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G}=Dv |HvUQ=@Da= |=Q@ xm =DU}= Gwt |DwY=tQo QwDwt ltm x@ 'u; R= pY=L G}=Dv
"CiQo Q=Qk |UQQ@ OQwt 'xOW xDN=U j}kLD u}=

|OOa pL pOt "2
|=ypO@t w =yCm =O 'lDU= R= Qw@a QO p=}U C=Q}}eD|UQQ@ |=Q@ xm|rY= CqO=at
|xrO=at w |tHL |@O 'Q=Wi C=Q}}eD |xrO=at 'OQ}o|t Q=Qk xO=iDU= OQwt |DQ=QL
?}DQD x@ 3 =D 1 CqO=at "Ovm|t sy=Qi =Q =tO C=Q}}eD |UQQ@ u=mt= xm CU= |SQv=

[27]%OvDUy |DwY=tQo |=ysDU}U QO CqO=at u}= |xOvyOV}=tv

dp1 = � i!�m
dx
A1� fv U1 (1)

dU1 = � i!Adx

pm

[1 + (
 � 1) fk] p1

+ fk � fv
(1� fv) (1� �)

dTm
dx

U1
Tm

(2)

_H2 = 1
2Re

24~p1U1

0@1� fk � ~fv�
1� ~fv

�
(1 + �)

1A35
+ �mcpjU1j2

2A!j1� fvj2 (1� �2)Im
�
fk + � ~fv

� dTm
dx

�(Ak +Asolidksolid)
dTm
dx

(3)

R= xDiQoQ@ ?}DQD x@ 'OvwW|t xO}t=v R}v C=Q |DwY=tQo CqO=at xm 2 w 1 CqO=at
'=tO x}rw= \}=QW ltm x@ xrO=at wO u}= "OvDUy |oDUw}B w CmQL xR=Ov= |xrO=at
Cr=L R}v 3 |xrO=at "Ovvm|t x@U=Lt =Q lDU= pw] QO u=} QH CaQU w Q=Wi
"CU= |DQ=QL u=} QH sQD w |Br=Dv= u=} QH sQD R= pmWDt w CU= |SQv= |xrO=at |rm
CaQU '|v=Uwv Q=Wi xvt=O C=Q}}eD ?}DQD x@ dTm w dU1; dp1 CqO=at u}= QO
x@ u}vJty "OvyO|t V}=tv |r@k s=o x@ C@Uv =Q \UwDt |=tO w |v=Uwv |tHL
'=tO x}rw= \}=QW w pQDvm sHL |RQt \}=QW uOw@ XNWt 'xrO=at xU u}= ltm
x@U=Lt =}=B C=v=Uwv Cr=L QO =Q lDU= hQ] wO QO =tO C=Q}}eD OwOL u=wD|t
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OQwt |DwY C=v=Uwv xtD=N w ẁQW u=tR |v}@V}B |=Q@ =QPo pL Cr=L |UQQ@

