
www.SID.ir

Arc
hive

 of
 S

ID

u�Q�� Q�t� Tv�Qivm u�tDiy � � � � � � � � � � � � � � � � � � � � � � � � � � ���

C�Oy�Wt �� �wk w h�a� ��yOQwmQ QO xDiyv QW�i �q�� xU��kt
�� RwDty w pkDUt

xv�DU
 ���N xQ�y� �x�wNtRQ �i�Yt ��OtL� QiaH

�UwOQi x�oWv�O ��	�� Q swra xOmWv�O �Q�t� xwQo

CyH x� �yOQwmQ T�U� Q� �Q�oxvwtv VwQ ���� QND C�W��tR� R� xr��vO l� QO �xO�mJ
��yOQwmQ QO xDiyv QW�i �q�� u�R�t �UQQ� �OW���t C�ty� R��L ��yxvwtv uOv�t #wiLt
w h�a� ��yOQwmQ h� QaD x� �OD�� xr�kt u�� QO �CU� xr�kt u�� �rY� hOy �wk w h�a�
xDiyv QW�i �q�� �Ov�pwtQi x� �rm Cr�L QO TBU (s� R�OQB�t �yv� j�kO 	� RwD u��aD w �wk
w xDiQo Q�v QO �Q �Y�N xDUUo ��ya� RwD u�vJty (s� R�OQB�t �wk w h�a� ��yOQwmQ QO
u�ty �� u� QO �Q �wk OQwmQ m u�DUNv w h�a� OQwmQ m u�DUNv QO xDiyv QW�i �q�� u�R�t

�s�vm�t xU��kt �i�i�d� xOy�Wt O�OaD

xDUUo ��y	� RwD ��wk ��yOQwmQ �h�a� ��yOQwmQ �QW�i �q�� ��O�rm ��yxS�w

xtOkt �
R� p�k C�Oy�Wt R� xm OvDUy �Q�O�kt �yOQwmQ �	� RwDty w pkDUt C�Oy�Wt R� xr��vO l� QO

�OvW�� QDmJwm �� w QDoQR� OwN
uwtR� �� w Ct�k u�Qo �m�vwQDmr� C�a�k Qta pw� uwtR� p��k R� �r��Ut QO �yOQwmQ
�Q�ovxrRrR �l� R�iw�S ��U�vW�wy ��WRQwC�k��Ut x� �w� Qt��yxO�O ��wJ��yQ�wr�Ct�kDU�
�UwD 	��� p�U QO �yOQwmQ �Q�t� C�ar��t �Ovvm�t �i�� �yHwD u���W Vkv u� Ovv�t w
x�w� Qt ��yxQ�t� w �yOQwmQ �wQ ��x�Lqt p��k C�ar��t u� R� TB �OW �wQW Chandler

p�U� Nagaraja ��	��� p�U� Nevzorov x� u�wD�t xrtH u� R� xm CU� xOW s�Hv�
�Owtv xQ�W� �	��� p�U� Nagaraja w Balakrishnan ��	���

uOQw� CUO� ��Q� w��Q � Qt�Qm �w�Ut�v QO �OW���t xr�kt u�� �rY� �w�wt xm QW�i �q��
���tvDUQO ��yQoOQw�Q� �OL 	� RwDTv�� Q�w QO u�vJty w�� Q��v ��yQoOQw�Q�Tv�� Q�w u���B u�Qm
xDUw�B ��ya� RwD QO �OQwmQ ��yxQ�t� QO xDiyv QW�i �q�� �UQQ� ��Q�N� �OwW�t Qy�� st� Rm �t
w Ahmadi �����
 p�U� Nagaraja w Hofmann xrtH R� �O�� R u�kkLt xHwD OQwt
�	
�	 p�U� x�wNtRQ w �OtL� u�vJty (CU� xDiQo Q�Qk ����
 w ���	 p�U� Arghami

��OtL� w pmW QDt�Q�B ��Q� �Q BURR XII 	� RwD R� i�i�d� C�Oy�WtQO xDiyv QW�i �q��

www.SID.ir


www.SID.ir

Arc
hive

 of
 S

ID

��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � Cq�kt xawtHt

OQwt �Q 	� RwD u�ty �OQwmQ ��yxQ�t� QO xDiyv QW�i �q�� �	
�� p�U� ���N w x�wNtRQ
Balakrishnan �Stepanov �UwD �D�ar��t R�v xDUUo ��ya� RwD QO �Ov�xO�O Q�Qk �UQQ�

�CU�xDiQo CQwY ����
 p�U � Hafmann w
TBU w s�vm�t u��� �Q R��v OQwt ��ytr w �yO�tv �h� Q�aD swO VN� QO �OD�� xr�kt u�� QO �t
(s�yO�t Q�Qk �UQQ� OQwt �Q �yv� QO xDiyv QW�i �q�� w h�a� ��yOQwmQ 	� RwD swU VN� QO
Cr�L QO xDUUo ��ya� RwD ��Q� �Q �wk ��yOQwmQ QO xDiyv QW�i �q�� u�R�t sQ�yJ VN� QO
QO �Q swU w swO VN� QO xOW u��� �r��t s�vm�t �aU sHvB VN� QO �s�vm�t u��� �rm
�� �wk w h�a� ��yOQwmQ QO xDiyv QW�i �q�� �xU��kt x� s�Hv�QU w s� Q� Q�m x� �DR 	� RwD OQwt

