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"CU=

?=DW u}}aD w |v=QL@ VRer K]U x@ ?=DW |=yOQwmQ p=kDv= "4"4
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hm QO l =m]Y= R= |W=v Ctw=kt R= QDW}@ lwr@ Q@ xrRrR R= |W=v |wQ}v w
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R= xOvRer |xOwD 'xrRrR ẁkw s=ovy QO xm CU=vat u=O@ 'OW KQ]t lQ=tw}v \UwD
CmQL |oDN}Uo K]U pw] QO OwW|t 1 R= QDsm u=v}t]= ?} Q[ xm |}x_Lr
|v=QL@ VRer K]U Ctw=kt R= QDsm xrRrR R= xOWp=ta= VvD xm |v=tR QO w xOQm
QO CU= umtt xm 'xOvRer |xOwD u=mt Q}}eD Q=Okt T=U=Q@ "OwW|t hkwDt 'OwW
T=U=Q@ |v=wQ}W |Q=O}=B=v =} |Q=O}=B 'OW=@ QDt OvJ =D QDt|Dv=U OvJ |xOwOLt
QO |}xt=vQ@ 'Q=oOv=t u=mt Q}}eD u}}aD |=Q@ "OQ}o|t Q=Qk |UQQ@ OQwt OQmrta
(ky) |v=QL@ ?=DW =@ lQ=tw}v VwQ T=U=Q@ w x}yD MATLAB Q=Ri= sQv \}Lt
R= |Q}op=QoDv= Q=@ wO =@ |v=wQ}W Q=oOv=t u=mt Q}}eD "3"4 Ov@ QO xOt; CUOx@
x@U=Lt �xOw@ QDW}@ |v=QL@ ?=DW R= xm � u=tR � ?=DW |vLvt R= |}=yVN@

[17]"OW

|v=wQ}W Q=oOv=t u=mt Q}}eD \@=wQ |x�=Q= "5
?r=k QO G}=Dv '=yp}rLD G}=Dv uOQm QD|OQ@ Q=m Qw_vtx@ 'j}kLD R= xrLQt u}= QO
CiQo Q=Qk |UQQ@ OQwt |irDNt \@=wQ ^=Lru}O@ "OW x�=Q= xO}J}B u=OvJxv |]@=wQ
R= x]@=Q |oO=U w 'wU l} R= =yQDt=Q=B u}@ |oDU@ty ?} Q[ uDiQoQ_v QO =@ w
QO &OW ?=NDv= Q_v OQwt \@=wQ ?U=vt pmW =]N w |aU =@ R}v w 'Qo}O |wU

"OQ}o|t Q=Qk |UQQ@ OQwt QDW}@ C=}�RH =@ OvwQ u}= xt=O=
� |=yQDt=Q=B ?ULQ@ '�QDt|r}t� U|v=wQ}W Q=oOv=t u=mt Q}}eD 4 |x]@=Q QO
|t=tD x]@=Q u}= QO "CU= xOW x�=Q= ky=kmax w h=Vs '
h=c 'Ts=Tm '�xHQO�
OQwt u=W?=DW?ULQ@ 'hrDNt |=yxrRrR |=yxO=O |Ov@xDUO uwO@ =yp}rLD G}=Dv
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OvQ}o|t Q=Qk xOWs=Hv= |=yp}rLD x@ \w@ Qt |=yQDt=Q=B |xOwOLt QO xm =y|v=wQ}W

"OQm xO=iDU=
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h
c
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Vs
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1 3531 ln Ts
Tm
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QDt=Q=B w 'u} QDsm 
h=c QDt=Q=B xm O=O u=Wv =y|UQQ@ "CiQo Q=Qk |UQQ@ OQwt
l} Qy hPL =@ xm |wLvx@ 'OvQ=O xOWO=} |x]@=Q QO =Q Q}F-=D u} QDW}@ ky=kmax

0 6280 w 0 9608 =@ Q@=Q@ ?}DQDx@ |oDU@ty ?} Q[ Q=Okt 'jwi QDt=Q=B wO R=
"Ow@ Oy=wN

xv}W}@ ?=DW Q_v R= |OwQw |=yxO=O 'x]@=Q l} |=Hx@ '=y|UQQ@ |xt=O= QO
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,qwY= 'Cw=iD wO u}= x@ xHwD =@ "xO=iDU= OQwt |=yOQwmQ "2 &?}W pOt "1 %CU=
|Y=N Cw=[k w p}rLD 'VwQ wO R= xOt; CUOx@ G}=Dv hqDN= OQwtQO u=wD|tv

"O=O x�=Q=
?}DQDx@ 11 w 10 '9 \@=wQ 'kmax = MHEA=g QDt=Q=B u}}aD Qw_vtx@
500 R= QDsm 'x}v=F QwPHt Q@ QDt|Dv=U 500 R= QDW}@ |=y?=DW =@ |=yxrRrR |=Q@
OwW|t xOy=Wt xm u=vJ "Ov=xOW x�=Q= =yxrRrR |t=tD w 'x}v=F QwPHt Q@ QDt|Dv=U
"OQ=O Q=Qk |rw@k p@=k OL QO Rwvy =t= 'CU= QDsm \@=wQ u}= QO |oDU@ty ?}=Q[
MHEA
MHAr
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h
c
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�
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MHEA
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h
c
� 2 0533 h
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�
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OQwt OQmrta T=U=Q@ |L=Q] QO |OQ@ Q=m \@=wQ u=wvax@ u=wD|t \@=wQ u}= R=
xar=]t OQwt ?}W u; QO xm |y=oCN=U uOw@XNWt =@ =OD@= "OQm xO=iDU= Q=_Dv=
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ky =@ Q@=Q@ kh uDiQo Q_v QO =@ xar=]t OQwt |v=wQ}W u=v}t]= ?} Q[ Qo = "CU=
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h=Vs w 
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