"CU= xHwD

=QPo Cr=L CqO=at "1"2
R}v u=tR =@ xmr@ CU= u=mt x@ xDU@=w =yvDxv p=}U X=wN C=Q}}eD '=QPo Cr=L QO
x@ |OwQw CQ=QL w \}Lt x@ |DQ=QL hqD= CU}=@|t Cr=L u}= QO "Ovm|t Q}}eD
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u=wD|t =Q lDU= pw] QO =tO |v=tR C=Q}}eD '|SQv= |xrO=at w lDU= QO xDiQ Q=m
|R=wt V}=Q; =@ xm xLiY 23 R= 'xr=kt u}= |DwY=tQo QwDwt lDU= [26]"OQm |UQQ@
xwLv l}D=tW 1 pmW "CU= xOW p}mWD Ov=xDi=} VQDUo QwDwt QwLt CyH QO
|R=UpOt s=Hv= |=Q@ |v=}t xLiY xm OyO|t V}=tv =Q lDU= C=LiY V}=Q;
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|OwNx@OwN C=v=Uwv Tv=mQi w =tO |x@U=Lt u=mt= 'OQm =O}B =kDQ= u=tR pw] QO
u=}t =tO Cw=iD OwHw =t= [17�15]"OQm|t sy=Qi x}rw= |DwY=tQo QwDwt l} |=Q@ =Q
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xOw@ |Q=}U@ u}kkLt xHwD OQwt xQ=wty '|DwY=tQo CqO=at |=QPo Cr=L |OOa
lDU= VN@ QO xDiQ Q=mx@ |xO=t |DQ=QL C}iQ_ u=}t \=@DQ= |UQQ@ =@ "CU=
|SQv= p=kDv= CqO=at w �|DwY=tQo |=yp=JN} ?=} R=@ VN@� |DwY=tQo |=yQwDwt
sDU}U |Q=m R=o |m}t=v}OwtQD |=yQDt=Q=B Q}}eD |xOy=Wt u=mt= 'VN@ u}= QO
CqO=at |OOa pL |=Q@ =yVqD u}rw= "OwW|t sy=Qi u=tR x@ xDU@=w CQwYx@
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u}vJty "OwW|t sy=Qi |DwY=tQo QwDwt QO X=wN C=Q}}eD |}x_Lr |UQQ@ w
|m} QDmr= |R=Ux}@W w |OOa |@}mQD pL l} ?r=k QO xm VwQ u}= ltm x@
QO |DwY=tQo QwDwt l} |=Q@ xOvvm u=Uwv |=yQDt=Q=B |}x_Lr xOy=Wt u=mt= 'CU=
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O}}=D 'Ow@ xOW xOy=Wt =yV}=tR; \UwD xm |DwY=tQo sDU}U QO C=v=Uwv |}=Q}t
R= pY=L G}=Dv w xOW K} QWD xDi=} =kDQ= |OOa pL VwQ 'xr=kt u}= xt=O= QO "OW
u}= G}=Dv |HvU CLY |=Q@ xm =DU}= Gwt |DwY=tQo QwDwt xvwtv l} ltm x@ u;
hqDN= 'Qo}O CQ=@a x@ "CU= xDiQo Q=Qk |UQQ@ OQwt 'CU= xOW xDN=U VywSB
QwDwt Q=DiQ w OQ=O OwHw |v=QL@ CQ=QL xHQO wO xm O=O u=Wv xOW |Q}oxR=Ov= =tO
=@ xm OQ=O s=v 5|Q}PBC}r@=k QF= u}= "CU= Cw=iDt =tO wO u}= |m}ORv QO |DwY=tQo
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3 |xrO=at x@ QDj}ta |y=ov =@ 'u; R= |HwQN w VN@ l} x@ |OwQw |SQv= u=R}t
%OQm s}UkD =RHt VN@ xU x@ 'QDj}kO \}=QW p=ta= |=Q@ =Q xrO=at u}= u=wD|t

xm CU= |DwY C=v=Uwv p}rO x@ 3 |xrO=at pw= sQD %|SQv= u=} QH |xrO=at "1
�pQDvm sHL� lDU= |HwQN w |OwQw VN@ wO QO '|Q}oxR=Ov= pLt x@ xDU@

[33]"OW=@ |ivt =} C@Ft Ov=wD|t

F (x) = 1
2Re

24p1 ~U1

0@1� fk � ~fv�
1� ~fv

�
(1 + �)

1A35
=tO u=}O=Qo QO 3 |xrO=at swO sQD ?Q[pY=L %|DwY=tQo S=BtB QF= |xrO=at "2
?U=vDt w OwW|t O=H}= Q=m \}Lt |Q}PB=v CWoQ@ p}rO x@ xm lDU= pw] QO
CtU x@ sQo CtU R= u; CyH "OQ=O s=v |DwY=tQo S=BtB QF= CU=tO ?}W =@

[33]"CU= �=tO ?}W CyH hr=Nt� OQU
G(x) = �mcpjU1j2

2A!j1� fvj2 (1� �2)Im
�
fk + � ~fv

�
xOW pkDvt |SQv= u=R}t xrO=at u}= %Ot=H w R=o u=}t |DQ=QL C}=Oy |xrO=at "3
lDU= QO xO=iDU= OQwt |xO=t w |Q=m R=o |xr}Uwx@ |DQ=QL C}=Oy CQwYx@
lDU= |HwQN w |OwQw VN@ wO QO |DQ=QL C}=Oy Q=Okt "Ovm|t x@U=Lt =Q

[33]"CU= Cw=iDt �pQDvm sHL�
C = (Ak +Asolidksolid)

