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` Q?L1NXYaJbDaJMc?LIJMJdQ `
� Q*efNXQ?LgQ ` � ehFHJMRaeMJMG

i LIJMGKJhR�NXJMDjTlk

m�dn C ��[&op^rqbs

n O�G�NXJMLmQ ` � eMFWJMR�ehJ�tvu?O�c�FHJMwWwHQ?RaFxO�Rzy�R�F|{?JMLIGKF|N}k?t	~�LXO������dt	��Q?wHO�R�D
� F i wWQ?UzO � Rac?FHR�JhJMLht	y�R�F|{?JMLIGKF|N}k�Q ` � eMFWJMR�ehJ�O�R�D 
 JMePYaR�Q?wHQ�c�k?t	~�LXO������dt	��Q?wHO�R�D

TvQ?LIR ���a�W���*�W�������
eMFWNKFH�hJMR6Q ` ��Q?wHO�R�D

O�eMehJ i NKJMD�Q?R�NXY�JdLKJheMQ?UVJMRaD�O�NXFWQ?R6Q `
��LKQ ` �Z� L � C�wWJf�aO�R�DaJMLg��Q���O�S�R]t�J���O�U<FWR�JML
��LKQ ` ��� L � ~bO��MFHUVFHJhLK� o Q*D�Jh�	t�eMQ���Jf�aO�UVFHR�JhL
��LKQ ` �Z� L � y�LIGm�rO�R�c?JMRaJMc?c?JhLMt�ehQ��}J���O�U<FWR�JML
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���W� y�wWNKLXO�ehQ?wHD�RaJMSaNKLKQ?R�G �b�b�b���b���b�b���b���d�b���b�b���b���b�b�b�b� �
���¿� y _1� GKQ?SaLKeMJhG ���b�b�b�b�b���b���b�b���b���d�b���b�b���b���b�b�b�b� �

�?�¿�À�W� 
 Y�Jb� �*� y _1� GKQ?S�LIeMJ ���b�b���b���d�b���b�b���b���b�b�b�b� �
���Á� C i�i wWFHeMO�NXFWQ?R�G1Q ` y _1� �b�b���b���b�b���b���d�b���b�b���b���b�b�b�b� Â

�?�Á�*�W� 
 Y�J � wHJhehNKLKFHe � F i Q?wHJ n Q?U<JhR�N4Ã �Z��n(Ä Q ` NKY�JdR�JMS*NXLKQ�R �b� Â
Å Æ ¯ ¬ ¤�¥�¶v°8Ç�È�¹²¢M¨¼§�¢ ½ÀÉ
�À�W� � JMS*NXLKQ�R�FWRlNKJMLKO�ehNKFHQ?R¡�
F|NXY6UzOÊNXJMLIFxO�wWG �b���d�b���b�b���b���b�b�b�b�Ë���

�*�W���W� � eMO�NKNKJMLIFHR�cÌQ ` R�JMS*NXLKQ�R�G
Tlk�OÍGIFHR�c?wWJÏÎa�*JMD�RlS�eMwWJMS�G �b�b�b�Ë���
�*�W���¿� o Q�LKR�O i�i LIQ��aFWUzOÊNXFHQ�R6O�R�D&ÐMÑ�JMLIU<F¼ÒÓG1c�Q?wHD�JhR6LKS�wWJ�Ð �b�b�b�b�Ë�?��*�W���Á� � eMO�NKNKJMLIFHR�cÌQ?R�OÌGIkÀGINKJMUÔQ ` O�NXQ�U<G �d�b���b�b���b���b�b�b�b�Ë���
�*�W���ÓÕ _ Q?YaJMLKJhR�NÏO�RaD�FWR�eMQ�Y�JMLIJMR�N�GIe�O�NINXJhLKFHRac ���b�b���b���b�b�b�b�Ë���

�À�¿� 
 Y�JdeMQ?LILKJMwHO�NXFWQ?R ` S�R�efNXFWQ?R6FHR6RlS�eMwWJ�O�LgGIe�O�NINXJMLIFHR�c �b���b���b�b�b�b�Ë���
�À�Á� � UzO�wHw]O�R�c?wHJ�R�JMSaNKLKQ?R�GKeMO�NKNKJMLIFHR�c �b�b���b���d�b���b�b���b���b�b�b�b�Ë���

�*�Á�*�W� � NKLKS�efNXS�LIJ ` O�ehNKQ?L
O�R�D ` Q?LKU ` O�ehNKQ?L �d�b���b�b���b���b�b�b�b�Ë���
�*�Á�*�¿� �rQ?LKQÀD6wxO�� �b�b�b�b���b���b�b���b���d�b���b�b���b���b�b�b�b�Ë��Â
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�*�W� � RlNKLKQÀD�S�efNXFHQ�R �b���b�b�b�b�b���b���b�b���b���d�b���b�b���b���b�b�b�b�Ú�*�
�*�¿� 
 Y�JdeMLIk�Q?c?JhR�FHedG ��Û NPO�LKc?JfN
eMJMwWw ���b�b���b���d�b���b�b���b���b�b�b�b�Ú�*�
�*�Á� 
 Y�J � JMSaNKJMLIFHS�UÔc�O�GgGIkÀGINKJMU �b���b�b���b���d�b���b�b���b���b�b�b�b�Ú���
�*�ÓÕ 
 Y�JdQ i NXFWe�O�w i Y�Q�NKQ?c?LXO i Y�k�GIkÀGINKJMU �b���b���d�b���b�b���b���b�b�b�b�Ú�?��*�¿� 
 Y�J ^ O�U<O�R6G i JMefNXLIQ?GKehQ i k6GIkÀGINKJMU ���b���d�b���b�b���b���b�b�b�b�Ú���

�a�¿�À�W� �²O�GIJML
GKQ?SaLKeMJ �b�b�b���b���b�b���b���d�b���b�b���b���b�b�b�b�Ú���
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�a�¿�À�¿� ^ O�U<O�R�Y�J�O�D �b�b�b���b���b�b���b���d�b���b�b���b���b�b�b�b�Ú���
�a�¿�À�Á� ^ O�U<O�R�G i JMefNXLKQ�U<JfNXJML ���b�b���b���d�b���b�b���b���b�b�b�b�;�?��a�¿�À�ÓÕ � OÊNPO4NXLIJ�O�NKU<JhRlN �b���b���b�b���b���d�b���b�b���b���b�b�b�b�;�?�
�a�¿�À�¿� ^ O�U<O�R�G i JMefNXLXO �b���b���b�b���b���d�b���b�b���b���b�b�b�b�;�?��a�¿�À�ÁÜ � LINKY�Q�� ��Û eMQ?R�ehJMR�NXLKO�NXFWQ?R �b���b���d�b���b�b���b���b�b�b�b�;���

�*�ÁÜ � O�U i wHJ i LKJ i O�LXO�NKFHQ?R �b�b�b���b���b�b���b���d�b���b�b���b���b�b�b�b�;�?Ü�*�¿� � {�JML�{*FWJh�ÝQ ` NKY�J _1� J�� i JhLKFHUVJMR�N
GIJhNXS i ���d�b���b�b���b���b�b�b�b�;����a�¿�À�W� Þ JMQ?UVJhNKLIkzQ ` NKY�J _1� Jf� i JhLKFWU<JhRlN �d�b���b�b���b���b�b�b�b�;�?Â�*�ÁÂ � {�JML�{*FWJh�ÝQ ` NKY�JdGKJhNKS i Q ` NKY�J�ß _1�Ïà y _1� J�� i JhLKFHUVJMR�N ���b�b�b�b�;�?��a�ÁÂ*�W� Þ JMQ?UVJhNKLIkzQ ` NKY�J�ß _1� Jf� i JhLKFWU<JhRlN �b���b�b���b���b�b�b�b�;�?��a�ÁÂ*�¿� _ Y�Q i�i JhL �b�b�b�b�b���b���b�b���b���d�b���b�b���b���b�b�b�b��Õ���a�ÁÂ*�Á� ß _1� ePY�Q iai JhL �b�b���b���b�b���b���d�b���b�b���b���b�b�b�b��Õ���a�ÁÂ*�ÓÕ y _1� ePYaQ i�i JML �b�b���b���b�b���b���d�b���b�b���b���b�b�b�b��Õl��a�ÁÂ*�¿� � OÊNPOÍCgeMálS�FWGKFWNKFHQ?R�O�RaD � wWQ�� _ Q?R�NKLKQ?w ���b�b���b���b�b�b�b��Õ��
â Æ ¯ ¬ ¤�¥�¶v° × §?¦a¤�¤�¯À¥Ê¨µ°r³&¶v° × ¶v»µ¨¼·$ã6¯ ¬ ¤�¯l¥Ê¨ ¬ ­ â�ä
Õa�W� _ Q?wHD � JhSaNXLIQ?R � e�O�NINXJhLKFHRac ���b���b�b���b���d�b���b�b���b���b�b�b�b��Õl�

Õ��W���W� n JMO�GKSaLKJMUVJMR�N�O�R�D 
 LKJ�OÊNXUVJMR�NmQ ` NKY�J � O�NXO ���b���b�b�b�b��Õl�
Õ��W���¿� o O�eP�Àc�LKQ?S�RaD 
 LKJMO�NXUVJMR�N �b�b���b���d�b���b�b���b���b�b�b�b��Õ�Â
Õ��W���Á� � {?JhLKwHO i�i FWR�c �b�b�b���b���b�b���b���d�b���b�b���b���b�b�b�b��Õ��Õ��W���ÓÕ � eMO�NKNKJMLIFHR�c _ LKQ�GKG � JMefNXFWQ?R �b���b���d�b���b�b���b���b�b�b�b�Ú�*�
Õ��W���¿� ^ JMGIS�wWNKGmQ ` NKY�J _1� J�� i JhLKFHUVJMR�N ���d�b���b�b���b���b�b�b�b�Ú��ÕÕa�¿� C�R�O�w|kÀGKFHGgQ ` {�JMLIk6ehQ?wHD6R�JhSaNXLIQ?R�GKe�OÊNKNXJhLKFWR�c �d�b���b�b���b���b�b�b�b�Ú�?�
Õ��¿�À�W� � JfNXJhehNXQ�LmLIJMGIQ?wHSaNKFHQ?R �b���b�b���b���d�b���b�b���b���b�b�b�b�Ú��Ü
Õ��¿�À�¿� o JMO�UåGIFHU4S�wHO�NXFWQ?R ���b���b�b���b���d�b���b�b���b���b�b�b�b�Ú��Â
Õ��¿�À�Á� ß _1� GKeMO�NKNKJMLIFHR�cVFHR�G ��Ûæ�b�b���b���d�b���b�b���b���b�b�b�b�Ú���
Õ��¿�À�ÓÕ n JfNXY�QÀD�Q ` C�R�O�w|k*GIFHG �b���b�b���b���d�b���b�b���b���b�b�b�b�;Ü?�
Õ��¿�À�¿� ^ JMGIS�wWNKG�O�R�D6eMQ?R�ehwHS�GIFHQ?R �b�b���b���d�b���b�b���b���b�b�b�b�;Ü��

Õa�Á� C�R�O�w|kÀGKFHGgQ ` S�w|NXLKO�eMQ?wWD�R�JMS*NXLKQ�R�GIe�O�NINXJMLIFHR�c �d�b���b�b���b���b�b�b�b�;Ü?Ü
Õ��Á�*�W� � FWU4S�wHO�NXFWQ?RzQ ` NXYaJ�y _1� T�JMO�U ���d�b���b�b���b���b�b�b�b�;Ü��
Õ��Á�*�¿� y _1� GIe�O�NINXJhLKFHRac �b���b���b�b���b���d�b���b�b���b���b�b�b�b�;Ü?Â

Õa�ÓÕ � S�UVUzO�L�kzQ ` NKY�JbO�R�O�w|k*GIFHG ���b���b�b���b���d�b���b�b���b���b�b�b�b�;Ü?�
ä × ¨µ­ ¬ »ç¦a¤�¨ç¶�°2¶	±�è(é Æ ¯�Ù]¤�¥�¦�§�¤�¨µ¶v° ê Ö
�À�W� Þ JhQ?U<JfNXL�k¡Q ` NXY�JdGIQ?S�LKehJ �b���b���b�b���b���d�b���b�b���b���b�b�b�b�Ú���
�À�¿� � R�FWNKFxO�w i O�LXO�U<JfNXJMLIG �b�b�b�b���b���b�b���b���d�b���b�b���b���b�b�b�b�Ú����*�¿�À�W� 
 JMU i JhLXO�NKS�LKJdQ ` � JhSaNXJhLKFHSaUåD�S�LIFHR�c i S�wWGKJ ���b���b�b�b�b�Ú����*�¿�À�¿� � R�F|NXFHO�w�UVQ?UVJMR�NXS�UÚO�R�D6JMRaJMLKc�k6G i JMehNKLKS�U �b���b���b�b�b�b�Ú��Õ�À�Á� �ZY�kÀGKFWe�O�w i LKQÀeMJMGIGKJhG�FHR�{�Q?wW{�JMD �b���b�b���b���d�b���b�b���b���b�b�b�b�Ú�?��À�ÓÕ ^ JhGKS�w|NXG �b�b���b���b�b�b�b�b���b���b�b���b���d�b���b�b���b���b�b�b�b�Ú��Ü

�*�ÓÕa�W� ß�O�LIFxO�NKFHQ?RzQ ` NKY�Jby _1� Jf�ÀNKLXO�efNXFHQ�R i LKQ?T�O�T�FHwWFWN}k �����b�b�b�b�Ú��Ü
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�*�ÓÕa�¿� 
 Y�JdQ?LIFHc?FWR�Q ` Jf�ÀNXLKO�ehNKJMD(y _1���b���d�b���b�b���b���b�b�b�b�Ú��Â
�*�ÓÕa�Á� 
 Y�JdD�FWGINKLKFHTaSaNXFWQ?R�Q ` JMGKeMO i Jb{�JMwHQÀeMF|N}k �7���b�b���b���b�b�b�b�Ú���
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C �W�îÞb� C �m
gÕ NKQ*Q�wH�lFWN ` Q?LgS�wWNKLXO�ehQ?wHD�GIFHU4SawxO�NKFHQ?R �b���b�b���b���b�b�b�b�;Â��
C �¿� y _1� U<QÀD�F|Î�e�O�NKFHQ?R �b�b�b�b���b���b�b���b���d�b���b�b���b���b�b�b�b�;Â��

�¡Ç�Ç�¯À°r·�¨ªÙ$ï ívð
o��W�ñ^ JhGKS�w|N
Q ` NKY�J�NXLKO�R�GKUVFHGIFHQ?R�J�� i JhLKFHUVJMR�N ���d�b���b�b���b���b�b�b�b�;Â?�

�¡Ç�Ç�¯À°r·�¨ªÙ é ð ë
_��|�ñ��� DaJMeMQ�Rl{�Q?wHS*NXFHQ�R�O�wHc?Q?LIFWNKY�U ���b�b���b���d�b���b�b���b���b�b�b�b�;�?Ü
_��Á� o O�eP� i LIQ i O�c?O�NXFWQ?R�U<JfNXY�QÀD �b���b�b���b���d�b���b�b���b���b�b�b�b�;���

�¡Ç�Ç�¯À°r·�¨ªÙ$ã ðvð
���W�ò_ O�wHehS�wxO�NKFHQ?RzQ ` NKY�J � C ��� ehLKQ?GIG�GIJMefNXFHQ�R ���d�b���b�b���b���b�b�b�b�;�?�
���¿�óÞ JhR�JMLKO�NXFWQ?R�Q ` NXY�JdUVQ?U<JhR�NXS�U;D�FHG�NXLKFWT�SaNKFHQ?R�FWR � C �Ï� ���b�b�b�b�p���a�
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y�w|NXLXO�eMQ?wWDARaJMSaNKLKQ?R�G(Ã¼y _1�ÏÄ O�LKJ�O i Q��pJhL ` S�w
NXQÀQ?w1NKQBNKJMGIN i Y�kÀGKFHehGzTvJhk�Q?R�D$NKY�J� NPO�R�D�O�LID n QÀD�JhwºQ ` i O�LINXFWeMwWJ i Y�kÀGKFHehGMt�O�Gg�pJhwHw²O�G ` Q?L ` SaR�D�O�UVJMR�NPO�w i LKQ i JML�NXFWJMG
Q `NXY�JbR�JhSaNXLIQ?R]t�GKSaL ` O�ehJ�GIeMFHJhR�eMJhGÏO�RaD�T�FWQ?wHQ�c?FHeMO�w�G�NXS�DaFHJMG � C�G
eMS�LILKJMR�N�Jf� i JhLKFWU<JhRlNKGS�GKFWR�c(y _1� O�LIJzwWFHUVFWNXJhD"T�k&NKY�JzwWQ��úO�{�O�FWwxO�TawHJÍFHR�NKJMR�GIFWNXFWJMG�O�R�D&D�JMR�GIFWNKFHJMG¡ÃçN}k i Fû�e�O�wWwWk6wWJMGKGmNXY�JhR Õ�� ehU6üÀý Ä tvQ�{�JML�NKY�J>wHO�GIN ` Jh�Ek�J�O�LIGÏFHR�ehLKJMO�GKJhD(Jhþ�Q?LINKG�Y�O�{�J4T�JhJMR
UzO�D�J¡NXQ@T�S�FWwWNÍUVQ?LIJ i Q��ÿJML ` SawmGIQ?S�LIeMJMGVQ ` y _1�b� C1NVNKY�J��£O�Saw � ePY�JMLILKJhL � R�G�NXFû�NXSaN<Ãµ� �*��Ä t²O�R�Jf�úGKQ?SaLKeMJÍ�
F|NXY@Q?LKDaJMLKGdQ ` U<O�c?R�F|NXS�DaJ4Y�FHc�Y�JML�FWRlNKJMR�GIFWN}kjFHG�S�R�DaJML
eMQ?RaGINXLIS�ehNKFHQ?R�tºS�GKFWR�c�GKQ?wWFHD � JhSaNXJhLKFWS�U/ÃçG ��ÛfÄ O�GdO¡U<O�NKJMLKFHO�w²NXQ�eMQ�Rl{�JML�N�NKY�JMLIUzO�w
R�JMS*NXLKQ�R�G�NKQ>y _1� JMR�JhLKc?FWJMG�Ã���������R�J�ß Ä tlT�O�GIJMDVQ?R<O i SawHGKJhD<G i O�wWwxO�NKFHQ?RÍR�JhSaNXLIQ?RGKQ?SaLKeMJ � � YaFHwHJ4NKY�JÌJMR�JhLKc�k@ehQ?R�{?JhLKGKFWQ?R i O�LINbFWGÏ�pJhwHw�S�R�DaJMLKG�NXQÀQ*D�trNKY�JÌJ	�VeMFWJMR�efkQ ` R�JhSaNXLIQ?R�J��ÀNXLXO�ehNXFWQ?R ` LKQ?UîG ��Û FHGdR�JhJMD�JhD®NXQ�T�JVFHR�{�JMGINKFHc�OÊNXJMD ��� R&NXYaFHG��pQ�LK�	t
NXY�JVJhþ�JMefNXG�Q ` ehLIkÀGINXO�wÿálS�O�wHFWN}k"O�R�D�LIJ i J�O�NKJMDBNXY�JhLKU<O�w�GINKLKJMGIG>Q ` eML�k*G�NPO�wWwHFWR�JÌG ��ÛY�O�{?J�T�JhJMRjUVJ�O�GKS�LIJMD ` Q�LgD�FWþ�JMLIJMR�N�LKO�R�c?JhG�Q ` FWR�eMFWD�JMR�NmR�JMS*NXLKQ�RjJMRaJMLKc�FHJMG �p
 Y�JhGKJ
U<JMO�GKSaLKJMUVJMR�NKG i LKQ�{ÀFHD�J�ehLKS�ehFxO�w�FHR ` Q?LIUzOÊNXFHQ�R ` Q?LpNKY�J�G i JMehFWÎ�eÏNKY�JMLIUzO�w�Q i JMLKO�NXFWR�ceMQ?RaD�FWNKFHQ?R�GVO�GÍ�ÿJMwWw�O�GÌNKY�J�R�JMSaNKLKQ?R8GKeMO�NKNKJMLKFWR�cBD�FHG�NXLKFWT�SaNKFHQ?R �,� N<O�wWwHQ��
GÌT�JfNKNXJhL
S�R�D�JhLKG�NPO�R�DaFHR�cÌQ ` Q?T�GIJML�{?JMD�D�FHGIeMLIJ i O�RaeMFHJhGgT�JfN}�pJhJMR�NXY�JhQ?LIk¡O�R�D6U<JMO�GKSaLKJMD�NKQ�NPO�weMLIQ?GKGmGKJhehNXFWQ?R ` Q?L
y _1� GKeMO�NKNKJMLIFHR�cÌQ?R6G ��Û O�N � ~ �

 YaLKJMJgJ�� i JhLKFHUVJMR�NKG£NXQ�FWRl{�JMG�NXFHc?O�NXJÿJMR�JhLKc�k>D�J i JMR�DaJMR�N�GKe�OÊNKNXJhLKFWR�c�Q ` R�JhSaNXLIQ?R�GQ?R®G ��Û eML�kÀGINPO�wHG>Y�O�{�J¡TvJMJMR�e�O�LILKFHJhD�Q?S*N>S�GIFHR�c�eMQ?wWD�R�JhSaNXLIQ?R�G¡Ã�

����������� Ä

O�NmNXY�JbFHR�G�NXLIS�U<JhR�N � C �Ï�6� O�N�� �*� t	{?JML�k�eMQ?wWD�R�JhSaNXLIQ?R�G4Ã�
���������������� Ä O�R�D
S�wWNKLXO�ehQ?wHDzR�JMSaNKLKQ?RaGbÃ�
���������� �����!� Ä O�N1NXYaJ�FHR�G�NXLKSaU<JhRlNg��Ñ � O�N � �²��t Þ LIJMR�QÊ�
T�wHJ � C�wWw]NXY�LIJMJ>J�� i JhLKFHUVJMR�NKG�S�GIJMD i Q?GKF|NXFWQ?R6GKJMRaGKFWNKFW{�J>D�JfNXJMefNXQ?LIG �m� FWNKY�JML
{?JhwHQÀeMFWN}kGKJhwHJMefNXFWQ?R®Q?L�O�NXFWU<JÌQ `#" FHc?Y�N>U<JfNXY�QÀD&�pO�G4JhU i wWQ�k?JMD&NXQjUVJ�O�GKS�LIJ<�pO�{�JMwWJMR�c�NKY*�D�J i JMRaD�JMR�ehJ � Ñ	Q�LpNXY�JdeMO�GKJdQ ` eMQ?wWD�R�JMS*NXLKQ�R�GMt�NXYaJ�Q?T�GKJhLI{�JMDjGIe�O�NINXJhLKFHRacVTvJMY�O�{ÀFWQ?LFHG1TvJMG�N
D�JMGIeMLIFHTvJMD��
FWNKY�GKU<O�wHw�O�R�c?wWJ�GKeMO�NKNKJMLIFHR�c�Ã � C ����Ä FHR¡NKY�J�GKQ���e�O�wWwHJhD���Q?LIQ*DÀ�
O i�i LIQ��aFWUzOÊNXFHQ�R]tÿ�
Y�JhLKJ(NKY�J(UVQ?U<JhR�NXS�U NKLXO�R�G ` JML�$ % & � 
 Y�J(Jf� i JMLIFHUVJMR�NS�GKFWR�cj{�JMLIk&eMQ�wHD®R�JhSaNXLIQ?R�G4ehQ?RaÎ�LIU<GbNXY�JhGKJ¡LIJMGIS�wWNKGMt Y�Q��ÿJh{�JMLMtZ�
FWNKY�U4SaePY2wHQ��pJhL
O�eMehS�LXO�ehk<D�S�J�NKQ4wxO�LKc?JhL�G�kÀGINXJhUzOÊNXFHe�Jhþ�JMefNXG �Z� RzNKY�JÏy _1� LIJMc?FWU<J�tlNKY�JÏ�rQ?LKQÀD�O i �
i LKQ��*FHU<O�NKFHQ?RÌO�wWQ?R�JgeMO�R�R�Q�N i LIQ i JMLKw|kÍD�JhGKeMLIFHTvJgNXY�JmQ?T�GIJMLI{�JMD¡GIe�O�NINXJhLKFHRacbTvJMY�O�{ÀFWQ?LO�R�D�O�R¡O�D�DaFWNXFWQ?R�O�w*�1O�{?JhwHJhR�c�NXYÀ�}FHRaD�J i JMR�DaJMR�N
eMLIQ?GKGÿGKJMefNXFWQ?R i O�LXO�UVJhNKJML�Y�O�GÿNKQ>TvJO�D�D�JhD ��
 Y�FWGÿehLKQ?GIGpGKJhehNKFHQ?RVQ?LKFWc?FHR�O�NXJhG ` LKQ?UúehLXO�eP�lGpFWRVNKY�JmG ��Û ehLIkÀGINXO�wvGINXLIS�ehNKS�LKJ �
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� S�J4NKQ¡NXY�JhFHL�wWQ���JhR�JMLIc?FHJhGMtºy _1� e�O�R"TvJ4NXQ�NPO�wWwWk6LKJ " JMefNXJhD ` LIQ?UËeMLXO�eP�ÀGbO�RaD"GKQ
e�O�R$T�J�FHGIQ�NXLIQ i FHeMO�wHw|k®GIe�O�NINXJMLIJMD �7� RØO�D�D�FWNKFHQ?R,NXQBNXY�J�UVJ�O�GIS�LKJhU<JhRlNKG�O�N<GINXO�NXFWeNXJhU i JMLKO�NXS�LIJMGhtÿNXYaJ�GKO�U i wHJ¡NKJMU i JhLXO�NKS�LKJ��pO�GV{�JML�k ` O�GINVehkÀehwHJMD8T�JfN}�pJhJMR � � ��� �� ~ÝO�RaD � � ��Â � � ~ÍtlGKFHU>S�wxO�NKFHR�c i S�wHGIJMD¡Q i JMLKO�NXFWQ?RVQ ` NXYaJ�� �*� y _1� GKQ�S�LKehJ�S�R�DaJMLD�FWþ�JMLIJMR�NÌeMQ�R�D�FWNKFHQ?RaG �"
 Y�J�Q?TaGKJML�{?JhD8TvJMY�O�{ÀFHQ�L4e�O�R,TvJz�ÿJMwHwpD�JMGIeMLKFWT�JhD2S�GKFWR�c@O
eMQ?U>T�FHR�OÊNXFHQ�RzQ ` NXYaJ���Q?LIQ*D6O i�i LKQ��*FHU<O�NKFHQ?R]t��
F|NXY�')(*�,+-�/.1032�45��.6�7��8:93��� Û<; eMU�ü>=O�R�D6NXY�JdehLXO�eP�?�}GIe�O�NINXJhLKFHRac<UVQ*DaJMw��
F|NXY�?@(*�,+�����.BA3�C4D�/.1��E78ÿT�O�LIR �
o O�GKJhD&Q?R"NKY�JMGIJVLIJMGIS�wWNKGMtrO�D�JhNXO�FHwWJMD n Q?R�NKJ _ O�LIwHQ�GIFHU4S�wHO�NXFWQ?RjUVQÀD�JMw Q ` NKY�J

G ��Û GKQ?SaLKeMJ
S�GIFHR�cVÃçF Ä O�T�GKQ?L i NXFWQ?RÍQ?R � JhSaNXJhLKFHSaUúO�R�D � kÀD�LIQ?c?JhR<ehQ?R�NPO�UVFHR�OÊNXFHQ�R�GMtÃµFWF Ä NXYaJMLKU<O�w S i �}GIe�O�NINXJMLIFHR�cat1ÃçFHFHF Ä FWR�eMQ?YaJMLKJhR�N>GIe�O�NINXJMLIFHR�cat1ÃçFW{ Ä GKU<O�wHw�O�R�c?wHJÍGIe�O�N��NXJhLKFHRac�t�Ãç{ Ä i O�LXO�� � JhSaNXJhLKFHSaUñS i ��GKeMO�NKNKJMLKFWR�c@O�R�D5Ãç{ÀF Ä O�D�D�F|NXFWQ?R�O�w�GKeMO�NKNKJMLKFWR�c@Q?ReML�k*G�NPO�w£eMLXO�eP�ÀG�Y�O�GÏTvJMJMR@T�SaFHwWN ��
 Y�JÍUVQÀD�JMw�O�wHwWQ��
G�GIFHU4S�wHO�NXFWQ?R�Q ` y _1� J��*NKLXO�e��
NXFWQ?R ` LKQ?U;GKQ?wWFHD � JhSaNXJhLKFHSaUåFHR�NXYaJ i S�wHGIJMD�� �À� y _1� GIQ?S�LKehJ �
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F G ��÷IH H �$�KJ�÷ù��� G �KL
y�w|NXLXO���O�wWNXJ � JMS*NXLKQ�R�JMRØÃ¼y _1��Ä T�FHJfNXJMRBD�FWJ nNM c?wHFWePY���JhFWN i Y�kÀGKFW�ÊO�wHFWGKePY�J 
 Y�JhQ?LKFWJMRO JMR�GIJMF|NXGrD�JMG � NPO�RaD�O�LKD n QÀD�JMwWwHGº�hS�NXJhGINKJMR]t?DaFHJ ` S�R�D�O�U<JhRlNXO�wHJhR � FWc?JMR�GIePY�O ` NKJMR>DaJMG
� JhSaNXLIQ?R�G��hSjS�R�NKJMLKGIS�ePY�JhR]t]GKQ��
FWJ � TvJML "QP ePY�JMR i Y�k*GIFH��Q*DaJMLmT�FHQ?wWQ?c?FWGKePY�J � NKS�D�FWJMR�MSÍTvJhNKLKJMFWT�JhR � � O�D�JMLI�MJhFWNXFWc?J1y _1� � � � i JMLIFHUVJMR�NXJÿD�S�LKePYÌD�FWJÿ�lwWJMFHRaJMR � R�NXJhR�GKF|N P NKJMRS�R�D � FHePY�NKJMRùÃçN}k i FHGIePY�JML��pJhFHGIJ��lwHJhFHR�JhL�O�wHG Õ?� eMU�üÀý Ä T�JhGKePY�L P R���N�GKFHRaD]t��
S�LID�JFHRAD�JMRAwHJfNX�fNXJMRØu?O�Y�LIJMRAD�JML o O�SAR�JMSaJMLVFHR�NXJhR�GKF|{?JMLIJML<y _1�SR S�JMwWwHJhRAG�NPO�LI�®{?Q?L �
O�R�c?JfNXLIFHJMTvJMR � C�Uù�£O�S�w � ePY�JMLILKJML � R�G�NXFWNKSaN�Ã¼� �*��Ä JhR�NXGINKJMY�NÿJMFHRaJ
y _1� � R S�JMwWwHJ�t�UVFWN
S�U Þ L M GIGKJhR�Q?LKDaRÀSaR�c?JMR�Y M YaJMLKJhRjy _1� � � FHePY�NXJhR]t�FHR�DaJML � JhSaNXLIQ?R�JMR6D�SaLKePY � i O�wû�wxO�NKFHQ?RbJMLI�MJhS�c�N�t�FHR ��Ûf� UVQ*DaJMLKFWJML�N�SaR�DÌO�R�GIePY�wHFWJMGKGIJMR�DÍUVFWNINXJhwHG ` JMG�NXJMU � JhSaNXJhLKFHSaU
ÃµG ��ÛhÄ FHR�D�JMR@y _1� � � RaJMLKc�FHJMTvJMLIJMFWePY"c?JMG�NXLKJhSaNVÃT�������zR�J�ß Ä �ÿJMLID�JMR �b� FWJ � NKLKJhS*�
S�R�czNKY�JMLIU<FWGKePY�JhL�SaR�D(�ÊO�wWNKJML � JhSaNXLIQ?R�JMRjFHRjDaJMR(S�w|NXLKO��ÊO�wWNKJMR � RaJMLKc�FHJMTvJMLIJMFWePY(FHG�N
c?SaN�{?JMLIGINXO�R�D�JhR]tlD�Q*ePYÍDaFHJ � �ÀNXLKO���NXFWQ?R4D�JhL y _1� O�S�G D�JhU�G ��Û ~�LKFWGINPO�wHwlT�JhR M NKFHc�NKJ
JMFWR�Jgy�R�NKJMLKGIS�ePYlS�R�c �Z� RÌD�JhL {?Q?LIwHFHJhc?JMRaD�JMRÍC�LKTvJMFWN��
S�LKDaJmDaFHJ1~�LIFHGINXO�wHwWálS�O�wHF|N P N²DaJMG
�lLKFHG�NPO�wWwHFWR�JMR�G ��Û S�R�NKJML � FHR " S�GKG�NXY�JhLKUVFHGKePYaJML o JMwxO�GINXSaR�c `VU Lm{?JMLIGKePY�FWJMD�JhR�J � JhS*�
NXLIQ?R�JMRaJMR�JhLKc?FWJMR@S�R�NXJhLKGKSaePYlN �4� FWJMGIJ n JMGIGKS�Rac?JMRBwHFWJ ` JMLIRj�
FHePY�NKFHc?J � R ` Q?LKU<O�NXFWQ?R�JhR
�MS"D�JhR"NXY�JhLKUVFHGKePYaJMR o JfNXLKFWT�GKTvJMDaFHR�c?SaR�c?JMR"SaR�D"c?JMTvJMRBO�S ` C�S ` GIePY�wHS�GIG U TvJMLÏD�FWJ
� JhSaNXLIQ?R�JMRaGINXLIJMSa{�JML�NXJMFWwHS�Rac?JMR �ÿ� JhGI�ÿJMFWNKJMLIJMR�NXLKO�c?JMRzGKFHJ��MS�U�T�JhGKGIJMLKJhR�ßZJMLKG�N P RaD*�
R�FHG�D�JhL�J�� i JhLKFHUVJMR�NKJMwHwWJMRVS�R�DVNXY�JhQ?LKJfNXFHGIePY�JMR � NXLIJMS�álS�JhLKGKePYaR�FWNINXJ�{�Q?RzG ��Û TvJMF � ~T�JhF �
� LKJMF � � i JhLKFHUVJMR�NKJ��MSaLpJMRaJMLKc�FHJ�O�T�Y P R�c�FHc?JhR � NKLKJhS�S�R�c>{�Q?R � JhSaNXLIQ?R�JhR¡FHR<G ��Û�
S�LKDaJMRED�S�LIePY�c?J `VU Y�LIN � Ñ U Lj�ÊO�w|NXJ � JMSaNKLKQ?RaJMR�Ã�
�� �W�X���D� Ä �
S�LKD�J2D�O�G

