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KQ]t |D=k}kLD syt ẁ[wt l} u=wvax@ R=@ wQ w |v}tRQ} R C=} QiL QO |vt}= w

"OwW|t
|=yVwQ R= xO=iDU= =@ ,=twta xO}J}B p�=Ut |R=U|OQ@ Q=m w |R=UxO=U
nvU |xOwD |m}rwQO}y |xO}J}B Q=DiQ |R=UpOt |=Q@ "OwW|t s=Hv= |R=UpOt
|UQQ@ nvU |xOwD |m}rwQO}y Q=DiQ QO QF-wt pt=wa w =yQDt=Q=B xm CU= sRq =OD@=
xU}=kt QO|ovUTm} QD=t |Q}PBPwiv '|U=vWu}tR |=yQ=DN=U R= |Q=}U@ QO "OwW
=y|oDUmW wCU= R}J=v Q=}U@nvU |xOwD QO OwHwt |=y|oDUmW |Q}PBPwiv =@
nvU |xOwD |m}rwQO}y Q=DiQ Cr=Lu}= QO [3�1]"OvDUy p=}U u=} QH |rY= Q}Ut
Q=DiQ R= |@U=vt syi OvtR=}v u; OQw;Q@ w OwW|t pQDvm =y|oDUmW |xr}Uwx@
|m}rwQO}y Q=DiQ u=}@ w |R=UpOt |=Q@ "CU=y|oDUmW |xm@W |m}rwQO}y
=@ xDUw}B VwQ QO [4]"OwW|t xO=iDU= xDUw}B=v w xDUw}B VwQ wO R= nvU |xOwD
|xOwD |m}rwQO}y Q=DiQ R= pO=at pOt l} 'nvU |xOwD pO=at X=wN R= xO=iDU=
|Q}oxR=Ov= w =HQ@ |=yV}=tR; =@ u=wD|t =Q pO=at X=wN "OwW|t x�=Q= nvU
QO |}=yC}a]k sOa =@ w Ct}ku=Qo 'Q@u=tR =yVwQ u}= |rw 'OQw; CUOx@ s}kDUt

pw�Ut xOvU} wv �
"1392 2 7 VQ}PB '1391 11 8 x}LqY= '1391 3 9 Ci=} QO %M} Q=D



"""|
ovU

|xD
Uw}

B=v\
}Lt

QOp
=}U

u=}Q
H|

R=Up
Ot

nvU |xOwD |m}rwQO}y Q=DiQ |R=UpOt w |UQQ@ hrDNt |=yVwQ "1 pmW
"l}D=tW CQwYx@

R= xO=iDU= =@ xDUw}B VwQ QO "OyO|t u=Wv l}D=tW CQwYx@ =Q nvU |xOwD
w nvU |xOwD |m}rwQO}y Q=DiQ R= pO=at pOt l} 'nvU |xOwD pO=at X=wN
QO OwHwt |=y|oDUmW w pNrND pO=at X=wN "OwW|t x�=Q= |OQ@ Q=m CQwYx@
xO=iDU= =@ s}kDUtQ}e CQwYx@ =} w =HQ@ |=yV}=tR; R= xO=iDU= =@ nvU |xOwD
|oO=U OwHw =@ "OvwW|t u}}aD xO=U |r}rLD |=yVwQ =} w |OOa |=yVwQ R=
u}= '|rta OQ@ Q=m Oa@ QO xv=owO |Q}PBPwiv w xv=owO pNrND pFt xDUw}B |=yVwQ
Q=DiQ QO =y|oDUmW xUOvy Q}F-=D K}LY p=ta= =@ x]@=Q QO |}=yC}OwOLt =yVwQ
|R=UpOt |U=U= QDt=Q=B xm '|m}rwQO}y QF-wt pNrND Ck}kL QO "OvQ=O u=} QH
u}@ `]=kD w CU= xvt=O QO OwHwt |=y|oDUmW `]=kD w \=@DQ= Q}F-=D CLD 'CU=
OL=w QO |oDUmW O=OaD� |Q=O|oDUmW |v=w=Qi R= |}xO}J}B `@=D =y|oDUmW
xvt=O QO OwHwt |=y|oDUmW |Q=OCyH w �K]U =} pw]� xR=Ov= '�sHL =} K]U