�s� R�OQB�t �DR 	� RwD R� i�i�d� �xOy�Wt O�OaD u�ty
Balakrishnan �Stepanov �xr�kt R� T��Dk� 
 w 
 ��yVN� xm CU� K��wD x� sRq

�OW���t ����
p�U� Hafmann w

�ysr w �yO�tv �h� Q�aD �

F 	� RwD 	��D �� ��xat�H R� 	� RwDty w pkDUt �iO�YD ��yQ�eDt X��X�� � � � O�vm ZQi
h�a� ��yOQwmQ u�tR �X�n� �yOQwmQ Q�O�kt �L�n� �yOQwmQ u�tR xr��vO CQwYv�� QO �OvW��

�OvwW�t h� QaD Q� R CQwY x� n � 	 ��Q� Xw
�n� h�a� ��yOQwmQ Q�O�kt w Lw�n�

Q �O� k t s� t D R� x� o Qy �CU� �q� �� OQw mQ l � Xj ��yOQw mQ Q �O� kt 		� h � Q a D
�s�yO�t u�WvX��� x� w s� Q�o�t Q�v QO OQwmQu�rw� u�wva� �QX� u��Q��v� (OW�� QDoQR� OwNp�k �t
l� OwN �OyO�t MQ u� QO OQwmQ u�t�n xm �r�� QU �xQ�tW ��yOQwmQ u�tR 		� h� QaD
L�n� x� �Q OQwmQ u�t�n u�tR xr�kt u�� QO �CU� hwQat OQwmQ u�tR x� w CU� �iO�YD Q�eDt

�s�yO�t u�Wv
R� x�oQy �CU� �q��� h�a� OQwmQ l� Xj �h�a� ��yOQwmQ Q�O�kt 		� h� QaD
h�a� OQwmQ u�rw� u�wva� �Q X� u��Q��v� (OW�� �yv� �� �w�Ut �� QDoQR� OwN p�k�t Q�O�kt s�tD

�s�yO�t u�Wv Xw
��� x� w s� Q�o�t Q�v QO

OQwmQ u�t�n xm �r�� QU �xQ�tW �iO�YD Q�eDt �h�a� ��yOQwmQ u�tR 		� h� QaD
OQwmQ u�t�n u�tR xr�kt u�� QO �CU� hwQat h�a� OQwmQ u�tR x� �OyO�t MQ u� QO h�a�

�s�yO�t u�Wv Lw�n� x� �Q h�a�
h�a� ��yOQwmQ Q�O�kt w �yOQwmQ Q�O�kt u�� �OW�� xDUw�B xat�H 	� RwD Qo � xm CU� �y�O�
	� RwD xm OvwW�t xDiQo Q�v QO �Dkw �qwtat h�a� ��yOQwmQ �CW�O Oy�wNv OwHw �Dw�iD
x� xr��Ut C�rm uDiQ CUO R� uwO� xm �OwW h� QaD �k�kL O�Oa� R� ��xm�W �wQ �F xat�H
xm �OW�� f��	��� � � � � Ng �rY� xat�H �iO�YD Q�eDt x�ox�mD xm OwW�t OwOLt �Dr�L

�s�vm�t h� QaD �Q Q� R �iO�YD ��yQ�eDt Cr�L u�� QO �N � �

www.SID.ir


www.SID.ir

Arc
hive

 of
 S

ID

u�Q�� Q�t� Tv�Qivm u�tDiy � � � � � � � � � � � � � � � � � � � � � � � � � � ���

s�i �x�kv QO xm sQ�o�t Q�v QO �i�a� ��yOQwmQ O�OaD u�wva� �Q 
i �iO�YD Q�eDt �� h� QaD
�i � ��	� � � � � N � �OvyO�t MQ x�ox�mD

�CU� Q�QkQ� � � m 	 N w n � 	 ��Q� Q� R �x���Q h�a� ��yOQwmQ 	� RwD w �y
i u��

n
Xw

�n� � m
o
	
�

mX
i�	


i 	 n

�
�	�

u�� R� xm sQ�o�t Q�v QO �i�a� ��yOQwmQ O�OaD u�wva� �Q 
�m�
i �iO�YD Q�eDt �� h� QaD



�m�
i � ��	� � � � �m u��Q��v� (OvyO�t MQ x�ox�mD s�i �x�kv QO �h�a� OQwmQ m u�DUNv

�s�vm�t h� QaD Q� R CQwY x� �Q �yQ�eDt u�� ��RH ��yawtHt �i � ��	� � � � � N u� QO xm

