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ρ( 8 ) = ρ ò Ø.9;: (
5 8�<�= )δ(> )

v ¼5¡�À
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CED
�
π

+
σ FHG.I�FHG
» v ¼�»!À

� x5q
J F = εK F − Ì πβ FLG ANM G A ¼ÍlÀ

Ê p�q��5s-u�yÒ����q���s�y!{kw�q-r���u!�¹{kt!x!|!�!�k{l{PO

σ FQG = λ F�G ALR I AHR + β A F�GSKT= ¼ Ì À
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β =

/ � ,áÈÔ» � y�{+X
≠ Y ≠ Z { β =

��p�u�r�s � �����
t��*�&r-�l|5w � z!�[À��É£/q-�°{.w.{ktl�[D{
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v ∂σ F�G
∂_NG =

� � ¼�Ð!À

£É�*w!{5r-�lq�t!{kq � u��°t.u.� ��t5q�y � {�{Ár¿|5w5q-su5}¨¼�Ð!À�{ � y � �t�{5w!t5u � u�|!r-�!u!p�{�z&x5�kz σFHG ¼ σ FHGa` V =
�¿t � r�p�u5¤�u5xlt5u!�

� y � t�{!�kq�À�x � q-s

K = ∫ b :ac�d
=
¡
» ∫ b :ae

ρ( f )ϕ(8 ) v ¼�Ñ!À

� x5q ϕ Ê r�� � �!zly!t!��� � u�s-q�tk�l{ � �©¼ C = − ∇ ϕ
À��g1[t � �w5q�tk{!q

ϕ
t � ��u�x�{!sr1z�{knÛy.q���q�t�{�z�r�{kr-sq�}/�¸¼�Ð�À�����q�y5q����u�x5z¿p�¼�ÐkÀo�¹��|!y!��q�����u5} � u!t5q�t!s � } ϕ
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ρ
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¼
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�
( � <!= v ��� )ρ 
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K =
ρ ò
ï��
�
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− ∞

∞

b � � j ,.,−
�
(
5 v � � ) ¼5¡�¡�À

¼ � Ê � �!u!Ä � x��Ær-�!u�zVÀ���mor � u����-n�|�z¨} � �lu�r�s��²��u!t!�r�s � t!s�� � ��q�n1u��-�!q��5s�y!{!w�q�r��5u � uäp�n � {k}7u�x!q��5r-s�p�{5z7v�n � �
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»
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Ê �.|��ku.t.u.p�r�� � z&��t5q�y � {�z&O K ?"�ò v�# <%$&(' Ê {.n�u5s�yku � t � z
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K ?��Ë)� = χ K+* B (φ)
v ¼5¡ Ì À
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ε
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Î¿u!y5}7|5� � ¼5¡�Ð!À�t5q-r��5u��°���.uÜx�y5| � {5}ßr � u�r-u5¤�u5}ß¤��Å� �
� u��l|5w5q�t � p�y � ¤�u5sq¹��	�¢1�~��u�xkr�s � t5u!p�� � pÒ¼5¡�Ñ!À�n�t � w�q��tl{!� * ��� v *a,-, x!�kzßÕ�Ö-×�Ø�x � q-s / ≈

�Vv Í¸{¸}ª{�t!{k}[|!}
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¡»kv Í�v�* �Öï =
Ðkv �kv�*-,
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=
Ñkv ��v�p1rq�p ¡ � ��� x!{�t�5�r} ï À��
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φ

9¾Ñ���� � y!{!}�q�y�t5u�p Í���y � n}7q�tk����qkv�w5q-} � u���t � z p � yk{ � ��{�zé��tkq�y � {!{ ∆K 7 p�u
p�r-q-} xl{ ����� n�u5t!q | � �ku.p φ

� ��y!{ sq-} � q�y � s-|.y � �
∆K 7 � 9 Y<; � 9

∆K 7 p�r-q2�.u�t���{ � |!y � �l{�{�p�xl{ ���!� n-u.t.qÍ����=9
φ

9©Ñ����7zlp��5zl§�s1rz � y � �5s-{!w5q-r��5{�y � p�t5u!p�q�y5u�z!s��t!�Ô}~{���>	r�y5qx!t5q�tkt5u�qot ��� y � p-�kq�t!{�q�p�u��lt5u�p-u � u�p-q���su�y �
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��v(¡áÐ Ã ��5�} ï v

ε =
¡1»Vv+Ð�À � u!y�z!xl� � » ⋅ ¡�� −

, �
(*|.Ä±q-r�s�p�q�t�t!�Å}3zlp��5z!q-s�r1z¿p�u � y5u�r!v[t � r��5u5�l����u � u5�
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tl�	�,} � �.r�{k}[|!} � y!{ φ = π4 Ì � q�y5q-�lu�xl{5s¹p � �!u5¤ � �°���tl�	� }~{�t!{k}7|�}µ¼ � y!{ * �Áï ≈
Ð
⋅
¡�� �� x!{�t�5or-} ï À����Ûyk{

|lp�q-�l{kw�q�tl{!{æ�-s-u � u½}�u5x!|5�5zË}/{ltk{!}�|!} p¶y � �5u!t5q
φ =

Í�����r�s � t5u!p�{.s�r1z�¤5u���q�qoykq�n��k{!}Å�[£©Õ�Ö-×�Ø	y5q � ��{5n�|!�q�s-rz � u � y � t�{5w!t � z�r�{ks| � ��{�z7v°�5u � x � � u�s�q�t��!{ � ����t��	�y!q-�l��q��²p x�{ ���!� nu!t5q Í � � 9
φ

