
SOCIEDADE BRASILEIRA DE MATEMÁTICA ENSAIOS MATEMÁTICOS
2004, Volume 7, 1–41

https://doi.org/10.21711/217504322004/em72



3jB�� YB8BjB�k PB� 8st$PBjIR b$�Y ABZtIs�k B� 7k8}j�{�${ YB8BjB�k x1

{BYB8BjB�${sj� Ak

g�B�R�
R wU,bU/WD )

7
n/Ww?D ) (
$tIW w?D ) R

	K?L , wd�dD

(�B�R� U g�B�R�
R wU,bU/WD b� g�B�R�

R�d wU,bU/WD , wd�1D

(�B�R�K?L )
3

$tIW wrD)R�d

'
D
0w?, r � bU/WDbb

i
KrL 3 wd�nD

gR
�B�R�wU,bU/WD )

7
n/Ww?D ) (
$tIW w?D ) R

	K?L , wd3dDI

&�B�R� U gR
�B�R�wU,bU/WD b� gRLd

�B�R�wU,bU/WD , wd31DI

&�B�R�K?L )
3

$tIW wrD)RLd

'
D
0wr, ? � bU/WDbb

i
KrL 3 wd3nDI

qY� tB�s�$Bt 0wr, ? � bU/WD R�stIR PB� �Y� R}s{� BP }s�s8����$9�I t��sT
�$%� ��sI$�t� ��s`�{�B�$�R �Ztt$t� P�B8 r �B ?� Bt bY${Y �Y� sII$�$%� ��BZ} b

ts�Z�sjjk s{�R Ak ��}s�s8����$9s�$Bt� qY� ��stR%��Rsj$�k {BtI$�$Bt 8�t�$Bt�I
sAB%� {Bt{��tR �Y� ��stR%��R� $t���R�{�$Bt BP stk }s$� BP R�sAj� stI ZtR�sAj�
8st$PBjIR BP bU/W � y� �tRZ��R $t }s��${Zjs� �Ys� 0wr, ? � bU/WD $R s R8BB�Y
8st$PBjI BP I$8�tR$Bt $tIW wrD b $tIW w?D� bY��� $tIW w?D $R �Y� �B�R� $tI�- BP
�Y� tBtI���t��s�� {�$�${sj }B$t� ? PB� �Y� PZt{�$Bt W � GY�t �Y� I$&���t{� BP
�Y� $tI${�R $R �JZsj �B d� s {s��PZj I�R{�$}�$Bt BP �Y� ��js�$%� {B8}s{�t�RR BP
R�JZ�t{�R BP ��s`�{�B�$�R }�B%�R �Ys� �Y� JZB�$�t� 0wr, ? � bU/WDbb $R ht$���
Vtk {YB${� BP B�$�t�s�$BtR PB� �Y� ZtR�sAj� 8st$PBjIR sjjBbR Bt� �B B�$�t� �Y�
��s`�{�B�k R}s{�R stI sj��A�s${sjjk {BZt� �Y� �j�8�t�R BP 0wr, ? � bU/WDbb

bY�t $tIW wrD b $tIW w?D $R �JZsj �B d� qY$R �$%�R s }��{$R� 8�st$t� PB� �Y�

�-}��RR$BtR I�ht$t� (�B�R� stI &�B�R�� qY� {�Z{$sj $I�t�$�$�R
D
(�B�R�

i1
) (

stI
D
&�B�R�

i1
) ( s�� s {BtR�JZ�t{� BP s �jZ�$t� �Y�B��8 bY${Y {BtR�$�Z��R�

�B���Y�� b$�Y �Y� stsjkR$R BP �Y� {Bt%����t{� BP R�JZ�t{�R BP ��s`�{�B�$�R� s I�T
R{�$}�$Bt BP �Y� {B8}s{�$h{s�$Bt BP 0wr, ?� bU/WDbb Ak XA�B,�t ��s`�{�B�$�R"�
3$tsjjk� �Y� YB8BjB�k BP �Y� sAB%� {B8}j�-�R $R R��t �B {B8}Z�� �Y� R$t�Zjs�
YB8BjB�k stI� ��R}�{�$%�jk� {BYB8BjB�k I	wg

�B�R�
	 wU, bU/WDD 
 I	wU � 	D�

I	wg	�B�R�wU, bU/WDD 
 I	wU � 	D� qY� 8BR� $t�Z$�$%� bsk �B R�� �Y$R $R �B
ZR� �Y� Ps{� >NH �Ys� �Y� ZtR�sAj� 8st$PBjIR �$%� �$R� �B s ]GTI�{B8}BR$�$Bt
BP U stI ZR� {�jjZjs� w{BDYB8BjB�k sR s A�$I�� A��b��t �B�R� stI R$t�Zjs�
w{BDYB8BjB�k >_B� !H�



3jB�� YB8BjB�k PB� 8st$PBjIR b$�Y ABZtIs�k B� 7k8}j�{�${ YB8BjB�k xn

G� RYBZjI 8�t�$Bt s� �Y$R }B$t� �bB $8}B��st� �-��tR$BtR BP �Y� }��{�I$t�
R��Z}� 3$�R�jk� �Y� t��s�$%� ��sI$�t� %�{�B� h�jI {st A� ��}js{�I Ak s %�{T
�B� h�jI � bY${Y $R t��s�$%� ��sI$�t�Tj$,� b$�Y ��R}�{� �B s �B�R� PZt{�$Bt
W $��� � c W c ( BZ�R$I� �Y� {�$�${sj }B$t�R BP W � bY${Y Rs�$Rh�R �Y� Rs8�
��stR%��Rsj$�k {BtI$�$Bt stI bY${Y $R �JZsj �B bU/W t�s� �Y� {�$�${sj }B$t�R
PB� RB8� �$%�t 8���${ /� 7�{BtIjk� bY�t �Y� 8st$PBjI U $R tB jBt��� {B8}s{��
�Y� Rs8� {BtR��Z{�$Bt {st A� {s��$�I BZ� $P W Rs�$Rh�R �Y� _sjs$RT78sj� {BtT
I$�$BtU �%��k R�JZ�t{� w?"D RZ{Y �Ys� Ww?"D $R ABZtI�I stI U/Ww?"D b� (
{Bt�s$tR s {Bt%����t� RZAR�JZ�t{�� qY� _sjs$RT78sj� {BtI$�$Bt {st BP {BZ�R�
A� PB�8Zjs��I PB� s wt��s�$%�D ��sI$�t�Tj$,� %�{�B� h�jI� 3B� stk �bB ���Zjs�
%sjZ�R y c K BP W �Y� {B8}j�-�R {BtR��Z{��I Bt �Y� {�$�${sj }B$t�R A�jBt�T
$t� �B W�d>y, KH �%�t�Zsjjk {B8}Z�� �Y� ��js�$%� R$t�Zjs� YB8BjB�k\{BYB8BjB�k
I	wg

�B�R�
	 wU, bU/W � y, KDD 
 I	wW

K, Wy� 	D� I	wg	�B�R�wU, bU/W � y, KDD 

I	wWK, Wy� 	D� 3B� stk ��sj tZ8A�� � b� Ys%� I�tB��I W� ) IW � �J�

d�1 3jB�� YB8BjB�k PB� {jBR�I 8st$PBjIR

N�� ZR tBb I�R{�$A� �Y� 8s$t j$t�R sjBt� bY${Y <s8$j�Bt$st 3jB�� YB8BjB�k
BP s {jBR�I 8st$PBjI $R {BtR��Z{��I� qY$R R�{�$Bt ��{sjjR �Y� {BtR��Z{�$Bt }��T
R�t��I $t 3� NsZI�tAs{Y:R }s}�� X7k8}j�{�${ ��B8���k stI 3jB�� YB8BjB�k"
}ZAj$RY�I $t �Y$R Rs8� $RRZ� BP �Y� `BZ�tsj� V {B8}��Y�tR$%� ��P���t{� $R sjRB
}�B%$I�I Ak *� 7sjs8Bt:R j�{�Z�� tB��R >71H� bY$j� �Y� PZjj I��s$jR ZtI�� �Y�
Rk8}j�{�${ sR}Y��${$�k {BtI$�$Bt K�, $1w-DL ) ( �Ys� b� ��JZ$�� Y�t{�PB��Y s��
I$RR�8$ts��I $t R�%��sj }s}��R BP V� 3jB�� >3d� 31H� qY$R sRRZ8}�$Bt {st A�
�j$8$ts��I b$�Y 8BI��s�� �&B�� $t �Y� 8BtB�Bt� {sR� wXAZAAj�R"D stI b$�Y
R���tZBZR Bt� wX%$��Zsj {k{j� ��{Yt$JZ�"D $t �Y� ��t��sj {sR�� AZ� $� $R RZ$�sAj�
PB� �Y$R RZ�%�k }s}�� �B R$8}j$Pk �Y$t�R� G� Y�t{�PB��Y sRRZ8� K�, $1w-DL ) (�
sR b�jj sR K�d, $1w-DL ) ( $t B�I�� PB� �Y� ]Btj�kT��YtI�� $tI�- BP s }��$BI${
B�A$� �B A� b�jj I�ht�I�
N�� I U %d d- b� b A� s �$8�TI�}�tI�t� <s8$j�Bt$st stI �I �Y� <s8$jT

�Bt$st %�{�B� h�jI I�ht�I Ak ��I
� ) QIw0, cD� N�� O0 � etIwx-D� 0 � %d A�

s jBB} BP sj8BR� {B8}j�- R��Z{�Z��R bY${Y s�� {B8}s�$Aj� b$�Y �Y� Rk8}j�{�${
PB�8 $��� /O0

wc, cD ) �wc, O0cD� 0 � %d s�� Rk88���${ }BR$�$%� I�ht$�� A$j$t�s�
PB�8R� G� �Y�t Ys%� O0�Iw0, cD ) U/O0Iw0, cD�
3�B8 s PB�8sj }B$t� BP %$�b� �Y� {BtR��Z{�$Bt BP 3jB�� YB8BjB�k {jBR�jk

PBjjBbR �Ys� BP �B�R� YB8BjB�k b$�Y �Y� PBjjBb$t� stsjB�$�RU

�st$PBjI U �� 7}s{� BP {Bt��s{�$Aj� jBB}R $t -, I�tB��I �

����${ / �� U1 8���${ Bt � U K�, �L )

8
%e

/O0

D
�w0D, �w0D

i
Q0,

�, � � x�� ) g 
D
%d, �	x-

i



3jB�� YB8BjB�k PB� 8st$PBjIR b$�Y ABZtIs�k B� 7k8}j�{�${ YB8BjB�k x;

3Zt{�$Bt W �� V{�$Bt PZt{�$Btsj \I U � b� b,

� �b� b

8
;3

�	� b

8
%e

Iw0, �w0DDQ0

QWw?D �� Q\Iw�D c � ) b

8
%e

�
D
�w0D, ��w0Db �Iw�w0DD

i
Q0

]�$�${sj }B$t� BP W �� db }��$BI${ B�A$�U ��w0D ) �Iw0, �w0DD

U/W �� UO\Iw�D ) O0 �� b O0�I

W��s�$%� ��sI$�t� ��s`�{�B�k �� �s} ` U b b� � B� ` U b d %d b� -

Rs�$RPk$t�

(`

(X
L O0w`wX, 0DD

(`

(0
b U/O0I

D
0, `wX, 0D

i
) ( wd�;D

stI Ys%$t� ABZtI�I �t���k

ow`D )
d

1

8
%e

8
b

pee(`
(X

ee1
L

ee(`
(0

b �Iw0, `D
ee1

Q
QX Q0 c �3 wd�xD

N�� ZR 8s,� RB8� {B88�t�R A�PB�� �B$t� Bt b$�Y �Y� I${�$Bts�k� 3B� s
{Bt��s{�$Aj� jBB} � U %d b� - b� Ys%� I�tB��I � U ;1 b� - s 8s} %��$Pk$t�
�M%e ) �� qY� Rk8}j�{�${ sR}Y��${$�k $8}j$�R �Ys� �Y� s{�$Bt PZt{�$Btsj $R b�jj
I�ht�I $��� �Y� JZst�$�k

$
;3 �

	� IB�R tB� I�}�tI Bt �Y� {YB${� BP �Y� �-��tR$Bt
��
3�B8 s PB�8sj }B$t� BP %$�b� �Y� stsjB�Z�R BP �Y� t��s�$%� ��sI$�t� ��s`�{T

�B�$�R BP �Y� ht$�� I$8�tR$Btsj {sR� s�� 8s}R ` U b d %d b� - Btjk %��$Pk$t�
�JZs�$Bt wd�;D� 3B� ht$��TI$8�tR$Btsj {jBR�I 8st$PBjIR �Y$R sZ�B8s�${sjjk $8T
}j$�R �Y� {Bt%����t{� s� h� �B {�$�${sj }B$t�R BP W � !t �Y� {Bt��s�k� bY�t �Y�
I$8�tR$Bt $R $tht$�� Bt� YsR �B $8}BR� s RZ}}j�8�t�s�k {BtI$�$Bt $t B�I�� �B
�tRZ�� �Y� {Bt%����t{� s� h� �B dT}��$BI${ B�A$�R� qY$R {BtI$�$Bt $R }��{$R�jk
�$%�t Ak �Y� ht$��t�RR BP �Y� �t���k wd�xD� qY� js���� $R �JZ$%sj�t� �B �Y� {BtT
%����t{� s� h� BP s {kj$tI�� %��$Pk$t� wd�;D� ZtI�� �Y� sRRZ8}�$Bt �Ys� �Y�
dT}��$BI${ B�A$�R BP I s�� tBtI���t��s��� 3B� s dT}��$BI${ B�A$� ?w0D ) ?w0LdD�
�Y$R 8�stR �Ys�

I��wyIb Q�d
Iw?w(DDD �) (

bY��� �0I $R �Y� 4Bb BP �I �
qY� 8$t$8s BP �Y� �t���k s�� }��{$R�jk �Y� RBjZ�$BtR BP 3jB��:R �JZs�$Bt wd�;D�

3B� stk �bB B�A$�R ?� r BP }��$BI d j�� ZR I�tB�� Ak 8wr, ?D �Y� R}s{� BP 8s}R
` U b d %d b� - �Ys� %��$Pk j$8X�� `wX, 0D ) rw0D� j$8X�L `wX, 0D ) ?w0D
b$�Y Zt$PB�8 {Bt%����t{� $t 0� Vtk �j�8�t� $t ` � 8wr, ?D Rs�$Rh�R



3jB�� YB8BjB�k PB� 8st$PBjIR b$�Y ABZtIs�k B� 7k8}j�{�${ YB8BjB�k xx

ow`D )
d

1

8
%e

8
b

eee(`
(X

L O0w`D
(`

(0
b UIw0, `D

eee1

QX Q0L\IwrDb \Iw?D 3

qY$R $R s {BtR�JZ�t{� BP �Y� $I�t�$�$�R b Q
QX \Iw`wX, cDD )

$
%e �w`X, `0 b�ID Q0

stI M`X L O`0 b O�I M1 ) M`XM
1 L M`0 b �I M1 b 1

$
%e �w`X, `0 b �ID Q0� qY�

8$t$8Z8 \IwrDb\Iw?D BP �Y� �t���k Bt 8wr, ?D $R s��s$t�I }��{$R�jk Ak �Y�
RBjZ�$BtR BP �JZs�$Bt wd�;D stI b� I�tB�� 0wr, ?D �Y� R�� BP �Y�R� ��s`�{�B�$�R�
Vt �j�8�t� BP 0wr, ?D b$jj A� {sjj�I s 3jB�� ��s`�{�B�k�
V R$8$js� }Y�tB8�tBt B{{Z�R $t �Y� ht$�� I$8�tR$Btsj {sR�U �Y� t��s�$%� ��sT

I$�t� ��s`�{�B�$�R s�� �Y� 8$t$8s BP �Y� �t���k oW, /w�D )
d
1

$
b

M ��M1LMU/Ww�DM1 QX�
I�ht�I Bt �Y� R}s{� BP 8s}R � U b b� U �Ys� {Bt%���� s� h� �B RB8� �$%�t
{�$�${sj }B$t�R BP W � qY� ��stR%��Rsj$�k {BtI$�$Bt �Ys� bsR 8�t�$Bt�I $t [d�d
{st A� ��}Y�sR�I $t ���8R BP s RZ�`�{�$%$�k }�B}���k PB� �Y� j$t�s�$9s�$Bt BP �Y�
�JZs�$Bt BP ��sI$�t� ��s`�{�B�$�R >7dH U

;�� ) UX� LU�UWw�D, � � �	xU 3

V R$8$js� ��stR%��Rsj$�k {BtI$�$Bt YsR �B A� %��$h�I $t �Y� $tht$�� I$8�tR$Btsj
{sR� $t B�I�� PB� �Y� R}s{�R 0wr, ?D �B $tY��$� �Y� R��Z{�Z�� BP s ht$�� I$8�tT
R$Btsj 8st$PBjI� qY� j$t�s�$9s�$Bt

;`� ) UX� L Ow`DU0� LU�Ow`D`0 b U�UIw0, `D, � � `	x-

BP �Y� �JZs�$Bt wd�;D YsR �B A� s 3��IYBj8 8s} bYBR� I$&���t�$sj $R RZ�`�{T
�$%� s� RBjZ�$BtR BP wd�;D� qY� 3��IYBj8 {Ys�s{��� ��JZ$��R �Y� ZR� BP RZ$�sAj�
PZt{�$Btsj R}s{�R PB� �Y� �jj$}�${ stsjkR$R stI YBjIR $P �Y� dT}��$BI${ B�A$�R BP I
s�� tBtI���t��s��� qY� RZ�`�{�$%$�k $R Rs�$Rh�I PB� s ��t��${ {YB${� BP I stI O
>3<7H� !Z� I${�$Bts�k �B�R tBb sR PBjjBbRU

WBtI���t��s�� {�$�${sj }B$t�R �� db }��$BI${ tBtI���t��s�� B�A$�R

�B�R� $tI�- $tI�B�R�w?D �� ]Btj�kT��YtI�� $tI�- 7g.w�D BP s

BP s {�$�${sj }B$t� ? }��$BI${ B�A$� �, �s,�t b$�Y t��s�$%� R$�t

I$80wr, ?D ) $tI�B�R�wrDb $tI�B�R�w?D �� I$80wr, ?D ) 7g.w?Db 7g.wrD

) b7g.wrDb
D

b 7g.w?D
i

N�� ZR ��8s�, �Ys�� Ztj$,� $t �Y� ht$�� I$8�tR$Btsj {sR�� �Y� <�RR$st BP \I
s� s {�$�${sj }B$t� sI8$�R st $tht$�� tZ8A�� BP t��s�$%� sR b�jj sR }BR$�$%�
�$��t%sjZ�R� y�R X�B�R�" $tI�- $R �Y���PB�� tB� b�jj I�ht�I� qY$R {st A� �sR$jk
R��t Bt �Y� PBjjBb$t� �-s8}j�U {BtR$I��I s ( Bt X stI �Y� s{�$Bt BP s jBB} � )�

>;	
F>�

7>0 $R
$
?Qr ) $

�
>;	

>MF>M1� qY� }BR$�$%� stI t��s�$%� �$��tR}s{�R BP



3jB�� YB8BjB�k PB� 8st$PBjIR b$�Y ABZtIs�k B� 7k8}j�{�${ YB8BjB�k xE

�Y$R JZsI�s�${ PB�8 s�� BA%$BZRjk $tht$�� I$8�tR$Btsj� yt Ps{�� �Y$R RYBbR s�s$t
�Ys� �Y� {jsRR${sj �B�R� �Y�B�k $R tB� sIs}��I �B �Y� }��R�t� {Bt��-�U $� bBZjI
{B8� �B �jZ�$t� $tht$�� I$8�tR$Btsj I$R{R sjBt� $tht$�� I$8�tR$Btsj R}Y���R�
bY${Y s�� {Bt��s{�$Aj�� qY� YB8B�B}${sj $t%s�$st�R BP �Y� {B���R}BtI$t� R}s{�R
bBZjI %st$RY s� stk R��} BP �Y� {BtR��Z{�$Bt�
qY� ]Btj�kT��YtI�� $tI�- $R st $t����� �Ys� $R sRRB{$s��I �B s }s�Y BP Rk8T

}j�{�${ 8s��${�R Ys%$t� �Y� $I�t�$�k sR B�$�$t stI bYBR� �tI IB�R tB� {Bt�s$t
�Y� �$��t%sjZ� d $t $�R R}�{��Z8� qB stk }��$BI${ B�A$� � Bt� {st sRRB{$s�� s
]Btj�kT��YtI�� $tI�- Ak ��$%$sj$9$t� x- B%�� s hjj$t� I$R{ � stI Ak {BtR$I��$t�
�Y� }s�Y BP Rk8}j�{�${ 8s��${�R $tIZ{�I Ak �Y� j$t�s�$9s�$Bt BP �Y� <s8$j�Bt$st
4Bb sjBt� �� qY� sRRZ8}�$Bt K�d, $1w-DL ) ( �tRZ��R �Ys� �bB RZ{Y ��$%$sj$9sT
�$BtR s�� YB8B�B}${sjjk �JZ$%sj�t� sjBt� � stI �Y� $t����� 7g.w�D b$jj �YZR A�
$tI�}�tI�t� BP �Y� ��$%$sj$9s�$Bt� G� �-}js$t s� �Y� �tI BP �Y$R R�{�$Bt bYk �Y�
RZ$�sAj� stsjB�Z� BP �Y� �B�R� $tI�- $R �Y� ]Btj�kT��YtI�� $tI�- {BtR$I���I
b$�Y t��s�$%� R$�t� �s�Y�� �Yst R$8}jk �Y� ]Btj�kT��YtI�� $tI�-�
yP �Y� ��stR%��Rsj$�k sRRZ8}�$BtR s�� %��$h�I� �Y� $8}j${$� PZt{�$Bt �Y�B��8

�tRZ��R �Ys� �Y� I$8�tR$Bt BP 0wr, ?D s� ` $R �JZsj �B �Y� 3��IYBj8 $tI�- BP
;`� qY� $I�t�$h{s�$Bt BP �Y� js���� b$�Y �Y� I$&���t{� A��b��t �Y� ]Btj�kT
��YtI�� $tI${�R BP �Y� �tIR $R s {BtR�JZ�t{� BP s {Ys�s{���$9s�$Bt $t ���8R BP
�Y� R}�{��sj 4Bb BP s {���s$t Ps8$jk BP h�R� B�I�� I$&���t�$sj B}��s�B�R �Ys� $R
sRRB{$s��I �B �JZs�$Bt wd�;D >i7d� i71� 71H�
qY� Btjk $t���I$�t� R�$jj js{,$t� $t B�I�� �B PB�8sjjk I�ht� s w{BDYB8BjB�${sj

I$&���t�$sj {B8}j�- $t stsjB�k b$�Y �Y� q7G {B8}j�- $R s ��{$}� �B sRRB{$s��
s R$�t �B s 3jB�� ��s`�{�B�k �Ztt$t� A��b��t }��$BI${ B�A$�R bYBR� ]Btj�kT
��YtI�� $tI${�R Ys%� s I$&���t{� �JZsj �B d� G� RYsjj tB� }Z�RZ� �Y$R 8s����
Y��� stI b$jj `ZR� {js$8 �Ys� �Y��� $R Bt� RZ{Y ��{$}� >3<1� 7dH� !t� {st
sj���ts�$%�jk bB�, b$�Y 	b1	 {B�^{$�t�R $t B�I�� �B s%B$I sjj R$�t }�BAj�8R�

*�ht$�$Bt� qY� YB8BjB�${sj 3jB�� {B8}j�- Bg	w- � I, OD stI �Y� {BYB8BT
jB�${sj Bt� Bg	w- � I, OD s�� I�ht�I ��R}�{�$%�jk Ak �Y� stsjB�Z�R BP �JZs�$BtR
wd�d� d�1� d�nD stI wd�dI� d�1I� d�nID �Y�BZ�Y �Y� sAB%� I${�$Bts�k� qY� ��sI$t�
$R �$%�t Ak �Y� B}}BR$�� BP �Y� ]Btj�kT��YtI�� $tI�-�

qY� I�ht$�$Bt I�}�tIR Bt �Y� ��stR%��Rsj$�k ��RZj�R �Ys� b� Ys%� 8�t�$Bt�I
sAB%�� yt �Y� {sR� BP s <s8$j�Bt$st Ys%$t� tBtI���t��s�� }��$BI${ B�A$�R�
�Y� sj8BR� {B8}j�- R��Z{�Z��R PB� bY${Y �Y�R� YBjI PB�8 s R�� -��/wID bY${Y
$R BP �Y� R�{BtI {s���B�k $t �Y� R�tR� BP  s$�� $t �Y� R}s{� BP �T{B8}s�$Aj�
sj8BR� {B8}j�- R��Z{�Z��R� ]Bt%��R�jk� PB� stk h-�I Ps8$jk O ) wO0D� �Y�
��stR%��Rsj$�k ��RZj�R s�� %sj$I PB� s R�{BtI  s$�� {s���B�k R�� BP <s8$j�Bt$stR
+��/wOD | g w%d d -, bD� yt ht$�� I$8�tR$Bt� �Y$R s8BZt�R �B }��R{�$A�
�Y� 8���${ stI �B {YBBR� s ��t��${ �B�R� PZt{�$BtU P�B8 �Y� }B$t� BP %$�b BP
��t��${$�k� �Y� 8���${ stI �Y� PZt{�$Bt }jsk Rk88���${ �Bj�R�
yt B�I�� �B h- $I�sR� sjj �Y� ��8s�,R �Ys� s�� �B PBjjBb b$jj {Bt{��t {BYBT

8BjB�k ��BZ}R� qY� I$R�$t{�$Bt YB8BjB�k T {BYB8BjB�k b$jj �s$t $8}B��st{�
Btjk PB� 8st$PBjIR b$�Y ABZtIs�k� qY� I�ht$�$Bt b$jj $t �Ys� {sR� {Bt�s$t sR



3jB�� YB8BjB�k PB� 8st$PBjIR b$�Y ABZtIs�k B� 7k8}j�{�${ YB8BjB�k x�

s RZ}}j�8�t�s�k $t���I$�t� st sj��A�s${ j$8$� }�B{�RR bY${Y� s{{B�I$t� �B �Y�
PB�8sj$R8 A�$t� YB8BjB�${sj B� {BYB8BjB�${sj� b$jj A� I$��{� B� $t%��R��
qY� PZtIs8�t�sj }�B}���k BP 3jB�� {BYB8BjB�k

BI	w- � I, OD ) I	wBg	w- � I, ODD

$R $�R $tI�}�tI�t{� b$�Y ��R}�{� �B �Y� <s8$j�Bt$st stI b$�Y ��R}�{� �B �Y�
sj8BR� {B8}j�- R��Z{�Z��� 3B� stk �bB }s$�R wI(, O(D� wId, OdD bY${Y Rs�$RPk
�Y� sAB%� ���Zjs�$�k {BtI$�$BtR �Y��� $R s YB8B�B}k BP ���Zjs� }s$�R wI0, O 0D�
0 � >(, dH �Ys� j$t,R �Y�8 �B���Y��� Vtk RZ{Y YB8B�B}k $tIZ{�R st $RB8B�T
}Y$R8 BI	w- � I(, O(D

�
b� BI	w- � Id, OdD bY${Y� 8B��B%��� IB�R tB� I�T

}�tI Bt �Y� {YBR�t ���Zjs� YB8B�B}k� qY� {BtR�JZ�t{� $R �Ys� Bt� {st $I�tT
�$Pk 3jB�� w{BDYB8BjB�k b$�Y s {jsRR${sj �B}BjB�${sj $t%s�$st�� ts8�jk R$t�Zjs�
w{BDYB8BjB�k� N�� ZR ��{sjj �Y� ��j�%st� s��Z8�t�� ]BtR$I�� s <s8$j�Bt$st
PZt{�$Bt �Ys� $R �$8� $tI�}�tI�t� stI �B�R�� Vtk {�$�${sj }B$t� ? BP I $R s
w{BtR�st�D dT}��$BI${ B�A$� stI� $t %$�b BP �Y� {Bt%�t�$Bt �I ) bOUI� b�
$tP�� 7g.w?D ) z b $tI�B�R�w?, bID� z ) d

1 I$8- B�� b�$���t $t s I$&���t�
bsk� $tI�B�R�w?, bID ) z L

D
b 7g.w?D

i
� GY�t I $R R8sjj �tBZ�Y $t �Y� g1

tB�8 Bt� {st RYBb �Ys� �Y��� s�� tB dT}��$BI${ B�A$�R B�Y�� �Yst �Y� {�$�${sj
}B$t�R BP I stI� 8B��B%��� �Y� 3jB�� ��s`�{�B�$�R wRBj%$t� `X L O`0 ) UID
�Ys� �Zt A��b��t }B$t�R bYBR� $tI�- I$&���t{� $R �JZsj �B d s�� $t Ps{� �$8�
$tI�}�tI�t� >31H� qY$R 8�stR �Ys� �Y� 3jB�� {B8}j�- {B$t{$I�R b$�Y �Y� q7G
{B8}j�- {B���R}BtI$t� �B UI� yP �Y� ��sI$t� Bt Bg	 $R �$%�t Ak 8$tZR �Y�
]Btj�kT��YtI�� $tI�-� Bt� ���R �Y� $RB8B�}Y$R8

BI	w-, �D 
 IzL	w- � 	D, z )
d

1
I$8- 3

G� R�� $t }s��${Zjs� �Y� $t����R� BP ��sI$t� Ak b7g. �s�Y�� �Yst 7g. � yt �Y�
js���� {sR� b� bBZjI Ys%� BA�s$t�I �Y� $RB8B�}Y$R8 BI	 
 IzL	 �Y�BZ�Y �Y�
�-��s ZR� BP _B$t{s�?� IZsj$�k Iz�	w-D 
 IzL	w-D�

d�n 3jB�� YB8BjB�k PB� 8st$PBjIR b$�Y {Bt�s{� �k}� ABZtT

Is�k B� 7k8}j�{�${ YB8BjB�k

qY� R�{BtI A$� R���$t� $t bY${Y <s8$j�Bt$st 3jB�� YB8BjB�k ��BZ}R {st A�
I�ht�I $R �Ys� BP {B8}s{� Rk8}j�{�${ 8st$PBjIR b$�Y {Bt�s{� �k}� ABZtIs�k�
qY� 8s$t ��P���t{�R Bt �Y$R �B}${ s�� �Y� }s}��R Ak �� ]$�j$�As,� V� 3jB���
<� <BP��� �� GkRB{,$ >3<d� ]3<� ]3<GH stI ]� z$���AB >z1H� y Ys%� ZR�I
*� <��8stt:R �Y�R$R ><�dH b$�Y ���s� }�Bh� IZ� �B �Y� %��k {j�s� �-}BR$�$Bt
R�kj�� qY� }s}�� BP _�  $�st� N� _Bj���B%${Y stI *� 7sjs8Bt > _7H {Bt�s$tR
��RZj�R {Bt{��t$t� �Y� �-$R��t{� BP }��$BI${ B�A$�R ��}��R�t�$t� tBt��$%$sj P���
YB8B�B}k {jsRR�R� qY� G�$tR��$t {Bt`�{�Z�� stI ��js��I }�BAj�8R s�� I$R{ZRR�I
$t �Y� ABB, Ak <� <BP�� stI e� ��YtI�� ><�H�
qY� $t$�$sj 8B�$%s�$Bt PB� �Y� {BtR��Z{�$Bt BP 3jB�� YB8BjB�k ��BZ}R bsR �Y�

�-$R��t{� }�BAj�8 PB� {jBR�I B�A$�R BP <s8$j�Bt$st RkR��8R� iBZ�Yjk R}�s,$t��



3jB�� YB8BjB�k PB� 8st$PBjIR b$�Y ABZtIs�k B� 7k8}j�{�${ YB8BjB�k xM

�Y$R }�BAj�8 YsR �bB I$R�$t{� sR}�{�RU �-$R��t{� BP {jBR�I B�A$�R b$�Y s �$%�t
}��$BI stI �-$R��t{� BP {jBR�I B�A$�R Bt s �$%�t �t���k j�%�j� <$R�B�${sjjk� �Y�R�
�bB I$��{�$BtR {B���R}BtI �B �bB {Bt`�{�Z��R BP z�y� V�tBjI >VH wd�ExD stI V�
G�$tR��$t >G�H wd���D� yt Bt� BP $�R %s�$st�R� �Y� h�R� {js$8R �Ys� s jBb�� ABZtI
PB� �Y� tZ8A�� BP {jBR�I B�A$�R b$�Y h-�I }��$BI Bt s {jBR�I Rk8}j�{�${ 8st$PBjI
- $R }�B%$I�I Ak �Y� �st, BP �Y� w�s�$BtsjD {BYB8BjB�k I	w- � �D� =tI�� �Y�
sRRZ8}�$BtR K�, $1w-DL ) (� K�dw-D, $1w-DL ) ( BP �Y� }��%$BZR R�{�$Bt� �Y$R
PBjjBbR P�B8 �Y� %��k {BtR��Z{�$Bt BP �Y� 3jB�� YB8BjB�k ��BZ}R� 7$t{� d��E
�Y��� s�� }�BBPR �Ys� bB�, $t PZjj ��t��sj$�k� b$�Y tB �-��s sRRZ8}�$BtR Bt �Y�
ZtI��jk$t� 8st$PBjI� qY� R�{BtI {Bt`�{�Z�� {js$8R �Y� �-$R��t{� BP s� j�sR� Bt�
{jBR�I B�A$� Bt s ���Zjs� {B8}s{� �t���k j�%�j 
 bY${Y $R BP {Bt�s{� �k}�� 3jB��
YB8BjB�k PB� 8st$PBjIR b$�Y ABZtIs�k $R s �BBj �Ys� $R }s��${Zjs�jk sIs}��I
�B �Y� R�ZIk BP �Y$R JZ�R�$Bt w[;�nD� AZ� b� RYsjj }��R�t� �bB B�Y�� PsR{$ts�$t�
s}}j${s�$BtR $t [;�d stI [;�1�

*�ht$�$Bt d�d� V w{B8}s{�D Yk}��RZ�Ps{� 
 BP s Rk8}j�{�${ 8st$PBjI w-, �D
$R Rs$I �B A� BP {Bt�s{� �k}� $P �Y��� $R s %�{�B� h�jI � I�ht�I $t s t�$�YABZ�YBBI
BP 
� ��stR%��R� �B 
 stI %��$Pk$t� U�� ) �� qY� %�{�B� h�jI � $R {sjj�I �Y�
N$BZ%$jj� h�jI� qY� dTPB�8 	 ) ��� $R {sjj�I �Y� N$BZ%$jj� PB�8� yP �Y� N$BZ%$jj�
h�jI $R �jBAsjjk I�ht�I Bt �Y� bYBj� BP - b� Rsk �Ys� 
 $R BP ��R��${��I {Bt�s{�
�k}��

qY� ABZtIs�k BP s {B8}s{� Rk8}j�{�${ 8st$PBjI - $R Rs$I �B A� BP w��R��${��ID
{Bt�s{� �k}� $P �Y� sAB%� {BtI$�$BtR s�� Rs�$Rh�I stI �Y� N$BZ%$jj� h�jI $R BZ�T
bs�I }B$t�$t��

qY� {Bt�s{� �k}� {BtI$�$Bt $R s Rk8}j�{�${ stsjB�Z� PB� {Bt%�-$�k $t �Y�
j$t�s� Rk8}j�{�${ R}s{� b1zU stk {B8}s{� {Bt%�- Yk}��RZ�Ps{� $R BP w��R��${��ID
{Bt�s{� �k}�� sR �Y� �sI$sj %�{�B� h�jI �w?D ) d

1?� ? � b1z Rs�$Rh�R �Y� sAB%�
{BtI$�$BtR wsRRZ8$t� ( $R $t �Y� ABZtI�I {B8}Bt�t� BP b1zQ
D� qY� {Bt`�{�Z��
YsR A��t PB�8Zjs��I }��{$R�jk $t %$�b BP }��j$8$ts�k �-$R��t{� ��RZj�R Bt {Bt%�-
B� R�s�TRYs}�I �t���k j�%�jR� V h�R� }�BBP PB� s {Bt�s{� �k}� 
 | b1z bsR �$%�t
Ak ]� z$���AB >zdH stI jB�R BP B�Y�� s8A$�t� R}s{�R Ys%� A��t RZAR�JZ�t�jk
�-jB��I�
qY� {Bt�s{� �k}� {BtI$�$Bt $R ��js��I �B YBjB8B�}Y${ }R�ZIBT{Bt%�-$�k� sR

��8s�,�I Ak O� ej$sRYA���� �� p�B8B% >epH stI *� �{*Z& >�{*H� qY$R $R
}��{$R�jk �Y� ��sRBt bYk b� $8}BR� �Ys� �Y� N$BZ%$jj� h�jI A� BZ�bs�I }B$t�$t��
!t� RYBZjI ��8s�, �Ys� �Y$R $R sZ�B8s�${sjjk ��Z� $P �Y� ABZtIs�k $R BP ��R��${��I
{Bt�s{� �k}� sR �Y� N$BZ%$jj� h�jI w�-}Bt�t�$sjjkD �-}stIR %BjZ8�R� G� �$%�
8B�� I��s$jR Bt }R�ZIBT{Bt%�-$�k $t �Y� R�JZ�j�
3jB�� YB8BjB�k ��BZ}R BP s 8st$PBjI - b$�Y {Bt�s{� �k}� ABZtIs�k b$jj A�

I�ht�I b$�Y �Y� Y�j} BP <s8$j�Bt$stR �Ys� sI8$� �Y� ABZtIs�k (- sR s ���Zjs�
j�%�j� qY� $t%s�$st�R �Ys� b� �YZR BA�s$t b$jj �s,� $t�B s{{BZt� tB� Btjk �Y� dT
}��$BI${ B�A$�R $t �Y� $t���$B� BP �Y� 8st$PBjI� AZ� sjRB �Y� {jBR�I B�A$�R Ys%$t�
s�A$��s�k }��$BI Bt �Y� ABZtIs�k� VR s {BtR�JZ�t{�� �Y�k s�� b�jj sIs}��I �B
�Y� R�ZIk BP G�$tR��$t:R }�BAj�8� N�� ZR R���RR P�B8 �Y� %��k A��$tt$t� �Ys��
Ztj$,� 3jB�� YB8BjB�k BP {jBR�I 8st$PBjIR bY${Y $R htsjjk }�B%�I �B A� �JZsj



3jB�� YB8BjB�k PB� 8st$PBjIR b$�Y ABZtIs�k B� 7k8}j�{�${ YB8BjB�k x�

�B �Y� R$t�Zjs� YB8BjB�k� 3jB�� YB8BjB�k BP 8st$PBjIR b$�Y ABZtIs�k YsR tB
R$8$js� �B}BjB�${sj {B���R}BtI�t�� y� $R sjj �Y� 8B�� $8}B��st� �B �-Y$A$� $t �Y�
js���� {sR� JZsj$�s�$%� }�B}���$�R �Ys� s�� I����8$t�I Ak sII$�$Btsj ��B8���${
}�B}���$�R BP �Y� 8st$PBjI�

<��� $R YBb Bt� ����$�%�R {jBR�I B�A$�R BP s�A$��s�k }��$BI Bt s {Bt�s{� �k}�
j�%�j b$�Y �Y� Y�j} BP dT}��$BI${ B�A$�R $t s t�$�YABZ�YBBI BP 
� WB�� �Ys�
�Y� ��R��${�$Bt BP � �B x
 YsR s Bt� I$8�tR$Btsj ,��t�j Bt bY${Y 	 IB�R tB�
%st$RY� yP I $R st sZ�BtB8BZR <s8$j�Bt$st sI8$��$t� 
 sR s ���Zjs� j�%�j �Y�t
�I � ,�� �Mx
 stI 	w�ID �) (�

*�ht$�$Bt d�1� qY� i��A %�{�B� h�jI wB� {Ys�s{���$R�${ h�jID �i��A BP 
 $R
I�ht�I Ak �Y� PBjjBb$t� �bB }�B}���$�RU �i��A � ,�� �Mx
 stI 	w�i��AD ) d�
Vt B�A$� BP �i��A $R {sjj�I s {Ys�s{���$R�${ BP 
�

!t� RYBZjI tB�� �Ys� �Y� s��s
$
�
	 BP s {jBR�I {Ys�s{���$R�${ $R �JZsj �B $�R

}��$BI� �B��B%��� �Y� B�A$�R BP �I �Ys� s�� jB{s��I Bt 
 s�� $t Bt�T�BTBt� {B�T
��R}BtI�t{� b$�Y �Y� js����:R {Ys�s{���$R�${R� y� $R $8}B��st� �B ZtI��R�stI �Ys�
�Y� <s8$j�Bt$st Ikts8${R Bt s ���Zjs� j�%�j IB�R tB� I�}�tI Bt �Y� <s8$j�BT
t$st AZ� Bt �Y� j�%�j $�R�jPU $� $R 8B�� BP s ��B8���${ ts�Z�� �s�Y�� �Yst }Z��jk
Ikts8${ B� stsjk�${�
N�� ZR I�tB�� Ak �0� �Y� 4Bb BP �Y� N$BZ%$jj� h�jI� V bYBj� t�$�YABZ�YBBI

9 BP 
 $R PBj$s��I Ak �Y� Yk}��RZ�Ps{�R �0�w
D�&c 0c & b$�Y & k ( R8sjj �tBZ�Y�
yt %$�b BP �0 	� � ) �0�� �Y� {Ys�s{���$R�${R Bt �Y�R� Yk}��RZ�Ps{�R s�� $t Bt� �B
Bt� {B���R}BtI�t{� b$�Y �YBR� BP 
� y� $R tBb {B8PB��sAj� �B 8s,� s {BB�I$ts��
{Yst�� %$s �Y� Rk8}j�{�${ I$&�B8B�}Y$R8

� U 
d >db &, d L &H
�

b� 9, & k ( R8sjj , wd�ED

�w�, CD ) �
jtwCD
� w�D ,

%��$Pk$t�
�		 ) C c 	M

bY��� 	M $R �Y� ��R��${�$Bt BP 	 ) ��� �B x
� qY� sZ�BtB8BZR <s8$j�Bt$st

I U 
d >db &, d L &H b� b

Iw�, CD ) _wCD, _ U >db &, d L &H b� b

Rs�$Rh�R �Iw�, CD ) b_IwCD�i��A� y�R dT}��$BI${ B�A$�R �Ys� s�� jB{s��I Bt
�Y� j�%�j C {B���R}BtI �B {Ys�s{���$R�${R BP }��$BI _IwCD jB{s��I Bt 
 wb$�Y �Y�
B}}BR$�� B�$�t�s�$BtD�  k R�ZIk$t� �Y� dT}��$BI${ B�A$�R BP RZ{Y <s8$j�Bt$stR
Bt� b$jj Ys%� $t Ps{� R�ZI$�I {Ys�s{���$R�${R Bt 
U �Y� 8B�� $8}B��st� �Y�
%s�$s�$Bt BP _ $t �Y� R8sjj $t���%sj >db &, dL &H $R� �Y� 8B�� {Ys�s{���$R�${R Bt�
XR��R"�

Vtk ��sRBtsAj� 3jB�� YB8BjB�k $t%s�$st� PB� s 8st$PBjI b$�Y ABZtIs�k RYBZjI
�s,� $t�B s{{BZt� �Y� �B}BjB�k BP �Y� 8st$PBjI stI sjj {jBR�I {Ys�s{���$R�${R Bt



3jB�� YB8BjB�k PB� 8st$PBjIR b$�Y ABZtIs�k B� 7k8}j�{�${ YB8BjB�k E(

�Y� ABZtIs�k� G� �YZR ����$�%� �Y� {B88Bt ZtI��jk$t� }�$t{$}j� BP �Y� {BtT
R��Z{�$BtR $t >3<d� ]3<� ]3<G� z1HU �Y� {BYB8BjB�k

BI	w-D ) j$8
wI, OD

BI	w- � I, OD wd��D

b$jj A� I�ht�I sR s j$8$� PBjjBb$t� st sI8$RR$Aj� Ps8$jk BP <s8$j�Bt$stR� R���}��
stI R���}�� t�s� �Y� ABZtIs�k� VR b� Ys%� sj��sIk bs�t�I �Y� ��sI��� �Y$R j$8$�
$R BP I$��{� B� $t%��R� �k}� ��R}�{�$%�jk� s{{B�I$t� �B �Y� {YB${� BP s YB8BjB�${sj
B� {BYB8BjB�${sj PB�8sj$R8� !t� RZ}}j�8�t�s�k ��ht�8�t� b$jj {BtR$R� $t ZR$t�
s ��Zt{s�$Bt Ak �Y� %sjZ�R BP �Y� s{�$Bt� s {�Z{$sj $t���I$�t� PB� �Y� s}}j${s�$BtR
$t [;�d stI [;�1�  �PB�� ��s{Y$t� �Y�8� j�� ZR I�R{�$A� �Y� %s�$BZR }B$t�R BP
%$�b sj��sIk }��R�t� $t �Y� j$���s�Z���

7k8}j�{�${ YB8BjB�k BP s ABZtI�I B}�t R�� J | wXz, �(D� {P� >3<dH

qY$R I�ht$�$Bt bsR $t��BIZ{�I Ak V� 3jB�� stI <� <BP�� >3<dH� yt B�I�� �B
�$%� s }��R�t�s�$Bt $t �Zt� b$�Y �Y� RZAR�JZ�t� {BtR��Z{�$BtR b� RYsjj }��R�t�
A�jBb �Y� {BYB8BjB�${sj R��Z}� bY$j� �Y� B�$�$tsj }B$t� BP %$�b $R YB8BjB�${sj�
qY� �bB 8s$t P�s�Z��R BP �Y$R �Y�B�k s�� �Y� PBjjBb$t�U

s� $� $R X�-��$tR${" $t �Y� R�tR� �Ys� <s8$j�Bt$stR s�� I�ht�I Bt �Y� bYBj�
s8A$�t� R}s{� Xz�

A� �Y� I�ht$�$Bt $R %sj$I PB� s�A$��s�k B}�t R��R� b$�YBZ� stk ���Zjs�$�k B�
{Bt�s{� �k}� Yk}B�Y�R$R Bt �Y� ABZtIs�k�

qY� {jsRR +wJD BP sI8$RR$Aj� <s8$j�Bt$stR I U %d d Xz b� b $R I�ht�I Ak
�Y� PBjjBb$t� }�B}���$�RU

d� I/
%e
 �J

c (�

1� �Y��� $R s }BR$�$%� I�ht$�� 8s��$- \ RZ{Y �Ys�

MI Iw0, `Db \`M

M`M
b�(, M`M � �

Zt$PB�8jk $t 0 � %d�

n� �Y� I$&���t�$sj RkR��8

b7 �? ) \?, ?w(D ) ?wdD

sI8$�R Btjk �Y� ��$%$sj RBjZ�$Bt ? s (�

;� �Y��� $R s {BtR�st� � k ( RZ{Y �Ys�

N I IIw0, `D N� �, � 0 � %d, ` � Xz ,eee(I I
(0

w0, `D
eee � �wd L M`MD, � 0 � %d, ` � Xz 3



3jB�� YB8BjB�k PB� 8st$PBjIR b$�Y ABZtIs�k B� 7k8}j�{�${ YB8BjB�k Ed

]BtI$�$Bt wdD X}$tR IBbt" �Y� <s8$j�Bt$st sjBt� J stI sjjBbR $� �B wR���}jkD
$t{��sR� Btjk $t �Y� t�$�YABZ�YBBI BP �Y� ABZtIs�k� s{{B�I$t� �B �Y� }Y$jBRB}Yk
�Ys� b� Ys%� I��s$j�I sAB%�� ]BtI$�$Bt w1D }��R{�$A�R �Y� sRk8}�B�${ A�Ys%$BZ�
BP �I stI� {B8A$t�I b$�Y wnD� �tRZ��R tB� Btjk �Ys� sjj $�R dT}��$BI${ B�A$�R
s�� {Bt�s$t�I $t s {B8}s{� R��� AZ� sjRB �Ys� �Y� 3jB�� ��s`�{�B�$�R �Ys� j$t,
�Y�8 �B���Y�� IB tB� �R{s}� �B $tht$�k� qY$R $R s {�Z{$sj }B$t� $t }�B%$t�
3jB�� {B8}s{�t�RR PB� B}�t 8st$PBjIR stI b� RYsjj �$%� 8B�� I��s$jR Bt $� $t
�Y� {Bt��-� BP �Y� �bB {BtR��Z{�$BtR �B PBjjBb� ]BtI$�$Bt w;D $R BP s ��{Yt${sj
ts�Z�� stI }jskR RB8� �Bj� $t �Y� }�BBP BP �Y� g( �R�$8s��R� !t� RYBZjI tB��
�Ys� {BtI$�$Bt w1D $R �B A� $t���}����I sR s ,$tI BP JZsI�s�${ sRk8}�B�${$�k PB�
I�
G� I�tB�� Ak +��/wJD �Y� {jsRR BP sI8$RR$Aj� <s8$j�Bt$stR Ys%$t� tBtI�T