S�m��k� �
kX
i�	



�m�
i � S�m���	� 	 ��

s�i �x�kv QO xm sQ�o�t Q�v QO ��wk� ��yOQwmQ O�OaD u�wva� �Q 
�i �iO�YD Q�eDt �� h� QaD
u�� ��RH ��yawtHt �i � ��	� � � � � N u� QO xm 
�i � �� 	 u��Q��v� (OvyO�t MQ x�ox�mD

�s�vm�t h� QaD Q� R CQwYx� �Q �yQ�eDt

S��k� �
kX
i�	


�i� S���	� 	 ��

u�� R�xm sQ�o�t Q�v QO �wk ��yOQwmQ O�OaD u�wva� �Q 

��m�
i �iO�YD Q�eDt �� h� QaD

u� QO xm 
��m�
i � ��	 u��Q��v� (OvyO�t MQ x�ox�mD s�i �x�kv QO ��wk OQwmQ m u�DUNv

�s�vm�t h� QaD Q� R CQwY x� �Q �yQ�eDt u�� ��RH ��yawtHt �i � ��	� � � � � N

S��m��k� �

kX
i�	



��m�
i � S��m���	� 	 ��

F 	� RwD 	��D �� 	� RwDty w pkDUt C�Oy�Wt R� ��xr��vO � � � �X��X� O�vm ZQi �� sr
CQwYv�� QO �OvW��

�OvDUy pkDUt OvOW h� QaD q�� QO xm 
i �iO�YD ��yQ�eDt �hr�
CU� Q� R CQwY x� �y
i 	� RwD ��

P �
i � k� �
P �X� � i�

P �X� � i�

�
P �X� � i�

P �X� � i�

�k
� k � ��	��� � � �

www.SID.ir


www.SID.ir

Arc
hive

 of
 S

ID

��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � Cq�kt xawtHt

�
N � �� a�s� s� Q�O N 	 � ��Q� �G
��Q� �CU� �y�O� �hr�� CtUk ��y
i h� QaD w �yXi pqkDU� x� xHwD �� � u�yQ�

�s�vm�t pqODU� Q� R CQwY x� ��� CtUk
pta u�� �s� Q�o�t Q�v QO �OvDUy i �� �w�Ut �� QDoQR� xm �Q ���yQ�eDt �ki �yXj �xr��vO R�
�s��xO� Q� �Q i �x�kv AJ CtU �ki Q�m u�� �� Ck�kL QO w OQ�Po�tv QF� 
i ��yQ�eDt �wQ
	� RwDty w pkDUt R�v O�OH ��yQ�eDt �s�yO�t u�Wv fY�� Y�� � � � g �� �Q xOv�t�k�� ��yQ�eDt

Ovvm�t jOY Q� R �QW QO w OvDUy
P �Yn 	 x� � P �Xn 	 xjXn � i�� n � 	��� � � �

w OvW�� i �w�Ut Ym� � � � � Y�� Y� � xmv�� Ot�W�B �� CU� pO�at �
i � m� Ot�W�B uwvm �
�s� Q�O u��Q��v� ��OW�� iR� QDoQR� Ym��

P �
i � m� � P �Y� � i� Y� � i� � � � � Ym � i� Ym�� � i�

�

�
P �Y� � i�

�m

P �Y� � i�

�iQ� R� w

P �Y� � i� � P �X� � ijX� � i�

�
P �X� � i�X� � i�

P �X� � i�

�
P �X� � i�

P �X� � i�

s� Q�O xH�Dv QO

P �
i � m� �

�
P �X� � i�

P �X� � i�

�m P �X� � i�

P �X� � i�
�

�Ov�xOW xDiQo Q�v QO q�� h�a� ��yOQwmQ xr�kt u�� QO xm �Hv� R� �OW�� �y�vDt N Qo � ��iQ� R�
C��yv�� x�ox�mD �x�kv �u�t�N �va�� u� QN� QO �pkDUt �iO�YD ��yQ�eDt R� xr��vO l� ��Q�
l� x�ox�mD s�N �x�kv QO Q�� u�rw� ��Q� xm �v�tR R� Oa� �Q� R (ODi��t j�iD� q�� h�a� OQwmQ
OvW�� Q��Q� N �� xm s� Q�o�t Q�v QO h�a� OQwmQ u�wva x� �Q �D�Oy�Wt �ki �OyO�t MQ OQwmQ
� �CU�C��yv��u�k� x��� Qk Qw� x� �yOQwmQu�� O�OaD ��iO�YD ��yQ�eDt R� xr��vOl� ��Q� w
p�tDL� sQH 	��D �� pkDUt �UOvy �iO�YD ��yQ�eDt f
	� 
�� � � � � 
mg O�vm ZQi �� sr
�yqi s�tD Qo � CQwYv�� QO �OvW�� P �
i � k� � piq

k
i � k � ��	� � � � � i � ��	� � � � �m

www.SID.ir


www.SID.ir

Arc
hive

 of
 S

ID

u�Q�� Q�t� Tv�Qivm u�tDiy � � � � � � � � � � � � � � � � � � � � � � � � � � ���

CU� Q� R CQwY x�Pm
i�	 
i p�tDL� sQH 	��D �OvW�� Cw�iDt

P

�
mX
i�	


i � k

�
�

mX
i�	

piq
k�m
i

mY
j�	
j ��i

pj
pj � pi

���

�Ow� Oy�wN �ivt ��xrtHwO Pm
i�	 
i 	� RwD �q	 � q� � � � � � qm � qQo � w

P

�
mX
i�	


i � k

�
�

�
m� k

k

�
pm��qk� k � �� 	� � � � � �
�

���	��� p�U� Balakrishnan wSen x� OwW �wHQ C��F� C���RH �x�Lqt ��Q� � u�yQ�

h�a� ��yOQwmQ 	
u�R�t �UQQ� x� TBU w s�vm�t XNWt �Q h�a� ��yOQwmQ �Q�t� 	� RwD �OD�� VN� u�� QO
w pkDUt C�Oy�Wt R� xr��vO l� R� xOW G�QNDU� h�a� ��yOQwmQ QO xDiyv QW�i �q��

�s� R�OQB�t xDUUo 	t�wH R� 	� RwDty

h�a� ��yOQwmQ �� RwD �
�

w F 	� RwD 	��D �� ��xat�H R� pkDUt �xDUUo �iO�YD ��yQ�eDt R� ��xr��vO �yXi O�vm ZQi
O�vm ZQi u�vJty �N � � xm �OvW�� f��	� � � � � Ng x�ox�mD

qi �
P �X� � i�

P �X� � i�
� � � i � m 	 N �
�

pi � 	� qi �
P �X� � i�

P �X� � i�
� � � i � m 	 N

�xm� Qw� �OQ�O �oDU� �yqi Q�O�kt x� Xw
�n� h�a� ��yOQwmQ 	� RwD CQwYv�� QO

CWwv u�wD�t ��� w �	� R� xO�iDU� �� �s� Q�O OvW�� Cw�iDt �yqi s�tD Qo � �hr�

P
�
Xw

�n� � m
�
� P

�
mX
i�	


i � n

�
�

�X
k�n

P

�
mX
i�	


i � k

�

www.SID.ir


www.SID.ir

Arc
hive

 of
 S

ID

��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � Cq�kt xawtHt

�
�X
k�n

mX
i�	

piq
k�m
i

mY
j�	
j ��i

pj
pj � pi

�
mX
i�	

piq
m
i

mY
j�	
j ��i

pj
pj � pi

�X
k�n

qki

�s� Q�O xH�Dv QO

P
�
Xw

�n� �m
�
�

mX
i�	

qm�n
i

mY
j�	
j ��i

pj
pj � pi

���

�s� Q�O �
� w �	� R� xO�iDU� �� x��Wt Qw� x� �q	 � q� � � � � � qm � q Qo � ��

P
�
Xw

�n� � m
�
�

�X
k�n

�
m� k

k

�
pm��qk� k � ��	� � � � � ���

h�a� ��yOQwmQ QO QW�i �q�� �
�

w F 	� RwD 	��D �� ��xat�H R� pkDUt �xDUUo �iO�YD ��yQ�eDt R� ��xr��vO �yXi O�vm ZQi
OQwmQ m u�DUNv Xw

�n�� � � � � Xw
��� xwqa� �N � � xm �OvW�� f��	� � � � � Ng x�ox�mD

QO xDiyv QW�i �q�� u�R�t u��aD VN� u�� R� hOy �OW�� xr��vO u�� R� xOW G�QNDU� h�a�
�y
�m�

i xm CU� �y�O� ��� h� QaD x� xHwD �� �OW���t � QDt�Q�B �xQ�� QO Xw
�n�� � � � �Xw

���

xm �Hv� R� w �
�m�
i � m �Q� R �OvDU�v �UOvy

P
�


�m�
	 � ��� � 
�m�

m � 	
�
� � ��

mY
i�	

P
�


�m�
i � 	

�

�� �CU� �UOvy ���� QkD 
�m�
k �S�m��k � 	� �wQ uOQm ��QW �� xD�r� �OvDU�v R�v pkDUt

�va� �CU� xOW RmQtDt x�ox�mD �x�kv u� QN� QO u� sO p�tDL� s�tD xm Cw�iD u��

P
�


�m�
k � ljS�m��k � 	� 	 m

�
�

�
pkq

l
k	 l 	 m� S�m��k � 	�

qm�S
�m�

k 	 l 	 m� S�m��k � 	�
���

K��w �Ov�xOW h� QaD �
� �x���Q QO �yqi w k � � �� � l � m�S�m��k� 	� u� QO xm
xm OQ�O u�� Q� CrqO S�m��k � 	� � m �� h� QaD x� �v� xm CU�



�m�
k � 


�m�
k�� � � � � � 


�m�
N � �

www.SID.ir


www.SID.ir

Arc
hive

 of
 S

ID

u�Q�� Q�t� Tv�Qivm u�tDiy � � � � � � � � � � � � � � � � � � � � � � � � � � ���

j�iD� h�a� ��yOQwmQ �wtHt xm CU� �w�wt u�� Qov��� S�m��k� 	 m ZQi u�vJty
h�a� OQwmQ m u�DUNv OQwt QO xm ���Hv� R� �t� �OW���t m R� QDtm x�ox�mD s�k �x�kv �D xO�Di�
�QW CLD u��Q��v� �OyO MQ OQwmQ �O�OaD R�v x�ox�mD s�k �x�kv R� Oa� O��� TB �s�vm�t EL�
p�tDL� �� CU� Q��Q� OyO MQ OQwmQ �k �qFt x�ox�mD s�k �x�kv QO xmv�� p�tDL� �S�m��k� 	 m

OQwmQ l� pk�OL R�v s�k �x�kv R� Oa� w �OQwmQ �k ��k�kO x�ox�mD s�k �x�kv QO xmv�� ��QWQ�e
�s� Q�O �va� (OyO MQ

P
�

k � �kjS�m��k� 	 m

�
�

�
P �X � k�

P �X � k�

��k P �X � k�

P �X � k�
� pkq

�k
k

�D�OwOLt x�ox�mD s�k ���� �	 ����kv �wQ xmv�� ��CU� pO�at �S�m��k� 	 m�QW�iQ� R� w


�m�
k � ���� 


�m�
� � 


�m�
	 ��yQ�eDt �QW u��CLD �u��Q��v� �s�W�� xDW�Ov �yOQwmQ O�OaD #�Lr R�

xH�Dv QO �CU� �m� 
k� ���� 
�� 
	 s��wD 	� RwD �� �yv� s��wD 	� RwD w OvDUy Qo�Om� R� pkDUt

P
�


�m�
	 � �	� 


�m�
� � ��� ���� 


�m�
k � �kjS�m��k� 	 m

�
�

kY
i�	

piq
�i
i ���

u�vJty w

P
�
S�m��j� 	 m

�
� p �S�j� 	 m� � j � �� 	� � � � � k� ���

F �x� �� �xat�H R� � QDt�Q�B OQwt QOh�a� OQwmQm u�DUNv QO xDiyv QW�i �q�� u�R�t �� sr
�CU� Q� R Q�Qk x�

IwR ��� �
PN

k�	
Pm��

i�	 P �S�k � 	� � i�

�
� �� log pk

���

�	� qm�ik

�
� �� log qk

���

h
�m� i�q�m��i

k � qk
pk

�	� qm�ik

��i�
� �	��

w Balakrishnan �Stepanov x � OwW xaH�Qt C� � F� C� � �RH �x�Lqt ��Q � � u�yQ�
�����
 p�U QO Hafmann

�wk ��yOQwmQ QO QW�i �q�� 


�q�� s�y�wN�t �N � � xm �OW�� f��	� �� � � � � Ng x�ox�mD ��Q�O F �x	 �� O�vm ZQi
	� RwD �y
��m�

i ���� h� QaD x� xHwD �� �s�vm u��aD �Q X�m�� � � � �X���� X��� QO xDiyv QW�i

www.SID.ir


www.SID.ir

Arc
hive

 of
 S

ID

��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � Cq�kt xawtHt

�� 
��m�
i ��QW 	� RwD �OvDU�v pkDUt �p�k VN� Ovv�t R�v Cr�L u�� QO �t� �OvQ�O �rwvQ�

�CU� Q� R CQwY x� �S��m��k � 	� �QW

P
�


��m�
k � 	jS��m��k � 	�

�
�

�
qk	 S��m��k � 	� 	 m

�	 S��m��k � 	� � m

u��Q��v�

P
�


��m�
k � �jS��m��k � 	�

�
�

�
pk	 S��m��k � 	� 	 m

		 S��m��k � 	� � m

�s� Q�O xH�Dv QO

P
�


��m�
k � �kjS��m��k � 	�

�
�

���� ���!
q�kk p���kk 	 S��m��k � 	� 	 m

		 S��m��k � 	� � m� �k � �
�	 S��m��k � 	� � m� �k � 	

�		�
�� yQ � e D t �S��m��k� 	 m �QW CL D x m OwW� t x �Lq t �		� x � xHw D � �

u��Q��v� �OvDUy 	� RwDty �
	� � � � � 
k� w
�


��m�
	 � � � � � 
��m�

k

�

P
�


��m�
	 � �	� � � � � 
��m�

k � �kjS��m��k� 	 m
�
�

kY
i�	

q�ii p
���i
i

u�vJty w

P
�
S��m��j� 	 m

�
� P

�
S��j� 	 m

�
� j � ��	� � � � � k� �	��

F �x� �� �xat�H R� � QDt�Q�B OQwt QO ��wk� OQwmQ m u�DUNv QO xDiyv QW�i �q�� u�R�t �� sr
�CU� Q� R Q�Qk x�

IR��� �

NX
k�	

P
�
S��k � 	� 	 m

� 	
qk�	� qk�

�
�qk
��

��
� �	
�

w Balakrishnan �Stepanov x � OwW xaH�Qt C� � F� C� � �RH �x�Lqt ��Q � �u�yQ �
�����
 p�U QO Hafmann

www.SID.ir


www.SID.ir

Arc
hive

 of
 S

ID

u�Q�� Q�t� Tv�Qivm u�tDiy � � � � � � � � � � � � � � � � � � � � � � � � � � ���

�DR �� RwD �

QO xDiyv QW�i �q�� u�R�t �����
 p�U� Hafmann w Balakrishnan �Stepanov
s��xOwtv ZQi �t VN� u�� QO �Ov�xOQm x�U�Lt �Q �UOvy 	� RwD R� xOW G�QNDU� ��yOQwmQ
��yOQwmQ QO xDiyv QW�i �q�� TBU �h�a� ��yOQwmQ 	� RwD �OD�� (OW�� �DR xat�H 	� RwD
�s� R�OQB�t i�i�d� Cr�L �� xU��kt x� u���B QO w s�vm�t �UQQ� �Q 	� RwD u�� R� �wk w h�a�

�OW�� Q� R CQwY x� u� p�tDL� sQH 	��D x�oQy CU� �DR 	� RwD ��Q�O X �iO�YD Q�eDt s��wo

P �X � n� �
������

�n� 	�� � n � ��	� �� � � � � � � 	 �	
�

��yxO�O VR�Q� ��Q� �v�wD 	� RwD l� u�wva� �DR 	� RwD ����� � P�
n�	

�
�n���� u� QO xm

�yxO�OB u�� R� �NQ� (OQ�o�t Q�Qk xO�iDU� OQwt �a�tDH� w �m� R�i ��yxO�OB x� �w� Qt �� QHD
l �mL C����DQ� ��U�vWCU� R QO �R�U w CNwU ��yxm�W ��v�yH �xOQDUo ��y� w R� OvDQ��a
xOW s�Hv� 	� RwD u�� �wQ �D�ar��t Q�N� ��yr�U QO �CqHt �a�HQ� ��yxm�W w �DvQDv��
�Owtv xQ�W� ����
 p�U � Y en w Morris �Goldstein x� u�wD�t xrtH u� R� xm CU�

i�i�d� C�Oy�Wt QO QW�i �q�� �
�

w �s�vm�t x�U�Lt �Q �DR 	� RwD R� i�i�d� �xOy�Wt m QO xDiyv QW�i �q�� u�R�t VN� u�� QO
O�OaD u�ty �� �wk w h�a� OQwmQ m u�DUNv QO xDiyv QW�i �q�� u�R�t �xU��kt x� u���B QO

�s� R�OQB�t �DR 	� RwD R� 	� RwDty w pkDUt �xOy�Wt
�CU� Q� R Q�Qk x� � QDt�Q�B OQwt QO �DR 	� RwD R� xOy�Wt l� QO xDiyv QW�i �q�� u�R�t �� sr

IX��� �
� ���������� � �����

�����
�

s� Q�O �	
� x� xHwD �� �u�yQ�

log P �X � n� � �� log n� log ����

u��Q��v� w OQ�Ov �oDU� Q�eDt x� ���tvDUQO 	��D swO jDWt xm OwW�t x�Lqt

IR��� �
��

���
log ���� �

� ���������� � �����
�����

�

�

www.SID.ir


www.SID.ir

Arc
hive

 of
 S

ID

��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � Cq�kt xawtHt

h�a� ��yOQwmQ �� RwD �
�

�s� Q�O �	
� R� xO�iDU� ��
P �X � k� � ������

P�
n�k

�
�n����

� ���������� k�

�R� OvDQ��a �
� QO xOWh� QaD ��yr�tDL� u��Q��v� ����� k� �P�
n�	

�
�n�k���� u� QO xm

qk �
P �X� � k�

P �X� � k�
�

	
���� k��k � 	�� �	��

pk �
P �X� � k�

P �X� � k�
�

���� k � 	�
���� k�

��Q� ��� w �	� R� xO�iDU� �� xH�Dv QO �OQ�O �oDU� k x� pk w qk Q�O�kt xm OwW�t x�Lqt
�s� Q�O n � 	 w m � �

P
�
Xw

�n� � m
�
�

�X
k�n

mX
i�	

���� i� 	� ����� i����k�m��� �i� 	����k�m�

�
mY
j�	
j ��i

pj
pj � pi

�s� Q�O n � 	 w m � �

P
�
Xw

�n� � m
�
�

�X
k�n

mX
i�	

���� i� 	� ����� i����k�m��� �i� 	����k�m�

�
mY
j�	
j ��i

pj
pj � pi

�Ov�xOW h� QaD �
� QO �ypj u� QO xm

h�a� ��yOQwmQ QO QW�i �q�� �
�

x�U�Lt �Q �DR 	� RwD R� h�a� OQwmQ m u�DUNv QO xDiyv QW�i �q�� u�R�t CtUk u�� QO
�s�vm�t

x� �DR 	� RwD R� � QDt�Q�B OQwt QO h�a� OQwmQ m u�DUNv QO xDiyv QW�i �q�� u�R�t �� sr
�CU� Q� R Q�Qk

www.SID.ir


www.SID.ir

Arc
hive

 of
 S

ID

u�Q�� Q�t� Tv�Qivm u�tDiy � � � � � � � � � � � � � � � � � � � � � � � � � � ���

IwR ��� �
P�

k��

Pm��

r��
P �S�k � �� � r�

��
���� k� � ���� k � ��

��
�� ���� k�

�
� ���� k�

�
�m� r������ k� � �

����k����k��� �

�
�� ���� k�

���	

u� QO xm
���� k� �

� ����� k����� k�� � ����� k�
����� k�


��� k� �
�
���� k��k � 	��

�r�m
�s� Q�O �	�� R� xO�iDU� �� xm OwW xHwD �OD�� �u�yQ�

�� log qk
���

� � ��

���
flog����� k�� � � log�k � 	�g

� � ��

���
log����� k��

� � ������k�����k��������k�
�����k�

w
�� log pk
���

� � ��

���
flog����� k � 	��� log����� k��g

� ������k�������k����������k���
�����k��� � ������k�����k��������k�

�����k�

�s� Q�O ��� x� xHwD �� w

P �S�k � 	� � r� �
Pk��

i�	 ���� i� 	� ����� i���r�k �i� 	����r�k���

� Qk��
j�	
j ��i

pj
pj�pi

Q�v OQwt �xH�Dv ��	�� QO jwi C�Q��a �Q�Po��H �� �Ov�xOW h� QaD �
� QO �ypj u� QO xm
��OOQo�t O��a

x�h�a� OQwmQ m u�DUNv QO xDiyv QW�i �q��C�Uv ��OOa ��yWwQ R� xO�iDU� ��lv��
G��Dv �s�vm�t x�U�Lt hrDNt ��y� w �ym ��R� x� �Q �DR 	� RwD R� i�i�d� �xOy�Wt O�OaD u�ty
MAPLE v� ���� Q Q�Ri�sQv R� xmCU� K��wD x� sRq �CU� xOt� 	 pwOH QO C��U�Lt u��

�CU� xOW xO�iDU� xr�kt u�� �OOa G��Dv uOQw� CUO� ��Q�
xm OOQo�t x�Lqt 	 pwOH x� xHwD ��

i�i�d C�Oy�Wt QO QW�i �q�� V��Ri� CaQU ��yOQwmQ O�OaD uOW O�� R �� � � �
� ��Q� ��	

www.SID.ir


www.SID.ir

Arc
hive

 of
 S

ID

��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � Cq�kt xawtHt

hrDNt ��y� w �ym ��R� x� �DR 	� RwD R� mIX� ���

IwR ��� C�Uv �	 pwOH
� m � � m � 
 m � 
 m � � m � �
	�	 	�

� ���	� ����
 
�
	� 
���	
	�� 	�	

 	�
�
 	��	� ����� ����	
	�
 ���
� ����� 	�	�� 	�
�� 	���

	�
 ����
 ���

 ����� ����� ���	�
	�� ����	 ����
 ����
 ����� �����
	�� ���	� ��

� ��
�� ��
�� ��

�
��� ��
�
 ���	� ��	
� ����	 �����

u�R�t V��Ri� CaQU ��yOQwmQ O�OaD V��Ri� �� �QDoQR� ��y� ��Q� �t� �OW���t �yOQwmQ R� QDW��
OwN R� �W��Ri� OvwQ TBU w �Wy�m OvwQ �OD�� ��yOQwmQ x� C�Uv i�i�d C�Oy�Wt QW�i �q��

�OyO�t u�Wv
x� C�Uv i�i�d C�Oy�Wt QW�i �q�� u�R�t V��Ri� CaQU ��yOQwmQ R� O�OaD Qy ��R� x� ���

�CU� � �UL Q� �rwRv �a��D ��yOQwmQ
�OW���t i�i�d C�Oy�Wt R� QDW�� �yOQwmQ QO xDiyv QW�i �q�� � � �

� ��R� x� ��


�wk ��yOQwmQ QO QW�i �q�� �
�

x�U�Lt �Q �DR 	� RwD R� ��wk� OQwmQ m u�DUNv QO xDiyv QW�i �q�� u�R�t CtUk u�� QO
�s�vm�t

x� �DR 	� RwD R� � QDt�Q�B OQwt QO ��wk� OQwmQ m u�DUNv QO xDiyv QW�i �q�� u�R�t �� sr
�CU� Q� R Q�Qk

IR��� �

�X
k�	

m��X
r�	

P
�
S��k � 	� � r

�
�
� ���� k� � ���� k� log�k � 	�

��

���� k � 	������ k��k � 	�� �

xm CU� �y�O� ��	�� x� xHwD �� � u�yQ�

�qk
��

� �� ���� k� � ���� k� log�k � 	�
����� k��k � 	��

w
	

qk�	� qk�
�

	
qk pk

�
����� k��k � 	��

���� k � 	�

www.SID.ir


www.SID.ir

Arc
hive

 of
 S

ID

u�Q�� Q�t� Tv�Qivm u�tDiy � � � � � � � � � � � � � � � � � � � � � � � � � � ���

hrDNt ��y� w �ym ��R� x� �DR 	� RwD R� mIX� ���

IR���
C�Uv �� pwOH

� m � � m � 
 m � 
 m � � m � �
	�	 	���� ��


 
��
� 
��
� 
����
	�� 	�
	� 	��	� ���
� ����� 
����
	�
 	���� 	���� 	��
� 	���� �����
	�� ���
� ����� ���
� 	���	 	����
	�� ����
 ����	 ����
 ����
 	��	�
	�� ���	
 ����� ����� ����
 ����

��� ����� ����� ����� 	���� 	���

��� 	���� ����	 ����� ����	 �����

�� 	���� ���
	 
�
	
 
��	� 
�



��� 	���� ����� 
���� 
���� ���
�

(OW���t S��k � 	� p�tDL� Orwt 	��D QO tr �� Q� P
�
S��k � 	� � r

�
xm CU� �y�O�

�Q� R

E

�
tS

��k���
�

�
k��X
i�	

tiP
�
S��k � 	� � r

�
�

�iQ� R�

E

�
tS

��k���
�

� E

�
t
Pk��

j�� �
�
j

�
�

k��Y
j�	

E
�
t�
�
j
�

w

E
�
t�
�
j
�
�

�X
x�	

�qjt�
xp��xj � pj � qjt

xm OW���t Qk��
j�	�pj � qjt� Qwr�D �QU �U� QO tr �� Q� P

�
S��k � 	� � r

�
u��Q��v�

�xH�Dv �	
� QO xOW x�U�Lt ���wQ �Q�Po��H �� �Ov�xOW h� QaD �
� QO �y qj w �y pj u� QO
��OOQo�t O��a Q�v OQwt

h�a� OQwmQ m u�DUNv QO xDiyv QW�i �q�� C�Uv ��OOa ��yWwQ R� xO�iDU� �� lv��
�s�vm�t x�U�Lt hrDNt ��y� w �ym ��R� x� �Q �DR 	� RwD R� i�i�d� �xOy�Wt O�OaD u�ty x�

�CU� xOt� � pwOH QO C��U�Lt u�� G��Dv
xm OOQo�t x�Lqt � pwOH x� xHwD ��

C�Oy�Wt QO QW�i �q�� V��Ri� CaQU ��yOQwmQ O�OaD uOW O�� R �� � � � w � � �
� ��Q� ��	

QW�i �q�� u�R�t V��Ri� CaQU �	�� � � � � ��Q� �t� �OW���t �yOQwmQ R� QDW�� i�i�d
x� 
 R� w �Wy�m OvwQ 
 x� � R� �yOQwmQ sHL Q��eD ��R� x� ��yOQwmQ x� C�Uv i�i�d C�Oy�Wt

www.SID.ir


www.SID.ir

Arc
hive

 of
 S

ID

��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � Cq�kt xawtHt

�OyO�t u�Wv OwN R� �W��Ri� OvwQ Oa�
x� C�Uv i�i�d C�Oy�Wt QW�i �q�� u�R�t V��Ri� CaQU ��yOQwmQ R� O�OaD Qy ��R� x� ���

�CU� � �UL Q� �rwRv �a��D ��yOQwmQ
i�i�d C�Oy�Wt R� QDW�� �yOQwmQ QO xDiyv QW�i �q�� m � 
 w 	�� � � � � ��R� x� ��


�OW���t

�H�Qt

Cq�kt �xawtHt �BURR XII �� RwD QO 
q
� ��	
�	� �s �x�wNtRQ ��G ��OtL� !	"
����
� �pw� OrH �Q�t� �rrtr�u�� Q�v�tU u�tWW

�OQwmQ ��yxQ�t� QO xDiyv QW�i 
q
� ��	
��� �� ����N ��s �x�wNtRQ ��G ��OtL� !�"
��Q�t� �xW�Ov� QO A�J ��Q� p�UQ� �BURR XII �� RwD

��� Ahmadi� J�� Arghami� N�R� ������� On the #sher information in
record values� Metrika ��� ��������

��� Ahmadi� J�� Arghami� N�R� ������� Comparing the #sher informa�
tion in record values and iid observation� Statistics ������ ��������

��� Chandler� K� N� ������� The distribution and ferquency of record
values� J� Roy� Statist� Soc� Ser� B ��� ��������

��� Goldestein� M� L�� Morris� S� A�� Yen� G� G� ������� Fitting of
power�law distribution�

��� Nagaraja� H� N� ������� Record value and related statistics�a re�
view Comm� Statist� Theory Methods ��� ����������

��� Nevzorov� V� B�� ������� Records Theory Probab� Appl� ��� ����
����

��� Sen� A�� Balakrishnan� N� ������� Convolution of geometrics and a
reliability problem� Statist� Probab� Lett� ��� ��������

���� Stepanov� A�V� ������� Limit theorems for weak records� Theory
Probab� Appl� ��� ��������

���� Stepanov� A�V�� Balakrishnan� N�� Hafmann� G� ������� Exact dis�
tribution and #sher information of weak record values� Statist�
Probab� Lett� ��� ������

www.SID.ir

