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b5c+_�r<X�R h W|R[wMV<d]W5\B^ w�R h c¾�:R�W5R�W	Wm\e^ a�o5V�b+Y<dm_�^
d�V�t@V�Y*R5b a j8R�S	k8t¿X�w U5X�a�S	R+w _�Y�R+w�R[c c
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R�j8R�a�W�R5c8_�W5XmV�w h S�i Xmr�T�U�V<WmX�i W5_ R+a<WmR[c'V
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h d�T�¤�X|^ _�Wm¤*_8d�w�R�W	X�U�V�a<bmX�^ b5d5X�a�Y<_�S]S5R5c]y¡Ä:_8WmW5R+V
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R[¤*d]_�W5XmU[V�W5W]_!i aIR+j[V�X�^ a�Y�R5d�R[Wx�|X Y5y h y �+y���o�R�a�SmV h W|V�V
c8dmV�w¯i omR�i	c8XmS5a!i d|i h d]_�j8R�Ym� o5R+a<c<i	�@V�W5W]\B^
d	_�a�a�w�R+Y<d�V�W]X5}�Y�_+b[Xm^ r<_ h _�UMy�{�_�bM��c �!���'� j[\BS�X
o5R+S	T�U�V<Wm\ _�W	_�S�X�Y�X�U�V�a�b5X�V _�a<XmwzomY�R8Y�X�U�V�a�b5X�V
c8\:dm_�f@V<WmX�i h S5i¡U5_�a�Y�R8Y�X¡_�wzomS	XmY�T�Y b�R�S5V�j5_�W5X]g
_�Y*R�w�R[c h c�T�^�_�Y�R+w�W�R5g S�X5W5V�g5WmR[g n V<o�R�U�b5X a
X5r�R8Y�R[o]X�U�V�a�b�R�g o5d]X�w�V�a�k�} r�_'w�V��@V�W5X|i�y
� R�S5V�j5_�Y�V�S	k+W5\eV w�R h \ R+¤�d5_�W]X�U�V<W5WmR[g a R�j8V�Xm^
a�Y�R5d�R[W h c�T�^l_�Y�R8w�WmR[g S]X	W�V�g]W�R5g n V�o5R+U|bmX
d	_�a�a�w�R+Y<d�V�W]\�c������	�!y¨�@a�R�j+R[VÃc8W]X�w�_�W]X�V�c ± Y�Xm^
d	_�j+R[Y�_�^ T h V�S�i5S]R8a�k¥b�R�S5V�j5_�W5X|i|w��eS5R5b5_�S	Xmr�R�c8_�W]W5\ew
c
�IV�S�X X�S�X�r�_¿o5d5V h V�S�_�w�X b�c8_'r�Xma<o�S]R[tuW�R�¤ER
a�o�V�b�Y�d5_
n V�o5R+U5b5XM�DU�Y�RZi	c�S�i5V�Y�a!i�R�a�R8j�V�W5W5R¥_+b+Y�T5_�S]k8W5\Bw h S�i
_8W5_�S�X�r�_ b5_�b b�c+_�r�XmR h WmR8w�V�d5WmR8¤*R o�R5c�V h V<W]X+i
Y<d�V�^]wzV�d5W5\~^ a�Y�d�T	b+Y�T5dx�qY�_8b X ^	_8d5_�b|Y�V�d5X�a�Y<X]b
a<X]W�Y�V�r�X5dmR[c8_�W]W5\~^�R h WmR8w�V<dmW	\B^�a�X�a�Y�V�w�y
	ZR[�uW5\Bw¨X
± �I��V<b|Y�X	c+W5\ew _�o]o5_�d]_�Y�R+w h S5i d5_'a�U+V�Y�_
b�R�S5V�j5_�Y�V�S]k8W5\B^ ^]_�d	_�b�Y!V<d]X�a�Y<X5b b5dmX�a�Y�_�S]S5R5c a
W	_�d�T]tIV<WmW5R�g d5V�¤ET�S5i	d5WmR8a�Y<k�} c d5_�a�omR8S]R8f@V�W5X]X
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W5_!U[X5Wm_Ei�a
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o�V�dmX8R h X�U8V*a�b8T5} o+R[c�Y*R�d+i[V*wMR8a*Y�k@_*Y!R8wzWm\�^ a*w�V��OV�W5X�g c
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c�R�S	W�R�c�R[g r*R[W�V|y��IU8V�c8X h W�R��¢U8Y!R h S�i�S	XmW8V�g�W5\B^
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j[_�r�X+a�W[\BV c�V�b+Y*R�d5\ j�T h T+Y c�V!a�Y�X a*V*j�i
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a<X]W5�I_�r<W]\Bw�X���_�W5Y�X�a�X5wMw�V�Y�d5XmU[W]\BwxX¯� a�w�V<�OV<W]X+i5w�X
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o	d�R�Y�X]c�R��I_�r<W]\Bw�X��*a<X�w�w�V�Y�d	X|U|Wm\ewzXM�ªa�w�V<�OV<W]X+i5w�X
_�Y*R�w�R[c a¢W�R�wMV<d]_�w�X

