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q�_aV,[yQSZoj�Y�QSqaj�doVXj9b q�Y�^�VXj�]cb ^lb rsiFY�^�VXj,WXQS_�_wqaju�®doV�Wub ^lbSWFY�iF^�V:rsQS_aQSrsQ&eab d1kFYlb _wY#Z`_aeUZoj�]pVF_ajlb R�doV�� � dKjuP b ��Z`^lb(VF_
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e�kFmnVFdoQS]�]pVFrsVF_wY#vwq�ZMm�b:j�q�Z`m&^�V��
á�Ìãâ�äfÑ	å�ÒMæUç¸è�çaÖ!écêcëcè�çaÖ

O�P kFY�qae�V.e�V!dgb�j�q�^�[~bSWXV{e�VXj(QX�U�Ue�VXj(VXj�Ysq�_�m�bSj�Y�V{W�hcb r7]�eMP kFY�qae�V�� � V{vwq�Z
j�q�Z`Y(VXj�Ysq�_aV{]�^�kXj�VF_wYlb Y�ZoQS_
j�qaWXWFZ`_aWFY�V|e�V!doVFq�^3WXQSr7]pQS^�Y�VFrsVF_wYxVF_�j�QSd`q�Y�ZoQS_���O�b�]�^�kXj�VF_aWXV|eMP QX�U�&�niF_aV|eab _ajsdgb�WXQSr7]pQ�j�Z`Y�ZoQS_�WXQS_aeUq�Z`Yx�
q�_aV{hw�UeU^lb Ylb Y�ZoQS_ze�V!dgb�j�q�^�[~bSWXV|bX�wb _wY3q�_aV|WXQS_U�a��q�^lb Y�ZoQS_ìvwq�Z�]pVFq�Y(íFY�^�V{^�VF]�^�kXj�VF_wY�kXV|]cb ^(dgb.�a��q�^�V ����� �`î
  � b _wqaj�¡ ¢a��ï�Q&W�¥&^�Zoj ���2ª �

©Sð



©2¢ � � ��	���	������ � �������
	 
���� ��
���	�������� � ��� ������
�������� 
�
������ ����� �������

�"& Y !���6'����� � ^��! �"$#$%�& '
( '
( )!*,+�-�.0/1)!2 "43$5�2 -�.6+�7 -4%�598�2 %,.�5�& :;%$34-+�-�.�#$%�& '
( 3$5�2 -�.<+�-9.
( 2 ( 34-�.0-$*=#�& "�.>-$*$34-?+�7 -4%�5=2 ( @A5B( +�-

C C C C C C C C C C C C C C C C C C C C C C C C C C C CCCCCCCCCCCCCCCCCCCCCCCCCCCCC
CCCCCCCCCCCCCCCCCCCCCCCCCCCC
CCCCCCCCCCCCCCCCCCCCCCCCCCCCD�E

FC C C C C C C C C C C C C C C C C CCCCCCCCCCCCCCCCCCC

F
G
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC CCCC
CCCCCCCCCCCCCCCCCCCCCCCC

F
G G

CCCCCCCCCCCCCCCCCC
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC CCCC

CCCCCCCCCCCCCCCCCCCCCCCC C C C C C C C C C C C C C C C C C C C C C C C C C C C C

F C C C C C C C C C C C C C C C C C C C C C C C C C C C CC C C C C C C C C C C C C C C C C CCCCCCCCCCCCCCCCCCC
D�ECCCCCCCCCCCCCCCCCCCCCCCCCCCC
C C C C C C C C C C C C C C C C C C C C C C C C C C C C F CCCCCCCCCCCCCCCCCC
CCCCCCCCCCCCCCCCCC
CCCCCCCCCCCCCCCCCCCCCCCCCCCC

CCCCCCCCCCCCCCCCCCCCCCCCCCCC F
G

G

C C C C C C C C C C C C C C C C C C C C C C C C C C C CCCCCCCCCCCCCCCCCCCCCCCCCCCCC
CCCCCCCCCCCCCCCCCCCCCCCCCCCC
CCCCCCCCCCCCCCCCCCCCCCCCCCCCD�E
F
G
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC CCCC
CCCCCCCCCCCCCCCCCCCCCCCC

C C C C C C C C C C C C C C C C C C C C C C C C C C C CCCCCCCCCCCCCCCCCCCCCCCCCCCCC
CCCCCCCCCCCCCCCCCCCCCCCCCCCC
CCCCCCCCCCCCCCCCCCCCCCCCCCCCD�E

FC C C C C C C C C C C C C C C C C CCCCCCCCCCCCCCCCCCC FC C C C C C C C C C C C C C C C C CCCCCCCCCCCCCCCCCCC

F
G
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC CCCC
CCCCCCCCCCCCCCCCCCCCCCCC

F
G G

C C C C C C C C C C C C C C C C C CCCCCCCCCCCCCCCCCCC
CCCCCCCCCCCCCCCCCCCCCCCCCCCC C C C C C C C C C C C C C C C C C C C C C C C C C C C C

�&VFdoQS_�doV��c�¸e�V�dgb�j�QSd`q�Y�ZoQS_��2q�_aV�vwqcb _wY�Z`Y�k�m�b ^�Zgb R�doV�e�V�]�^�QSY�QS_ajfj�V�Y�^�QSq�mnV�d`ZokXV�b qU��b Y�QSrsVXjfeMP QX�U�&�niF_aV�e�V�dgb
j�q�^�[~bSWXV��2WXV�vwq�ZwrsQ&eUZ\�cV�doV�]pQSY�VF_wY�ZoVFdIHuíFYlb�e�VXj�]cb ^�Y�ZoWFq�doVXjKe�V�j�Z`d`ZoWXVXj   O�bXmnVF_ �Uî�ª �2£#VXj�rsQSdokXWFq�doVXjKeMP Vub qtm&ZoVF_�_aVF_wY
j�Vsj�q�]pVF^�]pQ�j�VF^#[yQS^�r(b _wY7b Z`_aj�Z�q�_aVsWub �nV(e�Vsj�QSd`m�b Ylb Y�ZoQS_���O�P kFdoVXWFY�^�QS_aVFq�Y�^lb d`Z`Y�kxkFYlb _wYtY�QSqST�QSq�^�jt^�VXj�]pVXWFY�kXV��Mq�_
WXQS^�Y�iF�nV�e�V�WXQS_wY�^�V�Þ~ZoQS_aj|j�V.eUZoj�Y�^�Z`R�qaV6b q�Y�QSq�^{e�V.dgb6]cb ^�Y�ZoWFq�doV���£9b _ajxq�_aV�e�VXj�WF^�Z`]�Y�ZoQS_ì]�d`qaj{e�kFYlb Z`d`dokXV���QS_
]pVFq�YseUZoj�Y�Z`_���qaVF^(dgb.]pQS]�q�dgb Y�ZoQS_�e�VXj7ZoQS_ajsWXQSr7]�doiFY�VFrsVF_wYxQSq�Z`_aWXQSr7]�doiFY�VFrsVF_wY3hw�UeU^lb Y�kXj(WXQS_ae�VF_aj�kXj(j�q�^7dgb
j�q�^�[~bSWXV(��WXQSqaW�haV�e�V:�wY�VF^�_®��VFY�WXVFqU�|WXQSr7]�doiFY�VFrsVF_wY#hw�UeU^lb Y�kXj�VFY
]�d`qaj�rsQSR�Z`doVXju��[yQS^�r(b _wY�q�_aVtWXQSqaW�haV�eUZ\�pqaj�V
eMP kF]cb Zoj�j�VFq�^
Wub ^lbSWFY�kF^�Zoj�Y�ZovwqaVKJ!L�M��U[yQS_aWFY�ZoQS_|e�V9dgbt[yQS^�WXV9ZoQS_�ZovwqaV(�4J!L�M{doQS_���qaVFq�^�e�V9£#VFRw�nV   ï�Q&W�¥&^�Zoj ��� ª ���
N�ÌPO�ÐRQ�äpçMÐMæUç�è�çaÖTSpÒMÑ�Ò9UWV�Õ�Ñ�çaÖTS9XpëaÖnÔ`æUé<YXæRX�ÔZU�Ô;[�äpçaÖ

� V,vwq�Z�m&ZoVF_wY
eMP íFY�^�V,]�^�kXj�VF_wY�ktWFZ\Þ³e�VXj�j�qajKT�qaj�Y�Z\�cV9d~P kFY�qae�Vte�V#d~P Z`_UßaqaVF_aWXV�e�VXj�]cb ^lb rsiFY�^�VXj�eUq|j��Uj�Y�iFrsV,vwqaV
j�QS_wY�dgb�Ylb Z`d`doV,e�VXj�]cb ^�Y�ZoWFq�doVXju��doV#�c� VFY�dgbt[yQS^�WXV9ZoQS_�ZovwqaV]\

^ dgb�Ylb Z`d`doV,e�VXj�]cb ^�Y�ZoWFq�doVXj�VXj�Y�q�_aV,e�QS_�_akXV9Z`r7]pQS^�Ylb _wY�Vte�V9_aQSY�^�V,kFY�qae�V��
^ doV
�c�zZ`_UßaqaV#j�q�^�dgbtW�hcb ^��nV9j�q�^�[~bSWFZovwqaV
e�VXj�]cb ^�Y�ZoWFq�doVXj�VFY�e�V�WXV�[~b Z`Yu�wZ`dpVXj�Y�]pQ�j�j�Z`R�doV�eMP kFY�qaeUZoVF^�d~P V��MVFY�e�V

Wub �nV9]�^�QumnVF_cb _wY�e�V9dgb�]�^�kXj�VF_aWXVte�VXj�WXQS_wY�^�V�Þ~ZoQS_aj�VFY�dgb7vwqcb _wY�Z`Y�k,eMP Vub q{d`ZokXV,VF_|j�q�^�[~bSWXV��
^ dgbt[yQS^�WXV9ZoQS_�ZovwqaV9]pVF^�rsVFY�eMP kFY�qaeUZoVF^
dgb7WXQS_U�a��q�^lb Y�ZoQS_.eUq|WXQS^�Y�iF�nV,e�V,WXQS_wY�^�V�Þ~ZoQS_aju�
� QSq�Y�VXjsWXVXj:e�QS_�_akXVXj7]pVF^�rsVFY�Y�VF_wYseMP bSWXWXkXe�VF^(�|q�_�kFYlb Y7e�Vxj�q�^�[~bSWXVxVFY7kFmnVF_wY�qaVFd`doVFrsVF_wYx�|q�_aV3Ylb Z`d`doVxe�V

]cb ^�Y�ZoWFq�doV3��j�QSqaj�WXVF^�Ylb Z`_aVXj
WXQS_aeUZ`Y�ZoQS_aju��_aQSqaj�doV#mnVF^�^�QS_aj�q�d`Y�kF^�ZoVFq�^�VFrsVF_wY����
_ Ìa`#Ñ�é?SMÑlÔ\Ï�ÕuÏaÖTS9XpëaÖnÔ`æUé<YXæRX�ÔZU�Ô;[�äpçaÖ3è�çaÖcbKäMè�écêRd

O�b3j�Q&WFZokFY�k7×:Ø�Ù
ÚfÛMÜp«8[yQSq�^�_�Z`Y#doVXj
]�^�QS]�^�ZokFY�kXj9]�hw�Uj�ZoWXQ Þ³W�h�Z`r7ZovwqaVXj,e�V�j�VXj�]�^�Q&eUq�Z`Y�j   £�q�]pQS_wY�¦n©2ª � � QSqaj
bXmnQS_aj�^�VXWXVF_aj�k9doVXj�]�d`qaj�q�Y�Z`doVXj
eab _aj�doV9Ylb R�doVub q ����� �`î��

egfihkjlegfnm o�p q�prhkj
s0tIu�v�wyx�z|{ tIu }�~ }�~ }�~ }�~
s��A~Aw���x���xB���A~Aw�v${ ����� xB� }9�B��� }9�B����}9�B��� }9�B���
� { ~��g�Bv�wyxn�gt���x�u��|u���� ��� ��� ��� ���
p ��w;��~!��x��������A{ �6�6�!x��>� �A� �6�0�B  � hkj � hkj �I��¡ ��� j
s0tIu!������x�¢R£ ¤�¥n��¦§��~��|��x!� ¨ j ©Ah ©�j � j
� q ª¬« j h z�­ ® « � ª � ­
� x�u��B{ v4� ��� hkj z ��� �I� ��� © �

¯jF�°�8 60F�! ����� � ^g�k±¬& )!#�&;( "
'>"�.�#�²|³�.
( 3�)$´Z3$²B( /?( @A5$-�.,5|'
( 2 -�.<+�-�.?µ�5$+B)4¶ A



� � ���0� ��	���� � �$
 ��� ��� 	����
��� ������� ©S¨
D2D2DFE � H:I��
Å³LN¿���GMLNH
	 I7J ¿c¾�¿cGaÀ�ÁÃÂ
Ë�Ì��#é1äMæRXpç�è�ç�Ö é1Ó 
cÒ®ÕuÒ®ÕSÔ\é1Ð

� QSr7rsV�_aQSqajfd~P bXmnQS_aj�e�k	T��
j�Y�Z`]�q�dok�� doVXjf]cb ^�Y�ZoWFq�doVXj�e�V�j�Z`d`ZoWXVXjKVF_7j�QSd`q�Y�ZoQS_7j�QS_wY1j�QSd`m�b Y�kXVXju� � b ^�b Z`d`doVFq�^�ju� q�_aV
WXQSqaW�haV�]�d`qajf]�^�Q&W�haV�VF_aWXQS^�V�e�V�dgb
]cb ^�Y�ZoWFq�doV�WXQS^�^�VXj�]pQS_ae7b qU�:b Y�QSrsVXj1eMP hw�UeU^�QS�niF_aV�e�VXjf��^�QSq�]pVFrsVF_wY�j�j�Z`dgb _aQSdoju�
O�V7rsQ&e�iFdoV7W�haQSZoj�Z�]pQSq�^,^�VF]�^�kXj�VF_wY�VF^tWXVXj,j��Uj�Y�iFrsVXj,VXj�Y9Y�VFd�vwqaV:dgb!WXQSqaW�haVse�Vsj�QSd`m�b Ylb Y�ZoQS_6VXj�Y9haQSrsQS�niF_aVsVFY
eMP kF]cb Zoj�j�VFq�^
¶ ·t�g�a��q�^�V ����� � �n���

+

+

+
+

+

+

+

+

+

+

��������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������

��������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������

�� ������������ ����������
����������������

����������������   !!

"#
$�$�$�$%�%�%�%

&('*)
&('*)
&('*)

&('*)&('*)
&('*)

&('*) &('*) &('*)

&('*)

&('*)

&('*)
&('*)&('*)

&('*)
&('*)

&('*) &('*) &('*)
+-, .0/& & & & &

&
&&&&

& & & & &
&&&

&
& 1 2

3 /547698;:=< >@? A
3 /547698;:=< >@? A

3 /547698;:=< >@? A

3 /547698;:=< >@? A

3 /547698;:=< >@? A

�"& Y !���6P����� � m��CBA3$²$"$/9%�+A5 3�)�& 'EDGFB- +�-9. )!2 H$%|'>%|'
( )!*�+�-�.�#$%�& '
( 3$5�2 -�.<-$* . )!2 5|'
( )!*
� VsrsQ&e�iFdoV(VXj�YtVF_¸bSWXWXQS^�e�bXmnVXW(doVXj,^�kXj�q�d`Ylb Y�j�V��U]pkF^�Z`rsVF_wYlb qU��e�V7dgb!d`Z`Y�Y�kF^lb Y�q�^�V3eMP q�_6]pQSZ`_wY�e�Vsm&qaVse�V

dgbs^�VFdgb2��QSrskFY�^�ZoV 

�.�   §cZ`r7rsVF^�r(b _�¨-IU�M§cZ`r7rsVF^�r(b _/¨�¡ ª � � QSq�^,íFY�^�Vt]�d`qaj#]�^�kXWFZoju�cdgb3WXQSqaW�haV�]pkF^�Z`]�hakF^�ZovwqaV
eMP kF]cb Zoj�j�VFq�^�¶ ·�VXj�Y�WXQS_aj�Zoe�kF^�kXV�WXQSr7rsV�haQSrsQS�niF_aV�]cb ^�^�VFdgb2��QSrskFY�^�ZoV \uQS_,_aVK]pVFq�Y�eUZ\�MkF^�VF_aWFZoVF^fj�VXj�WXQS_aj�Y�Z`Y�qcb _wY�j
]cb ^�doVFq�^�Y�VFr7]aj�e�V�^�VFdgb2�ab Y�ZoQS_�� � VFY�Y�V
hw�&]pQSY�haiXj�V�VXj�Y�Y�QSq�Y��9[~b Z`Y�m�b d`Zoe�V�VF_3^�VFdgb2��QSrskFY�^�ZoV 

�.� r(b Zoj�_aV�d~P VXj�Y
]cbSj�_akXWXVXj�jlb Z`^�VFrsVF_wY1VF_�hcb q�Y�Þ³W�hcb r7]sQKJtZ`dUj�VF^lb Z`Y�]pQ�j�j�Z`R�doV�e�V�eUZoj�WXVF^�_ak�eMP b q�Y�^�VXjKj�QSqaj�Þ³j��Uj�Y�iFrsVXj   £#QSd`Z`_a¤�VF¥!¦�¡2ª �

� QSq�Y�V�[yQSZoj7doVXj:^�kXj�q�d`Ylb Y�j7e�V{§cZ`r7rsVF^�r(b _�VFYsb d~�1vwqaV3_aQSqaj7WFZ`Y�QS_aj:_aVxWXQS_aWXVF^�_aVF_wY(vwqaVxe�VXj:]pQSqaeU^�VXj \fZ`d
VXj�Y:e�QS_aW3_akXWXVXj�jlb Z`^�Vxe�V3WXQS_U[�^�QS_wY�VF^sWXV(rsQ&e�iFdoV!�.e�VXj�]cb ^�Y�ZoWFq�doVXj7VF_¸j�qaj�]pVF_aj�ZoQS_¸VFY7e�V3e�kFY�VF^�r7Z`_aVF^(�|vwqaQSZ
WXQS^�^�VXj�]pQS_ae!d~P kF]cb Zoj�j�VFq�^
e�V#dgb7WXQSqaW�haVteMP Vub q|vwq�Z�VXj�Y�r7Zoj�V,VF_:T�VFq{eab _aj�dgb�^�VFdgb2��QSrskFY�^�ZoV 

�.� �

� d`qaj�ZoVFq�^�j1rsQ&e�iFdoVXj1QS_wY�e�k	T���kFY�k�]�^�QS]pQ�j�kXjK]pQSq�^1e�kXWF^�Z`^�V�dgb#WXQS_U�a��q�^lb Y�ZoQS_(VFYKd~P VF_wm&Z`^�QS_�_aVFrsVF_wY�e�VXj1j�q�^�[~bSWXV
eMP QX�U�Ue�VXjtVF_�j�QSd`q�Y�ZoQS_   ï�^�QML�_.¦�¦���ï�Q&W�¥&^�ZojNI�ðU� � QSd`rtRpVF^�� �UîFª àM]�d`qaj,]cb ^�Y�ZoWFq�d`ZoiF^�VFrsVF_wYsVF_6WXVsvwq�Z�WXQS_aWXVF^�_aV
dgb(eUZoj�Y�^�Z`R�q�Y�ZoQS_�eUq�WXQS^�Y�iF�nV:e�V:WXQS_wY�^�V�Þ~ZoQS_aju�MO�VXj#rsQ&e�iFdoVXj�doVXj�]�d`qaj9WXQSq�^lb r7rsVF_wY,]�^�QS]pQ�j�kXj#QS_wY9VF_�WXQSr7rtq�_
q�_aV7kF]cb Zoj�j�VFq�^,Wub ^lbSWFY�kF^�Zoj�Y�ZovwqaV(VF_wY�^�V7dgbxj�q�^�[~bSWXV7VFY9doV:]�dgb _�V��UY�kF^�ZoVFq�^te�V � VFd`r7haQSd`Y|H.�g�a��q�^�V ����� � ðn���®vwq�Z�VXj�Y
doV#]�dgb _|j�q�^�doVXvwqaVFdoj�j�V9j�Z`Y�qaVF_wY�doVXj�]�^�VFr7ZoVF^�j�WXQS_wY�^�V�Þ~ZoQS_aju�®b ]�]pVFdokXV,b qaj�j�Z�WXQSqaW�haVte�Vt�wY�VF^�_�� � VF]pVF_aeab _wY�Z`d��xb
]pVFq�eMP Z`_U[yQS^�r(b Y�ZoQS_�WXQS_aWXVF^�_cb _wY�WXVFY�Y�VsWXQSqaW�haVseMP Vub q�Z`_wY�VF^�j�Y�Z`Y�ZoVFd`doV1àfVF_�]cb ^�Y�ZoWFq�d`ZoVF^�j�q�^,j�QS_�kF]cb Zoj�j�VFq�^u��b Z`_aj�Z
vwqaV9jlb�e�kF]pVF_aeab _aWXVtb q!] � VFY
��dgbt[yQS^�WXV#ZoQS_�ZovwqaV���O�b�]�d`q�]cb ^�Y
e�VXj�Z`_wmnVXj�Y�Z`�wb Y�ZoQS_aj�QS_wY�]pQS^�Y�k9j�q�^�dgb:eUZoj�Ylb _aWXV
Y�QSYlb doV:�4JPO�M®��e�V�dgbtWXQSqaW�haV#eUZ\�pqaj�V�vwq�Zpj�V
j�Z`Y�qaV#b qUÞ³e�VFdg��e�V�dgbtWXQSqaW�haV#e�V9�wY�VF^�_��a�
_3^lb ]�]pVFd`doV
ZoWFZ®d~P V��U]�^�VXj�j�ZoQS_
e�V#dgb:doQS_���qaVF^
e�V,£#VFRw�nV]\

J
MRQ S�TMU@TPVXW ºYKZM[ �X\u�^] �G_�� `(a*a*a

�;�Mb
QKJ [ VXj�Ysdgb.m�b doVF_aWXV{e�Vxd~P kFdoVXWFY�^�QSd`�&Y�V�� \ dgb/W�hcb ^��nV|kFdokFrsVF_wYlb Z`^�V.e�Vxd~P kFdoVXWFY�^�QS_�� Z dgb/WXQS_aWXVF_wY�^lb Y�ZoQS_zVF_

kFdoVXWFY�^�QSd`�&Y�V�VFY TMU dgb(WXQS_aj�Ylb _wY�V�eUZokFdoVXWFY�^�ZovwqaV�eUq.r7Z`d`ZoVFq�� TPV VFY W j�QS_wY�doVXj�WXQS_aj�Ylb _wY�VXj�qaj�qaVFd`doVXj�VFY�VF_U�a_|º VFY
dgb�Y�VFr7]pkF^lb Y�q�^�VtVF_{¥nVFd`m&Z`_��



©KI � � ��	���	������ � �������
	 
���� ��
���	�������� � ��� ������
�������� 
�
������ ����� �������
� QSqaj
rsQS_wY�^�VF^�QS_aj,eab _aj�q�_.]�^�VFr7ZoVF^#Y�VFr7]aj#vwqaV,d~P b _cb d`�Uj�Vt]cb ^ 

�.� rsVFY#VF_(T�VFq.d~P Vub q.d`ZokXV�VF_/j�q�^�[~bSWXV��

]�q�Zoj�_aQSqaj
kFY�qaeUZoVF^�QS_aj
jlb:e�kF]pVF_aeab _aWXV�b qU�x]cb ^lb rsiFY�^�VXj�eUq{j��Uj�Y�iFrsV��

�"& Y !���6P����� � *���� )�+XD$2 -�+�-�2 %�+B)!5���2 -93�)!5$3$²$- � ��)�3���&;( .	��

� � � -�.Z'�2 %�#B-$&�/?( 'Z'
( HB( '>"93�)�&�& -�.�#�)!*$+�%�*|'>-���� %�*�.1*�)$'�& - /1)�+XD$2 -���*�)!5�.�*�7 % H�)!*�.#$%�.<'>-$*�5 3�)!/ #|'>-?+�-�.9( )!*�.0%$+B. )�&��B"�.,-$*�.�5�& :;%$34-��

á�Ì��(ÐpÒfÓ ëaÖ ç SpÒMÑ:Ñ�çMÓ Ò®êcé?U�Ï�Õ�ÑlÔ\ç
���������������! �" ��#$�
O�VXj(]�^�VFr7ZoVF^�j3Y�^lbXm�b qU��e�V�§cZ`r7rsVF^�r(b _zj�q�^(d~P bSe�j�QS^�]�Y�ZoQS_zeMP Vub qzj�q�^(dgb�j�q�^�[~bSWXV|e�VXj(]cb ^�Y�ZoWFq�doVXjxe�V|j�Z\Þ

d`ZoWXVsQS_wYt]pVF^�r7Zojte�VsWXQS_aWFd`q�^�Vx�xdgbx]�^�kXj�VF_aWXV(e�Vse�VFqU��Y³�&]pVXjteMP Vub q¸bSe�j�QS^�RpkXVXjtVF_6j�q�^�[~bSWXV   §cZ`r7rsVF^�r(b _/¨n©U�
§cZ`r7rsVF^�r(b _/¨�¡���§cZ`r7rsVF^�r(b _/¨-I2ª � � VXj9e�VFqU�/j�QS^�Y�VXj9e�V:rsQSdokXWFq�doVXj,eMP Vub q�QS_wY,e�VXj#Y�VFr7]aj9e�V:^�VFdgb2�ab Y�ZoQS_/ºM�
Wub ^lbSWFY�kF^�Zoj�Y�ZovwqaVXj�eMP VF_wm&Z`^�QS_WJ �&% VFY�J�' �&% VF_wm&Z`^�QS_�� � VXj�Y�VFr7]aj�e�V
^�VFdgb2�ab Y�ZoQS_xWXQS^�^�VXj�]pQS_ae�VF_wY�Y�QSqaj�doVXj�e�VFqU�
�3e�VXj,VF_wY�Z`Y�kXj9]�^�QSY�QS_akXVXjtVF_/]�hcbSj�V:d`Zovwq�Zoe�V��MO�P kFY�qae�Vse�V(§cZ`r7rsVF^�r(b _�]pQS^�Ylb Z`Y,j�q�^9e�VXj9j�Z`d`ZoWXVXj,j�kXW�hakXVXj9]�doQS_UÞ
�nkXVXj�eab _aj�q�_aV9b Y�rsQ�j�]�haiF^�V,�t]�^�VXj�j�ZoQS_x]cb ^�Y�ZoVFd`doV#eMP Vub q{WXQS_wY�^��SdokXV����1d`doV9eUZ\�MiF^�V#e�QS_aW#e�V�_aQSY�^�V#WubSeU^�V#eMP kFY�qae�V
]�q�Zoj�vwqaV:_aQSqaj,kFY�qaeUZoQS_aj,e�VXj9]cb ^�Y�ZoWFq�doVXjtVF_�j�qaj�]pVF_aj�ZoQS_�� � QSqaj9_aQSqajtb Y�YlbSW�haVF^�QS_aj��xkFY�qaeUZoVF^te�V:_aQSq�mnVub q�doVXj
]pQSqaeU^�VXj�hw�UeU^lb Y�kXVXj�VFY
��[~b Z`^�V#doV#d`ZoVF_.bXmnVXW,doVXj�j�QSdoj�eUZoj�]pVF^�j�kXju�



� � ���0� ��	���� � �$
 ��� ��� 	����
��� ������� ©�©� �������� � � ����� 	�
 ���
� #��
���� �������������
	 #�� �����
�
�1_�bSe�QS]�Ylb _wY�doV7rsQ&e�iFdoV7]�^�kXWXkXe�VFr7rsVF_wY:e�kXWF^�Z`Yx�g�a��q�^�V ����� � �n���®doVXj9^�kXj�q�d`Ylb Y�j,]�^�kXWXkXe�VF_wY�j�WXQS_aWXVF^�_cb _wY�dgb

^�VFdgb2��QSrskFY�^�ZoV
e�VXj�j��Uj�Y�iFrsVXjKrtq�d`Y�Z`]�hcbSj�ZovwqaVXj�]pVF^�rsVFY�Y�VF_wY�eMP kXWF^�Z`^�V�d~P V��U]�^�VXj�j�ZoQS_seUq(j�Z`��_cb dae�V 

�.� WXQSr7rsV�dgb
j�QSr7rsV
e�V
e�VFqU�(V��U]pQS_aVF_wY�ZoVFd`doVXju�&O�b9]�^�VFr7ZoiF^�V�WXQS^�^�VXj�]pQS_aexb q3j�Z`��_cb d®e�V�]�^�QSY�QS_aj�eMP V��UY�^�íFrsV�j�q�^�[~bSWXV���WXQSqaW�haV
e�V:W��#q�^���VFY�d~P b q�Y�^�V7WXQS^�^�VXj�]pQS_ae�b q�j��Uj�Y�iFrsV�eUqcb d1VF_�kXW�hcb _��nV7^lb ]�Zoe�V7VF_wY�^�V:d~P Vub q�e�V�R�q�d`¥¸��j�QSd`m�b _wY��
VFY#dgb
WXQSqaW�haV,]pkF^�Z`]�hakF^�ZovwqaV��� ` � b Q���� \ �� ;_"!$#"% &' (�) *+ ±-, +/. ­10 +�2 ,�3 4

` � · 4 ��5 b76�8 �:9<; J� · 4 ��5 S � ·ºM�>= · 4 ��5º �>= 5 ] �"?' (�) *@BA C-D�E<F 01G E ,�²�µF­H3g­ F E ² E G A ± DJI ± D µ�K�3LK I�E 3 F ­ @�I�.�E<@ ­ @ K +/.�E<D�C K~­ @
`(a*a*a
� �-b

O�VXj�_aQSYlb Y�ZoQS_aj�q�Y�Z`d`Zoj�kXVXj�eab _aj�WXVFY�Y�V
V��U]�^�VXj�j�ZoQS_(j�QS_wY�WXVFd`doVXj�eUq(Ylb R�doVub q ����� � �U�S�1_(_akF��d`Z`�nVub _wY�dgb,WXQSqaW�haV
e�V
W��#q�^
vwq�Z~��WXQSr7rsV,_aQSqaj�doV9mnVF^�^�QS_aju��_�P VXj�Y�]cbSj�e�kFY�VXWFYlb R�doV,]cb ^�dgb7j�kXvwqaVF_aWXV �����NM �aQS_.bsb doQS^�j�d~P V��U]�^�VXj�j�ZoQS_
eUq!Ylb qU�{e�V#^�VFdgb2�ab Y�ZoQS_ \W � Q W �>= 5 4 ` W �>= ·O; W �>= 5 bQP · `(a*a*a

� © b
QKJ P ·9VXj�Y#dgbs[�^lbSWFY�ZoQS_�eMP Vub q�eab _aj#dgb(]�hcbSj�VsbSe�j�QS^�RpkXV:VF_�j�q�^�[~bSWXV�^lb ]�]pQS^�Y�kXVs�3dgb3vwqcb _wY�Z`Y�k7eMP Vub q�Y�QSYlb doV7VF_
V���WFd`qcb _wY�dgb�WXQSqaW�haV,e�V9W��#q�^u�c�
_{V��U]�^�Z`rsV,b doQS^�j P ·�VF_3[yQS_aWFY�ZoQS_|eUqx^lbX�nQS_|e�V#dgb�]cb ^�Y�ZoWFq�doV9VFY�e�V#d~P kF]cb Zoj�j�VFq�^
e�V#dgb7WXQSqaW�haV�bSe�j�QS^�RpkXV

W � Q W �>= 5 4 ` W �>= ·O; W �>= 5 b °w­ E ,°w±³²l´�µF­SRT 9VU�J 4 ¶ ·RXW�Y ; J ? ¹
`(a*a*a
� h b

£9b _aj�dgb#d`Z`r7Z`Y�V
e�V�d~P hw�&]pQSY�haiXj�V
QKJ(¶ ·[Z R VFY�VF_7[~b Zojlb _wY�b ]�]cb ^lb2�oY�^�V
doV�^lb ]�]pQS^�Y�r(bSj�j�ZovwqaV�QX�U�Ue�V2¼2R�q�d`¥3¹7�
dgb,j�q�^�[~bSWXV
V��MVXWFY�Z`mnV#¬®­y¯ Q T O R °w±³²l´�µF­9�N]pQSq�^�e�VXj�]cb ^�Y�ZoWFq�doVXj[\�]_^1`7a$bBced1f7\ �1b Z`_aj�Z®vwqaV�d~P kF]cb Zoj�j�VFq�^�e�V�dgb,WXQSqaW�haV
]pkF^�Z`]�hakF^�ZovwqaV,¶ ·u��d~P V��U]�^�VXj�j�ZoQS_

a*a*a
� h j�V9j�Z`r7]�d`Z\�cVtb doQS^�jhgW � Q W �>= 5 4 ` W �>= ·O; W �>= 5 b °�¬®­y¯w¶ ·�¹ `(a*a*a

� ¡-bM ^�iSWXV(�xWXV7^�kXj�q�d`Ylb Yu�M_aQSqaj9]pQSq�mnQS_ajtkFY�qaeUZoVF^tWXVsj��Uj�Y�iFrsV7VF_�[~b Zojlb _wY9m�b ^�ZoVF^teUZ\�MkF^�VF_wY�j,]cb ^lb rsiFY�^�VXju��_aQ Þ
Ylb r7rsVF_wY9¹7� � VXWFZ�]pVF^�rsVFY�Y�^lb7eMP bSWXWXkXe�VF^�kFmnVF_wY�qaVFd`doVFrsVF_wY,b qU�{b q�Y�^�VXj�]cb ^lb rsiFY�^�VXj
VFY
eMP VF_x[~b Z`^�V9d~P kFY�qae�V��

±A%�& %�/ D
'�& -�. � -�.>3$&;( #|'
( )!*j 3�)!*$34-$*|'�& %|'
( )!*�/9%�. .
( @A5$-�-$* #$%�& '
( 3$5�2 -lk1mon )='<p keq bsr+ q t .�5�& :;%$34-?-"uk-43
'
( H$-�-$*vk /<w xzy
{| /9%�. .>- H�)!2 5�/?( @A5$-9+A5 . )!2 H$%�*|'�} ( 3�(�2 7 -4%�5>~� & %�³4)!*�+�- 2 %=#$%�& '
( 3$5�2 -
f�g "$#$%B( . .>-$5�&¬+�-�2 %$3�)!5$3$²$-�+�7 -4%�5=( *|'>-$& .Z'
( '
( -$2 2 -� / % ����� p�� / % � '>-$/ #�.0+�-�& -$2 %4¶�%|'
( )!*�+A5 . )!2 H$%�*|'<)!5 ��5�2 �� / % g ��� p�� / % g '>-$/ #�.0+�-�& -$2 %4¶�%|'
( )!*�+�-�2 %�3�)!5$3$²$- #B"$&;( #�²$"$&;( @A5$-l}L����� � �
~� / % � ��� p�� / % � '>-$/ #�.0+�-�& -$2 %4¶�%|'
( )!*�+�-�2 %�3�)!5$3$²$-?8�3���5�&� � :Z& %$3
'
( )!*=/1)!2 %B( & -�+�-9. )!2 H$%�*|'0)!5 ��5�2 �� g���� g :Z& %$3
'
( )!*=/1)!2 %B( & -�+�-�2 %�3�)!5$3$²$- #B"$&;( #�²$"$&;( @A5$-���+�-�.�5�& :;%$34-� � :Z& %$3
'
( )!*=/1)!2 %B( & -�+�-�2 %�3�)!5$3$²$-?8�3���5�&

¯jF�°�8 60F�! ����� � m��7�I)$'>%|'
( )!*�.0FB"$*$"$& %�2 -�.
�"�������<� ����� �>�¡      � � ����Ø¢�BÔo��Ôo£V�_�Fÿ ä�¤0Ø¢���
ä.?�Ôo�'c0e_¥§¦�¨
©���Ú<�Q�,ÿ ��Ô/�*Ø$� Ô1���>£�ª/�>£V�
Ô�«��"����¬v��� ­8Ø¢�>£V�_­o� ¬&Øz� � ®$����� �<­�¯�Ú���� ��£V���<­_�z�>£z­

ê����"°V�����>�z­�Ú<���o���J�Qï0ØV���<­o­o� �>�7¨Q�7����­
û�£z�J� �����<� ����� �>�±�,ÿ �<­/��Øz� £z­O«��"��� �BÙ��>�¼Ø¢�<£V�l���<¬J�>������� 
�� �²«>��� �<£V�[°V�Pc e % ³µ´ �
äz¯<����� û�£z� !µ­����z­� Ø5ØV���UïV� ¬v����� �>� # Ø$���e� �[���<� ����� �>�
c e % ³µ´l¶ ¦·�¸-¹>º�» c�¼o½<½¦¿¾7À�Á º�Â Ã       � Ä�Å�7�<­e«>��� �<£V��­e­o�����>���H���>£�ª/�>£V��­1Æ<���o��� ê>¯<�<­1­o�7Æ<�<� ��­�ÿ �-«$?����l�z¯<Æ<�<­o­���� ���O­����z­8û�£z��Æ<�<� ��­o�>� ��éÇ����Æ<¯<¬J�<���1¬J�<����� �>�z�z¯>¨



©S¡ � � ��	���	������ � �������
	 
���� ��
���	�������� � ��� ������
�������� 
�
������ ����� �������� ���²� �>�����>��� 	�

O�P q�Y�Z`d`Zojlb Y�ZoQS_6e�V�dgb3^�VFdgb2��QSrskFY�^�ZoVseab _aj#d~P kFY�qae�V7e�VXj#]�hcbSj�VXj9eUZoj�]pVF^�j�kXVXj#Y�VFd`doVXj,vwqaV�doVXj9WXQSd`doQS}~e�VXj,eMP QX�U�Ue�V

^�VF]pQ�j�V�j�q�^�d~P kXW�hcb _��nV,e�V�e�VFqU�3Y³�&]pVXj�eMP Vub q���b qxj�VF_aj�e�V�dgb,^�VFdgb2�ab Y�ZoQS_!_wqaWFdokub Z`^�V��a�,dgb�j�q�^�[~bSWXV�e�VXj�]cb ^�Y�ZoWFq�doVXj
kFY�qaeUZokXVXju� � Z`_aj�Z�doVXj!j��Uj�Y�iFrsVXj3Y�^�iXj!eUZ`m&Zoj�kXju��VFY!WXQS_aWXVF_wY�^�kXj{j�VF^�QS_wY!]�d`qaj3[~bSWFZ`doVFrsVF_wY|j�QS_aeab R�doVXj{bXmnVXW�WXVFY�Y�V
Y�VXW�h�_�ZovwqaV��pO�V,Ylb qU�|e�Vt^�VFdgb2�ab Y�ZoQS_._wqaWFdokub Z`^�V:e�V,d~P Vub q�bSe�j�QS^�RpkXV��7dgbsj�q�^�[~bSWXV:bsj�QS_|Z`r7]pQS^�Ylb _aWXV�Wub ^
]�d`qaj
Z`d
j�VF^lb
��^lb _aeM�S]�d`qajKZ`d�j�VF^lb
]pQ�j�j�Z`R�doV�e�V�j�QS_ae�VF^�e�VXj1j��Uj�Y�iFrsVXjKeUZ`d`qakXj1VFY�bXmnVXW�]pVFq7e�V�j�q�^�[~bSWXV�� � d�VXj�YKZ`r7]pQS^�Ylb _wY�e�V
_aQSY�VF^�vwqaV�doV
Wub ^lbSWFY�iF^�V�^lb ]�Zoe�V�e�V�d~P kXW�hcb _��nV�VF_wY�^�V
doVXj�e�VFqU�(j�QSqaj�Þ³j��Uj�Y�iFrsVXj�WXQS_aj�Zoe�kF^�kXj�VXj�Y�VXj�j�VF_wY�ZoVFdc]�q�Zoj�vwqaV��
rsíFrsV#bXmnVXW
]pVFqxe�V
WXQS_wY�^�Z`R�q�Y�ZoQS_��UZ`dMb2�MVXWFY�V�doV
Y�VFr7]aj�e�V�^�VFdgb2�ab Y�ZoQS_xeMP q�_xj�Z`��_cb dpvwq�Zpb,]pQSq�^�b r7]�d`Z`Y�qae�V#WXVFd`doV
WXQS^�^�VXj�]pQS_aeab _wY���d~P VF_aj�VFrtR�doV�e�VXjK]�^�QSY�QS_aj�eUqsj��Uj�Y�iFrsV��S�K�U]pkF^�Z`rsVF_wYlb doVFrsVF_wYu�&QS_7^�VFr(b ^�vwqaV�vwqaV W �>= ·�� W �>= 5 �WXV9vwq�Z�Z`r7]�d`ZovwqaV9q�_aV9��^lb _ae�V9Z`_UßaqaVF_aWXVtj�q�^�doV#Ylb qU�{e�V#^�VFdgb2�ab Y�ZoQS_��

O�b#]pQ�j�j�Z`R�Z`d`Z`Y�k�e�V�j�QS_ae�VF^�e�VXj�j��Uj�Y�iFrsVXj1Y�^�iXj�WXQS_aWXVF_wY�^�kXj�VXj�Y1q�_3bXm�b _wYlb �nV
WXVF^�Ylb Z`_(eab _aj�_aQSY�^�V
b ]�]�d`ZoWub Y�ZoQS_
Z`_aeUqaj�Y�^�ZoVFd`doV
[�q�Y�q�^�V��&Wub ^�RpVub qaWXQSq�]xe�V
Y�VXW�h�_�ZovwqaVXj�eMP Z`_wmnVXj�Y�Z`�wb Y�ZoQS_{Y�^�QSq�mnVF_wY�doVFq�^�j�d`Z`r7Z`Y�VXj�eab _aj�doVXj�j��Uj�Y�iFrsVXj
WXQS_aWXVF_wY�^�kXju�

N�Ì��(ÐpÒfÓ ëaÖ çaÖTSMÑ�ÏMÓoÔZU�ÔNÐpÒ�ÔNÑ�çaÖ
� QSqaj�]�^�kFmnQu�nQS_aj�e�V�[~b Z`^�V�m�b ^�ZoVF^�q�_3WXVF^�Ylb Z`_aj�_aQSrtR�^�VXj�e�V�]cb ^lb rsiFY�^�VXj�]�hw�Uj�ZoWXQ Þ³W�h�Z`r7ZovwqaVXj�eUq(j��Uj�Y�iFrsV���Z`d

VXj�YKe�QS_aW�_akXWXVXj�jlb Z`^�V�e�V�WXQS_�_cb2�oY�^�V�doV�WXQSr7]pQS^�Y�VFrsVF_wY�e�VXjKj�QSd`m�b _wY�jK]�q�^�j���VF_:d~P b Raj�VF_aWXV�e�V�]cb ^�Y�ZoWFq�doVXj���m&Zoj�Þ	�2Þ~m&Zoj
e�V9WXVXj�m�b ^�Zgb Y�ZoQS_aju��]cb ^�Y�ZoWFq�d`ZoiF^�VFrsVF_wY#VF_|WXV9vwq�Z�WXQS_aWXVF^�_aV,dgb�^�VFdgb2��QSrskFY�^�ZoV��

�����s
��1����
�� � ���N��� ����#  � �>	� 	���
��
� QSr7rsV�_aQSqajf[yVF^�QS_ajKm�b ^�ZoVF^1doV��c��b2�a_7e�V�W�hcb _��nVF^�dgb�W�hcb ^��nV�e�V�j�q�^�[~bSWXV�e�VXjK]cb ^�Y�ZoWFq�doVXj�VFY1eMP VF_sWXQS_�_cb2�oY�^�V

d~P V��MVFY3j�q�^(doVXjsZ`_wY�VF^lbSWFY�ZoQS_ajx]cb ^ 

�.� �1Z`d
VXj�Y(RpQS_�e�V|juP bSj�j�q�^�VF^3vwqaV|WXVXj(W�hcb _��nVFrsVF_wY�j!e�V{�c� _�P Z`_UßaqaVF_wY
]cbSj,VF_/rsíFrsV7Y�VFr7]aj,j�q�^9doV�Y�VFr7]ajte�V�^�VFdgb2�ab Y�ZoQS_6e�VXj,WXQS_aj�Y�Z`Y�qcb _wY�ju��£#V:r(b _�ZoiF^�V7Z`_wY�q�Z`Y�Z`mnV���WXQSr7rsV7d~P V��MVFY
e�V{j�QSd`m�b Ylb Y�ZoQS_�e�Vxdgb�j�Z`d`ZoWXV!^�VF]pQ�j�V!j�q�^se�VXjskXvwqcb Y�ZoQS_aj3bSWFZoe�Q Þ~RcbSj�ZovwqaVXj/��eMP QKJ�doV!W�hcb _��nVFrsVF_wYxe�V!�c�9���1QS_
juP b Y�Y�VF_ae��3bXmnQSZ`^#q�_aVtm�b ^�Zgb Y�ZoQS_�eUq.Y�VFr7]aj9e�Vt^�VFdgb2�ab Y�ZoQS_�eUqaV7b q/W�hcb _��nVFrsVF_wYte�VXj#WXQS_aj�Ylb _wY�VXj9eMP kXvwq�Z`d`Z`R�^�VXj
WXQS^�^�VXj�]pQS_aeab _wY#b qU�!kXW�hcb _��nVXj   
 b _|e�VF^
ï�VXVF¥!¦Uî�ª �

� QSq�Y�VXj�WXVXj�WXQS_aj�Zoe�kF^lb Y�ZoQS_aj�[~b Z`Y�VXju�&QS_xjuP b Y�Þ

0 2 4 6 8 10 12 14

2200

2400

2600

2800

3000

�
�
� �
��

���

�"& Y !���6P����� � ���z� / +�-�2 7 -4%�5�8���� j -$*?: )!*$3
'
( )!* +A5����

Y�VF_ae�e�QS_aW!�.WXVxvwqaV3doV3�c�»_�P b ��Zoj�j�VxvwqaVxj�q�^
doVXj�kXW�hcb _��nVXj�VF_wY�^�V
doVXj�eUZ\�MkF^�VF_wY�VXj�]�hcbSj�VXj�]�^�k�Þ
j�VF_wY�kXVXj�eab _aj�doVXj�j�VXWFY�ZoQS_aj�]�^�kXWXkXe�VF_wY�VXju� � dc[~b qUÞ
eU^lb�b qaj�j�Z#juP bSj�j�q�^�VF^!vwq�P Z`d#_�P b ��Z`Y!]cbSj!j�q�^xdoVXj
j�QSqaj�Þ³j��Uj�Y�iFrsVXj�VFqU�&Þ~rsíFrsVXju� � QSqaj�b RpQS^�e�VF^�QS_aj
WXV7]pQSZ`_wY,e�kFd`ZoWub Yteab _aj,dgbxj�q�Z`Y�V��pr(b Zoj9]pQSq�^9doV
rsQSrsVF_wY�dgb7vwqaVXj�Y�ZoQS_!dgb:]�d`qaj
j�Z`r7]�doV,vwq�ZM_aQSqaj
m&ZoVF_wY:�xd~P VXj�]�^�Z`Y�VXj�Yte�VsjlbXmnQSZ`^�j�Z�doV7Y�VFr7]ajte�V
^�VFdgb2�ab Y�ZoQS_3eUq(j�QSd`m�b _wY�e�kF]pVF_ae(QSqs_aQS_(eUqs�c���
� WFZ�doV9j�QSd`m�b _wY
VXj�Y�d~P Vub q��

� QSqaj�bXmnQS_aj�e�QS_aWf[~b Z`Y�doVXjMrsVXj�q�^�VXj�e�V1Y�VFr7]aj
e�V(^�VFdgb2�ab Y�ZoQS_6ºM�s]pQSq�^�d~P Vub q�� Y���� �{eUZ\�Mk�Þ
^�VF_wY�VXj�m�b doVFq�^�j�e�V��c���N]cb ^�b2T�QSq�Y�e�V � bn� � VFY
�9� d���� � QSqaj�bXmnQS_aj�QSR�Y�VF_wqaj�doVXj1^�kXj�q�d`Ylb Y�j�e�V�dgb
�a��q�^�V ����� � ¢svwq�Zfj�QS_wY#VF_/bSWXWXQS^�e/bXmnVXW�WXVFqU�|e�V
� VFZ`RpQ&QSr   � VFZ`RpQ&QSr ¨n©uª � � QSqaj7_�P bXmnQS_aj(]cbSj

]pQSq�^�j�q�Z`m&Z�doVXj7kFY�qae�VXjse�VXj7kXW�hcb _��nVXjsW�h�Z`r7ZovwqaVXj|�Nd~P b q�Y�QS]�^�QSY�QSd`�Uj�V{eab _aj7WXV!WubSj���� � VFY�Y�V!V��U]pkF^�ZoVF_aWXVx]pVF^�rsVFY
eMP bXmnQSZ`^9q�_aV�^�k�[ykF^�VF_aWXV�]pQSq�^#doV:j�QSd`m�b _wY9VF_/Y�VF^�rsV:e�V��c���cR�ZoVF_�vwqaV�d~P V��MVFY9j�QSZ`Y�Y�^�iXj�[~b Z`R�doV�WXQSr7]cb ^�ks�3WXVFd`q�Z
e�V#dgb7j�q�^�[~bSWXV9e�VXj
QX�U�Ue�VXj�WXQSr7rsV9_aQSqaj�b d`doQS_aj�doV9rsQS_wY�^�VF^u�
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� QSq�^,doVXj9rsíFrsVXj9^lb Zoj�QS_aj,vwqaV:WXVFd`doVXj�bXm�b _aWXkXVXj9]pQSq�^9doV7WXQS_wY�^��SdoVseUq��c���p_aQSqajtbXmnQS_aj,kFY�qaeUZok7d~P Z`_UßaqaVF_aWXV

e�V7dgb3[yQS^�WXV:ZoQS_�ZovwqaV���]cb ^�b2T�QSq�Yte�V � b � d��!e�V7d~P Vub q��f�wq�^,dgb3�a��q�^�V ����� � ¨3j�QS_wY,^�VF]�^�kXj�VF_wY�kXVXjtdoVXj,m�b doVFq�^�j,e�V
ºM�trsVXj�q�^�kXVXj9VF_.[yQS_aWFY�ZoQS_�e�V�dgb3WXQS_aWXVF_wY�^lb Y�ZoQS_�VF_�j�VFd~� � QSqaj#_�P bXmnQS_aj9]cbSj#]pQSq�^�j�q�Z`m&ZfdoV�Y�^lbSWXk7e�V�dgb3WXQSq�^�RpV
]pQSq�^
e�VXj�WXQS_aWXVF_wY�^lb Y�ZoQS_aj#VF_|j�VFd�V���WXkXeab _wY
dgb7jlb Y�q�^lb Y�ZoQS_.e�V9d~P Vub q��®�
_{]pVFq�Y�b doQS^�j�^�VFr(b ^�vwqaVF^
vwqaV9]pQSq�^
e�VXj
WXQS_aWXVF_wY�^lb Y�ZoQS_aj7Z`_U[ykF^�ZoVFq�^�VXj:�|VF_wm&Z`^�QS_ J�� ' ��� � �0� ��doVsY�VFr7]aj:e�Vs^�VFdgb2�ab Y�ZoQS_¸rsVXj�q�^�k(_aVsm�b ^�ZoV(]cbSju� � qUÞ³e�VFdg�
q�_aV9dokF�niF^�Vtb q���rsVF_wYlb Y�ZoQS_/vwqcbSj�Z\Þ~d`Z`_akub Z`^�VtbXmnVXW,dgb:WXQS_aWXVF_wY�^lb Y�ZoQS_/VXj�Y
�:_aQSY�VF^u�

� QSqaj#_�P bXmnQS_aj,Y�^�QSq�mnk(b qaWFq�_aV7Z`_wY�VF^�]�^�kFYlb2Þ
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Y�ZoQS_7�
WXVXj�m�b ^�Zgb Y�ZoQS_aj1eab _ajfdgb�d`Z`Y�Y�kF^lb Y�q�^�V��Sr(b Zoj
WXVXj�QSRaj�VF^�m�b Y�ZoQS_aj�]pVFq�mnVF_wY�íFY�^�V
^�VFd`ZokXVXj��,WXVFd`doVXj
e�V�dgb
m&Zoj�WXQ�j�Z`Y�k�j�q�^fdoV�WubSj1eMP q�_aV�b q�Y�^�V�j�QSd`q�Y�ZoQS_
j�Z`r7Z`dgb Z`^�V   4 ZoVFdoe�VF_ ��� ª �

5 qcb d`Z`Ylb Y�Z`mnVFrsVF_wYu�KQS_�]pVFq�Y9]pVF_aj�VF^,vwqaV7dgb
]�^�kXj�VF_aWXV!eMP ZoQS_aj7618�9¸VFY �;: y VF_¸Y�^�iXj:��^lb _ae�V
vwqcb _wY�Z`Y�ktb�Y�VF_aeab _aWXV��:eUZ`r7Z`_wqaVF^
doV#Y�VFr7]aj
e�V
WXQS^�^�kFdgb Y�ZoQS_�e�VXj9]�^�QSY�QS_aju�K�
_�^lb ]�]pVFd`doV(vwqaV:doV
_aQSrtR�^�V�r(b2�UZ`rtq�r e�V1j�]�haiF^�VXj�VF_tWXQS_wYlbSWFYKbXmnVXW
q�_aV7j�]�haiF^�VsWXVF_wY�^lb doV���Y�QSq�Y�VXj,e�V:rsíFrsV7Ylb Z`d`doV��
VXj�Y1e�V�J Y ��O�VXj1rsQSdokXWFq�doVXj�eMP Vub qskFYlb _wY�e�V�Ylb Z`d`doV
WXQSr7]cb ^lb R�doVsb qU�{ZoQS_aj#vwq�P Z`doj#j�QSd`m�b Y�VF_wY#ZoWFZ~�®QS_
]pVFq�Y�b doQS^�j�]pVF_aj�VF^�vwq�P VFd`doVXj�j�QS_wY�VF_tj�QSqaj�Þ~_aQSrtR�^�V
]pQSq�^s[yQS^�rsVF^(q�_�WXQS^�Y�iF�nV|e�V|j�QSd`m�b Ylb Y�ZoQS_���O�b
]�^�QSRcb R�Z`d`Z`Y�k:vwq�P q�_aVtrsQSdokXWFq�doV:eMP Vub q�vwq�Z`Y�Y�V�WXV
WXQS^�Y�iF�nV!VXj�Y:Y�^�iXj:[~b Z`R�doVT\fZ`d�_�P �¸b|]�d`qaj7eMP Vub q
d`Z`R�^�V��wO�VXj1[yQS^�WXVXj�kFdoVXWFY�^�Q�j�Ylb Y�ZovwqaVXj�r7Zoj�VXj�VF_ST�VFq
QS_wY,b doQS^�j#Y�VF_aeab _aWXV7�xb Rcb Zoj�j�VF^�doV�Y�VFr7]aj#e�V:WXQS^�^�kFdgb Y�ZoQS_�e�VXj�]�^�QSY�QS_aj9e�VXj�rsQSdokXWFq�doVXj,eMP Vub q�VFY#e�V:WXV,[~b Z`Y�doV
Y�VFr7]aj
e�V,^�VFdgb2�ab Y�ZoQS_{ºM�S� � QSq�^#WXQS_aWFd`q�^�V��cQS_|VXj�Y�bSj�j�q�^�k,vwqaV,eab _aj�doVXj
e�QSr(b Z`_aVXj�e�V,jlb d`Z`_�Z`Y�ktQKJ{_aQSqaj�b d`doQS_aj
Y�^lbXm�b Z`d`doVF^u��dgb7WXQS_aWXVF_wY�^lb Y�ZoQS_.VF_|WXQS_wY�^�V�Þ~ZoQS_aj�_�P Z`_UßaqaV9]cbSj�j�q�^�doV#Y�VFr7]aj
e�V#^�VFdgb2�ab Y�ZoQS_|e�V#d~P Vub q�� � VXWFZUT�qaj�Y�Z\�cV
b qaj�j�Z=<?>"@BA+C�D�E�FG@HE�F,vwqaV(d~P Z`_UßaqaVF_aWXVxeUq��c�Ãj�q�^tºM�s_�P VXj�Y�]cbSj:eUqaVx�!dgb{]�^�kXj�VF_aWXVxe�VXjtZoQS_ajI618J96VFY �;: y ��WXV
vwq�P bXm�b Z`Y
e�k	T���^�VFr(b ^�vwqak � VFZ`RpQ&QSr   � VFZ`RpQ&QSr ¨n©uª �
DGKÄE K �9Å³L�I���GMLNH
	ÝÂ�É=L �NMwL	ÁÃÂ 	�G �9ÅNÂ»I7J ÁÃH:I9À
ÅNÂ
Ë�ÌPO�æRXpÒfÐRQ�ç�Ñ�Ò9S�Ô`è�ç

£9b _aj�q�_{]�^�VFr7ZoVF^�Y�VFr7]aju��WXQS_aWXVF_wY�^�QS_aj�_aQSqaj�j�q�^�d~P kXW�hcb _��nV,^lb ]�Zoe�V,VF_wY�^�V9dgb:]�hcbSj�V9j�QSd`m�b _wY
VFY�doV9WXQS^�Y�iF�nV
e�V�j�QSd`m�b Ylb Y�ZoQS_/VF_.]pkF^�Z`]�hakF^�ZoV�e�VXj�]cb ^�Y�ZoWFq�doVXju� � QSqaj#bXmnQS_aj�]�q/kFYlb R�d`Z`^#q�_aVt^�VFdgb Y�ZoQS_.d`Z`_akub Z`^�V!�N^�VFdgb Y�ZoQS_

a*a*a
� ¡ �

VF_wY�^�V�doV�Ylb qU��e�V�^�VFdgb2�ab Y�ZoQS_7rsVXj�q�^�k�VFYKdoV�^lb ]�]pQS^�YKr(bSj�j�ZovwqaV�]cb ^�Y�ZoWFq�doVXj�¼ j�QSd`m�b _wYu�TS
_aV�V��U]pkF^�ZoVF_aWXV�e�V�eUZ`d`q�Y�ZoQS_
e�QSZ`Y
e�QS_aWtb RpQSq�Y�Z`^���q�_aV9m�b ^�Zgb Y�ZoQS_{d`Z`_akub Z`^�V,e�V W �#VF_![yQS_aWFY�ZoQS_|e�V�¹7�

�1_:[~b Z`Yu�S_aQSqaj�bXmnQS_aj�j�q�]�]pQ�j�kfT�qaj�vwq�P �
]�^�kXj�VF_wY1d~P V��UZoj�Y�VF_aWXV�eMP q�_7Y�VFr7]aj�WXQSq�^�Y�WXQS^�^�VXj�]pQS_aeab _wY��
q�_aV�]�hcbSj�V
_aQS_UÞ³kXW�hcb _��nkXV:�Ndgb9WXQSqaW�haV
e�V�W��#q�^����wO�b Zoj�j�QS_aj�WXVFY�bSj�]pVXWFY�e�V�WX�SY�k�]pQSq�^�doV�rsQSrsVF_wY�àw_aQSqaj1�:^�VFm&ZoVF_aeU^�QS_aj�]cb ^
dgb�j�q�Z`Y�V�VFYfrsQS_wY�^�VF^�QS_aj1vwq�P Z`dw_�P VXj�Yf]cbSj�]pQ�j�j�Z`R�doV�e�V�dgb�rsVXj�q�^�VF^f]cb ^�dgb�rskFY�haQ&e�V �����NM � � QSqaj�_aV�WXQS_aj�Zoe�kF^�QS_aj
e�QS_aWsvwqaV7doV7Y�VFr7]ajte�V7^�VFdgb2�ab Y�ZoQS_�WXQS^�^�VXj�]pQS_aeab _wY7�3d~P kXW�hcb _��nV(^lb ]�Zoe�V�� � d�VXj�Y9[~bSWFZ`doVFrsVF_wY�eUZ\�MkF^�VF_wY�Zgb R�doV3e�V
Y�QSq�Y:b q�Y�^�Vs]�q�Zoj�vwqaV(j�QS_�b r7]�d`Z`Y�qae�V3VXj�Y,Y�^�iXjt��^lb _ae�V(VFY�WXVsY�VFr7]ajtVXj�Y�VF_�]�^lb Y�ZovwqaV(��^lb _ae6e�VFm�b _wYtY�QSqajtdoVXj
b q�Y�^�VXj{�N]pQS_ae�kF^�k3]cb ^7WXVFd`q�Z�e�V3d~P Vub q�VF_¸��^lb _ae�Vxvwqcb _wY�Z`Y�k!VFY7e�Vxe�VFqU��QS^�eU^�VXj7e�V3��^lb _ae�VFq�^7]�d`qaj�doQS_���vwqaV
doVXj#b q�Y�^�VXj����p�wq�^�dgb:�a��q�^�V ����� � I:j�QS_wY�^�VF]�^�kXj�VF_wY�kXVXj�doVXj
m�b ^�Zgb Y�ZoQS_aj�eUq|Ylb qU�|e�Vt^�VFdgb2�ab Y�ZoQS_/WXQS^�^�VXj�]pQS_aeab _wY#VF_
[yQS_aWFY�ZoQS_|e�V�¹ ]pQSq�^
eUZ\�MkF^�VF_wY�VXj�]cb ^�Y�ZoWFq�doVXj
e�V,j�Z`d`ZoWXV9VF_|j�QSd`q�Y�ZoQS_��

O�VXj�Rcb ^�^�VXj�eMP VF^�^�VFq�^�j�vwqaV�_aQSqaj�bXmnQS_aj�e�kFY�VF^�r7Z`_akXVXj�doQS^�j�e�V
dgb,r7Zoj�V�b q3]pQSZ`_wY�e�V
dgb9Y�VXW�h�_�ZovwqaV#e�V
rsVXj�q�^�V
�yb _�_aV���V � 
 � ��j�QS_wY�j�qVU(jlb r7rsVF_wY�]pVFY�Z`Y�VXj
]pQSq�^
_aV,]cbSj#�síFY�^�V,Z`_aeUZovwqakXVXj
doQS^�j�vwq�P VFd`doVXj
_aV�j�QS_wY
]cbSj�j�Z`��_�Z\�cWub2Þ
Y�Z`mnVXju�
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_{]pVFq�Y�[~b Z`^�V,vwqaVFdovwqaVXj�^�VFr(b ^�vwqaVXj���dgb:j�q�Z`Y�V,e�V9WXVXj�^�kXj�q�d`Ylb Y�j�\
^ dgbt^�VFdgb Y�ZoQS_

a*a*a
� ¡ kFYlb R�d`ZoV#]�^�kXWXkXe�VFr7rsVF_wY
d`Zgb _wY�doV�Ylb qU�xe�V�^�VFdgb2�ab Y�ZoQS_|bXmnVXW#dgb�WXQS_aWXVF_wY�^lb Y�ZoQS_|j�q�Z`Y�V��MVXW�Þ

Y�Z`mnVFrsVF_wY
q�_aV9doQSZMd`Z`_akub Z`^�VtVFY�WXVXWFZfbXmnVXW9q�_{Y�^�iXj�RpQS_|bSWXWXQS^�eM�
^ WXVFY�Y�Vx^�VFdgb Y�ZoQS_��K[yQS_aWFY�ZoQS_�d`Z`_akub Z`^�V{e�V|¹7�fdoV3^�VXj�Y�V�T�qaj�vwq�P �.e�VXjsWXQS_aWXVF_wY�^lb Y�ZoQS_aj(Y�^�iXj7kFdoVFmnkXVXju� � QSq�^sdoV

WubSj9eUq ��� ¢��U�pq�_aV:j�Z`r7]�doV7VXj�Y�Z`r(b Y�ZoQS_6bXmnVXW:doVXj#m�b doVFq�^�j9j�q�Z`m�b _wY�VXj \cºM�>= · Q J�' �&% �cº �>= 5 Q Y�� ' ' �&% �
¬ Q J�� ' � � � � �0� �M¶ · Q J�� � �®°U· Q J ��� � � � Y ]pVF^�rsVFY,e�V:mnkF^�Z\�cVF^tvwqaV:doV:WXQ&V�U(WFZoVF_wY�e�V7WXQS^�^�kFdgb Y�ZoQS_
QSR�Y�VF_wq VXj�Y{V��MVXWFY�Z`mnVFrsVF_wY.WXVFd`q�Z�b Y�Y�VF_aeUq����
_ QSR�Y�ZoVF_wY.b doQS^�j!]pQSq�^|WXQ&V�U(WFZoVF_wY|eUZ`^�VXWFY�VFq�^|Y�hakXQS^�ZovwqaV
����� ���! � �MeUq.rsíFrsV:QS^�eU^�V�e�V���^lb _ae�VFq�^9vwqaVtdgbsm�b doVFq�^�rsVXj�q�^�kXV" ���T � �g�a��q�^�V ����� � In��� � QSqaj�mnVF^�^�QS_aj
]�d`qaj�]�^�kXWFZoj�kFrsVF_wY
doVXj�Z`_U[yQS^�r(b Y�ZoQS_aj�vwqaV#d~P QS_{]pQSq�^�^lb:Y�Z`^�VF^�e�V,WXVFY�Y�V9rsVXj�q�^�V��

O�VXj#m�b doVFq�^�j9vwqaV�_aQSqajtbXmnQS_aj#]�^�Zoj�VXj#]pQSq�^�ºM�>= ·9VFY9¶ ·#_aV:j�QS_wY9]cbSj9VF_aWXQS^�V�T�qaj�Y�Z\�ckXVXju�p�1_�V��MVFYu�®dgb(m�b doVFq�^
e�V�¶ · Q J#� � _�P VXj�Y#vwq�P q�_/j�Z`r7]�doV�QS^�eU^�V�e�Vt��^lb _ae�VFq�^9VFY�dgbsm�b doVFq�^#e�V,ºM�>= · Q J�' �&% VXj�Y#WXVFd`doVtY�^�QSq�mnkXV�]cb ^
§cZ`r7rsVF^�r(b _�VFY:ï�^�Z`Y�Y�Z`_   §cZ`r7rsVF^�r(b _/¨n©uª ]pQSq�^:e�VXj:WXQSqaW�haVXj7eMP Vub q�bSe�j�QS^�RpkXVXj:j�q�^:e�VXj:j�Z`d`ZoWXVXj%$#j�iXW�haVXj'&®�
e�QS_wY�^�ZoVF_{_aV�T�qaj�Y�Z\�cV9VF_aWXQS^�V9dgb:Y�^lb _aj�]pQ�j�Z`Y�ZoQS_.b qU�x]cb ^�Y�ZoWFq�doVXj
VF_|j�QSd`q�Y�ZoQS_��
á�Ì��(ÐpÒfÓ ëaÖ ç¸è�ç�Ó Ò�ÖwäfÑ	å�ÒMæUç

�����s
���#�	������ ��� 	�

� �a_!e�V
]pQSq�mnQSZ`^�b ]�]�d`ZovwqaVF^�WXQS^�^�VXWFY�VFrsVF_wY
VFY�vwqcb _wY�Z`Ylb Y�Z`m&rsVF_wY�doV
rsQ&e�iFdoV#vwqaV�_aQSqaj�bXmnQS_aj�V��U]pQ�j�k��wZ`dMVXj�Y

_akXWXVXj�jlb Z`^�V,e�Vte�kFY�VF^�r7Z`_aVF^
]�^�kXWFZoj�kFrsVF_wY�doV9Y�VFr7]aj�e�V9^�VFdgb2�ab Y�ZoQS_.e�VXj�rsQSdokXWFq�doVXj�eMP Vub q.bSe�j�QS^�RpkXVXj
VF_|j�q�^�[~bSWXV
e�VXj�]cb ^�Y�ZoWFq�doVXj�VFY�e�V
[~b Z`^�V�q�_aV9b _cb d`�Uj�V�]pQSqaj�j�kXV�e�V#WXVFY�Y�V9e�VF^�_�ZoiF^�V,b2�a_!e�V�doVFmnVF^�WXVF^�Ylb Z`_aj�e�QSq�Y�VXj�vwqcb _wY
�,dgb
WXQS_U�a��q�^lb Y�ZoQS_.eUq|WXQS^�Y�iF�nV,e�V9rsQSdokXWFq�doVXj
eMP Vub q|e�V,j�QSd`m�b Ylb Y�ZoQS_.��dgb7j�q�^�[~bSWXV9e�VXj�]cb ^�Y�ZoWFq�doVXju�

� QSq�^,WXVt[~b Z`^�V�_aQSqaj,bXmnQS_aj9kFY�qaeUZok��pY�QSq�Y9WXQSr7rsV(§cZ`r7rsVF^�r(b _��Md~P hw�UeU^lb Ylb Y�ZoQS_6e�V�]pQSqaeU^�VXj9e�Vt]cb ^�Y�ZoWFq�doVXj
e�V9j�Z`d`ZoWXV9hw�UeU^lb Y�kXV��c£:P q�_!]pQSZ`_wY
e�V9m&qaV9V��U]pkF^�Z`rsVF_wYlb d~�cQS_{]pVFq�Y�]�^�Q&eUq�Z`^�V,WXVXj�]pQSqaeU^�VXj
VF_{j�kXW�hcb _wY#�:d~P kFY�q�mnV
e�VXj,j�qaj�]pVF_aj�ZoQS_aj9WXQSd`doQS}~eab doVXj�e�V7WXVXj9]cb ^�Y�ZoWFq�doVXju��O�b!e�kXj�hw�UeU^lb Ylb Y�ZoQS_¸bxkFY�ksV��MVXWFY�qakXVse�V:r(b _�ZoiF^�Vse�QSqaWXV \��
d~P kFY�q�mnV�vwqaVFdovwqaVXj�T�QSq�^�j��t¡��)( � ]�q�Zoj�b qxe�kXj�j�ZoWub Y�VFq�^�vwqaVFdovwqaVXj�T�QSq�^�j�VF_aWXQS^�V��&eab _aj�doV�R�q�Y�e�V�_aV�]cbSj�^�VF_aeU^�V�dgb
j�q�^�[~bSWXV�hw�UeU^�QS]�haQSRpV�]cb ^1]pQS_wYlb �nV�e�VXjK��^�QSq�]pVFrsVF_wY�j�j�Z`dgb _aQSdoj1VF_sj�q�^�[~bSWXV�VFY1]pVF^�Y�V�e�V���^�QSq�]pVFrsVF_wY�� � � � VFY�Y�V
e�VF^�_�ZoiF^�V�Y�^lb _aj�[yQS^�r(b Y�ZoQS_3kFYlb _wY�Z`^�^�kFmnVF^�j�Z`R�doV��ndoV�j��Uj�Y�iFrsV�e�V�]cb ^�Y�ZoWFq�doVXj�e�VFm&ZoVF_wY�Y�^�QS](kFdoQSZ`��_ak�e�VXj�j�qaj�]pVF_aj�ZoQS_aj
WXQSd`doQS}~eab doVXj
vwqaV9_aQSqaj�e�kXj�Z`^�QS_aj
kFY�qaeUZoVF^u�
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� QSq�Y�V�[yQSZoju�pdgb3e�kXj�hw�UeU^lb Ylb Y�ZoQS_�b q�e�kXj�j�ZoWub Y�VFq�^,bXmnVXW7q�_/�nVFd1e�V7j�Z`d`ZoWXV�_�P bSj�j�q�^�V�]cb ^9q�_/]cb ^�[~b Z`Y9j�kXW�hcb �nV \

d~P b Y�rsQ�j�]�haiF^�V{b{q�_aV3Y�VF_aVFq�^7e�V3¢��ÝVF_¸Vub q¸r(b Zoj7WXVXWFZ�VXj�Y:R�ZoVF_�j�qVU(jlb _wY:]pQSq�^:WXQSr7rsVF_aWXVF^7d~P hw�UeU^lb Ylb Y�ZoQS_
]�^�QS��^�VXj�j�Z`mnV#e�VXj�]cb ^�Y�ZoWFq�doVXju� � QSq�^�dgb�j�q�Z`Y�V��&_aQSqaj�bXmnQS_aj�q�Y�Z`d`Zoj�k#e�VXj�j�QSd`q�Y�ZoQS_aj�jlb Y�q�^�kXVXj�VF_!j�VFdM�tY�VFr7]pkF^lb Y�q�^�V
WXQS_aj�Ylb _wY�V�vwq�ZKbSj�j�q�^�V,q�_aV,hw�&��^�QSrskFY�^�ZoV�R�ZoVF_/WXQS_wY�^��SdokXV�eab _aj
doVte�VXj�j�ZoWub Y�VFq�^�r(b Zoj�vwqaV,d~P QS_|_aVt]pVFq�Y�W�haQSZoj�Z`^
vwqaV#]cb ^�]cb d`ZoVF^u�

� QS_aWXVF^�_cb _wY
dgb:vwqcb _wY�Z`Y�k,eMP Vub q.bSe�j�QS^�RpkXV9VF_{j�q�^�[~bSWXV���VFd`doV#]pVFq�Y�íFY�^�V9e�kFY�VF^�r7Z`_akXV9]cb ^
j�Z`r7]�doV#]pVXj�kXV�r(b Zoj
b qaj�j�Zc]cb ^�rsVXj�q�^�V�e�V�d~P b r7]�d`Z`Y�qae�V#e�V�j�Z`��_cb d 

�.� vwqaV�d~P QS_!b q�^lbtb q3]�^�kub dgb R�doVFrsVF_wY�kFYlb doQS_�_akXV����
_3^lb ]�]pVFd`doV
vwqaV�d~P Z`_wY�VF_aj�Z`Y�k
eUq(j�Z`��_cb dcVXj�Y�eUZ`^�VXWFY�VFrsVF_wY�]�^�QS]pQS^�Y�ZoQS_�_aVFd`doV#b q7_aQSrtR�^�V�e�V�]�^�QSY�QS_aju�n]pQSq�^�m&qsvwqaV�dgb#j�kXvwqaVF_aWXV
q�Y�Z`d`Zoj�kXV9rsVXj�q�^�V,V��MVXWFY�Z`mnVFrsVF_wY
Y�QSq�Y�VXj�doVXj�j�q�Raj�Ylb _aWXVXj�]�^�QSY�QS_akXVXju�� ��� #�	 ��	�
�� � " ��� ��#��	� � ����#�
 ��� �

O�P QSRUT�VXWFY�Z\[�e�VtWXVFY�Y�Vtj�kF^�ZoVteMP V��U]pkF^�ZoVF_aWXVXj#VXj�Y
eMP hw�UeU^lb Y�VF^#]�^�QS��^�VXj�j�Z`mnVFrsVF_wY9e�VXj�]cb ^�Y�ZoWFq�doVXj#vwq�Z�]pQ�j�j�iXe�VF_wY
Z`_wY�^�Z`_aj�iXvwqaVFrsVF_wY(VF_¸j�q�^�[~bSWXV3e�VXj7b Y�QSrsVXj7eMP hw�UeU^�QS�niF_aV!j�q�^�doVXj���^�QSq�]pVFrsVF_wY�j7j�Z`dgb _aQSdoju�1b2�a_¸eMP kFY�qaeUZoVF^7doVFq�^
^�kF]pQS_aj�V/VF_ìj�Z`��_cb d 

�.� � � d#VXj�Yx]pQ�j�j�Z`R�doV.e�V.rsVXj�q�^�VF^!doVFq�^x]�^�kXj�VF_aWXV�VFY!e�V/Wub ^lbSWFY�kF^�Zoj�VF^!doVFq�^xY�VFr7]aj!e�V
^�VFdgb2�ab Y�ZoQS_:_wqaWFdokub Z`^�V�j�q�^Ke�VXjfrsVXj�q�^�VXj1e�V 4K� £:���wq�^fdgb��a��q�^�V ����� � ©�j�QS_wYf^�VF]�^�kXj�VF_wY�kXVXj1dgb 4K� £�VFYfdgb�rsVXj�q�^�V�]cb ^
�����NM vwqaV�d~P QS_xV��MVXWFY�qaV
j�q�^�q�_aV�]pQSqaeU^�V
]�^�kF]cb ^�kXV�WXQSr7rsV�V��U]�d`Zovwqak�]�^�kXWXkXe�VFr7rsVF_wY�j�QSqaj�q�_aV�b Y�rsQ�j�]�haiF^�V
��¢��ÇeMP hwq�r7ZoeUZ`Y�k��
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Fitting with formula: y =  a0+a1*exp(-x/a2)+a3*exp(-x/a4)+a5*exp(-x/a6)
Computed values:
a0 = 0.0841248
a1 = 7.57693
a2 = 0.0459661
a3 = 33.0803
a4 = 0.00954347
a5 = 12.6358
a6 = 0.219321
Chi-square: 68.7241
Correlation coefficient: 0.999360

� 

��� � �
� �
� �
�� �
�

������� 8 6 � 8 A
!s� # B�( F!*$%�2�+�-!   �W#�)!5�&R+�-�.=µ�5$+B)4¶!"	�$#&%g.>"43$²$"4-�. . )!5�.'#)(+�7 ²�5�/?( +!( '>"

0 50 100 150 200
0

2

4

6

8

10

12

Fitting with formula: y = a0+a1*exp(-x/a2)+a3*exp(-x/a4)+a5*exp(-x/a6)+a7*exp(-x/a8)
Computed values:
a0 = 0.065991
a1 = 1.25199
a2 = 45.3415
a3 = 1.97153
a4 = 9.88528
a5 = 4.95572
a6 = 0.27318
a7 = 3.11226
a8 = 1.58872
Chi-square: 69.4167
Correlation coefficient: 0.993616
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�
_3^�VFr(b ^�vwqaV9b doQS^�j�q�_aV
��^lb _ae�V#eUZ\�MkF^�VF_aWXV�eMP Z`_wY�VF_aj�Z`Y�k9e�V�j�Z`��_cb dpVF_wY�^�V 4K� £ VFY �����NM �&WXVFY�Y�V�eUZ\�MkF^�VF_aWXV

