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$P þ $R st ¸$þ¸t%sjZ¸ BP -wF1Dý ÿY¸t sjRB
d

þ
$R st ¸$þ¸t%sjZ¸ú $t ÿY$R {sR¸ ¸%¸¹k

RÿsA$j$ÿk $tÿ¸¹%sj $R sjRB st $tÿ¸¹%sj BP }¸¹$BI${$ÿkü qY¸¹¸PB¹¸ý ÿB BAÿs$t s _uRÿsAj¸
q7i·W 8¸ÿYBIý $ÿ 8ZRÿ A¸ ¹¸JZ$¹¸I ÿYsÿ ÿY¸ {Ys¹s{ÿ¸¹$Rÿ${ }BjktB8$sj wd1D BP
ÿY¸ 8¸ÿYBI $R Rk88¸ÿ¹${ý stI ÿY¸ }¸¹$BI${$ÿk $tÿ¸¹%sj $R Ztj$8$ÿ¸Iü

G¸ {st }¸¹PB¹8 st stsjkÿ${sj RÿZIk BP ÿY¸ $t¸JZsj$ÿ$¸R ¹¸}¹¸R¸tÿ$tþ ÿY¸ RÿsT
A$j$ÿk {BtI$ÿ$BtR PB¹ Bt¸ Rÿsþ¸ ÿbB Rÿ¸} i·W 8¸ÿYBI wdnDü qY¸ q7i·W 8¸ÿYBI
wdnD YsR B¹I¸¹ d $P wR¸¸ >EHD

8 L j ) d L ÿ, ÿd c ÿ ÿ d3

qY¸ RÿsA$j$ÿk }BjktB8$sj wd1D BP wdnD {st A¸ b¹$ÿÿ¸t $t ÿY¸ PBjjBb$tþ bskU

$wþD ) þ; L 4wF1Dþn L gwF1Dþ1 L;wF1DþL owF1D,

b$ÿY

4wF1D )
w1y1wÿ þ dD L jwyL �DDF1 L 1wÿ þ dD

d L yF1
,

gwF1D )
dþ ;ÿ L ÿ1 L F1wy1 L y1ÿ1 L w8 þ jDwyL �D L j1 L ÿwywj þ ;yD L �jDD

d L yF1
,

;wF1D )
1wdþ ÿDÿ L F1w1y1ÿwdþ ÿD L 8wÿ þ dDwyL �D L jw18 þ ÿwyL �DDD

d L yF1
,

owF1D )
ÿ1 L F1wy1ÿ1 þ wyL �Dÿ8 L 81D

d L yF1
3

yÿ $R Rk88¸ÿ¹${ $P stI Btjk $P

owF1D # d, 4wF1D # ;wF1D3
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qY¸ q7i·W 8¸ÿYBI wdnD YsR B¹I¸¹ 1 $P ÿY¸ PBjjBb$tþ {BtI$ÿ$BtR s¹¸ Rsÿ$Rh¸I >EHU

8 L j ) d L ÿ, 18wyÿ dD L 1jy ) dÿ ÿ3 wd;D

yP b¸ sR, tBb ÿYsÿ $wþD $R Rk88¸ÿ¹${ý ÿY¸t

owF1D # d hp ÿ1 ) d,

P¹B8 bY${Y ÿ ) d PBjjBbRü $tI¸¸I ÿ ) ÿd %$Bjsÿ¸R ÿY¸ 9¸¹BTRÿsA$j$ÿk BP ÿY¸ 8¸ÿYBIû
3¹B8 wd;Dý b¸ 8ZRÿ R¸ÿ

8 ) 1y, j ) 1ÿ 1y3

úB¹¸B%¸¹ 4wF1D # ;wF1D $P stI Btjk $P � ) y B¹ y ) d3
G¸ {st {YBBR¸ y sR P¹¸¸ }s¹s8¸ÿ¸¹ stI {B8}Zÿ¸ s %sjZ¸ PB¹ $ÿ $t RZ{Y s

bsk ÿYsÿ ÿY¸ $t¸JZsj$ÿ$¸R ¹¸}¹¸R¸tÿ$tþ ÿY¸ RÿsA$j$ÿk {BtI$ÿ$BtR s¹¸ Rsÿ$Rh¸I wPB¹
¸-s8}j¸ Ak ZR$tþ ÿY¸ iBZÿYT<Z¹bZÿ9 {¹$ÿ¸¹$BtDû yt ÿY$R bsk b¸ {Bt{jZI¸ ÿYsÿ
ÿY¸ PBjjBb$tþ 8¸ÿYBI