± ( � + � ) �*_�Y*R�w � =
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o5R h o	d|R8a�Y<d5_+W�a�Y<c'V
W5V�o�R h c+X�f@V�W��  �m�
c n V�W�Y<d|V�a<X�w�w�V�Y<d5XmX _'Y*R�wx_�WmV�Y �*Ymy VmyzW5X�R h X]W
X5r
_�Y�R�w�R5c�WmV
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∞ a�R+R�Y�c�V�Y�a�Y�c�V�W5W5R

R[j�d	_�r�R[c+_�W	\ a�X5W]�I_�r<W5\Bw�X X o5d�R�Y�X5c�R5��_�r�W]\Bw�X
a�w�V��IV<W]X+i5w�X�_�Y�R8w�R5cÃaÃWmR8w�V<dm_�wxX

± ( � + � ) �*R h X]W
U|_�a�Y�W	\eg a�SmT[U5_�g Y<_�b|R[g a<X�w�w�V�Y<d5XmX�j�\eS d5_'a�a�w�R�Y�d�V�W
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imc'S5i5V�Y�a!i n X5b|SlX�U�V�a<bmX�w�y Q:R�a�b�R8S�k�b�T a�w�V��IV<W]X�V
_�Y*R�w�_ a W�R�w�V�d�R8w

±
R d]_�c8W|R a<d|V h W|V�w�T

_8d5X5��w�V�Y<X�U�V�a<b|R8w�T c'V<b�Y�R[dmR[cl� o]d5X5W]_ h S5V�f
_��@Xm^
c�r�_�X5w�W�R R5d�Y�R+¤*R[W]_�S�k�W	\Bw o5R h o]d�R8a�Y<dm_8W�a�Y<c+_�w �2c
o5V�d5c�R�w¨a�S5T5U[_'V : H(

;
) X : H −

ä(±
ä
) �zc'R c'Y*R5d�R�w¨a�S5TmU[_�V : H −

ä(+)
X : H − ä(−) �+�¿��T5W]b n X|i �[d	XmW	_ªb|R8S]V�j�_8W5X]g ± Y�R�¤ER̀ _�Y�R8w�_
wzR�fIV�Y j5\BY<k c8\ed]_�fIV<W]_ U�V�d�V�r a<d|V h W|V�V
_8d5X5��w�V�Y<X�U�V�a<b|R8V a�R�R8Y�c�V�Y�a�Y�c�T5}:�uX�̂ h X5_�¤*R�W	_�S�k�W]\B̂
± S]V�w�V�W�Y�R[c ¤�d5X]W�R5c�a�b+R[¤ER R�o5V�d5_�Y�R5d5_¡a�X5a�Y*V�w�\ d �
r<_�o]X�a�_8W5WmR8¤*R�c�o	d|V h SmR[fIV�W	Wm\B̂�j5_�r<X�a�_�̂xy