9¸Ñ�� �7u5w5q�tk� � u��lu � {!�ª�3 � �kx5q�t�t � z²n � p�{.r�{k}7u�r-s�����tkq�y � {!{ßp�n � {5}7u�x!q��!r-s��p�{.z2u5s�| � � � φ
r-u���y � tl{.s�r1z7v�q-r���{�p�}[q-r�s-u2y � r � y5q-x!q��kq��tl{�z&�-��q���s�y5u!t!t!u5� � �lu�s�t.u�r-s�{&p�p�{5x!q�¼�¡�À�{5r � u��°�-n-u��

p � s-��¤�u��lq-q¿ykq � ��{!r-s�{.w.t.u�q�p���y � ®oq�tk{!qk� 1 � }7q�t � ¼5¡�Àt � r�|5}7}7|Ü�5y � s�t!�*� �á� yk}[u!t!{��3r�p�u5�ltku�p��*}/{�p�q��5s-u��y � }/{ � � = ` ! � yk{!p�q-x!q-s��¹|5}/t!u�®oq�t!{l§ K � { K ?��Ë � t �u�x�{!t � �.u�p��	��}/tku�®�{.s�q-�l��v[sk�%q!�~�Å|lt!�!��{�z B
(φ)

t!q�{kn��
}~q�t�{5s�r1z7�¹���5z·�kp � xly � s�tku��éy5q���q-s��!{Ó�-s�u�v�p�u�u5¤�Ä�q
� u�p�u.y�z~v/t!q¥s � �V�*���5z&t5q�q�à5q��oq�t!{kq�}~u5®otku � ykq�x5r-s � �p�{ks�� p�p�{5xkqor�|5}7}~� � u�p�q��5su!y � }&u�¤!y � s�t.u.��y5q���q-s��k{¼r r-u�u5s�p�q-sr-s�p�|.§�Äo{k}~{p�q�r � }/{�À�v¿{�� � ®�xl�	� w���q�t
r�|!}�}/�²n � p�{kr�{5s�u�s�t ��� y � p���q�t!{5z�r�u5u�s�p�q-s-r�s�p�|l§�ÄÛq � up�q��5s�u5y � u�¤.y � s�t5u!�éy5q���q-s��k{�� '[q���q�t!{kq²p�u � yku�r � u}ª{�t!{k}[|!}�q¨��t5q�y � {!{ s�y.q�¤�|!q�s�n�t � t!{.z �5u�t��5y!q-s�tku � up�{kx � y � r � y!q-x5q���q�t!{5z����q���s�y5u!t!tku�� � �!u5s�tku�r-s�{ª�&£
� y5u5r-sq��l��q-}&r-�!|5w � q!v��5u � x � ρ( 8 ) }�u�®otku � y.q�x!r-s � p�{5s��p�p�{kx5q�r-|5}7}ª�¸x�p�|5�¿p�u��°t � �lu�s�tku�r-s�{�r � q�y � q�t5xl{!�5|!��!zly!t��*}/{&p�q���s�u!y � }/{�v/�-s�{Áp�q���s�u!y!�ß¤�|5x!|5s�u!y!{kq�t5s�{!�y!u5p � t���p�xku����¨�1¡5¡-�k¢&{�1¡5¡__ ��¢&t ��� y � p��!q�tl{!�ª�����5z
s�y5q-| � u5�l��t.u.�ºy5q��Ûq�s��!{è¼u � {5r���p � q�}7u5� � � � r�|k}[} �s�y5q-�3p�u5�lt n � y.z!x�u!p�u�� � �!u5s�t5u5r�s-{¹r�p�u���t5u!p��*}/{¿p�q��5�s�u!y � }/{�v¹t ��� y � p��kq�t�t!�*}/{ � u�xÞ| � � � }/{é» πÈ*Í¨x!y!| �u�s�t5u5r�{5s�q-�l��t5u¨xly5| ��� À¾|5w�q-s � t!{knu5s�y.u � {!{ | � y!| � {k�}~u5x5|!�!q�� � y�{!p�u�x!{ks¿� � t!{knu5s�y5u � {k{���t.q�y � {l{ � �-q�n-u����5q���sáy5{�w�q1rá��u � u�p1n � {�}�u�x�q���rs�p-{�z¹¼p�{�n'u�sy�u � t�u��¥}�u�x�q��l{�v�� � �or1�!qx5|�q-s�{�n�¼�¡Ð!À�v�s � ��u��±�����	q���s	u�sr-|�sr1s�p�|�qs�À��

�&{ktl{5}7|5}¨��t5q�y � {�{«y5q � ��{5n�|5q-s�r1z � yk{«t ��� y � p���q�t!{�{
u5x!t!u � u¹{5n�p�u��°t5u!p��*��p�q��5s1u.y.u.p � u�x¹| � �!u5} φ = Y π 4 Ñ¼ Y Ê �5q-�lu�q�À���u5r�{©�1¡����l¢1�*£/q���{5w!{!t �¹� t!{kn�u�s�y5u � {�{x!�5z�s�y.q�| � u��°��tku���y5q��oq-s��!{�t � xlp ��� u!y�z!xl� � }7q�t!����qkvw5q�}Áx!�5z¹r-s�y � � � ��r�s�y5|!�5s-|!y!� �£ y � }/� � � {kr � u5�l��n-u�p � tlt5u � u � u5x5��u�x � �!q � �5u|5w5q�r-s��è�5u5t!q-w!t5|!§ su5�lÄ {!tk|�����q��.s�y!u5tlt.u � u�r-�lu�z7v
p��.�l§�w.{kp�p��Åu!y5}7|���|�¼�¡5¡�À�r�u5u�s�p�q-s-r�s�p�|l§�Ä±{l�¹��u5y5}/�
� � �5s-u�y��ßâoxlt � �5u¶ykq � ����t5u � q�yl{.u�xµ�-�lq��5s�yku�t�t5u!�
r-s�y5|!�5s-|!y!�µr-|!Äoq-r�s-p�q�tlt5u ¤5u�������qßsu5�lÄ {!tl�Âr-�lu�z7v
� u��-s�u�}~|�|5w5q�s±s � �5u5� � u � y � p��!{ t!q � y!{!p�u5xl{5s���� � w5q��r-s�p�q�t!t��*}Ü{kn-}[q�t!q�t!{.z.}��
��u�r��5u5�l����|¥xlp�|5}7q�yktl�*q�r-�lu5{�p � q-sq�y!u�r�s�y5|!�5s-|.y � �u5¤��*w!tkuÞr-u�n-x � §�sr1z p�¤5�l{kn�{ � u�p�q�yk�ltku�r-s�{ u�¤!y � n�� �¼� � y � �5s-q�y!t.u�q&y � r-r�s-u�zlt�{5q3}7q�®ox5| � u!p�q�y5��t5u5r�s���§ {