\}Lt x@ xm |DQ=QL |SQv= Q=Okt w CtUk Qy |SQv= C=Q}}eD Cw=iD C}=yv QO
|=tO Q}}eD hQY w OwW|t p=ta= VN@ u; Q@ xm |SQv= Q=Okt =@ CU= Q@=Q@ 'OyO|t
|=Q@ pL p@=k |OOa |w=UD 6 |xrO=at "CU= u=tR =@ Q}eDt xm OwW|t CtUk u;

[34]"Ovm|t x�=Q= =Q 2 pmW R= |v=tr= QO |=tO C=Q}}eD |x@U=Lt
@T
@t

=

F (xi)� F (xi+1) + (G (xi) + C) (Ti�Ti�1)
�x

�cpV

� (G (xi+1) + C) (Ti�Ti�1)
�x + _Qout

�cpV
(6)

xr�Ut |xUOvy w O=wt C=YNWt "2"2
u}}aD x@ C@ wv 'Q_v OQwt pQDvm sHL w pL xm@W '|rY= CqO=at u}}aD R= TB
|tyt C@=wF 1 pwOH QO "OUQ|t xrO=at u}= pL |xwLv w 6 |xrO=at |=yC@=F
u}= QO xDiQ Q=m x@ =DU}= Gwt |DwY=tQo QwDwt |Q=DN=U |=yQDt=Q=B x@ \w@ Qt xm

"CU= xOW u=}@ 'CU= VywSB

|m} QDmr= Q=Ot |}=QDty pOt "3
&Ovm|t jkLt xr=kt u}= QO =Q hOy wO |DwY=tQo QwDwt |m} QDmr= Q=Ot |}=QDty
|m} QDmr= Q=Ot |=QPo pL R= xO=iDU= =@ |OwNx@OwN C=v=Uwv |v}@V}B u=mt= |m}
xm |}xvwo x@ "`tDHt |m} QDmr= Q=Ot l} CQwY x@ |DwY=tQo QwDwt pL |Qo}O w

"|R=wt C=LiY V}=Q; =@ |DwY=tQo QwDwt lDU= l}D=tW "1 pmW

"|DwY=tQo QwDwt lDU= CtUk QO pL xm@W l}D=tW "2 pmW

x}rw= w |RQt \}=QW u}}aD w pL |xm@W l} x@ 3 =D 1 CqO=at pL |=Q@
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|x�=Q= w |OwNx@OwN C=v=Uwv ẁQW |v=tR pLt X}NWD "OW xO=iDU= 'xOW u=}@
"OvDUy VywSB u}= QO xOW u=}@ C}OwOLt wO |DwY=tQo QwDwt R= |rt=m |R=UpOt
C=YNWt uOQm OQ=w =@ =OD@= xm Ovm|t pta CQwY u}= x@ xOW xDWwv |xt=vQ@
'�CQ=QL OwQw |v=mt C}akwt� umtQo |Q}oQ=Qk pLt '|DwY=tQo QwDwt |UOvy
\}Lt \}=QW w sDU}U |OQmrta R=o u}}aD 'QwDwt hrDNt |=yCtUk TvH u}}aD
uOw@ XNWt =@ swO |xrLQt QO "OwW|t p}tmD xt=vQ@ R=}v OQwt C=aq]= 'V}=tR;
x@U=Lt Om \UwD sDU}U O}OWD Tv=mQi u}rw= '|Uv=mQi p}rLD l} QO 'x}rw= |=tO
OQ=w xt=vQ@ w xOW x@U=Lt |m} QDmr= Q=Ot |=y u=tr= s=tD xrLQt u}= QO "OwW|t
OwHw xv} Ro wO 'p}rLD u}= |xH}Dv x@ xDU@ xm OwW|t =QPo p}rLDl} s=Hv= |xrLQt
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ẁv xOvvm u}}aD xOW u=}@ |v=QL@ |=tO wO u=}t =tO C=Q}}eD |=Q@ "OwW|t |DwY
QDmJwm |Q=Okt R= =tO CN=wvm} V}=Ri= =@ CyH l} QO "Ow@ Oy=wN sDU}U Q=DiQ
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ẁQW

Ov}=Q
i|

=Q@p
Ot|

xaU
wD
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