�ua<o�R�S	k'r*T�i¦���	�'��wzR+f
W�R S	V�¤*b�R�o�R�S5TmU[XmY<k

ρ H ( � ) ≡
�
π
��� � H'H (λ) =

� H
¹
(λ)ρ

;
(λ)
 �����<�

µ� ý H ≡ �  ′ » λ = λ � b H8H (λ) =
� H
¹
(λ � )µ � ý ; y �����5�

�ur¢���8�8�+� ���o�]�§c¢U5_�a�Y<W|R[a�Y�Xx��a�S	V h T5V�Y���U8Y�R�o5d]X
S�}ej�R8w���R�j8S�_�a�Y�X�a�T5�IV�a�Y<c'R|c+_�W5X|i�w�W	X�w�R5g�U5_�a�Y�X
��T5W	b n X	g � H�H (λ)

�ÒYmy�V5yqo�R�S5R�a<\ WmV�o5d5V�d5\ec+W5R+¤*R
a�o5V�b+Y<d5_m��R h X5W	_�b|R[c8\¿� omR8S�}ea�_���T5W	b n X	g � H�H (λ)

�
R5o5d�V h V�S5i	}:�¿X5V b5c8_ h dm_�Y<\ U5_�a�Y�R8Y h X�a�b5d�V�Y<Wm\e^
b�R+S	V�j[_+W5X	g �*S5R5b5_�S	k+W5\e^§XmS	X§�IV�S5V<c+\e^��

λ � �:Y�_�b�fIVa�R|c+o5_ h _�}�Y h S5i§c�a�V�^	��y ��R5d�w�T�S�_¨���o�]�¦o�R�r�c�R�S�i5V�Y
W]_�g�Y<X a�Y�V�o5V�W5k S	R�b5_�SlX|r<_ n X	X¦X ^	_8d5_�b|Y�V�d�r�_�Y�T�^�_�W	X+i
Y�_�b5X�^ b�R�S5V�j5_�W5X]gMy
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�z_'a�a�w�R�Y�d5X�w r�_ h _'U8T R8j X5r!wzV�WmV<W5X]X
Xmr*R�Y�R�o	X�U�V�a<b|R[g�o	dmX5wMV�a�k8} r�_�w�V<�IV�W5X|i ��R|W|R|WmW5R+¤*R
a�o5V�b+Y<d5_ S�X5W5V�g5WmR[g n V<omR8U5b5X a h c'T�^	_�Y*R�w�W�R5g
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c�R�r�W]X5b5WmR[c'V<W]X+i`c¨Y�_�b�R[g a<X�a�Y�V�w�V¥SmR|bm_�S	X5r�R[c+_�W	Wm\e^
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/ F < ( � = ��� � ) y{MV�o�V<dmk]��V�a�S	XZc�W5_'U[_'S5R b+R�R[d h X]W5_'Y c'wzV�a�Y�R�_�Y�R8w�_
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�*a�w�y~d5Xmamy
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o]d5X W5_�SlX|U|X]X Y!i5fIV�S]R[g o5d]X�w�V�a�X c S]V�¤*b�R5g
omR h d�V�tIV�Y<b|V5y� _8bsT5fIVÃR[Y!wzV�U5_�S	R+a<kl��_�w�o�SlX|Y�T h \¾b�R8S]V�j�_8W5X]g
_�Y�R[wMR5c¥Y2i|f¿V�S5R5g o5R h d�V�tIV�Y<b5X©R�j[d5_+�@_�}�Y*a!i c¥WmT�Slk
o]d5X§U�_�a�Y*R�Y�V