�-�lq���s�y5u!t!t��*}�r-�lu�q�} b ∼ Ð ⋅ � � : × � À�v � y�{!tl�k{ � { � �����t��*}²zlp��!z!q-srzÆp�u � y5u�r3uÜp���{�zlt�{!{ � u�p�q�y.�°t5u5r-s�{¾t �
� �-q�n-u��-�lq��5s�y�{5w5q-r��!{k��}7q-� � tk{!n}Áu�y!{kq�t5s � ��{�{���£Üx � tk�tku�}3r-�!|5w � q�x!�.z�t � �lu�®ox!q�t!{.z2r�� � �kzkykt5u � u � u�s-q�t��!{ � �� � r�{5r-s�q-}7|«|!y � p�t5q�t�{!�ß¼Ð�À�t.q�u5¤���u�x�{5}7u«y!q�� � s��Ár|5w5q�s-u�} � y � t!{!w!t!�*��|5r-�!u!p�{!�ª���,u�x5|!�.zk��{�z��-�!q��5s�y.u.tk�tku�� � �!u5s�t5u5r�s�{�pop�u5�lt!q�n � y�z!x!u�p�u!� � ��u�s�t!u�r�s�{�{k}[q-q-su5x!t!u�}~u5x5u!p�|!§ér-s�y5|l��s�|!yk|�vÅ{©y.q���q�t�{5q¿r�{kr�sq-}/� ¼�Ð!À
}7u�®�t.u�{kr�� � s���p�p�{kx5q

I F = I F (> ) � F���� C
	 +
¦k� ¦k�/v

ϕ = ϕ(� ) � F���� C	 +
¦!�%¦!�7v ¼5¡��!À

� x5q I F (> )
{

ϕ( > ) |�xku�p���q-s�p�u�y�zl§�sor�{!r-sq-}~q x!{l���Åq�ykq�tk���{ � �l��t!�*�¹|ly � p�tkq�t!{��



* ,a, (∂ � � − !�� ï ) −

* �'� !�� ï 

I � −

*� !�� ( !�� I � −
X
∂ � M � ) −

X / ,.- !�� ∂ � ϕ =
��v



* ,a, (∂ � � − ! � ï ) −

* �� ! � ï 

I � −

*� ! � ( ! � I � −
X
∂ � M � ) −

X / ,.- ! � ∂� ϕ =
��v

(
* �� ∂ � � − 2 ,., ! ï ) I � + � 2� ∂� ( � � I � + ��� M � ) +

/ ,.- � � ! � ϕ =
��v

ε(∂� � − ! � )ϕ + Ì π / � , 

X
∂� ( ��� M � + ! � M � ) − ! � ��� I � 


=
�

¼5¡��!À

(
*�

=
* �ÿï +

*a,.,
)
r � y � t�{5w!tl�*}/{�|5r-�!u!p�{�z!}/{

σ F ��� � =
O

−
ò =

�  ϕ � � =
O

−
ò = ϕ � � =

O
+
ò v −

J ��� � =
O

−
ò = (∂ � ϕ) � � =

O
+
ò v σ U � � � =− � = σ F ��� � =+

ò v

ϕ � � =− � = ϕ � � =+ �
v I F�� � =−

ò = I U � � =+ ò  J ��� � =+
ò −

J ��� � =− � = − � π
X
ρ ò �

¼5¡�	!À

£«�	u!à5}7|5�°Ö��3¼5¡a	�À

σ� ( � )� =
* ,., (∂ � I � (� ) +

X !�� (� ) I�� ) −
X / � ,

� !�� ( � )ϕ
v

σ�.� =
* ��� ∂� I � +

X}* ,a, ( !�� I � + !�� M � ) 
J � = − ε∂� ϕ −

X�»
π
/ ,�- ( !�� I � + !�� I � )

� ¼�»��!À
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'[q���q�t!{kq3r�{5r-s-q�}/�¼5¡a��À¹r�p�u�x�{5s�r1zä��u5s��*r�� � t!{l§
�5u!y!t5q���� � y � ��s�q�y!{kr�s�{5w5q�r��5u � u¹|!y � p�tkq�t!{5z3{�u � y!q-x5q���lq�t!{�§ßr�|5w5q�s-u�} � y � tk{!w5tl�*�3|5r-�lu5p�{���n�t � w5q�tl{k�3�5u��������{!��{!q�t5s-u�p¨pßn ��� {kr�{ u�¤!Ä�q � uÞykq���q�tk{5z7��´ � � � z
� y5u!�5q-x!|!y �Ü� y!{���{��5r�{ky5u!p � t�t!�*�²n�t � w�q�t�{�z!� ��� y � �}~q-s�y5u!p�¤!�*� � p�� � u���t5q�t � w�{kr��!q�t�t5u�� �dt.q�y � {�z&¤��Å� �
� y5q-x!r-s � p��!q�t � p²p�{kx5qß¼�¡�»�À�v�p²�5u�s�u!y5u�} p�q���{5w!{�t ��5|5�lu5t!u5p�r��5u!����t.q�y � {!{
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��� tl{5n-u5s�yku � t � z¹x!u�¤ � p�� � ����t5q�y � {!{

Kg<%$Ë)� = χK � ′ B (φ)
� ¼�»�»kÀ

1 � p5{5r5{5}7u!r�s�� B (φ)
x!�kzÜy � n1�°{5w!t��*��n�t � w5q�tl{k� ��� y � �}~q-s�y � b 4�� ¼ � =

»
π
È !éÊ � q�yk{5u5xÆr�s�y � � � �Hr-s�y5|l��s�|!�yl��À � yk{lp�q�x5q�t � t � à�{5rk�É¡��~��yl{ b È � =

�Ò¼����q���s�y5u!t!�
tl�	�Ár-�!u!�3��q�®o{ksÒt �¹� u5p�q�y!��t!u�r�s�{3u5¤�y � n�� � À�y � r�w5q-sx � q�s�n � p�{5r�{!}�u5r�s��Á¼á�ky!{lp � z��°À�v	¤���{5n��.|.§ �Ár���|5w � §¤�q-n � y � t!{kw�tku�� r�ykq-x.�2�~��yl{ |!p�q-�l{!w5q�t!{�{¹�-su � u ��� y � �}~q-s�y � p�t � w � �lq�}/{!t�{5}7|5}&p�¤���{5n�{ φ ≈