��t��s�� dT}��$BI${ B�A$�RU $� $R BP R�{BtI  s$�� {s���B�k $t +wJD� G� I�tB��
Ak - �Y� {jsRR BP sj8BR� {B8}j�- R��Z{�Z��R Bt Xz �Ys� s�� {B8}s�$Aj� b$�Y
�( stI �Ys� s�� �JZsj �B �Y� R�stIs�I {B8}j�- R��Z{�Z�� 7 BZ�R$I� s {B8T
}s{� R��� qY� ��stR%��Rsj$�k $t 3jB��:R �JZs�$Bt $R %��$h�I PB� s I�tR� R��
+- ��/wJD | +��/wJD d - stI �Y� ��Zt{s��I 3jB�� {BYB8BjB�k ��BZ}R s��
I�ht�I PB� s ���Zjs� }s$� sR PBjjBbRU

Bg>
Hy,L >wI, OD )

7
�7g.w?D , >

\I w?D k y

	K?L, y � b > Ib�J ,

BI	Hy,L >wI, OD ) I	wBg	Hy,L >wI, ODD ,

Bg	Hy,KHwI, OD ) Bg	Hy,L >wI, OD b Bg
	
HK,L >wI, OD, b� � y c K c L�,

BI	Hy,KHwI, OD ) I	wBg	Hy,KHwI, ODD 3

qY� $t%��R� j$8$� wd��D $R {BtR$I���I b$�Y ��R}�{� �B �Y� PBjjBb$t� }s��$sj B�I��
��js�$Bt Bt +- ��/wJD� bY${Y $tIZ{�R st $t%��R� RkR��8 Bt �Y� {BYB8BjB�k
��BZ}RU

wI, OD � w�, 4OD $& Iw0, `D � �w0, `D 3

qY� {BYB8BjB�${sj $t%��R� RkR��8 $R I����8$t�I $t �Y� PBjjBb$t� 8stt���
3B� �bB B�I���I }s$�R wI, OD � w�, 4OD b� {BtR$I�� s YB8B�B}k wIwX, 0, `D�
OwX, 0, `DD RZ{Y �Ys�U

u qY��� $R st X( k ( b$�Y wIwX, 0, `D, OwX, 0, `DD s wIw0, `D, Ow0, `DD, X � bX(

w�w0, `D, 4Ow0, `DD, X w X( �

u qY� YB8B�B}k $R st $t{��sR$t� PZt{�$Bt b$�Y ��R}�{� �B X $��� (I
(X wX, 0, `D w (�

u qY� YB8B�B}k Rs�$Rh�R {���s$t sII$�$Btsj sRRZ8}�$BtR {Bt{��t$t� �Y� A�T
Ys%$BZ� s� $tht$�k stI �Y� ���Zjs�$�k� qY� 8BR� $8}B��st� BP �Y�8 $R �Y�
PBjjBb$t� {B8}s�$A$j$�k b$�Y �Y� JZsI�s�${ sRk8}�B�${$�kU



3jB�� YB8BjB�k PB� 8st$PBjIR b$�Y ABZtIs�k B� 7k8}j�{�${ YB8BjB�k E1

qY��� $R s R8BB�Y }s�Y \wXD � etIbwX
zD BP }BR$�$%� I�ht$�� 8s��${�R RZ{Y

�Ys� \wXD ) \wbX(D PB� X � bX(� \wXD ) \wX(D PB� X w X( stI

MI IwX, 0, `Db \wXD`M

M`M
b� (, M`M � � 3

�B��B%��� b� ��JZ$�� �Ys� $P �Y� <s8$j�Bt$st RkR��8 b7 �? ) \w|XD? YsR s tBtT

��$%$sj dT}��$BI${ RBjZ�$Bt PB� RB8� |X � b� �Y�t Q
QX\wXD

eee
X)|X

$R }BR$�$%� I�ht$���

qY� sRk8}�B�${ {BtI$�$BtR Bt �Y� YB8B�B}k �tRZ�� �Ys� �Y� RBjZ�$BtR BP �Y�
}s�s8����$9�I 3jB�� �JZs�$Bt

`X L OwX, 0, `D`0 b UIwX, 0, `D ) ( , wd�MD

`wX, 0D b� ?�, X b� h� , wd��D

bY${Y }jsk tBb �Y� �Bj� BP �Y� ��s`�{�B�$�R %��$Pk$t� wd�; T d�xD� IB sjRB R�sk $t
s {B8}s{� R��� <��� ?� stI ?L s�� dT}��$BI${ B�A$�R BP I stI � ��R}�{�$%�jk�
qY� I$8�tR$Bt BP �Y� 8BIZj$ R}s{� 0w?�, ?LD BP RBjZ�$BtR BP wd�M T d��D $R
b7g.w?

�D b
D

b 7g.w?
LD

i
AZ�� �B �Y� I$&���t{� BP �JZs�$Bt wd�; T d�xD� �Y�

��BZ} b $R tB jBt��� s{�$t� Ak ��stRjs�$Bt� qY$R $8}j$�R �Ys�� ��t��${sjjk� �Y�
8BIZj$ R}s{� $R tB jBt��� �8}�k $P $�R PB�8sj I$8�tR$Bt $R 9��B stI �Y� 8B�}Y$R8
BP {B8}j�-�R I�ht�I s{{B�I$t� �B wd�nID b$jj ��R}�{� �Y� ��sI$t�U

� U Bg	Hy, Hw�,
4OD b� Bg	Hy, HwI, OD , wd�d(D

�K?LL )
3

7g. w?�D)7g. w?LD

'0w?�, ?LD K?�L 3

qY� 8s} � $R b�jj I�ht�I A�{sZR� �Y� s{�$Bt $R I�{��sR$t� sjBt� RBjZ�$BtR BP
�Y� }s�s8����$9�I �JZs�$Bt wd�MD� qY$R $R IZ� �B �Y� Ps{� �Ys� �Y� YB8B�B}$�R
�Ys� b� sjjBb s�� $t{��sR$t�U

Q

QX
\IwXDw`wX, cDD ) b

8
%e

�w`X, `0 b �IwXDw`wX, 0DDD Q0 b

8
%e

(I

(X
wX, 0, `wX, 0DD Q0

) b

8
%e

�w`X, OwX, 0, `wX, 0DD`XD Q0 b

8
%e

(I

(X
wX, 0, `wX, 0DD Q0

) b N `X N1
/

OwXD
b

8
%e

(I

(X
wX, 0, `wX, 0DD Q0 � ( 3

qY� 8B�}Y$R8 � {B88Z��R b$�Y �Y� I$&���t�$sj stI I�R{�tIR �B s 8B�}Y$R8
$t {BYB8BjB�k �Ys� $R {sjj�I X8BtB�Bt${$�k 8s}"

BI	Hy,KHw�,
4OD �

w�, �OD

wI, OD
b� BI	Hy,KHwI, OD 3 wd�ddD



3jB�� YB8BjB�k PB� 8st$PBjIR b$�Y ABZtIs�k B� 7k8}j�{�${ YB8BjB�k En

VR $t �Y� {B8}s{� {sR�� �bB sI8$RR$Aj� YB8B�B}$�R $tIZ{� �Y� Rs8� 8B�}Y$R8
$t YB8BjB�k stI b� 8B��B%�� Ys%�

�
w�, �OD
wI, OD p �

w�I, �OID

w�, �OD
) �

w�I, �OID
wI, OD ,

PB� wI, OD � w�, 4OD � w�I, 4O ID� N�� ZR �Y�t I�ht�
BI	Hy,KHwJD ) j$8


�

wI, OD

BI	Hy,KHwI, OD , b� � y c K c L� ,

BI	Hy,L >wJD ) j$8

�

wI, OD

BI	Hy,L >wI, OD

stI ��� $t }s��${Zjs�

BI	Hy,L >wJD ) j$8

�

K

BI	Hy,KHwJD, K � L� 3

qY� X��Zt{s�$Bt 8s}R" BI	Hy, KHwJD b� BI	Hy, KIHwJD� K w KI s�� $tIZ{�I Ak

�Y� $t{jZR$BtR Bg	Hy, >wI, OD |� Bg	HyI, >wI, OD� y w yI bY${Y �$%� �$R� �B �Y�
8B�}Y$R8R

BI	Hy, KHwI, OD b� BI	HyI, KIHwI, OD, y w yI, K w KI 3

qY� js���� s�� {B8}s�$Aj� b$�Y �Y� 8BtB�Bt${$�k 8s}R� 3B� s h-�I %sjZ� BP y
�Y� ��BZ}R BI	Hy, KHwI, OD PB�8 st $t%��R� A$TI$��{��I RkR��8� yt %$�b BP �Y�

Ps{� �Ys� �bB $t%��R� wB� I$��{�D j$8$�R $t s A$TI$��{��I RkR��8 {B88Z�� Bt� {st
�Y���PB�� b�$��

BI	Hy,L >wJD ) j$8

�

K

j$8

�

wI, OD

BI	Hy, KHwI, OD ) j$8

�

wI, OD

j$8

�

K

BI	Hy, KHwI, OD, K � � 3

G� RYsjj R�� A�jBb w{P� [1�1D �Ys�� PB� st B}�t R�� J b$�Y ��R��${��I {Bt�s{� �k}�
ABZtIs�k� �Y� ��BZ}R BI	Hy,L >wJD IB tB� I�}�tI Bt y $P �Y� js���� $R R��${�jk
t��s�$%�� qY$R $R IZ� �B �Y� �-$R��t{� BP s {Bhtsj Ps8$jk bYBR� dT}��$BI${ B�A$�R
sjj Ys%� st s{�$Bt �Ys� $R �$�Y�� }BR$�$%�� �$�Y�� t��s�$%� stI s�A$��s�$jk {jBR�
�B 9��B ><�d� z1H� G� I�ht� $t �Y� ��t��sj {sR�

BI	wJD ) BI	H� ,L >wJD 3 wd�d1D

G� RYsjj �Y�t Ys%� BI	wJD ) BI	Hy,L >wJD� y c ( $P J YsR ��R��${��I {Bt�s{�
�k}� ABZtIs�k�

VR b� Ys%� sj��sIk }B$t��I BZ�� �Y� }��R�t� %��R$Bt BP 3jB�� YB8BjB�k sR,R PB�
st $8}B��st� t�b $t���I$�t� {B8}s��I �B �Y� {sR� BP {jBR�I 8st$PBjIR� ts8�jk
�Y� �-$R��t{� BP s }�$B�$ g( ABZtIR bY${Y �tRZ�� �Ys�� PB� h-�I j$8$�$t� B�A$�R�
sjj 3jB�� ��s`�{�B�$�R PB� �Y� }s�s8����$9�I �JZs�$Bt R�sk $t s {B8}s{� R��� yP
�Y$R b��� tB� �Y� {sR� �Y�t RB8� }s�YBjB�${sj tBt{B8}s{�t�RR 8$�Y� s}}�s�
$t �Y� 8BIZj$ R}s{� BP 3jB�� ��s`�{�B�$�RU �Y� tZ8A�� BP ��s`�{�B�$�R A��b��t



3jB�� YB8BjB�k PB� 8st$PBjIR b$�Y ABZtIs�k B� 7k8}j�{�${ YB8BjB�k E;

�bB B�A$�R b$�Y $tI�- I$&���t{� �JZsj �B Bt� 8$�Y� A� $tht$��� B� �Y� RJZs�� BP
�Y� 3jB�� I$&���t�$sj 8$�Y� tB jBt��� A� 9��B� G� �$%� 8B�� I��s$jR sABZ� �Y�
}�BBPR BP �Y�R� ABZtIR PB� �Y� �bB {BtR��Z{�$BtR �B PBjjBb stI $t [1�d�

N�� ZR 8�t�$Bt �Ys� st stsjB�BZR {BtR��Z{�$Bt {st A� ZR�I �B I�ht� 3jB��
YB8BjB�k ��BZ}R� qY� I$&���t�$sj b$jj A� I�ht�I s{{B�I$t� �B wd�nD wstI �Y$R $R
�Y� B�$�$tsj R��Z} BP >3<dHD� qY� RZAT{B8}j�-�R �Ys� b$jj A� }��R��%�I Ak �Y�
I$&���t�$sj s��

Bg
H� , yH
	 wI, OD )

7
\I w?Dcy

	K?L , y � �

stI �Y� 8BtB�Bt${$�k stI ��Zt{s�$Bt 8B�}Y$R8R b$jj I�ht� s I$��{� IBZAj�
RkR��8U

BI
Hy,L >
	 wJD ) j$8

��

K

j$8
��

wI, OD

BI
Hy, KH
	 wI, OD ) j$8

��

wI, OD

j$8
��

K

BI	Hy, KHwI, OD, K � � 3

qY$R I$R�$t{�$Bt A�s�R s R}�{$h{ $8}B��st{�U �Y� I$��{� j$8$� $R st �-s{�
PZt{�B�� bY$j� �Y� $t%��R� j$8$� $R ��t��sjjk Btjk j�P� �-s{� stI A�{B8�R �-s{� $P
�Y� ���8R BP �Y� I$��{��I RkR��8 s�� sjj ht$�� I$8�tR$Btsj %�{�B� R}s{�R w>e7H
]Y� zyyyD� qY$R YsR tBt��$%$sj {BtR�JZ�t{�R $t }�s{�${�U Bt� {st }�B%� PB�
�-s8}j� s �[Ztt��Y PB�8Zjs �Ys� $R %sj$I $t 3jB�� YB8BjB�k b$�Y s�A$��s�k
{B�^{$�t�R� bY$j� �Y� stsjB�BZR �[Ztt��Y PB�8Zjs YBjIR $t 3jB�� {BYB8BjB�k
Btjk b$�Y {B�^{$�t�R $t s h�jI wR�� [;�nD�

7k8}j�{�${ YB8BjB�k BP ��js�$%�jk {B8}s{� B}�t R��R $t 8st$PBjIR
b$�Y {Bt�s{� �k}� ABZtIs�k� {P� >]3<H stI >]3<GH

G� I�R{�$A� A�jBb s {BtR��Z{�$Bt $t��BIZ{�I Ak �� ]$�j$�As,� V� 3jB�� stI <�
<BP�� $t >]3<H� sR b�jj sR Bt� BP $�R %s�$st�R s}}�s�$t� $t >]3<GH�
qY� sI8$RR$Aj� <s8$j�Bt$stR PB� s ��js�$%�jk {B8}s{� B}�t R�� J | - Q (-

s�� I�ht�I $t >]3<H Ak �Y� PBjjBb$t� }�B}���$�RU

b I/
%e
 �J

c (�

b I s EwID ) 8s-I k ( $t s t�$�YABZ�YBBI BP (- �

b sjj }��$BI${ B�A$�R Rs�$RPk$t�
$ d

(
Iw0, ?w0DDQ0 c EwID s�� tBtI���t��s���

V t�$�YABZ�YBBI BP �Y� ABZtIs�k $R ��$%$sj$9�I Ak �Y� N$BZ%$jj� 4Bb � p jt
sR

D
(- d >db &, dH, QwC	MD

i
� & k (� qY� sI8$RR$Aj� sj8BR� {B8}j�- R��Z{�Z��R

s�� I�ht�I �B A� �YBR� �Ys� {st A� b�$���t t�s� �Y� ABZtIs�k sRTz
Z

Ow�,CDM� ) O( ,
Ow�,CDw

(
(C D )

d
gC�i��Aw�D , g k ( ,

Ow�,CDw�i��Aw�DD ) bgC (
(C 3

wd�dnD



3jB�� YB8BjB�k PB� 8st$PBjIR b$�Y ABZtIs�k B� 7k8}j�{�${ YB8BjB�k Ex

b$�Y O( st sj8BR� {B8}j�- R��Z{�Z�� {B8}s�$Aj� b$�Y �Y� ��R��${�$Bt BP � �B
�Y� {Bt�s{� I$R��$AZ�$Bt � Bt (- � qY�R� s�� }��{$R�jk �Y� sj8BR� {B8}j�-
R��Z{�Z��R �Ys� s�� $t%s�$st� Ak YB8B�Y��$�R w�, CD �b� w�, yCD� y k (� qY�
YB8B�B}$�R s�� s�s$t {YBR�t �B A� $t{��sR$t� $t �Y� XT%s�$sAj� stI RZ{Y �Ys��
PB� h-�I X� �Y� <s8$j�Bt$st IwX, c, cD $R BP �Y� �k}� sAB%��
qY� I�ht$�$BtR BP �Y� 3jB�� {B8}j�- stI BP �Y� w{BDYB8BjB�k ��BZ}R s��

}��P�{�jk R$8$js� �B �YBR� �Ys� b� Ys%� I�R{�$A�I PB� B}�t R��R $t Xz stI �Y�
�-$R��t{� BP �Y� g( ABZtIR PB� �Y� }s�s8����$9�I ��s`�{�B�$�R $R s�s$t �Y� {�ZT
{$sj }B$t�� yt �Y� }��R�t� R$�Zs�$Bt $� $R ��}js{�I Ak �Y� ��JZ$��8�t� �Ys� �Y�
}s�s8����$9�I 3jB�� ��s`�{�B�$�R R�sk s� ABZtI�I I$R�st{� P�B8 �Y� ABZtIs�k�
qB �Y� I$&���t{� BP �Y� }��{��I$t� {BtR��Z{�$Bt stI �Yst,R �B �Y� %��k R}�{$sj
PB�8 BP �Y� <s8$j�Bt$stR stI BP �Y� YB8B�B}$�R� s ��B8���${ s��Z8�t� AsR�I
Bt YBjB8B�}Y${ {Bt%�-$�k sjjBbR Bt� �B {Bt{jZI� �sR$jk�

*�ht$�$Bt d�n� N�� O st sj8BR� {B8}j�- R��Z{�Z�� �Ys� $R {B8}s�$Aj� b$�Y �Y�
Rk8}j�{�${ PB�8 �� V Yk}��RZ�Ps{� 
 | - $R Rs$I �B A� OT{Bt%�- $P $� {st
A� jB{sjjk b�$���t sR �Y� ���Zjs� j�%�j R�� BP s }jZ�$RZAYs�8Bt${ PZt{�$Bt $��� s
PZt{�$Bt � U- b� b bY${Y Rs�$Rh�R QQ�� � (� bY��� Q� ) O	Q�

e-s8}j�U $P - $R s 8st$PBjI b$�Y {Bt�s{� �k}� ABZtIs�k� sjj Yk}��RZ�Ps{�R
(- d IC(J | (- d >d b 6, dH s�� OT{Bt%�- b$�Y ��R}�{� �B stk sI8$RR$Aj�
sj8BR� {B8}j�- R��Z{�Z��� ytI��I� �w�, CD ) C $R }jZ�$RZAYs�8Bt${ sR QQ�C )
QwbgC	MD ) bg� � (�

qY� $t����R� BP }jZ�$RZAYs�8Bt${ PZt{�$BtR stI }R�ZIBT{Bt%�- Yk}��RZ�Ps{�R
j$�R $t �Y� PBjjBb$t� j�88s�

N�88s d�;� w<� <B}P� R�� sjRB >�{*HD N�� 
 | - A� s OT{Bt%�- Yk}��RZ�T
Ps{� stI � s wjB{sjD PZt{�$Bt BP I�ht$�$Bt bY${Y $R }jZ�$RZAYs�8Bt${� WB OT
YBjB8B�}Y${ {Z�%� ` U w;1w(, dD, 7D b� - {st Ys%� st $t���$B� R��${� �st��t{k
}B$t� b$�Y 
 $��� � p ` {sttB� Ys%� s R��${� jB{sj 8s-$8Z8�

_�BBP� N�� F ) X L 70 A� �Y� {B8}j�- {BB�I$ts�� Bt ;1w(, dD stI O( ) 7 A�
�Y� R�stIs�I {B8}j�- R��Z{�Z�� Bt �Y� I$R,� qY� {�Z{$sj w�sRkD {B8}Z�s�$Bt $R
QQ�O+

w� p `D ) b�w� p `DQX A Q0� qY� OTYBjB8B�}Y${$�k BP ` $8}j$�R QQ�O+
w� p

`D ) QO	(`
	Q� ) Q`	O	Q� ) `	QQ�O��  Z� � $R }jZ�$RZAYs�8Bt${ stI �YZR

�w� p `D w ( $��� � p ` $R }jZ�$RZAYs�8Bt${ $t �Y� {jsRR${sj R�tR�� <�t{� � p `
Rs�$Rh�R �Y� 8�st %sjZ� $t�JZsj$�k stI �Y��� {st A� tB R��${� 8s-$8Z8 �Ys� $R
s{Y$�%�I $t �Y� $t���$B� BP �Y� I$R,�

-

!t� {st ��ht� �Y$R s��Z8�t� stI }�B%� �Ys� �p` {st t�$�Y�� Ys%� st $t���$B�
8s-$8Z8� A� $� R��${� B� tB�� qY$R RYBbR �Ys� sjj 3jB�� ��s`�{�B�$�R {B���R}BtIT
$t� �B s h-�I <s8$j�Bt$st R�sk s� s ABZtI�I I$R�st{� P�B8 �Y� ABZtIs�k� qY�
s��Z8�t� ��JZ$��R RB8� PZ��Y�� ��ht�8�t� $t B�I�� �B I�sj b$�Y }s�s8����$9�I
��s`�{�B�$�R AZ� $�R AsR${ P�s�Z�� ��8s$tR �Y� ZR� BP �Y� 8s-$8Z8 }�$t{$}j�
>]3<H�



3jB�� YB8BjB�k PB� 8st$PBjIR b$�Y ABZtIs�k B� 7k8}j�{�${ YB8BjB�k EE

yt B�I�� �B ��� st $t�Z$�$Bt BP bYs� �Y� {B���R}BtI$t� $t%s�$st�R ��sjjk {B8T
}Z��� j�� ZR {BtR$I�� �Y� {sR� bY��� �Y� B}�t R�� J YsR s {Bt�s{� �k}� ABZtIs�k
sR b�jj� !t� {st �Y�t {BtR��Z{� s {Bhtsj Ps8$jk BP <s8$j�Bt$stR b$�Y s R}�{$sj
��B8���${ 8�st$t�� bYBR� PB�8 $R R,��{Y�I $t 3$�Z�� d w1D� V t�$�YABZ�YBBI
BP (J $R ��$%$sj$9�I Ak �Y� {B���R}BtI$t� N$BZ%$jj� 4Bb sR (J d >db6, dL6H stI
�Y� <s8$j�Bt$stR s�� BP �Y� PB�8 I ) _wCID� CI � >db 6, d L 6H� b$�Y _ R���}��
stI R���}�� wR�� [d�n PB� s I$R{ZRR$Bt BP tBtI���t��s{kD� ]Ys�s{���$R�${R Bt (J
s�� �Y���PB�� R��t �b${�� Bt{� Bt �Y� {Bt%�- }s�� stI Bt{� Bt �Y� {Bt{s%� }s��
BP �Y� PZt{�$Bt _�

U

M
0

m(H)H

R

1

Kλ

z

R

U

H

0

R

(2) (3)(1)