ω
; �O_©_�wxo|SlX�Y�T h \�b�R�S5V�j|_�WmX	g§_'Y*R�wzR�c

S]V�¤*b�R�g§o5R h d�V�t@V�Y�b5XLT�o]d5X U5_�a�Y�R8Y�V
Ω
; y@Q:R ± Y�R+wzT

o]d5X h _�WmW	\B^£U|_�a�Y�R8Y�_�^½X�r�R�Y*R5o5X5U�V�a<b�_<i o5d]X�w�V�a<kªW|V
j�T h V�Yªc'S	X�i5Y�k Wm_ b�R+S	V�j[_�W]X+i¢_�Y�R+wzR5c o5R h d�V�tIV�Y<b5Xzy
�DSmV h R5c+_�Y�V�S	k8W|R��@R�Y��¿V<o|S	V�W5XmV �OV�S]V<c+\B^¢b�R8S]V�j�_8W5X]g
R�Y c�V�d�^l_ _8b+T5a�Y�X5U�V�a<b+R5g r�R�W	\ o5R h c�S�X+i	W]X�V�w
Xmr*R�Y�R�o	X�U�V�a<b|R[g¦o5d	X|wzV�a�X c S5V�¤�b�R[g¦o�R h d5V�tIV�Y<b+V�X�R+Y
h W5_ R[omY�X�U�V�a�b�R[g r�R[W]\¿� V�a�SlX X5r�R8Y�R[o]X�U�V�a<b5_!i
o]d5X�w�V�a�k W	_�^]R h X|Y�a!i c Y*i5fIV�S	R�g omR h d�V<t¿V�Y�b�Vm�
h R+S	f@WmRqj[\BY�k]�§o�R�b�d]_�g5W5V�g w�V<d�Vm� a�T	�IV�a�Y�c�V�W5WmR
r�_�Y<d�T h WmV�W�RMy�D\BU5Xma�S5V�W]X�V@o�R�S	}�a�R�c
��T5W5b n X5X �5d5X5W]_u�+��°	���*Ymy Vmy
b�R�d	W�V�g b5c8_ h dm_�Y<W�R�¤ER¨Y<d|V�^]U8S]V<Wm_¨���2Á]����o5dmX	c'R h XmY b
a�S	V h T	}:�IV�w�T�d�V�r�T�Slk�Y�_�Y�TD?
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�
λ ä

�
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λ @ ε�
− ε
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y

�*�M�<�
QIR8S�}eam�½a�R�R8Y�c�V�Y�a�Y�c�T]}:�@X]g r<Wm_�b�T ���.� o|V<d�V h

d5_ h X]b5_�S5R�w�� o]d5X ε =
�©d5_�c�V�W

λ ä + λ
¹ZX T�j[\�c8_�V�YZa

��R�a�Y�R+w
ε
y �DS5V h R�c8_�Y!V�S�k�W5R¯�«R�W a�R8R�Y<c'V�Y!a�Y�c�T�V�Y

S]R[b5_�S�k�W5R+w�T b�R�S5V�j5_�W5X]} a@b5c8_ h d5_�Y�R+wZU5_�a�Y�R�Y�\ λ  > > λ ä + λ
¹ y

QIR8S�}eam�pa�R�R8Y�c�V�Y�a�Y�c�T]}:�@X]g r�W	_�b�T ���.���¡Y�_�b�fIV
T�j5\ec8_�V�Y�aªd�R+a�Y�R�w

ε
�¿W|R o]d5X

ε =
�§d5_�c�V�W

λ ä y��
Wa�R[R+Y<c'V�Y�a�Y�c�T5V�Yª�@V�S5V�c�R�w�T b�R�S5V�j|_�WmX	} a bmc8_ h d5_�Y�R8w
U5_�a�Y�R8Y�\

λ� ∈
�
Ω
;¹ � ω

;¹ ��y
�D\BU�V�Y��eT	W5b n X5X ����°]� c�Y�R8U5b5_�^

λ  ý � � Ymy VmyX]W�Y�V�W�a�X	c+W�R�a�Y�k S]R[b5_�S�k�W5R+¤*R XmS	X �IV�S	V�c�R+¤*R
b�R+S	V�j[_+W5X�i�� w�R�f@WmR o]d�V h a�Y�_�c8X|Y<k a�SmV h T5}I�@X�w
R�j[d5_'r*R�w@?

