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τ∆

�
ω
__

− , j4¢�o�f ω
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χ 9 + ß�ä @ + χ : − ß²ä A −
B
χ 9CB @

(∆τ)
" −

χ 9CB A + ß + χ 9 ä @ − ß −
�
χ 9 ä @

(∆* )
" +

+ 5;6�7 = (χ + ϕ ( ) = ε Í ¤�¹ 1 §¢�o�f
∆τ

Å a,rA¢mx�_Æe?`�fAs�f�i�b�j
∆*

Å a�rA¢mx�_
p�_�_T`To]b�i'rAh�f�j

χ 9CB @ = χ (∆τ � j ∆DFE ) � ,Q`�r?e?iTf�i'b�f ¤�¹ 1 §`�f)a,rAw�_<g)�ygy`�rAd�w!b�k�i�t¯svbÃd)i�rEk?f)i]b�n�sCb
∆τ
j

∆ *
j = b

`�rEd�w�bTkTi'tXsCb i]rAk�rAw!�)i]tXsCb ~�gAw]_�e?bTnTsCb ¤-9'§ �
@ b]x�b�k�i]tXf4`�f�a�f�i'b�n�x�_�g�h)`�_�f�i�t¡g = =

�½¤�`]b�g � ¹�� �'§�jk�b�gAw]_�~�d�w�_�e � =
¹ 1�1 1 1À�!Ä p<rEd�r)w�_<g)��j�k�h�_�b�dAsvf)i�f)i]bTfi'rAkTrAw'�?i�t¯uc~<gAw'_<e?b'� ¤-9'§ g�w]rA �_²g)p�rAd)tGe?rEf�h�gKnqi]r

u!r)`�r)p�hAf�`�f>`�f)a4f)i]b�n«~�`�r)e�i�f)i�bTnz¤;$'§ �¬©g�w'r) ?_�s h�_�`�s�_�d�n]��fAs xT_<w�fG(
ε
( �-� 1 j ¹µ¤�`�b�g � ¹�§i'rAkTrAw'�?i�t�� x'`�_��Qb�w]��j�o'e?b�{Q~���b���g�n x'`�_�h�b'e·x�_�w�n�j

k�f�`Tf�d²i�f)p�_?hA_�`�_?f²e�`�f�s�nqhAf�`<nTfAh£~�gAh�_���k�b�eE_�g�h)�²b
x'Ó�_?gAh�_´o�`�_? �b�hAg�n i�r gA_�w]b�hA_<i't gA_<b�d�s�f�`�b�s�_?gAh�b ��4_?gAw]fAo�i]b�f�h�_�`�s�_�d�n�h�gKn�j<d)rAh�fAs«s�f�i<n���h�i�r�x�`�r�e)w�f)i]bTf
o]e�b�{�f)i�b�n¡i'r°x'`�_�h�b'e)_�x�_�w]_�{,i�_�f°b e«p�_Ti���fyp�_<i'��_�e
gA_< �b]`�r)��hKg�n eE ?w!b�d�b Ì = 1'� ¼ rA ?w!�Go'rAf�hAg�n
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b�dAw�~�k�f�i'b�f�j o�e?b�{4~]�4fAf�gKn g s�r?p�g)b�sCrAw]��i�_��
g�p�_�`�_�g�h)�?� � �Q`'b«~�e)fAw!b�k�f�i'b�bÃx�_�w�nÇe½o�_�x�_�w]i�f�i�b�f�p��hA_�s�~£�)�4�Gf)p�hA~£i]rA �w]��o�r)fAh�gKn `�_�{�o�f)i�b�f�d)r)`�n�o�_<e
x�_�w]fAs¶¤�`�b�g � �'§ �¬�~�g�p�_�`�n]�4�4f�s·x�_?w'f°_�p�rAd)rAw]_�g���jvk�h�_Ãx'`�b

