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������xî��xäTí=êcï=ð?ßrâ ãfï�âVâ ãMæ�åkäTï=êNâPæHéFèXß
èHà!åPårðMànß�å2ÞMà=â
à?é8é]ëMê ÷ ãMß8Þaâ ãMß�äbßFèHèXßFâAæHå
æHÞ	�Kß�é�â ß�ð ï�èHà=ÞMí�â ãTß�í=êcï=ð?æHßFÞnâ
à�á`â ãMß�ö�ï�í!ÞMß]âPæHé
ÿTß8èHð��?æHÞ�â ãMæ�åkåKâPëTð?ì�âPãMß
ß��?äbßFêPæXöCßFÞnâcï�è�ßFøWæ�ð?ßFÞTéFß ÷ ï!å{á�à!ëMÞTð�â ãTï�âxéFï�ëfåNß�å{âPãMæ�åVçfß8ãTï<øWæXà!ëMê8óýþâ ÷ ï=å�á�à!ëMÞTð�â ãTï�â[ù éFèXà!ëTðMåPü	à=áhï�çMè�ï�âPß8ð�öCï�â ß8ê æ�ï�èMà!ê æHí=æHÞTï�â æHÞMí	á�êPà=öÜâ ãMß	äfß8èXèHß]â{öCà�ø!ß ÷ æXâ ã
ãMæHí=ã�ø!ßFèHàWéFælâKì[â àAêPßFí!æXà!ÞTå ÷ æXâ ãZèHà ÷ ß8êpö�ï�í=ÞTß]â æ�éVÿTß8èHð��nï=ÞTð�â ãTï�â{â ãTæHå{ß���ß8é�âæXÞTéFê ß�ï=å ß8å ÷ æXâ ãæHÞTé]êPß8ï!åNæHÞMíAâPßFöCäbßFêcï�â ëTê ß��}écãTï=ä?â ß8ê! ���ó�"
ÞTà ÷ æXÞMí[â ãMæ�å#�?ælâkæ�åVäfànå å æXçTèXßuâ à�écãMàWà!å ßxâPãMß
äfà!æXÞnâ
à�ábæXÞ��Kß8é�âPæXà!Þ�à�áfâ ãMßxäbßFèHèHß]â#�!æXÞ�å ëTécãCï ÷ ï<ì
âPãTï�âpâPãMß8å ß�ù éFèXà!ëTðMåPüuöCà�ø!ß{âPà ÷ ï=êPðMåmâPãMßkäMè�ï=å öCï
é]ß8Þnâ ßFê$�?ï�ÞTð�ÞMà=â`âPà�â ãMß2äMè�ï=å ö�ï[ß�ð?í=ß
ï�Þfð�à!ë?âkà�ávâPãMß2äMè�ï=å ö�ïMópôká~âPßFêVâ ãTß8å ßrà!çTå ßFêPø<ï�â æHà=ÞTåâ ãTß2äMê à!çMèHßFö à=ává�ëMß8èXæHÞMíZï�á�ëTå æXà!Þ�êPß8ï!é�âPà=êkåNß8ßFö�å`â àCçbßAåNà!èXø!ß8ð�ó

ô�ÞMß��Wâ[å ëMç��Kß�é�â2â ãfï�â ÷ ï=å2åNâ ëTð?æHß8ð��mæ�årâ ãMß�é]à=ÞMÿTÞMßFöCß8Þ!â2à=áâPãMß�äMè�ï=å öCï�äTï=êNâPæHéFèXß�å
æXÞ
â ãTßrö�ï=í=ÞMßFâ æ�éxÿTß8èHðhópýþâ ÷ ï=åá�à!ëMÞTð�â ãTï�â`æHÞ�éFßFê âPï=æXÞ�é]à=Þfð?ælâPæXà!ÞTåkï�Þ�æXÞ��Kß8é�âPß8ð�äfß8èXèHß]â	é8ï�Þ�çfßëTå ß8ðiâ àQð?êcï�ö�ï�â æ�éFï�èHèHì�æXöCäMêPà�ø=ß�â ãTßZé]à=ÞMÿTÞMßFöCß8Þ!âAèHà?éFï=èXèHì=ó � ãMæ�å2ãTï=äMäbßFÞTå
ß�åNäbß8éFæHï=èXèHì�à!Þ
â ãTß2çfà!ëMÞTðMï=ê ìZà=ámâPãMß2á�ëMß8èXß�ð�äTï�ê âxà�á�â ãMß2äTèHï!åNö�ï��Mï=ÞTð�â ãMß2ÞTà�âxçWìZâPãMß2äfß8èXèHß]âuäfß8êNâPëMê çbß8ðé]ß8Þnâ ßFêkà=ávâPãMß2äMè�ï=å öCï%�yécãTï�ä?âPßFê'&���ó
( æXÞTï=èXèHì�â ãMßxæHÞ��TëTßFÞTéFßxà�á�â ãTßxê à=âPï�â æHà=ÞCà�ábâ ãMß	äMèHï!åNö�ï
à!ÞCâ ãMßxäbßFèHèHß]â#�Wï�ÞfðCà�á�â ãMß	äfß8èXèHß]â

à=ÞrâPãMß{äMè�ï=å ö�ïVê à=âPï�â æHà=Þ�� ÷ ï!åhåKâPëTð?æHß8ð�ó�ôñéFèXß�ï�êvå èXà ÷ æHÞMíkð?à ÷ Þ2à?éFéFëMêcåhð?ëMßpâPàkâ ãTß6æXÞfåNß8êNâPæXà!Þà�áxïQè�ï�êPí=ß*)nëTï=Þnâ æXâKì�à�áxö�ï!å å#�mçTë?â�æHÞ�â ãMß�å ï=öCß�â æHöCßZæXÞ ï�ð?æHê ß�é�â æHà=Þ äbßFêPäbßFÞTð?æ�é]ëTèHï=êAâ à
â ãTß	à=êPæHí=æHÞTï�èfäMèHï!åNö�ï[ê à=âPï�âPæXà!Þ��!ï[ê à=âPï�â æHà=Þ�æ�åæHÞTð?ëfé]ß8ðhó � ãTß8å ß	êPà�âPï�â æHà=ÞTå{ß��?äMè�ï�æHÞ ÷ ãWì�â ãMß
æHÞ	�Kß8é]â ß8ð
ö�ï�â ßFêPæ�ï�è�öCæ�Wß�åhï=å�á}ï=åNâ ÷ ælâPã
â ãMß6çfï=écûWí=êPà=ëMÞfðxäMè�ï=å ö�ïkï=å ÷ ßpà=çTå ßFêPø=ß+�yécãTï�ä?âPßFê�,���ó
� ãMßAêPß8å ëMèXâPåxà!ç?âPï=æXÞTß8ð:æHÞ:â ãMæ�åxâPãMß8å æ�åxö�ï<ì�çbßAëTå ß8ð:âPàZçbß]âNâPßFêuäMê ß�ð?æ�é�âxâPãMß[äMêPà?é]ß�å åVà=á

øWæHæ



-/.10�2435276�8�9:0<;>=@?:0$ACB�D�E�EGF�HJI K:LLML
NPO�Q#R LS�T Q#UWV LX�S%LSZY NPO�[ LX�S]\ Q Y UWV X^\$_



` acbedgfhbedji

k�l	m1nporqts�u1v w
x s�yzv:np{�s�oro$w|n/u {
x~} yzy�s�l�� {�w|w
� mCnpo$v:npo#� w|�
��� nporl	m�� }/� o#w�mCn ��^�M�����������������W����������>�����>�������>�����>���>���>���������>�����>���>���>������� �
�^�������: ¢¡1£r¤M¤£r�7���¥J£#�W�������¦§�����>�����>���>���>���������>�����>���>���>������� �
�^� ¨ ©!��£�£#��£r��ª^ G¡����^«�¤£#¬ �������>�����>���>���>���������>�����>���>���>������� �

�^� ¨��M� ®��£r��ª^ ��>�����>�������>�����>���>���>���������>�����>���>���>������� �
�^� ¨���� ¯'����¤M£#°^�!±P��²4�M�^� �����>�����>���>���>���������>�����>���>���>������� �
�^� ¨�� ¨ ³���£r¤M���ª*°´¡�¤M°�²4¬G°µ���>�����>���>���>���������>�����>���>���>������� ¨�^� ¶ ·<«�¥J£$�W���M¸^£>�^±¹�����M²+����£$²4�5²º�����>�����>���>���>���������>�����>���>���>������� ¶

�^��»¼©!���5²!����£#²��M²!�>���>�����>�������>�����>���>���>���������>�����>���>���>������� »
�^��»��M� ·<����¤�M��£��^±~�����M²!����£#²��5²¢�����>���>���>���������>�����>���>���>������� »
�^��»���� ½®��«�¤M�M�#°	���M�^�C²!��£#¤M°���£#�¢���º�����M²+����£$²4�5²����������>�����>���>���>������� »

�:¾�¿�À s��$yzs���s�n/�Áq®v À|À v�o#� Â
�#Ã���+½�¤5°^²�¬G°^²Ä���>���>�����>�������>�����>���>���>���������>�����>���>���>������� Å

�#Ã������GÆ<£�Ç����È������]�^±t°º¡�¤5°^²�¬G°É���>���>���>���������>�����>���>���>������� Å
�#Ã����� �ZÊË��£#°����M��ªº°^���%������Ç����M��ªG°º¡�¤M°�²4¬G°Ì���������>�����>���>���>������� Å�#Ã����� ¨%½®¤M°�²4¬G°º��£r¸:�5��£#²Í�����>�����>���>���>���������>�����>���>���>������� Î
�#Ã����� ¶ZÏ'£#°	�����ª�°º¡�¤5°^²�¬G°Ð���>�����>���>���>���������>�����>���>���>������� �#Ñ
�#Ã����� »Ò���: Ò���^��Ó �+ÔË£���°�¸�£�°´±P��²��M�^�%��£$°^�����^�! �£��'¦Õ�����>���>���>������� �^�
�#Ã����� Ö%½®��£$²4£#���+²4��°	����²+�^±~±P��²�����%¡�¤M°�²4¬G°���£#¸��5��£$²®���>�����>���>���>������� �^�

�#Ã�� ��½t£r¤M¤M£���²Á�>���>���>�����>�������>�����>���>���>���������>�����>���>���>������� �^�
�#Ã�� ���������°��7�M²+°º¡1£r¤M¤£r��¦��>�����>���>���>���������>�����>���>���>������� �^�
�#Ã�� ��� �%×:���^���!���M²4������ *�^±¹¡1£r¤M¤£r�'�M�	¥J£#�����M�^�j�>���������>�����>���>���>������� �^�

�ÈØ



Ù/Ú1Û�Ü4Ý5Ü7Þ�ß�à:Û<á>â@ã:Û$äCå�æ�ç�çGè�éJê ë
ìîí�ï/ðrñ#ò�ó/ôzõ:ïpñ#ö�ñ#÷|ø1ï ù�ú
û�üMýÿþ������tþ��	��
���������hü>ü�ü�ü�ü>ü�ü�ü>ü�ü>ü�ü>ü�ü�ü�ü�ü>ü�ü�ü>ü�ü>ü�ü>ü�ü�ü�ü ý��

û�üMý^üMý �tþ�������������
���� ��!#" $&%���%���� ü>ü�ü>ü�ü>ü�ü�ü�ü�ü>ü�ü�ü>ü�ü>ü�ü>ü�ü�ü�ü ý��
û�üMý^ü�û �tþ�����'(�������)�����*����ü�ü>ü�ü�ü>ü�ü>ü�ü>ü�ü�ü�ü�ü>ü�ü�ü>ü�ü>ü�ü>ü�ü�ü�ü ý��
û�üMý^ü + ,-
.
��/"��0!(�1���2�����������3%(�4�5" ü>ü�ü>ü�ü>ü�ü�ü�ü�ü>ü�ü�ü>ü�ü>ü�ü>ü�ü�ü�ü ý56
û�üMý^ü � 78"�"��9���0
�!(��:;���*�����0!�< ü>ü�ü�ü>ü�ü>ü�ü>ü�ü�ü�ü�ü>ü�ü�ü>ü�ü>ü�ü>ü�ü�ü�ü ý*=
û�üMý^ü>6 ?(%���:0�9!(<@�4���4��������ü�ü�ü>ü�ü�ü>ü�ü>ü�ü>ü�ü�ü�ü�ü>ü�ü�ü>ü�ü>ü�ü>ü�ü�ü�ü ý*=

û�ü�û¼þ����A'B��:0:9���C�9!�D��*EF��
��G���C�/þ��Áü>ü�ü�ü>ü�ü>ü�ü>ü�ü�ü�ü�ü>ü�ü�ü>ü�ü>ü�ü>ü�ü�ü�ü ý*=û�ü + H8�0��<�!�
I�4�0!�<J�����A'�:��������K��!("L���(�A'#�*:9:0�M�>ü�ü>ü�ü�ü�ü�ü>ü�ü�ü>ü�ü>ü�ü>ü�ü�ü�ü ý*N
û�ü +�üMý ���*:9:0�M�C"�����<!�
�4����E��Gü�ü>ü�ü�ü>ü�ü>ü�ü>ü�ü�ü�ü�ü>ü�ü�ü>ü�ü>ü�ü>ü�ü�ü�ü ý*N
û�ü +�ü�û þO���0<�<�����9!(<����(� þ���
�����
�!P��E*�1�4�������9!(<K"��0��<�!�
I�����0E8Q.�������A'B��:0:0�M� ü ý*R
û�ü +�ü + H8�0��<�!�
I�4�0!�<J�����A'B��:0:0�M�G"�%����0!�<K��������Q�:��1���0
�! ü�ü�ü>ü�ü>ü�ü>ü�ü�ü�ü û�ý
û�ü +�ü � �S:0��4���)"��0��<�!�
I�����0E*���1�G�tþ��¼ü>ü�ü>ü�ü�ü�ü�ü>ü�ü�ü>ü�ü>ü�ü>ü�ü�ü�ü û�6
û�ü +�ü>6 TU
.E*�1���9
!L
�$U���(��"��0��<�!�
I�����0E*�Õü>ü�ü>ü�ü�ü�ü�ü>ü�ü�ü>ü�ü>ü�ü>ü�ü�ü�ü +�V

û�ü � þ��0�)����!("L:9�*!�<����P��E���:9�5�W$&
��C�tþ�� ü>ü�ü>ü�ü>ü�ü�ü�ü�ü>ü�ü�ü>ü�ü>ü�ü>ü�ü�ü�ü +�V

XZY�ñ$ö�ñ#ó/ð*øB[�\®õ.]^]�õ�ñJ\`_ba�ð$÷^c�ð X#X
+�üMýedf!I����
�"�%(EF���9
!�ü�ü>ü�ü�ü>ü�ü�ü�ü>ü�ü�ü>ü�ü>ü�ü>ü�ü�ü�ü�ü>ü�ü�ü>ü�ü>ü�ü>ü�ü�ü�ü +�+
+�ü�û¼þ�������Q�:0�����0
�!g�h�/�4�*:h$§ü>ü�ü�ü�ü>ü�ü�ü>ü�ü>ü�ü>ü�ü�ü�ü�ü>ü�ü�ü>ü�ü>ü�ü>ü�ü�ü�ü +��
+�ü + iW���(��j.�0
�%�����!(" �K
1j���K��!I��
�$`��������Q�:��1����!I��ü�ü�ü�ü>ü�ü�ü>ü�ü>ü�ü>ü�ü�ü�ü +Ik

+�ü +�üMý �l������:9:0��:b��Q�:��1�/��!I��� ë '(��!(�4�0
�! ü>ü�ü>ü�ü�ü�ü�ü>ü�ü�ü>ü�ü>ü�ü>ü�ü�ü�ü +�N
+�ü +�ü�û ,-:0
�%("L�K
1j��*�)�*!I�Äü�ü>ü�ü�ü>ü�ü>ü�ü>ü�ü�ü�ü�ü>ü�ü�ü>ü�ü>ü�ü>ü�ü�ü�ü +�R

+�ü � ,-�(��!�<��5���9!g���(�A'#�*:9:0�M�C�K
1j��*�K��!I�ÿü�ü>ü�ü>ü�ü�ü�ü�ü>ü�ü�ü>ü�ü>ü�ü>ü�ü�ü�ü �V
+�ü>6Z�m:��������n���*��'B
�!(���2��
)�����A'B��:0:0�M� ü�ü>ü�ü>ü�ü>ü�ü�ü�ü�ü>ü�ü�ü>ü�ü>ü�ü>ü�ü�ü�ü �V
+�ü = oG���0!�<K�����A'B��:0:0�M�G�����)'�:��������K"��0��<�!�
I�����0E�ü>ü�ü�ü�ü�ü>ü�ü�ü>ü�ü>ü�ü>ü�ü�ü�ü �+

+�ü =�üMý H8�0��<�!�
I�4�0!�<J�����A����<�!�������EGp#��:�" ü�ü>ü�ü�ü�ü�ü>ü�ü�ü>ü�ü>ü�ü>ü�ü�ü�ü �+
+�ü =�ü�û H8�0��<�!�
I�4�0!�<J���*�)'B���/�1��%����2'(��
�p(:9�5�!ü>ü�ü�ü�ü�ü>ü�ü�ü>ü�ü>ü�ü>ü�ü�ü�ü �+
+�ü =�ü + H8�0��<�!�
I�4�0!�<J$^���4�C'(��������EM:0�*�ºü>ü�ü>ü�ü>ü�ü�ü�ü�ü>ü�ü�ü>ü�ü>ü�ü>ü�ü�ü�ü ���
+�ü =�ü � H8�0��<�!�
I�4�0!�<Jq(%(EM��%(�����0
�!(���0!Prs
���i ü�ü�ü�ü�ü>ü�ü�ü>ü�ü>ü�ü>ü�ü�ü�ü ���
+�ü =�ü>6 H8�0��<�!�
I�4�0!�<@tBuwv ü�ü�ü>ü�ü�ü>ü�ü>ü�ü>ü�ü�ü�ü�ü>ü�ü�ü>ü�ü>ü�ü>ü�ü�ü�ü ���
+�ü =�ü = H8�0��<�!�
I�4�0!�<Px&�0�K'�%����h����y-���/��!#�4'B
����Õü�ü�ü�ü�ü>ü�ü�ü>ü�ü>ü�ü>ü�ü�ü�ü �I6

ú{zÒ÷�ö�|1ï¹ø1ð#÷�ïO|}\®õ.]~]|õ�ñn\®õ:ï/õ�ñrò	ö�ñ#÷�øCï úB�
��üMýedf!I����
�"�%(EF���9
!�ü�ü>ü�ü�ü>ü�ü�ü�ü>ü�ü�ü>ü�ü>ü�ü>ü�ü�ü�ü�ü>ü�ü�ü>ü�ü>ü�ü>ü�ü�ü�ü �=
��ü�û �I����%(EM��%����A
�$O�������8,-�(��'����*� ü>ü�ü�ü>ü�ü>ü�ü>ü�ü�ü�ü�ü>ü�ü�ü>ü�ü>ü�ü>ü�ü�ü�ü �R
��ü + þ�����p(QB���8����������"�����<!�
�4����E ü>ü�ü�ü>ü�ü>ü�ü>ü�ü�ü�ü�ü>ü�ü�ü>ü�ü>ü�ü>ü�ü�ü�ü �R

��ü +�üMý �.
�K�2�(�0�4��
���@
�$O������p(QB�����w�����/���K"��0��<�!�
I�����0E������tþ�� ü�ü>ü�ü�ü�ü �R
��ü +�ü�û r ë ���K'�:9�5�W
�$l"��1�/�n�/�����!gQI�@�����A!��*��"��0��<�!�
I�����0E ü�ü>ü�ü>ü�ü�ü�ü 6�V
��ü +�ü + ���*:9:0�M��j��*:9
�E��h���@�K�5����%����5"@Q.�@������p(QB���C�����/��� ü�ü>ü�ü>ü�ü>ü�ü�ü�ü 6k
��ü +�ü � 7GQ�:0�����0
�!�EM:0
�%#"L���9�*� ü>ü�ü�ü>ü�ü>ü�ü>ü�ü�ü�ü�ü>ü�ü�ü>ü�ü>ü�ü>ü�ü�ü�ü 6�R
��ü +�ü>6 þO
���
���"���:b�K
1j��*�K��!I��
�$U��������Q(:0�����0
�!PEM:0
�%("Zü>ü�ü�ü>ü�ü>ü�ü>ü�ü�ü�ü =�V
��ü +�ü = �C�"�����:��K
1j��*�)�*!I��
�$U��������Q�:��1���9
!gE�:9
%("�ü�ü>ü�ü�ü>ü�ü>ü�ü>ü�ü�ü�ü =�V
��ü +�ü�k �.�0���A
�$U������"����h$����9!�<@E�:9
%("Zü>ü�ü>ü�ü>ü�ü�ü�ü�ü>ü�ü�ü>ü�ü>ü�ü>ü�ü�ü�ü =�ý
��ü +�ü N ���*!��M���������0
�!L"���'����g�K�5����%����5" Q.��������p(QB���G�����/��� ü�ü>ü�ü>ü�ü�ü�ü =�û



�`�B�M�4���C�(���.�8�����.�5�#�����K������� ���

�(� �  -¡�¢(¢�£*¤M¥��0¡�¢g¦#£�¥�§-£*£�¢g¨&©�£�ª0�0¢�«@¬�¢(g�®��h¨�¥C£�¯B£5¤F¥/°±�2�A���A�A���A���A���A�A�2� ²�³
�(�>´ZµC¬��0¬�ª��9¢.§�¬�®/L�®��9¨�¥�°¶�A�2�A���A�A���A���A���A�A�2�A���A�A���A���A���A�A�2� ²��
�(� ² ·I¥�®���¬1¥��9¡¢(°¸���A���A�A���A�2�A���A�A���A���A���A�A�2�A���A�A���A���A���A�A�2� ²I¹
�(��¹Z·.©�ºKº�¬�®�»¼���A���A�A���A�2�A���A�A���A���A���A�A�2�A���A�A���A���A���A�A�2� ²�½
�(� ¾  -¡�¢#¤Mª0©(°4�0¡�¢ �A���A�A���A�2�A���A�A���A���A���A�A�2�A���A�A���A���A���A�A�2� ¹.¿
�(� ½ À(¬°�¥C¦#¬�¤/Á.§W¬�®� �®��9¨�¥C¡�¨�ÂB£�ª0ª9£�¥G¬�¦�ª�¬1¥/¬�¢I¥��9¢g¥�¡Á1¬�º�¬�Á�Â�ª�¬�°�º�¬�°	�A���A�A�2� ¹�Ã

ÄÆÅ Ç�È`É^Ç(Ê-Ë�Ç�Ì�Í*É~Î�Ê~Ï�Í�Ì1Ç�Ð`Ñ�Ë-Ò(Ì�Í Ó#Ó
´��0¿eÔf¢I¥�®�¡��©(¤F¥��9¡¢Õ�A���A�A���A�2�A���A�A���A���A���A�A�2�A���A�A���A���A���A�A�2� ¹�¹
´��>ÃZÖ�×�£�¥�®�¬�¢(°4ÂB¡�®�¥�£*ØI©(¬1¥��9¡¢(°Ù�A���A�A���A���A���A�A�2�A���A�A���A���A���A�A�2� ¹1¾
´�� ³ ·I¥�®�¬�¥�£�«»�¨&¡�®�£��.¥�®/¬�¤F¥��9¢(«KÚÛ¬�¢(LÜ5Ý�Þ9ß�àfáâ�A���A�A�2�A���A�A���A���A���A�A�2� ¾�ã

´�� ³��0¿ Ú8£�¢(°��9¥�»L°�¤�¬�ª0£2ª9£*¢�«�¥�×ä�A�A���A���A���A�A�2�A���A�A���A���A���A�A�2� ¾�¿
´�� ³��>Ã ·�¬�§�¥�¡.¡�¥�×P�£*¢(°4�9¥�»@Â�©(ª0°�£ ���A���A���A�A�2�A���A�A���A���A���A�A�2� ¾�¿

´�� � å�¡��£*ª9�0¢�«�¡�¨`Â(¬�®�¥���¤Mª0£2¥�®/¬�¢(°�ÂB¡�®�¥2�A���A���A���A�A�2�A���A�A���A���A���A�A�2� ¾Ã
´�� �(�0¿ ÔfºKÂ�ª0£�ºK£�¢I¥/¬1¥��0¡�¢g¡�¨`¥�×(£A¢I©(º)£*®���¤�¬�ª�ºK¡.�£�ªæ���A�A���A���A���A�A�2� ¾Ã
´�� �(�>Ã Ö�×�£A�0¢��9¥���¬�ª;¤�¡�¢(��9¥��0¡�¢#°ç�A���A���A���A�A�2�A���A�A���A���A���A�A�2� ¾�³
´�� �(� ³ Ö�×�£A¦B¡�©(¢(�¬�®�»@¤M¡¢(��9¥��0¡�¢(°è�A���A���A�A�2�A���A�A���A���A���A�A�2� ¾�³
´�� �(� � Ö�×�£AÂ#¬�®�¥���¤Mª0£�°�¡�©(®�¤�£G¨&©�¢#¤F¥��0¡�¢é���A���A�A�2�A���A�A���A���A���A�A�2� ¾�³
´�� �(�>´ Ö�×�£AÂB£�ª0ª0£M¥G°�¡�©�®/¤M£8¨&©�¢(¤M¥��0¡�¢ê�A���A���A�A�2�A���A�A���A���A���A�A�2� ¾��
´�� �(� ² Ö�×�£AÂB£�ª0ª0£M¥G°�¡�©�®/¤M£8¨&©�¢(¤M¥��0¡�¢P¡�¢�°�×�¡�®�¥�£*®-¥��9ºK£�°�¤�¬�ª9£5°ë���A���A�A�2� ¾��
´�� �(��¹ å�£5¬�°�©�®��9¢�«J¥�×(£�ì(©��g°�©�®�¨^¬�¤�£�¬�í£�®/¬�«£*��£*¢(°4�9¥�»î�A���A���A���A�A�2� ¾´
´�� �(� ¾ ïm�.ÂB£*¤M¥�¬�¥��0¡�¢(°ð�A�2�A���A�A���A���A���A�A�2�A���A�A���A���A���A�A�2� ¾�²

´��>´ZÚ8£�¢(°��h¥�»L£�í¡�ª0©�¥��0¡�¢g§��h¥�×�¡�©�¥CÂ#£*ª9ª0£M¥nñ~°�¥�£�Â�ò8óâ�A�2�A���A�A���A���A���A�A�2� ¾I¹
´��>´��0¿  -×�¡.¡I°4�0¢�«KÚÛ¬�¢# í.ô�õ ö*÷~øJÂ�®�¡�ù(ª0£*°ú���A�A�2�A���A�A���A���A���A�A�2� ¾I¹
´��>´��>Ã ï-°�¥��9º�¬1¥��9¡¢L¡�¨U¥�×�£A�9¢I¥�£�®�¢(¬�ª�Â(¬�®4¥��0¤�ª9£A°�¡�©�®/¤M£û�A�A���A���A���A�A�2� ¾�¾
´��>´�� ³ å�¡��©(ª0¬�¥�£*g«I¬�°WÂ�©�¯ü���A�A���A���A���A�A�2�A���A�A���A���A���A�A�2� ¾�¾
´��>´�� � ·.©(º)º�¬�®�»ý�A���A�2�A���A�A���A���A���A�A�2�A���A�A���A���A���A�A�2� ½�ã

´�� ² ·.×�¡®4¥�¥��9ºK£n°�¤�¬�ª9£�°4�0ºn©(ª0¬�¥��0¡�¢±ñ^°4¥�£�Â�þ�óÿ�A���A�A�2�A���A�A���A���A���A�A�2� ½�³
´�� ²��0¿ �m¬�ª9���¬1¥��9¡¢L¡�¨�¬°�°�©�ºKÂ�¥��9¡¢(° �A���A���A�A�2�A���A�A���A���A���A�A�2� ½��
´�� ²��>Ã �8¢��f¬1����°WÂ#£*ª9ª0£M¥C�0¢��8×�ºK�0¤�Â�ª�¬�°�º�¬Pñ^¤�¬°4£A¬Ió ���A�A���A���A���A�A�2� ½´
´�� ²�� ³ �G¯��w¬����0°WÂB£�ª0ª9£�¥G�9¢��8×�ºK��¤2Â�ª0¬°4º�¬Pñ^¤*¬�°�£�¦#ó@���A�A���A���A���A�A�2� ½�¾
´�� ²�� � �8¢��f¬1����°WÂ#£*ª9ª0£M¥C�0¢�°4ª0�0�£��f¬�§W¬�»KÂ�ª�¬�°�º�¬gñ~¤�¬°4£A¤*ó	�A���A���A���A�A�2� ½�½
´�� ²��>´ ·.©(º)º�¬�®�»@¡�¨�¬�ª9ª;°��0ºn©�ª�¬1¥�£*g¤�¬�°�£*° ���A�A�2�A���A�A���A���A���A�A�2�ÿ¿*ãIÃ
´�� ²�� ² Ôf¢I¥�£*®�Â(®�£�¥�¬1¥��9¡¢L¡�¨O¥�×�£n��9¯b£�®�£�¢(¤�£A�9¢�Úî§��9¥�×P¡¢��w¬����0°�¬�¢(g¡�¯��w¬��.��°

ÂB£�ª0ª9£�¥C�9¢���£*¤F¥��9¡¢û�2�A���A�A���A���A���A�A�2�A���A�A���A���A���A�A�2�ÿ¿*ãIÃ
´���¹
	;¡¢�«)¥��0ºK£�°�¤*¬�ª0£�°��0ºn©�ª�¬1¥��9¡¢}ñ ·I¥�£*ÂÕ �ó �A���A�A�2�A���A�A���A���A���A�A�2�ÿ¿*ã��

´���¹.�0¿ ·I¥/¬1¥��9¡¢(¬�®�»@ÚêÂ�®�¡�ù(ª0£â�A�A���A���A���A�A�2�A���A�A���A���A���A�A�2�ÿ¿*ã��
´���¹.�>Ã Ö��0ºK£��£�ÂB£�¢(�£�¢I¥GÚç���A�A���A���A���A�A�2�A���A�A���A���A���A�A�2�ÿ¿*ãI´

´�� ¾  -¡�¢#¤Mª0©(°4�0¡�¢P¬�¢#L���°�¤M©(°�°4�0¡�¢ ���A�A���A���A���A�A�2�A���A�A���A���A���A�A�2�ÿ¿*ã¾



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

/103254768:93;�2=<>;�6?4A@CBEDF8!BG25HI47JLK M�M�N
O7P.QSRUTWVYX[Z�\�]�^_V - Z`TaPbP�PbPbP�PbPcPbP�PbPbP�PbP�PbP�PbPbPcPbP�PbPbP�PbP�PbP�PbPbPcPdQLQ!e
O7Pgfih -j,�- T7k(Z`Tmlon�] ,mp ]7X�qrl`^�s`ts ,�u s:X -.v swTWVaPbP�PbPbPcPbP�PbPbP�PbP�PbP�PbPbPcPdQLQ!e
O7P e h -j,�- T7k(Z`Tmlon�] ,mp ]7X�qrl`^�s`tCl&^yx�lLzjz.swT�kLs?PbP�PbPbPcPbP�PbPbP�PbP�PbP�PbPbPcPdQLQ={
O7P | }~X[Z p[p+��� swz�\(V[X[lLT pYu Z`X�V!ts ,�u s:X -.v swTWV�PbP�PbP�PbPbPcPbP�PbPbP�PbP�PbP�PbPbPcPdQLQ5�
O7Pg{ }~X[Z p[p+��� swz�\(V[X[lLT pYu Z`X�V!t p ] v&v l�X[��P�PbP�PbP�PbPbPcPbP�PbPbP�PbP�PbP�PbPbPcPdQ!fLe
O7P O ��z�l pYv l�X[Z�Vyl5V - Z`T�V[x7swZ`XY��PcPbP�PbPbP�PbP�PbP�PbPbPcPbP�PbPbP�PbP�PbP�PbPbPcPdQ!f�|

O7P O7P.Q �WVyl5V - Z`T�l�X[�(XYZLV[l�V - ZLT�P�PbPbP�PbP�PbP�PbPbPcPbP�PbPbP�PbP�PbP�PbPbPcPdQ!f�|
O7P O7Pgf �Cs:zjz.s�V - T�\�]�^ws:\mXYZLV[l�V - ZLT�^yx#l�T7k`s�P�PbPbPcPbP�PbPbP�PbP�PbP�PbPbPcPdQ!fLO

O7P��1RUZLT�X[Z�Vyl5V - ZLT v s:l p ]7X[s v swTWV p P�PbPbP�PbP�PbP�PbPbPcPbP�PbPbP�PbP�PbP�PbPbPcPdQ!fL�
O7P���P.Q h�Z5�`s v swTWV�ZLT u x7ZLVYZ`kLXyl u x p PbP�PbP�PbPbPcPbP�PbPbP�PbP�PbP�PbPbPcPdQ!fL�
O7P���Pgf � u s:^�VYX[Z p ^�Z u7- ^ v s:l p ]7X[s v s:T`V p P�PbP�PbPbPcPbP�PbPbP�PbP�PbP�PbPbPcPdQ:e`�

O7P � ��] v&v l�X[��lLT�\�^�ZLT#^�z.] p�- ZLT P�PbPbP�PbP�PbP�PbPbPcPbP�PbPbP�PbP�PbP�PbPbPcPdQ:eWf

�
� <!�EKW2>93K����rKW<�25K��r4�<!K��?2=K�8!K�4�25J!��4�<(�c0�� M�N��
��P.QSRUTWVYX[Z�\�]�^_V - Z`TaPbP�PbPbP�PbPcPbP�PbPbP�PbP�PbP�PbPbPcPbP�PbPbP�PbP�PbP�PbPbPcPdQ:eL|
��Pgf }~ZLz�\ u ]7z p s�s ,�u swX -.v s:TWV p PbP�PbPbP�PbP�PbP�PbPbPcPbP�PbPbP�PbP�PbP�PbPbPcPdQ:eL|

��Pgf�P.Q ��s p ^�X -ju V - ZLTmZ�qVYx7sbs ,�u swX -.v s:TWV p P�PbPbPcPbP�PbPbP�PbP�PbP�PbPbPcPdQ:eL|
��Pgf�Pgf  �¡ p swX[�5l5V - Z`T p PbPcPbP�PbPbP�PbP�PbP�PbPbPcPbP�PbPbP�PbP�PbP�PbPbPcPdQ:eW{
��Pgf�P e RUTWVYs:X u XYswV[l5V - Z`T¢PbPcPbP�PbPbP�PbP�PbP�PbPbPcPbP�PbPbP�PbP�PbP�PbPbPcPdQ:e��
��Pgf�P | £ , V[XYs v swz.�(qrl p V�VYs v&u swXyl5V[]7XYs�X -.p s�P�PbPbPcPbP�PbPbP�PbP�PbP�PbPbPcPdQ:e��

��P e ¤ -.v&- V[s:\mswT�swX[kL�>X[s p swX[�LZ - X¥PbP�PbPbP�PbP�PbP�PbPbPcPbP�PbPbP�PbP�PbP�PbPbPcPdQ:e`�
��P e7P.Q ��s p ^�X -ju V - ZLTmZ�qVYx7sbs ,�u swX -.v s:TWV�PbP�PbPbPcPbP�PbPbP�PbP�PbP�PbPbPcPdQ:e`�
��P e7Pgf RUTWVYs:X u XYswV[l5V - Z`T¢PbPcPbP�PbPbP�PbP�PbP�PbPbPcPbP�PbPbP�PbP�PbP�PbPbPcPdQ:e`�

��P | ¦�¡�z.l�V - ZLT u l5VYVYs:XYT - T�ZL§ � l ,�-�p x7s:l�VYs:\ u z�l pYv l¢PbPcPbP�PbPbP�PbP�PbP�PbPbPcPdQ:e`�
��P |�P.Q ��s p ^�X -ju V - ZLTmZ�qVYx7sbs ,�u swX -.v s:TWV�PbP�PbPbPcPbP�PbPbP�PbP�PbP�PbPbPcPdQw|W�
��P |�Pgf RUTWVYs:X u XYswV[l5V - Z`T¢PbPcPbP�PbPbP�PbP�PbP�PbPbPcPbP�PbPbP�PbP�PbP�PbPbPcPdQw|#Q

¨1©�ª�8:J`BE8!8!ªr;�6«4�6E�¬HIBE<:BE2=Ka�;�2=® M��#�
�7P.Q1}~ZLT#^�z.] p�- ZLT p PbP�PbPbP�PbPcPbP�PbPbP�PbP�PbP�PbPbPcPbP�PbPbP�PbP�PbP�PbPbPcPdQw|`|
�7Pgfi¦�T p�¯ swX p VYZ°VYx�s u Z p s!\m±W]7s p V - Z`T p P�PbP�PbP�PbPbPcPbP�PbPbP�PbP�PbP�PbPbPcPdQw|�{
�7P e ²7]7VY]7X[s ¯ Z`XY³«PbP�PbPbP�PbPcPbP�PbPbP�PbP�PbP�PbPbPcPbP�PbPbP�PbP�PbP�PbPbPcPdQw|��

��K�HIKW25KW6JLK�8 M���¨

´ 993K�6�EªrD ´aµ.¶�· 9C�rK · K�6¸<:4�<!ªr;�6�;�H�<:�K · ;¹�K�� ´ ª

©m476G®�o;¹;�25� ´»º ª

¼ BG2=25ªrJ`BE��B ·¾½ ª¿<!47K ´»º ªrª



�	������������� �!�



� �������	��
 �

���������� � ���������

��� � !#"%$'&)(+*	,.-/$'01(2"
35476�8:97;=<>6@?BADCFE'A:47GH8IA:476@8JGH8KGH8LAM476�GONPA:61QSRT?UA:GOCTNVCTE)RW?UCTXHY[Z\8JC]X^GHYV8>ASR_AM6�`\61XOX^61A�aLG^A:4bRc4dG^e]4A:6 fg`h6 QMRFA:97QM6.`7XOR]8JfcRdij35476	8>AMQMRTN7eT6V?1CTf�;dG^NdRFA:GOCTNkCFElRm8JC]X^GHYkaLGnAM4oRTNo6UpqA:QM61fg61XOrsXOC_aA:6 fg`h6 QMRFA:97QM6utvCTN7XOr	wux�RT;hC_y]6zAM476%RT;d8:CTXO9=A:62{161QMCP|IRFNdY}RcAM4761QMfgCTNq9d?UXO6 RTQ�`dXOR]8JfcR+aLG^A:4G^AM8cGONd?UQM6 Y7G^;7XO6.47GOeT4~A:61fg`\61QSR_AM97Q:6@8Vt>�@�T��A:Co�@�T�.xz|g?1RT9d8J6@8gR};\614hR�yPGOCT9dQgA:4dRFA+GO8gCTE�A:61N?UC]97NPA:6 QJ��G^NPAM97GnAMG^y]6Ti� Y=QMCT`.CFE'a5R_A:6 QKCTNVRgy]61QMr+47CFA�`7XORFA:6lCTE'fg61AMRFX�ZdR+8:G^A:9dRFA:GOCTN.fgCTQM6�EvRTfgG^XOGORTQLA:CWf%CP8>ACFE�9d8 Z7fgG^e]4]AL;\6zRg9d8:6UE�97X�RTNdRFXOCTe]r%A:Cc61NqyqGH8:RTeT6DaL4dR_ALGH8L4dRF`d`h6 N7G^Nde%GON�A:47GH8K8:GnAM9dR_AMG^C]N\��i�I9d6LA:C�AM476KfcRT8M8JGOyT65476@R_A�8:CT97QS?U6LRFA�RDA:61fg`\61QSR_AM97Q:6La/61XOXdRT;hC_y]6�AM476L;\CTGOX^GON7ez`\CTGONPA)A:476a5R_A:6 Q�GH8/61y_RF`\CTQSR_AMG^Nde�yT6 Q:r%EvR]8>ALRFNdY+E�CTQMfc8/R2`7QMCFAM6 ?BAMG^y]6IXHR�rT6 Q�GONW;\6UA>a/616 N+A:4d6�Y7Q:C]`uRFNhYA:4d62fg6UASRFX5�n�]�@� ��il3547GO8�QM6 Y=9d?16 8IA:476%476@R_AI�hC_a�Y=QMRTfcR_A:GH?1RTX^XOrTZ\GONd?UQM6 R]8JGON7egA:4d62XOGnE�61A:GOfg62CTEA:4d6�Y7Q:C]`u8:G^e]N7Gn�\?1RFNPAMX^r]i'354d6��hC_aLG^N7e%e]R]8�RTXO8:C%G^N=�h9761Nd?16 8/AM476�f%C_y]61fg61NPA5CFE�A:476lY=QMCT`#i'��AY=6@?UQM6 RT8:6 8KA:4762E�QMGO?UA:GOCTN}RTX^XOC_aLGON7e+G^A�AMCufgC_yT62yT6 Q:r�6 R]8JGOX^r]il�797Q:A:476 Q:fgC]Q:6�R]8Jrqfgfg6UAMQ:GO6 8�G^NA:4d62a5R_AM61QIy_RT`hC]97Q�ePRT8I�dC_a�tvY7976�AMCuGOQMQ:6 eT97XHRFQMGnAMG^6@8LCFE�A:476g8J9dQJEvR]?U6@|I?1RTN	G^fg`\C]8:6%Ru8JfcRTX^XE�CTQS?U62CTNbA:476gY=QMCT`#Z�aL47GH?S4}? RFN	AM4761N�8>ASRFQ:A�fgC_yqG^NdeWCTNbA:476g8:97QJEvR]?U62CFE�AM476gf%61AMRTX�iz VCP8>ACFE�A:476@8J6l61¡\6@?BAS81ZdRTNdYufgRTNqr+fgCTQM6TZ7RFXH8:C%C=? ?U97QKY=9dQ:GON7eg`h6 X^XO6UAIRT;7XHR_A:GOCTN�GON.R%`7XHRT8:fcR7i35476�`7Q:C=?16 8M8+CFE2`h6 X^XO6UAVRF;7XHR_AMG^C]NjGH8uRTXO8:C~8:G^fgGOXORTQWAMC¢y_RFQMGOCT9d8W`74761NdCTfg61NdR¢G^N£8J`hRT?U6`7XHRT8:fcRT8 Z�a/61QM6�XHRFQMeT6�`dRTQJAMGO?1X^6V8:CT97QS?U6@8%RTQ:6.`7QM6 8:61NPAcGONkfcRTeTN761A:GH?W�h61XHY781ij�dCTQc61p=RTfg`7X^6�¤CdZdA:4762yTC]XO? RFN7GH?1RTX^XOruR]?BA:GOyT6lfgCqCTNVCTE�¥T9d`7GnAM61Q@Zd61pq`\61XH8�XORTQ:e]6zRFfgCT97NPAS8LCFE�ePRT8LGONPA:CW8:`dRT?16TZaL476 Q:6�A:476 r�RFQM6/`dRFQ:A:GHRFXOX^r�GOCTN7GO{16@Y2RTNdY�8JAMRTQJA)fgC_yqG^Nde�RFXOCTNdeD¥]97`7G^A:6 QM8�fcRFe]N76UAMGO?��d61XHY2X^GON76 8 i
���B¦ § ¨g©«ª�¬I U¬5$®01"D¯�¬K-/$'01(2"�°
35476c�hQM8JA�±P976 8JA:GOCTN�A:Cb;h6WRTNd8:a�6 Q:6@YbGH81Z'CTE5?1CT97QS8J6]Z�aL4qr}CTN76ca/CT97XHY²Y=C	8:9d?S4²R	8JA:QSRFN7e]66Up=`\61QMG^fg6 N]A@Z/?1CTf2;7G^NdG^N7e²61pqA:QM61fg6V?UCTXHYoRFNdY~6UpqAMQ:6 f%6V4d6 R_A@i´³'61XOXO6UAM8cRTQ:6.GON_<>6 ?UA:6@YoG^NPA:C

µ>¶�·@¸º¹�¸º¹#»1¼�½:¾�¼D¿S¹5À�ÁqÂ>¸ºÃ�Â>¼@Ä^Å�½B¹vÆ:Ç ¹�È�·�Â>¼�½BÉLÂ>¼_¿SÊDË ÌUÍ�Î@ÏBÏSÐ�Ñ

�



Ò�Ó\ÔBÕ:ÖOÕK×hØ\ÙqÔDÚ�Û�ÜqÔ@Ý�Þ�Óhß à'á�ÔBâzãTä'å¤æ�ávâUÜ7Ùdç=è á�Ö�Ü_æ é
ê7ëHìTí:îcìTí�ï�ðTñ�ì�òqó7î2ôhõ ñ)ðFï�ñ:õ@ìTí:ðTòdí ö_ô7ó=÷�÷:ø7õLîgð]íJ÷�ùOî%ê\ðTñ:÷MìTòP÷�ðTò7õ5ùHí'÷:ødìF÷�ùn÷�ùOí'÷Mø7õLëOõ ìTú7ù^ò7ûü ìTòdú=ùHú7ì_÷MõD÷:ð%ï�ó7õ1ë�ì2ï�ódíJùOðTò�ñMõ ì ü ÷:ð]ñ ýþ ó7ñ:÷:ødõ1ñMî%ð]ñ:õLê\õ1ëOëOõU÷�ùOò_ÿ>õ ü ÷:ùOðTòcê\õ1ñ:÷:ódñ:ôdí�÷:ø7õ�ú=õ1òdí:ù^÷��%ìTòdú%÷:õ î%ê\õ1ñSì_÷Mó7ñMõKê7ñMð��dëOõ í ý��5ø7ùHíü ìTò	ô\õ%óhíJõ@úV÷:ð.íJ÷:ódú��	÷:ø7õ%ñ:õ@íJódën÷Mù^ò7ûu÷:ñSìFòhíJê\ðTñ:÷�ðTï�êdìFñ:÷:ù ü ëOõ íDìFòhú	ø7õ@ì_÷ ö[ð]ñI÷Mðuôdñ:ùOò7ûu÷:ø7õê7ëHìTí:îcì2ùOòP÷:ðcìgú=ù��\õ ñ:õ ò]÷
	vê7ñMõUï�õ1ñMõ1òP÷MùOìTë^ë��+ô\õU÷J÷Mõ1ñ�5í>÷Sì_÷MõDðTï�õ ò7õ1ñMû�� ü ðTò��hò7õ1îgõ1òP÷@ý

��ð�ì ü ø7ùOõ��]õ�û]ðPð=ú.ï�ódõ1ëOù^ò7ûuù^ò�ìcï�ódí:ùOðTòbñMõ ì ü ÷MðTñ�ì ü1ü ó7ñMìF÷:õzêdñ:õ@ú=ù ü ÷:ùOðTòdí�ðFï)÷Mø7õgìFô7ëHì_÷Mù^ð]òê7ñMð ü õ íMígìFòdú~÷Mø7õVñ:õ ëOìF÷:õ@ú~êhìFñ:÷:ù ü ëOõu÷MñMìTòdí:êhð]ñJ÷+ìFñMõ.ò7õ1õ@ú=õ ú#ý��5ø7ùOí ü ìFòoð]ò7ë��¢ôhõ	ú=ð]ò7õVù^ïì ü ü ó7ñSì_÷Mõlîgðqú7õ1ëHíIìFñMõzì��_ìFùOëOìTô7ëOõ�÷:ðuú7õ í ü ñMù^ô\õl÷:ødõ�ìFô7ëHì_÷Mù^ð]òVê7ñMð ü õ íMí1ý��5ø7õ ñ:õ1ï�ðTñMõ�÷:ø7õ�îgìTù^òìFùOî ðFï�÷:ø7ùHíD÷:ødõ í:ùOíDùHíD÷:ð ü ðTòP÷Mñ:ùOô7ó=÷Mõ2÷MðW÷Mø7õgù^îgê7ñMð��Tõ îgõ1òP÷DðTï�îgð=ú=õ1ëHíD÷:ødìF÷zú=õ í ü ñMù^ô\õ2÷:ø7õìFôdëOìF÷:ùOðTò�ê7ñ:ð ü õ íMí1ö=ìFòhúW÷Mø7õlêdìTñJ÷Mù ü ë^õD÷:ñSìFòhíJê\ðTñ:÷/ñMõ1ëHì_÷Mõ úW÷:ðcù^÷ ý
�5ø7ùHí�ëOõ ì��Tõ@í�÷:ø7õ��Pó7õ íJ÷:ùOðTò��Lø��2ð]ò7õ��/ðTó7ëHúgë^ù��Tõ5÷Mðzô7ó7ùOëHúcì�ï�ódí:ù^ð]ò%ñMõ ì ü ÷MðTñ@öFðTñ��Lø��%ðTò7õ