"CU=
|}=[i `} RwD |UOvy |oO}J}B xm CU= u}= Q@ VqD xDUw}B=v |=yVwQ QO
CQwYx@ |ovU \}Lt |m}rwQO}y Q=DiQ QO =yv; Q}F-=D w nvU xOwD QO =y|oDUmW
R= |UOvy K} QY |R=UpOt l} O=H}= =@ Cr=L u}= QO "OwW |R=UpOt K} QY
C=YNWt |xOvyOu=Wv xm '�=RHt |oDUmW |xm@W VwQ Ovv=ty� =y|oDUmW
u}v=wk p=ta= w 'CU= \}Lt QO OwHwt |=y|oDUmW C}atH w O=OaD '|UOvy

"OwW|t |R=UpOt nvU |xOwD |m}rwQO}y Q=DiQ '=y|oDUmW QO u=} QH

=RHt |oDUmW |xm@W QO u=} QH |R=UpOt "3
=} w |UOvy |R=UpOt l} O=H}= '|iO=YD |oDUmW |xm@W O=H}= R= hOy
w OwW|t O=H}= |Oa@ xU =} w |Oa@ wO T=}kt QO xm CU=y|oDUmW R= |OOa
\}Lt QO OwHwt |=y|oDUmWC}atH w O=OaD '|UOvy C=YNWt |xOvyOu=Wv
|D=@U=Lt Oml} |oDUmW |xm@W QO u=} QH p}rLD wCN=U Qw_vt x@ [19]"CU=
Ov}=Qi "CU= xOW xO=O xaUwD Matlab |U} wvxt=vQ@ \}Lt QO FNETF s=v x@
'OwW|t s=Hv= hrDNt |xrLQt wO QO |D=@U=Lt Om u}= QO u=} QH p}rLD w CN=U
Qy 'xt=O= QO "CU= xOW xO=O u=Wv 2 pmW QO |D=@U=Lt Om u}= |rm sD} Qwor= xm

"CU= xOW xO=O K}[wD pL=Qt u}= R= l}

|oDUmW |xm@W CN=U "1"3
|UOvy C=YNWt R= xO=iDU= =@ =RHt |oDUmW |xm@W CN=U |rm Cr=L QO
s=Hv= wrQ=m Cvwt |R=Ux}@W |xw}W R= xO=iDU= =@ w xvt=O QO OwHwt |=y|oDUmW
=@ =RHt |oDUmW |O=OaD '|rY= |oDUmW xDUO Qy |=Q@ VwQ u}= QO "OwW|t

VwQ u}= QO [28�20]"CU= xDiQo Q=Qk xO=iDU= OQwt |awvDt |=yOQ@ Q=m =@ w |oDUmW
xO=iDU= =y|oDUmW |UOvy C=YNWt |Dq=tDL= `} RwD w |Q=t; |=yR}r=v; R=
xO=iDU= swRr 'nvU |xOwD QO OwHwt |=y|oDUmW X=wN uOw@|iO=YD "OwW|t
=RHt |oDUmW |xm@W pOt CN=U |=Q@ [29]"OyO|t u=Wv =Q |Q=t; |=yR}r=v; R=
QO =y|oDUmW O=H}= |=Q@ wrQ=m Cvwt |R=Ux}@W |xw}W w |Q=t; |=yVwQ R=
p@=kQ}e Q=R@= l} =RHt |oDUmW |xm@W VwQ [20w16'11]"OwW|t xO=iDU= xvt=O
2l}ORv u=O}tC}akwt QO p=kDv= |=yxO}OB w p=}U u=} QH |R=UpOt |=Q@ u} Ro}=H
?} QkD C=}�RH =@ w K} QY Qw]x@ |oDUmW |xUOvy |x@re w \rUD xm 'CU=
xr�Ut |xvt=O QO |oDUmW l} R= V}@ 'l}ORv u=O}t C}akwt QO "OwW|t xOR
pO=at \}Lt R= xO=iDU= |=Q@ sRq \QW |oDUmW R= O=OaD u}= |rw 'OQ=O OwHw
|O}rm |xDmv [29w14]"OQm xO=iDU= |oDUmW |xm@W R= O}=@ w Ovm|tv O=H}= =Q
'nvU |xOwD |m}rwQO}y Q=DiQ |R=UpOt |=Q@ =RHt |oDUmW |xm@W R= xO=iDU=
|xYNWt u} QDsyt [30w21'20]"CU=y|oDUmW |UOvy X=wN ?U=vt OQw;Q@
,=twta xm &CU= |oDUmW |xv=yO Q=Okt '|m}rwQO}y Q_v R= =y|oDUmW |UOvy
xO=iDU= =@ u=wD|t |rw [20w16'11]'CU}v umtt xYNWt u}= x@ s}kDUt |UQDUO
u}= |v=O}t G}=Dv =} w =HQ@ |=yV}=tR; '=QH= u}L |=y|Q}oxR=Ov= x@ \w@ Qt G}=Dv R=
sOa =@ =yVwQ u}= 'u}= OwHw =@ [31'21'7]"OR ?} QkD =y|oDUmW |=Q@ =Q xYNWt
Q}UiD w |RQt \}=QW '|oDUmW |}=[i `} RwD '|Q}oxR=Ov= =@ x]@=Q QO |}=yC}a]k
pO=at l}rwQO}y |xv=yO |x@U=Lt |=Q@ 'Q=DWwv u}= QO [7�5]"OvDUy x=Qty G}=Dv
|R=Uxv}tm l}vmD w x=owQ}v Q=et x@ |OwQw ?; u=} QH Q}O=kt R= |oDUmW |xm@W