� C ���@�
� R�G�NXLIS�U<JhR�N>O�Uò� �*� c?JMRlSaNK�hN�t `VU L�GIJMY�L��ÊO�w|NXJ � JMSaNKLKQ?RaJMR$Ãçß _1�ÏÄ ÃY
Z����[�\�����]� Ä S�RaD2S�wWNKLXO��ÊO�w|NXJ � JhSaNXLIQ?R�JMR ÃY
^�K�_���[�`������� Ä �
SaLKD�J�D�O�G4�ZÑ �
O�U � �²��t Þ LKJhR�Q?T�wWJ�tZc?JMRlSaNK�hN �®� RAO�wHwWJMR � � i JhLKFWU<JhRlNKJMR,�
S�LKDaJMRAQ?LINKGXO�S " M GKJhR�D�J� JhNKJM��NXQ�LKJMRV{?JhLI�ÿJMR�D�JfN �ÿ� FHJ1�&JMwWwHJhR�w P Rac?JMR�O�T�Y P R�c�FHc?��JMFWN��
S�LKDaJ�JhRlN}�ÿJMDaJMLpDaS�LKePY
Þ JhGKePY��
FHRaD�FHc?��JMF|NXGKGIJMwWJM��NXFWQ?RjQÀD�JMLmÑ£wWS�c?�hJMFWNKU<JhGKGIS�R�cÌS�R�NXJhLKGKSaePYlN � Ñ U L
�ÊO�wWNKJ � JhS*�
NXLIQ?R�JMR �
FHLKD7D�O�G�T�JhQ?T�O�ePY�NKJhNXJ � NXLIJMSa{�JMLKY�O�wWNKJMRÝO�U TvJMG�NXJhRÝD�S�LKePY5D�FHJ&��Q?LIQ*DÀ�
� P YaJMLKSaR�c�DaJMLZ~�wHJhFHR��
FHR���JMwWGINXLIJMS�SaR�cdU<F|Na$b% & TvJMGIePY�LKFWJMTvJMR �Z� FWJMGIJ o JMQ?T�O�ePY*�
NXS�Rac¡�
S�LKD�J>U<F|Nmß _1� TvJMG�N P NKFHc�NMtv�ÿQ?TvJMF�D�FHJ Þ JhR�O�S�FWc?��JhFWN�D�JML n JMGKGIS�R�c6�lwHJhFHR�JhL
�1O�L�SaR�DzJhG�c�L M GIGKJMLIJ�G�kÀGINXJhUzOÊNXFHGIePY�J�y�R�GIFHePY�JhLKY�JhFWNXJhR<c?O�T � � U o JMLKJhFHePYÌ{?Q?R<S�wWNKLXOÊ�
�ÊO�wWNKJMR � JhSaNXLIQ?R�JMR�� M RaR�JMR(DaFHJ � O�NKJMR�R�FHePY�N�O�wHwWJMFWR�JÏD�S�LIePYjD�FWJd��Q?LIQ*DÀ� � P Y�JMLIS�R�c
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T�JhGKePY�LIFHJhT�JhRb�ÿJMLID�JMR:c��MS�G P NX�hwHFHePYdU4SaGKGºJMFWR��pJhwHwHJhR�w P R�c?JMRlS�R�O�T�Y P Rac?FHc?JhL�� FWLK�lS�R�c?G �
álS�JMLIGKePY�R�F|NKNÏO�D�D�FWJMLIN
�ÿJMLID�JMR]t�D�JMLmD�S�LIePY ^ FHGKGIJdFHU ��Û �}~�LKFHG�NPO�wWw�{�JMLKSaLKGXO�ePYlN��
FHLKD �
C�S ` c�LKS�R�D�FHY�LIJML
c?JhLKFHRac?JMR � R�JMLIc?FHJd�pJhLKD�JhR"y _1� O�R�D�FHJhGKJhR ^ FWGKGIJMR6NXQ�NXO�wºLKJ " JM�?�
NXFWJMLINMtÿ�pO�GMtgc�JMUVFWNKNKJMw|N U TvJMLVD�JMR¸~�LIFHGINXO�wHw¼tZ�MS$JhFHR�JhLÌFHGKQ�NXLKQ i JhR � NKLKJMSaS�R�c `VU Y�LIN �[ S�G P NX�MwWFHePY<�MS�D�JhR n JMGIGKS�R�c�JMR6T�JhF���Q?R�G�NPO�R�NXJhR 
 JhU i JMLKO�NXS�L��
S�LKDaJÏD�JML � FHR " SaGKG{?Q?R 
 JMU i JhLXO�NKS�LK�fkÀ�ÀwWJMR]t � � ��� � � ~:S�RaD � � ��Â � � ~Ít*O�S ` D�O�G1y _1� � � NXLIJMSa{�JMLIY�O�wWNKJMRS�R�NXJhLKGKSaePYlN �1� O�GmTvJMQ�T�O�ePY�NXJfNXJdßZJMLKY�O�wWNKJMR���O�R�R6c?SaNmD�S�LIePY�D�FWJd��Q?LIQ*DÀ� � P Y�JMLIS�R�c
U<F|Nd' � +Y�/.60�2�4e��.6�7��8[9*�_� Û<; ehU ü>= S�R�D:D�JMR:FHGIQ�NXLIQ i JMR`f ^ FHGIG�� R S�JhLKGIePY�R�FWNINhg?@(i�\+�����.BA3�C4D�/.1��E78pT�O�LIR�TvJMGIePY�LKFWJMTvJMR6�pJhLKD�JhR �
o O�GKFWJMLKJhR�D"O�S ` D�FHJhGKJMR ^ JMGIS�wWNXO�NXJhR(��Q�R�R�NXJMR"DaJhNPO�FHwHwWFHJhLINXJ n Q�RlNKJ _ O�LIwHQ � FHU4S*�

wxO�NKFHQ?RaJMRjDaS�LKePY�c�J `VU Y�L�NÏ�ÿJMLKDaJMR]t]TvJMF�D�JMRaJMRAÃµF Ä DaFHJbC�T�GIQ?L i NKFHQ?R(O�R ��Û �pS�R�D �mÛ �~�Q?R�NXO�U<FWR�O�NKFHQ?R�JhR]t�ÃçFHF Ä NXYaJMLKUVFHGIePY�JMGZy i � � e�O�NINXJMLIFHR�cat	ÃµFWFHF Ä FHRa��Q?Y P LKJMR�NKJ � NXLIJMS�S�Rac�tÃµF|{ Ä ~�wHJhFHR��
FHR���JMwWGINXLIJMS�SaR�c�tgÃª{ Ä i O�LXOÊ� ��Û � y i � � e�O�NINXJMLIFHR�c�S�R�D¸Ãç{ÀF Ä D�FHJ � NKLKJhS�S�R�cO�R ^ FWGKGIJMR7FHU ��Û TvJML U eP�lGKFHePY�NKFHc�N6�ÿJMLKDaJMR ��� FWJMG6JMLIwxO�S�T*N6D�FHJ � FWU4S�wHO�NXFWQ?R$D�JhL
� �*NKLXO���NKFHQ?R6{?Q?R�y _1� O�SaGmDaJMUåG ��Û D�JhL
c?J i SawHGINKJMR�� �*� y _1� � R S�JhwHwWJ �
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 O�T�wHJ ��s �ºFHG�N
Q ` O�T�T�LIJh{ÀFxO�NKFHQ?RaG
C�T�T�LKJf{ÀFxO�NKFHQ?R
C ��_ C�R�O�wHQ?c�� NXQ�� � FHc�FWNPO�w _ Q�Rl{�JML�NXJML
C ��_p�K� C�UVJMLIFHe�O�R � NPO�R�D�O�LKD _ Q*DaJ ` Q�L � R ` Q?LKU<O�NKFHQ?R � R�NKJMLKePY�O�R�c?J
_g_1� _ Y�O�LIc?Jf� _ Q?S i wWJMD � Jh{ÀFHehJÌ�mG�kÀR�Q?R�kÀU ` Q�LdO6N}k i JVQ ` FWUzO�c�JGKJhR�GKQ?L
_1� _ Q?wHD � JMSaNKLKQ?R�G
_ � _ Y�O�LIc?JbO�R�D��£O�LIFWN}k�G�k*UVUVJhNXL�k
� C _ � FHc�FWNPO�w|��NKQ��}C�R�O�wWQ?c _ Q�Rl{�JML�NXJML
� � _ � FxO�U<Q?RaD*� �ºFH��J _ O�LIT�Q?R
�Z��n � wHJMefNXLIFHe � F i Q?wWJ n Q?UVJMR�N
Q ` � JhSaNXLIQ?RÑ � t�Ñ � Î�TvJML
Q i NKFHeÑ � Þ C Ñ£FHJhwHD*�}��LKQ?c?LKO�UVUzO�TawHJ Þ OÊNXJ�C�LILXO�k
Ñ�� ��n Ñ�S�wHw�� FWDaNXY�O�N � O�w ` n O��aFWU4S�U
Þ J�O�R�N Õ Þb� Q?UVJhNKLIk>C � D 
 LXO�eP�lFWR�cVÃ n Q�RlNKJ _ O�LKwWQ�U<JfNXY�QÀD�G Q ` GIFHUÍ�
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� � t�� � t	� � t�� Õ Q i NKFHeMGmO�RaD�GIS i�i Q?LINmFWR6NKY�JdwxO�GIJMLgY�JMO�D�²� 
 �ºFHR�Jd��LKFWR 
 JML�Ã i O�LXO�wWwHJMw i Q�LIN
FHR�NKJML ` O�eMJ ÄU ` i n J�O�R(Ñ�LKJhJd�£O�NKY
n(_ n Q?R�NXJ _ O�LIwHQ
n(�a_1o n FHD�O�G � wHQ�� _ Q?R�NXLKQ�w o S�G
n(�aÞ�_ n FHehLKQ�� � NXLIF i Þ O�G _ Q?S�R�NKJML� Ñ ��_ � �*kÀc?JhR(Ñ�LKJhJ � FHc�Y _ Q?R�D�S�efNXF|{*F|N}k
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C�T�T�LKJf{ÀFxO�NKFHQ?R
� � � ��LKQ i Q?L�NXFWQ?R�O�wû� � R�NXJhc?LXO�wû� � JhLKF|{�OÊNXFW{�J�ehQ?R�NXLIQ?wHwWJML� � Ñ �rQ?FHR�N � i LIJ�O�D�Ñ�S�R�ehNKFHQ?R^d� t ^�� t ^m� t ^
Õ Q i NXFHehGmO�R�D6GKS iai Q?L�NmFHR�NXY�J ^ O�U<O�R�eMQ?wWwHJhehNXQ�L^ C � � ^ JMD�SaR�D�O�R�NrC�LILXO�kÏQ ` � R�D�J i JhR�D�JhRlN � LIFW{?JhGÿÃµQ?L]DaFHGK�lG Ä ��D�O�NPOG�NXQ?LKO�c?J�GKePYaJMUVJMG²NXY�O�N²DaFW{ÀFHD�JZO�R�D à Q?LºLIJ i wWFHeMO�NXJ D�O�NPO
O�UVQ?R�cU4SawWNXF i wHJ�Y�O�LID�D�FWGK�lG^�n(� ^ Q*Q�N n J�O�R � álS�O�LIJ
^g�d�Ï
 Q?T O JMehN��}Q?LIFHJhRlNKJMD�GKQ ` N}�pO�LIJ i O�eP��O�c?J��� t ��� t �a� Q i NXFHehGmO�R�D6GKS iai Q?L�NmFHR�NXY�JdG i JhehNXLIQ?UVJhNXJhL
eMQ?S i wHFHRac� C �Ï� � U<O�wWw�C�Rac?wHJ � JMSaNKLKQ?R � e�OÊNKNXJhLKFWR�c
� C �Ï��� � U<O�wWw�C�Rac?wHJ � JMSaNKLKQ?R � e�OÊNKNXJhLKFWR�c � R�GINKLKS�UVJMR�N�O�Nm� �*�
��_ � wWQ�� _ Q?R�NXLIQ?w
G ��Û GIQ?wHFWD � JMSaNKJMLIFHS�U
� � ^ � FWR�c?wWJ��ºJMR�G ^ J " Jf��eMO�UVJMLXO6Ãçc?JML �ÿ� i FHJhc?JMwWLKJ " Jf�*�ÊO�UVJMLXO Ä��n � NXO�R�D�O�LKD n Q*DaJMw
� y �lq � y i JhL�� �lq UVU<JfNXL�k¡UVQ*D�Jhw
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 FWU<J�� � ` � Ñ£wWFHc?Y�N
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 � 
 LXO�RaGKFHG�NXQ?L � 
 LXO�RaGKFHG�NXQ?L(�²Q�c?FHeØÃçN}k i J2Q ` DaFHc?F|NPO�wdwHQ�c?FHe��}c�O�NKJehFHLKehS�FWNKG Ä
y og� y i�i JhL�� o Q?S�R�D � i JMefNXLKSaUÔC�wHc�Q?LKF|NXY�Uy �ao ymR�FW{�JMLKGKO�w � JMLIFxO�w o S�G
y _1� ymwWNXLKO _ Q?wWD � JMS*NXLKQ�R�G
ß _1� ßZJhLIk _ Q?wWD � JMSaNKLKQ?RaG
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 Y�LKJhJÍJf� i JMLKFWU<JhR�NXG�NKQ¡U<JMO�GKSaLKJ�NKLXO�RaGKUVFHGKGIFHQ?RjO�R�D(GIe�O�NINXJhLKFHRac¡eMLIQ?GKG�GIJMehNKFHQ?RaGÏQ `eMQ?wWD�RaJMSaNKLKQ?R�G1Ã _1��Ä t�{?JhLIk�eMQ?wWD�R�JhSaNXLIQ?R�GpÃçß _1��Ä O�R�D�S�wWNKLXO�ehQ?wHDdR�JhSaNXLIQ?R�G1Ã¼y _1��Ä
Q?R(GIQ?wHFWD � JhSaNXJhLKFWS�U Y�O�{?J4TvJMJhR i JhL ` Q?LIU<JhD �

 Y�J4c?Q?O�wº�1O�GmNXQ¡c�LKQ�� � JhSaNXJhLKFHSaUeML�k*G�NPO�wWG�Q ` YaFHc?Y�álS�O�wHF|N}k�O�R�D(UVJ�O�GKS�LIJ>eMLIQ?GKG�GKJMefNXFWQ?R�GÏO�GÏO ` SaR�ehNKFHQ?R(Q ` NXJhU i JML �O�NXSaLKJ�t
O�R�D$NXYaJMFHL<GINKLKS�efNXS�LIJ �5
 YaJMGKJ i O�LXO�UVJhNKJMLIGVÎa�8NXYaJjwHF ` JhNKFHUVJBÃVx�y{zQ| Ä O�R�DU<JMO�R ` LIJMJ i OÊNXYAÃµU ` i Ä Q ` y _1� FHR � JhSaNXJhLKFWS�U O�R�D@O�LKJ�JMGIGKJMR�NKFxO�w D�O�NPO ` Q�L�JMG�NXFû�UzOÊNXFHQ�R&Q ` NXY�J¡DaJMR�GIFWN}kBQ ` y _1� FHRBNXY�J<R�Jh��GKQ�S�LKehJ¡T�JhFHR�c�T�S�FWwWN�O�NÍ� �*��}û� t ��~¼�

 Y�FHGÌNXYaJMGKFWGV�
FWwHwgehQ?R�eMJhR�NXLXOÊNXJjQ�R8GIUzO�wWw
O�R�c?wWJ�R�JMS*NXLKQ�RØGKeMO�NKNKJMLKFWR�c$Ã � C �Ï��Ä Q?R
GKQ?wWFHD � JhSaNXJhLKFWS�U�tZNXYaJMLKU<O�wgG�NXLKJhGKG<O�R�O�w|kÀGKFHGÌO�R�D$O"GIFHU4S�wHO�NXFWQ?R i JML ` Q?LKUVJMD,Q?RAOU<QÀD�JhwºQ ` NKY�J�J��ÀNXLXO�ehNXFWQ?RjQ ` y _1� ` LKQ�UåGKQ?wWFHD � JhSaNXJhLKFHSaUñÃçG ��ÛfÄ S�R�DaJMLmD�FWþ�JMLIJMR�N
eMQ?RaD�FWNKFHQ?R�G �

���	� �������*���#�[�	� ���C�W���)�����
y�w|NXLXO�eMQ?wWD&R�JhSaNXLIQ?R�G>O�LKJ<R�JMSaNKLKQ?RaG��
FWNKY&{�JMLIk&wHQ��ú�lFWR�JhNKFHeVJMR�JhLKc�k � ymGKS�O�wWwWk"NKY�J
JMR�JhLKc�k4FHG�D�JfÎ�R�JMD<O�G�TvJMFWR�c�GKU<O�wHwWJMLrNXY�O�RÍNKY�J
Jhþ�JMehNKFW{�JmG�NXLIQ?R�cdFHR�NXJhLXO�efNXFWQ?R i Q�NXJhR*�NXFHO�w����®Ã¼Ñ�JMLIU<F i Q�NKJMR�NXFHO�w Ä Q ` o JML�k*wWwHFWS�U�t��
Y�FHePY¡FWGZJMálS�O�w	NXQ �?��Â R�J�ß �*o JMeMO�S�GIJÏQ `NXY�JhFHL1wWQ��5�lFHRaJhNXFWeÏJMRaJMLKc�k?t	y _1� O�LKJ�GINKLKQ?Rac?wWkzO�þ�JMehNKJMD�T�k�c?LXO�{ÀFWN}k�caNKY�J i Q�NXJhRlNKFxO�wJMR�JhLKc�k ` Q?LbO�R�JMSaNKLKQ?R i JhL�UVJhNKJMLdFHRBY�JhFHc?Y�N�FHG �����*�Á�?� R�J�ß � y _1� Y�O�{�J¡O�U<O�c��R�JhNKFHeÍUVQ?UVJMR�NdO�R�D@FWRlNKJMLKO�ehN��
F|NXY@UzO�c?R�JhNKFHebÎ�JMwWD�G �4
 YaJVFWR�NXJMLKO�ehNKFHQ?R"FWG�D�JhÎ�R�JMD
T�k�NXYaJ¡GKeMO�wxO�L i LKQÀD�S�efNÍQ ` NKY�J¡G i FHR®Q ` NKY�J�R�JhSaNXLIQ?R®�
FWNKY�NXY�J<Î�JMwWD�{?JhehNXQ�LÌO�R�DeMQ?LILKJhG i Q?R�D�G>NKQ"O�R®JhR�JMLIc�k&Q ` 4 Ü��a�Á�*� R�J�ß à�
�� � Y�JhR,y _1� LIJ�O�ePY®NKY�JzGIS�L ` O�eMJQ ` OVU<O�NXJhLKFHO�wv�
F|NXY6JMRaJMLKc�k6wHJMGIGgNXY�O�R�FWNKG
Ñ�JMLKUVF i Q�NKJMR�NXFHO�w�NXYaJhk¡�
FWwHw]TvJ�LKJ " JMefNXJMDS�R�D�JhL1O�R�kVO�Rac?wHJ
Q ` FHR�ehFHD�JhR�eMJ ��
 Y�J�LIJ " JhehNKFHR�c i LKQ i JML�NXFWJMGZNXQ?c?JfNXY�JhL��
F|NXYVc?LXO�{ÀFWN}kO�R�D6U<O�c?R�JfNXFHemÎ�JMwWD�GgwHJhD¡NXQ4NKY�J�FHD�JMO4Q ` T�S�FWwHD�FWR�c�NKLXO i G ` Q�Lgy _1� t�FHR¡�
Y�FWePY�NXY�Jfke�O�R"TvJ4G�NXQ?LIJMD ` Q?LÏO¡wWQ?R�czNKFHUVJ �Ï
 YaJÌy _1� tv�
FWNKY@OzwHQ?Rac¡Q?T�GIJMLI{�O�NKFHQ?R�NXFHUVJ>eMO�R
T�J<S�GKJhD2O�G�O�R�J��*eMJMwWwHJhRlN i LKQ�T�J ` Q?LbGINXSaDakÀFHR�c ` S�R�D�O�UVJMR�NXO�w i Y�k*GIFHehG ��� Q��pJf{?JhLMt



UzO�Rlk¡Jf� i JhLKFWU<JhRlNKGmO�LKJ�wWFHUVFWNXJhD¡T�k¡NXYaJ�O�{�O�FWwxO�T�wWJ�D�JhR�GKF|N}k6Q ` y _1���� Rjy _1� i Y�k*GIFHehGMt�F|NmFHGmQ ` NXJhRjeMQ�Rl{�JMR�FWJMR�NÏNKQzS�GIJ>NXJhU i JMLKO�NXS�LIJ�t�{?JhwHQÀeMF|N}k?tvU<Q��U<JhR�NXS�U�tº�1O�{?Jf{?JhehNXQ�L>�1O�{�JMwHJhR�c�NKY]t£Q?LdY�JhFHc?Y�NdNXQ6�
Y�FWePY�y _1� eMO�R�LIFHGKJVO�GbO�O�w|�
NXJhLKR�O�NKFW{�JdNKQÌJMR�JhLKc�k �ÿ
 Y�JdJháÀS�O�NXFWQ?R�G
T�JhwHQ�� GKY�Q�� NKY�JbO i�i wWFHe�O�T�wHJ�LKJMwHO�NXFWQ?R s
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� R�GKJhLINKFHR�c�NKY�Jp{�O�wWS�JMG ` Q?LrNKY�J1R�JhSaNXLIQ?R4U<O�GKG � �I��.1�7A���9¥��� ü ÛT¦ �lc�t�NKY�J o Q�wWNX�hUzO�R�ReMQ?RaGINPO�RlN§�7�¨����.1��E¤�*9©�_� ü Û ý u à ~ O�R�D<NKY�J���wHO�R�eP�ÍeMQ�R�GINXO�R�N ¡ �ª�/.1�����«9©�_� üÀý­¬ u�GhtGINXO�R�D�O�LID@c?LXO�{ÀFWNXO�NXFWQ?R�O�wrO�eheMJMwWJMLKO�NXFWQ?R ¢�® �,0/.1E¤�ºU à G ü Û NXYaJ ` Q?wHwWQ��
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Y�JMLIJ � FWG�JMR�JhLKc�kÌFWRVUVFHwWwHFWJMwHJhehNKLKQ?R�{?Q�wWN�t_�¸FWG NXJhU i JMLKO�NXS�LIJ
FHRV~�JMwW{ÀFWR]t � FWGZ{�JMwWQ*e��FWN}kjFHR@�lFHwHQ�U<JfNXJML i JhL�GKJheMQ?R�D�ti�(FHGÏNKY�JÍ�1O�{�Jh{?JhehNKQ?L>FWR"C�R�c?G�NXLIQ*JhU6ü ; O�R�D¯
BNKY�J�1O�{�JMwHJhR�c�NKY¡FHR<C�R�c?G�NXLIQ*JhU ��
 Y�J�JháÀS�O�NXFWQ?R<�
F|NXYÌNXJMU i JMLXOÊNXS�LIJ�c?F|{?JhG�NKY�J�R�JhSaNXLIQ?ReMwHO�GKGIFWÎ�eMO�NXFWQ?R ` Q�L¡ÐhYaQ�N�Ð?Ã°�²± ���?�?� ~ Ä tÿÐfNKY�JMLIUzO�w}Ð6ÃV��± �?�?� ~ Ä t�ÐfeMQ?wWD²ÐjÃ°��±
�?� ~ Ä O�R�D ÐhS�w|NXLKO�eMQ?wWD²Ð6ÃV�³±ÔU<FWwHwHFW��JhwW{ÀFHR Ä��z� JMR�ehJ�y _1� T�JhFHR�c�R�JMS*NXLKQ�R�G��
F|NXY
O�RjJhR�JMLIc�k6Q ` wHJMGIGmNKY�O�R �?�?� R�J�ß>t	NKY�Jhk6Y�O�{�J�NKJMU i JhLXO�NKS�LKJhG�Q ` O ` Jf�ÝUVFHwHwWFH��JMwW{ÀFWR]tO4{?JMwWQ*ehFWN}k�Q ` wWJMGKGgNKY�O�R Üa�ÓÂ U à Ght�O�R�D�O4�1O�{�JMwHJhR�c�NKYjQ ` U<Q�LKJÏNXY�O�R Ü��?� � �
���<´ �¶µI· �¸���W�i�«�C�

 Y�JgeMQ�Rl{�JMR�NXFWQ?R�O�w*U<JfNXY�QÀD ` Q?L�Q?TaNXO�FHR�FWR�cÏy _1� FHGrNXQÏJ��ÀNXLXO�ehN NKY�JMUE{ÀFxOÏOÏR�JhSaNXLIQ?R
c?S�FWD�J ` LKQ?U O�eMQ?wWDBGIQ?S�LIeMJ i wxO�eMJMD@FWR�GKFWD�JÌO�LKJ�O�ehNXQ�L �Í
 Y�JÍ{?JhwHQÀeMF|N}k(G i JMefNXLIS�UîQ `R�JMS*NXLKQ�R�G FHR�NXY�JÿeMQ?wWD4GKQ?SaLKeMJpFHGrGKFHUVFHwHO�L]NXQÏO n OÊ�À�ÿJMwHw*D�FHG�NXLIFHT�SaNKFHQ?R �r
 YaJMLKJÿ�
FHwHwlTvJ
O�GKU<O�wWw ` LKO�ehNKFHQ?R�Q ` y _1� FHR>NKY�JpwWQ��,JMR�JhLKc�kbNPO�FWwlQ ` NXY�JÿG i JMefNXLKSaU � 
 YaJ1G i JMefNXLKSaUQ ` R�JhSaNXLIQ?R�G4FWR�NXY�JhLKU<O�wZJMálS�FWwHFHTaLKFHSaU �
FWNKY2OjUVQ*D�JhLXO�NKQ?L�O�N>NKJMU i JhLXO�NKS�LKJp�º¹ÍFWGc?FW{�JMR�T�k s » + � 8�¼ � � ��½#¹¾ � Û¾ ÛÀ¿©Á¤Â +�Ã � Û¾ Û 8 ¼ �¾ Ä Ã �?�Á�?Ä
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Y�JMLIJ[½#¹
FHGÿNKY�JÏNXQ�NPO�wvR�JMS*NXLKQ�R " S*�6O�R�D ¾ �ÆÅ ���7�º�Ç¹�È � FHGpNKY�JÏUVJ�O�R<{?JMwWQ*ehFWN}k �� R�NXJMc�LXO�NKFHQ?RAQ ` NXY�J � á � Ã �?�Á�?Ä ` Q?LÍNXY�J6JMRaJMLKc�FHJMGÌTvJhN}�ÿJMJhR¸�MJMLIQ�O�R�DANKY�J6eMLIFWNXFWe�O�w
{?JhwHQÀeMFWN}k � (§��Å �����:È � tºeMQ?LILKJhG i Q?R�D�FWR�c�NXQ¡NXYaJÌÑ	JhLKUVF i Q�NXJhR�NXFxO�wa�Q� t]c?F|{?JMG�NKY�JUzO��aFWU4S�U;y _1� D�JMRaGKFWN}k s
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n JhNKY�QÀD�G�NKQzFHRaeMLKJMO�GKJdNXYaJ4y _1� kÀFHJhwHD ` LIQ?UÔOVeMQ?wWDjR�JhSaNXLIQ?RjGIQ?S�LKehJ>FWR�eMwWS�D�Jd{?JML �
NXFWe�O�w�Jf�ÀNXLKO�ehNKFHQ?R } �3~ t]S�GIFHR�c�c?LKO�{*F|N}k�NKQ�D�JMehJMwWJMLXOÊNXJÍR�JhSaNXLIQ?R�G�Q ` Y�FWc?Y�JMLm{?JhwHQÀeMFWNKFHJhG
FHR�NXQ&NXY�J"y _1� LKJhc?FHUVJ�c�O�R�D¸UVJMePY�O�R�FHeMO�w�DaJMeMJhwHJhLXO�NKFHQ?R } Õ3~ t
S�GKFWR�c2eMQ�wHwHFWGKFWQ?R�GÌQ `
R�JMS*NXLKQ�R�Gÿ�
F|NXY¡ObU<Q�{ÀFHRac�GIe�O�NINXJMLIJML ��
 Y�JÏy _1� i LIQ*D�SaehNXFWQ?RzUVJhNKY�QÀD�GZU<JhRlNKFHQ?RaJMDO�TvQ�{�JdO�LKJ�wHFWU<F|NXJMD<O�eheMQ?LID�FHR�c�NXQÌ�ºFHQ?S*{*FWwHwWJ�Ò GZNKY�JMQ�LKJMU ��
 Y�FWGpUVJ�O�R�GÿNXY�O�NgO�R�kzJhR*�
JMLIc�k�NKLXO�RaG ` Q?LIUzO�NKFHQ?RaGreMO�LKLIFHJhD>Q?SaN�Q?RÍO�T�JMO�UEQ ` R�JhSaNXLIQ?R�G
Ãçc?LXO�{ÀFWN}kbQ?LrLKJ " JMefNXFHQ�R Ä
e�O�RaR�Q�NZFHRaeMLKJMO�GKJ1NKY�J i Y�O�GKJ
G i O�eMJ
D�JMRaGKFWN}k4O�TvQ�{�J
FWNXG�{�O�wHS�J1FWR4NXY�J i LKFHU<O�L�k�GIQ?S�LIeMJU<QÀD�JhLXO�NKQ?L }Á��~¼� C�R2O�wWNXJhLKR�OÊNXFW{�Jzy _1� i LIQ*DaS�ehNKFHQ?RBFHGbT�O�GIJMD2Q?RBNXY�J<eMQ?R�{?JhLKGIFHQ?RQ ` eMQ?wWD�R�JMS*NXLKQ�R�GgFHR�NXQ4y _1� FHRzeMQ?wWD�eMQ?R�{?JhLINKJML
UzOÊNXJMLIFxO�wWGÿwWFH��J�GKS i JhL " S�FWD6Y�JMwWFHS�UÃV¬ � J Ä�}ÓÜ3~ Q?LmGKQ�wHFHD � JhSaNXJhLKFHSaU ÃµG ��ÛMÄ�}Ó� t Â3~ �m� Q?wHFWD ��Û Y�O�GmNXY�J i Q�NKJMR�NXFHO�w]NXQ i LKQÊ�D�S�ehJ4Y�FHc�Y(y _1� FHR�NXJhR�GKF|NXFHJhGÏO�N�D�JhR�GKF|NXFHJhG�Q ` O�T�Q?S*N��_��ý#Ã��_�3¬�ehU6üÀý }Ó�3~¼��
 YaFHGÏFWG
N}�pQVQ?LID�JMLIGgQ ` UzO�c�R�FWNKS�D�JÏUVQ?LKJ�NXY�O�R¡NKY�J�eMSaLKLKJhR�NXwWk¡U<Q?G�NgFHR�NKJMR�GIJbGIQ?S�LIeMJdO�NgNKY�J
� R�GINKFWNKSaN4�²O�SaJf� �²O�Rac?Jh{ÀFHR � C i SawHGKJhD®G i O�wHwHO�NXFWQ?R"S�wWNKLXO�ehQ?wHDBR�JhSaNXLIQ?R�GIQ?S�LKehJ<�
F|NXYG ��Û O�GmOÍeMQ?R�{?JhLINKJMLmUzO�NKJMLIFxO�w�FHGgTvJMFHRacVTaS�FHw|N
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R�GKeMO�NKNKJMLKJhD�FWR�NXQ>NKY�Jdy _1� LIJMc?FWU<J�T�k
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 Y�J<U ` i ` LKQ?UJf� i JMLKFWU<JhR�NXG�FWRj�ºQ?GmC�wHO�UVQ?Gg�1O�G ` Q?S�R�D�NXQ<T�JbT�JfN}�pJhJMR � O�R�D Â eMU }û���3~¼�g
 Y�J
U ` i �1O�G R�Q�N�FHR�{?JhGINKFHc�O�NKJMD4FWR>D�JfNPO�FWw tÊY�Q��pJf{?JhLMt�NXY�J i LKJf{ÀFHQ?S�G�Jf� i JMLKFWU<JhR�NXG�kÀFWJMwHDaJMDeMQ?R�NKLXO�D�FWehNKQ?LIk�LKJMGIS�wWNKGÍ�
Y�JhNKY�JMLÍNXYaJ�U ` i GINKLKQ?Rac?wWk�D�J i JMR�DaGVQ�R,NKY�J6U<JfNXY�QÀD,Q `` LKJhJM�MFWR�c }Ó���3~ Q�LgR�Q�N }Ó�*�@~¼�a ¶�°v¤�¯&é�¦�¥Ê»µ¶ × ¨¼­ ¬ »µ¦a¤�¨µ¶v°r¢
C GKFHU i wWJ n Q?R�NXJ _ O�LKwWQ@GKFHU>S�wxO�NKFHQ?R&�
FWNXY2{�O�L�k*FWR�c i O�LKO�U<JfNXJhLKG x_y{zQ|�O�RaD8U ` iFHGmS�GKJhDjNXQ<FHwWwHS�G�NXLXOÊNXJÏNXYaJ>D�F|þ�JhLKJMRaeMJbFHR(y _1� RlS�U4TvJMLIG�Q?T*NPO�FWR�JMD ` LKQ?U OVGKQ?SaLKeMJ �

 Y�J
GKFWU4S�wxOÊNXFHQ�R�Gr�ÿJMLIJ i JhL ` Q?LIU<JhDÍS�GKFWR�cÏNXY�J Þ J�O�RlN Õ O�R�DVy _1� i O�eP�ÊO�c?J }Á��� t ����~ÃµGIJMJÍC iai JhR�D�F|�jC Ä O�R�D@OzGIFHU i wHF|Î�JMD�c?JhQ?U<JfNXL�kjQ ` NKY�J4LIJ�O�w�y _1� GIQ?S�LIeMJ � 
 Y�J

Ñ£FHc�S�LKJ �?�Ó�/saç:é�êiî©ï­í���éèû-é�ñ��¸ûºóYé�êaï­í ó�ì6ñn�3ê�óU�Çêhê,�èê�+�óYï­í©þTóYê<ë�í���ë î	ê,��êhï�í�óYê<ë�÷iùºú]ò ïYñ	ð óYé�êûYñ��1ì1ëog)ê�ý�óYê�ï�ì1ý�ð`ìk�pë�ê,��ê,��ë_ê&��þTê�ñ�� ð�êhí�� ò ï�ê�êp��í�óYépí���ëq�1ì ò ê�óYì1ð#ê ò ñ©ï#í óU����ìBþ�í��r
©ê&�6ñ_þTì6óU�[ñ©ò÷iùºútsu�{ðwv ûOxQ-
�1O�wHwHGpO�R�D¡NKY�J�T�Q�NKNXQ�U i O�LINgQ ` NXY�JÏGIFHU4SawxO�NKJMD � JhSaNXJhLKFWS�U;ehQ?R�NPO�FWR�JMLpY�O�D�FHDaJ�O�wWwWkLKJ " JMefNXFHRac�GKS�L ` O�eMJ �b� R�NXY�J>NKQ i Q ` NKY�J4ehQ?R�NPO�FWR�JML�R�JMSaNKLKQ?RaG��pJhLKJÍehQ?S�R�NXJhD ��
 Y�Jy _1� �pJhLKJ4FWR�FWNKFxO�wWwWkVY�Q?UVQ?c?JhR�JMQ?SaGKwWk¡D�FHG�NXLKFWT�SaNKJMDjFWR�GKFWD�JdNXY�J � JMS*NXJMLIFHS�U ehLIkÀGINXO�w
�
FWNKY¸O�eMQ�R�GINXO�R�N¡{?JhwHQÀeMFWN}kAQ ` � U à GzO�R�DØFWGKQ�NKLKQ i FHe�O�wHwWk�D�FHG�NXLIFHT�SaNKJMD �5� JhSaNXLIQ?R�GeMQ?SawHD�NXLKO�{�JMwºFWR�GKFWD�JÏNXY�J�ehLIkÀGINXO�w²O�R�D6ehQ?S�wHD6TvJ�GKeMO�NKNKJMLKJhD]tvO�T�GIQ?LKTvJMD�Q?L1D�JfNXJhehNXJhD �

 Y�J�LKO�NXFWQ�TvJhN}�ÿJMJhR�eMQ?SaRlNKJMD6O�RaDzc?JhR�JMLKO�NXJhD¡R�JMS*NXLKQ�R�Gÿ�pO�GpeMO�wHehS�wxOÊNXJMDzO�GÿO ` S�R�e��
NXFWQ?R�Q ` U ` i O�R�Djy _1� wWF ` JfNXFHUVJ �ÿ
 Y�J>LIJMGIS�wWN�FHGmGKY�Q��
R(FWR(Ñ£FWc �º�?�Ó�a�g� R"Ñ£FWc �ù�?� ÕNXY�JmeMS*N�NKY�LKQ�S�c?YÌNXY�FWG � �}D�FWU<JhR�GKFWQ?R�O�wÀJf�ÀNXLKO�ehNKFHQ?R ` S�R�efNXFWQ?R<FWG i wHQ�NXJMD ` Q?L NKY�Jmy _1�wHF ` J�NXFWU<JÏQ ` Õ�� UVG �

�
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� RVNXY�J ` Q?wHwWQ��
FHR�c�t�NXY�J i LKQ i JML�NXFWJMGÿO�R�D<NKY�J�TvJMY�O�{ÀFWQ?LÿQ ` GKQ?wWFHD � JMS*NXJMLIFHS�U�S�GIJMDO�G¡O@eMQ�wHD$RaJMSaNKLKQ?RØUVQÀD�JMLKO�NXQ?LÌO�R�D$S�w|NXLKO�eMQ?wWD8ehQ?R�{?JhLINXJhLz�
FHwWwgT�J�FHR�{�JMGINKFHc�OÊNXJMD �

� i JMeMFHO�w JhU i Y�O�GKFWGÏFHGÏU<O�D�JÍQ�R(NXY�JÍUVJ�O�GIS�LKJhU<JhR�NdQ ` GIUzO�wHw�O�R�c?wWJ4R�JMS*NXLKQ�RBGIe�O�N��NXJhLKFHRaczNXQ�Q?T*NPO�FWR(FHR ` Q�LKU<O�NXFWQ?R�O�T�Q�SaNÏNXYaJ4eML�k*G�NPO�w£áÀS�O�wHF|N}k � C�GdO<LKJMGIS�wWN�O¡U<QÀD�JMw
�
FHwWwÀTvJ1D�Jf{?JhwHQ i JMD4�
Y�FWePY4�
FHwWwÀDaJMGKehLKFWT�JpNKY�Jgy _1� i LKQÀD�S�efNXFWQ?RÍO�R�D>Jf�ÀNXLKO�ehNKFHQ?R4Q�SaNQ ` NXYaJ4GKQ?wWFHD � JMS*NXJMLIFHS�U NXYlS�G i LKQ�{ÀFHD�FWR�czJhGKGKJhR�NXFxO�w£FHR ` Q?LKU<O�NXFWQ?R ` Q?L�NKY�J i wxO�R�RaJMD� �*� y _1� GIQ?S�LKehJ �

���,{ |~}F}N���	�������©���N���H�5�¶µI·

 Y�JpDaJh{?JhwHQ i U<JhRlN£Q ` O
R�Jh�,FWR�NXJMRaGKFW{�J1y _1� GKQ�S�LKehJpc?F|{?JMG�OmNKQ*Q�w ` Q�LrG�NXS�D*k*FWR�c ` SaR*�D�O�UVJMR�NPO�w i Y�kÀGKFWeMG�FHR�NKJMLXO�ehNXFWQ?R�G � y _1� O�LKJ4SaGKJ ` Saw£TvJMe�O�S�GKJ4NKY�Jhkje�O�R(TvJ4LIJ�O�D�FWwWkGINKQ?LKJhDVFWR4U<O�NXJhLKFxO�wÀTvQ�NINXwHJhG ` Q?L£O�LKJhwxO�NKFW{�JMwWkbwWQ?R�c�NKFHUVJpO�RaDÍe�O�RÍTvJ1G i FHR i Q?wxO�LIFH�hJMD �CgD�D�F|NXFHQ�R�O�wHw|k?tºNXYaJzwHQ���{�JMwWQ*ehFWN}kBQ ` y _1� O�R�D&NXY�JhFHL>FWR�NXJMLKO�ehNKFHQ?R@�
FWNKY�U<O�c?R�JfNXFWe
O�R�D�c?LXO�{ÀFWNXO�NXFWQ?R�O�w	Î�JhwHD�GmO�wWwHQ�� ` Q?LgUzO�RlkzFHR�NXJhLKJhGINXFWR�cÌJf� i JMLKFWU<JhR�NXG }Á� t ��Õ3~¼�
ÓÀÔ��CÔ�Ó �×Ö�Ø;�F�TØ�Þ��>Ý��TÞ�3�����Ûm�TØ;= Ûl�,Ø.�����h��3 = �^Ûm���¤ÖèØ���Ø�Üp��>Ý/Ûl�
C ` NKJML
UzO�Rlkzk?J�O�LKGmQ ` FWR�{?JMG�NXFWc�O�NXFWQ?R�Q ` _ �8{ÀFHQ?wHO�NXFWQ?R�O�R�D�FWNKGgLKJhwxO�NKFHQ?R¡NKQVNKY�JdJf�l�
eMJhGKG�Q ` UzO�NINXJhL�O�R�DVO�R�NXFWUzOÊNKNXJhL£FWRÌNKY�J
y�RaFW{?JhLKGIJmQ�R�JgálS�JMG�NXFHQ�R<O�wW�pO�kÀGZLKJhUzO�FHR�G FWR
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i O�L�NXFHehwHJ i Y�kÀGKFHehG�O�R�D(O�GINKLKQ i Y�kÀGKFWeMG �Ï
 Y�J _ �¸{ÀFHQ?wHO�NXFWQ?R6FHR�NKY�J � NXO�R�D�O�LKD n QÀD�JhwÃ ��njÄ ÃçGKJMJ�J � c �Ç}Á�?�_~ªÄ FHG�NKQ*QbGKU<O�wHw�NKQ�J�� i wxO�FWRVNKY�J�Q�T�GKJhLI{?JhD�D�Q?UVFHR�O�R�eMJ
Q ` UzO�NINXJhLFHR"NXYaJ<ymR�FW{�JMLIGKJ �Ì
 Y�JhLKJ ` Q?LKJ�t�GIJ�O�LIePY ` Q?L�O�D�D�FWNKFHQ?R�O�w _ � {ÀFWQ?wxO�NKFHQ?R(O�LKFWGKFHRac ` LKQ?U
i O�L�NXFHehwHJ i Y�k*GIFHehGmTvJhk�Q?R�D6NXY�J �an FWG1Q ` c?LIJ�O�NgFWU i Q?L�NPO�R�ehJ � C i O�LINKFHeMSawxO�LIwWkÌGKJhR�GKFû�NXF|{?J i LKQ?TvJ ` Q?L _ � {ÀFWQ?wxO�NKFHQ?R6FWG�Q�þ�JMLIJMD(T�k�GKJ�O�LKePY�JhG ` Q?L i O�LINXFWeMwWJbJhwHJhehNXLIFHe�D�F i Q?wHJU<Q�U<JhRlNKGMt�FWR i O�LINKFHehS�wxO�LÿNXY�JdR�JhSaNXLIQ?R �Z��n }Á����~¼�C8R�Q?R��hJMLIQ i O�LINKFHehwHJ ���Ïn {ÀFWQ?wxO�NKJMG i O�LIFWN}kzÃ¼� Ä O�RaD4NXFHUVJ�Ã 
mÄ G�kÀU<UVJhNKLIkb�
Y�JMRG i O�eMJjQ�LVNKFHUVJ�FWGÌFHR�{?JhLINXJhD � 
 Y�O�N<FHU i wHFWJMGÌO�wWGKQ _ ��{*FWQ?wxOÊNXFHQ�R,O�GKGIS�U<FWR�c _ � 
eMQ?RaGKJML�{�O�NXFWQ?R �Ô� Y�O i FWLKQ }Á��Ü�~ O�R�D �ºS�GIY�FH��Q�{ JfN�O�w ��}Ó�?��~ GIS�c?c?JhGINXJhD5NXY�O�N�y _1�eMQ?SawHD@T�JÌS�GIJMDBNXQ6GKJMO�LKePY ` Q?LÏNXY�JÌR�JhSaNXLIQ?R �Z��nB� CúG�NXQ?LKO�c?JÌJf� i JMLIFHUVJMR�NbeMQ?S�wWDc?FW{�JdQ?LKD�JhLKGmQ ` UzO�c�R�FWNKS�D�J�Y�FWc?Y�JMLgGIJMR�GIFWNKFW{ÀFWN}k�DaS�J�NXQ<OVwWQ?R�c?JhLgFHR�NXJhLXO�efNXFHQ�R¡NXFHUVJ�t
Ã�ã\�_� Û G Ä O�R�DÌGKS i�i LKJhGKGIJMGpG�kÀGINXJhUzOÊNXFHegJfþ�JhehN�D�S�JgNKQ�R�Q?R*� i O�LXO�wHwHJhw��7O�RaD ï Î�JhwHD�G �
 Y�JzJ�� i JhLKFHUVJMR�NKG4O�N>� � � �p}ÓÂ�~ O�RaD � �²� }Á��Â�~ O�R�D&NKY�J i wHO�R�R�JhD�J�� i JMLIFHUVJMR�N>O�N� �*�#}Ó���3~ S�GKJ ^ O�UVGKJhkvÒ GZU<JfNXY�QÀD4Q ` GKJ i O�LXOÊNXJMDÌQ?GIeMFWwHwxOÊNXQ?L�k�Î�JMwWD�GZO�R�DÌUVJ�O�GIS�LKJ1NKY�J�²O�LKUVQ?L ` LKJMálS�JhR�ehk�Q ` i Q?wxO�LKFHGIJMD�R�JMS*NXLKQ�R�G } �?��~ ` Q?L i O�LXO�wHwHJhw²O�R�D ` Q�LÏO�R�NXF i O�LKO�wHwWJMwUzO�c?R�JhNKFHe ï O�R�D>JhwHJMefNXLIFHel�AÎ�JhwHD�G �£� RbNXY�J�GKFWU i wWFWÎ�JhD � O�UVFHw|NXQ?R�FHO�RÏQ ` NXY�J�GIkÀGINKJMU s
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�
Y�JMLIJ��&O�R�D�¼ ® O�LIJbU<O�c?RaJhNXFWedO�R�D�JMwWJMehNKLKFWe�D�F i Q?wHJ�U<Q?UVJMR�NKG �Z
 Y�J��rO�LKUVQ?L ` LKJ��álS�JMR�efk¡FWRzNXY�J�UzO�c?R�JhNKFHe
Î�JMwWD¡FHG����p�`���.�!È   �£� ` NKY�JÏR�JhSaNXLIQ?R�Y�O�GpO�R �Z��n ¼ ® tO�R�JMwWJMefNXLKFWe�Î�JhwHD � O i�i wWFHJhD i O�LKO�wHwWJMw�NXQ o �
FWwHw i LKQÀD�S�ehJ�O4GKY�F ` N1FWRzNXY�FWG ` LKJhálS�JMR�efkQ ` 4���¼ ® 9 � �
Y�JhLKJgNXYaJgGKFHc�RÍD�J i JMR�DaGÿQ?RÍNKY�JgLKJhwxO�NKFW{?JpQ?LKFWJMR�NPO�NKFHQ?R o O�R�D �
��� ` NKY�JU<JMO�GKSaLKJMUVJMR�N�FWGÏD�Q?RaJ>N}�
FHehJÌO�R�D � FHG " F i�i JMD(LIJMwxOÊNXFW{�J>NXQ o t�NKY�FHG��
FWwHw i LIQ*D�SaeMJO<GIY�F ` NmQ ` 2�¼ ® 9 �V�m� R�J4O�D*{�O�RlNXO�c?JbQ ` � �*�
�Z��n Jf� i JhLKFWU<JhRlN�FHG
NXYaJ�RlS�U4TvJML�Q `i Q�wxO�LIFHGKJhD¡y _1� S�GKJhD ` Q?LpUVJ�O�GIS�LKJhU<JhR�N�t*NXO���JhR�D�FHLIJMefNXwWk ` LIQ?UúNXY�JÏYaFHc?Y¡FWR�NXJMRaGKFWN}kGKQ?SaLKeMJ�ta�
Y�FWePY¡D�JMehLKJMO�GKJÏNKY�J�G�NPO�NKFHGINKFHeMO�w	S�R�eMJhLINXO�FHR�NXFWJMG ��
 Y�JÏT�FWc>FHGIGKS�J�FHGÿGINPO�T�FHwWFWN}k
O�R�D,Y�Q?UVQ?c?JhR�JMF|N}k�Q ` NKY�J¡Î�JMwWD�G ��
 Y�J�S�wWNKFHU<O�NXJ<c?Q�O�wÿQ ` O"R�Jh�ÚJf� i JhLKFWU<JhRlNÍO�N� �*� FHG�NXQ�FHU i LKQ�{�JmNKY�J�GIJMR�GIFWNKFW{ÀFWN}kÌT�k<O�TvQ?SaNZN}�pQ>Q?LKD�JhLKG�Q ` U<O�c?R�F|NXS�DaJ
�
YaFHwHJgNKY�JeMS�LILKJhRlNKwWkBUVQ?GIN i LKJheMFWGKJ<{�O�wWS�JVFHG�¼ ®�� �¤.60!9Q�_�Àü ÛQ� J39ÁeMU }Ó��Â3~¼�6
 Y�J<NKY�JMQ?LIJhNKFHe�O�wi LKJhD�FHefNXFWQ?R�Q ` NXYaJ �Z��n FWR�NKY�J �an FHGmO�TvQ?SaN��_� üÀý ; J39ÁehU�t	GKJhJ>J � c �ø} �a�@~ t��
Y�FHwWJbFWR� S i JML � k*UVUVJhNXL�kjUVQÀD�JMwWG4Ã � y �lqdÄ ¼ ® {�O�wWS�JMG�T�JfN}�pJhJMR �_� ü Û = Ã��_� ü ÛQ  J39ÁehU O�LIJi LKJhD�FHefNXJhD]t�GKJhJ�J � c �¸} �a�©~ �
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� R¸NXY�FWG�ePY�O i NKJML�NXY�J"UVQ?G�N�LKJhwHJh{�O�R�N�O�G i JhehNKG�Q ` FWRlNKJMLKO�ehNKFHQ?RØQ ` R�JhSaNXLIQ?R�G¡�
F|NXYUzOÊNKNXJhL��
FHwWw�TvJÍD�FWGKeMSaGKGKJhD � Ñ�S�wWw£D�JhGKehLKF i NXFHQ�R"FHG�O�{�O�FHwHO�T�wWJbFWR(NXY�JÍwWFWNKJMLXOÊNXS�LIJ�ÃµJ � c �}Ó�?� t �?� t ��Õ t ��� t ��Ü t ���_~ªÄ���
 Y�J�NXYaJMQ?LIJhNXFWe�O�wÿD�JMGIeMLIF i NKFHQ?R2Q ` R�JhSaNXLIQ?R,GKeMO�NKNKJMLKFWR�cFHR@eMQ�R�D�JMRaGKJMD�UzO�NINXJhLbSaGKS�O�wWwWkjGINPO�LINXG ` LIQ?U NXYaJVFWR�NXJMLKO�ehNKFHQ?R@Q ` R�JMS*NXLKQ�R�Gb�
F|NXYBO
GKFWR�c?wHJÿRlS�eMwWJMS�GZO�RaDÌO i�i wWFHJMGrNXY�FWG�NKQÏNXY�J1GIe�O�NINXJhLKFHRac�Q?RÍGIkÀGINKJMUVG�Q ` O�NKQ?U<G � ymGKS�O�wWwWkJf�aO�efNpGIQ?wHSaNKFHQ?RÍQ ` i LIQ?T�wWJMUVG e�O�RaR�Q�N�T�J
Q?T*NPO�FWR�JMDVO�R�D<O i�i LKQ��*FHU<O�NXFWQ?R4Y�O�{?J
NXQdTvJS�GKJhD2ÃªNXY�J o Q?LIRjO iai LKQ��*FHU<O�NXFWQ?R Ä�� C1N
NXY�JbJMR�D�Q ` NXY�JbePY�O i NKJMLht	NKY�J � U<O�wHw]C�R�c?wWJ� JhSaNXLIQ?R � e�O�NINXJhLKFHRacj�
FHwWw�TvJ�D�FWGKeMSaGKGKJhD2�
FWNXY,O�G i JMeMFHO�wpJhU i Y�O�GKFWG ` Q?LbNXY�J�wWFHUVFWN�
Y�JMR�NXY�JdUVQ?UVJMR�NXS�U�NXLKO�R�G ` JhL $ùQ ` NKY�JdGKeMO�NKNKJMLKJhD�RaJMSaNKLKQ?R�c?QÀJMGgNXQÌFHR*Î�R�FWN}k �
´p�	� ·n�C�W���*��� �	���¸���*�[�«���	��� £¤�©�`¥ ¦ � �¸�����@���@�
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 Y�Jg�1O�{�JMwHJhR�c�NKYzQ ` NXY�JhLKU<O�w t�eMQ?wWDÌO�R�DVS�wWNKLXOÏeMQ�wHDÍR�JhSaNXLIQ?R�GZFHG�Q ` NXYaJmQ�LKD�JhL§�_� ü ; ¹
���_� ü ¦ U }Á��~ tºO�RaDBU>S�ePY@wxO�LIc?JML�NKY�O�R(NKY�JÍLXO�Rac?J ^ Q ` NKY�JÍRlS�eMwWJ�O�L ` Q?LIeMJ�ÃT�_� ü ; ¬
NXQ��_�Àü ; =mU Äf��
 YlS�G
NXY�J i Q�NXJhRlNKFxO�w s
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e�O�R�TvJbSaGKJMD6NXQVD�JhGKeMLIFHTvJ�NXY�JdGKeMO�NKNKJMLIFHR�c i LIQ*ehJMGKG �Ñ�Q?LpGKwHQ��5R�JMSaNKLKQ?RaG
�
F|NXY6D�J o LIQ?c?wHFWJ��pO�{�JMwWJMR�c�NKY×
�GKO�NXFWG ` kÀFHRac
�¸G`� � ¹�G
 º � Ã �*�¿��Ä
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i JhLINKS�LKT�OÊNXFHQ�RVNKY�JMQ?L�kÌe�O�R<T�JmS�GIJMD � C i Q�NKJMR�NXFHO�w�NXY�O�N�FHG�{�O�wHFWD ` Q�L�NKY�J�wWQ��ØJMRaJMLKc�kwHFWU<F|NpFWR o Q?LKR�O i�i LKQ��*FHU<O�NXFWQ?R]taFWGgLKJ ` JMLKLIJMD6NXQVO�GmÑ�JMLIU<F i GKJMSaD�Q�� i Q�NKJMR�NXFHO�w s�Q��� � ¹   Û� Ò=Û/+UÈ38©. Ã �*�Á�?Ä

 Y�JbT�O�GKFWe�JMálS�O�NKFHQ?R ` Q?L
OÌD�F|þ�JhLKJMR�NKFxO�w�eMLKQ�GKGmGKJMefNXFWQ?R6e�O�R�T�J��
LIFWNKNKJMR s

Í ¼ Û 0¼=Ó§¼ �HÜ ÎfÝ�ÞpÝ�ß � � Ü� ÔàXµÇ Ü 
 Ü Ô �Q��ÔQÇ�
r^ Ô Û Û/+ � Ý Ã � Ý ß 2 � Ã � Ü 8 Ã �À�W���?Ä

�
Y�JMLIJ�Ç Ä Ç Ü LKJ i LKJhGKJMR�N�FHR�ehFHD�JhRlNmO�R�D�Î�R�O�wºR�JhSaNXLIQ?R�G�NPO�NKJ�t	O�RaD¨
 Ä 
 Ü ePY�O�LXO�ehNXJhLKFW�MJFHR�F|NXFHO�w�O�R�D�Î�R�O�w]G�NPO�NKJbQ ` NKY�J�NPO�LIc?JhNMt�LKJMG i JhehNKFW{?JhwWk �

Õ�ÔhÓÀÔµ� 9�Þ¨§©�=�¤Ø:Ý����fªÆÛm�~§XÚh­§Ú_�¤Ø�� Ûm�á§©�¤Ûl�,Ú
� J��*NbehQ?R�GKFWD�JMLÏNKY�JÌGKeMO�NKNKJMLKFWR�c ` LKQ?UæO�LKFWc?FHD"O�LKLXO�kjQ ` � RlS�ehwHJhF � Ñ£FWLKG�NÏNXY�JÍGIe�O�N��
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YaFHePY
� á ���*�Ó�a� U<O�kzT�JdGIFHU i wHF|Î�JMDzNKQÍNXY�J ` Q?LIU
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 Y�J i O�LXO�UVJhNKJML�'Ñ+Y$�8�FWGÿNKY�J i O�L�NXFWeMwHJ ` Q?LIU ` O�ehNXQ�LMt*O�R�D ' +Y$�8 i O�LINXFWeMwWJ�G�NXLKSaehNXSaLKJ` O�ehNKQ?L � � JhNXO�FHwWGpO�TvQ?SaN#'Ñ+Y$�8�O�RaD ' +Y$�8 i LIQ i JhLINKFHJMG�e�O�R¡T�J ` Q?S�R�D<FHR<J � c �º} ��Õ t ��� t�?�3~¼�Z� JhLKJbQ?R�wWk ` Jh� i LKQ i JML�NXFWJMG1�
FHwWw�TvJdD�FHGIeMS�GIGKJMD �
 YaJ ` Q�LKU ` O�efNXQ?LgDaJ i JMR�D�G�Q?R�NXY�JbGKFW�MJbO�R�D�GKY�O i JdQ ` NXY�J i O�LINXFWeMwWJ�ta�
Y�FWwHJÏNKY�JGINKLKS�efNXS�LIJ ` O�efNXQ?Lht��
Y�FWePY>FHG²JhGKGKJhR�NXFxO�wHwWk�NKY�JÿÑ	Q�S�LKFWJMLºNXLKO�R�G ` Q�LKU Q ` NXY�J�LXO�DaFxO�w�D�FWGINKLKF|�
T�SaNKFHQ?R ` S�R�efNXFWQ?R]t�D�J i JhR�D�G�Q�R6NKY�JbLKJMwHO�NXF|{?J�wWQ*eMO�NXFWQ?R�G1Q ` NXY�JdFWR�D�FW{ÀFWD�S�O�w�D�LKQ i wHJhNKGÃ ' +Y$�8����zOÊN>FWRaÎ�R�F|NXJÌD�FHwWSaNXFWQ?R Ä��V
 YaJzwHFWU<F|NXFWR�c ` Q?LIU<GdQ ` ' +-$�8�O�R�D ' +Y$�8bO�LIJJMG i JheMFxO�wHwWk®FHR�NXJhLKJMG�NXFWR�c � � Y�JhRD$îc?QÀJMGÌNXQ&�MJMLIQ�t§'Ñ+Y$�8ÍO i�i LIQ�O�ePY�JhG � O�R�D8NKY�J
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GKeMO�NKNKJMLKFWR�c�D�J i JMR�DaG�Q?RawWk(Q�R ' +-$�8�t²�
YaFHwHJÌOÊNdwxO�LIc?J $ÌtrNKY�JÌD�J i JMR�DaJMR�ehJ<FWGbQ�R�wWkQ?R�' +-$�8pTvJMeMO�S�GKJ ' +Y$�8pLKJMO�ePY�JMG �?�
 YaJMLKJ�FHG ` S�R�D�O�U<JhRlNXO�w	GINKLKS�efNXS�LKO�w�FWR ` Q?LIUzO�NKFHQ?RÍQ�TaNPO�FWR�O�T�wWJ ` LKQ?U�NKY�J�GIe�O�NINXJML �
FHR�cÍehS�LI{�J��
Y�JMR6NXY�J[$ùFWG1wxO�LKc?J � 
 Y�FHGgTvJMY�O�{ÀFWQ?S�LgFHGpFHR�D�J i JhR�D�JhRlNmQ ` O�R�k¡UVQÀD�JMwWGO�R�DÍNXYaJgQ?R�wWk4O�GKGIS�U i NXFWQ?R4�
Y�FHePYÌY�O�G NXQdT�JgU<O�D�JpFHG£NKY�O�N�NXYaJgT�Q?SaR�D�O�L�k4TvJhN}�ÿJMJMRQ?T O JhehNXG�O�R�D�GKQ?w|{?JMR�N�FHG
GKY�O�L i �g
 YaFHG
FHG
e�O�wHwHJhDj�rQ?LKQÀD�wHFHUVFWN } Õ���~ tvO�RaD ` Q?LmOÍNXY�LIJMJD�FHUVJMRaGKFHQ�R�O�w Q?T O JMehNb�
FWNKY@GKY�O�L i TvQ?S�R�D�O�LIk(NKY�J ` Q?LKU ` O�ehNXQ�L�FHG i LKQ i Q?L�NXFWQ?R�O�wrNXQ$ üÏ¬ �
Õ�Ô��CÔ�Õ Ù�ÛaÝ{Ûæ²~��§�@
� NzFWG i Q?GIGKFHTawHJ�NXQ@�
LKF|NXJ�O�R$J�� i wHFHehFWNÌJháÀS�O�NXFWQ?R ` Q?LÍNKY�J(O�{?JhLXO�c�JMDØGIe�O�NINXJMLIFHR�cBFHRÀ�NXJhR�GKF|N}k?t²NXY�JÌeMQÀQ?LID�FHR�OÊNXJMG�Q ` O�NKQ?UVGÏ�
FWNXYaFHRBO�GIkÀGINKJMU T�JhFHR�c6c?F|{?JhR �Ì� ` NXYaJMLKJVO�LIJ�óOÊNXQ?UVGg�
FWNXY�GKeMO�NKNKJMLIFHR�cVwHJhR�c�NXYaGfÉ � +BAÑ8dÃç�
Y�FWePYjU<O�k¡T�JbLKJhc�O�LKDaJMD(O�GmehQ?R�G�NPO�R�N
FHR@NXY�JVGKU<O�wWw�O�R�c?wWJÍLKJhc?FHQ?R s É � +CAp8[�¤É � +Y�78��ãÉ � Ä O�R�DBeMQÀQ?LKDaFHR�O�NKJMG ÈED£�
FWNKY�FHRBO
i O�L�NXFHehwHJ�t*NXYaJMR]tvO�{?JhLXO�c?JdFWRlNKJMR�GIFWN}k�eMO�R�T�J��
LKF|NKNKJMR s
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Y�JMLIJ ´ � 8 �×Ô È-D¤ÃYÈ�F�Ô��
Y�FWwHJ�NKY�J4GIS�U FWG�NPO���JMR@Q�{?JhLdO�wHw²NXY�JÌOÊNXQ?UVG�FWR"O¡GIkÀGINKJMU �

 Y�FHGbJMálS�OÊNXFHQ�R&�pO�G>D�JhLKF|{?JMD&T�k � JMT�k?J } Õ��@~ O�RaD i LIQ�{ÀFWD�JMG�O�R�J��aO�ehN>Jf� i LKJhGKGIFHQ?R` Q?L NXYaJmGIUzO�wHw�O�R�c?wHJpGKe�OÊNKNXJhLKFWR�cdFHR�NXJhR�GKF|N}kÍT�kÌO i O�LINKFHehwHJ �r� ` O�D�JhR�GKF|N}kÍD�FWGINXLIFHT�S*NXFHQ�R` S�R�efNXFHQ�R » +UÈ38gFWG1NPO���JMR�FHR�G�NXJMO�D�Q ` i O�LINXFWeMwWJ�NXY�J � á � Ã �*�Á����Ä NPO���JMG
NXY�J ` Q?LIU s?Ç+Y$�8a� ÉHG!ÉHG » +µÈ7I@8 » +UÈ-J�8 Á%ÂuÃ¸+Y$ ´ ;µÛ 8$ ´ ;µÛ ¼=È7I©¼_ÈEJ Ã �À�Á��Õ�Ä
� R4NXY�JÿeMQ?R�NKFHRlS�Q?S�G£D�FHG�NXLKFWT�SaNKFHQ?RbQ `�` S�RaehNXFWQ?R » +UÈ�8ºNXY�J�{�O�LKFHO�T�wHJlÈEJpe�O�RÍT�JÿLKJ i wxO�ehJMDT�kFÈ��cÈEJCÃtÈKI �ÿ
 Y�JhR��
Y�JhR�NKY�J�Q�LKD�JhLmQ ` FHR�NKJMc?LKO�NXFWQ?R�FHGgePY�O�R�c?JMD(O�R�D�OÌG i Y�JhL��FHeMO�w i Q?wxO�LÍehQ*Q�LKD�FWR�O�NXJ�G�kÀGINXJhU FHGÍS�GIJMD ` Q�L4NXY�J�FHR�NXJhc?LXOÊNXFHQ�R2Q�{�JML Èlt�NKY�J � JMT�k?JGKeMO�NKNKJMLKFWR�cÌe�O�R�TvJdNKLXO�RaG ` Q?LIU<JhD s
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¢ +U´�8*� �2\¹ X » +UÈ�8 Û ^�� É ÛBL¹ ¼_J É L¹ Á%ÂuÃ ¾ ¼ ¾ É G » +UÈ7I	8 » +UÈKI�25È38�¼¤� ; Ã �À�Á�?Ü?Ä
O�R�D ó » +U´�8 Û õ � �� É G » +UÈ7I@8 Û ¼>� ; . Ã �À�Á����Ä

��Â




 Y�J4FWRlNKJMc?LKO�NXFWQ?R�FHR � á � Ã �*�Ó���?Ä FWG�D�Q�R�J ` LIQ?US�<NXQ«Ì tv�
Y�JMLIJoÌ�FHG
NXY�J>D�FxO�UVJhNKJMLmQ `
NXY�J�GKe�OÊNKNXJhLKJhLp��NXY�J�wHJMRac�NXY¡Q ` NXY�J�wWQ?R�c?JhGIN1G�NXLKO�FHc?Y�N��}wHFWR�J
GKJhc?U<JhR�N ` Q?Lÿ�
Y�FWePY�T�Q�NXY
JMR�DaG�e�O�R�TvJ�ehQ?R�NPO�FWR�JMD6�
FWNKY�FHR�NKY�J�GIe�O�NINXJhLKJML �1
 Y�J�O�R�c?wWJMG ¾ Ä J®O�LIJ�ehQ*Q?LID�FHR�O�NXJhGNXY�OÊN�G i JheMF ` k¡NXY�JdQ?LIFHJhRlNXO�NXFWQ?R�Q ` NXY�J�{�JMehNKQ?LwÈ4FHR�NXYaJbG i Y�JhLKFHeMO�w i Q?wxO�LpeMQÀQ?LKD�FWR�O�NKJGIkÀGINKJMU �

 YaJ ` S�RaehNXFWQ?R ¢ +U´�8ÏFWGbeMO�wHwWJMD@eMQ�LKLKJhwxO�NKFHQ?R ` S�RaehNXFWQ?R �¡� RBNXY�JÌ{?Q�wHS�UVJÌFHR�NXJhc?LXO�wFHR � á � Ã �*�Ó���?Ä t�È7I4LKJ i LKJMGIJMR�NXG>O i Q?FHR�NdFWR@NKY�JVGKe�OÊNKNXJhLKJhLMt O�R�D�È7I<2·È¡FHGbO6GKJMehQ?R�D

i Q�FHR�NÏFWRjNXY�J>GKe�OÊNKNXJhLKJhLÏNXY�O�N�FHGÏDaFHG i wxO�ehJMD(T�kjNKY�J>{�JMehNKQ?L	È ` LKQ?UÔNKY�J4Î�LKG�N i Q?FHR�N �� FHRaeMJjNKY�J"D�FxO�U<JfNXJML«ÌbFWG<NKY�J"wxO�LIc?JMG�N¡D�FWGINXO�R�eMJ�t ¢ +U´�8N� �B�
Y�JMR�´ÀE Ì �E
 Y�J
` S�R�efNXFHQ�R ¢ +U´�8�Y�O�GgU<O�R�kzQ�NKY�JML i LKQ i JML�NXFHJhG � Ñ�LKQ�U � á � Ã �*�Á�?�?Ä GINXO�NXJhG1NXY�O�N $�?Ç+Y$�8FHG i LKQ i Q?L�NXFHQ�R�O�w�NXQ>NKY�J�Ñ�Q?S�LIFHJhLÿGIFHR�JmNXLXO�R�G ` Q?LIU;Q ` ´ ¢ +µ´�8 ��
 YlS�GgFHR i LKFWR�eMF i wHJ ¢ +µ´�8e�O�R�TvJbJf{�O�wHS�OÊNXJMD6T�k6OÌRlS�U<JhLKFWe�O�wºÑ�Q?SaLKFHJhLpNXLKO�R�G ` Q?LKU;Q ` UVJ�O�GIS�LKJhD�D�O�NPO �
C�wWNKY�Q?S�c?YÌNXYaFHGpLIJMGIS�wWNÿUzO�k<O�N�Î�LKG�NgGKJhJMU�{?JhLIk<S�GKJ ` S�w tlNXY�JhLKJ�O�LKJ�GIQ?UVJ ` O�efNXQ?LIG

NXY�OÊN�wWFHUVFWN�FWNKGdO i�i wWFHe�OÊNXFHQ�R �Í� {�O�wHS�OÊNXFHQ�R"Q ` ¢ +U´�8�LIJMálS�FHLIJMGdFHR�NKJMR�GIFWN}k"D�OÊNPO ` Q?LdO�wHw$Vt]O�R�D(Jfþ�JhehN�Q ` NKJMLIU<FWR�O�NXFWQ?R�Q ` NXY�J�RlS�U<JhLKFWe�O�wrFHR�NXJhc?LXOÊNXFHQ�Rje�O�R(T�J>D�F �VeMSawWNmNXQ
JMG�NXFHU<O�NKJ �
� NKY�JML i LIQ i JMLINKFHJhGmQ ` NKY�J ` S�R�ehNKFHQ?R ¢ +µ´�8ÿG�NPO�kÀGmNKY�O�N

¢ +µ´�8 æ �CÃ '2Ï� ´ Ã �À�Á�?Â?Ä
�
Y�JMLIJ ' FHG�G i JMehFWÎ�e<GKS�L ` O�eMJ<Q ` NXY�J i O�L�NXFHehwHJ�ÃµDaJhNPO�FHwHJhD�O�R�O�wWkÀGIFHGbQ ` ¢ +µ´�8deMO�R®TvJ` Q?S�R�D�FHR6J � c �[} ��Õ t �?� t �?�3~xÄf�

 YaJ ` SaR�ehNKFHQ?RN$�?º+-$�8pFWG i LKQ i Q?L�NXFWQ?R�O�wvNXQVOÌÑ	Q�S�LKFWJML1GIFHR�JÏNKLXO�R�G ` Q?LKUÚQ ` ´ ¢ +µ´�8 �
 YlS�G ` Q?LÏwxO�LKc?J $ÚO�R@O i�i LIQ��aFWUzOÊNXFHQ�RjQ ` NXY�JÌÑ�Q?SaLKFHJhL�NKLXO�R�G ` Q?LKU 0 +NMÇ8 ` Q?LÏwHO�LKc�JM } Õl�_~ e�O�R7TvJ(S�GIJMD¸NXQ2Jf{�O�wHS�OÊNXJ]?Ç+-$�8 �ù� R�JjQ ` NXY�J i LKQ i JML�NXFHJhG¡Q ` O®Ñ�Q?S�LIFHJhLNXLKO�R�G ` Q�LKU 0 +OMÇ8¡Q ` O ` SaR�ehNKFHQ?RIÉi+NMÇ8�FWG¡NXY�OÊN�NKY�J@T�JhY�O�{ÀFHQ?L�Q ` NXY�J"NKLXO�R�G ` Q?LKU

O�N�wxO�LIc?JPM,FHGbD�JhNKJMLKUVFHRaJMD�T�k@NXYaJ<{�O�wHSaJMGbQ ` Éi+NMÇ8bO�RaD�FWNKG�DaJMLKF|{�O�NXF|{?JMGbR�JMO�L�NKY�J
JMR�D i Q�FHR�NXG6Q ` NXY�JBFHR�NXJhc?LXO�w�O�R�D FHR¸NXY�JBR�JhFHc?YlTvQ?LKY�QÀQÀD7Q ` O�R�k i Q?FHR�NXG6FWR7NKY�JFHR�NXJhLKFWQ?LgQ ` NXY�JdFHR�NKJMLI{�O�wºQ ` FWRlNKJMc?LKO�NXFWQ?R�O�Ng�
Y�FWePY3Éi+NMÇ8gQ�LgQ?R�JdQ ` NKY�JdD�JMLIFW{�O�NKFW{?JhG
FHGdD�FWGKeMQ�RlNKFHRlS�Q?SaG � � YaJMR � á � Ã �*�Ó���?Ä FHG�N}�
FHehJ i O�LINXFHO�w FWRlNKJMc?LKO�NXJhD]tºNXY�J ` Q?wWwHQ��
FHR�cJMálS�O�NKFHQ?R6FWGmQ�TaNPO�FWR�JMD s
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 Y�J1GIS i JhLKGIeMLKF i N +U»¥8rDaJMR�Q�NKJMG DaJMLKF|{�O�NXF|{?JMG�Q ` Q?LID�JML�» ��
 Y�J1LKJhGKS�w|N U<O���JhG£S�GIJ1Q ` NKY�J` O�ehNZNKY�O�NZS�R�DaJML�áÀSaFWNXJgc�JMR�JhLXO�w�ehQ?R�D�F|NXFHQ�R�GMt ¢ +�Ì-8 , ; . � ¢ +µÌ-8a�ª� � C�wWNKY�Q?S�c?Y ` S�L�NXY�JhLFHR�NXJhc?LXOÊNXFHQ�R�Tlk i O�LINKG
e�O�R�RaQ�NmT�J i JML ` Q?LKUVJMD�O�R�O�LKTaFWNXLKO�LIk<RlS�U4TvJML
Q ` NXFWU<JhGMtaNKY�J

���



FHR�NXJhc?LXO�w]Q ` NXJhR�eMO�R6T�JdFWRlNKJMc?LKO�NXJhD6Q?R�eMJbUVQ?LKJÏT�k i O�LINXG �Z
 Y�JdLKJMGIS�wWNKG
FHG
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 Y�J>wHO�GIN
�pO�G�Q�TaNPO�FWR�JMD6�
FWNKY�NKY�J>O�GKGKSaU i NKFHQ?R�NXY�OÊN ¢ , ; . +U´�8gO�RaD ¢ , Û . +µ´�8gO�LKJbeMQ�R*�NXFWRÀSaQ?S�G ` Q?LC�PW�´XW�Ì}t	O�R�D6NXY�O�N ¢ , ý . +U´�8pFWGgFHR�NXJhc?LXO�T�wHJÏQ�{�JML
NXY�FWGgFHR�NXJhLI{�O�w � � Y�JMRNXY�JhGKJbeMQ?RaD�FWNKFHQ?R�G
O�LKJ ` S�w|Î�wHwWJMD � á � Ã �À�ÓÕ��?Ä FHG
Jf�aO�efN �
CgeheMQ?LID�FHRacBNKQ�c?JhR�JMLKO�w i LKQ i JML�N}k,Q ` Ñ�Q?S�LIFHJhLÍFHR�NXJhc?LXO�wWGMt�NXY�J�FHR�NXJhc?LXO�wgQ?R8NKY�JLKFWc?Y�N²GKFHDaJ�Q ` � á � Ã �*� Õ���Ä O i�i LKQ�O�ePYaJMGr�MJMLIQg�
Y�JMR�$ØO i�i LIQ�O�ePY�JhG�FWRaÎ�R�F|N}k �²
 Y�JhLKJ ` Q�LKJNXY�JhLKJdFHGgNKY�J�wHFWU<F|N ` Q?LgwHO�LKc�J�$úO�R�D � á � Ã �*� Õ���Ä NXO���JhGmNKY�J ` Q?LKU s
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O�R�D ¢ Û +�Ì-8À���4�
Y�FWePY�FWGp{�O�wHFWD ` Q?LgU<Q�GINgGIQ?wHFWD�GgT�Q�S�R�D�JhD�T�k6OÍGKUVQÀQ�NXY�GIS�L ` O�ehJ<Ã¼OG i YaJMLKJzFHGbQ?R�JzQ ` NXY�J ` Jh��J��aehJ i NKFHQ?RaG Ä t NKY�JzwWFHUVFWN�Q ` ?Ç+Y$�8 ` Q?LbwxO�LKc?JÑ$ËY�O�G�NKY�J` Q?LKU s ?Ç+-$�8À� ��¹ + » ¹©8 Û '$ ¬ Ã �À�ÓÕ��?Ä
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 Y�J i LIQ i JMLINKFHJhG�Q ` GIQ?wHFWD � JMSaNKJMLKFWS�UæO�GÏOVU<QÀD�JMLKO�NXQ�L�O�RaD(y _1� eMQ?R�{?JhLINKJML��
F|NXYeMQ?wWD]t£{�JMLIk�eMQ?wWD®O�RaD®S�wWNKLXO�ehQ?wHD&R�JMS*NXLKQ�R�G4Y�O�{?J�TvJMJhR2U<JMO�GKSaLKJMD �(
 QjeMQ�{?JhL>NXY�FWG
�
FHD�JVLXO�R�c?JÌQ ` RaJMSaNKLKQ?RB�1O�{?JhwHJhR�c�NXYaG��ÿJ<S�GIJMD®JhR�JMLIc�k��}D�J i JhR�D�JhRlN�NXLKO�R�GKUVFHGIGKFWQ?RO�R�D"GIe�O�NINXJMLIFHR�c6OÊN�NXYaJ4GKU<O�wHw�O�R�c�wHJ>GIe�O�NINXJhLKFHRac¡FHR�G�NXLIS�U<JhR�NdO�N �À� � R S�GKFWR�c�eMQ?wWD
R�JMS*NXLKQ�R�G�Ã _1�ÏÄ �
FWNKYzOd�1O�{?JhwHJhR�c�NXY<FHRÌNXY�JmLXO�R�c?J
Q ` � NXQ �?Ü � ��
 Y�J�Jf� i JhLKFWU<JhRlNKG�
FWNKYzNXY�Jm{?JhLIk¡ehQ?wHD(Ãçß _1��Ä O�R�D¡SawWNXLKO�eMQ�wHDzRaJMSaNKLKQ?R@Ãµy _1��Ä T�JMO�UVGÿ�ÿJMLKJ�D�Q?R�J�O�N
�ZÑ � O�N � �²�<�
FWNKYd�pO�{?JhwHJMRac�NXY ��� � ���?� �òO�R�D �MÕ�� � Ü��?� �>t�LIJMG i JhehNXF|{?JhwWk ��
 Y�JZGKJfNXS iQ ` NXY�JhGKJ�J�� i JMLIFHUVJMR�NXG��1O�GÍGIFHUVFHwHO�L@c�FWN>�pO�G i Q?GKGIFHT�wWJ<NKQ"S�GKJzNKY�J�GXO�U<J<eMLIk�Q?GINXO�N�
FWNKY NKY�J@GXO�UVJ(NPO�LKc?JfN6eMJMwWw t
NXY�J i LIJ i O�LXO�NKFHQ?R¸Q ` NXYaJBGKO�U i wHJhG¡�1O�G6D�Q�R�J@FHR OGKFWU<FWwxO�L²�1O�k � 
 Y�J
D�JhNKJMefNXQ?LIGMt�NXY�J1�pO�{?JhwHJMRac�NXYVGKJhwHJMefNXFWQ?RVO�R�D4NXYaJmGIe�O�NINXJhLKFHRacdO�R�c?wWJ
D�JhNKJMLIU<FWR�O�NXFWQ?R¡�ÿJMLKJbD�F|þ�JhLKJMR�N ` Q?L1NKY�JdD�FWþ�JMLIJMR�NmU<JMO�GKSaLKJMUVJMR�NKG �
� R�NKY�FHG1ePY�O i NXJhLMt�D�JfNPO�FWwHGgO�R�D�NXY�J i LIQ i JMLINKFHJhGgQ ` NXY�JdJf� i JMLIFHUVJMR�NPO�w�GKJfNXS i t�NKY�JU<JfNXY�QÀD,Q ` GXO�U i wHJ i LKJ i O�LXOÊNXFHQ�R]t�NKY�J � JhSaNXJhLKFHSaU/c�O�GÍGIkÀG�NXJMU�tpQ i NXFWe�O�wÿFHR�{?JhGINXFû�c�O�NKFHQ?R]t ^ O�UzO�R2G i JMehNKLKQ?GIeMQ i k�tgD�JhNKJMehNKQ?LKGht1D�O�NXO&O�eMálS�FHGIFWNKFHQ?R2G�k*G�NXJhU<GzO�R�DAGKwHQ��eMQ?R�NKLKQ?w²O�LIJdD�JMGIeMLKFWT�JhD®ÃçGKJhJ�O�wHGKQ } Õ��3~xÄf�

{ �<´ � ¥�� �«�_^!�`�[�C�F�	� �_a � �ø���b�[���e�#�§�©�

 Y�J4U<O�FHR�O�R�D�NXY�J4UVQ?G�N�FWU i Q?LINXO�R�N i O�LIN�FHG
NXY�J>eMJMwWw ` Q�L�GIQ?wHFWD � JhSaNXJhLKFHSaU�t£ÃµGIJMJÑ£FHc �º�a�|� O�R�D �*�¿�?Ä��Ì� N�Y�O�G>O�RBFWR�R�JhLd{�Q?wHSaU<JÍQ ` Õ�� eMU ý O�R�DBFHG�U<O�D�JÌQ ` C�w n c �
O�wHwWQ�k �£� RVNXY�JmR�JhSaNXLIQ?R¡TvJ�O�U�OÊ�*FWGZNKY�JmeMJMwWw	Y�O�GÿO�RzJhRlNKLXO�RaeMJÏO�R�D¡O�R<Jf�*FWN��
FHRaD�Q��dt
��� UVUñO i O�LINMt�JMO�ePY,�
FWNXY,O(NKY�FHeP�lR�JhGKGÌQ ` �a�|��� U<UóO�R�DAO"D�FHO�U<JfNXJhL>Q ` �?� UVU �
 Y�JMGIJ�NKY�FHRÏ�
FWR�D�Q��
GÿÃçNKQ?c?JhNKY�JML]�
F|NXY�NXYaJ " O�R�c?JhG Ä Y�O�{?J�TvJMJMRdU<O�ePY�FWR�JMDdQ?SaN²Q ` NKY�J
GKQ?wWFHD¡GIQÍNXY�O�NpNXY�Jfk ` Q?LKU�GKFWR�c?wWJ i FWJMeMJhG �Z
 Y�JdGKJMO�wHFWR�c>NKQ4NXY�J�ehJMwHw�T�QÀDakzFHG1LIJ�O�wWFH�MJhDT�k�GIáÀSaJMJM�hFHR�c � UVUîD�FHO�U<JfNXJhL�FWR�D�FHSaU �
FHLIJzFHR�NKQ(O�LIJMefNPO�R�c�S�wxO�Lp��. �dcá�/.1�£U<U Û

�*�



Ñ£FHc�S�LKJ �a�W��saç:é�ê)ð§í�eVñ	ïÇð�ê<þ­é�í���ìBþ�í�����ì6ê<þTêhû:ñ©òÏóYé�êiþ�ï��	ñ©î	ê,��ìBþ:ó�í©ïYî	êTó:þTê,���Ïí�ï�ê)ë�ì1û����Bí��©êhë5f/ç:é�êþ�ê,���.�3ñ_ë���$�óYé�êèï�ê�ê&�@óYï­í��@ó���êhý_óYï�ñ��«��êhí�ð½��ìk��ë�ñ��¸û,$Qó�é�ê ñ��_ó�ì1þhí���û�í�����é�ì6ï�ê���ì���ë_ñ��¸ûn��ì6óYéhg����ï�êhû�û)ïYì���î	û&-Àç:é�ên
©êhï-ó�ì1þhí��¤í�+_ì1û*ñ�ò�óYé�ê�þTê&�k�{ìBûøò ñ	ï*þ�ñ�ñ��1ìk��î;s ò ï�ñ©ð·��ê,�1ñ��`xøí���ë�î@í©û*þTñ�����êhþTóYì1ñ���ûs ò ïYñ	ðËí���ñ�
©ê�x:í©û)�ºê,���¤í	ûºóYé�êhïYð�ñ©ð�ê�óYï:��í��3ë�é�êhí ó�ìk��î -ig`�k�kj3í���î©êaþTñ�����êhþTóYì1ñ���ûøí�ï�êiûYêhí��6ê<ëf��ì ó�éì���ë_ì1ý�ð/-
c?LKQÀQ�{?J �z
 Y�JVY�Q?LIFH�MQ�RlNXO�w�OÊ�*FWG i JML i JhR�D�FWeMS�wHO�LÏNXQ6NXY�JÌR�JhSaNXLIQ?R�TvJ�O�UîOÊ�*FHGdFHG�NKY�JQ i NKFHe�O�wÏOÊ�*FHG ��
 �ÿQ i O�LXO�wWwHJhw�GKO i�i Y�FWLKJj�
FWR�D�Q��
GMt �?� UVU O i O�LINMt�O�wHwHQ�� ^ O�U<O�RG i JMefNXLKQ�GKeMQ i k�O�RaD�GIFHU4SawWNPO�R�JMQ?SaG1Q i NKFHe�O�w]FHR�G i JhehNKFHQ?R6O�RaD�FWUzO�c?JÏeMQ�wHwHJhehNKFHQ?R ��
 Y�JGXO iai Y�FHLIJ4�
FHR�DaQ��
Ght � U<U NXY�FWeP�(O�RaD ���a�Á�?� U<U FHR"DaFxO�UVJhNKJMLMt]O�LKJ4GIJ�O�wWJMD"NXQ�NKY�JT�QÀDak�Q ` NXYaJ4eMJhwHwrS�GKFWR�c�O�R"C�wHS�UVFHR�FWS�U i LIJMGIG�LKFHRac � C �a�W� UVUÔNXY�FWeP��NXJ " Q?R ` Q?FHwFHGÏSaGKJMD"NKQ�S�R�F ` Q�LKUVwWk6D�FWGINXLIFHT�S*NXJ>NKY�J ` Q?LKehJ4Q?R(NKY�JÍGXO iai Y�FHLIJ�t�NKY�JÍGKJMO�wHFWR�c¡Q ` NKY�JGXO iai Y�FHLIJ>�
FHRaD�Q��
G�NXQzNKY�J4ehJMwHwrTvJMFHRac¡LKJMO�wHFW�MJMDjTlk�FHRaD�FHS�UÔGIJ�O�wWG ��
 Y�J>eMJMwWw�Y�O�G�ONXQ i�i O�LIN��
FWNKY2O�R®C�wHS�UVFHR�FWS�UÍ�}GINXO�FHRawHJMGIGÏGINKJMJhw ` LKFWehNKFHQ?R@�pJhwHD � CÚGINXO�FHRawHJMGIG>G�NXJMJhwGKJhLI{ÀFHehJ i Q?L�N�t " O�R�c�JMD¡NXQ�NXY�FWGpNXLKO�R�GKF|NXFWQ?R i FHJMehJ�t�eMO�LKLIFHJhGÿNXYaJÏD�S�O�w�FHR�wWJhNÿe�O i FHwHwHO�LKFWJMGFHR�NXQ6NXYaJzeMJhwHw�{ÀFxO�O�wWQ���NXY�JhLKU<O�w�eMQ�R�D�S�efNXFW{ÀF|N}k i O�NXY �z
 Y�J<NKJMU i JhLXO�NKS�LKJVQ ` NKY�JFHR�wWJhNKG e�O�RÌTvJg��J i NÿO�T�Q�{�J
NKY�J ` LKJhJM�hFHR�c i Q?FHR�N Q ` � JhSaNXJhLKFWS�U��
F|NXYVOÏU<FWR�FHU<O�wlY�JMO�NFHR i SaN�NKQ<NXYaJ4eMJhwHw t	ehQ?R�NXLKQ�wHwHJhDjT�kjOzY�J�OÊNXJML�O�R�DjNKY�JMLIU<Q�U<JfNXJML�FHR�GIFHD�JdNXYaJ>eMJhwHwrQ?RNXY�J�{�JMLIk6JhR�D�GmQ ` NXY�Jde�O i FHwWwxO�LIFHJMG �
 YaJÿehJMwHw�FWG²U<JhePY�O�R�FWe�O�wWwWkÏehQ?R�R�JhehNKJMD>NKQmNKY�J _ Q i�i JhL�TvQ�NINXQ?U i O�LIN�Q ` Og{?JhLINKFHe�O�w¬ � J " Q�� ehLIk�Q?GINXO�N
O�R�DzeMQÀQ?wHJhD<{ÀFxOdN}�pQ � Ñ ��_¸_ Q i�i JMLpLIQ*DaGpQ ` ��� UVUúD�FHO�U<JfNXJhLJ�O�ePY ��
 YaJ " Q��5ehLIk?Q�GINPOÊN�eMO�R�TvJ�eMQÀQ?wHJhD¡D�Q��
R ` LKQ?U;LKQÀQ?UúNXJMU i JMLXOÊNXS�LIJ�NXQ ��� ~FHR � Y�Q?S�LIG�S�GIFHR�c ��Õ wHF|NXJhL�Q ` wHFWálS�FHD � JhwHFWS�U �<� N>Y�O�G4O6GKFWR�c?wHJÍNKY�JMLIUzO�wZGIY�FHJhwHD&O�N
Â?� ~;�
F|NXY@N}�pQ i JhLKU<O�R�JMR�NbQ i JMR�FWR�c?GdQ ` �_�hc �32�UVU Û ` Q�L�Q i NXFWe�O�wZO�eMeMJhGKG �¡
 Y�J� JhwHFHSaUúeMQ?R�GIS�U i NXFWQ?RzFWG �a�ÓÜ w à YzO�N ��� ~Ít �?�Á� w à Y¡O�N � ~ÍtÀ�
F|NXY�O�RzO�{?JMLKO�c?JÏQ ` wHJMGIG

�?�
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©ê,�èì���ó�é�êióYê,+�ó&-
NXY�O�R �?��� w]FHR � D�O�kÀG �
Ñ�Q?SaL � F|��D�FHQÀD�J£NKY�JMLIU<Q?UVJhNKJMLIG�O�R�DbN}�ÿQ�YaJ�O�NKJMLKG�O�LIJ�FWR�GINXO�wHwWJMD�Q?RdNXYaJÿehLIk?Q�c?JMR�FWe