WXQS^�^�VXj�]pQS_ae3��q�_aV
VF_wY�Z`Y�k
Wub ^lbSWFY�kF^�Zoj�kXV�]cb ^�q�_sY�VFr7]aj�e�V�^�VFdgb2�ab Y�ZoQS_3eMP VF_wm&Z`^�QS_ ' � '6J �&% ��WXV�Y�VFr7]aj�e�V�^�VFdgb2�ab2Þ
Y�ZoQS_6VXj�Y,j�qVU(jlb r7rsVF_wY,[~b Z`R�doV7]pQSq�^tvwqaV J32uº546 � J32uº 6 ���MO�P b r7]�d`Z`Y�qae�V(^�VFdgb Y�Z`mnV(e�V7WXV7Y�VFr7]ajte�V:^�VFdgb2�ab Y�ZoQS_
_�P b q���rsVF_wY�Vs]cbSj#doQS^�j�vwqaV:doVXj#]cb ^�Y�ZoWFq�doVXjtj�QS_wY,e�V:]�d`qaj9VF_�]�d`qaj9hw�UeU^lb Y�kXVXju� � d1juP b ��Z`Y,e�QS_aW7e�V:rsQSdokXWFq�doVXj(��e�V
]�^�QSY�QS_aj��7vwq�Z�j�QS_wY3e�k	T���]�^�kXj�VF_wY�Vn��j��sj�q�^(doVXjs]cb ^�Y�ZoWFq�doVXjxe�V|j�Z`d`ZoWXV���O�VXj(rsQSdokXWFq�doVXjxeMP Vub q�j�q�]�]�dokFrsVF_wYlb Z`^�VXj
eUqaVXj(�.q�_aV!]�d`qaj:[yQS^�Y�V!hw�UeU^lb Ylb Y�ZoQS_�j�QS_wY(Wub ^lbSWFY�kF^�Zoj�kXVXjs]cb ^se�VXjsY�VFr7]ajse�V!^�VFdgb2�ab Y�ZoQS_�]�d`qajskFdoVFmnkXju� � QSqaj
Z`_wY�VF^�]�^�kFY�VF^�QS_aj�d~P b r7]�d`Z`Y�qae�VtVFY�dgb:m�b doVFq�^�e�V,WXVXj�Y�VFr7]aj
e�V#^�VFdgb2�ab Y�ZoQS_.eab _aj�dgb:j�VXWFY�ZoQS_|j�q�Z`m�b _wY�V��


 VFmnVF_aQS_aj!�6WXVFd`q�Z9e�V!' � '6J �&% \�Z`_wY�q�Z`Y�Z`mnVFrsVF_wYu��QS_zjuP b Y�Y�VF_aez�6WXV.vwqaV|doV|Y�VFr7]ajxe�V.^�VFdgb2�ab Y�ZoQS_���vwq�Z
^lb ]�]pVFdoQS_aj�Þ~doVtVXj�Y
d`Zoktb q|Y�VFr7]aj�e�VtWXQS^�^�kFdgb Y�ZoQS_/e�VXj�rsQSdokXWFq�doVXj�]pQSq�^
q�_|j��Uj�Y�iFrsVtj�Z`r7]�doV2��vwq�Z�Wub ^lbSWFY�kF^�Zoj�VtdoVXj
b Y�QSrsVXj7eMP hw�UeU^�QS�niF_aVXjseMP V��UY�^�íFrsVxj�q�^�[~bSWXV3j�QSZ`Y7WXQSq�^�Yu�K�1_�V��MVFYu��doVXj���^�QSq�]pVFrsVF_wY�j7hw�UeU^�QX�U�&doVXj7VF_�V��UY�^�íFrsV
j�q�^�[~bSWXVxj�QS_wY7Y�^�iXj:d`ZokXjs�/WXVFY�Y�V!e�VF^�_�ZoiF^�V!VFY7QS_wY(e�QS_aW3q�_�Y�VFr7]aj7e�V!WXQS^�^�kFdgb Y�ZoQS_�R�ZoVF_�]�d`qaj:doQS_���vwqaVxWXVFd`q�Z
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e�Vtd~P Vub q/d`Z`R�^�V����
_�vwqcb d`Z\�cV�rsíFrsV�doVXj�]�^�QSY�QS_aj9e�VXj���^�QSq�]pVXj�hw�UeU^�QX�U�&doVXj9e�V:j�q�^�[~bSWXV�e�V $
]�^�QSY�QS_aj9j�QSd`Zoe�VXj &
]cb ^�WXV,vwqaV#doV,j��Uj�Y�iFrsV#VXj�Y�q�_{j�QSd`Zoe�V,VFY�doV#Y�VFr7]aj
e�V9^�VFdgb2�ab Y�ZoQS_|vwqaV#d~P QS_{rsVXj�q�^�V,j�V�^lb ]�]�^�Q&W�haVte�V,WXVFd`q�Z�e�VXj
j�QSd`Zoe�VXju� � VXj#]�^�QSY�QS_ajtj�VF^�QS_wY,e�QS_aW:Z`_wm&Zoj�Z`R�doVXj,]cb ^ �����NM eab _aj#dgbxj�q�Z`Y�V��p]�q�Zoj�vwq�P Z`doj,QS_wY9Y�QSYlb doVFrsVF_wYt^�VFdgb2��k
b q{]�^�VFr7ZoVF^
kXW�haQse�V9dgb:j�kXvwqaVF_aWXV��� ����� � # ��������� 	�
 ���  � ����#�
 ��� �

� Z`_aj�Z�dgb|rsVXj�q�^�V3]cb ^ �����NM eUq¸Y�VFr7]aj
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e�V�^�VFdgb2�ab Y�ZoQS_�º 6 _aV�]pVF^�rsVFYf]cbSjKdgb
e�kFY�VXWFY�ZoQS_
eUqxj�Z`��_cb d®]�^�QumnVF_cb _wY
e�VXj�hw�UeU^�QX�U�&doVXj�e�V�j�q�^�Þ
[~bSWXV
r(b Zoj�VF_xe�VFhaQS^�j�e�V�WXVFdgbU�UVFd`doV�]pVF^�rsVFY�e�V
Wub ^lbSWFY�kF^�Zoj�VF^sd~P hw�UeU^lb Y�ZoQS_�e�Vxdgb.j�q�^�[~bSWXV��1O�VXj
Y�VFr7]aj9e�V�^�VFdgb2�ab Y�ZoQS_�e�kFY�VXWFY�kXj#]pQSq�^#q�_�j��Uj�Þ
Y�iFrsV:e�Vt]pQSqaeU^�VXj9e�V�OMqae�QX��j�QS_wY9e�V�J Y �&% �
J �&% VFY ' � T �&% ]pQSq�^�q�_aV�hw�UeU^lb Ylb Y�ZoQS_([~b Z`R�doV
VFY�e�VKJ Y �&% VFY ' � � �&% ]pQSq�^�e�VXj
Y�VF_aVFq�^�j#VF_
Vub q:]�d`qajKZ`r7]pQS^�Ylb _wY�VXju�a�g�a��q�^�V ����� � ¡n��� � VXjK^�k�Þ
j�q�d`Ylb Y�j,j�QS_wY,VF_6bSWXWXQS^�e�jtbXmnVXWsWXVFqU�/e�V(§cZ`r:Þ
rsVF^�r(b _��

�1_,]�^�VFr7ZoVF^�d`ZoVFq��Xdgb�]�^�kXj�VF_aWXV�e�VK]�d`qaj�ZoVFq�^�j
Y�VFr7]aj�e�V�^�VFdgb2�ab Y�ZoQS_xVXj�Y�dgb#]�^�VFq�mnV�eMP q�_3j��Uj�Þ
Y�iFrsV�hakFY�kF^�QS�niF_aV�� 5 qcb _wYKb qt]cbSj�jlb �nV�e�V�Y�^�QSZoj
�!e�VFqU��Y�VFr7]ajte�V7^�VFdgb2�ab Y�ZoQS_¸b qU�6b doVF_wY�QSq�^�j
e�V��U� �9e�V�^lb ]�]pQS^�Y�r(bSj�j�ZovwqaV�Vub q®¼ j�Z`d`ZoWXV��wZ`dc_aV
]pVFq�Y��!bXmnQSZ`^�vwqaV9e�VFqU�x^lb Zoj�QS_aj�\

^�� D�A A�F�C�D�A���@�� ��D�E!�#"�A%$&��<HE�<�� C'"�E�F A("�AI>"<HE)��D�A)*JD!+
, C�D!-N> A�*JD E�D � <(,�<TC�FG@��.$ A @�� C D!�/"0�!1V<���2JD E�<�> F3*JDc\KZ`d
VXj�Y�]pQ�j�j�Z`R�doV�eMP Z`r(b ��Z`_aVF^tvwqaVtd~P hw�UeU^lb Y�ZoQS_�e�VXj#]pQSqaeU^�VXj#VXj�Y#Z`_�haQSrsQS�niF_aV��pd~P bSe�j�QS^�]�Y�ZoQS_�e�VXj#rsQSdokXWFq�doVXj
eMP Vub q.j�V#[~b Zojlb _wY#�:dgb:[yQSZoj�eab _aj�e�VXj�Z`_wY�VF^�j�Y�ZoWXVXj#eMP b ��^�kF�wb Y�j�VF_wY�^�V�e�VFqU�!]cb ^�Y�ZoWFq�doVXj�WXQSd`dokXVXj�VFY
R�ZoVF_.j04�^
VF_3j�q�^�[~bSWXV�e�VXj�]cb ^�Y�ZoWFq�doVXju��b qUÞ³e�VFdg�teMP q�_aV�hw�UeU^lb Ylb Y�ZoQS_xd`Z`r7Z`Y�V�WXVXj�j�Z`Y�VXj�j�V
WXQS_�_aVXWFY�VF_wY�VFY�juP kXW�hcb _��nVF_wYu�

^�� <=> E5"0�+F A�FG@��6*JD �57 < � 2�@HE�F�C81�- D9* 7 F8�;:HD�E�A�FG@��<*JD � < C�E�<��"A8= @HE!->"�D9*JD�? <�> � <���D@�RD >"<HE!:�F D!� C�> � +JA@A?E5"�A @�+.*HE�D
� D�A&*JD!+
, C�D!-N> AB*JD E�D � <(,�<TC�FG@�� \cdoVFq�^�j9b r7]�d`Z`Y�qae�VXj#^�VFdgb Y�Z`mnVXj�_aV�j�QS_wY#]cbSj�j�qVU(jlb _wY�VXj#]pQSq�^�eUZoj�Y�Z`_���qaVF^
doVXjse�VFqU�¸Y�VFr7]ajse�Vx^�VFdgb2�ab Y�ZoQS_���QS_�_�P VF_�e�VFY�VF^�r7Z`_aV|vwq�P q�_�j�VFq�d�vwq�Z�VXj�Y7j�QSq�mnVF_wY(q�_�Y�VFr7]aj7rsQu�nVF_
]pQS_ae�kF^�k9]cb ^�doVXj�b r7]�d`Z`Y�qae�VXj�^�VFdgb Y�Z`mnVte�V9W�hcbSWFq�_¸�NdoQSZ�VFr7]�Z`^�ZovwqaV2���

� �a_(e�V�r7ZoVFqU�sWXQSr7]�^�VF_aeU^�V�WXVXj�]�hakF_aQSrsiF_aVXj�eMP hw�UeU^lb Ylb Y�ZoQS_3hakFY�kF^�QS�niF_aV�VFY�]pQSq�^�e�kFY�VF^�r7Z`_aVF^�vwqaVFdcVXj�Y�doV
Y�VFr7]aj
e�V9^�VFdgb2�ab Y�ZoQS_.Wub ^lbSWFY�kF^�Zoj�Y�ZovwqaVte�V,dgb7j�q�^�[~bSWXV(��WXV,vwq�ZM_aQSqaj
VXj�Y�Z`_aeUZoj�]pVF_ajlb R�doV,]pQSq�^�dgb7j�q�Z`Y�V,e�V9_aQSY�^�V
kFY�qae�V2���M_aQSqajte�VFmnQS_aj,V��U]�doQSZ`Y�VF^tY�QSqaj9_aQ�j9^�kXj�q�d`Ylb Y�jtVFY,W�P VXj�Y,VF_�b _cb d`�Ujlb _wY,d~P b r7]�d`Z`Y�qae�Vs^�VFdgb Y�Z`mnV(e�V7W�hcbSWFq�_
e�VXj�Y�VFr7]aj
e�V#^�VFdgb2�ab Y�ZoQS_.vwqaV9WXVXWFZ�j�VF^lb�]pQ�j�j�Z`R�doV��

�wq�^fdgb��a��q�^�V ����� � ¦�VXj�Yf^�VF]�^�kXj�VF_wY�kXV�d~P b r7]�d`Z`Y�qae�V�e�VXjfY�VFr7]ajKe�V�^�VFdgb2�ab Y�ZoQS_7e�V�dgb��a��q�^�V ����� � ¡U� �
_�^�VFr(b ^�vwqaV
b doQS^�j�vwqaVt]pQSq�^�e�V9[~b Z`R�doVXj�Y�VF_aVFq�^�j�VF_/Vub q��8C6DFE 'HG
' � J �JI ��d~P bSe�eUZ`Y�ZoQS_�eMP Vub q/j�V9[~b Z`Y
]�^�k�[ykF^�VF_wY�ZoVFd`doVFrsVF_wYtj�q�^
doVXj�j�Z`Y�VXj�Wub ^lbSWFY�kF^�Zoj�kXj�]cb ^�doVXj�Y�VFr7]aj
e�V#^�VFdgb2�ab Y�ZoQS_.e�V ' � J,VFY�J �&% �

£#VFqU�xrsQ&e�iFdoVXj
j�QS_wY�]pQ�j�j�Z`R�doVXj�]pQSq�^�Z`_wY�VF^�]�^�kFY�VF^�WXVXj�^�kXj�q�d`Ylb Y�j�\
^ bSe�j�QS^�]�Y�ZoQS_{j�VFdoQS_3doV�rsQ&e�iFdoV#e�V � b _wqaj�\Uj�q�^�dgb,�a��q�^�V ����� �`î
j�QS_wY�^�VF]�^�kXj�VF_wY�kXj�e�VFqU�xj�Z`Y�VXj�eMP bSe�j�QS^�]�Y�ZoQS_

VF_!j�q�^�[~bSWXV�e�V�dgb�j�Z`d`ZoWXV�� � VXj�e�VFqU�xj�Z`Y�VXj�QS_wY�e�VXj�kF_aVF^���ZoVXj�eMP bSe�j�QS^�]�Y�ZoQS_|eUZ\�MkF^�VF_wY�VXj�VFY�e�QS_aW9e�VXj�Y�VFr7]aj
e�V�^�VFdgb2�ab Y�ZoQS_{eUZ\�MkF^�VF_wY�j���QS_xrsQS_wY�^�V   � b _wqaj�¡ ¢a� � ZoWFq�doVFd`dK¡-I R�ª vwqaV�doV�Y�VFr7]aj�e�V�^�VFdgb2�ab Y�ZoQS_{_wqaWFdokub Z`^�V
VXj�Y�d`Zok9�td~P kF_aVF^���ZoV,eMP bSWFY�Z`m�b Y�ZoQS_{]cb ^�J32uº 6�K \(L;M _0NQ! ���UO�V#]cbSj�jlb �nV#e�V#e�VFqU�{�tq�_xY�VFr7]aj�e�V�^�VFdgb2�ab Y�ZoQS_
]pVFq�Y�juP Z`_wY�VF^�]�^�kFY�VF^�]cb ^�dgb#WXQS_�_aVXWFY�ZoQS_xe�V�WXVXj�j�Z`Y�VXju���1_(V��MVFYu��dgb�m�b doVFq�^1�POQ�U�`îMI9juP bXmniF^�V
íFY�^�V�WXVFd`doV�eMP q�_aV
e�VFr7Z\Þ³WXQSqaW�haV�bSe�j�QS^�RpkXV�� � qUÞ³e�VFdg��doVXj�j�Z`Y�VXj�e�V�dgb:j�q�^�[~bSWXV#e�VXj�]cb ^�Y�ZoWFq�doVXj
QS_wY�Y�QSq�Y�VXj�doVXj�W�hcb _aWXVXj
eMP íFY�^�V
Z`_wY�VF^�WXQS_�_aVXWFY�kXju�

^ doVXj9j�Z`Y�VXj#]pVFq�mnVF_wYtíFY�^�Vsb qaj�j�Z1e�VXj#Z`_wY�VF^�j�Y�ZoWXVXjtVF_wY�^�V7doVXj#]cb ^�Y�ZoWFq�doVXj]\Mj�QSZ`Y9VF_wY�^�Vse�VFqU��j�q�^�[~bSWXVXj9WXQSd`dokXVXju�
j�QSZ`Y1VF_wY�^�V�]�d`qaj�ZoVFq�^�jK]cb ^�Y�ZoWFq�doVXju� � VXj1e�VFqU�7j�Z`Y�VXjK]pQSq�m�b _wY�bXmnQSZ`^�e�VXj1dgbSWFq�_aVXj�WXQSrtR�dokXVXj1]cb ^�b2T�QSq�Y�eMP Vub q��
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� VXjte�VFqU��rsQ&e�iFdoVXj,]�^�kXj�VF_wY�kXjtj�VFrtR�doVF_wY:íFY�^�V7Y�QSqajte�VFqU��m�b dgb R�doVXj,r(b Zoj,Z`d�VXj�Y,Z`_wq�Y�Z`doV(eab _aj,doVsWubSeU^�Vse�V

_aQSY�^�V#kFY�qae�V�e�V#e�kXWF^�Z`^�V#V��abSWFY�VFrsVF_wY�dgb�j�Z`Y�qcb Y�ZoQS_3]pQSq�^�WXVFY�Z`_wY�VF^�m�b d`doV#e�V�m�b doVFq�^�e�V Cf� � QSq�^�e�V
]�d`qaj���^lb _ae�VXj
Y�VF_aVFq�^�j,VF_�Vub q��pQS_/]pVFq�Y,juP b ]pVF^�WXVFmnQSZ`^9vwqaV�d~P b r7]�d`Z`Y�qae�V7^�VFdgb Y�Z`mnV7eUq�Y�VFr7]aj#doV�]�d`qaj9WXQSq�^�Y9^�VXj�Y�V:WXQS_aj�Ylb _wY�V��
vwq�P Z`d1j�QSZ`Y#doV�^�kXj�q�d`Ylb Y,eMP q�_�e�k�[~b q�Y,e�V�^�kXj�QSd`q�Y�ZoQS_�QSq�eMP q�_aV:Z`_wY�VF^�WXQS_�_aVXWFY�ZoQS_�VF_wY�^�V7j�Z`Y�VXj�à®j�Z`��_�Z\�®b _wYtvwqaV�doVXj
j�Z`Y�VXj
WXQS^�^�VXj�]pQS_aeab _wY#j�QS_wY
jlb Y�q�^�kXju�c�1_|^�VFm�b _aW�haV��aZ`d��{b:q�_aV,RpQS_�_aVtWXQS^�^�VXj�]pQS_aeab _aWXVtVF_wY�^�Vtd~P Vub q/b2T�QSq�Y�kXV,VFY
d~P b r7]�d`Z`Y�qae�VteUq{Y�VFr7]aj�e�V9^�VFdgb2�ab Y�ZoQS_|e�VsîM� �&% �

O�P V��U]pkF^�ZoVF_aWXV�Zoe�kub doV�WXQS_aj�Zoj�Y�VF^lb Z`Y��
hw�UeU^lb Y�VF^�j�qVU(jlb r7rsVF_wY�doVXjf]pQSqaeU^�VXj�b2�a_7e�V�[~b Z`^�V�b ]�]cb ^lb2�oY�^�V�e�V�d~P Vub q
d`Z`R�^�V,�td~P V��UY�kF^�ZoVFq�^
e�V#dgb�WXQSqaW�haV,eMP Vub q|bSe�j�QS^�RpkXV9VF_{j�q�^�[~bSWXV�� � VXWFZ�b q�^lb Z`Y�]pQSq�^�WXQS_aj�kXvwqaVF_aWXV9e�V�[~b Z`^�V�m�b ^�ZoVF^
doV9Y�VFr7]aj
e�V9^�VFdgb2�ab Y�ZoQS_.VF_![yQS_aWFY�ZoQS_.e�V9d~P hw�UeU^lb Ylb Y�ZoQS_.VFY
WXV,j�VF^lb Z`Y#b doQS^�j�doV9^�VFY�QSq�^#�:d~P kXW�hcb _��nVt^lb ]�Zoe�V,eab _aj
doVXjtj�QSdojte�Vsdgb{j�VXWFY�ZoQS_6]�^�kXWXkXe�VF_wY�V��fr(b ZojtZ`d�VXj�YtZ`r7]pQ�j�j�Z`R�doV(e�V7^�VXeUZoj�]pVF^�j�VF^tdoVXjt]cb ^�Y�ZoWFq�doVXj�e�V(j�Z`d`ZoWXV(j�kXW�hakXVXj
]cb ^�q�_aV�j�Z`r7]�doV
hw�UeU^lb Ylb Y�ZoQS_!QSq3rsíFrsV
]cb ^�q�_xb2T�QSq�Y�eMP Vub q3d`Zovwq�Zoe�V
Z`r7]pQS^�Ylb _wYu� � VXWFZ®]pQ�j�V�dgbtvwqaVXj�Y�ZoQS_xe�V�dgb
WXQS_aj�VF^�m�b Y�ZoQS_/e�V,d~P kFYlb Y#e�V�j�q�^�[~bSWXVtVF_wY�^�VtdoVXj�j�QSdoj�j�Ylb R�doVXj�VFY
doVXj
]pQSqaeU^�VXj
hw�UeU^lb Y�kXVXju� � QSqaj�b d`doQS_aj�mnQSZ`^�eab _aj
WXV9vwq�Z�m�b:j�q�Z`m&^�V9vwqaV9WXVXWFZ�VXj�Y�doV9WubSj
eUq!]pQSZ`_wY
e�V9m&qaV9e�V9dgb�^�VFdgb2��QSrskFY�^�ZoV 
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� QSqaj1mnVF_aQS_aj�e�V�mnQSZ`^�vwqaV�d~P bSe�j�QS^�]�Y�ZoQS_(]�^�QS��^�VXj�j�Z`mnV�eMP Vub q3j�q�^�e�VXj�]cb ^�Y�ZoWFq�doVXj�e�V�j�Z`d`ZoWXV�j�V�Wub ^lbSWFY�kF^�Zoj�V�]cb ^

q�_/Y�VFr7]aj9e�Vt^�VFdgb2�ab Y�ZoQS_�_wqaWFdokub Z`^�V7eMP VF_wm&Z`^�QS_�îM� �&% e�QS_wY#d~P b r7]�d`Z`Y�qae�VsVXj�Y#eUZ`^�VXWFY�VFrsVF_wY,]�^�QS]pQS^�Y�ZoQS_�_aVFd`doVs�
dgbsvwqcb _wY�Z`Y�k:eMP Vub q�b2T�QSq�Y�kXV�� � �a_.eMP íFY�^�V�j04�^�vwqaV,dgb(WXQSqaW�haV�V��UY�VF^�_aV:bSe�j�QS^�RpkXV�VF_.j�q�^�[~bSWXVtVXj�Y�V��MVXWFY�Z`mnVFrsVF_wY
WXVFd`doVxvwq�Z�juP kXW�hcb _��nV{bXmnVXW3d~P Vub q�d`Z`R�^�VxeUZoj�]pVF^�jlb _wY:doVXj�]cb ^�Y�ZoWFq�doVXju�KZ`d�VXj�Y�_akXWXVXj�jlb Z`^�Vxe�V([~b Z`^�V!b ]�]cb ^lb2�oY�^�V!WXVFY
kXW�hcb _��nV,]pQSq�^�q�_aV9hw�UeU^lb Ylb Y�ZoQS_/j�qVU(jlb _wY�V�� � QSr7rsV,_aQSqaj�d~P bXmnQS_aj
m&q{WXVXWFZ�_�P VXj�Y�]cbSj�]pQ�j�j�Z`R�doV9VF_{hw�UeU^lb Ylb _wY
e�VXj�]pQSqaeU^�VXju�

� QSq�^
j�V
[~b Z`^�V#_aQSqaj
bXmnQS_aj�V��MVXWFY�qak#d~P QS]pkF^lb Y�ZoQS_{Z`_wmnVF^�j�V,vwq�ZMWXQS_aj�Zoj�Y�V,��j�kXW�haVF^
e�VXj�j�QSdoj�]pQSq�^�QSR�Y�VF_�Z`^
e�VXj
]pQSqaeU^�VXju�TS
_aV�e�VXj1]�^�QSR�doiFrsVXj�r(b2T�VFq�^�j�VXj�Y�vwqaV�WXVFY�Y�V�e�kFhw�UeU^lb Ylb Y�ZoQS_��wQSq(WXV�j�kXW�hcb �nV��ne�QSZ`Y�íFY�^�V�j�qVU(jlb r7rsVF_wY
e�QSqU�7]pQSq�^�bSj�j�q�^�VF^�q�_aV�haQSrsQS�nkF_akFZ`Y�k�eab _aj1doV�j��Uj�Y�iFrsV�VFY��wb ^�e�VF^�b Z`_aj�Zad~P kXW�hcb _��nV
^lb ]�Zoe�VKT�qaj�vwq�P �#eUZoj�]cb ^�Z`Y�ZoQS_
e�V#d~P Vub q{d`Z`R�^�V��
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_�QSR�Y�ZoVF_wY1b doQS^�j�q�_�j�QSd`Zoe�V�WubSj�jlb _wYfVFY�Y�^lb _aj�Þ