Í�� ��r-s � tku�p�{!sr1z¤�u��lq-q�y.q�n��5{!}Æ¼��ky!{!p � z���À�v � n � s-q�}¾r�t5u!p ��� u��ku � {k}	v{ � y!{ b È � ≈
��v+Ðßr�� � ¤�u!p��	y � ®�q�tlt � z xlp�|5��¬!z!}/t � z

r�s�y5|l��s-|.y � p�¤���{!n�{
φ = π

È Ì {.r�w5q-n � q-s � u��°t5u5r-s���§¼��!y!{�p � z
	°À��*£ � u5r��!q-xltkq�}¸r-�!|5w � q¹p�q��l{kw�{�t �¹� t�{5n-u��s�y5u � {�{Æ} � �5r�{k} � ����t!Ök���oy!{Æx � ����tkq��!�±q-}Þ|lp�q���{!w�q��tl{!{ b È � n � p�{!r�{5}7u�r-s��¯p��*�lu�xl{5s t � �!y!{�p�|!§ 6��
´ � �5{!}Æu5¤�y � n-u�}�v � y � tk{l� � u5¤�y � n�� �¿� y � �5s�{5w5q�r��!{�t5qp���{�z!q�s¹t � u!y!{!q�t5s � �l{k§ r�s�y � � � u!p3¼�{5r��5��§	w5q�t!{!q�r-u��
r�s � p��kz!q�s�r-�l|5w � �7vl�5u � x � u�s�t!u5��q�tl{5q b È � � u ��� x � q-sÛpx!u5r�s � su5w!t5u²|5n��!{!�ßxl{ ���!� nu�t n�t � w�q�t!{5� ≈

� )� ÙN�Vv+»!À����u��!|�w�q�tkt!�/qoy�q-n|��l�-s � s��¾r�p�{5x!q-s-q��l��r�s�p�|!§Ås�p � u��°�-n-|s�u � u�vÛw5su²y � r-r�}�u�s�y5q�t!t��	�²}7q-� � t�{5n�} � t�{5n-u�s�y5u � {�{� � w5q�r-s�p�q�tkt!u � y � p�{5����t!u�u � {kr��	p � q�sº���5r � q�yl{.}~q�t!�s � ����t!|!§ r�{ks| � ��{!§ �

��f�����#�����ki�� �2��j���"�gq$W�
3 � r-s�u�zlÄ�{!� y � n-x!q-� � u5r�p�zkÄÛq�t {!r-r��kq�x!u!p � t!{l§

� �-q-n�u5�-�!q��5s�yk{5w5q�r��5u � u }�q�� � tl{.n�} � u�y�{5q�t!s � �!{�{r�s�y � � � ��r�s-y!|!�5s|�y&p xlp�|5��r��!u!�!t��*��r�{.r�s-q�} � �7�g(*|.ÄÛq��
r�s�p�|5q-s&xlp�q � y!{kw�{�t!� x!�5z²y � r-r�}7u5s�ykq�tk{5z«�-s-u � u«p�u��
� y5u5r � ����q�y!p � z¨r�u�r�s-u�{ks«pÆs1u�}�v�w5s-u²x!p�|k�!r���u���t!�*qr�{kr�s-q-}~�Âw � r�s-u¨{!r � u5�l��n-|!§	s-rzép²���5r � q�yl{5}7q�t5s � �°���tl�*�«{kr-r��!q-x!u5p � tk{5z!�7����u��-s-u�}7| � y5q-x!r�s � p��kz!q�s�{!t!s1q��y!q-r	u5¤�u5¤�Ä {5s���y.q�n-|5�°�-s � s�� � ykq-x.�Åx5|lÄ�q � u y � n-x5q�� � t �r���|5w � �Òxlp�|5��¤���{5n��.u�y � r � u��lu�®oq�t!tl�*� ���!q��5s�y5u!t!t��*�r��5u�q-p�vlp�� � ®�x5u�}�{�n ��u�su�y!�Ô�¹r��Åu�y�}~{!y�u5p � t � r-s�à � � � �r�s�y5|l��s-|.y � �É��y5| ��� z7vªt � t � �ép�n � �!z!x�v~¤5u��lq-q�p � ®�t � z
� y!{kw�{�t � r�p�z.n � t � r � u5{!r��5u�} �����	q��5s-u�p�v��5u5su!y!�*q
}~u5®otku¨¤!�*�!uÞ¤5�½{5r � u��°�-n-u�p � s��³x!�5zé���5r � q�yl{.}~q�t!�s � ����t!u � u�xku�� � n � s�q-���-r�s�p � u � y5q-x!q-�5zl§�Ä�q�� y5u5�l{ � �-q��n�u5�-�!q��.s�y!{.w�q-r��5u � up�n � {5}7u�x!q��kr�s�p�{5z p u�y�{5q�t!s � �!{�{

�-�lq���s�y5u!t!t��*��r-s�y5|l��s�|!yª�¿£�xlp�|���r-�!u!�!t!u5�ér�{!r-sq-}7q
� u�zlp��kz!q�sr1z¿x!u � u��°tk{!sq-����tl�	� �l� y � }~q-s�y Ê u�s�t5u!��q��
t�{5q¹y � r�r-s-u�zltl{�z&}~q-®�x!|�r���u�z!}/{&� � q�y�{5u5x�|3r-s�y � � � �r-s�y5|!�5s-|!y!� �o��u�r��5u��°���5| � q�y!{.u�x¸r-s�y � � � �Hr-s�yk|.�.s|ly!�r�p-z!n � tÁr¹} �-� t�{5s�tku��Áx!��{lt5u!��v*��s-u�s ��� y � }�q�s�yÁ�!q � �5up � y���{�y5u�p � s��µpµ���5r � q�yk{!}7q�t5s�qkv²}7q�t.z5z p�q-��{5w!{!t!|
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�Æ{
φ = π

È Ì� � ����|!t!�!��{!� �!� y � }~q-s�y � � 5 � � Ã � ��p�{!x!tku2{kn � y!{!p�q��x!q�t�t!�*� � y � ��{!�5u�p°v � y!{ � È ��� ¡5v+Ð3p�n � {!}�u�xkq��5r-s�p�{5q}~q-®ox5|�r���u�z!}/{�r-|!Ä�q�r-s�p�q�tlt5u�t5q�p��l{.z!q�s�t � u�y!{kq�t.s � �
�l{�§�r-s�y � � � u5p���£xl{ ���!� n1u.t.q �°v � 9 � È � 9¡5v+Ð3�-s�u
p�n � {!}7u�xkq��5r-s�p�{kq � y!{�p�u�x�{5s���r-s � ¤5{!�l{kn � �l{!{ r-s�y � � � �r�s�y5|l��s-|.y¸r�p�u5�ltku�p��*}·p�q��5s1u.y.u�}Åv��!q-® � Äo{k}Þp�x!u����tl{5n��5u�r�{k}7}[q-s�y!{kw!t5u � uÒt ��� y � p���q�tk{5z7�7�Ûy!{ � È � 9 �Vv �

}/{!t�{5}7|�}���t5q�y � {�{¹y5q � �°{5n-|5q�s-r1z � yl{¹{.�¿u5y!{!q�t5s � �l{�{p�xku���� u�xltku��¹{knou�r�q���w5q�s�p�q�y5s-u � u � u!y�z!xl� � �Ã � � |5®oq¨u�s�}7q-w � �!u5r��kv � u5�!|5w5q�t�t!�	� y5q-n-|����-s � s{k}[q-q�s&p � ®Ûtku�q3n-t � w5q�t!{!q�x!�5z � u5r�s � t5u!p��5{¾���5r � q�yl{k�}7q�t.s � �²��q�y!{5u5x�r-s�y � � � �Hr-s�yk|!�5s|ly!� u � y5q-x!q-�5z!q�s-rz
} �-� t!{5s�t.u���x5�l{!t�u��~v.{�r1s�y � � � �H� � n�� � yk{ ν = Ç +

¡"5�»
{k}[q�§�s�y � n���{5w!t!�	q � q�y!{ku�x�� � y!{3y � n-�l{!w!t!�*�3n�t � w5q��t�{�z!� Ç �l�oy5q-x!r�� � n � tk{!q�s�q-u!y!{!{�r-u5r�s-u�{ks�pÛs�u5}	v!w5su�pxlp�|���r-�!u!�!t!u5�¹r�{kr�s-q�}�q � yk{¹r-u5u�s�p�q-s�r-s�p�|�§�Ä�q-}«p��*¤5u5�y5qßy � r-r�s-u�zlt�{�zé}~q-®�x!| r���u�z!}/{ér-s�y � � � �(� � n�� � y�{y � n�°{.w.t��*�«� � �5s-u�y � �©n ��� u��°t5q�t�{�z©¤�|!x5|!s¹u!y!{.q�tks�{k�y5u!p � t�� � u3y � n�t!u�}7|�¼áp�x!u5�l�3�1¡5¡-��¢ � yk{3} � �°�*� Ç {
p�xku����&�1¡�� ��¢ � y!{Á¤�u��°���±{!� Ç À��S�	����q��5s��!q � ��u3}7u5�®oq-so¤!�*s�� u5¤5t � y5|k®�q�t ����r � q�y!{k}[q�t!s � �l��t.u � yl{¹{kn}7q��y5q�tl{k{ | � ��u�p�u.�ºn � p�{5r�{!}�u5r�s�{ � y5u!p�u�x�{5}7u�r-s�{ªv�w5s-u¤5|5x!q�s�|5¤�q-xl{5s-q-�l��t5u!� ���5r � q�yl{.}~q�t5s � �°��tku�� � y.u.p�q�yk��5u5�¨y � r-r�}7u5s�ykq�t!tku��³}[u5x!q-�l{7� �7r���{ß�����Åq��5s¾¤�|!x5q-s���5r � q�y�{5}7q�t.s � ����t!u�u�¤.t � y!|5®�q�tªv	s�u�}[u5®otku � y5q�xk�lu5�®�{5s�� q�Ä�q�u�xlt5u¥q � u � y�{5}7q�t5q�t�{5q2p�� � w�q-r-s�p�q��5u5r�p�q�tk�t�u � uo}[qs�u�x � u � y�q�x�q1��q-t�{�z � q�y5{�u�x � rs�y � � � �`rsy�|5��s'|5y5���

e��	f��5h��
£&à � ¤5u�s-q � u.� � n � t5u�v�w5s-u � ��q-nu5�-�!q��.s�y!{kw�q-r��5u5q�p�n � �{k}[u5x!q��5r�s�p�{.q�p � q-s-q�y5u�r�s�y5|l��s-|!y � �ÆÕ�Ö-×�Ø�}7u�®oq-s¿{ � �

y � s-�*r|�Ä�qr�s�p-qt!t�|�§Áy�u��l�	p	u�y5{�q�t�s � ��{5{ t�qu�x�t5u�y�u�x!t5�/�xlp�|�}7q�y!t��*�Þ�-�lq��5s�yku�t�t!�*�ér-s�yk|.�.s|lyÓu�s�t5u5r�{5s-q-�°��tku
�!y!{kr-s � �!��u � y � ��{5w5q�r��!{5�3u�r�q���} � s�y!{k�l� u.�5yk|5®�q�t�{�z7�(¯|5w5q-su5} �5u5tl�!y.q�s�t5u!� � t!{kn�u�s�y.u � {l{ß| � yk| � {!�¨}7u5�x!|5��q���p Õ�Ö-×�ØÔ¤��*� � t � �5x!q�t ��� t�{5n-u�s�y5u � t � z2x!u�¤ � p�� �� ��t5q�y � {l{ r-s�y � � � �Hr-s�y.|l��s�|!y��±vÒy5q � �°{.n�u5p � tkt!u5�ét �
� �!u5r���u5r�s�{�¼a����¡�À�����kz }[u!t5u5r��ku.�kt!u5� r�{5r�s-q-}ª� pµ¤�q�n � y � tk{!w!t5u!�
r�y5q�xkq�}/{!t�{5}7|5}Ü��t5q�y � {!{ r-u�u5s�p�q-s-r�s�p�|5q-s�u5y!{!q�t5s � �l{�{

?�¦)¢¥Ã N × @ ß¹èªæ�äÁæ�ð�ã)äÁÞÁàbß¥ðâ	ç�æ�ÞÐåªë�þ�øÁö	êÁõ�ó½æ«æ�ß¹ö	æ�÷Áã£ÞÁõ	ã£â�æ	æ ² � äÁð�×
� ï�R��	�üènë	è¹åýû�äÁç�ãªú�ö�ãªúfäÁæ�äÁÞÁê¥ð�ênèbæ)÷Áã)ÞÁõ)ã)â«ö	ã£ú�å	â	õ«å)ó½ã«ú�äÁõ�êÐë	ê�ã£Þ
õ	ß¹ä¥äÁÞÁã¹á	ö�æ£á�ð�ê���ë)å�äÁç	ã¹á	ðæ�×

