5��LP #� � &9�in�>G+� �nI ��.

,
.

.

.

.

i j i j i j

i j k i j k i j k

n n n n
n n n n n n

ρ ρ
ρ ρ ρ

= =

= =
 

�� �" :�k �1u2 Q��G2� �6� &�=w� J�� �"�����T��� �8���� 

���88%� �88�ρ-$188,�� &88$�2 �� 7G+88�9 Q�88�G2� ��"�88� ��88��� 

-� 6�� �� �V � 7��1BP-� ��a, 7��".

( ) ( ) ( ) −
=   

1
1

n
nP t P t b tε ε .

�" :�k �1u882 Q�88�G2� �886�m:�88T��� Q�� 1ρ�" ��88�%� 

23
6.a���,-	�y &R�" 4� -��.=ξ�=� {� �|L� �3.

����T��� 2ρQ��G2� ��"�� ����� 018� &$�2 #� #? �� 7G+�9 

�� &9� h191�em-� ��a, 7��".

( ) ( ), ,

--
, .

m
L mme u v

u v

⊗ −⊗= ⊗

  
= =   
   

1 2

21

21
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ρ ρ

ρρ
ρρ

C.	
�� 
��� ��� ��� 
��� 
#P1�
� 4� ;��6 �3� 4� }89� ���$��8� 8� H�Sa85 -�"18�V

}� ;�=� � gE� ;�=� Q�&9� .#��1O �Q�`� �SH��8� 

� ;��6&9:?#a�b�c�d�}9��� �>G+8� ab �ac �cb �

ad �$����>G+� .

���� 4� �1d>� �" �SH.-� ~*a� "18�:8?���8� �V #8� #

Q1O #� #G+��� #Gn6 -"1� .�;��6 �� �" #K,�>b �8� J�� 

� �"}�� HE��2 g�� �� ;��86 �V �7�8��� #G��" ��+� �8>L

-� HS� �>,�� �>�16..�" ���HS� ��18O #8� ;��6 �" �� 

� J�� #? �
,V 4� ��� ��>G+� �>L�� H%G+�}93��c�d3��+� 

H�Sa5 H? �" �"���, "1�� �� ;��6 �� -�, �>L #8� � �8>�"

 -� �>L���, �V �>�16.���6 ��1>P #� &R�" -��8>L�� 8?�8E�� #

�=5 &9� ��"�8� c-"18� .� �" 8� �8*� J3��$�8� � �8*� 

7��� ?�� �>3&R�" ?�	-��� 9-�� ���1R .-8	�? &R�"

 "�P ��ξj��� -	I� :�6 �� 4� -�#8? "1�ξ�V #8� #��+8�� 

U"1R #��+�� �� ��>G+� HI�ξ&8R�" �" � "��" #��+8�� 

#G+� ���� -	�? "���, "1�� 3�)HS� o(.
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23
8.&R�" 4� -a���, �� -	�y�=ξ.23
9.	�y &R�"-���=ξ�qn =

&R�" �?�	-���=ξ&9� ��4 M�1I #� �)HS� q(:

T��S� #� [��� �� [915 :�6�� -	�? &R�" 3�� :�T��� �" �

�� ��,1� HI� :����, #��+-��8� �8
>�� �" ��,18�)-$�8R (�8�

( )� i:"�" ��a, -�"1�.

"�P �� -	�? &R�" �ξ ≥�T� �d, �" ��8��� .:�86 �8� #8�

 �� -	�? &R�" 3�����8:�T -8� :"�" &L+8, "18� .#8K,�>b

�1R�n4� -��5��T���83�� �-8	�? &R�" 3�� �7� #� HXG�

 Q��G2� ��=1ρf8� 8�%� � �>8��� ��3�8���T��� 8R�" 3�� 8&

�?8$�R -	8>��� -8��T,V8:�&8R�" 3�� ��8R ����V J�� #�

� &$�2 �-	�?8� 018-�>�16)HS� '(.

�1O #�-	? �G91���, M���e5 �-$�Tb#��18O h189�� 

-8� :����, 01� x&$�2 "18�.3��8� 3��8� Q�8`��=ξ،x_��85

 x���4 #� #G+��� Q��G2�Pn(t) �8� #8? &89� �V Q��G2� ;�=� �

P1�
��n���4 �" 7� #� HXG� -��5 tf88� -	�? &R�" 3�� �

�%� ������ -$�R #SL� .