µ  ý ; =
^ε ^ − ε�
(
�

− ε)





�
+

�
λ ä − λ

¹
(
�

− ε
¹
)

√�
λ äH ε H + λ H

¹
( � − ε

¹
)
¹ 




 �*���5�

���,�� �� Ì � Ý¸×�Ü�ã�â	Û�Õ]ØëÛ�ÿ�ç�ß�î	ß�î�Û,ßªçmà	ß�õ�ß�á,Ò�ÓOç�ÓªØ�Ø�ïEØ�Ö�ß�á,Ò�ò�Ó�Ü�Ô¸î�ï�û
Ö	Ü�×�Ò�î	×�Ø�Ò�ß�÷mÖ,ò�Û	çß�Ø�î�×�ê�×@Ó�Ò�×�ç�Ó�Ì�ì�ò	Û�ç�ßªØ�Ô�Ý@Ü	ß�êÚá,×�÷mÖ	×ªà	ò�ß��ß�Ò�á,ß
(λ � > λ � ) � � � Ì�ì�Þ	Û�ç�ß�ØªÔqÝqÒÚÕ	ó�ß�Ü	×�÷_Ö�×�à�Þ	ß��ß�Ò�á,ß (λ � > λ � ) � � � Ì

ÙeÖ.i2Ö�Õ�Êz×�Ö�i*ÕEÖoj
lEÚ<Ë�m*Ú�n�ÊOlÍ�n�Ï�àá�á�â�Ïpl�Ç qkh:ÏOs â g�g�á
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�
λ ä − λ

¹
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�

− ε
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)

√�
λ @H ε
¹
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¹ H ( � − ε

¹
)
¹ −
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^ε ^ − ε�
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�

− ε)





�
−

�
λ ä − λ

¹
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�

− ε
¹
)

√�
λ ä
¹
ε
¹

+ λ
¹¹
(
�

− ε
¹
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λ ä > λ
¹  

λ ä < λ
¹ y

�*���	�

G�c*R�S5} n X'i a X+rEw�V�W+V2W�X+V*w o�_�d8_!w�V*Y*d[_
εa�o+V2b+Y*d�_ES5k�W�\�^�o8S�R�Y*W+R�a*YEV�g

ρ
;( ; )(λ � ε)

o�d�X�c�V h V�W�_@W�_ud[X+a+y�]�	_Ir*_�c�X+a�X+w�R�a*Y*X�R�Y
ε
b�c�_ h d�_!YÒR8c h X+a*b�d�V*Y*W�\�^ U8_!a*YER�Y X

X[W+Y*V*W+a�X�c�W8R�a!YÒV*g�aER�R�Y*c�VEY*aEY2c�T�}e�:X+^ b�R�S�VEj8_�W[X�g T W�_
d[X+a�y8�]y
P�a�S�X

λ ä > λ H
�*o	d5Xmw�V�a�k�c S	V�¤*b�R5g o|R h d�V<tOV�Y�b�V����

Y�RM� b�_+b¢T�f@V£R8Y�wzV�U[_'S5R�a<k c+\etIV5��X�S	R�b5_�S�k�W	\BV X
�@V�S5V�c8\BV b+R�S5V�j5_�W]X+i R�j[d]_�r�T5}eY�a!i j�V�r o|R|d|R[¤*_m�

R�Y��¿V<o�Smi�i5a<k¨a�R�R8Y�c�V�Y�a�Y�c�V�W5W5R R�Y�c'V<dm^	_¨R5o�Y�X5U+V�a�b�R5g
r�R[W]\�o	dmX

ε <
�§X`R+Y¨V�V h W5_ o5d5X ε >

�¯y � c8_ h dm_�Y
U5_�a�Y�R8Y�\�S	R�b5_�Slk�W]\B^¢b�R8S]V�j[_8WmX	g o5d5X

ε → −
�ª�*Ymy Vmy

F ′
/ F ä →

�	� a�Y�d5V�wzXmY�a!i b j8V�a<b|R|W|V�U5W�R�a�Y<X == (
�

− ε H )−
ä � _§X5WmY*V�W5a�X5c8WmR8a�Y�kLT b V h X]W5X n Vm�
Ymy Vmy

b�R+S	V�j[_+W5X�i a�Y<_�W�R5c<i|Y�a!i c'a�V j8R�S5V�V
S]R[b5_�S�X�r�R[c8_+W5W]\BwxXzy � c8_ h d	_�Y�U[_'a�Y*R�Y�\��IV�S	V�c�R+¤*R
b�R+S	V�j[_+W5X�i o]d5X