ε = 1 j ¹i]rAk�rAw!�)i�_�f�~�gAw]_�e?b�f h�`�b�e?b'rAw��)i�_ `�r)g)x�rAo]rAfAh�gKnqg�_
e?`�f�s�f�i�f�sqi'r�hA_<x�_?w'_?¢�bTk<fAg)p�b�f¨gA_?w!b�hA_<i't�j¾r x�_�w�f
w�b�a�� g�p�rAd)tGe?rAfAhAg�n i�r e�`�fAsvf)i�b _� <`'rAd�_�e?r)i'b�n
g�_�w]b�h�_�i�_�e�b b�u g�pT_<`�_?gAh�b � �4f)`�f�o x�`�_��4b�w'f�s
i]rA �w]��o�r)w�_�g)�½oTe�b�{4f)i]bTf°b�dAw]~�k�f)i�b�n|g>s}r)pTg�b�sCrAw!�)i�_
e)_�d�s�_�{�i�_<��g)p�_�`�_�g�h)�)� � �Q`�b ε . 1 j ¹zi'rA <w'��o�rEf�h�gKn`�_�{�o�f�i'b�f d)r)`�n�o�_�e x�_?w'fAs ¤�`�b�g � �!§ � ¼ fAk�h�_x�_�o�_� <i�_?f�_�h�s�fAk�rAw]_�g��«e¾`�rA �_?hAfz¸ 9'»Qx'`�b|k�b�gAw�f)i]iT_<s
r?i�rAw!b�dAf�o'e?b�{�f)i�bTn o�{Q_�dAf��¯g�_�i�_�eEg�p�bTuÏe?b�u]`�f)�qe
g�b�g�hAfAs�f|g«o]b�g�g)b�x'r)�]b�f)� ��Ä h�w'b�k�b�f�j±_�o]i�r)p�_�j e|hA_�sGjk<hA_µsCt©e?b�o]b�s¨i�f| �f�g)p�_�i�fAk<i�_?fÃk�b�gAw]_¶`�_�{�o�f)i�i'tXu
d�r)`Tn�o<_�e�j�r�p�_<i�f�k�i�_�f�jQk�b�g�w�_·p�_�h�_�`�tXu�d�r�e?b�g)b�h _�h
x�_�w�n ¤ß`'b�g � �!§ � ­vr)e?b�g)b�sv_�g�h)��e?`�fAs�f�i�b©`�_�{�o�f�i'b�nd�r)`Tn�o<_�eÊ_?h>x�_�w�nzx]`�b�e)fAo�f�i'r>i�r>`�b�g � �Àj�_�i]r�u�_�`�_�a4_r?x�x'`�_<pTg�b�svb'`�~�f�hAgKnÉdAr?p�_�i�_�s

τ
_

=
!

+
� � √ε − ε � �®�d�s�f)i�f�i'b�fyx�_�w�n]`�i�_�g�h)bÃ`�_�{4o�f)i]i�tXuÃd)r)`TnTo�_�eyx]`�b

x�f)`�fAsvf)i�f�d�i'r)p�r,x�_?w�n°_�o]i�_�d)i�rAk�i�_>~�p�rAd)tGe?rEf�h�i'r�hA_!j
k<hA_ s�fAu�r)i�b�dAs�_�s b�u _� <`'rAdA_<e?r)i'b�n n]e)w�n�f�h�gKn
x�_�w�n]`�b�d�r?��b�n�Â x�`'b

ε � 1 gA_<w'b�hA_<iµo�e�b�{4fAh�gKn eEo�_?w!�

x�_?w�nvj�r�r�i�h)b�g�_�w]b�hA_<i|x]`�_�h�b'e�x�_?w�n + x'`�b ε
� 1 �,b �_

s�f�i<n���hAg�nys�f�gAh�rAsCb �¬C`�fAs!ny_? �`�rAdA_<e?r�i�bTn�g�eE_? �_?o]i'tXu«i�_�g�bTh�fAw�f)��d)r)`�n�o]r
_���f)i]b�sµgAw�fAo�~��Q��b�sµ_? �`�rAdA_?s ���~�gAh�� d�r·e�`�f�s�n

τ ( i�fAw]b]iTf��'i�tGf·��w�~�p�hA~Tr)�'b'b¨eo]e�b�{�~��4fAsvgKn>g�x]`�r)pTh�b�k�fAg�p�b>x�`�fAo�f�w!�)i�_<��g)p�_�`�_?gAh����
x'`�_<�4b�w�f¨¬G­�� `�_?{�o�r?�¯h³o�f)��_�`�sCr)�'b��Æ�4`�_�i�h)r g
δϕ = 1À� ¬ _�h�gA~�h�gAh�e�b�fcx�_�w�nÆh)r)p�_<� x�`�_���f�gAg iTf
x'`�b�e)_�o]bTh p `�_�{�o�f)i�b'�Æd)r)`�n�o�_�e'j«h)r)p£p�r)p h�r)p�rKn
o�f)��_<`�sCr)��b�n²o�e?b�{4f�h�gKnmeAs�f�gAh�f g ��`�_?i�h�_�sGj¡r©i�f
x�_�w?n]`�b�d�~�f�hKg�n ��Q`�b i�r)w]b�k<b'b x�_�w�n

ε � 1  ?~�o�fAsqgAk�b�h)rAh���jzk�hA_
x�f�`�fAo]i�b'� �4`�_�i�h `�_�{4o�f)i]iT_T� o�f)��_�`�sCr)�]b'b
x'`�_?o�_�w�{�rAf�h oTe�b�¢�rEh��)gKn eEs�f�gAh�f¡gµ�4`�_�i�h�_�s©¬G­/�²g
x'`�f�o�f�w]��i�_�� g�pT_T`T_?gAh�����j r d)rAo]i'b�� i�rAk�b'i�rAfAh
hA_<`�s�_�d�bTh��AgKn x�_�w�fAs b e p?_�i���f p�_<i'��_�e
x'`�f�e�`�r)��rAf�hAg�n«e>gA_�w]b�hK_TiÉg