Q1N5 �
>�� �" G+8��� Q�8�G2� _��85 -,��4 ��8�4 #8� #Pn(t) 

�� ���1R -9��� .�" #8�1R �8>,��� 018� �8T�" M��LP #�

-8	�? &8R�" �" #8�1R Q18N5 -89��� � &9� -	�? &R�"

 &9��d, "�1� .$"�=� ���� ��G�� �" -,��4 Q1N5 �J�>b #� �1��� 

"1� #G�1, -a���V .$"�=���V ��� #� Q1N5 8�	? #?�M^8��

 �+2 �� ��1G� �� #$"�=� J��Pn���"1� ���1R #G+� �"1�, ���.

"��=537��� 4� ?a>���8$"�=� �#8T, #G+8� �� -,�8�4 Q18N5 

�&��" �>��1*,3��� 7��� Q�`� ?a>-M�18I #8� →ii � ��

� �L9-�1R HR�" "1��nT��� 4� -��5 ���8�3f88� 78� #8� �

T��� �HXG�����3$�R -��"1� "�
 8? " #��=5 �8T 	8I� c8�-

1�0-� �%, �� ?�� � �> ��V J�a��3�+82 �8� ��R Pn�8� 

�� H��E �, ��-�>��� .� 4��7��8� :"4��" �� ?a8>-8?��18>P #8� #

7��� ?a>��3� 4�
� ��� �" J� ��=� �7� #� ���
� :�T-:" ��� 

7��� ?4 ��� #� �>�� ���,4�
� �:

7��� ?a8>��3→i� � ��→�i � �����8�4 ��8,4�
��

���Va-�>,�� �1O #� �� ?	-���V �)ii� i(#�

88���V �88� �188O #88� �?88	-)ii� �i(��88L5 H

�-""�6 .��7��� J?a>��:�� �L9 L� �,�S�� �#G91 �38?#

H���n��� f88� � 78� #8� HXG� :�T 8E �" #8� "18� �&�+

a�Sh1�n� �T�" � �>1�0�, ���E�� -8�4 ��8��� 18� ��0

L� �"S#�3�=5 H��E �"1� c?#��2�, ��� #8��$�8Tb -

1ρf8� ��%� � ���� �L�S$�8Tb �8� #-2ρ$�8R -�8��� .�"

G,�" #
�$"�=� �T�8�, #G+� �"�� -�+82�� � �8,��Pn�8� 

� H��E��, ��-���� .���3=� JG�1, $"��,�8�4 Q1N5 -Pn(t) 

���7��� �?a>��v�*G,� �� -�?�>7?#���8P1�
� 8?]̂ ��

f8� �� #� ���P1�
� �f8� �G6�
� ���?b1S�L5 �G�H?�>.

�>K�� 7��� J?a>��3→ii ���→ii i��→ii �i�8��
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23
:.&R�" �� -	�y�=ξ��=n.

4 ��>G+� Q1LE H��E�P1�
� ���n�5 -�� 78� #8� HX8G� f88� �

)ii� i(��V #� ��a���-�5�5 #� �M�18I #8� ��)i� i��i(�

��)ii� i�i(�L5�� H-?�>>?a� 4�� #S5 r1� HS� ���-"18�.

7��� ?a>��3→�� i��→�� �i� �8���>G+8� Q18LE H8��E �

4���V ����)ii� i(��V #� ����)ii� i�i(�L5�8� H-?� �8>

>K���7��8� J?a8>��3→i� �i�→�i i���4 �8,4�
�� 8� ��

��3���V Q�`� ��8��8b��� ���V #8� 8�8b��� �" ��

�L5 �� H-"1�.

7��� ��RV �" ��>?→�� ii&9� Q1LE H��E��� .#8� ���4

 �88���V Q�88`� �188O( )⋅ ⋅ ⋅ ⋅ ⋅ ⋅� � �ii� i� � ��88���V #88� �� 

( )⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅� � �ii� i� � �ii� � �H��L5 -��>?.

.w15 #� #�15 �� ��7��� ��>5 r1� M�N ?�>4 ��� #� 4�
� 8��

�-����:

,
.

r
r

→
→

1
1

�i ii
i� ii

$"�=� JG�1, 3����� #�a8b M^8�� &89� 4��, �-,��4 Q1N5 

"1� ~*a� :�b .

:چاه

پـرُ تاييn خوشة

جاي گاه خالي

�����

جملة چاه با اين نماد مشخص مي شود
)(P

n�	


)(P
n�	


&9� �V Q��G2� ;�=� ��� #?:�T��� -$�8R 

P1�
� #��nf8� ]̂ ��? -��5 ���� HI� �.

