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`�b�e&[2oAprq�VEst] ujo�e e vxw2yZbcdzVEb�o kE]
{ \�[E`&VZb�ecdzVEs&wX]EW�|Os�R�V}R�wZ\�btm~wZecV��_HU��e��l]EhjWte�s�o�kE]
wXV2R�b�VXwEe���V2[Z\�ROV RUT��&^�[Zs�VEste�V ���t� q�b�R�TAs&RUL�R
\�YU]Es&wXR�YER�L�R { hrh�VE\�wX]S�rR�W�W�]��2�l�r���S��Y�q�YCoAd�VEb�stm~�
�X�E�g� { W�VE\�wEb�R�s�s�m~� [Ze�[2w2VXdf]2����s�]2�&RAqc^&��e���[_^�Y
\�YU]Es&wXo����lV2d�df]2LXs�e&wXs&RUd `�R�W�V��E�j��� �ON¢¡£V2R�b�eO^
�¤]Eh�W¥e�st]������2�MR�[ZscRcYO]Es�st]_^�s�]¦]EscwZe&[Zecdzd�V2wXbte���s�R�§
RAwEs�R�[Ee�wXV2W�|Os�R `t]Eb�s�m~� `&VEb�VX[2wE]Es�R�YERA\ ��]2[XwEet¨
�XhjVEb�dfe�R�s�R�Y��©YU]Ob�e�]U¨&e�R�s�s�R�§ªYCRUW¥s�R�YERA§ªh�o�st\�¨�ete
wZet`�] h�o�s�\�¨te�e ��p ]2[XwEb�R�YU] ��«¥�_� `&RUkEYER�W�e&W�]
RATO��^�[Es�ecwZ|i[2o��rV2[XwEYER�YU]Es&e�V¬RA[2RUT�VEs�s&RU[2wXVE§­�X`�Wt]2wXR¥� Y
��ROW�W�R�YC[Z\�ROd®[2RA`tb�RUwEe�YCW�VEs�e�e°¯r±��²\�RUL�q�]³h�]E\cwXR�b
kZ]E`&RUW¥s�VEs�eO^´s�e&pl]U§�µ¤VXL�R�o�b�R�YUsO^¶�¤]Es&q�]2o·�E¸j�M�E�
b�]EYOs�mj§
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{ WtVZ\cwXb�R�s�R�Yt��] ¹»½À¾ \�b�]2wEs�R�[Xw2|MYUm?b&RUplq�VEs�eO^�¸?��Y
b�]2[2��yXw�V s�] VXqte�s�e&¨�o `�W�R��l]2qteQ�C� `tb�e�s&e�d�]EV2w
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H����Ä��«£�*N.N*N(�O�jW�ecTAR

ν =
H

−
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ÆfWtVXq&oAV2wMkE]2dzV2wEe�wZ|��Q��wXRge&[E`�R�W�|Ek�R�YO]EYUµl]Z^c[_^ÇY����t�

dÈs&RUL_R { W�VE\OwZb�R�s�st]_^»YER�W�s&RAYU]_^»h�o�s�\�¨&e�^
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RU[Es�R�YUs&RUL�R
[XR�[2wXRC^&steO^ � � [Ze�[2w2VXdfm Y o�W�|2wEb�]E\�YO]Es�w2RAYCRAd
`�b�V2q�V2W�V&� [XROq�VEb�p ]E�l]Z^�`�b�R�e�k2YEV2q�VZsteO^¦R�q�s�R�b�ROq�stm~�
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Ψ ∼ ∏Ì
�»×

(
Ë Ì

− Ø Í ) Ù q�W�^
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\�YU]2q�b&]Ew�R�dªd�RUq�o�W&^
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R�q�s�R�b�ROq�s�R�d \�R�d�`�VEs�[Ee�b�o��r�rV2d h?R�s�V [
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ÚOkZ]EbO^�q�]�ÜÄ� \�ROwXR�b�m?§ q�R�W�p�VZs `�R�W�s&RU[2wZ|O�
{ \�b�]Este�b�R�YU]2wE|E[_^ YE[2W�V2q�[2wZYOe�V `�VEb�VEb�]2[E`�b�V2q�V2W�VEs�eO^
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`&RUw2RA\�] Ú { \Abt]Es�etb�o�VXw2[_^ÄÜ \�YU]2kEe&�A]E[2wXet¨�VE§
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df]2LXs�e&wXs&RUL�RÝ`�R�w2RA\�]&N?�~wXRÝs�VE`&RU[Eb�VXq&[XwEYEVEs�s&R�[XW�V2q�o�V2w
e&k YUm�b�]2plVEs�e�^ q�W&^ hr]E\�w_Rcb&] kZ]E`&RUW¥s�VEs�eO^
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H ¼ �
π
í ± �

= îM¼ ϕ {
�âwE]E\ �Aw_R

ν = ¹Mô ϕ { ¼fõ ≡
≡ öÎ÷�¼f¹ Φ

�ÕL�q�V ¹»÷ = ¹»ºCø ¾ `&RUW¥s�R�V �cec[XWtR
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[cYZ^�kU]�s�s�m~V { W�VA\�wEb�R�s&s�m~VÊ`�]�b�m e®s�VU[�`�]UbcVAs�s�m~V
{ WtVA\OwZb&R�s�m���R�[UR&T�V�s�s�R�[OwZe ¯ ± e

σ
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−
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) � ��RA`tb�VXq&VXW�^��r�rV2L�R®R�TUd�VZsts�m~V
\�R�b�b�V2W�^�¨�eteàd�V2p�q&oçs�V2[Z`&]Eb�VEs�stm~dÈe { W&VZ\�wEb�R�s�]2dfe£�
^&YCW�^�V2wX[_^çs�V2��yXwXstm~d��ÛYßwXRàYUbcVXd£^ç\�]E\àe�scq�VZ\c[ � �
RAwEYEV2w�[2wZYCVZsts�m?§ÐkZ]M\cRcb&b�VXW&^�¨�et�¦d£VXp�q�oi[ZYZ^ckE]Es�stm~dfe
{ WtVZ\cwXb�R�s�s&m~dÈei`�]Ebt]2dfe£��^�YEW&^cV2w�[_^»��yXwEs�m~d���]le�s&q�VZ\O[
�O�f[XR�RUwEYEV2w2[XwXYCo��j��e�§­\�R�b�b�V2W�^�¨�ete�wEe�`&] { WtVE\�wXb&RAs ¾`�]Eb�]��jd�RUplV2wÝe�d£VXwE|­W��nT�oc�°�Uy2wZs&RU[2wZ|&NlGÂm?bt]2prVZste�V
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RA[2RUT�VEs�s&RU[2wZe ¯r±��ÔY}��]2[2wZscRA[2wEe¦q�b&RUT�eI[��Ay2wXstm~dfe
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`t]Eba� { \�[Ee�w2RcscRcY&��`&b�eiT�RUWtVXVSYUm~[2Rc\�e&�aw�V2df`�VEè�]2w2ocè&]E�
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d�VXq&W�VZsts�m~dfe�� (rG e �Xe�W¥e¥�S[Î`&RAYEVEb&��s�RO[XwEs�mndzeÝ� �
`&W�]2kXd�R�s�]2dfexb�V2kXo�W¥|2wZetb�o��r�rV2V²`�b�e&w_^cprVEs�ecVÝd�VXprq�o
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YEkE]Ee�d�RUq&VZ§�[2wEYUec^ùe�d�VE�jw�R�q�e�st]E\�R�YEo��¶��[2w�VE`�VEs�s&oc�S�
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YEkE]Ee�d�RUq&VZ§�[2wEYUec^z�?s�VÉkX]UYOe�[_^&�¤VXL�R­R�wa[Z`te�s&RAY��n\OR�L�q�]
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YE[2WtVXq�[2wZYOe�V»YCkZ]Ee�d�R�q�VZ§&[2wZYOeO^g[»d£VXq&W�VEs�stm~dÈeó�'(rG¢e
[²`&RAYCVZbc��s�R�[2wZs&m~dÈex� � R�`�wEe��OVX[E\�e&dze¦hnR�s�R�s�]Ed�e¦e
� � `�W¥]2kXd�RAst]2dfeÀ��YÝ`�R�[2W�VXqts�V2d¦[2W�o���]EV&��YER�k�d�R�pls�RÄ�
[2W�V2q�o�VXwÉo���e�wZm?YO]2wZ|­YEW�ec^�s�e&Vg[Ee�Wt|Us�R�L�R�dÈ]2L�ste�wEs�ROL�R
`&RUW&^ st] [E`�VZ\cwZb `�W�]2k2d�VZs&s�m~� \�RUWtVXT�]Us�et§
ÚOw�^�pryXW¥m~��Ügqtm?b�R�\��ON?ÑlkÉ�X�EÒ¥�M[2W�V2q�o�VXw&�f��wXR � � \�]E\
h�o�s�\�¨te�^