�5ìFòP÷Mí�÷:ð%ê7ñMðqú7ó ü õ�ì�êdëOì]íJîcì�÷:ødìF÷/ò7õ õ ú7í5ñMõUï�ódõ1ëOù^ò7û%ìFòdú�ì2ûTðqð=úcõ1ò7õ ñ:û�� ü ðTò��dò7õ1îgõ ò]÷@ý���ðìFòhí��/õ1ñ/÷:ødùOí��Pó7õ@í>÷Mù^ð]ò�ì2ï�õ �!�/ðTñSú7í5ødì��]õI÷MðcôhõzíMìFùHúWð]òW÷Mø7õlûTõ ò7õ1ñSìFë[êdñ:ð]ô7ë^õ î�ðFï�÷:ødõlódíJõðFï�õ1ò7õ ñ:û��+ùOò�ð]ó7ñLíJð ü ù^õ1÷��Tý
"
#%$ &('*)+)-,*)-.0/2143*.057698:)-;
<0=?>�=�< @9A-BDC�E0F
G ó7ñ)ê7ñMõ í:õ1òP÷��5ì���ðTï\ëOùnï�õIù^òg÷Mø7õ���õ@í>÷Mõ1ñMò���ð]ñ:ëHúgú=õ1ê\õ1òdúdí)ø7õ ì��qùOë��2ðTò%÷:ødõIì��_ìFùOëOìTô7ù^ëOù^÷��zðFï�	vìëOðF÷#ðFï%�[õ1òdõ1ñMû��TýIH�÷�ùOí#ódíJõ@úDï�ðTñ[÷MñMìTòdí:êhð]ñJ÷Sì_÷:ùOðTò�ö1ø7õ@ì_÷:ùOò7ûhö ü ðPð��qù^ò7ûhö1õ ò]÷Mõ1ñ:÷MìTù^ò7ùOò7ûhö ê7ñMð=ú=ó ü ù^ò7ûûTðqð=ú7í ö'ê7ñ:ð=ú=ó ü ùOò7ûVï�ðqð=ú[ö)õU÷ ü ýKJ�ò7õ ñ:û��bê7ñMð=ú=ó ü ÷Mù^ð]ò¢ú=õ êhõ òdú7í2îgìTù^òdë��mðTò¢ô7ó7ñMò7ù^òdû	ï�ð]íMí:ù^ëï�ó7õ ëOí�ëOù��]õ�ð]ù^ë=ìFòhú ü ðPìFë�ö@ï�ñ:ð]îL�Lø7ù ü ø�÷:ø7õ5ø7õ@ì_÷'ùOí�ódí:õ ú2ú=ùOñ:õ ü ÷:ë��Tö_ð]ñ ü ðTò��Tõ ñJ÷Mõ ú�÷Mð�õ ë^õ ü ÷Mñ:ù ü ù^÷��Tý
H�÷KùHí ü ëOõ ìTñ5÷:ødìF÷K÷:ø7ùHíLõ ò7õ1ñMû��Wí:ðTódñ ü õ��LùOëOë#ò7ðF÷KëHìTíJ÷Lï�ðTñMõ��]õ1ñ@ý0MKë^÷:ø7ð]ó7ûTø	ì%ê7ñMõ ü ùOí:õ�õ íJ÷:ùOîgìF÷:õðFï�÷Mø7õ}ì��_ìFùOëHìFô7ëOõ	ñMõ í:ðTó7ñ ü õ@ícùOíuú=ù�N ü ó7ë^÷�ê7ñMðTôhìFô7ë��¢ð]ó7ñ ü ø7ùOëHú=ñ:õ ò ðTñuûTñSìFòdú ü ødù^ëHú=ñMõ1òO�Lù^ëOëødì��]õc÷:ðbïvì ü õ+÷:ø7õ.ú=õ1êdë^õ1÷:ùOðTòsðTïL÷:ø7ùHí%êhð��/õ1ñ%íJð]ó7ñ ü õTýP	 G ù^ë5ìFòhú²û]ì]í2�Lù^÷:ø7ùOòs÷Mø7õWò7õ�Qq÷�R�S
�Tõ@ìFñSí1ö ü ðPìFë��Lù^÷:ø7ùOò+÷Mø7õIòdõ:Qq÷UT�S�SV�]õ ìFñSí�W�X�Y[Z�\]�Uý0MKëHíJð2ùn÷/î%ùOûTøP÷/ôhõDú=õ í:ù^ñSìFôdë^õL÷Mð2íJ÷:ð]ê+ódí:ù^ò7û÷:ødùOí�õ1ò7õ ñ:û��uí:ðTó7ñ ü õ�ù^òV÷Mø7õ�òdõ ìFñKï�ó=÷:ó7ñMõ�ô\õ ü ìFódí:õ�ðTï'÷:ø7õ2êhðPí:í:ù^ôdë^õ2ù^ò�^hó7õ1ò ü õ�ðTï�÷Mø7õ
�5ìTíJ÷:õ
	 ü ìFñMôhð]ò�_¤ú=ù^ð�Q=ùHú=õ`��ðTò�ðTódñ ü ëOù^îcì_÷MõTýa ð]ò7õzðFï'÷Mø7õ�ìFë^÷:õ ñ:òhì_÷:ù��Tõ�ê\ð���õ ñIí:ðTó7ñ ü õ@íLìFñMõV�7÷�ì_÷I÷:ø7ùHíL÷Mù^îgõl÷Mð+ê7ñMð��PùHú=õlì ü ð]îgê7ë^õ1÷:õñMõ1ê7ëHì ü õ1îgõ1òP÷)ï�ðTñ�÷:ø7ðPíJõ5ï�ðPí:í:ù^ë7ï�ó7õ1ëHí1ý0�5ødìF÷�ùHí0�Lø��
�/õIíJødðTó7ëHú2÷:ñb�2ìFòhúgõ:Q=ê7ëOðTñMõ5ìTë^ëhêhðPí:í:ùOô7ë^õðTê7÷:ùOðTòdí/ï�ð]ñLò7õ��£õ1ò7õ ñ:û��+íJð]ó7ñ ü õ í ý G ò7õlðFï�÷:ø7õ@íJõlð]ê=÷:ùOðTòdí5ùHí ü ð]òP÷:ñMðTëOë^õ@úWòqó ü ë^õ@ìFñ/ï�ódí:ù^ð]ò#ý
<0=?>�=?c dfe-gih�BDjkCmleon[p�qrA
a ó ü ëOõ ìFñzï�ódíJùOðTò²ùHí�÷Mø7õWõ ò7õ1ñMû��bí:ðTódñ ü õcðFï5ðTó7ñ�í:ó7òsìTòdú²ìFëOë�ðF÷Mø7õ1ñ%í>÷SìFñSí1ýtsu�	ï�ódí:ù^òdûV÷���ðòqó ü ëOõ1ù[ðTï�ëOùOûTøP÷Kì_÷:ð]îcíLì2ëHìFñMûTõlìTî%ð]ó7òP÷LðFï�òqó ü ë^õ@ìFñLõ ò7õ1ñMû�� ü ìFò�ôhõlñMõ1ëOõ ì]íJõ@ú[ý

�5ø7õKï�óhíJùOðTò+ñMõ ì ü ÷Mù^ð]ò7�Lødù ü ø+ùHí�õ ìTí:ùOõ íJ÷�÷:ðzð]ô=÷MìTù^ò�öPìTòdúv�Lø7ù ü øw�LùOë^ë\ôhõ�ódí:õ úcùOòc÷:ødõ��dñSí>÷ï�ódí:ù^ð]ò�ú7õ��qù ü õ í ö7ùHí/÷:ø7õlð]ò7õ�ódíJùOò7ûvx�õ1ó=÷Mõ1ñMù^ó7îy	zxV�5ìFòhút��ñMùn÷Mù^ó7î{	z���VW�X Z�\}|
~ ��������������~���� 	zT�� R7�Võ ��� ��� 	�X�Y���XV�Võ���� 	�XTý�X`�

M ô7ù^ûmìTú���ìTòP÷MìFû]õ+ðFïI÷:ø7ùHí��qù^òdú¢ðFïIõ ò7õ1ñMû��mùHí2÷:ø7õ.ì��_ìFùOëOìTô7ù^ëOù^÷���ðTïIù^÷Mí%ï�ó7õ ë/ð]ò¢õ@ìFñ:÷:ø#öõ1òdðTó7û]ømï�ðTñzîcìFò��}÷:õ òdí�ðTï5÷:ø7ð]ódí:ìTòdú7í�ðFï��Tõ@ìFñSíwW�X Y�Z�\�ý��5ø7õW÷���ðVõ@í:í:õ1òP÷:ùHìFë ü ð]î%ê\ðTòdõ1òP÷Mí



��������������������V ¢¡��`£�¤���¥ ¦k§}�¨2©�ªk«¬®§z¨:¡���¯�° §?�]¡�¬ ±

²�³k´bµ�¶
³¢·�¶�¸k¹�ºb¶
»�¶�·�´�¶�ºb¼�·�½*¾�¿�µ�¼ÁÀ%µ�¼ÁÂo¹�Ã�·�Ä�»�¹�Ä[´�¸�ÅÇÆ�º�¶`Â�¶ Ä�´o¼�Ä�²�ºb»�¼�Ä�¹�º�ÅKÈzÂ�¶ ¹[É¿U¹�´b¶�º`¾�¹�Ä�»
´�ºb¼�´�¼�·�½*¾�¿�µ�¼ÁÀ%µ*À ¹�ÄtÃ�¶�Æ�º�²�»�·�À�¶ »Ê³¢º�²�½Ë¸�¼�´bµ�¼�·�½ÌÃ�Åv´bµ�¶V³¢²�¸�¸�²�¿�¼�Ä�Í�ºb¶ ¹�À:´�¼�²�ÄÏÎ�Ð`Ñ�ÒÔÓ

ÕwÖ�×Ø�Ù�Ú�Û�ÜÝ�Þ�ß È?à�á�Ð�â9¶ ãVÉ Ö Ø ä�å È?à�áçæ
â9¶�ã2É È�Ð�èçà�É
é µ�¶�Ä�¶ ·�´�ºb²�Ä�ÂUÆ�º�²�»�·�À�¶ »Ç¼�Ät´bµ�¶V³¢·�Â�¼�²�Ätºb¶ ¹�À´b¼�²�ÄêÐ�è�Ð�À�¹�ÄÇÃ�¶�·�Â�¶ »Ç³¢²�ºU´bµ�¼�Â�Æ�º�²�À�¶ ÂbÂ�èë Â�¶`À:²�Ä�»2Ã�¼�Í�¹�»�ì�¹�Ä�´%¹�Í�¶r¼ÁÂ�´�µ�¹�´k¿�µ�¶�Äí´�µ�¶�Æ�ºb²�Æ�¶�ºk¼�Ä�Í�ºb¶ »�¼�¶ Ä�´%Âk¹�ºb¶uÀ%µ�²[Â�¶ ÄD¾�´�µ�¶u¿U¹�Â�´�¶

¿�¼�¸�¸�Ã�¶îµ�¶ ¸�¼�·�½*¾�¿�µ�¼ÁÀ%µ2¼ÁÂ�´�²�´%¹�¸�¸�ÅVµ�¹�º�½�¸�¶ ÂbÂ�è ë »�ºb¹�¿�Ã�¹�À%ï-¼ÁÂ�´�µ�¶U¹�À:´�¼�ì�¹�´�¼�²�Ä2²�³�´�µ�¶îºb¶ ¹�À´�²�º ¾
¿�µ�¼ÁÀ%µ9Æ�ºb²�»�·�À:¶`Â�Â�²�½�¶�ºb¹�»�¼�²[¹�À:´�¼�ì�¶V¿u¹�Â�´b¶�è é µ�¼ÁÂ-À�¹�Ä9Ã�¶
½7¼�Ä�¼�½�¼�ð ¶ »i¾�µ�²�¿u¶�ì�¶ º ¾�Ã�Åt·�Â�¼�Ä�Í
´�µ�¶�Æ�º�²�Æ�¶ ºU½�¹�´�¶ º�¼Á¹�¸ÁÂ�è

â�¹�ñ�²�ºu»�¼�òwÀ:·�¸�´b¼�¶`Âu¹�º�¼ÁÂ�¶-¼�ÄÇ¹�À%µ�¼�¶ ì[¼�Ä�Í�³¢·�Â�¼�²�ÄÇ¼�Ät¹
À:²�Ä[´�ºb²�¸�¸�¶`»w¹�Ä�»w¶:òwÀ:¼�¶�Ä[´U¿u¹�Å�è é µ�¼ÁÂ
¼ÁÂrÀ�¹�·�Â�¶ »7Ã�Å
´bµ�¶�ºb¶�Æ�·�¸ÁÂ�¼�ì�¶oóî²�·�¸�²�½íÃí³¢²�ºbÀ�¶�´�µ�¹�´î¹�À´bÂ�²�Äw¹�´b²�½�¼ÁÀ�Ä�·�À:¸�¶�¼�¿�µ�¶�Äv´bµ�¶�Å�À:²�½7¶
À:¸�²�Â�¶V´�²Ê¶ ¹�À%µ9²�´�µ�¶ º è ë Æ�²�´�¶�Ä[´b¼�¹�¸I²�³�Ð�ô�õ�ï�¶ ãLö�º%Â�´oµ�¹�Â�´�²wÃ�¶
²�ì�¶�º%À:²�½�¶VÃ�¶:³¢²�ºb¶2¹�´�ì�¶ º�Å
Â�µ�²�º�´�»�¼�Â�´b¹�Ä�À:¶`Âu´�µ�¶�Ä�·�À�¸�¶ ¼DÂ�´%¹�º�´U´�²w¹�´�´�º%¹�À:´U¶`¹�À%µÇ²�´�µ�¶�º2Î�Ð õ�à�ÒÔèë ¸�º�¶`¹�»�Å*Â�²�½�¶
»�¶`À�¹�»�¶ Â-¹�Í�²v·�Ä�À:²�Ä[´bº�²�¸�¸�¶ »tÄ�·�À:¸�¶ ¹�º�³¢·�Â�¼�²�Ä9µ�¹�Â�Ã�¶�¶�Ä÷¹�À%µ�¼�¶�ì�¶ »t¼�Ä�´�µ�¶
µ�Å�»�º�²�Í�¶ ÄtÃ�²�½íÃDè�øÄ9´bµ�¼ÁÂ-¿U¹�ÅÊ´bµ�¶
Æ�º�²�»�·�À�¶ »9¶ Ä�¶�ºbÍ�ÅtÀ�¹�Ä�Ä�²�´�Ã�¶í·�Â�¶ »9¼�Äê¹wÀ�²�Ä[´�ºb²�¸�¸�¹�Ã�¸�¶
Ã�·�´�²�Ä�¸�Åw¼�Ä9¹�»�¶`Â�´bº�·�À:´�¼�ì�¶V¿U¹�Å�è

óî²�Ä[´�ºb²�¸�¸�¶ »O³¢·�Â�¼�²�ÄùÀ�¹�Ä!Ã�¶Ï²�Ã�´b¹�¼�Ä�¶`»�Ã�Å�¹�À À:¶�¸�¶�º%¹�´b¼�Ä�ÍPÃ�¶ ¹�½vÂt²�³í¼�²�Ä�Â*¹�Ä�»ú¸�¶�´�´�¼�Ä�Í
´�µ�¶�½ËÀ:²�¸�¸�¼Á»�¶o¹�´uÂ�·�òwÀ:¼�¶�Ä[´�¸�Å�µ�¼�Í�µwì�¶ ¸�²�À�¼�´b¼�¶`Â�¾�´�²í²�ì�¶�º%À:²�½�¶U´�µ�¶�º�¶ Æ�·�¸ÁÂ�¼�ì�¶�³¢²�º%À:¶�è é µ�¼ÁÂîµ�¹�Â
¹�¸�ºb¶ ¹�»�ÅÏÃ�¶�¶ Äû»�²�Ä�¶t¼�ÄP´�µ�¶KÐ`ü ± õ�ý ÂtÎ�Ð õ ± Ò}¾rÃ�·�´�´�µ�¼ÁÂ�¼�Â7Ä�²�´w¹�´v¹�¸�¸u¶ Ä�¶�ºbÍ�ÅK¶�òvÀ�¼�¶ Ä[´ ÓÇ´�µ�¶
À%µ�¹�Ä�À:¶`ÂU´�µ�¹�´�¹�³¢·�Â�¼�²�Ä�ºb¶ ¹�À´b¼�²�ÄÇ´%¹�ï�¶ Â�Æ�¸�¹�À:¶
¹�º�¶�³z¹�º�´b²[²Ê¸�²�¿LÀ:²�½�Æ�¹�ºb¶ »Ç´�²Ê´�µ�¶íÄ�·�½
Ã�¶�º
²�³k¹�À À:¶�¸�¶�º%¹�´b¶ »ÊÆ�¹�º�´�¼ÁÀ:¸�¶ Âu´bµ�¹�´-Â�¸�²�¿f»�²�¿�ÄtÃ[ÅÇÀ:²�¸�¸�¼�Â�¼�²�Ä�ÂU¿�¼�´�µ�²�·�´�³¢·�Â�¼�Ä�Í�èé ¿î²v²�Æ�´�¼�²�Ä�Â�¹�ºb¶�¼�Ä�ì�¶ Â�´�¼�Í�¹�´b¶ »Ê³¢²�º-¹�À%µ�¼�¶�ì�¼�Ä�ÍvÄ[·�À:¸�¶ ¹�ºU³¢·�Â�¼�²�Ä9²�Ä*¹vÂ�·�òwÀ:¼�¶�Ä[´b¸�Å*Â�½v¹�¸�¸
ÂbÀ�¹�¸�¶�³¢²�º�À�²�Ä[´�ºb²�¸�¸�¶`»*¶�Ä�¶ º�Í�ÅÇÆ�º�²�»�·�À:´�¼�²�ÄDÓU½v¹�Í�Ä�¶:´b¼�À ¹�¸�¸�Å9¹�Ä�»9¼�Ä�¶�º�´�¼Á¹�¸�¸�Å*À:²�Ä�ö�Ä�¶`»*³¢·�Â�¼�²�ÄDèþ ²�´bµ
ºb¶ ÿ[·�¼�º�¶î´�µ�¶�Æ�º�²�»�·�À:´�¼�²�Äí²�³�¹oì�¶ º�Å�µ�²�´�¹�Ä�»7»�¶ Ä�Â�¶UÍ[¹�Â ¾`µ�²�´0¶�Ä�²�·�Í�µí³¢²�º�´bµ�¶UÆ�¹�º�´�¼ÁÀ:¸�¶ Â
´�²Êµ�¹�ì�¶2Â�·�òwÀ:¼�¶�Ä[´�¸�Åtµ�¼�Í�µ*´�µ�¶ º�½v¹�¸Dì�¶ ¸�²�À:¼�´�¼�¶ Â�´�²w²�ì�¶�º%À:²�½7¶�´bµ�¶2ºb¶�Æ�·�¸ÁÂ�¼�ì�¶V³¢²�º%À:¶�Ã�¶:´�¿u¶�¶�Ä
´�µ�¶�Ä�·�À:¸�¶�¼Ô¾[¹�Ä�»v»�¶ Ä�Â�¶o¶�Ä�²�·�Í�µ7´b²2µ�¹�ì�¶o¹�Â�·�òwÀ�¼�¶ Ä�´U¹�½�²�·�Ä�´î²�³®³¢·�Â�¼�²�Ävº�¶`¹�À´b¼�²�Ä�Âk´b²2½v¹�ï�¶
´�µ�¶�Æ�º�²�À�¶ ÂbÂ�¶�Ä�¶ º�Í�Åw¶:òwÀ�¼�¶ Ä�´`è ë ·�´�²�½�¹�´�¼ÁÀ�¹�¸�¸�Åw´bµ�¼�Â�Ã�º�¼�Ä�Í[Â�·�Æt´�µ�¶
Ä�¶���´o»�¼�òwÀ:·�¸�´�Å�¾�¿�µ�¼�À%µ
¼ÁÂu´�µ�¹�´-¹�´�´�µ�¶�º�¶`ÿ�·�¼�ºb¶ »w´�¶�½�Æ�¶�º%¹�´b·�º�¶`Â�¹�¸�¸i½v¹�´�´b¶�º�¼ÁÂU¼�ÄÇ´bµ�¶�Æ�¸Á¹�Â�½v¹7Â�´b¹�´�¶�è� Ä�À:¶-´�µ�¶o³¢·�Â�¼�²�Äwºb¶ ¹�À:´�¼�²�Äv¼ÁÂu²�Ã�´%¹�¼�Ä�¶ »v¼�ÄÊ¹íÀ:²�Ä[´bº�²�¸�¸�¶ »�¿U¹�Å
´bµ�¼ÁÂî¸�¶ ¹�»�Âu¹�·�´b²�½v¹�´b¼�À ¹�¸�¸�Å
´�²�´bµ�¶2Â�·�Ã�ñ�¶ À:´�²�³�´�µ�¼ÁÂU´bµ�¶ Â�¼�Â ¾�¿�µ�¼ÁÀ%µ*¼�Â�º�¶�³¢·�¶�¸�¼�Ä�Ív²�³�´�µ�¶�Ã�·�º�Ä�¼�Ä�ÍvÆ�¸Á¹�Â�½v¹�¾�¶`Â�Æ�¶ À�¼�¹�¸�¸�ÅÊÃ�Å
Æ�¶�¸�¸�¶�´V¼�Ä�ñ�¶`À´�¼�²�ÄI¾D¹�Ä�»÷¹�¸�¸�Æ�º�²�À:¶`Â�Â�¶ ÂoÀ:²�Ä�Ä�¶ À:´�¶`»9´�²Ç´�µ�¶7¼�Ä�ñ�¶`À´�¼�²�Ä÷²�³�´bµ�¶ Â�¶7Æ�¶ ¸�¸�¶:´%ÂV¼�Äê´�µ�¶
Æ�¸Á¹�Â�½v¹�è
��������� 	�
����������������������
ë ´r´bµ�¶-Â�´b¹�º�´b·�Æw²�³®´bµ�¶-Æ�¸Á¹�Â�½v¹V´�µ�¶-»�¶�Ä�Â�¼�´�Å�¼�Âr½�¹�¼�Ä�¸�Å7Æ�ºb²�»�·�À:¶`»vÃ�Åí¼�²�Ä�¼ÁÂb¹�´�¼�²�Ä�²�³i´�µ�¶oÍ�¹�Â
´�µ�¹�´�µ�¹�ÂUÃ�¶ ¶�Ä*Æ�·�´�¼�Ät´�µ�¶V´b²�ï�¹�½v¹�ïvÃ�¶:³¢²�º�¶V´bµ�¶2Â�´b¹�º�´�²�³�´�µ�¶2»�¼ÁÂbÀ%µ�¹�ºbÍ�¶ ��´bµ�¶�Æ�ºb¶�!Ôö�¸�¸�¼�Ä�Í�è

øÄ�Â�¶�º�´�¼�Ä�Í�³¢·�¶ ¸�²�ºî»�¶�Ä�Â�¼�´�Åí¼�Äw¹VÆ�¸Á¹�Â�½�¹V¼ÁÂ0ö�ºbÂ�´r²�³D¹�¸�¸�Ä�¶ À:¶`Â�Âb¹�ºbÅ2´b²�º�¶`¹�À%µv¹�Â�·�òwÀ:¼�¶�Ä[´�¸�Å
µ�¼�Í�µ�»�¶ Ä�Â�¼�´�Åt¼�Ä�´�µ�¶íÆ�¸�¹�Â�½v¹7´b²Ê²�Ã�´b¹�¼�Ä9¶:òwÀ�¼�¶ Ä�´-³¢·�Â�¼�²�ÄIè ë ¸ÁÂ�²Ç¹vÃ�·�ºbÄ�¼�Ä�Ív³¢·�Â�¼�²�Ä9Æ�¸Á¹�Â�½�¹
À:²�Ä�Â�·�½�¶ Â�»�¶ ·�´�¶ º�¼�·�½ ¹�Ä�»7´�ºb¼�´b¼�·�½ ¹�Ä�»vÆ�ºb²�»�·�À:¶`Â0µ�¶ ¸�¼�·�½*è é µ�¼ÁÂ�¼�Ä�´bº�²�»�·�À:¶ Â�´�µ�¶-Ä�¶�¶`»�³¢²�º
¼�Ä�Â�¶ º�´b¼�Ä�Íí³¢ºb¶ Â�µÇ³¢·�¶�¸Ôè#"�¶�ì�¶�º%¹�¸i¿U¹�Å�Âî²�³I³¢·�¶ ¸�¼�Ä�Ívµ�¹�ì�¶VÃ�¶ ¶�Ä9¹�Æ�Æ�¸�¼�¶ »Ç·�Æt´�²vÄ�²�¿�èé µ�¶tö�º%Â�´w¹�Ä�»P¶`¹�Â�¼�¶`Â�´v¿U¹�Å÷´b²K¼�½�Æ�¸�¶�½�¶�Ä[´w¼ÁÂ�ñ�·�Â�´wÍ�¹�Â7Æ�·�ò�Ä�ÍK¹�´�´�µ�¶*¶ »�Í�¶*²�³o´�µ�¶
Æ�¸Á¹�Â�½v¹�è ë ³]´b¶�º�¼�²�Ä�¼�Âb¹�´b¼�²�Ät´�µ�¶íÍ�¹�Â-Â�Æ�ºb¶ ¹�»�ÂU´bµ�º�²�·�Í�µt´bµ�¶
Æ�¸Á¹�Â�½v¹v»�·�¶
´�²Ê»�¼%$®·�Â�¼�²�ÄI¾�À�²�Ä&!



')(+*-,�./,021+3�*�46587�*:9<;)(2=?>A@B*-CEDGFAHJIK@LC�7M3ON&P?@�.Q7RI S

TGU:V-WYX%Z []\G[O^_Va`O\cbYdGU�U�eMVa`O\G[MdGU6fMbYZ&V�U?gYg�U?ghX%[_WY`MUifMjk\Gg�lm\Mnpo�qQWYUrb�g�Z lsU�WYX%ltUEX%W�Vr\G[]bYU?\ Va`
W�`OU�V�U?[ WYUrb�u�`MU?b�U�X%WvV?\c[tb�U?fMjk\GV�UwWY`MUxMyOb�[MU:^syMftq8yMUrjzn�{ZRuhUrT Urb:|RW�`MUwq8yOUrj/X%[Md}U�~�V�X/Ur[OVr�}ZGq
W�`OX/g�ltUrW�`MZ&^sX/gAf+Z�ZGb:|cU?g�f+U?V�Xk\cj/j/�Eq8ZGbAWYZG�R\clm\G��g)yOg�X/[MdE\6^&X%T Urb�W�Z bw�LTR\cbY��X/[Md6x+U�W�uhUrUr[]�\c[2^�c�]����� S �:� n��OZGb6\tq8yOg�X%Z [�b�U:\GV�W�ZGb�W�`MXkg�lsUrW�`MZ&^�X/g�[MZcW6Vr\GfO\cxMj/UEZGqpb�U:\GVa`MX/[Md�\�g�y&~�V�X/Ur[�W
V�U?[�W�ba\cj�^&Ur[2g�X%W��Gn

ojkg�Z}W�`MU�X/[R��U?V�W�X/ZG[�ZGq�[MUry&WYbY\Gj+\cW�Z ltg?|�g�Z}V?\cj/j%U:^��U?y&W�ba\cjK�hU?\Gl��J[c��U?V-WYX%Z [��L���h� � |&Vr\G[
x+U�\cfOfMj%X/U?^�n��hU?g�Xk^&U?g�`MU?\cW�X/[Md�ZGq�W�`MUsfMjk\Gg�lt\mW�`MXkg�\Gj/g�Zmq8yMU?j/g�WY`MU}fMjk\Gg�lm\Mn�{ZRuhUrTGU?b?|Oq8ZGb
bYU?\GV�W�Z b�g�X%�?U}fMjk\Gg�lm\Gg�W�`MUtfO\Gb�WYX/Vrj%U:g�`O\�T UiW�Z]x+Us\ VrV�U?j%U?bY\cW�U:^_W�Z]TGU?b��]`MX/dG`�U?[MUrbYdGX/U?g�\c[2^
V�yOb�bYUr[�WYg6���E��Ur��| S � o � u�`OX/Va`]b�U:��yMX%bYU?ghT UrbY��xMX/dt\G[O^_^&X%~mVryMj%Wlt\ Va`MX/[MU?g � ���?� n� `MUr[_ZGqAVrZGyMbag�U�WY`MUrbYU6X/g�f+Urj/j/U�W�X/[R��U?V�W�X/ZG[�|Ou�`MX/Va`_XkgwW�`OUilt\GX%[�g�yMx&��U:V-W�Zcq)W�`MXkgwWY`MU?g�X/g?n
�MyOUrj/X%[Md_x���ltU?\G[Og6Zcqhf2U?j%j/U�WiX/[R��U?V�W�X/ZG[ `O\Gg�x+UrU?[¡fMbYZRTGU?[�f+Z gYg�X/xMj/U�X/[¢lsZ�g�WifMbYU?g�Ur[�Wi^M\��
U�e&f+UrbYX%ltU?[ WagrnA{ZRuhUrT Urb:|RX£WpXkgpg�W�X/j%j+\6� yOU?g�W�X/ZG[tu�`MU�WY`MUrbpW�`MXkgpu�X/j%jOx2U�f+Z gYg�X/xMj/U�ZG[m\c[t� ��¤v¥
j/X%� U¦fMjk\Gg�lm\M|px+U?V?\cyOg�U¦W�`MU_f+Ur[MUrW�ba\RW�X/ZG[§X%[§W�`OU]fOj/\ g�lm\¡lsX/dG`�Wt[MZcWmx+U�g�y&~�VrX%U?[ W:n � `MU
X/[�T U?g�W�X/d \cW�X/ZG[mZcq�WY`MXkgvf+Ur[OU�W�ba\RWYX%Z [�|�q8yMUrj/X/[Mds\G[O^mbYUrjk\RWYU?^mfMbYZ&V�U:g�g�U?g#u�X%j/jKx2U�W�`MU6g�yMx&��U?V�WvZGq
W�`OX/gwWY`MU?g�Xkgrn

¨}©�ª «¬�®�¯°h±�²-³�¯µ´}¶·±A¸�²�¹º±A¸_¯�¹)²r¹
� `MXkgvW�`MU:g�XkgwV�ZG[�Wa\cX/[Ogv\sg�W�yO^&��Zcq�fO\Gb�WYX/Vrj%U�W�ba\c[Og�f+ZGb�WhX/[�WY`MUig�yMbYbYZGyM[O^MX%[Md�fMjk\Gg�lt\}b�U?j/\cW�U:^
W�Z�f+Urj/j/U�WEX/[R��U?V�W�X/ZG[�|)ZcqwltZRTGUrltU?[ Wag6ZcqhW�`MU�\GxMjk\RW�X/ZG[»Vrj%Z yO^ \cbYZGyM[O^�W�`OUmf2U?j%j/U�W:|)\G[O^¡W�`MU
^&Xk\cd [MZ g�W�XkVi^&UrT Urj/ZGfMltU?[ WbYU?��yMX/bYU?^]W�Z�f2U?b�q8Z b�lºW�`MXkg�g�W�y2^&�Gn�¼�f+Ur[���yMU:g�WYX%Z [Og�VrZG[OVrUrbY[MX%[Od
W�`OX/g�f2\cb�W�XkV�j/U�WYbY\G[Og�f2Z b�W�\cbYUG½

¾»¿ `2\RWiX/g�WY`MUtlm\cdG[OX£WYyO^&UtZcqhfO\cb�W�XkV�j/U}WYbY\G[Og�f2Z b�Wi^&yMbYX%[Od]f+Urj/j/U�WiX%[c��U?V-WYX%Z [¢\G[O^¡`MZRu
jk\cbYdGUw\cbYUhW�`MUVrZG[�TGU:V-WYX%T Uh\G[O^�^MX£ÀKyOg�X%T Uhf2\cb�WYgpÁ ¿ `MXkVa`�Z [MUwX/g#^&ZGltX/[O\c[�W#Á¦��gAW�`MU?b�U
\t^&X%ÀKUrbYUr[OVrUiu�X£WY`¦WY`MUiyM[Mf+Urb�W�yOb�x+U?^]fMjk\Gg�lm\tÁ

¾»¿ `2\RWX/[&ÂOyMU?[OV�UE^&Ztx+ZcWY`¦WYbY\G[Og�f2Z b�WV�Z ltf2Z [MUr[�WYgw`2\�TGU6ZG[]X%ltf+ZGb�WY\G[ W�fO\GbY\GltU�W�U?bYg
j/X/�GUEWY`MUEq8yOUrj/X%[Md¦fMbYZcÃOj/UE\c[O^�U�~�V�X/Ur[OVr�G|K\c[O^�W�`MUs^&X/\GdG[MZ�g�Xkg�ZGq�W�`MU:g�UEf2\cba\cltU�WYUrbag�ÁÄ \G[�WY`MUmbYU?g�yMj£Wag�x2UmyOg�U?^�W�Z_X/ltfMb�ZRT U}WY`MUtX%[c��U?V-WYX%Z [»g�VrUr[O\Gb�X/Z�q8Z bE\�q8y2g�X/ZG[¢f2ZRuhUrb
fOj/\G[ W�Á

¾»¿ `2\RWiX/g�WY`MUtX%[MÂOyMUr[2V�UtZcq#fOj/\ g�lm\¦b�ZGWY\RWYX%Z [�Z [�W�`OUt\GxMjk\RW�X/ZG[¡fMbYZ�VrU?gYg6\c[O^�X£Wag6ZGx&Å
g�UrbYTR\RWYX%Z [�|2\G[O^]`MZRuÆ^&Z�U?gwWY`MU}f+Urj/j%UrW�Va`O\G[MdGU6WY`MU}bYZcWa\RW�X/ZG[�Á Ä \G[]f+Urj/j/U�W�X/[R��U:V-W�X/ZG[
x+UiyOg�U?^¦W�Ztlm\c[OX%fMyOj/\cW�UifMjk\Gg�lm\�bYZcWa\RWYX%Z []Á

¾»¿ `2\RWmX/g}W�`OU]UrÀ+U:V-WtZcqWY`MU_X%[2^&yOV�U:^Ç\ g���ltltU�W�bYX/U?g�X%[ÇW�`MU]fMjk\Gg�lt\¡x��¢W�`MU_f+Urj/j%UrW?|
U:g�f+U?VrX/\Gj%j/��Z [_^MX/\GdG[MZ�g�X/[Md�W�`MUE\GxMj/\cW�X/ZG[¦fMb�Z&VrU?gYgÁ

¾ ��g)WY`MUrbYU�\�b�U?j/\cW�X/ZG[}x+U�W�uhUrU?[}WY`MUwW�ba\c[2g�f+ZGb�W)fOb�Z f2U?b�WYX%U:g<ZGqOWY`MU�fMjk\Gg�lt\�^&yMbYX/[Md6f2U?j%j/U�W
X/[R��U:V-W�X/ZG[¢\c[O^�W�`MUslm\cd [MU�WYX/V�V�ZG[MÃOdGyMba\RWYX%Z [�ZcqpWY`MUsfMj/\ g�lm\O|K\G[O^�`OZRu�Vr\c[�W�`MXkg�x2U
^MX/\GdG[MZ�g�U:^]Á

� ZÈÃO[O^ÉWY`MU�\c[2g�uhUrbagtZG[ÉWY`MU?g�U���yMU?g�W�X/ZG[2gr|�ltU?\ g�yOb�U?lsU?[�WYgmZGq�WY`MU�fMjk\Gg�lm\È^&U?[Og�X%W��
fMbYZcÃOj/U�\G[O^mX%WYg#W�X/lsU�UrT ZGj/y&W�X/ZG[�\Gb�U�[OUrU?^MU?^�n � `MU��GU?�s^&Xk\cd [MZ g�W�XkVrgpq8ZGb#W�`O\cWh\cbYU � `MZ lmg�Z [



Ê)Ë+Ì-Í�Î/ÍÏ2Ð+Ñ�Ì�Ò6Ó8Ô�Ì:Õ<Ö)Ë2×?ØAÙBÌ-ÚEÛGÜAÝJÞKÙLÚ�ÔMÑOß&à?Ù�ÎQÔRÞ á

âYãräRå�å�æ?ç�è/éMê�äGéOë¦è%é�å�æ?ç�ì8æ?ç�í îtæ�å�çYïGðAñMòOç�åYóMærçYîtíGçYæGô�å�óMæiõ/è/êGó�åhæ?îtè/âYâ�è/íGé¦ì8çYíGîöå�óOæ�éOærò&åYçYäGõ�ê äGâ
çYærõ/æ?äGâ�æ?ë}÷�ïiå�óMæ�ø+ærõ/õ/æ�å#è/é�å�í�å�óMæ�øOõ/ä â�îmä6ãräGé�÷+æ�òOâ�æ?ë}å�íEäcé2â�ùhærç�â�íGîtæwícìOåYóMæ?â�æú�òMæ?â�å�è/íGé2ârðû í�íG÷&åaäcè/é�êGí�í&ë�â�ø2äRå�èkäcõ/õ/ï]äGéOë_å�æ?îtø2í çYäGõ%õ/ï¦çYæ?â�íGõ/üGæ:ë_ëMäRåaäMô+ù�óMè/ãaó�èkâ�éMæræ:ë&æ?ë_åYí�íG÷2â�æ?ç�ü æ
ã�í é�üGæ?ã�å�è/üGæ�å�çaäcéOâ�ø2í ç�å:ô&ä�éOærùýë&èkäcê éMí â�å�èkã�ùhä âhëMærüGæ?õ%í ø2æ:ë�äGéOë�÷OòMè%õ%å?ðvþ�ëMë&è%å�è/íGé2äcõ�ë&æ?éOâ�è%å�ï
è/é&ì8íGçYîmäRå�è/íGé�ùhä â�äcõkâ�í�íG÷MåYäcè/éMæ:ë_ì8ç�í î ÿ � ÿ��Bë&èkäcê éMí â�å�èkãrâ�ì8ç�í î åYóMætã�ò&å��zí�� øOóMæréMí îtæréMí é� åYóMæ?â�æ¦ëMè/äGêGéMí�â�åYè/ã?âEäcçYæmæ	�&øMõkäcè/éMæ?ë è/éÈîtíGçYæ�ë&æråYäGè%õvè%é � ó2äcø&åYærç�
�-ð û óOæ�õ/ä�ï íGò&å�ícìwå�óMèkâ
å�óOæ?â�è/âwèkâë&æ:â�ãrç�è/÷2æ:ë�÷+ærõ/íRùýè/é���æ?ãGð��Gð á ð

����� �����	�����! "�#�$�
%'&)(�&*% +-,/.10�2*3"465�78.19:2*;<.=9/4>;?2�;
þ�ìQåYærç�å�óMèkâsè%é�åYç�í&ë&òOã�å�í ç�ïA@OçYâ�å � ó2äcø&åYærç:ô � óOäcø&åYærçB
�ù�è/õ%õwë&æ?âYã�çYè/÷2æ�å�óMæ¦óOäcçaë&ùwäcçYæmòOâ�æ:ë�ðC é � ó2äcø&åYærçED¦ä¦â�óOíGç�å�çYærü�è/ærùÆícìvå�óMæsøMçYæ?â�æré�åiâ�åaäRå�ò2â�íGìpå�óOæ�øMó�ï&â�è/ã?â�íGì#ø+ærõ/õ%ærå6è/éGF�æ:ã-å�è/íGé
è/é¦åYí�HRäcîmä�H�øMõkäGâ�îmäGâwù�è/õ%õ<÷2æiê è%ü æré�ð û óMæré]å�óOæEøMçYíG÷Mõ/ærî ícì�ë&æ�åYærçYîsè/éMè/éMêtå�óOæEè%îtø+íGç�åYäGé å
øOäGçYäGîsærå�æ?ç�ícì�ø2æ?éMæ�åYçYäcå�è/íGéýù�è/õ/õ�÷+æ»äGëMëMç�æ:â�â�æ?ë·è/é � ó2äcø&åYærç!IOð C é å�óMèkâ � óOäcø&åYærç�äcõkâ�í
å�óOæ�çYærõkäRå�æ:ë»øMóMæ?éMíGîtæ?éMíGéÈíGì�ë&çYè£ìQåYè%éMê¡ícì�åYóMæ]äG÷MõkäRå�è/íGéÈãrõ%í òOëÈäGéOë»è%åYâsè%îtøMõ/èkãräRåYè%í éOâ}äGç�æ
ë&èkâ�ãròOâYâ�æ:ë�ð C é � ó2äcø&åYærç á ä â�åYòOë&ï í éýçaäGë&èkäcõ�øOäGç�åYè/ãrõ%æ�å�çaäcéOâ�ø2í ç�å_ù�è/õ%õ6÷+æ ëMè/âYã�òOâYâ�æ?ë�ð� óOäGø&å�æ?çKJiù�è/õ%õOì8í�ãròOâpí étéMíGémçaäGë&èkäcõMå�çaäcéOâ�ø2í ç�åpæ$�+æ:ã-åaârô�æ?â�ø2æ:ã�èkäcõ/õ%ï�øMõkäGâ�îtäEç�íGåYäRåYè%í é�ôRåYóOäRå
óOä�ü æh÷+æræ?émíG÷Oâ�ærçYüGæ:ë}í ç�óOä�üGæhåYíE÷2æ�äGâYâ�òMîtæ:ëEåYíEæ	�&øMõkäcè/étíG÷Oâ�ærçYüRäRå�è/íGé2ârð û óMærétè/é � óOäcø&åYærçL â�æ?üGæ?çYäGõ+òOéMç�æ?õ/äcå�æ:ë¦â�òM÷1F�æ:ã-åYâwù�è/õ/õ�÷2æEëMæ?âYã�çYè%÷+æ?ë�ð

ñ)è%éOäGõ%õ/ïGô2è%é � ó2äcø&åYærç:MsåYóMæEçYæ?â�òMõ%åYâ�íGì)åYóMæEøMçYærü�è/íGòOâ � óOäcø&åYærçaâ�ù�è/õ%õ<÷2æ}ëMè/âYã�òOâYâ�æ?ë�äcé2ë
ä¦ø2í�â�â�è%÷Oõ%ætã�í é åYè%é�òOäcå�è/íGé�íGì#åYóMè/â6çYæ?â�æ?äGçYãaó�äGéOë�åYóMætøMçYíG÷OäG÷Mõ%æsòOâ�æ�íGì#ø+ærõ/õ%æråYâ6è/é¢ä�ì8ò&å�òOç�æ
ì8òOâ�è%í é]ëMærü�è/ãræiù�è%õ/õ�÷+æEë&èkâ�ãròOâ�â�æ?ë�ð
%'&)(�&)N O<,/PQ0*2*RTS#.=2U5V3";<W=4X0*S>.14XYZ.15[.19:2*;\.=9"4X;]2*;
û óMæiùhíGç^H�íGé�ø+ærõ/õ/æ�å�è/éGF�æ?ã�å�è/íGé�óOä â�ï�è%æ?õ/ëMæ?ë_îmäcé�ï�çYæ?â�òMõ%åYâ?ð C é]å�óOè/âå�óMæ:â�èkâí éMõ%ï�å�óMæ}ùví ç�H
íGé_øOäGç�åYè/ãrõ%æ�åYçYäGéOâ�ø+íGç�åèkâë&èkâ�ãròOâ�â�æ?ë]æ$��åYæréOâ�è/üGærõ/ïGðV_væ?õ%íRù ämã�í îsøOõ%ærå�æiõ/è/â�å�ícìAøMòM÷Oõ%èkãräcå�è/íGéOâ
�Bè%é�ù�óOè/ãaó¡ø2æ?õ%õ/æ�åiè/éGF�æ?ã�å�è/íGé¡äcåa` û�b ùhä â�è/é�üGíGõ/üGæ:ë]�vèkâ�êGè/üGæ?é�ð û óOæ�øMòO÷Mõ%èkãräcå�è/íGéOâ�îmäcç^HGæ:ë
ù�è%å�ó�äEcÆäGç�æ�è/éOã�õ/òOë&æ:ëmè/é � óOäcøMå�ærçVIOð û óMæ�øOòM÷Mõ/è/ã?äRå�è/íGé2âpîmäcç^HGæ:ë�ù�è%å�ó¦äed äcçYæè%é2ã�õ/òOë&æ?ë
è/é � óOäGø&å�æ?ç á ð û óMæ�øOòM÷Mõ/è/ã?äRå�è/íGé2â�îmäGç�H æ?ë�ù�è%å�ó ägf h iji�äcçYæ}è/éOã�õ/òOë&æ:ë�è/é � ó2äcø&åYærçEJMð û óMæ
øMòM÷Oõ%èkãräcå�è/íGéOâwîmäcç^HGæ:ë�ù�è%å�ó�älkÆäGç�æ6è/éOã�õ/òOë&æ:ë]è%é � óOäGø&å�æ?ç L ð
�&ãrè%æ?é åYèm@+ãEnGí òMç�é2äcõkâ$o
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»½¼^¾/¿À=ÁÂ¿1Ã�Ä�Á�Å^Æ^Ä�À·Ç*È£É$À?ÅlÅ^Æ^Ä�À·Ç�Ê�¿Æ*Å8Ä�À·ËÌÅ�Í=É�Æ�ÎÏÄ�Á"Ð·Ä�Æ�Æ^ÈÂÉ�Æ^ÇBÈ£À6Ñ�È ÒUÀ=Í]Ó=È£Ô$É�À6ÕX¿ÖGÄ�ÎÏÄ�Ö
× Æ�¿�ÒUÉ�Ã	ÅØÊ·Á£ÄÇ*ÎÏÄ�Ç^Ù=Ú1Û"Ü�ÝßÞ=àTá�â)ã�Þ�Ú ×�ä·å Ä�Á£ÁÂÈæÚ å�ä�å ¿Æ�È£À=ÈæÚ å�ä·çèä·éeä�ê ¿�ë�É�ìVÉ�È Ò	Ú=í ä Ë1É
î Á£¿]É�Ú1¾ ä í ä=ï ¿Ê�É�Ç/ðxÄ�ÆrË1¿�Ô�¿·Ú]Ä�À·ËñÑ#Õ × Õ>É�Ä�Î!Ú × Í?ò1Ç ä Ñ/É$ó ä'ï É	Å�Å ä Ú=ô'¿�Á ä'õö Ú?À·Æ ä�ö�÷
ø*ù�úú�úû Ê äK÷�ü�ý?õGþU÷�ü÷ ù�ÿ � º���ä

»½¼^¾/¿À þ Á£¿1Ã$Ä�ÁXÆ^É�Ç�Ê�¿À·Ç*Ée¿��KÑ�Õ ×�� Í·Î�È Ã�Ê·Á£ÄÇ*ÎÏÄ�Ç"Å�¿ñÊ�É�Æ�È£Ê=Í=É�Æ^Ä�Á>Ê É$Æ�Å�Ó·Æ�Ð·Ä�Å�È£¿�À·Ç^Ù=ÚTÛ/Ü
� Þ	�
�}â*Ú å�äVå ¿Æ�È£À=ÈæÚ ×�ä�ç Ä�À?Å�È Ã$Ä=Ú å�äKçèä�éeäKê ¿ë�É$ìxÉ$È Ò	ÚVí ä Ë1É î Á£¿?ÉÚV¾ ä í ä�ï ¿�Ê É�Ç
ðxÄ�Æ^Ë=¿�Ô$¿�Ú?Ñ�Õ × ÕXÉ�Ä�Î!Ú1¾/Ó·Ã$Á ä�� Ó·Ç*È£¿�ÀXÚ?ô'¿Á ä� ú Ú]¾/¿ ä ù ü øUù�ú�úúû Ú?Ê ä ù ÷�÷Gþ ù �ºõ ÿ ö���ä

ðV¿�À��ªÉ$Æ^É$À·Ã$ÉQÊ·Æ�¿1Ã	É�É�Ë1È£À=ë?Ç��
� ¼^¾/¿À þ ÄË1È Ä�Ð·Ä�Å�È Ã × É�ÁÂÁ£É	Å��/Ð=Á ÄGÅ^ÈÂ¿À�¿�ÀgÅ�Í=É�Ñ�Õ × ÕX¿Ö�Ä�ÎÏÄ�Ö1Ù=Ú	�AÜ���Ü�Ý Ü��������?à �Ú
éeä��xä Ë=ÄÏðVÆ�Ó=ÔÚ·ð ä ð ä ðVÍ]Ó�Ú å�ä=çèä=éeä=ê ¿ë�É�ìVÉ�È Ò	Ú]í ä Ë=É î Á£¿]É�Ú1í ä1ï ¿�ÖTÚ1¾ ä í ä]ï ¿�Ê É�Ç
ðxÄ�Æ^Ë=¿�Ô$¿�Ú �xä í äX× È ÒUÊ É$Æ�Ú �xä ð ä ! ÃrÍ#"Ó·ÁÂÁ£É$Æ�Ä�À·Ë Å�Í=ÉñÑ#Õ × ÕXÉ�Ä�Î!Ú × Æ�¿1Ã ä%$K×&! ðV¿À'� ä
( ¿Ó=Æ�À·É$ÎB¿�Ó1Å^Í ù�ú�ú ÷ Ú]Ê ä�)�þ ù ö ú þ�)�þ ù ö ÿÂù ü÷��æä
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�4� Ú·í ä·ï ¿ÖTÚ çèä ¾ ä� ä'( É�Ó=ÆrÇ*ÖÉ$À·Ç�Ú?í ä'�xä]ç ä óGÄ�À å É$Á Ë1É�Æ�Ú (Qä Ë=É å Æ^¿]¿�Å�Ú å�ä1çèä1éeä]ê ¿�ëÉ$ìxÉ$È Ò	Ú5� ä � ä1çèä
� ¿ÎBÉ$À·ÇEÄ�À·Ë�Å^Í=ÉÏÑ�Õ × Õ>É�Ä�Î!Ú × Æ^¿1Ã äÏö� ÆrË $V×�! ðV¿�À'� äÏî È£É$ó ù�ú�ú º Ú�ô'¿�Á ö�ü ð:ÚTÊ ä
º�õ�þ6 �]ùeÿ ÷�º7�æä

� ¼�ðVÓ=Æ^Æ�É�ÀÅaË1É$À�Ç*ÈÂÅUò!Ê=Æ�¿98·Á£É�É$ó¿�Á£Ó1Å�È£¿�ÀAÎ�É�Ä�Ç�Ó=Æ^É�Ë!ì�ÈÂÅ�Í�Å^Í=ÉeÅ�Æ^ÈÂÊ=Á£É�Á£ÄÇ*É�Æ"Ê ¿�Á Ä�Æ^ÈÂÎBÉ	Å^É$Æ
Ä�ÅKÑ�Õ × Ù=Ú�:aÜ;��Ü;1�Þ'<7�5�
��� Ú�í äê�ä Ñ�¿ÎBÎ�É�Æ^Ç�Ú9� ä í ä�ê�ä�é ¿�À=À>=É�Ú å�ä�çèä�éeä�ê ¿ë�É�ìVÉ�È Ò	Ú
í äTê ¿GìØÄ�ÆrË�Ú·ÕØÍ ä?� ò�É$óGÄÄ�Æ�Ú �xä ð ä@! ÃrÍ#"Ó=Á£Á£É$Æ:Ä�À·ËgÅ�Í·ÉeÑ�Õ ×'þ Å�É�Ä�Î!Ú × Æ�¿1Ã ä"ö� ÆrË $K×&!
ðV¿À'� ä�î È£É$ó ù�ú�ú º Ú]ô'¿�Á äKö�ü ð:Ú1Ê ä ù�ù ÷�ºGþ ù�ù ÷ úÏÿ ÷����ä

� ¼ $ ó]È Ë1É$À·Ã$É&�ª¿�Æ��}ÄÇUÅ'ÆrÄ�Ë1È Ä�Á]Å^Æ^Ä�À·Ç*Ê ¿�Æ�Å�Ë1Ó=Æ^ÈÂÀ·ëEÊ�É�ÁÂÁ£É	ÅKÄ�Ð=Á£Ä�Å�È£¿�À�ÈÂÀBÅ^Í=É/Ñ�Õ × ÕX¿ÖGÄ�ÎÏÄ�Ö
ÄÇaÎBÉ�Ä�Ç�Ó=Æ^É�Ë Ð]òAÕØÍ=¿�ÎÏÇ�¿�À ! Ã$Ä�Å*Å^É$Æ^ÈÂÀ=ë?Ù=Ú;.'ÜA/ �B13�
�4� Ú çèä ¾ ä � äC( É$Ó=ÆrÇ*ÖÉ$À·Ç�Ú å�ä
ç ä]éeä=ê ¿ë�É�ìVÉ�È Ò	Ú]í ä1ï ¿�ÖTÚ1¾ ä í ä]ï ¿Ê�É�Ç/ðxÄ�ÆrË1¿�Ô�¿·ÚD� ä � ä=çèä	� ¿�ÎBÉ�À·ÇVÄ�À·ËBÅ^Í=ÉEÑ#Õ ×
Õ>É�Ä�Î!Ú × Æ^¿1Ã ä'öGý Å^Í $V×�! ðV¿�À'� ä�( É�Æ^ÃrÍ?Å�É�Ç*ë?Ä�Ë1É�À ù�ú�úE� Úô'¿Á äKö ù ��Ú1Ê äK÷ ú GþU÷ ú º ÿ ÷ � ��ä

»½¼^¾/¿À þ Á£¿1Ã$Ä�Á>Ê=Á Ä�Ç�ÎÏÄ8Æ^É�Ç�Ê ¿�À·Ç�É�È£À·Ë1Ó·Ã$É�Ë Ð]ò�Ê�É�Æ�È£Ê=Í=É�Æ^Ä�Á#Ê É$Æ�Å�Ó·Æ�Ð·Ä�Å�È£¿�À·Ç:È£ÀAÅ^Í=ÉÏÑ#Õ ×
Å^¿�ÖGÄ�ÎÏÄ�Ö]Ù·ÚVÛ"Ü�Ý Þ=àTá�â)ã�Þ�Ú çèä Ñ ä Ë1É ( Ä�Ä�Æ�ÚKí ä Ë1É î Á£¿]É�Ú �xäKé É ï Ó�Ã$Ä=Ú ×�äKå Ä�Á£ÁÂÈæÚ
å�ä#å ¿�Æ^ÈÂÀ=ÈæÚKÚ å�äXçèäXéeäXê ¿�ë�É�ìVÉ�È Ò	Ú0� ä í?Ä�Ã�ÃrÍ=È Ä=Ú�¾ ä í äXï ¿�Ê É�Ç�ðxÄ�Æ^Ë1¿Ô$¿�Ú4� ä � äXçèä
� ¿ÎBÉ$À·Ç�Ä�À·ËlÅ^Í=ÉEÑ�Õ × Õ>É�Ä�Î!Ú × Æ^¿]Ã ä�öGý Å^Í $V×�! ðV¿�À'� ä�( É$ÆrÃrÍ?Å�É�Ç*ë?Ä�Ë1É�À ù�úúE� Ú?ô'¿�Á ä
ö ù ��Ú1Ê ä ù õ?÷�Gþ ù õ?÷�º ÿ-� ý��æä

F½¼^Ñ/Ä�Ë=È£Ä�Á1Ê·Ä�Æ�Å�È Ã	Á£ÉØÅ�ÆrÄ�À·Ç�Ê ¿�Æ�Å'Ë=Ó=Æ�È£À=ëaÊ É$Á£ÁÂÉ$ÅKÈÂÀ�ÒUÉ�Ã�Å^ÈÂ¿ÀBÈÂÀÏÑ�Õ × Ù·Ú7.'ÜG/ �H13�
�4� Ú ç ä�çèä� ä4( É$Ó=ÆrÇ*ÖÉ$À·Ç�Ú å�äTç äTéeä�ê ¿ë�É�ìVÉ�È Ò	Ú�í äTï ¿�ÖTÚ�¾ ä í äTï ¿�Ê É�ÇEðxÄ�ÆrË1¿�Ô�¿·Ú $/ä ¾/¿]¿Æ^Ë1É�Æ þ
ÎBÉ�É$Æ�ÚC� ä � ä�çèä0� ¿�ÎBÉ$À�Ç:Ä�À·Ë�Å^Í=ÉÏÑ�Õ × Õ>É�Ä�ÎgÚ × Æ^¿]Ã ä�ö�÷ Å�Í $V×�! ðV¿�À'� ä�× ÆrÄ�ë�Ó·É
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Ñ�Õ × Õ>¿�ÖGÄ�ÎÏÄ�Ö1Ù·Ú ×�äXå Ä�Á£ÁÂÈæÚ ×�ä�ç Ä�ÀÅ^È£Ã�Ä=Ú � Ü�Ý Ü>JAÜLK3�GM��ENO�]â P�Ú�í ä Ë1É î Á£¿?ÉÚ å�ä
å ¿Æ�È£À=ÈæÚ�¾ ä í äGï ¿�Ê É�Ç'ðxÄ�ÆrË1¿Ô$¿:Ä�À·ËEÅ^Í=ÉØÑ#Õ ×�þ Å^É�Ä�ÎgÚ × Æ�¿1Ã ä#ö�÷ Å�Í $V×�! ðV¿�À'� ä#× ÆrÄ�ë�Ó·É
ù�ú�ú õ Ú]ô'¿�Á äKö�ö ð:Ú1Ê ä � õGþ � ý ùeÿ  ù �æä



Q RGSUTWVXTAY�ZG[5S�\^]`_5S�a0b R�ced#f6SUgih9j#kml;f
gn_�[	o'pefqVr_7l s
tvuWwmx5y9ze{}|W~X�D��|W~Xx��?�	�9�}|�~X����zL|����9x	{W���D�}|��'�	�W~Xx��i�Gz��X��z�|�~Xx7��ze�n|W~X�9x�~Xx��#�L���	�����4� ���3�
�C���

�����B���O��� �9�9ze �ze~ �n��¡ �7¢	��£ �9�Gze{�¤&���¥�'�9¦e�	��§ � § ���¨�D© �9ª«z�x�{0�9x	�?|�¬�zL� �L�|Wz���ª®�
���W�'� ��¯9° |�¬²±���³®¤��9x'´ ��� �D�9{}|W��~X�¥¬E|^µe¶D¶9¶��5·��D� ��¯9¸9¢®¹ µ�¶9¶9¶EºU�5� � °9¸ s�» °�¼D½%¾ ¿ ¶�À �

Á Â Ã-Ã u��>¬�zOz�ÄGz��U|^��´��9Ä » �7Å'~Æ{A�Gz��X��z�|?~�x7��z��U|�~��Dx�9x���X�D{}ªH���W�9|��7|�~��Dx	���;Ç^��ÈÉ�5Ê Ëe�EÌ5� ¢	� �'z
Í �X�5z9�'� �'�¨��� �¥��y9ze{}|W~ ��x4� �O�'Î �9���9�'Å���x��«|W¬�z?�#�L�¨|�ze�9ª²�'���W�'� ��¯�° |W¬�±���³�¤��Dx'´ �
� �9�9{}|W��~Æ�¥¬D|^µe¶D¶9¶	�E·��D� ��¯9¸9¢ �5� � °D¸9¸ » °D¸9°�¾ s ¶7À �

ÏÐuU¤��9�Æ�«�����Æ{}zA±�Å'��ze�W~Xª«z�xE|�{�~Xx��#�L� © ¬�ª«~Æ�L��x	�H±���z��U|W���9x�¤�Ñ'�n�X��|��W�Dx � ze��|Wze�H���X�D{ »ªH�D{W�	� ÒÓ�ÔÈÉÕ�Ö;×�Ê
ØDÕ@� ��� � �D�W~Xx�~Ù� ���#�¨�0�Ú�#� �9�Dz� &z�~ �n� ¢�� �'z Í �X�EzD� ¡ � ¢��0£ �9�Gze{¤&�9�����9¦��^��x��O|�¬�zA�#�L�2|Wze�9ª®�D�����'� �#¯�° |�¬�±���³«¤��9x'´ �#� �D�9{}|W��~X�¥¬E|Lµe¶D¶9¶���·��D� ��¯�¸D¢ �
� � °E¿ » °9Û²¾ s ¿ À �

�n�Dx'´`z���z�x��nze{& L~�|W¬��D�'|A�����'�nz�z��'~Xx��D{eÜ
Ý �#�E{�|�z���ÜÔu����Æ�9{WªH�O��ze{W���Dx	{Wz��Dx%�Gz��X�Xzn|Ó��Þ	�X��|W~X�9x	�	�D����� �ß�3�
�4�G� �Ú�	à&� ����¤��W�	¦9��¤ �¤ � ¤�¬5�4��¡ �#¢	� £ �D��z�{�¤&���¥�'�D¦��	�#§ � § �#�¨��© �9ª«z�x	{e� ���0�¨�#�Ú� � �9�9ze �ze~ �n� à&�#¢	�
��~ ���Gz��Óz�x²¬�zn|Ó�#�L�á|Wz���ª®� Û z?¡Ô¡A· » ¤&��³²{WÑ5ª��G�D{W~X��ª £ ��xE|Wz���z�xâµ9µ » ¼ » µ�¶9¶ ¿'�

Ý �#�E{�|�z���ÜHuW¡Ó�9x » �9�'~Æ��Þ��7|W~Æ�i�#ze���Xzn|^§AÞ��Æ�7|�~��Dxß�9x|W¬�z«�#�L�ã�0�9ä7��ªH��ä'�	�	���>�0�å�3�
�C���
§ � § �C�¨� © �Dª�zex	{e� �O�0à�� ���ß¤��W�	¦9�#¤ � ¤ � ¤�¬5�4� ¢��C£ �Dä;�C¡ �C¢��C£ �9�Gze{O¤&���¥�'�D¦��	�
à&� ¢	� ��~ ����ze�O��x	�2|�¬�z��#�L�æ|Wz���ª®��³5ze���9x	�B¤&�����9�X�	{ � �9�9x5�	{O³'��ª«ª�ze�O{��¥¬��5�9���Dx
���X�D{}ªH����¬5Ñ'{}~Æ��{e��§Ó�D�¥¬�z�xC�@µe¶9¶ ¿'�

Ý �#�E{�|�z���ÜÓu��#z��X��z�|��'~Æ{�|����WÞGze�����X�D{}ªH�D{�~XxH|W¬�z��#�L�B�C�Dä7��ªH��ä'���9���4�0�²�3�
�4�G� ¢	�E£ �9ä;�
�Ú�'à&�5� ��¤�����¦D�E§ � § �E�B��© �Dª«z�x	{e� �B� ¡ � § �EÎ ze����{Wä9zex	{e�E�9x	�«|W¬	zÔ�#�L�¨|�ze��ª®�'¶�z
¡Ô¡A· » ¤&�&³%{WÑ5ª«���E{}~X��ª £ ��xE|Wze�Wzex2µ�¶ » ¸ » µe¶9¶ °��

Ý © �¥���ÙÜiu��>¬�ziznÄ;ze�n|Ó��´�~Xx7��ze�n|Wz��®~X��z » ��ze���Xzn|¥{A�9x²|�¬�zO�#�L� » ���Æ�9{Wª«�D���'����� ��3�q�4�G� �¨�
¡ � § � Î ze����{Wä9zex	{e� ���#�¨� �Ú�#� �9�Dz� &z�~ �n� ¢��0£ �9ä;�#¡ �#¢	� £ �9�Gze{«¤&���¥�'�9¦e�	�#§ � § � �¨�
© �Dª«z�x	{e����x	��|W¬	zi� �L�ç�0ze�9ª®�@µ ½ z?¡Ô¡A·É{WÑEª«�G�D{W~��	ª £ �	xD|�z���z�xâµ ¯ » ¸ » µ�¶9¶ s �

Ý �#�E{�|�z���Ü?u © Þ	{Wz���y7�7|�~��Dx���´#�Gz��X��z�|Ó��zex�zn|�����|W~X�9x	�	�5�����0�ß�3�q�4�G��èO��é3�4��Ì7�0�EÌ7êB�5�EÌ5�
§ � §A��|�z���Þ�ze�W��� Î��@� �W�DÞ�ÞGz�x4� ¢��G£ �9ä;�@§ � § � �¨�C© �9ª«z�x	{e�;��x	�ß|W¬�z�� �L�ë|Wz���ª®�#µ9µ�z
¡Ô¡A· » ¤&�&³%{WÑ5ª«���E{}~X��ª £ ��xE|Wze�Wzex2µ s�» ¸ » µe¶9¶ Û



ì íïîñðóòßôöõ ÷öø

ù ú�ûÐüñý ûÐü ûÿþ � � � ú?ú���� ü

���
	�� ������������
�����������! #"�$&%�'(���*)+%-,/./$&%-)0$&.21! 3�4��56%�7+"�8� #9! #$&�:./9!�;./<= >"�8� /�&?( �@A"!8: 3�4?( >��%- #$&�:9�B!@� #9C)"D%�8:8E%�$F�E9HGI%J5K$L�E.39NM
ONPRQ4OSQ4O TVUXWZY�[]\�[I^AY_^S`badc�e4a�fhgia
j "�8� /�&?( ����k l�I$m H$L%;./<�?( H$&$&%-'k�E9>no����5m�2?;.p�I$k #$&./?(�� /'&%q�:9r$L��%(�E.39��:s�%-)>�4$L H$L%/@t./'=$&.1D%u?q./'L%k"�'L%-5��:�&%/v;w j "�8: 3�4?( (���Z *xpy! /�&�z9�%-y+$&'m #8{B3 3�o.#<A5m�C #'LB/%-)l /9!)|9�%-y+$&'m #8t"! #'&$&��5�8:%-�no����5m�}%�7+���:1��E$L�;5�.38E8:%-5�$&�:,/%�1D%��C ~,p�:./'m�!�E�J����M>���!�:��?q%- #9C�k$L�! H$(5�.393$L'L /'&�r$&.> #9}.3'L)+�:9! /'&�B3 3��@Ano��.3�&%b1D%��C ~,p�:./y!'����()+./?q�:9! H$L%-)01p��5�./8:8:�:�&�E.39!�;.#<��E$L�( #$&.3?q�-@S$L��%l1C%-�! ~,h�E.3y�';.#<Z "�8� /�&?( (�:�Z�4$&'L./9�B38E�6)+%�$L%�'L?;�:9�%J)�1h��$L��%;%�8:%-5K$L'&��5k /9!)|?( #B39�%�$L�:5k�!%�8�)���$&�! #$��E$L��"! #'&$&��5�8:%-�B/%-9�%�'m H$L%/M����!%�xpy! /�&�z9!%�y+$L'L /8E�E$I�|5�./9C)+��$L�E.39�?q%- /9!�o$L�! H$= #8:?;.p�I$Z%-xpy! /8z9hy�?u1D%�'m��.#<S�:./9!� #9C)�%-8E%J5K$&'L./9C���! ~,/%Z$&.(1D%�"�'L%-�&%�9p$-@� #$F8E%J /�4$F H$F8:./9�B3%�'�8E%-9�B#$L�|�&5- #8:%-�-MS����%�n�.3'L)�"�8� /�&?q ���S<�'L./?i$&�!%=�Z'L%�%-��8� #9�B3y! #B3%� #9C)(?q%- #9C�uwL�4.3?;%�$&���:9�B�$L�! H$o5� /9*1D%Z�&�! #"D%-)!�*���J�#�H��MS�h�:9!5�% �"�8� /�&?( ��:9("��h�h�&��5��S���� #9(./1�GI%-5K$A$&�! #$�5� /9(1C%Z�4�C #"D%-)(1h��$&��%Z #"�"�8:�:%-)q?( #B39�%�$L�:5F�!%�8�)X@p��$�! 3�A1D%�%-9bB3�E,3%�9($L���:��9! /?q%/M��]9�1��:./8:./B3�;$&��%=�& /?q%�n�./'m)(�:�� /"�"�8:�E%J)(<�./'�$&�!%Z8:��x3y!�:)�"! #'&$�./<1�8:.h.h)l /9!)*$L��%=$&./$L /8z5�.393$L%�9p$L��./<� ;8:�E,h�:9�B*5�%-8E8��� #8��&.q�&./?q%�$&���:9�B;$&�! #$�5� /96�C ~,/%=)+����%�'L%�9p$�&�! #"D%-�m�Z� �3�~��M
ONPRQ4OSQ�� �>��UNa{\�[4YF�ia�Y��¡ �^AYFWZY�[4YF�ia¢cZeIa�fhgia
j <�y!�&�E.39;"!8: 3�4?( Z�:��5�'&%J H$L%-)k1h����%- #$&�:9�B=�p�+)+'L./B3%�9k���&.#$&.3"C%J��@/��M %/M� Z?;�E7h$&y�'L%o.#<�)+%�y�$&%�'L�:y�?£¤ /9!)q�z'L�E$&�:y�?i�=@/$&.u Z$L%�?q"D%�'m H$&y!'&%o�:9q$&��%�'L /9�B/%o./<{�J¥/¥Z$&.k�3¥/¥=?q�:8E8:�E.39()+%�B3'&%-%-�S¦=%-8E,h�:9�I�J¥F$L.Z�3¥��3%�§=�KM j $I�h"��:5- #8h1�y�'L9��:9�BZ$&%-?;"D%�'m H$Ly�'L%�no�:8E8+1D%=�J���/%-§uM j $�$&��%J�4%�$&%-?q"C%-'L #$&y�'L%-�$&�!%FB3 3���:��<�y�8E8:�q�E.39��:s�%-)q /9!)q9hy!5�8:%- /'�<�y!�&�E.39;no�:8:8!.+5�5�y�'-M��������A��¨*���-@/�:9q<� /5K$J@3�!�EB3��%�'�$L�! #9�:9�$&�!%�5�%-9p$&%�'Z.#<�./y�'Z�4y�9©��no����5m�r�������0ªo�J¥/«k¬®_���/%-§Z�o1!y+$Z�:9�$L��%q�4y�9r$&��%q)+%-9!�4�E$I� #9C)b5�./9+�!9!%�?q%�9p$o$&�:?q%-�F /'&%=�&.;�!�EB3�b$L�! H$�<�y!�&�:./9l.+5�5�y!'L�o /9p�hn� ~�/M

¯



°{±D²K³&´:³FµC¶D·h²Z¸=¹�ºh²J»t¼{±C½-¾�¿�²KÀkÁ/Â�ÃS¹Ä½#³&Å*½#³o½HÆN·�¾�²m¹:¹Ä²H¿�³ Ç
ÈzÉ2É3Ê+ËLÌ/ÍEÎ©Ë&Ï!Í:Ð(ÑLÒ-Ì3ÓKËLÍEÉ3Î}Ë&Ï!Ò�ÑLÔqÌ/ÕoÍ:Ð&É/Õ�ÌHËLÍEÉ3Î�ÖoÍEË&Ï©ËLÏ�Ò|É/×+ËmÐ4Í�Ø+ÒlÖ�É/ÑLÕ:Ø�Í:ÐqÎ!Ò-Ó�ÒJÐ&ÐLÌ#ÑLÙ/ÚÈ�Ï�Í�Ð�Í:Ð�Ì/ÓmÏ�Í:Ò�Û3Ò-Ø*ÊhÙ*Ô(Ì/Ü/Î�Ò�Ë&Í�Ó�Ì#Õ:Õ:Ù�Ó�É3Î+Ý!Î�Í:Î�Ü;Ë&Ï�Ò�Þ!Õ:Ì3Ð4Ô(Ì�ÚßàÏ�Ò�Î6×!Ð&ÍEÎ!Ü�Ô(Ì#Ü3Î�Ò�ËLÍ:ÓZÓ�É3Î+Ý!Î�Ò-ÔqÒ�ÎpË�ËLÏ�ÒZÞ�Õ:Ì3Ð4Ô(Ì�Í:Ð�ËLÑLÌ/Þ�ÞCÒJØ*×!Ð&Í:Î�Ü;ÌuÔ(Ì#Ü/Î!Ò�Ë&Í�Ó�Ý!Ò�Õ�ØXÚá ÓmÏ!Ì#ÑLÜ/ÒJØlÞ!Ì#Ñ&Ë&Í�Ó�Õ:Ò;ÍEÎ2Ì�Ô(Ì/Ü/Î�Ò�Ë&Í�ÓkÝ!Ò-Õ:ØâÒ�ã+ÞDÒ�ÑLÍEÒ-Î!Ó�ÒJÐ=ÌbäzÉ/ÑLÒ�Î�å�æ�ç�É3ÑLÓ�ÒkÞCÒ-Ñ&ÞDÒ�ÎCØ+Í:Ó�×�Õ�Ì#Ñ=Ë&ÉË&Ï!Ò�Û/Ò-ÕEÉ+Ó�Í�ËIÙ�É#çXË&Ï!Ò�Þ!Ì/Ñ4ËLÍ:Ó�ÕEÒ3èpÌ/Î!ØqÞCÒ-Ñ&ÞDÒ�ÎCØ+Í:Ó�×�Õ�Ì#ÑSËLÉkËLÏ�ÒFÝ!Ò-Õ:Ø(Ø�ÍEÑLÒ-Ó�Ë&Í:É/ÎNÚ�È�Ï�Í�ÐAÓ-Ì#×!Ð&Ò-ÐSË&Ï�ÒÞ!Ì/Ñ4ËLÍ:Ó�ÕEÒJÐSËLÉqÓ�ÍEÑmÓ�Õ:Ò�Ì/Ñ&É3×�Î!ØbÌuÔ(Ì#Ü3Î�Ò�ËLÍ:Ó�Ý!Ò-Õ:Ø�ÕEÍ:Î�Ò/è+Õ:Ò-Ì~ÛhÍ:Î�Ü;É/Î�Õ:ÙqË&Ï�Ò=Ø+Í:Ñ&ÒJÓKËLÍEÉ3Î�Þ!Ì/ÑLÌ/ÕEÕ:Ò�ÕDË&ÉË&Ï!Ò�ÔqÌ/Ü/Î�Ò�Ë&Í�Ó�Ý!Ò�Õ�Øbç�Ñ&Ò-Ò�ç�É3Ñ�Ë&Ï�Ò�ÞCÌ#Ñ&Ë&Í�Ó�Õ:Ò-Ð�Ë&ÉqÔqÉHÛ/Ò3ÚÈzÉ0ÍEÜ3Î�Í�ËLÒrÌ2ç�×!Ð&Í:É/ÎàÑLÒ-Ì/Ó�Ë&É3Ñ(Ë&Ï�Ò�Ë&ÑLÍEÞ�Õ:Ò�Þ�ÑLÉ+Ø+×!Ó�Ë�Î�é:ê�ëAÈ�é�Ôu×!Ð4Ë�ÊDÒâÌ#ÊDÉHÛ/Òrì�íVî-ï3ðmñò+óHôdõ�öâ÷Døuù Î é Í:ÐSË&Ï�ÒZÍEÉ3Î*Ø+Ò�ÎCÐ4ÍEËIÙ/è+È é ËLÏ�Ò�Í:É/Î*Ë&Ò�ÔqÞDÒ�ÑmÌHËL×�Ñ&Ò�Ì#Î!Ø(ê ë Ë&Ï�Ò�Ò�Î�Ò-Ñ&Ü3Ù;Ó�É/Î+ÝCÎ�Ò�æÔqÒ�ÎpËoË&Í:ÔqÒJú=ûEî�ühìJý�Úþ]Î6Ì�Ô(Ì#Ü3Î�Ò�ËLÍ:Ó-Ì#Õ:ÕEÙ*Ó�É/Î+Ý!Î!Ò-ØbÞ�Õ:Ì3Ð4Ô(ÌuË&Ï�Ò=ÑLÒ-Ó�É/ÑmØXè3Í�Ðoÿ�í�î-ï ð��¢ò+óHôiõ=ö ÷Dø û�î��/ï~ý�è�Ì#ÎCØÖ�Ì/Ð�É/Ê+ËmÌ#Í:Î�Ò-Ø�ÍEÎ�����È�ñJÚ+þ]Î	��È�
�ð�ËLÏ�Ò�ËIÙpÞ!Í:Ó-Ì#Õ�ÛHÌ#Õ:×�Ò=Ñ&ÒJÌ/ÓmÏ�ÒJØ(Í:Ð��� ìkí�î-ïhñ�� ò+óHôiõZör÷�ø Ú

����������� �������! "�$#%'&(�)*%+�
, Ò-Û/Ò�ÑmÌ#Õ�Ø+Í.-�Ò�ÑLÒ�ÎpËkÔ(Ì#Ü/Î!Ò�Ë&Í�ÓqÓ�É3Î+Ý!Ü/×!ÑLÌ#Ë&Í:É/Î!ÐZÏ!Ì~Û3Ò�ÊDÒ�Ò-ÎâËLÑ&Í:Ò-ØâËLÉlÓ�É/Î+ÝCÎ�ÒqÞ�Õ:Ì3Ð4Ô(Ì3Ð�Ú(È�Ï�ÒÔqÉ3Ð4ËAÐ4×CÓ�Ó�ÒJÐ&Ð4ç�×�ÕCÉ/Î�ÒJÐ�Ï!Ì~Û/ÒoÊDÒ�Ò-ÎqË&Ï�Ò�Ë&É3Ñ&É3Í:Ø�Ì/Õ�Ø+Ò�ÛhÍ�Ó�ÒJÐ�Ú�/FÒ-Ñ&Ò�ËLÏ�ÒFç�ÑLÒ�ÒJØ+É/Ô�É#ç�Ë&Ï!ÒFÞ�Õ�Ì/Ð&ÔqÌÞ!Ì/Ñ4ËLÍ:Ó�ÕEÒJÐSÍ�ÐAç�×!Ñ4ËLÏ�Ò�Ñ�ÕEÍ:ÔqÍ�ËLÒ-Ø�ÊpÙqÊDÒ�Î!Ø�ÍEÎ�Ü�Ë&Ï!Ò�Ô(Ì#Ü3Î�Ò�ËLÍ:ÓFÝ!Ò�Õ�Ø(Õ:ÍEÎ!Ò-Ð�Ë&É;ÌuÓ�Í:ÑmÓ�Õ:Ò�É/Ñ�ÌuÐ&Þ�Í:ÑLÌ/Õ�Úþ]ÎâË&Ï!Ì#ËkÖ�Ì~ÙlËLÏ�Ò(Þ!Ì#Ñ&Ë&Í�Ó�Õ:Ò-Ð=Ð&Ï�É/×!Õ:Ø>ÊDÒ�ËLÑLÌ/Þ�ÞDÒ-Øâç�É/ÑLÒ�Û3Ò�Ñ ù ×�Î�Õ:Ò-ÐLÐ=ËLÏ�Ò�ÙrÓ�É/Õ:ÕEÍ�Ø+ÒqÖoÍEË&Ï2Ò-Ì3ÓmÏÉ#ËLÏ�Ò�ÑKúKÚ�È�Ï�Í�Ð�ËLÉ/ÑLÉ/Í�Ø�Ì#Õ�Ô(Ì/Ü/Î�Ò�Ë&Í�Ó�Ý!Ò�Õ�Ø(Í�ÐAÌ3ÓmÏ�ÍEÒ-Û/ÒJØ�×CÐ4Í:Î�ÜkÞDÉ/Õ:É/Í�Ø�Ì#ÕDÓ�É3ÍEÕ�ÐSÌ#ÑLÉ/×!Î!Ø;Ë&Ï�ÒFË&É/ÑL×!Ðù Ð&Ò�Ò10{Í:Ü!Úoî á ÚEî~úKÚÈzÉâÞ�ÑLÒ�Û/Ò-ÎpËuË&Ï!ÒbÞ!Ì/Ñ4ËLÍ:Ó�ÕEÒJÐkç�ÑLÉ/Ô Ø+ÑLÍEçÄË&Í:Î�ÜrÉ3×+Ë;É/çoË&Ï�Ò6Ô(Ì/ÓmÏ�Í:Î�Ò6Ø+×�ÒbË&É�ËLÏ�Ò6ÍEÎ�Ï!É/ÔqÉ#æÜ/Ò-Î�Ò�É3×!ÐZÔ(Ì#Ü/Î!Ò�Ë&Í�Ó�Ý!Ò�Õ�Ø ù Ì#Î>Ò2-�Ò-Ó�Ë�Ë&Ï!Ì#ËkÖoÍEÕ:Õ�Î�É/Ë=ÊDÒ*Ø+Í�Ð&Ó�×!ÐLÐ4ÒJØrÏ�Ò-Ñ&Ò;Í:Î>ÔqÉ3Ñ&ÒqØ+Ò�ËmÌ#Í:Õ�ú=ÌÞDÉ/Õ:É/Í�Ø�Ì#Õ!Ó�É/ÔqÞDÉ/Î�Ò-Î3Ë�É#çXË&Ï!ÒFÔ(Ì#Ü/Î!Ò�Ë&Í�Ó�Ý!Ò-Õ:Ø ù Ø+Ò-Î�É#ËLÒ-ØqÊhÙ43�5Jú�Ì#Õ�Ð&ÉkÍ:ÐAÎ�Ò-Ó�Ò-ÐLÐ&Ì/Ñ&ÙkË&ÉuÓ�Ñ&ÒJÌHË&ÒÌ;Ñ&É/ËLÌ#Ë&Í:É/Î!Ì/Õ!ËLÑLÌ/Î!ÐIç�É3Ñ&ÔlÚ�þ]ÎbË&Ï�Ò=ËIÖ�É�ÔqÉpÐIËoÞ�ÑLÉ/ÔqÍ�Ð4Í:Î�ÜqÐ&ÓmÏ�Ò-ÔqÒ-Ð�ç�É/ÑFÌuç�×!Ð&ÍEÉ3ÎlÑ&ÒJÌ/ÓKËLÉ/Ñ�Ë&Ï�Í�ÐÍ�ÐoÓ�ÑLÒ-ÌHËLÒ-ØbÍEÎ|ÌqØ+Í.-DÒ-Ñ&Ò-ÎpËFÖ�Ì~Ù3Úþ]Î Ë&Ï!ÒbÐ&É#æ]Ó�Ì#Õ:Õ:Ò-ØâË&É�6~Ì/Ô(Ì762Ø+Ò�ÛhÍ�Ó�Ò ù Ð4Ò-Ò80{ÍEÜCÚ}î á ÚEî~úZË&Ï�ÒbÞCÉ3ÕEÉ3Í:Ø!Ì#ÕSÝCÒ�Õ�Ø2Í:Ð�Þ�ÑLÉhØ�×!Ó�ÒJØÊhÙâÍ:Î!Ø+×CÓ�Í:Î�ÜrÌ#Î Ò-ÕEÒJÓKËLÑ&Í�Ó�Ì/Õ�Ó�×!Ñ&ÑLÒ�ÎpË ù þ:93ú=Í:Î Ë&Ï�ÒbÞ�Õ�Ì/Ð&ÔqÌ�ÍEÎ2ËLÉ/ÑLÉ/Í�Ø�Ì#ÕAØ�ÍEÑLÒ-Ó�Ë&Í:É/ÎNÚ�È�Ï�Í�Ð�Í:Ð×!Ð&×!Ì#Õ:Õ:ÙbØ+É3Î�Ò�ÊhÙbÌ#Þ!Þ�ÕEÙhÍ:Î�Ü(Ì;Ë&ÑmÌ#Î!Ð4ç�É/ÑLÔqÒ�ÑoÙ3É;6/Ò3è�Ì#Î!Ø6Õ:Ò�Ë&Ë&Í:Î�ÜqË&Ï�ÒuÞ�Õ:Ì3Ð4Ô(ÌqÊDÒ=Ë&Ï�Ò�Ð4ÒJÓ�É/ÎCØÖoÍ:Î!Ø+Í:Î�ÜlÉ#çSËLÏ�Í:ÐZËLÑLÌ/Î!Ð4ç�É/ÑLÔ;Ò-Ñ-Ú�È�Ï�Ò;Ë&É/ÑLÉ/Í�Ø�Ì/ÕzÝ!Ò-Õ:Ø ù 3�<hú�Í:Ð=Þ!Ñ&É+Ø+×!Ó�Ò-ØrÊpÙrÞCÉ3ÕEÉ3Í:Ø�Ì/Õ�Ó�É/Í:Õ�Ð�Úá Ô(Ì>=IÉ3Ñ�Ø+ÑmÌ~ÖoÊ!Ì/Ó?6�É#ç�Ë&Ï�Í�Ð�ÐLÓmÏ�Ò-Ô;ÒuÍ:ÐFË&Ï�Ò�ç�Ì3ÓKËFËLÏ!ÌHË�Ë&Ï�ÒuÍEÑLÉ/ÎlÙ/É�6/ÒkÓ-Ì#ÎlÉ/Î�Õ:ÙlÐ4×�Þ!ÞCÉ3Ñ4Ë�ÌÝ!Î�ÍEË&Ò�Ô(Ì/Ü/Î�Ò�Ë&Í�ÓA@C×+ãXè!Ó�Ì/×!Ð4Í:Î�Ü;Ë&Ï!ÒZÞ!×�Õ:Ð&Ò�Õ:Ò�Î�Ü/Ë&ÏlÉ#çtË&Ï�Ò�Þ�Õ�Ì/Ð&Ô(Ì�Ë&É(ÊDÒ=Ý!Î�ÍEË&Ò/ÚÈzÉ�Ì3ÓmÏ�ÍEÒ-Û/Ò�Ì=ÐIËmÌ#Ê�Õ:Ò�Ò�Bp×�ÍEÕ:Í:Ê�Ñ&Í:×�Ô�Ù/Ò�Ë�Ì#Î;Ò�ãhËLÑLÌ�ç�É/ÑmÓ�Ò�Ï!Ì3Ð{Ë&É=ÊCÒoÌ/Þ�Þ�Õ:ÍEÒJØuÍ:Î(ÌFËLÉ;6HÌ#Ô(Ì76*CË&Ï!Ò�Û/Ò-Ñ4ËLÍ:Ó-Ì#Õ+ÝCÒ�Õ�Ø ù 3ED3úKèpÞ�ÑLÉ+Ø+×!Ó�Í:Î�ÜuÌ/Î(ÍEÎhÖ�Ì#ÑmØ�ç�É/ÑmÓ�Ò/èpÖoÏ�Í�ÓmÏ*Ó�É3×�ÎpË&Ò�ÑmÌ/Ó�ËLÐ�ËLÏ�Ò�Ï!ÉpÉ3Þ+æ�ç�É/ÑmÓ�Ò/ÚÈ�Ï�ÒF�{È�
 Ø+Ò-ÛpÍ�Ó�Ò3èXÉ/ÎâÖoÏ�Í:ÓmÏrË&Ï�Ò;ÑLÒ-Ð&×�Õ�ËmÐZÖ�Ò-Ñ&Ò�É/Ê+ËmÌ#Í:Î�Ò-Ø�Ë&Ï!Ì#Ë=Ì/Ñ&Ò;Ø+Ò-ÐLÓ�ÑLÍEÊDÒ-ØrÍEÎrË&Ï�Í�ÐË&Ï!Ò-Ð&Í:Ð-è+Í:Ð�ÌuËLÉ;6HÌ#Ô(Ì;6DÚÈ�Ï�Ò�ËLÉ;6HÌ#Ô(Ì;6 Ø�Ò�ÛhÍ:Ó�ÒrÖ�Ì/Ð*Ý!ÑLÐ4ËbÞ!Ñ&É3ÞCÉpÐ4ÒJØ ÊpÙ©ËLÏ�ÒG�o×CÐ&Ð&Í:Ì/Î¤ÐLÓ�Í:Ò�ÎpË&Í�ÐIËmÐ�È{Ì#ÔqÔ�Ì#ÎCØ, Ì;6pÏCÌ#ÑLÉHÛbÍ:Î î-Ç3ì�îbûEî-ÿIHJý�ÚqÈ�Ï�Ò;Ý!ÑmÐIË�Ò�ãhÞDÒ�ÑLÍ:Ô;Ò-ÎpËLÌ#Õ�Ð&Ò�ËL×�ÞâÉ/çAËLÏ�ÒqË&É�6~Ì/Ô(Ì76�Ó�É3Î!Ó�Ò-Þ+Ë-èNË&Ï�ÒÈ�JK
�èSÖ�Ì/Ð*Ê�×�Í:Õ�Ë6ÊpÙMLZÉ/Õ:ÉHÛhÍEÎ Ò�ËbÌ#Õ�Ú û�îNH#ÇJý�ÚRÈ�Ï!Ò�Î!Ì#ÔqÒ|ËLÉ;6HÌ#Ô(Ì;60Ö�Ì/Ð*Ì/Õ:Ð&É ÍEÎhÛ3Ò�ÎpË&ÒJØÊhÙOLZÉ/Õ:ÉHÛhÍEÎ>Ì#Î!ØOPAÌ~ÛhÕEÍ:Î!ÐQ6pÙ|Í:Î©î-Ç3ìI�|û ü3ï~ý�Ú;þ�ËkÍ:Ð=Ì#Î2Ì/Ó�Ñ&É3ÎhÙpÔ¡Ø+Ò-Ñ&Í:Û/ÒJØ|ç�ÑLÉ/ÔSRLÈAT�Ñ&É3Í:Ø!Ì#ÕEæU�V2WYX[Z2\+]_^N`�WYa;b�c?Z1d�WY`�^NeQf7chgiWYX[Z2\j^NZ�kNb�`�\lc?mnX[ZNoW?p_cqZn^�rts7b�`+W?pu]_^�`lWYa7b�c?Z1v�WY^�Zw\�`lX[b�eh^NZ�kNb�`+\�xNbtc?^�e�yaNX[v�b�e+W?pz]_{j|�}~d+�h�� |�X giZNxw^NX[��b�Z�d�WYm?c?rc?m��~`lW?gib�v�\



�j�_�Y�Q����~�_�!�������!���+�j�~�n�h���Y���;����� �7�Q¡¢�7���>£��1�h�?��� �>��� ¤n¥

¦§¦§¦¦§¦§¦¦§¦§¦
¨§¨¨§¨©§©§©©§©§©©§©§©ª§ª§ªª§ª§ªª§ª§ª«§«¬

§§®§®¯
°§°°§°±²³§³³§³

´§´´§´

µ

¶§¶¶§¶
· Bθ

¸

B
v

¹§¹¹§¹
I
p º§ºBφ

» φ¼

poloida½ l coils

vacuum¾  vessel

diagnos¿ tic port

transform¾ er yoke

helical fieÀ ld lines

plasma 
column

coils for plasma position control
and coils of primary winding transformer

ÁjÂ�Ã;ÄzÅÇÆF¤nÈ�É�¤;Ê�Ë�Ì?ÍuÆwÎÐÏ>ÑÇÂ�Ì1Ò�Å?ÏNÓ�Â�ÔzÃÖÕ;×jÏÖÑQÕ�Ø>Ï7ÎÐÏ7Ø
ÔuÏNÙIÏ�Ú1ÈÎFÆwÅ?Ï�Â'ÛKÈAÃ;ÔzÂ.ÑQÔ~ÏNÙ�Ï�Ú1Ï7ÑQÄuÜQÍzØ>Ï;Ý	Þ�ßÖàÖá'â�ã_ä�å�æ~ç�è*å�éëê�ìÖí�î;á�å	ãðïðìòñ>èzã'ó�è*å�éê�å�óIôzõ�ö�åK÷tÎFÆ�Ï7ÔzÂ�ÔzÃùøQú+Õ;ÅÇÕ;ÂûÒzÏ7ü'Ì?ÍuÏ;Îòý_ÆwÅ�Ó�Â.ÑQÍ�ÎÐÏ7Ã�ÔzÆ2ÑÇÂ�Ì�Ì2Õ�Â.üûÜÇÝ	þ.¤wÿ����lÉúqÍzÆ��uÅÇÜ�Ñ�Ò�Æ��!ÂûÌ2Æ	�zÅQÕ�Ò�Ä~Ì2Â�ÔzÃ�Ï;Ô�Â�Ã;ÔzÂ.ÑQÆ�Ò
�züûÏ;ÜQÎÐÏÓ�Â�ü.ü��zÅÇÕ;ý~Ï7ýzü�Ù�ý~ÆtÑQÍuÆ��züûÏ7ÔuÔzÆnÒ��ú������Æ����_ÆwÅÇÂ.ÎFÆnÔ�Ñ��!Ó�ÍzÂ�Ì?Í	Ó�Â.ü�ü_ý~Æ1Ï1ÑÇÕ;Ø>Ï7ÎÐÏ;Ø_É���ÑÇÜ	�uÏ;ÅÇÏ;ÎFÆ2ÑQÆnÅÇÜEÏ7ÅÇÆ�ÜQÄzÎFÎÐÏ7ÅÇÂ��nÆnÒFÑÇÕ;Ã;ÆwÑQÍzÆnÅEÓ�Â.ÑQÍÑQÍuÆ��hú����uÏ7Å?Ï7ÎFÆ2ÑÇÆwÅ?ÜAÂ�ÔGújÏ7ýuü.Æ���É�¤òÕ�Ô �uÏ;Ã;Æ8¤"!Ð×�Õ�Å�ÌwÕ;Î#�uÏ;ÅQÂûÜ�Õ�Ô�É1úqÍzÆ�uÅÇÜ�Ñ�ÅQÆ�Ï7ü$�~Õ>ÓtÆwÅ
�züûÏ7ÔIÑhÍzÕ>ÓEÆ��;ÆnÅ��NÓ�ÍzÂûÌ?ÍÖÓ�Â�ü�ü�ý~ÆqýzÄzÂ�üûÒÖÏ7× ÑQÆwÅhÑÇÍuÏ>Ñ��;ÜQÍzÕ;ÄzüûÒ�Õ%�~ÆnÅÇÏ7ÑQÆtÂ.ÔFÜ�ÑQÆnÏ�Ò�Ù�Ü�ÑÇÏ>ÑÇÆ&�;ÜQÕ�Ü�Õ�Î4ÆØ!Â.Ô~Ò	Õ;×jÜ�ÑQÆnü.üûÏ7Å?Ï>ÑÇÕ;ÅqÎFÂ.Ã�Í�Ñ�ý_Æ1ÎFÕ;ÅÇÆ�ÜQÄzÂ.ÑÇÏ;ýzü.Æ�×�Õ�Å�ÑQÍuÏ7ÑnÉ
')(+*,'-*/. 0�1)2�354,687929:<;=2?>�@A2
BtÕ7ÑÇÍMÑQÕ Ì2ÅÇÆnÏ>ÑÇÆGÏC�zü�Ï�Ü�ÎÐÏ Ï7ÔuÒ ÑÇÕ Õ�ý�ÑÇÏ;Â.Ô ÑQÆwÎ#�_ÆwÅ?Ï>ÑÇÄzÅQÆ�Ü8ÍuÂ.Ã�Í ÆwÔzÕ�ÄzÃ;Í ÑQÕ Ã�Æ2Ñ	×�ÄuÜ�Â�Õ;ÔÅÇÆnÏ;Ì2ÑQÂ�Õ;ÔuÜ��ÍzÆ�Ï>ÑÇÂ.ÔzÃ ÍuÏ;Ü	ÑÇÕ ý_ÆùÏ&�5�zü�Â.Æ�Ò'É ÁzÕ�Å8ÑÇÕ;Ø>Ï7ÎÐÏ;Ø!Ü8ÑQÍuÆ �uÅ?Ü�Ñ	Ñ�Ù��_ÆGÕ;×òÍzÆnÏ7ÑQÂ�ÔzÃ Â�ÜÑQÍuÆ��uü�Ï�Ü�ÎÐÏ Ì2ÄzÅÇÅQÆnÔIÑ�Ó�ÍzÂûÌ?ÍOÂûÜ1Ï7Ô�Â�ÔzÍzÆwÅÇÆwÔIÑD�uÏ7ÅQÑ�Õ7× ÑÇÍzÆ4ÑQÕ�ØNÏ;ÎÐÏ7ØKÌ2Õ�ÔuÌ2Æ���ÑnÉ�EAÄuÆÖÑÇÕ ÑQÍzÆÜQÎFÏ;ü.ü ýzÄ�ÑF�uÔuÂ ÑÇÆ¢ÅQÆ�Ü�ÂûÜ�ÑQÂG�IÂ.Ñ�ÙOÕ;×EÑÇÍzÆH�züûÏ;ÜQÎÐÏ ÑQÍzÆ8ü�Ï;ÅQÃ�ÆFÌwÄzÅÇÅQÆnÔ�Ñ?Ü�ÑQÍuÏ7ÑÖÏ7ÅÇÆ#IuÕ>Ó�Â�ÔzÃëÌwÏ;ÄuÜ�ÆÍzÆ�Ï>ÑQÂ�ÔzÃ~ÉhÁuÕ;ÅÏ�ÒzÒ�Â.ÑQÂ�Õ;ÔuÏ;ü'ÍzÆnÏ7ÑQÂ�ÔzÃFÆwü�ÆnÌYÑÇÅQÕ4ÎÐÏ7Ã�ÔzÆ2ÑÇÂ�Ì�Å?Ï;Ò�ÂûÏ>ÑÇÂ.Õ�Ô	ÌwÏ;Ô	ý_Æ1ÄuÜQÆnÒJ�~Ì2Õ;ÄK�zü.Â�ÔzÃ4ÑQÕÑQÍuÆ4ÌwÂ.Å?Ì2ÄzüûÏ7Å�ÎFÕ7ÑÇÂ.Õ�ÔOÕ7× ÑQÍzÆ��uÏ7ÅQÑQÂûÌ2ü�ÆnÜ�Ï7ÅÇÕ;ÄuÔuÒ�ÑQÍuÆÖÎÐÏ7Ã�ÔzÆ2ÑÇÂ�Ì
�uÆnü�ÒOü.Â�ÔzÆnÜnÊ8�:Õ�ÔMLEÙ�Ì2ü�Õ7ÑÇÅQÕ�Ô
��Æ�Ü�Õ�ÔuÏ7ÔuÌwÆONAÆnÏ>ÑÇÂ.ÔuÃ ÞP�QL	��N�÷��-��ü�ÆnÌ2ÑQÅÇÕ;ÔRLEÙ�Ìwü.Õ;ÑQÅÇÕ;ÔC��Æ�Ü�Õ�ÔuÏ7Ô~Ì2ÆSNÆnÏ7ÑQÂ�ÔzÃ ÞP�	L	�8N�÷FÏ7Ô~Ò
T�Õ>ÓtÆwÅUNÙ!ýzÅÇÂ�Ò ÓtÏ"��ÆnÜGÞPTVN�÷YÉúEÙ��zÂ�ÌnÏ7ü�×�ÅÇÆ�WIÄzÆwÔ~Ì2Â�ÆnÜ8×�Õ;Å ÑQÍzÆ�Ü�Æ�ÓqÏ"�;ÆnÜGÞ ×�Õ�Å�Ï;Ô Õ�ÅÇÒ�Â�ÔuÏ;ÅQÙ
XZY\[�]_^=`a[cbd]_egfh[cbZi�j)k"^=`al�fh[�m"n=ig^,bZ`VoKp�qr^=`aegl�^=[�]sbZi�tV^,bZnu]afh`



v�wyxhzQ{Gz�|~}y��x<�D�/��x�����w~���$�sxh�F�&�?�-�\�rzQ�H�rz��c�)���$xZ�G�\xc�_z �&�

�5���&�Q���#�����d���Q�%�Q�%�G�K�r�)���r %¡5¢��d�G£�¤K¢����¥�r¦-§H¨�¢��Q���%©��&�Q¢ª&§�«�¬�
¦/�&�¯®Q°	±�¬F²´³5µ ¶¸·D¬�
¦/�&�
¹ ¬º�r¡K�#¶&³F·D¬8�¦/�&��»	°	±�¬½¼ ¾ �h¿´À ¡5�&�Q�5¢��-Á���¡~�#�r¦)�&�5�5���d���%¡K�r�5�K¢��c�d��¡K ��G�$�d�5¢��G¡cÂ=¢�£��Q�G�&¡��&¦
�r¡#�G¡Ã�Q¢�¡~�,¢�Äy¢��&�Å�&¦y�5�G &�K��Æ�¢�¡5¢��Q %¢��d�G£	¡5¢�Ç��Q�Z�r�5�~�r�Q�Q��£��G¢���²~ÈPÉ¯Ê	®h²&¡5¢�Ç��Q�Z�r�5Äy¢��&�Å�G¡cÂ=¢�£h�Q�G�&¡y©hµ

Ë)Ì+Í,Ë-Í_Î ÏÑÐ�ÒÔÓ�Õ�Ö
×\ØCÙMÚÛÐ8ÜJÝ�Ú+Ü9Þhß¯àÃá,Õ�Öãâ5Ú)Ü?äyØ�Õ-âåÒ�ÚJØçæ
è ¡5¢D�r¦��Q�5¢D���cÂ=�%�é�5�Q�%Ä5�G¢����é¢�¡K£��&Ç5¡Ã�d¢��d¢��H�G¡U�Q�5¢��r�,�Q¢��#���d�é�d�#Ä5Ç5�G�G�S�¦/ÇK�Q���%¡O�d¢��%£h�Q�%�é�G�
�Q�K¢�¦P�&£����Q�K�r�8���r %¡5¢��d�G£F£��&¡�¤~¡5¢��#¢�¡Ã�8����¡K�r�¯�%�� &�����S�&�����8�é�&���K�&�y¢��U¦/�&��µ�¨é�5¢F¢�¡5¢��d &Æ
�G�%�d��¦/�Q�%�ê�Q�5¢�£��&¡�¤~¡5¢��ë�5���&�Q���ì�����ÇK£Z�R�5�� %�5¢���Èaª �Q�Cíì�Q�G�#¢���î����ì�Q�5¢¥�G�&¡K��² � ³cï � ³%³
î��G�U�d�5¢�¢��G¢�£��Q�d�&¡K�Z©¯�Q�~�r¡ð�#�� %�Ã�FÄ~¢H¢�ñ��~¢�£h�Q¢��M��¦�£��&�G�����,�G�&¡~�DÄÃÆì�K�r�Q�Q��£��G¢����Q�Z�r�5�y¢��ò�G¡M�Q�5¢
���r %¡5¢��d�G£¯¤K¢��G�U�	¢��d¢8�d�5¢��&¡5�GÆ¸�G�%�d�é£Z�K�r¡K¡5¢��aµ
¨é�5�����d�d�&¡K�,�y�&�Q�8�r¡K�&���r�GÆ¸���¯�,�Q�G�G��¡5�&�8Æ&¢��8Ç5¡K�5¢��Z�=�d�Ã���Sî%¢��dÆO�	¢��G�_²~Ä5Ç��<���<�G�8�Q�5¢
�#�&��¡

�d¢��&�Q�&¡O����ÆO�¦/ÇK�Q���%¡U¢�¡5¢��d &Æ¸�~�c�	¢��é�5���r¡Ã���K�%�é¡5�r��Æ%¢���Äy¢�¢�¡SÄ5ÇK�����Jµ À �	�&�d�������G�5¢<¢�óy�%�,�
���� %�&�G¡5 ��&¡¸�G¡O�Q�dÆÃ�G¡5 �Q�#Ç5¡K�5¢��Z�=�Z�r¡K�H�Q�5���é�5�5¢�¡5�&�#¢�¡K�&¡)µ-¨é�K�r�	���é����Æ#�Q�5¢F±$¨�ôå¢�ñ��y¢��d��ï
�#¢�¡Ã�d�&�5�5�d�& %�d�&�õ�G�-�G�&�Q %¢��GÆFÄK�&�Q¢����%¡��G¡�î&¢��=�d�� Ã�c�Q�G¡5 <�Q�K�G���5�Q�%Ä5�G¢��S²&¢��,�y¢�£��G�&���GÆ£��&¡K£�¢��d¡5��¡K 
�Q�K¢D�Q�Z�r¡K�Q�~�%�,�é�5�d�&�y¢��Q�Q�G¢��é�&¦��d�5¢�¢��G¢�£��Q�d�&¡K��µ

Ë)Ì+Í,Ë-Í_ö ÷ìâ5ÚVàÃÚVÖ�Øåà%Ø�Ü�Ø�ß¯àðÕ-ÞOÞZß¯à�á=Õ�Öãø<ù=Ü?à�úÅÜÅÓ�ÚJÝ�á,ä´Ú�à
¨é�5¢¯�G�&�Q %¢��,�-�Q�%Á"�&���rÁ#�c���d�5�����#�&�#¢�¡%��²��r¡K�H�&�G�Q���d�5¢8���&£Z�K��¡5¢¯��¡¸���5�G£Z�H�Q�5¢<�5���&�Q�#�F�K�&�
Äy¢�¢�¡#Ä5�d�&ÇK &�Ã�$£����Ã�,¢��=�$�d�<�G &¡K���d���%¡����?ûÃ»�¨ü�G¡ À Ä5�G¡5 Ã���&¡)²%ý8þ#µ&»�¡K� ��ÿ&ÿ�� �d�5¢é���%�Q���
�d¢�£��&�Z�
¦/�&��¦/ÇK�Q���%¡H�~�c�	¢����	�%���Q¢��	��¡H�Q�5�������%£Z�5��¡K¢��Q� � ¾F«�� �����d�O�&¡H��¡K�5Ç����y�c�	¢���Ä�Æ#¢�ñ��d¢��d¡K�r�
�5¢��c�Q�G¡5 #�r¦��9ª%í
«��½µ~¨é�5���é�#¢��r¡~�	�Q�K�r�8���8ïa¦P�&£��Q�%�	�&¦$³Kµ ¾	��~�&�éÄy¢�¢�¡S�d¢��%£Z�5¢��Jµ


����� �������������

Ë)Ì+Í���Í,Ë ÏÑÐ�Ü�Øåá,àüÜ9ø�ÚVùQù=ÚJØRæ
À �y¢��G��¢��
���
�¥�Q�#�&����Ä5Ç5�G��¢���r¦��Q�&�G�G�ò���c�d¢��d�G�&�8¼ � ír¾ ¿ µS¨é�5¢��=Æ��5��£��r���,�G�¢����
�U¦/¢��A�#� ��¡
�����r�#¢��d¢��8�&¡K�S���<£��&¡�£��%¡K�,���,���r¦?���r¡�ÆU�5��ó´¢��d¢�¡Ã�8���c�d¢��d�G�&�G��µ	®u¡��&Ç5�¯£��&�Q¢D�Q�K¢
�y¢��G��¢��d�8�&�Q¢
�Q�#�&���~£�Æ����G¡K��¢��d�-�����d�H�����G�&�#¢��Q¢��-�r¦J³5µ ¾D�&�-³Kµ ¶D�#� �r¡K�#�D�G¢�¡5 &�Q��¢��%Ç~�r���d�D�Q�5¢8�5�G�&��¢��Q¢���µ
¨é�5¢D���c�d¢��d�G�&�´�Q�5¢�ÆO£��%¡K�Q�G�,���r¦$�G���Q�&�G�G�O��Æ����Q�% &¢�¡¸��£�¢&µ

Ë)Ì+Í���Í�� ��Ð�Õ-â5ØåÐ8áQà&Ø�Õ-â5Ò Õ-ÞHø�ÚVùQù=ÚJØCáQÖ! ÃÚVäyØ5á=Õ�Ö
¨é�5¢	�G�5¢��¯�r¦~�G¡cÂ=¢�£h�Q�G¡5 D�y¢��G��¢��d�$�&�$���d�&�K���&¦K���"�ÃÇ5���
��Æ����d�& &¢�¡F�G¡�¯Ä5Ç5�d¡5��¡K <�K�G�%�,�����d�¯�d¢�¦/ÇK¢��
�����	�%��¤~�d�,���5�d�&�y�%�Q¢��HÄ�Æ$#��5���Q�¢���¢��8�&�_µ?�G¡ ��ÿ í%�U¼ � ª ��¿ ÈP�Q¢�¢'&��G Kµ ��À µ ª�%¡O�K�& &¢ � §Ã©hµ

&5�%���#�&¡�Æ¥Æ&¢��&�d�¯�d�5¢��5�d�&Ä5�G¢�� �é�&�<�&¡K��Æ �%�5���d¢��d�,¢��¥�d�5¢��%�Q¢��Q��£��r�G�GÆ&µ è ¡5¢#�r¦��d�5¢#¤K�Z�=�
��¢�îÃ��£�¢����d�¸�d¢��&���GÆO�K�Q����ÇK£�¢
��Æ����d�& &¢�¡¥�~¢����G¢��Z�<�	�%�8Ä5ÇK����� �&�Q�%Ç5¡K� ��ÿ ¾ � Ä�Æ�·�µ(&5�Z�r¡K£��G�8¢��
�r�aµ�¼ §%³ ¿ �����Q�U�Q�K¢��&Ä�Â=¢�£h�Q�Gî&¢<�d��Ç~�,¢D�d�5¢��~¢����G¢��Z�é�Q�#�5�d����ÇK£�¢��G�%�,¢��,ïs�5���&�Q�#�%��µ
®s�V�d�Ã�%ÁDª&³éÆ&¢��r�Z�´Ä~¢�¦/�&�d¢?�Q�5¢�¤K�Z�=�V�y¢��G�G¢����é�&�)¢�ñ��~¢��Q�G�#¢�¡Ã�d�&���GÆ¯�Q�5�&�V��¡Ã�d�8���5���&�Q���5µV¨é�5���

�é�&���G¡ ��ÿ�� �#Ä�ÆUû*)r�d &¢�¡K�Q¢�¡S¢��D�r�aµ	�%¡ �H�Q���r�G�V�d�r�d�r�Q�G¡5 ��5���&�Q���H��¢�î���£�¢
£��r�G��¢��S�5Ç�óJ�c�d�Q�%¡
�G¡S�5¢,+<�r¡K�G�Q�¥±��G�-)��G�&Ä~�%�d�r�Q�%�QÆ¥¼ í&ª ¿ µ



.0/2143657398;:2<�1>=,?A@�1�BDC0/;E�F�GH14I'J	KML�?NE%36OPE%3QESRT<UF�1�?7?N1SG�3 V�W

XZY\[7]�^_Y V�`*a	aPb-c�d6e [gf d,h%i f6j clkmb�d f�n V�oSpqc�rts2cub ^_v c Y*f d,wxc�b6cls\e\y [_^ d j c�z{h Y}|%Y c�rts2cub ^g~
v c Y*f-|	[ d f emz ] h	i;s2c [7[ c f�^_YS� c�� f-^ h Y�^7Y�|Zf h	� |%v�| �Us [7| d v�| y ]'� h�d f c�bMc f�|%[��!^7Y�f-j c X>�9���Z�
f h�� |%v�| � n W%`%p �

� j c>s ^ s2c ~H� e YPf�] s;c>s2c [7[ c f�^7YS� c�� f h�bxw ^_f6j�^7Y d ^gf e���h Y ztc Y d |%f6^ h YT� w j\^ � j�^ d f6j c f�] s;c ^_Y
emd6c |Sf�� �Q� � w | d>kmb�d f emd6c�z ^7Y V�`*a%��y ]{��^_[ h	b | c f�|	[���n �\V4p ��� c�� | emd6c ^gf'^ dUh Y clh%i f6j c
d ^_v s [ c�d f�f h���h Y d f b6e;� f�^_f�^ d Y hSw�w ^ ztc [_] emd6c�z}iAh�b�d ^gf e |Sf-^ h Y d ^7Y w j\^ � j h Y\[7]}|�[7^_vl^_f c�z
Y e v y2cubQh	i�����V����xs2c [7[ c f d | b6c Y c��uc�d-d | b ]��



�0 2¡4¢6£7¢9¤;¥2¦�¡>§,¨A©�¡�ªD«0 ;¬��®H¡4¯'°	±M²�¨N¬%¢6³P¬%¢Q¬S´T¦U�¡�¨7¨N¡S®�¢ µ�¶

·0¸_¹�º\»-¼�µ�½�¾ ¿\ÀZÁtÂ�Ã%Ä\Ä\¼�Å$Æ6¼uÇ�Æ,È	ÉMÆ6Ê\¼�È	Ë"Åt¼�Ì�Æ,Í\º\Î\Ë7¸"ÂuÃSÆ-¸_È�Ä�Ïl¼uÄ*Æ-¸_È�Ä\¸_Äm¹PÉAº\¼�Ë_¸7Ä\¹�È%ÉxÃPÉAºmÌ�¸7È	Ä
Åt¼�Ð*¸"Â�¼UÎ�Ñ�Ì�È�Ë_¸"Å�Í;¼�Ë_Ë7¼�Æ�Ì�ÒA¹�Ë_È�Î\º\Ë7¼�Ì�Ó4Ô0ÒAÍ\º\ÎmË_¸"Ì�Êm¼�Å$Î�Ñ�Õq¾2Á�Í\¸_Æ6Ö�¼u»�×�»�¾q¼�Æ>Ã%Ë�¾q¸7ÄØµ�Ù�Ú%Û�Ü_µ�¿*Ý�ÞAÓ4¾
ß9È	Æ6¼UÆ-Ê\¼�Ì�Æ-Ã	ÏlÍmÌ�à�Ì�¼�Â�»-¼�Æ-à�Ã%Æ�Æ-Ê\¼'Æ-È	Í�Ã%Ä;Å$Î;È	Æ�Æ6È�Ï$ÔáÃ	ÄmÅ�à	Å\¼�Â�Ë"Ã	Ì-Ì6¸gâm¼�Å\à�ÃSÆ�Æ6Ê\¼�Î;È	Æ�Æ6È�Ï
È%ÉDÆ6Ê\¼UÍ;Ã%¹	¼�¾



� �������	��
 �

�� ������� � ���������������

 "!$# %'&)(�*�%�+ ,.-0/2143516/
798;:<8;: =	>@?BA�CEDGFIHKJMLON�PRQESUTWVXHYVELYZ
[9\Y]_^`[Xa�bdcfehgjikgjemlnbogjpGbG]rqtsubdlwvusuxy]	s{z}|~pG]$zYcf��vu]I�9��pdgfz���]I�9suz��r�������u�r�f�����9�Yz�qO]�pwbG\Y]z�gfi�]��Ga`]�bd�Yv�gf�������I��������z��$�I f¡¢bG\Y]w��z�lnbds�bd�ObG]¢suz�|~pd]�z�cf�Yv{]£i"ch¤f]rq_bdc¦¥§gfq�gjpogf�o\Y]kgjz�qbG\�]�ikgf�o\�suzY]�¨§gIl©lG\Ys{ªYª«]$qkbdc�^¬s nzY\K�Ys{®�]$z£bdc0pd]�ªYv�gf��]Xbn¨§c¯s{zw\YcI��l;]~]�°Oª«]�pdsui"]$zIbol��K[±cfpGbG�Ypgjz�qB²Kª�s{�$gY�Y¨X\Ys��o\B¨©]$pG]6��v{cIlG]$qBqOch¨XzBsuz��r�f ��4gjz�q¦�r�f f B�u�r�j r���[9\Y]"bGcIehgjikgje	pd]$��]�s{¤f]rq_gBzY]�¨�z�gfi�]I³4^Xs nzY\K�Ysu®$]�z´[±cfehgjikgje	aMpGcfn]$��bkµ¶^`[Xa©·W�±^.[Xa¨9gfl§ªY�ObEs{z�bGc"cfª«]�poghbdsucIzws{z�¸Igfz���gjpd¹��$�f I�¢�u�f�r¡r���^`[Xa}¨9gfl~��v{cIlG]$q	qYch¨Xz	suz´²K]$ªObG]$i¯�«]�p"�$�I�f Y�~[9\Y]���gflG]0v{cIgIq�\�gIlE�«]�]$z@qOs�l;ikgfzIbdvu]rqº�i"cIl;bEcjxRbd\Y]0gIqYqOsubGs{cfz�gfv»]r¼I��suªYi"]$zIb"µy\Y]rghbdsuzY½�� qYs{gf½fzYc�lnbds{�$ld·§\�gIl¬�«]�]$z�bGpogjz�l;xy]�pdpd]$qBbGc£bG\Y][X¾<¿~[EÀ~^ÁbGcIe�gfikgjemsuz}¸ºÂ�Yv{s{�o\ÄÃ��Å[9\Y]¦��cIi�s{zY½Æ¹I]$gfpdl"bd\Y]�lG��su]$zIbds�Ç«��ªYpdcf½fpogji�¨Xsuv{v~��]��cIz�bGs{z���]$q¢��cfbG\�ghb¬[X¾<¿~[EÀ~^Ègfz�q)ghb¬¸�¾M[2�
798;:<8¶7 =	>@?BAEÉEP`LYPRÊ�ZºHOZËL�F
^`[Xa_s�l`g~zYch¨§gIqYg�¹Ol»lGikgjv{vIbdcfehgjikgfe6¨Xs�bd\0ikghncIp±pogfqYsu��l.cfx��Y�Ì�jÍ¬iB��gE¤I]$ldl;]$vIi"s{zYcfp`pogfqOs{��lcjxX�Y�ÎÍjÏI�BiÐgfz�q´g)ªYv�gflGi"g)i"s{zYcfp0pdgIqOs{��l2cjx¬�Y�{�$¡f�)iB��[9\Y]wªYv{gIl;ikg)s�l6v{sui"subG]$qÆ��¹_bn¨©cv{sui"subG]�pol$�<g_��s{po���Yv�gjp�vus{i"s�bd]�p"ghbkg	pogfqOs{��l0cjx4�r _��i�gfz�q´i"ch¤hgj�Yv{]£bdcfªOÑ��«cjb;bdcfiÒv{sui"subG]$pdl¨X\Ys��o\wgjpd]ElG]�b9ghb§g¯pdgIqOs{��l<cfx<�$¡Y� �¯��i�s{zwgfvuvÄqOs�lG����lGlG]$q£]�°Oª�]$pGs{i"]�z�bdl$�`ÓÈlG�Yi"ikgjpd¹0cfxºbG\Y]^`[Xamª�gjpogji"]�bd]�pol��O��cfi"ª�gjpd]$qw¨Xs�bd\)bG\Yc�l;]2cfx±�n[X¾M^4�Ys{lXlG\Ych¨XzBsuz�[.gj�Yv{]4ÍO�{�
ÔnÕ×Ö2Ø.ÙrÚ¶Û�Ü6ÝoÞÎß¶à§á�Ö�àGâ»Ö6Ýoß±ã.Ù�ÞÎäÎá

���



å.æ«çWèGé{è¬ê�ë«ìKç~í2îyïKçrð±ñ.æ�ò$ó`ô�çWõEöY÷`ø�ù�è$ôúõrûjüwçoùÄô�òYôúéyï�ù ýrþ

ÿ��������	��
uý���������������������������������`ÿ� ����!"���#��!$��%'&)(nÿ�*��,+�����-'�����.&/

�#��+���0�%�� �`ÿ�21 ��354 (nÿ�*��61 �74
�#�"89���:����&;0�<'� �>= 3�
@?�� A�
{ý �
-��B���C���D��0�%���������&;0�<'� � 3�
{ý.E�F �;
 A �
-��B���C����+�<��C����%G� (IH.J K�ýrþ�3 KL�Oý�
 3�3�3 !;M
�C���C��0�&����ON'���B& PRQTS�U K,��
 F þ;
@? ÿ
&;��%V�W0X�9Y[ZT+���%G�C���7\ %']�^ = 3'
 þ"_dý.F �5_oý.3 `Xý.3ba9cd�feOg
h ����0�+d������-O�����"�C<'�C�#ZT+���%G�C���7\ ÿ:]�^ = KÅý�
 3 K�F'
 3 !��.i
�C�.�D-O�����"��<����dj�0X�C�k��&�&/
����7�"�C0�%�l ÿ:]�^ = K�þ�
 3 K ý.3�
 3 !��.i
�C���m���9Y#�T��+n����� oGp"q"o cCrts �;
Îþ5_IA�
 3 K,u�
 3
��vw
 0���%k+��'���Cl�� x ]zy ý�
Îþ5_Iu�
 3 ý�
Îþ
�W�'���>&;<����"��0X��% � K{3'
 þ K6ý.3�3�3 �
��&�&�0|��0X��%'���/���7�"��0X%�l �} K{3'
 A ý73�3 ~k�
�C���������m<V�W0���%�-O�"jR�.� �� 3 ýrþ�3�3 ~k�

s �m���>�.ÿ������0��>0��>o p�� �m����(nÿ�*��{����0��>0���o c�r 


�:�W����� �������'�L�C�>�t�;�,���>���b��� �L�G���
ÿ:����+��G����&�0X%'���C�	�CYb�W�C�.��<'�C�.&)�C�'�C��<�l�����<;���C�'0��:�����.�C0B��0��L����������0B&����/��%��.� � ���>0���<V�W<'���/0X%
�C��!"���#��!#-��bY;�C0�+.�	ZT�C�����t0XlV
��;
{ý7\�


x�
y 

z¡

r

θ

ϕ

R0

��0�l�<'�C�¢��
uý�� ÿ:���¢+��G����&�0X%'���C�£�CYb�W�C�.�#�
<'�W�7&f0X%f�C�'0��:�����.�C0B��


ÿ:���)�CYb���O���B��<V�W�7&¤�����#�C�'�¥�C���C��0�&'���R&�0X���.+��C0���% ¦ � �C�'�$����&;0B����&;0X���.+��C0���%¤� � ��%'&§�C���
-O������0B&�����&�0X���.+��C0���%k¨�
>P��.�C0B&;�.�:�����.�C�©�CYb���O���B� � ���B�W�#���ª�C�.%��C���D�W<��V�C+��C0�-;�¥«W-O���B¬#���¥«9������¬
������<'�C�.&f���$0�%'&;0B+����C��������-O������0B&�������%V&��C���C��0�&�����&;0����.+n��0X��%'�.
>������C�'������&;0B���t+��b����&;0�%'�"���
®�¯�°7±³²/²�´.²�µ�¶W· ±³²/²¹¸n·�¶Iº�°"»�µ½¼5± ¾�¶9¿¹¶9À�µ/Á�¿�¸n·§µ¹°5¶wµ�¸n¿¹¸n±³¼5»�Â�²T´7²Tµ¹¶9· Ã5²¹¶9¼dÄ�´>·>»�µ�°5¶9·>»�µ¹±³Å9±@»�À5²WÆ7Ä5Ã.µ½¸nÀ5Â ´±³À>µ¹°5¶�À"»�·�±³À7Ç�¸�Á;µ�°5¶wÈn»�¿�±@»�Ä5Â³¶9²t»�À5¼Lµ¹°7¶�¼7¶9É5À5± µ¹±³¸nÀ¸�Á�µ¹°5¶�²�±³ÇnÀd¸�Á;µ�°5¶�¼5±³¿¹¶9ÅIµ�±³¸nÀ5²CÊ



ËtÌOÍnÎCÏ�Î>ÐVÑOÒbÍdÓÕÔmÖbÍ7×�ØtÌVÙ.ÚwÛzÍnÜLÝ�ÞwßIà'Î.ÛTÜ7á�â$Í�à�Û¹Ù�ÛTÏmÖ5à ã.ä

å>æ�çªèCé�êìë�ê'æ�å�í�ë�îXï�ð�é7ñ�ò�æbæ�å�ñ;ï�ê'ë"è�édó¥ôöõ�÷"ø)ï�ùLú'ùWé7ñ/û'ü�ý'ï�ò�ý�þ"ë�å�ïXé7ù:çmå�æ�í ÿ�ï�ê�èCý'é���îBë�ùCí�ë
ò�é.êGèCé�å:è�æ ã ë�è�èCý�é��'î�ë�ùWí#ë��Væ�ú�ê'ñ�ë�å��	�
�� æ�í�é�èCï�íDé7ùÕë�îBùWæ#è�ý�é�ð�zò�æbæ�å�ñ;ïXêVë"èCé�æ�ç�èCý'é©ê�æ�åCí#ë�î�æ�åCèCý'æ���æ�ê'ë�î�ò�æbæ�å�ñ;ï�ê'ë"è�é�ù��;ùWèCé.í ï�ù
ú'ùCé.ñ©çmæ�å�ñ;ïBë���ê'æ�ùWèCïBò�ùwþbïXé.ü�ïXê��	ïXê�è�ý'ë"èRñ�ïXå�é.ò�èCï�æ�ê��ªçmæ�å�é���ë�í��'îXé��:ý'æ�í#ùWæ�ê#ùCò.ë"èWè�é�å�ïXê����wë�êVñ
èCý'é����zò�æGæ�å�ñ�ïXê'ë�èCéÕïBùLùCæ�í�é�è�ïXí�é.ù>ú'ùWé7ñfçmæ�å���ý�é�ê'æ�í�é�ê'ë�ï�ê�èCý'é�ý�æ�å�ï�ð�æ�êGè�ë�î���îBë�ê'é��TùCú'ò�ýìë�ù
�Oé�î�îXé�è>ïXê �9é7ònè�ïXæ�ê!�"�
#%$�&'$)( *,+�+�-/.0-�1325476�859�4:.;-�2�<
= è�>?�A@CBD���bå�æ�èCå�æ�êVùLë�å�éDú'ùWé7ñkçmæ�åFE�îXé7ònè�åCæ�êHGI�;ò�î�æ�è�åCæ�êJ>�é.ùCæ�êVë�ê'ò�é�KLé.ë"è�ïXê��L�MENGN>5KO�"�
�:ü�æ�æ�ç�èCý�é7ùWéFENGN>5K,ùCæ�ú�å�ò�é7ù�æ��Oé�å�ë"è�éë�è ä ÿQPFK>ð�ûbèCý�éèCý'ïXå�ñ¥æ�ê�éæ	�Vé.å�ë�èCé7ùRë�è ã�ã ÿQPFKLð��
�:ý�é#ê�æ�í�ïXê'ë�î'�Oæ"üRé.å	ï�ùSR�ÿ�ÿUT�V çmæ�å	èCý'é ä ÿ�PFK>ðW�	�båCæ�èCå�æ�ê'ùÕë�êVñHX�ÿ�ÿUT�V çmæ�åÕèCý'é ã�ã ÿ
PFK>ð����båCæ�èCå�æ�ê��:Y>æ�èCé�è�ý'ë"è�è�ý�ïBù�ïBù�í�úVò�ýDí�æ�åCé:è�ý'ë�ê�è�ý�éFZý�í�ïBòA�Oæ"üRé.åwèCý'ë�è�ï�ùRñ;é�Oæ�ùCïXèCé.ñ
ë"èdèCý'é�ù�ë�í�é©èCï�í�é[�mè/����ï�ò.ë�î�î
��è�ý�é\Zý�í�ï�ò��Oæ"üRé.ådñ�åCæ	�'ùèCæ]X�ÿ � ã ÿ�ÿWT�V ñ;ú'åCï�ê;�[ENGN>5KO�"�
�:ý�é�ë�åCé7ë©æ�çwñ�é�Oæ�ùCï|è�ïXæ�êfæ�ç�è�ý�é��Oæ"üRé.å>ò�ë�êU�Oé�ò�ý�æGùWé.êD���fë��;��î^�bïXê��¥ë�í�ë���ê�é�èCïBò�_'é�îBñfçmæ�å
ü�ý�ïBò�ýìè�ý�éQ�	�båCæ�èCå�æ�êkïBùå�é.ùCæ�êVë�êGèë"èdèCý'éDñ;é7ùWï�å�é.ñ��Oæ�ùCïXèCï�æ�ê���`é�Oé�ê'ñ;ï�ê;��æ�ê[èCý�é�ë�êGè�é�ê�ê'ë
ú'ùCé.ñ/ûVèCý'é©ý�é7ë"è�ïXê;�fò�ë�ê]�VéDîXæ;ò.ë�î�ïXð.é.ñ�å�ë�ñ;ïBë�î�î
�fï�êkèCý�ïBùdü�ëa�L�mï�êìè�ý�é�æ�å�ñ;é.åLæ�ç ã ò�í������:ý�é
ENGN>�KC�Oæ"ü�é�å>ò�ë�êfë�î�ùCæ��Vé�í�æ;ñ;ú�îBë"è�é.ñ)æ�êkëDí�ïXî�îXïBùCé.ò�æ�ê'ñ$èCï�íDé©ùCò.ë�î�éLè�æ¥ñ;æb�Vé.åWè�ú�å��Vë"èCï�þ�é
ý�é7ë"è:èCå�ë�ê'ù��Oæ�åCè:é�0�Vé.åCï�í�é�êGè�ùc�
#%$�&'$Md e�f59g6�-�25<ih	j5h�.09gkih
��æ)ï�ê'ò�å�é.ë�ùWé©èCý'éDï�ê�ïXèCïBë�î�ñ;é.ê'ùCï|è/�ìï�ê ëfò�æ�êGèCå�æ�î�î�é.ñkü:ëa��è9üRæ)è/���Vé7ùÕæ�ç:ñ;é�ê'ùCïXè/��çmú�é�î�ïXê���ë�åCé
ë5þ"ë�ï�î�ë���î�é�ë�èS>?�A@wû/çmé�é7ñ0�'ë�òlT�ò�æ�ê�è�åCæ�îXî�é.ñm��ë�ùF��ú0n#ê;�o�mèCý�é¥å�é�î�é.ë�ùWé�æ�çN�Gë�ùÕï�ê èCý�é#þ�é.ù�ùWé.î�û
å�é.ë�î
�¹èCï�íDé)ò�æ�êGè�åCæ�îXî�é.ñH���§ëìí�é.ë�ùWú'åCé.íDé.êGè�æ�ç�è�ý�éD�'î�ë�ùWí#ëké.îXé7ònèCå�æ�ê¤ñ�é�ê'ùCï|è/�;�©ë�ê'ño�Vé.îXî�é�è
ï�ê �9é.ò�èCï�æ�êp�mü�ý�ïBò�ý�ü�ïXî�îq�Oé�ñ;ï�ù�ò�úVùCùCé.ñfï�ê)í�æ�å�é	ñ;é�è�ë�ï�î½ï�ê)è�ý�é	ê�é�Gè � é7ònè�ïXæ�ê½û � é7ònèCï�æ�ê�R;� R	�"�

rbs"r tiu[vxwLv�ycy�v%z|{}O~gv��Nz:�S���Oz���t��

�:ý�éD�Vé.îXî�é�è�ïXê��9é.ònè�æ�åDïXê ú'ùWé�ë"èb>?�A@ ý'ë�ù��Oé�é�ê ñ;é.ùCï^��ê�é7ñ¤ë�ê'ño��ú�ï�î|èb��� è�ý�éD>>ï�ù��ìîBë��Oæ��
å�ë"èCæ�å�� ïXê�>�æ�ù�TbïXîBñ;é�û'`é�ê'í�ë�å�T�� ã R�X;û ã R äa� �J�zèDü�ë�ù�ï�ê'ùWè�ë�î�î�é.ñ§ï�ê ãc�	��ã ë�ê'ñ§æ��Oé�å�ë"è�ïXæ�ê'ë�î
ë"èdèCý'éDé.ê'ñ æ�ç�è�ý'ë"è���é7ë�åb� ã X � û ã7ä�ãl� �S�zè	ý'ë�ùO�D��ê�é.ú�í#ë"è�ï�ò�ùCïXê;��îXé�ùWè�ë���éQ��ú�êJ�Vë�å�åCé.î�ùLçmæ�å
ý��;ñ;åCæ	��é.ê½û�è�ýbú'ù�ëkí#ë��bï�í�ú'í æ�ç5���Oé�î�îXé�è�ùDò�ë�êp�Oé�_VåCé7ñ ïXê'ñ�é�Oé�ê'ñ;é.êGèCî^�§ïXêGèCæìèCý�éfùCë�íDé
��îBë�ùCí#ë$ñ;ïBùCò�ýVë�å���é��O�:ý�é�å�é©ë�åCébR#è/���Oé.ùæ�ç3��ú�êJ�Vë�å�åCé.î�ùLü�ý�ï�ò�ý ñ;ï���é�åÕï�ê[ï�ê�ê�é.åÕñ�ï�ë�íDé�èCé.å.û
å�é.ùCú�î|è�ïXê���ï�ê#è9üRæDñ;ï
�Oé.åCé.ê�è%�Oé�î�îXé�è:ùCïXð.é.ùc�7��æ�ú'åRæ�ç/èCý�éO�'ë�å�å�é�îBù�ý'ë5þ�éë�ñ�ï�ë�íDé�èCé.åRæ�ç�ÿ;� ä í�í
ë�êVñ\��å�æ;ñ;ú'ò�é��Vé.îXî�é�è�ù>ò�æ�ê�è�ë�ï�ê�ï�ê;�#ë��Oæ�ú;èLÿ�� X�� ã ÿ��/�Õë"è�æ�í#ùc�'�:ý�ï�ù>ï�ù�é��Gú'ë�î�è�æ��;� Bb� ã ÿ0���
��å�ë�í�� ãc� ÿ � û��'ú;è�è�ý�é¥êbú�íS�Oé�å�æ�ç>ë"è�æ�í#ù	ïBùÕèCý�é$ú'ùWúVë�î�ú'ê�ï|è©ïXêp�Oé�î�îXé�è�î�ï|è�é�å�ë"èCú'åCé	�U�:ý�é7ùWé
�Oé�î�îXé�è�ù�ò�æ�ê�è�ë�ï�ê�ë êbú�íS�Oé�å�æ�ç��'ë�åCèCïBò�î�é.ù©ü�ý�ïBò�ý ïBù©æ�ê¤è�ý�ékë5þ�é�å�ë���é¥ë��Oæ�ú;è�éc�Gú'ë�î�èCæ èCý�é
��îBë�ùCí#ëD�Vë�åCèCïBò�î�é¥ò�æ�êGè�é�êGè�æ�ç�ëfè/����ï�ò.ë�î'>?�A@ ��îBë�ùCí#ëkñ;ï�ù�ò�ý'ë�å���éU�Tê;¡l¢ £5ô � � ã ÿ��/¤b¥m��¦��"�
�:ý�ïBù	í�é.ë�ê'ùdèCý'ë�è	èCý�é\�Vé.îXî�é�è�ù�ë�å�é�åCé.î�ë�èCï�þ�é�î^����ï^�'û�ïXê í�æ�ùWè�æ�è�ý�é�åÕè�æ�T"ë�í#ë�Tbùdè�ý�éW�Oé�î�îXé�è�ù
ë�å�é	ùWí#ë�îXî�é�åLò�æ�íb�'ë�åCé7ñ¥è�æ#èCý�éS��î�ë�ùWí#ë��'ë�åWè�ï�ò�îXé�ò�æ�êGèCé.ê�è��N�:ý'é	åCé7ë�ùCæ�ê)çmæ�å�è�ý�ï�ùLï�ù�èCý'ë�èLïXê
í�æ�ùWè	èCæ	T5ë�í#ë�T;ùF�Vé.îXî�é�è�ù�ë�åCé#í#ë�ï�ê�î^�[ú'ùCé.ñ�çmæ�å	çmú�é.îXï�ê;�]��ú�å��Oæ�ùCé.ù.û�ü�ý�ï�î�é¥ë"èQ>?�A@ �Oé�î�îXé�è�ù
ë�å�é�ú'ùCé.ñ èCæ]�Oé�åCèCú�å���èCý�é\��î�ë�ùWí#ë�����æ�å�èCý�é¥ù�ë�í�é#å�é.ë�ùCæ�ê[èCý�é$æ�èCý'é�å � �'ë�åCå�é�îBùÕý'ë5þ�é#ë�ê



§:¨�©"ª�«^ª5¬!�®�©O¯F°)±�©�²�³:¨!´cµ?¶·©"¸�¹;º?»½¼�ªc¶¾¸�¿�À\©l¼Á¶Â´;¶¾«)±a¼ ÃaÄ

ÅÆ	ÅÇ[ÈÊÉ�Ë�Ì�ÅË5Í;Î^É�Ï�ÅÐ�ÅcË�Ñ�Ò'Ó�Ô ÕbÏbÏ[Ö�È^ÅcÉ	Í0Î
Ç�ÌWÐ�Ñ\É�Ç]ÉaÆ�ÅËlÉ�Ì	Å�×�ÅÈ^È^Å�ÐOØ�Î^ÙÅ�Ñ�Ò'É�Ú!Ñ	Û0ÐOÜbÝ Ã Ó�Þ/ß
É Ð�Ñ�ÏWØ�àÂáãâ�âQäqÌ�å�Ö;æAç;ÎÊèlçDÎÊØAé�Ð�Î^ÏbÅcØ%Ð�ç;Å�×;ÈÊÉ�Ø�ÏWÉQ×!É�Ë�Ð�ÎÊè�È^ÅFèÑ�Ç�Ð�ÅcÇ�ÐcÔêNë èlç!É�Ç;Ì	Î
Ç;Ì�Ð�ç;Å�×!Ñ æNÅË�Ñ�Ç]Ð�ç;ÅbÍ0Î�ìÁÅË�ÅÇ�ÐOç;ÅcÉ�Ð�ÅËlØ�É�Ç�Í[Ð�ç;Å�Í;Ë�Î^Æ�ÅcË�Ì	É	Ø5×;Ë�ÅcØ�Ø�Û;Ë�Å�Ð�ç;Å
ÏWÉ�Ø�Ø�Å�Ø�É�Ç!Í,Æ�ÅcÈ
Ñ0è�Î
Ð�Î^ÅcØDèÉ�ÇíÚ!ÅmÆ É�Ë�Î
Å�Í,Ø�Ñ	Ï�ÅcæAç�É Ð�Ôïî%ç;ÅmË�É�Ç;Ì�Å�Ñ�Ò�×!ÅcÈ
È^Å�Ð[ÏWÉ�Ø�Ø�Å�Ø\É�Ç!Í
Æ�ÅcÈ
Ñ0èÎ�Ð�Î
Å�Ø5Ð�ç�É Ð�èÉ�Ç�Ú!Å�×;Ë�Ñ0Í0Û�è�Å�Í]Ú ë Ð�ç;ÅQÐ/æNÑ\ð�Î
Ç!Í;ØOÑ�Ò'Ú�É�Ë�Ë�ÅÈÊØ�É�Ë�ÅQÌ�Î^Æ�ÅÇJÎ
ÇLî�É�Ú;È
ÅbÜ0ÔñÜ0Ô
î%ç;ÅLÆ É�Ë�Î^É�Ð�Î^Ñ�Ç,Ò)Ë�Ñ�ÏòØ�ç;Ñ�ÐUÐ�Ñ�Ø�ç;Ñ�ÐUÒ)Ñ�Ë[É�Ø�Î^Ç;Ì�È^ÅmÌ	Û;ÇãÚ!É�Ë�Ë�ÅcÈ�É Ð[Ð�ç;ÅLØ�É�ÏbÅHØ�ÅÐ�Ð�Î
Ç;Ì�ØUÎ^ØóQô á Ã Ó�õ�É�Ç�Í óQö áã÷�õùø Ã Ü�÷aúÂÔ

î:É�Ú�È
ÅSÜ;Ô Ü;û?ü?ÅcÈ
È^Å�ÐA×�É�Ë�É�ÏbÅ�Ð�ÅcË�Øý ÏbÉ�È
Èg×!ÅcÈ
È^Å�ÐlØû
Í;Î^É�Ï�ÅÐ�ÅcË Í Ó;Ô þ Ï�Ï
Æ	ÅÈ^Ñ0è�Î
Ð ë ÿ × Õ	÷�Ó�� Ã�Ã ÷�Ó Ï � Ø
×!É�Ë�Ð�ÎÊè�È^ÅFèÑ�Ç�Ð�ÅcÇ�Ð � É�Ð�Ñ�ÏWØ Ó�Ô Ã Ü��½Ó;Ôñ÷ Ý Ã Ó�Þ�ßFÉ Ð�Ñ�ÏWØ
ÏWÉ	Ø�Ø �]× Ü0Ô Ó��½Õ;Ô â äqÌ
Æ	Ñ�È^Û;ÏbÅ Ó;Ô Ó�Ó�þ��·Ó�Ô Ó�Ü é Ï�Ï��	 É�Ë�Ì�ÅO×!ÅcÈ
È^Å�ÐlØû
Í;Î^É�Ï�ÅÐ�ÅcË Í Ó;Ô Õ Ï�Ï
Æ	ÅÈ^Ñ0è�Î
Ð ë ÿ × â�÷�Ó���
	Ó�Ó Ï � Ø
×!É�Ë�Ð�ÎÊè�È^ÅFèÑ�Ç�Ð�ÅcÇ�Ð � É�Ð�Ñ�ÏWØ Ó;Ôñ÷��½â;Ô Ó Ý Ã Ó�Þ�ßFÉ Ð�Ñ�ÏWØ
ÏWÉ	Ø�Ø �]× ÷;Ô ÷��·â	â äqÌ
Æ	Ñ�È^Û;ÏbÅ Ó;Ô Ó Ã þ��·Ó�Ô Ó�
�þ Ï�Ï��

 Ø�èlç;ÅÏWÉ�Ð�ÎÊèF×;Î^è�Ð�Û;Ë�Å�Ñ�Ò:Ð�ç;ÅSèÑ�Ç�Ø�Ð�Ë�Û�è"Ð�Î
Ñ	Ç[Ñ�Ò?Ð�ç;ÅSÌ�Û;Ç]Ú�É�Ë�Ë�ÅÈÊØ%ÎÊØ�Ø�ç;Ñ æAÇ[Î
Ç��:Î^Ì�ÔAÜ0ÔñÜ0Ô
î%ç;ÅSÐ/æIÑ�Ñ	Û0Ð�ÅcË�ç�ÅcÉ Ð�ÅËlØ�É�Ë�Å�Û!Ø�Å�Í[Ð�ÑUè�Ñ�Ç�Ð�Ë�Ñ	ÈqÐ�ç;ÅbØ�Î
ÙcÅ�Ñ�Ò7Ð�ç;ÅQ×�ÅÈ^È^Å�ÐcÔFî%ç;Å�è�ÅÇ�Ð�ÅË�ç�ÅcÉ Ð�ÅË

first low press. H2
(15 mbar)
�
then high press. H
�

2
(30-40 bar)
�

outer�
heater 1

outer�
heater 2

liquid He cooling
�
and center heater�

pellet is�
shot with�
velocity of�
of 500-�
1150 m/s

��Î^Ì�Û�Ë�Å�Ü0ÔñÜ0û ý èlç�ÅÏWÉ Ð�Î^è�Í0ËlÉaæAÎ^Ç;ÌQÑ�Ò:ÉbÌ	Û;ÇDÚ!É�Ë�Ë�ÅcÈMÔ



������� �!�#"%$�&'�)(+*-,'�/.10��%24365���798;:6<>=?�45@7/A�BC�D=E5F2;5@�-,�= G4H

IKJMLON�PRQ%STP/UWV XWSTXMYZV P4LOV [?PRX�Q\V]S ^_U\P`XMYaV [;PRb�PKc!cdPKV+b%J�e V ^_J�c!cdfWgh[;^_ID[iJ�j�P/I�V]SkV][;Pl^!L�mnP/I�V ^!XML
o P4cdX\IK^pVnfEq�^pVrgh^dc!c�N;e P/J�sRY-e]PKP#Y-e]XMtuV][;P9V]Q;N�P)J�VvJwc!X�gvPKeyxzJMSyb;e P/S S Q;e]PM{'STX`V [;P o P4cdX\IK^pVnfRgh^dc!c
N�PwSTt|J�c!c!PKe/}~ [;P�U\e]^ o PKeRx�JMSl^_Sle]PKt�X o P4U�N'f�VngvXiPK�'b%J�L?S ^dX�L�ID[?JMt`N�PKeDSlN�X�V][�IKXML;L;P/I�V]P4U�V XiV [;P� ^!xM[zVrV Q;N�Pwgh[;^_ID[WI�XML?L;P4I�VhV [;P�b�PKc!cdPKV#xMQ;L%SvV X�V [?PkV]XMs�J�t|JMs��@S PKP+�?x��;} �z��}

RTP
�

va
lv

e 
B

support frame�

tilting adjustment
�

expansion�
chamber 1�
(400 liter)

expansion�
chamber 2�
(600 liter)

Floor

flight-tube
�

di
ag

no
st

ic
 u

ni
t

va
lv

e 
C

va
lv

e 
A

8 shot
�
unit� liquid-He-supply

1 m

� ^dx�Q;e]P��;} �?q��9eDJ�gh^dL?xRXMY�V][;PwI�X�tRb?cdPKV P�b�PKc!cdPKV#^dL�mnP/I�V]XMe/}
� STb�P4IK^!JMcEY-P4J�V Q;e]P+X�Y�V][;Pw� ~h� b%P4cdc!P�V#^!L�mnP4I�V X�eh^!SvV][;P�b%XzS S ^!N;^dc!^dVnf�X�Y1V ^!cpV]^dL;x�V][;P�J�L;x�cdP

X�Y�^!L�mnP4I�V ^!XML�N�P�VngvPKP4L����`J�L?U H �+^dLiSnV]PKb?S9X�Y G �C�@S PKP � ^!x?}9�\} ����} ~ [;^!S9e P/STQ?cpVDSh^dL�XMN;c!^! zQ;P
^!L�mnP4I�V ^!XMLRgh[;^!ID[Rt|J�s�P4S�^pVab�X�S]S ^dN;c!P¡V X+^dL�mnP4I�Vab�PKc!c!P�V]S�Y@J�e6X�jCJ��'^_S4} � V6V [?Pvt|J��'^!t`Q?t¢J�L;x�cdP
V [?PwI�c!X�S P4STVhJMb;b;e]X�J�ID[�X�Y�V [;P�b�PKc!c!P�VhV X�V][;P�t|J�x�L;P�V]^!I+J��\^_Sv^!S G�G }£�`IKt¤�@¥R¦§�?¨ � H ��}� YZV]PKeRV [;P©�?L?JMchST['Q\VDU\X�ghLªX�Y)� ~h� V [;P«b�PKc!cdPKV�^!L�mnP/I�V X�elgrJMSlt�X o P/U¬V XiV [;PW �k® ~
P��\b�PKe]^dt�P4L�Vh^!L�¯¡Q;cd[%J�tW{?°aL?xMc_J�L?U±{'^!L�OJ�eDID[ G/²M²�² }

³�´Dµ ¶¸·�¹�ºR»W¼`½6·K»Wº¿¾6ÀWÁÃÂ�ÄK¹�½�Å¿¹Æ¹w»WÇÈ¾6ÀWÁÉÂ¬Á9Ä4Ä�Ár¾
~ [;P9U;^!JMxML;XzSnV]^!I4S�Q?S P4U�V]X`SnV]Q?U\f�b�PKc!cdPKV¡^!L�mnP4I�V ^!XML�^!LCJ�b;c_JMS t|JwIKJML|N%P)U\^ o ^_U\P/U|^dL���Vnfzb�P4S4}
�k^!JMxML;XzSnV]^!I4S¡X�N?S PKe o ^!L;xlV [;P�b�PKc!c!P�V#N�P�Y-XMe]P+^pV#e]P4J�ID[;P4S¡V][;P�b;c_JMS t�J?{;U\^_J�xML?X�STV ^_IKSvXMN?S PKe o ^dL?x
V [?P�b%P4cdc!P�V#gh[;^!c!P�^pV#^_Sr^dL%ST^_U\P+V [?P�b;c!J�STt|J�J�L%U©U\^_J�x�L;X�STV ^_IKSvX�N?STP4e o ^!L;xlV [;P�b;c_JMS t|JR^pVDSTP4cpYn}
ÊrËÍÌhËTÎ ÏWÐ�Ñ ÑnÐ±ÒªÓkÔnÕ6Öy×#Ø¡ÙMÒ;Ô Ú±Ù
� YZV]PKe�V][;Prb%P4cdc!P�Va[%JMS6N�PKPKLR�?e]P4UÛ{�N;Q\VaN�P�Y-X�e Pr^dVae P/JMID[;P/S�V][;Phb;c_JMS t|J;{�V [?e P4PhtRP/JMS Q;e]PKt�PKLzV]S
X�Y�V [;P+b�PKc!cdPKVr^!L©Y-e P4P � ^!xM[zV#J�e]PkU;XML;P�q1V][;P+b%P4cdc!P�V o PKc!X\I�^dVnf o'Ü�Ý>Þ Þ Ý�ß {'V][;P)V ^!tRP+XMY1b?J�S S]J�x�P#^dL
Y-e]XMLzV1XMY%J�LwX�b\V ^_IKJMczU;P�V P/I�V]XMe�V]à1á¡âaJML?U�V][;Pvb%P4cdc!P�V6t|JMS]S�t Ü�Ý>Þ Þ Ý�ß }1ã>LlS XMt�PyXMV [;P4e1V]XMs�J�t|JMs'S
J�c_S XkV][;P#b�PKc!cdPKVy^!L�V]PKx�e ^dVnfwN�P�Y-XMe]P#^dVaPKLzV P4e]S�V [;P#b?c!J�STt|J+^_SaID[;P4IDs�P4UlN'f`t|J�s'^!L;xwJ+b;^_I�V Q?e PhXMY
^dVvgh^dV [WJ o PKe]fRY@JMSTV#¯h¯v�äX�e¡b;[?X�V X�IKJMt�PKeDJ;} � Vh� ~h� V [;^_SrU\^_J�xML?X�STV ^_I#grJMS¡L;X�V#J o J�^!c!JMN;c!P



å�æ�ç�è é!è#ê%ë�ì'ç)í+î-ï'ç/ð1ñ�æ%ò4ó6ô�ç�õ9ö;÷6ø>ù?è4ô@õ/ú�ûCçDùEôFò;ô@é-ï�ù ü4ý

þ�ÿ�����ÿ����	�
���!ÿ��������������!ÿ����Kþ��������������������� �_þ!��ÿ���"#��$��"%��?þ&'���("#�)��*��+����#þ����!þ!����Mÿ�����,"-Dþ&��
�!�.����/���)����������������0���/� �������1/�!ÿ��2�43��!ÿ0�������������5
�6������1/�4ÿ7�"�����$"8"#�������$�9���/����ÿ("#�$� �)���2�
þ�ÿ:�)"�"��Kÿ7��_þ!�;� �_þ!��ÿ���"#��$�)<�=
>:?�@2?7ACB4DFEGDFEGH0I�?
JLK;M�DF@�NPO�EGQR@)DLBSDFEGH
T ���U���1V�dÿ��+þ�ÿ���*��)��� ����-�8�!������+���)�������þ!���W1V�4þ�"#�(���2���
�X1V�/þ�ÿ("%�!��-Y+����� ��$�Kþ��7������2�Z����["�\]X^ ü þ�ÿ(� ]X^8_ 3�����*
�!ÿ��`���1V�)"a�b%cUd�þMÿ(�X�b%c'eC<Z=%fa�����7;�@þ!�����!ÿ��g��ÿ8����+� ����)������["h�$";����� �[i��2�
�����rþ	"�������W���1V�XY`���Kÿj����X���)������+k(���)"U�
�l3L"#�)�XmG��� _ = n
<Z=poU�2�Kþ��("#������X� �$"-Dþ�ÿ(�����6��-Y+���Kÿ
��(��-YU�j������2�Z����["g�$"gi'ÿ��&Yhÿ;\(����	*������ ����-�q�KþMÿ9�����Kþ!�$���(�!þ!��)�:������1r��������1V��� ��s6�)���4ÿ(���
�!�t����j-Y+�0�����$"��)")= T ����"�1V�4þ�"�������1V�Kÿ7����`*7uCvxw w vzyX�%þ�"`þMÿªþ��)�����Dþ����0�!�X{ ü 1}|&")\�þ&lþ
-�
���$�Kþ!�h*�þ������8���G*
uCvxw w vzy`~��!���&� ü ������1}|&"

� ÿ(�����,�����þ�"�"#�(1/������Mÿl��%þ&,*
uCvxw w vzyt� �
�2"9ÿ���X�[�?þMÿ������ �����dÿ��j����Rþ!���_þ&�����ÿ0�����
���)"�"�\
��(�X�6��������g�6��"��������ÿq�!ÿ("���� �8����8���_þ�"�1�þV�4þ�ÿ}�6�	����1V��� ��2�j��|þ�ÿWþ��������Dþ��������p��1V1 þ�"hþ
���;ÿ(������Mÿl�!�%���1V��=

RTP
flight tube
�

optical detectors�

microwave�
cavity�cryostat�

mG��������� _ = n(�.� �[���)1|þ&��$�����]þCY`�!ÿ��	���;����8� �_þ!��ÿ���"#��$�`�;ÿ���`�Mÿ�����X�dÿ&�-�2�Z����83-ÿ���U��/"��Kþ����C<Z=
T ���V�(���dÿ(�q���1V�����W��(�����)��������4þ�ÿ������������(�������Dþ!1V1V�)�0Y`�����"#��)�("8�!� ü 1�")=j�`������

�������6���+���Mÿ�� �������ÿ��!ÿ������;����X1|þ��[���!ÿ��)þ�"����!+��/"#����U*�þ!���_þ&����Mÿ}�!� ü ������ _ �����;"P��"t"����4ÿ
�����p����`1V�4þ�"#�����)�����1V�`�-bacUd!= T ����" ü ������ _ ���X�;"p�$"�\����&YU�)*��)�)\�ÿ���.�����2���$"#�t�4ÿ��������V����YU�
Yrþ�ÿ7a��,"��zÿ��[������ÿ������.����U�6��������.���7"#������Mÿ�Y`����lþ,1/�/þ�"�������1V�Kÿ7a����i�� T �(��1�"#��ÿ	"��4þ&�������!ÿ��(=
� �&Y�����$"g�4þ�ÿ:������1V�����&*��)�}��"g���)"��������6�)�q�dÿ:�����ÿ���5
,�
�2�Z�����ÿ;=
�t�L�`�L� �/�(�#�'�'�;���# g�¢¡�£g�¤��£g¥W¦¨§7¥W ©§
ª�«G¡7¡ �;���# g�¬,�-«p�W g¥U§�¡���ª¯®+°±¡�£g�

² �%³#³-�;¡
T ��1|þ&[�[�Cþ T ����1�"#��ÿ}"��4þ&�������!ÿ��	1V�4þ�"#������1V�4ÿ�+Y`����©þ�"#�6�)�������,���������������]þ�1V1/�2�/���)������
�6��"��������ÿ�þq"��6�)���_þ!�p� �)*7�$���/Yrþ�",���������µ´ � üZ¶ = � "#�!ÿ��q����$"8� ��*
�$�������� T ����1�"��Mÿ�"��4þ&#������dÿ(�
�_þ�"����.�������������t��������������)��Y`�����þ�ÿ/�;ÿ(������]þ��dÿ7-���!�h�,1/1�·+�!ÿ�����t���)������'�6��"�������Mÿ;=GoU�2�Kþ��("#�
�!������¸"#����q��µ"����!l*�þ!���!þ!����MÿR�!ÿ��6��������9*������ ����-� þ�ÿ(�¹�����!ÿ��S���1V��þ�������������}�����q����

º[»½¼+¾À¿�Á½¾ÀÂ`ÃaÄa¾ Á½ÅC¾À¿XÆ+Ç�»�È2ÄaÅCÃ-¿XÁLÅCÃ.É!Ã-ÊÀÊÀÃxÁ%ÅCË[»GËUÌ�Ã-ÊÀ¼�Í-¾ Á�Î,¼[Ï;Ð.Ñ�Â�Ò�»�Ó



ÔGÕ6ÖZ×�Ø�×gÙ�Ú6Û
ÖXÜ8Ý�Þ
Ö2ß%àGÕ�á)âpãzÖZä�å�æpçxè(×)ãFä2é!ê}Ö[è�ã½á�ãFØ�ÞCè ë!ì

í î$ï!ð�ñ�ò�ó#ô�î$õ9ö(ï�ó�ô�òµ÷�ø¸í ø�ô�ø�ù�úVî�ñ(ø)íRù�ø)ï�ûgô�î�úVø�üþýzô:î$ó:ï!û$ó#òSñ(ò!ôqÿ6ò�ó�ó�î�÷�û�ø9ô�ò��tï!î�ô���ñ7ô�î�û
ô�ö(øqÿ6ø�û�û�ø�ôjö(ï�ó�ù�ø)ï�õ[ö(ø)í¸ô�ö�ølÿ�û�ï�ó#ú�ï�ï!ñ(í��(ó�ø}ô�ö�ølî�ñ(õ�ù�ø2ï�ó�ø}î�ñ����Pó#î�ð�ñ(ï�ûU÷6ø)õ)ï��(ó�øqô�ö�ø
	 ö�ò�úVó�ò�ñ�
 õ)ï&ô�ô�ø�ù�î�ñ�ð	û$ï�ó�ø�ùWñ(ø�ø)í(ó.ô�ò�÷�ø,ÿ�ù�ø�Lô�ù�î�ð�ð�ø�ù�ø)í/ï&ô+û�ø2ï�ó#ô���ü��Xú�óW÷6ø���ò�ù�ø`ô�ö�ø,ï�õZô��(ï!û
úVø)ï�ó���ù�ø�úVø)ñ�ô2ü

	 ö�î$ó�ô�ù�î�ð�ð�ø�ù/õ�î�ù�õ��î�ô�õ�ò�ñ(ó�î�ó#ô�ó�ò��,ï�ó�î�úVÿ�û�ø:ï�ñ(ï!û�ò�ð õ�ò�úVÿ���ô�ø�ù��`ö�î$õ[öµõ)ï!û$õ���û$ï&ô�ø)ó�ô�ö�ø
ÿ�ù�ò�ÿ6ø�ù+ô�î�úVø���ò�ùtô�ö�ø8ô�ù�î�ð�ð�ø)ùtÿ���û$ó#ø2ótî�ôgö(ï�ó+ô�òVð�î���ø�ü

0� 2 4 6� 8� 10
time [a.u.]�

0

2

4

6

8

10

si
gn

al
 [

a.
u.

]

tOD1 tOD2 ttrig

in
te

gr
at

or
 1

integ
rator 2

� î�ð ��ù�ø ë ü ��!Gýxñ7ô�ø�ð�ù[ï&ô�ò�ùtó#î�ð�ñ�ï!û$ótî�ñ(ó�î$í ø8ô�ö�ø�ÿ6ø�û�û�ø�ô`ô�ù�î�ð�ð�ø)ùt÷�ò#"hü

	 ö�ø}ÿ(ù�î�ñ(õ�î�ÿ�û�ø$�(ó�ø)íSî�ó�î�û�û��(ó-ô�ù�ï!ô�ø2í¸î�ñ � î�ð(ü ë ü�� ü&%Rö�ø)ñSô�ö�ø}ÿ6ø�û�û�ø�ô/ÿ�ï�ó�ó#ø2ó8ô�ö�ø�'(ù[ó-ô
í ø�ô�ø)õ�ô�ò�ù)(Fï&ô+*-,/.10�2%ô-�+ò8î�ñ7ô�ø�ð�ù[ï&ô�ò�ù[ó%ó#ô�ï�ù#ô.î�ñ7ô�ø�ð�ù�ï!ô�î�ñ�ð,ô�ö�øgó�ï!úVø3��ò�û�ô[ï!ð�ø4�`î�ô�ö�ï8í î65�ø�ù�ø�ñ7ô
(Fï�í#7-�(ó#ô�ï�÷�û�ø#2'ð7ï!î�ñ;ü8%Rö�ø�ñ}ô�ö�ø�ó�ø)õ�ò�ñ(íjí�ø�ô�ø2õZô�ò�ùtî�ó+ÿ(ï�ó�ó�ø)í9(Fï&ô3*-,:.<;=2'ô�ö�ø�'(ù[ó#ôUî�ñ�ô�ø�ð�ù�ï!ô�ò�ù
ó#ô�ò�ÿ�ó�ü 	 ö�ø�ó#ø2õ�ò�ñ�ílî�ñ7ô�ø)ð�ù[ï&ô�ò�ù>(?�`ö(î�õ[ö0ö�ï�ó�ïjû�ò@�+ø�ù`ð7ï!î�ñA23B�ø)ø�ÿ(ó�ò�ñ9î�ñ7ô�ø�ð�ù�ï!ô�î�ñ�ðC��ñ7ô�î�ûGî�ô
ù�ø)ï�õ[ö(ø)ótô�ö�ø�ó�ï!úVøD��ò�û�ô�ï�ð�ø	ï�ógô�ö�øE'(ù[ó-ôF(Fï!ôG*IH?J�K6L@2ZüNM õ�ò�úVÿ(ï!ù[ï&ô�ò�ùgî$óG�(ó#ø2ílô�òqí ø�ô�ø�ù�ú/î�ñ�ø
ô�ö(î�ógõ�ò�ñ(í�î�ô�î�ò�ñ:ï�ñ(í}ð�îO��ø)ó`ï�ô�ù�î�ð�ð�ø)ùtÿ���û$ó#ø	ï!ô+ô�ö�î$ó`úVò�úVø�ñ7ô)ü

	 ö�øVô�ù�î�ð�ð�ø)ù8ô�î�úVø}õ�ï�ñ ÷6ø��&ï!ù�î�ø2í ÷QP�ï�í#7-�(ó#ô�î�ñ�ðlô�ö�øjð�ï�î�ñ�ò��+ô�ö(ø}ó#ø2õ�ò�ñ(í î�ñ7ô�ø)ð�ù[ï&ô�ò�ù)ü
	 ö�ø�ï�õ)õ���ù[ï�õP9î�ó�í�ø�ô�ø)ù�úVî�ñ�ø)í ÷QP9ô�ö(ø�ú/ø2ï�óR��ù�ø�úVø�ñ7ô8ò��Wô�ö�øjí î$ó-ô[ï!ñ(õ�ø�ï!ñ(íS�`î�í ô�ö¸ò��Uô�ö�ø
ô-�+òVó�û�î�ô[ótò��Gô�ö�ø�ò�ÿ ô�î$õ�ï�û;í ø�ô�ø)õZô�ò�ù[óT ñ(ò!ô`÷QPjô�ö(ø�ø�û�ø)õZô�ù�ò�ñ�î$õ�ó)ü



î�ñ(õ�ø`ô�ö�î$óUí øU�
î�õ�øgî�ó'ú/ø2ï!ñ7ô'ô�ò	÷�ø��(ó#ø2í���ò�ùWô�ù�î�ð�ð�ø�ù�î�ñ�ðXô�ö�ø 	 ö(ò�ú�ó#ò�ñjó�õ)ï&ô�ô�ø�ù�î�ñ�ð�í î�ï�ð��
ñ�ò7ó-ô�î�õVT2ò�ñ�øtó#ÿ6ø)õ�î�ï�û7ï�í�í î�ô�î�ò�ñ	î$óañ(ø�ø)í�ø)íhü 	 ö�ø1W�ï�ó�öX�zû�î�ð�ö7ôaî�ñ(ó�î�í øUô�ö(øUû$ï�ó�ø�ù%ò�� ô�ö(ø 	 ö�ò�ú�ó#ò�ñ
ó�õ�ï&ô�ô�ø)ù�î�ñ�ð�í î$ï!ð�ñ(ò�ó#ô�î$õ,ñ(ø�ø)í(ógïVÿ�ù�ø��½ô�ù�î�ð�ð�ø�ù���ü��/ú�ó`÷6ø���ò�ù�øXô�ö�ø�ï�õZô��(ï!ûaú/ø2ï�óR��ù�ø�úVø�ñ7ôgõ�ï�ñ
÷6ø�í ò�ñ�ø�ü�M+ôE�>B
ú$Y&ó�ô�ö�î$ó,ú/ø2ï!ñ(ógô�ö(ï!ôXïjô�ù�î�ð�ð�ø�ù�ö(ï�ó�ô�òj÷6ø/ð�ø�ñ(ø�ù[ï&ô�ø2íZ�`ö�ø�ñ9ô�ö�ø/ÿ�ø)û�û�ø�ô
î$óUï!ôtï/í î$ó-ô[ï!ñ(õ�ø�ò��Gï&ôtû�ø2ï�ó#ôG��ü���ú[��ù�ò�ú ô�ö�øXÿ�û�ï�ó#ú�ï(ü\
 î�ñ(õ�ø�ô�ö�øXò�ÿ ô�î�õ)ï!ûhí ø�ô�ø)õ�ô�ò�ù[ó+ï!ù�ø,ï&ô
ïVí î$ó-ô[ï!ñ(õ�øXòV�8](ü ]V^ ë ï!ñ(íZ]�ü��^ ë ú_��ù�ò�ú ô�ö(ø�ÿ�û�ï�ó#ú�ï/÷6òV��ñ(í(ï!ù�P�ô�ö�î$ótî$ó`ÿ�ò7ó�ó�î�÷�û�ø�ü

` ó�î�ñ(ð�ô�ö�î$ó`î$í ø)ïaT(î�ô��tï�ó`ÿ6ò�ó�ó#î�÷�û�ø8ô�ò�÷��(î�û$í9ïjõ�î�ù[õ���î�ô`ô�ö(ï!ô�ð�î���ø2ó`ï/ô�ù�î�ð�ð�ø)ù`ÿ���û$ó#ø>�`î�ô�ö
ï!ñPï�õ)õ���ù[ï�õP òV�Nbc� ú/ú¢î�ñ4ô�ö�ø9í ø2ó#î�ù�ø2íSÿ6ø�û�û�ø�ô�ÿ�ò7ó#î�ô�î�ò�ñdTWî�ñ(í�ø�ÿ6ø�ñ(í ø)ñ7ôVòV�gô�ö(ølï�õZô��(ï!û
ÿ6ø�û�û�ø�ô)��ø�û�ò õ�î�ô-P}ï!ñ�í�'(ù�î�ñ�ð/ô�î�ú/ø�ü



egfihkjRl�j)mAnioQh�pNq?rQh=s/tgfAuUv8wxhky�z�{8|I}ajUw~y=���$h�}�w�u�w~l?r#} �X�

���Q���=�:�@���/���U�g���<�Q�~���������a�U�
�3���>�i��������� C¡V¢�¢¤£¥¢) F�U¡ ¢�¦a§R�=¨Z¨�¦�§R£�©�ªC£O��¢)«a£Oª ����£O©¬@¡ ®�¦�¦� °¯Q±�¦A¢�£�©�ª�¡C F£¥®�§�²@³4¡#¬ ��®U¡#¬ ´
£O�-±VµN¶�¦��E�R²$�R�����i����O��� C¡V¢�¢G£O©9�R����®¡#¬Q£6�-± ·a�����F¨X£O�U�O�=®k��§R£¥®D®²V©a¨X£O�R£�²V©S£O©&�R����§R�=¢�² ©a¡@��£O©aª
¬V² �O¦a �� ·i¡V©a¨Z�R�Q¦a¢��R�a�D§��U¢R²V©a¡V©a®���¸?§��U¹�¦��U©a®�±Z²�¸\�����E®U¡#¬Q£6�-±Z£�¢G®��a¡�©aªV�U¨dµ��3��£¥¢G®��a¡V©�ªV�D£�¢
��§�²V�i²V§R�R£�²V©a¡V����²>�R�a�G�i����O��¤ F¡ ¢R¢4¢R²>�R�A¡@�3 ��=¡V¢R¦�§�£O©�ª>�R���G¸?§R�=¹�¦��©a®±CªV£�¬V�=¢<¡> F�=¡V¢R¦�§R��¸?²V§
�R�a���i����O��1 C¡V¢�¢µ\�3��£¥¢<¨�£�¡VªV©�²�¢-��£�®V·V��²VªV��R���U§<³¤£O�R�C�����)�-³4²>² �X�R£¥®¡V�Aª�¡@�R�=¢· ³4¡ ¢<¨X�U¬V�U�O² �A�=¨
¯Q±��R���3¶G¡V©�£¥¢���º¤£�¢�»)�¥¡�¯i²V§�¡@��²V§�±E¼O�=�V½#¾�·�¡V©a¨D®U¡� F�<³¤£O�R�D�R���4�i����O��g£�©@¿-�U®��R² §Uµ8�3���1¡ ®®¦�§�¡ ®�±
²�¸/�R���� C¡ ¢R¢3 F�U¡ ¢�¦a§R�U ��U©��3£¥¢�À[�UÁCÂÃµ

Ä3Å�Æ¤Å�Æ ÇÉÈ-Ê8Ë<Ì)Í1Î�ÈRÌ)ËÐÏ�Ñ)ÒÔÓ�Ò:Õ�Õ�ÒÖÏ�×�Ø�ÙaÈ�Ì�ËÚÏ�Ñ)ÒÛÊ8ÜGÕ�ÊgÏXÈ�Í<Ì
¶G¦�§R£�©�ªÝ£6��¢$«A£Oª � ���R��§�²V¦aªV�Þ�����S�a��¡ ¢� C¡�¡V©a¨ß£O��¢��¬@¡V�A² §�¡��R£�²V©Úà~²V§�¡�¯��¥¡@��£O² ©AáC£O�Z£¥¢�©�²��
�i² ¢�¢�£�¯�������²â²V¯a¢R�§�¬V���R����i��������$¨X£�§R�=®k���O±�¯i�U®U¡�¦a¢R��£6��£¥¢C¢R¦�§R§�²V¦a©a¨X�U¨�¯Q±�¡â¨X�©a¢R�&®���²V¦A¨
²�¸4©��¦��R§�¡��\ª ¡ ¢N¡�©a¨S���¥¡V¢R F¡aµEãI©S¸~¡V®��U·:�R���F²V©a�O±&�i² ¢�¢R£O¯�£���£6�-±��²¨X£�¡VªV©�²�¢��E�R�a���a§R²X®��=¢R¢�²V¸
¡�¯a��¡��R£�²V©�®²V©a¢R£�¢���¢�²V¸G²V¯A¢��U§R¬Q£�©�ª&����£�¢F®�O² ¦a¨�²V¸�©��U¦X�R§�¡��¥¢F¡�©a¨��R���äà~®²V�¥¨aá�¨X�©A¢��Z���¥¡V¢R F¡
¡�§�²V¦a©a¨&�������i����O��E�3��£¥¢�£¥¢>¦a¢R¦a¡�����±S¨X² ©��C¯Q±9²V¯A¢��U§R¬Q£�©�ªZ�R����§�¡V¨�£�¡��R£�²V©�� F£6�R�R�=¨â¯�±9�R��£¥¢
®���²V¦A¨Ö·X¯�¦X�)£O�)£�¢�¡��¥¢�²��A²�¢R¢R£�¯��O�N��²F��§R² ¯A�N£O�)³¤£6������åQ�R�U§R©a¡V�+à?�¥¡V¢R�§ká1§�¡ ¨X£�¡��R£�²V©dµ

æFç �=� �#è��X�=�~éi�êéAë)���~�g�������~�=�U��éA�
ì �¥¡�§�ªV�3�a¡�§R�+²�¸i�R�a�)§�¡ ¨X£¥¡@�R£�²V©�� F£O�����U¨C¨X¦�§�£�©�ªN�R���¤�a§R²X®��=¢R¢8²V¸Ö�A�U�O�����1¡V¯��¥¡@�R£�²V©F®�² ©a¢R£�¢���¢8²V¸
��£O©��¤§�¡V¨�£�¡��R£�²V©D²V¸i©a�¦X��§�¡V���Q±Q¨�§R² ªV�©�¡@��²V C¢8³¤��£¥®����A¡#¬V�3¯A�U�©F��å�®£6���U¨F¨X¦��3��²N®²V���O£¥¢R£O² ©a¢8£O©
�R�a�N®�O² ¦a¨Öµ+�3��£¥¢3§�¡V¨X£¥¡@��£O² ©$£¥¢3 ��=¡V¢R¦�§��U¨�¯Q±�¢R£O F����±$ F² ¦�©��R£�©�ª�¡Eía¯i�§¤©a�U¡�§¤¡�³¤£�©a¨X²@³ß²V¸
�R�a�G��²Vî@¡� C¡VîC£O©¢R¦a®���¡�³3¡#±F�R�a¡��3£O��®¡V©$² ¯a¢��U§R¬ ��������®�²  ��a�O��R���R§�¡@¿-�=®k�R² §R±F²V¸:�R�a���A�U�O�����
à~¢R���ïg£�ªaµ<�Xµ ½ á�µ

ãI©S F²�¢-����åX�i�§�£O F�U© ��¢G�R���F��£O©��F�U �£¥¢�¢�£�²V©�²�¸+������ðd±Q C¡�©�¢��U§R£��U¢�£¥¢�©�²���¦a¢R�U¨S¯A�=®¡V¦a¢��
�R�a�����¥¡V¢R C¡>®¡V©�¯A�G²V�X��£�®U¡����O±�����£�®�îE¸?²V§4£O�1£�©$¢�²  F�G®�£�§�®�¦� C¢���¡�©A®��U¢Uµ8ï�²V§<�R����ñ3¡��� ��U§<��£O©a�U¢
�R�a£�¢¤£¥¢3¦a¢R¦a¡�����±�©�²��¤�����>®¡ ¢�� µ

ò ©Sº8�¤óô�R���U§R�F¡�§��Dõ�ía¯i�§�¢N®���² ¢R�D��²��=¡V®��9²V�R���U§N²V©&�����F¢R¡V ���³¤£�©a¨X²@³�·Ö��²�² îQ£O©�ª�¡@�
�R�a�$ía§�¢��D¸?²V¦a§�ñ3¡��� F�§��O£�©��=¢E²V¸)�Q±Q¨�§R² ªV�©:·8�R����¢�²�®¡V�O���U¨�ö�÷Éà�½ øV½&©� �ák·1ö¤ù:à?õ�úV½9©� �ák·
ö)û�à?õ�ü�õ�©� �á3¡�©a¨�öGý�à?õA�UÁ�©� �á4�O£�©��=¢>¼6�Uõa��¾xµ

ãI©S��£O�R�§�¡@��¦�§��E£O��£�¢N²V¸þ�R�©â¡V¢�¢R¦� F�U¨���a¡@�N�����§��F��åX£�¢���¢N¡�¨X£�§R�=®k�N§R�U��¡��R£�²V©S¯A��-³1�U�©S�R���
£�© ���©a¢R£O�-±�²�¸g�R���>¨����R�=®k���U¨�ö ÷ ��£Oª ���¤¡V©a¨��R������²X®¡V�Ö�a¡�§R�R£¥®�����¢�² ¦�§�®�G£�©Z�R�����a��¡ ¢� C¡�¼ ÿ Á#¾xµ

ì ©���å�¡� F�����<²V¸��R�a�4ö ÷ ¢R£�ªV©a¡V�  F�U¡ ¢�¦a§R�=¨>¡V¢g¡)¸?¦a©a®k��£O² ©E²V¸X�R£� ���à~¯�¦X�+®�² ©�¬ �§R�R�=¨��R²G�R���
§�¡V¨X£¥¡��Q�i² ¢R£6��£O² ©E²V¸a�R�a�4�i��������<¡@�\�=¡V®��E�R£� ��#ák· £�¢8ª £O¬ �©D£�©Fï/£�ªaµ\�Xµ��Qµ8�3���4�R£� F�3§R�=¢�² �O¦X��£O² ©D²V¸
�R�a£�¢)¢R£�ªV©a¡V�:¨X��i�©A¨�¢¤ F² ¢��R��±$² ©��R������§�²V�i�§R�R£��U¢)²�¸g�R���D¡V������£O�=¨Z����²���²C D¦��O�R£�����£O�U§U·a³¤��£�®��
�a¡ ¢¤¡E§��U¢R�i²V©a¢R���R£� ���²V¸gÁaµ ø��d¢Uµ+�3��£�¢¤¨�£�¡VªV©�²�¢-��£�®��a¡ ¢3©�²C¢��a¡��R£¥¡��Ö§��U¢R²V��¦X�R£�²V©:µ

��¢R¦a¡�����±Þ£6��£�¢Z¡V¢�¢R¦� F�U¨Þ���a¡@�Z�R�a��¡V¯���¡��R£�²V©É®�O² ¦a¨Þ£¥¢Z�O²X®¡��R�=¨Þ©��U¡V§$�������A�U�O�����&¡�©A¨
 F²@¬V�=¢1³¤£O�R�Z£O��¡V¢4�R�a���i��������¤�R§�¡#¬V�U��¢1����§R² ¦�ªV���R�a���a��¡ ¢� C¡�µ8ãI©¢R²V F��®U¡V¢R�U¢4����£�¢3�A¡V¢3¯i��©
®�² ©Xía§� F�U¨�¯Q±9¸~¡ ¢-�D�a��²���²9¡�©a¨����4¶ ®¡V ��U§�¡ ¢�²V©ä²V�R���U§��R² î@¡� C¡�îX¢�¼ �@õ@¾xµ&�3�����a£�®��R¦�§��U¢
¢R��²@³Þ�R�A¡@�¤�R�a��§�¡ ¨X£�¡V�Ö��åQ�R�U©a¢R£O² ©�²V¸:�R�a�>¡�¯��¥¡@��£O² ©Z®�O² ¦a¨Z£�¢3£�©Z�R����² §�¨X�U§3²�¸3�N® �µ

�3�����R² §R² £�¨�¡V�A�åQ�R�©A¢�£�²V©Z®¡�©Z¯i�� E¦a®��$�¥¡�§�ªV�U§U·�¦����R²��UÁE®� [² §3 �² §R� ·Q¯�¦X�3�R��£¥¢3£¥¢3�O�=¢R¢
£� ��i²V§R��¡V©��/¸?² §8�R���¤¨X£¥¢R®¦a¢�¢�£�²V©E¯A�U�O²@³�µ8�3���4�A² �O² £�¨�¡V�X��åQ�R�U©a¢R£O² ©D£¥¢\¡��� �²�¢-�8©��U¬V�§8² ¯a¢��U§R¬ �U¨Öµ



�
	������������������������! 
	�"$#&%'��(*),+&-/.0$%1(�2435�6.7%8",%1���9. :;:

possible pellet<
trajectories
=

prism<
lenses
>

collimating block?

4 wide angle
@
optical fibersA

photographic camera<
16 fibers

B
CEDGF,HJI�:,K L0M&NPOGIQHJORC�IQSUT4V�W�X,I�IQY[Z�I$H�C�\]IQ^RWJ_;`0abIQW�F,Zc_;^0d�W�X,I�O�C�IQS�C�^,D�`EC�^,I�aeT4V�W�X0I�_4f,`g_hWJCETG^
d[Cg_4DG^,TGabW�CgiQa*CE^j_kZ�T;`�T;Cgd,_4`liQH�TRa�abm'a�I$inW�C�T;^oT;VeW�X,I�W�TGph_4\c_4p7KrqsX,Icd,_;a�X,I�dtinC�HJiQ`EIuC�^0d[CgiQ_hWJI$a
W�X0IrZ,`�_Gab\c_uZ�TGa�CvWJCETG^wK

qsX,IkTG^,`�xyIQY[iQIQZ[WJCETG^jC�azW�X,I|{G_;Z0_4^,I�abIuWJT;ph_4\c_4pj{G}�~�~�q�m8}�}����E��:;����S�IQHJI5_�H�T;WJ_4W�C�T;^jCE^
Z�T;`�T;Cgd,_4`sd[C�H�I�i�W�C�T;^�T4V�WJX,I|_;f,`g_hW�C�T;^Uin`�T;F0d�Ss_;a�T;f�abI$H�OGI$djS�CEW�XU_tWJ_;^,D;I$^GWJC�_;`E`�xjO�CEI$S�CE^,D
iQ_;\]IQH6_,K

�*a�CE^0D]W�X,I�_Ga�a�F,\]Z[WJCETG^5WJX0_hW�WJX,IrIQ\]CEWbWJI$d�`�CEDGXGW�Cga�I$\uCEWbWJI$doiQ`ETRabI�WJT]W�X,IrZ�IQ`�`EIQW$��inT;\um
f,C�^,I$d�S�CEW�XtW�X,I�\uI�_;a�F,HJI$d|Z�I$`E`�InW�O;I$`ET[inCEW�x;�0W�X,IzW�C�\uIu_hY[Cga�T4V&W�X0I$a�I�a�CEDG^0_4`ga�Cga�T4V�WJIQ^tiQT;^[m
O;I$HbWJI$dyW�T�Z�I$`E`�InW�Z�TGa�CEW�C�T;^w�
T;HzZ�IQ`�`�InW�H6_;d,CEF0a$K�qsX0C�a�inT;^�OGIQH6abC�T;^�IQ^0_;f,`�I$aziQT;\]Z0_4HJC�^,D|W�X,I
HJI$a�F,`vW6a�W�T]T4WJX,IQH�a�Z0_4W�Cg_4`�`ExkHJI$a�T;`�O;I�d5d[Cg_4DG^,TGabW�CgiQa$�RV�T;H�IQY[_;\]Z,`EIzqsX0T;\cabTG^|�[i$_hW�W�IQHJC�^,D0K

qsX,Cga�iQT;^�O;I$HJa�C�T;^oIQ^�_4f,`�I$a*W�X,I]C�^RW�IQHJZ,HJInW6_hW�C�T;^�T4VeV�TGHPIQY[_;\]Z,`EI�W�X0Iu���ya�C�D;^0_;`!C�^�B
C�D0K
:[K �,Kr�*IQHJIu_5Z�I$`E`�InWza�F,H�O�C�O;I�a�W�X0IuZ�_;aJa�_;D;IrWJX,H�TGF,D;XtW�X,IuZ,`g_;a�\]_0K�}'W�Cga�in`�I$_;H�`�x|a�IQI$^tWJX0_hW
S�X,I$^]W�X,IPZ�I$`E`�InWsinHJTGaJabI�a
W�X,I*�0HJabW�X0_;`vV�T;V�W�X,I�Z0`�_Gab\c_�WJX,IPa�CEDG^0_4`0C�a�`�_;H�DGI;�;S�X0CE`�I*_hV�WJIQH�W�X,I
Z�IQ`�`EIQW�X0_;a�Z�_;aJabI�d�WJX,IkinI$^RW�IQHzW�X,Ika�CEDG^0_4`�d[HJ_;\c_hW�CgiQ_;`E`�xtd[HJT;Z0a$K5qsX,CgarCgarf�I$iQ_;F0a�IcT4V�W�X,I
inT�TG`EC�^,D]T4V
W�X,I�Z,`�_Gab\c_]f�xkWJX,IrZ�IQ`�`EIQW$KsqsX,IQ^�WJX,IrZ�I$`E`�InWP`EI�_9O;I$a�WJX,IzZ,`g_;a�\c_]_4^0d|X,CEWJa�W�X,I
Ss_4`�`,T4V7W�X0I�O;I�a�a�IQ`8�;iQ_;F0a�CE^,Dz_�`g_4HJD;IsDR_;alZ,F,�
��d[F,I�WJTrW�X0I�IQOh_4Z�T;H6_hWJCETG^�T;V7W�X,I�Z�IQ`�`�InW$KlqsX,Cga
`g_4HJD;I*DR_;a�Z,F[�tCga�ORCga�CEf,`�I�CE^|B!C�D0K�:,K ��_;a�_�f0F,HJabWsT4V
a�C�D;^0_;`0V�TGH�Z�IQ`�`�InW�Z�TRabCEW�C�T;^�a*��m�:G�zin\�K

qsX,I�`EC�^,I�IQ\]Cga�a�CETG^�d[Cg_4DG^,TGabW�Cgi�Cga�T4V�WJIQ^5F�abI�dkWJTud[IQW�I$H�\]C�^,I*WJX,I�Z�I$^,InWJHJ_4W�C�T;^|d[IQZ[WJX5T;V
W�X0IkZ�I$`E`�InW��lf�I�iQ_;F0abI5CvV�^,T�`EC�^,IkI$\uCgaJabC�T;^�CgazTGf0abI$H�OGI$dj_4^�x�\]T;HJIQ�cTG^,I5iQ_;^�f�I�abF,HJIcWJX0_hW
^,Ty^,IQF[WJHJ_;`�Z�_4H�W�Cgin`�I$au_4^0djWJX�F0au^,T�Z�IQ`�`EIQWuIQY[C�abWJa�CE^�W�X,I|Z,`g_;a�\c_,K�}'Wca�X,T;F,`gd�f�I�^0T4W�I�d��
X,ThS�IQOGIQH��;WJX0_hW�WJX,C�a�D;C�O;I$as_;^|F0Z,Z�I$H�`�CE\]CEW�W�TuW�X,IrZ�IQ^0InW�H6_hWJCETG^wK

�n�!�R �¡�¢9£¥¤8¦w¤8¡�§�¦©¨!ªr¦�§�«¬¤¥¤8«¬¡��«¬¤7®6¯ °w®�±�¤7¤¥¦�¦b�®J²�²8³�¦
¦�´9µ�¦©¡6�G²¥³9¦
¶�¯�®6¤8§�®�·�¸9¢$²7¤8«¬� b¦w²¥³9«¬¤7«¬¤0¡�£8´9¦�£8¤�¡6�
§�®6µ�9« ²¥¢9´9¦©¯¬¦�¤8¤�²¥³h®6�²¥³9¦
£8®6´9«�®J²8«¬¡��¦�§�« ²1²8¦�´�´9¢�£8«¬9µe¶4¦�¯¬¯¬¦�²�«¬6¹1¦b /²¥«¬¡�s²8³�¦
¦�9´�¡6�R²¥³9¦!¶9£8¡Q �¦b¤¥¤7 b®6� �¯¬¦�®6£¥¯ ±
¸4¦l´9«¬¤8 �£¥«¬§�«¬h®J²8¦�´Rº



»
¼�½�¾�¿�¾�À�Á�Â�½�Ã�Ä�Å�½�Æ!Ç
¼�È$É&Ê'½�Ë*Ì,Í&Î/Ï0¾$Ê1Ë�Ð4Ñ5½6Ï7Ê8È,Ê1¿�Å9Ï Ò4Ó

Ô
ÕEÖG×,ØJÙ�Ò,Ú¬Û[Ü!ÝeÞ[ß;à]á,âEÙsã;ä0å�æ0Ù*çPè]é�ÕEÖGê0ß4â�ä�ãGØeß�ä�×,â�âEëuß4ì,âgßhåJÙ$íuá�Ù$âEâ�Ùnå*î1â�ß;Ø�ÖGÙsá�Ù$âEâ�ÙnåeÕ�êkÝ�ï�ð�ç
æ,Ù�ßhå�Ù�í�á,âgß;é�à]ßRñ�Ú©òsÕ�à]ÙeÕgé©ónãGê�ô;ÙQØ�å�Ù�í�åJã�á�ãGé�ÕvåJÕEãGêrìRë�à�×0âvåJÕEá,â�ë�ÕEê0Ö�õ�ÕvåJæ�å�æ,Ù�á�Ù$âEâ�Ùnå!ô;ÙQâ�ã[ónÕEå�ë;ö
ß4ê�í5Õ�ê0ónØJÙ$ßGébÙ�é�ä�Ø�ãGà÷ØJÕEÖGæGå�å�ãcâ�Ùnä�å�Õ�ê|å�æ,Õgé�á,â�ã4å�Ú

øwù
ú[û�ü1ú,ý�þhÿ�����ý���ÿ����	�
�$ÿRþ��,ú[û$ü��	����	��û��
ÿoú��
ý¥ú[û$ü��	
� á�ß4Ø�å�ä�ØJã;à ã;ì�ébÙ$Ø�ô�Õ�ê,ÖzåJæ,ÙPâ�Õ�ê,Ù�ÙQà]Õ�éJé�ÕEãGêkÕEêRåJÙQÖ;Ø6ßhåJÙ$ícãhôGÙQØsßzâgß4ØJÖ;ÙPô;ã;â�×,à]Ù�ß;é�ßzä�×,ê�ó�å�Õ�ã;ê
ã4ä7åJÕEà]Ù;öRõ�Ù�ß4âgébãræ0ß9ôGÙså�æ,Ù*á�ãRé�é�ÕEì0ÕEâ�Õvå�ë�å�ãzãGì0é�ÙQØJô;ÙsÕvåsébá�ßhå�Õgß4â�â�ë�ØJÙ$é�ã;â�ô;Ù$í�ì,×[å�ÕEêRå�Ù$Ö;Ø6ßhåJÙ$íuÕEê
å�Õ�à]Ù;Ú*Ô0ã;Ø*å�æ,Õgé*á0×,Ø�á�ãGé�Ùrõ�Ù�ß4á0á,âEë�ßcá,æ0ã4å�ãGÖ;Ø6ß4á,æ0Õ�óró$ß4à]ÙQØ6ß,ö0óQã;×,á0âEÙ�í�å�ãcåJæ,Ù�á0â�ßGébàcßcì�ë
ßuébë[ébå�ÙQà÷ã4ä!â�ÙQê�ébÙ�é�î¥ébÙ$ÙrÔ!Õ�Ö0Ú�Ò,Ú �Rñ�Ú���ê,ä�ã;Ø�å�×,ê0ß4å�Ù$âEëGö,í[×,Ù�å�ãuå�æ0Ù�é�àcß4â�âwß4ê0í�â�ã;ê,Öuá�ãGØbå�ö[õ�Ù
óQß;êcã;ê,â�ë]ébÙ$Ù�å�æ0Ù*ã;×,å�ÙQØ�æ0ß4âEäwã4ä�åJæ,Ù*á0â�ßGébàcßkî�ä�Ø�ãGà åJæ,Ù*á�ã;Õ�êRå�õ�æ,Ù$Ø�Ù*å�æ,ÙPá�Ù$âEâ�Ùnå�ÙQêRå�Ù$ØJéeå�æ,Ù
á,âgß;é�àcß,ö0×0êGåJÕEâ©å�æ,Ù�á,âgß;é�à]ßcóQÙQêRå�Ù$Ø6ñnÚ�òsæ,Ù�á�ãGé�ÕvåJÕEãGêoã;ê�åJæ,Ùzá,Õgó�åJ×,Ø�Ù�é�æ0ßGé�ì�ÙQÙ$êtóQß4â�Õ�ì,ØJß4å�Ù�í
ì�ë�ÕEê0é�ÙQØ�å�Õ�ê,Ö5ß;êtÕ�âEâ�×,à]ÕEê�ßhå�Ù�ítØJ×,â�ÙQØ�ÕEêoåJæ,Ùuô9ßGón×,×0à ôGÙ$éJébÙ$â!ß4å*å�æ0Ù�á�ãGé�ÕvåJÕEãGêtã4älåJæ,Ùuá�Ù$âEâ�Ùnå
å�Ø6ß���Ù�ó�åJã;ØJë;Ú&òsæ,Ù�Ø�Ù�ébãGâE×[åJÕEãGê5ã;ä©å�æ0Õ�é�é�ë[é�åJÙQà Õgé�����à]à ä�ãGØ�æ,ã;ØJÕ��$ã;êRåJß;â�Õ�ê���Ù�ó�å�Õ�ã;ê©ö,ì,×[å�ê,ã
å�Õ�à]Ù*ØJÙ$é�ã;â�×[å�Õ�ã;êcÕgé�ã;ì[å6ß4Õ�ê,Ù$ícé�ÕEê�ónÙ�åJæ,ÙPó$ß4à]ÙQØ6ß�Õ�êGåJÙQÖGØJß4å�Ù$éeå�æ,ÙPá,Õgó�å�×0Ø�Ù�é�í[×0Ø�Õ�ê,Ö�� Ò! rà]é$Ú
� ê|ÙnÞ,ß;àuá0âEÙ�ã4ä&ß�á0Õ�ónå�×,ØJÙ*å6ß#"GÙQê|õ�ÕvåJæ5åJæ,Õ�é�í,Õ�ß;Ö;ê,ãRé�åJÕ�óPÕ�ésé�æ,ãhõ�ê5Õ�ê�Ô!Õ�Ö0ÚeÓ0Ú Ò�ã;ê�á0ß4ÖGÙ%$	�;Ú

& �
ÿ('���ÿRþ�)6ú[þ9þhú!*+�!ü¥ú-,./�.�Qû�ü10
òsæ,Ù�å�õ�ã�í[Õ�ß;Ö;ê,ãRé�åJÕ�ó$é©í[Ù�é�óQØ�Õ�ì�Ù$írá,ØJÙQô�Õ�ã;×0é�â�ëPë�Õ�ÙQâgí[Ù$í�ónã;ê-20Õ�ónå�Õ�ê,Ö*ØJÙ$é�×,âEåJé$Ú!òsæ,Ù$Ø�ÙQä�ã;ØJÙeÕgé©õsß;é
í[Ù�ónÕgí[Ù$ízå�ã�ì,×,Õ�â�íuß�ébá�Ù$óQÕ�ß;â�í,Õ�ß;Ö;ê,ãRé�åJÕ�ó�å�ã�ã;ì[å6ß4Õ�êuß*å�Õ�à]Ù�ß4ê0í�ébá0ß4å�Õgß4â�âEërØJÙ$é�ã;â�ô;Ù�írà]Ù$ßGéb×,ØJÙ43
à]ÙQêRå&ã4ä[å�æ0Ù�Ù$à]Õvå�å�Ù$í�âEÕ�ê,Ù�ØJßGí[Õgßhå�Õ�ã;ê©Ú65'åeónã;êRå6ß4Õ�ê0é7�8�:90ì�ÙQØ6é
Ù$ß;ó6æ�ôRÕ�ÙQõ�Õ�ê,ÖPá�Ù$Ø�á�ÙQê0í,Õ�óQ×,â�ß;Ø�â�ë
å�ã]åJæ,Ùzá�ÙQâ�âEÙQå�å�Ø6ß���Ù�ó�åJã;ØJëkõ�ÕvåJæoô;Ù$Ø�ë5é�àcß4â�âwã;á�ÙQê0ÕEê,Ökß;ê,Ö;â�Ù$é$Ú�òsæ,Ù�ébÙrô�Õ�ÙQõ�é�õ�ÙQØJÙrã;ì,åJß4Õ�ê,Ù�í
ì�ëzà]ã;×,êRåJÕEê,Ö�åJæ,Ù�ÙQê0í0élã4ä�å�æ,Ù;90ì�ÙQØ6é&Õ�ê0ébÕgí[ÙsåJæ,Ù�âEÙ$ê0élé�ë�ébå�Ù$à ã;ä�ã;×0Ølá,æ,ã4åJã;ÖGØJß;á,æ,Õgó�é�ë[é�åJÙQà