#�ab :

��1R (n-1) ��� -��5 

-$�R :�6 3��

�����

"1� �� ~*a� "��, J�� �� #�ab �	��
)(P

)1n( �	
 −

)(P
)1n( �	
 −

&9� �V Q��G2� ;�=� ��8� #? :�8T��� -$�8R 

�P1�
� #�)�An(�5-�]̂ ��? f88� �8��� H8I� �.�8$"�=� #8
�G, �" 

4 M�1I #� �-	�? &R�" 3�� #�1R -,��4 Q1N5�&9� �:

)�(( ) ( )−= − +1 1 1
n

n n
d P

r R P r R P
dt

Rn�T��+�� "��=5 �SL� #� HXG� 3���n78� #8� HX8G� -��5 

]̂ ��?f8� �-����� .nR −1T��+�� "��=5 ���SL8� #8� HXG� 3�� 

)�An(]̂ ��? x7� #� HXG� -��5f8� �-8� �8��� .8$"�=� #8
�G, �"�

-,��4 Q1N5Pn(t)#� HS�-� �" #G+� ��V:

).(.- ( ) ( )−= + −1 1 11
n

n n n
dP

r R P t r R P tndt

D.������ E� A�4 �+ F��2 A�G2 Pn(t) 
D.-.� 5=+ 
��� H+�> 

$"�=� 3�G+�� H2 ��G���-,��4 Q1N5 Pn(t)��8� ���1R -9��� 

3�1O #�#?:
s

nd P
dt

=0

#
�G, �":

)�(,− −− + = >1 1 0 1s s
n n n nR P R P n

$"�=� v�1��r1� ,= > 1
CsP nn Rn

-� �89�� J�� ���4 �����

 $"�=� �"�)�(-� r�I �>? .&��� J��=5 3���C$"�=� ���18��� 

#� �=n�-� -9��� "1� .�$"�=� JG�1, 3��� Q18N5 �=n���8G�� 

#�ab ���� �b ��""�86 -8��=� #8O1��� 3�� .HS8�  &8$�2 

3=ξ��n=-� ��a, �� ��".

	�� ��>5 �-� :�b �"1�1� ����:

)(P
)1n( �	
 −

,::�b 

#
�G, �":

( ) ( ){ }-
d P t

r R P
dt

=1
1 1 ,

G+� h�� 3���" #$"�=� J�� #?�-� ��4 ����:

( ) -
dP t

r P
dt

ξ=1
1 1 ,

�#$"�=� J�� 3�G+�� H2P =1 0�&89 .+8��%� 4��&8$�2 �89�� 

�=n��n>-� #
�G, �#? "1�t=C� &9� :

=0s
nP ,

b 3��8� Q18LE H��E v�1� ��>5 #SL8� J�8> &8$�2 �" 3� �G+8�� 

=0sPn3�� #8? -O�� #� #�15 �� #
�G, J�� #? �&9� �8�R�, 

n �An

�=n

www.SID.ir



Arc
hi

ve
 o

f S
ID

������� 	
��
 �� ���� ������� � 65 

f8� Q��G2� � &9� Q1LE H��E �"1� 8P1�
� �8� �"18� ��n-��85 

-� �� #SL� H? � &9� �nI �8� �" ��8�4 ���� 78� "�18� �>8?

-� D	R :�k �Q1LE ""�6.

D.0.	&���"=� 
��� H+�> 
���39��� -" &$�2 ���>�S-�$"�=�).(#8? ��4 M�1I #� -*9�� �

-� :"4 g�2 ����� -���, M�1I #� �V -,��4 -TG+��� "1�:

( ) t
n nP t P eε ε ε= .

��\T��� ��$"�=� �" 3�Q1N5).:(

( ){ } ( ) ( ){ }n nr n P r n Pε εξ ε ξ −− + + − − − +      
=

1 12 2 1 2 21
0

#� &9"��V ���1R .

.#���1>P 3��� Q�`� �=n

d P r P
dt

ξ= −1
1 1 .

#K,�>bP ≠1 0-9�2 v�1� � "1� m�� ( ) tP t P eε εε = 1 1
1 1

�����rε ξ= −1 1"1� ���1R .Q�82.=n-8� -89��� �8� �"18�

m�� #S>�� P ≠2 0�P =1 0:

( ) ( )dP t
r R P t

dt
= −2

2 2 2 ,

�
>�� �"r Rε = −2 1 2#� &9" ��V ���1R .m�8� #8K,�>b �8��

"1� :P →2 0�P ≠1 0-� ����� $"�=� :�T,V �#8� #O1��� Q1N5 

&9� ��4 h��:

( ) ( ) ( )-
d P t

r R P t r R P t
dt

= +2
1 2 2 1 1 1 .

