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x@ xOwRi= VRQ= C@Uv Vi w |vi ?}=Q[ aij 's=i VN@ Ct}k Pi u; QO xm
|=yVN@ QO Ct}k QOkQy xm CU= u; |=} wo 1 CqO=at "CU= s=iVN@ |xOv=DU
=} 'OwW QDW}@ �Q_v OQwt VN@ |=Q@ xO=yv |xOvvmsy=Qi |=yVN@ xS} wx@� Qo}O
x@ �|D=}rta O=R=t w s}kDUtQ}e C=}r=t 'ORtDUO Ovv=t� xOwRi= VRQ= C@Uv QOkQy
"Ci=} Oy=wN V}=Ri= u; =@ ?U=vDt Q_v OQwt VN@ QO Ct}k 'O@=} V}=Ri= xOv=DU

%O=O u=Wv 2 |U} QD=t |x]@=Q CQwYx@ u=wD|t =Q 1 CqO=at x=oDUO
P = A0P + V (2)
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=Ri=
Q}F- =D

|@=}
RQ=|=y?=UL Ot;QO =} =[=kD `tH hQat Y d O=tv "OvDUy i = 1; 2; 3 w xi u;

`tH Qou=}@ ydi xm |Qw]x@ Y d = [ydi ] R= CU= CQ=@a u; QY=va w CU=RuwQO
III |x}L=v QO L O=tv "CU= (i = 1; 2; 3) s=i |=RuwQO |=y?=UL Ot;QO
Qw_vt =RuwQ@ |=y?=UL QO xm CU= |}=RuwQO |=y?=UL |DWv sqk= ẁtHt
C=}r=t 'C=tON w =yq=m C=OQ=w %R= Ov=CQ=@a u; |xOvyOp}mWD |=RH= w OwW|t
pt=wa |=y?=UL CN=OQB '=yR=Ov=TB 'C=OQ=w w O}rwD |xv=Q=} 'C=OQ=w w O}rwD Q@
|=yQ}eDt `k=w QO =yxv=Q=} w C=}r=t 'C=OQ=w Q}_v |}=yQ}eDt "GQ=N x@ =yO=yv w O}rwD
"OvQ}o|t Q=Qk xO=iDU= OQwt CrwO |r=t |=yCU=}U ?wJQ=J QO xm Ov=|DU=}U
xU |DWv sqk= j = 1; 2; 3 xm |Qw]x@ CU= |Q]U Q=OQ@ l} L = [lj ]

|=y?=UL |xv} Ry =} =y|HwQN `tH Y 0d O=tv "OvyO|t u=Wv =Q =RuwQO ?=UL
|=v@tQ@ "CU= |Q]U Q=OQ@ l} Qou=Wv Y 0d = [y0dj ] u; QO w CU=RuwQO
`tH w sy =@ =RuwQO |=y?=UL |HwQN w |OwQw `tH '|Q=O@=UL s=_v j]vt
Y d = Y 0d |va} 'OvW=@ Q@=Q@ sy =@ O}=@ =RuwQ@ |=y?=UL |HwQN w |OwQw
|=y|HwQN w =y|OwQw |xOvvmR=QD Ov=tUB u=wvax@ IV |x}L=v "ydi = y0di w
jwi C=L}[wD x@ xHwD =@ "Ovm|t pta �Y x = Y 0x |va}� =RuwQ@ |=y?=UL
u=Wv 4 pwOH QO =RuwQO ?=UL xU |=Q@ =Q 4 pwOH |U} QD=t pmW u=wD|t

"O=O
� O}rwD |@}mQD R=QD 'h}Dvw�r |xOv=DU�xO=O pwOH |O}rwD R=QD j]vt T=U=Q@
pwOH |=RuwQO ?=UL xU x@ xHwD =@ �xat=H |rN=O |=yO=yv w O}rwD pt=wa� Ot;QO

"OwW|t xDWwv u}vJ 4

ydi = xi +
3X
j=1

Nij (7)

p}mWD CtUk wO R= =RuwQO |=y?=UL Ot;QO pm xm OyO|t u=Wv 7 |x]@=Q
CQwYx@ =RuwQO |=y?=UL =@ =RuwQO |=y?=UL Ot;QO pw= CtUk "CU= xOW
CU=RuwQO |=y?=UL |=yOt;QO R= |WN@ u; Qo}OCtUk wCU= |Q=H CqO=@t

"(xi) OwW|t Qw_vt =y?=UL Q}=U QO =RuwQ@ |=y?=UL u=wvax@ xm
=RuwQO |=y?=UL u}@ |}x]U=w CqO=@t CU= sRq |O=YDk= |=yp}rLD QO
xv} Ry x@\UwDt p}t?}=Q[ [8]"OwW p}O@D �xv} Ry x@\UwDt p}t�T} QD=tl} x@

R= xO=iDU= =@ |R=UOvthOy uwv=k |=QH= |tQwD Q=F; u}tND "1"5
SAM pwOH QO OQ=Ov=DU= |xOv}=Ri ?}=Q[ T} QD=t

T} QD=tj} Q]R= =yCt}k|twtaK]U Q@ =yxv=Q=}|R=U|OvthOyC=QF=|@=} RQ=|=Q@
|=y?=UL ?ULQ@ T} QD=t |rm Q=DN=U =OD@= CU= sRq |a=tDH= |Q=O@=UL