ε → ∞
a�Y�d�V�w�X5Y*a!i b c�V�dm^	W5V�g

���,�� ©® Ì ��ÓªÝ�Û,Ø�Û�ç�×�Ø�Ò�ÔVá,ÝªÓ�à,ò�Ó�Ò�×¸ÝVí�Ó�ØÚÒ�×�Ò ÛñÛ,î,Ò�ß�î,Ø�Û�Ý�î,×�Ø�ÒÚß�÷
Ü	×ªá,Ó�Ü,Ôªî,ï�û Û þ}ß�Ü,ß�Ýªï�û á�×�Ü,ß � Ó�î,Û,÷ý × � Ù,Ø�Ü,×�Ý�Ü�ß�î,î,ï�û
Û	ÿÚ×�Ò�×�Ö,Û�í�ß�Ø�á�×�÷:Ö�ò,Û,ç�ß�Ø�ÔªãRÝ � ßÚØ�á,×�î�ß�í�î,×�÷]â�ß�Ö,×�í�á�ß,Â

(λ � > λ � ) � � � %
(λ � > λ � ) � � � Ì

g8â�� ÙBÖ.i*Ö�ÕÊz×�Ö.i*Õ6Ökj�lEÚ<Ë�m!Úan�ÊOl�Íon�Ï�àá�á8â8Ïpl�Çrq.h�Ïos â



¤�d5_�W]X n V _�b�T�a�Y<XmU8V�a�b�R5g r*R�W5\
(Ω
;¹

= λ
¹
)
Y�_�b+fIV

= (
�

− ε
¹
)−
ä y �
W+Y*V�W+a<X�c8W+R+a*Y�k ± Y*R8¤ER b+R�S5V*j[_�W�X+i

c8W�_�U[_!S5V d�V*r�b+R c�R�r�dm_*a�Y�_!V*Y���_ r�_*Y*V!w w�V h S5V�WmW�R
T[j�\Dc�_�V!Y�� o�RÀw�V�d�Vqomd5X+j8S	X�f�V<W�X+i�b

Ω
;¹ h _�W5W+R+V

b8R+S5V*j�_�W5X|V c'a*Vvj8R+S[V�V X¾j�R8S5V*V h V�S[R�b�_�S|X|r*T�V*Y*aEiMy
�@Y*w�V*Y�X�we�8U+Y*R
o5d5X

ε =
� �EY�y Vmy[o5d�X�w�V!a<kIc h c�R8V�YEi[fIV*S5V!V

_�Y*R8w�_ S�V�¤Òb+R[g o|R h d+V�tIV*Y�b�X�� W�V*r�_�c�X|a�X�w�R R�Y
a�R�R+Y�W�R[t�V�WmX+i�w�V�f h T F ä X F ¹ b�c�_ h d5_!YÃU[_�a*Y!R8Y�\
�IV*S5V�c�R+¤ER½b+R8S5V!j[_�W5X+i Wm_�^[R h X�Y*aEi¢Y*R+U[W+R¢c a�V�d+V h X[W|V
�IV*S	X

λ� (
�
) =

λ ä + λ HL ≡
λ¼�¾ �� y �*�[���

�
W�Y�V�W5a�X5c8WmR8a�Y�k h _�W5WmR8¤*R�b�R8S]V�j�_�W	X[i

µ� ý ; ( � ) =
λ ä − λ

¹

λ ä ≡
ω
;¹

− Ω
;¹

ω
;¹ y �*�|�]�

IIV�¤�b�_�i o5d]X�w�V�a�k`c Y*i5fIV�S]R[g�o�R h d�V�tIV�Y<b|V (λ ä <
< λ
¹
)
o]d5X5c�R h X|Y b j8V�a�o5R�d�R�¤ÒR5c'R8w�T R8j5d5_�r�R|c+_�W5X]}qX

S]R[b5_�S�k�W5R+¤*R X �IV�SmV<c'R[¤ERZb�R8S]V�j[_�W]X5gZR h W�R5c8d�V�w�V<WmW5R¯y
Q@d5X ± Y�R�w a T5j�\ec8_8WmX5V�w ε

S]R[bm_�Slk�W]\BV b+R�S5V�j5_�W	X+i
a�Y<_�WmR[c<i|Y�a!i�c�a�V j�R8S]V�V S	R�b5_�S�X�r�R�c8_+W5W	\Bw�X T

µ  ý ; →
→
����_

λ  → ∞
y � V�S5V�c�R�V f@V b+R�S5V�j5_�W]X�Vm�

R�Y��¿V<o5X]c8tOV�V�a*i c ± Y�R+w a�S]T[U5_�V R8Y c'V<d|^l_
_�b�T�a�Y<XmU8V�a<b|R|g r*R5W5\ � S5R5b5_�S	Xmr�R�c8_�WmR a�S	_�j�R¯y
�z_�c+X�a<Xmw�R8a�Y<k

µ� ý ; (ε)
omR8U�Y�X a<X|wzw�V�Y<dmX�U5W	_ W	_

X]W�Y�V�d5c+_�S	V
ε ∈

�
−
���S�]� X o5d]X

ε = −
��R�j[d]_��@_�V�Y�a!i c

WmT[S]k]� b5c8_ h d5_�Y U|_�a�Y�R8Y�\ h _�W]W�R�¤ÒR b+R�S5V�j5_�W	X+i
h R+a�Y�X5¤*_�V�Y§a�V�d�V h X]W5\q�¿V�S]X�y*�pc'V<d�^]W5V�g omR8S]R[c+X	W|V
�IV�SlX c'R8r�W5X	bmW�R5c�V�W5X5V �IV�S5V�c8\~^ b�R+S	V�j[_+W5X	g c
h _�W]W�R�w¥a�S5T5U�_�V
WmV<c'R8r�w�R8f
W�RMy
{¯i5f@V�S	_�i o5d]X�w�V�a<k�c¢Y!i5fIV�S]R[g�o�R h d�V�tIV�Y<b|V W|V

o]d5X5c�R h X|Y b R[j�d5_�r!R|c+_�W	Xm} h X�a�b5d�V�Y�W5\e^ªb�R�S5V�j5_�W5X	gzy�¡a<o|V<b�Y�d5_�S�k�W5R�g o�S]R8Y�W�R�a�Y<X
ρ(
;
)(λ
�
ε)
o	d5X ± Y�R[w�a

d�R�a�Y�R+w
ε
o5d|R|X|a�^]R h XmY ��o�V�d�V<bm_�U|bm_'� ��R|W|R|W|R|cÃX|r

R5o�Y�X�U�V�a�b�R[g r�R5W5\§c�_+b8Tma�Y�XmU�V�a�b+T	}uy
QIR8S�W�R�VpXmr*w�V�W5V�W5XmVpX�r�R8Y�R5o5XmU8V�a<b�R5g o]d5X�w�V�a<k+}

r�_�wzV��IV�W	X[i ��R[WmR[W]W�R�¤ER a�o�V�b�Y�d5_ SlX5WmV�g5W5R�g n V�omR8U5b5X
a h c�T�^	_'Y*R�wxW|R|g ± S5V�w�V<WmY�_+d5W�R5g i5U�V<g5b|R|g wzR+f@V�Y@j5\BY<k
R5o5Xma<_�W�R a o5R+wzR5�@k�} c8c�V h V�W5WmR[g I@X5�It@X n V�w
��T5W	b n X	X�a h c8Xm¤*_ ξ(λ

�
ε)
b�_8b ?

∆
�

(λ) =
∂ξ(λ

�
ε)

∂λ
y

�¦T|W]b n X|i a h c+X5¤*_ c+\BU5X�a�Smi5V�Y�a!i a o�R�w�R5�@k+}
w�V�Y�R h _ imb|R8j5X�V�c8\B^ wz_�Y�d	X n ���Ò��� X h S�i
d5_'a�a�wz_'Y�d	Xmc8_�V�wzR5g�r�_ h _�U�X�X5w�V�V�Yuc8X h

ξ(λ
�
ε) = ±

�

π
� � �����
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λ(λ − λ
¹
)