?�¦)¢¥Ã Q!Ã ôß¹äÁä¥ù£æ	ÞÁß¹ö	ö«ß¥áp÷Áß£è¥æ�äÁæ�ð�ã£äÁÞÁà���å	ö�ì)í�æ)æ A ãªÞ�ã£õ�æ	êÁö�ÞÁß¥í�æ�æ
ä¥ÞÁõ)ß£ú)â�ã£èuè�ë	è¹å	û�äÁç�ãªú�ö)ã)úwä¥æ)ä¹ÞÁêÁð�êië�ç£á&��Ë���Ôpâ)é�ælé�ß¥÷Áç�æ)ù)ö«þ�û
÷Áö	ß¹ù)êÁö	æýá	û�â	ß¹é	ß¹ð�êÁÞÁé	ß � H 7 Ï�ò-
%9 R � » �(M!� � N �(M�: � N �£×

?�¦�¢¥Ã T	Ã @ ß¥è£æ	äÁæ�ð�ã£ä¹ÞÁà�â�ãªç�ã��³ê¹ö)æ)á
φ
æsóÐç)å��£æ�ö	þ 
 ð�æ�ö)æ	ðå)ð�ß

øÁö�êÁé	óÐæ	æ�ã£Þpé	ß¹äÁäÁÞÁã£á)ö	æ«á�ð�ê���ë)å�äÁç�ã¹á	ð�æ�×�Ý�â�ç	ã���ö)ß¹á�ì)õ)æ�è£ßÁá Kâ�ãªç�ã��³êÁö�æ	ê ð�æ�ö	æ)ðå	ðß�
���ÞÁõ	æ)û�ã£è£ßÁá�ì«õ)æ	è£ßÿá K óÐç«å��£æ	ö�ß�ð�æ)ö�æ	ð¾å Ç
ð�ßsã£ÞÁö	ã£ä¹æ)ÞÁê¥ç)à£ö�ãl÷Áö�ß¥ù£êÁö�æ)áµøÁö�êÁõ�ó½æ)æ�â	õ�æ

φ =
ò�
nâ£å	ö�ì)ÞÁæ�õ)ö�ßÁá

ì)õ�æ	è¹ß¹á K ó½ç«å�)æ)ö�ß�ð�æ)ö�æ�ð¶å	ð�ß ãªÞÁö�ã£äÁæ	ÞÁêÁç�à¥ö�ã øÁö�êÁõ	óÐæ	æ â	õ«æ
φ = π

H , ×

m m n m m�o o�m

î	ïqpáïqrts&u-ïapar�ï�v�w.x%y�zax�{qs.w�|�{5ò�ó-ô�ô-ô5ò}w�ì�ó-~!ò.��� ���q�



p�u5�ltku�p�u � u¨p�q��5s-u�y � r�s�y � � � ��r�s-y!|!�5s|�y!� � u5x¨| � �ku�}
φ ≈

Í����/��u5r�{&�1¡�� ��¢1�7âoxlt � �.u���u�� � ����tl�	�Ò} � �.r�{k}[|!}
� y!{ φ = π

È Ì t � r�s-u������5u � u��lu � {!�ªv�w�s-u©� � �.s�{5w5q-r��k{p�r-q�t ��� y � p��kq�t�{�z�p¥xl{ ����� n-u�tkq�Í����:9
φ

9æÑ����ªzlp��5zl�
§�s-r1z¾y � p�t.u.p�q�y.u�z!s�t��*}/{��	s!�%q!��pÁr�y.q�xlt.q�}¨p�u5�ltku�p�u!�p�q��5s�u5y¹t ��� y � p��!q�t¹p�x!u5�l� u5r�{3�1¡5¡���¢1���y.u � t � �l{kn�{ky5u!p � tku¯p���{�zltl{.q � u�p�q�yk�lt!u�r�s�{èu5¤��
y � n�� � t ��� ��q-n-u��-�lq���s�y!{kw5q�r��5{l�¸}�q�� � t�{5n�}Óu�y!{kq�t.s � ��l{�{¨r-s�y � � � u�pßpßÕoÖ-×�Ø-����u��l|5w5q�t5u�v2w5s-u p�r��k|�w � q
y � r � u5�!u5®�q�t�{�zÆxlp�|5}7q�ykt5u � u¾����q��.s�y!u5tlt.u � u©r-��u�z²t �
� u5p�q�y!�ltku�r-s�{ ¼���{.n�{5w5q-r��k{ ��s-u¨r-u�u�s�p�q�s-r-s�p�|!q-s � �!|!�¤.{kt!q3�-�!q��5s�y.u.tkt!u � u�r���u�z«}/t5u � u�}7q�t�����q�� � q�yk{!u�x �
����q��.s�y!u5tlt.u.� r-s�y5|!�5s-|!y!��À � u.p�q�xkq�t!{kq � t!{knu5s�y.u � t5u!�x!u5¤ � p��k{ ����t5q�y � {�{ � y � �5s-{!w5q-r��5{¨t5q¾}~q�t�z!q-s�r1z � ur�y � p�t5q�t�{!§ r�uÁr���|5w � q-}ß¤�q-n � y � tl{.w.t.u.� r�ykq�x!�2���Ûyk{�5u!t5q�w!t5u5}�r�u�u5s�t5u!��q�t!{�{�}�q�®oxk| � �k|�¤!{!tku�� ����q���s�y5u!t!�t!u � u¹r-�!u�z b { � q�y!{ku�x!u�}«r-s�y � � � ��r-s�y5|!�5s-|!y!� � � à5u��{!r-�!u5x5z!s t.q�¤5u������o{kq � � w�q-r-s�p�q�t!t��*q {!n}7q�t!q�t!{.z7�
Ã u � x � ��s-u�u�s�t5u!��q�t!{kq ≈

�Vv#ÐVv��lu5� � �°��t��	� } � �.r�{k}[|!}
� y!{ φ = π

È Ì � q�y!q-�!u5x!{!s«p � �!u5¤ � ����tl�	�ß}7{ltk{!}7|5}���Ûy!{ b È � ≈
�Vv�¡�ÐVv¯t ��� y.u�s-{lp°v r-s � ¤�{k�l{!n�{!y5|kq�sr1zu.yk{!q�t5s � �l{�z&p�xku�����t�{5n��5u�r�{k}[}7q�s�y!{kw�tku � u�t ��� y � p��kq��tl{�z