y y1

1y1

1ywdÿ yD
d

1y

1wdÿ yD ,

b$ÿY y k
d

1
$R st B¹I¸¹ 1ý Bt¸ Rÿsþ¸ý _uRÿsAj¸ ÿbB Rÿ¸} i·W 8¸ÿYBIû

E 8-BG=6/%B! KJ*AK'#

yt >ddH b¸ I$I tBÿ htI stk _uRÿsAj¸ 8¸ÿYBI $t ÿY¸ {jsRR BP $tI$¹¸{ÿ {BjjB{sÿ$Bt
ÿbB Rÿ¸} i·W 8¸ÿYBIRû qY¸ ¹¸RZjÿ BAÿs$t¸I $t ÿY$R tBÿ¸ ¸t{BZ¹sþ¸ ZR ÿB }¹B{¸¸I
$t BZ¹ $t%¸Rÿ$þsÿ$Bt Bt ÿbBuRÿ¸} iZtþ¸u·ZÿÿsuWkRÿ¹[B8 8¸ÿYBIRû ytI¸¸I $ÿ $R
{¸¹ÿs$tjk }BRR$Aj¸ ÿB I¸¹$%¸ _uRÿsAj¸ 8¸ÿYBIR b$ÿY$t ÿY$R Ps8$jký sR b¸ Ys%¸
ÁZRÿ RYBbtý stI b¸ s¹¸ YB}¸PZj ÿYsÿ $ÿ $R sjRB }BRR$Aj¸ ÿB BAÿs$t Y$þY B¹I¸¹
_uRÿsAj¸ 8¸ÿYBIR b$ÿY$t ÿY¸ {jsRR BP ÿbBuRÿ¸} i·W 8¸ÿYBIRý $P b¸ IB tBÿ
{BtR$I¸¹ $tI$¹¸{ÿ {BjjB{sÿ$Bt AsR¸I 8¸ÿYBIRû qB I¸¹$%¸ _uRÿsAj¸ 8¸ÿYBIR b$ÿY
st $t{¹¸sR¸I tZ8A¸¹ BP Rÿsþ¸R ÿY¸ ZRsþ¸ BP Rk8ABj${ {B8}Zÿsÿ$Bt b$jj A¸ %¸¹k
ZR¸PZjý sR sj¹¸sIk IBt¸ RZ{{¸RRPZjjk $t >1H $t ÿY¸ Bt¸uRÿ¸} {sR¸û

<J1JKJBGJ2

dÿ þZý{Y¸¹ü Fÿ]ÿU qY¸ WZ8¸¹${sj VtsjkR$R BP !¹I$ts¹k *$&¸¹¸tý$sj eJZsý$BtRU
iZtû¸u·Zýýs stI p¸t¸¹sj N$t¸s¹ ú¸ýYBIRü G$j¸kü W¸b OB¹, wdùM�Dÿ
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1ÿ þÿ ]sPs¹B stI ýÿ _sü¸¹tBRü¸¹û VtsjkR$R BP RüsA$j$ük BP ¹sü$Btsj s}}¹B-$8sü$BtR
üY¹BZúY {B8}Zü¸¹ sjú¸A¹sû ]B8}Zü¸¹ Vjú¸A¹s $t 7{$¸tü$h{ ]B8}Zü$tú ]V7]T
ùù wþZt${Y dùùùDû zÿpÿpst9Ysû eÿGÿþsk¹û eÿzÿzB¹B9YüRB% eIRÿû }}ÿ 1xTnEû
7}¹$tú¸¹ z¸¹jsúû ý¸¹j$t wdùùùDÿ

nÿ ]Bj¸8stû Fÿ_ÿU isü$Btsj s}}¹B-$8sü$BtR PB¹ üY¸ {BR$t¸ PZt{ü$Btø _us{{¸}üsA$j$ük
stI B¹I¸¹û WZ8¸¹${sj VjúB¹$üY8R n wdùù1D d;nudxMÿ

