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_"B/\��'Z?��̂ �̀î è�\�clZ 4 k Z Z ; R 4 \��L_=0Z�[ B�j
Z�c:B�j
Z�[
�?M��iclZ�[�k.- Y * � [&j
_�jLe
Zy[bj
_NB!\��'Zyc̀ ^̀ [&[;!ZiZt̂�c/-t]�_��M\�eL̂ [̀&\�f&̂ ]̀Me�Z�e @p\�_b�%

Z�[�k.-tZ�[b�i\�c̀ l̂Zi_�Z�[mf;�']MeL[mZi_��̀ !ZiZ
@p\�̂ [̀0k
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Z�[P_[!Z �Mcu\
��Z�[;Zifrk
Zscu\p[mf&\���̂ c̀ûlf*!ZokLj
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LeLĈBgj
Z�eL]MjL[d\�c`cl]MeL[O�V]Mj���]M^`_p\���]�_hk
Zi_�c7- !Zif&jLk
ZTk
Z�[d�L_&]���_b^�!Zif*!Z�[
]��Lf&^:B�j
Z�[a^`egfm_b^`e�[?0ZABgj
Z�[akLZ�[��V]rI vlfmZ�[�B�jL\�eqf&^CBgj
Z�[ 	



� �������	��

� �

� � ) ��� � ��� ��� � * � � ��� �	� 
� * �  ) * �

' * � ! �#" $%��� &-' )+* �,� &(' � ' * � &-' �

4 Zw�%
L\���^lfm_&ZOZ�[mf��']MeL[b\��'_;!Z 0\�c/- !Zif&j�k
Zdk
Zwc/- !Z�cu\�_��M^`[&[mZA@pZ�eqf�k
Z�[rfm_b\�eL[b^lf&^l]MeL[;]��Lf&^:B�j
Z�[nkL\�eL[
k
Z�[F�V]rI vlfmZ�[ B�jL\�egf&^:B�j
Z�[ ��������
%���	��� ���l� � 	 � ]MjL[~�']%@�@dZ�e��'Zi_&]MeL[���\�_�_h\��L�VZ�clZi_FkL\�eL[�jLe
Z	��_&ZA@p^��Zi_&Z
��\�_bf&^lZaclZ�[0kL^ �a!Zi_bZ�eqf&[ @h!Z��i\�e�^`[G@dZ�[9_bZ�[m�V]MeL[&\���clZ�[~k
Zac�� !Z�c`\�_��M^u[&[mZA@dZ�egf	k
Z�[0fm_b\�eL[b^lf&^l]MeL[~]��Lf&^:B�j
Z�[
Z�egfm_&Znk
Z�j�> !Zif&\�f&[akL^`[&�'_&Zif&[)Dg\
F�e�k���^`egfm_&]�k�jL^l_&Zac`\se
]�f&^l]Me�kLZ ���� ��� � � ���g� � � � 	 Y �L_��Z�[HjLep_b\�����Z�ck
Z�[P�L_&]��L_h^�!Zif*!Z�[;]��Lf&^:B�j
Z�[;k
Zsc��tZ?>
�i^lfm]MeTkL\�eL[Pj�e�[mZA@p^`�']Me�kLjL�'fmZ�j
_)D�e
]MjL[ B/Zi_&]MeL[;jLe���^uc`\�e�k
Z�[
_[!Z�[&j�clf&\�f&[Pk
Zycu\dc`^lfmf*!Zi_b\�f&j
_&Zs�']MeL�'Zi_beL\�egfP�'ZifL!Z�c`\�_��M^`[&[mZA@dZ�egfPkL\�e�[�clZ�[H�V]rI vlfmZ�[ B�jL\�egf&^:BgjLZ�[ 	

) \�eL[�jLe
Z�k
Z�j]>�^��ZA@dZP��\�_&f&^lZPeL]MjL[	\�eL\�c�M�[mZi_&]Me�[	clZ�[Ucu\�_���Z�j
_b[	kLZa_b\�^lZ�Zif�c`\�k]M�eL\*@p^:B�j
Zak
Z�[
Z?>
�i^lfm]MeL[~kL\�eL[ kLZ�[F�V]rI vlfmZ�[ B�jL\�egf&^:B�j
Z�[FjLe�^:BgjLZ�[��\���\�[b[mZ	fmZA@d�Z!Zi_b\�f&jL_&Z 	 � e]F�e.D�eL]MjL[�!Zif&jLk�^lZi_&]MeL[c�� !Z ��]Mc`jLf&^l]Me3Z�eYB�]Me��'f&^l]Me�k
Z�c`\�fmZA@d�Z!Zi_b\�f&jL_&Z�kLZ�[y�L_&]�F�c`[yk
Zp_h\�^lZ�[ok�� !ZA@p^u[&[&^l]Me�k���jLe�Z?>
�i^lfm]Me
�']Me]F�eP!Z 	�� Z�c`\�eL]MjL[P�VZi_�@pZifmfm_b\�kLZ&@dZifmfm_bZsZ�e !Z ��^`k
Z�eL�'ZOjLex�']Mj
��c`\
��ZwZ�eqfm_bZOc��tZ����i^lfm]MexZif�clZ�[
�-
L]Me
]MeL[�\��']MjL[&f&^:BgjLZ�[;k
Zo��\�[&[mZ !Z�e
Zi_��M^lZ! �Zifrk
Z#"/\�^l_bZojLe�cu^lZ�e�kL^l_bZ��'f�Z�eqfm_bZs�'ZifmfmZd^`egfmZi_b\��'f&^l]Me
ZifPcu\de
]�f&^l]Me�k
Z ���� ��� �	� ������� � � 	
� �
� � � 0 ��$45 !�!J� 
 �,24*&%1%�
 %'$)(�,21� �9* *��	
 �1!$:=� : 7�	�*%10 !�0�$ �
B,+.-�+/- �10/243 �65/787:9�;<9�=?>A@CB?;DB �FE9�=C9HGJILKF=M7 � 7N>OE9�;D9PE2DGF9�KRQS=F5�T69O2�KRQ

�VUXWOY[Z]\_^`�a UXW�Y�bOWcYedfY[g �`�hi`c�j \ ` b � WOZ �!`�j b � \ j WOY�YeUXW<^` g j g `��lk Z]gm^`! nk UXbpo�qr^`sj b k UXWmg[Z]WfbOb h
\ ` Yt^` g j g[YJ\Ob k�
Oj!h oD^` q `�k g a U hij
� W_^` g[Z]ufb ` \Ob � Zv\ ` 	mw j WOYVq `xk�j \ a[` \ ` q �yj oOo a U � Z htj g[ZzUXWt\OZ]onU8{
q j Z a[` ^` q `�k g a Z]umb `! q `_k UXbpo�q j
�!` o ` bOg�|` g a[` \_^`�k�a Z]g}o j8a q �*
Oj!h Z]q]geUXWOZ ` W~o `�a g[b a���j g[Z "O�i�n�����J�F�y� 	� � ^` � UXq]bpg[ZzUXW�\ � bOW�^` g j g `��lk Zzgf^` YeUXb h ZvY �jJk�` geg ` o `�a g[b a[��j g[ZzUXW ` Yeg?\�^`�k�a Zzg�o j8a q j�a��` � q ` \ � U a \ `� `�a�h Z  ufbOZ�\pUXWOW ` q j o a U ��j8� Z]q]Zzgf^` o4UXb a q ` YedlYeg �`�h*` \ ` o j Y[Y `�a \ `�"�j �k UXW�Z a[a ^` �!`�a Y[Z � q ` \ ` q � ^` g j g
\OZvY k�a[` gs��\OZzo}|UXq `x`��pk Zzgf^`#` g k�
Oj!h o�\ j WOY�YeUXW<^` g j g " UXWO\ j!h*` Wmg j qL� �!`�a Y'bOW�^` g j gx\Ob k UXWmg[Z]WfbOb h
��\OZ]o}|UXq ` \ j WOY�YeUXW�^` g j g " UXWO\ j!h*` Wmg j q ` g�bOWco 
 U!geUXW��%	n� ` geg ` ^` � UXq]bpg[ZzUXW�Z a[a ^` �!`�a Y[Z � q ` \ ` q � ^` g j g
\OZvY k�a[` g �!`�a Y~bOWP^` g j g#\Ob k UXW�g[ZvWmbOb h \ ` q ��` Yeo j!k�` q]Z �Oa�`! �j��!`�k bOW�g `�h o�Y k�j8a�j!k gf^`�a Z]Y[g[Z]umb `i���N 

�!�



��� �����	��

��������� ��� ��� � 
������������ �!�#"���" ������#�%$&�'�(��)*�#�,+-"/.0 �1�32()��'� �4
�2()��,)*�(
�2()��

Y ` g a�j \ObOZ]g�o j8a bOW �5 � �
����6 � � 5	785 � � � �X�'6 �A��6 9 \ ` q j g a�j WOY[Z]g[ZzUXW;: ��< �/=?>
@ � ` g�^` q j8a�A Z]Y[Y `�hi` W�gB: �` Yegx\pUXWOW_^` o j8a q ` o a Uf\�bOZzg�\ ` q � ^` qr^`�h*` Wmg~\ `#hij g a Z k�` \ ` g a�j WOY[Zzg[Z]UXW o j8a q j \ ` WOY[Z]gm^` \ ` Y ^` g j g[Yj!k�k�` Y[Y[Z � q ` YBC
: �J�ED��� �GF'HD

IKJ4LMI �F�y� I NPO	I Q?R �TSVU � � �&@W= �
X W�Z]Wmg a Ul\ObOZ]Y j Wmg�Yn�TSZU � � R �TSVU��\['] � S QU [ H Q	^?_ q j \ ` WOY[Zzgf^` \ � ^` g j g  o j8a bOWOZzgf^` \ `a` UXqvb h*`! \ ` Y^` g j g[Y,\Ob k�bOj!h o�\ j WOY6q ��` Y[o j!k�` q]Z ��a[`! dc U �fe D SZUd[ F*g Ud]sq �yj!h o�q]Zzg[b�\ ` \Ob khb�j!h o ^` q `�k g a Z]umb `C` gi �je = [ � IKJ4LMI k	l �nm I NPO	I q j)h UNd ` WOW `sj W A bOq j Z a[` \Ob h U h*` WmgV\�Zzo4UXq j Z a[`! UXWcU � g[Z ` WmgVq j�a�` q j g[ZzUXW< � F > C

: ���oD��� �
i Q S _U� Hpg U ^ _ � �&@ F �

q UXbpg1o b ^` WpU h �` W `�j bpg a�` ufb ` q j�a[`�k U h�� Z]W j ZvYeUXW a�j \OZ j g[Z `!`c` Wmg a�j | r]W j Wmg*bOW ` \OZ h Z]Wfbpg[ZzUXW \ `
o4U!o�bOq j g[Z]UXW \ ` q � ^` g j g `��lk Z]gm^`s`8j j bOY[Y�ZJY ` g a�j \ObOZ a[` o j8a bOW ` j b AXh*` Wmg j g[ZzUXWD\ ` q j q j8a�A!` b ab U h U Ap�` W ` @ � j q j8a�A!` b atb U h U Al�` W `ij Y[YeU k Zr^`�`ij b�\�^`�k q]Z]W�\ ` o4U!o�b�q j g[ZzUXW�geU!g j q�:Mu � D [ � u ` Yegj qzU a Y�q j YeU hih*` \ ` q � ^` q j8a�A Z]Y[Y `�h*` W�g a�j \OZ j g[Z " : �x` g�WpUXW a�j \OZ j g[Z " :pv � C

:Mu � : �Mw :pv � � �&@ � �
� � ^` g j gs^` q `�k g a UXWOZ]ufb ` \Ob~Y[dfYeg �`�h*`_k UXWOY[Z]\_^`�a ^` o ` bpg j bOY[Y[Zp|` g a[` YeUXb h Z]Y �j \ ` Y k UXq]q]ZvY[ZzUXWOY �5?xzy�{�| 64}	~ 5?{j qr^`�j geUXZ a[` Y,ufbOZ  Y j WOY?ZvW�g a Ul\ObOZ a[` \ ` o `�a g ` \ ` o4U!o�bOq j g[Z]UXW  	` UXW�g ` Wmg a�j | r]W `�a bOW ` o `�a g ` \ ` o bOj Y ` @
� ` YeUXWmgso j8a#`��f`�h o�q ` q ` Y k UXq]qvZ]Y[ZzUXWOY ` Wmg a[`tj geU h*` Y)\ j WOYsb�W AXj'�! UXb  �k U hihi` WpUXbOYsq `%`!`�a {a UXWOY�\ j WOY)q j Y[b�Zzg `! q � ZvW�g `�a�j!k g[Z]UXW j�`!`�k q ` Y#o b UXWpUXWOYs\ j W�Y�bOW YeUXq]Z]\ `tk�a Z]Yeg j qvq]Z]W @ � `ckhb�j!h o
^` q `�k g a U hij'A W_^` g[Zvumb ` \C|b �j q j)a[`�k U h�� Z]W j ZvYeUXWc\ ` q � ^` g j g `��pk Zzgm^` \ `	` Z ` Wmg j q]U a Y  \ j WOY k�` Y k UXW�\OZ {
g[ZzUXWOYtC

c �T�[� ��c U	���*� �TS U � w���� �T�[�e� � �&@ � �
U �b q j o bOj Y `�� � �T�[� Y[b�ZzgsbOW o a U k�` Y[Y�bOY j qr^`�j geUXZ a[` @ � j \�Z]Yeg a Z � bpg[ZzUXW�Yeo `�k g a�j q ` \ ` q � Z]Wmg ` WOY[Zzgf^`
\ ` q j q]b h Z �`�a[` ^`�h Z]Y ` \ j W�Y)b�W g ` qVo a U k�` Y�Y[bOY  UXb " U a�hi` \ ` a�j Z ` Yn�TS��  R` Y[gi\pUXWOW_^`�` o j8a q j
g a�j WOY " U a�h ^`�` \ ` � UXb a Z `�a C

Y4�TS�� �
=
F'H

�����
� � Y&uN� � � k � -���� i � � �&@�� �

U �b�Y u � � � ` Yeg�q ` \ `	A!a ^` \ `sk U b ^`�a[` W k�` \Obco a[`�h Z `�a U a \ a[` \Ob khb�j!h o ^` q `�k g a Zvumb ` \_^`	� WOZzg�o j8a C

Y�uN� � � �
� ���
� � c�� �T�[� c �T� wH� � i �\[

� ���
� � c�� �T�[� c �T�[� i � ��� uN� � �\[ � u:� � � � �&@�� �



�����*��� � ������
������������ ���#"���"�������#����� �1���3����$/�3$
	� �����'�h���&� � =

� uN� � �#^` g j Wmg�q j " UXW k g[Z]UXWi\ �yj bpgeU k U a[a ^` q j g[ZzUXW \Ob k�bOj!h oH^` q `�k g a Zvumb ` @ � `�a ^` Y[bOqzg j g ` Yeg k UXWOWfb ` W
g b ^` U a Z ` Yeg j g[Z]Yeg[Zvumb ` \ ` q j q]b h Z �`�a[` YeUXbOYCq ` WpU h \ ` | �'�5
�����5?7 5 � 5�� 6 5�� 5������ 6 ��|�� ��6 � 5 < �!�  � � >
@

X W Y�bpoOo4UXY j WmgFumb ` q ` Y k UXq]q]Z]Y�ZzUXWOYCY[b � Z ` YCo j8a q ` YedlYeg �`�h*` YeUXW�gV\_^`�k�a Zzg ` Y_o j8a bOWto a U k�` Y[Y[bOY
o4UXZ]Y[Y[UXWOWOZ ` W  �k�j8a�j!k gm^`�a Z]Yf^` o j8a bOW<g `�h o�Y h UNd ` W ` Wmg a[` q ` Y khb U k Y ����� �!� � 6#" 5 " q j o bOj Y ` \Obk�bOj!h o ^` q `�k g a Z]ufb `�` Yeg bOW `s`:j8a Z j8� q `�j q�^`�j geUXZ a[` Y[bOZ `:j Wmg bOW ` qzUXZx\ `%$ UXZ]Y[YeUXWn�  q j " UXW k g[ZzUXW
\ �yj bOgeU k U a[a ^` q j g[ZzUXW � �&@�� �J\ `	` Z ` W�gBC

Y&uN� � � � k � -��'&P� k � �
(P��)+*-,., � �&@!/ �
� j \OZvYeg a Z � bOg[ZzUXWsYeo `�k g a�j q ` \pUXWOW_^`�` o j8a q j g a�j WOY " U a�h ^`�` \ ` � UXb a Z `�a � �&@�� � ` Yeg j qzU a Y}bOW ` Y[Z h o�q `
qzU a�` W�g � Z ` W�W ` \ ` q j8ahA!` b a)�jih Zz{ bOj bpg ` b a : Q � F*D [ �����0�1� @ � ` geg ` o `�a g ` \ ` o bOj Y ` Y ` g a�j \ObOZvY j W�g
o j8a bOW ^` q j8a�A Z]Y[Y `�h*` W�g�Y[bpoOo�qr^`�hi` W�g j Z a�` ufbOZRW ��` Y[gso j Y a[` qvZ�^` �j bOW \_^`�k q]Z]W \ ` onU!o�bOq j g[ZzUXW�\Ob
WOZ `!`�j b ` Yeg j oOo ` qr^`32545 687&y�{	y
9�5
6 ~ � @

q ` W j Wmg k U h oOg ` \ ` Y ^` q j8ahA Z]Y[Y `�h*` Wmg[Y q]Zr^` Y;:j q j \Ob a ^`�` \ ` ` Z ` � WOZ ` ` g \ ` Y k UXq]qvZ]Y[ZzUXWOY45	xKy�{?| 6�}d~ 5�{  q=<.^` q j8a�A Z]Y[Y `�h*` W�g b U h U A :` W ` geU!g j q ` Yeg j qzU a YBC
: � D

> =
��� w

=
� v � w F�����0�1��? � �&@1@ �

A Z#q ` o a U k�` Y[Y[bOY \�<yZ]Wmg `�a�j!k g[ZzUXWSW ` o ` bpgAo�q]bOY |` g a�` \_^`�k�a Zzg o j8a bOW Y[Z h o�q ` g `�h o�Y k�j {a�j!k gf^`�a ZvYeg[Z]ufb ` �����0�!�� q j " U a�hi` \ ` a�j Z ` `8j \_^`	` Z `�a \Ob o a U � qJqzU a�` W�g � Z ` W bOj8� Zzg[b ` q  C` gtUXW<W `
o4UXb a[a�j o�q]b�YF\_^`	� WOZ a bOW�^` q j8a�A ZvY[Y `�h*` Wmg b U h U A :` W ` : Q @ � ` geg ` \_^`	` Z j g[ZzUXW \Ob o a U � q�\ `xa�j Z ` qzU8{a[` Wmg � Z ` W ` YegVo j8a_`��f`�h o�q ` U � Y `�a�` ^` o4UXb a q ` YFg a�j WOY[Zzg[ZzUXW�YF\Ob�YeUl\OZ]b h Y[UXb h Z]YB:j \ ` Y k UXq]qvZ]Y[ZzUXWOYj�`!`�k \ ` Y j geU h*` YJ\ `tAXj'�~a�j8a�` Y < �*�*>
@ � ` o a U � qnWpUXWl{/q]U a[` W�g � Z ` W U � Y `�a�` ^`~` Y[g `�� o�q]Zvumb_^` \ j WOY k�`k�j Y ` Wig ` W j W�g k U h oOg ` \ ` q j \�b a ^`�` � WOZ ` \ ` Y k UXqvq]Z]Y[ZzUXW�Y @DC UXbOY `!`�a�a UXWOY k U hih*` Wmg  \ j WOYRq `�k�j Y
\�<yb�W k�a Z]Yeg j q?Y `�h Z k UXW�\Ob k g ` b a� q=<yZ]Wmg `�a�j!k g[ZzUXW j�`!`�k q ` YJo b UXWpUXWOY�o ` bpg  �` q]q `sj bOY[Y�Z  �k UXWO\Ob�Z a[` :j
bOWco a U � q�WpUXWl{/q]U a[` W�g � Z ` W @

E,+.-�++F Gt3XBIH�3�5KJ9O>LJ9�7cBIHC>X5�M,KF9�7�GC9 0�I]9pQ�Np5�>!B6=�+
C UXbOY j q]qzUXWOYi\ j WOY k�` geg ` o j8a g[Z ` WpUXbOYtZvW�gf^`�a[` Y[Y `�a :j q=<.^` q j8a�A Z]Y[Y `�h*` W�g a�j \OZ j g[Z " \ j W�YtbOW `� UN| rzg ` ufb j Wmg[Z]ufb ` @�C UXbOY k U hihi` W k�`�a UXWOY?o j8a6a�j oOo ` q `�a��Oa Z=:`	`!`�hi` W�g,q ` Y�o a U!o a Zr^` gm^` Y,\ ` q=< `��pk ZzgeUXW

\ j W�Y)q ` Y `�h Z k UXWO\Ob k g ` b a*hij Y[Y[Z " o�bOZ]Y  ,k U hih*` q ` Y � UN| rzg ` Y1ufb j Wmg[Z]umb ` Y*umb ` WpUXb�Y ^` g[b�\OZzUXWOY
YeUXWmg)U � g ` Wmb ` Y1o j8a q�<yZ]W�g a Uf\Ob k g[ZzUXW \�<yb�W k UXW � W `�h*` Wmg)q j gf^`�a�j q�\ j WOY�b�W YedlYeg�:`�h*` F w  WpUXbOYj W j q]dfY `�a UXWOYJq=<yZ]WPO�b ` W k�` \�<yb�W k UXW � W `�hi` W�g � Z]\OZ h*` W�Y[ZzUXWOW ` qnY[b a q ` YJo a U!o a Zr^` gm^` Y�U!o�g[Z]umb ` Y�\ `
q=< `��pk ZzgeUXW @ X W � W  WpUXbOY `!`�a[a UXW�Y k U hihi` W�g~q `)k UXW � W `�h*` Wmg q j gm^`�a�j q k UXW�g a |UXq ` q j \Ob a ^`�` \ `3` Z `a�j \�Z j g[Z `!` \�<ybOW `��pk ZzgeUXW qzU k�j qvZ]Ym^` @



� F �����	��

����������� � ������
������������ �!�#"���"�� ����#�%$&�'�(��)*�#�,+-"/.0 �1�32()��'� �4
�2()��,)*�(
�2()��
�������	��

������������� m ��������
���� �!

� 

"��

� U a Y[ufb�<ybOW Y `�h Z k UXWO\Ob k g ` b a :j AXj o \OZ a[`�k g ` Yeg ^`�k q j Z a ^` o j8a bOW ` q]b h Z=:`�a[` \pUXWmg)q=< ^` W `�ahA Z `` Yeg)o a U khbp` \ `�k�` q]q ` \Ob AXj o  \ ` Y)o j Z a[` Y ^` q `�k g a UXWl{�g a UXb YeUXWmg A ^` W_^`�a ^`�` Y @ A Z_q ` Y ^` q `�k g a UXWOY ` g
q ` Y g a UXb�Y~W�<yZ]Wmg `�a�j'A Z]Y[Y j Z ` W�g o j Y  Y ` bOq]Y \ ` Y o b U!geUXW�Y j d j Wmg�bOW ` ^` W `�a�A Z ` Y[bpoV^`�a Z ` b a[`*j b AXj o
o4UXb a[a�j Z ` W�gt|` g a�`�j8� YeU a[� ^` Y @ � <yZ]W�g `�a�j!k g[ZzUXW k UXbOqzU h�� Z ` WOW `t` Wmg a[` o4U a g ` b a Y j8��j Z]Y[Y ` q=< ^` W `�ahA Z `
\ `sk�` Y `��lk Zzg j g[Z]UXWOYc^` qr^`�h*` Wmg j Z a[` Y :jik�j bOY ` \ ` q j1" U a�hij g[ZzUXW�\I<ybOW�^` g j gxq]Zr^` COq�< `��lk ZzgeUXW @� <yZ hij'A!` q j o�q]b�YFY[Z h o�q ` \�<ybOW `��lk Z]geUXW�\ j WOYFbOW�Y `�h Z k UXWO\Ob k g ` b a�` YegVbOW ` o j Z a[` ^` q `�k g a UXWl{
g a UXb k U a[a ^` qr^`�` o j8a q=<yZ]Wmg `�a�j!k g[ZzUXW k UXbOq]U h#� Z ` WOW ` @ � < ` Yeg*bOW YedlYeg�:`�h*` :j \ ` b � o j8a g[Z k bOq ` Y  \ `hij Y[Y `$# �% ` g # �&  \�^`�k�a Zzg�o j8a bOW ` ^` umb j g[ZzUXW \ ` A khbOa 'UX\OZ]W A!`�a Y[Z h Z]q j Z a[` :jAk�` q]q ` \ ` q�< j geU h*`
\�< b df\ a U A :` W ` @ � `Ah UXb `!`�h*` Wmg a�` q j g[Z " \ ` q=< ^` q `�k g a UXW ` gt\Ob g a UXb ` Yeg j qzU a Yi\_^`�k�a Zzgto j8a bOW `" UXW k g[ZzUXWs\�<�UXW�\ ` \ ` g.dmo `�b dl\ a U A ^` WpU ' r]\ `)( _+* �-,��  �` g?q `�k�` W�g a[` \ `Fhij Y�Y ` \ ` Y?\ ` b � o j8a g[Z k bOq ` Y�Y `
\_^` o�q j!k�` \ j WOY_q `xk�a Z]Yeg j q k U hih*` bOW ^` g j gJ\_^` q]U k�j q]ZvYm^`! \ ` `!`�k g ` b a \�<�UXW�\ ` geU!g j q . %0/ @ � < ^` W `�ahA Z `
\ ` q=< `��pk ZzgeUXW ` Y[g j qzU a YJ\_^`	� WOZ ` o j8a q ` WpU h#��a[` umb j W�g[Z]ufb ` o a ZvW k Zzo j q21�C

c %3/ �-1�4 . %0/ � ��c658709~� :<; �
1 Q w D Q . Q%0/F = �?> 1 � = 4 F 4 � 4A@A@A@ � �&@ � �

UI:b = � �B# �% wC# �& ` Yeg�q j*hij Y[Y `~`ED4`�k g[Z `!` \ ` q=< `��pk ZzgeUXW  p` g :<; � YeUXW F df\ �4`�a�A1`ED4`�k g[Z " C
:<; � � G kIHF � � Hpg � g U � Q D Q �

:<; G# U
=
g Q � �&@W= � �

:<; � =��  � h*`AJ ^` g j Wmg1q ` F df\ �4`�a�A \ ` q=< j geU h*` \�< b df\ a U A :` W `! G � � # �% # �& �\[l� # �% wK# �& �sq jhij Y[Y `�a ^` \Ob�Zzg ` \ ` Yx\ ` b � o j8a g[Z k b�q ` Y ` g g � q jtk UXW�Yeg j W�g ` \�Z�^` q `�k g a Z]ufb ` Yeg j g[Z]ufb ` \�b Y `�h Z k UXWl{
\Ob k g ` b a @ $ UXb a �V\ q `! GML � 4 � @ �ON # U  g � L = � 4 � ` g�UXW U � g[Z ` Wmg :<; � L = � h*`AJ @� j~" UXW k g[ZzUXWi\�<�UXWO\ ` \ ` q=< ^` g j g " UXW�\ j!h*` Wmg j qO\ ` q=< `��pk ZzgeUXW ` YegFbOW `�" UXW k g[Z]UXW b dl\ a U A ^` WpU ' rv\ `= � h bOq]g[Zzo�q]Zr^`�` o j8a b�W ` UXWO\ ` o�q j W ` \�^`�k�a Z `8j W�g�q `sh UXb `!`�h*` Wmg�\Ob k�` Wmg a[` \ `shij Y[Y ` C

P � m 4 Q � �
=

R S k -UT V�WAX �Y( _+* �-,�� > ( _+* �-,�� �
=

e H ��Z �[ � _
k �]\^8_` � �&@W=*= �

UI:b S ` Yeg'q `�` UXq]b h*` \ ` q�<.^`�k�bOj Wmg[Z]q]qzUXW ` gaZ �[ q `sa�j d!UXW�\ `cb U bpa'`ED4`�k g[Z " \ ` q=< `��pk ZzgeUXWAufbOZ ` Yeg
q j \OZvYeg j W k�`sh UNd ` WOW `s` Wmg a[` q=< ^` q `�k g a UXW ` g�q ` g a UXb C

Z �[ � Z [
# U
G g �

� Hpg � g U D Q
G k Q � �&@W= F �

Z [ � � 4 � F �edf ` Yeg#q `ta�j d!UXW \ `gb U bpa \ ` q�< j geU h*` \�< b dl\ a U A :` W ` @ $ UXb a �V\ q ` UXW U � g[Z ` Wmg
Z �[ L / � df  �`:j q ` b a g a :` Y,Y[bpoV^`�a Z ` b a[` :j q j \OZ]Yeg j W k�` Z]Wmg `�a { j geU h Z]ufb ` @ � `�k ZAh[bOYeg[Z �O` :j onUXY[g `�a ZzU a Z
q j \ ` Y k�a ZzoOg[ZzUXW \ ` q=<.^`�k�a�j W�g j'A!` ^` q `�k g a UXY[g j g[Z]umb ` o j8a bOW `ik UXWOYeg j Wmg ` \�Z�^` q `�k g a Z]ufb `ihij!k�a UXY k U8{
o�Z]ufb ` g � @ � ` g.dmo ` \I< `��lk ZzgeUXW  \_^` qzU k�j q]Z]Yf^` Y[b a bOW A!a�j W�\ WpU h��Oa[` \ ` hij Zvq]q ` Y�^` qr^`�h*` Wmg j Z a[` Y  ` Yeg j o�o ` qr^`~`��pk ZzgeUXW \ `ji j WOWOZ `�a @



�����*��� � ������
������������ ���#"���"�������#����� �1���3����$/�3$
	� �����'�h���&� � �

X Wco�q]bOYV\Ob \_^`�k�j q j'A!`#` W<^` W `�a�A Z ` \ ` q=< `��lk Z]g j g[ZzUXW�^` qr^`�h*` Wmg j Z a[` \�b k�a Z]Yeg j q  q j1k U a[a ^` q j g[ZzUXW
^` q `�k g a UXWp{�g a UXb j b AXh*` W�g ` q `Ca[`�k UXb `ma[`�hi` W�g6\ ` Y " UXW k g[ZzUXWOY�\I<�UXWO\ `! \pUXW k q j�" U a�k�` \�<�UXY k Zvq]q j g ` b a @
w j WOYVq=< j oOo a U � Z hij g[ZzUXW�\OZzo4UXq j Z a[`! q=<.^` q�^`�h*` Wmg�\ ` hij g a Z k�` \�^`�k�a Z `8j W�g�q ` k UXbpo�q j'A!` \ ` q=< `��pk ZzgeUXWj�`!`�k bOW h Uf\ ` \�b khbOj!h o ^` q `�k g a U hij'A W_^` g[Z]ufb ` \ `B`!`�k g ` b a \�<�UXWO\ ` . 9 &  Y
<.^`�k�a Zzg3C

J P U I � %0/ � 9 & I P � m 4 Q � O �S� k
# U

J P U I � ��� I P � m 4 Q � O �S� k f U# U
=�� ( _+* � � � � T V�W�� T	��
 � �&@W=�� �

� � l � f U k
��� � � N . 9 & �nm �A^` g j Wmg�q ` o4U!g ` Wmg[Z ` q `!`�k g ` b a \Ob khbOj!h oS^` q `�k g a U hij'A W_^` g[Zvumb `�` g =��
q=< ^` qr^`�h*` WmgF\ `�hij g a Z k�` \ ` g a�j WOY[Zzg[Z]UXW ��j WO\ ` :j ��j WO\ ` o4UXb a q=< ` WOY `�h�� q ` \Ob ` UXq]b h*` \ ` q=< ^`�khb�j Wl{
g[Z]qvqzUXW ` g#o4UXb a bOW ` \�Z a[`�k g[ZzUXW \ ` o4UXq j8a Z]Y j g[ZzUXW l @ � < ^` qr^`�h*` Wmgi\ `thtj g a Z k�` �&@W=�� ` Yeg)WpUXW WfbOq
bOW�Z]umb `�h*` W�g_Y[Z . %3/ � . 9 &�� k�` ufbOZ k U a�a[` Yeo4UXWO\ :j q j�k UXW�Y `�a�`8j g[ZzUXWc\ ` q j ufb j Wmg[Zzgm^` \ ` h UXb `!` {h*` Wmg~Z h o4UXYf^`�` o j8a q=<yZ]W `:j8a Z j W k�` o j8a g a�j WOY�q j g[ZzUXW�\ j WOYxq ` Yxg a UXZ]Y \OZ a�`�k g[ZzUXWOYx\ ` q�< ` Yeo j!k�` @ � j� U a�k�` \�<�UXY k Z]q]q j g ` b a o j8a bOWOZzgf^` \ `B` UXqvb h*`sj Y[YeU k Zr^`�` :jtk�` geg ` g a�j WOY�Zzg[ZzUXW Y�< ^`�k�a Zzg j qzU a YBC

L _+*%0/ � F# U D SVU
I =�� I Q�I ( _+* � � � I Q � �&@W= � �

I ( _+* � � � I Q � = [l� H ��Z �[ � _ �n\�^`�k�a Z `8j W�g?q j o a U ��j8� Z]q]Zzgf^` � o j8a bOW�Zzgm^` \ `�` UXq]b h*` � \ ` g a UXb `!`�a q�<.^` q `�k g a UXW` g�q ` g a UXb ` W�bOW `sh |`�h*` o4UXY[Zzg[Z]UXW�\ ` q=< ` Yeo j!k�` @
���U���	��

������� 
 � 
�� � ����
-�2���!���

� ` k UXW � W `�h*` Wmg \ ` q=<.^` q `�k g a UXW ` g�\Ob<g a UXb�\ j W�Y�q ` o�q j WD\I<ybOW<o�bOZzg[Y�umb j W�g[Z]ufb `�a[` Wl{� U a�k�` q ` b a ZvW�g `�a�j!k g[Z]UXW k UXbOqzU h�� Z ` WOW `1` g j D4`�k g ` q ` b a h UXb `!`�h*` Wmg a[` q j g[Z � @ $,j8asa�j oOo4U a g j bhij gf^`�a Z j b � w � q ` Y#\ ` b���o j8a g[Z k bOq ` YsYeUXWmg#o�q]bOY o a U khbO` Y#q=<ybOW ` \ ` q=< j bpg a�` � k�` ufbOZCY ` g a�j \ObOZzg
o j8a bOW ` j b AXh*` Wmg j g[ZzUXW \ ` q ` b a ^` W `�a�A Z ` \ ` q]Z j ZvYeUXW @ w j WOYVq j q]Z h Z]g ` \�<ybOW ` Yeg a b k g[b a[` Y[g a Z k g ` {h*` Wmg F w���o�bOZzg[YxZ]W � WOZ?\�<.^` o j Z]Y[Y ` b a WmbOqvq ` � � q `1h UXb `!`�hi` W�g a[` q j g[Z � \ ` q=<.^` q `�k g a UXW ` g~\Ob g a UXb` Yegs\_^`�k�a Zzgso j8a bOW ` � UXW k g[ZzUXW \I<�UXWO\ `8b df\ a U A ^` WOU ' r]\ ` :j \ ` b�� \OZ hi` WOY[ZzUXWOY ` gsq ` Y�^` W `�ahA Z ` Ys\ `
g a�j W�Y[Zzg[ZzUXW \ `	` Z ` WOW ` W�gtC

c %0/ �-1�4 ��� � ��c U � :<; � =
�-1 � = [ F � Q w

D Q � Q �
F = �� > 1 � = 4 F 4 � 4A@A@A@ � �&@W=d� �

UI:b = �� � # �% � w # �& � ` Yeg q j hij Y[Y ` \�b h UXb `!`�hi` W�g�\Ob k�` Wmg a[` \ `Ahij Y[Y ` \ j WOYiq ` o�q j W
\ObHo�bOZzg[Y @ � <.^` W `�a�A Z ` \ ` q]Z j Z]YeUXW \�b WOZ `!`�j b � UXWO\ j!hi` W�g j qJ\ ` q=< ` � k ZzgeUXW ` Yeg h bOqzg[Z]o�q]Zr^`�` o j8a� � o j8a�a�j oOo4U a g j b k�j Y�g a Z]\�Z h*` WOY[Z]UXWOW ` q � k�` ufbOZ k U a�a[` Yeo4UXWO\ :j bOW a�j d!UXWH\ ` b U bpa�`EDn`�k g[Z �
Z Q+* � Z �[ [ F @! ` geg ` q]Z h Zzg ` W�< ` Yeg)h j!hij Z]Y j geg ` Z]Wmg ` \ j WOY#bOW YedlYeg�:`�h*`�a ^`�` q � ` g#Zvq ` �lZvYeg `i` W� j Zzg�bOW `B`8j q ` b a U!oOg[Z htj q ` \ ` q=<.^` o j Z]Y[Y ` b a \Obco�bOZ]g[Y#"%$ o4UXb a q j umb ` q]q ` q=<.^` W `�a�A Z ` \ ` qvZ j Z]YeUXWc\ `
q=< ` � k ZzgeUXW ` Y[g hij �pZ hij q ` � ` g k�` geg ` ^` o j Z]Y[Y ` b a \�^` o ` WO\�\ ` q j o a U � UXW�\ ` b a \Obco�b�Zzg[Y @



�*� �����	��

����������� � ������
������������ �!�#"���"�� ����#�%$&�'�(��)*�#�,+-"/.0 �1�32()��'� �4
�2()��,)*�(
�2()��
 U hth*` \ j WOY�q `,k�j Y6g a Z]\OZ h*` WOY[ZzUXW�W ` q � q j \ ` Y k�a Zzo�g[ZzUXW \ ` q=< ` � k ZzgeUXW~o j Y[Y ` o j8a q j Yf^` o j8a�j g[ZzUXW

\Ob h UXb `!`�h*` Wmgi\Ob k�` Wmg a[` \ ` hij Y[Y `c` g*\Ob h UXb `!`�hi` W�g a[` q j g[Z � \ ` Y*\ ` b � o j8a g[Z k b�q ` Y @ � j� UXW k g[ZzUXW�\�<�UXWO\ ` \ ` q=< ` � k ZzgeUXW P � Q � 4 R 4 � % 4 � & �Jo ` bpg \pUXW k Y ` \�^`�k U h o4UXY `�a~` W \ ` b���o j8a g[Z ` Y
Z]WO\_^` o ` WO\ j W�g ` Y%C}bOW ` � UXW k g[ZzUXW umb�ZC\�^`�k�a Zzg)q `th UXb `!`�hi` W�g)q]Z �Oa[` \�b k�` W�g a�` \ `�hij Y[Y ` \ j WOY
q ` o�q j WA\ ` q j k UXb khbO` � ` gxbOW ` � UXW k g[ZzUXW�\ ` Y `:j8a Z j8� q ` Y R � � % ` g � & \�^`�k�a Z `8j W�g q `1h UXb `!`�h*` Wmga[` q j g[Z � \ ` q=<.^` q `�k g a UXW ` gJ\Ob g a UXb \ j WOYVq ` o�q j W�\Ob�o�bOZ]g[Y ` gJq ` b a Y k UXW � W `�h*` Wmg[Y�Y[bOZ `8j Wmg�q=< j � `
\ `�k�a UXZvY[Y j W k�` @ $ UXb a bOWHo�bOZzg[Y*Y�b � Y j!hihi` W�g ^` g a UXZzg � UXW o ` bpg*W�^`	A q]Z A!`�a q j k U a[a ^` q j g[ZzUXWD\Obh UXb `!`�hi` W�g�^` q `�k g a UXWp{�g a UXb Y[bOZ `8j Wmg � ` g�Yf^` o j8a[`�a q ` Y `:j8a Z j8� q ` Y_\Ob h UXb `!`�h*` WmgJ\ j WOYVq ` o�q j W
\ ` q jxk UXb khbp` � R � I m % � ��m & � I � ` g,\ j WOY,q j \�Z a[`�k g[ZzUXW1\ `Vk�a UXZ]Y[Y j W k�` � � % ` g � & � @ � `�h UXb `!`�h*` Wmga[` q j g[Z � ` Yeg j qzU a YJ\�^`�k�a Zzg�o j8a bOW ` � UXW k g[ZzUXW�\�<�UXWO\ `tb dl\ a U A ^` WpU ' r]\ ` o�b a[`�h*` Wmg F w k�j8a�j!k gm^`�a Z]Yf^`�`
o j8a bOW*o j8a�j!h :` g a�`a`8j8a Z j g[ZzUXW�W ` q�Z Q+* � �F^` o j8a q=<yZ]Wmg `�a�j!k g[ZzUXW k UXbOqzU h�� Z ` WOW `�` g�q `xk UXW � W `�h*` Wmg
Y[bOZ `:j Wmg � @�� W khb UXZ]Y[Zzg j q]U a Y � o4UXb a q=<.^` g j g � UXWO\ j!hi` W�g j q = Y�\ ` q=< ` � k Z]geUXW � bOW ` � UXW k g[ZzUXWt\�< ` Y�Y j Z
\ ` q j � U a�h*` C

P � Q � 4 R 4 � % 4 � & � �
=

R � k -UT�� X�� �Y( Q+* � R �
	 % � � % �
	 & � � & � > ( Q+* � R � � FH Z QQ+*
k ��� ( 7
��� � �&@W=d� �

UI:b Z Q+* \�^`�k�a Zzg#q j \OZvYeg j W k�`*h U d ` W�W ` ^` q `�k g a UXWl{�g a UXb \ j WOY~q ` o�q j W�\ ` q jck UXb khbO`*` g�	 % � � � ` g
	 & � � � a[` o a ^` Y ` Wmg ` Wmg'q `sk UXW � W `�h*` WmgJ\ ` Y�o j8a g[Z k bOq ` YVo j8a q ` onU!g ` Wmg[Z ` q�\�bco�bOZzg[Y�ufb j Wmg[Z]umb ` @

� W ` � k ZzgeUXW � j�`!`�k bOW `!`�k g ` b a \�<�UXWO\ ` . � \ j WOY'q ` o�q j WA\Ob o�bOZzg[Y � o ` bpg Y `)k UXbOo�q `�a � o j8a
Z]Wmg `�a�j!k g[ZzUXW*\OZ]onUXq j Z a[` � j b � h Ul\ ` YR\ ` o b U!geUXW�Y . 9 & � � � � 4 � $N� jd`!`�k q `�h |`�h*` `!`�k g ` b a \I<�UXWO\ `
\ j WOYxq ` o�q j W ` g geUXbpg ` Y~q ` Y `8j q ` b a Y \ ` � $)o4UXY[Y[Z � q ` Y @�� W�o ` bpg j Z]WOY[Z}\_^`	� WOZ a o4UXb a q=< ` � k ZzgeUXWF w b�W g j b��D\ `Aa[`�k U h�� Z]W j ZvYeUXW a�j \�Z j g[Z � umbI<�UXW�o ` bpg k�j q k bOq `�a�` WDbOg[Z]q]Z]Y j Wmgiq j a :`	A q ` \�<�U a
\ ` � `�a�h Z � :j o j8a g[Z a \ ` q=<yZ]Wmg `�a�j!k g[ZzUXW \OZzo4UXq j Z a[` � � k [ # U � � � � @ � < ^` g j g*Z]WOZ]g[Z j q k U a[a[` Y[onUXW�\ :j
bOW ` � k ZzgeUXW \ j WOY#q `*k�a Z]Yeg j qRY j W�Y o b U!geUXW ` gsq=< ^` g j g � W j q k U a[a[` Yeo4UXWO\ j b k�a Z]Yeg j qR\ j W�Y~q=<.^` g j g� UXWO\ j!h*` Wmg j q j�`!`�k bOW o b U!geUXW @ � < ` �fo a[` Y[Y[ZzUXW \Ob g j b�� \ `ta[`�k U h#� Z]W j Z]YeUXW a�j \OZ j g[Z � \�^` o ` WO\
\Ob `!`�k g ` b a \�<�UXWO\ ` . � ` gV\ ` q j \OZ a[`�k g[Z]UXWt\ ` onUXq j8a Z]Y j g[ZzUXW l \ ` q�< ` � k ZzgeUXW @ A ` bOqvYFq ` Y ` � k Z]geUXWOYjd`!`�k � ��� � � UI:b � � 1�SZU	[ ^ ` Yeg~q `*h Ul\ObOq ` \Ob `!`�k g ` b a \�<�UXWO\ ` \Ob�o b U!geUXW :j q=< ^` W `�ahA Z `
\�< ^`�h Z]Y�Y[ZzUXW \ ` q=< ` � k Z]geUXW � o ` b `!` Wmg*Y `�a[`�k U h#� Z]W `�a1a�j \OZ j g[Z `!`�h*` W�g < �*� � �'/ >
@�� bl{/\ ` q-:j \ `ck�``!`�k g ` b a \�<�UXWO\ ` q ` Y ` � k ZzgeUXW�YJW ` YeUXWmg�o�q]b�Y a�j \OZ j g[Z � Y @

� q ` Yeg�Z]W�gf^`�a[` Y�Y j W�gc\�< ` �lo a Z hi`�a q ` g j b���\ `Aa[`�k U h�� Z]W j ZvYeUXW a�j \OZ j g[Z � ` W � UXW k g[ZzUXWD\ ` q j� U a�k�` \�<�UXY k Zvq]q j g ` b a o j8a bOWOZzgf^` \ ` Y�b a � j!k�` @ w < j o a :` Y'q�<.^` ufb j g[ZzUXW � �&@W= � � � q j � U a�k�` \�<�UXY k Z]qvq j g ` b a
\ ` q j g a�j WOY[Zzg[ZzUXW ` � k ZzgeUXW�Z]umb ` \�^` o ` W�\ � U a g `�h*` W�g'\Ob�\ `	A!a ^` \ `~a[`�k UXb `fa[`�h*` Wmg'\ ` Y � UXW k g[Z]UXWOY
\�<�UXWO\ ` \ ` q=<.^` q `�k g a UXW ` g~\Ob g a UXb @ � j a[` Yeg a Z k g[ZzUXW�\Ob h UXb `!`�h*` Wmg a�` q j g[Z � ^` q `�k g a UXWl{�g a UXb q]Z�^`�`j b k UXW � W `�h*` Wmg k UXWO\ObOZ]g j q]U a Y :j bOW `ij b AXh*` Wmg j g[ZzUXW \ ` q j o a U ��j8� Z]q]Zzgf^` \ `ia[`�k U h�� Z]W j Z]YeUXW` � k ZzgeUXWOZ]ufb ` @ � j � U a�k�` \I<�UXY k Z]q]q j g ` b a � o j8a bOWOZ]gm^` \ ` Y[b a � j!k�` � \�<yb�W ` � k ZzgeUXW�\ j WOYibOWHo�bOZzg[Y
ufb j W�g[Zvumb ` � o4UXb a bOW ` onUXq j8a Z]Y j g[ZzUXWc\ j W�YJq ` o�q j W \�bco�bOZzg[Y�\ `	` Z ` Wmg j qzU a Y < =d�'> C

L /�� � F# U D SVU
I = /�� I Q I ( Q+* � � � I Q I

�
	 % � � % �
	 & � � & � i � I Q � �&@W=�/ �



�����*��� � ������
������������ ���#"���"�������#����� �1���3����$/�3$
	� �����'�h���&� � �

 ` geg ` � U a�k�` \�<�UXY k Zvq]q j g ` b acj b AXh*` Wmg ` jd`!`�k q j \OZ h Z]Wfbpg[ZzUXW�\�b a�j d!UXWP\ `�b U bpa `EDn`�k g[Z � \ `
q=< ` � k ZzgeUXWcufb j Y[Z { � Zv\OZ h*` WOY�ZzUXWOW ` q Z Q+* @ $ UXb a bOW ` � k Z]geUXW g a�j WOY `!`�a Y ` � l \ j WOY�q ` o�q j W�\Ob o�bOZzg[Y` g l�� . � � � q ` g j b���\ `~a[`�k U h�� Z]W j Z]Y[UXW a�j \OZ j g[Z � Y�<.^`�k�a Zzg < �'/'> C

:���� � � � �
=� Hpg�U H1

k Q
# U ^

L /�� � Q
� � Q � �/Q � � �&@W=
@ �

UI:b 1 ` Yegiq�<yZ]WO\OZ k�` \ `ca ^` � a�j!k g[ZzUXW�\�b hij gm^`�a Z j b @% ` geg `A` �fo a�` Y[Y[ZzUXW W�< ` Y[g `:j q j8� q ` umb ` o4UXb a� � � �
> j bp{/\ ` q-:j \ `sk�` geg ` q]Z h Z]g ` � :���� � � � � � @

� b�YeU hth*` g�\ `~��j W�\ ` � ` W � � � � � q=<.^` q j8a�A Z]Y�Y `�h*` Wmg a�j \OZ j g[Z � \ ` q j g a�j WOY[Zzg[ZzUXW \ `	` Z ` WmgBC
D : U � � � D

=� Hpg U H1
k Q
# U ^

L /�� � �&@W=�� �
� < ` �fo a[` Y[Y[ZzUXW � �&@W=�� �}o4UXb a q=< ^` q j8a�A ZvY[Y `�h*` Wmg b U h U A :` W ` W�< ` Y[g `:j q j8� q ` ufb�<+:j q � ��� qzU a Y�umb `

q jJa[`�k U h#� Z]W j Z]YeUXW�\ ` q�< ` � k ZzgeUXW)Y ` o a Ul\ObOZzg ` � k q]bOY[Z `!`�hi` W�g?onUXb a � � � � @ � U a Y[umb ` q j g `�h o_^`�a�j {
g[b a�`�j b AXh*` Wmg ` � Z]q � j bpg*g ` WOZ atk U h oOg ` \ ` q j g bp`�a�hij q]Z]Y j g[Z]UXW \Ob `�j b�� k UXq]q]Z]Y�ZzUXWOY jd`!`�k q ` Y
o b UXWpUXWOY j!k UXbOYeg[Z]ufb ` Y � ufbOZ khbOj W A!` Wmgsq ` `!`�k g ` b a \�<�UXW�\ ` \ ` Y ` � k ZzgeUXWOY~Y j WOY khbOj W A!`�a q j o4U8{
o�b�q j g[ZzUXW*\�< ` � k ZzgeUXW @ � ` g j b��i\ ` \_^`�k q]ZvW a�j \OZ j g[Z � ` Yeg j qzU a YC\pUXW�W�^` o j8a q j#h U d ` WOW ` g bp`�a�h Zvumb `
\ ` � �&@W=
@ � @ � ` Yx\ ` b��P^` W `�a�A Z ` Y k�j8a�j!k gm^`�a Z]Yeg[Z]ufb ` YsufbOZ ` UXW�g � � `�a q=< `EDn` g~\ ` q j g bp`�a�htj q]Z]Y j g[ZzUXW
YeUXWmgs\�<ybOW ` o j8a g~q=<.^` W `�a�A Z ` g bO`�a�h Z]ufb ` � [	� ` g#\I< j bpg a[` o j8a gsq=< ^` W `�ahA Z `ik Z]W_^` g[Z]ufb `ihij �pZ hij q `
\ ` Y ` � k ZzgeUXWOY1umb�ZFo ` b `!` Wmg)Y ` a[`�k U h�� Z]W `�a�a�j \�Z j g[Z `!`�h*` Wmg c � � D Q � Q [ F = @  ` geg ` ^` W `�a�A Z `k U a[a�` Yeo4UXWO\ :j bOW ` g `�h oV^`�a�j g[b a[` \�< ` W ` Z a UXW = � @  ` q j Y�Z A WOZ �O` umb ` o4UXb a ��
 = � Y ` bOq `
bOW ` o ` g[Zzg ` � a�j!k g[ZzUXW \ ` Y ` � k ZzgeUXWOYsU k�k bpo ` q ` Y ^` g j g[Y � � � � U!oOg[Zvumb `�hi` W�g j!k g[Z � Y @ X W `ED4`�k {
g[b j Wmg~bOW `1h U d ` W�W ` Y[b a q j \OZ]Yeg a Z � bpg[ZzUXW�\ ` b UXqzg ��htj W \�^`�k�a Z `8j W�g~q j o4U!o�bOq j g[Z]UXWA\�< ` � k ZzgeUXW
UXW U � g[Z ` W�g < =d��> C

D : � � � ��L � D Q � QF = � [ � D : U � � �&@ F � �
� j \Ob a ^`�` \ `B` Z `~a�j \�Z j g[Z `!`sj b AXh*` Wmg `�j q]U a YJq]Z]W_^`�j Z a[`�h*` Wmg jd`!`�k q j g `�h o_^`�a�j g[b a[` @

w ` q j~h |`�hi`Jhij WOZ=:`�a[` � WOUXbOY j q]qzUXWOY ` UXZ a ufb ` q j qzU k�j q]Z]Y j g[ZzUXW1\ ` q=< ` � k Z]geUXW � ` W h ^` q j W A!`�j Wmg
\ ` Y�^` g j g[Y \ ` � � \OZ D ^`�a[` W�g[Y � `:j � U a g `�hi` W�g�ZvW O�b ` W k�`�a q j \�b a ^`�` \ `B` Z `~a�j \OZ j g[Z `!` @
, � m
�� � � �M"�
-� m � � 

��� 

"2� � � �!�K���	��

���2� �-��� � ��
 � ����

$ UXb a�j W j q]dfY `�a q=<yZvW O�b ` W k�` \Ob k UXW � W `�h*` Wmg�Y[b a q j \�b a ^`�` \ ` ` Z `'a�j \OZ j g[Z `!` \�<ybOW ` � k ZzgeUXW �
WpUXb�Y j q]qzUXWOY k UXWOY[Zv\�^`�a[`�a bOW `V� UN| rzg ` ufb j W�g[Zvumb ` U � g ` Wfb ` o j8a q�<yZ]W�g a Uf\Ob k g[ZzUXW�\I<ybOW k UXW � W `�hi` W�g
q j gf^`�a�j q�\ j WOYRbOW1o�b�Zzg[Y,umb j Wmg[Z]ufb ` @ � W `Jh ^` g b Uf\ `�k UXb a�j!hihi` W�gCbpg[Zvq]Z]Yf^`�` o4UXb a \�^`�k�a Z a[`Jk�` g.dmo `
\�<�U � h ` g ` Y[g?\ `Fk UXW�Y[Z]\_^`�a[`�a umb ` q `Fk UXW � W `�h*` W�g?q j gm^`�a�j qmWI< j Dn`�k g ` umb ` q `Fh UXb `!`�h*` W�g}\Ob k�` Wmg a[`
\ `*hij Y�Y ` � q `*h UXb `!`�h*` Wmg a[` q j g[Z � ^` q `�k g a UXWl{�g a UXb a[` Yeg j Wmg#Z h o4UXYf^` o j8a q ` o4U!g ` Wmg[Z ` q,\Ob�o�bOZzg[Y



� � �����	��

����������� � ������
������������ �!�#"���"�� ����#�%$&�'�(��)*�#�,+-"/.0 �1�32()��'� �4
�2()��,)*�(
�2()��
ufb j W�g[Zvumb ` @ $ UXb a bOW ` \�Z]Yeg a Z � bpg[ZzUXW AXj bOY[Y�Z ` WOW ` \Ob h UXb `!`�h*` Wmgc\�b k�` Wmg a[` \ `�hij Y[Y ` � q j� UXW k g[ZzUXW�\�<�UXW�\ ` \ ` q=< ` � k ZzgeUXW�Y�< ^`�k�a Z]g�C

P %0/ � m % 4 m & � � �R H k ���
� ��� � ( Q �Y( Q+* � R � � 	 % � � % �
	 & � � & � � �&@ F = �

UI:b = [��1����� ` Yeg,q j \OZvYeg j W k�` \ ` qzU k�j q]Z]Y j g[ZzUXW#\Ob h UXb `!`�h*` W�g,\Ob k�` W�g a[` \ `Fhtj Y[Y ` \ j WOY6q=< ` Y[o j!k�`a ^`�` q�� a ^`�k Zzo a Ufufb ` � @ � jca[` q j g[ZzUXW ` Wmg a[` = [�� ` gsq j g j Z]q]q `,A ^` U h ^` g a Z]ufb ` \ ` q jc� UN| rzg ` umb j Wmg[Z]ufb `
o j Y[Y ` o j8a bOW `sk UXW�W j Z]Y[Y j W k�`~` g�bOW ` \ ` Y k�a ZzoOg[ZzUXWc\_^` g j Z]qvq�^`�` \Obco4U!g ` Wmg[Z ` q�\ `sk UXW � W `�h*` Wmg ` g
W ` Y `�a�j o j Y j8� U a \_^`�` Z k Z @� < ` � k ZzgeUXW q]U k�j q]ZvYm^`~` Yeg j qzU a Y�bOW ` Y[bOo `�a onUXY�Zzg[ZzUXWt\I< ` � k ZzgeUXW�Y�q]Z �Oa[` Y a�j \OZ j g[Z � Y j�`!`�k � � � �
` g�\I< ` � k ZzgeUXW�Y#q]Z ��a[` Y~WpUXW a�j \�Z j g[Z � jd`!`�k � ��� � @ $,j8a�k�` geg ` Y[bpo `�a o4UXY[Zzg[Z]UXW � q ` o4U!g ` W�g[Z ` q�\ `k UXW � W `�h*` W�g~q j gf^`�a�j q�Z]WO\Ob�Zzg'bOW `1j b AXh*` W�g j g[Z]UXW \ ` q j \Ob a ^`�` \ ` ` Z `1a�j \OZ j g[Z `!` \ ` q=< ` � k ZzgeUXW
qzU k�j q]Z]Yf^` o j8a#a�j oOo4U a g :j�k�` q]q ` \ ` q=< ` � k ZzgeUXW q]Z �Oa[` @ � ` g j b�� \ `*a�`�k U h#� ZvW j Z]YeUXW a�j \OZ j g[Z � \�<ybOW` � k ZzgeUXW q]UXb a \iqzU k�j q]Z]Yf^` � \�^`�k�a Zzg_o j8a b�W ` g ` q]q ` � UXW k g[ZzUXW \I<�UXWO\ ` � j ^` gm^`sk�j q k bOq�^` o j8a w @ A @� Zzg a Z]W< �*� � � @�> C

: �1�0� ����� � =
F �

> �

� ? : U � � � �&@ F*F �
jd`!`�k C

� �-G?� �
	 � F G � =
G �����-G?� w =�
 > ���-G?� � k ��� � � �

U
k�� � i � � �&@ F � �$ UXb a bOW�| rvqzU!g#g a :` Y ^` g ` WO\Ob�� g ` WO\ `!`�a Y � ^`�a U � � �-G?��� F � ` g1UXW a�` g a UXb `!` q j \�b a ^`�` \ ` ` Z `a�j \OZ j g[Z `!` \�<ybOW ` � k ZzgeUXW)q]Z ��a[`R` W � � � � @ A ZXq=< ` �lg ` WOY[ZzUXW�q j gm^`�a�j q ` \�bso4U!g ` W�g[Z ` q�\ `_k UXW � W `�h*` Wmg

\OZ h Z]Wmb ` � = [���� � � � G�\ `	` Z ` W�g � j Z � q `_` g�\ j WOYRq j q]Z h Zzg ` G�� � WpUXb�Y jd` UXWOY � �-G?����� @ [ � �0G Q` g