GIkÀGINKJMU �Ø
 Y�J6NXJhU i JMLKO�NXS�LIJ6LKJ�O�D*�}Q?S*NzO�R�D8YaJ�O�NKJMLKG<O�LIJ�LIJMUVQ�NXJ��}eMQ�RlNKLKQ?wWwHJhD,O�R�DLKJhwHJh{�O�R�NmD�O�NXOÌO�LKJ�ehQ?R�NXFHRlS�Q�S�GKw|k�wHQ?c�c?JMD �

{ �,{ � ¥��ma��C�W�¸�����@�F¦ ���[� �n^ ���¸�p¦
Ñ£FHc�S�LKJ �*�Á� GIY�Q��
G<O(GIePY�JMU<O�NKFHe�wxO�k��}Q�SaNÍQ ` NXYaJ ��Û c�O�GÍGIkÀG�NXJMU �®� JMSaNKJMLKFWS�U FWG
O�{�O�FHwxO�T�wHJÿFHR i LIJMGKGIS�LKFW�MJhD<c�O�G�efkÀwHFHRaD�JMLIG�FHRÍD�F|þ�JhLKJMR�NZálS�O�wWFWNKFHJMGht �?�a�ÓÂ7â O�R�D �?�a�Ó����â
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D2D2

Check valve, different relief pressures

Electro−pneumatic safety valve

Hand valve, different sizes, Swagelok, VAT

Larger diameter stainless steel tubing, usually 40 mm

4 mm x 6 mm stainless steel tubing, Swagelok connectors

Fine valve

10  ...1
−10

10  ...1
−10

10  ...1
−10

LN2

P1, P3, P6 : Full range gauges (Pirani & Penning)
P2 : Pirani gauge

#1−4, 6 : Piezo pressure gauges (1 bar = 100 kPa)
#5 : Mass flow meter

4

0...4

0...0.1

verter
con−

0...2 l/min

sampling

#1

#2

#3 #4

#6

P3P1

P6

0...10 bar

N2

He

40 liter, < 4 bar

10 liter, < 200 bar

exhaust line

o/p SD  cryostat
2

0...1.6

0.7

0.7

−7
10  ...1

Pd

factory gas cylinders

D   purification stages2

RGA

0...4

0...4 checker
He leak

meter
flow−

#5 P2

storage
D2

storage
2D

tank 1

tank 2

0.7

Ñ£FHc?SaLKJ �a�Ó�/sog×û�þ­é�ê�ð§í ó�ì1þ÷�Bí��©ñ	ý_óºñ©ò>ó�é�êmgbpÀî	í©ûºé�í���ë��1ìk��î�û��_ûVó�ê�ð/-
i S�LIFWN}k?t�LIJMG i JhehNXF|{?JhwWk �Z� S�LKFWR�cdLKJMc�S�wxO�L£Jf� i JhLKFWU<JhRlNXO�w i LIQ*ehJMD�SaLKJMGht ��Û FWG Î�wHwWJMDÍFWRlNKQQ?R�J�Q ` NKY�J�N}�ÿQ2O�{�O�FHwHO�T�wHJ�G�NXQ?LKO�c?J6NPO�Ra�ÀG � 
 Y�JjGIFH�MJ�Q ` NKY�JjG�NXQ?LKO�c?J�eMQ?R�NXO�FHR�JhL
Õ�� wHF|NXJhLb�pO�GÍePY�Q?GIJMRAGKS�ePY2NKY�O�N4NKY�Jz{?Q�wHS�UVJzQ ` ��Û GIwHFHc�YlNKwWkBO�TvQ�{?J6O�NKU<Q�G i Y�JhLKFWe
i LKJhGKGIS�LKJÌFHG�GKS/�VeMFWJMR�NdNXQ¡Î�wWwrNKY�JÍeML�k?Q?c�JMR�FWe4NPO�LIc?JhN�ehJMwWw��
FWNKY"wHFWáÀSaFHDjQ�LÏGKQ?wWFHD ��Û��
 Y�JbGINXQ�LXO�c?JbeMQ�RlNXO�FHRaJMLKGmO�LIJdUzO�DaJ ` LIQ?UÔO�wWS�UVFHRlS�U�FHR�Q?LKD�JhLgNXQ<O�{�Q?FHD�Q?L�NXY�Q�� ��Û
LKJhwxOÊ�aO�NKFHQ?RÌFHRVeMQ�wHwHFWGKFWQ?R�G �
FWNKY<U<O�c?RaJhNXFWegGKS�L ` O�eMJhG �Z
 Y�JmNXS�T�FWR�cbQ ` NKY�J�c?O�GÿG�kÀGINXJhU
FHR7U<Q�GIN i O�L�NXG�FHG6U<O�D�J ` LKQ?U GINPO�FHR�wWJMGKG6G�NXJMJhw<Ã Õ UVU � ��Ä O�R�D7S�GKJhGjGINXO�R�D�O�LKDGINXO�FHR�wWJMGIG4GINKJMJMwpeMQ?R�RaJMehNKQ?LKGVO�RaD2T�JhwHwHQ��ú{�O�w|{?JMG �@
 Y�J¡NXS�TaFHR�c"Y�O�G4T�JhJMR,eMwWJ�O�RaJMD
FHR�O�R¡S�wWNKLXOÊ��GKQ?RaFHemT�O�NXY6O�R�Dz�pO�GgT�O���JMD�TvJ ` Q?LIJ�O�GKGIJMU4TawWk ��� S�FWNXO�T�wHJmQ�{?JhL i LIJMGKGIS�LKJ
i LKQ�NXJMefNXFWQ?R�Q ` NXY�JZ�pO�LKU i O�LINXGrQ ` NXY�J�GIkÀGINKJMU:FHG²D�Q?RaJÿT�kbePY�JMeP�d{�O�wW{�JMG²�
Y�FHePY�Q i JMRO�N Õ T�O�L1Q�{?JhL i LIJMGKGIS�LKJdQ?R¡NKY�JÌÐhYaFHc?Y i LKJMGIGKS�LIJ�ÐÏFHR i SaNgGIFHD�J�Q ` NXY�JÏG�kÀGINXJhUÔO�R�D¡O�N�a�Á� T�O�LÏQ�{?JhL i LIJMGKGIS�LKJzO�NdO�wWw£Q�NKY�JML�wWQ*eMO�NXFWQ?R�G � C�Î�R�JVO�D O S�G�NXUVJMR�N�{�O�wW{�JÍFHGÏS�GIJMDNXQ�LKJhc?S�wxOÊNXJÍNXY�JVFHRÀ� " Q���FWR�NXQ6NXY�JVeML�k?Q?c?JhR�FHeÌNPO�LKc?JfN�ehJMwWw �z
 YaJ<Q i JMLKO�NXFWQ?RBQ ` NKY�Jc�O�G<GIkÀGINKJMU FWG<UVQ?R�F|NXQ?LIJMD8S�GKFWR�c i FWJM�hQ��}JhwHJMefNXLIFHe i LKJhGKGKSaLKJ(c�O�S�c?JMG ` Q?L i LKJMGIGKS�LIJMGT�JfN}�pJhJMR � O�R�D Õ T�O�LzO�TaGKQ?wWSaNXJ i LKJhGKGKSaLKJ"O�RaDØeMQ?U>T�FHR�JhD i FWLXO�R�FmO�RaD i JMR�R�FWR�c{�O�eMS�SaUîc�O�S�c?JhGdT�JhwHQ�� � U4T�O�L �<
 YaJ<FWR*� " Q���FHR�NXQ6NXYaJVehLIk�Q?c?JMRaFHeÌNPO�LIc?JhNbeMJhwHw�FWG
U<Q�R�FWNKQ?LKJhD&{ÀFxO i LKJhGKGKSaLKJ�D�LIQ i FHR&NXY�J<GINXQ�LXO�c?J<eMQ?R�NXO�FHR�JhL4O�RaD��
FWNKY�NXY�JzY�JMw i Q `O<U<O�GKG � " Q��
UVJhNKJML � C�wHwºc?O�S�c?JhG�O�LIJ�ehQ?R�NXFWRÀSaQ?S�GKw|k6LKJMO�DjQ?S*N ` LIQ?UÔO<GIwHQ��ÝehQ?R�NXLKQ�w
� _��r
 YaJ<c�O�GbG�kÀGINXJhU e�O�RBT�JVJh{�O�ehS�O�NKJMD�SaGKFHRac�O6D�L�k i S�U i FHR�c6G�k*G�NXJhU �
F|NXYBO

��Õ



NXS�LIT�Q i S�U i T�O�eP��JhD&T�kjOzNXS�LIT�QzD�LXO�c i S�U i ` Q?L�FWR�eMLIJ�O�GIJMD i JhL ` Q?LIUzO�R�eMJb�
Y�JMR
i S�U i FHRac � k*DaLKQ?c?JhR à�� JhSaNXJhLKFWS�UñO�R�D®O i FHG�NXQ?R&LKQ?S�c�Y�FHR�c i S�U i ��
 Y�J<LKJhGIN4c?O�GQ ` NXYaJÏGIkÀGINKJMUåeMO�R¡TvJ�O�R�O�wWkÀ�MJhD�S�GKFWR�cÍO>álS�O�DaLKS i Q?wHJ�UzO�GIGpG i JhehNXLIQ?UVJhNXJhLMta�
YaFHePYFHGgO�wHGKQ�S�GKJhD ` Q?L1wHJMO��ÌePY�JMeP�lFWR�cÍNXY�J�G�k*G�NXJhU;�
FWNKY6O�LKc�Q?R�O�R�D¡NKQ4UVQ?R�FWNKQ?LZNXY�JÏwWJ�O��
NXFWc?Y�NXR�JhGKG
D�S�LIFHR�cÌQ i JMLKO�NXFWQ?R �C �£O�wWwxO�DaFHS�UóU<JhU4T�LXO�R�JjFWG<S�GIJMD ` Q?L � JMS*NXJMLIFHS�U i SaLKFWÎ�e�O�NKFHQ?R �7� N¡eMO�RØTvJY�J�OÊNXJMD4O�R�D>FWGrN}k i FWe�O�wWwWk�Q i JhLXO�NKJMD4OÊN ����� � �����7qX_ FWR�NKY�FHG²Jf� i JMLIFHUVJMR�N � _ O�LKJÿY�O�G²NXQT�J1NXO���JhR<TvJMeMO�S�GIJmNKY�JgQ?LINKY�Q���eMQ?R�ehJMR�NXLKO�NXFWQ?RÍQ ` NXYaJ ��Û c�O�GZO ` NXJhL i O�GIGKFHRacdNKY�LKQ�S�c?YNXY�JÌUVJMU4TaLXO�R�J>eMQ?LILKJMG i Q�R�D�GdNXQ¡NXYaJVYaFHc?Y(NKJMU i JhLXO�NKS�LKJÍwWFHUVFWNmQ ` �?à��a��
 YÀSaGbNKY�J��D(U<JhU4T�LKO�R�Jbe�O�R(Q�R�wWk6TvJ�SaGKJMD ` Q�L�R�Q�LKU<O�w ��Û Q?L�O�NmNXY�J�FHR i S*N�Q ` NXY�J�D�Jh{ÀFWeMJNXQ i LIJ i O�LIJ�YaFHc?Y�JhLgQ?LINKY�Q���eMQ?R�ehJMR�NXLKO�NXFWQ?R�GbÃsr Q?L�NXY�Q�� i O�LKO>eMQ?R�{�JMLINKJMLTgPt	GKJhJ�TvJMwWQ�� Ä��C�R�JhR�e�O i GKS�wHO�NXJhD>UVJhNXO�w|��U<JhU4T�LXO�R�J£ehQ?U i LKJMGIGKQ?LrFHGºSaGKJMDbNXQ i S�GIY ��Û ` LKQ?U Q�R�J
i O�L�N4Q ` NKY�Jzc?O�G>G�k*G�NXJhUóNXQjO�R�Q�NKY�JMLht ` Q?LbJf�aO�U i wHJ<FHR�ehLKJMO�GKJVNXY�Jz�ZD�U<JhU4T�LXO�R�JFHR i SaN i LIJMGIGKS�LIJ�tºQ?LmNXQ�O�DaD"U<Q?LIJ ��Û FWR�NXQ<NKY�J4ehLIk?Q�GINPOÊN�t]Q?LmNXQzNKLXO�RaG ` JML ��Û ` LKQ?UQ?R�JVGINKQ?LXO�c�JVehQ?R�NPO�FWR�JMLdNXQ6NXYaJ<Q�NKY�JMLdQ?RaJ �¡
 Y�JVeMQ�U i LIJMGIGKFHQ�R&LKO�NXFWQ�DaJ i JMR�D�G�Q?R
i LKJhGKGIS�LKJ�t�T�S*N
S�GKS�O�wHwWkzFHG
O�LIQ?S�R�D �*�Á�*�C:G i JMehFxO�w²Q?L�NXY�QÊ� i O�LKOjÃçQ à i Ä eMQ�Rl{�JML�NXJMLÏO�wHwWQ��
G i LIJ i O�LXO�NKFHQ?R�Q ` Y�FWc?Y�JhL�Q?L�NXY�QÊ���Û eMQ?RaeMJMR�NKLXO�NKFHQ?R�GhtÿS i NXQ�Í 8 �q0�E/.1�7t¡t �pQ?LI�lFHR�c"�
FWNKY2wHFWáÀSaFHD ��Û ehwHQ?GIJ¡NXQ(NKY�J
NXLIF i wWJ i Q�FHR�NdÃ ��Âa�Á� ~ Ä���
 Y�JÏNKY�JMLIUzO�w�JMálS�FHwWFHT�LIFHS�U�Í 8 � {�O�wHS�JhGgO�LKJ Ü�Üa�¿��â t ����â O�R�D�?Âa�Á��â ` Q?L �?�?� ~Ít �?� ~ O�R�D ��Âa�Á� ~ÌtZLIJMG i JMefNXF|{?JMw|k �5o JMeMO�S�GKJ�NXY�J�R�O�NXSaLXO�w
eMQ�R*�{?JhLKGKFWQ?R®Q ` i O�LKOÊ�mNXQ�Q?LINKY�Q�� ��Û FHR�NKQ�NKY�JMLIUzO�w�JhálS�FHwWFHT�LIFHS�UËNPO���JMG>Q ` NXYaJzQ?LID�JMLbQ `U<Q�RlNKY�GMtZNXYaJ i LKQÀeMJMGIGÌR�JMJhD�GVNKQ@T�J�O�eheMJMwWJMLKO�NXJhDA�
F|NXYAO"GKS�F|NPO�T�wWJ¡e�OÊNPO�w|k*G�N � �&JS�GKJhD ��u�������^�owv } Õ?Õ t Õ���~ FWRzQ?LID�JML�NXQ4eMO�NPO�wWkÀ�MJ
NXY�J�eMQ?R�{?JhLKGIFHQ?R ���wuÏ������^mowv
eMQ?RaGKFHG�NXGdQ ` GKFWwHFHeMO<c?Jhw�FHU i LKJhc?R�O�NKJMD(�
F|NXY"ePY�LIQ?U<FWeÍQ��aFWD�J�Ã _ L � ý Ä tºNXYaJÍQ��*FWD�JÍT�J��FHR�c�TvQ?R�D�JhD&NXQ6NXYaJ<GIFHwHFWe�O¡G�NXLKSaehNXSaLKJ<{ÀFHO�Y�kÀD�LKQ��ÀkÀwÿc�LKQ?S i G �¡
 Y�JVePY�LIQ?U<FWeÌQ��*FWD�J
i LKQ�{ÀFHDaJMG i O�LXO�UzO�c�R�JhNKFHe�eMJhR�NXJMLIG��
F|NXY�GINXLIQ?R�c?w|k�FHRaY�Q?UVQ?c?JMRaJMQ?S�G
U<O�c?R�JfNXFWeÏÎ�JMwWD�GO�wHwWQ��
FHR�cmO�DaJ i Y�O�GKFHRac�Q ` NKY�JpRlS�ehwHJMO�L�G i FHRaG��
FWNKY�FHRdNXYaJ ��Û UVQ?wWJMeMSawHJ�eMQ�U<FWR�c�ehwHQ?GIJNXQVNXY�FWGmGIFWNKJ �g
 Y�J�eMQ?R�{?JhLKGIFHQ?R(LKO�NXJdeMO�RjNXYlS�GmTvJ>Y�FWc?Y�wWk¡O�eMehJMwWJMLXOÊNXJMD�t�O�wWGKQÌNPO��lFWR�c
O�Da{�O�R�NPO�c?JÌQ ` NKY�JÌwxO�LIc?J4GIS�L ` O�ehJÌQ ` NKY�JÌGKFWwHFHeMOzc?Jhw �Í
 Y�JÌeMQ�Rl{�JML�NXJMLbeMQ�R�GKFWGINXGdQ ` O
����� ehU<ým{?Q?wWS�U<J � Ñ ��_ eMQ iai JhL�ehkÀwWFHR�D�JhLg�
Y�FHePY(eMO�RjTvJbeMQ?R�RaJMehNKJMD"Q?R�Q?R�JbGKFWD�JNXQ�O<eMLIk�Q�eMQÀQ?wHJhLMt£ÃµGIJMJÍÑ£FWc �	�a� ÕlÄf��
 Y�J4GIJMeMQ�R�D@GKFHDaJ4O�wWwHQ��
G�O�eMeMJhGKG ` Q?L
Î�wWwHFHRacVNKY�J
e�O�NXO�wWkÀG�N
O�R�D�eMO�R¡TvJÏeMQ?RaR�JMefNXJMD6NXQ4O4GINPO�FHR�wWJMGKGÿGINKJMJMw i O�LINÿ�
Y�FHePY6Y�Q�wHD�GpO ����� �]UNXY�FWeP�	t ��� UVU D�FxO�UVJhNKJMLmC�wpÃµC�wHeMQ?O Ä �
FWR�D�Q���O�GÏO<T�S�LKG�NXFWR�c¡D�FWGK� ��
 Y�J>eMQ i�i JMLm�GINXO�FHR�wWJMGIG�G�NXJMJhw " O�R�c?JMGbY�O�{?J<NXLXO i Jh�MQ?FWD�O�w�LKFWD�c?JhG�FWR�Q?LID�JMLdNXQ�GKálS�JMJh�MJ6O ���?� �]UNXY�FWeP�@~dO i NXQ�R&LIFHR�c ` Q?LdeML�k?Q?c�JMR�FWe<GIJ�O�wWFHR�c �<_ S i G i LIFHR�c�G�c?S�O�LXO�R�NKJMJÍNXY�J i LIQ i JhL
i LKJhGKGIS�LKJÏQ�RVNKY�J�GIJ�O�wWFHR�cdJh{�JMR ` Q�LÿwHO�LKc?J1NKJMU i JhLXO�NKS�LKJmePY�O�Rac?JMG ��
 Y�J�J��aF|Npc?O�GZwHFHRaJFHGÿwHQÀe�O�NKJMD¡OÊNpNXYaJ�S i�i JMLpJMR�D�Q ` NXY�J _ S�efkÀwHFHRaD�JMLZ�1O�wHw tlNXYaJ�FHR i SaN1c?O�GpwWFHR�JmQ?RzNKY�JGINXO�FHR�wWJMGIGÿG�NXJMJhw i O�LIN �£
 Y�J�eMO�NPO�w|kÀGIN1FWGZwHQÀe�O�NKJMDzTvJhN}�ÿJMJhR¡NXY�J�c�O�G�FHR i SaN1O�R�D¡Q?SaNKwHJfNFHR�GIFHD�JVNXY�J _ S2ehkÀwHFWR�D�JML>O�R�D®YaJMwHD�FHR i wHO�eMJ<T�k&N}�ÿQ"GINXO�FHR�wWJMGIG>GINKJMJhw1GKFWRlNKJML �}D�FWGK�lGÃ ��� ��UîU<JhGKY Ä��¡
 Y�JÌ{?Q?wWS�U<JÌQ?S*NXGKFWD�JÌNXY�JVGKFWRlNKJML �}D�FWGK�lGMtr�
Y�FHePY&FHGbO�eMehJMGIGKFHTawHJ ` Q�L
wHFWáÀSaFHD ��Û t]Y�O�GÏTvJMJhR@U<FWR�FHUVFH�hJMD6FHR(Q�LKD�JhL�NXQ�c?S�O�LXO�R�NKJMJ4c?QÀQÀD(eMQ?R�NXO�ehNÏ�
F|NXY(NKY�J
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 YaJpeMQ�RlNKJMR�N�Q ` Q?R�JpUVFHRaF|�}eMO�LINKLKFWD�c?J �wuÏ������^mowv Ã¼O�T�Q?S*N Õ�� ehU ý Ä �pO�G
S�GKJhD ` Q?L�OzÎ�wWw�Q ` NKY�JÍeMQ i�i JhLÏeMJhwHw ��
 Y�JÍeMQ?R�{�JMLINKJML��pO�G�Î�wWwHJMD(O�R�D@O�GIGKJMU>T�wHJhDBFWRO�R�O�LIc?Q?R<c?wHQ�{?J�T�Q��<FHR<Q?LKDaJMLÿNKQÍO�{?Q?FWDzNXYaJ�Jf� i Q?GKSaLKJÏQ ` NXY�JÏeMO�NPO�wWkÀGIN�NXQÍO�FHL ��
 Y�JN}�pQÍc?O�G1wHFWR�JMG��pJhLKJ�ehwHQ?GIJMD¡T�kzN}�ÿQ4�ÿJMwHDaJMD6GINXO�FHR�wWJMGIGpGINKJMJhw]T�JhwHwWQ��${�O�wW{?JhGp�
FWNKY¡LKJ��
U<Q�{�O�T�wWJm{�O�w|{?JmY�O�R�DawHJMG ��
 Y�J�ehQ?R�{?JhLINXJhLgeMJhwHw��1O�GpNXY�JhR¡UVQ?S�R�NXJhD¡Y�O�R�c�FHR�cbQ?RzNKY�J
eMQ?wWD6Y�J�O�D�Q ` OVehwHQ?GIJMD�ehkÀeMwWJdLKJ ` LIFHc?JhLXO�NKQ?L �£
 Y�J�c?O�GgwHFWR�JMG1�ÿJMLIJ�ehQ?R�R�JhehNXJhD�NKQVNKY�J
c�O�GZGIkÀG�NXJMU�O�R�DÌJh{�O�eMS�O�NXJhDzTvJ ` Q?LIJ1NXY�JgN}�ÿQb{�O�w|{?JMG��ÿJMLIJmQ i JhR�JMD ��
 YaJ
{�O�w|{?JgY�O�R*�D�wHJhG1�pJhLKJdLKJhU<Q�{�JMD�O�R�D�NXY�JÏ{�O�w|{?JhG1�pJhLKJdU<Q�S�R�NXJMD�NKQ?c?JhNKY�JML1�
F|NXY¡NKY�J�eMQ?R�{�JMLINKJML
FHR"O�R"FHR�GIS�wxO�NKFHR�cÌ{�O�eMSaS�Uæ{�JMGKGIJMw ��
 Y�J�{�O�wW{?JhGÏNXQ?wWJMLKO�NXJbeML�k?Q?c?JhR�FHe4NKJMU i JhLXO�NKS�LKJhGFHR(NKY�JMFWLÏQ i JMR i Q�GKFWNKFHQ?RjO�R�D@e�O�R&O�c�O�FHRjT�JÍLIJMc?S�wHO�LKw|k�S�GKJhD�O ` NKJML��pO�LIU<FWR�c �d
 Y�JeMQ?wWD�Y�J�O�D�Y�O�GmO4eMQÀQ?wHFWR�c i Q��pJhLmQ ` S i NKQ ��� � O�N ��� � ��� ~ �*
 Y�J�NKJMU i JhLXO�NKS�LKJ�FWGU<JMO�GKSaLKJMD�T�k�UVJ�O�R�GgQ ` OÍY�kÀD�LKQ�c?JMR6NXY�JhLKUVQ?UVJhNXJhLgO�R�D6eMO�R6T�JdU<O�RlS�O�wHw|kÌ{�O�LKFHJhD
T�JfN}�pJhJMR ��Õ O�RaD ��Ü ~úS�GKFWR�c�OzYaJ�O�NKJMLÏQ?R�NXY�J4Q�SaN i S*N�c�O�G�eMQ?R�RaJMehNKFHQ?R �d_ Q*Q�wHFHRacD�Q��
R"NXY�J�JMU i N}kjQ à i eMQ?R�{�JMLINKJML ` LIQ?U LKQÀQ?UÔNXJMU i JMLXOÊNXS�LIJ�NXQzT�JhwHQ�� ��Õ ~�NPO���JMGwHJhGKGÿNKY�O�R Õ Y � Ñ£FWwHwHFWR�c�NKY�J�Q à i ehJMwHw��
F|NXYzwWFHálS�FWD ��Û e�O�R<T�JmLXOÊNXY�JhL ` O�G�NpF ` NKY�J " Q��LXO�NKJÌFHGdR�Q�NbwHFWU<F|NXJhD(T�k"NXY�JV��D�UVJMU4TaLXO�R�J � y�GKFWR�c6NXY�J<��D&UVJMU4TaLXO�R�JÌF|N�NPO���JMG
N}k i FHeMO�wHw|k � � � Y�NXQÌÎ�wHw�NKY�J�Q à i eMJhwHw��
F|NXY Õ�� � Ü?� eMUVý
wHFWáÀSaFHD ��Û��
 YaJÿehQ?R�{?JML�NXJhL£e�O�R�FWR i LKFHRaeMF i wHJ �ÿQ?LK��FWR " Q��1� NXY�LIQ?S�c?Y�U<QÀD�JZO�RaD�FWR�LIJMGKFWD�JMRaeMJU<QÀD�J �8� NVFHGhtÿYaQ��ÿJh{�JMLhtgS�GKS�O�wHwWk®S�GKJhD$FHR,LIJMGKFWD�JMRaeMJ�U<QÀD�J � C eMJhLINPO�FHR8O�U<Q�S�R�N
Q ` ��Û ÃçN}k i FHeMO�wHw|k Ü?� D�UVý<O�N<NKY�J(OÊNXUVQ?G i YaJMLKFWe i LKJhGKGKSaLKJ�t
ehQ?LKLIJMG i Q?R�D8NXQ®O�T�Q?S*NÜ?� eMU ý wHFWáÀSaFHD Ä FHG1wWFHálS�JhÎ�JMD6FHR�NXQ4NKY�J�eMQ�Rl{�JML�NXJML
ehJMwHw]O�R�D6��J i N�O�N1NXYaJdNKLKF i wHJ i Q?FWR�NÃ ��Â*�¿� ~ Äf� ��J�Y�O�{�J�Q?T�GIJMLI{�JMD Í 8 ��E��7t O ` NXJML>eMQ?R�{?JhLKGIFHQ?R,NXFWU<JhG>Q ` O�TvQ?SaN � Y�t
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GKS�c�c?JMG�NXFHRac�O¡eMQ?R�{�JMLKGIFHQ?R(NKFHUVJ�ehQ?R�G�NPO�R�N�Q ` O�T�Q?S*Nèx 8QP ß æ �[Ã^� ;Û YaQ?S�LKGht)Í 8 +UÑh8§�Í ;µ �x ¦Cy8 Ã`+µÍ ;µ �x ¦Cy8 Ã Í ý ¹¥¹ y8 8Hz ü N P;{ � C ` NXJhLÏUVQ?LKJbNXY�O�R ��� Y]t]c�O�GKJMQ�S�GÏQ?L�NXY�Q�� ��Û �
F|NXYÍ 8 S i NKQ ��Âa�¿��â eMO�R6T�JdJf�ÀNKLXO�efNXJMD6NXYaLKQ?S�c�Y6NKY�J�Q?SaNKwHJfN
Q ` NXY�JdeMQ�Rl{�JML�NXJMLht	J � c � T�k` LKJhJM�MFWR�c ` LKQ�U NKY�J¡{�O i Q�S�L>FWRlNKQ(NXY�JzeMQ?wWD�JML>NXO�LKc�JhNÍehLIk?Q�GINPOÊN�tZeMQ?U i O�LIJ�Ñ£FWc �X�a�Ó�a�o JMeMO�S�GIJ�NXYaJmeMO�NPO�wWkÀGIN�GKQ?O��lGÿS i GKQ?UVJ
c�O�G�O�R�DVGKQ�U<J ` LXO�ehNXFWQ?RÌQ ` NKY�J ��Û eMO�RzQ�R�wWkT�JmLKJheMQ�{?JhLKJhD�O�N�Y�FHc�Y�JML�NXJhU i JMLKO�NXSaLKJ�Ã¼O�RaD<ehQ?LKLIJMG i Q?R�DaFHR�c?w|k4wWQ��ÿJML�Í 8 Ä tlF|N�NXS�LIR�JMDQ?SaN�NKQ�T�JgFWU i Q?LINXO�R�N�NKQÏÎ�wHw*U<Q�LKJ ��Û FHR�NKQ�NXY�JgehQ?R�{?JhLINXJhL�NKY�O�R4�ÿJmO�ehNKS�O�wHw|kd�pQ?SawHDS�GKJbFHR�NKY�JÏNPO�LIc?JhNmehJMwHw�ÃµLKQ�S�c?Y�w|k Õ�� ehU ý Ä��
� QÏD�JfNXJMLIFHQ?LKO�NXFWQ?RbFHR�NKY�J i JML ` Q?LKU<O�R�ehJÿQ ` Q�S�L£eMO�NPO�w|kÀGIN U<O�NKJMLKFHO�w?�pO�G Q?T�GIJML�{?JMDD�S�LIFHR�cÌNXY�JbUVQ?LKJ�NXY�O�R ` Jf� k?JMO�LKG�FHR�GIFHD�J�NXYaJ�J�� i JMLIFHUVJMR�NPO�w�O i�i O�LKO�NXS�G�O�R�D�eMQ�R*�{?JhLKGKFWQ?R�Q ` GIJh{�JMLXO�w�wWFWNXJhLKG1Q ` wWFHálS�FHD ��Û��
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Ñ�Q?LºQ i NXFWe�O�w?FWUzO�c?FHR�c
O
D�FWc?FWNXO�w � � ^ eMO�U<JhLXOg�
FWNKY�O ���a�Á� � ���*�ÓÜ U<U Û t Ü�n ��F|�*Jhw_g_1� � _ YaF i t��
Y�FWePYAFWG��ÿJMwWwpU<O�NXePY�JhD2NXQjNKY�J¡{ÀFHGKFWT�wHJzO�LKJMOjQ ` NXYaJ¡Q i NKFHe�O�w�NXO�LKc?JfN�
FHR�DaQ��dtlFWG�SaGKJMD ��
 Y�J Â?� UVUùwWJMR�Ght�NXQ?c?JfNXY�JhL��
FWNXYVJf�ÀNKJMR�GIFHQ?RVT�JhwHwWQ��
GZO�R�DVNKS�TvJMG

O�wHwWQ��
G�NXYaJ4LKJ i LKQÀD�S�efNXFHQ�R(GKeMO�wHJ>NKQ�T�J>Jf�ÀNXJhR�D�JMD"NKQ6OzUzO��aFWU4S�U Q ` Üa�Á�¤s|�?� � FWNKYNXY�J�c?F|{?JMR i Fû�aJhw�GKFW�MJ�Q ` �À�ÁÂ �]U�tÊG�NXLIS�ehNKS�LKJhG£Q ` O ` Jf�t�]U eMO�RbT�J�LKJhGKQ?w|{?JMD � y�GIS�O�wWwWk?t
Y�Q��pJf{?JhLMt�NXYaJ�JhRlNKFHLIJ�ehLIkÀGINXO�w�FWG�UVQ?R�F|NXQ?LIJMD<O�NpO�LKJ i LKQÀD�S�efNXFWQ?RzGIe�O�wWJ�Q ` O�T�Q�SaN ��sW���
 Y�JzGIYlSaNKNKJML>Q ` NXYaJ<eMO�U<JhLXO6FHGdLKJhU<Q�NXwWk(eMQ?R�NXLIQ?wHwWJMD ` LKQ�UòNXY�JVGKwWQ��ùeMQ?R�NKLKQ?w�� _ t
�
Y�FHwWJÍNXY�J ` QÀeMS�GbFHGdGKJfN>U<O�RlS�O�wWwWk �Í� UzO�c�JMGbO�LKJVGINKQ?LKJhD�Q?R@NXYaJ ^ C � � GIkÀGINKJMU Q `
NXY�JgGIwHQ��8eMQ?R�NXLIQ?w ��
 Y�J
GIkÀGINKJMU�FWG�U<Q�S�R�NXJMDÌQ?RÌO�UVQ*DaFWÎ�JhD>NXLIF i Q*D*��Y�J�O�D]t�O�wWwHQ��
FHR�cU<Q�{�JMUVJMR�NXG FWR4TvQ�NXY�Y�Q?LKFW�MQ?R�NXO�w*DaFHLKJhehNKFHQ?R�G � C8GINXO�T�wHJÿC�wWS�U<FWRlS�U ` LXO�UVJ�GKS i�i Q?L�NXG

�?�



NXY�JÌNXLIF i Q*D@O�R�D&eMO�RBT�JÌUVQ�{�JMD&FHR"NXY�JÌ{?JhLINKFHe�O�w�D�FHLIJMehNKFHQ?R"�
F|NXY"NXY�LIJ�O�DaJMD�TvQ?w|NXG �
 Y�J ` LXO�UVJ FWNKGKJhw ` FHG]Îa�*JMDdNXQ
NXYaJ�ehLIk�Q?GINXO�NI��GKS i�i Q?L�N ��� S�LKFWR�cmQ i JhLXO�NKFHQ?RÏNKY�JZe�O�UVJMLKOFHGÏGIY�FHJhwHD�JhD ` LKQ?UËGINKLXO�k(wWFHc?Y�N ��
 Y�JÍFHwWwHS�UVFHR�OÊNXFHQ�R�Q ` NXY�J4ehLIkÀGINXO�w FWGÏS�GKS�O�wHw|kjD�Q�R�J
T�kzNXYaJ ^ O�UzO�R¡wxO�GIJMLÏÃµGKJhJÏTvJMwHQ�� Ä �
Y�FHePY�FWGpGKFWU4S�w|NPO�R�JhQ?S�GIwWkÌQ i JMLKO�NXJhD � C�w|NXY�Q?Sac?YR�Q�N i JML ` JhehNKwWk2Y�Q�U<Q?c�JMR�JhQ?S�GMtZNXYaFHGÍwHFWc?Y�NÍGKQ�S�LKehJ�FWGÍGINPO�T�wHJ�O�NÍNKY�J ��â �}wHJf{?Jhw
O�R�DGKS�F|NPO�TawHJ ` Q?LgQ?SaL
O i�i wWFHe�OÊNXFHQ�R �C�G�O�R J��aO�U i wHJ ` Q?L¡NKY�J&UVQ?R�F|NXQ?LIFHR�c&Q ` NKY�J ` LKJhJM�MFWR�c i LKQÀeMJhGKGMtÏOAGIJMLKFWJMG�Q `
i FHefNXS�LIJMG�O�LKJdc?F|{?JhR�FWR�Ñ�FHc �a�a�ÁÜ GKYaQ��
FWR�cÌNXY�Jdc?LIQ��gNKY�Q ` OÌeMwHJMO�LgeML�kÀGINPO�w ` LIQ?UÚNKY�JwHFWáÀSaFHD �Ø_ wHJ�O�LMt ` S�wWwWk®NKLXO�RaG i O�LIJMR�N¡ehLIkÀGINXO�wHGVe�O�RØT�J�c?LIQ��
R8Q�{?JML¡O@NKFHUVJ i JMLIFHQÀD
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�ì1ûYìk� �6êèìk�ÑóYé�êf�1ñ��ºê�ï#é�í��6òU- ç:é�ê�ï�êhû-ó#ñ©òøó�é�ê/��ì1þTóYý�ï�êhû�ûYé�ñ�� ó�é�ê/��é�í©ûYêf�3ñ	ý���ë�í©ï��ï�ì1ûYì���î#óYñ��:í�ï­ë�ûÇóYé�êió�ñ�� ñ�ò¤óYé�êÀþ�ê,���u-Qö óøìBû:ì��	ó�ê�ï�êhû-óYì���î#óYñæ��ñ©óYê*óYé3í ó�óYé�êaïYê�ò ï�í	þ¥óYì�
©ê*ì���ë_ê�+èñ�ò/óYé�ê�1ì��@ý�ìBë í���ëèûYñ��1ì1ë�gøêhý_óYêhïYì1ý�ðËí©ïYêií��1ð�ñ	û-ó�ê
�@ý�í��7í	û:ð�í��æ��êÀûYê�ê,��ò ï�ñ©ð ó�é�êiý���þ­é�í���î©ê<ëp��ñ	ûYì ó�ì6ñ��ñ©ò¤ó�é�ê��1í	û-êhï:ïYê�j�êhþTóYì1ñ�� ûµ��ñ�ó­û:ñ��èóYé�ê��3ï�û-ó¸í���ë��1í	ûVó�ì1ð§í�î©ê<û,-
Q ` O�T�Q?S*N ��� Y�O�NdNKJMU i JhLXO�NKS�LKJhG�ehwHQ?GIJÌNKQ�NKY�JÍNXLIF i wWJ i Q?FWR�N �V
 Y�J<álS�O�wHFWN}k(Q ` NKY�JLKJhGKS�w|NXFHRac�ehLIkÀGINXO�wHGdG�NXLKQ�R�c?wWkjD�J i JMRaD�G�Q�R@NKY�JÌG i JMJhD�Q ` eML�k*G�NPO�w�c�LKQ��
FHR�c �Í� N��
FHwHwT�JÏ{�JML�k6FHU i Q?L�NPO�R�N ` Q?L1NXYaJ�wxO�NKJML1R�JhSaNXLIQ?R�NXLKO�R�GKUVFHGIGKFWQ?R�GINKS�D�FHJhG1NXQÌálS�O�R�NXF ` kzNKY�JO�UVQ?S�R�N
Q ` ��Û �
F|NXY�FWR�NXY�JdTvJ�O�U;LKJMc�FHQ?R ��
 YaJ�O�U<Q?SaRlN
FWGg�lR�Q��
RjTvJMGIN
�
Y�JhR�NKY�J
�
Y�Q?wWJ�LIJMc?FWQ?RdFHGºY�Q�U<Q?c�JMR�JhQ?S�GKw|kÏÎ�wWwHJMD�t��
YaFHePYbFHG²eMQ?R*Î�LKUVJMDbT�k�NXY�JZeMQ�LKLKJhG i Q?R�D�FWR�c
i Y�Q�NKQ?c?LKO i Y�G �
 YaJ�T�LKFWc?Y�NXR�JhGKGÍQ ` NXYaJ�Q i NXFWe�O�wÿFHU<O�c?JhG>FHGÌO(DaFHLKJhehNÍUVJ�O�GKS�LIJ�Q ` NXY�J�ehLIkÀGINXO�wwHFWc?Y�NbNKLXO�RaGKUVFHGKGIFHQ?R�tr�
Y�JhR2e�O�UVJMLKO i O�LXO�UVJhNKJMLKGbwHFW��J<O i JMLINKS�LKJ<Q?LbGKYlSaNKNKJML4G i JhJMDO�LKJdR�Q�Ng{�O�LKFHJhD�O�R�D6NXY�JdFHwWwHS�UVFHR�O�NXFWQ?RÌQ ` NKY�JdeML�k*G�NPO�wºFWGgGINXO�T�wHJ �
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 Y�J ^ O�UzO�R(GIkÀGINKJMUæeMQ?R�GIFHG�NXG�Q ` NKY�LKJhJÍUzO�FWR i O�LINXG s NKY�J4wHO�GKJhLÏwHFWc?Y�N�GIQ?S�LKehJ�t]NKY�J^ O�UzO�R�Y�JMO�D]t�O�R�DjNKY�J ^ O�U<O�R�G i JMehNKLKQ?UVJhNKJML �m
 YaJMGKJ>eMQ?U i Q�R�JMR�NXGme�O�R(T�JbG i OÊ�NXFHO�wHw|k<GIJ i O�LXO�NKJMDjSaGKFHRacVQ i NXFWe�O�wvÎ�T�JhLKGhtvFWR6Q?S�Lge�O�GKJdS i NXQ ��� UÚwWQ?R�c ��CÔB��Ô�Ó 0;§ Ú>Ø:Ý Ú¤ÛÀÜ Ý{ÞºØ
CÝNXLXO�R�G i Q?LINXO�T�wWJ Ü?� U�� Ãµeh� Ä O�LIc?Q?R*��FHQ?RÀ�}wxO�GKJMLÏÃ¼ymR�F i Y�O�GKJ Ä FWGgS�GKJhD �p� NmQ i JMLKO�NXJhGO�N Õ?Â��*�Ó�?Â R�UîQ i NKFHeMO�w��1O�{?JhwHJhR�c�NXY2FWR�NXYaJzT�wWS�Jf��c?LKJhJMR�{ÀFHGIFHT�wWJ i O�LIN>Q ` NKY�J¡G i JMe��NXLIS�U�c
Q?RawWk,O�TvQ?SaN ��â Q ` NKY�J�wHO�GKJhL i Q��ÿJMLzFWGÌJMUVFWNKNKJMDAFHR,D�F|þ�JhLKJMR�NzO�D�D�F|NXFWQ?R�O�wwHFWR�JMGht�GKQ?UVJÏQ ` �
Y�FWePYjO�LIJ�S�GKJ ` S�w ` Q?L1G i JhehNKLKQ?UVJhNKJML
e�O�wWFHT�LKO�NXFWQ?R �r
 Y�JdGINXO�T�FHwWFWN}k<Q `NXY�JdU<O�FHR�wWFHR�J�D�Q*JhG
R�Q�NmwHFWU<F|NÿNKY�JdLKJMGIQ?wHS*NXFHQ�R�Q ` NKY�J ^ O�UzO�R�UVJ�O�GKS�LIJMUVJMR�NXG �
� FHLKJhehNKwWk@Q?R�NKY�JzwHO�GKJhLMt£NKY�JzwWFHc?Y�NbFHG�eMQ?S i wHJhD®FHR�NXQjO � UVU U4S�wWNKFHUVQ*DaJ4Î�T�JhLS�GKFWR�c�OmeMQ?UVU<JhLKehFxO�w�FWRlNKJMc?LKO�NXJhD>wWJMR�G�D�Jh{ÀFHehJ ��� FWþ�JMLKJhR�N£Î�TvJML�wHJMRac�NXY�G ` Q?LrD�FWþ�JMLIJMR�N

GKJfNXS i GVO�LIJ¡S�GIJMD �®
 YaJ�U<JMO�GKS�LIJMD,FHR�NKJMR�GIFWN}k&wHQ?GIGKJMGÌO�LKJ6O�TvQ?SaN ���7â DaS�J¡NXQ(NKY�JeMQ?S i wHFWR�cÌO�R�D�GKwWFHc?Y�NXw|kzwWJMGIG
NKY�O�R ���7â i JhLgU<JfNXJMLgÎ�TvJMLgwWJMR�c�NXY ��CÔB��Ô�Õ !Ê§l�Ø§l�eÖ�Ø.§l²

 Y�J ^ O�U<O�R"Y�JMO�DBeMQ?R�GIFHG�NXGbQ ` N}�ÿQjQ i NXFWe�O�w�GKJMefNXFWQ?R�GbQ?RBO�ehQ?U<UVQ?R]t]O�D O S�G�NPO�T�wWJGKS iai Q?L�N�t]NKY�JÍwxO�GIJML�Y�J�O�D ` Q?L�NXY�JÍwWFHc?Y�N�FHR i S*NdO�R�D(NKY�J ^ O�UzO�RjeMQ?wWwHJMefNXQ?L ` Q?L�NKY�JGKeMO�NKNKJMLKJhD<wWFHc?Y�NMt?GKJhJ�Ñ�FHc ���a�Á� O�R�D �a�ÓÂa�£� NZFWG�U<Q?SaRlNKJMDÌeMwWQ?GKJ1NKQÏNXY�JgNXO�LKc?JfN�eMJhwHw�TaSaN
Q?SaNKGKFHDaJ
NKY�Jg�1O�LKUù{�O�ehS�S�Uù�
FWR�D�Q�� � C�w|NXY�Q�S�c?YÌU<Q�S�R�NXFHRac�FHR�GIFHD�J1NKY�Jg{�O�eMS�S�UùQ?L
Jh{�JMR(Q?R�NXY�JbeMQ�wHD i O�LINKGm�ÿQ?S�wWDjO�wHwHQ�� FHR�ehLKJMO�GKJhDjGKQ�wHFHD�O�Rac?wHJ ` Q?L
wHFWc?Y�N
eMQ?wWwHJhehNXFWQ?R]tFWNÌ�ÿQ?S�wHD8T�J�eMQ?RaGKFHDaJMLXO�T�wWk,UVQ?LKJ6ehQ?U i wHFHeMO�NXJhD$O�R�D$wWJMGKGÌ{?JhLKGKO�NXFWwHJ �¸
 YaJ��
Y�Q?wWJ
i Y�FWwHQ?GIQ i Y�kjQ ` NKY�JÍGKJfNXS i �pO�G�NXQ6O�wWwHQ��EGKFWU i wHJ�O�R�D ` O�GIN�O�D O S�G�NXUVJMR�N�tºFWR�eMwWS�D�FHRacJf�*ePY�O�Rac?JgQ ` wHJhR�GKJhG�O�R�DÍLIJMwHO�NXF|{?J i Q?GIFWNKFHQ?R�G ��
 YaJ1GKJhwHJMefNXFWQ?R4Q ` O ^ O�U<O�R>T�O�eP�lGKe�OÊNI�NXJhLKFHRac>c?JhQ?U<JfNXL�kÍFHGÿO�ehQ?U i LKQ?UVFHGIJ�clFWN�eMwWJ�O�LIwWkÍwWJ�O�DaG�NKQ>O�R<FHR�ehLKJMO�GKJhD¡T�O�eP�lc?LIQ?S�R�D` LKQ?U " SaQ?LKJhGKeMJhR�eMJ
O�R�D ^ O�k*wWJMFWc?Y*�}GIe�O�NINXJhLKJMD>wxO�GIJMLrwHFHc�YlN ` LIQ?U NXY�JÿQ i NKFHe�O�wl�
FWR�D�Q��
GFHR>NKY�JgwHFWc?Y�N i O�NXYÍT�S*N�FWN£R�JMJhD�GZQ?R�wWkbQ?RaJgQ ` NXY�JgQ i NXFWe�O�w*O�eMehJMGIG i Q?L�NXG£Q ` NKY�JpNXO�LKc?JfNeMJhwHw �

 YaJÏwxO�GIJMLÿY�J�O�D ` QÀeMSaGKGKJhG1NXY�J�wxO�GIJMLpwWFHc?Y�NÿeMQ?UVFHRac ` LKQ�U�NKY�J�Î�TvJMLÿNXY�LIQ?S�c?Y¡NKY�J

Q?SaNKJML²{�O�eMS�S�UÝ�
FWR�D�Q��7Ã � UVU NXYaFHeP�	t�TvQ?LKQ�R*�}GIFHwHFWe�O�NKJ Ä O�R�D�NKY�J�NXO�LKc�JhN�eMJMwWw��
FHR�D�Q��
Ã � UVUùGKO i�i Y�FWLKJ Ä FWR�NXQ�NXY�J
GKO�U i wHJ �£� FWþ�JMLIJMR�NpO�LKJMO�GZQ ` NKY�JgNPO�LIc?JhNZ{�Q?wHS�UVJge�O�R<TvJLKJMO�ePY�JMD"T�k6{�O�LIkÀFWR�c<NKY�J i Q?GIFWNXFWQ?R�Q ` NXYaJ�wHO�GKJhL�Y�JMO�D"O�RaD�NXYaJ ` QÀe�O�w²wHJhR�c�NKY �g
 Y�JGKFW�MJÏQ ` NKY�J ` QÀeMSaG1e�O�RzT�J�O�D O S�GINKJMD�D�Q��
R¡NKQÍO>D�FHO�U<JfNXJhL��
F|NXY�O � UVU ` Q?L Ü�� U<U
` Q*eMO�w]wWJMR�c�NKY �

 YaJ ^ O�U<O�R6eMQ?wWwHJMefNXQ?LgFWG
U<Q?SaRlNKJMD�Q?R�NKY�JdGXO�UVJbGKS i�i Q?L�N�O�GmNKY�J�wHO�GKJhL
Y�J�O�D �� N>FWG i wxO�ehJMD&eMwHQ�GKJML�NKQ�NKY�JV�pO�LIU �
FWR�D�Q���NKY�O�R@NXY�JVwxO�GIJMLdY�JMO�D�FWR&Q?LID�JMLdNXQ�FHRÀ�eMLIJ�O�GIJmNKY�J
GKQ?wWFHDÍO�Rac?wHJ ` Q?L�wWFHc?Y�N£eMQ?wWwHJMefNXFWQ?R �r
 Y�J ^ O�U<O�RÍehQ?wHwWJMehNKQ?L eMO�R<TvJgUVQ�{�JMD

���
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{?JhLINXFWe�O�wWwWkbO�RaD4Y�Q?LIFH�MQ�RlNXO�wHw|kÏT�k�UzO�RlS�O�wÀGIeMLIJh�
G � �rQ?GKF|NXFWQ?R�G�O�LKJ�LKJ i LKQÀD�S�ehFHT�wWJ��
F|NXYO�eMehS�LXO�eMFHJhG�T�JfNKNKJML�NKY�O�R � UVU ÃçF � J � �
FWNKY�FHR�NXY�J ` QÀeMSaG Ä Q�{?JhLdOzGKeMO�R@D�FHG�NPO�R�ehJÍQ `
��� U<U �

 YaJ i Q?GIFWNXFWQ?R¸Q ` NXY�J ^ O�U<O�R eMQ?wWwHJMefNXQ?LzY�O�G�NXQAT�J@Q i NXFHUVFH�hJMD¸FWR7Q�LKD�JhL¡NXQO�ePY�FWJh{?JmTvQ�NXYÌY�FWc?YÌGKFHc�R�O�w�FWRlNKJMR�GIFWN}kÌO�R�DÌLKJ�O�GKQ?R�O�T�wHJ
GKFWc?R�O�wû��NKQ��}T�O�eP�Àc�LKQ?S�RaDÍLXO�NKFHQ �

� RÌO�D�D�F|NXFWQ?RbNKY�JpwHO�GKJhL£Y�JMO�DÍO�RaD>NXY�JpeMQ?wWwHJMefNXQ?L²eMO�R4TvJ1GKJ i O�LXOÊNXJMw|kbLKQ�NXO�NXJhD4FHR�Q?LKD�JhLNXQÌePY�O�Rac?JbNKY�JMFWLgLKJhwxO�NKFW{?JdO�R�c?wHJ ��CÔB��Ôµ� !Ê§l�Ø§l�eÚ=��Ø�Þ'�>Ý{Ûl�,Ø¨�¤Ø:Ý
C � � ��u>��Õ��a��Â Ã �?à�ÕlÄ ��UñD�Q�S�T�wHJ��}c?LKO�NXFWR�c"UVQ?R�QÀePY�LKQ?U<O�NKQ?L>�
FWNKY � �}D�FWU<JhR�GKFWQ?R�O�w
wHFWáÀSaFHD�R�F|NXLKQ�c?JMR6eMQÀQ?wWJMD _g_1� ��e�O�UVJMLKO<O�RaD�UVQ�NXQ�L1D�LKF|{?JhR�UVFHLILKQ?LIG1FHGgS�GIJMD �

 YaJ ^ O�UzO�RzwHFHc�YlN ` LKQ�U�NKY�JÏGKFWc?R�O�wû��NKLXO�R�G ` JMLZÎ�TvJMLgFHG ` Q*ehS�GKGIJMD6Q?R�NXQ4NKY�J�G i JMe��NXLIQ?U<JfNXJhL�JhRlNKLXO�RaeMJ>GIwHF|N �1
 Y�J�GKwWFWNg�
FHD*NXYjeMO�RjTvJd{�O�LKFHJhDjU<O�RlS�O�wWwWkz�
F|NXYjOVLIJ i LIQ��D�S�ehJ�O�T�wWJ i LKJheMFHGIFHQ?RBQ ` �*�Á� �]U � Ñ�Q?L�RaQ?LKU<O�w£UVJ�O�GKS�LIJMUVJMR�NXGd�
FWNKYBYaFHc?Y@G i JMefNXLKO�w
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Raman collector
R1 R3R2 R4

F2

55 120

Spectrometer coupling
S1 S2 S3

F2
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LKJhGKQ?wWSaNXFWQ?R]tpGIwHF|NÍ�
FHDaNKY�G<Q ` ��� � ���?� �]Uó�pJhLKJjSaGKJMD�tgFHRAGKQ?UVJ6e�O�GIJMG¡OBGKwWFWNÍ�
FHD*NXY
Q ` ���?� �]U �pO�G>ePYaQ?GKJhR®FHRBQ?LKDaJML�NXQ�FHR�ehLKJ�O�GKJVFHR�NXJhR�GKF|N}k �¡� J i JMR�D�FWR�cjQ�R&NXYaJ<GIwHFWN�
FHDaNKY]t ���7â NXQ �?��â Q ` NKY�J�GKFHc�R�O�wgwHFWc?Y�N i O�GIGKJhG<NXYaLKQ?S�c�YANKY�J�Î�LKGINVUVQ?R�QÀePY�LKQÊ�UzOÊNXQ?L �¡
 Y�JzG i JhehNKLXO�w�LKJhGKQ?wWSaNXFWQ?R&Q ` NXY�J<G i JMefNXLKQ�U<JfNXJMLbFHGbwHFWU<F|NXJhD"Tlk@NKY�J _g_1�
i F|�*Jhw�GIFH�MJ�tv�
YaFHePY(ehQ?LKLIJMG i Q?R�DaG�NXQ �a�ÓÕ�� �pO�{�JMRlS�U4TvJMLIG�FHR�NXY�J�LKJMc�FHQ?R�Q ` FWRlNKJMLIJMGIN �
 Y�JgJMR�NKLXO�R�ehJgGKwWFWN�Y�O�GZO�RÍO�D�D�FWNKFHQ?R�O�wlJhþ�JMehNZQ�R4LKJhGKQ?wWSaNXFWQ?R]t�YaQ��ÿJh{�JMLht*R�QÏ{�O�LIFxO�NKFHQ?R
T�JhwHQ�� ����� �]UÔGKwWFWNg�
FHD*NXYjFWG�Q�T�GKJhLI{?JhD �m
 Y�J>Q�{?JhLXO�wWw²JMR�JhLKc�k�LKJhGKQ?wWSaNXFWQ?R�FHGmT�JfNKNXJhL
NXY�O�R � ehU6ü ; ` Q?L1NXYaJ ����� �]UÚGIwHFWN ��
 Y�JbG i JMehNKLXO�wºFWR�NXJMRaGKFWN}k¡FHR�ehLKJ�O�GKJMGmT�k�O ` O�ehNXQ�LQ ` Â �
Y�JhR�Q i JhR�FHR�cÍNKY�JdGKwHF|N ` LKQ�U ���?� NKQ ���?� �]U �
 YaJ�wWFHc?Y�NÌFHGÌLIJ " JhehNXJhDØTvJhN}�ÿJMJMRØN}�ÿQ�c�LXO�NKFHR�c?GÌO�R�D$D�F|þ�JhLKJhRlNVUVFHLILKQ?LIGMt�J�O�ePY
U<Q�R�Q*ePYaLKQ?U<O�NXQ�LbG�NPO�c�J¡Y�O�G�Q?R�J¡c?LKO�NXFWR�c�O�R�D®ehQ?LKLIJMG i Q?R�DaFHR�c(GIY�FHJhwHD�FWR�cjTvQ�� ` Q�LGKS iai LKJhGKGKFWQ?R�Q ` GKeMO�NKNKJMLIJMD�wWFHc?Y�N �Í
 Y�J<c�LXO�NKFHR�c?G�Y�O�{�J<Jfþ�JhehNKFW{?J<O�LIJ�O�GdQ ` LKQ?S�c�Y�wWk�_���oc[�_��� UVU Û O�R�D �����?� LIS�wHFWR�c?G i JhL�UVU ��
 Y�J�NXLKO�R�G ` JhL��
FWR�D�Q��,�
FHDaNKY>TvJhN}�ÿJMJMR
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NXY�JÌN}�ÿQ(GINXO�c?JMGbe�O�R�TvJ<ehQ?R�NXLKQ�wHwHJhD@Tlk&O�RBFHR�NKJMLKR�O�wZGKwHF|N�t²T�SaN�FHGdS�GIJMD ` SawHwWkjQ i JMRFHR6Q?S�LgeMO�GKJ � C1NmNKY�JdJf�*FWN
Q ` NKY�JdG i JMehNKLKQ?UVJhNKJMLgNXYaJ�wHFHc�YlN1FHGgD�JfNXJMefNXJhDjT�k6O _g_1� �D�JhNKJMefNXQ?L1Ã��¤���_c �¤��� i F|�*JhwHGMt����bc��3�m��U Û J�O�ePY Äf��
 Y�J _g_1� FHGreMQÀQ?wHJhDbT�kbwHFWálS�FHD �mÛ c
FWNKG�FWR�NXJMc�LXO�NKJMDVD�Jh�pO�L�Y�O�G�NXQbT�JmLKJfÎ�wHwWJMDÌJh{�JML�k � YaQ?S�LKG ` Q?L�ehQ?R�NXFHRlS�Q�S�GÿQ i JhLXO�NKFHQ?R �
 Y�JÍ�pQ�LK�lFHR�c¡NKJMU i JhLXO�NKS�LKJÍFWG ����Õ ~úG�NPO�T�FWwHFW�MJMDjTlk(JMwHJhehNKLKFHeMO�w£YaJ�O�NKFHR�c¡NKQ�T�JfNKNXJhLNXY�O�R � ~ �*
 Y�J<ÃµJMwWJMefNXLKQ�R�FHe Ä T�O�eP�lc?LIQ?S�R�D�Q ` NXY�J _g_1� ePY�F i FWG1R�Q�Np{?JML�k�GKJhR�GKF|NXF|{?JNXQÍNXJhU i JMLKO�NXSaLKJdT�JhwHQ�� ���?� ~ �
 YaJ _g_1� FHG�ehQ?R�R�JhehNXJhD5{ÀFxO,O�R Jf�ÀNKJMLKR�O�wdJMwHJhehNKLKQ?R�FWe"S�R�F|N�NXQAOADaJMD�FWe�O�NKJMD
^ O�UzO�R>� _ cÊNKY�JpJhwHJMefNXLIQ?R�FHe�S�R�F|N£GIS i�i wWFHJhGrNKY�JpQ i JMLKO�NXFWR�c i Q��ÿJML�O�RaD4UzO�R�O�c?JhGrNKY�JLKJMO�D�Q?SaNpO�R�D<D�O�NXOdNKLXO�R�G ` JML � 
 Y�JÏ� _ eMO�LKDzO�wHwWQ��
G�LIJMUVQ�NXJ
ehQ?R�NXLKQ�wvQ ` NXYaJ ^ O�U<O�R
D�O�NXOVO�eMálS�FHGIFWNKFHQ?R � CÝLKJhc?S�wxO�L1U<QÀD�J�Q ` Q i JMLKO�NXFWQ?R�FHGÿNXQÌLKJMO�D6Q?SaNgNXYaJ _g_1� Jf{?JML�k�?� � ���?� GVO�R�D8eMQ?R�NXFWRlS�Q?S�GIwWk,NPO���J�D�O�NPOBFHRAT�JfN}�pJhJMR � C�wWw _g_1� LXO��ÔD�O�NXOBÎ�wWJMGht
NXQ?c�JhNXYaJMLÌ�
FWNXY8O�wWwgQ�NXY�JhL<D�O�NPO8ÃçNKJMU i JhLXO�NKS�LKJhGMt i LIJMGIGKS�LIJMGMt
Q i NXFHeMO�wgFHU<O�c?JhG Ä O�LIJGINKQ?LKJhD$�
FWNKY i LIQ i JMLÌNXFHUVJ6GIkÀR�ePY�LIQ?R�FW��O�NKFHQ?R8Q?RANKY�J ^ C � � D�FHGI�2GIkÀGINKJMU Q ` NKY�JGKwWQ��5eMQ?R�NKLKQ?w²� _��
� RdNXYaJÿehQ?RaÎ�c?SaLXO�NKFHQ?RbQ ` NKY�J�G i JMehNKLKQ?UVJhNKJML�O�GrD�JMGIeMLKFWT�JhD>Q?RaJÿeMO�R>ehQ�{�JML£O�G i JMe��NXLKO�w²O�LKJMOVQ ` ���a� �pO�{?JMRlS�U>T�JhLKGÏTvJhN}�ÿJMJhR ��Â eMU ü ; O�R�D �a��� eMU ü ; LKJMwHO�NXF|{?JÏNKQVNKY�J

wxO�GIJMLmwHFWR�J�t��
FWNKY�Q?SaN�ePY�O�Rac?FHR�cVNXY�J i Q�GKFWNKFHQ?R�Q ` NKY�J>G i JhehNKLKQ?c?LKO i Y �m
 Y�FWG i Q?GKF|NXFHQ�RFHG�Q i NXFHUVFH�hJMD ` Q�L�NXY�JÍGIFHU4SawWNPO�R�JMQ?SaGÏFHR�{?JhGINKFHc�O�NKFHQ?R"Q ` NKY�JÌwHQ��ÿJMGIN�N}�ÿQ�LKQ�NXO�NXFWQ?R�O�wwHFWR�JMG�Q ` ��Û���� NKY�JML�LKJMc�FHQ?R�G�Q ` NXY�J4G i JhehNKLKS�UòeMO�R"TvJ4U<JMO�GKSaLKJMDBO ` NKJMLÏePY�O�R�c?FWR�cNXY�J i Q?GKF|NXFWQ?R(Q ` NXY�JÌG i JhehNXLIQ?UVJhNXJhLdU<FWLKLKQ�LKG��
YaFHePYBFHG�D�Q?RaJVT�k(N}�ÿQ�GINXJ i�i JMLbU<Q��NXQ?LIG@caNKY�JMFWL i S�wWGKJhD�wWQ�� {�Q?wWNXO�c?J i Q��pJhLgGKS i�i wWk�FWG1eMQ?R�NKLKQ?wWwHJMD ` LKQ?U�NXY�Jd� _ {*FHOÍO�RJf�ÀNXJhLKR�O�w i LKQ?c?LKO�UVUzO�TawHJzeMO�LKD �8� FWþ�JMLKJhR�N i Q?GIFWNXFWQ?R�GÍO�LKJ6LKJ i LKQÀD�S�ehJMD,NXQBT�JfNKNXJhL