"CU= xOW xO=iDU= =]N `@ Qt ẁtHt
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"OwW|t jq]= CU@u@ |=yQ}Ut =yv; x@ Kq]Y=
|=yRQt u}@ |rw 'OvwW|t Qy=_ sy x@ pYDt |xm@Wl} QO xm |}=y|oDUmW �
|m} =@ p=YD=l}\ki =} w �4|v=}t |xm@WQ} R� OvQ=Ov \=@DQ= |HQ=N w |rN=O

=y|oDUmW|xm@W R= u=} QH p}rLD wCN=U|=Q@ FNETF Om sD} Qwor= "2 pmW
"|v}tRQ} R C=} QiL pN=O x@

Qw_vt u}= |=Q@ "OwW|t xDN=U |UOvy C=YNWt x@ \w@ Qt `} RwD `@=wD R= xO=iDU=
OQwt |x}L=v QO|rY=|oDUmW |=yxDUO R=l} Qy x@ \w@ Qt|UOvy C=YNWt
R= xO=iDU= =@ "OwW|t xDiQo Q_v QO |D=@U=Lt Om x@ x}rw= |=y|OwQw u=wvax@ |UQQ@
'OwW|t xDiQo Q_v QO|ar[Q=yJl} CQwYx@,qwtat xm '|UQQ@ OQwt |xvt=O O=a@=
=y|oDUmW O}rwD Ov}=Qi "OwW|t xDN=U |UQQ@ OQwt \}Lt R= |rm |xvt=O l}
,qkDUt |oDUmW xDUO Qy |=Q@ w lD x@ lD CQwYx@ Q_vOQwt |xvt=O pN=OQO

109



"""|
ovU
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QOp
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u=}Q
H|

R=Up
Ot

"|oDUmW |xm@W |UOvy p}rLD w CN=U pL=Qt "3 pmW

Qij = �wb3h12�
�H
�l

= cij (Hi �Hj) (hr=2)

cij = wb3h
12�lij (?2)

R= |Qw@a u=} QH|@OQij 's)=i xQo QO �|rm Oy� |SQv= pO=at `=iDQ=Hi '\@=wQu}= QO
Q_vQOC@Ft jCtU x@ i R= u=} QH xm � j w i|=yxQou}@pY=i OL �|oDUmW� p=v=m
bh 'j w i |=yxQo pY=i OL p=v=m |m}rwQO}y C}=Oy ?} Q[ cij '�OwW|t xDiQo
p=v=m ZQaw w p=v=m pw] lij 'p=}U|m}t=v}OCHRr � 'p=v=m|m}rwQO}y |xv=yO
\=@DQ= QwmPt\@=wQ QO "OwW|t xDiQo Q_v QO 1 =@ Q@=Q@ |Oa@ wO |=ypOt|=Q@ xm 'CU=
7?amt uwv=k x@ xm 'CU= �?amt� swUu=wDCQwY x@ p=v=m|xv=yO w u=} QH|@Ou}@
uDiQoQ_vQO =@ sQH pO=aD |x]@=Q '|r=v=m |xm@W R= xQo Qy |=Q@ [32]"OwW|t Q}@aD
u}= QO "OwW|t p=ta=|ivtCQwYx@|HwQNu=} QHwC@FtCQwYx@ |OwQw u=} QH
%OwW|t u=}@ 3|x]@=QpmW x@ w|U} QD=tCQwYx@ xm@W QO u=} QH|xr�Ut 'Cr=L
[E] fHg = 0 (3)