3$�Z�� dU VI8$RR$Aj� Ps8$j$�RU wdD T >3<dH� w1D T >]3<H� wnD T >z1H

<��� $R tBb �Y� Rj$�Y� 8BI$h{s�$Bt BP �Y� sAB%� I�ht$�$Bt bY${Y $R ZR�I $t
>]3<GH PB� }�B%$t� �Y� R�sA$j$�k BP �Y� s{�$Bt R}�{��Z8 PB� s {B8}s{� Rk8T
}j�{�${ 8st$PBjI b$�Y {Bt�s{� �k}� ABZtIs�k� G� I�R{�$A� $� $t %$�b BP $�R ZR�
$t [;�1� sR b�jj sR $t B�I�� �B PZ��Y�� I$R{ZRR �Y� ��j�%st{� BP �Y� I$��{�$Bt $t
bY${Y 8B�}Y$R8R �B $t 3jB�� w{BDYB8BjB�k� !t� RYBZjI tB�� �Ys� �Y$R I�ht$T
�$Bt }�BIZ{�R st $t%s�$st� BP �Y� bYBj� 8st$PBjI stI �Ys� �Y��� s�� tB B}�t
R��R $t%Bj%�I stk8B���
yt �Y$R t�b R���$t�� s }��$BI${ <s8$j�Bt$st I U %d d - b� b $R sI8$RR$Aj�

$P $� Rs�$Rh�R �Y� PBjjBb$t�U

b I � (�

b I s ( $t s t�$�YABZ�YBBI BP (- �

b sjj }��$BI${ B�A$�R ? BP �I Rs�$RPk$t�
$
?
I c ( s�� tBtI���t��s���

qY��� $R Bt� $8}B��st� ��8s�, �Ys� YsR �B A� 8sI� {Bt{��t$t� �Y$R R���$t�U
Ak I�ht$�$Bt BP �Y� sI8$RR$Aj� <s8$j�Bt$stR� �Y�k Ys%� }j�t�k BP I���t��s�� dT
}��$BI${ B�A$�R� ts8�jk {BtR�st�R $t s t�$�YABZ�YBBI BP (- b$�Y s{�$Bt �JZsj
�B (� qY$R YsR sR {BtR�JZ�t{� �Y� Ps{� �Ys� �Y� ��Zt{s��I YB8BjB�k ��BZ}R
BI	Hy, KH {sttB� }BRR$Ajk A� b�jj I�ht�I $P ( �Hy, KH� !t �Y� B�Y�� YstI� Ak
ZR$t� sI8$RR$Aj� sj8BR� {B8}j�- R��Z{�Z��R BP �Y� �k}� I�R{�$A�I sAB%� �Y�k
s�� b�jj I�ht�I $P y c K c ( B� ( � y c K� qY� 8s-$8Z8 }�$t{$}j� s}}j$�R
$t �Y$R {Bt��-� $t s I$��{� bsk �B �Y� }s�s8����$9�I 3jB�� ��s`�{�B�$�R wbY${Y
s�� YBjB8B�}Y${D t�s� �Y� ABZtIs�k stI N�88s d�; I$��{�jk �$%�R �Y� Ps{� �Ys�
w}s�s8����$9�ID ��s`�{�B�$�R R�sk s� s ABZtI�I I$R�st{� P�B8 (- �



3jB�� YB8BjB�k PB� 8st$PBjIR b$�Y ABZtIs�k B� 7k8}j�{�${ YB8BjB�k E�

VR b� tBb bst� �B j�� �Y� sI8$RR$Aj� <s8$j�Bt$stR �B �B b�� �Y� }s��$sj
B�I�� b$jj A�

I � � $& Iw0, ?D w �w0, rD 3

yP b� R�${, �B �Y� {BYB8BjB�${sj PB�8sj$R8� �Y� $t%��R� j$8$� �Ys� b� Ys%� }��T
%$BZRjk �t{BZt����I b$jj �Y���PB�� {Yst�� �B s I$��{� j$8$�� WB�� �Y� I$&���t{�
b$�Y >]3<GH bY��� s Rj$�Y� ���B� {Bt{��t$t� �Y$R }B$t� YsR PBZtI $�R bsk $t
�Y� }s}��� b$�Y tB {BtR�JZ�t{�R bYs�RB�%���

3jB�� YB8BjB�k BP 8st$PBjIR b$�Y {Bt�s{� �k}� ABZtIs�k

qY$R s}}�Bs{Y YsR A��t I�%�jB}�I Ak ]� z$���AB $t >z1H� yt {B8}s�$RBt b$�Y �Y�
}��%$BZR Bt�R� $� I$��{�jk $RBjs��R �Y� R}�{$h{ P�s�Z��R BP 3jB�� w{BDYB8BjB�k �Ys�
s�� j$t,�I �B �Y� G�$tR��$t {Bt`�{�Z�� Ak AZ$jI$t� s {B8}j�- $t bY${Y �B �%��k
{Ys�s{���$R�${ {B���R}BtIR s R$t�j� w��stR%��Rsjjk tBtI���t��s��D ��t��s�B�� G�
I�ht� �Y� Rk8}j�{�${ {B8}j��$Bt BP - sR

/- )- >(-
\di (- d >d,L�> ,

�� ) F
� Bt -

QwC	MD Bt (- d >d,L�> 3

qY� �jZ�$t� $R ��sj$9�I �Y�BZ�Y �Y� I$&�B8B�}Y$R8 wd�ED $tIZ{�I Ak �Y� N$BZT
%$jj� 4Bb� 3B�8sjjk� �Y� sI8$RR$Aj� <s8$j�Bt$stR s�� BP �Y� �k}� � �  k (
RZ{Y �Ys� � s ( Bt - � � w0, �, CD ) > wCD Bt (- d >d,L�D� b$�Y >I wCD )  
PB� C w dL stI > {Bt%�-� G� Ys%� R,��{Y�I s �k}${sj ��s}Y $t 3$�Z�� d wnD�
qY� YB8B�B}$�R s�� {YBR�t �B A� $t{��sR$t� $t �Y� X %s�$sAj� stI {Bt%�-� G�
sjRB tB�� s� �Y$R }B$t� �Ys� $� bBZjI A� �tBZ�Y �B {YBBR� <s8$j�Bt$stR �Ys� s��
j$t�s� $t �Y� C %s�$sAj� BZ�R$I� s {B8}s{� R�� B� j$t�s� s� $tht$�k�
qY� dT}��$BI${ B�A$�R BP � s�� �Y� {BtR�st�R $t �Y� $t���$B� BP - stI �Y�

{jBR�I {Ys�s{���$R�${R Bt (- Ys%$t� st s{�$Bt s� 8BR� �JZsj �B  � VR � $R
�$8� $tI�}�tI�t�� stk tBt{BtR�st� B�A$� $R s� 8BR� ��stR%��Rsjjk tBtI���tT
��s�� stI Bt� b$jj Ys%� �B �Y$t, $t }�s{�${� �B s }���Z�A�I <s8$j�Bt$st B�
Ps8$jk BP <s8$j�Bt$stR 4� � 3Zjj I��s$jR {Bt{��t$t� �Y� }���Z�As�$BtR s�� }�BT
%$I�I $t *� <��8stt:R �Y�R$R ><�dH stI �Y� ��{Yt$JZ� BP }���Z�As�$Bt $R IZ� �B
>3<GHU s tBt{BtR�st� stI ��stR%��Rsjjk tBtI���t��s�� }��$BI${ B�A$� $R �B A�
R��t sR s �B�R�T B�� {�$�${sj tBtI���t��s�� {$�{j� stI s R8sjj �$8�TI�}�tI�t�
}���Z�As�$Bt RZ}}B���I $t s t�$�YABZ�YBBI b$jj XA��s," �Y� {$�{j� $t�B �bB
tBtI���t��s�� }��$BI${ B�A$�R� {B���R}BtI$t� �B �Y� {�$�${sj }B$t�R BP s �B�R�
PZt{�$Bt Bt %d� �B�� �-}jsts�$BtR Bt �Y$R }B$t� BP %$�b s�� �$%�t $t R�{�$Bt n�
bY��� b� }��PB�8 �Y� Rs8� ,$tI BP }���Z�As�$Bt PB� �B�R�T B�� tBtI���t��s��
R}Y���R� tB� Btjk {$�{j�R� qY� }���Z�A�I <s8$j�Bt$stR 4� Rs�$RPk

b 4� � 4� I $P  �  I�

b w 4� D k( $R s {Bhtsj Ps8$jk s8Bt� �Y� <s8$j�Bt$stR I U %d d /- b� b

bY${Y %��$Pk I c ( Bt - Q (- �



3jB�� YB8BjB�k PB� 8st$PBjIR b$�Y ABZtIs�k B� 7k8}j�{�${ YB8BjB�k EM

qY� sI8$RR$Aj� sj8BR� {B8}j�- R��Z{�Z��R s�� {YBR�t �B A� BP �Y� PB�8 wd�dnD
BZ� BP s {B8}s{� R��� qY� �-$R��t{� BP g( ABZtIR {B8�R P�B8 �Y� Ps{� �Ys��
PB� ��t��${ %sjZ�R BP  � �Y��� s�� tB {Ys�s{���$R�${R BP }��$BI  Bt (- � VR s
{BtR�JZ�t{�� �Y� dT}��$BI${ B�A$�R BP � s�� sjj jB{s��I $t s t�$�YABZ�YBBI BP
- � qY� 3jB�� ��s`�{�B�$�R �Ys� {Btt�{� RZ{Y dT}��$BI${ B�A$�R {BZjI j�s%� �Y�
��R}�{�$%� t�$�YABZ�YBBI Btjk Ak Ys%$t� st $t���$B� �st��t{k b$�Y s {���s$t
(-dIC(J� s }Y�tB8�tBt bY${Y $R PB�A$II�t Ak �Y� N�88s A�jBb� AsR�I s�s$t
Bt �Y� 8s-$8Z8 }�$t{$}j��

N�88s d�x� >z1H Vtk RBjZ�$Bt ` U w;1w(, dD, 7D b� (-d >db6, �> BP 3jB��:R
�JZs�$Bt

`X L O`0 b UIwX, 0, `wX, 0DD ) (

b$�Y O s R�stIs�I sj8BR� {B8}j�- R��Z{�Z��� IwX, 0, �, CD ) _wX, 0, CD stI
(3_
(X(C w ( {sttB� Ys%� s R��${� $t���$B� �st��t{k b$�Y RB8� (- d IC(J�

_�BBP� yt bYs� PBjjBbR b� RYsjj I�tB�� Ak _I� _II �Y� I��$%s�$%�R BP _ b$�Y
��R}�{� �B C� G� }Z� W ) C p ` stI b� RYBb �Ys� $� {sttB� Ys%� st $t���$B�
R��${� 8s-$8Z8 }B$t�� !t� h�R� {B8}Z��R

UIwX, 0, `D ) gW_IwX, 0, WD
(

(C
,

$t %$�b BP
ee (
(C

ee1
) d

gC � G� �Y���PB�� Ys%� `X L O`0 b gW_I ((C ) ( bY${Y� Ak
s}}jk$t� QC stI O � �$%�R

(XW b gwC p `D	w`0Db gW_I ) (

stI
(0W L gwC p `D	w`XD ) ( 3

G� s}}jk (
(X �B �Y� h�R� �JZs�$Bt�

(
(0 �B �Y� R�{BtI stI RZ8 Z}U

( ) �W b g
p
(X

D
wC p `D	`w`0D

i
b (0

D
wC p `D	`w`XD

iQ
b g(X

D
W_I

i
) �W b g

p
`X

D
wC	Dw`0D

i
b `0

D
wC	Dw`XD

iQ
b g(X

D
W_I

i
) �W b g

D
QwC	Dw`X, `0Db wC	Dw>`X, `0HD

i
b g(X

D
W_I

i
) �W b g

D
M`XM

1 b QwC	Dw`X, _
I�i��AD

i
b g(X

D
W_I

i
) �W b gM`XM

1 L gQCw`XD_
I b g(XW_

I b gW
(1_

(X(C
b gW_II(XW

) �W b gM`XM
1 b gW

(1_

(X(C
b gW_II(XW 3

G� Ys%� ZR�I >`X, `0H ) ( stI `0 ) O`X b_I�i��A $t �Y� PBZ��Y �JZsj$�k� G�
htsjjk ���

�W b gW_IIwX, 0, WD(XW ) gM`XM
1 L gW

(1_

(X(C
w ( ,



3jB�� YB8BjB�k PB� 8st$PBjIR b$�Y ABZtIs�k B� 7k8}j�{�${ YB8BjB�k E�

b$�Y �Y� jsR� $t�JZsj$�k YBjI$t� }��{$R�jk IZ� �B �Y� Yk}B�Y�R$R (3_
(X(C w (� qYZR

W Rs�$Rh�R �Y� �jj$}�${ $t�JZs�$Bt BP R�{BtI B�I�� b$�YBZ� 9��B B�I�� ���8

�W b gW_IIwX, 0, WD(XW w ( ,

bY${Y BA%$BZRjk $8}j$�R �Ys� W {sttB� Ys%� st $t���$B� R��${� 8s-$8Z8�
-

G� I�ht� sR sAB%� �Y� ��BZ}R BI	Hy,L >w-D� b� � y c �� qY� t�b
}Y�tB8�tBt $R �Ys� �Y�k s�� $tI�}�tI�t� BP y sR RBBt sR y c (� qY� �-}jsts�$Bt
$R %��k R$8}j�U �Y� ���8R BP �Y� {Bhtsj Ps8$jk �Ys� b� {BtR$I�� sjj Ys%� dT
}��$BI${ B�A$�R b$�Y s{�$Bt A$���� �Yst b&� b$�Y & k ( s�A$��s�$jk h-�I� ytI��I�
�Y� B�A$�R s�� BP �bB �k}�RU Bt �Y� Bt� YstI �Y� {�$�${sj }B$t�R BP I $t �Y�
$t���$B� BP - � b$�Y t��s�$%� s{�$Bt {jBR� �B 9��B� Bt �Y� B�Y�� YstI �Y� B�A$�R
{B���R}BtI$t� �B {jBR�I {Ys�s{���$R�${R Bt (- � bYBR� s{�$Bt $R s}}�B-$8s��jk
�JZsj �B �Y� w}BR$�$%�D s��s BP �Y� js���� Bt�R� !t� RYBZjI A�s� $t 8$tI s� �Y$R
}B$t� �Ys� �Y� s{�$Bt BP s dT}��$BI${ B�A$� s}}�s�$t� Bt s j�%�j C $R

\ ) C_IwCDb _wCD 3

G� �Y���PB�� Ys%�

BI	w-D ) BI	Hy,L >w-D, y c ( 3

1 ]B88�t�R stI PZ��Y�� }�B}���$�R

1�d g( ABZtIR

VR b� Ys%� }B$t��I BZ� ��}�s��Ijk� �Y� {�Z{$sj $t���I$�t� $t �Y� {BtR��Z{�$Bt BP
s 3jB�� w{BDYB8BjB�k �Y�B�k PB� 8st$PBjIR b$�Y ABZtIs�k $R �Y� �-$R��t{� BP s
}�$B�$ g( ABZtIR PB� 3jB�� ��s`�{�B�$�R� qY� ��B8���${ }R�ZIBT{Bt%�-$�k s��ZT
8�t� BP >z1H YsR �B A� 8BI$h�I $t s tBt��$%$sj 8stt�� $P Bt� b$RY�R �B �-��tI
�Y� {jsRR BP sI8$RR$Aj� <s8$j�Bt$stR stI I�PB�8s�$BtR Ak sjjBb$t� s 8B�� ��tT
��sj I�}�tIst{� Bt X B� � $t IwX, 0, �, CD� qY$R 8B�$%s��R �Y� sII$�$Btsj bB�,
$t >3<dH stI >]3<H� Bt bY${Y b� Ys%� tB� �$%�t PZjj I��s$jR� W�%���Y�j�RR� RB8�
%s�$st� BP �Y� 8s-$8Z8 }�$t{$}j� �t���R $t AB�Y {Bt��-�RU >3<dH _�B}� M stI
>]3<H }� dd(� G� 8�t�$Bt �Ys� �Y� $I�sR $t >3<dH� }}� ;MTxE {st A� sIs}��I
�B �Y� R���$t� BP >z1H $t B�I�� �B �R�sAj$RY �Y� g( ABZtIR PB� XsRk8}�B�${sjjk
j$t�s� <s8$j�Bt$stR" wR�� >!H [d�1D�

1�1 i�js�$BtR A��b��t I$&���t� Rk8}j�{�${ YB8BjB�$�R

*� <��8stt ><�1H [;�n }�B%�R �Ys� �Y� YB8BjB�k ��BZ}R I�ht�I $t >3<dH PB�
s ABZtI�I B}�t R�� J | Xz {B$t{$I� b$�Y �Y� Bt�R I�ht�I $t >z1H $P J YsR



3jB�� YB8BjB�k PB� 8st$PBjIR b$�Y ABZtIs�k B� 7k8}j�{�${ YB8BjB�k �(

��R��${��I {Bt�s{� �k}� ABZtIs�k� �B��B%��� �Y$R YBjIR PB� stk h-�I �st�� BP
�Y� s{�$Bt� qY� }�BBP �B�R Ak �-Y$A$�$t� s {Bhtsj R�JZ�t{� BP <s8$j�Bt$stR
w3$�Z�� 1D �Ys� s�� sI8$RR$Aj� $t �Y� R�tR� BP >3<dH stI bYBR� }��$BI${ B�A$�R
Psjj $t �bB {jsRR�RU Bt Bt� R$I� B�A$�R Ys%$t� }BR$�$%� B� {jBR� �B 9��B s{�$Bt
wBP �k}� y stI yyD� Bt �Y� B�Y�� R$I� B�A$�R bYBR� s{�$Bt ��tIR Zt$PB�8jk �B
b� stI bY${Y �Y���PB�� IB tB� {BZt� $t �Y� 3jB�� {B8}j�- wBP �k}� yyy� yz
stI zD� qY$R $R }BRR$Aj� b$�Y s RZ$�sAj� {YB${� BP �Y� }s�s8����R \� 4� 	 stI
 � qY� {Bhtsj R�JZ�t{� $R {BtR��Z{��I RB �Ys� �Y� B�A$�R BP �Y� h�R� ,$tI s��
sjRB B�A$�R BP s <s8$j�Bt$st �Ys� $R sI8$RR$Aj� $t �Y� R�tR� BP >z1H stI �Y�
$RB8B�}Y$R8 A��b��t �Y� 3jB�� YB8BjB�k ��BZ}R $R $tIZ{�I Ak st $RB8B�}Y$R8
�Ys� YBjIR s� �Y� j�%�j BP {B8}j�-�R� !t� {BtR�JZ�t{� BP �Y$R $I�t�$h{s�$Bt $R
�Y� $tI�}�tI�t{� BP BI	Hy,L >wJD b$�Y ��R}�{� �B y c ( bY�t J YsR ��R��${��I
{Bt�s{� �k}� ABZtIs�k�
y ,tBb BP tB R$8$js� {BtR��Z{�$Bt bY${Y $I�t�$h�R �Y� YB8BjB�k ��BZ}R I�ht�I

$t >]3<H stI >z1H� qY� dT}��$BI${ B�A$�R {st tB jBt��� A� R�}s�s��I $t s RZ$�sAj�
PsRY$Bt Ak �Y� s{�$Bt sR $t ><�1H stI� PB� �Y� Rs8� ��Zt{s�$Bt Ak �Y� s{�$Bt�
�Y� {B8}j�- I�ht�I $t >]3<H ��t��sjjk $t%Bj%�R R��${�jk 8B�� B�A$�R �Yst �Y�
Bt� $t >z1H� qY� }��R�t{� BP �-��s ��t��s�B�R $t �Y� 3jB�� {B8}j�- �s$R�R �Y�
}�BAsA$j$�k �Ys� X$t����R�$t�" w$��� ��B8���${D ��t��s�B�R A� ,$jj�I $t YB8BjB�k�
yt �Y$R R�tR� �Y� YB8BjB�k I�ht�I $t >z1H YsR s 8B�� ��B8���${ 4s%BZ� �Yst
�Y� Bt� BP >]3<H�

S S’

I

III IV V

II
BA1

µ

λ

3$�Z�� 1U ]Bhtsj Ps8$jk ><�1H PB� �Y� $RB8B�}Y$R8 >3<dHT>z1H� C stI CI s��
�Y� {BB�I$ts��R sjBt� �Y� N$BZ%$jj� h�jI BP J stI sjBt� �Y� �sI$sj h�jI $t Xz

!t� {�Z{$sj P�s�Z�� BP �Y� I�ht$�$BtR $t >]3<� ]3<GH $R �Ys� �Y�k s�� $tT
��$tR${ stI I�}�tI Btjk Bt �Y� $t���$B� BP �Y� 8st$PBjI� qY$R b$jj A� {�Z{$sj
$t }�B%$t� �Y� R�sA$j$�k BP �Y� s{�$Bt R}�{��Z8 wR�� [;�1D� yt {B8}s�$RBt� �Y�
I�ht$�$Bt $t >3<dH $R $tY���t�jk �-��$tR${� bY$j� �Y� Bt� $t >z1H $R $t��$tR${
AZ� I�}�tIR Bt �Y� ABZtIs�k sR b�jj� VR s I�sbAs{,� $t �Y� YB8BjB�k BP
>]3<� ]3<GH �%��k ��B8���${ ��t��s�B� Bt �Y� ABZtIs�k s}}�s�R �b${� stI
�Y$R 8sk {sZR� RB8� jBRR BP $tPB�8s�$Bt bY�t {B8}Z�$t� �Y� �jBAsj YB8BjB�k�



3jB�� YB8BjB�k PB� 8st$PBjIR b$�Y ABZtIs�k B� 7k8}j�{�${ YB8BjB�k �d

N�� ZR ��8s�, s� �Y$R }B$t� �Ys� $� bBZjI A� $t����R�$t� �B htI s %��R$Bt
BP YB8BjB�k �Ys� bBZjI I�}�tI Btjk Bt �Y� $t���$B� BP �Y� 8st$PBjI stI �Ys�
bBZjI ZR� s {B8}j�- $t bY${Y �%��k ��B8���${ ��t��s�B� �t���R �-s{�jk Bt{��
qY$R {BZjI j�sI �B �B}BjB�${sj BAR��Z{�$BtR PB� Rk8}j�{�${ hjj$t�R� sR b�jj sR �B
{Btt�{�$BtR b$�Y {Bt�s{� YB8BjB�k�

1�n yt%s�$st{� �Y�BZ�Y $RB�B}$�R

3jB�� YB8BjB�k Rs�$Rh�R �bB $8}B��st� $t%s�$st{� }�B}���$�R� b$�Y ��R}�{� �B
I�PB�8s�$BtR BP �Y� <s8$j�Bt$stR stI b$�Y ��R}�{� �B I�PB�8s�$BtR BP �Y� Rk8T
}j�{�${ PB�8R� G� RYsjj R�s�� �Y�8 }��{$R�jk A�jBb� qY� <s8$�Bt$st $t%s�$st{�
$R %sj$I ZtI�� 8B�� ��t��sj Yk}B�Y�R$R �Yst �Y� Bt�R sIB}��I Y���� $t }s��${Zjs�
PB� RB8� YB8B�B}$�R �Ys� s�� tB� t�{�RRs�$jk $t{��sR$t��  Z� PB� BZ� t��IR �Y�
��RZj�R A�jBb b$jj IB� WB�� �Ys� $� IB�R tB� 8s���� bY��Y�� Bt� bB�,R b$�Y �Y�
I�ht$�$Bt $t >]3<H B� b$�Y �Ys� $t >z1H�

qY�B��8 1�d� >z1H N�� IwXD� X � >(, dH A� st sI8$RR$Aj� I�PB�8s�$Btw{P�
[d�nD� RZ{Y �Ys� �Y� dT}��$BI${ B�A$�R BP �IwXD� X � >(, dH sjj R�sk $t s h-�I

{B8}s{� R��� N�� yX� KX A� {Bt�$tZBZR Ps8$j$�R BP }s�s8����R $t b RZ{Y �Ys�
IwXD YsR tB dT}��$BI${ B�A$�R b$�Y s{�$Bt �JZsj �B yX B� KX� qY��� $R s {stBt$T
{sj $RB8B�}Y$R8

BI	Hye, KeHwIdD
�

b� BI	Hy+, K+HwI(D ,

BA�s$t�I $t �Y� ZRZsj 8stt�� Ak {BtR$I��$t� RBjZ�$BtR BP �Y� �JZs�$BtR wd�M T
d��D�

!t� RYBZjI tB�� �Ys� b� RZ}}BR� $t }s��${Zjs� I( � Id� G� j�s%� $� �B �Y�
��sI�� �B �-��s{� P�B8 �Y� {B8}Z�s�$BtR �$%�t $t �Y� t�-� R�{�$Bt s ��sIkT8sI�
�-s8}j� RYBb$t� �Ys� $� $R �RR�t�$sj �B ��JZ$�� �Ys� sjj dT}��$BI${ B�A$�R R�sk $t
s h-�I {B8}s{� R���
qY� $t%s�$st{� BP 3jB�� YB8BjB�k b$�Y ��R}�{� �B I�PB�8s�$BtR BP �Y� Rk8T