<�=.>@?BAC?ED	F.G�>IHKJ�L�>8M/N�=	O�P
QR>@S�T-U
VXWY?�Q1S8Z#[\>]W^Q_O-Q1A�L�W `�a

b�c�dfe-gihj`�k l-mon�p-q!r�sYt�hvu!w:xBy-h{z%|~}�cCd!�	q#t�u!w�q��-u!x�w�e-tCtC��q!�-t�q�xBh8��s.h�tCt�h�x�s-tCu#xBxBh���c���xBy-h
}iq#r�h��;q��(q!}Kb�c�d	k�`-k�����t�q#gid!h�s	h�t�tCh4x�cC���%yYr�c���s-t�q!}Br�q��@k��;yYh�w�eYt�t7�fh�gBxBc���q!t/tCc��Yh�q#xK�X`#a
�4r�cC�Y��c���q#xBh�}�xByYh��;q#tCt/u!w�xBy-h��
�:���fh�}i}�h�t�kI�;y-h�}�xBgiu!�-d\uf}i�4cCt�t�q�xic�uf�Y}E�.h4x�� h�h��¡`vq!�Y��¢�£
�4r¤q#gihIu!w¥xBh��¦��q#tCt�h8�j}�xBgic�q�xBcCu!�	}�k

q�xKqvs-t�q#�Yh��:y-h�gBh�xBy-h�s	h�t�tCh4xIxBg]q�§�h8�@xBufgB�{c�}�cCroq#d!h8�¨kK© x�xByYh�u!xBy-h�g%h��Y�(u#w�xBy-h�ªY�	h�gi}�¢�«
s-y-u!xBu¦��cCu��-h�}�q#gih�r�ufe-��xBh8�¨¬6�:y-c��]y¡h��Yq#�Yt�h8}Iq!t�t
ª	�	h�gi}%xBu¦�.hor�h�q!}Be-gih���c��Y�-h�s.h��Y��h���xBtC�!k
X�(xiy-cC}I�;q��{qvu!�-h��R��cCr�h��Y}BcCu!�Yq!t/��q!r�h�g]qo� qf}:w�ufgBr�h��6kI�;y-h�xBh�r�s.u!g]q#t�gih�}Bu!tCe�xBcCu!�(u!w�xBy-h
}B��}�xBh�r®� qf}¯�-h4xBh�gBr�cC�-h��j����xBy-hKq���q#cCtCq!�-tCh%©�°�±%² }�¬�eY}BeYq!t�tC�(¢%ufgE`�³6}�k7�;y-cC} c�} �-h���h�}i}Bq!gB�
�.h���q!eY}BhExByYhI}ByYq#s.hIu#w¨xByYhI��t�ufeY�vc�} u!�Y}Bh�gi�!h8��xBu��]y	q#�-dfh��:c�xBy-cC�\cC��xBh�gi��q#t�}�u!w/q�w�h���r�cC��gBu
}Bh��4uf�Y�-}µ´ l#a#¶_k�©·}B�]yYh�roq�xicC�µ�-giq��:cC�-dou#w
xiy-cC}I}Bh4xBeYs�cC}�c��	�4tCeY��h���c���b�cCdYk�`-k «Yk;�/u\�	q#gigBu��
xByYhItCcC�-h�};u!w�}Bc�dfyfx;u#w/xBy-hIªY�.h�g]}:q��4u!tCtCc�roq�xiu!g;�4uf�Y}�c�}�xBcC�-d�u!w�q��-t�q!�]¸oa�£�r�r®xiy-cC�]¸\s-tCqf}�xicC�
�-tCu��]¸.¬��:c�xBy�¢Kr�r¤��c�q#r�h�xBh�g:yYu!tCh�};cC�{c�x�¬Y� qf};r�ufe-��xBh8�jcC�jw�gBuf�fxEu!w¹xiy-hKªY�.h�g]}�k

�;y-hogih�}Bu!tCe�xBcCu!�¡u#w xBy-c�}µ}B��}�xBh�rº�1�-h4ªY�-h8��q!}IxByYhosYq#gBx�u#w�xiy-hos.h�tCt�h�x�xBg]q�§�h��4xBufgB�¦xiyYq�x
¢�ªY�.h�g���q#��u!�	}�h�gB�fh8�%cC}µ�	h8}�xµw�ufgµ�4h��fxigiq!t7s.h�tCt�h�x�c��#§�h��@xic�uf�6¬��	h8��q#e	}�h�xiy-hot�h��Y}�}B��}�xih�r»cC}
w�u��4eY}i}Bh��oq�x�xByYq#x�xBg]q�§�h8�@xiu!gi�!k¹X�vxBy-c�}¯��q!}Bh;xBy-h%gBh8}�uft�e-xBcCu!��cC}:¼¾½-k�¿Ir�r{¬�q!�Y��xBy-h%��c�h��:c��-d
tCc��-h8}¯q!gBh%À-k «�r�rÁq#sYq!g�x8k�bYu!g u!�-tCcCÂ�e-h%s	h�t�tCh4x;cC��§�h��4xBcCu!�oxiy-h%gih�}Bu!tCe�xic�uf�ou#w¨xByYh�ªY�.h�g]} }�x]q���}
q#tCr�uf}�x;xBy-hµ}iq#r�hKxBy	q#�-¸�} xBu�xiy-h���u!tCt�cCroq�xBufg;c��{xByYh�}���}�xBh�r{k�Rx���h���gBh8q!}Bh�} u!�-tC�vxiuoq#�.u!e�x
¿�r�rÁw�u!g xBy-hKroq�p�cCr�e-r®cC��§�h8�@xBcCu!�¦q#�Yd!tCh�u#w
lfÃ#¬-q#�Y�\xBy-hK��c�}�x]q#�Y��hK�	h�x��¯h�h��vxiy-hK��c�h��:c��-d
tCc��-h8};c��	�4gih�q!}Bh�}¯xiu(¢�a�r�r{k

©�}Iq#��qf�-��c�xBcCu!�Yq!t/ufs�xBcCu!�¹¬Yxiy-hµªY�.h�g�q!gBg]q��\��q!���.h�giu#xiq#xBh8�(u��!h�g�À!£v�-h�d!gih�h8}:xiu\��c�h��
xByYh�xBcCr�cC�-d�q!�Y�Äh4p�xBh��Y}Bc�uf�¡u!w¯xiy-h\q#�YtCq#xBcCu!���4tCu!eY�ÄcC��xBu!giu!c��-q!t
�-c�gih��4xBcCu!�6¬�q#�Y�¡xBu��]yYh��]¸
xByYhµq#tCc�df�-r�h���x:u#w¹xiy-hKªY�.h�g�q!gBg]q����:cÅxiy{xBy-h�s.h�tCt�h�xExBg]q�§�h8�@xiu!gi�!k



Æ�Ç.È@ÉBÊCÉEË	Ì.Í�ÈIÎKÏ�Ð�È8Ñ/Ò�Ç	Ó�Ô
ÕRÈ@Ö�×-Ø
ÙXÚYÉ�Õ1Ö8Û#Ü\È]Ú^Õ_Ó-Õ1Ê�Ð�Ú Ý!Þ

ß7àiá!â.ã�àBäBåCã�æKäiçYè�ä�é�è#ê�ë.ãvì�ã�èfæ�í-àiã�îÄï:å�äBç�äiç-å�æ�î�å�è#ðfê-áfæ�äBå�é�è#àiãoâ	ã�ñ�ñCã4ä�ò!ã�ñCá�é4å�ä�ó!ô�è#ë-ñ�è�õ
äBåCá!ê¡é4ñCá!íYî¡æ�åCö�ã�è#êYî(â.áfæBå�äBåCá!ê6ô¨è#ê	î�â.ã�ê-ã�äBà]è�äBåCá!ê¡î�ã�â�äiç6÷�øùä�ó�â-å�é�è!ñ/ã�ú-è#ì�â-ñCã�á#û èvàiã�æBí-ñÅä
á!ë-äiè#åCê-ã8î\ï:å�äBç{äBçYåCæEî-åCè!ð!ê-á�æ�äiåCéIå�æ:ð!åCò!ã�êjåCê(ü/åCðY÷�Ý-÷ ýY÷�þ;ç-ã�àBã8æ�íYñÅä]æ;á#û�äBç-å�æEî�å�è#ðfê-áfæ�äBå�é%è!àBã
â-àiã�æBã�ê�äBã8î\åCê�ÿ¯çYè#â-äBã�à��	÷

r19980721.047

257.00 257.05 257.10 257.15 257.20 257.25
time [ms]

      

 
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16

Hα
 
 
 

ch
an

ne
l n

um
be

r

 
 12
 21
 31
 40
 50
 60
 69
 79
 89
 98
108
118
127
137
146
156
Hα
 
 
 

ch
an

ne
l p

os
it

io
n 

al
on

g 
pe

lle
t 

tr
aj

ec
to

ry
 [

m
m

]
ü�å�ðfí-àiãjÝ�÷ ý�����ú-è#ì�â-ñCãvá#û;äiç-ã\â.ã�ñCñ�ã�ä�è!ë-ñCè#äBåCá!ê�â-àiá�é4ã8æBæµèfæµáfëYæ�ã�àBòfã�îÄë�ó�äiç-ã��	ë	ã�à�õXè#àiàiè�ó
î�å�è#ðfê-áfæ�äBå�é	�¥äiç-åCæ%å�æEäiç-ã�æiè#ì�ã�â-ñCá#äKè!æEåCê
�Yð	÷��	÷ �oáfê(âYè#ðfã�Þ!Þ-ô	æBã�ã�äiç-ã�î-ã�æié4àiå�â�äiå�áfê¦äBç-ã�àBã
û�á!àEè!êjã�ú�â-ñCè!êYè�äiå�áfêjá!û¹äiç-åCæEàBã8æ�í-ñ�ä�4÷

��������� �����������! #"$�&%('*)+�-,�"$./�0�&,21435�
þ;ç-ã�è�ò�è#åCñCè!ë-ñCã%î�å�è#ðfê-áfæ�äBå�é�æ¯û�á!à äiç-ãKâ-ñCèfæ�ìoè�åÅä]æ�ã�ñÅû
é4áfêYæ�å�æ�ä6�	àiæ�ä á!û/ì�ã�èfæ�íYàBã�ì�ã�ê�äiæ á#û¹à]è!î-åÅõ
è�äiå�áfê�ã�ì�å�ä�äiã�îÄë�ó(äBçYã�âYñCèfæ�ìoè-ô¨áfàKá#û¯ñCåCð!ç�äµæBé�è�ä�äiã�àiã�î�á!àKâ-çYèfæ�ãoæBç-åÅû¥äiã�î¡ë�ó(äBç-ã�â-ñ�è!æBìoè-÷



7&8:9<;>=?;*@BA:C�9EDGF�H�9JILK&8BMONQPR9<S#T�UQVXW�;OPYSJZ\[]9�W^P_M�PY=�H`W a\b

c�d�e$fhg�ijehkmlnehiokmpnqnr�ijf>sutvp\rBw
ijx?iOtyf>ehs?tGzBijxuw{k�iJpn|>d�ehijkmijr}fh|~p\ehivp`��p\s?x?pn��x�i-����p\e>f>sutyx?ivw�s?pnq\�
r�l}|�fhs?tO|�lne���ehln�:iO|�p\ehiGr�l\f#p`��pns�xup\��x?iGp�f*�Q���Q�

�v�&�B���O�:�����n���j�O�}���Y�&�
� ��g�l-km|>lnr�|htjp\f$f>iOe>s?r�q��Y�*���ow�sup\qnr�l-|$f>sut su|vp`��p\s?xup\��x?im¡�g�s?t�g�gBpn|op
w�l-d���x?i	��d�xu|$i�xupn|>ije
|>¢�|$f>iOk¤£Rf#tjpnr¥kmiJpn|>d�e>i~f>iOkm�BiOehp\f>d�ehivp\r�w¦w�iOr�|$s�f�¢���ehl\zBx�iJ|�p\x?lnr�qmp��nije>f>sutjpnx/t�g�lne�w]¡�s�f>g
pm|$�Bp�f>sup\x/ehiO|>lnx?d�fhs�l-r]l\§¨a	©ªln§Lfhg�iokms�r�l-e�ehp-w�s?d�|G«¬J®`¯_�

��g�lnk	|>lnr	|htjp�f>f>iOe>s?r�qosu|¨��p-|$iJw l-rmf>g�i~|>tOp�f$fhijehs�r�qol\§/��g�lnf>lnrB|¨lnr�fhg�i*§�ehiji�iOx�iJt<f>ehlnrB|�s�r
f>g�i#��xupn|>k	p�� � �:l�¡(iOe$§�d�xBxupn|>ije(�BiJp\k°�Y�*d���¢�xupn|>ijeJ±�bn²\³B� ´Gr�k¦±�k	p�µ/�¨an¶¸·¸s?r]p |$s?r�qnx?in±�a\®
r�|���d�x?|>iJ��s?|#s�r�¹�iJt<fhiOw
s?r}f>lmf>g�iv��xupn|>kmp�§�ehlnkºf>l-�¦f>l��:l\f>f>lnk{����g�i¸pnk�l-d�r}f*l\§¨|htjp�f>f>iOe>iJw
x?s�q-g-fLs?|&p*w�s?e>iJt<f&k�iJpn|>d�ehiQ§�lne»fhg�i+iOx�iJt<fhe>l-rvw�ijr�|>s�f�¢Es?rofhg�i+��xupn|>k	p�����g�i+��ehl-p-w�ijr�s?r�q�ln§�f>g�i
xupn|>ije¨x?s�r�i~tjpnd�|>iOw	��¢ f>g�iE¼#l-����x?ije6iy½^iOt<f6qns?�niJ|¨s?r�§�lnehk	p�f>s?lnr	l-rmf>g�i~�niOx�l�tys�f�¢mw�s?|$f>ehs?��d�f>s?lnr
l\§Lf>g�ioiOx�iJt<fhe>l-r�|j±�pnr�w]f>g�d�|�l-r]fhg�ioijx?iOtyf>ehlnr¥f>ijkm�:ije�p�fhd�e>i-�

��g�i�x?p-|$iOeEpn����x?s�iJw4s?r4f>g�s?|ow�sup\q-r�l-|$f>sut¸tOp\r
zBe>i�lnr�tji¸l-e~f�¡�sutyi�w�d�ehs�r�q¦p¥��xupn|>kmp¥w�su|��
t�g�pne>q-i]��ehiO|>d�x�f>s?r�q¥s?r�lnr�i���d�xu|$i�l\§6k	p�µ/�¸an¶¥·¦lneoa���d�x?|>iO|El\§(kmp\µ/��¬Ja�� ¶]·}�y�»��g�i¸fhs�kmi
�:iyf�¡6ijijr¥f>g�iGf�¡(lmxupn|>ije���d�xu|>iO|�tjpnr¥�:io��p\ehs�iJw]�:iyf�¡6ijiOr{³-®�p\r�w{¾n®-®¸¿»|O�

��g�su|	w�lnd���x�i{��d�xu|>i¦l-��f>s?lnrÀsu|	pÁd�r�s?Â}d�i{§�iJp�f>d�e>i¦l\§~f>g�i4�Q������g�lnk	|>lnr�|>tOp�f$fhijehs�r�q
|>¢�|$f>iOk°p\r�wÁijr�pn��x?iO|~f>g�imkmiOp-|$d�e>iOk�iOr}fEln§¨f�¡(l¦��ehl\z�x?iO|E|>g�lne>f>x?¢4p�§ÃfhijeGiOp-t�gÁl\fhg�ijeJ�v��g�i
p`��p\s?x?pn��x?i
f>s?kmi�e�p\r�qni4su|¦iO|>�BiJtysup\x?x�¢Ä|>d�sfhiOwÅ§�lne{|�fhd�w�¢Äl\§¸f>g�i��BiOx�x?iyf4pn��x?p\f>s?lnrÅ��e>l�tyiJ|>|
�Ãf�¢���sutjpnx\fhs�kmi(|htjpnx�i�ln§Ba\®-®�¿»|h�y� � xu|>l�f>g�i(g�s?qngv|>��p�fhs?pnxnehiO|>lnx?d�f>s?lnrGsu|»iO|h|>ijr}f>sup\xn§�lneL|$f>dBw�¢�s�r�q
f>g�i �:ijx?x�ijfGpn��xup�f>s?lnrÁ��e>l�tjiO|h|j±^|$s?r�tji xup\ehqnivq-ehp-w�s?ijr}fh|~p\ehivf>l¥�Bi�iyµ��:iOtyf>iOw5p�fEf>g�im|htjp\x?ivln§
f>g�i�p\��xup�fhs�l-r0tjx�l-d�w��Ãf�¢���sutjpnx�x?¢�¬J®¥kmkÆs�r0e�pnw�sup\x¨w�s�ehiOtyf>s?lnrB�y� � z�rBp\x¨��s?q4pnw��`pnr}fhp\q-ims?|
f>g�i#|$g�lne>f6a\®Gr�|+x?p-|$iOe¨��d�xu|>in±}¡�g�s?t�g	su|¨k d�t�gm§Ypn|$f>iOe¨fhg�p\r�pnx�xBehp-w�s?pnx���ehl\z�x?i#t�g�pnr�qniJ|*��iO�niOr
f>g�iEw�su|>��x?p-tyiOk�iOr}f6ln§»f>g�iow�ehs�§Ãf>s?r�q�tjx�l-d�w�|�w�iJ|>tje>s?�BiJw�s?r{Ç(g�pn��f>iOe�³�±�s�r]f>g�su|*a\®¸r�|O±�tOp\r¥�Bi
r�iOqnx?iOt<fhiOw	tjlnkm��p\ehiOw�fhlvfhg�i#e�pnw�sup\x�e>iJ|$l-x�d�fhs�l-r	l\§/fhg�i~�*�	w�s?pnqnr�l}|�fhs?tJ�<�Q��g}dB|j±}lnr�iEtjpnr	�Bi
|>d�e>i*f>g�p\f(fhg�i~l-��|>ijeh�niOw	|$f>ehd�tyf>d�ehiO|(p\ehi#ehiOp\x_±�p\r�w	r�l\f6|>lnkmi#f>s?k�iGp`�niOehpnqniJw pne$fhiy§YpntyfO� � x?x
f>g�iO|>i~pnw��`pnr}fhp\q-iO|+kmpnÈni#f>g�p\f(fhg�s?|6w�sup\q-r�l-|$f>sut*su|+l-r�i#ln§»f>g�i#f�¡6l¸È-ij¢mw�s?pnqnr�l}|�fhs?tO|+dB|$iJw	s�r
f>g�s?|�fhg�iO|>su|o�Ãf>l-qnijf>g�iOe�¡�sfhg¥fhg�iGz��:ije#pne>e�p`¢	w�sup\qnr�l-|$f>sutO�<�

� f�¢}��s?tOp\x�e>iJ|$d�xf&§�lne�p~k�iJpn|>d�ehijkmijr}fLln§:p~��É¨��ehl\z�x?i+s?r�pnrmÊ~g�kmsut+��x?p-|$k	pEp\r�w w�d�ehs�r�q
�:ijx?x�ijf¸p\��xup�fhs�l-r�pne>i�qns?�niOr5s?rÁzBq
³��?¬Ja]lnr���p\q-imb-b�� � kmiOpn|>d�ehijkmijr}fol\§�p¦r�Év��ehl\z�x?ims�r
f>g�iv|>pnk�iEf�¡6l	tjpn|>iO|6su|�qns?�niOr]s?r¦z�qm³��?¬O´�lnr¦��p\q-iob}Ë��

ÌoÍ¸Ì#Î ����Ï&�Y�:�Ð�}�O�}�
Ñ6Ç6Ñ�w�s?pnqnr�l}|�fhs?tO|+p\ehi*��p-|$iJwmlnrmfhg�i#e�pnw�sup�fhs�l-rmf>g�p\f(su|¨iOk�s�f$fhiOw]�}¢ f>g�i#ijx?iOtyf>ehlnr�|+�BiJtjpnd�|$i
f>g�ij¢�qn¢�ehp\f>i�pne>l-d�r�w�f>g�i]k	p\q-r�iyfhs?t�z�iOx?wÐx�s?r�iO|O�4��g�i¥d�r�suÂ-d�i�§�iOp\f>d�ehi�ln§6fhg�su|¸e�pnw�sup�fhs�l-r
su|#fhg�p�fos�fh|E§�ehiOÂ}d�iOr�ty¢
su|Ee>iOx?p\f>iOw4f>l¦f>g�i�q-¢�ehp\f>s?lnr
§�ehiOÂ}d�iOr�ty¢
ln§¨f>g�imiOx�iJt<f>ehlnrB|j±/¡�g�sut�g�s?|
��ehln�:lne>f>s?lnr�pnx+fhlÁfhg�i4|$f>ehijr�qnf>g�ln§#fhg�i{x�l�tjpnx�kmpnqnr�ijf>sut�zBijxuw/����s�r�tji{s�r�p4fhlnÈ�p\k	pnÈ0f>g�i
k	p\q-r�iyfhs?tmzBijxuw0�`pne>s?iO| pn|vp
§�d�r�t<fhs�l-rÐl\§*e�pnw�s�d�|of>l
fhg�i�fhlnÈ�p\k	p\È0tyiOr}f>ijeJ±Lf>g�su|¸k	pnÈniO|vsf
�:l-|h|$s?��x?i{f>l�w�l2p�x�l�tOp\x?s�ÒOiOwÀkmiOpn|>d�ehijkmijr}f�ln§Efhg�su|]e�pnw�sup�fhs�l-r»±6�}¢Àln�B|$iOe>��s?r�q�pÐtyiOe$f�p\s?r
§�ehiOÂ}d�ijrBty¢	e�p\r�q-in�Q��g�i~s?r}f>iOr�|$s�f�¢	l\§�f>g�iGe�pnw�sup�fhs�l-r�s?|6��ehln�:lne>f>s?lnrBp\xBf>lm� É ±���ehl���s?w�iOwmfhg�p�f
f>g�io��x?p-|$k	p�su|�ln��fhs?tOp\x?x�¢	fhg�sut�È:�



Ó&Ô:Õ<Ö>×?Ö*ØBÙ:Ú�ÕEÛGÜ�Ý�ÕJÞLß&ÔBàOáQâRÕ<ã#ä�åQæXç�ÖOâYãJè\é]Õ�ç^â_à�âY×�Ý`ç ê-ë

ì~í2îQï�ð!ñ�ò(ó�ô�õ?ön÷ní�ó}ø�ñhõ?ùOø¸úBø$õ?í�÷5ñ>û�õuø�ü�ý>õ?í�ùjõ�ü�þ?ÿ
ö\ýhÿ¥ö���ö\õ?þuö���þ?ÿ���ï�û�ÿ���ý�ø�ñmóní�ÿ¦õuø�ö
ý�önô�õ?ó��mÿyñhÿjý�ò�û�õuù�û
ùyónþ?þ?ÿOù<ñ�ø6ñ>û�ÿoý�önô�õ?ö\ñ>õ?óní]ò�õ�ñ>û4öní¦öní}ñ>ÿjí�í�ö	�}õ?ÿjò�õ?í�÷	ö\þ?óní�÷mö�û�ó-ý>õ�
jó-í}ñhö\þ
ù�û�ó-ýhô õ�ímñhû�ÿ��mõ?ômü�þ?öní�ÿ�ñ>û�ýhónú�÷nû�ñ>û�ÿ#ü�þ?ö-ø�	ö����¨õ�ñ>û�ÿjý¨ó-í�ÿ�ó��^ñ�ò6óGöní}ñ>ÿjí�í�önø¨ùOö\í��:ÿ�ú�ø$ÿJô��
óní�ÿEþ?ó�ùjö\ñ>ÿOô¥ö�ñ�ñ>û�ÿoþ�ó�ò���ÿjþuô¥ø>õuô�ÿ�����������öní�ô¥óní�ÿGþ?ó�ùOö�ñhÿOô¦ö�ñ�ñ>û�ÿoû�õ�÷-û ��ÿOþ?ô¦ø>õ?ô�ÿ��"!#�����
ó��Eñ>û�ÿ
ñ>ó%$`ö��	ö�$&�('Xí�ø>õ?ô�ÿ
ñ>û�ÿ5ô�õ?ön÷ní�ó}ø�ñhõ?ù ê�) ô�õ+*^ÿjýhÿjí}ñ,��ýhÿ.-}ú�ÿOí�ù0/1��ö\í�ô�ø�ö\ýhÿ
ø$ÿOþ�ÿJù<ñ>ÿJô��
ýhÿOø>ú�þñhõ�í�÷¸õ?í ê�) þ�ó�ùjönþ2�mÿJönø>ú�ý>ÿ.�mÿjí}ñhø+ó��/ñ>û�ÿ~ý�önô�õuö�ñhõ�ó-í	õ�í}ñhÿjí�ø>õñ3/%��ï�û�õ?ø4�	ö�$-ÿOø+õñ�üBó}ø>ø>õ���þ�ÿ
ñ>ó5��ÿJönø>ú�ýhÿ�ö{ñ>ÿ.��ü:ÿjý�ö�ñhú�ýhÿ�ü�ýhó���þ?ÿ�ò�õ�ñ>û�ñhû�õ?ø ô�õuö\÷ní�ó-ø$ñ>õuù	önø¸ö6��ú�í�ù<ñhõ�ó-íÐó���ñhõ7�mÿ¥ö\ñ ê�)
ü:ónõ?í-ñ�ø&õ�í ñ>û�ÿ�ü�þuönø8�	ö:9 ;�<�=>�Qï�û�õuø��mÿjñ>û�ó�ô:��ý>ÿJö�$�ø&ô�ó�ò�í¸õ7��ñhû�ÿjýhÿ�õ?øQö~ý>ÿO÷nõ?óní¸õ?ívñhû�ÿ�ü�þuönø8�mö
ò�û�ÿOý>ÿ ñ>û�ÿ�ý�önô�õuö�ñhõ�ó-íÁùjöní�í�ó\ñGü�ýhónü�ön÷-ö\ñ>ÿ��vï�û�õ?øEõuøEùOö\þ?þ�ÿJôÁö¦ùyú�ñoó�*�öní�ô4ó�ùOùyú�ý�øGö��:ó?�nÿ ö
ùyÿOý$ñ�ö\õ?í5ü�þ?ö-ø�	ö{ô�ÿjíBø$õ�ñ3/��,@#í�ÿBA�ö��mü�þ?ÿ�ó���öC�mÿOö-ø$ú�ý>ÿ.��ÿOí}ñEñ�ö�$-ÿjíD�E/4ñ>û�õuøvô�õuö\÷-í�ó-ø$ñ>õuù�õ?ø
ø>û�ó�ò�í¥õ?íF�Lõ?÷��HG�� ;-ö¸ó-í{ü�ö\÷-ÿ:I%I ë �

ï�û�ÿ�ø>ÿOùyó-í�ô�ô�õ?ön÷ní�ó}ø�ñhõ?ù:��ö-ø$ÿJôÁó-íD�KJ4� õuøEñ>û�ÿ,�4J4��LRõ��mön÷nõ?í�÷¥ø8/�ø�ñhÿB�F��!*ÿOý>ÿ	ö{þ?ÿjí�ø
ø8/�ø$ñ>ÿ.�¤õuø�ú�ø>ÿOô¥ñ>ómõ��mön÷nÿoö��nÿOý$ñhõ?ùOö\þ/ù�û�ó-ýhô¥õ�í¦ñhû�ÿoü�þuönø8�mö�ó-í-ñhó	ö�ø>ÿjýhõ?ÿOø�ó���ô�ÿjñ>ÿOùyñ>ó-ýhø�önþ�þ
ñ>ú�í�ÿOô]ñ>ó�ñ>û�ÿGøhö��mÿM��ý>ÿN-}ú�ÿjí�ùB/���ï�û�õuø�ý>ÿJø$ú�þñ�ø(õ?í{ö:�mÿJönø>ú�ý>ÿ.�mÿjí}ñ6ó��»ñ>û�ÿoýhö-ô�õ?ö\ñ>õ?óní�ü�ý>ó���þ�ÿ
ü�önýhönþ�þ?ÿjþLñ>ó{ónýoùjónõ?í�ùyõuô�õ?í�÷¥ò�õ�ñ>û5ñ>û�ÿmïO�Áþuönø>ÿjýGü�ö�ñhûP�:Q4/4ÿOõñhû�ÿjýoù�û�öní�÷nõ?í�÷¥ñ>û�ÿ��	ö\÷-í�ÿyñhõ?ù
��ÿOþ?ô�ónýR�S/ ù�ûBö\í�÷-õ�í�÷~ñ>û�ÿ*ô�ÿyñhÿOù<ñhõ�ó-í	��ý>ÿN--ú�ÿjí�ùB/oñ>û�ÿ�ó%��ø>ÿjýT�nÿOô þ?õ�í�ÿ�ùOö\í��Bÿ*ø>û�õ7�Ãñ>ÿJô¸ñhû�ýhónú�÷-û
ñ>û�ÿ~ü�þuönø8�	ö 97I.U�=V�H@*í¥ÿ0A�ö��mü�þ?ÿEó��Lö:�mÿOönø>ú�ýhÿB�mÿjí}ñ(ñhö�$-ÿjí,�S/mñhû�õ?ø�ô�õuö\÷-í�ó-ø$ñ>õuù*õuø�ø$û�ó�ò�í�õ�í
�&õ�÷2��G��XW¸ó-í{ü�ö\÷-ÿ:I ê I��

ï�û�ÿ	��õ�÷{önô��`öní}ñhö\÷-ÿvó��Y�Bónñ>û4ñhû�ÿOø>ÿmô�õ?ön÷ní�ó}ø�ñhõ?ùOø*ó?�-ÿjý~ï�û�ó��	ø$ó-íÁøhùjö�ñ>ñ>ÿOý>õ?í�÷]õuø~ñ>û�ö\ñGö
ñ>õ��mÿ�ÿB�-ónþ?ú�ñ>õ?óní�õuøvó���ñhö\õ?í�ÿJô���õ7��í�ÿOùjÿOøhø>öný8/Áùjó?�nÿOý>õ?í�÷¥ñ>û�ÿ]ùjó��mü�þ?ÿyñhÿ	ü�þ?ö-ø�	ö
ø>û�ó\ñvò�õ�ñ>ûÐö
�	ö?A�õ��¸ú�� ñhõ7�mÿoýhÿOø>ónþ?ú�ñ>õ?óní¦ó��Z<�[»øB�
@#ø�ò�önø4�mÿjí}ñhõ�ó-í�ÿOô¦ö��:ó?�nÿ%�%��ó-ý�û�õ?÷nû
ô�ÿjíBø$õ�ñ>õ?ÿOø�ömùyú�ñLRó�*4ó�ùjùjú�ýhø�öní�ô¦ö\þ?þ^ñ>ÿB�mü:ÿjý�ö�ñhú�ý>ÿ

õ?í\��ónýT�	ö�ñ>õ?óní
õuø~þ�ó}ø�ñN�#ï�û�õuø*õuø#ú�ø>ú�önþ�þ�/]ñhû�ÿmùjönø>ÿ]��ó-ý#ü:ÿjþ?þ�ÿjñ~õ?í?^�ÿOùyñ>õ?óní4ÿBA�ü:ÿjýhõ���ÿOí}ñhøEô�ú�ýhõ�í�÷
ö\íBô ø>û�óný>ñ>þ�/vö?�Ãñhÿjý&ñ>û�ÿ*ö���þuö�ñhõ�ó-íP��!#ó�ò(ÿ.�nÿjýN�Jñ>û�õuøR/�õ�ÿOþ?ô�øQí�ÿjò2õ�í\��ó-ý8�	ö\ñ>õ?óní¸õ?í�õñ�ø$ÿOþ+�&�BÿJùjönú�ø$ÿ
õ�ñ+ý>ÿ.�nÿJö\þuø�ñhû�ÿ_�Yó��Ãñ>ÿOí��nÿOý8/vþ?ó�ùjönþ�õ�
jÿJô��&üBó}ø$õ�ñ>õ?ónímõ?ímñ>û�ÿ�ü�þ?ö-ø�	öGõ?í	ò�û�õ?ù�û�ñhû�ÿ*ü:ÿjþ?þ�ÿjñ`�	ö�ñ$ñhÿjý
û�ö-øK�BÿOÿjí
ô�ÿjü:ó-ø>õ�ñ>ÿOôa��ø$ÿOÿ:J(û�ö\ü�ñhÿjýOGE�b�¨ï�û�õuø�þ?ó�ùOö\þ?õ7
Jö�ñhõ�ó-í]ó��&ñ>û�ÿvùyú�ñ8L_ó�*Áý>ÿO÷nõ?óní��mö�$nÿJø�õñ
ó��ÃñhÿjíÁönþ?ø>ó	ü:ó-øhø$õ���þ?ÿvñ>ó]ó���ø>ÿjýT�nÿGñhû�ÿvñhÿB�müBÿOýhö\ñ>ú�ýhÿc�S/{ú�ø>õ�í�÷¥ö�ô�õ7*:ÿOý>ÿOí-ñGö\í}ñ>ÿOí�í�öd��ö�ñ~ñ>û�ÿ
!#�����0�

e�f g�hTi.jlkmjln�o?p\qRr&sut.sPtBiNvEk
@ ü�þuönø8�mö�ò�õ�ñ>û¦ñ>ÿ.�müBÿOýhö\ñ>ú�ýhÿGõ�í¥ñ>û�ÿoó-ýhô�ÿjý�ó��4Iw$-ÿBx ÿB�mõ�ñhø*ø>ó��Ãñ8L>y#L_ý�ö�/6�"�SyEî#��ý�önô�õuö�ñhõ�ó-í
ô�ú�ÿmñhó(z��ý>ÿ.�møhø$ñ>ý�ö\û�þ?ú�í�÷E{��/ý�önô�õuö�ñhõ7�-ÿ�ýhÿOùjó��:��õ�íBö�ñ>õ?óní�öní�ô�þ�õ?í�ÿ�ý�önô�õuö�ñhõ�ó-í5ó��(ñhû�ÿ�õ��mü�ú\L
ýhõñhõ�ÿJøGõ�í0ñhû�ÿ	ü�þuönø8�mö���ï�û�õuøoýhö-ô�õuö�ñ>õ?óní�õuøGó���ø>ÿjýT�nÿJô5�S/Áö
ø8/�ø�ñhÿB� ó���W¥ü�õ?í�û�ó-þ�ÿ�ùOö��mÿjý�önø
ÿOö-ù�û ûBö��}õ?í�÷vönímöný>ý�ö�/oó��RI.Goô�ÿyñ>ÿJù<ñhóný�øB�Qï�û�ÿOø>ÿO| ) ù�û�öní�í�ÿOþ?ø�õ?ímñ>ónñhönþ\��ónýT� öEñhó��món÷-ýhönü�û�õuù
ø8/�ø$ñ>ÿ.� ò�û�õ?ù�û	ü:ÿjýT�mõñ�ø(ùjóníS�nÿOý$ñhõ�í�÷Eñhû�ÿ#þ?õ�í�ÿ#õ?í-ñhÿj÷-ýhö\ñ>ÿOô	�mÿOö-ø$ú�ý>ÿ.��ÿOí}ñhø���ö-ù}$¸ñhóoñ>û�ÿ#þ?ó�ùOö\þ
ÿB�mõuø>ø>õ��}õ�ñ>õ?ÿOø.�5ï�û�ÿ�ñ>ÿ.�müBó-ýhönþ(ýhÿOø>ónþ?ú�ñ>õ?óní�ó���ñ>û�ÿ{ùjö��mÿjý�önøvõuø�WF[»ø öní�ô0ñhû�ÿ¦ø>ü�ö-ùyõ?í�÷d�:ÿ0L
ñ�ò6ÿjÿjí4ñ>û�ÿ:�}õ?ÿjò�õ?í�÷¦ù�û�óný�ô�ø*ó��OI ùOö��mÿjý�ö	õ?í
ñ>û�ÿ	�nÿJø>ø>ÿjþ&ùyÿOí-ñhÿjýEõ?ø]~ ê ùB�F�Eï�û�ÿ�ø$ü:ÿOùyñ>ý�ö\þ
ø>ÿjí�ø>õñhõ7��õ�ñ3/	ó��»ñhû�ÿoùjö���ÿOýhö-ø+ý�ö\í�÷nÿOø`��ýhó���I~ñ>óCI ) $nÿBx ò�õ�ñ>û{ö_�	ö?A�õ��¸ú��¤ø>ÿjíBø$õ�ñ>õ���õñ3/]ö\ñK;
$nÿ.x�9+I ë =

ï�û�ÿGö��mónú�í}ñ6ó��Z�SyEî ÿ.�mõ?øhø$õ?óní]õ?ø6ü�ýhónü:óný>ñ>õ?óní�önþ�ñhó¸í��� ��ö\í�ô]õ?ø6ö_�mó-ý>ÿEùyó��mü�þ?ÿ0A���ú�íBùbLñ>õ?óní2ó��~ï � �u��ó�õ7�Eï � ýhÿB�	ö\õ?í�ø�ùyóníBø�ñ�ö\í}ñ¸ñhû�ÿ
ô�õ?ön÷ní�ó}ø�ñhõ?ù¥ùjöníÐõ�íÀü�ýhõ�íBùyõ?ü�þ�ÿC�:ÿ¥ú�ø>ÿOô�ñ>óô�ÿjñ>ÿjýT�mõ�í�ÿEí � �Bö\í�ô���õ?ùjÿ]�nÿjý�øhö��'Xí��	öníE/�ùOönø>ÿOø6övñhó��món÷-ýhönü�û�õuù*ýhÿOùjóní�ø$ñ>ýhú�ù<ñhõ�ó-í]ùjöní �:ÿoô�óní�ÿGö\íBô]ö¸ñ�ò(ómô�õ���ÿOí�ø>õ�ó-í�ö\þ



�Z�l�b�8���O�2�l�S�w�����S�N���Z�2�.�R�V�b�#���R�����.���N��� �}�&�>��������� ���

�0 T¡%¢T¢4¢£N�b¤8¥�¡�¦C¡�§�¤8¨�£�©�ª¬«�¢8�«_ }«�®�¥�«�¤8¥�¡�¦ ¥�¦�¤8¨�¥¬¢�¢©l£.�0¤8 }«�ª& }«�¦�¯%£w�.«�¦C°2£�¡�°�¤T«�¥�¦�£N®�±�²K¨�£B T£0³
§�¡� T£C¤8¨�¥¬¢ ®�¥�«�¯�¦�¡E¢3¤T¥��C¥¬¢�´�£. 8µm¶4£Bª�ª#¢8·�¥7¤8£.®1¤T¡¸¡�°�¢8£B T´�£�§�«�¢¤ ©�¨�£.¦�¡��£.¦�«D¥7¦¹¤T¨�£6©�ª¬«�¢8�«
�0£.¦E¤8£B NºZª7¥�»�£�§�«%¢3¤:¼5½#¾¿«�¦�®¸¢T«�¶K¤8£.£0¤8¨�±FÀ#ª�¢8¡6¤T¨�£,©�ª¬«�¢8�«F 8¡�¤T«?¤T¥7¡%¦¸�B«�¦m�Bª7£N«� Tª7µÁ°2£ ¡�°\³
¢8£B T´�£.®	¶�¥7¤8¨�¤T¨�¥�¢Y®\¥¬«�¯�¦�¡%¢¤8¥¬��º�¥7§�¤8¨�£B T£#«� T£O¢3¤T 8·2�b¤8·� 8£N¢R¤8¨�«�¤` T¡�¤T«�¤8£O«�ª7¡%¦�¯]¶�¥+¤T¨�¤8¨�£O©�ª¬«�¢8�«Â §�¡% �£0Ã�«��©�ª�£��«�¯�¦�£0¤8¥¬�w¥�¢8ª¬«�¦�®�¢}Äb±
¾#·� 8¥�¦�¯6©l£Bª�ª7£B¤c¥7¦?Å3£N�b¤T¥7¡%¦Pº�¨�¡?¶4£B´%£B Nº�°2¡�¤8¨¸²KÆ:«�¦�®Á¦�Æ_�}¨�«�¦�¯�£�¢8¥7:·�ª+¤}«�¦�£.¡�·�¢8ª�µ6¶�¨�¥��}¨

�«�»%£.¢�¤8¨�£4¥7¦E¤T£B T©� 8£B¤T«�¤8¥�¡�¦c¡�§�¤8¨�£K T£.¢8·�ª7¤T¢�´�£B Tµ]®\¥7Ç��B·�ª7¤.±�ÀO¦�¡�¤8¨�£. Z�B¡��©�ª�¥��.«?¤T¥7¦�¯M§�£.«�¤8·� T£4¥�¢
¤8¨�£wª�¥�¦�£�¥7¦E¤8£.¯� }«?¤T¥7¡%¦P±Z²K¨�¥�¢��.«�¦ °l£��¥�¢8ª7£N«�®\¥�¦�¯	¶�¨�£B¦Cª�¡E¡%»S¥7¦�¯�«?¤K¤T¨�£� T«�¶(®�«�¤T« Â ¶�¥7¤8¨�¡�·\¤
¥�¦E´%£B }¢¥�¡�¦lÄb±(È4£.�.«�·�¢8£F©2£.ª7ª�£0¤ ¥�¦?Å3£N�b¤8¥�¡�¦(�.«�¦¹¡�§É¤T£B¦Ê�B«�·�¢8£6¨�¡�ª�ª7¡?¶Ë¦ Æ ©� 8¡�Ì�ª7£N¢ Â «�¦�®1¤8¨S·�¢
¨�¡%ª7ª�¡?¶� T«%®\¥¬«?¤8¥�¡�¦1©� T¡�Ì�ª�£.¢}Ä]¤T¨�£C¤8¡%	¡%¯� }«�©�¨�¥���¥�¦S´�£. T¢8¥7¡%¦m°l£.�0¡%�£.¢�_·2�}¨u�¡� T£C®�¥+Ç,�0·�ª+¤
¤8¨2«�¦d§�¡% w�B£B¦E¤8 }«�ª�ª�µC©l£.«�»�£N®d }«�®\¥¬«?¤T¥7¡%¦6©� 8¡�Ì�ª�£.¢.±�È4£N�B«�·2¢£:¡�§H¤T¨�£.¢8£:©� 8¡%°�ª7£.�¢O¤T¨�£�¢¥�¯�¦�«�ª�¢
�0¡%·�ª¬® ¦�¡�¤O°2£]·2¢£B§�·�ª7ª�µ�«�¦�«�ª�µSÍB£N®�§�¡� K¤T¨�£]©l£B T¥7¡\®C¡�§Z©2£.ª7ª�£0¤M«�°�ª¬«?¤8¥�¡�¦C¥7¤T¢8£Bª7§3±
ÀO¦F£0Ã�«�	©�ª7£w¡�§R«:�£N«�¢8·� 8£.�£B¦E¤4¡�§�¡%¦�£�¡�§�¤T¨�£c�}¨�«�¦�¦�£Bª¬¢4¡�§�¤8¨�¥¬¢�®\¥¬«�¯�¦�¡%¢¤8¥¬�#¥¬¢�¢¨�¡?¶�¦

¥�¦FÎZ¥�¯�± � ±�Ï.Ð�±

shot: r19980903.021; signal: carot fast channel c41Ñ

0.154Ò 0.155Ò 0.156Ò 0.157Ò
time [s]Ó

6•10-6

8•10-6

1•10-5

So
ft

 X
-r

ay
 in

te
ns

it
y 

[a
.u

.]

ÎZ¥7¯%·� T£ � ±7ÏNÐ�ÔRÕ�Ã�«��©�ª�£�¡�§Z©�ª�«%¢�«�¼d½M¾Ö 8¡�¤T«�¤8¥�¡�¦�«%¢K¡�°�¢8£B T´�£N®,°Sµ�¤T¨�£c×SØMÙÚ®\¥¬«�¯%¦�¡%¢¤8¥¬��±
À��0ª�£.«� �,Û:Ï��¡\®\£�¥¬¢]¢£.£B¦D¥7¦D¤8¨�£,�0£B¦E¤T T«�ªR�}¨2«�¦�¦�£.ª�¤8¨2«?¤c¢·� 8´S¥�´�£.¢M¤T¨�£�£B´%£B¦E¤]¡�§K©2£.ª7ª�£0¤
¥�¦?Å3£.�0¤8¥�¡�¦ Â ¥�¦�®\¥¬�B«�¤8£N®6°Sµ ¤T¨�£_´%£B 8¤8¥¬�B«�ª�®\¡�¤8¤8£.®Fª�¥�¦�£NÄO°2£N�B«�·2¢£]¤T¨�£_©l£Bª�ª�£0¤M¶K«�¢O¥7¦?Å3£N�b¤T£.®6¡�Ü2³
«?Ã\¥¬¢B±RÝÊ¨Sµ�¤T¨�£]�¡S®�£c®\¥�¢T«�©�©2£N«� }¢4«�¤�¤bÛ:Ï�Þ%ßS± à%Þc�¢�¥�¢K¦�¡�¤#�0ª�£.«� .±

á0â&ãNä%å?æVäEå?ç2èmäEãNä%å
é ¦E¤8£. §�£. 8¡%	£B¤8 Tµc¥¬¢H°�«%¢£N®�¡�¦�¤8¨�£#�}¨�«�¦�¯�£�¡�§�ª�¥7¯%¨E¤`´�£.ª7¡\�0¥7¤3µ_¥�¦�¤8¨�£#©�ª¬«�¢8�«�±R²K¨�¥�¢` 8£N¢·�ª+¤}¢�¥7¦
«O©�¨�«�¢8£Y¢8¨�¥7§É¤�§�¡% �ª�¥7¯%¨E¤�¤8 }«�´�£.ª7¥�¦�¯K¤T¨� 8¡%·�¯�¨c¤8¨�£4©�ª¬«�¢8�«�º�¶�¨�£B¦_�B¡��©�«� 8£N®�¤8¡Mª7¥�¯�¨E¤�¤T T«�´%£Bª�¥7¦�¯
¤8¨�£K¢T«��£K®\¥¬¢3¤}«�¦��B£Y¥�¦	«�¥7 N±�²K¨�¥�¢Z©�¨�«%¢£K®\¥7Ül£. 8£.¦��0£4¥¬¢R©� 8¡%©2¡% ¤T¥7¡%¦�«�ª%¤8¡M¤8¨�£4£.ª7£N�b¤T 8¡%¦:®\£.¦�¢¥7¤3µ
¥�¦,¤8¨�£M©�ª¬«�¢8�«�ºS«�¦�®,¤8¨S·�¢Y§�¡� T�¢Y«_�£.«�¢8·� T£B�£B¦E¤4¡�§�¦�Æ�±�²K¨�£�®\¥¬«�¯�¦�¡%¢¤8¥¬�#«?¤KÙR²�êu·�¢8£.¢MÏ.ë
�}¨�«�¦�¦�£Bª¬¢4§�¡� ��¡%¦�¥+¤T¡� T¥7¦�¯_¤T¨�£]©�¨�«%¢£]¢8¨�¥+§É¤	ì+Ï%Ï�ßBíV±
²K¨�£6�£.«%¢·� T£B�£.¦%¤}¢�«� T£Fª7¥�¦�£6¥�¦%¤T£B¯% T«�¤8£.®î«�ª�¡�¦�¯5¤T¨�£dª¬«�¢8£B �©�«?¤T¨�¢.±�²�¡a¡%°\¤T«�¥7¦¹ª�¡S�.«�ª

�£.«%¢·� T£B�£.¦%¤}¢O¢8¡��£_«�¢T¢8·��©\¤8¥�¡�¦�¢#¡�¦F¤T¨�£:¢8µS	�£B¤8 Tµ�¡�§�¤8¨�£	¢µ\¢¤8£B¿¨�«�´%£�¤8¡ °l£_�«%®\£�±



ïZðlñbò8ó�òOô2õlöSñw÷�ø�ùSñNú�ûZð2ü.ýRþVñbÿ���������ò.þ�ÿ	��
 ñ��&þ>ü�þ�ó�ù� ���

��������������������� ������!"�#�$�&%'���(�*)����+)-,��.����/0)*��� �1�32��541�6��7�89��%.��:<;>=�/?%�=1!"��@��	�A/�)CB(�+����/�D����
)�����B�B����E�"�6/�!"B����A)F��!"��G 7F��B�=H��!"�')�=��H,I@H���J;>�&���>K�D(�#�L/��HM �.7��6/����LN

OP=�/?�Q,5/?��G���� �6)�/?%3/?�"/��R!"� �6)�B��?����!"�S%.����,5/�)�/����(�"M��.7F�T;U�.�����6��/0)F�#,V)��T!"�#� �6��7F�E)�=��
B��?����!��W,��.����/0)*�3B�7���X����-� �>�Y8Z����%[)F/�� �&��8\)�/�!W�Q]^�J)��Y)�/�!"�C7��	�6� ����)�/����3��8U_	`WaL�Fb'N

Kc,5/�dQ%'����)*�1)�=���)Y%.���S��7�/?����:e�	�6Bf�#%./��������S,5��7F/���G�Bf�.�����')Y/��Jg*�	%[)�/����e:���7��W8Z7F/���G��Cg*��!"B��#N
h /���%'�P)F=��i,5/?��G ��� �6)�/?%U!W�	������7F�#��B�=�� �6� :�/�)jG�/�M��#�\)F=��i�F��!"�>7��	�6���0)�8Z��7k,5�.����/�)�/��#��)F=��J)jG /�M �P�
�JlQ,�/0mn�.7F�.��%.�j/��oB�=�� �6�U�6=�/�8p)#N�KV��Bf�#%'/?��� 8Z7F/���G �q%'� ���+)��#7e/?�e�����#,3]Z/��o=���7�,5;P��7F�r��7\�6��8p)*;U��7��b
)��W%'� ���+)q)�=��A�H��!YD(�#7k��8s�*)F�.B��q)�=(�J)P=��M��i�5%#%'��7F7��	,��6/���%.��)F=��A�6)F��76)F��B3��8<)�=��$B��?����!"��Nst��
!"� �6)�%'/�7F%.��!��*)�����%.�#�P)F=�/?�i;U��7F@H�PM �.7F�37F�.��/���D�����NUtu8*:(=��J;U�.M �.7	:H)�=��Y�6/�G������e%�=�����G��	�>�6�"89� �*)
)�=(�J)k�o��lI�6)��#BL: � 7r!v����)�/�B����A�Jl��6)��#B��r�5%.%.��7j;>/�)�=�/��Q�C�6/���G ���i�F��!"B���/���G-)�/�!W��/��+)��#7�MJ���^:�)�=��
8Z7F/���G �v%'� ���+)��#7�%.��������)A� %.%.��7F��)��#���I%'����� )�)�=��v8Z7�/���G��	�����+�H!"��7F��NPOP=�/?����/0)F���J)F/�� ���5%.%'��7F�
�������������E�J)�89���6)A,5�.�(�6/�)*�E%�=�����G��	�.:���/�@��v,���7�/���GQ,5/?��7���B�)�/������i����,&Bf�.�����.)A/��Jg*�#%')�/����LNPtu8r�������
�����$����%�=3�#M��#� )P�5%.%.��7F�k)F=��C�6/�G������f%#���ED(�-7F�#%'� ���6)�7F��%[)F�#,Q�(�6/���GY)�=��-w.�#7��YMJ�������C�J8p)��#7U)�=��
�.�(,x��8q)�=��WB��?����!"�3B����?�6� NCtu8q)*;U�3� 7A!"��7F�Y����%�=y�.M��#�+)F�A=���B�Bf�.�z)�=��"B�=(�����v/��zDf�')*;U�.�.�
)�=��.!{Df�#%.��!"�#�P!"�	����/���G����#�F�#N

K|�6�	%'� ��,z,5/�dQ%'����)*��)F=��J)o%.���1��7�/?���Y/?�-7��.8Z7F� %[)F/�� �x��8k)�=����?�����.7$D(�	��!&N�}����Y)F�&����7�G �
/���=���!"� G��.���./�)�/��#�W)�=��xB��?����!"�T%#���~��%')Q��/�@��x�S���.�(�.:>Df�.��,�/���GS)F=��x�?�����.7QDf�#��!&N�tu8-)�=�/?�
Df�#%'� !"�#�C���x�*)F7�� ��G3)F=��J)C)F=��Q�?�����.7-G��.)F�C� �5)o��8P7F�#��%�=y��8U)�=��Q,��')��	%[)F��7v��)C)�=���� B�B(�+�6/�)��
��/�,5����8n)�=��AB��?����!"��:�� D+MH/����������Y������/��58Z� 7�!��J)F/�� �"/��q���+�*)	: /���%'����,5/���Gv)�=��>8Z7F/���G���%.�����+)	N\OP=�/?�
/?�>���?�6�"�������Q/�!"B(� 76)����+)i,5��7F/���GWBf�.�����')�/��Jg*�#%')�/����LN

�\/����������x)F=��QKiDf�.�q/��HM��#7F��/����x)F=��J)o/?�C�����#,z)��x%.���HM��#76)$)�=�����/�����/�� )F�.G 7F��)��#,y!"�#� �6��7F�'�
!"�.�+)F��)��E�Q���H%#���\,5�.����/�)*�E!���ID�7��	��@&,5�J;>��Df�#%.�������v/�)$���F����!"�#��%.�H��/���,57F/�%#���\�6�H!"!"�')�7F�
��8s)�=��CB���� �6!���NrOP=�/?�>/?�>%'���#��7����Q����)U)F=��o%.� �6�C,5��7�/���GW)�=��CBf�.�����')A��D�����)�/����EB�7��5%.�#�F�.N

t����6B�/0)F�Q��8U)�=��Q)�=�7F�.��B�7F��D����#!"�o!W�#�+)�/������	,<:e)F=��Q!"�#� �6��7��#!W�#�+)F�-G�/�M���M �.7F�x7F�.��/���D����
���(,3MJ��������D����C/��58Z� 7�!��J)F/�� �38Z� 7>!"� �6)i��8e)F=��oB��?����!��"�6=���)#:�����,I�������Q/��E)F=��C8Z�#;�=H����,�7��	,
!"/�%.7��+�6�	%'� ��,��U��8s)�=��CBf�.�����.)���D��?�J)F/�� �E/�)F���.��8r�6=�� ���?,EDf�-)�7F�#��)��	,3;>/�)�=&�'4H)F7��#!W�C%#��7F��N

Ki�E�'4���!"B����i��8\�C!"�#������7F�.!"�.�+)j)���@ �.�Q;>/�)�=3)�=�/?�k,�/���G����+�*)F/�%>/?�U�6=��J;>��/��E�\/�G�Nr�5N �o� �
B���G��-����N

K����#%.����,"���(,��6/�!"B����#7k��/���G����i%�=��������.��M �.7��6/����e:���8n)�=��A,5/?��G ��� �6)�/?%P/��k���?�6�o�MJ��/��?��D����i�J)
��O>��N�OP=�/?�j,5/?��G���� �6)�/?%q!"�#� �6��7��	�e)F=��>�.���#%')�7F���",5�.�(�6/�)*�v��������GA� ���PM��.7�)�/?%.����%�=���7�,C)F=�7F����G =
)�=��A%'�#�+)��.7k��8<)F=���B��?����!���:H����,Q/��q�#��B(�	%'/?�������"�����#,")F�v%'� �+)�7F����)F=���B���� �6!��o,5�#����/0)*�"DH�"G ���
B��5d���G"����/���GQ�Y8Z�.�#,�D���%�@3���5�*)F�.!&N

�"�	�s�+�3�\�9���(�\�(�#�#�^���
� )�=��.7P,5/���G����+�*)F/�%#�r)F=��J)>��7F�A�MJ��/��?��D����i;>/����n�������"D�7F/��.2���Df�$,5/?�F%'���F�6�	,Q��/���%.�i)F=��.�Q��7��A���	���
/�!WBf��7�)F���+)U8Z� 7P)�=��C7F�#������)F�PB�7F�#���.�+)F�#,E/��I)�=�/��P)F=��#��/?�.N

K{MH/?�6/�D����E��/�G�=+)v)F��!"��G 7F��B�=H��]9��/��0)[bY���5�*)F�.!�/?�Y�MJ��/��?��D�����:j%.������/?�*)F/���Gy��8i� B5)�/?%.�"���(,
� �3B�=���)��E,�/��5,5�	�W]^,5/�M+/?,5�	,x/��1�E%.��!"�#7F� �Fb':(;>=�/?%�=y%#���xDf�W���6�	,�)F�E� D��6�#7�M �oMH/���/�D����W��/�G = )
�.!"/?����/�����/��x)�=��vB��?����!��Q��������G3M��.7F�I����7F7��J;���/����	����8q�6/�G�=+)	NA�\/���)��#7F�$%.����D(�W/���%'����,5�	,�/��
)�=��Y���H�6)��#!{)F�3���.���#%[)AB���7�)���8�)F=��Y��B(�	%[)F7���!&:(8Z��7A�'4���!"B����v�Q��/���G����o=H�H,�7�� G��.�&��/�����NiOP=��
)�/�!"�C7��	�6� ����)�/����3��8s)F=��C��/���)�%.��!"�#7F� �k/?���YaL�#N

K�Df������!"�')F�.7�/?�x�MJ��/�����D����y)��~� D����.7FM��y)�=��T)F��)����C7���,5/?�J)F/�� ��� 7�/�G�/����J)F/���GV8Z7F��!�)�=��
B��?����!��I��_#� �	��N



 \¡f¢[£�¤�£i¥(¦f§H¢$¨-©ZªH¢	«s¬\¡(#®�¯u¢[°�±�²�³�´�£#¯9°	µ�¶3¢�´n¯��¯9¤Zª´ ·�¸

¹�º�»�¼�½�¾.»F¿WÀ »�¾WÁ6À ¿"¾YÁ�Â(¾	Ã[¼�»FÀ ÁFÃ'À Â�Ä?ÃvÅ5Ä?Æ�Ç È�À Á6¼�Ä?Ã.ÁAÆ�»F¾vÂ�»F¾#Á�¾.È+¼�¼FÀEÀ É�Á�¾.»FÊ�¾o»�Æ�Å5Ä?ÆJ¼FÄ�À È�Ä�È
¼�½�¾kÊHÄ?Á6Ä�É�Ë�¾kË�Ä�Ç ½+¼#Ì¼�½�¾UÍ�ÎRÆ�È�ÅC¼F½�¾>ÏHÐAÑV»�¾#Ç�Ä�À�ÈLÒ\ÓiË?Á6À$ÆAÁ�¾'¼�À�Ô(Ã.À�Ä�Ë�Á\Æ�È(ÅoË�À+À Â�ÁsÄ�Á�ÆÊJÆ�Ä�Ë�Æ�É�Ë�¾
¼�ÀEÂ�»FÀ�Éf¾o¼�½�¾Y¿�Æ�Ç È�¾'¼FÄ�ÃYÆ�È�Åx¾.Ë�¾#Ã[¼F»�Ä?ÃCÕ(¾.Ë?Å�ÁAÆ�»�À º�È�ÅI¼F½�¾YÂ�Ë�Æ Á6¿�Æ�Ò-ÖP½�¾	Á6¾WÅ5Ä�Æ�Ç�È�À+Á*¼FÄ�Ã#Á�Æ�Ë�Ë
ÔZ¾#Æ�¼�º�»F¾QÊ ¾.»F×yË�Ä�¿"Ä�¼�¾	ÅT¼�Ä�¿"¾E»F¾#Á�À�Ë�º5¼FÄ�À ÈLÌ�Ä�ÈT¼F½�¾3À »FÅ�¾.»vÀ�ÔoØ#¸ ¸�ÙLÁo¼FÀVØQ¿�Á#ÌjÆ�È�Å�È�À�¼Y¼�½�¾
ØWÙLÁ�¼F½�ÆJ¼-ÚUÀ�º�Ë?ÅxÉf¾YÈ�¾.¾#Å�¾#Åz¼�À&Å5ÀEÀ É�Á�¾.»FÊÆ�¼�Ä�À�È�Á�À�Èz¼�½�¾W¼�Ä�¿"¾�Á�Ã#Æ�Ë�¾vÀ�ÔkÂ(¾#Ë�Ë�¾'¼oÆ�É�Ë�Æ�¼�Ä�À�ÈLÒ
ÖP½�¾#»�¾.ÔZÀ�»F¾Y¼F½�¾.×1Æ�»F¾"È�À�¼vº(Á6¾	ÅyÄ�È1¼�½�Ä?ÁvÁ6¼�º(Å5×�Ì\¾'Û�Ã'¾#Â5¼CÔZÀ�»vÀ�È�¾"Ô9Æ Á*¼o¿�Æ�Ç È�¾'¼FÄ�Ã�Ã.À�Ä�Ë�Üp¼FÄ�¿"¾
»F¾#Á�À�Ë�º5¼�Ä�À�È&ÝvÙLÁ�Þk¼�½(ÆJ¼iÚPÆ�ÁPº�Á�¾#Å3¼�À�À É�Á6¾#»�Ê ¾�¼F½�¾CÂ�Ë?Æ�Á�¿�Æv»FÀ�¼�ÆJ¼�Ä�À�ÈeÒ

ßPà^á>à^â ãvä>ånæsç�è6äqéêäjëQç�ìiíïî�è6æ�ðqéiäqñ ç�è6å<ñ
ÖP½�¾C¼FÀ�»FÀ�Ä?Å�Æ�Ë<ÂfÀ Á�Ä�¼�Ä�À�È�À�ÔjÆ�Ë�Ë\Å5Ä�Æ�Ç�È�À+Á*¼FÄ�Ã#Á>Â�»F¾#Á�¾.È+¼�¾	ÅIÄ�Á�Ç�Ä�Ê�¾.È&Ä�Èx¹\Ä�Ç(Ò>Ý�Ò�Ø ØQò Ý�Ø[óuÌ(»F¾.Ë?ÆJ¼FÄ�Ê ¾
¼�ÀE¼�½�¾YÂfÀ Á�Ä0¼FÄ�À ÈzÀ�Ôj¼�½�¾WÂf¾.Ë�Ë�¾.¼-Ä�ÈJô*¾	Ã[¼�À »#ÒoÖP½�¾WÅ5Ä?Æ�Ç È�À Á6¼�Ä?Ã.Á$Å5Ä�»�¾	Ã[¼FË�×�À É�Á6¾#»�ÊHÄ�È�Ç�¼F½�¾"Â(¾#Ë�Ë�¾'¼
Æ�É�Ë�Æ�¼�Ä�À�ÈSÜ9Æ�Á�Å5Ä�ÁFÃ'º(Á�Á�¾#ÅIÄ�È�Ï5¾#Ã[¼FÄ�À ÈzÝ5Ò ·�Ò · ÞUÆ�»F¾-Ë�À5Ã#ÆJ¼�¾	Å&ÆJ¼>¼�½�¾vÁ�Æ�¿"¾A¼FÀ�»FÀ�Ä?Å�Æ�Ë<ÂfÀ Á�Ä�¼�Ä�À�È�Æ�Á
¼�½�¾CÂ(¾#Ë�Ë�¾'¼iÄ�ÈJô*¾#Ã'¼�À »#Ì�Æ�È�Å&Æ�»F¾AÈ�À�¼�Á6½�ÀJÚ>ÈEÄ�È�¹sÄ�Ç�ÒjÝ�Ò�Ø Ø

Pellet Injector

ECE radiometer
Thomson Scattering
õ
and ECE-Imagingö Interferometer

SXR and VILT cameras
÷

Bolometer
Movable limiter

ECRH Launcher (110 GHz)

45
o 

15
ø o 

60
o 

45
o 

75
o 

45
o 

60
ù o 

15
o 

I pl

B  
ú

tor

¹\Ä�Ç º�»F¾�Ý�Ò�Ø Ø�ûvüAÊ�¾#»�ÊHÄ�¾.ÚýÀ�ÔU¼�½�¾"¼FÀ�»FÀ�Ä?Å�Æ�ËrÂfÀ Á�Ä0¼FÄ�À ÈSÀ�ÔU¼�½�¾�Âf¾.Ë�Ë�¾.¼vÄ�ÈJô*¾#Ã'¼�À�»oÆ�È�Åy¼�½�¾3¿WÀ+Á*¼
Ä�¿WÂfÀ�»�¼FÆ�È+¼>Å�Ä�Æ�Ç�È�À+Á*¼FÄ�Ã#ÁUÆ�¼>¼�½�¾oÑ�Ö>þÿ¼�À��JÆ�¿�Æ��nÒ

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

Ó Ë�Æ�»�Ç ¾v»�Æ�È�Ç ¾YÀ�ÔkÊJÆ�Ë�º�¾	Á�ÔZÀ »-É(À�¼�½TÅ5¾.È(Á6Ä�¼*×xÆ�È�Åz¼�¾#¿"Â(¾#»FÆ�¼�º�»F¾YÀ5Ã#Ã'º�»�Á-Å5º�»FÄ�È�Ç&Âf¾.Ë�Ë�¾.¼oÆ�É0/
Ë?ÆJ¼�Ä�À�ÈeÌ\Éf¾'¼*ÚU¾.¾#ÈT¼�½�¾Eº�È�Â(¾#»6¼Fº�»�Éf¾#Å�Â�Ë�Æ Á6¿�ÆyÆ�È�ÅS¼F½�¾3Âf¾.Ë�Ë�¾'¼#ÒSÖP½�Ä?Áv¿"¾	Æ�È�Áv¼�½�Æ�¼WÆzË�Æ�»�Ç ¾
»�Æ�È�Ç ¾CÀ�Ô�¼*×HÂ�Ä�Ã#Æ�Ëe¼�Ä�¿W¾�/PÆ�È�Å&Ë�¾.È�Ç�¼�½0/�Á�Ã#Æ�Ë�¾#Á>Â�Ë�Æ×&Æ�»FÀ�Ë�¾�ÒiÖP½�Ä?ÁiÄ?ÁiÄ�¿"Â(À »6¼�Æ�È+¼i¼�ÀE»�¾	Æ�Ë�Ä21#¾CÄ�È
¼�½�¾iÄ�È+¼F¾.»FÂ�»�¾.¼FÆ�¼�Ä�À�È"À�Ô<¿�Æ�ÈH×v¿"¾	Æ�Á�º�»�¾#¿"¾.È+¼FÁ#Ò\¹�À�»j¾.Û�Æ�¿"Â�Ë�¾�Ì�Ä�ÔLÀ�È�¾>ÚUÆ�È ¼�Á�¼�ÀYÃ'À�È(Á6Ä?Å5¾.»j¼�½�¾
Â�»FÀ5Ã'¾#ÁFÁ�À�Ô<Âf¾.Ë�Ë�¾.¼kÆ�É�Ë�Æ�¼�Ä�À�È�Æ�ÁrÉf¾.Ä�È�ÇvÆ Å5Ä?Æ�É�Æ�¼�Ä?Ã�Ì�Ä�¼qÄ?Áj¾	Á�Á�¾.È+¼�Ä?Æ�Ë�¼�À��HÈ�ÀJÚÿ¼�½�Æ�¼j¼�½�¾AÆ�É�Ë?ÆJ¼FÄ�À È
¼�Ä�¿"¾YÁFÃ.Æ�Ë�¾oÀ�Ôjº�Á�º�Æ�Ë�Ë�×1Ø#¸ ¸3/*Ý�¸ ¸vÙLÁAÄ�ÁA¿vº(Ã�½xÁ6½�À »6¼F¾.»�¼�½�Æ�È�¼�½�¾Y¾.È�¾#»�Ç ×EÃ.À�È5Õ�È�¾.¿"¾.È+¼�¼FÄ�¿"¾
À�Ô54C¿�ÁqÆ�¼qÑ\Ö>þ�Ò ÖP½+º(Á.Ì Ú>½�¾.ÈQÁ6¼�º�Å�×+Ä�È�ÇC¾#È�¾.»FÇ�×vÃ.À�È5Õ(È�¾.¿"¾.È+¼	Ì�Âf¾.Ë�Ë�¾.¼kÄ�ÈJô*¾#Ã'¼�Ä�À�È�Ã.Æ�ÈWÉf¾i»F¾�/
Ç Æ�»FÅ�¾#ÅY¼�ÀYÉ(¾$ÆvÅ5¾#Ë0¼�ÆCÔZº�È�Ã'¼�Ä�À�ÈLÌ5Æ�È�Å"¼�½�¾�»F¾#Á�º�Ë0¼FÄ�È�ÇoÈ76>Æ�È�Å3Ö86UÃ�½�Æ�È�Ç�¾	ÁqÆ ÁqÁ6¼�¾.ÂQÔZº�È�Ã[¼FÄ�À È�Á
Ä�ÈE¼FÄ�¿"¾ Ò:9rÛ�Æ�¿"Â�Ë�¾#ÁPÀ�Ôe¼�½�¾#Á�¾CÈ+º�¿vÉf¾.»�ÁUÔZÀ�»iÑ�Ö>þRÆ�»F¾AÔZÀ º�È�ÅIÄ�È&Ö\Æ�É�Ë�¾oÝ5Ò ·�Ò



;!<>=@?BAC?EDGF>HI=KJMLONI=QPSR!<GTVU�WX=@Y#Z7[�\^]_?VW`YQa�bc=d]5WeT7W`AONf] g7h

i8j7k�l�m7nonBkVprqMs0t2u5m_v�tCw'pxqBtCy�kzt{v�k�|0}GkVnBtCy�k�prqo~'�2�C���Ow'm_p_s�qow��>kc��hQ�cy�v��Ow�nK~cq��I}7tClV~��
� j7y�t{l�}7�{~'vBy�~7���Ew3��k���k�nQ�S�Ow�n)qoj7k�l�wIw'�CkVs�}_�C~�v�y�~x~���qBkVn�}>k��C�2k�q�t2p3��kQl@qot2w�p�qBj_tCv�l�~'p��'w
s0w3�"p�qBw���h�y�v���vBw�vBw'y�k�l�m7nBnok�prq�nokVs0t{v�qonBtC�7m0qot2w�p�l�w'm_�Cs�w0l�l�m7n�tCp�qBj7k�}7�{~'vBy�~�l�kVp�qok�n
s0m7notCp7�zqBj7k�~'�7�C~�qBtCw'p�}7nowIl�kVvov��

i8t2y�k�vBlV~��CkVv�qoj_~3q�~�nok�y)m_ldj�v�y�~��C�Ck�n�qoj_~�p�qoj7k�~'�7�{~3qBtCw'p�}_nBw0l�kQvBv�~�nok�qBj7k�t2w�p0�Xt2w�p
l�w��2�Ct{v�tCw'pcqBtCyzk) �¡¢~�p_s�qoj7k�k��CkVl�qBnow'p0�Xt2w�p�l�w'�C�2t{v�tCw'p�qBtCy�k� V£f�

¤�k��Ow'nok�~�}7�C~�v�y�~�}7now'}>k�nBq��'�¥�2tC¦'k�i8§Q�8lV~�p¨�Gk�nok��r~�nds0kVs©~'v�~�ª_m0|«�Om7p_l@qot2w�p�s0m7not2p7�
}>k��C�2k�q"~'�7�{~3qBtCw'p¬�rt2q8j_~'v¥qBw��>k�¦Ip7w3�"p�j7w3���`~�v�q8tqEvB}7nokV~'s_v®w�m0q�w3��k�n8~�ªGm0|cv�m_n��`~�l�k'� � p7�C�
t2�#qBj_tCv�nok��{~3|7~3qot2w�p�t{vzvBj7w�n�q�w'p©qBj7k�~��_�C~�qBtCw'p�qot2y�k�vol�~��Ck�qBj7t{v�tCv�~'�2�Cw3�¥kQs¯�©°_w'n�i § qBj7t{v
y�kV~'p_vKqBj7kck��CkVl@qonBw�p_vMp7kVkVs�qBtCy�k�qBw±vB}7nokV~'s�w'p�qoj7k�ª_m0|�v�m7nB�`~'l�k�~�p_s�qBj_k�noy�~'�2t{vBk±²`~'v�tCv
�Om7nBqBj7kVn#s0t{vBl�m_vov�kQs�tCpx³IkQl@qBtCw'p±g_� g_�2h��®i8j7kVnBy�~��Ct{vB~�qBtCw'p���m_v�q�yzkQ~�p_v"qBj_~�qEqBj7k)k��CkVl@qonBw�p�j_~'v
qBw�k�|0}>k�not2kVp_l�kK~��OkV�´l�w��2�CtCvBtCw'p_vV��vBw�~)�Ok���qot2y�kQv¥µ_� g'¶)·¸vQ²`vBk�kEqd~��7�Ck�¹0� g�º@��»E�{vBw)qoj7k�y�t2|0t2p7�
qBtCy�k��Ow'nKqBj_k�k��CkVl@qonBw�p_vMl�~'p��>k�t2p�qoj7k�w'nds0k�nMw��"~c�Ok��.yzt{l�now�vBkVl�w'p_s_vKvBw�qBj7k�nok��{~3|7~3qot2w�p
qBtCy�k"�Ow'n�i8§®�"tC�2�>�>k"qBwIw_�¢i8j7t{v:y�kQ~�p_v�qoj_~3q�i8§�lV~�p��>kEnBkV��~'nos0kQs�~�v®~Kª_m7|z�Om_p_l@qot2w�p¸��kV�'kVp
s0m7notCp7��}GkV�2�Ck�q#~'�7�C~�qBtCw'p¸�

i8j7k�t2w�p0�eqBj7kVnBy�~��K�'kV�2w0l�tq���s0tC�ItCs0kQs´�I�¼qoj7k�l�tCnol�m7yz�Ok�nok�p_l�kxw��)qBj7k�qBw�nBmGv��G~'vBtClV~��C�2�
s0k�qBk�noy�t2p_kVvKqBj_k�qot2y�k�vol�~'�2kzw'p��"j7t{ldjxqoj7k�s0k�pGv�t2q��±nok��{~3|0kVvKw'p�~cª_m0|�vBm7nB�`~'l�k'��i8j_k�t2w�p
qBj_k�noy�~'�¯�'kV�2w0l�t2q���t{v8q��I}7tClV~��C�2�xhK½�hVµ�¾Ky�¿�v8�"j7t{ldj�y�kQ~�p_v"~�qBtCy�k�w��!¶r��·¸v8tCv8p_k�kVs7kVs��Ow'n
~�vBt2p7���2k�}_~�vBvo~���k�~�now'm7p_sxqBj_k�qBw�nBm_vV��³ItCp_l�k�~3q��CkV~'v�q)vBk��'kVno~'�¢nBw�m7p_s7v�~'nBw�m7p_s�qBj_k�qBw'nom_v
j_~f��k�qBw��>k�y�~�s0kzqBw�w'�0qd~�tCp�~�l�w�p_v�qo~�prqM�3~��Cm7k�w��:qoj7k�s0k�pGv�t2q���w'p�~�ªGm0|�vBm7n��`~�l�k��¯�C~'nB��k
�3~�notC~�qBtCw'p_v:k��'kVp�w'p�~�v�tCp7���2k#ª_m0|�v�m_n��`~�l�k#lV~�p��>k�k�|0}GkQl@qBkQs��"j7kVp�y�kV~'vBm7not2p_��qBj7kMs0kVp_v�t2q��
s0m7notCp7��}GkV�2�Ck�q#~'�7�C~�qBtCw'p¸�¢i8j7t{v"t{v"s0t{vBl�m_vBvBkVs�tCp�y�w�nBk�s0k�qo~�tC�¸tCpxÀ¥j_~�}0qok�nEÁ_�

i8j7kMt2w�p0�Xk��CkVl@qonBw�pcj7kQ~3q"k�|7ldj_~'p7�'k�qBtCy�k�p7w'noy�~��C�2��t{v8tCpcqoj7k�w'nds0k�n�w���~��Ok��Ây�vV�¢�Ew3�8�
k���k�nQ�StCp_vBtCs7k�qBj7k�~��7�{~3qot2w�p�l��Cw'm_s�t2q)�'wIkQv)s0w3�"p�qBw±qBj7k�·¸v�qBtCy�k�vol�~'�2k��!vBw�p7w±�{~�no�'k�s0t2���
�Ok�nok�pGl�kVvEt2p�tCw'p�~�pGs�k��CkVl@qonBw�p�qBk�y�}>k�nd~3qom7nBk�vBj7w�m7�Cs��>k�k�|I}>kVl�qBkQs�~3��qBkVn"qBj_k�k�p_s�w'�¢}GkV�2�Ck�q
~��_�C~�qBtCw'p¸�



Ã!Ä>Å@ÆBÇCÆEÈGÉ>ÊIÅKËMÌOÍIÅQÎSÏ!ÄGÐVÑ�ÒXÅ@Ó#Ô7Õ�Ö^×_ÆVÒ`ÓQØ�ÙcÅd×5ÒeÐ7Ò`ÇOÍf× Ú�Û

Ü!Ý�Þ7ßCà�Û7á Ú_â¸ã:ß{Ý'äBå�Ý"æBçCåzà�Ý�è_é�ß2àVè7ê�æoë�äoì�Ý�ßCàVäSÝ�è_é�í'à�ßCî0ì�ç2æBçCàVä¥ïOðoà�å�ç2èGé¯âSñ�òKó_áõô'Û�å�ö�ÝròKó7áC÷Vø'ù
å�ö'ú>à�ßCß2à�æ�òûó_á ø�üXó_á ý#å�å.é0ç{Ý�å�à�æBà�ðQö'Ý'Þ7ßCÝ�æBçCî'è�ì�ßCî'þ_é�òÿ÷VóKå�å é0ç{Ý�å�à�æoà�ðQö'Ú3üd÷VóKì�å ß2àVè7ê�æoë¸ö
Ý�Þ_ßCÝ�æBçCî'è�æBçCåzà�ò ÷Vó�ó3ü�Û�ó'ó � ä�á��Âæoî'ðoî'ç{é7Ý�ß��_àVßCé�î��:ÛzÜ´ç{ä�æoÝ	�'àVè�
@á

�MçCè_é�î���ú7ß{Ý'äBå�Ý_â �ë_åzç{ì ì�îrî�ß2àQécÞ��cÝ çCè_äBçCé7àMæBë7à
äBå�Ý�ßCß¯úGàVß2ßCà�æ Ý'Þ7ßeá:ì�ßCî'þ_é

ã®ßCÝ�ä�å�Ýzú_Ý�ðdÝ�å�à�æBà�ðdä¥þ_ä�àQé��Oî'ð8æBë_àVäBà�ì�Ý�ß{ì�þ_ßCÝ�æBçCî'è_äVâ
Ü��fö_Ü��:ï Ý3æEð�òKó7á��)Ý�
 Ú�ó'ó à�� ÷Vó'ó à�� ÷Vó à��
è��zï`Ý�æEð@òKó_á �)Ý�
 Û3à�÷�� ���� ý'à'÷�� ���� ÷VàQÛ0÷�üo÷VàQÛ'Ú ���� 
! î�þ7ß2î�å)Þ�ß2î�ê�à�üXàKßCè¬ï#"$
 ÷�ù_á�� ÷QÛ7áõô ø_á ý�ü%�_á2÷
! î�þ7ß2î�å)Þ�ß2î�ê�à�üXç¯ß2è!ï&"�
 ÷�ù_á ý ÷VÚ_á ó ô0á2÷�ü%�_á ù
! î�þ7ß2î�å)Þ�ß2î�ê�çüXç¯ß2è!ï&"�
 ÷Vø7á Ú ÷�ùGá ó ø_á ��ü%�_á Û
ú7ß{Ý'äBå�ÝzðBàVê'çCåzà ú_ßCÝ�æBàVÝ'þ ã��_ðoäoìdë0ü('0ìdë7ßeá ã��_ðdäBìdë0ü('0ìdë7ßeá
)+* ó7á ù�ý �-,/.	0 Û7á2÷ �-,1.	0 Û0÷ �-,1.	0
2436587:9;9=<>3=7?5�@ ó_á ó�ó�� � , .	0 ó7á ó'Ú � , .	0 ó7á ôfù�ü(��ô � , .	0
2BA *(C � 365>7:9(9=<D3=7E5 @ ó7á ý'ó �-,/.	0 ó7áC÷1� �-,1.	0 Ú7á ôQü�Û�ý�� �-,1.	0
Ü8çCå�à�äBìVÝ�ßCàVäVâ
àVè7à�ðoê	�cì�î'èF�Gè7à�å�à�èræ8æBçCå�à ù å�ä ü ü
ì�þ7ðBðoà�èræEé0ç8G>þGä�çCî'è�æBçCå�à ÷1� å�ä Ú_á Ú å�ä ü
àVß2àQì@æBðQá üeçCî'è�ì�î�ß2ßeá�æBçCå�àIH * ø7áõÛ � ä ó7á Ú�ù � ä ó7á ó7÷Qø3üd÷'áõÛ è_ä
çCî'è0üXçCî'è�ì�î'ßCßCçCäBç2î�ècæoç2å�àIH�< Ú�Ú'Ú � ä ÷Vý_á ø � ä ó7á �'Ú�ü�ô0÷'á ô è_ä
àVß á üeçCî'è�à�è_à�ðoê	��à�J0ìdë¬áSæoç2å�à �0á ø å�ä Ú'ó'ó � ä ó7á ó7÷/�füd÷'áC÷ � ä
çCî'è�äBú7ðBàQÝ'é�æBçCåzà @E@ ü ���füd÷'÷Vó�ó � ä ü
àVß á:äBú7ðoàVÝ'écæBçCå�à @E@ ü ÷1�3ü^Û'ý � ä ü
K¬à�è7ê'æBë�äBìVÝ�ßCàVäVâ
L�à�Þ��'à�ßCà�è_ê�æBë Û�� � å ý_á Ú � å ó_á óIôfù'üXó_áõô3ù � å
àVß2àQì@æBðoî'è-K¬Ý'ðBå�î�ð�ðdÝ'é7ç2þ_ä Û�� � å ÷fô � å �0á ù � å
çCî'èMK¬Ý'ðBå�î�ð�ðdÝ'é7ç2þ_ä ÷'á Ú å�å ó7á ô�Û å�å ó7áõÛ�Ú å�å
Þ_Ý'è_Ý�èGÝON"ç{éIæoë�àVß2àQì@æoðBî�è_äP@ ÷'á ó�� å�å ü ü
Þ_Ý'è_Ý�èGÝON"ç{éIæoë�çCî'èGä @ ù��0á ó å�å ü ü
àVß2àQì@æBðoî'è�å�àVÝ'è��Oðoà�àMú_Ý�æBë Ú'ý7á Ú å ÷�á2÷ å ó7á ó�Û3üXó_á ý�� å�å
�¢àVß2î0ì�ç2æBçCàVäVâ
àVß2àQì@æBðoî'è�æBë_à�ðoå�Ý'ß¸í'àVß2î0ì�çæ(� ô0á Ú'àVø åRQ3ä ù_áõÛ3àVø åRQ�ä ÷�á Ú'àVø åRQ3ä
çCî'è�æBë_à�ðoå�Ý'ß¯í'àVß2î0ì�ç2æ(� ÷�áõô3à1� åRQ3ä �7á ý�à�ù åRQ�ä Ú_á2÷Và�ù åRQ3ä
çCî'è�äBî'þ7è_é�í'àVß2î0ì�çæ(��S 9 Û7á ù�à1� åRQ3ä ÷'á ù'à1� åRQ�ä ùGá ù�à�ù åRQ3ä
�#ßT�OíVUàVè�í�à�ßCî0ì�ç2æ(� �_áõô3àVø åRQ3ä ù_á ��àVø åRQ�ä ÷�á ù�àVø åRQ3ä

@ �Oî�ðXW0òMÛ7öIð@òKý�ì�å
@E@ æoë7çCä#çCäEæBë7à�àVä�æBçCå�Ý3æBàQé�æBçCå�à�è7à�àQé0àVé�æBî�ê'à�æ�ÝB�Oþ7ßCß�ä�ú7ðoàVÝ�é0çCè7ê�î'è±ÝBY_þ�J�äBþ7ðZ�`Ý'ì�à�î	��æBë7à
é0àVúGîrä�ç2æBàQé�Ý'Þ7ßCÝ�æoÝ'è�æQö��Oî'ð"ð�òKý7á ó�ì�å�á['Ià�à\'IàQì�á:ø_á �\�Oî'ðEÝzå�î'ðoà�é0à�ædÝ�çCß2àQécà�J0ú7ßCÝ'è_Ý3æoç2î�è¸á
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F GHG�I/J�KML�N@OPO4Q,RTS=UEL�L2UWVYX�UHR4Z�RPQ�[\Q�RE]2KW]:]_^PQa`@S�K9L	[bKbQ'O4cHQdV%U9e"KfL	^PU9e	]2]�g�[\QHh7ij^PgkX�^TUHRPS�l
U4X�X�NPe_LbV%UHefm�no[\U4O4Qqp_pr`PSkKHL�[bKHL,hse_Q,L�NPS=]�g�RPctg�RuKtS=UEL�LMUWVd`@KWe�]�gkXvS�Q,LfKWR@OwQ�R@Q�e_cHlxUHV�]�^PQ
`PSkKHL�[bKPy

z RPUH]�^PQ,e�Qv{PKH[|`@S=Q�UWV�K|S=U4X,KWS<Qv}7Q,Xv]�g�Lj]�^PQ~L�UbX�KWS�S�Q,O�`Pe�Q�n/X�U�UHS�g=RPc|`P^PQ,RPUH[\Q,RPUHR�y���^PgkL
gkL�KWRtQ�{�]�e_Q�[\Q�S�l�VBK9L�]|XvU�UHS�g=R@cTUWV�]�^@Qf`PSkKHL�[bKTXvQ,R9]_Q�e~U9Rt�@N4{tL�NPe	VBK9XvQ'LdRPUW]|lHQ�]aXve_U9L_L	Q'O
� l�]�^@Qb`�Q,S=S�Qv]fF=� C hY�,�4h�� D ��I/yM��^PgkL�g�LdN�L	N@KHS=S�l�L�Q�Q,R�ij^PQ,Rq]�^PQb`�Q�S�S=Q�]�Xve_U9L_L	Q'L���UHe2g�L�RPQ'KWe
]�^@Q|�P�a��L�NPe�VBKHXvQ9yd��^PQ�e_Q�`�UHe�]�Q'O�g=R�i�KWe�O��HQ,S=U4X�g�]_g=Q'L�V%U9e:]_^Pg�L"Q,�HQ�RE]"e_KHRPcHQdV%e_UH[�K � U9N4]|�
� [f��LbF=� D ��IY]�Ut�,�Wn D � � [f��LbF=� C IYKWR@O�X�KHR�R@UW] � QbQv{4`PSkKWg�RPQ,O � l�KWR�g�R@Xve_Q,K9L	Q'O�O4g=}7N@L	g�UHR
� � Q,X,KWN@L�Q�]�^@Q�R�]_^PQ�KWS�e_Q,KHOPlfKWRPU9[bKWS�UHN@L�^Pg�cH^TOPg�}7N@L�g=U9R�^@KHL�]_U � Q�g=R@X�e�Q'KHL�Q,O � l�KHRPUW]_^PQ�e
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Ü3ÝSÞ ß�àdá-âhã8ä&â�å�æ�çTè�á�é�ê�ë!ÝNçRì<Ý8á&í¾î	ïmê�ðhß�ñ�òQß�à!ïUê	ç&á�ê	óhô¡î	ï�ë!è�á�ê�õhö8ê�ëdê�óëKë!èhê�ë)àdá�ê çTè�á�ò�ë!è�áë!î à!î Ý8ôhê�ö	÷5î ò!ÝSë!Ý8î	óRî	ï�ë!è�átø�æRô�ÝNê�Þ ó�î òQë!ÝNç�÷�àdî�ùrá�ç/ë!á�ô�î	ófëdèhê�ë3ðhß�ñRò!ß�à!ïUê	ç�á)ú@ó�î	ë!á�ë!èhê�ë3ÝSëCé�ê�ûèhê�ì á�ô�àdÝ�ïVëdá�ô¤ÝSó¤àdê ô�ÝNê�öGô�ÝSàdá�ç�ë!Ý8î	ó�ü�ò!î�÷�á�à!÷5á&óhô�Ý8ç&ß�ö8ê	à)ë!î�ë!è�ÝNò�ì<ÝSá�í�ý/ã-øoè�á�ç�Ý8àTç�ö8á�ò�ô�á&óhî�ë!áë!èhá-÷5î ò!Ý�ëdÝSî ó�î	ó¡í�è�ÝNçTè�ëdè�á�ê	õ�ö8ê�ë!á�ô�é�ê�ëQëdá&à)Ý8ò�à!á�öSá�ê	ò!á�ô�ã�øoè�á�ì	á�àQëdÝ8ç�ê�ö0ö8Ý8ó�á�òKô�á&ó�î	ë!á-ë!è�áë!î à!î Ý8ôhê�ö0÷5î ò!ÝSë!Ý8î	ó�î	ï�ë!è�á�÷5á&ö8öSá&ë)Ý8ó�ùrá�ç/ë!î àfê�óhô�ëdè�á�ø�æ¡ô�ÝNê�Þ ó�î òQë!ÝNç�ãføoè�á�è�î	àdÝSþ�î	óëdê	ö0ö8ÝSóhá�òÝ8óhô�ÝNç&ê�ëdá.ëdè�á.ëdî	÷�ê	óhô�õ5î�ëQëdî	éÿî�ï�ëdè�á�÷�ö8ê òQé�êhã�øoè�á�ô�Ý8ê	é�î óhô�ò�î	ó¢ëdè�á�ò!á�ö8Ý8ó�á�ò�ô�á&óhî�ë!áë!èhá�÷5î ò!Ý�ëdÝSî óhò�é�á�ê òQßhà!á�ô�õû�ëdè�áKø�æ�ô�Ý8ê	Þ	ó�îòrëdÝ8ç	ã��tá�ç�ê�ßhò!á�î	ï5ëdè�á�ô�Ý���á&àdá&óëtöSá�ó�Þ�ëdèhò�î	ï�ë!è�á÷hê�ë!è�ï@à!î é¾ëdè�á�÷5á&ö8öSá&ë�ë!îfëdè�á�ø�æ�÷5î ò!Ý�ëdÝSî ó�ërímîfô�Ý��5á�à!á�óë�÷�á�öSö8á�ëm÷�îòQÝSë!Ý8î	óhò�èhê�ì	átë!î-õ�á�ßhò!á�ôê	òoòQëdê	àQëdÝSó�Þ�÷5î	Ý8ó ë�ã�øoè�á�é�ê�ëQëdá&àoë!è�ê�ë�ô�àdÝ�ïVëTòoÝSó�ë!è�áfç&ß�à!àdá&óëoô�ÝSàdá�ç�ë!Ý8î	ó�ç&ê	ó+á�ñ�÷�öNê�Ý8ó+í�è<û+êöNê�àdÞ	á�ô�á&óhò!ÝSërû.Ý8ò�î	õhò!á&àdì	á�ô.î	óhöSû.î ó+ëdè�á�ë!î ÷��Hèhê�öSï3î	ï0ëdè�áfó���÷hà!î
	höSá�Ý8ó�Ü3Ý8Þhã�â�ãSä���ã

Ü3ÝSÞ�ã��ã��<ü�ítá&àdá�ëdè�á&û�ê�àdáfç�ö8á�ê�àdö8û�ìÝNò!ÝSõ�ö8áfõ5á�ërítá&á&ó���ê�ó�ô�ä���ç&é�ã�øoè�Ý8ò�é�î�ô�ßhö8ê�ë!Ý8î	ó�èhê	ò�êërû<÷�ÝNç&ê�ö�ï@àdá��ß�á�óhç�û+î�ïoä��
������þ ãøoímîKõhê	ò!ÝNç�ÝNô�á�ê ò0è�ê�ì	á�õ5á&á�ó�ô�á�ì	á�öSî ÷�á�ô�ë!î)á�ñ�÷�öNê�Ý8ófë!èhÝ8ò3÷�è�á�ó�î	é�á�ó�î	ó�ã��Kó�á ü�÷hà!î ÷�îòQá�ôõ<û���á&ßhèhê�ßhò!á&à��Sä���ä! ªü�ê ò!ò!ß�é�á�ò�ë!èhê�ëKëdè�á�÷�á�öSö8á�ë�÷�á�à!Ý8î�ô�ÝNç&ê�ö8ö8û�öSá�ê�ì	á�ò�ë!è�á�ò!è�ÝSá�ö8ô�ÝSó�Þ�ç�ö8î	ß�ôúUò!á&á�æ<á�ç�ë!Ý8î	ó"�hã  ý/ã¡Ü�î à$#Gø&% ëdè�Ý8ò-ímî ß�öNô�Þ	Ý8ì	á.ê�ërû<÷�ÝNç&ê	ömç&öSî ßhô¢àdê ô�Ý8ßhòRî	ï'�ã �(�)��ã ��é�é�üç&ê	ö8ç&ß�öNê�ë!á�ôfï@àdî	é òQë!àdÝNê�ë!Ý8î	ó�òGÝSó�ë!è�á�î õhò!á&àdì	á�ô��'*�ò!ÝSÞ óhê�öNò,+�ã3øoèhÝ8òGÝNòGó�î�ë�Ý8ó�ê�Þ	àdá&á�é�á&óë3í�ÝSë!èë!èháfé�á�ê	ò!ß�àdá�ô+ç&öSî ßhô�òQÝ8þ&á�î	ï�- ä��é�é úUò!á&áRæ<á�ç/ëdÝSî ó�â�ã �hã â<ý/ã
. ò!á�ç�î óhô�é�á�çTèhê	ó�ÝNòQé Ý8ò�÷�à!î ÷�îòQá�ô+õ<û . óhô�á&ö�	hó�Þ	á�à$�Sä! 3ê	óhô�ï@ß�à!ë!è�á�à�Ý8óì á�òQë!Ý8Þ ê�ë!á�ô�õ<û

%�/á&Þ	î ß�àdÝ!/á�ê	óhô10Kß�õ�î Ý8ò2�Sä	ä��� ªãGøoè�ÝNò0ÝNô�á�êKê ò!ò!ß�é�á�ò�ë!èhê�ë3ö8á�òdò3á&ó�á�à!Þ ûKÝNòGê�ì�ê	ÝSöNê�õhöSá�ê�ë3àTê�ëdÝSî óhê�ö
�3�Hò!ß�à!ïUê	ç&á�ò0ë!îfê�õ�öNê�ëdá�ëdè�á�÷5á&ö8öSá&ë�úVë!èhá2�3�Há!��á�ç�ëTý/ã�4Hï5ë!è�ÝNòGá!��á�ç�ë�ç�î	ßhö8ô-õ�á�î õhòQá�à!ì á�ô�ü�ÝSë�ímî ß�öNôï@î	àdé�ê�ô�ÝNê�Þ ó�î òQë!ÝNçKï@î	àoë!èhá1�
�H÷�àdî5	hö8á	ã

��î�ítá&ì á&à�ü�ê	ó�ê	ö�ëdá&àdóhê�ëdÝSì á�ëdè�ÝSàTô�á�ñ�÷�öNê�óhê�ë!Ý8î	óRÝNò3ë!è�á�ô�àdÝSïVëGî	ï�ë!èháoê	õ�öNê�ë!Ý8î	ó�ç�ö8î	ßhô�ã64Hï�ë!è�áê�õhö8ê�ë!Ý8î	óRç�ö8î	ß�ôf÷�á�à!Ý8î�ô�ÝNç&ê�ö8ö8û)ô�àdÝSïVëdò3ê�ítê�û�ï@à!î é ëdè�á�÷5á&ö8ö8á�ëGÝ�ë3öSá�ê�ì	á�ò�ë!è�ám÷�á�öSö8á�ëGß�ó�÷hà!î	ë!á�ç�ë!á�ôê�ó�ô á�ñ�÷�îòQá�ô ë!î�ë!è�á¤è�î�ë�÷�ö8ê òQé�êhã øoè�ÝNò+ç&ê	ßhò!á�ò+ê�é�î�ô�ßhö8ê�ë!Ý8î	ó Ý8ó¬ë!èhá¤ê�õhö8ê�ë!Ý8î	ó¬àTê�ë!á÷�àdî	÷5î	à!ë!Ý8óhê�ö�ëdî�ë!èhá�àdê�ë!Ý8î�ç�ö8î	ßhô�ò!ÝSþ�á�7(8
9;:=<?>�@A<�B(C!DFE�G=H(9�Ý8óRòQë!á�ê ô)î�ï<ë!è�á�àdê�ë!Ý8îoç&öSî ßhôfò!ÝSþ�á�7�8�I�JKE�E�JK@/üê�ó�ô+ÝNòoë!è<ßhòoÝ8ó�ê�Þ à!á�á&é�á&óëoí�Ý�ëdè�ëdè�áfé�á�ê òQß�àdá�ô�ç�ö8î	ß�ô�ò!Ý8þ&á	ã
L,MON�PRQ6S�TVUXWZY([;\^];_`TVN�];acbed`f�_�]ZghP)i�[;j&k�\XPlTFN�]=mOT2Y�PnW![,aVU o!PRTVaVgFU�[,aVUX]ZY�Tp[,apqZr!s�t uZvZwZw�[;Y�xyqZr!s�t u�zZz{w

| T=}~TF]c[laVUXj&P&x�U �
PngFPnY��nP�];_�r�t v | T=tR�(gF]Zj�aVN�Ppk5P{\X\XP)a�o!Pn\X]��nU a���];_��ZwZqRj��,T�U a�aVN�PnY�_�]Z\X\X]=mOT�_�gF]Zj�aVN�P
� Pn��N�[;��TFPng^aFN�Pn]Zg��'aVN([,aOaFN�P��n\X]Z��x'x�U�[;j&P)aFPng^UXT^��t �hj&j"[;Y�x'aVN�P��n\X]Z��xlgF[;x�UX��T^UXTOq�t �2j&jRt
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±�²�³3´�µ,¶1·~¸e¹�º�»&¼�½;¾�¶À¿ÂÁ(Ã,²e½�Ä�µ;Á�Å&²�Æ�³yÇ5È�Ç5É�Ê)Á(Ë�²eÌ�Í�¶�Î�Îe¶!ÃR²eÆ(Ïn¶�½!Ã=²eÇ
Æ^ÐÑÍ�µ,Ç5Ïn¶�½ZÃ,¶�ÄÒÇ
ÆÓÁÔÍ�Ç
ÎeÇ
²?Ä�Á5Î
½!µ,Ç3Ì,Ì{ÊKÌ=¶�½!Ã=²eÇ
Æ$Ç
È�Ã,¾�¶&Ã,Ç
Õ(Á5¿ÂÁ5ÕÖ¸�×2¾�¶�Ä�²?Á5¿�Ç
Æ�Ä�Ì`²�Æ�Ä�²e½�Á(Ã,¶&Ã=¾�¶&Í�¶ÀÎeÎe¶!Ã�Í�Ç3Ì=²�Ã,²�Ç3ÆÂÁ(Ã�Ã,¾�¶2Ã=²e¿�¶�Ì
Ã=¾�Á(ÃpÃ,¾�¶1Í�µ,Ç5Ø~Îe¶�Ì�Ì{¾�Ç(Å&ÆÙ²eÆ�±6²e³3Ì�¸h·~¸e¹�ÚÛÁ5Æ~ÄÒ·�¸�¹�ÜÛÅ�¶�µ=¶RÃ;Á5Õ
¶�Æ^¸2×2¾�¶cÝ
¶�µ{Ã,²e½�Á5ÎOÄ�Á3Ì{¾~¶�ÄÙÎ�²eÆ�¶
µ,¶ÀÍ�µ,¶�Ì=¶ÀÆÞÃ,ÌcÃ=¾�¶Ù½;¾�Ç
µ;ÄßÝÞ²e¶ÀÅh¶�Äáà�âÓÃ=¾�¶Ù×2¾�Ç
¿ÂÌ=Ç
ÆãÌ,½ÀÁ5Ã{Ã=¶�µ=²eÆ�³�Ä�²?Á5³3Æ�Ç3Ì{Ã=²?½5Ð`à�´�Ã�Æ�Ç
Ã=¶ÂÃ,¾~Á(Ã
Ã=¾~²eÌ'Ä�²eÁ
³
Æ�ÇÞÌnÃ,²e½R²?ÌlÄ�²eÌ=Í�Î?Á
½À¶�ÄÙà�âÙÁ�Ã,Ç
µ,Ç
²?Ä�Á5Î6Á5Æ�³3Î�¶1Ç
È�©
ä3åRÈAµ=Ç3¿æÃ,¾�¶$Í�¶ÀÎeÎ�¶ÀÃ'²eÆ(Ïn¶�½!Ã=Ç3µ�¸&×2¾�¶
½!´~µ=Ý3¶�Ä�Á
µ=µ,Ç(Åç²�Æ�Ä�²e½�Á(Ã,¶�ÌRÁyÍ�Ç
ÎeÇ
²?Ä�Á
Î�Í~µ=Ç
Ïn¶�½ZÃ,²�Ç3ÆèÇ
È�Ã=¾~¶Û¿�ÇÞÌnÃRÎ�²eÕ
¶�Î�â�Ü5ÊKÄ�²�¿�¶ÀÆ�Ì{²eÇ
Æ~Á
Î6Í�Á(Ã=¾
Ç5È6Ã=¾�¶c¾~²�³3¾ÒÄ�¶ÀÆ~Ì=²�Ãnâ3¸