ν
 e&d�VXV2wMdfe�s�e&dQo&d Yiw2RU��\�]2�
ν
 =

H ¼ �Ée
è�]OYUs�]�s�o�W�� `tè�e

ν
 =
�¶e�W�e�H�N���VZb�V2�tRUq�^´\

o�W�|2wEb�]O\AYO]Us�w2RAYCR�dzo®`tb�V2q�VXW&o � ¹ =
���æeÖ`�R�W�]2LX]_^

Γ÷2÷ ( 6 ) ∼ y − ï � K�. ? � ��`&R�]Es&]EW�R�L�e�eI[
∆(! ) ∼ y − ï � K . 	 � �O�q�W�^ � � `�R�W�o���]2VXd}`�b&e�TOW�e�p�yZs�s&RUVMYUm?b&]EprVZste�V
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�
{ = ! � � � ¼ �

ε { �
+JC

β = ε {
� � � 	 ÷ ÷ ¼ �

π å � C

ã =
H ¼ ν = îM¼�î {

� î { = ϕ { ¹ º N
�lw2[Z�nq�]®[2W�V2q�o�VXw&� �OwXR � � # �¥�ÞV2[XW¥e

β # H ë √ã�Xs�V2R�TU�tRUq�e&dQR�Vlo�[2W�R�YUecVA�reiV2[XW¥ea`�VEb�YER�Vl[2W¥]2L�]CVXd£R�V Y
\�YO]2q�b�]2wEs�m~�i[E\�R�TA\�]2�gYS`tb�]EYER�§¬��]2[XwEeÐ�X� �&�O��\�ROwXR�b�ROV
R�`�e&[Zm?YO]2VXw YO\�W�]Cq°\Oo�`cVZb�R�YC[Z\�ROL�Rç\�]Est]2W�]&�ÉTUR�W�|Uµ¤V
YEw2RAb&RUL_R [2W�]2LX]2V2d�RUL�RÄ�ç[XROR�wZYCVXw�[2wEYEo��r�rVXL_R�YO\OW�]2q�o
s&oAWt|UÅ.kZYCoc\cRAYER�L�RÎ\&]Es�]2W�]¬��q&RU[2wZ]2w2RU��s&RUVSoA[2W�R�YUecVA�ON

PM]�b&e�[�N�« `�R�\�]2kE]Es�m�YUm~��e&[XW�VEsts�m~Vj[2RUL�Wt]E[Es�RM�X�����
kE]EYUe&[Ze�d�RO[XwEeIRUwEs�R�µrVZsteO^ � � ¼ � � ROw�TUV2kZb�]2k2d�VZb&s�ROL�R
df]2LXs�e&wXs&RUL�R�`�R�W�^ ã = õ ¼�î {

q�W�^²b�]2kEs�mn��kZst]2��VZs�et§
`t]Eb�]2d�VXwEb�]

β
��\�R�w�R�b�m?§¬��]Ob�]E\�w2VZb&e�kXo�V2wr[XR�RUwEs�R�µrVEs�ecV

d�VXprq�o { hrh?VE\�wEe�YUstm~dÞ`�b&e�w�^�plVEs�e&VXd �___ ÷�÷ ��kE]�[2�UV2w
����Gj�?e�[Zb�V2q�s�e&dgs&V { \�b�]Este�b�R�YO]Es�s�m~d�\�o�WtRAs&RAYE[E\�e�d
R�w�wE]2W�\�e&YU]Este�VXdç�

π å � ¼ ε {
� � dzV2plq�o¦YUm�b�RUp�q�VZs&s�m~dfe

� � { W&VZ\�wEb�R�s�]2dfeÈN
�j]U\xYOe�q�e&d?� `�bte

β ≥
Hó`&VEb�VX�&RAq¦Y [XR�[2w�RO^&s&e�V­[

\�o�`&VZb�R�YE[E\�e&d�[Z`�]Ebte�YO]Es�e�V2dÝYM�2�à[Ee�[2wXV2dQVSYERUk2d�RUplVEs
`tb�e î ≥ î � ��VX[2W¥e � � � � �Aw2RUL�qt]�\&]E\»`�b�e

β � �¥�9K��
wE]E\�RA§�`&VZb�V2�tRUq²YCR�kXd£RAprVEs­wXR�W�|O\URÝYÉROT�W�]E[2wXe�`�ROW�VE§
î ≥

� õ {
� ã ≥

�t�ON
Óz]2d�V2wZecdj���OwXRSq�W&^�\�b&e�[2wX]EW&W�] �1�����fò

ε { ≈ � � `Abte
¹ º ≥

H�� ��� [Ud −� e � � = √
�
π ¹ º ≥

H�����[2d −
� YEV2W�ec�ce&s�]

�
{ ≥

&�� �S�n]�`cRAW&V î { ≥
Ò²¡£W�Nj�~w�RÝ[2RUR�wEYEV2w�[2wZYCoAV2w&�

`&RAÅ�YUe&qce&d�RUd�o£�g[Ee�W�|Os�RçkE]EYUm?µ�VEs�s�m~d¶]2TU[2R�W���wZs�m~d
kEs�]E�OVZsteO^�d � �

≥
�����¶�X`�b&e ã ≥

« e
β ≥

HU�O�g��w2R
[EY2^�kZ]Es&R [ w_VXd�� �Aw2R Y `�b&e�TOW�e�p�VZs�ete
[E]2dzR�[2RUL�Wt]2[XR�YU]Ests�R�L�R `&RUW&^ s�V oA��e&wXmjYO]E�?w2[�^
[Ee�W�|Os�m~V d�VXp { W�VE\�wXb&RAsts�m~V \�R�b�bcVXW�^�¨te�ez�
[E`�RO[XR�TU[2wEYEo��r�le�Vàb�]2kZbcocµ�VEs�e�� \coc`&VEb�R�YE[E\Ae&�æ`�]EbzN
�lq�s�]O\ORQ�Þ`�R�[Z\cRUW¥|E\�o `tb�R�¨�V2[X[Em \�o�`�VEb�R�YE[E\OR�L�R e
{ W�VE\OwZb�R�s�Å.q�m?b&RU��s�R�L�R»[E`�]Ub&e�YU]Os�e�^ab�]2[2[Xdf]2wEb�e�YO]E�?w2[�^
k2q�VX[E|�Y�b�]Ed�\�]2�xR�q�s�R�L�R eÀw�R�L�R}plVÝ`�bte�T�W�e&p�VEsteO^��
d�RUp scR}R�p¤e&q�]2wE|&���OwXR ec�xRAw2s�RO[Ze&wXV2W�|Os�R�VÝYEkE]Ee�dfs�ROV
YEW¥eO^�ste�V o��cecwZm?YO]EV2w�[�^ q�RU[2wZ]2w2RU��s&R
`&RU[2W�V2q�RcYO]2wXV2W�|Os�R£N

PM]gb�e&[&NÂÒ}� � ���²e����¬[Z`�èt]EYU]É`&RA\�]2kE]Es�mßR�TUW¥]2[XwEe
\�o�`&VZb�R�YE[E\�R�L�Rg[E`�]Ub&e�YU]Os�e�^�� � � # �&�MYakX]OYUe�[Ee&dQR�[XwEe
R�wÎ`&VZbcVXd�VEs�s�m~�xÚ�s�]E`tbO^�plyZs&s�RO[XwE|idf]2LXs�e&wZscRAL�RÝ`�R�W�^
� ¾ \�R�s�¨�VEs&wZb�]E¨teO^ � � { W�VE\OwZbcRcscRcY ¹ º Ü �XY
V2q�e�ste�¨�]2�}`�R�W�^ î { = ¹ º ϕ {