: �1�0� ����� L �
�
� Q
� Q : U � � � �&@ F � �

� � Q o ` bpg j qzU a Y�|` g a[` Z]Wmg `�a o a ^` gm^`xk U hth*` b�W ` Y[b a � j!k�` \ `'k U b ^`�a[` W k�` \ ` q j � UXW k g[ZzUXW \�<�UXWO\ ` \ `
q=< ` � k ZzgeUXW < =d�'>
@  ` geg ` Y[b a � j!k�`)j b AXh*` W�g `ij�`!`�k q=< ` �lg ` WOY[ZzUXW�\Ob onU!g ` Wmg[Z ` q,\ `1k UXW � W `�hi` W�g ` gk�`�k Z ` W�g a�j | r]W ` bOW ` \�Z h Z]Wfbpg[ZzUXW�\ ` q j \Ob a ^`�` \ ` ` Z `�a�j \�Z j g[Z `!` @ X W o a[` W j Wmg D : U � � � /'� G `AJ �`8j q ` b a U � g ` Wmb ` o4UXb a bOW o�bOZzg[Y  \ q `��  \(U � � Q�� W�U � u � q ` \ ` =
@Bdf < �!��> � ` gVonUXb a bOW o j8a�j!h :` g a�`
\ ` qzU k�j q]Z]Y j g[ZzUXW = [�� � � W h UXW U � g[Z ` W�g D : �1�0� L F � � G `AJ � �(A b a[` �&@W= � � YeUXZzgJbOW ` \Ob a ^`�` \ `B` Z `a�j \OZ j g[Z `!`s��� L F � � o�Y @$ UXb a \ ` Y�| r]qzU!g[Y�\pUXWmgJq=< ` �lg ` WOY[ZzUXWAq j gm^`�a�j q `s` Yeg'Z]W � ^`�a Z ` b a[`~j b a�j d!UXWA\ ` b U bpa \ ` q=< ` � k ZzgeUXW
\ j WOY�q ` o�bOZzg[Y � q `sh UXb `!`�h*` Wmg a[` q j g[Z � ^` q `�k g a UXWp{�g a UXb ` Yeg k U h o a Z h ^` � \pUXW k q j � U a�k�` \�<�UXY k Z]q]q j {
g ` b a�j!h o�q]Z � ^`�` @  `�k Z ` Z ` Wmg k U h o ` WOY `�aJ` W�o j8a g[Z ` q=< j b AXhi` W�g j g[ZzUXW \ ` q j \Ob a ^`�` \ `B` Z ` q]Z�^`�` :j
q j \OZ h Z]Wfbpg[ZzUXW�\ ` q j Y[b a � j!k�` \ `sk U b ^`�a�` W k�` @



�����*��� � ������
������������ ���#"���"�������#����� �1���3����$/�3$
	� �����'�h���&� � /

0 5 10 15 20 25 30 35 40 45

0,0

0,2

0,4

0,6

0,8

1,0

1,2

1/ξξ  (nm)

 

 

ΓΓ lo
c /

 ΓΓ
0

,/
/

���������
	���
������ �-)��s$-� ������"���+*
W���'
W��"�� ����$�
��/�4
��#��"/)'��)*�s�����h

�1"�� � "���� � 
W� 	��� ������"�� ���4
T"�� $ )�p�����'� ���������$/� � "���� � 
W���/�4
 "�� = [�� �"!Z�#��� � � ) � �����Z�%$p������)5	�t�'&���� D SVU � F k S � 1 � � ��� �!"/)*� � ����d����)(����)'����� � i � k [ ) 1 � k � D : U � � L /'� G k S �
E+*-,.*+E / J0 H2143.563 7 0 H28:9�; 0=<�>?0�@ N�A�BDCFEG;:3.E45�84E 0IH C J K�B 0 M+843 ELB'A�M+8 0 *

MLNPO?N�Q ADRTS Q b�U'VWU*A :RTX�R NDYZY U"[]\%^R]R :N_O?N`Q RT[aU'V_bc\?X N \ Y U'Xed < S�XWR � []\gfhU'X O U([ NDO \ Y ^R N ^R]fi^Rjd�\ Q RT[afhRak
VWRTXife^R]fZScd�\%^R]Rml U'S Q2O?N l Q RTVn\ :R Q R � U'\ Y l N�Q2o @�p N VeVWU'Xrq |�y'x " < s't >
@� R Y4N S�fhRTS Q%Y \?XifhR Q l Q :R]fhRTXifO < N S(A'VWRTX
f N fZ\?U'X N `DRT[ O?N fhRTVWlu^R Q%N fZS Q R�d�R O?NrO?N�Q ADRTS Q d�R Q�N \gRvRTXwfhR Q VWRxd�R�d2^RT[ O \?Xwd�Rvl U�k
lcS O?N fZ\gU'X @ M Ryd2^RT[ O \?X�d�RPl UDlcS O?N fZ\?U'Xv\?VWl O \�ziS�R :NeO?N � U'\ YmO R Y{Q RT[aU'Vybc\�X N \ Y U'X Y{Q�N d�\ N fZ\z`DR Y R]f O R
f Q�N X Y � R Q f+d�R Y R � []\gfhU'X Y `DR Q%Y d�R Y ^R]f N f Y R � []\gfi^R Y � f Q�N X Y � R Q f�\?X�dcS�\gf|l N�Q:O < \?X
fhR Q%N [afZ\gU'X~} � 4q xKy'{�| } }	~ q
N `DRT[ O R Y l#b�U'X�U'X Y d�S `DU O S�VWR @

o S � N \gf4d�R O?N d�\ Y [ Q ^R]fZ\ YZN fZ\gU'Xed�R Y X�\z`DR N S � d < ^RTX�R Q A'\?R Y R]f4d�R O < N b Y RTX�[aR{d�R{l�b�U'X�U'X Y�N [aU'S Y kfZ\?z(S�R YWN��'N X
f O < ^RTX�R Q A'\gR�X2^RT[aR YZYZN \ Q Rxl�U'S Q l�R Q VWR]fhf Q R O R Y f Q%N X Y \gfZ\gU'X Y RTX
f Q R Y ^R]f N f Y dc\ Y [ Q R]f Y �
O R Y b U6� r fhR Y z(S N XifZ\?z(S�R YmY U'X
f Y S�l�l U Y ^R]R Y �R]f Q R�l�RTS Y RTX Y \gb O R Y :N~O < \?XifhR Q�N [afZ\gU'X�} � 4q xzy�{�| } }	~ q N `DRT[
O R Y l�b�U'X�U'X YeN [aU'S Y fZ\?z(S�R Y C [ < R Y f O < RED R]f�� ��|4|�x q �-� q �a� @  R]l RTX�d N Xif � d�R Y ^R]fZS�d�R Y~N X
f(^R Q \gRTS Q R Y
d�Rxb�U6� r fhR Y z(S N X
fZ\�ziS�R Y \?X�d�\W`(\?dcS�R O?O R Y U'X
f~VWU'X
f Q ^R O?N l R Q�Y \ Y f N X�[aRxd < S�Xwd�^R]l�b NDY�N ADR�\?Vel�U Q k
f N XifeV NDO A Q ^Rv[aR]fWRED R]f�� �*|4|�x q � � q �]� < s F >
@ o R�l O S Y � d�R Y VWR Y S Q R Y_Y \?V_S O f N X2^R]R Y d�R�fhRTVWl Y d�Rd�^R]l�b NDYZN ADR�R]fed�R�fhRTVWl Y d�R�d2^RT[ O \?X�d�Rvl UDlcS O?N fZ\?U'X�l U'S Q d�R Y R � []\gfhU'X YWO U"[ NDO \ Y ^R Y d N X Y d�R YlcSc\gf Y z(S N XifZ\?ziS�R Y ^R]f Q U'\gf Y < s =d> U'Xif`VeU'X
f Q ^R]R YjO < R � \ Y fhRTXc[aR�d < ScX�Ry[aU'VWl U YZN XifhRWd�Sxd�^R]l�b NDYZN ADR
z(S�\.X < R Y f�l NDY{O \�^R]R :N ScX�RPd�\?Ve\�XiS�fZ\?U'X�d�Rjl UDlcS O?N fZ\gU'X C [ < R Y f O R32 4q 687/y�{?y
9 q 6 ~ � @

MLN �(A'S Q R YL� @ F l Q ^R Y RTXifhR O < ^R	`DU O S�fZ\gU'X N `DRT[ O?N fhRTVWlu^R Q�N fZS Q R�d�R2[aR Y d�RTS � [aU'VWl U YZN XifhR Y l U'S Qd�R Y R � []\gfhU'X YjO U"[ NDO \ Y ^R Y d N X Y d�R Y lcS�\gf Y ziS N X
fZ\?z(S�R Y p N � Y � � O p N � Y @ � b NDYZY R�fhRTVWlu^R Q�N fZS Q R �
O < ^R O?N�Q A'\ YZY RTVWRTXifVb�U'VWU*A :RTX�RuR Y fLl Q \?X�[]\gl NDO RTVWRTXif O \%^R N S�d2^RT[ O \?X_d�R4l UDlcS O�N fZ\gU'Xjl N�Q�Q RT[aU'V_bc\?X N \�k



s @ ���������
	���
���� ��� ��� � ������
���
���	�� ����� � �
�� 
"!#�$�%��&'� 
)(*�,+- 	.
0/%&1�$��	2��/%&�
)&'�%��/%&�


�����+�c�
	�� 
43~�~���*& � !*
5! 	
6�����$�7� � 
98 � 
�� �7� 
7:;
�	�	
�*& � !,
5! 	
 �7� �<�=8
	��7���$� ��� 
7:>���,&$�?!,
��?
 ��� �.	.���%�
� � � � � �<� 	
��@!,�$�%�0&'�A��&'�
	2� 	
�	������
	 � Z f � � !CB 
�� � ���D	E������	���
 � 
 � ��� 	2�<�F&%&'�G! B 	
�	
�,	�� 	
��D& � 	
�$� 	H!�&
� �,&I� � � � 
0
���	���
 � 
@�%� & 
J�*&K
 ��� �.	.���%��/%&�
L!M�<� � ��
�	N
�	 � 
 � ����	2�<�F&%&'�G!*
��N������� ���%�5� � �,&1�I	2��/%&�
��I�
! 
��N	����$�%�7�
	2�O���%��
�� 	���
 � 
���!M� $ 	
���
�� 	2� 	
�	
�,	2�N!,
 � 
 � ����	2�<�F&%&'�P����� 	 ��
��.�����%���*( � 
���!F& 254q 687&y�{	y
9 q6 ~ � �%Q B ���F� �
�� � �R� 	
 � 	
���
�� � 
LS4T ��U �
Y U'X YFQ�N d�\ N fZ\W`DR Y�V M U Q�Y z(S�R4z(S�R O�N fhRTVWlu^R Q�N fZS Q R N S*W'VWRTXifhR � O R Y [aU O?O \ Y \gU'X Y } � 4q xKy�{?| } }d~ q { N `DRT[ O R Y
l�b�U'X�U'X Y+N [aU'S Y fZ\?z(S�R Y \?Xif Q U"d�S�\ Y RTXifLScX�R�[aU'Xif Q \gb�S�fZ\gU'X Y S�l�l O ^RTVWRTX
f N \ Q R N SWd2^RT[ O \?X d�Rul UDlcS O?N k
fZ\gU'X � ziSc\ Q R Y fhR O \?Ve\?fi^R]Rml N�Q2O�N X N fZS Q Rmd�\ Y [ Q :R]fhR#d�R Y ^R]f N f Y N [][aR YZY \gb O R Y�V � fhRTVWl�^R Q�N fZS Q R�^R O R	`:^R]R
X � � t �LY � O Ryf N S � d�R�d2^R]l�b NDY R�d�R	`"\gRTX
f#X�R]fhfhRTVWRTXif Y S�lu^R Q \gRTS Q�N Sxf N S � d�R_d�^RT[ O \?Xx\?Xcd�\?z(S N X
f
S�X�Rm[aU'X
f Q \?bcS�fZ\gU'Xed�U'Ve\?X N XifhRmd�S 254q 6 7&y�{?y�9 q 6 ~ � � } " q " S�X�d2^RT[ O \?X�d�R O?N [aU�b2^R Q RTX�[aR {?y �-{�6 q ��| q2
q 6K� 6 ~ xzy*| } ���[Z q { ~ �\y � x q V%\LV%]cN X q | y'x ">^ s%_�` Y S%W'W :R Q RTX
f#ziS�Rj[aRyd�^R]l#b NDYZN WDR Y S�l�l O ^RTVWRTXif N \ Q Rl Q U `(\?RTX
f{d�R O < \?XifhR Q�N [afZ\gU'X 4q xKy�{?| } }d~ q�d�R O < R � []\gfhU'Xx[aU'X-��X2^R N `DRT[ O R Y l�b�U'X�U'X Y N [aU'S Y fZ\�ziS�R Y d�R

� N \gb O R ^RTX�R Q W'\gR V � O R Y f~\?[]\ Q R]l Q ^R Y RTXifi^R � l�b2^RTX�U'VI^RTX�U O U'W'\�ziS�RTVeRTX
f � l U'S Q ScX�R�l UDlcS O?N fZ\?U'Xwd�R
b U6� r fhR Y z(S N XifZ\?z(S�R Y � l N�Q ScX�R�l R Q fhR#d�R�l�b NDY R Y S�l�l O ^RTVWRTXif N \ Q R�l Q UDl U Q fZ\gU'X�X�R O?O R N S�fhRTVWl Y � [aR
z(S�\ Q R	`"\gRTX
f :NnY S�l�l U Y R Q l U'S Q{O?N Q�N \?R�b�U'VWU'W :RTX�R_d�R O?N f Q�N X Y \gfZ\gU'XvS�X�l Q U*� O O U Q RTXif\�T\gRTX VC U'S Y `DR Q�Q U'X YyO U Q�Y d�R O < ^R]fZScd�R�d�R O?N�O S�Vn\?X�R Y [aRTX�[aRed�Reb U6� r fhR Y S�Xc\?ziS�R Y  d q R�� � X q ReRTX� U'X�[afZ\gU'Xnd�R O?N fhRTVel�^R Q�N fZS Q R � ziS�R O R�[aU'S�l O?N WDR N `DRT[ O R Y l�b�U'X�U'X Y4N [aU'S Y fZ\?z(S�R Y [aU'Xcd�S�\gf :N S�X�RQ�N \gR b�U'VeU'W :RTX�Rmz(S�\�d2^R	`(\?R � U Q fhRTVWRTX
f2d�S l Q U*� O"O U Q RTX
f\�T\gRTX b N bc\gfZS�R O [aU'X Y \?d2^R Q ^Rm\?[]\"l N�QE\LV1]cN X
q | y'x " V

� l Q :R Y [aR Y z(S�R O z(S�R Y�Q�N l�l R O?Y f�b2^R]U Q \?z(S�R YWY S QWO R Y l Q UDl Q \�^R]fi^R Y d � X N Ve\?z(S�R Y d�R O < R � []\gfhU'XO U"[ NDO \ Y ^R�R]fn[aR]fhfhRx[aU'S Q fhR�\?Xif Q U(dcS�[afZ\gU'X :NrO?N X�UDfZ\gU'X=d�R�d�^R]l#b NDYZN WDRxl�S Q � X�U'S YWNDO?O U'X Y X�U'S Y



