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��mi � ��ri

��
mi = 2

�
��mi � ��pi
�mi � �p

�
(23)

�pi = fmi |xv}W}@ Q=Okt R= |]NQ}e Cr=L |=Q@ VvD Q}O=kt '\@=wQ u}= QO
h} QaD �ri = 0 1fmi w �mi = 0 5fmi '�ii = 0 33fmi CQwYx@
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p}rOx@ VwQ u}= xm "OwW|t s=ovyx@ |Q=PoQ=@ s=o Qy R= |aU Qy QO Ki
n Q=Okt

QO |DqmWt ?Hwt 'Q=@ p=ta= pL=Qt pw] QO |DNU T} QD=t x@ xOQ=w |=y?}U;
|Q}oW}B |=Q@ |wQ u}= R= "OwW|t xR=U |xOvyOp}mWD <=RH= K]U QO |}=Qosy
T} QD=t uDiQoQ_vQO =@ xOWKqY= uwUi=Q � uDw}v VwQ R= |rmWt u}vJ RwQ@ R=
Q@ xJQo = "CU=xOW xO=iDU= s=o u; |=y|aU |t=tD |=Q@ s=o u}rw= QO |DNU
|DNU T} QD=t QQmt C=Q}}eD `v=t |rw 'O}=Ri=|t p}rLD u=tR w =y|aU O=OaD

"OwW|t
'CU= xOW xO=iDU= |SQv= w |} wQ}v '|v=mtQ}}eD |=yQ=}at R= |}=Qosy pQDvm |=Q@

"uwUi=Q � uDw}v VwQ |Q}oQ=mx@ "5 pmW

s=o T=U=Q@ |oOWCNU |=yC}tm w VvQm 'VvD Q=OQ@ Q}O=kt '� = 0 ?=NDv= =@
s=ovyx@ O}OH s=o T=U=Q@ pt=wa u}= '1 Q@=Q@ u; ?=NDv= =@ w OwW|t u}}aD p@k
pL Q@ (�) QDt=Q=B u}= Q}F-=D 'p}y � u}mv=Q Q=}at QO VwQ u}= p=ta= =@ "OvwW|t

%CU= xOW |UQQ@ KQW u}= x@ CqO=at |]NQ}e
sOa =@ CqO=at pL OQ=wt R= |Q=}U@ QO � QDt=Q=B |=Q@ QiY Q=Okt ?=NDv= QO
=@ xm |r=L QO "OW Q=O}=B � \wQWt CQwYx@ CqO=at sDU}U w x=Qty |}=Qosy
x=Qty |}=Qosy =@ CqO=at pL OQ=wt R= |Q=}U@ QO QDt=Q=B u}= |=Q@ 1 Q=Okt ?=NDv=
|iQ] R= "OW p}O@D Q=O}=B � \wQWt=v Cr=L x@ |]NQ}e CqO=at pL sDU}U w
,=t=wD O}OH s=o w p@k s=o C=QF= �|}xkvRwP VwQ� � = 0 50 ?=NDv= =@ Qo}O
VwQ ?=NDv= xm CU= u; QmP p@=k |xDmv "OwW|t |OOa pL QO |}=Qosy ?Hwt
[30]'OwW|t CqO=at |]NQ}e pL QO |}=Qosy CaQU V}=Ri= ?@U |}xkvRwP
CaQU V}=Ri= VwQ u}= =@ p}y � u}mv=Q Q=}at QO xDiQos=Hv= |=yp}rLD QO xm
35 w 34 \@=wQ |U} wvR=@ "OW xOy=Wt (� = 1 00) Cr=L Q@=Q@ 2 =D |}=Qosy
25 \@=wQ w 15 w 14 \@=wQ w xOW 38 w 37 \@=wQ x@ p}O@D jwi VwQ T=U=Q@

%OvwW|t |U} wvR=@ x@=Wt CQwYx@ 26 w8>>>>>>>>>>>>>>>><>>>>>>>>>>>>>>>>:

D�1 ��n+1 � �trial�
+��t;n+1

�
(1� �) @g1

@�

���
n

+ � @g1
@�

���
n+1

�
+��c;n+1

�
(1� �) @f2

@�

���
n

+ � @f2
@�

���
n+1

�
= 0

f1;n+1 =
� 1

2�
T
n+1Pt�n+1

� 12 + 1
2�

T �n+1 = 0

f2;n+1 =
� 1

2�
T
n+1Pc;n+1�n+1

� 12 � ��c;n+1 = 0

(37)

J =

26664
�J11 �J12 �J13�
@f1
@�

�T @f1
@�t

0�
@f2
@�

�T 0 @f2
@�c

37775
�J11 = D�1 + ��t;n+1

@2g1
@�2 + ���c;n+1

@2f2
@�2

�J12 = (1� �) @g1
@�

����
n

+ � @g1
@�

����
n+1

+ ���t;n+1
@2g1
@�@�t

����
n+1

�J13 = (1� �) @f2
@�

����
n

+ � @f2
@�

����
n+1

+ ��c;n+1
@2f2
@�@�c

����
n+1

(38)

pOt |Q}oQ=m x@ "4
xOvyOp}mWD <=RH= K]U QO |]NQ}e p}rLD "1"4

sD} Qwor= w pQDvm � wQ}v |]NQ}e sD} Qwor= R= p}y � u}mv=Q pOt |Q}oQ=mx@ Qw_vt x@
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|}=Qosy Q=}at `=vk= u=tR =D Oa@ x@ swO |aU QO xm CU= sRq Qo}O u=}@ x@ "OwW|t
CQwY u}= QO xm 'CiQo Q_v QO QiY Q@=Q@ =Q �U i�2

r;n Q=Okt 'Oa@ s=o x@ uDiQ w
%OQw; CUO x@ 45 |x]@=Q R= =Q Urr;n+1 Q=Okt u=wD|t

Ur;n+1 = Ur;n + �U ir;n (45)

�|DWoR=@ CW=ov� |a[wt K]U QO |]NQ}e p}rLD "2"4
|Q}tN Cr=L |=yVwQ QO VvQm Q=OQ@ Q}O=kt T=U=Q@ VvD Q=OQ@ u}}aD Qw_vtx@
EL=@t QO |OOa |Q}op=QoDv= VwQ l} u=wvax@ '|DWoR=@ CW=ov VwQ R= uQOt
\wQWt=v CQwYx@ xm '4Qrw=?ka x@CWoR=@ VwQ "OwW|t xO=iDU= |Q}tNCr=L
Q=m x@ OvDUy =yQ}eDt MQv T=U=Q@ xm |DqO=at R= |Q}op=QoDv= |=Q@ 'CU= Q=O}=B
QO |Q}tN VvQm w VvD |=yQwUv=D 'VwQ u}= p=ta= =@ xm [32w31]'OwW|t xDiQo

%OQm u=}@ 46 \@=wQ ltm x@ u=wD|t =Q n+ 1 s=o
�n+1 = �n + ��

"pn+1 = "pn + �"p

�n+1 = E0 :
�
"n+1 � "pn+1

�
= �trn+1 � E0 : �"p (46)

'"pn 'p@k s=o |Q}tN VvQm T=U=Q@ xm 'CU= 5uwtR; QF-wt VvD �trailn+1 'u; QO xm
%OwW|t h} QaD 47 |x]@=Q j@=]t

�trailn+1 = E0 : ("n+1 � "pn) (47)
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