(λ − λ ä )(λ ä + λ
¹
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¤ h V¦r�W	_�b ���.�¥a�R8R�Y�c'V�Y�a�Y<c'T[V�Y _�b�T�a�Y<XmU8V�a�b�R5g¥r�R5W�Vm��c
b�R+Y�R5d�R�g h Xma<o|V<d�a�X|i�b�R�S5V�j5_�W5X]g o�R�S5R�f@X5Y�V�S	k8W5_m� _���.� T R5o�Y�X�U�V�a�b�R[g � h X�a<omV�d�a<X|i�R�Y�d]X n _�Y�V�S	k8Wm_5�'yG�c'R8S�} n X+i�a X5r�w�V�W5V�W5XmV�w�o5_�d]_�wzV�Y�d]_

ε
r�_�c8Xma<X$M

w�R8a�Y�V�g

∆
�

(λ) = ± ε
�

(λ)
λ ä � � λH −

�
λ(λ ä + λ

¹
) + λ(λ ä + λ

¹
)
�

G L λ − λ ä − λ
¹ ^ � ^λ − λ ä ^ (λ ä + λ H − λ) + ε H λ(λ − λ

¹
)
�

o]d5X5c�V h V�W	_IW5_Id5Xmamy8��y�� S�X5WmV<g5WmR8wZo�R
b|R[W n V�W�Y�d5_ n X]X
o]d5X�w�V�a�X � o]d5X�j�S	XmfIV<W]X5X o�R�S	W]_!i �~R5W�R5W5W	_!i
omS5R�Y�W5R+a�Y�k�c8\ed]_�r�X�Y�a!i bm_�b �

(λ
�
ε) =

�
(λ) +

�
∆
0

(λ)
y

���,�� \² Ì��_×¸ò�ç�Û,ò�×¸Ý�Óªî	Û�ßEÖ�×¸Ü�î,×,÷<õ}×�î�×¸î�î,×,÷<Ö	Ü�×�Ò�î	×�Ø�Ò�Û �
(λ)à	ÝªÙ	û	ÓªÒ�×�ç î�×,÷ Ü�Û,î	ß�÷�î�×¸÷ â	ß�Ö�×�í,á,Û Ø�Ö�ß�á,Ò�ò�Ó�Ü�Ô�î�ï�ç�Û

Ö	Ü�×�Ò�î	×�Ø�ÒÚÕ	ç�Û
ρ( 	 )(λ) � à�Ü	Û�î,î�ï�ß@��Ò�ò	Û�û�Û � Û ρ(± � )(λ) � á,×�ò�×¸Ò�á�Û	ß�§Ò�ò�Û�û,Û � ý@ÓiÒ�Óªá,ó}ßRõ�Ù	î�á,â�Û�Õ

∆
�

(λ)
à	Ü�Õ ò	Óªÿ�î	ï�û ÿ�î,Ó�í�ß�î	Û�÷

à	ß�õ�ß�á,Ò�Ó"ç ÓªØ�Ø�ïqÂ
(λ � > λ � ) � � � % (λ � > λ � ) � � � Ì

ÙeÖ.i2Ö�Õ�Êz×�Ö�i*ÕEÖoj
lEÚ<Ë�m*Ú�n�ÊOlÍ�n�Ï�àá�á�â�Ïpl�Ç qkh:ÏOs â g8â|à



IIV�¤�b+R�c+X h V�Y�kl�DU�Y�R ξ(λ) ^ ;Ω 	� =
» � �

(ε) Θ (λ H − λ ä ) ��_

ξ(λ)
�
ω 	
�λ � +λ �

= −
���DU�Y�R�o�R h Y<c'V<d|f h _�V�Y c8\ec'R h \ �Da�SmV h T�M

} �¿X5V X�r o	d5X]c�V h V<W]W�R�¤ER c8\etIV _8W5_�S�X�r�_
o5V�d�V�d5_�a�o5d�V h V�S	V�W5X|i b�R+S	V�j[_+W5X	g w�V�f h T r�R5W5_�w�X�y
� dmR[a�Y�R�w W]R�w�V8d	_ � �*Y]y V]y d]_�a�a�Y�R+ilW	X|i§R[Y¥o]d]X
Mw�V�a<W]R�¤*R _'Y�R�wD_m��X]W5Y�V�W]a<X�c+W]R�a�Y<k bmR�S	V�j5_+W�X�i a
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