���



NXY�O�R � ehU ü ; ��CÔB��ÔUò 3�§©��§ �>Ý{Ø.§©�¸�,Ø.���

 Y�JgLXO��8D�O�NXO�Î�wHJhG NPO���JMRÌT�k>NXYaJ _g_1� DaJhNXJhehNKQ?L i LKQ�{ÀFHD�JpeMQ?S�R�NZLKO�NXJ1FWR ` Q?LIUzO�NKFHQ?RFHR ` Q?LKUEQ ` N}�ÿQ���D�FHUVJMR�GIFHQ?R�O�w�Ã��¤����cè�¤��� Ä O�LILXO�kÀG � � F|NXY4O�c?Q*QÀDbU<JhePY�O�R�FWe�O�w*O�wHFWc?R*�
U<JhR�N Q ` NKY�J _g_1� �}ePY�F i Q?R�NKY�JpG i JhehNKLKQ?UVJhNKJMLMt�J�O�ePY _g_1� ehQ?wHSaU<RbeMQ?LILKJhG i Q?R�D�GrNXQO<ehJMLINXO�FHR��1O�{�JMRlS�U4TvJMLhtºLKQ��
G�D�Q<R�Q�N i LKQ�{ÀFHD�J�O�R�k i Y�kÀGKFHeMO�w£FWR ` Q?LIUzO�NKFHQ?R �p
 YlS�GQ?R�JbR�JMJhD�G�NKY�JdNXQ�NXO�wºeMQ?SaRlN�LXOÊNXJMG ` Q?L
Jh{�JML�k�ehQ?wHSaU<R6FHR�Q?LID�JMLgNXQzO�ePY�FWJh{?J�OÌLKJMc�S*�
wxO�L ^ O�UzO�RzG i JMehNKLKS�U ��� Q��ÿJh{?JhLMt	GKQ�U<JÏD�O�NPO>NKLKJ�OÊNXUVJMR�NgFHGpR�JMJhD�JMD�T�J ` Q?LKJ�S�GKJ ` S�wG i JMefNXLXOÌe�O�R�TvJdJf�ÀNXLKO�ehNKJMD �ymGKS�O�wHwWk�tlLXO�� D�O�NXObÎ�wWJMGÿO�LKJ�eMQ?R�NPO�U<FWR�O�NXJhD<T�k<G i JMefNXLXO�w�O�L�NXF ` O�ehNKGMtle�O�SaGKJMD�J � c �T�k�ehQ?GKUVFHe<LXO�D�FHO�NXFWQ?R]t�O�R�D®F|N>FWG>R�JheMJhGKGXO�LIk�NKQ(D�JfNXJMefNÌO�R�D2LIJMUVQ�{?J¡O�wHw�Q ` NXYaJMU �
Ñ�Q?LÍNXY�FWG i S�L i Q?GKJ�t1O � �}DaFHUVJMR�GIFHQ?R�O�wpUVQ*D�F|Î�e�OÊNXFHQ�R2Q ` NKY�J�y i�i JML � o Q?SaR�D � i JMe��NXLIS�U/O�wWc?Q?LKF|NXY�U Ãµy og��Ä �pO�GÌS�GIJMD5ÃµGKJhJ } Õ�Ü�~ ` Q?LÍD�JfNPO�FWwHG Ä O�GÌO(Î�LKG�N<G�NXJ i �2
 Y�JUzO�FHR i LKFWR�eMF i wHJÍQ ` NXYaJ<O�wHc?Q?LIFWNKY�UæFWG�NXQ�eMQ?U i O�LIJÌN}�ÿQjDaFWþ�JMLKJhR�N>D�OÊNPO�Î�wHJhGbUVJ�O��GKS�LIJMD&Q?R�JÌO ` NKJMLÏNXYaJVQ�NXY�JhLdO�R�D@GKJMO�LKePY ` Q?L i F|�*JhwHGÏ�
FWNKY@O�eMQ?S�R�NbLXOÊNXJÍD�F|þ�JhLKJMRaeMJc?LKJMO�NXJhLgNXY�O�R�OÌLKJMO�GKQ?R�O�T�wHJÏNKY�LKJhGKY�Q�wHD ��� R6NXY�FWG1�1O�k6ehQ?GKUVFHe�G i FH��JMG�O�LKJ�D�JfNXJhehNXJhD �C ` NKJMLI�pO�LID�G1NXY�J�ehQ?R�NPO�UVFHR�O�NXJhD i F|�*JhwHG ` LIQ?U;Q�R�JÏQ ` NXYaJ�Î�wHJhGgO�LIJÏLKJ i wxO�ehJMD6T�kzNKY�JeMQ?LILKJhG i Q?R�D�FWR�c i F|�*JhwHG ` LIQ?U�NKY�JÏQ�NKY�JMLpQ?R�J�taU4S�wWNKF i wWFHJhD<T�k�O�GKS�F|NPO�T�wWJ�R�Q�LKU<O�wHFW��OÊ�NXFWQ?R2eMQÀJ	�VeMFWJMR�NÌNXQBO�eheMQ?S�R�N ` Q?LÍFWRlNKJMR�GIFWN}k®{�O�LIFxO�NKFHQ?RaG>Q ` NXY�J ^ O�U<O�R2G i JMefNXLKSaUT�JfN}�pJhJMR�NXYaJ�UVJ�O�GIS�LKJhU<JhRlNKG � C�R�Q�NXYaJML1O�wHc?Q?LIFWNKY�UúO�R�O�wWkÀ�MJhGÿNXYaJ�UVJ�O�RzO�R�D ^�n(�
{�O�wHS�JhG£O�R�D4eMQ�RlNKLKQ?wWGº�
Y�JhNKY�JML G i FH��JMG�FHR�NKY�JZN}�pQÏehQ?U i O�LKJhD>D�OÊNPO�GIJhNKG O�eheMFHDaJMR�NPO�wWwWkQ�{?JMLIwxO i t	�
YaFHePYjQÀeMehS�LKGmFHR�O ` Jh� i JMLIeMJMR�N�Q ` O�wHwºe�O�GKJMG �1
 Y�FWG�FWG
NKY�JMR " O�c?c�JMD�O�R�De�O�R6TvJÏeMQ�LKLKJhehNKJMD�TlkzeMQ?U i O�LIFHGIQ?Rz�
FWNKY6O�R�Q�NKY�JMLpLKJ ` JhLKJhR�eMJ�Î�wWJ ��� R¡NXYaJ�R�Jf�ÀN
GINKJ iNXY�J<eMQ?RaGINPO�RlN�JMwWJMefNXLKQ�R�FHeVQ�þ�GKJhNMt��
Y�FWePY�FWG�O�wW�pO�kÀG i LKJhGKJMR�NÍFWRBNKY�J _g_1� D�O�NXOat£FWGGKS�T*NXLXO�ehNXJhD � C�GIGKS�UVFHRac>O i S�LIJMwWk4GINPOÊNXFHG�NXFWe�O�w�LIJ�O�DaQ?SaN�R�Q?FWGKJ�t�NKY�J�LIJ�O�w�UVJ�O�RVehQ?S�R�NLXO�NKJgFHR>NKY�JgG i JMefNXLIS�U�U4S�G�NZT�JgehwHQ?GIJpNXQ�NKY�J ^�n(� {�O�wHS�J1GIálS�O�LKJhD � �&J1NXYlS�GZGKJhwHJMefNO�LKJMwHO�NXF|{?JhwWk " O�NZGKS�TaLXO�R�c�JmQ ` NKY�J
G i JMehNKLXObO�R�DVD�JhNKJMLIU<FWR�J1NXY�J
Q�þ�GKJfN�Tlk4LKJMálS�FWLKFWR�cOÍLKJMc�S�wxO�LpeMQ?S�R�NKFHR�cÌGINXO�NXFWGINKFHeMG ` Q?LpNXYaJbLIJMGIS�wWNKFHR�cÍG i JhehNXLIS�UÔO ` NKJMLgGIS�TaNXLKO�ehNKFHR�cÍNKY�JQ�þ�GKJhN �
Ñ�FHR�O�wWwWk�tÀNKY�JbN}�ÿQ���D�FHUVJMR�GIFHQ?R�O�w i Fû�aJhwrO�LKLKO�kÀG�O�LKJ i LIQ O JMefNXJhD(FHR�NXQÌQ?RaJ�LIQ��ÝO�R�DT�JheMQ?UVJ ^ O�UzO�R�G i JhehNKLXO ` LKJMJdQ ` G i FH��JhG�O�R�D�TaFxO�Ght�T�SaNmR�Q�Ngk�JhNme�O�wHFHTaLXO�NKJMD ��CÔB��Ô;� !Ê§l�Ø§l�eÚ=��Ø�Þ'�>Ý�§

� R®Q?LID�JMLdNXQ�D�JMUVQ?R�G�NXLXOÊNXJÌNXY�J<áÀS�O�wHF|N}k@Q ` NXYaJ ^ O�U<O�R&D�O�NPO�O�R�D&NKQjGIY�Q����
Y�O�N
�lFHR�D"Q ` FWR ` Q?LIUzO�NKFHQ?R�e�O�R"T�J4Q�TaNPO�FWR�JMD��pJÍD�FWG i wHO�k�GIQ?UVJ>Jf�aO�U i wWJ4G i JMefNXLXO*tZÃµGIJMJÑ£FHc�G ���a�|��� O�R�D �a�|�?��Ä��

 YaJVÎ�LIGIN�Q?R�JVFHG ` Q?LdR�Q?LIUzO�w ��Û Ãµe 8 Wd�?à��?Ä FWRBNKY�JVwHFHálS�FWD i Y�O�GIJ �¡
 Y�J � ¹�Ã ��ÄO�R�DzNKY�J � ¹�Ã ��Ä wHFHRaJMG ` Q?L ��Û O�LKJ�GKJMJhR]t�ehQ?LKLIJMG i Q?R�DaFHR�cbNXQ>NKY�J�NKLXO�R�GIFWNKFHQ?R�G�TvJhN}�ÿJMJMR
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©ê&�k��- ç:é�ê�g¸ïÀþhí��1ìk��ï­í ó�ì6ñ�� �1ìk��ê�î	ìk
	êhûøóYé�ê�ï�êhûYñ��1ý_óYì1ñ���ñ©òó�é�êÀûµ��êhþTóYï�ñ©ð�êTó�ê�ï%$�óYé�ý�ûºó�é�ê���ì1ë_óYé ñ�ò¤óYé�êmg p ��êhí�>_û:ìBû�êhí	û-ì����Cì1ë�ê,�@óYì¤��êhë í	ûºí#ò ê<í ó�ý�ïYê�-
i S�LIJMwWkBLIQ�NPO�NKFHQ?R�O�w GINXO�NXJhG�¥5� �¨% ��O�R�D+¥D����% �at£LIJMG i JMefNXF|{?JMw|k7¦¨§gY�JzC�L
e�O�wWFHT�LKO�NXFWQ?RbwHFHRaJÿc?F|{?JhG�NXYaJ1LKJhGKQ?wWSaNXFWQ?R>Q ` NKY�JpG i JhehNKLKQ?UVJhNKJMLMt?NKYlS�G£NXYaJp�
FHDaNKY4Q ` NKY�J©�Û i J�O��ÀGmFHG
JMO�GKFWwWk¡FWD�JMR�NKFWÎ�JhDjO�GmO ` J�O�NKS�LKJ-¦«ª}R6NXYaJ�wWJ ` N i O�L�NmQ ` NKY�JbG i JMehNKLXOat�NKY�JT�O�eP�lc?LIQ?S�R�D ` LKQ�U�NKY�J ^ O�kÀwWJMFHc�YzGKeMO�NKNKJMLIJMD6wHFWc?Y�NpFWGÿ{ÀFHGIFHT�wWJ&¦�§gY�J�G i JMehNKLKQ?UVJhNKJMLgFWGGKJfN�GIS�ePY@NXY�O�N�NXY�JÍT�O�eP�Àc�LKQ?S�RaD&FWGÏeMSaNdT�k(NKY�JÍFHR�NKJMLKR�O�w GKwWFWN�GKwHFWc?Y�NXw|k�Q�SaNXGIFHD�J4NKY�J
LKJhc?FHQ?R6Q ` FHR�NKJMLKJhGINU¦
Ñ�FHcH¦«¬!¦�­7­"GKY�Q��
G�O®GKFWU<FWwxO�LVG i JMefNXLIS�U�tmT�SaN ` Q�L¡GKQ?wWFHDØQ�LINXYaQ�� ©�Û �
F|NXY¸e 8 �0�E/.6�Q+-278�th¦�C�G�eMQ?U i O�LIJMD&NKQjR�Q�LKU<O�w ©�Û t£Q?L�NXY�QÊ� ©�Û GKY�Q��
G ^ O�U<O�R&wWFHR�JhGb�
YaFHePY

O�LKJ�eMQ?RaGKFHDaJMLXO�T�wWk<U<Q�LKJmR�O�LKLIQ���¦ © S�J�NKQ>NXY�J�FHR�NXJhLXO�efNXFHQ�RzQ ` NKY�J�Q?L�NXY�Q>U<Q?wWJMehS�wHJhG
�
FWNKY�R�JMFWc?YlT�Q?SaLKFHRac�Ã i O�LXOÊ� Ä UVQ?wHJheMS�wWJMGhtlNKY�JÏD�F|þ�JhLKJhRlN i Q?GIGKFWT�wHJ�R�J�O�LIJMG�NgR�JMFWc?YlT�Q�S�LeMQ?R*Î�c?S�LKO�NXFWQ?R�GmwHJ�O�D�NKQzD�F|þ�JhLKJMR�N�GKY�F ` NXGmQ ` NXYaJ�JhR�JMLIc�k�wHJh{�JMwWGÏO�R�D�NXQ<wHFHRaJbTaLKQ�O�DÀ�
JMR�FWR�cH¦o§gY�JdLIJMGKQ�wHSaNKFHQ?R¡FWG1GKS¤�<ehFHJhRlN
NKQÍGKJMJ�NKY�J�G i wWFWNINXFHRac>Q ` NXYaJ�®>¹�Ã�¯ Ä ws°s±!²=°s±h³�´H²µ7¶ ³�´ µ¸·
µ7¹ °�º¸Ã · ²U² } Õ5»�~xÄ ¦¼§w´H²h´H½¿¾ ·
ÀkÁ�Á ²¿³ ¶
À�µ&Â ©�Û ½ ¶
Àk· ³�Ã ¹s·XÁ Ã&Ä-² · ³�´H²�¥��S�¹ ²�Å7² ¹�ÂOµ7¶
Á ³�´ ¶ ²U²Æ²¿±H² ¶
Ç&À�È Ã&±Hº ·lÈ ² ¹sµ ± Ç °s± Ç ³ µ � ��4 �#+ ¾ 8�É � ��4[�C+µJ)8�É/Ã&±Hº� ��� +NÊ:8�É ¶ ² · ¾�²U½�³�°�Å7² ¹�À ¦�§w´!² ¹ °s±!²¡°s±K³�²U± · °�³ Àl¶ Ã-³�° µ7·�Ë °�³�´H°s±�³�´H² ÁXÌ!¹ ³�°�¾ ¹ ²�³/½ µ ±K³�Ã&°�±°s± ÂOµ&¶�Á Ã-³�° µ ±XÃ È�µ7Ì ³o³�´H² ¶ ² ¹ Ã-³�°�Å7² µ7¶ °�²U±K³�Ã-³�° µ ± µ-Â ³�´H²w½ ¶�ÀÍ· ³�Ã ¹ Ã µ7¶ ½ ¶�Àk· ³�Ã ¹s¹ °�³�² · Ä Ë °�³�´¶ ² · ¾�²U½¿³�³ µ ³�´H²�ºH° ¶ ²U½¿³�° µ ± µ&Â ³�´!²lÎ�Ã Á Ã&±�½ µ&¹s¹ ²¿½¿³ µ7¶ } Õ5» É Õ ¬ ~ ¦

¬ Õ



 ]-1Raman shift [cm
180 200 220 240 260 280 300

 )
-1

C
ou

nt
s 

/ (
0.

5 
cm

100

200

300

400

500

310×

(0)α
0S

(0)β
0S

(0)γ
0S Ar II

(1)0S

Ñ/° Ç&ÌH¶ ²3¬!¦�­7­ s õ�í�ð�ê§í©û©y/ì6î�-���-��&zw��ý_óiò ñ©ïÀûYñ��1ìBë�ñ�� g p s���* - #���x�-«ç:é�ê#ð ý � ó�ìk���1êTó û-óYï�ý�þTóYý�ï�ê«ñ©òó�é�ê«õ���s z�x¨�6ì���êÀìBûøë_ý�êaóYñ�ó�é�ê û����6ì6ó-ó�ìk��îCñ�ò{óYé�ê �l�¸� ��í���ëèì�� óYé�ê é�þ���þ�ï��_û-ó�í��!-Çç:é�ê ûµ��êhþTóYï�ý�ðþ�ñ��@ó�í©ìk��û�ë�í ó�í«ò ï�ñ©ð5����##û-ì���î��6ê/� �1êhû.��ì6óYé 
�z�z�ûÇê�+���ñ	ûYý�ïYê*ó�ì6ð�êaêhí	þ­é=-�CÔB��Ô)Ï Ð Ý��¤ÖèÛ÷�EÑ � ÞÇÛl��ÞºØ.���>Ý¸§����TÛm�Ò ¶�µ7Á ³�´H²w°�±5³�²U± · °�³ À�¶ Ã-³�° µÓµ&Â ³�´!²�®¤¹EÔ�¯KÕ�Ã-±HºP³�´H²�®¤¹EÔ%­	Õ ¹ °s±H² · ³�´H² µ7¶ ³�´ µEÖ ©?× ½ µ ±H½U²¿± Ö³ ¶ Ã-³�° µ ±Ø½UÃ&± È ²Æ½�Ã ¹ ½ Ì!¹ Ã-³�²Uº�³�Ã&Ä5°s± Ç °s±K³ µ Ã&½U½ µ7Ì ±K³�³�´H²h¾ ¶
µ ¾�² ¶ ³ ¶ Ã-± · °�³�° µ ± Á Ã-³ ¶ °�Ù² ¹ ² Á ²U±K³ · Ã&±!º ³�´H²�²	�d½U°�²U±H½ À#µ&Â ³�´H² · ¾i²¿½¿³ ¶�µ7Á ²¿³�² ¶ ¦ØÚ · ÃÛ½ ¶�µ&·�·�Ö ½�´H²U½�ÄÜÉ¡³�´H²�°s± Ö³�²¿± · °�³ À\¶ ÃE³�° µ¼µ&Â ³�´H²h³ Ë«µÝ¹ °�±H² · ° · ½ µ7Á ¾HÃ ¶ ²¿º#°s±#Ã Á ²�Ã ·
ÌH¶ ² Á ²¿±K³ µ&Â ³�´H²�Ä5± µ
Ë ±Å-Ã ¹sÌ ² Í 8�Þàß È-á ÂOµ7¶ ± µ7¶
Á Ã ¹ ©?× ¦â§w´H² Á�µ&· ³dº�Ã&± Ç ² ¶�µ&ÌH·Æ·
µ7ÌH¶ ½¿² µ&Â?·
Àk· ³�² Á Ã-³�°�½Ì ±H½¿² ¶ ³�Ã&°s±K³�°s² · É Ë ´H°s½�´ · ° Ç ±H°�ã�½�Ã-±5³ ¹�ÀÆ¹ ° Á °�³ · ³�´H²�Ã&½¿½ ÌH¶ Ã&½ Àäµ&Âbµ7ÌH¶wÁ ²�Ã ·�ÌH¶ ² Á ²U±K³�É�° ·³�´H² È Ã-½�Ä Ç&¶�µ7Ì ±!º�½ µ ±K³ ¶ ° ÈHÌ ³�° µ ± ÂO¶
µ7ÁæåHÌHµ7¶ ² · ½¿²U±H½¿² µ&Â ³�´!² µ ¾!³�°�½�Ã ¹kË °s±Hº µ
Ë�· ck³�´H° · ° ·ºH°�çd½ ÌH¹ ³�³ µ Ã
Å µ °sº¼°s± È Ã&½�Ä · ½UÃ-³�³�² ¶ °�± Ç�Ç ² µ7Á ²�³ ¶�À ¦ Ò µ7¶ ´!° Ç ´ µ7¶ ³�´ µ ½ µ ±H½U²¿±K³ ¶ ÃE³�° µ ± ·³�´H²�°�±5³�²U± · °�³ À3µ&Â ³�´!²?®>¹EÔ�­	Õ ¹ °s±H²w° ·o·�Á Ã ¹s¹ Ã&±Hºd°�³�° · ²UÃ · ° ¹�À ÃEè�²¿½¿³�²¿º ÈKÀ3È Ã-½�Ä Ç&¶�µ7Ì ±!ºn¦ªC± µ7¶ ºH² ¶ ³ µh·
µ7¹ Å&²l³�´!° · ¾ ¶�µ7ÈH¹ ² Á É�³�´H²l²�Ù!Ã&½¿³ · ´�Ã&¾�² µ-Â ³�´H² È Ã&½�Ä Ç7¶�µ&Ì ±HºÛ´�Ã ·�È ²¿²U±ºH²¿³�² ¶
Á °�±H²Uº Ë °�³�´ · ¾i²¿½U°sÃ ¹i¹�µ ± Ç º ÌH¶ ÃE³�° µ ± Á ²�Ã ·
ÌH¶ ² Á ²¿±5³ ·¡Ë °�³�´�³�´H²=² Á ¾!³ À ½U² ¹s¹ ¦�ªB³Ë Ã · ½ µ ±!ã ¶
Á ²¿ºÛ³�´�Ã-³Ó³�´H² È Ã&½�Ä Ç7¶
µ7Ì ±Hº · ´HÃ&¾i²Pº µ ² · ± µ ³�ºH²¿¾i²¿±Hº µ ±Ý³�´H²P¾ µ7· °�³�° µ ±µ&Â ³�´H² ¹ Ã · ² ¶�ÂOµ ½ Ì!· ¾ µ °s±K³ Ë °�³�´H°�±¼³�´H²�½U² ¹�¹ ¦=§w´!²PÎ�Ã Á Ã&± · ¾�²U½¿³ ¶�µ7Á ²¿³�² ¶?Ë Ã ·ÓÌH· ²UºÈ ² ÂOµ7¶ ² ÂOµ7¶ ³�´H²¨°s±KÅ7² · ³�° Ç Ã-³�° µ ± µ&Â ©?× Ç Ã ·3· Ã Á ¾ ¹ ² · ¦é§w´H²¨½ µ&¶�¶ ² · ¾ µ ±HºH°�± Çê¶ ² ·
ÌH¹ ³ ·½ µ ±!½U² ¶ ±h³�´H² µ7¶ ³�´ µ-Ö ©?× ²Uë Ì ° ¹ ° ÈH¶ ° ÌHÁ °s±ÆÃ ¹ °�ë Ì °sº ©?× Ádµ º!² ¶ ÃE³ µ7¶�Ì ±HºH² ¶ ° ¶�¶ Ã-ºH° Ã-³�° µ ±Ã&±Hºê´�Ã�Å7² È ²U²U±�¾ ÌHÈH¹ ° · ´H²UºÝ°s± }íìKî�~ ¦dïÓ²U±H² ¶ Ã ¹�¹�À ³�´H° ·ÓÁ ²�³�´ µ º Ë Ã ·�· ° Á ° ¹ Ã ¶ ³ µ ³�´H²µ ±H²ÓºH² · ½ ¶ ° È ²Uº�°�± }ðì7ñ�~ ÉH´ µ
Ë ²�Å7² ¶ É Ç °�Å&²U±�´H° Ç ´h²¿± µ7ÌHÇ ´ ¶ ² ·�µ&¹sÌ ³�° µ ± Ë ² Ë ² ¶ ²�Ã ÈH¹ ²�³ µÃ&±�Ã ¹�Àkò ²Ó³�´H² ¶
µ-Ö Åk° È!¶ Ã-³�° µ ±�Ã ¹ Î�Ã Á Ã&± R ÖBÈH¶ Ã-±H½�´ ¶ Ã-³�´!² ¶ ³�´�Ã-±¨¾ ÌH¶ ² ¶�µ ³�Ã-³�° µ ± · ¦ Ò µ&¶³�´H²¡°s± ÖB· °�³ Ì�· ¾i²¿½¿³ ¶
µ7· ½ µ ¾ ÀPµ&ÂÜ¹ °së Ì °sº�Ã&±Hº ·
µ7¹ °�º ©?× °�± · °�ºH²«³�´H²�½ ¶�À7µ7Ç ²U±H°�½¡³�Ã ¶
Ç ²¿³/½U² ¹s¹ ÉË ² ¶ ²¿³ ÌH¶ ±H²¿ºÛ³ µ�· ¾�²U½�³ ¶
µ7· ½ µ ¾ ÀÛµ&Â ¾ ÌH¶ ² ¶�µ ³�Ã-³�° µ ±�Ã ¹�¹ °s±H² · Ã ·?Ë Ã ·Ó· ´ µ
Ë ±�Ã Èiµ Å7²P°�±
¬Kó
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ô s��ºí	þO>�î©ï�ñ©ý���ëÑû-ý �_óYï­í©þTóYì1ñ��Wò ñ©ïCóYé�ê�õ
��sµ�%xæg p �1ìk��ê ò ñ©ï§ó�é�ê�û�í�ð�ê�ë�í�ó�í�í	û§ì��y/ì1î -�� -k��� ¦
³�´H²�²�ÙHÃ Á ¾ ¹ ² · ¾�²U½¿³ ¶ Ã!¦�§w´H² ¶ ²UÃ ·�µ ±�° · ³�´�Ã-³UÉ�º Ì ²Ó³ µ ³�´!²lõ µ7¹ ³ òUÁ Ã&±H±�ºH° · ³ ¶ ° ÈHÌ ³�° µ ±µ&Â ³�´H² · ³�Ã-³�²¡¾ µ ¾ ÌH¹ Ã-³�° µ ± Ë °�³�´H°s±�³�´H²�²¿Å&²U±3Ã&±!º µ ºHº�¥ È Ã&±Hº · É7Ã-³ ¹sµ
Ë ³�² Á ¾i² ¶ Ã-³ ÌH¶ ² ·µ ± ¹�À ¥ Þ�ö Ã&±Hº+¥ Þø÷ · ³�Ã-³�² · Ã ¶ ²3¾ µ ¾ ÌH¹ Ã-³�²¿ºn¦Æ§w´H²3³ Ë«µ¼¶ ² Á Ã-°s±H°�± Ç¨ù�ÖCÈH¶ Ã&±H½�´¹ °�±H² · Ô;ú ÞRö3û ÷ Ä ¥ ÞæöXû ö Ã&±HºÛú Þüö3û ÷ Ä ¥ Þý÷�û ÷ Õw½�Ã&±!± µ ³ È ² ¶ ² ¹ ° Ã È!¹�À¶ ² ·�µ7¹ Å7²UºéÃ-± À�Ádµ7¶ ²-Éb³�´ ÌH· °s± ÂOµ7¶
Á ÃE³�° µ ±�Ã Èiµ7Ì ³l³�´H² µ7¶ ³�´ µ-Ö ½ µ ±!½U²U±K³ ¶ Ã-³�° µ ±�½�Ã&±H± µ ³²�Ã · ° ¹�ÀhÈ ²`²�Ùk³ ¶ Ã-½¿³�²¿º ÂO¶
µ7Áþ¶
µ-Ö Åk° È!¶ Ã-³�° µ ±�Ã ¹ Î�Ã Á Ã&± · ¾�²U½�³ ¶�µ&· ½ µ ¾ À ¦
{ ��ÿ *Ñ�H¦ }N�©� }��)�æ}N���*� ���	���§w´H²3½ ¶�ÀÍ· ³�Ã ¹�Ë Ã · Ã ¹�Ë Ã Àk·ÓÂO¶�µ7ò ²U± ÂO¶�µ7Á ³�´H² ¹ °së Ì °sº¼¾H´�Ã · ²¼Ô ÂO¶ ²¿² ò °�± Ç�ÂO¶�µ7Á ³�´H² Ç Ã ·¾H´�Ã · ² Ë Ã · ± µ ³Æ¾ µ7·
· ° ÈH¹ ² Ë °�³�´+³�´H²�½U² ¹�¹?ÌH· ²UºÜÕ�¦æï`Ã · ² µ&ÌH· ©?× ° ·Æ· ³ µ7¶ ²¿ºâ°s± ³ Ë¡µÚ ¹�ÌHÁ °�± ÌHÁ · ³ µ&¶ Ã Ç ²�½ µ ±K³�Ã&°s±H² ¶�· É Ë ´!² ¶ ² µ ±H²h½ µ ±5³�Ã&°s±!² ¶ ° ·XÌH· ²Uº ÂOµ7¶ ± µ7¶�Á Ã ¹ Ã&±Hº³�´H² · ²¿½ µ ±Hº ÂOµ&¶lµ7¶ ³�´ µ © ² Ì ³�² ¶ ° ÌHÁ ¦ä§w´H²Æ¾ ¶ ²U¾HÃ ¶ Ã-³�° µ ± µ&Âwµ7¶ ³�´ µ © ² Ì ³�² ¶ ° ÌHÁ Ë Ã ·º µ ±H² È ² ÂOµ&¶ ²Æ³�´H²h²�ÙÍ¾�² ¶ ° Á ²U±K³ · Ã&±!º#° · ºH² · ½ ¶ ° È ²Uº#°�± · ²¿½&¦o¬!¦¤¬!¦Û§w´H² Ç Ã · ² µ7ÌH· ©?×å�µ
Ë�· °s±K³ µ ³�´H²Ý½U² ¹�¹ Ã&±!º ° ·�·�ÌHÈ!· ²Uë Ì ²¿±K³ ¹�À ¹ °së Ì ²�ã�²Uºn¦ §w´H²Ý¾ ¶�µ ½U² ·�·äµ&Â�ÂO¶ ²¿² ò °�± Ç° · ½�Ã ¶
¶ °�²Uº µ&Ì ³XÃE³�Ãä³�² Á ¾�² ¶ Ã-³ ÌH¶ ²�½ ¹sµ7· ²d³ µ ³�´H²�³ ¶ °s¾ ¹ ²P¾ µ °s±K³ÆÔ�­ î ¦ »�� Õ�Ã&±Hºê³�Ã&Ä-² ·³ À ¾H°s½UÃ ¹s¹�À Ã È�µ7Ì ³�­	ô-´n¦ä§w´H²h½ ¶
Àk· ³�Ã ¹ ½ ¶ ²UÃ-³�²¿º\³�´H° ·`Ë Ã À ° ·�ÂOÌH¹s¹�À ³ ¶ Ã-± · ¾�Ã ¶ ²U±K³XÃ&±Hº½ ¹ ²�Ã ¶ ¦ÆªC± Ò ° Ç ¦}¬Í¦��¨Ã · ² ¶ °s² ·`µ&Â ¾!°s½¿³ ÌH¶ ² ·�· ´ µ
Ë�· ³�´H² ·
¹sµ
Ë ¾!´�Ã · ²d³ ¶ Ã&± · °�³�° µ ± ÂO¶�µ7Á³�´H² ¹ °së Ì °sº�³ µ ³�´!² ÂO¶�µ7ò ²U± · ³�ÃE³�²&¦�§w´H² µ ¾!³�°�½�Ã ¹ ¾ ¶�µ ¾i² ¶ ³�°�² ·=µ-Â ³�´H²P½ ¶�ÀÍ· ³�Ã ¹ º!²U¾�²U±Hº· ³ ¶�µ ± Ç&¹�Àhµ ±¨³�´H² · ¾�²U²Uº µ&Â ³�´H² ÂO¶ ²¿² ò °s± Ç ¾ ¶
µ ½¿² ·�· ¦Ò ° Ç7ÌH¶ ²3¬!¦�­
¬ · ´ µ
Ë�· ½ ¶
Àk· ³�Ã ¹s·�Ç7¶
µ
Ë ±ØÃ-³�³ Ë«µ ½ µÍµ7¹ °s± Ç�· ¾i²¿²Uº · ¦Æ§w´H²dºH°�è�² ¶ ²U±!½U²