φ ≈
Í����á�

��u5�!|5w5q�tlt!�*qéy5q-n�|5���-s � s��æu5¤�¬kz!r�t.zl§	s¨���5r � q�y!{!�}~q�tks � �l��t5u¶t � ¤5�l§�x � q-}[|l§ u�y!{kq�t.s � ��{l§ r�s-y � � � u�p
p�x!u5�l� �¡5¡a�l¢	t ��� y � p���q�t!{.z¿p��5p � t5s-u�p�u!����u����!u!p�r���u!�r�{kr�s-q-}[qk� �	¤�r�u5�l§�s�t5u5q�n�t � w5q�t!{kq���t!q�y � {!{ � t!{knu5s�y5u��
� {!{Òx!u�r-s � s-u5w�tku�} � �!u ¼ � y!{k}[q�ylt5u�t � w�q-s��	y5q � u�y.z.x!�� � }7q�tk����q¹�5|5�!u!t5u!p�r��5u5�3��t!q�y � {!{�À�v � u��-s-u�}7|&p�t5q��o�tl{5q¨p�u�n1x!q��kr-s�p�{.z ¼át ��� y!{5}7q�y p�tkq��±t5q�qß} �-� t!{ks�tku�q
� u��lqkv&r�u�x!q�y5® � Ä�q-q �!� y � �l�!q-����t!|!§ ����q���s�y5u!t!tku�}7|
r���u�§ �5u5} � u�tkq�t.s�|�À�}�u � |!s � y�{!p�u5x!{!s��¹� � q�ykq�u5y!{!q�t!�s � ��{l{ r�s-y � � � ��r�s�y5|!�5s-|.y~vÒw�s�u s � �5®�q t � ¤���§�x � q�sr1z
���5r � q�y!{.}~q�tks � �l��t5u��' � r-r-}~u�s�y.q�t � �-q-n�u5�-�!q��.s�y!{.w�q-r��!{!� }[q-� � t�{5n-}&u!y!{!�q�tks � ��{!{r-s�y � � � u.pép x!p�|!�!r-�lu5�lt!�*�º���!q��5s�y5u!t!t��*�
r�{kr�s-q-} � �ß¼r-u¸r��!u�z!}/{�v ��� y � ���!q-�°��t��*}/{ � �!u5r��5u�r-s�{¼����V¡�À�À��o£¨s � �!{.�Ær�{5r-s-q�} � �¸}~u�x!q-�°� � y!q-x5r�� � n��	p � q-s������q��.s � q�y5q�u!y!{kq�t5s � ��{!{�r-s�y � � � u.p�p�x!u���� u�r�{3�1¡�� ��¢
� y!{ |�}7q�t!���Ûq�t�{!{©y � r-r-s�u�zlt!{.zÜ}7q�®�x!|Ár���u�z!}/{Á�°{.¤�u|lp�q-�l{kw�q�tl{!{ � q�yl{.u�x � r�s�y � � � �Hr-s�y5|!�5s�|!y!�Â¼u�s�tku��Ûq��
tl{5q¾��s�{5�¨x!p�|k� xk�l{lt�x!u��l®otkuÆr�s � s��©}�q�t����oq�q-xl{!�tl{!����À��N3 � ¤��°§Åx!q�t�{5qos � ��u � u�������q���s � ¤5�*�lu�¤5�©����r��

� q�y!{.}~q�tks � �l��t!�*}&x5u!� � n � s�q-�l��r�s�p�u5}3s�u � u�vlw�s�u � ��q-n�u5�
�-�lq���s�y!{kw5q�r��5{l�,}[q-� � t�{5n-}ä{ � y � q-s�u5r�t.u.p�t5|l§¨yku�����pu!y!{5q�t!s � ��{!{Æ�-�lq��5s�yku�t�t!�*�ßr-s�y!|!�5s1|lyÆp©x�p�|5}7q�y!tk�	��-�lq���s�y5u!t!t��*��r�{kr�s-q-} � �ªv~y5q � ��{5n-u�p � t!t��*��t ��� q-sq�y!u5�
� q�y5q-�!u5x � �¹×�Ú(Õ�Ö-×�ØP��ÕoÖ-×�Ø-��*s�u«{.r�r-�lq-x!u5p � t�{5q&¤5�	�!u©w � r-s�{.w.tku � u5x5x!q�y5® � tku
� y � tksu5}������[×���� 0 	��5� ��	 ��»Ó{ �u5r�|5x � à5r-s�p�q�tlt!�*}��u�tkx!u�}���|!t5x � }7q�t!s � �l��t!�*�¨{5r�r-��q�x!u5p � t�{!� >��!à � {k�t��±v � à.u�q���s
	 »V� Ì 5�Í�Í��V�
�£×���×� Û(��ÔÖË£ÍÊÍ Ë(������×�� ×��nËªÚ Ë������	Ì ��
���� � � Ã�� ��� Ã�����@�
É�! �R" � �� �9�9��ª×
ï¶×���×� Ú$#�%�
�&�×[��×�'(#ÁÚ*)½Ì +�
�,�×/6�Û-)$#
�Ë)������×.&¡×.�nË£Õ�;�Û��	Ë£Í/�5

��� � � Ã0� ��� Ã21 �-3$3 Ã =�@�
¶ï�R�4¹ï � �5 � (R �ª×:¶×2�i×�4�×2��ÌÎÍÊÍ6%�
87�×2�×!6�Û£Û)é�#¥Ú�
:9�×�4�×(;�Ì Ô*#)�)Ô$)*#¥Ì ��
2��×=< ×54�Ñ>#¥ÌÎÑ Ñ>#¹Ú�

Ë)����7�×=?�×�?@#¥Ô$)�
 �A� � � Ã0� ��� ÃB1 �-3$3 Ã2C-D 
�:� , � �! - " ��£×, ×E,�×F,�×l;��5
l;�×V6³×8G�Ô*�!Ì\
F&�×E��×l8�)ÖÛ£ÚÖÉ�#¥ÚP
E��×0< ×l4�Ñ>#ªÌÎÑÒÑ>#ÁÚ�
 Ë(���
7�×=?�×�?@#ÁÔ$)�
=H0I A F O H 3 7:3 � � I R4RKJ � ×2�!L"M�
�:-N" � �� " - �¥×R¶×(�i×0�i×('Û-+	Í/#¹Ú�
���×�� ×07�Û"�	Í Ë¹Ø	Û£Ü�
¶Ë��"��³×0OÁ×�8�Ù)Ø¶ÍÎÛ)Ü«ÔÖØ	ÌÊÌ\
 ��� � � Ã� ��� ×P��@-Q�
É�RN(R1: � �� " "4��(M���×�� ×�7�Û-�¶ÍÎË¹Ø	Û£Ü�
��i×��i×P'Û-+	Í/#¹Ú�
Ë)����³×(Oÿ×�8�Ù�Ø	Í Û£Ü)ÔÖØ¶ÌÎÌ\
 ��� � � Ã:� ��� Ã01 �-3*3 ×�=P?�
 ,  - � �! - �4 �ª×