�"& Y !���6������ � ^�l��&,I-$2|+�-R.
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2 ( 0A34%|'
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d`qaWFZoe�Vx�NmnQSZ`^
]�haQSY�Q ����� �`î(�n���aO�b7]cb ^�Y�ZoWFq�dgb ^�Z`Y�k:e�V
WXV.j��Uj�Y�iFrsV|VXj�YxvwqaV.j�QS_�Y�VFr7]ajxe�V|^�VFdgb2�ab Y�ZoQS_
_wqaWFdokub Z`^�V6_�P VXj�Y�����\��	�/d1f�
 f��	
 ]��Q\6WXVFd`q�Z:b qUÞ
vwqaVFd9QS_z]pVFq�YxjuP b Y�Y�VF_aeU^�V�e�V.dgb6]cb ^�Y!eMP q�_ìj�Q Þ
d`Zoe�V!��VF_wm&Z`^�QS_ �
�
� �&% VFY#QS_/^lb ]�]pVFd`doV:vwqaVtdoVtº 6eUq3��d`�UWXkF^�QSdMVXj�Y�e�V �
� �&% � ��¨)( ��� ���&O�P bXm�b _wYlb �nV
e�V3WXVxj��Uj�Y�iFrsV3VXj�Y:vwq�P Z`d�VXj�Y�]pQ�j�j�Z`R�doV3e�V(doV3^�k�Þ
eUq�Z`^�V/VF_�]pQSqaeU^�V.VFYxj�QS_�hw�UeU^lb Ylb Y�ZoQS_ VXj�Y3Y�^�iXj
��^lb _ae�V��1O�b/e�kXj�hw�UeU^lb Ylb Y�ZoQS_�j�Vs[~b Z`Y7VF_aj�q�Z`Y�V!e�V
r(b _�ZoiF^�V:haQSrsQS�niF_aV��MO�b3vwqaVXj�Y�ZoQS_�VXj�Y#e�V:jlbXmnQSZ`^
j�Zadgb9^�VFdgb Y�ZoQS_3VF_wY�^�V W 6 VFY�^lb ]�]pQS^�Y�r(bSj�j�ZovwqaV�VXj�Y
Y�QSqST�QSq�^�j:mnkF^�Z\�ckXV!VFY
T�qaj�vwq�P �.vwqaVFd�]pQSZ`_wYu� � d�VXj�Y
��_aQSY�VF^!vwqaV|doV/j�QSd`Zoe�V/b Z`_aj�Z�[yQS^�rsk.VXj�Y3q�_z�nVFd
^�kF]�q�doj�Z\[ \KdoVXj:]cb ^�Y�ZoWFq�doVXj(j�QS_wYsY�^�iXjsW�hcb ^��nkXVXj(VFY
_aV
juP b ��^�iF�nVF_wY�]cbSju�wb Z`_aj�Zc_aQSqaj�_�P bXmnQS_aj�]cbSj��9Y�V�Þ
_�Z`^fWXQSr7]�Y�V�eMP q�_:kFmnVF_wY�qaVFdUW�hcb _��nVFrsVF_wY�e�V�d~P kFYlb Y
e�V�j�q�^�[~bSWXV#e�VXj�]cb ^�Y�ZoWFq�doVXj�e�4!�tdoVFq�^�WXQSd`dgb �nV�� � V
]pQSZ`_wY
j�VF^lb7b RpQS^�e�k,eab _aj�dgb:j�q�Z`Y�V��� ���_�
���� �������

O�VXj,^�kXj�q�d`Ylb Y�j�e�V7dgbx�a��q�^�V ����� �`î�î:^�kF]pQS_ae�VF_wY7�!WXVFY�Y�V(vwqaVXj�Y�ZoQS_��f�
_6_aQSY�V ±A%�& '
( 3$5�2 -�. c0e

"	� #&% % � � #�*�/
"	��� % � Äg*�/
µ=B % � 
�
g*�/
� B!#&% 0 � ���g*�/

¯jF�°�8 60F�!P����� � *�����%�2 -$5�& .<+�- f�g ) �|´
'>-$*�5$-�.9#$%�&�2 %=2 )�(!+�-�+!( 2 5|'
( )!*

vwqaVtdgbs^�VFdgb Y�ZoQS_/d`Z`_akub Z`^�V:VF_ � VXj�Y�mnkF^�Z\�ckXV:j�q�^#e�Vt��^lb _ae�VXj�]�dgb �nVXj9e�Vtm�b doVFq�^�j
VFY#rsíFrsV�T�qaj�vwq�P �(WXV:vwq�P Z`dK_�P �/b Z`Y#]�d`qaj9eMP Vub q�d`Z`R�^�V!��Vub q�e�V�R�q�d`¥a��� � qUÞ³e�VFdg�U�
doVtY�VFr7]aj#e�V,^�VFdgb2�ab Y�ZoQS_�VXj�Y�e�V�J Y �&% bXmnVXW �(b q�Y�^�VXj�Y�VFr7]aju�®WXVXWFZ1kFYlb _wY#e�4��
q�_!j�kXW�hcb �nV9Z`_�haQSrsQS�nkF_aV�� � VFY�Y�V#d`Z`r7Z`Y�V9VXj�Y�Wub doWFq�dokXV9]cb ^�doV#^lb ]�]pQS^�Y�r(bSj�j�ZovwqaV
¹»WXQS^�^�VXj�]pQS_aeab _wY7�xq�_aV(QSq6]�d`qaj�ZoVFq�^�jtWXQSqaW�haVXj:eMP Vub q�j�VFq�doVFrsVF_wYu�fO�b!m�b doVFq�^
d`Z`r7Z`Y�V.b Y�Y�VFZ`_wY�V|]cb ^ W 6 VXj�Y(e�QS_aW{R�ZoVF_�WXVFd`doV.b Y�Y�VF_aeUqaV.��jlbXmnQSZ`^3WXVFd`doV|e�V!dgb
WXQSqaW�haV:V��UY�VF^�_aVteMP Vub q�bSe�j�QS^�RpkXVtVF_/j�q�^�[~bSWXVte�VXj
]cb ^�Y�ZoWFq�doVXj#eMP QX�U�Ue�V�e�Vtj�Z`d`ZoWXV
�y� Y�� ¹t�teMP q�_aV!m�b doVFq�^seMP VF_wm&Z`^�QS_ J Y �&% �1O�b.^�VFdgb Y�ZoQS_�d`Z`_akub Z`^�V{e�QSZ`YsíFY�^�VxY�VFd
vwqaV \ W 6 = F A � Q W 6 = ·�j�QSZ`Y�VF_aWXQS^�V9°�¬®­y¯w¶ ·�¹ Q J�� � QS_�_cb Zoj�jlb _wY�°(VFY
¬®­y¯®�UQS_x]pVFq�Y�^�VFrsQS_wY�VF^��tdgbtm�b doVFq�^�e�V9¶ ·u�

O�VXj�Z`_U[yQS^�r(b Y�ZoQS_aj
vwqaV�d~P QS_!Y�Z`^�V9e�V9WXVFY�Y�V9V��U]pkF^�ZoVF_aWXV,j�QS_wY�^�VXe�QS_aeab _wY�VXjn\&d~P kF]cb Zoj�j�VFq�^�eMP q�_|WXQSqaW�haV,eMP Vub q
bSe�j�QS^�RpkXVxj�q�^:e�VXj:QX�U�Ue�VXj7VXj�Y:eMP VF_wm&Z`^�QS_ ' � T"� �   � b ���&r(bSj�j�� I�¦�� � b ^�¥&Z`_aj�¢�¢�ª �1�
_¸]pVFq�Y:VF_�e�kXeUq�Z`^�V!vwqaV
dgb�WXQSqaW�haV�eMP Vub qìVF_zj�q�^�[~bSWXV/e�VXjxOMqae�QX�ìOf��VXj�YxWXQS_aj�Y�Z`Y�qakXV�eMP q�_aV/j�VFq�doV/kF]cb Zoj�j�VFq�^!e�V|rsQSdokXWFq�doVXj{eMP Vub q��
£#V�rsíFrsV:VF_/]�^�VF_cb _wY,q�_aV�m�b doVFq�^9eMP VF_wm&Z`^�QS_ ' � J�J�� � 6 ]pQSq�^#dgb3j�q�^�[~bSWXV:e�V�^�VXWXQSq�m&^�VFrsVF_wYteMP q�_aV�rsQSdokXWFq�doV
eMP Vub q   � b ���&r(bSj�j�� I�¦2ª QS_tVF_�e�kXeUq�Z`YfvwqaV1d~P bSe�j�QS^�R�Y�ZoQS_:eMP q�_aV�j�VFq�doV�kF]cb Zoj�j�VFq�^�e�V�rsQSdokXWFq�doVXjfeMP Vub q�WXQS^�^�VXj�]pQS_ae
�(q�_aV:m�b doVFq�^,e�Vs¹ � J��T\®]pQSZ`_wY,eMP Z`_wY�VF^�j�VXWFY�ZoQS_�VF_wY�^�V:dgb3doQSZ1e�V7eUZ`d`q�Y�ZoQS_�VFY9dgb(m�b doVFq�^#����V:eUq/º 6 ]pQSq�^9doVXj
]pQSqaeU^�VXju�M�
_.m&ZoVF_wY#e�QS_aW�e�V�e�kFY�VF^�r7Z`_aVF^#d~P kF]cb Zoj�j�VFq�^9¶ ·�e�Vtd~P Vub q.d`ZokXV:�sdgb(j�q�^�[~bSWXVte�VXj�]cb ^�Y�ZoWFq�doVXj�]cb ^#e�VFqU�
rskFY�haQ&e�VXj,eUZ\�MkF^�VF_wY�VXj,VF_�juP bSj�j�q�^lb _wY,e�V7j�QS_/Y�VFr7]aj,e�V:^�VFdgb2�ab Y�ZoQS_�Z`_wY�^�Z`_aj�iXvwqaV��f�
_�]pVFq�Y,b doQS^�j,e�kFY�VF^�r7Z`_aVF^
¶ ·
]pQSq�^�doVXj#b q�Y�^�VXj�]cb ^�Y�ZoWFq�doVXj#]�^�kXj�VF_wY�kXVXj�]�^�kXWXkXe�VFr7rsVF_wY3�NYlb R�doVub q ����� � ðn���aO�b(eUZ\�MkF^�VF_aWXV:eMP kF]cb Zoj�j�VFq�^#¶ ·�VF_
[yQS_aWFY�ZoQS_|e�VXj�]cb ^�Y�ZoWFq�doVXj�j�VF^lb:V��U]�d`ZovwqakXV,eab _aj�dgb7j�q�Z`Y�V��� ���²� �>�����>��� 	�


� VFY�Y�V7kFY�qae�V7e�V�dgbxe�kXj�hw�UeU^lb Ylb Y�ZoQS_6e�VXj9j�QSdoj�T�qaj�vwq�P b qU�.]pQSqaeU^�VXj#hw�UeU^lb Y�kXVXj9[yQSq�^�_�Z`Y9e�VFqU�/Z`_U[yQS^�r(b Y�ZoQS_aj
WXQSr7]�dokFrsVF_wYlb Z`^�VXju� � b ^�dgb#j�q�Z`Y�V���QS_7_aV�[yVF^lb
]cbSj�j��Uj�Y�kFr(b Y�ZovwqaVFrsVF_wY�d~P kFY�qae�V�e�V�e�kXj�hw�UeU^lb Ylb Y�ZoQS_(]pQSq�^�b RpQSq�Y�Z`^
�9d~P kF]cb Zoj�j�VFq�^�¶ ·u�n_aQSqaj�dgb,e�kFY�VF^�r7Z`_aVF^�QS_aj�]cbSj�doV�WXQ&V�U(WFZoVF_wY�eUZ`^�VXWFY�VFq�^�e�V
dgb9doQSZpe�V
eUZ`d`q�Y�ZoQS_!WXQS^�^�kFdokXV#bXmnVXW#e�VXj
rsVXj�q�^�VXj�j�q�^�doVXj�WXQSq�^�RpVXj�WXQS^�^�VXj�]pQS_aeab _wY�VXj�]pQSq�^�d~P V��UY�^lb ]pQSdgb Y�ZoQS_�� S
_aV�b q�Y�^�V
kFY�qae�V
VF_sY�VFr7]pkF^lb Y�q�^�V
m&ZoVF_aeU^lb
WXQS_U�a^�rsVF^9WXVXj�^�kXj�q�d`Ylb Y�ju� � VF]pVF_aeab _wY#Y�QSq�Y�VXj�doVXj�]cb ^�Y�ZoWFq�doVXj#_�P QS_wY#]cbSj
dgbsrsíFrsV:kF]cb Zoj�j�VFq�^#e�V�WXQSqaW�haV:eMP Vub q
bSe�j�QS^�RpkXV,VF_{j�q�^�[~bSWXV���_aQSqaj�Y�VF_wY�VF^�QS_aj�e�V9e�QS_�_aVF^
q�_aV9V��U]�d`ZoWub Y�ZoQS_|]cb ^�dgb:j�q�Z`Y�V��
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C=mSiO2
/mH2O

1

100

10000

R
2-R

2,
b

Sols
Gels solides
Poudres hydrat. atm.

Fitting with formula: y = 6.15642 x
Correlation coefficient: 0.996718

1 couche
 adsorbee
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ï�ZoVF_xvwqaV
dgb,m�b doVFq�^�e�V�º 6 ]pQSq�^�dgbtWXQSqaW�haV9eMP Vub qxkXW�hcb _��nkXV9VF_xj�q�^�[~bSWXV�j�QSZ`Y�e�kFY�VF^�r7Z`_akXV��U_aQSqaj�r(b _avwqaQS_aj

eMP Z`_U[yQS^�r(b Y�ZoQS_ ��j�QS_ìj�qST�VFYu� 5 qaVFd`doV�VXj�Y!j�QS_ìkF]cb Zoj�j�VFq�^x^�kXVFd`doV�� 
 b ^�ZoV�Þ~Y�Þ³VFd`doV�VF_�[yQS_aWFY�ZoQS_ e�VXjx]cb ^lb rsiFY�^�VXj
]�hw�Uj�ZoWXQ Þ³W�h�Z`r7ZovwqaVXjsvwq�Z�e�k��a_�Zoj�j�VF_wY:doVXj:j�QSdoj:VFY�doVXj��nVFdoj�� � �a_�e�V(^�kF]pQS_aeU^�V!�{Y�QSq�Y�VXj:WXVXj:vwqaVXj�Y�ZoQS_aju��_aQSqaj
b d`doQS_aj#e�kFYlb Z`d`doVF^,vwqaVFdovwqaVXj#V��U]pkF^�ZoVF_aWXVXj#j�q�]�]�dokFrsVF_wYlb Z`^�VXjtvwq�Zfm&ZoVF_�_aVF_wY9WXQS^�^�QSRpQS^�VF^#doVXj�^�kXj�q�d`Ylb Y�j#]�^�kXWXkXe�VF_wY�j
VFY!V��U]�d`ZovwqaVF^!]�d`qaj!VF_ìe�kFYlb Z`doj!dgb�WXQS_U�a��q�^lb Y�ZoQS_ eUqìj��Uj�Y�iFrsV���O�V/]cb ^lb rsiFY�^�V�Y�^�iXjxZ`r7]pQS^�Ylb _wY!doQS^�j!e�V�WXVXj
kFY�qae�VXj#VXj�Y�dgbsY�VFr7]pkF^lb Y�q�^�V��p_aQSqaj�mnVF^�^�QS_aj,�(vwqaVFdf]pQSZ`_wY#j�QS_.q�Y�Z`d`Z`Y�k:VXj�Y���^lb _ae�V�]pQSq�^#kFY�qaeUZoVF^9WXVXj#j��Uj�Y�iFrsVXj
hakFY�kF^�QS�niF_aVXju�� ����������� ����� #�� � ����� � �h��
�� #���� � � " �����>	 #<����� 	�


� QSq�Y�VXjtdoVXj,rsVXj�q�^�VXjte�VsY�VFr7]ajte�Vs^�VFdgb2�ab Y�ZoQS_�vwqaV7_aQSqaj�bXmnQS_ajt]�^�kXj�VF_wY�kXVXj�T�qaj�vwq�P �x]�^�kXj�VF_wY�QS_wY�kFY�k(V�[NÞ
[yVXWFY�qakXVXj:� Y�� (~¹7� 5 q�P VF_�VXj�Y�Þ~Z`d�e�VXjtm�b ^�Zgb Y�ZoQS_aj:e�V7º 6 VF_6[yQS_aWFY�ZoQS_�e�V(dgb!Y�VFr7]pkF^lb Y�q�^�V�� � QSqaj�jlbXmnQS_aj�e�k	T��
vwqaVsdoVsY�VFr7]aj�e�Vs^�VFdgb2�ab Y�ZoQS_�_wqaWFdokub Z`^�V(]pQSq�^�e�VXj�j��Uj�Y�iFrsVXj,]�q�^�jtm�b ^�ZoV3bXmnVXW(dgb!Y�VFr7]pkF^lb Y�q�^�V�� � QSq�^7WXV(vwq�Z
VXj�Y9e�V:d~P Vub q�d`ZokXV7VF_�j�q�^�[~bSWXV��pdoV�Y�VFr7]aj,e�V7WXQS^�^�VFdgb Y�ZoQS_6VXj�Y#d`Zok7�3q�_aV7kF_aVF^���ZoV7eMP bSWFY�Z`m�b Y�ZoQS_�]cb ^9q�_aV:V��U]�^�VXj�Þ
j�ZoQS_�j�Z`r7]�d`Z\�ckXV{Y�VFd`doV|vwqaVcJ32uº 6 K�� V \(L;M _0NQ!   � b _wqaj�¡ ¢a� � ZoWFq�doVFd`dK¡-I�b ª ��QS_�_aQSY�VF^lb W 6 = · Q�	

V \(L;M _0NQ! � � V
vwqaV9_aQSqaj�]pQSq�mnQS_aj
mnkF^�Z\�cVF^�V��U]pkF^�Z`rsVF_wYlb doVFrsVF_wY9VF_|Y�^lbSWub _wY : � W 6 VF_![yQS_aWFY�ZoQS_.e�VKJ32 W º ]pQSq�^
e�VXj�]pQSqaeU^�VXj
hw�UeU^lb Y�kXVXj2�g�a��q�^�V ����� �`îM�n���

O�P kF_aVF^���ZoV6eMP bSWFY�Z`m�b Y�ZoQS_�

�6vwqaV/_aQSqaj{rsVXj�q�^�QS_aj|VXj�Y{eMP VF_wm&Z`^�QS_  � �����6� ��� : �0� � � VFY�Y�V6kF_aVF^���ZoV�VXj�Y!q�_
]pVFq6eUZ\�MkF^�VF_wY�V���r(b Zoj,Y�QSqST�QSq�^�jteUq6rsíFrsVsQS^�eU^�V(e�Vs��^lb _ae�VFq�^�vwqaVsWXVFd`doVsY�^�QSq�mnkXVs]cb ^ 4 ^�Z`]�Zgb Y:VFYtO�VFY�VFd`d`ZoVF^r\
J�J � �����6� ��� : �0�   4 ^�Z`]�Zgb Y�¡ ¢�ª � � b Zoj�_aQSqaj�_aV�j�QSr7rsVXj�]cbSj�j04�^�eMP kFY�qaeUZoVF^�dgb,rsíFrsV�m�b ^�ZokFY�k#e�V#j�Z`d`ZoWXV�� � QSq�Y�V�[yQSZoj
WXVFY�Y�V�m�b doVFq�^�VXj�Y�VF_(RpQS_3bSWXWXQS^�e3bXmnVXW�d~P VF_wY�hcb d`]�ZoV#eMP bSe�j�QS^�]�Y�ZoQS_3e�VXj�rsQSdokXWFq�doVXj�eMP Vub qx�#dgb9j�q�^�[~bSWXV�e�VXj�QX�U�Ue�VXj
e�V#j�Z`d`ZoWXV#rsVXj�q�^�kXVXj�Y�haVF^�rsQ&eU�&_cb r7ZovwqaVFrsVF_wY   4 QSZoj�j��!¦�¡�� � bSj�VF�!¦ ¢a�Uï�Q&W�¥&^�ZojNI�ð ª �U£9b _aj�_aQSY�^�V9WubSj�eMP kFY�qae�V��UZ`d
juP b ��Z`Y#e�V�]pQSqaeU^�VXj#VFY#_aQSqaj�_aV:j�QSr7rsVXj�]cbSj#j04�^#vwqaV�dgb(WXQSqaW�haV7eMP Vub q�vwqaVt_aQSqaj#kFY�qaeUZoQS_aj9WXQS_aj�VF^�mnV:R�ZoVF_.dgb
rsíFrsV�WXQS_U�a��q�^lb Y�ZoQS_(vwqaV�doVXjKj�QSdoj1WXQS^�^�VXj�]pQS_aeab _wYu�nVF_:Y�VF^�rsVXj1eMP kF_aVF^���ZoV�eMP bSe�j�QS^�]�Y�ZoQS_(VFY1e�V�[yQS^�WXV�ZoQS_�ZovwqaV����1_
^�VFm�b _aW�haV��cWXVXWFZfVXj�Y�q�_{RpQS_{]pQSZ`_wY�e�V,e�kF]cb ^�Y
]pQSq�^�[~b Z`^�V,q�_aV,kFY�qae�Vte�VXj
j�QSdoj�VF_{[yQS_aWFY�ZoQS_.e�V9dgb:Y�VFr7]pkF^lb Y�q�^�V
]�q�Zoj�vwqaV9doVtj�VFq�d�]cb ^lb rsiFY�^�V��7m�b ^�ZoVF^
eUq�^lb _wY#WXVFY�Y�VtkFY�qae�VtVXj�Y�d~P kF]cb Zoj�j�VFq�^
e�V,dgb7WXQSqaW�haV�eMP Vub q.¶ ·u�aO�VXj�b q�Y�^�VXj
]cb ^lb rsiFY�^�VXj�j�QS_wY�WXQS_�_wqaju�w_aQSYlb r7rsVF_wY W 6 = 5 vwq�Zcj�V�e�kXeUq�Z`Y�e�V�d~P QS^�e�QS_�_akXV#�9d~P QS^�Z`��Z`_aV
QSq3e�V�dgb9j�Z`r7]�doV�rsVXj�q�^�V
e�V�Y�VFr7]aj1e�V�^�VFdgb2�ab Y�ZoQS_se�V�d~P Vub qsVF_:[yQS_aWFY�ZoQS_se�V�dgb
Y�VFr7]pkF^lb Y�q�^�V��ne�V�rsíFrsV�]pQSq�^ W 6 = ·Kvwq�ZaVXj�Y1Wub doWFq�dok�j�q�^1doVXj
]pQSqaeU^�VXjK]�^�QumnVF_cb _wY�e�VXjKj�QSdojKWXQS^�^�VXj�]pQS_aeab _wY�ju�nO�VXjfrsVXj�q�^�VXj1QS_wY�kFY�k�V��MVXWFY�qakXVXj1j�q�^fq�_aV�j�QSd`q�Y�ZoQS_sWXQSr7rsVF^�WFZgb doV
e�V � �.¢��!_aVFq�mnVxb2�a_�e�V(juP bSj�j�q�^�VF^tvwqaVsdgbxm�b doVFq�^�e�Vx¬ì_�P VXj�Yt]cbSjtVF_wYlbSW�hakXVxeMP q�_aV(eUZ`r7Z`_wq�Y�ZoQS_�eUqaV3�!q�_aV
b ��^�kF�wb Y�ZoQS_|]�^�QumnVF_cb _wY#eUq!m&ZoVFZ`d`d`Zoj�j�VFrsVF_wY�eUq!]�^�Q&eUq�Z`Yu�
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y = 9.7278 * x + 0.36341
r = 0.9993025
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O�VXj,^�kXj�q�d`Ylb Y�j�e�V7dgb3�a��q�^�V ����� �`îuð3QS_wY�kFY�k3b Z`_aj�Z�QSR�Y�VF_wqajt]pQSq�^te�VXjtj��&Y�iFrsVXjtQKJ�dgb!WXQS_aWXVF_wY�^lb Y�ZoQS_�VFY,dgb
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� mnVXW W 6 = · Q 	 V \(L;M _0NQ! VFY1VF_7j�q�]�]pQ�jlb _wY�vwqaV W 6 = ·�� W 6 = 5 ��V��U]pkF^�Z`rsVF_wYlb doVFrsVF_wY�doV�^lb ]�]pQS^�Y1VXj�Y1j�q�]pkF^�ZoVFq�^

�xî(�
�7VFY�]pVFq�Y
b d`doVF^1T�qaj�vwq�P �xî(�
�
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: �
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_!]pVFq�Y
b doQS^�j�Y�^lbSWXVF^�q�_!^�kXj�Vub q{e�V9WXQSq�^�RpVXjt�g�a��q�^�V ����� �`îF¢&�1]pQSq�^�mnkF^�Z\�cVF^�dgb�d`Z`_akub ^�Z`Y�k,VFY�doV#^�kXeUq�Z`^�Vtb2�a_

e�V9e�kFY�VF^�r7Z`_aVF^#¶ ·u�c�
_{QSR�Y�ZoVF_wY
]cb ^
WXVFY�Y�V,j�kF^�ZoV,e�V#rsVXj�q�^�V]\
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vwqaV�WXVFd`doV�e�kFY�VF^�r7Z`_akXV
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_aVsb q�Y�^�V7V��U]pkF^�ZoVF_aWXV7]pVF^�rsVFY,eMP b Us^�rsVF^�vwqaV�dgbxWXQSqaW�haV(eMP Vub q�vwqaV:_aQSqaj,QSRaj�VF^�mnQS_aj,VFY,vwq�Z�juP kXW�hcb _��nV

bXmnVXW�doV
R�q�d`¥(VXj�Y�V��MVXWFY�Z`mnVFrsVF_wY�WXVFd`doV#vwq�Z®VXj�Y�bSe�j�QS^�RpkXV�VF_xj�q�^�[~bSWXV�� � VFY�Y�V�Y�VXW�h�_�ZovwqaV�r7Zoj�V#b q3]pQSZ`_wY�b qxWXQSq�^�j
e�V#dgb:Y�haiXj�V9VXj�Y�^�VFdgb Y�Z`mnVFrsVF_wY�j�Z`r7]�doVt�:rsVFY�Y�^�V,VF_ �#q�m&^�V,VFY�Y�^�iXj�WXQS_aWFd`qcb _wY�V��

�
_ìjlb Z`YxvwqaV|doV.Y�VFr7]aj!e�V|^�VFdgb2�ab Y�ZoQS_ e�V|d~P Vub qz]�q�^�V���QSqìvwqcbSj�Z�]�q�^�V���j�QSqaj([yQS^�rsV/e�V|��dgbSWXV/VXj�YxY�^�iXj
WXQSq�^�Yu�Ke�4�b q�[~b Z`Y7vwq�P Z`d�juP b ��Zoj�j�VxeMP q�_�j�QSd`Zoe�V��K£9b _aj:WXVxWubSj:]�^�kXWFZoju�fZ`d�juP b ��Z`Y7eMP q�_�j��Uj�Y�iFrsVxe�QS_wY:doV3Y�VFr7]aj
Wub ^�Wub Y�kF^�Zoj�Y�ZovwqaVtVXj�Y
j�Z�WXQSq�^�Y�vwq�P Z`d�VXj�Y�Y�^�iXj
eUZ�U(WFZ`doVte�V9doV9rsVXj�q�^�VF^u� � QSqaj�_�P bXmnQS_aj
]cbSj�W�haVF^�W�hak:�:doV9rsVXj�q�^�VF^
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]�q�Zoj�vwqaV#WXVXWFZM_�P VXj�Y�]cbSj�_akXWXVXj�jlb Z`^�V9eab _aj�_aQSY�^�V9e�kFrsQS_aj�Y�^lb Y�ZoQS_��aO�b�j�Z`r7]�doV#Y�VF_wYlb Y�Z`mnV,e�V�rsVXj�q�^�V#]cb ^ �����NM
VXj�Y,Y�QSYlb doVFrsVF_wY:Z`_U[�^�qaWFY�qaVFqaj�V(]�q�Zoj�vwq�P Z`d�_�P ��b!rsíFrsV(]cbSjte�V(j�Z`��_cb d�b q6]�^�VFr7ZoVF^:kXW�haQ��f£#VFqU��WubSj�e�V7�a��q�^�V
j�QS_wY�]pQ�j�j�Z`R�doVXj�\