�����,� ! &'�9�<��
�� � 
�� � 
5� 	
���� � &M
 
��=	.
��0��� !,
)(*�,+- 	.
��@/%&1�$� 	2�2/*&�
���&1�%��/%&�
�� s��

[aU'X Y�N [ Q R Q :N�O < N X NDO?�(Y Rmd�R O < ^R O?N�Q W'\ YZY RTVWRTXif�d�R Y f Q�N X Y \gfZ\gU'X Y UDlcfZ\?ziS�R Y d�R Y b U6� r fhR Y  d q R�� � X q R VC U'S Y [aU'VeVWRTX�[aR Q U'X Y l N�Q S�X�Rw^R]fZS�d�R�d�R Y fhRTVWl Y d�R~d2^RT[ O \?XId�R O�NxO S�Vn\?X�R Y [aRTX�[aR N ` N X
fWd�R
X�U'S Y \?Xifi^R Q R YZY R Q�N S [aU'S�l O�N WDR2RTXif Q RuS�XyR � []\gfhU'X O U"[ NDO \ Y ^R2R]f O R Y l�b�U'X�U'X YFN [aU'S Y fZ\?z(S�R Y d�R � N \gb O R
^RTX�R Q W'\?R V

����� 	�

�������������������������������
������! "�#��$��&%
��'(�#) *+ "�,�.-/
�01�� 2�3-/
��,�


�
��-/
��,�

 R]fhfhR Y RT[afZ\gU'XIR Y fW[aU'X YZN [ Q ^R]R :N�O < ^R]fZS�d�R�dcS [aU'VWl U Q fhRTVeRTX
fWfhRTVWl U Q R O d�R Y R � []\gfhU'X YWO U�k[ NDO \ Y ^R Y d N X Y�O R Y�Y f Q S�[afZS Q R Y  d q R�� � X q R V $LU'S Q�Q RTVeU'X
fhR Q :N�O�N d � X N Ve\?z(S�R�d�R Y R � []\gfhU'X Y[aU'X-��X2^R Y � O?N�O S�Vn\?X�R Y [aRTX�[aRvd < ScX�R�b�U6� r fhR�ziS N XifZ\?z(S�Rv\ Y U O ^R]R�R Y fWR � []\gf(^R]R�l N�Q S�X�R�\�VWlcS O?Y \gU'X
O?NDY R Q d < RTX�`(\ Q U'X�4�tDt � Y l Q U"d�S�\?fhRjl N�Q S�X O?NDY R Q fZ\gf N X�R YZN l�b�\ Q VWU(d�Ryb O U"z(S2^R � l U'VWl�^R_l N�Q S�X
O?NDY R Q:N�Q WDU'Xn[aU'XifZ\?X(S V'M < ^RTX�R Q W'\?R�d�R{[aR]fhfhRm\�VWlcS O?Y \gU'XPR Y f2d�U'S�b O ^R]R l N�Q ScXW[ Q \ Y f NDO X�U'X O \?X�^R N \ Q R �
N �cX�d < UDb�fhRTXc\ Q d�R Y l#b�UDfhU'X Y d < RTX�`"\ Q U'X �#V 4�RAJ � l R Q VWR]fhf N Xifjd�RRWL^RTX�^R Q R Q d�R Y l U Q fhRTS Q�Y d N X Y
O R Y b N�QZQ \ :R Q R Y � X q R V.M R Y l#b�UDfhU'X Y ^RTVe\ YjY U'Xif N X NDOg�"Y ^R Y l N�Q ScX�VeU'X�U([�b Q U'V N fhRTS Q d�R � U"[ NDO R
s't�[]V � R]f_d�^R]fhRT[af(^R Y l N�Q S�X�R65 Y f Q R N87 [ N VWR Q�N 5 Yh� X�[hb Q U'X�\ Y ^R]R N `DRT[ O�N�Y U'S Q [aR~d < R � []\gf N fZ\gU'X VMLN Q ^R Y U O S�fZ\gU'X�fhRTVWl U Q R O?O RPd�R O < RTX Y RTV_b O Rjd�S Yh�"Y f :RTVWR_d�Ryd2^R]fhRT[afZ\gU'X�R Y f{d < RTX�`(\ Q U'X � l Y�V

� l Q :R Y S�X�R�R � []\gf N fZ\gU'X�l N�Q S�X�R`\?VWl�S O?Y \gU'X O�NDY R Q � O < \?XifhRTX Y \gf(^R`d�R O S�Ve\?X�R Y [aRTX�[aRm[ Q U6� r f N `DRT[S�X�fhRTVel Y [ N�Q�N [af(^R Q \ Y fZ\?ziS�Rnd�R O?N�Q R O�N � N fZ\gU'X�d�R O < ^R]f N fyR � []\gfi^R `DR Q�Y_O ReX�\z`DR N S�UDb Y R Q `:^R � lcS�\ Y
d�^RT[ Q U6� r f N `DRT[�ScX fhRTVWl Y [ N�Q�N [af(^R Q \ Y fZ\?z(S�R�d�R O?N d�S Q ^R]R�d�R;`"\gR�dcS X�\z`DR N S z(S�\�^RTVWR]f V $�U'S Q
d�^R]fhR Q Vn\?X�R Q [aR Y fhRTVel Y [ N�Q%N [afi^R Q \ Y fZ\?z(S�R Y � O < ^R	`DU O S�fZ\?U'X fhRTVWl U Q R O�O Rxd�R O?N�O ScVe\?X�R Y [aRTXc[aR�R Y f
N h S Y f(^R]R l N�Q�O?N d�\�D�^R Q RTX�[aR d�R d�RTS � R � l U'X�RTXifZ\gR O?O R Y [aU Q�Q R Y l U'X�d N Xif :N=O?N�Q R O?N � N fZ\gU'X R]f :NO < ^RTVe\ YZY \gU'X d < S�X Yh�"Y f :RTVWR :N f Q U'\ Y X�\z`DR N S � V $�U'S Q ScX�RWR � []\?f N fZ\gU'X X�U'X Q ^R Y U'X�X N XifhR � [aU'VeVWR
[aR Y R Q%N=O Rr[ NDY d N X Y X�U Y R � lu^R Q \gRTXc[aR Y � S�X W Q�N X�d X�U'Vyb Q R�d < ^R]f N f Y�Y U'XifvRTX � N \?f�[aU'Vel Q \ Y
RTXif Q R O RxX�\z`DR N S R � []\gf(^R�l N�QnO < \�VWlcS O?Y \gU'X O?NDY R Q R]f O RxX�\z`DR N S � U'Xcd N VWRTXif NDO d�R O�N b U6� r fhR�U :SY R � N \gf O?N d2^R]fhRT[afZ\gU'X V4M R Y ^RTziS N fZ\gU'X Y d � X N Ve\�ziS�R Y z(S�\ud2^RT[ Q \z`DRTXif O?N�Q R O?N � N fZ\gU'X Y U'Xif NDO U Q�Y
bc\?RTX�l O S Y [aU'VWl O R � R Y z(S�R�[aR O�O R Y d < S�X Y \?VWl O R Yh�(Y f :RTVeR :N f Q U'\ Y Xc\z`DR N S � V C ^R N X�VWU'\?X Y � N h S Y kfhR Q O R Y [aU'S Q b R Y l N�Q ScX�R � U'X�[afZ\gU'X b�\�k R � l U'X�RTXifZ\gR O?O R�l R Q VeR]fyd�R�d�^R]fhR Q Ve\?X�R Q S�X fhRTVWl Y [ N k
Q�N [af(^R Q \ Y fZ\?z(S�R_d�R�[aR]fhfhR Q R O?N � N fZ\?U'X X:9 � Y�N \?X Y \|ziS�R O?N dcS Q ^R]R_d�R�`(\?Ryd�SxXc\z`DR N S � U'X�d N VWRTXif NDO
X:9 * Y�V

� XWR � RTVWl O Rmd�R Y l RT[af Q R Y d�R{Ve\?[ Q U�k O ScVe\?X�R Y [aRTXc[aR�R Y f:l Q ^R Y RTXifi^R Y S Q:O?N �%W'S Q R �#V �#V<;�NDO W Q ^R
O?N � N \gb O R�d�\ Y l�R Q%Y \gU'X Y l RT[af Q�NDO Rvd�S�d�\ Y l U Y \?fZ\ � R � lu^R Q \?VWRTXif NDO � O < UDb Y R Q ` N fZ\gU'X�d�R O�N�O S�Ve\?X�R Y k
[aRTX�[aR :N � N \gb O R lcS�\ YZYZN X�[aRed < R � []\gf N fZ\gU'X :N f Q�N `DR Q�Y d�R Y U'S-`DR Q fZS Q R Y d N X YyO ReV NDY z(S�ReUDl N z(S�Rd < RTX�`"\ Q U'X t � � G V d�R~d�\ N V :R]f Q R�l R Q VWR]fyd < \ Y U O R Q_O�N [aU'X
f Q \gbcS�fZ\gU'X�d�Rnb U6� r fhR Y \?X�d�\z`"\?d�S�R O?O R Y�VM < RTX Q R�W'\ Y f Q RTVWRTX
f+d�R O < ^R	`DU O S�fZ\gU'X�fhRTVWl U Q R O?O R2d�R Y d�\�D�^R Q RTX
f Y lc\�[ Y d N X YLO R Y�Y l RT[af Q R Y d�R�Ve\?[ Q U�kO ScVe\?X�R Y [aRTXc[aR�` N X�U'S Y l�R Q VWR]fhf Q R d�R Q RTVWU'XifhR Q :N`O?N d � X N Vn\?ziS�R2d N X Y [�b N []S�X�R{d�Ru[aR Y b U6� r fhR Yz(S N XifZ\?ziS�R Y�V

M R Y fhRTVWl Y d�R�d�^RT[ O \?X_VeR Y S Q ^R Y ` N�Q \gRTX
f Y R O U'X O R�lc\?[2d�R O ScVe\?X�R Y [aRTXc[aR ^R]fZS�d�\�^R � V N \ YLQ R Y fhRTXif
[aU'VWl Q \ Y RTX
f Q R`RTX�`(\ Q U'X _ � t_l Y R]f � tDt l YIV  R]fhfhRt` N�Q \ N fZ\gU'X~R Y f d�S�R :N O?N d�\ Y l R Q�Y \gU'XWRTX~f N \ O?O R



� t ���������
	���
���� ��� ��� � ������
���
���	�� ����� � �
�� 
"!#�$�%��&'� 
)(*�,+- 	.
0/%&1�$��	2��/%&�
)&'�%��/%&�


1960 1980 2000 2020 2040 2060 2080

B
A

8P
0

P
0

 I
n

te
n

si
té

 d
e

 P
.L

. 
(u

.a
)

 

 

Energie (meV)

0 200 400 600 800 1000 1200 1400

ττ
m
 = 19 ps

ττ
d
 = 230 ps

t (ps)

 

 

In
te

n
si

té
 d

e
 P

.L
. 

(u
.a

)

�����+�c�
	P��
��P���'��
 � 	���
��>!,
 � &'�9�<� 
�� � 
�� � 
 �<� 	 	
 � � 	
��N	.
��0��� ��
 �<� 
�� 
�� 	 � �,(*	.
��F&'� �� @�� �� 	���� & 
����
&'� 
 �,& & 
��D	�&'��
K! B 
�� & �4����� t�� � G # ���,&'�A!,
$& � �E&'�<�7�7�$� � 
��A! B 
 ��� �.	
�,	2�O��� !M� $ 	
���
�� 	.
�� 8�� U L_]t	�
� ^ # � Q :D� !CB 
�� � ���D	 ����� 	��J
 ��B 	
 & � � &*	2�O��� 	.
��0��� ��
 �<� 
)!,
 ��B �<��	.
��%���.	 	
"!,
 � &'�A�<� 
�� � 
�� � 
)!,

� �����$�O
 �J
6� 	
�� 	
�
 � ��� � ��� �
 � � 
�
 ��B ����&1�I	.
���
���	�
��D	 � 	
J� � ��� 	
5� & 
 � &'� 
 � ��� � 	2�O���[('���

 � ����� 
���	2�O
 �<� 
��

d�R Y � r O UDf YIV/X X~RED�R]f � [aU'VnVWRjX�U'S Y O < N `DU'X Y d�^R]f N \ O?O ^Rjd N X Y O Rml N�Q�N W Q�N l�b�R`l Q ^RT[�^RTd�RTXif � O R#fhRTVel Y
d�Ra`(\gR Q�N d�\ N fZ\ � d < S�X�R � []\?fhU'X O U([ NDO \ Y ^RmR Y fu\?X�`DR Q�Y RTVWRTXiful Q UDl U Q fZ\gU'XcX�R O :N O?NyY S Q � N [aR#[aU'S-`DR Q fhR
l N�QvO RrVWU'S-`DRTVeRTX
f�d�R Y U'X [aRTXif Q R�d�R�V NDYZY R V  R]fhfhR R � fhRTX Y \gU'X R Y f�\�VWl U Y ^R]R \?[]\#l N�QvO R Y
d�\?VeRTX Y \gU'X Y�O?N f(^R Q�NDO R Y d�S�l UDfhRTXifZ\gR O d�RP[aU'X-��X�RTVWRTXif � ziSc\ O S�[afZS�RTXif{d < S�Xn� r O UDf :NeO < N S�f Q R V

MLN d�\ Y f Q \?bcS�fZ\gU'X_d�R{[aR Y ` NDO RTS Q�Y R Y f4l�U Q fi^R]R Y S Q:O?N �%W'S Q R �#V syziSc\"l Q ^R Y RTXifhR O < ^R	`DU O S�fZ\gU'Xnd�R YfhRTVWl Y d�R d�^RT[ O \?X X:9 * Y R]fPd�R Y fhRTVWl Y d�RWVWU'Xifi^R]R X:9 � Y l U'S Q d�\�D�^R Q RTXifhR Y b U6� r fhR Y RTX � U'Xc[afZ\gU'X
d�R O RTS Q ^RTX�R Q W'\gRyd < ^RTVn\ YZY \gU'X V�� X�RyfhRTX�d N X�[aR�W�^RTX�^R Q�NDO R N l�l N�Q�N � r f Y S Q [aR]fhfhR��%W'S Q R�� O R Y fhRTVel Y



�����,� ! &'�9�<��
�� � 
�� � 
5� 	
���� � &M
 
��=	.
��0��� !,
)(*�,+- 	.
��@/%&1�$� 	2�2/*&�
���&1�%��/%&�
�� � _

1980 2000 2020 2040 2060

0

50

200

250

300
ττ

m

ττ
d

Energie (meV)

 

 

T
e

m
p

s 
(p

s)

���������
	 � 
��=�w��
��0��� !,
 ! 	
 �7� ��� 
�	"	.
��0���K!,
�������	 	
 !,
��"� ��
 � 	��J
�� 	.
��0��� ��
 � ��!,
 (*�,+- 	.
��
/%&1�$��	2��/*&M
��?�<�F!M� & ��!�&M
 �<� 
��N
�� � ��� � 	2� ��� !,
 � 
$&$� 	
���
�� � �O
0! B0	
��9�<�7���O��� �
d�RvVWU'Xifi^R]R � [aU'VWl Q \ Y RTX
f Q R � l Y R]f�4 � l Y � N S*W'VWRTXifhRTX
f N `DRT[ O?N d�\�Ve\?X(S�fZ\gU'X�d�R O < ^RTX�R Q W'\gRd < ^RTVe\ YZY \gU'X V  R]fhfhR�^R	`DU O S�fZ\?U'X�[aU QZQ R Y l U'X�d N Sef Q%N X Y � R Q f4d�R{l UDlcS O?N fZ\gU'XWd�R Y ^R]f N f Y�O U([ NDO \ Y ^R Y d�R
l O S Y b N S�fhR�^RTX�R Q W'\?R�`DR Q�Y�O R Y ^R]f N f Y d�Rjb NDYZY R�^RTX�R Q W'\?R VA \?V_S O f N X2^RTVWRTXifPS�X�R)W Q�N X�d�RWd�\ Y l R Q�Y \gU'X�d�R Y fhRTVWl Y d�Red2^RT[ O \?X�R Y fjUDb Y R Q `:^R]R V  R O?N l Q U�k`"\gRTXifed�S � N \?feziS�R O < ^RTX�R Q W'\gR�d < ^RTVe\ Y�Y \gU'Xwd < ScX�R�b�U6� r fhR�X < R Y fel NDYeY RTS O RTVWRTXif O \�^R]R :NrY U'X=R � kfhRTX Y \gU'X O?N f(^R Q�NDO R_V N \ YmN S YZY \ :NnYZN [aU'VWl U Y \gfZ\gU'XvRTX �T\?X�[ V�o RTS � � r O UDf Y d�R�V��RTVWRyf N \ O?O R N S Q U'X
fd�R Y ^RTX�R Q W'\gR Y d < ^RTVe\ YZY \?U'X Y d�\�D�^R Q RTXifhR Y4Y \ O RTS Q [aU'VWl U Y \gfZ\gU'X8` N�Q \?R O ^R�W :R Q RTVWRTX
f � NDO U Q%Y z(S�R{[aR]fhfhR` N�Q \ N fZ\gU'X N D�RT[afhR�f Q :R Y l RTS O�N d�S Q ^R]R�d�R `"\gR Q�N d�\ N fZ\z`DR � ziSc\ Q R Y fhR~l Q \?Xc[]\gl NDO RTVWRTXifP\?VWl U Y ^R]R
l N�QmO < R � fhRTX Y \gU'X O?N f(^R Q�NDO R�d�R O?N � U'X�[afZ\gU'X�d < U'X�d�R V

;�NDO W Q ^R [aR]fhfhR�dc\ Y l R Q�Y \gU'X � S�X�R�fhRTX�d N X�[aR WL^RTX2^R Q�NDO R Y R�d�^R�W N WDR � O U Q�Y z(S�R O�N lcSc\ YZYZN X�[aR
d < R � []\gf N fZ\gU'X N S*W'VWRTXifhR X `DU'\ QnO�N �%W'S Q R �#V �1Y � O R Y lc\?[ Y d�R O S�Ve\?X�R Y [aRTX�[aR�ziS�\ N lcl N�Q�N \ YZY RTX
f
Y S Q~O R O N Xc[ b N S�fhR ^RTX�R Q W'\gR d�R O?N dc\ Y f Q \gb�S�fZ\gU'X=U'Xif�S�X�R�d�S Q ^R]Rrd�Rs`(\?R�l O S Y [aU'S Q fhR V  R Y
f Q�N X Y \gfZ\gU'X Y [aU Q�Q R Y l U'X�d�RTXif Y U'\gf :N S�X�R Q RT[aU'V_bc\?X N \ Y U'X :N l N�Q fZ\ Q d�R Y ^R]f N f Y R � []\gfi^R Y � [aU'VeVWR
X�U'S YjO R%`DR QZQ U'X Y d N X YPO Re[�b N lc\gf Q R � � Y U'\gf :N d�R YPQ RT[aU'Vyb�\?X N \ Y U'X Y \?VWl O \�ziS N Xif`d�R Y R � []\gfhU'X Y� N \gb O RTVeRTX
f O U([ NDO \ Y ^R Y d N X Y d�R Y � r O UDf Y l RTS l Q U � U'X�d Y�Vuo`N X Y [aR d�R Q X�\gR Q [ NDY � O RTS Q � U'X�[afZ\gU'X
d < U'Xcd�Rjf Q :R Y ^R]fhRTX�dcS�RPR � l O \?z(S�R Q�N \gf O R Y � N \gb O R Y d�S Q ^R]R Y d�RB`"\gRPVWR Y S Q ^R]R Y�V

M R Y lc\?[ Y :N b N S�fhR�^RTX�R Q W'\?R � ziS�\(l U YZY :RTd�RTXif O R Y fhRTVWl Y d�Rud�^RT[ O \?X O R Y l O S Y [aU'S Q f Y X L _ � t`l Y�Y �
l Q ^R Y RTX
fhRTXif N S YZY \LS�X�R�^R	`DU O S�fZ\gU'X�fhRTVWl U Q R O?O R z(S�\+X < R Y f`l O S Y VWU'X�U�k R � l U'X�RTXifZ\gR O?O R V  RW[aU'V k
l U Q fhRTVWRTXif R Y fWl Q ^R Y RTXifi^R Y S Q O�N ��W'S Q R �#V � d N X YWO Rv[ NDY dcS l�\?[�X�UDfi^RMb Y S QWO?N �%W'S Q R �#V �#VA S Q [aR]fuR � RTVWl O R � O R#fhRTVWl Y d�R`d2^RT[ O \?X�d�\?Vn\?XiS�R�d�R`V N X�\ :R Q Rj[aU'XifZ\?XiS�R � d�RR_ �*� l YuN S � fhRTVWl Y



� 4 ���������
	���
���� ��� ��� � ������
���
���	�� ����� � �
�� 
"!#�$�%��&'� 
)(*�,+- 	.
0/%&1�$��	2��/%&�
)&'�%��/%&�


ττ
d
 = 245 ps

Raie A

 

 

In
te

n
si

té
 d

e
 P

.L
 (

u
.a

)

0 200 400 600 800 1000 1200 1400 1600

ττ
d
 = 155 ps

ττ
d
 = 290 ps

Raie B

Temps (ps)

 

 

In
te

n
si

té
 d

e
 P

.L
 (

u
.a

)

�����+�c�
	x��
��v� ��& � � &%	2�O���[	.
��0��� ��
 �<� 
�!,
 � �C� � �#	.� � &'�9��� 
�� � 
�� � 
N�F��� & 
����$��	 !,
0!,
$& � (*�,+- 	.
��
/%&1�$� 	2�2/*&�
��;!M� $ 	
���
���	.
�� � ��K(1�$�7��
 	
�� 
�� � �O
"84���$�O
�� �D&$� � ��� � &'��
C��� ��:5
�	 ��0� �*&*	.
 	
�� 
�� � �O
A84���$�O

� �D&$� � ��� � &$��
���� ��: � !,�$�%� � ��!M���I	��7�.(%&%	2�O�������%� ����� ���
�� 
��
[aU'S Q f Y h S Y z(S <+:N 4 ��tml YFN S � fhRTVel YLO U'X*W Y�V  R O�N�Y RTV_b O R4\�X�d�\?z(S�R Q|O < R � \ Y fhRTX�[aR�d < S�X Q ^R Y R Q `DU'\ Q d�Rl UDlcS O?N fZ\?U'X~z(S�\ N lcl�U Q fhRPl Q U'W Q R Y�Y \z`DRTVWRTXif YZN [aU'Xif Q \gb�S�fZ\gU'X N S � fhRTVWl Y{O U'X*W Y�V  R Q ^R Y R Q `DU'\ Q
d�Rjl UDlcS O�N fZ\gU'X~l�RTS�f N `DU'\ Q d�RTS � U Q \<W'\?X�R Y � O R Y R � []\gfhU'X Y X�U'X Q�N d�\ N fZ\ � Y Y fhU([ 7 ^R Y`Y S Q{O R Y ^R]f N f Y
� $
	 � 4 � Q R]l U'S Y�Y ^R Y :N RTX�`(\ Q U'X _`VWRAJ N S"k d�R YZY U'S Y d�R Y ^R]f N f Y�Q�N d�\ N fZ\ � Y
� $
	 � _ml N�Q O < \?XifhR Q kN [afZ\gU'X�d < ^RT[hb N X%WDR ^R O RT[af Q U'X"k f Q U'S � R]f O Ryf Q�N X Y � R Q fmd�R_l�UDl�S O?N fZ\gU'XvRTXif Q Rj� r O UDf Y#N `DRT[ S�X�fhRTVel Y[ N�Q�N [af(^R Q \ Y fZ\?ziS�R NDYZY R	� O U'X*W V

M < UDb Y R Q ` N fZ\gU'XPd�R:[aR2[aU'VWl U Q fhRTVWRTXifFX�U'X"k VWU'X�U�k R � l U'X�RTXifZ\gR O'Y S Q|O R Y ^R]f N f Y :N b N S�fhR ^RTX�R Q W'\?R
Y RTS O RTVWRTX
f Y RTV_b O R Y S*W'W�^R Q R Q ziS < \ OLY < N W'\?fjl Q ^R � ^R Q RTXifZ\gR O?O RTVWRTX
fPd < S�Xxf Q%N X Y � R Q fjd�R l�UDl�S O?N fZ\gU'X



��� ��� �E�,&D� � � � 
@� & 
 � � 
���� � ��� ���%�H� � �,&'�D	2��/*&M
��@!,
 � �$�.( � 
 	
�� 
�� � � 
 � �

RTXif Q Re� r O UDf Y � f Q�N X Y � R Q f ziS�\ Y R Q�N \gf�\?[]\ � N `DU Q \ Y ^R�l N�Q S�X [aU'X(�cX�RTVWRTXif � N \gb O ReR]f�d�R Y b N�Q�Q \ :R Q R YfZS�XcX�R O RTX
f Q R#� r O UDf Y l NDY f Q UDl ^R O R	`:^R]R Y�V
o`N X Y fhU'S YWO R Y [ NDY � O R Y fhRTVWl Y d�R~d�^RT[ O \�XIVeR Y S Q ^R Y [aU QZQ R Y l U'X�d�RTX
f :N S�X ^R O?N�Q W'\ YZY RTVWRTXif

� u d < RTX�`"\ Q U'X � G RAJ � Y U'\gfPS�X�R%` NDO RTS Q \?X � ^R Q \gRTS Q Red < S�X�U Q d Q Red�R"W Q�N X�d�RTS Q :N�O?N�Q ^R Y U O S�fZ\gU'XY l RT[af Q�NDO R�d�R�X�UDf Q R Yh�"Y f :RTVWR�R � lu^R Q \�VWRTX
f NDO
V C U'S Y `DR QZQ U'X Y z(S�R�V NDO W Q ^R�[aR]fhfhR O \?Ve\gf N fZ\gU'X �
O < ^R]fZS�d�Rnd�R O < ^R	`DU O S�fZ\gU'XrRTX � U'X�[afZ\gU'X�d�R O?N fhRTVWlu^R Q%N fZS Q R�d�R Y l Q U*� O�Y d�R Q�N \gRnd < ^RTVn\ YZY \gU'X � ` NX�U'S Y l R Q VWR]fhf Q R�d < \�d�RTX
fZ\W��R QWO R Y VI^RT[ N X�\ Y VWR YnQ R Y l U'X YZN b O R�d�R O < ^R O�N�Q W'\ YZY RTVeRTX
fnd < S�X�R Q�N \gRb�U'VeU'W :RTX�R V
��� � � � 

$
��0�� � 0�� �,� ���,� $���� ������� 0 ��� 
��  ��-/
��,� %
�	� 01� '
�3� ������,�
� ���

E+* E+* , / J0 H 0 E2;:3.E N 0=0 EGB 0�� H�J0 9'3�B'8:9 0 ; 0=<Z> J0c< 3 9'7FA-5�5 0
� 0 EFB�14C � C|7��0 E 0

MLN ��W'S Q R �#V � l Q ^R Y RTXifhR O < ^R	`DU O S�fZ\gU'X RTX � U'Xc[afZ\gU'X d�R O�N fhRTVWlu^R Q%N fZS Q R{d�R Y+Y l RT[af Q R Y d�R O S�Ve\gk
X�R Y [aRTX�[aR#d < S�X�R{b U6� r fhR#ziS N XifZ\?z(S�RmScX�\?z(S�R{X�U Q VI^R Y l N�QuO RTS Q�Y \?XifhRTX Y \gf(^R Y \?X
f(^R�W Q ^R]R Y�V�M U Q�Y z(S < U'XN S*W'VeRTX
fhR O?N fhRTVel�^R Q�N fZS Q R � O R�l�\?[{d < ^RTVe\ Y�Y \gU'X Y Rmd�^RT[ NDO R `DR Q�Y�O R Q U'S%WDR�RTX Y S�\z` N X
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Y � � - � � $�� � X �#V � � Y
� OcN l�l N�Q�N � �gf4d N X Y2O < ^R O ^RTVWRTXif d�RmV N f Q \?[aR X �#V � 4 Y f Q U'\ Y2O U'X%W'S�RTS Q�Y d < U'X�d�Rmd�Rm[aU'S�lcS Q R{l U'S QO < R � [ N []\?fi^R�d�Sr[aU'S�l O?N WDRnRTXif Q R�ScXrR � []\?fhU'X R]f O R Y l���U'X�U'X YPN [aU'S Y fZ\?z(S�R Y�V $LU'S Q S�Xrl���U'X�U'X

Y RWl Q UDl N WDR N X
f_d N X YjO?N d�\ Q RT[afZ\gU'X � X � �
	
t Y � O R Q RT[aU'S-` Q RTVWRTXifyd�^RT[ Q \?fjl N�Q X �#V � � Y d�R	`(\gRTXif� N \gb O R�l U'S Q � $

� 4 � # "%$ R]f O Rx[aU'S�l O?N WDRxR � []\gfhU'X�k l���U'X�U'X d�R	`(\?RTX
feX�^R�W O \<WDR N b O R V $�U'S Q S�X
l���U'X�U'X�d N X YPO R l O?N XrdcS�lcS�\gf Y X � $ 	 t Y � S�Xr[aU'S�l O�N WDR Y \4W'X�\z��[ N fZ\ � R Y fjUDb�fhRTX(S l U'S Q � � �
#�� 1 X 4 # � 4 X 4 = �� # # �% � & � Y N X _ # � � Y Y�V