4�×S,³×S�bÛ-#ÁÔÖÔ ��#ÁÚfË)���T9�×�G�×Å6�Ù	Ë£ÍÎØ�#ÁÚ�
���� � � ÃU� ��� ÃU��@-Q�
 R	ò£ò"4� �� " "4��ª×
9�×V?�×É4Ë)�5
W,�×V,�×*;���
X&�×W��×/8�)ÒÛ)ÚÖÉ�#ÁÚ�
*;�×*6³×VGÔ$�!Ì\
X��×�< ×4�Ñ>#£ÌÎÑ Ñ>#ÁÚ�
Y7�×X?l×S�Ë)Í/��Ü	Ì �5
üË)���Z7 ×W?�×X?[#ÁÔ$)�
���� � � ÃU� �-� Ã1 �"3$3 × C�\ 
:N)ï)ò � �5 � � �ª×
N¶×2�i×�4�×2��ÌÎÍÊÍ6%�
87�×2�×!6�Û£Û)é�#¥Ú�
:9�×�4�×(;�Ì Ô*#)�)Ô$)*#¥Ì ��
2��×=< ×54�Ñ>#¥ÌÎÑ Ñ>#¹Ú�

Ë)����7�×=?�×�?@#¥Ô$)�
 �A� � � Ã0� ��� ÃB1 �-3$3 Ã2C-\ 
:Nªï , � �! - " ��£× ¶×(]�×=^�×¶ôß��[�)ß-
�Æ�×=_ ×0`jêÁõ	ðß¥ö5
2acbed D �
!�� �R9 � �! -N�9 �ª×

f�g h0i=jBh�k h0l�m5n$g lpoqh0l2r=sFt8g u2ovj2wxjFn$g hyt�mzs0m5g jFt�jBwxu�m5n*g {2h
u�m5n*|el�m�|2nzh0u}g tSm�~WjF���Fg oqhyt=u2g jEt=sFk"hFk h0l�m5n�jFt�u��(u�m$hyocu

�����S�x�yg k

� é!Ì #��½Û-#¥Í>#ÁÕ!)ÖÚ½Ì ÕfÉ�#¥ÕÁÙ�Ë)�¶Ì ÔÖÉ�Û)Ñ�Ô*) ÚÁÌ é�#�Û£Ú½Ì # �")ÖË�)ÐÌ Û��
Ì �})ÒÙ�#W)*�³Û£Ç��¶Ì É�#.�	Ô½Ì Û �)Ë)ÍF#¥Í/#ÁÕ�)ÒÚÐÛ���Ô�%	Ô$)$#ÁÉ�Ô Ì � ��Ë���ÔÖÇ0��Í Ç
��Ë'� Ô³Ù�#!)$#ÁÚÖÛ£Ô$)ÖÚ$��Õ!)$��Ú$#ÁÔ Ì Ô�ÕÁÛ �)Ô½Ì/��#¥Ú$#!��×(O�)³Ì Ô�ÔÖÙ	Û-� ��)ÖÙ)Ë-)
Ë¹ÕÁÕ¥Û£Ú$�¶Ì ��+})ÒÛ})ÒÙ�#S)ÖÙ�#ÁÛªÚ*%})ÖÙ�#�é	Ú$#¥Ñ>#¹ÚÖÚÖË��¶Í/#nÔ$)ÒÚ Ì é�#�Û£Ú½Ì #)�«Ç
)ÖË�)½Ì Û���ÌÎÔüËªÍ Û���+�)ÖÙ"# �����¥ò1�V�!Ì Ú$#¹Õ!)½Ì Û���)ÖË¥Ø¶Ì ��+}Ì ��)ÖÛpÕÁÛ��«Ç
Ô½Ì ��#ÁÚÖË-)ÖÌÎÛ��[) Ù�#pË �!Ì Ô Û�) ÚÖÛ£é"%�Û	Ñ�)ÖÙ�#�#ªÍÎË¹Ô$)½Ì ÕpÉ�Û-���!Í Ì�Ë)���
)ÖÙ�#lÌ �!ÑÒÍ6��#.��Õ!#sÛ)Ñ}) Ù�#jÔÖË¹É é¶Í/#��	Û-�1�"�	Ë¹Ú Ì #ÁÔ¹×�O�)iÕÁÛ)ÚÖÚ*#ÁÇ
ÔÖé�Û����«Ô.) ÛS)ÖÙ�#�#�<	é�#ÁÚ½ÌÎÉ�#.��)ÒËýÍ Ú$#¹Ô$�	Í>)ÒÔ¥×2G�Ù�#V#ªÑÒÑ>#ÁÕ!)³Û)ÑK) Ù�#
Ô$) Ú½Ì é�#�Ô*)ÖÚ$��Õ!)$�)Ú�#ñÚ�#ÁÇÊÛ£Ú½Ì6#.��)ÒË-)ÖÌÎÛ��pËªÍ Û���+c) Ù"#����Áò)ò1���	ÌÎÚ*#ÁÕÁÇ
)½Ì Û���Ì ��ËS�	Û-���!Í6# Í Ë�%"#¹Ú Ô�%	Ô$)�#¥É Ì Ô Ñ Û-�1���pÑ Û)Ú�)ÒÙ�#üÔ$)ÖÚ½Ì é�#
Ô$) Ú$�	Õ!)*�)Ú5#�é	Ë¹Ú½Ë¹É�#!)$#ÁÚ³ÍÎË¹Ú5+-#�
�)ÖÙ�Ë)��Ì �")$#ÁÚÁÍÎËR%�#ÁÚA�!Ì Ô*)ÖË)��Õ!#)×

U

���%� î*ïqpï�r�sWu�ïqpar�ï-v w x�y�z-x%{qs�w
|�{5òPó�ô-ô�ô�ò�w�ì�óq~�ò����


