
�14
02

u=DU
tR�

'h}
QWC

}Q}O
tw

`}=v
Y

|U
Ovyt

�|W
ywSB

�'1
42

�13
5"

XY
'2|

xQ=t
W'

39
|xQ

wO

O
ri

gi
na

lA
rt

ic
le|Q=PoCt}k |=Q@ |R=@ x} Q_v OQm}wQ l}

|R=Ht C}ak=w |Q=Pox}=tQU u=R}t u}}aD w
|=yp=v=m =@ u}t-=D xQ}HvR l} QO
nv}twQ?w OwHw =@ xv=owO `} RwD

q=m O=OQDU= CU=}U w
�OWQ=T=vWQ� � |�qa= OtLt Q}t=

�O=DU=� �|mRQ@ |DU=Q |[DQt
u=yiY= |DavY x=oWv=O '=ysDU}U w `}=vY |UOvyt |xOmWv=O

R= u=v}t]= TL O=H}= =@ =D OvDUy |R=Ht C}ak=w x�=Q= p=@vOx@ u}qv; u=WwQixOQN xRwQt=
nv}twQ?w Q=DiQ |D=tON u}vJ 'p=L u}= =@ "OvyO V}=Ri= =Q VwQi 'u=} QDWt |=Q@ O} QN
C@=kQ w OyO Vy=m =Q u}qv; |=[=kD CU= umtt xm 'Ovm|t p}yUD R}v =Q xOvvmhQYt
x@ |R=Ht C}ak=w 'Qo}O |wU R= "Ovm O}OWD =Q �u}qi;� |DvU w u}qv; u=WwQixOQN u}@
q=m CWoR=@ MQv Q@ |D@Ft Q}F-=D Ov=wD|t 'O} QN R= p@k pwYLt CUD \}=QW O=H}= p}rO
VwQixOQN l} pt=W xr=v=m wO u}t=D xQ}HvR l} xaUwD =@ 'VywSB u}= QO "OW=@ xDW=O
Q@ u; Q}F-=D w |R=Ht C}ak=w Q@ |Q=Pox}=tQU xv}y@ Q=Okt '|DvU VwQixOQN l} w u}qv;

OQwt p=v=m wO u}@ C@=kQ w |Q=PoCt}k Q@ nv}twQ?w Q=DiQ Q}F-=D w q=m CWoR=@ MQv
|=[=kD Q@ |D@Ft Q}F-=D '|R=Ht C}ak=w x�=Q= xm OyO|t u=Wv G}=Dv "CU= xDiQo Q=Qk |UQQ@
u}qv; p=v=m wO Qy QO |WwQixOQN |=yCt}k V}=Ri= ?Hwt w CW=O Oy=wN p=v=m wO Qy

"OwW|t u}qi; w

a.m.alaei1373@ut.ac.ir
rasti@cc.iut.ac.ir

'|R=Ht C}ak=w '|R=@ x} Q_v '|Q=PoCt}k 'O=OQDU= CU=}U %|O}rm u=oS=w
"n}vtwQ?w

xtOkt "1
u=WwQixOQN |=Q@ w OQw;|t u=etQ= x@ u=oOvvmhQYt |=Q@ =Q|DL=Q 'u}qv; O} QN
p=v=m j} Q] R= O} QN ha[ x]kv u} QDnQR@ 'p=L u}= =@ "OQ=O |}=}=Rt R}v u}qv;
TB [1]"CU= O} QN R= p@k CqwYLt |UQQ@ w |@=} RQ= QO u=} QDWt |v=wD=v 'u}qv;
"Ovvm|t |UQQ@ xv=N QO =Q �uOw@ ?U=vt� ,qwtat u=oOvvmhQYt 'u}qv; O} QN R=
R= |Q=}U@ [3w2]"CU= QDW}@ u}qv; p=v=m QO |DWoR=@ CqwYLt O=OaD 'xH}Dv QO
dr@t uDiQo TB w q=m uOv=OQoR=@ u=mt= OwN |DvQDv}= C}=U QO u}qv; u=WwQixOQN
|DWoR=@ CqwYLt |=Q@ =Q |rt=m Q=@Da= CQ=t p=w 'p=Ft u=wvax@ "Ov=xOQm O=H}= =Q
|x�=Q= 'p=L u}= =@ [4]"Ovm|t sy=Qi xOQDUo Q=}U@ \}=QW CLD u=} QDWt \UwD
Ov=wD|t w OyO|t V}=Ri= =Q =yxv} Ry u}qv; VwQixOQN \UwD q=m CWoR=@ CU=}U
Vy=m |=Q@|}=yQ=my=Q w =yVwQ x�=Q= 'u}=Q@=v@ "OW=@ xDW=O =yv; `i=vt Q@|ivt C=Q}F-=D
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|=yxQ}HvR QO u}qi; w u}qv; |=yp=v=m u}@ C@=kQ |UQQ@ x@ |mOv= C=ar=]t 'u}qv;