C}=Oy ,qwtat xm &CU= uQ=kDt T} QD=t l} '3 |xrO=at QO (E) ?}=Q[ T} QD=t
|x}=QO u}t)=i Q=Okt "CU=yxQo QO|rm Oy |xOvvmu=}@H Q=OQ@ w OwW|t xO}t=v 8xQo
w i|xQo x@ pYDt |=yp=v=m |xtyC}=Oy `tH pY=L =@ Q@=Q@ET} QD=t QO |Q]k
"CU=j w i|xQou}@pY=i OLp=v=mC}=Oy|ivt =@ Q@=Q@ ij|Q]kQ}e|=yx}=QO Q=Okt
QO ij |x}=QO Q=Okt 'OW=@ xDW=Ov OwHw s}kDUt p=v=ml} j w i|xQou}@ xm|DQwYQO
=yxQo |O=R; |xHQOT=U=Q@ '3|xrO=at "OwW|t xDiQo Q_v QO QiY =@ Q@=Q@ET} QD=t
[21]%OwW|tp}O@D 4 |x]@=Q sQi x@|U} QD=t|xrO=at xH}Dv QO xm 'xOW|R=UxDUUo"
Eff Efc
Ecf Ecc

#(
Hf
Hc

)
=

(
Qf
Qc

)
(4)

5CU@u@ |=yxm@WQ} R x@ Kq]Y= x@ xm 'OvQ=O |HQ=N =} |rN=O |=yRQt R=
"OvwW|t Q}@aD

'�y3 pmW� x}rw= |oDUmW |xm@W R= |O=yQ}e |=y|oDUmW hPL =@
|m} SwrwB wD swyitl} xm OwW|t pY=L u=} QH �OwOLt=v |xWwN� 6x}=B |=yQ}Ut
lQDWt pYi x@ xHwD =@ '|O=yQ}e |=y|oDUmW hPL R= Oa@ [29]"Ovm|t |a=OD =Q
OwW|t xDN=U xvt=O pN=O QO u=} QH |=yQ}Ut |r=v=m |xm@W '=y|oDUmW
lQDWt pYi wO smCUO |oDUmW Qy xrLQt u}= QO 'Ck}kL QO "�w3 pmW�
|xa]k xm 'CW=O Oy=wN |HQ=N w |rN=O |=yRQt =} w =y|oDUmW Q}=U =@
u=} QH p=v=ml} u=wvax@ |oDUmW Qy |wQ lQDWt pYi wO u}@ OwHwt |oDUmW
Q_=vDt |oDUmW |xv=yO w x@U=Lt p=v=m Qy Tw�Q C=YDNt "OwW|t xDiQo Q_v QO

"OwW|t xDiQo Q_v QO p=v=m |xv=yO u=wvax@
p=v=m w CU= xOW xDiQo Q_v QO u=} QH |xQo l} u=wvax@ p=v=m Qy Tw�Q
CN=U pL=Qt "OwW|t ^=Lr u=tr= l} u=wvax@ p=v=m Qy T-=Q wO u}@ |]=@DQ=
'C}=yvQO "CU= xOW xO=O u=Wv 3 pmW QO |oDUmW |xm@W |UOvy p}rLD w
CU= xOW xDiQo Q_v QO |D=@U=Lt |xvt=O u=wvax@ Q_=vDt |=yxQo w =yp=v=m |xty

"CU= xOW pL |D=@U=Lt |xvt=O u}= |=Q@ p=}U u=} QH CqO=at w

|r=v=m |xm@W QO p=}U u=} QH CqO=at pL "2"3
C=LiY ZQi '�p=v=m �|oDUmW uwQO p=}U u=} QH Q=DiQ u=}@ |=Q@ pOt u} QDxO=U
|R=UxO=U w ZQi u}= R= xO=iDU= =@ "CU= |oDUmW |=yxQ=w}O u=wvax@ |R=wt
?2 w hr=2 |=yx]@=Q CQwY x@ |oDUmW R= |Qw@a u=} QH |@O 'sm =L CqO=at