}j�{�${ PB�8 $R {jBR�jk ��js��I �B �Y� }��{�I$t� ��RZj�� y� {st A� �$%�t s Y�Z�$R�${
$t���}���s�$Bt Ak �s,$t� yX s b�� KX s L�U

qY�B��8 1�1� >z1H N�� - A� s {B8}s{� Rk8}j�{�${ 8st$PBjI b$�Y ABZtIs�k
stI �X� X � >(, dH st $RB�B}k BP Rk8}j�{�${ PB�8R b$�Y ��R}�{� �B bY${Y �Y�
ABZtIs�k (- $R BP {Bt�s{� �k}�� qY��� $R st $RB8B�}Y$R8 BI	w-, �(D 

BI	w-, �dD A��b��t �Y� tBt��Zt{s��I 3jB�� YB8BjB�$�R {B���R}BtI$t� �B �(

stI �d�

qY� $RB8B�}Y$R8 $R s�s$t BA�s$t�I Ak {BZt�$t� RBjZ�$BtR BP st �JZs�$Bt �Ys�
$R %��k 8Z{Y R$8$js� �B wd�MD� y� $R {�Z{$sj �B bB�, b$�Y �Y� tBt��Zt{s��I
YB8BjB�k $t B�I�� PB� �Y� 8B�}Y$R8 �B A� b�jj I�ht�I� y� $R sjRB $8}B��st� �B
tB�� �Ys� �Y� $RB�B}k 8ZR� tB� t�{�RRs�$jk }��R��%� �Y� {BYB8BjB�k {jsRR BP �Y�
Rk8}j�{�${ PB�8� N�� ZR sjRB A�s� $t 8$tI �Y� PBjjBb$t� ZR�PZj {B�Bjjs�k bY${Y
RYBbR �Ys� �Y� tBt��Zt{s��I 3jB�� YB8BjB�k BP s 8st$PBjI b$�Y ABZtIs�k -



3jB�� YB8BjB�k PB� 8st$PBjIR b$�Y ABZtIs�k B� 7k8}j�{�${ YB8BjB�k �1

$R $t Ps{� st $t%s�$st� BP $�R {B8}j��$Bt /- � qY� ��RZj� $R R�s��I PB� B}�t R��R
b$�Y R8BB�Y ABZtIs�k Btjk PB� �Y� Rs,� BP s}}jk$t� �Y� sAB%� �Y�B��8 sR
RZ{Y� sj�YBZ�Y $� $R ��Z� PB� ��t��sj B}�t R��R $P Bt� RZ$�sAjk I�ht�R �Y� 3jB��
YB8BjB�k ��BZ}R� VR s R$I� ��8s�,� tB�� �Ys� �Y� $t%s�$st{� b$�Y ��R}�{� �B
I�PB�8s�$BtR BP �Y� Rk8}j�{�${ PB�8 �s$R�R �Y� JZ�R�$Bt BP �Y� I$&���t�$sAj�
$t%s�$st{� BP 3jB�� YB8BjB�k BP 8st$PBjIR b$�Y ABZtIs�k�

]B�Bjjs�k 1�n� N�� J, J I A� �bB B}�t R��R b$�Y R8BB�Y ABZtIs�k $t /- bY${Y
Rs�$RPk �Y� PBjjBb$t� {BtI$�$BtRU

b (J stI (J I s�� {Bt�s$t�I $t �Y� IB8s$t BP I�ht$�$Bt BP �Y� N$BZ%$jj�
%�{�B� h�jI �-��tI�I �B /- sR C (

(C �

b �Y� N$BZ%$jj� %�{�B� h�jI $R ��stR%��R� stI BZ�bs�I }B$t�$t� sjBt� (J, (J I�

qY�t
BI	wJD 
 BI	wJ ID 3

_�BBP� !t� {st ��sj$R� s I$&���t�$sAj� $RB�B}k A��b��t J stI J I sjBt�
�Y� N$BZ%$jj� %�{�B� h�jI� qY$R {B���R}BtIR �B st $RB�B}k BP Rk8}j�{�${ PB�8R
Bt J R�s��$t� P�B8 $�R $t$�$sj Rk8}j�{�${ PB�8 �( stI �tI$t� �B �Y� Bt� $tT
IZ{�I P�B8 J I� I�tB��I Ak �d� qY� $t%s�$st{� �Y�B��8 �tRZ��R BI	wJ, �(D 

BI	wJ, �dD�  Z� wJ, �dD stI wJ

I, �(D s�� Rk8}j�{�B8B�}Y${ stI Y�t{� b�
sjRB Ys%� BI	wJ, �dD 
 BI	wJ I, �(D�

-

n V {B8}Z�s�$BtU AsjjR $t Xz

qY� 3jB�� {BYB8BjB�k ��BZ}R BI	Hy, KH BP �Y� Asjj;
1z | Xz Ys%� A��t {B8}Z��I

PB� �Y� h�R� �$8� $t >3<GH� �B���Y�� b$�Y �YBR� BP �jj$}RB$IR stI }BjkI$R{R� PB�
s�A$��s�k y, K � b� qY� tBt��Zt{s��I {BYB8BjB�k ��BZ}R %st$RYU BI	w;1zD )
(� qY� 8��YBI BP >3<GH {BtR$R�R $t s}}�B-$8s�$t� �Y� Asjj Ak �jj$}RB$IR bYBR�
{Ys�s{���$R�${R s�� ��stR%��Rsjjk tBtI���t��s��� qY� YB8BjB�k BP �Y� js����
$R R�ZI$�I Ak {BtR$I��$t� }���Z�A�I <s8$j�Bt$stR bYBR� tBt��$%$sj dT}��$BI${
B�A$�R s�� tBtI���t��s�� stI {B8� $t }s$�R bY${Y {B���R}BtI �B ��stR%��Rsjjk
tBtI���t��s�� {Ys�s{���$R�${R� qY� �bB dT}��$BI${ B�A$�R $t s }s$� {B���R}BtI
�B �Y� �bB {�$�${sj }B$t�R BP s �B�R� PZt{�$Bt I�ht�I Bt �Y� {B���R}BtI$t�
{Ys�s{���$R�${� bY${Y $R $I�t�$h�I b$�Y %d� qY� I$&���t{� A��b��t �Y�$� ]Btj�kT
��YtI�� $tI${�R $R �JZsj �B d ) I$8 %d� qY� Rs8� }���Z�As�$Bt ��{Yt$JZ� $R
ZR�I $t >]3<GH $t �Y� }�BBP BP �Y� R�sA$j$�k BP �Y� s{�$Bt R}�{��Z8 BP �Y�
ABZtIs�k BP s Rk8}j�{�${ 8st$PBjI�
qY� {jBR�I {Ys�s{���$R�${R Bt �Y� R}Y��� %1z�d ) (;1z s�� �Y� ���s� {$�{j�R

�B���Y�� b$�Y �Y�$� }BR$�$%� 8Zj�$}j�R� qY�k s}}�s� $t Ps8$j$�R �Ys� s�� }s�s8T
����$9�I Ak �Y� R}Y��� %1z�d $�R�jP� G� RYsjj }��R�t� $t R�{�$Bt n�n s bsk BP
}���Z�A$t� �Y� ts�Z�sj <s8$j�Bt$stR IwFD ) _wMFM1D RZ{Y �Ys� �%��k 8st$PBjI



3jB�� YB8BjB�k PB� 8st$PBjIR b$�Y ABZtIs�k B� 7k8}j�{�${ YB8BjB�k �n

BP {jBR�I {Ys�s{���$R�${R }�BIZ{�R �bB tBtI���t��s�� }��$BI${ B�A$�R� bYBR� I$PT
P���t{� BP ]Btj�kT��YtI�� $tI${�R $R �JZsj �B 1z b d ) I$8%1z�d� qY$R $R �Y�
Y$�Y�� I$8�tR$Btsj stsjB�Z� BP �Y� }���Z�As�$Bt 8��YBI $t >3<GH� qY� $t���T
�R� BP �Y$R }B$t� BP %$�b j$�R $t �Ys� $� sjjBbR Bt� �B ZtI��R�stI �Y� %st$RY$t�
BP �Y� 3jB�� YB8BjB�k BP �Y� Asjj b$�YBZ� ZR$t� sR st $t���8�I$s�� $t���I$T
�t� �Y� YB8BjB�k BP �jj$}RB$IR� y� sjRB $t%Bj%�R RB8� $t����R�$t� {B8}Z�s�$BtR
BP ]Btj�kT��YtI�� $tI${�R stI 8sk R��%� sR s YstIRTBt �-s8}j� PB� �Y� {BtT
R��Z{�$BtR $t >_BH [n�; stI > _7H [x�1 bY${Y {B8}Z�� �Y� jB{sj 3jB�� YB8BjB�k
BP s Ns��st�$st $t���R�{�$Bt stI� ��R}�{�$%�jk� BP s <s8$j�Bt$st sI8$��$t� s
�B�R�T B�� tBtI���t��s�� 8st$PBjI BP dT}��$BI${ B�A$�R�

n�d i�{Bjj�{�$BtR Bt �Y� iBAA$tT7sjs8Bt $tI�-

G� ��8$tI �Ys� �Y� ]Btj�kT��YtI�� $tI�- $R st $t����� �Ys� $R sRRB{$s��I �B s
}s�Y BP Rk8}j�{�${ 8s��${�R R�s��$t� s� yI stI �tI$t� s� s 8s��$- � RZ{Y �Ys�
I��wyI b �D �) (� qY$R $R }��{$R�jk �Y� R$�Zs�$Bt �t{BZt����I sP��� j$t�s�$9$t�
�Y� <s8$j�Bt$st 4Bb sjBt� s tBtI���t��s�� }��$BI${ B�A$��
G� RYsjj {B8}Z�� A�jBb RB8� ]Btj�kT��YtI�� $tI${�R �Y�BZ�Y �Y� $t���8�T

I$s�� BP �Y� iBAA$tT7sjs8Bt $tI�- >i7dH� qY� js���� ��t��sj$9�R �Y� ]Btj�kT
��YtI�� $tI�- �B s�A$��s�k }s�YR $t 7}w1z, bD� qY� ��sI�� {st {BtRZj� >71H
[1�;� PB� s ��%$�b BP �Y� AsR${ }�B}���$�R BP �Y� ]Btj�kT��YtI�� $tI�- stI PB�
$�R {B8}Z�s�$Bt ZR$t� {�BRR$t� tZ8A��R� sR b�jj sR >i7dH PB� s {B8}j��� s{{BZt�
Bt �Y� iBAA$tT7sjs8Bt $tI�-� G� RYsjj R,��{Y Y��� Btjk �Y� Ps{�R �Ys� s�� ZR�I
$t �Y� R�JZ�j�
qY� iBAA$tT7sjs8Bt $tI�- 7pCw�D BP st s�A$��s�k }s�Y BP Rk8}j�{�${ 8s��$T

{�R � U >(, dH b� 7}w1zD $R I�ht�I sR �Y� $tI�- BP �Y� Ns��st�$st }s�Y ��w�D
$t wb1z d b1z, wb�D j �D ��js�$%� �B �Y� I$s�Btsj � ) Iw�, �D U � � b1zJ�
y�R {B8}Z�s�$Bt 8s,�R ZR� BP �Y� tB�$BtR BP R$8}j� {�BRR$t� stI {�BRR$t� PB�8�
V {�BRR$t� $R s tZ8A�� 0 � >(, dH RZ{Y �Ys� ���w0D ?� �) ( B� �jR� ,��wyI b

�w0DD �) (� qY� {�BRR$t� PB�8 s� s {�BRR$t� 0( $R �Y� JZsI�s�${ PB�8 �w�, 0(D U
,��wyIb�w0DD b� b I�ht�I Ak

�w�, 0(Dw8D ) �(w8, ��w0(D8D 3

Vtk }s�Y $t 7}w1z, bD $R RBjZ�$Bt �B s I$&���t�$sj �JZs�$Bt ��w0D ) O(Cw0D�w0D�
b$�Y Cw0D s Rk88���${ 8s��$-� !t� {st �Y���PB�� b�$��

�w�, 0(Dw8D ) K8, Cw0(D8L 3

V {�BRR$t� 0( $R {sjj�I R$8}j� $P �Y� {�BRR$t� PB�8 �w�, 0(D $R tBtI���t��s��� V
R$8}j� {�BRR$t� $R t�{�RRs�$jk $RBjs��I�
Vtk }s�Y � $R YB8B�B}${ b$�Y h-�I �tI }B$t�R �B s }s�Y Ys%$t� Btjk R$8}j�

{�BRR$t�R� qY� $tI�- 7pCw�D BP s }s�Y Ys%$t� Btjk R$8}j� {�BRR$t�R $R I�ht�I
�B A�

7pCw�D )
d

1
R$�t�w�, (D L

3
(c0cd

R$�t�w�, 0D L
d

1
R$�t�w�, dD ,



3jB�� YB8BjB�k PB� 8st$PBjIR b$�Y ABZtIs�k B� 7k8}j�{�${ YB8BjB�k �;

bY��� �Y� RZ88s�$Bt �ZtR B%�� sjj R$8}j� {�BRR$t�R BP �� G� ��{sjj �Ys� �Y� R$�T
ts�Z�� BP s tBtI���t��s�� JZsI�s�${ PB�8 $R �Y� I$&���t{� A��b��t �Y� tZ8A��
BP $�R }BR$�$%� �$��t%sjZ�R stI �Y� tZ8A�� BP $�R t��s�$%� �$��t%sjZ�R�
qY� 8s$t P�s�Z��R BP �Y� iBAA$tT7sjs8Bt $tI�- s�� �Y� PBjjBb$t��

$� sII$�$%$�k ZtI�� {Bt{s��ts�$BtR BP }s�YRU 7pCw�M>y, KHD L 7pCw�M>K, �HD )
7pCw�M>y, �HD �

$$� 7pC {Ys�s{���$9�R }s�YR Z} �B YB8B�B}k b$�Y h-�I �tI }B$t�R �

$$$� sII$�$%$�k ZtI�� }�BIZ{�RU 7pCw�
I j�IID ) 7pCw�

ID L 7pCw�
IID �

n�1 *$��{� {B8}Z�s�$Bt BP �Y� {BYB8BjB�k BP s Asjj

qY� s��Z8�t� �Ys� b� }��R�t� A�jBb s}}�s�R $t >3<GH stI >z1H� N�� ZR
$I�t�$Pk Xz b$�Y b1z Ak sRRB{$s�$t� �B F ) ? L 7r� ?, r � bz �Y� %�{�B�
w?d, 3 3 3 , ?z, rd, 3 3 3 , rzD� G� {BtR$I�� Bt Xz �Y� R�stIs�I Rk8}j�{�${ PB�8
�( )

�z
7)d Q?7 A Qr7 b$�Y $�R }�$8$�$%� 	( )

d
1

�z
7)d ?7Qr7 b r7Q?7� qY� sRRBT

{$s��I N$BZ%$jj� %�{�B� h�jI �wFD ) d
1F� F � Xz $R ��stR%��R� �B sjj �Y� R}Y���R

�Ys� s�� {�t����I s� �Y� B�$�$t� G� RYsjj ZR� �Y� R�stIs�I sj8BR� {B8}j�- R��Z{T
�Z�� �$%�t Ak {B8}j�- 8Zj�$}j${s�$Bt b$�Y 7 $��� Ow?d, 3 3 3 , ?z, rd, 3 3 3 , rzD )
wbrd, 3 3 3 , brz, ?d, 3 3 3 , ?zD� qY� i��A %�{�B� h�jI Bt %1z�d $R �i��AwFD ) 1OF
stI $�R {jBR�I B�A$�R s�� �Y� ���s� {$�{j�R stI �Y�$� }BR$�$%� 8Zj�$}j�R� b$�Y s{�$Bt
>$� > � L	� y� $R {j�s�jk }BRR$Aj� �B {BtR��Z{� s {Bhtsj Ps8$jk BP <s8$j�Bt$T
stR BP �Y� PB�8 I	wFD ) 'wMFM1D� b$�Y ' U >(, �>b� b Rs�$RPk$t� 'M>(, dH c (�
'II w (� 'IM>dL6, > ) 	� 'IM>(, dL6D k (� 6 ) 6w	D k (� GY�t 	 k ( $R tB� s
8Zj�$}j� BP $ �Y� dT}��$BI${ B�A$�R BP I	 s�� }s�s8����$9�I Ak �Y� {�$�${sj }B$t�
( w�Y� {BtR�st� B�A$�D stI �Y� R}Y���R IF U 'IwMFM1D ) q$J� d � q � > bY���
>$ c 	 c w> L dD$�
N�� �Y���PB�� 	 �) >$ stI �s,� K RZ^{$�t�jk js��� {B8}s��I �B 	� G� {js$8

�Ys�

BI	H� , KHwI	D ) BI	H� , KHw	MFM1 b �D , wn�dD

bY��� ( c � � d $R s {BtR�st� RZ{Y �Ys� 	MFM1 b � � I	� WB�� �Ys� $� $R sjbskR
}BRR$Aj� �B {YBBR� � � d $P 	 $R js��� �tBZ�Y� IZ� �B �Y� {Bhtsj$�k BP �Y� Ps8$jk
wI	D	� G� {st {Btt�{� 	MFM1 b � b$�Y I	 �Y�BZ�Y st sI8$RR$Aj� YB8B�B}k
BP <s8$j�Bt$stR BP �Y� Rs8� �k}� sR I	� qY� }��$BI${ B�A$�R �Ys� s�� {��s��I
{B���R}BtI �B {jBR�I {Ys�s{���$R�${R Bt %1z�d stI b� �sR$jk R�� �Ys� �Y�$� s{�$Bt
b$jj tB� {�BRR K $P �Y� js���� $R js��� �tBZ�Y w���� K k 	L d PB� BZ� {YB${� BP �D�
qY� $RB�B}k $t%s�$st{� �Y�B��8 1�d $8}j$�R wn�dD�
yt B�I�� �B h- $I�sR� j�� ZR RZ}}BR� �Ys� >$ c 	 c w>LdD$� qY� <s8$j�Bt$st

<	 ) 	MFM1 b � YsR s Zt$JZ� dT}��$BI${ B�A$�U �Y� {BtR�st� F ) (� G� Ys%� R��t
sAB%� �Ys� �Y� ts�Z�sj ��sI$t� Bt 3jB�� w{BDYB8BjB�k $R �$%�t Ak �Y� ]Btj�kT
��YtI�� $tI�- �s,�t b$�Y B}}BR$�� R$�t� qY$R s8BZt�R �B �Y� {B8}Z�s�$Bt BP
�Y� $tI�- BP �Y� dT}��$BI${ B�A$�R BP �Y� %�{�B� h�jI b�<	

wFD ) 1	OF� bYBR�
4Bb $R �0wFD ) �17	0F� y�R j$t�s�$9s�$Bt $R Q�0wFD c V ) �17	0V � B�



3jB�� YB8BjB�k PB� 8st$PBjIR b$�Y ABZtIs�k B� 7k8}j�{�${ YB8BjB�k �x

Q�0 )

C
hhhhhH

w
{BR 1	0 b R$t 1	0
R$t 1	0 {BR 1	0

W
(

� � �

(

w
{BR 1	0 b R$t 1	0
R$t 1	0 {BR 1	0

W

I
nnnnnO

qY� ]Btj�kT��YtI�� $tI�- $R 7g.wQ�0D ) z c 7g.

p w
{BR 1	0 b R$t 1	0
R$t 1	0 {BR 1	0

W Q
)

zw1> L dD U �Y� }s�Y 0 �� �17	0 $t 7}w1, bD YsR > $t���$B� {�BRR$t�R s� 0 ) q$b	�
d � q � > stI Bt� $t$�$sj {�BRR$t� s� 0 ) (� b$�Y st $t���R�{�$Bt PB�8 BP {BtR�st�
R$�ts�Z�� �JZsj �B 1� G� ��� �YZR �Y� tBt��Zt{s��I {BYB8BjB�k

BI	wI	D )

F
	, e ) zw1> L dD ,
(, e �) zw1> L dD

VR s {BtR�JZ�t{� b� Ys%�

BI	w;1zD ) j$8

�

BI	wI	D ) ( 3

1 |z| 2

H
λ

λ |z|2−c

3$�Z�� nU ]B8}Z�s�$Bt BP �Y� 3jB�� YB8BjB�k BP ;1z

n�n Vj���ts�$%� }B$t� BP %$�bU }���Z�As�$Bt BP {�$�${sj

�B�R�T B�� 8st$PBjIR

G� }��R�t� tBb st sj���ts�$%� }B$t� BP %$�b bY${Y {BtR$R�R $t I$��{�jk }��T
�Z�A$t� �Y� {�$�${sj 8st$PBjIR BP I	� !Z� {B8}Z�s�$Bt {Bt{��tR �Y� wB}}BR$��D



3jB�� YB8BjB�k PB� 8st$PBjIR b$�Y ABZtIs�k B� 7k8}j�{�${ YB8BjB�k �E

]Btj�kT��YtI�� $tI${�R BP �Y� {B���R}BtI$t� ��t��s�B�R $t �Y� 3jB�� {B8}j�-�
N�� ZR h�R� {B8}Z�� �Y� iBAA$tT7sjs8Bt $tI${�R 7pC PB� �Y� dT}��$BI${ B�A$�R

BP I	� >$ c 	 c w> L dD$ {BtR$I���I b$�Y �Y� B}}BR$�� B�$�t�s�$Bt� G� Ys%�

b�I	
wFD ) 1'IwMFM1DOF stI �Y� 4Bb $R �0wFD ) �1'Iw/F/3DO0F� qY� j$t�s�$9s�$Bt

BP �Y� 4Bb $R

Q�0wFD c V ) �1'Iw/F/3DO0 c V L 1'IIwMFM1DO0 c �1'Iw/F/3DO0 c 1KF, V L c F

3B� F ) ( �Y� j$t�s�$9s�$Bt $R Q�0w(D ) �1'Iw(DO0 stI Rs�$Rh�R �Y� I$&���t�$sj
�JZs�$Bt ��w0D ) O I$s�w1'Iw(DD�w0D� �w(D ) yI� 3B� s RZ^{$�t�jk js��� 	 �Y�
{Bhtsj$�k BP I	 $8}BR�R '

Iw(D c $� VR s {BtR�JZ�t{� �Y� }s�Y �1'Iw(DO0 YsR s
Zt$JZ� {�BRR$t� s� 0 ) ( b$�Y $t���R�{�$Bt PB�8 BP R$�ts�Z�� 1z� G� ���

7pCwF s (D ) z 3 wn�1D

N�� ZR tBb jBB, s� s R}Y��� Cq ) IF U 'IwMFM1D ) q$J� d � q � >� ]BtR$I�� �Y�
OT$t%s�$st� Rk8}j�{�${ I�{B8}BR$�$Bt BP xFb1z� F � Cq �$%�t Ak

xFb1z ) bK
d

1q$MFM1
FL j bK1q$OFL j �F ,

bY��� � ) xCq ? OxCq $R �Y� {Bt�s{� I$R��$AZ�$Bt Bt Cq� qY� 8s��$- BP Q�0 $R
b�$���t b$�Y ��R}�{� �B �Y$R I�{B8}BR$�$Bt sR

Q�0wFD )

C
H

w
d (

'II

q3$3 c 0 d

W
Q�0M�F

I
O

VR Q�0wFDMxFCq
) �1q$O0 b� {st R�$jj b�$�� $t �Y� {stBt${sj ��$%$sj$9s�$Bt BP xb1zU

Q�0wFD ) �w0D p�w0D ,

b$�Y �w0D ) �1q$O0 stI

�w0D )

C
H

w
d (

'II

q3$3 c 0 d

W
yI1z�1

I
O

qY� YB8B�B}k w{P� >]3<GHD

�wX, 0D )

F
�wX0D�w 10

XLd D, 0 � XLd
1

�
D
wXL 1D0 b wXL dD

i
�wdD, XLd

1 � 0

{Btt�{�R b$�Y h-�I �tIR �Y� }s�Y �w0D�w0D �B �Y� {Bt{s��ts�$Bt BP �w0D stI
�w0D�wdD� G� �YZR ���

7pCwQ�0wFDD ) 7pCw�w0DD L 7pCw�w0D�wdDD ) 1qzL
d

1
,



3jB�� YB8BjB�k PB� 8st$PBjIR b$�Y ABZtIs�k B� 7k8}j�{�${ YB8BjB�k ��

B� �jR�

7pCwCqD ) 1qzL
d

1
3 wn�nD

!t{� b� Ys%� {B8}Z��I �Y� $tI${�R A�PB�� }���Z�A$t�� b� {st �B Bt b$�Y
�Y� I�R{�$}�$Bt BP �Y� js�����  k s �$8�TI�}�tI�t� {Yst�� BP %s�$sAj�R b� {st
RZ}}BR� �Ys�

�I0
s ( Bt Cq 3

G� j�s%� $� �B �Y� ��sI�� �B bB�, $� BZ� B� {Y�{, >]3<GH� }�n;� qY� $I�s $R �B
R}$t %q �Y� B�Y�� bsk �BZtI RB �Ys� sjj $�R }B$t�R A�{B8� h-�I ZtI�� �Y� t�b
4Bb�
N�� ZR tBb {YBBR� s �B�R� PZt{�$Bt Ys%$t� �-s{�jk �bB {�$�${sj }B$t�R _ U

Cq b� b� G� �-��tI _ �B 4_ $t s t�$�YABZ�YBBI BP Cq Ak 4_wF, CD ) _wFD�
bY��� wF, CD �b� CF $R st B��YB�Btsj }s�s8����$9s�$Bt BP s t�$�YABZ�YBBI BP

Cq Ak Cq d Hd b 6, d L 6>� N�� I& ) I L &4_� & k (� !t� {st RYBb Ak st
s��Z8�t� R$8$js� �B >]3<GH �Ys�� PB� & R8sjj �tBZ�Y� �I&

YsR }��{$R�jk �bB
dT}��$BI${ w{BtR�st�D B�A$�R $t �Y� t�$�YABZ�YBBI BP Cq� �Ys� {B���R}BtI �B �Y�
�bB {�$�${sj }B$t�R BP _� N�� �w0D A� �Y� j$t�s�$9�I 4Bb BP b�I � 	&w0D A� �Y�
j$t�s�$9�I 4Bb BP b�&�_� �&w0D A� �Y� j$t�s�$9�I 4Bb BP b�I&

� 3B� R8sjj & �Y�
}s�YR �&w0D stI �w0D	&w0D s�� YB8B�B}${ b$�Y �tIR $t 7}(w1z, bD� �Y� R�� BP
Rk8}j�{�${ 8s��${�R b$�Y �$��t%sjZ�R I$&���t� P�B8 d� qY� YB8B�B}k $R �$%�t
Ak UwX, 0D ) �X&w0D	wd�XD&w0D� qY� Rs8� s��Z8�t� sR sAB%� RYBbR �Ys�

7pCw�&D ) 7pCw�D L 7pCw�wdD	&D 3

 Z� 7pCw�D )
d
1 L 1qz Ak �Y� sAB%� {B8}Z�s�$BtR� y� $R �Y���PB�� �tBZ�Y �B

htI �Y� $tI�- BP -w0D ) �wdD	&w0D stI b� s�s$t ZR� �Y� I�ht$�$Bt� qY�t

b�&�_wFD ) &OU4_wFD ) &OU_wFD� F � Cq stI �Y� j$t�s�$9s�$Bt BP �Y� 4Bb

s� �Y� {�$�${sj }B$t� F( � Cq $R s RBjZ�$Bt BP �Y� I$&���t�$sj �JZs�$Bt �\w0D )
;

D
b �&�_wF(D

i
c \w0D� \w(D ) yI1z� qY$R $8}j$�R

Q�
��

&�_

0 wF(D ) �&0On
3�_wF+D 3

 Z� $� $R �sRk �B R�� �Ys� U14_wF(D )

w
U1_wF(D (

( (

W
$t �Y� I�{B8}BR$�$Bt

xF+
b1z ) xF+

Cq j bKF(L� qY$R $88�I$s��jk $8}j$�R ,��wyIb�wdDQ�
��

&�_

0 D ) I(J
PB� 0 k ( stI Bt� $R ��IZ{�I �B {B8}Z�� �Y� $t���R�{�$Bt PB�8 s� 0 ) (� G�
Ys%�

,��wyIb�wdD	&w(DD ) xF+Cq

stI �Y���PB��
R$�t�w	&, (D ) R$�t &U1_wF(D 3

qY� R$�ts�Z�� BP � $R �Y���PB�� �JZsj �B 1z b d s� �Y� {�$�${sj }B$t� BP $tI�- (�
��R}�{�$%�jk �JZsj �B bw1zbdD s� �Y� {�$�${sj }B$t� BP $tI�- 1zbd� qY$R 8�stR



3jB�� YB8BjB�k PB� 8st$PBjIR b$�Y ABZtIs�k B� 7k8}j�{�${ YB8BjB�k �M

7pCw�wdD	&w0DD ) hwz b d
1 D stI

7pCwQ�
��I&

0 wF(DD )

F
1qzL z, $tI�B�R�wF(D ) (
1qz b zL d, $tI�B�R�wF(D ) 1z b d

qY� R$�Zs�$Bt $R �Y���PB�� �Y� PBjjBb$t�U PB� >$ c 	 c w> L dD$ �Y� <s8$j�BT
t$st I	 sI8$�R s {BtR�st� B�A$� F s ( BP $tI�- z stI > 8st$PBjIR BP }��$BI${
B�A$�R I$&�B8B�}Y${ �B %1z�d stI Ys%$t� $tI${�R 1qz L d

1 � d � q � >� VP���
}���Z�As�$Bt� �s{Y RZ{Y 8st$PBjI }�BIZ{�R �bB tBtI���t��s�� B�A$�R BP $tI${�R
1qzbzLd stI 1qzLz� {B���R}BtI$t� ��R}�{�$%�jk �B �Y� 8s-$8Z8 stI 8$t$T
8Z8 BP �Y� }���Z�A$t� PZt{�$Bt� qY� ��Zt{s��I YB8BjB�k BI	H� , KHwI	D� K k 	
bsR sj��sIk {B8}Z��I sAB%� stI $� $R tBt��$%$sj Btjk $t I����� zL 1>z� bY���
$� �JZsjR 	� G� $tP�� �Ys� �Y� s��BbR $t �Y� }���Z�A�I 3jB�� {B8}j�- �Zt sR
RYBbt A�jBb� bY��� �Y� �Y$�I j$t� $tI${s��R �Y� I����� $t �Y� 3jB�� {B8}j�-�
�$%�t Ak �Y� B}}BR$�� BP �Y� ]Btj�kT��YtI�� $tI�- stI �Y� h�R� j$t� $tI${s��R
�Y� s{�$Bt BP �Y� {B���R}BtI$t� B�A$� w{B8}s�� b$�Y >3<GHD�

6 $ b 6 $ L 6 1$ b 6 w> b dD$ b 6 w> b dD$ L 6 >$ b 6

	
yI

b� 	 	
yI

b� 	 c c c 	
yI

b� 	 	

z zL d nz nzL d w1> b dDz w1> b dDzL d w1> L dDz

wn�;D

qY$R sjjBbR Bt� �B sjRB {B8}Z�� �Y� %sjZ�R BP �Y� ��Zt{s��I 3jB�� {BYB8BjB�k
��BZ}R BI	Hy, KHw;

1zD PB� s�A$��s�k y, K � b� ��{B%��$t� �Y� ��RZj�R $t >3<GH�

; V}}j${s�$BtR

VR b� Ys%� sj��sIk }B$t��I BZ�� �s{Y BP �Y� �Y��� {BtR��Z{�$BtR I�R{�$A�I sAB%�
YsR R}�{$h{ P�s�Z��R �Ys� sjjBb }s��${Zjs� s}}j${s�$BtR� G� RYsjj }��R�t� A�jBb
�Y� Rk8}j�{�${ {jsRR$h{s�$Bt BP �jj$}RB$IR stI }BjkI$R{R ZR$t� Rk8}j�{�${ YBT
8BjB�k sR $t >3<dH� �Y� R�sA$j$�k BP �Y� s{�$Bt R}�{��Z8 BP �Y� {Bt�s{� �k}�
ABZtIs�k BP Rk8}j�{�${ 8st$PBjIR >]3<GH� sR b�jj sR s}}j${s�$BtR �B G�$tT
R��$t:R {Bt`�{�Z�� stI �-s{� Ns��st�� �8A�II$t�R >z1H� qY�R� }�BAj�8R b$jj
8s,� �Y� ��sI�� Ps8$j$s� b$�Y RB8� ��{Yt$JZ�R �Ys� s�� ��}��R�t�s�$%� PB� �Y�
h�jI�

;�d _BjkI$R{R stI �jj$}RB$IR

G� ZR� $t �Y$R R�{�$Bt �Y� YB8BjB�k ��BZ}R I�ht�I Ak 3jB�� stI <BP�� B� �YBR�
I�ht�I Ak z$���AB w{P� R�{�$BtR d�n� d�n� 1�1D� G� �-}js$t �Y� PBjjBb$t� �bB
�Y�B��8R�



3jB�� YB8BjB�k PB� 8st$PBjIR b$�Y ABZtIs�k B� 7k8}j�{�${ YB8BjB�k ��

qY�B��8 ;�d� N�� � ) w�d, �1, 3 3 3 , �zD � b	L� �d � �1 � 3 3 3 � �z stI I�tB��

ow�D )
\
wFd, 3 3 3 , FzD � Xz U

z3
7)d

MF7M
1

�1
7

c d
�
3

qY�t ow�D stI ow�ID s�� Rk8}j�{�${sjjk I$&�B8B�}Y${ $P stI Btjk $P � ) �I�

qY�B��8 ;�1� N�� � ) w�d, �1, 3 3 3 , �zD � b	L� �d � �1 � 3 3 3 � �z stI I�tB��

;1zw�D ) 41w�dDd 3 3 3 d 41w�zD | Xz 3

qY�t ;1zw�D stI ;1zw�ID s�� Rk8}j�{�${sjjk I$&�B8B�}Y${ $P stI Btjk $P � ) �I�

 B�Y �Y�B��8R PBjjBb P�B8 �Y� �-}j${$� {B8}Z�s�$Bt BP �Y� ��Zt{s��I Rk8T
}j�{�${ w{BDYB8BjB�k BP �jj$}RB$IR stI }BjkI$R{R stI b� RYsjj sII��RR �Y� {sR�
BP �jj$}RB$IR� qY� {B8}Z�s�$Bt PB� }BjkI$R{R $R BP s R$8$js� ts�Z�� stI b� ��P��
�Y� $t����R��I ��sI�� �B >3<GH� }� xMn�

7,��{Y BP }�BBP PB� qY�B��8 ;�d� !t� $t����R�$t� ��8s�, {Bt{��t$t� �Y� 3jB��
{B8}j�- �Ys� b� Ys%� {B8}Z��I $t [n $R �Ys� �Y� Rs8� YB8BjB�k bBZjI Ys%�
A��t BA�s$t�I BZ� BP �Y� PBjjBb$t� {B8}j�-U

( b� w	, z� (D
yI

b� w	, zL d� $D
(

b� w	, zL 1� $D
yI

b� c c c
(

b� w	, nz� $D

yI
b� w	, nzL d� 1$D

(
b� c c c w;�dD

qY� 8�st$t� BP �Y� tB�s�$Bt $R �Y� PBjjBb$t�U $t s ���8 w	, >� 
D b� Ys%� >
R�stI$t� PB� �Y� ��sI$t� stI 
 PB� �Y� {B���R}BtI$t� s{�$Bt BP �Y� ��t��s�B��
yP Bt� b$RY�R �B {B8}Z�� �Y� ��Zt{s��I {BYB8BjB�k BI	Hy, KH �Y� {B8}j�- �B

{BtR$I�� $R gKbgy� b$�Y gK ) j
�Kw	, >� 
D� qY$R {B���R}BtIR �B PB�8sjjk
��}js{$t� �Y� s�A$��s�$jk R8sjj 6 $t wn�;D b$�Y (�
qY� {B8}j�- w;�dD $R }��{$R�jk �Y� Bt� ZR�I $t >3<GH stI s�$R�R $t s ts�Z�sj

��B8���${ bsk� qB �Y� I$&���t{� BP BZ� 8��YBI BP }���Z�A$t� �Y� R}Y���R BP
{Ys�s{���$R�${R b$�Y s{�$Bt >$� > � 		L stI }�BIZ{� 1 B�A$�R� �Y� 8��YBI BP
�Y� B�$�$tsj }s}�� $R �B s}}�B-$8s�� �Y� Asjj Ak s ��t��${ �jj$}RB$I Ys%$t� z
R$8}j� {Ys�s{���$R�${R w(, 3 3 3 , �i�

1$70b�i , 3 3 3 , (D bYBR� s��sR I$�1
iJ� d � i � z

s�� j$t�s�jk $tI�}�tI�t� B%�� �� stI �Y�t }���Z�A �s{Y RZ{Y {Ys�s{���$R�${ $t
B�I�� �B htsjjk }�BIZ{� 1z tBtI���t��s�� B�A$�R� 3B� �Y� }���Z�As�$BtR BP �Y�
R$8}j� {Ys�s{���$R�${R �Ys� s�$R� PB� st s}}�B-$8s�$Bt BP �Y� R}Y��� �Y� $tI${�R
s�� }��{$R�jk zL d, zL 1, 3 3 3 , nz�
qY$R I$R{ZRR$Bt $R BP {BZ�R� tB }�BBP BP �Y� ��t��sj {sR�� AZ� �$%�R s ��B8���${

�-}jsts�$Bt PB� �Y� {BtR��Z{�$Bt BP �Y� {B8}j�- �Ys� {B8}Z��R �Y� Rk8}j�{�${
{BYB8BjB�k BP s ��t��sj �jj$}RB$I� bY��� �%��k {jBR�I {Ys�s{���$R�${ wR$8}j� B�
tB�D �$%�R �$R� �B 1 B�A$�R Ys%$t� s{�$Bt s�A$��s�$jk {jBR� �B RB8� >$�1

i � > � 		L�

BI	Hy, KHwow�DD ) I	wgKbgyD ,

gK ) ( b� w	, zD
yI
b� w	, zL dD

(
b� w	, zL 1D

yI
b� c c c

(
b� w	, zL 1EwK� �DD

b� ( b� ( b� c c c w;�1D



3jB�� YB8BjB�k PB� 8st$PBjIR b$�Y ABZtIs�k B� 7k8}j�{�${ YB8BjB�k M(

bY���
EwK� �D ) '

\
w>, iD � 		L d Id, 3 3 3 , zJ U >$�1

i � K
�
3

qY� ��sI�� {st �sR$jk ��� {Bt%$t{�I �Ys�� PB� �Y� Asjj BP �sI$ZR Bt�� �Y� �bB
{B8}j�-�R w;�dD stI w;�1D s�� �Y� Rs8��
yt �Y� {sR� BP s ��t��${ �jj$}RB$I qY�B��8 ;�d PBjjBbR tBb s� Bt{�� sR Bt� {st

�sR$jk {B8}Z�� PB� �-s8}j� BIzL1i
H$�3

i�6, $�
3
i L6H


 	 stI BI	
H$�3

i�6, $�
3
i L6H

) ( $P

e �) zL 1i�
-

;�1 7�sA$j$�k BP �Y� s{�$Bt R}�{��Z8

yt �Y$R R�{�$Bt b� ZR� �Y� %��R$Bt BP Rk8}j�{�${ YB8BjB�k I�R{�$A�I $t >]3<GH
w{P� R�{�$Bt d�nD� qY� XR�sA$j$�k BP �Y� s{�$Bt R}�{��Z8" $R s }�BAj�8 ��js��I
�B �Y� JZ�R�$Bt BP �Y� �-��t� �B bY${Y �Y� $t���$B� BP s Rk8}j�{�${ 8st$PBjI
I����8$t�R $�R ABZtIs�k� !t� stRb�� $R �Ys�� $t �Y� tBtI���t��s�� {sR�� �Y�
R�� BP %sjZ�R BP �Y� s��sR BP {jBR�I {Ys�s{���$R�${R Bt �Y� ABZtIs�k $R I����8$t�I
Ak �Y� $t���$B� BP �Y� 8st$PBjI� G� h�R� $t��BIZ{� �Y� ��j�%st� I�ht$�$BtR�

*�ht$�$Bt ;�n� V Rk8}j�{�${ 8st$PBjI w-, �D $R Rs$I �B Rs�$RPk �Y� Rk8}j�{�${
sR}Y��${$�k {BtI$�$Bt $P K�, $1w-DL ) (� yP $t sII$�$Bt K�dw-D, $1w-DL ) ( b�
Rsk �Ys� �Y� 8st$PBjI $R R��Bt�jk Rk8}j�{�${sjjk sR}Y��${sj w�Y� ]Y��t {jsRR $R
{B8}Z��I b$�Y ��R}�{� �B st sj8BR� {B8}j�- R��Z{�Z�� O �Ys� $R {B8}s�$Aj� b$�Y
�Y� Rk8}j�{�${ PB�8� stI IB�R tB� I�}�tI Bt OD�

*�ht$�$Bt ;�;� N�� w-, �D A� s {B8}s{� Rk8}j�{�${ 8st$PBjI b$�Y tBt�8}�k
{Bt�s{� �k}� ABZtIs�k� VRRZ8� w-, �D $R R��Bt�jk Rk8}j�{�${sjjk sR}Y��${sj�
G� tB�� � �Y� N$BZ%$jj� %�{�B� h�jI� 	 �Y� N$BZ%$jj� PB�8 stI �i��A �Y� i��A
%�{�B� h�jI�

N�� ? U >(, x H b� (- A� s {Bt��s{�$Aj� {jBR�I {Ys�s{���$R�${ b$�Y ?w(D ) ?wx D�
G� I�ht� �Y� s{�$Bt BP ? �B A�

\w?D )

8 x

(

?		 3

G� I�ht� �Y� $tI�- 7pCw?D BP ? �B A� �Y� iBAA$tT7sjs8Bt $tI�- BP �Y� }s�Y

�w0D ) �w�1$70bx D p �0	 � 7k8}wx?w(D-D ,

bY��� �0 $R �Y� 4Bb BP �Y� i��A %�{�B� h�jI Bt (- � �0	 U x?w(D- b� x?w0D- I�T
tB��R $�R j$t�s�$9s�$Bt �-��tI�I Ak �0	w�w?w(DD ) �w?w0DD� stI � U x- M;3 b�
;1 d x?w(D- I�tB��R s ��$%$sj$9s�$Bt BP x- B%�� s hjj$t� I$R{ ;1 PB� ?�

!t� RYBZjI tB�� �Ys� �Y� {BtI$�$Bt K�, $1w-DL ) ( �tRZ��R �Ys� �Y� %sjZ� BP

�Y� s{�$Bt $R $tI�}�tI�t� Bt �Y� N$BZ%$jj� PB�8� sR b� Ys%�
$ x

(
?		 )

$
;3 �?

	��

b$�Y �? U ;1 b� - RZ{Y �Ys� �?w�1$70bx D ) ?w0D� !t �Y� B�Y�� YstI� �Y�
Yk}B�Y�R$R K�d, $1w-DL ) ( �tRZ��R �Ys� stk �bB ��$%$sj$9s�$BtR BP x- B%��
I$R,R b$�Y {B88Bt ABZtIs�k s�� YB8B�B}${ sjBt� �Y� ABZtIs�k stI �Y$R 8�stR
�Ys� �Y� %sjZ� BP 7pCw?D IB�R tB� I�}�tI Bt �Y� {YB${� BP ��$%$sj$9s�$Bt�



3jB�� YB8BjB�k PB� 8st$PBjIR b$�Y ABZtIs�k B� 7k8}j�{�${ YB8BjB�k Md

*�ht$�$Bt ;�x� >]3<GH N�� w-, �D A� s {B8}s{� Rk8}j�{�${ 8st$PBjI b$�Y
tBt�8}�k {Bt�s{� �k}� ABZtIs�k� Rs�$RPk$t� �Y� R��Bt� Rk8}j�{�${ sR}Y��${$�k
{BtI$�$Bt K�, $1w-DL ) K�d, $1w-DL ) (� *�tB�� Ak &w-D �Y� R�� BP {BtT
��s{�$Aj� {jBR�I {Ys�s{���$R�${R Bt (- � qY� s{�$Bt R}�{��Z8 $w(-D $R I�ht�I
sR

$w(-D )
\
w\w?D, b7pCw?DD M ? � &w-D

�
3 w;�nD

*�ht$�$Bt ;�E� N�� ? U >(, x H b� (- A� s {jBR�I {Ys�s{���$R�${ BP }��$BI x �
}s�s8����$9�I Ak �Y� i��A %�{�B� h�jI� G� Rsk �Ys� ? $R ��stR%��Rsjjk tBtI�T
��t��s�� $P �Y� ��R��${�$Bt BP �Y� j$t�s�$9s�$Bt BP �Y� i��A 4Bb

�x 	 U �?w(D b� �?w(D

YsR tB �$��t%sjZ� �JZsj �B d�

G� b$jj R�� A�jBb �Ys�� ZtI�� �Y$R Yk}B�Y�R$R� �Y� $tI�- 7pCw?D $R st $t������

qY�B��8 ;��� >]3<GH N�� - stI ] A� {B8}s{� Rk8}j�{�${ 8st$PBjIR b$�Y
tBt�8}�k ABZtIs�k BP {Bt�s{� �k}�� Rs�$RPk$t� �Y� Rk8}j�{�${ sR}Y��${$�k {BtT
I$�$Bt stI Ys%$t� ��stR%��Rsjjk tBtI���t��s�� {jBR�I {Ys�s{���$R�${R� VRRZ8�
�Ys� �Y�$� $t���$B�R �- � �] s�� Rk8}j�{�${sjjk I$&�B8B�}Y${� qY�t

$w(-D ) $w(]D 3

qY$R $R st $88�I$s�� {BtR�JZ�t{� BP �Y� ��RZj� A�jBb� bY��� �Y� 3jB�� YBT
8BjB�k ��BZ}R s�� I�ht�I s{{B�I$t� �B >]3<GH� ytI��I� �Y$R I�ht$�$Bt BP �Y�
3jB�� YB8BjB�k ��BZ}R PB� s 8st$PBjI - I�}�tIR Btjk Bt �Y� $t���$B� �- w�Y�
sI8$RR$Aj� <s8$j�Bt$stR Ys%� {B8}s{� RZ}}B�� $t �-D stI Bt �Y� }BRR$A$j$�k �B
X{B8}j���" �- Ak sII$t� s ABZtIs�k BP {Bt�s{� �k}��

qY�B��8 ;�M� N�� - A� s 8st$PBjI Rs�$RPk$t� �Y� Yk}B�Y�R�R BP qY�B��8 ;��
stI j�� y � b	�

sD qY� ��BZ}R BI	Hy�6, yL6Hw-D A�{B8� $tI�}�tI�t� BP 6 k ( sR RBBt sR �Y�

js���� $R RZ^{$�t�jk R8sjj� G� I�tB�� �Y�8 Ak BI	yw-D�
AD yP wy, >D b� $w(-D PB� sjj > � 	 �Y�t BI>

y w-D ) (� yP wy, >D � $w(-D
YsR 8Zj�$}j${$�k z� �Y�t $� �$%�R �$R� �B z {B}$�R BP 	 sR I$��{� RZ88stIR $t
BI>

y w-D stI �B z {B}$�R BP 	 sR I$��{� RZ88stIR $t BI>Ld
y w-D�

G� tB�� �Ys� �Y� Yk}B�Y�R$R y �) ( $R t�{�RRs�k PB� �Y� ��BZ}R BI	Hy�6, yL6Hw-D

�B A� b�jj I�ht�I w{P� [d�nD�

7,��{Y BP }�BBP� qY� tBtI���t��s{k Yk}B�Y�R$R $8}j$�R �Ys� �Y� {Ys�s{���$R�${R
Ys%� ��B8���${sjjk $RBjs��I $8s��R� yt }s��${Zjs�� �Y� %sjZ�R BP �Y�$� s{�$Bt PB�8
s I$R{���� R�� $ | b� yP y � $ �Y�t $� $R }BRR$Aj� �B {YBBR� 6 k ( RZ{Y �Ys�
Hy b 6, y L 6H ? $ ) IyJ stI �Y� $t%s�$st{� }�B}���k BP Rk8}j�{�${ YB8BjB�k
�tRZ��R �Ys� sjj BI	Hy�6I, yL6IHw-D s�� $RB8B�}Y${ PB� ( c 6I � 6� qY� Rs8�



3jB�� YB8BjB�k PB� 8st$PBjIR b$�Y ABZtIs�k B� 7k8}j�{�${ YB8BjB�k M1

YBjIR $P y b� $� b$�Y �Y� sII$�$Btsj $tPB�8s�$Bt �Ys� �Y$R ��BZ} $R tBb �JZsj �B
9��B Ak I�ht$�$Bt� qY$R }�B%�R sD stI �Y� h�R� sRR���$Bt $t AD�
N�� ZR tBb PB{ZR Bt �Y� R�{BtI sRR���$Bt $t AD� qY� N$BZ%$jj� 4Bb �$%�R �$R�

�B �Y� ZRZsj ��$%$sj$9s�$Bt BP s t�$�YABZ�YBBI BP �Y� ABZtIs�k sR (-d>db&, dH�
& k ( RZ^{$�t�jk R8sjj� *�tB�� C �Y� {BB�I$ts�� Bt �Y� R�{BtI Ps{�B�� !t�
{BtR$I��R s {Bhtsj Ps8$jk BP <s8$j�Bt$stR w3$�Z�� ;D bY${Y %��$Pk Iw�, CD )
_wCD Bt (- d >db &, dH� b$�Y _ � ( $t{��sR$t�� _ s {�� Bt >db &, �dH� _ R��${�jk
{Bt%�- Bt >�d, �1H� _

I s {�� Bt >�1, �nH� _ R��${�jk {Bt{s%� Bt >�n, �;H� _ s ( Bt

>�;, dH� <��� d b & c �d c �1 c �n c �; c d stI �d b� d sR I
]

b� b��
�B��B%��� Bt� sRRZ8�R �Ys� �Y� %sjZ� BP _I Bt >�1, �nH $R tB� �JZsj �B �Y� s{�$Bt
BP stk {jBR�I {Ys�s{���$R�${ Bt (- �

1−δ r r r r 11 2 3 4

3$�Z�� ;U ]Bhtsj Ps8$jk $t �Y� }�BBP BP �Y� R�sA$j$�k BP �Y� s{�$Bt R}�{��Z8

qY�R� <s8$j�Bt$stR Ys%� Y$�Yjk I���t��s�� dT}��$BI${ B�A$�R AZ� �Y� Bt�R
Ys%$t� tBt9��B s{�$Bt s�� 8sI� tBtI���t��s�� Ak st s�A$��s�$jk R8sjj }���Z�T
As�$Bt sbsk P�B8 (- d >�;, dH� VP��� }���Z�A$t�� �Y� dT}��$BI${ B�A$�R BP I Psjj
$t�B �Y� PBjjBb$t� {jsRR�RU

b {BtR�st�R $t (- d >�;, dH b$�Y s{�$Bt (�

b $RBjs��I {BtR�st�R sbsk P�B8 (- d >db &, dH� b$�Y s{�$Bt s}}�B-$8s��jk
�JZsj �B b8$tI b� L��

b �%��k {Ys�s{���$R�${ ? b$�Y s{�$Bt j�RR �Yst 8s-_I $R R��t �b${� $t �Y�
Zt}���Z�A�I <s8$j�Bt$stU Bt{� $t (- d >�d, �1H w{sjj �Y� {B���R}BtI$t�
B�A$� ?dD stI Bt{� $t (-d>�n, �;H w{sjj �Y� {B���R}BtI$t� B�A$� ?1D� VP���
}���Z�As�$Bt� �s{Y BP �Y�R� }�BIZ{�R �bB tBtI���t��s�� }��$BI${ B�A$�R
?�d � ?

�
1 � �B��B%�� \Iw?

�
d D b� L�� \Iw?

�
1 D b� \w?D�

V {B8}Z�s�$Bt BP �Y� iBAA$tT7sjs8Bt $tI${�R %��k R$8$js� $t R}$�$� �B �Y�



3jB�� YB8BjB�k PB� 8st$PBjIR b$�Y ABZtIs�k B� 7k8}j�{�${ YB8BjB�k Mn

Bt� sj��sIk }��PB�8�I $t [n RYBbR �Ys�

7pCw?dD ) 7pCw?D L
d

1
, 7pCw?1D ) 7pCw?Db

d

1
,

bY$j�

7pCw?
�
7 D ) 7pCw?7Di

d

1
, 7 ) d, 1 3

yt �Y� j$8$� �Y� Btjk B�A$�R bYBR� s{�$Bt A�jBt�R �B >\w?D b 6,\w?D L 6H s��
?�1 � b$�Y $tI${�R 7pCw?

�
1 D ) 7pCw?D� 7pCw?

L
1 D ) 7pCw?Db d B�� B�Y��b$R� R�s��I

b7pCw?
�
1 D ) b7pCw?D, b7pCw?

L
1 D ) b7pCw?D L d 3

yP� PB� s �$%�t %sjZ� y BP �Y� s{�$Bt� �Y��� $R s R$t�j� {Ys�s{���$R�${ �s,$t� Bt
�Y$R %sjZ�� �Y�t �Y� {B8}Z�s�$Bt BP BI	Hy�6, yL6HwID $R ��IZ{�I �B �Y� ZtI��T

R�stI$t� BP �Y� I$&���t�$sj $t �Y� 3jB�� {B8}j�- 	K?�1 L b� 	K?L
1 L� G� Ys%�

R��t $t [n sR s AkT}�BIZ{� BP �Y� I$��{� {sj{Zjs�$Bt BP �Y� 3jB�� {BYB8BjB�k
�Ys� �Y� I$&���t�$sj A��b��t �Y� }���Z�A�I $8s��R BP s R}Y��� BP }��$BI${ B�T
A$�R $R 9��B� V I$��{� s��Z8�t� AsR�I Bt �Y� $8}j${$� PZt{�$Bt �Y�B��8 stI �Y�
$RB�B}k $t%s�$st{� BP 3jB�� {BYB8BjB�k {st A� s}}j$�I $t �Y� }��R�t� R$�Zs�$Bt
�B k$�jI �Y� Rs8� ��RZj�� stI ��t��sj$9� $� �B �Y� {sR� bY��� �Y��� s�� R�%��sj
{jBR�I {Ys�s{���$R�${R b$�Y s{�$Bt y�

-

;�n V}}j${s�$BtR �B G�$tR��$t:R {Bt`�{�Z�� stI �-s{� NsT

��st�� �8A�II$t�R

yt �Y$R R�{�$Bt b� ZR� �Y� 3jB�� {BYB8BjB�k ��BZ}R sR I�ht�I Ak z$���AB w{P�
R�{�$Bt d�nD� G� Ys%� sj��sIk 8�t�$Bt�I �Ys� �Y�k s�� ZR�PZj PB� }�B%$t� �Y�
�-$R��t{� BP {jBR�I {Ys�s{���$R�${R Bt {Bt�s{� �k}� Yk}��RZ�Ps{�R� qY� h�R� ,�k
�BBj $R }�B%$I�I Ak �Y� 8s}

BI	w-D
�	

b� IzL	w-, (-D, z )
d

1
I$8- , w;�;D

BA�s$t�I Ak ��R��${�$t� �Y� �st�� BP �Y� s{�$Bt stI Ak ZR$t� �Y� $RB8B�}Y$R8

BI	Hy, (LHw-D 
 IzL	w-, (-D, y c ( 3

<��� (L R�stIR PB� s R8sjj �tBZ�Y }BR$�$%� tZ8A��� VR b� Ys%� sj��sIk }B$t��I
BZ� $t [d�1� bY�t ��R��${�$t� �Y� �st�� BP �Y� s{�$Bt stI {BtR$I��$t� sZ�BtB8BZR
<s8$j�Bt$stR I �Ys� s�� RZ^{$�t�jk R8sjj $t �Y� g1 tB�8� �Y� 3jB�� {B8}j�-
��IZ{�R �B �Y� �B�R� {B8}j�- BP �Y� %�{�B� h�jI UI�  k {BtR��Z{�$Bt� �Y�
js���� $R BZ�bs�I }B$t�$t� sjBt� (- � G� ��� $t �Y$R bsk �Y� YB8BjB�k BP -
��js�$%� �B �Y� ABZtIs�k� ��sI�I Ak �Y� �B�R� $tI�- BP �Y� {�$�${sj }B$t�R BP
bI� �Y� PZt{�$Bt PB� bY${Y UI $R t��s�$%� }R�ZIBT��sI$�t� wR�� sjRB >!H� ]Y�
n PB� PZ��Y�� I��s$jR Bt �Y$R }B$t�D�



3jB�� YB8BjB�k PB� 8st$PBjIR b$�Y ABZtIs�k B� 7k8}j�{�${ YB8BjB�k M;

 k �Y� %��k {BtR��Z{�$Bt BP 3jB�� YB8BjB�k b� R�� �Ys� �Y� Ps$jZ�� BP �	

�B A� A$`�{�$%� $8}j$�R �Y� �-$R��t{� BP s {jBR�I {Ys�s{���$R�${ Bt (- � bY${Y
{B���R}BtIR �B �Y� s}}�s�st{� $t �Y� 3jB�� {B8}j�- BP s ��t��s�B� B�Y�� �Yst
s {�$�${sj }B$t� BP s �B�R� PZt{�$Bt I�ht�I Bt $t�w-D� G� PBjjBb >z1H stI
{BtR$I�� �Y� PBjjBb$t� I�ht$�$Bt�

*�ht$�$Bt ;��� >z1H V 8st$PBjI - Rs�$Rh�R �Y� sj��A�s${ G�$tR��$t {Bt`�{T

�Z�� wVG]D $P �Y��� $R s �$t� BP {B�^{$�t�R RZ{Y �Ys� �Y� 8s} BI	w-D
�	

b�
IzL	w-, (-D $R tB� st $RB8B�}Y$R8�

y� $R {j�s� �Ys� VG] $8}j$�R �Y� %sj$I$�k BP G�$tR��$t:R {Bt`�{�Z�� PB� (- � yt
{���s$t R$�Zs�$BtR �Ys� b� s�� �B$t� �B R�s�� A�jBb� �Y� VG] }�B}���k $R $tY��T
$��I Ak {BI$8�tR$Bt ( RZA8st$PBjIR $t- stI $� b$jj }�B%� ZR�PZj �B I$R�$t�Z$RY
A��b��t �Y� R$�Zs�$BtR bY��� �Y� 8B�}Y$R8 BI	w-D b� IzL	w-, (-D Ps$jR
�B A� $t`�{�$%� B� Ps$jR �B A� RZ�`�{�$%� wb� RYsjj �Y�t Rsk �Ys� - Rs�$Rh�R {sR�
sD� ��R}�{�$%�jk AD BP �Y� VG] }�B}���kD�
qY� R�{BtI ,�k �BBj $R �Y� �-$R��t{� >z1H [1 BP s ��stRP�� 8B�}Y$R8

BI	wP D
Bi 

b� BI	w-D , w;�xD

�Ys� $R sRRB{$s��I �B s {BI$8�tR$Bt ( $t{jZR$Bt P
i
|� - � bY��� - YsR {Bt�s{�

�k}� ABZtIs�k stI P YsR ��R��${��I {Bt�s{� �k}� ABZtIs�k $t P � b$�Y �Y�
8�st$t� �Ys� �Y� Rk8}j�{�${ PB�8 sI8$�R s }�$8$�$%� I�ht�I Bt �Y� bYBj� BP
P RZ{Y �Ys� �Y� N$BZ%$jj� %�{�B� h�jI $R ��stR%��R� �B (P �
qY��� s�� �bB ��8s�,R �B A� 8sI� sABZ� �Y$R ��stRP�� 8B�}Y$R8� qY� h�R�

��8s�, $R �Ys� Bi� $R I�ht�I Btjk $P �Y� 8st$PBjI P %��$h�R st sII$�$Btsj
{BtI$�$Bt Bt �Y� 3jB�� ��s`�{�B�$�R w>z1H� }� d(((D� 3BjjBb$t� z$���AB� b� RYsjj
��P�� �B �Y$R {BtI$�$Bt sR {BtI$�$Bt wVD� y� R�s��R �Ys� 3jB�� ��s`�{�B�$�R $t -
PB� <s8$j�Bt$stR BP �Y� �k}� A�jBb� �Ztt$t� A��b��t tBt{BtR�st� dT}��$BI${
B�A$�R {Bt�s$t�I $t P � 8ZR� A� �t�$��jk {Bt�s$t�I $t P � qY� 8s$t }B$t� sABZ�
�Y$R {BtI$�$Bt $R �Ys� $P $� $R %$Bjs��I �Y�t �Y��� BA%$BZRjk $R s }��$BI${ B�A$� Bt
(P �
qY� R�{BtI ��8s�, $R �Ys�� $P (P {s��$�R tB {jBR�I {Ys�s{���$R�${� �Y�t �Y�

Yk}B�Y�R$R BP A�$t� BP ��R��${��I {Bt�s{� �k}� $t P {st A� ��js-�I �B {Bt�s{�
�k}�� stI �Y� 8B�}Y$R8 Bi� $R R�$jj I�ht�I w{BtI$�$Bt wVD A�$t� sRRZ8�ID�
<��� $R s A�$�P I�R{�$}�$Bt BP �Y� 8B�}Y$R8 w;�xD wR�� sjRB 3$�Z�� xD� V t�$�YT

ABZ�YBBI BP (P $t P $R ��$%$sj$R�I Ak �Y� N$BZ%$jj� 4Bb BP P sR (PdH(, dH�
IZ� �B �Y� ��R��${��I {Bt�s{� �k}� ts�Z�� BP (P � N�� ZR I�tB�� Ak C

P
�Y�

{BB�I$ts�� Bt �Y� R�{BtI Ps{�B�� V t�$�YABZ�YBBI BP (- $R ��$%$sj$R�I $t �Y�
ZRZsj bsk Ak �Y� N$BZ%$jj� 4Bb BP - sR (-dHd b &, dH� & k ( stI b� I�tB��
Ak C �Y� {BB�I$ts�� Bt �Y� R�{BtI Ps{�B�� qY� 8B�}Y$R8 Bi� $R {BtR��Z{��I
b$�Y �Y� Y�j} BP s Ps8$jk I ) I , 	, 6 BP <s8$j�Bt$stR �Ys� �s,� $t�B s{{BZt�
�Y� {Ys�s{���$R�${R Bt (P sR b�jj sR �YBR� Bt (- stI bY${Y A�s� �Y� PBjjBb$t�
PB�8U I ) _	wCP

D� 6 � C
P

� d� _I	 ) 	 stI I ) > wCD� C w d� >I )  �
bY$j� I $R g1T{jBR� �B ( Bt P Q (P d >6, dH stI I ) 	wd b 6D Bt - Q P �



3jB�� YB8BjB�k PB� 8st$PBjIR b$�Y ABZtIs�k B� 7k8}j�{�${ YB8BjB�k Mx

qY� ��stRP�� 8B�}Y$R8 $R $tIZ{�I Ak �Y� ��Zt{s�$Bt 8B�}Y$R8 wPB� s RZ$�sAj�
sj8BR� {B8}j�- R��Z{�Z�� OD

BI	H(�, KHwI, OD b� BI	Hy, KHwI, OD ,

b$�Y y ) yw6, 	D c ( t��s�$%� �tBZ�Y stI K ) Kw6, 	D k ( }BR$�$%� �tBZ�Y� Vt
$RB�B}k s��Z8�t� $I�t�$h�R �Y� w$t%��R�D j$8$� PBjjBb$t� 6� 	 stI  $t �Y� R�{BtI
���8 b$�Y BI	w-D� yt �Y� Rs8� 8stt��� ZtI�� �Y� sII$�$Btsj Yk}B�Y�R$R 8�tT
�$Bt�I sAB%�� �Y� h�R� ���8 $R $I�t�$h�I b$�Y BI	H(�, Kb6Hw�	D� �	 ) >	wCP

D�

C
P

w d $t /P � �	 ) ( Bt P �  k �s,$t� �Y� w$t%��R�D j$8$� PBjjBb$t� 	 stI 6
Bt� ���R BI	wP D�

µ

λ

1 1
S SWε

3$�Z�� xU ]BtR��Z{�$Bt BP �Y� ��stRP�� 8B�}Y$R8 >z1H

qY� PZtIs8�t�sj }�B}���k BP �Y� ��stRP�� 8B�}Y$R8 $R �Y� {B88Z�s�$%$�k
BP �Y� PBjjBb$t� I$s��s8� bY${Y $R }�B%�I Ak s {s��PZj stsjkR$R BP �Y� %s�$BZR
��Zt{s�$Bt 8B�}Y$R8R bY${Y s�� $t%Bj%�I >z1H qY8� n�d� U

BI	wP D
Bi 

b� BI	w-D

�	
�' �'�	

IzL	wP, (P D
i 

b� IzL	w-, (-D

w;�ED

qY$R sjjBbR Bt� �B I�IZ{� �Y� PBjjBb$t�U

qY�B��8 ;�d(� w>z1H� qY8� ;�dD N�� - A� s {Btt�{��I Rk8}j�{�${ 8st$PBjI

BP I$8�tR$Bt 1z RZ{Y �Ys� �Y� 8B�}Y$R8 BIzw-D
�	

b� I1zw-, (-D $R tB�

RZ�`�{�$%�� Vtk RZA8st$PBjI P
i
|� - b$�Y {Bt�s{� �k}� ABZtIs�k sI8$�R s

{jBR�I {Ys�s{���$R�${ Bt (P �

_�BBP� VRRZ8� �Ys� (P {s��$�R tB {jBR�I {Ys�s{���$R�${� qY�t {BtI$�$Bt
wVD $R ��$%$sjjk Rs�$Rh�I stI �Y� ��stRP�� 8B�}Y$R8 $R I�ht�I ZtI�� �Y� ��T
js-�I {Bt�s{� �k}� sRRZ8}�$Bt� qY� {B88Z�s�$%� I$s��s8 w;�ED �Y���PB�� YBjIR



3jB�� YB8BjB�k PB� 8st$PBjIR b$�Y ABZtIs�k B� 7k8}j�{�${ YB8BjB�k ME

��Z�� qY� 8B�}Y$R8 I1zwP, (P D b� I1zw-, (-D $R A$`�{�$%� $P P $R {BtT
t�{��I B� RZ�`�{�$%� $P P $R I$R{Btt�{��I� qY� Yk}B�Y�R$R $8}j$�R �Y���PB��
�Ys� BIzwP D b� I1zwP, (P D $R tB� RZ�`�{�$%� stI b� $tP�� �Y� �-$R��t{� BP
s {jBR�I {Ys�s{���$R�${ Bt (P � qY$R �$%�R s {Bt��sI${�$Bt stI }�B%�R �Ys� �Y���
$R sjbskR s {jBR�I {Ys�s{���$R�${ Bt (P � -

i�8s�,� yP Bt� ZR�R h�jI {B�^{$�t�R stI �Y� 8st$PBjI - $R {Btt�{��I� �Y�
tBtRZ�`�{�$%$�k BP �Y� 8B�}Y$R8 BIzw-D b� I1zw-, (-D $R �JZ$%sj�t� �B
$�R %st$RY$t��

N�� ZR tBb 8�t�$Bt RB8� $t����R�$t� {sR�R BP 8st$PBjIR bY${Y Rs�$RPk {sR� AD
BP �Y� VG]�

d� G� Ys%� sj��sIk R��t �Ys�

BI	w;1zD ) (, ;1z ) IF � Xz U MFM � dJ 3

qY�BZ�Y �Y� }��{�I$t� ��RZj�� �Y$R I$��{�jk $8}j$�R G�$tR��$t:R {Bt`�{�Z�� PB�
Yk}��RZ�Ps{�R BP {Bt�s{� �k}� $t Xz w�Y� B�$�$tsj }�BBP s}}�s��I $t >zdH D�
1� y� $R }�B%�I $t >z1H� qY8� ;�1� �Ys� s RZA{�$�${sj 7��$t 8st$PBjI BP I$8�tT

R$Bt 1z w$��� Ys%$t� �Y� YB8B�B}k �k}� BP s ]GT{B8}j�- BP I$8�tR$Bt z b dD

sjbskR Rs�$Rh�R {sR� AD BP �Y� VG] }�B}���kU �Y� 8B�}Y$R8 BIzw-D
�	

b�
I1zw-, (-D $R tB� RZ�`�{�$%�� qY� Rs8� s��Z8�t� sR sAB%� }�B%�R �Y� �-$RT
��t{� BP s {jBR�I {Ys�s{���$R�${ Bt stk Yk}��RZ�Ps{� BP {Bt�s{� �k}� $t s RZAT
{�$�${sj 7��$t 8st$PBjI�
n� qY� sAB%� ��RZj� {st sjRB A� I�IZ{�I sR s {BtR�JZ�t{� BP s �[Ztt��Y

PB�8Zjs %sj$I $t 3jB�� {BYB8BjB�k b$�Y h�jI {B�^{$�t�R PB� s }�BIZ{� BP 8st$T
PBjIR b$�Y ��R��${��I {Bt�s{� �k}� ABZtIs�k >!H� ]Y�1� qY��� $R s {B88Z�s�$%�
I$s��s8 bY��� �Y� YB�$9Bt�sj s��BbR s�� $RB8B�}Y$R8RU�

�LX)>

BI�w-Dl BIXw]D
�

b� BI>w- d ]D

�	 l �	
�' �'�	

�
�LX)>

IEL�w-, (-Dl IzLXw], (]D
�

b� IELzL>w- d ], (w- d ]DD

w;��D

WBb s �Y�B��8 BP �� ]$�j$�As, >]$H �tRZ��R �Ys� s RZA{�$�${sj 7��$t 8st$PBjI
- $R I�PB�8s�$Bt �JZ$%sj�t� �B s R}j$� 8st$PBjI w] d X, �] j �R�ID� qY� Ps{�
�Ys� BI	wXD ) ( sjjBbR Bt� �B $tP�� �Y� R��Bt��� ��RZj� BI	w-D ) (�
qY� {B88Z�s�$%$�k BP �Y� I$s��s8 w;��D YsR tB� A��t ZR�I $t �Y� sAB%�

s��Z8�t�� W�%���Y�j�RR $� }jskR s {�Z{$sj �Bj� $t �Y� }�BBP BP �Y� R�sA$j$�k
BP VG]AD ZtI�� }�BIZ{�R $t �Y� {jsRR BP ��R��${��I {Bt�s{� �k}� Rk8}j�{�${
8st$PBjIR�
;� y ,tBb BP Btjk Bt� 8B�� {sR� BP 8st$PBjI Rs�$RPk$t� {sR� AD BP VG]�

ts8�jk Zt$� I$R{ AZtIj�R sRRB{$s��I �B Y��8$�$st j$t� AZtIj�R / b$�Y t��s�$%�



3jB�� YB8BjB�k PB� 8st$PBjIR b$�Y ABZtIs�k B� 7k8}j�{�${ YB8BjB�k M�

]Y��t {jsRR �dw/D ) b	>�H� 	 k ( B%�� s Rk8}j�{�${ AsR� w4, �D� qY�R� s��
�tIBb�I b$�Y s Rk8}j�{�${ PB�8 �Ys� ��R��${�R �B �Y� s��s PB�8 $t �Y� hA��R stI
bY${Y �JZsjR �Y� }ZjjTAs{, BP � Bt �Y� YB�$9Bt�sj I$R��$AZ�$Bt BP s Y��8$�$st
{Btt�{�$Bt� !t� {st {B8}Z�� $t �Y$R {sR� BI	w/D ) ( sR s {BtR�JZ�t{� BP �Y�
�-$R��t{� BP s R}�{��sj R�JZ�t{� %sj$I $t 3jB�� YB8BjB�k >!H� ]Y� ;�

N�� ZR 8�t�$Bt s� �Y$R }B$t� �Ys� �Y� Btjk B�Y�� s%s$jsAj� �-}j${$� {B8}Z�s�$Bt
BP 3jB�� YB8BjB�k {Bt{��tR {B�st��t� AZtIj�R w>zn� 7GHD U