|=Q@ u}qv; u=WwQixOQN 'u}qv; w |DvU VwQi |=yp=v=m u}@ C@=kQ O=H}= =@
O}OR=@ x@ =Q u=} QDWt =D Ovvm|t |Q=Pox}=tQU ?=PH |y=oWwQi \}Lt l} O=H}=
sy=Qi =yv; |=Q@ =Q |WN@CPr O} QN x@ QHD w Ovvm ?}eQD OwN C}=U R= O} QN w
R= pt=m Qw]x@ =Q OwN x=oWwQi \}Lt Ovv=wD|tv u=WwQixOQN 'p=Lu}==@ [5]"OvQw;
|y=oWwQi x@ QHDl} x�=Q= |=yx=Q R=|m} "OvWm@ Q} wYD x@ OwN|=yC}=U?wj} Q]
C}ak=w "CU= (VR) |R=Ht C}ak=w R= xO=iDU= 'u}qv; CQwYx@ OQix@ QYLvt
=Q x=oWwQi |=[i =D OR=U|t QO=k =Q u=oOvvmhQYt '|ak=w |=}vO Q=QmD =@ |R=Ht
p=L QO u=WwQixOQN R= |O=} R O=OaD "Ovvm x@ QHD x=oWwQi R= |ak=w O}OR=@ uwO@
Myer |Q=mty =@ eBay 'p=Ft u=wvax@ "OvDUy u}qv; |R=Ht C}ak=w V}=tR;
C}=U?w QO |R=Ht C}ak=w \}Lt l} 'CU= |}=}r=QDU= nQR@ x=oWwQi l} xm
=Q x=oWwQi \}Lt xm OyO =Q CYQi u}= OwN u=} QDWt x@ =D CU= xOQm O=H}= OwN

[6]"Ovvm O}OR=@ |R=Ht CQwYx@
R= p@k u=} QDWt =D OwW|t Ea=@ u}qv; VwQixOQN \UwD |R=Ht C}ak=w x�=Q=
OQwt '|m} R}i x=oWwQi R= O} QN Ovv=ty =Q pwYLt pt=m CQwYx@ 'pwYLt O} QN
O} QN 'u; uOw@ R=}v j@=]t w pwYLt R= C}=[Q CQwY QO w OvyO Q=Qk |UQQ@
p=v=m |=[=kD V}=Ri= Ea=@ Ov=wD|t |R=Ht C}ak=w 'u}=Q@=v@ "OvyO s=Hv= =Q OwN
C}ak=w x�=Q= 'Qo}O |iQ] R= "OwW |DWoR=@ CqwYLt O=OaDVy=m u}vJty w u}qv;
|DvU VwQixOQN |=[=kD Q@ |D@Ft Q}F-=D Ov=wD|t u}qv; VwQixOQN \UwD |R=Ht
nv}twQ?w "OwW O=H}= nv}twQ?w Cr=L w OW=@ xDW=O u}qv; VwQi |=yp=v=m w
xOQm xaH=Qt |DvQDv}= C}=U x@ 'q=m O} QN s=ovy x@ u=} QDWt xm ODi=|t j=iD= |v=tR
=O}B `q]= Qw_vtx@ C}=U QO xOW |L=Q] |R=Ht C}ak=w w C}=U C=v=mt= R= w
j} Q] R= =Q OwN O} QN C}=yv QO =t= 'Ovvm xO=iDU= pwYLt C=YNWt R= uOQm
C=v=mt= xm u}qv; |=yp=v=m u}@ C@=kQ QO 'u}=Q@=v@ "OvyO s=Hv= �u}qi;� |DvU p=v=m
|=yp=v=m w OvQ}o|t Q_v QO OwN u=} QDWt |=Q@ |R=Ht C}ak=w Ovv=t |Y=N
xHwD OQwt |Q=PoCt}k C=t}tYD Q@ nv}twQ?w Q}F-=D O}=@ xQ=wty '|DvU VwQi

"OQ}o Q=Qk
C}ak=w x�=Q= x@ u}qv; u=WwQixOQN p}=tDV}=Ri= w xOW KQ]t?r=]t x@ xHwD =@