;ÿ ]Bj¸8stû Fÿ_ÿû y-s¹Zû Nÿp¹ÿU _uRüsA$j$ük stI ¸-}Bt¸tü$sjuhüü$tú 8¸üYBIR PB¹
rII ) Ww?, rDû yþV Fÿ WZ8¸¹ÿ VtsjÿdE wdùùED d�ùudùùÿ

xÿ <s$¹¸¹û eÿû WB¹R¸üüû 7ÿ_ÿû Gstt¸¹û pÿU 7Bj%$tú !¹I$ts¹k *$&¸¹¸tü$sj eJZsü$BtR
y u WBtRü$& _¹BAj¸8Rû 7}¹$tú¸¹ 7¸¹$¸R $t ]B8}Züsü$Btsj þsüY¸8sü${R M wdùM�D
7}¹$tú¸¹uz¸¹jsúû ý¸¹j$tÿ

Eÿ Fs{,$¸b${9û ÷ÿû i¸tsZüû iÿû 3¸jIRü¸$tû VÿU qbBuRü¸} iZtú¸u·Züüs 8¸üYBIRû
7yVþ Fÿ WZ8¸¹ÿ Vtsjÿ 1Mw;D wdùùdD ddExuddM1ÿ

�ÿ ·¹s8s¹9û NÿU 7üsA$j$ük BP {BjjB{sü$Bt 8¸üYBIR PB¹ üY¸ tZ8¸¹${sj RBjZü$Bt BP
rII ) Ww0, rDû ýyq 1( wdùM(D 1dxu111ÿ

Mÿ Ns8A¸¹üû Fÿ*ÿû GsüRBtû yÿVÿU 7k88¸ü¹${ 8Zjü$Rü¸} 8¸üYBIR PB¹ }¸¹$BI${ $t$ü$sj
%sjZ¸ }¹BAj¸8Rû Fÿ ytRüÿ þsüYÿ V}}jÿ dM wdù�ED dMùu1(1ÿ

ùÿ _sü¸¹tBRü¸¹û ýÿU iZtú¸u·ZüüswuWkRü¹[B8D 8¸üYBIR PB¹ !*eR b$üY }¸¹$BI${
RBjZü$BtR AsR¸I Bt ü¹$úBtB8¸ü¹${ }BjktB8$sjRû V}}jÿ WZ8¸¹ÿ þsüYÿ 1Mw1u;D
wdùùMD ;(du;d1ÿ

d(ÿ _sü¸¹tBRü¸¹û ýÿU V }YsR¸uhüü¸I {BjjB{sü$BtuAsR¸I iZtú¸u·ZüüsuWkRü¹[B8
8¸üYBIû V}}jÿ WZ8¸¹ÿ þsüYÿ nxw;D w1(((D 1nùunxxÿ

ddÿ _sü¸¹tBRü¸¹û ýÿU p¸t¸¹sj übBuRü¸} iZtú¸u·Züüs 8¸üYBIR AsR¸I Bt sjú¸A¹s${
stI ü¹$úBtB8¸ü¹${ }BjktB8$sjRû ytüÿ Fÿ V}}jÿ þsüYÿ Ew;D w1((dD n;�unE1ÿ

d1ÿ _¸ü9BjIû Nÿiÿû Fskû Nÿ!ÿû O¸tû FÿU WZ8¸¹${sj RBjZü$Bt BP Y$úYjk BR{$jjsüB¹k B¹I$T
ts¹k I$&¸¹¸tü$sj ¸JZsü$BtRû V{üs WZ8¸¹${sû ]s8A¹$Iú¸ =t$%¸¹R$ük _¹¸RRûwdùù�D
;n�u;Mnÿ

dnÿ zst I¸¹ <BZb¸tû _ÿFÿû7B88¸$Á¸¹û ýÿ_ÿU *$súBtsjjk $8}j${$ü iZtú¸u·Züüsu
WkRü¹[B8 8¸üYBIR PB¹ BR{$jjsüB¹k }¹BAj¸8Rû 7yVþ Fÿ WZ8ÿ Vtsjÿ 1E wdùMùD
;d;u;1ùÿ

466 B. Paternoster


	Introduction
	Construction of the Indirect Method
	Linear Stability Analysis
	One Stage P-Stable TSRKN Method
	Concluding Remark
	References