BI	w;x 	]D 
 I	w�]D ,

bY��� ] $R s {jBR�I i$�8stt$st 8st$PBjI� ;x 	] ) I8 � x 	] U M8M � dJ
stI �] $R �Y� jBB} R}s{� BP ] � qY� 8B�}Y$R8 �	 {B$t{$I�R� 8BIZjB qYB8:R
$RB8B�}Y$R8� b$�Y �Y� RZ�`�{�$Bt I	w�]D b� I	w]D $tIZ{�I Ak �Y� $t{jZT
R$Bt ] |� �] � yt �Y$R R$�Zs�$Bt �Y� s��Z8�t� BP qY�B��8 ;�d( IB�R tB�
bB�, stk8B�� $t B�I�� �B }�B%� �Y� G�$tR��$t {Bt`�{�Z�� $t {B�st��t� AZtIj�R�
AZ� Bt� {st t�%���Y�j�RR ZR� �Y� Ps{� �Ys� �Y� 8B�}Y$R8 BIzw;x 	]D b�
I1zw;x 	], (;x 	]D 
 Izw]D $R RZ�`�{�$%� $t B�I�� �B }�B%� �Ys� �Y��� s��
tB �-s{� Ns��st�$st �8A�II$t�R U |� - PB� 8st$PBjIR - Rs�$RPk$t� VG]AD
$t 8s-$8sj I������ <���� Ak �-s{� Ns��st�$st �8A�II$t� Bt� 8�stR �Ys� �Y�
N$BZ%$jj� PB�8 	 Bt - ��R��${�R �B st �-s{� PB�8 Bt U� ytI��I� s{{B�I$t� �B s
�Y�B��8 BP G�$tR��$t� st �-s{� Ns��st�$st �8A�II$t� bBZjI k$�jI st �8A�IT

I$t� ;x 	U
i
|� - b$�Y (;x 	U BP ��R��${��I {Bt�s{� �k}� $t - � !t� {st }�B%�

�Ys� {BtI$�$Bt wVD $R sjbskR Rs�$Rh�I $t �Y$R R$�Zs�$Bt stI �Y���PB�� Bt� bBZjI
��� s {B88Z�s�$%� I$s��s8

BIzw;x 	UD
Bi 

b� BIzw-D
�	

�' �'�	
I1zw;x 	U, (;x 	UD

i 

b� I1zw-, (-D

qY$R bBZjI $8}jk �Ys� BIzw;x 	UD b� I1zw;x 	], (;x 	]D $R tB� RZ�`�{T
�$%�� s {Bt��sI${�$Bt� G� Ys%� �YZR ��{B%���I �Y� }�BBP BP �Y� PBjjBb$t� �Y�B��8�

qY�B��8 ;�dd� >z1H N�� - A� s 8st$PBjI b$�Y ��R��${��I {Bt�s{� �k}� ABZtIs�k
bY${Y %��$h�R VG]AD $t 8s-$8sj I������ qY��� $R tB �-s{� Ns��st�� �8A�II$t�
U |� - �

qY� sAB%� �Y�B��8 s}}j$�R $t }s��${Zjs� PB� - s RZA{�$�${sj 7��$t 8st$PBjI�
G� sjRB tB�� �Ys� �Y� G�$tR��$t {Bt`�{�Z�� $t {B�st��t� AZtIj�R $R }�B%�I $t
>z1H PB� R$8}jk {Btt�{��I 8st$PBjIR b$�Y �Y� Y�j} BP st �JZ$%s�$st� %��R$Bt BP
3jB�� YB8BjB�k�

 �PB�� {jBR$t� �Y$R R�{�$Bt� j�� ZR ��8s�, �Ys� �Y� }��{�I$t� ��RZj�R Ys%� �Y�$�
stsjB�Z�R $t s YB8BjB�${sj R���$t�� qY��� R�$jj $R s 8B�}Y$R8

IzL	w-, (-D
�	b� BI	w-D w;�MD



3jB�� YB8BjB�k PB� 8st$PBjIR b$�Y ABZtIs�k B� 7k8}j�{�${ YB8BjB�k MM

BA�s$t�I Ak ��R��${�$t� �Y� �st�� BP �Y� s{�$Bt� sR b�jj sR s ��stRP�� 8B�}Y$R8

BI	w-D
Bi 
b� BI	wP D

bY${Y $R I�ht�I ZtI�� �Y� Rs8� Yk}B�Y�R$R sR sAB%�� qY$R h�R $t�B �Y� {B8T
8Z�s�$%� I$s��s8

BI	wP D
Bi 
�b BI	w-D

�	
�� ���	

IzL	wP, (P D
i 

�b IzL	w-, (-D

w;��D

qY� }�BBP BP �Y�R� {js$8R $R IZsj �B �Y� Bt� $t >z1H�

x 3Z��Y�� ��sI$t� stI {Bt{jZR$BtR

G� Ys%� I�R{�$A�I �Y��� {BtR��Z{�$BtR stI �s%� st s}}j${s�$Bt PB� �s{Y BP �Y�8�
qY� ZtI��jk$t� $I�s T b� Ys%� ��}�s��I $� B%�� stI B%�� T $R �B {s�{Y Rk8}j�{T
�${sjjk $t%s�$st� $tPB�8s�$Bt sABZ� �Y� {Ys�s{���$R�${R $t ���8R BP <s8$j�Bt$stR
I�ht�I Bt �Y� bYBj� 8st$PBjI� V h�R� �Y�8� �B ,��} $t 8$tI $R �Ys� �Y��� $R
tB XA�R�"{BtR��Z{�$Bt stI �Ys� �s{Y BP �Y� Bt�R b� Ys%� }��R�t��I YsR %$��Z�R
stI RYB��{B8$t�R� bY${Y s�$R� P�B8 �Y� I$&���t� A�Ys%$BZ�R s� $tht$�k B� t�s�
�Y� ABZtIs�k �Ys� Bt� $8}BR�R Bt �Y� sI8$RR$Aj� <s8$j�Bt$stR�

N�� ZR 8�t�$Bt RB8� 8s���$sj PB� PZ��Y�� ��sI$t� T Y��� XPZ��Y��" IB�R tB�
8�st XYs�I��"� AZ� Btjk XI$&���t� stI �-}jB$�$t� R$8$js� $I�sR"�
qY� }s}�� BP _�  $�st� N� _Bj���B%${Y stI *� 7sjs8Bt > _7H I�%�jB}R s� j�sR�

�Y��� I$��{�$BtR �Ys� s�� {jBR�jk ��js��I �B �Y� $I�sR �Ys� b� Ys%� I$R{ZRR�I�
qY� h�R� BP �Y�8 $R �Y� {BtR��Z{�$Bt BP 3jB�� YB8BjB�k ��BZ}R AsR�I Bt �Y�
dT}��$BI${ B�A$�R A�jBt�$t� �B s �$%�t P��� YB8B�B}k {jsRR BP jBB}R bY${Y $R
tB� t�{�RRs�$jk ��$%$sj� qY� R�{BtI I$��{�$Bt {Bt{��tR �Y� 8BI$h{s�$Bt BP �Y�
{jsRR BP sI8$RR$Aj� <s8$j�Bt$stR� qY� sZ�YB�R }�B%� �-$R��t{� ��RZj�R PB� dT
}��$BI${ B�A$�R BP {B8}s{�jk RZ}}B���I <s8$j�Bt$stR $t {B�st��t� AZtIj�R BP
4s� �B�$ stI $t {B�st��t� AZtIj�R BP t��s�$%�jk {Z�%�I 8st$PBjIR� ZtI�� �Y�
Btjk sRRZ8}�$Bt �Ys� �Y�$� %sjZ� $R }��R{�$A�I stI RZ^{$�t�jk js��� Bt �Y� 9��B
R�{�$Bt� qY��� $R st $t���}jsk A��b��t I$��{� stI $t%��R� j$8$�R PB� �Y$R {jsRR
BP sI8$RR$Aj� <s8$j�Bt$stR stI �Y� {jsRR BP {B8}s{�jk RZ}}B���I Bt�R� bY${Y
sjjBbR �Y� sZ�YB�R �B {BtR��Z{� ��js�$%� Rk8}j�{�${ {s}s{$�$�R PB� �Y� sAB%� �k}�R
BP {B�st��t� AZtIj�R� qY�$� {B8}Z�s�$Bt ZR�R �Y� ��RZj�R BP _B9t$s, >_BH Bt
3jB�� YB8BjB�k PB� <s8$j�Bt$stR bYBR� }��$BI${ B�A$�R s}}�s� $t �B�R�T B��
tBtI���t��s�� Ps8$j$�R� j$,� �Y� Bt�R $t R�{�$Bt n sAB%��
V ��t��sj$9s�$Bt BP �Y� sAB%� ��RZj�R PB� s�A$��s�k {B�st��t� AZtIj�R B%��

{jBR�I 8st$PBjIR $R $t }�B���RR Ak F� G�A�� >GH� ZR$t� �Y� {B8}Z�s�$Bt BP
��Zt{s��I 3jB�� YB8BjB�k ��BZ}R PB� {B�st��t� AZtIj�R >zn� 7GH�



3jB�� YB8BjB�k PB� 8st$PBjIR b$�Y ABZtIs�k B� 7k8}j�{�${ YB8BjB�k M�

qY� }s}�� Ak =� 3�sZ�tP�jI�� stI 3� 7{Yj�t, >3�7{H R�ZI$�R �Y� Ikts8${R BP
{B8}s{�jk RZ}}B���I <s8$j�Bt$stR Bt {B8}j��$BtR BP {B8}s{� 8st$PBjIR b$�Y
{Bt�s{� �k}� ABZtIs�k B� }�BIZ{�R BP RZ{Y BA`�{�R T R}j$�T{Bt%�- 8st$PBjIR�
qY� 8s$t �BBj $R s ,$tI BP Rk8}j�{�${ {s}s{$�k� B� R�j�{�B�� sRRB{$s�$t� �B stk
<s8$j�Bt$st s %sjZ� $t $�R R}�{��Z8� qY� R�j�{�B� $R I�ht�I sR �Y� R8sjj�R�
%sjZ� PB� bY${Y �Y� $8s�� BP �Y� PZtIs8�t�sj {jsRR BP �Y� 8st$PBjI �Y�BZ�Y s
��Zt{s�$Bt 8B�}Y$R8 $t 3jB�� YB8BjB�k %st$RY�R� !t� $t����R�$t� P�s�Z�� BP
�Y� sZ�YB�R: {BtR��Z{�$Bt $R �Ys� �Y� �8}YsR$R $R }Z� Bt �Y� <s8$j�Bt$stR �s�Y��
�Yst Bt RB8� ��B8���${ j�%�jR� RB �Ys� �Y�k t��I �B {BtR$I�� Btjk RjBb ��Bb�YR
s� $tht$�k� V}}j${s�$BtR $t{jZI� �-$R��t{� BP dT}��$BI${ B�A$�R PB� <s8$j�Bt$stR
Ys%$t� s I$R}js{�sAj� RZ}}B��� qY� 8s$t }B$t� $R �Ys� I$R}js{�sA$j$�k $8}j$�R
Zt$PB�8 ABZtI�It�RR BP �Y� R�j�{�B� PB� sjj �Y� $���s��R BP �Y� {B���R}BtI$t�
<s8$j�Bt$st I$&�B8B�}Y$R8�
V ��{�t� RZ�%�k BP �Y� G�$tR��$t {Bt`�{�Z��� $t{jZI$t� I��s$jR Bt �Y� R�j�{�B�

8��YBI� $R }�B%$I�I Ak �Y� }s}�� BP z�N� p$t9AZ�� >p$H�

N�� ZR 8�t�$Bt �bB I$��{�$BtR PB� PZ�Z�� ��R�s�{Y �Ys� R��8 }�B8$R$t�� qY�
h�R� {Bt{��tR �Y� {jsRR BP sI8$RR$Aj� <s8$j�Bt$stR }��R{�$A�I PB� �s{Y BP �Y�
YB8BjB�k �Y�B�$�R �Ys� b� Ys%� }��R�t��I� qY�$� A�Ys%$BZ� t�s� �Y� ABZtIs�k
>]3<� ]3<GH B� s� $tht$�k >3<d� z1H $R ZR�I $t s {�Z{$sj 8stt�� $t B�I�� �B
BA�s$t s }�$B�$ ABZtIR Bt �Y� 3jB�� ��s`�{�B�$�R AZ�� $t RB8� R�tR�� $R �BB �$�$I�
qY$R A�{B8�R s}}�s�st� sR RBBt sR Bt� ��$�R �B }��PB�8 ��B8���${ {BtR��Z{T
�$BtR Bt 3jB�� w{BDYB8BjB�k� ��js��I �B sII$�$Btsj ��B8���${ R��Z{�Z�� Bt �Y�
ZtI��jk$t� 8st$PBjI� VR st �-s8}j�� �Y� I$^{Zj�k BP �Y� }�BBP BP �Y� �[Ztt��Y
PB�8Zjs w;��D j$�R $t �Y� Ps{� �Ys� �Y� {B8}Bt�t�b$R� RZ8 BP �bB <s8$j�Bt$stR
�Ys� s�� j$t�s� s� $tht$�k $R tB jBt��� j$t�s� s� $tht$�k Bt �Y� }�BIZ{� 8st$PBjI�
y� R��8R �B 8� BP $t����R� �B �tjs��� �Y� {jsRR BP sI8$RR$Aj� <s8$j�Bt$stR $t
�Y� R���$t� BP >z1H� �Y� 8s$t }B$t� A�$t� �B R�$jj A� sAj� �B }�B%� s }�$B�$ g(

ABZtIR� Vt �-��tR$Bt $t �Y$R R�tR� bsR s{{B8}j$RY�I $t �Y� I$RR���s�$Bt >!H
�Y�BZ�Y <s8$j�Bt$stR �Ys� s�� sRk8}�B�${sjjk j$t�s� s� $tht$�k� qY$R }B$t�R �B
�Y� $t%�R�$�s�$Bt BP t�b $tR�st{�R bY��� �Y� 8s-$8Z8 }�$t{$}j� {st A� s}}j$�I�
PB� �-s8}j� Ak sjjBb$t� �Y� sj8BR� {B8}j�- R��Z{�Z�� �B %s�k sR b�jj s� $tht$�k�
V R�{BtI $t����R�$t� I$��{�$Bt BP $t%�R�$�s�$Bt $R �B {js�$Pk �Y� ��js�$BtRY$}

A��b��t w��Zt{s��ID 3jB�� YB8BjB�k stI {Bt�s{� YB8BjB�k BP �Y� ABZtIs�k�
]Bt�s{� YB8BjB�k $R s ��{�t� stI }Bb��PZj $t%s�$st� �Ys� {st A� I�ht�I $t��$tT
R${sjjk PB� stk {Bt�s{� 8st$PBjI� $t }s��${Zjs� PB� �Y� ABZtIs�k BP {Bt�s{� �k}�
BP s Rk8}j�{�${ 8st$PBjI� qY$R {BZjI j�sI �B BAR��Z{�$BtR Bt �Y� �B}BjB�k BP
Rk8}j�{�${ hjj$t�R BP {Bt�s{� 8st$PBjIR�

i�P���t{�R

>VH z�y� V�tBj:I� 7Z� Zt� }�B}�$?��?� �B}BjB�$JZ� I�R s}}j${s�$BtR �jBAsj�8�t� {stBtT
$JZ�R I� js 8?�{st$JZ� {jsRR$JZ�� ]�i� V{sI� 7{� _s�$R 1Ed wd�ExD� n�d�Tn�11�

> _7H _�  $�st� N� _Bj���B%${Y� *� 7sjs8Bt� _�B}s�s�$Bt $t <s8$j�Bt$st Ikts8${R
stI ��js�$%� Rk8}j�{�${ YB8BjB�k� *Z,� �s�Y� F� dd� w1((nD� tB� d� ExuddM�



3jB�� YB8BjB�k PB� 8st$PBjIR b$�Y ABZtIs�k B� 7k8}j�{�${ YB8BjB�k �(

>]$H �� ]$�j$�As,� 7ZA{�$�${sj 7��$t 8st$PBjIR s�� R}j$�� }��}�$t�
s��$%U8s�Y�*p\(1(;nxd�

>]3<H �� ]$�j$�As,� V� 3jB��� <� <BP��� 7k8}j�{�${ YB8BjB�k yy��s�Y� �� 1dM wd��xD�
d(nTd11�

>]3<GH �� ]$�j$�As,� V� 3jB��� <� <BP��� �� GkRB{,$� V}}j${s�$BtR BP Rk8}j�{�${
YB8BjB�k yyU 7�sA$j$�k BP �Y� s{�$Bt R}�{��Z8� �s�Y� �� 11n wd��ED� 1�T;x�

>e7H 7� e$j�tA���� W� 7���t�BI� 3BZtIs�$BtR BP Vj��A�s${ qB}BjB�k� _�$t{��Bt =t$%�
_��RR� d�x1�

>epH O� ej$sRYA���� �� p�B8B%� ]Bt%�- Rk8}j�{�${ 8st$PBjIR� yt 7�%��sj {B8}j�-
%s�$sAj�R stI {B8}j�- ��B8���k� _s�� 1 w7st�s ]�Z9� ]V� d�M�D� _�B{� 7k8}BR�
_Z�� �s�Y� x1 U 1� V�7� d��d� dnxTdE1�

>3dH V� 3jB��� qY� Zt���Zjs�$9�I ��sI$�t� 4Bb BP �Y� Rk8}j�{�${ s{�$Bt� ]B88� _Z��
V}}j� �s�Y� ;d wd�MMD� ��xTMdn�

>31H V� 3jB��� 7k8}j�{�${ h-�I }B$t�R stI YBjB8B�}Y${ R}Y���R� ]B88� �s�Y� _YkR�
d1( wd�M�D� x�xTEdd�

>3nH V� 3jB��� G$���t:R {B8}j�- stI $tht$�� I$8�tR$Btsj �B�R� �Y�B�k� F� *$&� p�B8�
n( wd�M�D� 1(�T11d�

>3<dH V� 3jB��� <� <BP��� 7k8}j�{�${ YB8BjB�k y� �s�Y� �� 1dx wd��;D� n�TMM�

>3<1H V� 3jB��� <� <BP��� ]BY���t� B�$�t�s�$BtR PB� }��$BI${ B�A$� }�BAj�8R $t Rk8T
}j�{�${ ��B8���k� �s�Y� �� 1d1 wd��nD� dnTnM�

>3<7H V� 3jB��� <� <BP��� *� 7sjs8Bt� q�stR%��Rsj$�k $t �jj$}�${ �B�R� �Y�B�k PB� �Y�
Rk8}j�{�${ s{�$Bt� *Z,� �s�Y� F� M( wd��ED� 1xdT1�1�

>3<GH V� 3jB��� <� <BP��� �� GkRB{,$� V}}j${s�$BtR BP Rk8}j�{�${ YB8BjB�k y��s�Y�
�� 1d� wd��;D� x��TE(E�

>3�7{H =� 3�sZ�tP�jI��� 3� 7{Yj�t,� <s8$j�Bt$st Ikts8${R Bt {Bt%�- Rk8}j�{�${ 8stT
$PBjIR� s��$%U8s�Y�7p\(n(n1M1� �s�{Y 1((n�

>p$H z�N� p$t9AZ��� qY� G�$tR��$t {Bt`�{�Z�� stI �Y� �Y�B��8R BP t�s�Ak stI sj8BR�
�-$R��t{�� s��$%U8s�Y�*p\(nd(nn(� %1� 3�A�Zs�k 1((;�

><�dH *� <��8stt� <B8BjB�$� Rk8}j�{�$JZ� �� ?�}s$RR�Z� I� p�B8B% I:Zt BZ%��� I�
�k}� {Bt�s{� ��R���$t�� _Y* �Y�R$R� =t$%��R$�?� _s�$RT7ZI� d��M�

><�1H *� <��8stt� <BjB8B�}Y${ {Z�%�R stI <s8$j�Bt$st RkR��8R $t st B}�t R�� b$�Y
��R��${��I {Bt�s{� �k}� ABZtIs�k� *Z,� �s�Y� F� d(n w1(((D� nnxTn�;�

><�H <� <BP��� e� ��YtI��� 7k8}j�{�${ $t%s�$st�R stI <s8$j�Bt$st Ikts8${R�
 $�,Y[sZR��� d��;�

>NH 3� NsZI�tAs{Y� !t �Y� qYB8T78sj� {B8}j�-� s}}�tI${� rs F���  $R8Z�� G�
�Yst�� Vt �-��tR$Bt BP s �Y�B��8 Ak ]Y����� stI �[Zjj��� VR�?��$RJZ� 1(x wd��1D�
1(xT1d;�

>�{*H *� �{*Z&� 7k8}j�{�${ 8st$PBjIR b$�Y {Bt�s{� �k}� ABZtIs�$�R� yt%�t�� �s�Y�
d(n wd��dD� ExdTE�d�

>!H V� !st{�s� Ns RZ$�� R}�{��sj� I� N��skT7���� �t YB8BjB�$� I� 3jB�� I�R %s�$?��?�R
Rk8}j�{�$JZ�R {B8}s{��R rs AB�I I� �k}� {Bt�s{�� _Y* �Y�R$R� =t$%��R$�?� _s�$R dd
!�Rsk� 7�}��8A�� 1((n�



3jB�� YB8BjB�k PB� 8st$PBjIR b$�Y ABZtIs�k B� 7k8}j�{�${ YB8BjB�k �d

>_BH �� _B9t$s,� 3jB�� YB8BjB�k� WB%$,B% �$t�R stI {j�st $t���R�{�$BtR� yt WB��Y��t
]sj$PB�t$s 7k8}j�{�${ p�B8���k 7�8$ts�� V�7 q�stRj� d�E� V�7� d����

>i7dH F� iBAA$t� *� 7sjs8Bt� qY� �sRjB% $tI�- PB� }s�YR� qB}BjB�k n1 wd��nD� M1�T
M;;�

>i71H F� iBAA$t� *� 7sjs8Bt� qY� R}�{��sj 4Bb stI �Y� �sRjB% $tI�-�  Zjj� NBtIBt
�s�Y� 7B{� 1� wd��xD� dTnn�

>7dH *� 7sjs8Bt� �B�R� �Y�B�k U �Y� ]Btj�k $tI�- stI 3jB�� YB8BjB�k�  Zjj� NBtIBt
�s�Y� 7B{� 11 wd��(D� ddnTd;(�

>71H *� 7sjs8Bt� N�{�Z��R Bt 3jB�� YB8BjB�k� yt 7k8}j�{�${ p�B8���k stI qB}BjB�k�
O� ej$sRYA���� N� q�sktB�� eIR�� yV7\_s�, ]$�k �s�Y� 7��$�R� %Bj� �� V�7� d����
d;nT1n(�

>7GH *� 7sjs8Bt� F� G�A��� 3jB�� YB8BjB�k stI �Y� Y�s� 4Bb� }��}�$t� eq<T�[Z�${Y
w1((nD� s��$%U 8s�Y�7p\(n(;nMn�

>7{YH �� 7{Ybs�9� �B�R� <B8BjB�k�  $�,Y[sZR��� d��n�

>zdH ]� z$���AB� V }�BBP BP �Y� G�$tR��$t {Bt`�{�Z�� $t b
1z� Vtt� ytR�� <� _B$t{s�?��

Vtsj� tBtTj$t?�s$�� ; wd�M�D� nn�Tnx��

>z1H ]� z$���AB� 3Zt{�B�R stI {B8}Z�s�$BtR $t 3jB�� YB8BjB�k b$�Y s}}j${s�$BtR� y�
p�B8� 3Zt{�� Vtsj� � wd���D� �MxTd(nn�

>znH ]� z$���AB� 3Zt{�B�R stI {B8}Z�s�$BtR $t 3jB�� YB8BjB�k b$�Y s}}j${s�$BtR� yy�
=t$%��R$�?� _s�$RT7ZI� }��}�$t� �MTdx wd��MD�

>GH F� G�A��� GB�, $t }�B���RR�

>G�H V� G�$tR��$t� !t �Y� Yk}B�Y�R�R BP isA$tBb$�9: }��$BI${ B�A$� �Y�B��8R� F�
*$&���t�$sj eJZs�$BtR nn wd���D� nxnTnxM�

Vj�0stI�Z $st{�s�

*�}s��8�t� BP �s�Y�8s�${R� eq<�� M(�1 �[Z�${Y� 7b$�9��jstI�
eT8s$j sII��RRU Cuv|�u q 9u�X!��X:!|X