¬��
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° · ½ ¹ ²UÃ ¶�¹�À Åk° · ° È!¹ ²&¦ÓÚ�±ÝÃ&±H±H²UÃ ¹ °�± Ç ³�²U½�´H±H°�ë Ì ² Ë Ã · ºH²¿Å&² ¹sµ ¾i²¿ºê°�± Ë ´H°�½�´Ý³�´H² © ² ÌÍÖ³�² ¶ ° Ì!Á Ë Ã · Ä-²U¾!³�Ã-³`Ã�½ µ ± · ³�Ã&±K³l³�² Á ¾i² ¶ Ã-³ ÌH¶ ² ÂOµ7¶Ó· ²¿Å&² ¶ Ã ¹ ´ µ7ÌH¶�· ¦�§w´!° · Ã&±H±!²�Ã ¹ Ö°s± Ç ¾ ¶�µ ½U²¿º ÌH¶ ² Ç7¶ ²UÃ-³ ¹�À ° Á ¾ ¶�µ Å7²¿ºØ³�´!²Æ½ ¶�Àk· ³�Ã ¹ ´ µ7Ádµ7Ç ²¿±H²U°�³ À ¦	�Ó±!½U²Æ³�´H²Æ½ ¶
Àk· ³�Ã ¹¶ ²UÃ&½�´H²Uº¼Ã3³�² Á ¾i² ¶ Ã-³ ÌH¶ ² µ-Â ­ î
� °�³ Ë Ã · ½ µÍµ7¹ ²Uºäº µ
Ë ± ÂOÌH¶ ³�´H² ¶ ³ µ ÃX³�² Á ¾�² ¶ Ã-³ ÌH¶ ²µ&Â ó � ¦_§w´!° ·`¹ Ã · ³ · ³�²¿¾Ø°s±Ý³�´!²Æ¾ ¶
µ ½¿² ·�·lµ&Â ½ ¶ ²UÃ-³�°�± Ç ³�´H²3ã�±�Ã ¹oÂOµ7¶
Á µ&Â ³�´H² ·
µ7¹ °�º© ² Ì ³�² ¶ ° ÌHÁmË Ã · ¾�² ¶�ÂOµ7¶�Á ²UºéÃE³3Ã ¶ ²¿º Ì ½U²¿º+½ µÍµ&¹ °s± Ç¼· ¾�²U²¿º���°s± Ádµ7· ³P½�Ã · ² ·XË °�³�´Ã�³ À ¾H°s½UÃ ¹ ½ µÍµ&¹ °s± Ç�· ¾i²¿²Uº µ&Â ô �
� ´n¦ Ò °s±�Ã ¹�¹�À É«³�´!²¼³�² Á ¾�² ¶ Ã-³ ÌH¶ ² µ&Â ³�´H²¸½ ¶
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1.57)θ),t=0s)=0.0241*cos(θ(cos(1f
1.56

)θ),t=2s)=0.0173*cos(θ(cos(2f
1.56)θ),t=4s)=0.0140*cos(θ(cos(3f
1.56)θ),t=8s)=0.0104*cos(θ(cos(4f
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3.0(v,t=0s)=5.29e-5*v1f
3.0(v,t=2s)=3.82e-5*v2f
3.0(v,t=4s)=3.07e-5*v3f
3.0(v,t=8s)=2.27e-5*v4f
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-4.66e-3x+2.41e-22+7.94e-4x3-7.99e-5x4f(t)=3.32e-6x
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-1.01e-5t+5.29e-52+1.7e-6t3-1.66e-7t4(t)=6.58e-9tθf
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¥�u|��t\�Ü�0n��vjQo�u?l��§�YjWk�lsj0lNw��ÈkRn ß n�o�lsuvjWq¨w�lq\jWkR��w0�Ïuvq\o�uvy\n�q\o�n ¢ w�q\y²o�jW�p�*w0ksn�y§l;j�l;m\nµq\jWkR��w��Ï�Wn��vjQo�u|l���o�jW�p��j0q\n�qbl  ¼ G D m\nq\n�t�l;ksj0q³o�w0qx��npn�u?l;m\n�k�kRn ß n�o�l;n�yë�  ¼��  ö ¢ jWk�n�qbl;n�kRr°l;mEn���w�l;n�ksuvw0���  ¼ Æ  ö ¢ G~ q¨�Tj0l;m�o�w�rsn�r«l;mEn�q\n.�òy\u|ksn�o.l;u|jWq�j0�¯lsm\n�qEn�tElsksjWq�uvr«o�w��vo�tE��w�lsn�y G i*jWk©l;m\n¡y\u?ÔÏt\rRnrso�w�lslsn�ksu|q\{µl;m\n«q\n.��y\u|ksn�o.l;u|jWq�uvr¬k;w�q\y\jW�pu���n�ypw0o�o�jWksyEuvq\{¤l;j�ûµw0t\rRr#�YtEq\o�lsuvjWq G D m\n
G j0��lsm\n²û¡w�t\rsr¸u|r�w�kRjWt\{WmEq\n�rRrp�\w0k;w0�pn�lsn�k¸y\n.l;n�ks�puvq\n�y·�YkRjW� n�¥���n�ksuv�pn�qbl G³Òl��Q�\uvo�w0�¬�0w��vt\npj0� G �YjWk Ò �vtE��u|qQtE�ó�YjWuv�Á��w0r¡�YjWt\q\y � n G {¨u|qzl;mEn�n�¥E�Tn�kRuv�pn�qbl D ñ Õ Fw0q\y�n�Î�t*w0�Ilsj G ã � %	�RYÎ)
� G� q\n�w0y��0w�q�l;w0{Wn«j0�Ït\rsu|q\{�û¤n�w�q�lsæ�u|r¬l;m*w�l#n.�Wn�q�k;w�lsm\n�k#o�jW���E�vn.¥¸{Wn�jW�pn�lsksu|n�r#j0�l;m\nµn�¥E�Tn�kRuv�pn�qbl;r«o�w0q²�Tnµn�w0rRuv�?��y\n.Â*q\n�y²w0q\y��pj�y\u?Â*n�y G

ÓWÓ



ï ðfð ñ
����� ÷ �
����� 8 ��èEé���� �Q�Î�RïC� �P���¡úHèÈù �¤èP�¤��ú ���?ü±�b�;��ù �«úà�D m\nºl;j0l;w0�HrRo�w�lRl;n�kRuvq\{­o�ksjWrRr�®´rsn�o.l;u|jWq\r��YjWk�rs�|j¦�óq\n�tEl;kRjWq\r§�«u|lsmÉn�q\n�ks{Wu|n�r§uvq�lsm\nk;w0qE{Wn O¦ÇWÇ qEn´¹¶l;j c ��n´¹h�YjWk�rRjW�vu|y¨jWk�l;m\j�®����µw�l O Ó¬ê w0q\y�Í ê � �YkRj
��n�q¨�Yksj0� lsm\n�vu|ÎQtEuvy � m*w��Wnx�Tn�n�q �pn�w0rRt\ksn�y G D m\n O Ó¬ê o�kRjWrsr3®�rRn�o�lsuvjWqEr�w0kRn��YjWtEq\yëlsj��Tnzu|qn.¥�o�n��v�|n�qbl=w0{WkRn�n��pn�qblÁ�«u?l;m°lsm\n�j0ksn�lsuvo�w0�En�¥E�Tn�o.lNw�lsuvjWqEr#w0q\y��YjWk_t\�|lsk;w
®´o�jW�|y°q\n�tEl;kRjWq\ry\jW�puvq*w
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i¯uv{0t\ksn§× £ Õ Ú ¦�§É¨yª@«�¬&§©­'®°¬@±�ª@ªÐª@§©®´³@µh±y¶{ª¹·	§°¬�­Z§°«Z³&§°¬&µ,«{ºRº�± ¼,§É®´«�¼h§uÁ ± ¬������ §©¶�§°¬&Îyµh§©ª©½�Ç6À�§­�¨o³&¨²ª@§´³LªÕ®´± ¬@¬&§©ª@·$± ¶{­¸³@±�³@À{§Ñ­Zµ��	§©¬@§©¶ ³&¼,Ì¸³@¬&§©¨o³@§©­¹³L¨o¬&Îy§´³Õ®°¬@ÌZª8³&¨o¼�ªÿº�§©¨ ª8«�¬&§©­�¨o³������;§°µ,³@À�§©¬ ¨oÁ ³@§°¬®©¨o¬&§´Á «�¼	®´±B±y¼���­�±	 ¶�± ¶�¼hÌ���±y¬ ¨oÁ ³@§©¬Õ³@À{§°¬&º�¨y¼$®°ÌB®°¼,§ÉªÕË	§´³! å§°§©¶"�Ð¨o¶$­*Å$#%��±y¬ Ë$§°³! §©§°¶"�²¨y¶{­�Å$&'��½Ç6À�§¹§´ÈZ·	§©®W³&§©­�®°¬@±�ª@ªÑª8§É®W³@µh±y¶�Á ±y¬ ³&À�§¸µ�­Z§É¨o¼ÿ®´¬&ÌBª8³&¨y¼c®°¨y¶�±yË)(Bµh±y«{ª@¼,Ì)¶�±o³�­Z§©ª&®´¬&µhË$§²³&À�§¸º�§É¨yª@«�¬@§É­­�¨o³&¨{½o�jQjW�vn�y��Yksj0� ¤ Ó lsj�Í ê ��n�ksnµw0�?�©w��Qr�o��|jWt\yE� � uvkRksn�rs�Tn�o�lsu|�0n¤j0�Ðl;m\nµw���jWtEq�l�j0�Èo�w0kRnlNw0Ë�n�q £ ÷�mEn�ks��w0�\o.�Qo��vu|q\{¤�Tn�l��Jn�n�q�Í¤w0q\y ¤ Ó¬ê ksn�rRt\�|lsr#uvq�w¤ksn�y\t\o�lsuvjWq�j0�Ålsm\n«�vuv{0m�ll;ksw0q\rs�puvrRrsu|jWq�����w§�!w0o.l;jWkµj0� ¤¦Ç o�jW�p�*w0kRn�y�l;j²w ¤¦Ç lÑksn�y\t\o�lsuvjWq�uvq�l;mEnpo�w0rsn�j0�o��Qo��|n�r��Tn�l��Jn�n�q�Í�w0qEy ¤¦Ç ê A�l;mEuvr�u|r©uv�|�vt\r�l;ksw�l;n�y�uvq�i¯uv{ £ × £,¢ �«m\n�kRnHl;m\n¤�pn�w�rst\kRn�y�vu|{WmblHl;ksw0q\rs�puvrRrsu|jWq¨l;mEksjWt\{0mzw§rRjW�vu|y����µr;w0�p�\�vn¸j¦�0n�k¤l;m\n¸�Tn�kRuvjQyºj0��w�rsn�Î�t\n�q\o�nj0�7l;m\n�ks��w0�Ïo.�Qo��vn�r«rsuv�puv�vw0k¬l;j�lsm\jWrsn¤tErsn�y�uvq�l;m\n¤q\n�tEl;kRjWq�n.¥��Tn�ksu|��n�qbl«uvr©�\�|j0lslsn�y £} lNw�kRl;u|q\{��«u|lsm·wºo�kR�Qr�lNw0��w
l�Í ê �\kRn��*w�ksn�y�t\rRuvq\{�lsm\n§��j0rRl�o�w�ksn��YtE�©�\ksjQo�n�y\t\kRn�r�!rRuv�puv��w�kHl;j¨lsm*w�l�t\rsn�y·�Yj0k�o�w0rsn��Yu ¢ j0��l;mEn�q\n�tEl;kRjWq­��n�w0rstEksn��pn�qblsr ¢ � ksn�{0uvjWq\r Òw0q\y�%òw0kRn¡�«u?l;m¨lsm\n°rsw0�p�\�vn¡m\n��|yºw�lHw�o�j0q\rRl;w0qblHl;n����Tn�ksw�l;t\kRn°j0�#Í ê � ksn�{Wuvj0q�×uvr¸w�rRn�Î�t\n�q\o�n�j0� Ø l;n����Tn�ksw�l;tEksn�o.��o��vn�r¸��n.l���n�n�q�Í�w0q\y ¤¦Ç ê w0q\y­kRn�{Wu|jWq­�Ûwrsn�ÎQtEn�q\o�n�j�� Ø l;n��p�Tn�k;w
l;t\kRn�o��Qo��vn�r¸�Tn�l��Jn�n�q�Í¨w0q\y ¤ Ó¬ê £ i*jWk�lsm\n���w�ks{Wn�k¡lsn��¸®��n�k;w�lst\ksn�o��Qo��|n�rHrRjW�pn°ksn�o�j¦�Wn�kR�¨j0�Ál;mEn�l;ksw0q\rR��u|rsrsu|jWq¨o�w0q��Tn°rRn�n�qºu|q¨n�w0oNm�o��Qo��vn�\tEl�l;mEn�lsksn�q\y�u|r��YjWk�w��!w0rRlpksn�y\t\o.l;uvj0q £ } n�Î�t\n�q\o�n�r��«u|lsm ¤�Ç w�q\y��pjWkRn§o��Qo��|n�rrsm\j¦�Jn�y¨w0�v�pjWrRl�l;m\n¤rsw0��n¤kRn��vw�l;u?�Wn�lsk;w0q\rR��u|rsrRuvjWq§�|jWrsrRn�r � u|q\y\u|o�w�lsuvq\{°lsm*w�l©lsm\n¤�Yt\�v�ksn�y\t\o�lsuvjWq�j0�Èl;ksw0q\rs�puvrRrsu|jWq§�vjWrRr�uvr�kRn�w0oNm\n�y�w��£lsn�k Ø jWk�rsjpo��Qo��vn�r £Ò �|lsm\jWt\{Wm�jWq\n�qEn�n�yEr�l;j³�Tn�o�w0tEl;u|jWt\r�w0��j0tEl�y\ksw��«uvq\{³{0n�q\n�k;w0��o�jWqEo��vtErsuvj0q\r- ¢



i¯uv{0t\ksn�× £,¢ ÚkÇ6À�§*(;¨y¬@µ�¨;³&µ,± ¶w±oÁj³@À{§Pµh¶�³@§°¶$ª8µ,³UÌ¹±yÁ,+-&-&�¶�º�¼,µhÎyÀ�³ÍÁ ¬&±yº ¨o¶)¨o¬&Îy±y¶.�4µh±y¶�¼�¨yª@§°¬�³&¬&¨y¶{ª!�º�µ,³8³@§É­*ËBÌCª8± ¼,µ�­*Ï�/²®°¬@ÌZª8³&¨y¼hª6ª@«�Ë10U§©®´³@§É­C³&±u¨�ª8§32 «{§°¶{®°§k±yÁ=³&À�§°¬&ºw¨o¼¡®°ÌB®°¼,§Éª°½'4Z§°§�³@§°ÈB³ Á ±y¬ §´ÈZ·�¼�¨	�¶{¨o³@µh±y¶{ª ¨y¶{­ Â +65dÆjÁ ±y¬ ­�§´³&¨yµ,¼�ª ±yÁc³@À{§²º�§É¨yª@«�¬&§°º�§°¶�³ º�§´³@À{±B­¡½

i¯uv{0t\ksn�× £ æ\ÚwÇ6À�§¹·�À�±y³@±yÎ ¬&¨y·�À{ª ª@À�±	 0³@À{§Ð³@¬L¨o¶$ª8·{¨y¬@§©¶{®´ÌC±oÁ�³@À{§¹®´¬&ÌZªU³L¨o¼jÁ ± ¬k¨u¶�µh®°§Ð·�¬&§°·{¨y¬@§É­®°¬@ÌZª8³&¨o¼ ¨o³7�8�:9 ¼h§´Á ³�;��Ñ¨oÁ ³@§°¬u³@§°º�·	§°¬L¨;³&«�¬@§�®°ÌB®°¼,µh¶�ÎÊË	§´³! å§°§©¶����<�&Å3#��<�!�8�=9�º�µ�­�­Z¼h§3;u¨o¶{­�¨oÁ ³@§°¬³&§°º�·$§©¬&¨o³@«�¬&§¸®°ÌB®°¼,µh¶�ÎuË	§´³! å§°§©¶>�8�<�LÅ$&-�<�?���@9 ¬&µ,Î À�³A;W½ Ç6À{§Ð·�µ�®W³@«{¬@§ÉªÑ®´± ¬@¬&§©ª@·	±y¶{­)³@±C¬@§©Îyµh±y¶CBD�E�¨y¶{­*Ïg¬@§Éª8·	§©®´³@µF(y§©¼,Ìwµh¶�³@À�§DG_µhÎ{½IHk½ 5�½�YksjW�fkRn�rRt\�|lsr�jW��lNw0u|q\n�y��YksjW�fo�kR�QrRl;w0�vr¡{WkRj:�«qzuvqzw�rR��n�o�u?Â*o�l;w0ks{Wn.l¡o�n��|� � l;mEn�n��Qu ®y\n�qEo�n§uvr¡l;m*w
l°l;mEn��vj¦�Jn�r�l���w0�vt\n�r��pn�w0rRt\ksn�y­w�l�Í ê �\kRjW�*w0�E�|��rsn.l�l;m\n��vuv�pu|l¤�Yj0k
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�«m*w�l=o�w�q��Tn�w�oNm\uvn.�Wn�yp�«u|lsmpo�kR�QrRl;w0�vr#�\kRn��*w�ksn�yp�YksjW�hl;m\n«�vu|Î�t\uvy¸�\m\w0rsn £ ÷�m\n«��n�rRloNm*w0q\o�n¸�YjWkH�\kRj�y\tEo�uvqE{J
Öu|y\n�w����TrsjW�|uvy�y\n�tEl;n�ksu|t\�ów
l¡Í ê �«u|�v�È��n��YkRn�n ��uvqE{§y\uvkRn�o�ls�|��YksjW�Äl;m\n¡{bw0r«�\m*w�rsn�lsj�w¸l;n����Tn�ksw�l;tEksnµ��n��vj¦� ¤�Ç ê A\lsm\uvr���w0r�qEj0l���jWrRrsu|�\�vnH�«u?l;ml;m\n¸l;w0ks{Wn.lµo�n��v�Át\rRn�y�uvq�lsm\uvr¤n�¥E�Tn�kRuv�pn�qbl £ Ò q\j0lsm\n�k¤u|���TjWkRl;w0qbl¤�\ksw0o�lsuvo�w��¯ksn�rst\�?l�YjWkK�*% Þ rRjWt\kRo�n�y\n�rsu|{Wqz�YkRjW�ªl;m\n���n�w0rstEksn��pn�qblsr�uvrµl;m*w
l�lsm\n�rRjW�vu|yx���°rsm\jWtE�vy��n�Ë0n��El¤�Tn��vj¦� ¤�Ç ê w�l¤w0�|�Il;u|��n�r � j0l;m\n�kR�«u|rsn�wprR�QrRlsn���w�l;u|o°y\n.l;n�ksuvj0k;w�lsuvjWq�j0�¬lsm\n��n�kR�YjWkR��w�q\o�n�j0�¬l;m\n°o�jWqb�Wn�kRlsn�k¤o�w�qºksn�rRt\�|l¸�!jWk�q\n��h���¤o�kR�QrRl;w0�vr��«uv�v�7m*w��0n�l;j��Tn�\ksjQy\t\o�n�y�ksn�{Wt\��w�ks�|�pu?�Ðl;m\n¤�Tn�k��YjWks��w0q\o�nHj0�7l;m\n¤rRjWt\kRo�nµuvr�lsj¸��n¤��w0u|q�l;w0uvqEn�y ¢o£ ~ ql;m\n�o�w0rRn�j0�Jl;m\nI�*% Þ rsjWtEkso�n�w�l°Ý }Q~ ! Ø0Ø �_Õ # � l;m\nI�*% Þ �\ksjQy\t\o.l;u|jWq��«u|�v�¬�Tn�u|q�\t\�|rsn�r¯j0�Årsn.�Wn�ksw0�\rRn�o�j0q\y\r¬y\t\ksw�l;u|jWq�w
l ¤ l y\tEl��°o��Qo��|n £ ��t\ksu|q\{¤w0q Ó rÁ�\ksjQy\t\o.l;u|jWq�\t\�|rsnHl;mEnµlsn��p��n�k;w�lst\ksn�j0�_lsm\nµ����uvr©o�w0�vo�t\��w
l;n�y�lsj�uvq\o�ksn�w�rsnH�Yksj0�ÛÍ�l;j"- ê £ ~ l«u|rksn�®�o�jQjW�|n�y§l;j�Í ê j¦�0n�k«l;m\nµq\n�¥�l Ó Ç0Ç r £

-bÍ



ï ðfð ñ
������L M
÷�m\n�¹)% Þ �Tn�w0� y\uvr�l;ksu|�\tElsuvjWq³��w0r��Wn�k��·uvq\mEjW��j0{Wn�q\n�jWt\rpw0q\y·��w¦�0n��|n�q\{0lsm�y\n�®��n�q\y\n�q�l £ ÷�mQtErJl;mEn��pn�w0rRt\ksn�y�rR��n�o�l;kRt\���©w�rJy\u?�Quvy\n�y�u|q�lsj�rR��w��v�\rR�vuvo�n�r#j0�7w���jWt�læ Ü n�w�oNm�w0q\y��Tj0l;m¨y\n�o�jWqb�WjW�|tEl;u|jWqºw0q\yº�\w0oNË²�EksjW�*w�{bw�l;u|jWq�l;ksn�w�l¤n�w0oNmºrs�|uvo�n¡uvqQ®y\n��Tn�qEy\n�qbl;�?� £ ×�j0lsm§�\ksjQo�n�y\t\ksn�r«o�jWqblNw�uvq§t\q\o�n�k�lNw0u|q�lsuvn�r £ ÷�m\n¤t\q\o�n�k�lNw0u|q�lsuvn�r©��n�ksnw0y\y\n�y²tE�¨w0qEy�lsksn�w
l;n�y²w0r�w¸rR�QrRlsn���w�l;u|o¤n�Ô�n�o.l £þ � � N7O P�Q ��R°úTSURF�-V�WYX�R�ú �F��ZKR\[�X�W*]�ù÷�m\n¡Ý_jWu|qbl } �\ksn�w0y�iÅtEq\o�lsuvjWqz�5Ý } i ¢ y\n�rRo�ksu|��n�r�lsm\n¤ksn�rs�TjWq\rRn�j0�¯w0q�uv��w0{Wu|q\{°r��Qr�®l;n��Ñl;j�w��TjWu|q�lHrsjWt\kRo�n¸jWk���jWu|qblHjW�QÃRn�o�l £ Ò �pjWksn°{Wn�q\n�k;w0�_l;n�kR� �Yj0k�l;m\n�Ý } i�u|rw�rR�Qr�l;n��^� r¤uv�p�\t\�vrRn�kRn�rR��jWqErsn £ ÷�m\n�Ý } i�uvq¨��w0qb�²o�jWqbl;n�¥Ql;r¤o�w�q���n�l;m\jWtE{Wmbl¤j0�w0r¤l;m\npn.¥Qlsn�q\y\n�y³�\�|jW��uvq�w0q�uv��w0{Wn�l;m\w�lµksn��\ksn�rsn�qblsr¸w0q�t\q\ksn�rsjW�?�Wn�yxjW�QÃRn�o�l £ ~ q�Yt\q\o.l;uvj0q*w0�7l;n�kR��r�u|l�uvr«l;m\n°rs�*w�lsu�w0�7y\j0��w0u|q��0n�kRrsuvj0qºj0�Ál;mEn���jQy\t\�vw�l;u|jWq§l;ksw0q\rR�Yn�k�Yt\q\o.l;uvj0q £ ~ l©u|r©w°tErsn��YtE�Ïo�j0q\o�n��El�uvq�i*jWt\ksu|n�k=jW�Elsuvo�r � w0r�l;kRjWq\jW�puvo�w0�*uv��w0{Wu|q\{ � n��vn�o�®l;kRjWq���u|o�ksj0rso�j0��� � ��j0rsu|lsuvjWqºrRn�q\rRu|lsu|�Wn¸yEn�l;n�o�lsjWksr�w0q\y�j0lsm\n�k¤u|��w0{0uvq\{pl;n�oNmEq\uvÎ�t\n�r £÷�m\n�y\n�{0ksn�npj0�=rs�Eksn�w�y\uvq\{z�Y�\�vt\kRksu|q\{ ¢ j0�=l;mEn¸��jWu|qblµjW�QÃRn�o.l¡uvr¤w§�pn�w0rRt\ksn¸�YjWkHlsm\nÎ�t*w0�vu?l���j0�¯w0q�uv��w0{Wu|q\{°r���r�l;n�� £÷�mEn§×�uvyEuv� Ó Ç !ÖÍ ¢{# y\n.l;n�o�l;j0k�t\rsn�y­uvqxlsm\n�¹)% Þ n�¥���n�ksuv�pn�qbl £ ~ l¸o�jWq\rsu|rRlsr�j0�� } %�ûî�\�vw�l;n�rµ�«u?l;mzw0y\y\�pu?¥Qlst\ksn�j0� b ��npuvqºl;mEn�o�jWt\qbl;u|q\{²{Ww0r £ ÷�m\n�oNm\w0ks{Wnpy\u ®�Quvrsu|jWq�ksn�w0y\jWtElµ�pn�lsm\jQy���w0rµt\rRn�yzlsj�y\n�lsn�ks�puvqEn�l;m\n�q\n�tEl;kRjWqz�TjWrRu|l;u|jWq £ ~ q�lsm\nw0q*w0�?�Qrsuvr � l;m\nµy\n�o�jWqb�0jW�vtElsuvjWq�j0�_l;m\n¡��n�w0rstEksn�y�uv��w0{WnH��w0r�w0�\�\�|uvn�y £ ÷�m\n Õ �éy\n�®o�jWqb�0jW�vtElsuvjWqxw0�v{0jWksu?l;m\� uvr¡�*w0rRn�y³jWq�l;m\n�Ý_j0uvqbl } �\ksn�w0y³i*t\q\o.l;u|jWq��!Ý } i ¢ �«mEuvoNm�©w�r��YjWtEq\y�n.¥���n�ksu|��n�q�l;w0�v�?�º�Yrsn�n�rRn�o £ æ £ Õ £�¤:¢y£÷�mEn ß j¦�Ìy\u�w0{0k;w0�fj0��l;m\n�yEn�o�j0q��0jW�vt�l;uvj0q­w0�v{0jWksu?l;m\�ªu|r°rRm\j¦�«q­uvq­i¯u|{ £ % £¥¤	£Ò lJlsm\n��Tn�{0uvq\q\u|q\{¤l;m\n)�"_a` N ä uvr=n�Î�t*w0�*l;j¡l;m\n�jWkRuv{Wu|q*w0�Ej0q\n £ ÷�m\n�q��Yksj0�¶l;m\n��"_a` N äl;m\n¡Ý } i·uvr�rRt\�El;ksw0o�lsn�y¨w0r�rsn�n�q¨u|q§l;m\n¡i¯u|{ £ % £�¤
£÷�mEn¡yEn�o�j0q��0jW�vt�l;uvj0q²w��v{WjWkRu|lsm\���©w0r«q\j�l«ÎQtEu|l;n¤rsw�l;u|rR�!w0o.l;jWk����!w0�v� Õ �éyEn�o�j0q��0j�®�vtElsuvjWq�w��v{WjWkRu|lsm\��r�{Wu?�Wn¸rsj0��n¸t\qEo�n�k�lNw0u|qbl;uvn�r ¢o£ Ò �£l;n�k¤m�t\q\y\kRn�yxr�l;n��\r�j���kRt\q\q\u|q\{l;m\n°rst\�Elsk;w0o.l;u|jWqº�\ksjQo�n�y\t\kRn�q\n�{Ww�l;u?�Wn�o�jWt\qbl;rµw0�E��n�w0ksn�y�w0�|lsm\jWt\{Wm²l;m\n�o�jWt\qbl;r¤u|ql;m\nF�b_a` N ä �Jn�ksn¡q\j0l��0n�l�n�Î�t*w0� ��n�kRj £
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i¯uv{0t\ksn)% £�¤ Ú�Ç6À�§PÎy¬L¨o·�Àwª@À�±	 ªÿ³@À{§P¨o¼hÎy± ¬@µ,³@À{º}±oÁj³&À�§<cyÏ~­Z§É®´± ¶6( ±y¼h«Z³@µh±y¶�«{ª@µh¶�ÎDdÿ±yµh¶�³e4B·�¬&§©¨ ­G{«�¶{®W³&µ,± ¶¡½þ �3N f �F�Áø g�[�RKg~�\Z �CWYX�R°ú ù Q W*]�R Pi*jWk©l;m\n¤�\w0oNË��\kRjW�*w0{bw
l;uvj0q�l;m\n¤rRuv��t\�vw�l;u|jWq��«u?l;m²û¤n�w0qbl;æ¸��w0r«t\rsn�y¨w�q\y�o�jWq\rRuvr�l;rj0�È�Yn�� r�l;n��\r
h ×�t\u|�vy�lsm\nµo�jW�p�\�vn.l;n¤{Wn�jW�pn�l;k���j0�Èl;mEn¡n�¥���n�ksuv�pn�qbl;w0�Ðrsn.l;t\��rsn�n°i¯u|{ £ÿ¢=£¥¤ Í £h ÷Èk;w0oNË�qEn�tElsksjWq\r��YkRjW� lsm\nºjWtEls�\tEl§j��¡lsm\n�¹)% Þ {Wt\u|y\n¨l;j³lsm\nºy\n.l;n�o.l;jWk £÷�m\nHj0ksuv{0uvq*w0�*qEn�tElsksjWq\rJm*w0y§w�m\jW�pjW{Wn�qEn�jWt\rJ��j0rsu|lsuvjWqpy\u|rRl;kRuv�\t�l;uvj0q�w0qEy§w0quvrRj0l;kRjW�\u|oH��j0��n�q�lst\�ÜyEuvrRlsksu|�\tEl;u|jWq £
h %�jW�p�*w0kRn�q\n�tEl;kRjWq\r¡�YjWks�ªlsm\n�rRuv��t\�vw�l;u|jWqº�«u|lsmzl;mEn�n����El���o�n��v�#�pn�w0rRt\ksn�®�pn�qbl¤w0qEy�ksn�ÃRn�o�l�ksn�y\t\q\y*w�q\o�� £ ÷�m\n�kRn3ÃRn�o.l;u|jWq¨��w0r�y\j0q\n°�YjWk�n�w0oNmº�Eu?¥�n��Èj0�l;mEn�y\n.l;n�o�l;j0k�rRn��*w0ksw�l;n��|���b��k;w�q\y\jW�p�|�¨oNm\jWrsn�q­q\n�t�l;ksj0q\r¡�«u?l;mzw0y\y\u?l;u|jWq*w0�o�j0q\y\u|lsuvjWq­lsm*w�l�w�l�l;m\n�l;jW��j0�Hlsm\n�¹)% Þ jWtEls�\tEl�{Wt\uvyEn�rRm\jWt\�|y��Tn²�pjWkRnq\n�tEl;kRjWq\r«l;m*w�l�w
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