%OwW|t x@U=Lt
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xO=R
h}

QW
|i]

Yt
w|

D=v=@y
]Y

=|O
=wH

|[
DQt

KQ] |x}L=v |UOvyt |U=vWu}tR w |U=vWu}tR "2"4
|xQwO x@ jraDt |U=vWu}tR ^=Lr R= QtQwiUv=QD w x=owQ}v Q=et wO |Q}oQ=Qk pLt
|@ wUQ |=ynvU R= pmWDt OwQwO OvR=U QO Q=et wO Qy w CU= xOw@ u} Q} R u}tQB
'Ov=C} -wQ p@=k Kw[w x@ |@ wUQ |=ynvU QO |=y|Ov@ x}q "Ov=xDiQo Q=Qk u} QP; w
|=ynvU "OwW|t xOR u}tND QDt|Dv=U 32 OwOL QO =yx}q Ct=N[ \UwDt xm
w x=}U ly; nvU w |r}W nvU|q '|D} RDQ=wm nvUxU=t pt=W ,=DOta |@ wUQ
Cr=R=@ 'C} Qw}ORDQ=wm |vwQO pO=at =@ C}U=O R= ,=DOta OwHwt u} QP; |=ynvU
R= =ynvU pNrND "Ov=xOW p}mWD C}vwRvwt |vwQO pO=at =@ C}Dq w |D}r}BU=
|=Q@ �3 3 |xv}W}@ =D �xv=O \UwDt� |QDUm =N nvUxU=t |=Q@ �0 8 |xv}tm

[34]"CU= Q}eDt |UQ uwDUDr}U

h=Q]= |oDUmW |xm@W QO u=} QH |R=Ux}@W "5
=yQ=et

l} Qy x@ \w@ Qt |UOvy C=YNWt '=RHt |oDUmW |xm@W CN=U Qw_vt x@
x@ x}rw= |=y|OwQw u=wvax@ |UQQ@ OQwt |x}L=v QO |rY= |oDUmW |=yxDUO R=
'u; p}rLD w |oDUmW |xm@W CN=U R= Oa@ "OwW|t xDiQo Q_v QO |D=@U=Lt Om
|=yRQt |wQ Q@ "OwW|t s=Hv= xm@W QO u=} QH C=@U=Lt |RQt \}=QW p=ta= =@
QO Q}PB=vPwiv RQt =} w swrat Oy CQwYx@ Cw=iDt |RQt \}=QW ẁv wO R= |HQ=N
?; K]U OQw;Q@ OvtR=}v swrat Oy CQwYx@ |RQt \QW p=ta= xm OwW|t xDiQo Q_v
|x}rw= C=YNWt O}=@ u=} QH |R=Ux}@W s=Hv= R= p@k xH}Dv QO "CU= |v}tRQ} R
xDUO wO x@ u=} QH |R=Ux}@W |=Q@ R=}vOQwt C=YNWt "OwW |@=} RQ= R=}vOQwt
�|m}rwQO}y |RQt \}=QW� |v}tRQ} R ?; K]U w =y|oDUmW |UOvy C=YNWt
CUOx@ TQDUO p@=k |v=O}t |=yxO=O R= =yQDt=Q=B u}= xm 'CU= xOW |Ov@s}UkD

"CU= xOW |UQQ@ R=}vOQwt C=YNWt u}= R= l} Qy 'xt=O= QO "CU= xOt;