%CU= Q} R KQW x@ Q[=L VywSB Cq=-wU 'OwN |DvQDv}= C}=U QO |R=Ht
|rO=aD Q=Okt w u}qv; p=v=m QO |R=Ht C}ak=w Q@ |Q=Pox}=tQU |rO=aD Q=Okt "1

#CU= QOkJ p=v=m Qy QO |WwQixOQN |=yCt}k
?Hwt Ov=wD|t nv}twQ?w Q=DiQ uO=O MQ OwHw =@ |R=Ht C}ak=w x�=Q= =}; "2

#OwW u}qv; p=v=m QO |Qw;OwU
#CU}J |Qw;OwU w q=m CWoR=@ MQv Q@ |R=Ht C}ak=w Q}F-=D "3

OwHw =@ u}qi; w u}qv; p=v=m u}@ C@=kQ w |Q=PoCt}k Q@ |R=Ht C}ak=w Q}F-=D "4
#CU}J u=} QDWt nv}twQ?w Q=DiQ

xr=v=m wO u}t-=D xQ}HvR l} Q=@u}rw= |=Q@ 'jwi Cq=-wU x@ MU=B Qw_vt x@
CU= xOW xDiQo Q_v QO |DvU VwQixOQN l} w u}qv; VwQixOQN l} pt=W
x�=Q= |R=Ht C}ak=w '|DvU VwQixOQN =@ C@=kQ Qw_vtx@ u}qv; VwQixOQN xm
C}ak=w Q@ u}qv; VwQixOQN |Q=Pox}=tQU u=R}t w |WwQixOQN |=yCt}k w OyO|t
w} Q=vU wO "Ov};|t CUO x@ u; Q}F-=D w nv}twQ?w Q=DiQ uDiQo Q_v QO =@ |R=Ht
u}qv; VwQixOQN 'pw= w} Q=vU QO xm OwW|t xDiQo Q_v QO Q[=L VywSB QO
'swO w} Q=vU QO "OyO|t x�=Q= |�RH O=OQDU= CU=}U 'Q=R=@ |=[=kD ?PH |=Q@
|W=v |DWoR=@ CqwYLt O=OaD Vy=m w =[=kD ?PH |=Q@ u}qv; VwQixOQN
Ea=@ Ov=wD|t xm Ovm|t |R=Ht C}ak=w x�=Q= x@ s=Ok= 'q=m uOw@ ?U=vt sOa R=

136



2|
xQ=t

W'
39

|xQ
wO'

�14
02

u=DU
tR�

h}
QW

C}
Q}Ot

w`}
=vY

|U
Ovyt

"xr�Ut |rm |=tv "1 pmW

|R=UpOt "4
w} Q=vU wO xU}=kt w |UQQ@ x@ VywSB u}= QO 'OW u=}@ 3 VN@ QO xm Qw]u=ty
QO u=WwQixOQN R= l} Qy OwU `@=wD w =[=kD `@=wD 'xt=O= QO xm CU= xOW xDN=OQB

"OwW|t x�=Q= xv=o =OH CQwYx@ w} Q=vU wO Qy

1 w} Q=vU "1"4
O} QN R= u=v}t]= O=H}= w =[=kD ?PH Qw_vtx@ u}qv; VwQixOQN 'w} Q=vU u}= QO
u}= QO |R=Ht C}ak=w =t= 'OyO|t x�=Q= |�RH O=OQDU= CU=}U 'u=} QDWt |=Q@
|DvU VwQixOQN w u}qv; VwQixOQN |=[=kD `@=D "OwW|tv xDiQo Q_v QO w} Q=vU

"CU= 2 w 1 |=y|=yx]@=Q j@] ?}DQD x@
D1
r = �r � �pr + 
pd + �r (1)

D1
d = (1� �r)� �pd + 
pr � �r (2)

"CU= pwYLt |=Q@ Q=R=@ p}Uv=DB |xOvyOu=Wv pw= CtUk 'q=@ |=yx]@=Q QO
Ct}k xJQy xm OvDUy =[=kD w Ct}k |x]@=Q |xOvyOu=Wv swU w swO CtUk
'OW=@ QDW}@ ?}kQ p=v=m QO pwYLt Ct}k =} w QDtm VOwN p=v=m QO pwYLt
CN=OQB R=@ dr@t w =[=kD x]@=Q Qov=}@ R}v sQ=yJ CtUk "O@=}|t V}=Ri= =[=kD
|=[=kD 'OW=@ QDW}@ u}qv; p=v=m QO |�RH CN=OQB R=@ dr@t xJQy xm CU= |�RH
p}rO x@ �u}qi;� |DvU p=v=m |=[=kD '� MQv =@ w O@=}|t V}=Ri= u}qv; p=v=m
R= |OYQO OwN R}v |�RH CN=OQB R=@ dr@t [19]"O@=}|t Vy=m CN=OQB R=@ dr@t
QO q=m CWoR=@ `@=D 'w} Q=vU u}= QO "(r = f � pr) CU= pwYLt Ct}k
x@U=Lt 3 x]@=Q j@] xm CU= |�RH CN=OQB R=@ dr@t R= |a@=D 'u}qv; p=v=m