^ doV#Y�VFr7]aj
e�V#^�VFdgb2�ab Y�ZoQS_.VXj�Y�j�Z�WXQSq�^�Y
vwq�P b q!]�^�VFr7ZoVF^�kXW�haQ7Y�QSqaj�doVXj�j�]�Z`_aj�WXQS_aWXVF^�_akXj
QS_wY�^�VFdgb2��k��
^ Z`d�VXj�Y�Y�VFd`doVFrsVF_wY(WXQSq�^�Y7vwqaV3d~P bSWFY�ZoQS_�eUq�W�hcb r7] 
N4 _�P VXj�Y:]cbSj:j�qVU(jlb _wY�Vx]pQSq�^:r(b _�Z`]�q�doVF^7doVXj7j�]�Z`_aj

WXQS^�^�VXWFY�VFrsVF_wYu�
� <��"A C @�+JA � D�A ��<BA%$ � D A�F 2�� < � *JD �57 D�<�+ A @ � F3*JD � 7 D�A+C >"<BA�*�"+C�D0� C <�� � DI>"<HE � <<- D�A!+ E�D������
	 C�D �8� D
��+ D � @�+JA
�57 +VC�F � F A @��"A� � VXWFZ�_aQSqaj�b rsiF_aV�b q.W��#q�^
e�V,d~P V��U]pkF^�ZoVF_aWXVK\avwqaV,j�V#]cbSj�j�V�Þ~Y�Þ~Z`d�doQS^�j�vwqaV9_aQSqaj��nVFdoQS_aj
doV,j��Uj�Y�iFrsV
VF_�e�VXj�WXVF_aeab _wY3VF_�Y�VFr7]pkF^lb Y�q�^�V�� � QSqaj(jlbXmnQS_aj(vwqaV!juP Z`d���b�e�V!dgb/��dgbSWXV��1_aQSqaj(j�VF^�QS_ajsZ`_aWub ]cb R�doVXj(e�V!dgb
e�kFY�VXWFY�VF^u�w�wZU_aQSqaj1WXQS_�_cb Zoj�j�QS_aj1dgb�vwqcb _wY�Z`Y�k�Y�QSYlb doV�eMP Vub q��S_aQSqajKmnVF^�^�QS_aj�b doQS^�jKdoV�j�Z`��_cb d�eUZ`r7Z`_wqaVF^�eMP b r7]�d`Z`Y�qae�V
doQS^�j�vwqaVxd~P Vub q�j�V!j�QSd`ZoeUZ\[yVF^lbU�1£#Vx]�d`qaju�K_aQSqajsjlbXmnQS_ajsvwqaVxd~P Vub q�bSe�j�QS^�RpkXV{�.dgb/j�q�^�[~bSWXVxe�VXjsQX�U�Ue�VXj7_aVx�niFdoV
]cbSj   � Vub ^�j�QS_/©2¢c� 4 ^�Z`]�Zgb Y�¡ ¢c��O�VFY�VFd`d`ZoVF^#¦�¡ ª � � _wY�kF^�VXj�j�QS_aj�_aQSqaj�e�QS_aW�b q(eUZgb ��^lb r7rsV
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O�b�e�VXj�WF^�Z`]�Y�ZoQS_sWXQSr7]�doiFY�V�eMP q�_7WF�UWFdoV�eMP hw�Uj�Y�kF^�kXj�Zoj1VXj�YKdoQS_���qaV�� � QSqajK]�^�QS]pQ�j�QS_ajfq�_aV�Y�VXW�h�_�ZovwqaV�Y�QSq�Y�b qaj�j�Z

V�U(WubSWXV(]pQSq�^:QSR�Y�VF_�Z`^�doVXjtZ`_U[yQS^�r(b Y�ZoQS_aj7e�kXj�Z`^�kXVXj�vwqaV(j�QS_wY�doVXj:b r7]�d`Z`Y�qae�VXj7e�VXj�HuQS_aVXj�V��UY�^�íFrsVXj:eUq¸WF�UWFdoVXj
�ZHuQS_aVtð:VFY�¨n���ab2�a_|eMP VF_|e�kXeUq�Z`^�V,d~P b r7]�d`Z`Y�qae�V,^�VFdgb Y�Z`mnV,e�V9dgbnHuQS_aVtðU�

�1_�]�doQS_��nVub _wYtd~P kXW�hcb _wY�Z`d`doQS_¸eab _aj9d~P bAHuQSY�V7d`Zovwq�Zoe�V7VFY,VF_�V��MVXWFY�qcb _wY,q�_aV:rsVXj�q�^�VsVF_/[yQS_aWFY�ZoQS_�eUq�Y�VFr7]aj
��eUq�^lb _wYKdoV�^�VFY�QSq�^1��d~P kXvwq�Z`d`Z`R�^�V�Y�haVF^�r7ZovwqaV2��QS_t_�P QSRaj�VF^�mnV�]cbSjfe�V�j�Z`��_cb d�b qU�,]�^�VFr7ZoVF^�jfZ`_aj�Ylb _wY�j��g�a��q�^�V ����� �`îMIn�
bXm�b _wY
e�V�mnQSZ`^
b ]�]cb ^lb2�oY�^�V9q�_{j�Z`��_cb d�vwq�Z�b Y�Y�VFZ`_wY�q�_aV#m�b doVFq�^�d`Z`r7Z`Y�V9^lb ]�Zoe�VFrsVF_wY�g
]pQSq�^�VF_U�a_{WF^�Q �oY�^�V�T�qaj�vwq�P �
dgb7m�b doVFq�^
e�Vte�kFR�q�Y�eMP V��U]pkF^�ZoVF_aWXV�� � VXWFZfVXj�Y�e�4.b q{[~b Z`Y
vwqaV,doV,Y�VFr7]aj
e�V,^�VFdgb2�ab Y�ZoQS_/WXQS^�^�VXj�]pQS_aeab _wY#e�kF]pVF_ae
e�V#dgb:Y�VFr7]pkF^lb Y�q�^�VtVFY�Z`d�e�VFm&ZoVF_wY�Y�^�QS]{]pVFY�Z`Y�]pQSq�^
íFY�^�V,WXQS^�^�VXWFY�VFrsVF_wY�e�kFY�VXWFY�k��

� d�_aQSqaj�j�VF^lb�b doQS^�jM]pQ�j�j�Z`R�doV1e�V�e�kFY�VF^�r7Z`_aVF^�doVXj�b r7]�d`Z`Y�qae�VXjKb qU�9e�VFqU�9V��UY�^�íFrsVXj�eUqtWF�UWFdoVXj�eMP hw�Uj�Y�kF^�kXj�Zoju� � VXj
e�VFqU�{b r7]�d`Z`Y�qae�VXj
_aQSqaj�[yQSq�^�_�Z`^�QS_wY�e�VXj�Z`_U[yQS^�r(b Y�ZoQS_aj�Z`r7]pQS^�Ylb _wY�VXj�j�q�^�doV9j��Uj�Y�iFrsV���WXQSr7rsV9d~P Z`_wY�VF^�]�^�kFYlb Y�ZoQS_
vwq�Z�j�q�Z`Y�m�b�doV9rsQS_wY�^�VF^u�

���@� � ������� �k�����3����� 
��!�
O�P Z`_wY�VF^�]�^�kFYlb Y�ZoQS_�VXj�Y#WFdgb Z`^�Vr\cd~P Vub q�e�VtR�q�d`¥{_aV��niFdoV:vwq�P �7Þlîu¨)( � VF_wm&Z`^�QS_���j�q�^�[�qaj�ZoQS_®��j�ZfdoV:j��&Y�iFrsV�kFYlb Z`Y

b q�]cb ^lbXm�b _wY���dgb�Y�VFr7]pkF^lb Y�q�^�V�b rtR�Zgb _wY�V��HS
_aV1[yQSZoj��nVFdokXV�WXVFY�Y�V�Vub q�_�P VXj�Y�]cbSjfe�kFY�VXWFY�kXV�VFYfj�VFq�doV�d~P Vub q:bSe�j�QS^�RpkXV
VF_�j�q�^�[~bSWXVsVXj�Y�e�kFY�VXWFY�kXV�� � QSq�^7bSj�j�QSZ`^tWXVFY�Y�Vs]�^�QS]pQ�j�Z`Y�ZoQS_���Z`d�j�qVUsY�e�VsmnkF^�Z\�cVF^:vwqaV7d~P b r7]�d`Z`Y�qae�V3^�VFdgb Y�Z`mnV(e�V
WXVFY�Y�V9Vub qx^�kXj�ZoeUqaVFd`doV,VXj�Y�eUZ`^�VXWFY�VFrsVF_wY
]�^�QS]pQS^�Y�ZoQS_�_aVFd`doVt�tdgb:WXQS_aWXVF_wY�^lb Y�ZoQS_.VF_x]cb ^�Y�ZoWFq�doVXjt�g�a��q�^�V ����� �`î2©����&�1_
V��MVFYu�fVF_6^�VF]�^�VF_cb _wY7dgb|e�k��a_�Z`Y�ZoQS_�eUq6Y�VFr7]aj:e�V(^�VFdgb2�ab Y�ZoQS_¸rsVXj�q�^�k(]pQSq�^tq�_¸j��Uj�Y�iFrsVXjtR�Z`]�hcbSj�ZovwqaV3QS_�b \W 6 Q W 6 = 5 4 ` W 6 = ·O; W 6 = 5 bQP ·Mà®QKJ P ·�VXj�Y�dgb7[�^lbSWFY�ZoQS_/rsQSdgb Z`^�V:VF_wY�^�V�doVXj#e�VFqU�|]�hcbSj�VXj7�NZoWFZKR�q�d`¥|VFY#j�q�^�[~bSWXV2���
£9b _aj7_aQSY�^�V!rsQ&e�iFdoV���QS_�b P · Q °�¬®­y¯w¶ ·�¹7�1e�QS_aW{VF_�Y�^lb��ub _wY��#· 2��vGN±<G E<F ­ Q P ·sVF_�[yQS_aWFY�ZoQS_�e�Vx°�¬®­y¯�¹ dgb
^�kF��^�VXj�j�ZoQS_sd`Z`_akub Z`^�V
bXmnVXW�q�_s]cbSj�jlb �nV�[yQS^�WXk
�gHukF^�Q#[yQSq�^�_�Z`Y�eUZ`^�VXWFY�VFrsVF_wY�¶ · Q J � J�T � � j�QSZ`Y�VF_7m�b doVFq�^�WXQS^�^�Z`�nkXV
¶ · Q J � Y T � � �N]�q�Zoj�vwqaV9d~P b ]�]�^�QX�UZ`r(b Y�ZoQS_/¶ ·[Z R _�P VXj�Y�]�d`qaj�m&^lb ZoV#ZoWFZN���

�
_�^�VFY�^�QSq�mnV7R�ZoVF_�dgb3m�b doVFq�^,QSR�Y�VF_wqaV7]�^�kXWXkXe�VFr7rsVF_wY:VFY,QS_�mnkF^�Z\�cVs�3_aQSq�mnVub q6vwqaV:WXVFd`doV�Þ³WFZ�_aV7e�kF]pVF_ae
]cbSj�e�V�dgb9Y�VFr7]pkF^lb Y�q�^�V�� � VXWFZc]�^�QSq�mnV
vwqaV�WXVFY�Y�V
WXQSqaW�haV�eMP Vub qs_�P VXj�Y�]cbSj�dgb9WXQSqaW�haV�eUZ\�pqaj�V�� � VFY�Y�V
V��U]pkF^�ZoVF_aWXV
eMP hw�Uj�Y�kF^�kXj�Zojsb.doV3_aVFY(bXm�b _wYlb �nV{e�V([~b Z`^�V3]pVFq�eMP hw�&]pQSY�haiXj�VXjsj�q�^:doV!j��Uj�Y�iFrsV3VFY7_aV([~b Z`Y:]cbSj:Z`_wY�VF^�mnVF_�Z`^(doVXj
Y�VFr7]aj
e�V#^�VFdgb2�ab Y�ZoQS_��cVFd`doV9VXj�Y
e�QS_aW9WXQSr7]�dokFY�VFrsVF_wY#Z`_ae�kF]pVF_aeab _wY�Vte�V#_aQ�j�b q�Y�^�VXj�rsVXj�q�^�VXju�
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^�VFdgb2�ab Y�ZoQS_tT�qaj�vwq�P b q(�nVFdpe�V�d~P Vub q!e�V�R�q�d`¥p�&WXV
vwq�Z�]�^�QSq�mnV!vwqaVxd~P kXW�hcb _��nV{^lb ]�Zoe�V!VXj�Y7]�^�kXj�VF_wYu�
doVXj#m�b ^�Zgb Y�ZoQS_aj,eUq/Y�VFr7]aj,e�V�^�VFdgb2�ab Y�ZoQS_�_�P kFYlb _wY
eUqaVXj�vwq�P �7dgb7Y�VFr7]pkF^lb Y�q�^�V!��WXVXj
m�b ^�Zgb Y�ZoQS_aj�j�QS_wY
[~b Z`R�doVXj�VF_tkXW�haVFd`doV1doQS�wb ^�Z`Y�h�r7ZovwqaV2��� £#iXj�vwqaVKd~P Vub q
e�V�R�q�d`¥9�niFdoV��2doV�Y�VFr7]ajfe�V�^�VFdgb2�ab Y�ZoQS_:m�b ^�ZoV�R�^�qaj�Þ
vwqaVFrsVF_wYaT�qaj�vwq�P ��dgb�m�b doVFq�^�WXQS^�^�VXj�]pQS_aeab _wY1��WXVFd`doV
e�Vsd~P Vub q¸bSe�j�QS^�RpkXVsVF_�j�q�^�[~bSWXVsVFYt_aV7m�b ^�ZoVs]�d`qaj
VF_aj�q�Z`Y�V,vwq�P VF_x[yQS_aWFY�ZoQS_|e�V9dgb�Y�VFr7]pkF^lb Y�q�^�V��

O�QS^�j�e�V�dgb�^�VFrsQS_wY�kXV�VF_ Y�VFr7]pkF^lb Y�q�^�V��9doV
Y�VFr7]aj9e�V�^�VFdgb2�ab Y�ZoQS_�j�q�R�Z`Y9e�VXj�m�b ^�Zgb Y�ZoQS_aj#_aQS^�Þ
r(b doVXj
VF_![yQS_aWFY�ZoQS_|e�V9dgb�Y�VFr7]pkF^lb Y�q�^�V�T�qaj�vwq�P b q
rsQSrsVF_wY�QKJ!d~P Vub q!e�V�R�q�d`¥3WXQSr7rsVF_aWXV,�,[yQS_aeU^�V��
S
_3e�VFqU�UZoiFrsV�Y�VFr7]aj�e�V�^�VFdgb2�ab Y�ZoQS_!b ]�]cb ^lb2�oYu�wdoV
j��Uj�Y�iFrsV3_�P VXj�Y7]cbSj7VF_�kXW�hcb _��nV!^lb ]�Zoe�V�T�qaj�vwq�P �
WXV.vwqaV|dgb6vwqcbSj�Z\Þ~Y�QSYlb d`Z`Y�k/e�V.d~P Vub qzj�QSZ`Y([yQS_aeUqaV
VFY:eab _aj�WXV3WubSj:QS_6rsVXj�q�^�V!�!_aQSq�mnVub q¸q�_¸j�VFq�d
Y�VFr7]aj
e�V#^�VFdgb2�ab Y�ZoQS_.vwq�Z�VXj�Y�WXVFd`q�Z�QSR�Y�VF_wq|Z`_�Z`Y�Zgb doVFrsVF_wY#�:dgb�Y�VFr7]pkF^lb Y�q�^�V�b rtR�Zgb _wY�V��

-30 -20 -10 0 10

10

100

C=0.666
C=0.502
C=0.459
C=0.371
C=0.308


 �
� �

�  

� ! �#"�� �
$ ��� � � �

8���� ���G8 E :��

! �#"�� �&% � < � � � :�� ��� 8 
 
 ! �#"�� �&% �

' ����� ! � � � ��� �)(�*,+

��� �������-����� � �%��� �¬³�.Z'>"$& "�.
( .1+�-9.�5�& :Z5�.
( )!*#�)!5�&?+�-�.�µ�5$+B)4¶ � B #&%]8 +!( uk"$& -$*|'>-�.3�)!*$34-$*|'�& %|'
( )!*�.���'>%�54¶ +�- & -$2 %4¶�%|'
( )!*

� �/. 	�
��� Ç����� 	�
��
� D+CGC�D=A("�E�F D�* 7 D0,�>;"�E�F D!� ��D�A)> E�@�+�:HD ��+ D � <>��@�+.�!1"DB* 7 D�<�+ <�*BA @HE �5"�DID!� A!+ E8= <���D@* 7 +��RD@" >"<HF A�A�D!+ E
¶ ·�$���<HE�<��10

C'"�E�F A("�D >"<HE +�� C�D!-N> A@*JD=E�D � <(,�<TC�FG@��6*JD�J Y �&% A3254 � � D�A+C ��D �8� D@*HF E�D0� C�D!- D!� C;<�*BA @HE �5"�D7D!� A!+ E8= <���DID+C ��+ 7 D �8� D
A 7 "0�!1V<���2JD <�:HD0� �57 D�<�+ *JD �!+ � 6  87 � >"@�+ E�E�<HF�C A 7 <(2HF E�*JD � < ��@�+.�!1"D<*JD:9 C�D�E!� -?<HF A � @�+JA�*JD!:B@��"A - D!�RD�E > � +JA
* 7 F8�;:HD�A+C�F 2�<TC�FG@��"A >"@�+ E <#; E!- D�EQ��D � <  U�1_(^�VFm�b _aW�haV��&Z`d®VXj�Y�eUZ�U(WFZ`doV�e�V
e�kFY�VF^�r7Z`_aVF^�doVXj�^lb Zoj�QS_aj�]pQSq�^�doVXj�vwqaVFd`doVXj
d~P kXW�hcb _��nV�^lb ]�Zoe�V�_�P VXj�Y�]cbSj
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QSRaj�VF^�mnVF^�doV
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doVXj=HuQS_aVXj
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j��&Y�iFrsVXj:QKJ¸j�VFq�doVXj�dgb|WXQS_aWXVF_wY�^lb Y�ZoQS_�VF_¸]cb ^�Y�ZoWFq�doVXj7VFY�dgb{Y�VFr7]pkF^lb Y�q�^�V3m�b ^�Zgb ZoVF_wYu�1O�b|WXQS_U�a��q�^lb Y�ZoQS_�e�V(dgb
j�q�^�[~bSWXV(VFY�_aQSYlb r7rsVF_wYsjlb{W�hcb ^��nV��f_aV(m�b ^�Zgb Z`Y�]cbSju��
³d�VXj�Yt_akXWXVXj�jlb Z`^�V3e�V3e�kFY�VF^�r7Z`_aVF^:doV(WXQSr7]pQS^�Y�VFrsVF_wYse�V
WXVFY�Y�VsWXQSqaW�haVseMP Vub q��3Y�^lbXmnVF^�j,d~P b _cb d`�Uj�V7eUq6WXQSr7]pQS^�Y�VFrsVF_wY�e�V W 6 VF_�[yQS_aWFY�ZoQS_�e�VsWXVFY,kFYlb Yu���fVFq6eMP kFY�qae�VXj
]pQS^�Y�VF_wY
j�q�^�d~P kF]cb Zoj�j�VFq�^�WXVFY�Y�V9WXQSqaW�haV,eMP Vub q���
³dMVXj�Y�b doQS^�j�_akXWXVXj�jlb Z`^�V9e�V9e�kFY�VF^�r7Z`_aVF^�doVXj�m�b ^�Zgb Y�ZoQS_aj�e�V W 6 VF_
[yQS_aWFY�ZoQS_|e�VXj�]cb ^lb rsiFY�^�VXj�j�qaj�WXVF]�Y�Z`R�doVXj�eMP Z`_UßaqaVF^�j�q�^�WXVFY�Y�V,WXQSqaW�haV��cVFY
j�ZM]pQ�j�j�Z`R�doV9VF_{e�kFY�VF^�r7Z`_aVF^
d~P QS^�Z`��Z`_aV��

�fQSq�^9WXV9[~b Z`^�V��ce�VFqU�|]cb ^lb rsiFY�^�VXj#j�QS_wY�Z`r7]pQS^�Ylb _wY�j \adgb:[yQS^�WXVtZoQS_�ZovwqaVtVFY�doV,]����cO�b7[yQS^�WXV,ZoQS_�ZovwqaVtZ`_UßaqaV
j�q�^�dgb�doQS_���qaVFq�^�e�V,£#VFRw�nV,e�QS_aW,j�q�^�dgb�]pQS^�Y�kXV,e�VXj�Z`_wY�VF^lbSWFY�ZoQS_aj�eUq|WXQS^�Y�iF�nV,e�V,WXQS_wY�^�V�Þ~ZoQS_aj�àadoV#]�� vwqcb _wY��
d`q�Z~��Z`_UßaqaV�j�q�^�dgb9W�hcb ^��nV
e�V�j�q�^�[~bSWXV   � b Y�VXj#©KI2ª ����VFY�Y�V�kFY�qae�V
VXj�Y1]cb ^�[~b Z`Y�VFrsVF_wY�eab _aj�dgb#WXQS_wY�Z`_wq�Z`Y�k#e�V�d~P kFY�qae�V
��doQSRcb doV9e�VXj�QX�U�Ue�VXj�VF_{j�QSd`q�Y�ZoQS_!]cb ^�� �.� VFY��wb ^�e�V#]pQSq�^�QSRUT�VXWFY�Z\[fdoVXj
b ]�]�d`ZoWub Y�ZoQS_aj�Z`_aeUqaj�Y�^�ZoVFd`doVXj�\&doV#]�� VFY
dgbt[yQS^�WXV�ZoQS_�ZovwqaV9e�VXj�j��&Y�iFrsVXj�j�q�^�doVXj�vwqaVFdoj�Z`dp_aQSqaj�[~b qaeU^lb7b ]�]�d`ZovwqaVF^�_aQ�j�^�kXj�q�d`Ylb Y�j�j�VF^�QS_wY�q�_!]�� eMP VF_wm&Z`^�QS_
î:� � �1VFY�q�_aV�[yQS^�WXV
ZoQS_�ZovwqaV
Y�QSq�Y�b qaj�j�ZcZ`r7]pQS^�Ylb _wY�V���£9b _aj�d~P kFY�qae�V#e�V
dgbtj��&_wY�haiXj�V
eMP QX�U�Ue�V#e�V�]cb d`dgbSeUZ`q�r{��WXVXj
]cb ^lb rsiFY�^�VXj�_aVtm�b ^�ZoVF^�QS_wY#]cbSj�QSq|]pVFq��cr(b Zoj�j�Z�d~P QS_/e�kXj�Z`^�V�V��UY�^lb ]pQSdoVF^#WXVFY�Y�VtrskFY�haQ&e�V�e�VtWub ^lbSWFY�kF^�Zojlb Y�ZoQS_��
eMP b q�Y�^�VXj
j��Uj�Y�iFrsVXju�UZ`d�VXj�Y�RpQS_|e�V#]�^�kFmnQSZ`^�doV,WXQSr7]pQS^�Y�VFrsVF_wY#e�V#d~P Vub q{d`ZokXV,VFY�doVXj�rsVXj�q�^�VXj
WXQS^�^�VXj�]pQS_aeab _wY�VXju�

O�VXj,m�b ^�Zgb Y�ZoQS_aj�e�V:[yQS^�WXVXj,ZoQS_�ZovwqaVXj,_aQSqaj�b rsiF_aV3�!kFY�qaeUZoVF^td~P b ��^�kF�wb Y�ZoQS_¸e�VXjtj��Uj�Y�iFrsVXj,WXQSd`doQS}~eab qU�6j�QSqaj
e�VFqU�{bSj�]pVXWFY�j�vwqaV9_aQSqaj�e�k��a_�Zoj�j�QS_aj�\

^ d~P b ��^�kF�wb Y�ZoQS_xWXQSr7]cbSWFY�V:�g�a��q�^�V�
�
�
��`îu¦U� bn��\�doVXj�]cb ^�Y�ZoWFq�doVXj�j�V�WXQSd`doVF_wY�VF_wY�^�V�VFd`doVXj�]pQSq�^�[yQS^�rsVF^�e�VXj�j�Y�^�qaW�Þ
Y�q�^�VXj9WXQSr7]cbSWFY�VXju�Mdgb3j�qU[~bSWXV�m&Zoj�Z`R�doV:VF_�� �.� VXj�Y9WXVFd`doV7e�V�d~P b ��^�kF�wb YtWXQSr7]cbSWFYu��O�b3j�q�^�[~bSWXV7e�V�Y�QSq�Y�VXj
doVXj�]cb ^�Y�ZoWFq�doVXj,�sd~P Z`_wY�kF^�ZoVFq�^9_�P VXj�Y�]cbSj�m&Zoj�Z`R�doV�Wub ^�d~P Vub q/_aV�juP kXW�hcb _��nV:]cbSj#QSq.Y�^�QS]/doVF_wY�VFrsVF_wYtbXmnVXW�doV
R�q�d`¥p�

^ d~P b ��^�kF�wb Y�ZoQS_�dLiSW�haV#�g�a��q�^�V�
�
�
��`îu¦U� R®��\XdoVXj�]cb ^�Y�ZoWFq�doVXjKj�V�WXQSd`doVF_wYKVF_wY�^�V�VFd`doVXj�]pQSq�^M[yQS^�rsVF^fe�VXj'$K��^lb ]�]pVXj &®�
dgb,Y�QSYlb d`Z`Y�k#e�V
dgb�j�q�^�[~bSWXV�e�VXj�]cb ^�Y�ZoWFq�doVXj�VXj�Y�m&Zoj�Z`R�doVXj�VF_�� �.� VFY�Z`d®_aV�j�V�[yQS^�rsV
]cbSj�e�V�j�QSqaj�Þ³j��Uj�Y�iFrsVXj
VF_{kXW�hcb _��nV,doVF_wY�QSq{jlb _aj�kXW�hcb _��nV�bXmnVXW9doV9R�q�d`¥p�

��VXjse�VFqU��WXQSr7]pQS^�Y�VFrsVF_wY�j3j�QS_wYsdgb ^��nVFrsVF_wY3eUZ\�MkF^�VF_aWFZgb R�doVXj(VF_�� �.� �K]pQSq�^sVFm&Z`Y�VF^7Y�QSq�Y�V{WXQS_U[�qaj�ZoQS_�_aQSqaj
]cb ^�doVF^�QS_aj
eMP b ��^�kF�wb Y�ZoQS_.WXQSr7]cbSWFY�VtVFY�dLiSW�haV,j�VFdoQS_{doVXj�WubSju�
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d~P b _�_akXV�� <
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_aVFq�mnV &.e�V%�9�{¢��U�RS
_aV7kFY�qae�V7b ]�]�^�Q [yQS_aeUZoV7rsQS_wY�^�V
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]pQSq�^,doVXj#[yQS^�Y�VXjtWXQS_aWXVF_wY�^lb Y�ZoQS_aj:eMP q�_6e�VFqU�UZoiFrsVsY�VFr7]ajte�V7^�VFdgb2�ab Y�ZoQS_�]�d`qajtWXQSq�^�Y�VFY,e�QS_wYtd~P b r7]�d`Z`Y�qae�V3VXj�Y
RpVub qaWXQSq�]¸]�d`qaj�[~b Z`R�doV��&��P VXj�Y�]pQSq�^�vwqaQSZ�QS_¸_aV3]pVFq�Y�d~P QSRaj�VF^�mnVF^svwqaV(]pQSq�^7e�VXj:WXQS_aWXVF_wY�^lb Y�ZoQS_aj(kFdoVFmnkXVXju�KO�b
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�
�
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Fitting with formula: y = a0+a1*x
Computed values:
a0 = 0.003471
a1 = 0.513618
Chi-square: 1.12342e-05
Correlation coefficient: 0.997549
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Fitted with : y = 2.1055 + 2.4614 * x
Correlation coefficient R= 0.9946851

9DC�: AG%
#-��������#���� ,-�X(	�3� #X2�%�#	����� ��>H(	�FE-,A/��H��� . ,-��/���� ,-�3(	�3� #
. ,	) /'�Y� ,-��� 2�%��

�.G �������-����� �  ��Q! ; � #
#-) #	�3���>= 9 *LB+,-%	) � ���I�87��8� "������@(	�32A%�(�,'&>0)@BAC���G2�%�#	����� ��>@(	�<E-,A/�� . ,	)W��>'�



� O ������� w � w�� 	^y���	jv���w � w*
 � v��
	�y&w � �

�������
	���
�����
��������� ��� �����8������
 �T�����	��� � � �����8�	

� e5;�+.-UJ���4._���8:)Z321�45+N8�-2)Z9
	 8:;N|545-2;5/&-A+N4iJ! U6�;5��45*?<&_���;5*[J.9!<�/&3A+.-&*[*���9�*[+.-^*�8:9:8�/&-^/&��9:9��#"
+5<>9�-&*?+5<>;5*Z+.-&*

*�<�/&*`WU+N8!<>9:PN*�-[GH4.8�J�-2)�@R-21�1�-2;H1�+.-[/&��;H1�)�f�9�-2)`9!<?=E��)�/&-d8���;.8�GH45-Z-21�9�-dJ! +.-[/&-&*`*���9:4.1�8���;5*�1���4.1`-2;V/&��;5*�-2)�_7<>;H1
9!<X/&��;5/&-2;H1�)�<>1�8���;O-2;hJ�<>)�1�8�/24.9�-Ue.K.3&-7S�$B��4.)?329:8:@A8:;.8�-2)[9
	 8:;N|545-2;5/&-A+.-U9!<R=E��)�/&-Y8���;.8�GH45-UJ�<>)?< ����4.1Z+I	 <�/28�+.-^��4
+.-[M�<�*�-76.;5��45*�<&_���;5*�J.)�32J�<>)�3Z4.;V=E��;5+V*�<>9:8:;VJ���4.)�/���<�/24.;5-Y+.-&*b*���9:4.1�8���;5*jS����% ���	��� � �������"V �$���U����� P � ��� R��"V

&,��4.1b+I	 <>M���)�+I6.��;T_�32)�8�e�-ZGH45-d9!<Y)�-29!<>1�8���;

0 0,05 0,1 0,15 0,2
0

1

2

3

4

ph=2.75
ph=1.67
ph=9.43

y = 0.34631 + 8.9606 * x

y = 0.356711 + 15.8599 * x

y = 0.35145 + 9.8337 * x

' ()+*
,-.

/

�.G 021�354�65656 7  980!.0$#	%'&3(	�X) ��� #'&+#���� ,-����� . ,-��/���� ,-�X(	�X� #�/�,-��/'������) #���� ,-�YB+,-%	)
(-� � >�) �������@B9:

9:8:;53j<>8:)�-O-2;H1�)�- [<; -21 �r-&*�1g1>=�4 �?=�4.)�*g_�32)�8��
e�3&-76@=�;A=�M5*�-2)�_�-�+.-bJ.9:45*C+.-`=B=�)�1�-&*0_7<>)�8!<>1�8+=�;5*
+N4�/�=a-DC\/28�-2;H1?+N8:)�-&/21�-24.)?-2;h=B=�;5/21�8+=�;�+N4iJ! 
�!e L 4.)�-FE>E>EcS ��d��cS('�G 321�45+.-T*�-\J�=�4.)�*�4.8:1^-2;p_7<��
)�8!<>;H1V9�-iJ! -21{Wp/�=�;5/&-2;H1�)�<>1�8+=�; e.K.3&-7S`'(-&*
_7<>)�8!<>1�8+=�;5*T+.- [<; -2; =B=�;5/21�8+=�; +N4 J! *>=�;H1
*�4.)�J.)�-2;�<>;H1�-&*Y�!e L 4.)�-HE>E>EcS � R��cS@$F)�-2@A8�Q2)�-2@R-2;H1
J�<>)�/&-dGH4IG -29:9�-&*$*>=�;H1$1�)�Q&*�+N8��I32)�-2;H1�-&*�+.-d/&-29:9�-&*
=�M.1�-2;H45-&*�J�<>)KJC<>; +.-2)KL�-&-�#~-21NM�=7* L )>=j_�-
��9�-&*�;5f�1�)�-&*b<&PH<>;H1b321�3[)�3j<>9:8�*�3&-&*`*�4.)$J.9:45*�8�-24.)�*
1�PaJ�-&*h+.-OJ�<>)�1�8�/24.9�-&*�+.-p*�8:9:8�/&-��gGH4.8Y;5-}=
<>8��
*�<>8�-2;H1^<>J.J�<>)�<2O�1�)�-X+.-&*?_7<>)�8!<>1�8+=�;5*U+.- [QP ��-21;!=�; [<; �uGH4IG <>4NKHRTSz� , -21IRTS � ,

� S�][-24NKN8�Qc�@R-2@R-2;H1^J�<>)�/&-XGH45-R9�-\1�-2@AJ5*U+.-\)�-29!<�K5<>1�8+=�;[<; +.-�;!=7*C)�3&*�4.9:1�<>1�*�*�4.M.8:1$4.;5-�1�)�Q&*C=B=�)�1�-�_7<��)�8!<>1�8+=�; <>4NK <>9�-2;H1>=�4.)�*g+N4 J�=�8:;H1V+.-h/���<>) L -
;H4.9:9�-Z-21`+N4TJ	fHU��WVY+.-d9!<Y*�8:9:8�/&-7S.'(-&*$_7<>)�8!<>1�8+=�;5*b+.- [QP -21 [<; ;5-[*>=�;H1`J�<�*�/�=�@AJ�<>)�<>M.9�-&*j6./�=�@A@R-[9!<U*�1�8:J.4.9�3M�=7* L )>=j_�- `(;!=7*?)�3&*�4.9:1�<>1�*?9XG <>1�1�-&*�1�-2;H1jSY$F9:45*�8�-24.)�*?8:;H1�-2)�)>= L <>1�8+=�;5*^*�4.)�_a8�-2;.;5-2;H1^WT9XG 8�*�*�45-A+.-R/&-&*Q=�M5*�-2)�_7<>1�8+=�;5*
/�=�;5/&-2)�;�<>;H1�;!=7*C)�3&*�4.9:1�<>1�*jSa'(-&*C_7<>)�8!<>1�8+=�;5*�*>=�;H1���-29:9�-&*�+N45-&*�<>4NK\_7<>)�8!<>1�8+=�;5*$+.-�9XG 32J�<>8�*�*�-24.)$+.-�9!<?/�=�45/��5-[+�G -j<>4
��N�Mc��Z\[ /&-29:9�-�]b+.- [<; ] M`/�G -�]�1���W���+N85^�-?+.-�]`_7<_^�8!<>1�8+=�;!]b+.-Z9XG 32;5-`^ L 8�-?+�G <�+�]>=#^�J.1�8+=�;(6!=�4V9�-�]b+.-24NKaZ\bIc�]`_7<_^�8!<_d�8+=�;!]e c[9!<f]�4�^�=
<#g�cHcc��c�g`d�8:_hcji
kBlAc`d e c �~;!cH]>=�;@d`J�<#]m]?n L ;�n�eTgj<_d?n:_hc�]bM�n+c2;gG@oIG n:9IPV<_n5d�o.;VJ�c`o e c[J�c`^?d>c e o!c?Wjo.;!c
9+p L Q`^>cmq L ^>p L q_d?n+=#rR@Aq_n+]tsXG =#^ e ^>c e c L ^uq_r e c`o�^ e c�]D_�q_^?nvq_d?n+=#r!]wq#]>]?o�^>c�G@oIG n5s�r!cx]9G q L n5dFJTq#] e cxg�c`svqNS��ary^>c2@Aq_^�G@o!c
d>=#o�d>cc=B=#n+][G@o!cjsvqRJ�s5o.JTq_^?d e cjg�c�]<]>=#s5o�d?n+=#r!]H=#r@dH]?o.M�n5dzo�r!cjd?^uq_r!]?n5d?n+=#rK]>=#s�� L c`s e Q�]zs+=#^>][G@o!cQs+cYJ! {p`duq_n5d<d?^>=�J
J�^>=|g��!c e oXJ�=#n5r@d e czg��Tq_^ L czr@o�s5s+cA��$�M$� W\RTSz� � �wc`d�svqQg�=#r!g�c`r@d?^uq_d?n+=#r}d?^>=�J}p`s+c2_hp�c7SN��rNe!rFsXG q_o L @~c`r@duq_d?n+=#r
e c N�MA��=#o�X Mc��=�M!]>c`^�_hp�cfc�]?ddM�n+c`r�d?^>=�JKp`s+c2_hp�cUJ�=#o�^�K`d?^>cQn:@AJ�o�d>p�cjo�r�n�G@o!c2@~c`r@dQq_o�g�=#s5svq L c e cYJTq_^?d?n+g`o�s+c�]Hc`r
L ^uq>J.J�cdG@o�nX�@^uq>J.J�c`s+=#r!]��Xs+c��|r!ca^>c2J�^>p�]>c`r@d>c[G@oIG o�r!c�=�^uq#g`d?n+=#r}q e�e n5d?n+=#r�r!c`s5s+c e casXG c9q_oFs5n+p�c7S|b�G q_rTq_s:P�]>cad��!c`^�@yn�G@o!c
_|n+c`r e ^uqyg�=#rNe!^�@~c`^zg�c`svqNS� ��� ���8���
�
�$������� ����V �	�K��� ��� N�M �����/�	���	
 �"V-�T�U�����
�
� S P �

E�s�q>J.JTq_^uq2O+djg`svq_n5^>c2@~c`r@d^G@o!cysvq}g��Tq_^ L c e c~]?o�^�=Xq#g�c~c�]?d\s+cAJTq_^uq>@RQ`d?^>c~n:@AJ�=#^?duq_r@dUJ�o�n+]�G@o!cys+c�]Z=B=#^?d>c�]?_�q��
^?nvq_d?n+=#r!] e c [<; ]>c^=B=#r@djq_oNKNq_s+c`r@d>=#o�^>] e oN$�M$��c`d e o}J	fHU7S(�z=#o!]\]uq&_h=#r!]?JTq_^jq_n5s5s+c`o�^>]UG@o!cfs+c�]?_�q_^?nvq_d?n+=#r!]
e oNduq_oNK e c~^>c`svq�K!q_d?n+=#r e c~sXG c9q_o [ ; ] ^ c`r}=B=#r!g`d?n+=#r e oOJ! �]>=#r@dQr!p L s5n L c9q>M�s+c�]UJTq_^Q^uq>J.J�=#^?dyq_oNK�_�q_s+c`o�^>] e c[<; @~c�]?o�^>p�c�]jS�E�s�c�]?dmq_n+]>p e cd_hp`^?n�eTc`^bG@o!czs+c�]�_�q_^?nvq_d?n+=#r!] e c [<; ]>=#r@d`J�^>=�J�=#^?d?n+=#r�r!c`s5s+c�]�WQsvqfg�=#r!g�c`r@d?^uq_d?n+=#r�c`rJTq_^?d?n+g`o�s+c�]R�!e L o�^>cyE>E>EcS ��d��cSTb�qA^>c`svq_d?n+=#r [<; . [ ; ] ^ ( 9\[<; ] M . [ ; ] ^ A@� i
kBl N�M ��c�]?d<d>=#o �?=#o�^>]d_|^uq_n+cfc`dH]>c`o�s+]�N�M
c`d [<; ] MZ_�q_^?n+c`r@djS��ac�]?d>cAW}]uq&_h=#n5^Q]?n�g�G c�]?d\n5r e p2J�c`r e c2@A@~c`r@df=#oKr!=#r(SI$Y=#o�^jg�cU=Xq_n5^>c��I=#r�cc��c�g`d?o!cysXG p`d?o e c~c`rd>c2@AJ�p`^uq_d?o�^>c e c�]a]>=#s+]bJ�=#o�^as+c�] e n���p`^>c`r@d>c�]�_�q_s+c`o�^>] e cZJ! US��z=#o!]zq&_h=#r!]�_|ogJ�^>p�g�p e c2@A@~c`r@d<sXG ccKNJ�^>c�]>]?n+=#r e c[<; ] Mmc`rT=B=#r!g`d?n+=#r e cHsvqjd>c2@AJ�p`^uq_d?o�^>c\�

�+� 9\[<; . [ ; ] ^ A ( Sa�[ P 3 �+� 9�� i�N�M �H�|� A 9;:<:<:$=$>9��A



d ��� ������� w � w���� � x � w&v��
	�y&w ��s	� � w 

��� ��� � �7x���	jvCv
w�� 	cs����Yt � v�� w ��
��

0 2 4 6 8 10
0,5

0,55

0,6

0,65

0,7

0,75

0,8

0,85

0,9

' (

���

9��
:���� ��� . ,-��/���� ,-� (�%1B9:CB+,-%	) (	��� 2A%�(�,'&�2 � %'$
	��.+ ��
���'

0 2 4 6 8 10
1

1,5

2

2,5

3

3,5

4

4,5

' (

���

9DC�:���� ��� . ,-��/���� ,-� (�% B9: B+,-%	)@(	����2A%�(�,'&�0)@���� %'$�	
�.+ ��
�' 	

�.G 021�354m65656 7  ��Q! ��� ��� . ,-��/���� ,-�Y(�%1B9:�B+,-%	) (	����� %�(�,'& 2 ������0)@����

0,36 0,38 0,4 0,42 0,44
0,5

1

1,5

2

2,5

pH=7.4
pH=6.2
pH=3.7
pH=2.4
pH=2.7
pH=1.8

� �
� � �
�� ���
 !

"$#%#%#'&�(*)

9��
: AG��#	� 7����?��V���)W�X� 2�%��?��� . ,-��/���� ,-� (�%FB9:�	�2+��� B����������
(�,-�	�������,+.-G���@� 4 ,	) (�,-�	��>'��;6� 4 ,	) � #A� ��� ��� #(&��'/3� 4 V�7	B+,���V "�����2�%��"'/@���8�H/�,-���8��#	���
	

0 0,05 0,1 0,15 0,2
0

0,1

0,2

0,3

0,4

pH=3.7
pH=2.4
pH=2.7
pH=1.8
pH=7.4

0�1�2 3*4

5��

9DC�:F; >�����)W�X� ��#���� ,-��(	� � � B�#+) � #Y��>���V�,A(	�@(54 V�7��8��>�) "�����(	�H��%	) 9. %���� ,-� 	�2+����B����������H#�� �����A(	>�����)W�X� ��>'���G(�,-�	�������I#�/'/ "��@; ���

�.G 021�354m65656 7  � Q! ; >�����)W�X� ��#���� ,-�6+.-H��� JLK ��� . ,-��/���� ,-� (�%1B9:CB+,-%	) (	����� %�(�,'&a: �7���
b�q98�c`r@d>c e c\g�c�] e ^>=#n5d>c�][W;:�^uq#g`d?n+=#r�<Aq#]>]?n�=@o!c\g�=#r!]?duq_r@d>cT�!e?>�o�^>cQE>E>EcS �7�NS q��wr!=#o!]�<RQ`r!cUWfsXG p`r!c`^%>�n+c e G q e �

]>=#^%8�d?n+=#r �!e?>�o�^>c\E>E>EcS � � S q���c`dmsXG =#^ e =#r�r!p�c^WjsXG =#^?n@>�n5r!cA8�c`^%<~c`d e c e p`d>c`^%<yn5r!c`^�N�MY�!e?>�o�^>cQE>E>EcS � � S �cS��arB8�c`o�da]>c
8�=�]>c`^wsvqA=@o!c�]?d?n+=#r e cz]uq&_h=#n5^�]?nTs+c�]$_�q_^?nvq_d?n+=#r!] e cC8�c`r@d>c e cz]>=#r@dD8Tq#] e o!c�]`W e c�]$_�q_^?nvq_d?n+=#r!] e c [<; ] M`WHd?^uq&_hc`^>]�|��SB��r cc��c`d9�IsXG p`d?o e cFc`rNd>c�<98�p`^uq_d?o�^>cE:B=#o�^?r�n5d Sa�F<Aq_n+]jsXG =#^ e =#r�r!p�cVW}sXG =#^?n@>�n5r!cE:Xq_n5dQn5r@d>c`^�_hc`r�n5^fs+cE8�^>= e o�n5d
�|��N�M98�=#o�^ e p`d>c`^%<yn5r!c`^ N�MG8Tq_^fsXG q_rTq_s@H�]>cFd��!c`^%<yn�=@o!cFr!=#o!]Aq&_h=#r!]G:Xq_n5dfsXG �IHJ8�=#d��5Q�]>c�=@o!cF�|� p`duq_n5d~g�=#r!]?duq_r@djS
M�cG8Tq_^uqK<RQ`d?^>cyr!c e p�8�c`r e q_r@djqK8L8Tq_^>c�<9<~c`r@d;8Tq#] e cfsXG p`duq_d e cfsvq ]?oM:Xq#g�cG<Aq_n+] e oKdNHJ8�c e c;<~=#s+p�g`o�s+c~c`d e c
sXG =POMH e c��L<Aq_n+]�^?n+c`r r!cHs+c
8�^>=#o._hcEQSRUTWVYXZTWV\[



� O ������� w � w�� 	^y���	jv���w � w*
 � v��
	�y&w d ��d� � n��"V P ��� �	�����z����� �|�"V8�8�����"VU� V �	�
V P ��� P VU� ���
$Y=#o�^w^>p�8�=#r e ^>c�Wzsvq
8�^>p�g�p e c`r@d>cmn5r@d>c`^?^>=Z>@q_d?n+=#rI�@n5s!]?o�C~d e G o�d?n5s5n+]>c`^�svq<d>c�g���r�n�=@o!c e G �IH�]?d>p`^>p�]?n+] e cm]?o�^�:�o!]?n+=#r

=@o�nM8�c`^%<~c`d e c e p`d>c`^%<yn5r!c`^YN�M.[ �aryo�d?n5s5n+]>cmq_s+=#^>] e c�]�]>=#s+]0Wan+]>=>� 8! <Aq_n+]CW�:�^uq#g`d?n+=#r <Aq#]>]?n�=@o!c � e n���p`^>c`r@d>c�].[hE�s
r!=#o!]Yc�]?dY]>c`o�s+c�<~c`r@d 8�=�]>]?n	��s+c e G q#g�g�p e c`^FW0N�M���c`d,8Tq#]DW0Sa�>� <Aq_n+]�s+c�]�^>p�]?o�s5duq_d>]Y]>=#r@dtg�=#r!g`s5oTq_r@d>]`�!e?>�o�^>c�E>E>EW[ �7���W[
$Y=#o�^78! �
 � [ R~r!=#o!]arIG q&_h=#r!]78Tq#]a^>p`o!]>]?nDW9<~c�]?o�^>c`^ e G qK<98�s5n5d?o e cf]?n@>�r�n�eTg9q_d?n:_hc��
svq98�c`d?n5d>c�]>]>c e c\svqA_�q_s+c`o�^ e c
N�M68�^>p2_|o!c
8Tq_^xsXG q_rTq_s@H�]>c<d��!c`^%<yn�=@o!cH]?oL8L8�=�]>c
=@o!czr!=#o!]m]>=Z<9<~c�]bWQsvqjs5n@<yn5d>c e czsvqjd>c�g���r�n�=@o!c e G �IH�]?d>p`^
��]>c e c
]?o�^�:�o!]?n+=#rO��]?n@>�rTq_sId?^>=Z8�:Xq_n	��s+c��W[

0 1 2 3 4 5 6 7 8 9 10
pH

0

0,5

1

1,5

2

2,5

3

3,5

4

4,5

5

5,5

6

z 
(n

m
)

hysteresis
analyse thermique

PCN pKa

9��
:�� B�#�� ������%	)�(	�@� #@/�,-%�/�V��G(54 �'#	%X� � >'�J��� . ,-��/���� ,-��(�%XB9: B+,-%	)
(	��� 2A%�(�,'&w: � ��� 	�� ���HB�#+) ��� �J(	�@� # &�#	� ��%	)-(	� JLK #	%'&�#	� ������,-%	) �(�%���*��L���8�H(�%���;1� 4 #
#-) > #�#���� ,-� 	

0 1 2 3 4 5 6 7 8 9 10
pH

0

5

10

15

E
a 

(k
J.

m
ol

)
PCN pKa

9DC�:�� ����) #A� �@(54 #�/���� &�#���� ,-����� . ,-��/���� ,-�X(�% B9: B+,-%	)$(	���)2A%�(�,'&
: �7���

�.G 021�354m65656 7  ��Q!I+.-H��� ��� ��� . ,-��/���� ,-� (�%1B9:�B+,-%	) (	����� %�(�,'&a: �C���

� � � ���8��� �������8����� ����V
bIc�]<^>p�]?o�s5duq_d>]
<~=#r@d?^>c`r@dA=@o!cjs+c�]d_�q_^?nvq_d?n+=#r!] e c [<; W~sXG qK8L8�^>=|g��!c e oK$�M$��]>=#r@d
8�^?n5r!g`n@8Tq_s+c�<~c`r@d e o!c�]ZW

sXG q_oL>�<~c`r@duq_d?n+=#r e cHsXG p�8Tq_n+]>]>c`o�^ e cHsvqyg�=#o!g��!c e G c9q_o�c`ddWjsXG qK>�^>p�>@q_d?n+=#r 8�=#o�^ 8Tq_^?d?n+c�[Tb�G p`r!c`^%>�n+c e G q e ]>=#^%8�d?n+=#rI�
=@oTq_r@d�WQc`s5s+c�� e n@<yn5r@o!c?WQsXG qK8L8�^>=|g��!c e o}$�M$� `�g�c�g`n 8�c`o�d�]>czg�=Z<98�^>c`r e ^>cS8Tq_^xs+cC:Xq_n5d =@o!cC<LK�<~cH]?n
svqjg��Tq_^%>hc
>�s+=��Tq_s+c e G o�r!cA8Tq_^?d?n+g`o�s+c e cQ]?n5s5n+g�cjc�]?dar@o�s5s+cfq_oh_h=#n+]?n5rTqK>hc e o�$�M$�j�?<Aq_n+]<g�c�g`n�^>p�]?o�s5d>cQd>=#o �?=#o�^>] e c\sXG p�>@q_s5n5d>p
e c�]mg��Tq_^%>hc�]ar!p�>@q_d?n:_hc�]ac`d 8�=�]?n5d?n:_hc�].[

]fG o�r!c98Tq_^?d9�Is+c�]S<~=#s+p�g`o�s+c�] e G c9q_oN]>=#r@dA<~=#n5r!]jq_d?d?n5^>p�c�]Qg9q_^\s+c~g��TqK<98�p`s+c�g`d?^?n�=@o!cAc�]?dQq��Iq_n	��s5nX� e G = %�o�r!c
q_oL>�<~c`r@duq_d?n+=#r e c�N�M.[N]fG q_o�d?^>c78Tq_^?d9��sXG q��Iq_n	��s5n+]>]>c�<~c`r@d e o}g��TqK<98 p`s+c�g`d?^?n�=@o!cHg`^>p�p78Tq_^xsvqA8Tq_^?d?n+g`o�s+c<rIG n@<98�=�]>c
8�s5o!]R��=#o <~=#n5r!]c� e G =#^?n+c`r@duq_d?n+=#r!] 8Tq_^?d?n+g`o�s5n��`^>c�] e c�]
<~=#s+p�g`o�s+c�] e G c9q_o � e n@8�f#s+c e q_r!]<o�rKg��TqK<98Np`s+c�g`d?^?n�=@o!cfc`r
g�=Z<98�p`d?n5d?n+=#r q&_hc�g~sXG qK>�n5duq_d?n+=#rNd��!c`^%<yn�=@o!c��D� e G = %�o�r!c e n@<yn5r@o�d?n+=#r e cysXG p`r!c`^%>�n+c e G q#g`d?n:_�q_d?n+=#r [�M�c�]H^>p�]?o�s5duq_d>]
<~=#r@d?^>c`r@d =@o!cAs+c g�=#^?d
��>hc e c g�=#r@d?^>cc�Xn+=#r ^>c�]?d>cF=@oTq_r e <LK�<~cTW o�r!c g�c`^?duq_n5r!c e n+]?duq_r!g�c�[ � oMO�q_s+c`r@d>=#o�^>] e c
8! �
 !|��n5s HKq q_o!]>]?n�o�r!cA_�q_^?nvq_d?n+=#r e c [<; c`d N�M e o!c q_o 8Tq#]>]uqK>hc e cysvqF:B=#^%<~cT�@n ��� W{�@n �z e =#r@dQs+c98	f\q
e G pP=@o�n5s5n	��^>cH]>c<]?n5d?o!c<c`r@d?^>c
8! �
 � [ Wfc`d68! �
 !J[ R a �!=#n+]>]%H � W e ��g�cS=@o�n�q;8�=#o�^�cc��c`d e cC:Xq_n5^>cd_�q_^?n+c`^�svqjg��Tq_^%>hc e c
]?o�^�:Xq#g�c~c`d e =#r!gysXG p`duq_d e c~]?o�^�:Xq#g�cg��sXG p`r!c`^%>�n+c e G q#g`d?n:_�q_d?n+=#r�]9G c`r�d?^>=#o._hc9<~= e n�eTp�c�[�b�q 8�^>p�]>c`r!g�c e G o�rN$�M$�
8�^>=#o._hcHsXG cWO�n+]?d>c`r!g�c e c R;8	f\q��!g�c`s5o�nYq#g`n e cHrIG c�]?d 8Tq#]�<~c`r@d?n+=#r�r!p\n+g`n [