"�3 pwOH� OwW x�=Q= =RuwQ@ w =RuwQO
XNWt |x}L=v Q=yJ QO '=RuwQ@ w =RuwQO |rm ?=UL wO T=U=Q@ 3 pwOH
`@ Qt T} QD=t l} pwOH I |x}L=v QO "CU= xOW |yOu=tR=U IV w III 'II 'I
w O}rwD pt=wa 'O}rwD� =RuwQO |=y?=UL |Q=H CqO=@t |t=tD xm OQ=O OwHw
Q=OQ@ l} e w Ne = n "Ovm|t Q=mW; =Q �CrwO <=vFDU=x@ xat=H |rN=O |=yO=yv
"OyO|t u=Wv =Q N `@ Qt T} QD=t |Q]U `tH n u}=Q@=v@ "CU= |vwDU OL=w
Q=mW; =Q I |x}L=v QO =RuwQO |=y?=UL O=OaD j w i |=yT}Ov= w Nij QY=va
sqk=� |DU=}U |=yQ}eDt hQat II |x}L=v QO X O=tv "i; j = 1; 2; 3 w Ovvm|t
w O}rwD pt=wa 'O}rwD� =RuwQO ?=UL xU x@ \w@ Qt |=RuwQ@ |=y?=UL �|k} QRD
'|Q=Pox}=tQU 'CrwO |xv} Ry %R= Ov=CQ=@aX |xOvyOp}mWD |=RH= "CU= �=yO=yv
|Q=H Cq=kDv= w GQ=N |=}vO R= O}rwD pt=wa Ot;QO 'C=tON w =yq=m C=QO=Y
QY=va w X = [xi] xm |Qw]x@ 'CU= Q=OQ@ l} X u}=Q@=v@ "=yQ=wv=N x@ CrwO

"|Q=O@=UL T} QD=t |rm Q=DN=U "3 pwOH
`tH |=y?=UL |=y?=UL |OwQw

|OwQw =RuwQ@ =RuwQO |HwQN
Y d

X N |=y?=UL
(II) (I) =RuwQO

Y x
R L |=y?=UL

(IV) (III) =RuwQ@
Y 0x Y 0d |HwQN `tH

Source: Thorbecke and Hong-Sang Juing, 1996[7]

"|a=tDH= |Q=O@=UL T} QD=t |=RuwQ@ ?=UL w =RuwQO ?=UL xU |U} QD=t pmW "4 pwOH

`tH =RuwQ@ |=y?=UL =RuwQO |=y?=UL |OwQw
|OwQw %=y?=UL Q}=U "4 ?=UL "3 ?=UL "2 ?=UL "1 |HwQNCW=@v= pt=W =yO=yv O}rwD pt=wa O}rwD
y1 x1 N13 � N11 O}rwD ?=UL "1 |=y?=UL
y2 x2 � � N21 O}rwD pt=wa ?=UL "2 =RuwQO
y3 x3 N33 N32 � =yO=yv ?=UL "3

yx R l03 l02 l01

%=y?=UL Q}=U "4 |=y?=UL
'=yO}U@ wU 'C=OQ=w =RuwQ@
xQ}e w =yC=}r=t

y0x y03 y02 y01 |HwQN `tH
Source: Thorbecke and Hong-Sang Juing,1996"
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tQ@

u}W
i=w

RwvR
|O

=yR
wQy@ |=v@t Q@ pkvwptL VN@ |xv} Ry Q@ |SQv= |=ypt=L Ct}k C=Q}}eD Q}F-=D "5 pwOH

"�OYQO� SAM VwQ
Ct}k C=Q}}eD KQWs}kDUtQ}e QF= s}kDUt QF= pm QF=

137 1 16 1 153 2 |}=wy pkvwptL
76 6 4 3 80 9 |}xO=H pkvwptL
62 6 8 4 71 1 uy;x=Q
49 5 8 4 57 9 |@; pkvwptL
47 9 6 6 54 5 |}xrwr pkvwptL

"j}kLD C=@U=Lt %PN-=t

QO xm OyO|t u=Wv SAM w IO VwQ wO QO =yCt}k V}=Ri= G}=Dv |xU}=kt
u}tND QDW}@ =yCt}k V}=Ri= u=R}t 'xv} Ry w Ot;QO p@=kDt C=QF= p}rOx@ Q}N= VwQ
QwWm O=YDk= QO pkvwptL |@Uv Ct}k VwQ wO Qy QO p=L Qy x@ "CU= xOW xOR

"Ci=} Oy=wN V}=Ri=
QDtwr}m � uD Qy |=R=x@ �� u; uOWu=Qo seQx@ ��CNwU hQYt QO|} wHxiQY
|oOwUQi &Ow@ Oy=wNv Q}PBu=mt= OwHwt |Qw=vi =@ QDtwr}m l} QO Qi=Ut Qy w Q=@
Q@ O} Rt |rai C}a[w QO R}v QwWm |r} Q w |}xO=H '|}=wy pkvwptL |=yu=ow=v
`v=wt =@ =Q u=Q}= |}=} QO w |}=wy u=ow=v |R=Uwv R}v |rrtr=u}@ |=ys} QLD "CU= Cra
ptL |=Q@ |QwDUO |=yCt}k u}}aD C}a[w u}= QO "CU= xDN=U xH=wt |OH
pkvwptL VN@ QO p=ai |=yCmQW OwU |x}W=L 'CrwO |wU R= Qi=Ut w Q=@
?rU =yCmQW u}= R= COtR=QO QO =Q |Q=Pox}=tQU u=mt= w OQm Oy=wN OwOLt =Q
xOv=DU�xO=O pwOH R= xO=iDU= =@ |OOaDt C=ar=]t xm CU= QmP u=}=W "OQm Oy=wN

"s}vm|t xQ=W= =yu; R= |NQ@ x@ xt=O= QO xm xDiQo s=Hv= SAM w
Ct}k Q@ |SQv= |=yCt}k KqY= C=QF= OQw;Q@ �1383� |v=yH lv=@ VQ=Ro QO
|Q=tWQU w xOv=DU�xO=OT} QD=t R= xO=iDU= =@ =yQ=wv=N |xv} Ry w O=YDk= |=yVN@

[9]%CU= Q} R KQW x@ xar=]t u}= G}=Dv "CU= xDiQo s=Hv= Q=wv=N |xv} Ry
p=U xO |RQt |=yCt}k Kw]U lQLDt u}ov=}t x@ |rN=O |=yCt}k V}=Ri= "1