� q&W�^Ýb�]2kEs�m~�­kZst]2��VZs�et§
T�VXk2b�]2k2dQVEb�scRAL�R `t]Eb�]Ed£VXwEb�]

α
�ç[ZYZ^�kZ]Es�s&RUL_R [

β[2RAROwZscRcµ¤VZste�V2d
α = β√î � ç¦ê
	 ¼fî � C î { ç¦ê 	 = ¹ º���
�� ϕ {

� �X��&��
L�q�V ¹Îº ç¦ê
	 ≈ � � ��� � � −

� e î { ç,ê 	 ≈
ÒÎ¡£W�NQ�j]E\aYUe�qte�d��

[ñb�RO[Xw2R�d
α

R�TOW�]2[2wZ|ê\Oo�`�VEb�R�YE[E\�RUL_Rñ[E`�]Eb&e�YO]Es�eO^
b�]C[Zµle&b�^�V2w�[�^geÉ`�bte

α ≥
�Ä� ����kZ]E`&RUW¥sO^�VXwM`�R���wXeÉYEV2[Z|

[2VZ\�w2RAb î # î � �¦w2RUL�q�]Õ\&]E\®`�b&e
α ≤

��� «�K { wZ]R�TUW¥]2[XwE|aYOm?w�V2[Zsc^�VXw2[_^²Ya[2VZ\Ow2R�b î { � î � � î � `�ète
î ≤

Ò �Õ¡£W ��w�N V&N¢YêR�TUW¥]2[2wZ| H.� ã � ���ON©�Âw2R
R�kXst]2�c]2V2w&����w2R \�o�`�VEè�R�YE[E\�RUV [E`�]Oè�e�YU]Os�e&V � �
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{ WtVZ\cwXè�R�s�R�Y YER�kXd£R�p¤s&R w�R�W�|O\�R Y RATOW�]2[2wEe
H ¼ � � ν � � � ] [XRO[Xw2RO^&s&e�V [

ν =
H��l� s�V

è�VE]2W�e&kXo�V2wX[_^Î��w2RAL�q�]r\�]E\S[2RU[2w2RU^�s�ec^M[
ν � H��l�ld£R�L�o&w

è�VE]2W�e&kXR�YU]2wE|E[_^ Y [Ee&W�o { WtVZ\OwEè�R�s�Å.q�m?è�RO��s�R�§
[Ze&d�dQV2wZè�ete¥�ON

P ]©b�e&[�NgÒà[2WtVZYO]à�XYCVZè�wEe�\�]2W¥|Est]_^°µrwEè�e&��R�YU\�]��
`�R�\�]2kZ]Est]©wE]E\�plV©RUT�W�]E[2wX| kZs�]C�UVEs�e&§

β ≤
H ¼ √ã �óY

\�R�w�R�b�R�§»YEROkXd�ROp s�R { WtVZ\cwXb�R�s�Å.q�mjb�RO��s�ROV�[E`�]Ebte�YU]Este�V
[°YCRUkEs�e&\�s�R�YEVEs�e&VXd G?Ó�� `tb�e � � � ; C  Nà�j]U\
YUe&q�e�d���[Mb&RU[2wXROd

α { wZ]SR�TOW�]2[2wZ|ST�m~[2wZbcRÎ[2o�p ]2V2wX[_^ge
`�b�e

α ≥
�t� � �iYOm?w�V2[Zsc^�VXw2[_^Ð`&b�]E\�w2e���V2[Z\�eÉ`�ROW�s�R�[2wX|U�

Yx[2VZ\�w2RAb î � î {
�Xb�e&[�NSÒQ� � �ON»�rRU[2W�V2q�s�V2VxYÀ[Ze&W�o

[XR�RUwEs&RAµrVEs�eA^ ã =
H ë ν

\�]E�UV2[2wZYCVZsts�R�[XROL�W�]2[2o�V2w�[�^Þ[
s�]2T�W���q�]UYOµle�dfe�[_^ `tb�e

ν = (
� Ã

+ � )¼ � [ Ã
≥

�
RA[2RUT�VEs�s&RU[2w�^�dfe�wEb�]Es&[Z`�R�b�wEs�R�L�R�[XR�`�bcRUwEe�YCW�VZsteO^�¯ ï2ïY´� � [Ze�[2w2VXdf]2� ��«A«¥�_� \�RUw2RAbtm~Vé[ZYZ^�kZm?YO]E�jw_[�^Õ[
\�YU]Es&wXR�YER�§ÉG?Ó�� ��«OÒ �t«�&t�~[Sdz]U\O[Ee�d�o�d�RUd � ; C  `�b&e
`�ROW�R�YUets�s�ROd�kX]U`�R�W�s&VEs�e�eÐYEVEb���s&VXL�Ra¸��»N