=y|oDUoW |UOvy C=YNWt "1"5
xOWC@F |=y|oDUw}B=v R= '=y|oDUmW |UOvy C=YNWt uOQw;CUOx@ |=Q@
OwOL QO "CU= xOW xO=iDU= �x=owQ}v Q=et� |v}tRQ} R C=} QiL |=yxQ=w}O |wQ
|@=} RQ= w |UQQ@ OQwt x=owQ}v Q=et |=yxQ=w}O |wQ Q@ xOWC@F |oDUmW 7380
w M3 w M2 'M1 |rY= |oDUmW xDUO 3 O=OaD 'C}=yv QO xm &CU= xDiQo Q=Qk
|xOwD |Q=O|oDUmW |wor= u=wvax@ M4 |iO=YD |=y|oDUmW xawtHt l}
|oDUmW xDUO 3 C=YNWt "CU= xOW xDiQo Q_v QO x=owQ}v Q=et Q}ouwQO nvU
'|v=w=Qi p}@k R=M4 |iO=YD |=y|oDUmW |xawtHt wM3 wM2 'M1 |rY=
QO |Q=O|oDUmW |v=w=Qi w �k� QW}i C@=F '�?}W CyH w ?}W� |Q=OCyH
M2 'M1 |oDUmW |=yxDUO R= l} Qy |=Q@ "CU= xOW xO=O u=Wv 1 pwOH
|=y|oDUmW uwtvNQ pw] 'M4 |iO=YD |=y|oDUmW |xawtHt w M3 w
|UOvy |rY= |=yxYNWt R= |m} u=wvax@ Q=et |=yxQ=w}O |wQ xOWCW=OQ@
3 Qy uwtvNQ pw] |=Q@ xm 'CU= xDiQo Q=Qk |UQQ@ OQwt =y|oDUmW |xDUO
p=tDL= `} RwD `@=D '|iO=YD |=y|oDUmW |xawtHt w |rY= |oDUmW |xDUO

[35]"CU= xOW O=yvW}B p=tQv nwr

Oy� O=R; Q}e xQo w �pwyHt Oy� O=R; xQo x@ \w@ Qt ?}DQD x@ c w f T}Ov= 'u; QO xm
Oy =@ |RQt |=yxQo |=Q@ fQg u=} QH MQv Q=OQ@ s)=i |x}=QO Q=Okt "CU= �swrat
|xrO=at pL |=Q@ "Ow@ Oy=wN QiY |rN=O |=yxQo |=Q@ w QiYQ}e CQwYx@ C@=F
|=yxQo w |RQt |=yxQo T=U=Q@ |rm Oy w u=} QH MQv |=yQ=OQ@ w E T} QD=t '4

%OvwW|t |R=U?DQt 5 |x]@=Q CQwYx@ |rN=O

[Eff ] fHfg+ [Efc] fHcg = fQfg (5)

'CU= �fHfg Q=OQ@�|rN=O |=yxQo QO|rm Oy Q}O=kt pwyHt |xrtH =yvD 'u; QO xm
"OwW|t x@U=Lt CqO=at pL |OOa |=yVwQ R= |m} R= xO=iDU= =@ ,qwtat xm

|RQt \}=QW "3"3
|=Q@ |RQt \}=QW ẁv xU R= |oDUmW |xm@W QO u=} QH C=@U=Lt QO ,qwtat
|RQt\}=QW ẁv wO,qwtat |HQ=N |=yRQt |wQ Q@ "OwW|t xO=iDU= u=} QH |=yRQt
|=yRQt |=Q@ "OwW|t xDiQo Q_v QO Q}PB=vPwiv RQt =} swrat Oy CQwYx@ Cw=iDt
"OwW|t xO=iDU= O=R; u=} QH |RQt \QW R= �|v}tRQ} R C=} QiL =} pvwD pFt� |rN=O
u=} QH CqO=at |RQt \QW |rY= |xir-wt u=wvax@ (H) Q=Wi |rm Oy ,=twta
h} QaD 6 |x]@=Q CQwYx@ w p=ta= swrat Oy |RQt \QW =@ |HQ=N |=yRQt |wQ

%OwW|t

H = h+ z + w (6)

XwYNt uRw =@ p=}U s�=k uwDU `=iDQ= CQwYx@ Q=Wi Oy h 'x]@=Q u}= QO xm
s�=k `=iDQ= CQwYx@ w CU= `=iDQ= Oyz "Ovm|t O=H}= =Q po Q=Wi xm 'CU= 

x@ =v@t K]U u}}=B w q=@ QO z Q}O=kt xm OwW|t |Q}oxR=Ov= =v@t K]U l} R=
CU= CaQU Oy |xOvvmu=}@ w "OwW|t ^=Lr |ivt w C@Ft CQwYx@ ?}DQD
p}rO x@ ,qwtat w OwW|t x@U=Lt (v) u=} QH \UwDt CaQU R= xO=iDU= =@ xm
u=} QH |RQt \QW =@ |rN=O |=yRQt |wQ "OwW|t hPL CqO=at R= uOw@lJwm
Oy sQD pt=W \ki |rm Oy Q=Okt w OwW|t xDiQo Q_v QO QiY (h) Q=Wi Oy 'O=R;