"OyO|t V}=Ri= OYQO30 5 =Q =yCt}k |twta K]U 'xDWPo
|=Q@ sy 'CrwO |wU R= xOvvmu=Q@H s=Ok= uwO@ |SQv= |=yCt}k V}=Ri= "2
"OQ=O |rwRv |x@vH ,=} wk |}=DUwQ |=yQ=wv=N |=Q@ sy w |QyW |=yQ=wv=N
K]U uDiQq=@ s=ovy 'QDq=@ |=yCt}k R= |W=v |y=iQ u=} R C@Uv u}vJty
|=yQ=wv=N |=yxv} Ry |rm K]U *uOw@ QDu}}=B p}rOx@ "O@=}|t Vy=m xv} Ry
QDu}ovU =yQ=wv=N u}= Q@ Q=Wi 'OvQN|t xm|}=yq=mC}y=t p}rOx@ R}v w|}=DUwQ
lHvB xwQo u} QDy@ R= QDW}@ Q@=Q@ wO |}=DUwQ xwQo u} QDCUO|yD Q@ Q}F-=D "CU=

"CU= |QyW
K]U x@ |SQv= |rN=O Ct}k uOv=UQ |=Q@ hrDNt |w} Q=vU Q=yJ |tQwD QF= "3

%R= CU= CQ=@a |RQt |=yCt}k
Q}F-=D xm 'p=U QO swUl} OL =D CN=wvm} V}=Ri= &�xr=UxU� pw= w} Q=vU �

"Ow@ Oy=wN p=U QO OYQO9 5 OwOL u; |tQwD
Q}F-=D xm 'p=U QO sHvBl} OL =D CN=wvm} V}=Ri= %�xr=UGvB� swO w} Q=vU �

"Ow@ Oy=wN p=U QO OYQO6 5 OwOL u; |tQwD
w OwW|t xDW=OQ@ pw= p=U QO Ct}k Cw=iD R= |t}v %�xr=UxU� swU w} Q=vU �
Cw=iDr=x@=t w OUQ|t |RQt Ct}k K]U swUwO u=R}tx@ Ct}k swO p=U QO

%O};|t CUO x@ ?=UL |xv} Ry pm x@ N T} QD=t QY=va R= l} Qy s}UkD R=
Bn = N [yd]�1 (8)

N = Bnyd Bn =

2664 B11 0 B13
B21 0 0
0 B32 B33

3775 (9)

h}Dvw�r |xOv=DU�xO=O \UwDt ?} Q[ T} QD=t R= Ov=CQ=@a Bn T} QD=t QY=va
'(B13) CrwO <=vFDU=x@ =yO=yv hQYt =} xv} Ry \UwDt ?}=Q[ T} QD=t '(B11)
Ot;QO \UwDt ?}=Q[ T} QD=t '(B21) O}rwD pt=wa Ot;QO \UwDt ?}=Q[ T} QD=t
|O=yvu}@ w |O=yvuwQO CqO=@t\UwDt?}=Q[T} QD=t w (B32) |rN=O |=yO=yv

%CW=O s}y=wN 7 |x]@=Q QO 9 |x]@=Q uOQm u} Ro}=H =@ "(B33)

yd = Bnyd + x (10)

|a=tDH= w |O=YDk= |=yCU=}U C=a@D w Q=F; u=wD|t 10 |x]@=Q R= xO=iDU= =@
%O}HvU 11 |x]@=Q ?r=k QO ydi Q@ =Q xi |DU=}U |=yQ}eDt C=Q}}eD R= |W=v

yd = (I �Bn)�1x = Mx
a (11)

w hQ=aDt |xOv}=Ri ?}=Q[ T} QD=t l} Qou=}@ Ma =} (I � Bn)�1 u; QO xm
=Q 11 |x]@=Q "CU= |a=tDH= |Q=O@=UL T} QD=t |=[=kD OQm} wQ QO OQ=Ov=DU=
j} Q] R= 'x |=RuwQ@ |=yQ}eDt C=Q}}eD?ULQ@ |Q=PoCU=}U K]U xU QO u=wD|t
Q=Qk xO=iDU= OQwt yd |=RuwQO |=yQ}eDt C=Q}}eD Q@Ma |xOv}=Ri ?}=Q[ T} QD=t
|U=U= ZQi xU ?wJQ=J QO 'u; =@ \@DQt |=yCU=}U w =yp}rLD u}= OQ@ Q=m "O=O

%CU= Q}PBu=mt=
hQ] QO |D}OwOLt xvwoI}y u}=Q@=v@ w OQ=O OwHw O=YDk= QO O}rwD C}iQ_ O=R=t "1

&OwW|tv xDiQo Q_v QO O=YDk= |x[Qa
|Q=O@=ULXNWt |xQwOl} QO �O}rwD pt=wa� `@=vt u}vJty w O}rwD |Qw=vi "2

&CU= swrat �xr=Ul}�
u=Um} Bn ?}=Q[ T} QD=t QY=va |t=tD QO 'xv} Ry x@ |}=yv w \UwDt p}t "3

"OwW|t ZQi

SAM R= xO=iDU= =@ |tQwD Q=F; u}tND G}=Dv "2"5
|=yVN@ Q} R u=}t QO xm CU= u; |=} wo '�5 pwOH� VwQ u}= =@ j}kLD |=yxDi=}
pkvwptL "CW=O Oy=wN =Q Ct}k V}=Ri= u} QDW}@ |}=wy pkvwptL 'pkvwptL
w swU x=o}=H QO |@; pkvwptL w uy; x=Q =@ pkvwptL 'swO |x@DQt QO |}xO=H