� <�� ��
t@
���&>�� ����@ � 
��!�&F�>��UD�F�@�F�� �����
�j]E\É[2W�VXq&oAV2wÎe&kÎhr]2k2RAYCRc§Éqte�]EL�b�]CdQdfm�s�]ib�e&[�N�Ò¥�

`�b�e q�R�[XwE]2w2RU��s�R [Ee�W�|Es&RUd d�V2p { WtVZ\cwXb�R�s�scRAd`�b�e&w�^�plVEs�ete£�â\OR�L�qt] `�]Ebt]2d�VXw2b
α ∼ H��æR�TUW¥]2[XwE|

\�o�`�VEb�R�YE[E\ORAL�R [Z`t]Eb�etYU]Es�ec^ � � { W�VE\�wEb�RAs&RAY`�b�]E\cwZe���V2[Z\&ei[XR�YU`t]2q�]2V2wl[ ROT�W�]E[2wX|U�ù�l�r�Â�¬N
�lq�st]E\�Rl[2W�V2q�o�VXwr`�R�q��AVEb�\�s&o�wZ|&����w�R [2RU[2w2RE^�s�ecV�� �

[Ze&[Xw2V2dzm s�e&prV � � Yêo�W¥|2wZb�]O\�YU]UscwXR�YER�d�`�bcVXq�V2W�V
�
ν � HC�O� \�ROL�q�]é[Eb�V2q�s�V2Væb�]2[2[Xw2RE^�ste�Véd�VXprq�oÕ\�o�Å

`�VEb�R�YE[E\�e�dfeà`t]Eb�]2dfe �_ # √
� ¼f¹ º L�R�b�]2k2q�RÞT�RUW¥|EµrV

b�]2k2dQVEb�]³`�]Eb&m í ± �Ý[Xo��rV2[2wZYCVZsts�RæROwXW¥e���]2VXw2[_^ñR�w
dÈ]E\&b�R�[Z\�R�`�ec�AV2[E\�RUL�R�\OR�L�VEb&VZs�wEs�R�L�RÝÆ�� [2R�[Xw�RO^�s�ec^óY
RAT�m?��s�m~� [EYEVEb���`tb�R�YEROq�s�et\�]2� [ [Ee�W¥|Es�R
`�VEb�VE\�b�m?YU]O�j�le&dfe�[_^ YCRUW¥s�R�YUm~dfe hno�s�\�¨teO^�dfe
\�o�`�VEb�R�YE[E\�e�� `t]Eb ��« �Ä� ÒÄHU��� q�W�^ \cRUw2RAbtm~�
��]Eb�]O\OwXVEb�st]MT�VX[E\OR�s�VX��st]_^Ç`�b&RAYCRAq�e&d�RU[2wZ|Û�

σ → ∞
�Se

s�V2kZ]2w2o���]U���le&V d�VE§�[2[Zs&VZbcRcYC[Z\�e&V wXR�\�e s�e�prV
wXVEb�d�R�qcets�]Cdze&�AV2[E\UR�L�R î � ( � )

e�Wte `&VZb�YCRUL�R
\�b�e&wZe���V2[Z\cRUL�R î � 1 ( � )

df]2LXs&e�wXstm~� `&RUWtVZ§ q�W�^
[ZYCVZb&��`tb�RAYCRAqts�e�\OR�Y HXÅ(L�R e�W¥e �AÅ.L�R b�ROq�]
[XR�RUwEYEV2w2[XwEYEVEs�s&R¥N

��Rc\&]2W�|Us�mnVjwEb�e�`&W�V2wZstm~V�\�o�`&VZbcRAYE[E\�e&V�`�]Ob�m�Yl�C�
[Ze&[Xw2V2dQV `tb�e ��� �

�
Y o�[XWtRAYOe�^�� �l�r�Â� s�V

`�VEb�VE\�b�m?YU]O�?w2[�^®e®YEV2q�o�wæ[2VXTC^ YêwEb�]Usc[Z`&RAb�wEstm~�
^&YCW�VEs�ec^�����scV kE]EYUe�[_^�� ec�ÞRUw}[E`te�s�]&�M`�b�]E\cwZe���V2[Z\&e
wZ]E\�prV��x\A]O\Õe¶s�V2[Z`t]Eb�VEs�s&m?VªÚUkE]2df]2L�s�e���VEs�s&m~VAÜ
{ WtVZ\cwXb�R�s�m�NaÑld�VEs�scR { wEe�dæR�TOoA[2WtRAYEWtVEs�m¶s�o�W�VEYUm~V
kZst]2��VZs�ec^ q�et]2L�R�s�]CW�|Us&m~� \UR�df`�R�s�VEs�w w2VZs�k2R�b�RAY
dÈ]2L2s�e�[2RA`tb�R�wXetYEW�VEsteO^Ê��¯ ï2ï =

�t��eª`&b�R�YER�q�e�d�RU[2wEe
�
σ
+ +

=
�t��Y�RUw2[2oAw2[2wZYOe�V²b�]C[X[2V_^&s&e�^¢st]­q�VEh?VE\�wZ]2�¦Y

wXV2� ROTAWt]2[Xw_^�� î e ¹ ô � L�q�V ��R�W�W�R�YE[E\�e�V
�Xs�V2q�e�]2L�R�s�]2Wt|Us�mnVA� \OR�df`�R�s�VZs&wXm [XR�`�b�R�wXetYEW&VZsteO^
¯ + F

=
¯r± ea`�b�R�YEROq�e&dQR�[XwEe

σ
+ F

= σ
± e�d�VE�?w `cW�]2w2R¥�

[XR�RUwEYEV2w2[XwEYEo��j�Se�V q�e�[E\�b�V2wZs&mfd \�YU]2s�w�R�YEmfd
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&Ä�fH��t�fH�Ò£��N*N��?�X`�b�e Ã
=

HO���Ä�Â«¥�
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{ \�[E`&VZb�ecdzVEs&wX]EW�|Os�R s�]2T�W���q�]EV2dzmnV R�[XROT�VZs�s&RU[2wEe
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=
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YER�W�s&RAYOm~dfeÕh�o�s�\�¨te�^�dze�\�o�`�VEb�R�YE[E\�e��¶`�]Ub¶�"Ò¥HU�_N
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ψ { ( 6 ) ∼ y −ï
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K � . ? � �²��V2d´eêR�`�b�V2q�VXW&^��?w2[�^Õs�o�WtVZYOm~V

kEs�]E�OVZsteO^ñ`�bcRAq�R�W�|Os�m?�ñ\cRUdf`�R�s�VEs�wà`�b�R�YEROq�e&dQR�[XwEe
σï2ï = σ { ¼ ( � + ω
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τ
�
)
� L�q�V

σ { = = å � ö»º τ¼�Á ÷∗ �°e
o�q�V2W�|Es&RUL�RÀ[2RA`tb�R�wXe�YCW�VEs�eO^

ρ ï�ï = = σï2ï ¼ (σïXï� + σ
± � )`tb�eéTUV2[E\�R�s�VX��s�R³T�RUW¥|Eµ e��êYUè�V2d�VZs�]C�æè�V2W�]E\�[E]E¨�ete

�
τ → ∞
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σ
±

=
H ë�� * = = å � ν ¼ �

π ,− ��YSRUw2W�e&�cecV
R�wMÆj�I[XRO[Xw2RE^�steO^

σ → ∞
N
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=
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π
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`tb�e��tRUq�e&w�[_^²TUR�W�|OµrR�Vi�cec[XWtR { W&VZ\�wEb�R�s�R�Yt�Â]Éb�]2k2dzVEb
\�o�`&VZb�R�YE[E\�e&� `t]Eb � ∼ í * � [2wX]Os�R�YUe�w2[�^ TUR�W�|Uµ¤V
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PM]E\�RAs&VZ¨z��YÐ`�è�V2q�V2W�V
ν → ∞
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