3��� -	? �9�� x( )P tε
2� ��8R v�1� �&9� �
� �" 3���" 

JT�� v�1� .$"�=� JT�� �*� 3�����8�4 ��8� #8� #O1��� 

&9�:

( ) ( )d P t
r R P t

dt
+ =2

1 2 2 0 ,

�V �9�� #?( ) r R tP t P eε= →2 1 2
2 2&89� .L89�N� 3��8� �8���

$"�=� ���� ���R v�1����4 "1� H2:

−+ = 1 12
1 2 2 1 1 1

r R td P
r R P r R P e

dt
.

#888888$"�=� J�888888>b 3��888888� -8888889�2 v�1888888� 3�

( ) - -= +1 2 1 1
2 2

r R t r R tP t P e B eε ε -�J8�� 3��\8T��� �8� ��8���

$"�=� �" -9�2 v�1��r1� #�&9"��V ���1R :

,
P

B = ≥
−
1 3
2
ξ

ξ
ξ

3��� -	? �9�� #
�G, �".=n&9� ��4 h�� #�:

( ) − −= +
−

2 11 2 1 1
2 2 1 2

r R t r R tP t P e P eε εε ξ
ξ

.

��5�5 J��� -� L9�N� 3��� ��15�εk�Pk#��"� �� �>�V�� J�� �

"�" .�1�P v�1� #K,�>b-$"�=� �).(4 ��� #������ �:

( ) ,
−

=
= ∑ 1

1

k
n

r R t
n n k

k
P t A e  )o(

�� �����\T3$"�=� �)o($"�=� �"�Q1N5 ).(� &9" #�-V��:

, ,

,

,

,

n
n k n k

n k

k k k

RA A k n
R R

A P k nε

−
−

 = ≠ −

 = =



1
1

)q(

#	�� �>b #� ��G�� �3P2�P3� #�15-"1�:

( )

( )

( )

,

, ,

,

,

,

.

kr R t
k

k

r R tr R t

r R tr R t

P t A e

P t A e A e

P t P e A eε ξ
ξ

−

−−

−−

=

= +

= +
−

∑ 1

1 21 1

1 21 1

2 2

2 2 1 2 2

2 1 2 22

*9�� #� #�15 ��-?�L9�N� �" #��� HLE 3( )2P t� �8� #8����

�%��+�G, r1� �9�� �� �� #
-"1�:

, =2 2 2A Pε .

>K���J3P4 M�1I #��&9� �:

, , ,

, ,

, ,

,

,

.

r R t r R tr R tP A e A e A e
R RA A P

R R R R
R R RA A P

R R R R R R

ε

ε

− −−= + +

= =
− −

= = ⋅
− − −

1 2 1 31 1
3 3 1 3 2 3 3

2 2
3 2 2 2 2

3 2 3 2

2 2 1
3 1 2 1 1

3 1 3 2 3 1

�9��?	-��� 3Pn4 ��� #��&9� �:

( ) ,

, , ,

k

n

r R t
n n k

k

r R tr R t r R t
n n n

P t A e

A e A e P eε

−

−− −

=

= + + +

∑ 1

1 21 1 1
1 2 �

�1O #�3?#:

, ,nn k
k

n k n k k k

RR RA P
R R R R R R

−−

− +
= × × × ×

− − −
21

3 1
1 1

�

www.SID.ir



Arc
hi

ve
 o

f S
ID

6� ��
 ��� � �! �"��# $%
& '�
 ()
 $��* �+��,�-./ 	0�! � ������� 	
��
 �1

?:"�9 M�1I #� #�� �5�4�� �-��15,n kA��, �� �"�" �:

( )

n-
( )

,
i
Π n i

n k k
kn i

R
A P

R R
− −

= −

 
 = ×
 −
 

1
1

0
.

�� �����\T3Rn)�+�� "��=5�T-�"��P1�
� �n�5 -�(#8� �

��V ���1R &9":

( ) ( )
( ) ( ),

i
Π

n k

n k k
n i

A P
n i k

− −

=

 − − − + = ×
 − − −
 

1

0

1 2 2

2

ξ
ξ

.

�<��� 4� :"�nG9� �� ( ) ( )n n nΓ = Γ +1),n kA4M�1I #� �&9� �:

( )
( )

( )

n-k-

,
i

.

.