 R~[aU'VWl U Q fhRTVWRTXif_R Y f�\ O�O S Y f Q ^R Y S Q_O?N �%W'S Q R �#V _ 4�U :S Y U'Xif Q R]l Q ^R Y RTXifi^R]R YeO R Y � U'X�[afZ\?U'X Y� � % � & X � � Y � � � � � � X � $ Y � � R]f � ���>X�� � � � � � # 4 Y fhR O?O R Y z(S < R O?O R Y \?XifhR Q `"\gRTX�X�RTXif d N X YuO RP[ N�QZQ ^R_d�S�VWU�kd�S O Rxd�R O < ^R O ^RTVeRTX
fvd�R�V N f Q \?[aR X �#V � 4 Y � \?Xif Q U(dcS�\ YZN Xif O R Y~O U'X*W'S�RTS Q%Y d�R�[aU'S�lcS Q R Y d N X Y~O?N
[aU'X Y f N XifhR d�Ry[aU'S�l O�N WDR �

X � Y�V $LU'S Q S�X�lcS�\gf Y ziS N XifZ\?z(S�Ryd < ^R]l N \ YZY RTS Q " $ 	 4�t df � ScX Q�N�� U'X
d�Rjb�U � Q d�R O < R � []\gfhU'X�[aU'X(�cX2^R � �

	
s't df R]f{S�X�l N�Q�N V :R]f Q Ryd�R O U([ NDO \ YZN fZ\gU'X � 	 � t df � [ < R Y fO R`[aU'X-�cX�RTVeRTX
f O?N fi^R Q�NDO d N X YuO R#l O?N X~d�S~lcS�\?f Y z(S�\ \?VWl U Y R O Ra`DRT[afhRTS Q d < U'X�d�R`d�R#[aU'S�lcS Q R O Rl O S Y � N \?b O R V A \ O < R � fhRTX Y \?U'X_d�S_[aU'X-�cX�RTVeRTX
f O?N fi^R Q�NDO�N S*W'VWRTXifhR � U'X Q R]f Q U'S-`DR�l Q U'W Q R Y�Y \z`DRTVWRTXifO?NvY \?fZS N fZ\gU'Xrd < S�X�l�S�\gf Y z(S N X
fZ\�ziS�R U :S � O U Q�Y d�R O < \�X
fhR Q�N [afZ\?U'XrRTX
f Q ReR � []\?fhU'X R]fPl���U'X�U'X � O?N

[aU'VWl U YZN XifhR � � dcS l���U'X�U'XrR Y f3� � ^R]R~l N�Q_O?N [aU'X Y R Q ` N fZ\gU'X�d�R O < \?VelcS O?Y \?U'X V A \ � d�\?Ve\�XiS�R �
[ < R Y f O R Q�NT� U'Xvd�R�b�U � Q � � z(S�\�` N V N \?XifhRTX N X
fu\?VWl U Y R QuO?N ` NDO RTS Q�O \?Ve\gfhR�dcS `DRT[afhRTS Q d < U'X�d�Rd�RP[aU'S�l O?N WDR � � V

 U'VnVWRjX�U'S YuN `DU'X Y [aU'X Y \?d�^R Q ^RPS�X�R Q R O�N fZ\gU'X�d�Rjd�\ Y l R Q�Y \?U'Xe\ Y UDf Q UDl R#l U'S Q�O�N b N X�d�R`d�R Y
l���U'X�U'X Y`O U'X*W'\gfZS�dc\?X N S � N [aU'S Y fZ\�ziS�R Y � [ � N z(S�ReVWU"d�R l RTS�f��R]f Q Rn[ N�Q�N [afi^R Q \ Y ^R�l N�QPO RWVWU"d�S O R
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s't �f �

� d�R Y U'X `DRT[afhRTS Q d < U'X�d�R � U'S � d�RnV N Xc\ :R Q RI^RTziSc\z` NDO RTX
fhR � l N�QyY U'X ^RTX�R Q W'\gR ��� � V C U'S Y l U'S"k`DU'X Y�NDO U Q�Y d�^R	�cX�\ Q �
X � Y � O?N [aU'X Y f N XifhRyd�Rj[aU'S�l O?N WDRjR � []\gfhU'X"k l���U'X�U'Xv\?Xifi^R�W Q ^R]R Y S Q fhU'S�fhR Y�O R Yd�\ Q RT[afZ\gU'X Y d�R � V|M < R � fhRTX Y \gU'X O?N f(^R Q�NDO Rnd�S�l UDfhRTX
fZ\?R O d�Re[aU'X-�cX�RTVWRTX
fjR]f O R Q�NT� U'X d�Rgb�U � Q

d�R O < R � []\?fhU'Xe[aU'X-�cX�^R Q R Y f N Xif4fhU'S h U'S Q�Y W Q%N X�d Y d�R	` N Xif O < ^R]l N \ Y�Y RTS Q d�SelcS�\gf Y z(S N XifZ\?ziS�R � d N X YO < \�X
f(^R�W Q�N fZ\gU'X N X*W'S O�N \ Q Red�R = � � U'X l RTS�fy[aU'X Y \?d2^R Q R Q z(S�R � � � X � $ Y � � L � � � X t Y � �
	

_ V  R O?N
Q R	`"\gRTXif :N � N \ Q R O < N l�l Q U � \�V N fZ\gU'Xrd < S�X lcS�\gf Y \�X-�cX�\?VeRTX
fx^R]f Q U'\gf X " $ � t Y�V  R]fhfhR N lcl Q U � \�kV N fZ\?U'X R Y f h S Y fZ\z�u^R]Rxf N Xif�ziS�R O R;`DRT[afhRTS Q d < U'X�d�R�d�Rx[aU'S�lcS Q R � $ � d N X YnO�N d�\ Q RT[afZ\gU'X � $ �\?Vel�U Y ^R#l N�Q O < ^R]l N \ Y�Y RTS Q d�S�lcS�\gf Y � Q R Y fhR@W Q�N X�d�d�R	` N Xif O�N [aU'S�l�S Q R � � ^R]RPd N X Y2O R#l O?N X�l N�Q O R[aU'X-��X�RTVWRTXif O?N fi^R Q�NDO U'S O R Q�N�� U'X�d�R b2U � QIV � X Y R O \?Ve\?fhR NDO U Q�Y :NeO < ^R]fZScd�R_d�Sx[aU'S�l O?N WDR N `DRT[
d�R Y l���U'X�U'X Y d�R�`DRT[afhRTS Q d < U'X�d�R ��� � $ � V A S Q_O?N �%W'S Q R �#V _ � � �

X � Y R Y f Q R]l Q ^R Y RTXifi^R � l U'S Q
d�\UD�^R Q RTXifhR Y ` NDO RTS Q�Y d�S�l N�Q�N V :R]f Q R{d�R O U"[ NDO \ Y�N fZ\gU'X � � R]f�l U'S Q+O?NmY \gfZS N fZ\gU'X O \?Vn\gfhR2d < ScX�R2b U6� �gfhR\?X(�cX�\?VWRTXif�l O?N fhR V|M R Y l N�Q%N V :R]f Q R Y S�fZ\ O \ Y ^R Y d N X YjO RW[ NDO []S O�Y U'X
f � �
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s N _]t _ V V Y � � ^ s @ ` � R]f � �
	
s�4 df X d2^R]fhR Q Ve\?X�^R�l N�Q ScX�[ NDO []S O` N�Q \ N fZ\gU'XcX�R O X N X�X�R � R � Y Y�V

MLN �%W'S Q R �#V _ � VWU'Xif Q R O R Y l Q \?X�[]\?l NDO R Y [ N�Q�N [afi^R Q \ Y fZ\�ziS�R Y d�R{[aR]fhfhR`[aU'X Y f N XifhRmd�Rm[aU'S�l O?N WDR
�
X � Y ^ s���` � O R `DRT[afhRTS Q d < U'Xcd�R � d�R Y l���U'X�U'X Y z(S�\�l RTS-`DRTXif�\?XifhR Q�N W'\ Q d�RvV N Xc\ :R Q R Y \4W'X�\z��k
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[ N fZ\z`DR N `DRT[ O < R � []\gfhU'X O U"[ NDO \ Y ^RWR Y f O \?Ve\gf(^R :N RTX�`"\ Q U'X�d�RTS � � U'\ YjO < \?X�`DR Q�Y RWd�R O?NvO U'X%W'S�RTS Q d�RO U"[ NDO \ YZN fZ\?U'X � N `DRT[�S�Xv[aU'S�l O?N WDR_V N � \�V_S�V l�U'S Q � L _ # � VcM R Y l���U'X�U'X Y N��'N X
f`S�X�R�^RTX�R Q W'\gR
Y S�lu^R Q \gRTS Q R :N RTX�`"\ Q U'X 4 N � ��� # � X L 4eVWRAJ d N X Y X�UDf Q R�[ NDY�Y X�Ry[aU'Xif Q \gbcS�RTXifmz(S�RPf Q :R Y l RTSN Srd�^R]l�� NDY�N WDRed�R O < R � []\?fhU'X V  R O?N�Y \4W'X�\W��R_z(S�R � l U'S Q d�R Y b U6� �gfhR Y ziS N XifZ\?z(S�R Y f Q :R Y W Q�N Xcd�R Y �
O R Y b N X�d�R Y_O?N fi^R Q�NDO R Y \?X�dcS�\gfhR Y l N�Q O R�[aU'S�l O?N WDRnR � []\gfhU'X"k l���U'X�U'X Q ^R]f Q ^RT[]\ YZY RTXif R]f Y U'Xif�l Q U�k
W Q R YZY \z`DRTVWRTXif~V NDY ziS�^R]R Y l N�Q�O?N O?N�Q WDRTS Q dcSwlc\?[ ��^R Q U�k l���U'X�U'X V o R�l O S Y � O�N [aU'X Y f N XifhRrd�R
[aU'S�l O�N WDR �

X � Y d�\?Ve\�XiS�R N `DRT[ O < N S*W'VWRTXif N fZ\gU'X d�S�l N�Q�N V :R]f Q Rnd�R O U([ NDO \ YZN fZ\gU'X � V  R Y RED R]f Y`DU'Xif�RTVWl|�RT[���R QjO < UDb Y R Q ` N fZ\gU'X�d�R_[aR Y b N X�d�R Y R � []\gfhU'X"k l���U'X�U'X�l U'S Q d�R Y b U6� �gfhR Y ziS N XifZ\?z(S�R YNT�'N XifmScX�R W Q�N X�d�RjR � fhRTX Y \?U'X O?N fi^R Q�NDO R V

o`N X Y`O?NnQ ^R � ^R Q RTX�[aR ^ � t'` � O�NnO?N�Q WDRTS Q d�R O?N�Q�N \gR_d < ^RTVn\ YZY \gU'X�d N X Y d�R Y X N X�U"[ Q \ Y f N S � ^R]f N \?f
[ NDO []S O ^R]RmRTXnS�fZ\ O \ YZN Xif:S�X Y RTS O VWU"d�R{RED RT[afZ\ � d�R{l���U'X�U'XWl U'S Q d�^RT[ Q \ Q R O�N b N X�d�Rmd�R Y l���U'X�U'X Y
N [aU'S Y fZ\�ziS�R Y [aU'X(�cX2^R Y�V  R]fhfhR N l�l Q U � \?V N fZ\gU'X�R Y fjf Q UDl W Q U YZY \ :R Q RWl U'S Q d�^RT[ Q \ Q R O?N � U Q VWRed�R
Q�N \gRmziS�R`X�U'S Y UDb Y R Q `DU'X Y�V C U'S Y�NDO?O U'X Y d2^RT[ Q \ Q R O Rm[aU'XifZ\?X(S�S�V d�R Y l���U'X�U'X Y2N [aU'S Y fZ\?z(S�R Y l N�Q
S�X�Rjd�\ Y f Q \gbcS�fZ\gU'X�d�R � VWU"d�R Y RED RT[afZ\ � Y d�Rjl���U'X�U'X Y � - � [ � N ziS�R_VWU(d�R � - Q R]l Q ^R Y RTXif N X
f#S�X�R
b N X�d�Rud�R{l���U'X�U'X Y�N [aU'S Y fZ\?z(S�R Y RED RT[afZ\z`DRTVWRTXif�[aU'S�l O ^R Y4N `DRT[�S�X�R{[aU'X Y f N X
fhR#d�R�[aU'S�l O?N WDR � � �
d�^R	�cX�\?R#l N�Q �
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X � Y � � X �#V � � Y
U :S � � R Y f O RWl NDY d�R�d�\ Y [ Q ^R]fZ\ Y�N fZ\gU'X [ ��U'\ Y \ V|o`N X Y [aR]fhfhR�d�R Y [ Q \gl�fZ\gU'XrV�S O fZ\�k VeU(d�R Y dc\ Y [ Q R]f Y �
O R�[aUiR � []\?RTX
f�d�Rn[aU'S�l O�N WDRn\?Xifi^R�W Q ^R � 	

� - � � �{R Y f_[aU'X Y R Q `:^R V+MFN dc\ Y [ Q ^R]fZ\ YZN fZ\?U'X � RED RT[afZS2^R]R
N `DRT[�ScX�l NDY � �

	
� 4 /'� N _]t��?# � � X Y U'\gf � � L 4�tDt G �

S Y R]f �
	
_ 4nVWU"d�R Y RED�RT[afZ\ � Y � R Y f

l Q ^R Y RTX
f(^R]R Y S Q{O?N �%W'S Q R �#V _as V
] \?X NDO RTVWRTXif � l U'S Q UDbcfhRTX�\ Q2O�N ` Q%N \gR � U Q VWR#d�R Q�N \?RmX�U'S Y d�R	`DU'X Y2Q RTVWl O�N [aR Q�O R Y4Q ^R]l O \?z(S�R Y

l���U'X�U'X Y d�\ Y [ Q :R]fhR Y X � U'Xc[afZ\gU'X � d N X Y:O < ^RTz(S N fZ\gU'X �#V 4 � Y � O \�^R]R Y:N Se[aU'S�l O?N WDR N `DRT[m[ � N z(S�R{VWU"d�R
RED RT[afZ\ � � l N�Q d�R Y�Q%N \gR Y�O U Q RTX
f��T\gRTXcX�R Y{Q R O ^R]f N Xif O < ^R O?N�Q W'\ Y�Y RTVWRTXifmd�R O�NWQ�N \gR ��^R Q U�k l���U'X�U'X�l N�Q
O RPd�^RT[ O \?Xvd�RPl UDlcS O�N fZ\gU'X V

MLN �%W'S Q R �#V _ � l Q ^R Y RTX
fhR O < ^R	`DU O S�fZ\gU'X N `DRT[ O?N fhRTVWlu^R Q�N fZS Q Red�R YjY l RT[af Q R YPN \?X Y \L[ NDO []S O ^R Y�V
o`N X Y [aR`[ NDO []S O � Y RTS O R Y2O R Y f Q�N X Y \?fZ\gU'X Y :N t � _mU'S 4yl���U'X�U'X Y RED RT[afZ\ � YuY U'Xif�l Q \ Y R Y RTX~[aU'VWl�fhR
d N X YnO?N Y U'VeV N fZ\gU'X d�R O < ^RTz(S N fZ\gU'X X �#V 4 � Y�V�� X b U'X N [][aU Q d R Y f�f Q U'S-`:^R�RTXif Q R O R Y � U Q VWR Y
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