"OvQ}o|t Q=Qk sQ=yJ
pY=L Ct}k V}=Ri=� ?Q[pY=L R= xOvvmO}rwD pm XN=W 'VwQ u}= QO
�xOv=DU pm x@ C@Uv VN@ u; |xOv=DU uRw� QO �|O}rwD |=yVN@ R= l} Qy QO
R= R}v |QyW |=yQ=wv=N |xOvvmhQYt pm XN=W u}vJty "CU= xOt; CUO x@
|O=YDk= w |a=tDH= |=yxwQo |=ylyO R= l} Qy |xv} Ry V}=Ri=� ?Q[pY=L
xH}Dv �|QyW |=yQ=wv=N pm hQYt x@ C@Uv =yu; hQYt syU� QO �Q=wv=N
XN=W w OYQO28 01 OwOL QO xOvvmO}rwD |=y@ XN=W '?}DQDu}O@ "OwW|t
"Ci=} Oy=wN V}=Ri= OYQO20 4 OwOLQO |QyW j]=vt QO xOvvmhQYt |=y@
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Q}F- =D

|@=}
RQ=u} QDsm =@ |}=Pe O=wt w C=tON |=Q@ =yQ=wv=N |=[=kD '�Q=wv=N VN@� QO "2

Vy=m ?}DQDx@ s=wOsm w s=wO=@ |iQYt |=yq=m xwQo "Ow@ Ovy=wN xH=wt Vy=m
OwQ|t Q=_Dv= xm u=vJ =[=kD Vy=m u} QDW}@ w CW=O Ovy=wN |QDW}@ |=[=kD
|SQv= |=ypt=L Ct}k V}=Ri= QF= |UQQ@ u}vJty "CU= |SQv= xwQo x@ \w@ Qt
|xOvyOu=Wv '|v=Q}= Q=wv=N |k}kL Ot;QO Q@ |Okv |xv=Q=} CN=OQB x=Qtyx@
x@ OvwW|tv QQ[Dt |R=UOvthOy R= xm |}=yQ=wv=N O=} R Q=}U@ C}U=UL
x@ OYQO30 R=� sQwD V}=Ri= OYQO5 =@ xm |}xvwox@ &CU= 1389 p=U sQwD
x@ OYQO20 pO=at '=yxv=Q=} |R=UO=R; OQ=}r}t Q=Ry400 w} Q=vU QO �OYQO35
xOwRi= Ov=xOW QQ[Dt |R=UOvthOy |=QH= R= xm |}=yQ=wv=N OYQO50 u=R}t

"OwW|t
|=QH= ,=awtHt xDiQoCQwY |=y|v}@V}B T=U=Q@ '�CrwO |xHOw@� VN@ QO "3
Q=Ry155 u=R}t x@ xHOw@ hQ=Yt V}=Ri= Ea=@ =yxv=Q=} |R=UOvthOy KQ]
Q=Ry40 Q@=Q@ xHOw@ |=Q@ xOWO=R; |=yOt;QO |iQ] R= "OW Oy=wN p=} Q OQ=}r}t
|=yxv} Ry w xOW O=R; `@=vt u=R}t |xU}=kt =@ xm xOW |v}@V}B p=} Q OQ=}r}t
pO=at |QUm =@CrwO |xHOw@ '|SQv= |=ypt=LCt}kV}=Ri= QF=Q@ xDi=}V}=Ri=

"OW Oy=wN xH=wt p=} Q OQ=}r}t Q=Ry102

pkvwptL Q@ =yxv=Q=} |R=UOvthOy uwv=k |=QH= C=QF= "6
|QyWuwQO

=@ pkvwptL |=yxv} Ry Q@ CU= ptDWt =yQ=wv=N *|QyWuwQO pkvwptL |=yxv} Ry
|R=UOvthOy uwv=k C=QF= |x@U=Lt Qw_vt x@ "|twta pkvwptL w|YNW wQOwN
QO |QyW |=yQ=wv=N pkvwptL |xv} Ry Q=t; '|QyW uwQO pkv w ptL Q@ =yxv=Q=}
pkv w ptL w |YNW |wQOwN =@ pkv w ptL xv} Ry l}miD x@ '1386 p=U
'|QyW |=yQ=wv=N |=yOt;QO w xv} Ry |Q}oQ=t; KQ] R= =yQ=wv=N |QyW uwQO |twta
'xOv=DU�xO=O pwOH R= xOt; CUO x@ G}=Dv x@ xHwD =@ TBU [12]"CU= xOW <=YL=
Ct}k V}=Ri= u=R}t u}vJty w QwWm |O=YDk= hrDNt |=yVN@ Ct}k V}=Ri=
KQW x@ |QyWuwQO pkvwptL |xv} Ry |=RH= Ct}k V}=Ri= '|SQv= |=ypt=L
sOa x@ xHwD =@ 'OQw;Q@ u}= QO "CU= xOW u}}aD CUw}B VN@ QO 4 w 3 pw=OH
w |YNW R= sa=� |QyWuwQO pkvwptL <=RH= R= l} Qy V}=Ri= u=R}t x@ |UQDUO
Q_=vDt |=yVN@ |xv} Ry V}=Ri= u=R}t R= xOv=DU�xO=O pwOH R= xO=iDU= =@ �|twta
V}=Ri= 'T=U= u}=Q@ "CU= xOW xO=iDU= u} Ro}=H XN=W u=wvax@ <=RH= u}= =@
xm u=vJ "OwW|t OQw;Q@ 6 pwOH j@=]t |QyW |=yQ=wv=N pkvwptL |=yxv} Ry
w OYQO195 |YNW wQOwN =@ pkvwptL |=yxv} Ry \UwDt OwW|t xOy=Wt
OYQO48 6 R= V}@ |QyW |=yQ=wv=N |QyWuwQO pkvwptL |=yxv} Ry \UwDt

"Ci=} Oy=wN V}=Ri=
pkvwptL C=tON |xv} RyV}=Ri= OYQO xmCU= u}= Qo}O xHwD QwNQO |xDmv
|=ylyO u=}t |v=oty |x}rkv \�=Uw w |YNW wQOwN |xr}Uwx@ |QyWuwQO
OYQO xmCU= xHwD QwNQOCyHu; R= Cw=iD u}= "�1 pmW� Ovm|t Cw=iDhrDNt

"CU= QDq=@ |=ylyO R= QDW}@ QDu}}=B |=ylyO |=Q@ V}=Ri=
pkvwptL |xv}tR QO CrwO |=yCU=}U CU= sRq jwi |=yxDi=} wDQB QO
pkvwptL Ct}k *QDsm V}=Ri= xm u}= pw= |xDmv %OQ}o Q=Qk |@=} RQ= OQwt |QyW
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[13]"CU= xOWv |v}@V}B 1390 p=U xHOw@
QO '|YNW wQOwN =@ pkvwptL Ct}k V}=Ri= =@ xm CU= u}= swO |xDmv
=[=kD V}=Ri= =t= "OQm Ovy=wN xO=iDU= QDW}@ Tw@ wD= w wQDt R= u=OvwQyW =yQyWuqm
xOW wQDt |=yKQ] `kwt x@ |=QH= R= `v=t OwHwt pt=wa Q}=U w x[Qa C}OwOLt w

"CU=
'|YNW wQOwN =@ QiU |@Uv |xv} Ry V}=Ri= =@ xm CU= u}= swU xDmv
|=yQiU R= |QDnQR@ VN@ w OvyO|t Vy=m =Q OwN QwQ[ Q}e |=yQiU u=OvwQyW
=[=kD Vy=m x@ QHvt Qt= u}= "O=O Ovy=wN s=Hv= |twta |x}rkv \�=Uw =@ =Q OwN
pO=at u} Rv@ |Dt}k VWm xm CU= u; |=} wo =t C=@U=Lt "OW Oy=wN u} Rv@ |=Q@
p=U pw= |xy=tQ=yJ QO u} Rv@ hQYt OQwtQO OwHwt |=yQ=t; "CU= OYQO�3 1

[14]"CU= C}ak=w u}= |=} wo p@k p=U x@=Wt COt =@ 1390

9

www.SID.ir

www.SID.ir


Arc
hive

 of
 S

ID

"""|
=yxv

}Ry
Q@ |

SQv=
|=y

pt=
LC

t}k
V}

=Ri=
Q}F- =D

|@=}
RQ=|=QH= R= Oa@ w p@k |SQv= |=ypt=L `=wv= Ct}k =yCUw}B 8 pwOH QO "OwW|t

"CU= xOW x�=Q= |ov=N hQ=Yt |=Q@ 1389 p=U QO =yxv=Q=} |R=UOvthOy uwv=k
QO =@ w |SQv= |=ypt=L l}miD x@ |QyW |=yQ=wv=N |SQv= |xv} Ry T=U= u}= Q@
=yCUw}B 9 pwOH KQW x@ 1389 p=U QO |SQv= |=ypt=LCt}kV}=Ri= uDiQo Q_v
xm OwW|t Qw;O=} "OwW|t OQw;Q@ =yxv=Q=} |R=UOvthOy uwv=k |=QH= R= Oa@ |=Q@
|=yCt}k uDW=Po Q=vm =@ 'xDW=O OwHwCt}kl} R=V}@ |SQv= pt=L Qy |=Q@ =HQy
xOW x@U=Lt pt=L u; |=Q@ OwHwt |=yCt}k |vRw u}ov=}t '|y=owQ}v hQYt
p@k '|QyW |=yQ=wv=N |SQv=Q}e w |SQv= |xv} Ry Q}O=kt uDW=O =@ p=L "CU=
V}=Ri= OYQO w u=R}t u=wD|t '1389 p=U QO =yxv=Q=} |R=UOvthOy R= Oa@ w
|xv} Ry V}=Ri= OYQO w u=R}t |w=L 7 pwOH "OQm x@U=Lt =Q =yQ=wv=N |xv} Ry
xOy=Wt xm u=vJ "CU= 89 p=U QO =yxv=Q=} |R=UOvthOy QF= Q@ |QyW |=yQ=wv=N
u=O@ u}= "O@=}|t Vy=m u=Wxv} Ry V}=Ri= OYQO =yQ=wv=N Ot;QO V}=Ri= =@ OwW|t
x@ C@Uv |QDsm |xv} Ry V}=Ri= =@ |Ot;QO QDq=@ |=ylyO |=yQ=wv=N xm CU=vat
uwv=k j@=]t '=yQ=wv=N |xv} Ry V}=Ri= x@ xHwD =@ "Ov=xH=wt u}}=B |Ot;QO |=yxwQo
wQu}= R= "CU=yQ=wv=N x@ xOQ=w u=} R u=Q@H x@ h_wt CrwO =yxv=Q=} |R=UOvthOy
uwv=k |=QH= R= |W=v |xv} Ry u=Q@H u=wvax@ =yQ=wv=N Ot;QO u=R}t V}=Ri= 'xt=O= QO

"OwW|t x@U=Lt xv=Q=} |R=UOvthOy
|Okv |xv=Q=} CN=OQB R= |W=v |QyW |=yQ=wv=N Ot;QO u=R}t |x@U=Lt =@ p=L
|@Uv QQ[ =} Caivt u=R}t u=wD|t '=yxv=Q=} |R=UOvthOy uwv=k |=QH= |B QO
u=R}t |x@U=Lt |=Q@ "OQm |Q}oxR=Ov= =Q uwv=k u}= |=QH= QF= Q@ |QyW |=yQ=wv=N
w xv} Ry R= |Q}oQ=t; G}=Dv x@ xHwD =@ |QyW |=yQ=wv=N O=a@= '=yQ=wv=N Ot;QO V}=Ri=
dr@t QO w G=QNDU= 1387 p=U |=Q@ u=Q}= Q=t; RmQt \UwD |QyW |=yQ=wv=N *Ot;QO
Ot;QO V}=Ri= u=R}t ?}DQD u}=x@ "OwW|t ?Q[ OQi Qy x@ xv=y=t |DN=OQB |xv=Q=}
<=[a= R= l} Qy x@ Qo = "O};|t CUO x@ |}xv} Ry hrDNt |=ylyO |=yQ=wv=N
|=yvt� |Okv |xv=Q=} p=} Q 415000 dr@t xv=y=t �u=Um} Qw]x@� |QyW Q=wv=N
x@ |QyW |=yQ=wv=N x@ |DN=OQB |xv=Q=} xvq=U Q}O=kt 'OwW CN=OQB �u=v |xv=Q=}

"CU= 8 pwOH KQW

"�p=} Q Q=Ry� |QyW Q=wv=N Qy x@ |DN=OQB |xvq=U |xv=Q=} "8 pwOH
|DN=OQB xv=Q=} |DN=OQB xv=Q=} O=OaD \UwDt

KQWCrwO xvq=U CrwO xv=y=t QO O=Qi=
Q=wv=N Qy x@ Q=wv=N Qy x@ Q=wv=N
14143 2 1178 6 2 8 pw= lyO
17280 6 1440 05 3 5 swO lyO
18027 6 1502 3 3 6 swU lyO
19471 8 1622 65 3 9 Q=yJ lyO
19471 8 1622 65 3 9 sHvB lyO
19820 4 1651 7 4 0 sWW lyO
20517 6 1709 8 4 1 sDiy lyO
20268 6 1689 05 4 1 sDWy lyO
20517 6 1709 8 4 1 syv lyO
21015 6 1751 3 4 2 syO lyO

w 1387 Q=wv=N Ot;QO w xv} Ry R= |Q}oQ=t; |=yxO=O 'u=Q}= Q=t; RmQt %PN-=t
"j}kLD C=@U=Lt

Oy=wN V}=Ri= R}v =yu; |=yxv} Ry u=R}t u}=Q@=v@ w OwW|t xOwRi= |iQYt C=tON
"CU= xOW x�=Q= �=yCUw}B� VN@ QO 5 pwOH QO OQw;Q@ u}= G}=Dv "Ci=}

|R=UOvthOy R= p@k� 89 p=U QO Q=wv=N |SQv=Q}e |=yxv} Ry '=Hv}= =D
R= p@k =D =yQ=wv=N |SQv= |=yxv} Ry |x@U=Lt |=Q@ =t= "CU= TQDUO QO �=yxv=Q=}
w Ct}k V}=Ri= QF= Q@ sy xv} Ry V}=Ri= xm u}= x@ xHwD =@ �� =yxv=Q=} |R=UOvthOy
O}=@ =yQ=wv=N CNwU |=yxv} Ry �� OyO|t MQ hQYt =} =[=kD V}=Ri= QF= Q@ sy
x@ xHwD =@ Q=@ l} w '89�88 |=yp=U |] u; hQYt OWQ MQv x@ xHwD =@ Q=@ l}
"OwW xO=O OWQ xQwO u}ty |] Q=wv=N |iQYt CNwU sqk= `=wv= Ct}k V}=Ri=
s} Q=O R=}v |SQv= |=ypt=L l}miD x@ =yQ=wv=N |SQv= |=yxv} Ry x@ Q=m u}= |=Q@
=@ u; R= TB "CU= CW=OQ@ p@=k 1386 p=U |a=tDH= *|Q=O@=UL T} QD=t R= xm
|xv} Ry '�86 p=U x@ C@Uv� 87 p=U QO |SQv= hQYt |wor= Q}}eD sOa ZQi
OwW|t l}miD |SQv= |xv=oCiy sqk= x@ 1387 p=U QO Q=wv=N CNwU =} |SQv=
6 pwOH KQW x@ '1389 p=U |=Q@ xOWQmP Ct}k w =[=kD OWQ MQv x@ xHwD =@ w

"CU= xOW RwQx@ =yCUw}B VN@ QO
�|SQv=Q}e w |SQv= |=yxv} Ry R= sa=� |QyW |=yQ=wv=N |=yxv} Ry uwvm =D
u}= O}=@ p=L "CU= xOW OQw;Q@ 1389 p=U QO |}xv} Ry |=ylyO l}miD x@
|x@U=Lt QO "OQm x@U=Lt =yxv=Q=} |R=UOvthOy uwv=k |=QH= R= Oa@ |=Q@ =Q =yxv} Ry
pY=L G}=Dv '=yxv=Q=} |R=UOvthOy R= TB |QyW |=yQ=wv=N *|SQv=Q}e |=yxv} Ry
C=tON w =yq=m Ct}k C}a[w Q@ |SQv= |=ypt=L Ct}k V}=Ri= Q}F-=D |UQQ@ R=
V}=Ri= *QF=Q@ xm CU= u; Qou=Wv xOv=DU �xO=O pwOH x@ xHwD =@ 'Q=wv=N |iQYt
V}=Ri= OYQO21 6 xOvvmhQYt pm |=y@ XN=W '|SQv= |=ypt=L Ct}k
TB |QyW |=yQ=wv=N |SQv=Q}e |=yxv} Ry |x@U=Lt |=Q@ u}=Q@=v@ "Ci=} Oy=wN
p=U |OvthOy R= p@k =yQ=wv=N *|SQv=Q}e |=yxv} Ry '=yxv=Q=} |R=UOvthOy R=
VN@ 7 pwOH� CU= xOW xO=O OWQ OYQO21 6 sQwD MQv x@ xHwD =@ '1389

"�=yCUw}B
uwv=k |=QH= R= TB 1389 p=U QO |QyW |=yQ=wv=N |SQv= |xv} Ry
xO=O OWQ =ypt=L u}= Ct}k V}=Ri= MQv x@ xHwD =@ '=yxv=Q=} |R=UOvthOy

1389 p=U QO =yxv=Q=} |R=UOvthOy R= TB w p@k |QyW Q=wv=N |xv} Ry "7 pwOH
"�p=} Q Q=Ry�

V}=Ri= OYQO R= TB R= p@k |xv} Ry
Q=wv=N |xv} Ry |R=UOvthOy |R=UOvthOy Q=wv=N

34 6 35651 26495 pw= lyO
31 6 63113 47954 swO lyO
30 80554 61978 swU lyO

29 9 98682 75951 Q=yJ lyO
28 7 116320 90368 sHvB lyO
27 8 136181 106560 sWW lyO
27 161233 126958 sDiy lyO

25 9 194249 154234 sDWy lyO
25 4 252506 201347 syv lyO
24 1 446468 359743 syO lyO

j}kLD C=@U=Lt %PN-=t

10

www.SID.ir

www.SID.ir


Arc
hive

 of
 S

ID

|m
tQ@

u}W
i= w

RwvR
|O

=yR
wQy@ "�p=} Q Q=Ry� 1389 p=U QO =yxv=Q=} |R=UOvthOy uwv=k |=QH= |xH}DvQO |QyW |=yQ=wv=N u=} R =} OwU "9 pwOH

lyO lyO lyO lyO lyO lyO lyO lyO lyO lyO KQWsyO syv sDWy sDiy sWW sHvB Q=yJ swU swO pw=
3122 2523 2198 2170 2080 1935 1931 1573 1441 1042 1389 |SQv= |xv} Ry

|OvthOy R=p@k
12816 10736 9372 9490 9133 8785 8673 7101 6553 4700 1389 |SQv= |xv} Ry

|OvthOy R=Oa@

9695 8213 7174 7321 7053 6850 6743 5529 5112 3658
|SQv= |xv} Ry Cw=iD

|OvthOy R= Oa@ w p@k
1389 p=U QO

356621 198824 152037 124788 104480 88433 74021 60405 46513 25453 1389 |SQv=Q}e |xv} Ry
|OvthOy R=p@k

433652 241770 184876 151742 127048 107535 90009 73452 56560 30951 1389 |SQv=Q}e |xv} Ry
|OvthOy R=Oa@

77030 42946 32840 26954 22568 19102 15988 13047 10047 5498
|SQv=Q}e |xv} Ry Cw=iD
|OvthOy R=Oa@ w p@k

1389 p=U QO
86725 51159 40014 34275 29621 25952 22731 18576 15158 9156 Q=wv=N |xv} Ry V}=Ri= pm

21016 20518 20269 20518 19820 19472 19472 18028 17281 14143 xvq=U |DN=OQB |xv=Q=}
Q=wv=N Qy x@ CrwO

�65709 �30641 �19746 �13757 �9800 �6480 �3259 �548 2122 4988 Q=wv=N Qy QQ[ =} Caivt
j}kLD C=@U=Lt %PN-=t

|O=YDk=\}Lt QO O}=@ xOa=kr=|ra 'V}=yOt=}B |xOQDUo O=a@=p}rOx@ KQ]u}=
=D Ot;|tQO =QH= OQwt x@ xvqw�Ut |rwB w |r=t |=yCU=}U P=ND= p=@vOx@ w ?U=vt
OW xDW=Po =QH= OQwt x@ |v=tR QO KQ] xv=iU-=Dt "OW=@ pQDvm p@=k u; |tQwD C=QF=
"CU= xH=wt |rrtr=u}@ |=ys} QLD O}OWD w |tQwD OwmQ pmWt =@ QwWm O=YDk= xm
QO 1390 p=U QO KQ] |=QH= R= |W=v sQwD xm CU= u; |=} wo xr=kt u}= |=yxDi=}
Oy=wN OYQO20 5 OwOL w sy x@ l}ORv SAM w IO VwQ wO =@ |QyW j]=vt
=@ w CU= |SQv= |=ypt=L |Dt}k lwW R= |W=v sQwD u}= xm CU= QmP u=}=W "Ow@
Q=_Dv= '��15 7� Q}N= p=U GvB QO QwWm O=YDk= utRt sQwD MQv u}ov=}t x@ xHwD
u}= Q=yt "OW=@ OYQO36 OwOL QO w Q=Okt u}= R= V}@ QwWm QO |ak=w sQwD OwQ|t
|Oy=wW =yvDxv xm CU= |[=@kv= |rwB w |r=t |=yCU=}U P=ND= sRrDUt OwN sQwD
|xv=Q=} `} RwD x@ \w@ Qt `@=vt |QUm p}rOx@ CrwO xmr@ 'CU}v CUO QO u; R=
swO |xt}v QO =Q |SQv= |=ypt=L Ct}k V}=Ri= swO |xrLQt OQ=O Q_v QO '|Okv

"OyO Q=Qk OwN Q=m QwDUO QO p=U
Q@|SQv= C}y=t p}rOx@ pkvwptL VN@ xm CU= u; |=} wo j}kLD |=yxDi=}
"Ow@ Oy=wN xH=wt O}rwD |xv} Ry V}=Ri= =@ O=YDk= Qo}O VN@ Qy R= V}@ u; uOw@
Ov=wD|tv Q=@ ptL |xiQaD w u=Qi=Ut \}r@ Ct}k pQDvm C}a[w u}= QO CU= |y}O@
CavY OwU |x}W=L Vy=m CQwYx@ u; ?k=wa COtR=QO QO w OW=@ Q=m |xQ=J

"OW Oy=wN Qy=_ VN@ u}= QO lOv= |Q=Pox}=tQU w pkvwptL
'sQ=yJ |xt=vQ@ QO O}=@ pkvwptL VN@ QO Q=m C=tOkt O}ytD |=Q@ CrwO
=@ =yQyW QO w O=O|t Q=Qk Q=m QwDUO QO =Q |r} Q w |}xO=H pkvwptL u=ow=v |R=Uwv
'OwRi=|t wQDt w|v=QTw@ wD= \w]N VQDUo w |R=Uwv Q@|}x}=tQU |=yltm |=Oy=

uOQmOvthOy uwv=k|=QH= QF= Q@ |QyW|=yQ=wv=Nu=} R =}Caivt|x@U=Lt|=Q@
s=kQ= uOQmsm =@ =Q =yQ=wv=N |SQv=Q}e w |SQv= |=yxv} Ry V}=Ri= u=R}t =OD@= '=yxv=Q=}
R= TBU "s} Qw;|t CUO x@ '=ypt=L Ct}k V}=Ri= R= TB w p@k xv} Ry wO u}=
'9 pwOH QO xOWx@U=Lt *Ot;QO V}=Ri= =@ xOt; CUO x@ |xv} Ry V}=Ri= |xU}=kt

"O};|t CUO x@ |QyW |=yQ=wv=N u=} R =} OwU u=R}t
|=yxwQo |xty x@ u=Um} xv=QU |xv=Q=} |=]a= =@ xmCU= u; |=} wo j}kLD G}=Dv
=ylyO |x}k@ w CW=O Ovy=wN |y=iQ Xr=N Caivt pw= lyO wO ,qta '|Ot;QO
Qki Q=JO pw= lyO Q=yJ xm CU= |r=L QO u}= "OW Ovy=wN |y=iQ u=} R Q=JO
"Ow@ Oy=wNv |a=tDH= Cr=Oa ut=[ =yxv=Q=} `} RwD |xw}W u}= ?}DQDu}O@ "Ov=|@Uv
wQOwN =@ u=WmQi=Ut QwWm |=yQyWuqm QO xm CU= u}= xHwD QwNQO |xDmv
|iQYt |q=m l} u} Rv@ =yQ=wv=N u}= |=Q@ w OvOt;QOsm |=ylyO wRH |YNW
hQYt x@ |QyW Q=R=@ |=Q@ pkvwptL C=tON O}rwD QO xm CU= |}xO=yv xmr@ CU}v
uD OvJ =} l} xm |}=yQ=wv=N Q@ u} Rv@ Ct}k V}=Ri= QF= xm CU= |y}O@ "OUQ|t

"Ow@ Oy=wN |ivt Q=}U@ Ov=VmQi=Ut =yu; |=[a= R=

|Q}oxH}Dv "8
|xt=vQ@ QO RQ=Ct}k|R=Uu=Um} R= Oa@ |SQv= |=ypt=L|xv=Q=} |R=UOvthOyKQ]
p}rO u}tyx@ &OwQ|t Q=tWx@ O=YDk= |O}rm |=yCt}k QO KqY= u} QDnQR@ 'swU
"CU= syt Q=}U@ hrDNt *Q=Wk= |xOv}; w p=L x=iQ w QwWm O=YDk= Q@ u; |=yOt=}B

11

www.SID.ir

www.SID.ir


Arc
hive

 of
 S

ID

"""|
=yxv

}Ry
Q@|

SQv=
|=y

pt=
LC

t}k
V}

=Ri=
Q}F- =D

|@=}
RQ=xm |}=yQ=wv=N xm CU= u; |@Uv Qki |=yQ=}at R= |m} "OW Ovy=wN QQ[Dt KQ]

"OvQ=O Q=Qk =Qki |xQtR QO CU= xat=H Ot;QO u}ov=}t swO l} R= QDsm u=WOt;QO
w OvQ=O Q=Qk |QyW |=Qki |xQtR QO R}v sQ=yJ w swU |=ylyO T=U= u}= Q@
Q=m u}= |xQ=J "OwW CN=OQB O}=@ =yu; |y=iQ u=} R u=Q@H |=Q@ |QDW}@ |xv=Q=}
x@ |Okv |xv=Q=} OvthOy `} RwD xmr@ '|SQv= |=ypt=L Ct}k |xQ=@ wO V}=Ri= xv
|yHwD QwNQO O=OaD xm CU= u}= C}ty= R�=L |xDmv "CU= Q}PB?}U; |=yxwQo
|WmQi=Ut j} Q] R= =yQyWuqm QO Q}PB?}U; |=yQ=wv=N |=[a= w u=DUQB QU R=
|v}ovU QDW}@ xwQo u}= VwO Q@ u} Rv@ Ct}k V}=Ri= |r=t Q=@ "Ovvm|t V=at Q=Qt=

"Ovm|t
pY=L C=O}=a OYQO30 =D Ow@ xOW QQkt uwv=k ?Hwtx@ s}v=O|t xm u=vJ
p}rOx@ 1390 p=U QO xv=iU-=Dt "OwW ltm |O}rwD |=yVN@ x@ KQ] |=QH= R=
|Okv w s}kDUt |xv=Q=} R= =Q O}rwD VN@ syU OW Q} Ro =v Q=Pouwv=k 'C=Q=@Da= Ow@tm
X=YDN= |O}rwD |=yVN@ x@ p=} Q OQ=}r}t Q=Ry100 dr@t w 'Vy=m OYQO20 x@
OwQ|t Q=_Dv= '|SQv= |xv=Q=} R= pkvwptL |OYQO40 8 syU x@ xHwD =@ "OyO
"OyO X=YDN= pkvwptL VN@ x@ =Q dr@t u}= R= p=} Q OQ=}r}t Q=Ry40 OwOL CrwO
|O}rwD |=yVN@ |xv=Q=} `} RwD XwYNQO CrwO |xt=vQ@ xm CU= |r=L QO u}=

"CU= xOWv sqa= Rwvy

|W=v xDi=}V}=Ri= |=[=kD |wo?=wH |twta pkvwptL VN@ KQ] |=QH= R= Oa@ =D
CyH QO xYQa u}= QO CrwO CU=}U ,qta =t= "OW=@ |@Uv |=yCt}k Q}}eD R=

"CU= xOw@ Tma
|YNW wQOwN =@pkvwptL|xv} Ry =yQyW QO xm OyO|t u=Wv Q[=L|xar=]t
%OQ=O XNWt Ot=}B OvJ =yxv} Ry V}=Ri= u}= "CW=O Oy=wN |yHwD QwNQO V}=Ri=
R= QDsm G}=Q |=yCt}k K]U QO u; |x[Qa xm '|twta pkvwptL x@ uOQw; |wQ "1
hrDNt C=a=U QO wQDt QOC}atH s=LOR= w Tw@ wD= |vqw] |=yhY�CU=[=kD
uOQmu} Ro}=H "3 &|QwQ[ Q}e |=yQiU Vy=m "2 &�CU= ẁ[wt u}= Qou=}@ RwQ
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