"Ow@ Oy=wN (z) `=iDQ=

xW}@x=}U |}xQ}NP |x@trD x=owQ}v "4
KQ] C}akwt w |rm Q=DN=U "1"4

|QDtwr}m 125 QO `k=w xW}@x=}U |}xQ}NP |x@trD x=owQ}v w OU KQ] x=oDN=U
Q}Ut QO w u=QOvR=t u=DU= QO u=wOvm pvwD p=tW |QDtwr}m 10 QO w u=QyD p=tW
xW}@x=}U |=DUwQ |m}ORv QO x=oDN=U pLt "CU= xDiQo Q=Qk Twr=J |xv=NOwQ
|wQ Q@ q=@ OU |xOwOLt QO KQ] u}= "CU= xOW xOv=wN s=v u}ty x@ KQ] =Pr w `k=w
Twr=J |=yxv=NOwQ |kqD pLt QO u}}=B OU |xOwOLt QO w Twr=J |xv=NOwQ
ẁv R= xW}@x=}U x=owQ}v [33]"CU= xOW `k=w wrmQw |=DUwQ CQw=Ht QO Q=@OwQsQo w
CUOu}}=B |QDtwr}m xU |xrY=i QO u}}=B w q=@ |=yOU pY=i OL QO w |v}tRQ} R
w QDt 25 ZQa 'QDt 131 pw] =@ �PHC� x=owQ}v Q=et "CU= xDiQo Q=Qk q=@ OU
`=iDQ= w QDt 16 ZQa 'QDt 160 pw] =@ �TC� QwD=tQwiUv=QD Q=et w QDt 40 `=iDQ=

"OvwW|t ?wULt KQ] u}= |v}tRQ} R |=yxR=U u} QDnQR@ u=wvax@ QDt 28
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OtR=QD w NGW5 w NGW1 |=yxv=to QO |v}tRQ} R ?; K]U x@ xHwD =@

K]U Q} R ,qt=m x=owQ}v Q=et �=} QO K]U |q=@ QDt 1875 25� x=owQ}v Q=et hkU
w x=owQ}v |=yQ=et |r=tW CtUk QO |v}tRQ} R ?; K]U "OQ=O Q=Qk |v}tRQ} R ?;
w NGW1 |=yxv=to =@ |@ wvH |=yCtUk QO w NGW5 |xv=to =@ QtQwiUv=QD
NGW6 w NGW1 |=yxv=to QO |v}tRQ} R ?; R=QD u}@ "OwW|t pQDvm NGW6
NGW1|=yxv=to QO|v}tRQ} R?; R=QDu}@hqDN=|rw 'OQ=Ov OwHw|O=} RhqDN=
w NGW1 |=yxv=to QO |v}tRQ} R ?; R=QD u}@ hqDN= x@ C@Uv NGW5 w
NGW5 w NGW1 |=yxv=tou}@ |xrY=i QO xm 'CU= xHwDp@=k Q=}U@ NGW6
�|v}tRQ} R ?; K]U QO |oDUw}B=v� |v}tRQ} R ?; K]U QO O}OW |v=yo =vCi=l}