Πn k k

k

n i
n i k

A p
n i k

n i

n
p

n k k

=

 
Γ − −  Γ − −− = ⋅

Γ − − + 
Γ − − − − 

 
Γ + − =

 
Γ − + Γ + − 

1

0

2
2

12
1

2

2
2

2
1

2

ξ

ξ

ξ

ξ

H82 3��8� 
8�, 3�8T�" ��R � -9�2 v�1� �T�" ;�O 4�

-S���>�" �$"�=� Q1N5 x-,��4 Pn(t) -�85�"�" #8���� ��1 8?� #8�J

I�R &$�2 �9��-�1�P �9�� 4� -�&89� 8?��8� #3Pn(t) �" 

��=� r1� [����-"�6 ��.

( ) ( ) ( ) −
=   

1
1

n
nP t P t b tε ε .

�" #? &9� J�� "��" ��R v�1� J�� #? -G�I�Rt=tQ��G2�

 8P1�
� 
��89 #8� 018� �"�8? �����n"��" -TG+8� -��85 .�8�

 �" ��8R �89�� J8�� 3��\T��� �8$"�=� 8$"�=� �Q18N5��8�4 

#� &9"��V ���1R :

( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) ( )- -

( )

.

n n

n n
n n

d P t db t P t n b t b t
dt dt

r R P t b t r R P t b t

ε
ε

ε ε

− −

−

+ −

= − +

11 2
1
1 2

1 1 1 1 1

1

-� HI�2 #$"�=� #G9" �" #
�G, �" "1�:

)'(.( )d P t
dt

ε
=1 0

( ) ( )( ) n n
dn b t r R b t r R
dt −− = − +  1 1 11 , ) (

$"�=� �9���)': (( ) ( )=1 1 0P t Pε ε &9��$"�=� �9�� �) :(

( ) ( ) ( ) −− = + 
1 1 1

1 0
1

0
0 n nr R t

n
P R

P t P b e
R

ε ,

#? &9� 1 nr R���� εn-S���>�" �*� �" #? &9� #�&9" V��.�"

→∞t-� �G+�� &$�2 #� H��L5 -S���>�" �9�� �"1�.

I.�J� B ���K 
&$�2 3�� 01� ��"�6 #���� -	�? &R�" .$"�=� �Q1N5 ��4 -,

���4 #� #G+��� Q��G2� _��5Pn(t))�V Q��G2� ;�=� #8? &89� 

P1�
� ���n���4 �" 7� #� HXG� -��5 t-8	�? &R�" 3�� 

�f8�%� � ������ -$�R #SL� (.:4�� U�� [915 �A��#��1O D�E" 

$"�=� � �� -9��� � H2�#G+8� h�� #� 7G+�9 J�� 3��� Q1N5 

� �88�V�" J�88>K��#88� �188O -$�88� J�88>b 3�88��� &88$�2 D88�E" 

-9��� #? &9� J�� HI�2 #
�G, � �� ��8��� &8$�2 �8���V �"

�� Q��G2� 8P1�
� �� �"1� �n�" &89� �n8I �"��8N� -��85

 H? #
�G, SL� �-� �� ���� .�V -S���>�" &$�2 -9��� 4� �=� �

c�O ��G+8+6 c8�O � �8�"�6 #L89�N� 7G+8�9 J�� -,1G	�� �

�� -,1G	��#�&9"��V .

	B+��)L 
4� #$�%� :�>+�1,������>��� 8>���� ��5�89� M�8�24 ���8��EV �

��18>P #� -��R �G?" � ��>��� "�G9� ��1>P #� 3��N� �EV �G?"

"��" �� �Sa5 Q��? �3�G?" :��" �" ���a� "�G9�.

F>+�� 
1. B Derrida, L Lebowitz, and E R Speer, J. Stat. Phys.

89 (1997) 135. 
2. V Popkov, and G M Schütz; J. Stat. Phys. 112 (2003) 

523. 
3. V Belistsky. and G M Schütz; Electronic Journal of 

Probablity 7 (2002)1. 
4. K Krebs, F H Jafarpour, and G M schütz; New 

Journal of Physics, 5 (2003) 1451. 

5. C Pigorsch and G M Schütz; J. Phys. A33 (2000) 
7919. 

6. F H Jafarpour; Physics Letters A 326 (2004) 14-19. 
7. M Arabsalmani and A Aghammohamadi; Phys. Rev. 

E 74 (2006). 
8. L F Matin, A Aghamohamadi and M Khorrami; Eur. 

Phys. J. B 56 (2007) 243-246. 
 

www.SID.ir