�ar!c\p`d?o e c\g�=Z<98�s+p�<~c`r@duq_n5^>cf]?o�^ e c�]a]%H�]?d
��<~c�]�d?^
��] e n5s5o!p�]9�L8�=#o�^a]9G q#]>]?o�^>c`^ e cHr!c
8Tq#]zq&_h=#n5^<qK>�^>p�>@q_d?n+=#rI�
]>c`^uq_n 8�s5o!]w^?n@>h=#o�^>c`o!]>cC<Aq_n+]�sXG p`d?o e c e c�]w]%H�]?d
��<~c�] e n5s5o!p�] 8Tq_^�s+c�]wd>c�g���r�n�=@o!c�]6=@o!cmr!=#o!]xq&_h=#r!]D<yn+]>c�]�q_oF8�=#n5r@d
r!cH]>=#r@d�8Tq#]zq e qK8�d>p�].[



d � R ������� w � w���� � x � w&v��
	�y&w ��s	� � w 

��� ��� � �7x���	jvCv
w�� 	cs����Yt � v�� w ��
��
����� �����
	��
����������������������	��! ��"�

]Hq_r!]xg�c`d?d>c e c`^?r�n��`^>cH]>c�g`d?n+=#rI�@r!=#o!]xp`d?o e n+=#r!]xsXG n5rN|!o!c`r!g�c e casvq 8�=#s5s5o�d?n+=#r e casXG =POMH e c<p`d?o e n+p78Tq_^ e G q_o�d?^>c�]
<~p`duq_oMO [
$Y=#o�^Hg�c`svq��Tr!=#o!]Hq&_h=#r!]zo�d?n5s5n+]>p�cQs+c�]z^>p�]?o�s5duq_d>] e cj$�n+g`o�s+c`s5s a $�n+g`o�s+c`s5s W � q e =@o�n,8�=#^?duq_n+c`r@dH]?o�^zsXG p`d?o e c
e cxsvq e p�8�c`r e q_r!g�c e oyduq_oMO e cx^>c`svq*O!q_d?n+=#r e cm]?o�^�:Xq#g�c�c`r9:B=#r!g`d?n+=#r e oy^uqPHh=#r e c�] 8Tq_^?d?n+g`o�s+c�].[H��r98�^>c�<yn+c`^ws5n+c`oI�
n5s?:Xq_o�dx]9G q#]>]?o�^>c`^D=@o!casXG p`duq_d e ca]?o�^�:Xq#g�cz]>=#n5dws+cC<LK�<~cC8�=#o�^�d>=#o�d>c�]ws+c�]$_�q_^?n+p`d>p�] e cC8Tq_^?d?n+g`o�s+c�]�q�e!r e cC8�=#o._h=#n5^
:Xq_n5^>cQo�r!cjp`d?o e cjg�=Z<98Tq_^uq_d?n:_hcf^?n@>h=#o�^>c`o!]>c�[�&�=#o�d>cW:B=#n+]<s+c�]C8Tq_^?d?n+g`o�s+c�] e cj]?n5s5n+g�cQo�d?n5s5n+]>p�c�]<p`duq_n+c`r@d
8�=#s5s5o!p�c�]78Tq_^
e oK]>= e n5oL<B[��z=#o!]Hq_s5s+=#r!]<^uqK8L8�c`s+=#r!] e q_r!]<s+cjduq ��s+c9q_o�E>E>EW[ �ys+c�]d_�q_s+c`o�^>] e c�]78Tq_^uqK< �`d?^>c�] =@o�n�g�=#r!g�c`^?r!c`r@d\s+c�]
8Tq_^?d?n+g`o�s+c�]mo�d?n5s5n+]>p�c�]�8Tq_^a$�n+g`o�s+c`s5s 8�=#o�^a]>c�]�cWOM8�p`^?n+c`r!g�c�].[

#%$ �'&�(�)+*-, # ,�.Z��*+) $ /1032 , �5436 �
798;:=<?> 6�@ + A -CB�DFEHGJI K3LMEON%P=QSRMEOPUT�VWEOXJY[Z=\ .^] 2 _3#%$ ` .^,�* `+$ )-a-bdcfe[gJh�ikj+l�mh Z�n mJl o ikj > 436�@ D�p h�ikj+l�mh�q3l�m .3r�s

t'u[u t=v t t=v t w x=y[v z uUv {[x x'|Uv u y[v u uUv y�t'} yfuUv x~[|[u {=v | w w x�z%v u uUv ~'z y�x=v { uUv { uUv x[{'| }Uv |x�z%y y[y[v ~ w yf~ x'�Uv t uUv ~�x yfuUv ~ uUv � uUv ~[�Uy }Uv tx[x'| y�x=v y w yf� x�z%v x uUv ~[u yfuUv � uUv } uUv t'}�t }Uv �yf~[~ x'uUv t w ~�t z�uUv { uUv y1z {=v u y[v u uUv |[u[u }Uv t{'� ~�t=v u z�| t'~ |Uy[v x uUv u[| t=v t y[v z uUv ~[|�x }Uv t|[� z�uUv y t'| �[u ��x=v t uUv yfu ~Uv t y[v u uUv |[u[u }Uv |
<f� .Z��*+) $ * # , 2 ��) $ )+*N��) $ ][� # ,���� � r � �U,%��* ` t'|'� vL � .Z��*+) $ * # , 798;: �f��, /�� Z�n m^l 	���+ � eO� A1+ �%6 - g vR�� , `+0 *-,�������.k��*9� #%` ]'*-.%) $ ][� # ,�� @ vV � , `+0 *-,�.k��*�& $ / *-] `+/ ][. $ ,�a 2 , / )+*-][� $ �=0 , v\�� , `+0 *-,�.k��* #%$ �J03`+$ ][� #U_ �k�'& $ �=0 , # , 2 � 2 0 & $ (�*-, vb�� a��k� $ , / ][&�&�, 2 �H�[��* $ �'� / ,��3]'*-&�� 2 $ ` a1, #%0
/ ]=,�� /1$ ,1�=) # , #%$ �J03`+$ ][� # , ` .k��*+) $ /1032 , `1� &�, `+0 *-a ` .k��* ��� � vp �9][&>C%*-, #J  ��)-][&�, `�# , ` ] #%$ 0 &¡.k��*¢�k�'�3][&�(�)+*-, / ��*+*-a �k/ � 2 /1032 a��f��, /�2 ,�*��'.3.^]'*+) h�ikj l mS£[h Z�n m l ,�) 798;: vs � , `+0 *-a�� 0 .3r¢¤¥&�(�)+*-, #%$ *-, / )-,1&�,1�=) # �'� `�2 , ` ] 2 ` v

�	��
�� 4 � 1a65656 7 ! !	*§¦+) ¦�/���>�) � �8��� 2�%����G(	���I��,-� �H(	����� � � /'��>���%�(-� >���B'¦+) � � /�%	� ��� � 	 ; � ) �'/������������@) ��B+,	) ��>'���@(	� ¨ � � /�%	� ��� �=©[ª[¦f« 	

¬z=#o!]68�=#o®­h=#r!] e G =#^>c�]mc`d e p ��¯A:Xq_n5^>czsvqj^>c�<Aq_^'=@o!c =@o!czs+c�] 8Tq_^?d?n+g`o�s+c�]aq=­hc�gHo�r�8! e c � [ Wfc`d d �M[ R e =#n5­hc`r@d
K`d?^>cmcWO�g`s5o!c�] e cxsXG p`d?o e cmc`r~^uq_n+]>=#r e G o�r 8! d?^>=Z8Ap`s+=#n@>�r!p e c�]wq_o�d?^>c�]�8Tq_^?d?n+g`o�s+c�] =@o�n!=#r@d�o�r 8! n e c`r@d?n�=@o!c�¯zsvq
8�^>p�g`n+]?n+=#r e o 8! �° < �`d?^>c
8�^
��].[�bIc<^uqK8L8�=#^?d9± (³²µ´ U @f¶�· ²¹¸'º ¶!@ =@oTq_r@d�¯Qs5o�nIc�]?dx^>c�8�^>p�]>c`r@duq_d?n : e czsvq;8�=#s5s5o�d?n+=#rc`r =POMH e c e c\]>= e n5oL<»¯jsvqy]?o�^�:Xq#g�c�[

�ar¼­�qy]9G n5r@d>p`^>c�]>]>c`^�¯fsvq~g�=#^?^>p`svq_d?n+=#r�c`r@d?^>cQs+c�]C<~c�]?o�^>c�] e c [<; c`dasvq98�=#s5s5o�d?n+=#r�c`r�]>= e n5oL< `!s+c�]m^>p�]?o�s5duq_d>]
]>cad?^>=#o®­hc`r@dm]?o�^�svq�½?>�o�^>c<E>E>EW[ ¾^¿M[J¬z=#o!]�q=­h=#r!]x^>c�8�^>p�]>c`r@d>pHq_o!]>]?n
s+c�] e c`oMOE8�=#n5r@d>] e cC8! � [ Wjc`d d �M[ RA=@o!car!=#o!]
q=­h=#r!] � oL>hp e G p`duq_d e c<]?o�^�:Xq#g�c e n;À�p`^>c`r@d.[!bIc78Tq_^uqK< �`d?^>cHo�d?n5s5n+]>p
8Tq_^�$�n+g`o�s+c`s5s�c�]?d 9 [<; . [ ; ] ^ A · [ ; ] ^ � �Qi
kBl =@o�nc�]?dxp�>@q_s!¯ [<; ] M�N�M e q_r!]�r!=#d?^>c7<~= e �`s+c�[ �ar ^>c�<Aq_^'=@o!cHq_s+=#^>]6=@oIG n5sUHAqQg`svq_n5^>c�<~c`r@d�o�r!czg�=#^?^>p`svq_d?n+=#r c`r@d?^>c<g�c`d?d>c­�q_^?nvq ��s+c\c`d�svqG8�=#s5s5o�d?n+=#r [

&�=#o!]}s+c�] ^>p�]?o�s5duq_d>]�=@o!c�r!=#o!] q=­h=#r!]�8�^>p�]>c`r@d>p�]'� o!]'=@oIG ¯ <Aq_n5r@d>c`rTq_r@d�r!=#o!] < �`r!c`r@d¼¯ 8�c`r!]>c`^�=@o!c�s+c�]
­�q_^?nvq_d?n+=#r!]m]>=#r@d e o!c�]mq_oMOFg�ÁTq_rL>hc�<~c`r@d>] e czsvq�­�q_s+c`o�^ e c [<; ] M.[ � n5r!]?n�s+c�]6<~c�]?o�^>c�] e cz^>c`svq*O�=Z< �`d?^?n+c\]>=#r@d�d?^
��]
e p�8�c`r e q_r@d>c�] e c\svq 8�=#s5s5o�d?n+=#r e cQsXG =POMH e c;=@o�ntq~d>c`r e q_r!g�cÂ¯~g�ÁTq_rL>hc`^<s+cQduq_oMO e cQ^>c`svq*O!q_d?n+=#r e cj]?o�^�:Xq#g�c�[ÄÃ<c
<Aq_r�n��`^>cS>hp`r!p`^uq_s+c\svq e p�8�c`r e q_r!g�cQc�]?d6:B=#^?d>c�­|n+]1°�¯%°-­|n+] e o dNHJ8�c e G =POMH e c\p`d?o e n+p�[

bIc�]Yd?^uq=­�q_oMO e c�$�n+g`o�s+c`s5sL8�=#^?duq_n+c`r@d�c`rA:Xq_n5dt]?o�^Ysvq e p�8�c`r e q_r!g�c�q_oj^uqPHh=#r e c�] 8Tq_^?d?n+g`o�s+c�]�<Aq_n+]Yn5s�]>c�< ��s+c`^uq_n5d
=@o!c�s+cm^uqPHh=#r e c�]�8Tq_^?d?n+g`o�s+c�]6=@oIG n5s!o�d?n5s5n+]uq_n5d�c`dws+c`o�^ 8�=#s5s5o�d?n+=#r p`duq_n+c`r@d�s5n+p�].[J¬z=#o!]�rIG q=­h=#r!] 8Tq#]wd?^>=#o®­hp e G q_o�d?^>c�]
d?^uq=­�q_oMO~g�=#r!g�c`^?rTq_r@d�svq e p�8�c`r e q_r!g�c e c�svq<^>c`svq*O�=Z<~p`d?^?n+ca��ÅÆ¬ e G =POMH e c�]wc`rA]>=#s5o�d?n+=#r c`r9:B=#r!g`d?n+=#r e c�svq<duq_n5s5s+c
e c�]C8Tq_^?d?n+g`o�s+c�]ÂÇ�]?nYg�c\rIG c�]?d?¯yd?^uq=­hc`^>]zsvq~]?o�^�:Xq#g�cj]%8�p�g`n;½ =@o!c%ÈW[T[ svq~]?o�n5d>c e c\r!=�]ad?^uq=­�q_oMO��
=#r�8�c`o�dzg�=#r!g`s5o�^>c
=@o!cj]9G n5s H�q e p�8�c`r e q_r!g�c e c [<; ] M<=#o N�MHq_o�^uqPHh=#r e c�]78Tq_^?d?n+g`o�s+c�]9�!¯ p`duq_d e cf]?o�^�:Xq#g�cQn e c`r@d?n�=@o!c���g�G c�]?d e =#r!g=@o!casvqQg�=#o!g�Á!c e c�É@d>c`^?r}=#oFg�=#o!g�Á!czs5n+p�c e p�8�c`r eFe o ^uqPHh=#r e c�]D8Tq_^?d?n+g`o�s+c�].[!M�c�g`n�c�]?dxc`r§­|n+]uqK>hc9q ��s+c"Ê@s+czg�ÁTqK<98
p`s+c�g`d?^?n�=@o!c g`^>p�p 8Tq_^~o�r!c 8Tq_^?d?n+g`o�s+c g�ÁTq_^%>hp�c��H¯�g�ÁTq_^%>hc ]?o�^�:Xq#g`n�=@o!c}g�=#r!]?duq_r@d>c���q_oL>�<~c`r@d>c�q_o g9q_^?^>p e c ]>=#r
^uqPHh=#r [�bIc�]G>�^>=�]>]>c�]G8Tq_^?d?n+g`o�s+c�] q_d?d?n5^uq_r@d 8�s5o!]fs+cFg�=#^?d
��>hc e cFg�=#r@d?^>c[°Xn+=#r!]Ë­hc`^>]fs+c`o�^~]?o�^�:Xq#g�c��YsXG p�8Tq_n+]>]>c`o�^ e c



����� O�� ������� � 

� ��� d �^¾

�.G 021�354A65656 7  �!:! ���
	 � ��� ��� . ,-��/���� ,-� (	�� ¦LB+,-� � %���� ,-� ��� ��,A(-� %	� B+,-%	)Y� ���1��) ¦�9
&'¦	%'&3(	� � � /�%	� ��� � 	*2[¦ ) > #-) ������� ,-��¦YB+,	) ��>
��%	)6� 4 ��������� G	� � (	���QB+,A� �����0�+¦	���Q� �����
/�,-��/'��)W�'¦	��� (	���QB'¦+) ��� /�%	� ���*(	�"B9:F���89
��� ��>@��) ,-B (-� � >�) �������G(	����¦	%���) ���
	

0 5 10 15 20 25 30
0

5

10

15

y = -0.980307*x + 17.9844
R = 0.988682

point aberrant pH=10.2

point aberrant pH=9.8

� � �
�� ���
 ! 
�
� ���
 �
����
��

����������� �"!
# �$�

svq g�=#o!g�Á!c e G c9q_o�s5n+p�c e c�­|^uq_n5d e n@<yn5r@o!c`^~q=­hc�gAs+c~^uqPHh=#r e c�]A8Tq_^?d?n+g`o�s+c�]
Ç+¯�p`duq_d e cA]?o�^�:Xq#g�c~^?n@>h=#o�^>c`o!]>c�<~c`r@d
n e c`r@d?n�=@o!c%ÈW[

%�ryg�c6=@o�n�g�=#r!g�c`^?r!cxsXG qK8L8�s5n+g9q_d?n+=#r e c�r!=�]Yd?^uq=­�q_oMO��_r!=#o!]�<~=#r@d?^>c`^>=#r!] 8Tq_^tsvqz]?o�n5d>cD=@o!c�s+c�] 8Tq_^?d?n+g`o�s+c�] e =#r@d
r!=#o!]mq_o�^>=#r!]xsvqQg�ÁTq_^%>hc e cz]?o�n5­|^>czsvq :B=#^%<Aq_d?n+=#r}]>=#r@dx^>c`svq_d?n5­hc�<~c`r@d�<~=#r!=Z<~= e q_s+c�]mc`d e q_r!]�g�czg9q#]xsXG n5r'&!o!c`r!g�c
e cHg�cS8Tq_^uqK< �`d?^>c\r!c<^>c�<~c`d?d?^uq98Tq#]mc`r�g9q_o!]>c<s+c�]�d?^uq=­�q_oMO�8�^>p`s5n@<yn5rTq_n5^>c�].[

���%��� (µ�"���O��	*)¢ ��"�
b�G p`d?o e c e c�]w]%H�]?d
��<~c�] <~= e �`s+c�]�r!=#o!] e =#r�r!cmsvq
8�=�]>]?n	��s5n5d>p e c 8�^>p�­h=#n5^ws+c�]�­�q_^?nvq_d?n+=#r!] e o~d>c�<98!] e c�^>c`svq*O!q%°

d?n+=#r�P ; c`rF:B=#r!g`d?n+=#r e c�]68Tq_^uqK< �`d?^>c�] 8®ÁIH�]?n+g�=3°�g�Á�n@<yn�=@o!c�]�n@<98�=#^?duq_r@d>] e o}]%H�]?d
��<~c�] =@o!cz]>=#r@d�Ê@svqjg�=#r!g�c`r@d?^uq%°
d?n+=#rI��svqFduq_n5s5s+c��Is+c98! c`d\svqF:B=#^>g�cyn+=#r�n�=@o!c�[�Ã<c98�s5o!]9��s+c�]Qp`d?o e c�]A=@o!cfr!=#o!]jq=­h=#r!]A<~c`r!p�c�]\r!=#o!]Q=#r@dA8�c`^%<yn+]
e G =���d>c`r�n5^ e c�]<^>p�]?o�s5duq_d>]<d?^
��]Hn5r@d>p`^>c�]>]uq_r@d>]\]?o�^Hs+c�]H=POMH e c�]Hc`rK]>=#s5o�d?n+=#r�c`dS8Tq_^?d?n+g`o�s5n��`^>c�<~c`r@d"¯F8�^>=Z8�=�] e cjsvq
g�=#o!g�Á!c e G c9q_o s5n+p�c���=@o!cAr!=#o!]f]>=#oL8,+�=#r�r!=#r!] K`d?^>c svq�g�=#o!g�Á!c e c�É@d>c`^?r³Ç�c`r e c�Á!=#^>] e cAsXG qK>�^>p�>@q_d?n+=#rÄÈj]?nD8�c`o
e p`duq_n5s5s+p�c e q_r!]�svqfs5n5d?d>p`^uq_d?o�^>c�[�¬z=#o!]zq=­h=#r!]a=���d>c`r@o!] e c�]m^>p�]?o�s5duq_d>]md>=#o�dzq_o!]>]?n�n5r@d>p`^>c�]>]uq_r@dz]?o�^ms+c�] >hc`s+]9�!= %}svq
]?d?^?o!g`d?o�^>cHn5r@d>c`^?r!cQc`d�s+c�­|n+c`n5s5s5n+]>]>c�<~c`r@da]>=#r@d�8Tq_^�:Xq_n5d>c�<~c`r@dzn e c`r@d?n;½
q ��s+c�]C8Tq_^m^>c`svq*O�=Z<~p`d?^?n+c\��ÅÆ¬;[

Lxc9q_o!g�=#oL8 e G q_o�d?^>c�]mp`d?o e c�]zq_o�^uq_n+c`r@dC8�o?K`d?^>c
<~c`r!p�c�]a]?o�^mg�c�]m]%H�]?d
��<~c�]aq=­hc�g e c
<Qo�s5d?n@8�s+c�]<qK8L8�s5n+g9q_d?n+=#r!]
<Aq_n+]�¯ 8�^>p�]>c`r@d�n5s :Xq_o�dxr!=#o!]xg�=#r!g�c`r@d?^>c`^a]?o�^�o�r!cHqK8L8�s5n+g9q_d?n+=#r c`r 8Tq_^?d?n+g`o�s5n+c`^�Ê�g�c`s5s+c e czsvqQ]%H|r@dfÁ���]>c e czrTq_r!=3°
8Tq_^?d?n+g`o�s+c�] e G =POMH e c�]yc`r ]>=#s5o�d?n+=#r c`r :B=#r!g`d?n+=#r e o d>c�<98!].[�bIc�]fn5r§­hc�]?d?n@>@q_d?n+=#r!] =@o!c r!=#o!]~q=­h=#r!];:Xq_n5d>c�]y]>=#r@d
]?o�CA]uq_r@d>c�]Qq_oKg�=#r@d?^�-#s+c~c`d\q_oK]?o�n5­|n e cfg�c�]H]%H|r@dfÁ���]>c�]9�U<Aq_n+]
8�c`o®­hc`r@d\=#o®­|^?n5^ e cjr!=#o®­hc`s5s+c�]S8�n+]?d>c�]78�=#o�^ e c�]
p`d?o e c�]mo�s5d>p`^?n+c`o�^>c�].[

.0/213/�43�
�����5)
� �Ä] /76 * $ ` |[~�� 8:95;=< >?92@BADC�EDF�G HJIK>?95L�9KM=92NPORQ$S:T�SJU�V�S:TWOXUZY[92>]\�^J^JO_F§vW` � )ba3,��=)+* 03/ ) 0 *-,�]dcPe�ak��*bf[, #

g �=)-,�*
c5� / , ` vih�j
k l7mbm
ndoqpXrdsKkut�vqw3m�xykdzJ{$|�}�k l~o�m7v�z*kut��Dkdp�nJkdp_h�j
k l7mbm
ndoqpXrds2kut�vqw3m�xykdzJ{$|�}�k l~o�m7v�z�kuty�Dkdp�nJkdp��
}�m7j7o�m7s�������{dvqw3m7��{dv�o�lb{$|'{dp�nPhiwRzdsbo�lb{$|:}�l~o�m7p�l7m7s � ��] 2 v^{�z � �3] v§yf~�t'| � .k�df[, ` t[t��%{'} ���[0 � yf}[|[~Uv

� �Ä] /76 * $ ` u[u�� 8:9:@BADC�EDF�G HJI:L�9:�2O_�:�3��OXU�>?9'�PS:����A�S��bL5^J�:O_C�A®v���k nRm7j7p=�,| m
l~v�j
k l7w3m7�5oqsbv�j7z � ��] 2 0 &�, xd��vD� 2 0R� ,�*
� / � # ,1& $ /��S0 C 2 $ ` a3,�* `1�k` , / ][� # , #%$ ) $ ][� � x'u[u[uUv

� ��*-] � � }[}�� �[9 �B9�@BF3A���T�I'M=9 �B9��5O_T�F�G C�V�I� ¡9 ��9£¢�S:H OR�iI£N=9 ¤�9£¢B^$S:F�EiI£¢P9£��¥D¥D^JO_H�U�ADT�I£L�9�¦yO_^J�,�iI£N=9  ¡9
��ADAD�:�yS:T�I�>?9,��F�SJU�§$O_^3I,�[9�>�S�C�G O_^3I�>?9 ¨ 9�>]C�¢�S:FdU�V��iI,Y[9 ��9�©5OXS:^JH ADT�IiN=9 L�9,ª�QDO_F�«7O_T�H E��iI
>?9 ¦�9�¬KADT�OR�­OXU®8:9 >?9�¯�S�C�V�S:F�S v � ,�)�� 2 `�° $ # ,?� 0 *
c5� / , ` �'� # �,a3, $ * g �=)-,�*�� / ) $ ][� `2��$ )ba � �=0 ,1] 03`�U] 2 0 ) $ ][� ` �'� # � $ / *-] C $ � 2 ` *bf��'� $ ` & ` vB±'w3m7�5o�lb{$|�x�m7² o�m7³£s � ��] 2 vk}[} � �3] vJy � .k�df[, ` {[{��ky�{�z � yf}[}[}Uv

� e�� ` , _ }'z'�  ´G ^J^JG S:�µ��9�¢�S:H OR�®v �S�=)bak� 2 . _"/ ak�'�3f[, ` c;]'*���*-][� ` )-, # � /1$ # ¤ Ck� ` ,�*-,f� / ) $ ][� ` ][� `+$ 2 $ / � v·¶Xkd¸Xj7p�{$|�kut
lbk$|q| kdo�n*{dp�n�oqp3v�m7jqt�{Jl7mBs~l~o�m7p�l7m � ��] 2 v§yf|[~ � .k�df[, ` z�u�{��=z%yf} � yf}[}'z%v