[36]"CU= Q=_Dv= p@=k

u=} QH |R=Ux}@W "3"5
x@ \w@ Qt |v=O}t |=yxO=O R= xvt=O pN=O QO |oDUmW |xm@W CN=U |=Q@
3 O=OaD "CU= xOW xO=iDU= 1 pwOH QO OwHwt |rY= |=y|oDUmW |xDUO
M4 |iO=YD |oDUmW xDUO l} w M3 w M2 'M1 |rY= |oDUmW xDUO
|=Q@ |m}v=mt |xv=yO Q}O=kt "CU= xOW xDN=U xvt=O pN=O QO xv=o =OH Qw]x@
QDt|r}t 3 =D 1 CQwYx@ x=owQ}v Q=et |=yxQ=w}O |wQ xOWCW=OQ@ |=y|oDUmW
=y|oDUmW |m}v=mt |xv=yO R= |m}rwQO}y |xv=yO |rm Qw]x@ "CU= xOW C@F
|=Q@ |R=Ux}@W pw= |xrLQt QO |m}rwQO}y |xv=yO Q=Okt 'xH}Dv QO [37]'CU= QDtm
xHwD =@ "CU= xOW xDiQo Q_v QO QDt|r}t 1 Q=Okt =@ Q@=Q@ w u=Um} =yxDUO |xty
?U=vt p}rLD l} |=Q@ '�=y|oDUmW� =y|oDUmW |xUOvy |Q=t; Ca}@] x@
|irDNt |=yCr=L |=Q@ C=} QiL h=Q]= QO u=} QH |R=Ux}@W Ov}=Qi xm CU= sRq
O=OaD V}=Ri= xm OwW s=Hv= |}xvwo x@ xvt=O QO OwHwt |=y|oDUmW V}=Q; R=
QO� |v=OvJ Q}}eD |HwQN G}=Dv OQ=Ov=DU= h=QLv= w u}ov=}t Q}O=kt QO =y|R=Ux}@W
|=Q@ Cw=iDt |UOvy pOt 450 OwOL |=Q@ |R=Ux}@W "Ovmv O=H}= ��1 Q=DWwv u}=

"CU= xOW s=Hv= =yQ=et h=Q]= |oDUmW |xm@W
'|v}tRQ} R ?; K]U x@ \w@ Qt |v=O}t |=yxO=O K]U uOw@u}}=B x@ xHwD =@
|=Q@ "CU= xOW s=Hv= x=owQ}v Q=et |@ wvH CtUk |=Q@ \ki u=} QH |R=Ux}@W
x@ s�=k `]kt 7 O=OaD =yQ=et h=Q]= |oDUmW |xm@W QO u=} QH |R=Ux}@W
QO =yQ=et QwLt Q@ Owta w Qo}Om} R= �=yQ=et QwLt |=DU=Q QO� QDt 10 |xrY=i
XN=W u=wvax@ =yQ=et QwLt O=ODt= QO `]=kt u}= |xrY=i "CU= xOW xDiQo Q_v
'L = 0; 10; 20; :::; 60 CQwYx@ `]=kt u}= xm 'CU= xOW xDiQo Q_v QO `]kt

"�4 pmW� Ov=xOW |Q=Pos=v
QDt 122 ZQa =@ u=} QH |xvt=O l} R= =yQ=et h=Q]= QO u=} QH |UQQ@ |=Q@
`=iDQ= w QDt 25 ZQa =@ x=owQ}v Q=et xm 'CU= xOW xO=iDU= QDt 129 75 `=iDQ= w
QDt 25 ZQa =@ QwD=tQwiUv=QD Q=et w xvt=O AJ CtU w u}}=B |xWwo QO QDt 40
xOW xDiQo Q_v QO u=} QH |xvt=O CU=Q CtU w q=@ |xWwo QO QDt 28 `=iDQ= w
w O=R; u=} QH |RQt \QW �Q=et |=yxQ=w}O� |rN=O |=yRQt |=Q@ "�5 pmW� CU=
x@ |r=ta= |RQt \}=QW "CU= xOW xDiQo Q_v swrat Oy CQwYx@ |HQ=N |=yRQt
"CU= xOW xO=O u=Wv 5 pmW QO xvt=O |=yRQt x@ C@Uv =yQ=et C}akwt w xvt=O
|=yxv=to R= xO=iDU= =@ =Q |v}tRQ} R ?; K]U u=wD|t =yQ=et |@ wvH CtUk QO
QO u; C=Q}}eD w |v}tRQ} R ?; K]U |@=} RQ= |=Q@ "OR ?} QkD NGW6 w NGW1
w NGW1 |=yxv=to u}@ |v}tRQ} R ?; K]U C=Q}}eD '=yQ=et |@ wvH |xOwOLt

"CU= xOW ZQi |]N CQwYx@ NGW6

|rY=|=y|oDUmW|xDUO uwtvNQ pw] w|Q=OCyH|Q=t;C=YNWt "1 pwOH
[35]"x=owQ}v Q=et |xOwOLt QO

|oDUmW |xDUO |Q=t; C=YNWt
M4 M3 M2 M1
26 7 11 8 23 6 37 8 ��� |@Uv |v=w=Qi
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