δϕ* =
�
π�?= j�pT_?hA_T`�tG�«e

o]rAw!�)i�f)��a4fAs©b�d�s�f)i�n�fAh¡i]r)x'`�r)eEw]f)i�b�f¡o�e?b�{4f�i'b�n³i]r
x'`�_?h)b]eE_<x�_?w'_?{,iT_<f � ,Q`�r)e�i�f)i�bTn o]e�b�{4f)i]b�n
x�f�`�fAo]i�fA¢�_ Ì +

b�d)rAo]i�fA¢�_ Ì −
�4`�_<i�hA_<e o�f)��_�`�sCr)�]b'b

b�s�f)��h�e?b�o

�������^©�� ��Ø�Ò�×	Þ�Ý�Ö�ÐXé�Î�ð�Î�×�Ï�é	Ò�ãÕÒ>Ô	Ó�×�Ò�Ø²Ö§ÐNØ>Í�Ò�í�ë�Ò²òÕÐA�¢Ú�ë3Ñ�Ò�×	Ú�ä
ε = − ��B ��� ä � = � ¼ � ß � 	 " � 	 æ � 	 
 � 	 � � � � � 	 â � 	 
 Ê

���	�����	� ��Ø�Ò�×�Þ�Ý	Ö§ÐNé�Î�ð�Î¤×	Ï�é�Ò�ãÕÒ>Ô�Ó¤×�Ò�Ø�Ö�Ð<Ø>Í�Ò�í	ë�Ò�òÕÐ��~Ú¤ë3Ñ	Ò�×�Ú�ä
ε = −

(�ä æ ä �
=
æ Ê�Ì�Í�Ú�ð�Ú�é	Ö�Ú�ëFØ�í	Ú�ë�Ú�é�Ö>Ö�òbé�Î�ð²Î¤×	Ï¤é	Ò�ãÕÒuÔ�Ó�×	Ò�Ø�Ö�Ð

õ 	 ß�ù>Ñ�í�Ò�Ö�Ó¤ÿ�Ò�Û	Ö�ÍDí�Ò²ý�Û	Ú�é�Ö	Ú>Ó¤Ò²×�Ö�Í�Ò�é�Ò�Ø<ö�÷�ø ÓDÎ¤Ó�Ö	ë
Ñ	Í�Ò�Í�Ö�Ü�Ò�ô"
π� æ Ê 	 ß � 	 " � 	 æ � 	 
 � 	 � � � � � 	 â � 	 
 Ê
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(+)
Â

(−)
Â
Ì + = � � (τ − τ ( ) + Ì ( j

Ì − =
(ε − ε � )τ

"
� + λτ + � Í

¤�¹<¹?§

¢�o�f � ( Å sCr)p�g)b�sCrAw��)i'rKn°g)p�_�`�_�g�h)�,e�g)b�g�hAf�s�f + ε � Åx�_�`�_�¢�_<eE_<f4x�_�w�f�j�r4x�_�gAh�_En]i]i�tXf
λ
b � _<x'`�fAo�f�wTn���h�gKnb�d�~�gAw]_�e?b'�

Ì +(τ ( ) = Ì ( Í
∂Ì −

∂τ



τ = τ �

= � ( � ¤�¹���§

� r)p©hA_�w]�?p�_�xT_<w�f
ε − ε � `�rAd�eEf�o�fAh�d�r e?`�f�sÀn

τ
_

��f�i�h)`�t > +
b > −

i�rµ`�r)gAgAh�_�n�i�b�f¡x�_<`Tn�oTp�rla�b]`�b�i]t
p�b�i<p�r � j�svt ~<eAb�o<b�s£d�rKo�i<b���x�`�_<�Gb�w]�¶`�_?{�o?f�i�i�_?�
o?fA�X_?`?s�rA��b�b!j�o<eAb�{�~<�4b���g7nÊp�r�p�g�eK_) )_)o<i�t±��d�rA`En?o�j?h � f �

�
= Ì + − Ì − =




− τ

_"
� + τ ( τ_ −

τ ("� 



(ε − ε � ) � ¤�¹��]§
®�d½¤?¹��!§Qx�_?w'~�k�b�s

τ
_

= τ ( + √
��� ( (ε − ε � )

j ¤�¹��]§
k�h�_²bci'rA ?w!�Go]rAfAhAg�n e¥k�b�gAw]f)i�i�_?sÆ�)p�g)x�f)`]b�s�f)i�hAf
¤�`�b�g � �'§ � ¬�fAw�b�k�b'i�r
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−
ß
(ε)
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x'`�_<eE_<o'i�b]p�_�s � � h�_�h s�f�u!r)i]bTd�s n]eEw�n�f�hAg�n
o�_�x�_�w�i�b�hAf�w]��i�tXs¨pµ~�{�fÃb�d�eEf�gAh)i�tXs�j¯b�d�~�k�f�i'i�tGs�e
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