"OwW|t

R1 = � + ! r|{z}
f�pr

(3)

xm O};|t CUO x@ =yxv} Ry w Ot;QO hqDN= R= 'u=WwQixOQN R= l} Qy OwU `@=D
VwQixOQN OwU `@=D w u}qv; VwQixOQN OwU `@=D ?}DQD x@ 5 w 4 |=yx]@=Q QO
xv} Ry x@ \w@ Qt u}qv; VwQixOQN OwU `@=D swO CtUk "CU= xOW x@U=Lt |DvU

VywSB u}= QO xm =Hv; =D =t= 'Ov=xDN=OQB xOvvmhQYtnv}twQ?w Q=DiQ OwHw =@ u}t-=D
|R=Ht C}ak=w |Q}o Q_v QO x@ u=tRsy Qw]x@ xm |=xar=]t 'CU= xOW |UQQ@
QO "OQ=Ov OwHw 'OW=@ xDN=OQB nv}twQ?w Q=DiQ OwHw=@ xr=v=m wO u}t-=D xQ}HvR QO
Qw[L QO u}qi; w u}qv; p=v=m wO u}@ C@=kQ |UQQ@ x@ Q=@u}rw= |=Q@ 'VywSB u}=
OwW|t xDN=OQB =y|R=@ x} Q_v R= xO=iDU= =@ nv}twQ ?w Q=DiQ w |R=Ht C}ak=w
|UQQ@ q=m CWoR=@ `@=D w |Q=PoCt}k Q@ |R=Ht C}ak=w uDiQo Q_v QO Q}F-=D w
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=@ j@=]D sOa p}rO x@ |DWoR=@ pwYLt O=OaD xH}Dv QO w Ovvm =O}B pt=m `q]=
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"CU= u}qi; p=v=m Q@ nv}twQ?w
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=Q u}qv; p=v=m QO |WwQixOQN Ct}k xv}y@ Q=Okt 'wQ}B u=wvax@ u}qv; VwQixOQN

138



2|
xQ=t

W'
39

|xQ
wO'

�14
02

u=DU
tR�

h}
QW

C}
Q}Ot

w`}
=vY

|U
Ovyt "|OOa p=Ft |=yQDt=Q=B "1 pwOH

Q=Okt QDt=Q=B Q=Okt QDt=Q=B
0/6 � 0/6 �r

0/5 "r 0/3 �

0/01 � 0/1 


0/09 ! 0/08 �

0/1 � 0/4 f

0/5 w

"|OOa p=Ft xv}y@ Q}O=kt "2 pwOH
2 w} Q=vU 1 w} Q=vU Q}eDt
2=92 1=32 pr
1=70 0=69 pd
1=52 � v

0=75 0=31 Dr
0=36 0=06 Dd
0=05 0=15 R

0=59 0=18 �r
0=43 0=01 �d

|R=Ht C}ak=w Q@ |Q=Pox}=tQU u=R}t w q=m CWoR=@ `@=D C=Q}}eD Q=Owtv "2 pmW
"� QDt=Q=B x@ C@Uv

"� QDt=Q=B x@ C@Uv |WwQixOQN Ct}k C=Q}}eD Q=Owtv "3 pmW

v =


2(1� "r)((1� �r) + w(
 + � � �f))

+4�2"r(�r � w(� � 
 � �f + 2!f 2) + f(�� �))
+2�"r
f(� � w(� + � � 2f!))

+4�2�f(�w � �f(1 + w))� 2f 2!w + �f(f�w � �r))
+2�
(�r+"r��w��f+�f�2"r�r+�fw+�fw(��
)
�8�2(� � �f + !f 2 � "r�f) + 4�2("2

r + (�f)2)
+4�
(1� "r)("r + �f) + 4�
(
 � �f) + 
2(1� "r)2

(15)

Q@=Q@ ?}DQD x@ v w pr x@ C@Uv u}qv; VwQixOQN OwU `@=D swO jDWt "C=@F= �
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Q@ nv}twQ?w Q}F-=D 'p@=kt QO "CU= xDW=O V}=Ri= R}v VwQixOQN u}= OwU w =[=kD
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