é ½!Ç3¿ÛÍ~Î�²?½ÀÁ5Ã=²eÇ
Æß²eÌ�ÐÑÃ=¾�Á(Ã1²�Èhà�Ç5Ã,¾ßÍ~µ=Ç�½!¶�Ì=Ì=¶�Ì�êVÁÙÄ�µ=²�È�Ã=²eÆ�³ÒÇ5ÈhÃ=¾�¶ÂÁ
à�ÎeÁ5Ã=²eÇ
Æá½!ÎeÇ
´~Ä^Ð6Á5Æ�Ä
Áëµ,Á5Ã=²eÇ
Æ~Á
Î�ì3ÊK¶!ÉÖ¶�½ZÃZí�Ä�ÇëÇ�½À½À´�µcÌ{²e¿$´~Î�Ã;Á5Æ�¶�Ç
´~Ì=Î�â3ÐÖÃ=¾�¶�Ä�µ,²�È�Ã,²�Æ~³Ò½ÀÎ�Ç3´~Ä�¿ÂÁ�â�Ç3à~Ì=½À´�µ,¶1Ã=¾~¶�ì3Ê
¶!ÉÖ¶�½!Ã�¸ëîKÈ�Ã,¾�¶y½!ÎeÇ
´�Ä�ÌRÎ�²eÝ
¶ÂÎeÇ
Æ~³
¶ÀµRÃ,¾~Á5ÆßÃ,¾�¶ÂÃ=²e¿�¶�Ã=¾�¶yÍ�¶�Î�Îe¶!Ã$Æ~¶À¶�Ä~ÌRÃ=Ç�Í~Á3Ì=ÌcÁÒµ,¶À³3²�Ç3ÆèÇ
È
µ;Á(Ã=²eÇ
Æ�Á5Î�ì�Ð5Ã=¾~¶p¿�Ç�Ä�´�ÎeÁ5Ã=²eÇ
Æ�Ç5È�Ã=¾~¶1ê�ï'ð�í�Îe²�³3¾3Ã�ÅhÇ
´~ÎeÄÛà�¶&Ý
¶Àµ,â$Ä�²�ñÔ½!´�Î�Ã�Ã,Ç1Ä�¶!Ã,¶�½ZÃ�¸�×2¾�²eÌ�²eÌ
¶�Ì=Í�¶�½!²?Á5ÎeÎeâ$Ã,¾�¶'½�Á
Ì=¶&ÈAÇ
µ�¾�²�³3¾Ô×2ò&½ÀÁ
Ì=¶�Ì�Ð
Å&¾~¶Àµ,¶&Ã=¾�¶'Î�²e³
¾ÞÃ�ÈAµ=Ç3¿óÃ,¾�¶'Ä�µ,²�È�Ã=²eÆ�³�½ÀÎ�Ç3´~Ä�²eÌ�¿$´�½;¾
Ì{Ã=µ,Ç
Æ�³3¶Àµ�Ã,¾~Á5ÆyÃ=¾�¶RÎe²�³3¾ÞÃhÁ5µ,Ç
´~Æ~Ä�Ã=¾~¶lÍ�¶ÀÎeÎe¶!Ã�¸ é Ì=¶�Á5µ;½;¾ÂÈAÇ3µ�Ã,¾�²eÌ&ì3ÊK¶!ÉÖ¶�½!Ã2Ì=¾�Ç
´~ÎeÄ�Ã,¾�¶Àµ,¶!ÈAÇ3µ=¶
à�¶1½!Ç
Æ�Ä�´~½ZÃ,¶�Äë²�ÆÙÃ,¾�¶cÎ�Ç(Å�×2òpµ,¶À³
²e¿�¶
Ð�Ã,ÇÔÌ{´�Í~Í�µ=¶�Ì=Ì�Ã,¾�¶1Ä�µ,²�È�Ãp¶ÀÉ�¶�½ZÃ�¸

ôëõZö ÷ëø�ùúùüûcý`þ
é ½ÀÎ�¶�Á5µ�Ä�²�ÉÖ¶Àµ,¶ÀÆ~½À¶&¾~Á
Ì�à�¶�¶ÀÆÂÇ
à�Ì{¶�µ=Ý3¶�Ä�à�¶ÀÃnÅ�¶�¶ÀÆ�Ã=¾~¶&ÈA´�¶ÀÎe²eÆ�³1Í�µ,Ç5Ø~Îe¶pÁ(È�Ã,¶Àµ�Í�¶�Î�Îe¶!Ã�²eÆ(Ïn¶�½ZÃ=²eÇ
Æ
Á5Æ�Ä$Ã,¾�¶�Ì=¾~Á5Í�¶&Ç5È�Ã=¾~¶�ï'ðÂÌ=²e³
Æ~Á
ÎV¸ é Î?Ì{Ç1Ác½ÀÎ�¶�Á5µ�Ä�²?Ì,½!µ,¶ÀÍ~Á
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Fast Backward Drift of Pellet Ablatant in Tokamak Plasmas
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Pelletablationin theRijnhuizenTokamakProjecthasbeenstudiedwith anarrayof 16 fibersviewing
the
+

pellet trajectoryalongvery narrowlines of sight. Rapidbackwarddrift of the ablationcloud away
from thepellet wasobserved. This hasimplicationsfor the determinationof the fueling profile andthe
penetration, of the pellet in the plasma. Furthermore,this movementof the ablationcloud offers a new
explanation- for theoftenobservedstriationsin the light emission. In contrastto thepictureof thepellet
periodically, leaving the ablation cloud, the ablation cloud movesperiodically away from the pellet.
[S0031-9007(99)08796-7]

PACSnumbers:52.55.Fa,28.52.Cx,52.30.–q, 52.70.–m

One of the outstandingproblemsin thermonuclearfu-
sion researchis the fueling of the burning plasma. The
high speed(severalkm. s) injectionof pelletsof solid hy-
drogen
/

isotopesis oneof the options. To obtainreliable
modelsto predict the local fueling rate,the presentpellet
ablationtheoriesmust be validated. Much experimental
and theoreticalwork still hasto be donesincelarge dis-
crepancies0 havebeenreportedbetweenthe ablation rate
asmeasuredby different diagnostics. For example,fuel-
ing
1

measuredby Thomsonscatteringat theJointEuropean
Torus
2

showedafueling locatedprimarily at theedgeof the
plasma,3 while theline emission(Balmeralphaline), which
is
1

usuallytakenasa measurefor the ablationrate,placed
the
4

fueling in the innerpartsof theplasma[1].
In
5

theRijnhuizenTokamakProject(RTP)[2], theabla-
tion
4

of thepelletwasmonitoredby two diagnostics. The
intensity
1

of the 6�7 emission8 from theablationcloudwas
measured9 as a function of time by a detectorviewing a
large
:

plasmavolume,andasa functionof positionby tak-
ing
1

timeintegratingphotographs.Betweenthesetwo mea-
surementssometimesa discrepancyin theobservedpellet
penetration3 wasfound.

A dedicateddiagnostichas been built to clarify this
discrepancy.
/

It consistsof a row of 16 fibers viewing
the
4

pellet trajectoryalongnarrowlines of sight, resulting
in a very high spatial and temporal resolution. This is
necessarybecausethe shapeof the cloud is observedto
change0 within intervalsof a few ;�< [3]. Propertiesthat
can0 be measuredwith this diagnosticare pellet velocity,
ablationcloudsizeandposition,andpenetrationdepth.

Experimental
=

setup.—Theexperimentswerecarriedout
in
1

theRTPtokamak(majorradius>@?BA	C DFE m,9 minor ra-
dius
/ GIHKJ�L MFN O

m,9 toroidal magneticfield PRQ SUTRVXW	Y Z T,
plasma3 current[]\�^`_Ba bFc kA, effectiveion charged`egf fRhiFj k lFm n

, circular crosssection). Typical plasmaparame-
ters
4

are central electrontemperatureand density oqpUr sutv	w x
keV, y�z�{ |u}�~�������� ������� for plasmaswith Ohmic

heating(measuredwith Thomsonscattering[4] andinter-
ferometry [5]). With central electroncyclotron heating
(ECH) ( �����F� kW,

�
2nd harmonicheatingat 110 GHz)

����� �����F� � �
keV is reachedat ���U�  �¡K¢�£�¤�¥�¦ §�¨�©«ª .

With
¬

off-axis ECH very broad,flat, or slightly hollow �®
profiles3 areobtainedwith ¯�°u±X²	³ ´ keV everywhere[6].
Thus,targetplasmaswith a large µ�¶ rangecanbe made,
allowing thestudyof ablationin differentconditions.

Pelletsof 0.5 and ·	¸ ¹�º�»�¼�½ ¾ atomsin size ( ¿RÀ ÁUÂ Â ÁgÃ ),*
withÄ velocities(Å�Æ ÇUÈ È ÇgÉ )* between500 and 1000mÊ s, and
radius( Ë�Ì ÍUÎ Î ÍÐÏ )* of 0.3 or 0.4 mm havebeenused. Theex-
isting diagnosticsarethephotographiccamera(resolution
1 mm, no time resolution)andthewide anglefibers(time
resolutionÑ	Ò Ó�Ô�Õ , no spatialresolution)viewing the Ö�×
line emission,asshownin Fig. 1. For thenewdiagnostic
a row of 16 fiberswasmountedin oneof theimageplanes
of the lenssystem,on the line wherethe pellet trajectory
is
1

imaged(seeFig. 1).
To
2

narrowthe lines of sight of the fibersa black block
of 40 mm thickness,with 1 mm diameterholesin it, was

pelletØ
trajectory
Ù

prismØlenses

collimating blockÚ

4 wide angle
optical fibersÛ

photographic cameraØ
16 fibers

FIG. 1. Overview of the experimentalsetup in a poloidal
crossÜ sectionof thetokamak. Shownarethephotographiccam-
era,- thewide anglefibers,andthenewdiagnostic,consistingof
the
+

16 fibers and a collimating block to narrow the lines of
sight. The viewing lines of the new fiber array diagnosticare
indicated
Ý

by the fan of lines originating from the prism. The
dashed
Þ

circle indicatestheplasmaboundary. Thepellet moves
inward
Ý

alongthe major radiusof the torus.
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mountedin front of the fibers. This resultedin narrow
lines of sight for the fibers, about3.5 mm on the actual
pellet3 trajectoryfor horizontalinjection. Theseparationof
the
4

fiberswas4.5 mm in the imageplanewhich resulted
in
1

a spatialseparationof the viewing lines of 9.6 mm on
the
4

actualpellet trajectoryfor horizontalpellet injection.
The
2

toroidal dimensionof the viewing spots is also
3.5 mm, the centersof the spots are aligned to within
10 mm of the pellet trajectory. Given the extensionof
the
4

ablationcloudin toroidaldirection,this couldleadto a
systematicvariation of the measuredintensity along the
array of up to 50%, varying smoothly from channelto
channel.0 Suchanerroron theamplitudeof thesignalshas
no bearingon the analysisand conclusionspresentedin
this
4

Letter. Measurementswith the photographiccamera
showedthatthedeviationof thepellettrajectoryin toroidal
direction
/

is negligiblein theconditionsat hand.
The
2

signalsfrom all 16 fibers are measuredindepen-
dently
/

using photodiodes. The temporal resolution of
the
4

systemwas ����� , determinedby the analog-to-digital
converters.0

A
�

relativecalibrationof thechannelswasdeterminedby
taking
4

measurementsof a pellet shotwith quiet ablation,
showingonly onepeakon mostchannels(seeFig. 2) and
assumingthepeakheightto beequalto thelargeangle	�

signalat thesametime.

Results
�

in different plasma regimes.—Following the
commonly0 acceptedpicture of a cigar shapedablation
cloud0 which is localizedin major radial directionaround
the
4

actualpellet position,we expecteachof the channels
to
4

give a shortpulse. Thewidth of thepulseshouldthen
be


a measureof the ablationcloud dimensionsin major
radialdirection. This is indeedseenfor pelletsinjectedin
low temperatureplasmas( ����������� eV).8 This situation
can0 be obtainedby injecting the pellet off-axis or by
injectingin aplasmashortlyafteraperiodof off-axisECH
[6]. An exampleof the secondtype is shownin Fig. 2.
As the pellet passesthe viewing lines of the different
channels0 clearlya pulseof light is observed,showingthat
the
4

ablationcloud is locatedcloseto the pellet in major
radialdirection. Theonsetof thesepulsescoincideswith
the
4

pellet velocity and timing as determinedinside the
pellet3 injector. The averagewidth of the pulseson each
channel0 is ����������� corresponding0 to a width of the
ablationcloud of �! #" mm.9 The velocity measuredwith
the
4

newdiagnosticis $&%#')(�*�+ m9 , s,in agreementwith the
value- measuredinside the injector (.0/#1)243 m5 s). The
uncertainty6 is mostly systematicand due to the position
calibration0 of theviewinglines. Fromthelastvisiblepulse
(on channel2) it follows that the penetrationof the pellet
wasÄ 7!8#9&: ;)<>=0? @ cm.0 Thisagreeswith thevalueobtained
by


theendof thewideangle A�B signalyielding a valueofC#D)E4F
cm.0

The
G

result shownin Fig. 2 excludesthe possibility of
reflectionsplayinga role. This hasbeenconfirmedby ray
tracing
4

calculations.
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FIG. 2. Exampleof thepellet ablationprocessasobservedby
the
S

fiber array for a pellet injectedin a relatively cold plasma
(7
T

ms after switch off of off-axis ECH [6]). The diamonds
indicate the expectedpassagetimes of the pellet using the
measuredU pelletvelocity andtiming in theinjector. Thevertical
dashed
V

lines indicate the momentsthat the pellet passesthe
limiter radiusand the plasmacenter(if it would penetratethat
far). Thetop traceis thewide angle WYX monitor. A clearpeak
is seenat the passageof the pellet at eachchannel. The pellet
andZ plasma parametersare []\_^ `ba>ced f�g�hji]k l�m�npo , q�r_s tvuwexzy

eV,{ |~}����4�j��� � kA, ��� �_�]���e� ��� T, �0� � ���4��� � , �]�j�_� � � ��� �¡�¢
m£ s, ¤¦¥j§_¨ ¨ § ©�ª�«�¬ �®°¯z±]² ³ atoms,Z ´¶µj·_¸ ¸ · ¹�º�»�¼ ½ mm.

A secondexampleis given for normal Ohmic plasma
conditions.¾ This givesa completelydifferentpicture(see
Fig. 3). Herethepulsesaremuchbroaderin all channels.
Besidesthat,separatepeakscanbedistinguishedafter the
passage¿ of thepellet,which we will refer to assecondary
peaks.¿ Theseareclearly correlatedin different channels
(see,for example,theparallelogramin Fig. 3). Assuming
these
À

secondarypeaksare causedby an object moving
through
À

the plasmaalong the pellet trajectorya velocity
can¾ be calculated. For the highlightedpeaksthe velocity
wasÁ 3.5 kmÂ s. In othercasesit hasbeenobservedto be
as high as 10 kmÃ s. With this velocity and the known
resolutionÄ of the systemthe size of the object can be
calculated¾ to be Å!Æ#Ç mm(channel12). Thesizedecreases
as it moves outward on the subsequentchannels. In
this
À

casethe pellet penetratesbeyond the reach of the
diagnostic
È

sonopenetrationdepthcanbedeterminedhere.
A third exampleshowstheresultsfor apelletinjectedin

aplasmaduringcentralECH(320 kW) (seeFig. 4). Here
the
À

secondarypeaksaremuchstrongerthanin theOhmic
case¾ (the sensitivityalongthe É scaleis reducedby 50%
compared¾ to Figs.2 and3). The secondarypeakspersist
longer
Ê

thantheprimaryones. Thepelletpenetrationfound

2686
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FIG. 3. Example of the pellet ablation processas observed
by
ò

the new fiber-array diagnostic for an Ohmic plasma,
plottedó in the sameway as in Fig. 2. Besidesmuch broader
peaksó at all channels after passageof the pellet also a
substructureof peakscan be recognizedwhich are correlated
onô separatechannels. An exampleof this is highlighted by
the
S

overplotted parallelogram. This sequenceof correlated
peaksó showsthe presenceof a light sourcewhich movesfaster
than
S

the pellet and in the oppositedirection. The pellet and
plasmaó parametersare õ]ö_÷ øvù>úeû ü�ý�þjÿ�� �������

,
	�
� ���������

eV,{��������� ���
kA, !#" $%'&�(*) +�, T, -/. 0 0�1�2*3 4 , 5'6879 9 7 :�;�<�= > m? s,@BA8CD D C E�F�G*H IKJ�L8M�N O atoms,Z PRQ8ST T S U�V�W*X Y mm.

usingZ the wide angle [�\ signal is ]_^a`�b cm¾ while the
newdiagnosticgivesa penetrationof ced�f�g hji�k/l m cm.¾

Up
n

to nowthesecondarypeaksdonotseemto reproduce
in detail. They do not developat regular time intervals
or positions,andhavedifferent magnitudesandlifetimes,
eveno with very similar plasmaandpelletconditions.

We
p

have observedthe neutral cloud surroundingthe
pellet¿ using a new diagnostic. For pellet injection in a
cold¾ plasma( q'rts�u�v�v eV)o the observedcloud size was
on averagew_xjy�z mm{ (seeFig. 2).

In
|

hotterplasmasthe cloud size increasesandpartsof
it startdrifting away.

In mostmodelstheradialcloudsizeis assumedto bede-
termined
À

by theionizationradius }�~ . Usinganexpression
derived
�

by Parks[7] we obtain ���#��� to
À

3 mm for RTP.
This is significantly smaller than the observedablation
cloud.¾

The observationof the secondarypeaksis interpreted
asa not fully ionizedcloud moving awayfrom the pellet
through
À

theplasma.
Themovementhasavelocitycomponentalongthepellet

trajectory
À

but in oppositedirectionas the pellet velocity.
A
�

major radialvelocity of 3.5 to 10 km� s canbededuced
from
�

thesignals.
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FIG. 4. Example of the pellet ablation processas observed
by
ò

the new fiber-arraydiagnosticplotted in the sameway as
in Fig. 2. In this casethe pellet was injected in a centrally
ECH heatedplasma. Clearly the secondarypeakshavemuch
higher
�

amplitude on the outer channels than the primary
pulseó (channels10–16). The pellet and plasma parameters
areZ �'� � �����*� ����� �'� ���K��� , ���� �¡ £¢8¤�¥�¦ eV,{ §�¨�©�ª¬«®�¯�° ± kA,²´³ µ ¶�·¹¸�º »*¼

T, ½/¾ ¿ ¿�À�Á�Â Ã , Ä'Å8ÆÇ Ç Æ ÈÊÉ£Ë8Ì�Í mÎ s, ÏBÐ8ÑÒ Ò Ñ Ó�Ô�Õ*Ö ×�ØÙ8Ú�Û Ü
atoms,Ý ÞRß8àá á à â�ã�ä*å æ mm, ECH power ç¹è�é�ê kW.

Theresultsobtainedwith thisdiagnosticmaybehelpful
in determining the importance of movementsof the
ablation cloud. The possibility of these effects have
been
ë

pointedout by Kaufmannet al. [8] andRozhansky
et al. [9].

In the literature two types of drifts have been con-
sideredin the ablation cloud. Becauseof the Lorentz
transformation
À

the pure ì field
í

in the laboratoryframeis
converted¾ to an electric field î�ï£ð*ñ_ò�ó ó òô´õ�ö®÷ øRù in the
pelletú frame. This cangive two effects[3]. Underopen
circuit¾ conditions(case1) it causesa polarizationin the
cloud¾ giving risetoanûýü¹þ drift

�
with magnitudeÿ���� � � ���	�
������ ��� � � � � � �������� �! �"$#�% % #'& in( thelab frame. This drift is

in the directionof the pellet velocity andcausesthe abla-
tion
)

cloudto stick to thepellet. This is notconsistentwith
the
)

observations.
In short circuit conditions (case 2) no large charge

separationcanbuild upbutacontinuouscurrentis running
through
)

theablationcloud. This currentdensity* can+ be
described
�

by the local , field and the local conductivity- as .0/2143 . If no external forces on the particles
(with charge5 )

6
arepresent,the only onesarethe electric

andmagneticfield, so the force equationreads798;:=<>@?!A!BDCFE'G H�IKJML�N so OMP�QSR2TVU�W�X'Y Z\[K]D^4_ . This force
causes+ a movementof the ablationcloud away from the
pellet,ú and, in fact, lets the cloud stick to the magnetic

2687
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field, stoppingits movementin radialdirection. Sincewe
observethe cloud to movebackwardtowardsthe plasma
edge� also,this picturecannotbetrue.

Rozhansky
�

considereda third possibility, the grad �
drift
�

[9]. Becauseof the gradient in the toroidal field
a drift velocity of �����=����������q����� ��¡¢�£ occurs(here ¤l¥
is
(

the velocity of the particlesperpendicularto the field
lines, and ¦q§ is the Larmor radius). Becauseof the high
collisionality+ particlescannotcompleteanorbit aroundthe
torus,
)

so the drift is not compensatedby the rotational
transform.
)

Thiscausesapolarizationin oppositedirection,
compared+ to case1, that startsto increaselinearly with
time
)

as ¨S©!ª�«�¬��®q¯�° . This causesan ±!²!³ drift
´

in
a direction oppositeto the pellet velocity, with linearly
increasing
(

velocity. After inserting RTP values in the
formulas
µ

givenby Rozhansky(Ref. [9], Eq. 24)a velocity
of ¶�· ¸K¹ km

º »
s is expected. This is in goodagreement

with¼ theobservations.
Another
½

still unexplainedfeatureof pellet injection is
the
)

striations,a modulationof the observed¾}¿ signals.
Two
À

basic ideas have been developedto explain this
phenomenon.Á Onewasproposedby Neuhauser[10] and
assumesthat the pellet periodically leavesthe shielding
cloud.+ For RTP this would give a typical cloud radius
of 1.5–2.5 mm, calculatedfrom striationsin theobservedÂ}Ã

signals. This is not in agreementwith the cloud size
which¼ hasbeenmeasured.

However,an alternativeexplanationis possiblewhen
the
)

drift of the ablationcloud is taken in consideration.
Thentheablationcloudmaybeperiodicallydrifting away
from the pellet (at a velocity up to 1 orderof magnitude
higher
Ä

thanthepelletvelocity), leavingit unprotectedand
exposedÅ to thehot plasmaandcausinga modulationin the
ablationrateindependentof theratio cloudsizeÆgÇ�È$É�Ê Ê É'Ë .

An
½

altogetherdifferent mechanismwas proposedby
Andelfinger
½

[11] andfurther investigatedby Pégouriéand
Dubois
Ì

[12], whichassumesthatlessenergyis availableat
rationalÍ Î surfacesto ablatethe pellet. The observations
shownin this Letterdo not supportthis hypothesis.

A
½

consequenceof the presentedresults is that it is
notÏ to be expectedthat the ÐwÑ signal is proportionalto
the
)

local fueling rate. Also it follows that it is difficult
to
)

determinepellet penetrationusing the wide angle Ò}Ó
signal. This givesonly a maximumpossiblepenetration
by
Ô

assumingthat no matterdrifts away from the pellet.
Better
Õ

estimatesfor low field side injection are obtained
by
Ô

usinga (photographic)camera.

If the ablation cloud exists for some time after the
complete+ ablationof the pellet also,determinationof the
lifetime of thepelletis impossiblewith thewideangle Ö}×
diagnostic
´

(seeFig. 4).
In
Ø

conclusion,a new diagnostichasbeenbuild to ob-
servepellet ablationin the RTP tokamak. This diagnos-
tic
)

hasprovento be well suitedto observemovementsof
(partsof) thepelletablationcloud. In theabsenceof sucha
drift
´

it canbeusedto determinetheablationcloudsizeand
velocityÙ duringtheablationprocess.We haveobserveda
drifting
´

of the ablationcloud away from the pellet with
a velocity componentin major radiusdirection of 3.5 to
10 kmÚ s. Thedirectionandvelocity of this cloudcanbe
explainedÅ using the mechanismproposedby Rozhansky
[9]. This phenomenonhasneverbeenobserveddirectly
before
Ô

[3].
The
À

observationsemphasizethe importanceof inboard
side pellet injection (for which the observeddrift would
improve
(

thepossibilityof fueling theplasmacenter).
This
À
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)
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shot: r19980320.049; signal: interferometer channel 10
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ì_ðFÜ�Ý#ÒiÎ5Þ�Ü�Ò�Ñ]ÛÒ�Ñ�Ù7ç\ÒZÜ�Ò�Ñ�íZÔ

Í3Î5Þ#â ã5ãMð�Ü;Ý9Ò�×%â"ãMÐ9Ò�Ù"ÛiàûØGâ æaõ9Ü�Ü�Ò�ßüÜ�Ù�Ü�Ý9Òræ}Ü;ÒRÒRäöÏ7Ñ;â7ß�Î5Ò�Þ�ÜaÎMÞýîG÷~â"Þ�ßüâtß�Î5è�Ð#æ]ÎMÙ Þ
åZÙ7Þ#æ]Ü;â"Þ�ÜIØGâ æPÛÙ Ð9Þ�ßFÎ5ÞWÜ�Ý9Î!æCå�â æ�Ò�Ù"Û@àió	È9Ô È7ÓtþÿÈ�� È������	��
7Ô�îGÝ9Òb×,â ã5Î!ß�Î5Ü}ð\Ù"Û�Ü�Ý9Î!æGåRâ ÞFì�Ò
Ð9Þ#ß9ÒRÑ�æ}Ü;Ù�Ù�ß\ì_ðaÑ�Ò�åRâ"ãMãMÎ5Þ9Ï�Ü;Ý9Ò�Û&â7å�ÜPÜ;Ý#â%ÜCÜ�Ý9Òbä�Ò�ã5ãMÒZÜGâ"ãMÑ�Ò�â ß�ð�Ý#â æIì�Ò�ÒRÞlåRÙ ç\ä9ãMÒZÜ;ÒRãMðaâ ì9ãMâ"Ü�Ò�ß
ÛÙ Ñ��� Ó��$æ�â%ÜbÜ�Ý9ÒTÜ�ÎMçaÒ)Ü�Ý9Òaæ]Ò�åZÙ7Þ#ß�î���é+ä9Ñ�Ù õ#ãMÒTØ{â7æGÜ;â�� Ò�Þ$Ô�îGÝ9Î!æ�ç\Ò�â Þ#æ�Ü;Ý#â%ÜbÜ�Ý9Ò�æ}Ü;ÒRÒRä
Ï Ñ�â ß9Î5Ò�Þ7ÜbÝ#â æ�Ü�Ù~æ�Ð9Ñ;×_Î5×7Ò��� Ó��$æ�Ø�Ý9Î!å�ÝuÎ!æbâlç)Ð#å�Ývã5Ù7Þ9Ï Ò�Ñ�Ü�ÎMç\Òaæ;åRâ ã5ÒiÜ;Ý#â"ÞuÜ�Ý9Ò\å�Ý#â"Þ#Ï Ò�æ
Ø{Ò)Ý#â,×7Ò)æ]Ò�ÒRÞ�Ü;Ý_Ð#æbÛ&â"Ñ	Î5Þ�ÛÑ;Ù Þ�Ü	Ù"ÛPÜ;Ý9Ò)ä�ÒRãMã5ÒRÜ�Ô��eÞvç\Ù�æ}Ü	Ù"Ü�Ý#ÒRÑ��3î�� ä9ã!â æ�ç\â~åZÙ7Þ#ß�Î5Ü�ÎMÙ Þ#æ
Þ9Ùlæ]Ü�Ò�ÒRäuÏ7Ñ;â7ß�ÎMÒRÞ�Ü�Ø{Ù Ð9ã!ßnÑ�Ò�çFâ"ÎMÞvâ%Û�Ü;ÒRÑbæ�Ð#å�ÝvâFÜ�ÎMçaÒ7Ôbñ�Þ9Ù"Ü;Ý9ÒRÑ�â"Ñ;Ï Ð9ç\Ò�Þ7ÜbØ�Ý9ÎMå�Ýræ]Ý9Ù%Ø�æ
Ü�Ý�â%Ü�ä�â"Ñ�Ü�Î!åZãMÒFÜ�Ñ�â"Þ#æ�ä�Ù Ñ�Ü)ç)Ð#æ]Ü)ì�Ò~×7ÒRÑ;ðræ�ã5Ù%Ø Î!æTÜ;Ý9ÒWÛ&â7å�Ü�Ü�Ý#â"Ü)Ü�Ý#Ò~ß�Ò�Þ#æ]Î5Ü}ð�Ñ�Ò�æ]ä�Ù Þ#æ�ÎMì9ã5Ò
ÛÙ ÑbÜ�Ý#Ò)Ü;ÒRç\ä�Ò�Ñ;â"Ü�Ð9Ñ;Ò\ß�Ñ�Ù7äuÎ!æbÞ#Ù"ÜFëð ÒRÜ�í�×_ÎMæ�Î5ì#ã5Ò�Ù ÞuÜ;Ý9Ò\î���ä9Ñ;Ù"õ#ãMÒ ÔiîGÝ9Î!æ�åRâ ÞvÝ#â,×7ÒiÜ}ØCÙ
åRâ Ð#æ�Ò�æ�Ô��IÎ�Ü;Ý9ÒRÑiÞ9ÙnÒ	�7Ð#Î5ãMÎ5ì#Ñ�ÎMÐ9ç Î!æ�Ñ�Ò�â å�Ý9Ò�ßvâ"Ü	Ü;Ý9Ò��#Ð�êtæ]Ð#Ñ]Û&â7åZÒ�æ\ëÜ�Ý9Î!æiÎ!æiåZÙ Þ9õ#Ñ�ç\Ò�ßvì_ð
Ü�Ý#Òaâ7æ]ð_ç\ç\ÒZÜ�Ñ;ð�Ù"ÛIÜ�Ý9ÒaÞ9÷iä9Ñ;Ù"õ#ãMÒ�í��qÙ Ñ	ä#â"Ñ�Ü�Ù"ÛPÜ;Ý9Ò\ç\â"Ü]Ü;ÒRÑ�Ñ�Ò�æ]ä�Ù Þ�æ]ÎMì9ãMÒTÛÙ ÑiåRÙ�Ù7ã5ÎMÞ9ÏlÜ�Ý9Ò
ä9ã!â æ�çFârÝ�â æFß�Ñ;Î�Û�Ü;Ò�ß Ü�Ù¨ã!â"Ñ;Ï Ò�Ñ\Ñ;â7ß�Î5Î �IÙ7ÑFÒR×7ÒRÞüÙ Ð�Ü�æ]Î!ß�ÒnÜ�Ý#Ò�ä9ãMâ7æ]çFâöë�Ü;Ý9Î!æFÎMælåZÙ Þ9õ#Ñ�ç\Ò�ß
ì_ðlÜ;Ý9ÒTãMÙ%Ø�ÛÐ9ÒRãMÎ5Þ#ÏWÒZøWåZÎMÒRÞ�åZð"!�åRÙ ç\ä#â Ñ�ÒTâ ãMæ�ÙFÜ�ÙWÜ�Ý9ÒTÙ7ì#æ�ÒRÑ;×,â"Ü�ÎMÙ Þ#æ�ß�Ò�æ;åZÑ;Î5ì�Ò�ßnÎMÞ#�_Ò�å�Ü�ÎMÙ Þ
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(d)

U&VXW�Y�Z\[^]�_XS�S�`�a�bdc�aJegfhbdi�Z\j�k0lX[	m�n([�o7j�Z,[qpOc�r n0s�c�a0etc�ovu,[=ZwpMx�r eJs�i([yl-l-[�udc�nJl-c�u,V-j�atz�[	cL{
m,Y�Z,[	e#n2|#fh}Jj�z~m�j�a�m\xyc�u�u\[yZ\VXa�W0r�x�j�z�iJc�Z\[=e#u,j^m,VXz�Y�l-c�u,[	e�iJZ,j�kJlX[	m�cLovu,[=Z�i([yl-lX[yuPc�n�lIcLu\VXj�a
o7j�Z����4TJ_ TD]����R����r&VXa�u\}�[�m,l-V-eH[y{@cR�hcR|wZ\[yW�VXz�[�r&i�l-j�u,u,[=eqVXa�u\}�[dm\c�z�[��hcR|�c�mPU&VXW0_#]H_��2_
fh}�VIm4i0[=lXl-[�u��hc�m�VXaL��[	x*u\[=e�j�aH{�cL�HVImGn�Y�u�i([yaJ[�u,Z�cLu\[=e#j�a�l-|^Y�i�u,j�Z*���HS�z�z�_�fh}�VIm�z�[	c�aJm
u,}0cLu4c�u�u\}�[�u,V-z�[�cLu���}�VIx�}^u,}�[�m,[=x�j�aJewf���iJZ,j�kJlX[���c�m�u�c���[ya�u,}J[�i([yl-lX[yu4}0c�ew�Lc�a�V-m,}�[	e
c�l-Z\[=c�e�|�o7j�ZG����]��Km=_

�J_ ��_��HrHx=c�m,[�e0s*_¡ ¡Z\j�n0c�n�l-|~n0j�u,}�[�¢"[=x�u\m�jHx=x�Y�Z�m,VXz�Y�lXu\c�aJ[yj�Y0m�l-|�_
fh}�[�oMc�x*u�u,}0cLu�u,}�VImhm�u\[y[yi�W�Z�c�eHV-[yaDu£VImhm�[=[yadc�l-m,jPW�VX��[=m¤cPx�l-Y�[�u,j�u,}�[4V-a�u\[yZ\i�Z\[�u\c�u,V-j�a~j�o

u,}J[�lIc�Z\W�[Pc�n�lIcLu,V-j�a�x�l-j�YJe#VXa#u,}�VIm4Z,[=W�V-z�[�_4¥�[yz�VXa0ewu\}JcLu�VXa¦�2[=x�u,V-j�a��J_ ��_���V§u��hc�mGo7j�Y�aJe
u,}0cLu4u,}�[~c�nJl-c�u,V-j�a#xylXj�YJewVIm4��[yZ\|�l-c�Z,W�[PV-awu\}�V-m�x=c�m,[�r"i(j�m\m�V-n�l-|^nD|wc�x�j�a�u\VXa2Y�j�YJm�eHZ\V§ovu�VXa
m�u,[=c�e�j�o�c�i�YJl-m\cLu\VXa�W�eHZ,VXovu=rLj�ZKn2|4x�}0c�Z\W�[F[���x�}Jc�a�W�[FiJZ,jHeHYJxy[=e�a�[=YHu,Z�c�lIm=_�¨©xyj�aJm,[=ªDY�[=aJx�[Fj�o
n(j�u,}�i0jDm,m,V-n�VXl-VXu,V-[=m?VIm�u\}JcLuFc�l-c�Z,W�[¤c�z�j�Y�aDu&j�o�o7Y�[yl-[=e�z~cLu\[yZ\V-c�l2e�VXZ\[=x�u,l-|�lX[	cR��[=mKu,}�[hi�lIc�m,z~c�r
c�a0e�u,}�[�o7Y�[=lXV-a�W�i0[=Z\xy[yaDu\c�W�[GVIm���[=Z,|�lXjL�«p7u�|2i�V-x=c�l-lX|��D]�¬�s*_FGjL�¤[=��[yZ	rDV§oKu\}�[�eHZ,VXovuhVXaJe�[y[=e
VIm�xyj�aDu,V-a2Y�j�Y0m�l-|~j�YHu��hc�Z�e~VXu�V-mh[	c�m,|�u,j�Y�aJeH[=Z\m�u\c�aJe���}2|�m,YJx�}�c�m�u,[=[yi�W�Z�c�eHV-[yaDuhVXa�fhb�c�m
�hc�m?j�n0m�[=Z,��[=ePx=c�a�n�Y�V-lIe�Y�iK_&®@o(u\}�[�lIc�Z\W�[�x�l-j�YJe�VImFi�Z\jHeHYJx�[	e�nD|PoMc�m�u¡a�[yY�u,Z�c�lImyr�VXu£VImFzPY0x�}



¯&°(±*²,³-²�´0µ(¶2±4·�¸7¹2±	º:»&°0¼=½?¾@±*¿�ÀDÁFÂG¼H¶�³I¼�¸J½K¼L¿	¾M³OÃ,¸7±P¾M¿*¼LÄJ²@½?¹R¿	¾ Å=ÆDÇ

È�É�Ê\ËdÌHÍXÎ�Ï�Ð�ÑXÒPÒ\ÉwË�ÓHÔ�ÑIÕ�Í-Öq×�Ø2Ù#Ò\Ø�ËyÊ\Ë�×�É�Ð�ÑIÌ¦Ú(Ë�Õ#Û,ØJÕ�Ê,Ô¦Ë=Ì�Ü�Ë�É�Ö�Ò,Ø�Ë�Ô�ÑIÕ�Û,È�Õ^ÏyÉ2É�Ñ-ÍXÖ�Ü
ÏyÕ�ÐJÛ,Ë=Ì�ÚDÙdÍ§Ò	ÝÞàß Ð�Ê�Ò\Ø�ËyÊ~Í-ÖDÒ,Ë=Ê,Ë	Û�Ò\ÍXÖ�Ü�Ë�á"Ë=Ï�Ò�Ò,ØJÕ�Ò~Ï=Õ�ÖâÚ0Ë^Û,ËyËyÖtÉ�Ö©Ò,Ø�Ë�Ö�ãdÔ�Ê,É�äJÑ-Ë�åOæ:Í-ÜJÝgçHÝ Å�Å Ï=èPÍ-Û
Ò,ØJË�Û,È~Õ�Ñ-ÑFÚ�ÐHÒ�Ï�Ñ-Ë=Õ�Ê�ÍXÖJÏyÊ,Ë	Õ�Û,Ë�É ß Ò\Ø�Ë�ÌHËyÖ0Û�ÍXÒ�Ù^ÍXÖ0Û�ÍIÌHË~Ê�é4êdÏ�È�ë&Û�É�×¤Ë=ÑXÑFÍ-ÖJÛ,Í-Ì�Ë�Ò\Ø�Ë~Û�Ø0Õ�Ê\Ô
Ü�Ê�Õ�Ì�ÍXË=Ö�Ò�Í-Ö^ìhã	Ý¤í¡Ê\É�ÚJÕ�Ú�ÑXÙ�Ò,Ø�ÍIÛ�ÌHË=ÖJÛ�ÍXÒ�ÙdÍ-ÖJÏyÊ,Ë	Õ�Û,Ë4ÍIÛ�ÌHÐJË�Ò,É�Ò,ØJË�ÍXÖDÒ\ËyÊ\ÖJÕ�ÑîÔJÕ�Ê�Ò\Í-ÏyÑXË�Û,É�ÐJÊ\ÏyËß Ê\É�ÈïÍ-É�ÖJÍ-Û\ÕLÒ\ÍXÉ�Ö�É ß Ö�Ë=ÐHÒ,Ê�Õ�ÑIÛ�åOÕ�Û�×hÕ�Û�ÌHÍIÛ\Ï�ÐJÛ\Û�Ë	Ì�ÍXÖwð2Ë	Ï*Ò,Í-É�Öwç�Ý ç�Ý Ç è*Ý£æJÊ,É�ÈñÒ,ØJË�È~ÕLÓHÍXÈ�Ð�È
ÌHË=ÖJÛ�ÍXÒ�ÙqÍ-ÖJÏ�Ê\Ë=Õ�Û�Ë�ÕLÒ~Ê�é4ê#ÏyÈòÉ ß Æ�ó ô^õgÅ=Æ2ö�÷�ø�ù(ú ë¤×�Ø�ÍIÏ�ØâÈ�ÐJÛ�Ò�Ø0ÕRû�Ë�É2Ï=Ï�Ð�Ê\Ê\Ë=ÌqÍ-ÖâÒ,Ø�Ë
È�ËyÖDÒ,Í-É�ÖJË=Ì Ç�ü ç�ýKÛyë(Õ�Ö^Ë=Û�Ò,Í-È~ÕLÒ\Ë ß É�Ê�Ò\Ø�Ë�ÔJÕ�Ê�Ò\Í-ÏyÑXË�Û�É�Ð�Ê\ÏyË�ÍXÖJÛ,ÍIÌHË�Ò,ØJË�Ô�ÑIÕ�Û,È�Õ�Í-Û ß É�Ð�ÖJÌ�É ß
Å�ó-Å�õ�Å=Æ�þ\þ�ø�ù(ú	ÿ�ùîö ÝFìhØ�ÍIÛ�Õ�Ü�Ê\ËyË	Û¡Ô(ËyÊ ß Ë=Ï�Ò,Ñ-Ù~×�Í§Ò\Ø~Ò,Ø�Ë4ûLÕ�Ñ-Ð�Ë=Û ß É�ÐJÖJÌ�Í-Ö�ð2Ë	Ï*Ò,Í-É�Ö�çHÝ�çHÝ Ç åMÛ,ËyË
æ&ÍXÜ0Ý¡çHÝ Ç Õ�è�ë ß É�Ê�Õ�Ö���Ø�È�ÍIÏ�Ô�ÑIÕ�Û,È�Õ�×�ÍXÒ,Ø�É�ÐHÒ�Ô(ËyÑ-ÑXËyÒ=Ý

ìhØ�Ë ß Õ�Ï*Ò�Ò,Ø0ÕLÒ�ÕPÛ�Ò,ËyË=ÔdÜ�Ê\Õ�ÌHÍXË=ÖDÒ¤Í-Ö�ì ã Í-ÛhÛ�Ò,Í-ÑXÑîÛ,ËyË=ÖdÍ-Ö�Ò,ØJÍ-Û�ÑIÕ�Û�Ò�ÏyÕ�Û�Ë�È�Ë=Õ�Ö0Û¡Ò\ØJÕLÒ�Õ�ÑIÛ,É
����ØJÕ�Û�Õ�È�ÐJÏ�Ø#Ñ-ÉL×�ËyÊGûLÕ�ÑXÐ�Ë�Ò,Ø0Õ�Ö#Í-Ö�ÕdÖ�É�Ê\È~Õ�Ñ���Ø�È�Í-Ï�Ô�ÑIÕ�Û,È~Õ�Ý���Ë=Ï=Õ�Ñ-Ñ�Ò\ØJÕLÒ4Ò,ØJË�ûLÕ�ÑXÐ�Ë
É ß�� é Æ Ý Æ ç ø�þ
	�ÿ Ò,Ø0ÕLÒ�×hÕ�ÛGÌHË�Ò\ËyÊ\È�Í-Ö�Ë	Ì^Õ�Ï*Ò\ÐJÕ�Ñ-Ñ-Ù�ÍIÛGÕ�Ö^Ð�Ô�Ô(ËyÊGÑ-Í-È�ÍXÒ=Ý��@Ò4×�ÍXÑ-Ñ�Ú(Ë�Ñ-ÉL×¤Ë=Ê�Í ß
Ò,ØJËyÊ\Ë�ÍIÛhÕ�Ö2Ù�Ê\Õ�ÌHÍ-Õ�Ñ0ØJË=ÕLÒ�Ò,Ê�Õ�Ö0Û�Ô(É�Ê,Ò=Ý� Í§Ò\Ø�Û,ÐJÏ�Ø�ÕPÑ-ÉL× � Ò,Ø�ÍIÛ�È�Ë=Õ�Ö0Û£Ò\ØJÕLÒ�Õ�ÑIÛ,É�Ò,ØJË4ØJË=ÕLÒ
Ò,Ê�Õ�Ö0Û�Ô(É�Ê,Ò�È�ÐJÛ�Ò�Ú(Ë�û�ËyÊ\Ù�ÑXÉL×ïå7Ò,Ø�ÍIÛ4ØJÕ�Û4Ú(ËyË=Ö�É�ÚJÛ�Ë=Ê,û�Ë=Ì^Ú(Ë ß É�Ê,Ë ß É�Ê�Ò,ØJÍ-Û�Ê\ËyÜ�ÍXÈ�ËPÍ-Ö��&ì�í� Å	Ç�ô
� è*Ý���Û�Í-Ö�Ü�Ò,ØJË�Û,Õ�È�Ë4Ê\Ë=Õ�Û,É�ÖJÍXÖ�Ü�Õ�ÛhÍ-Ö�ðHË=Ï*Ò\ÍXÉ�Ö�ç�Ý êJÝ Å Õ�Ö�Ë=Û�Ò,Í-È~ÕLÒ\Ë4×hÕ�Û�È~Õ�Ì�Ë4É ß � � Ý�� ß
ÍXÒ�ÍIÛ�Õ�Û\Û,Ð�È�Ë=Ì^Ò\ØJÕLÒ�Ò\Ø�Ë�Ô0Ë=ÑXÑ-Ë�Ò�Ï�É2É�ÑXË	Ì^Ò,ØJË~Ô�Ñ-Õ�Û�È~ÕdÒ,É Å=Æ�Æ Ë��PëKÕ�Ö0Ì^Ò,Ø0ÕLÒ�Ò,Ø�Ë�È�Ë=Õ�Û�ÐJÊ,Ë	Ì
ûLÕ�Ñ-Ð�Ë�ÕLÒ�Ò\Ø�Ë ß É2É�Ò�É ß Ò\Ø�Ë�Ü�Ê�Õ�Ì�ÍXË=Ö�Ò	ëHÉ ß Õ�Ú(É�ÐHÒ Å ç Æ Ë��«ÍIÛ�Ï=Õ�ÐJÛ,Ë=Ì�Ú2ÙdØ�Ë	ÕLÒ�Ò,Ê�Õ�Ö0Û�Ô(É�Ê,Ò�É�Ö�Ñ-Ù�ë
Ò,ØJËyÖwÕ~ûLÕ�Ñ-Ð�Ë�É ß � ��� Æ Ý Å�ø þ 	�ÿ ÍIÛ ß É�Ð�ÖJÌîÝ�ìhØ�ÍIÛ�ÍIÛ�Í-ÖJÌHË=Ë=Ì�È�ÐJÏ�Ø^ÑXÉL×�ËyÊhÒ\ØJÕ�Ö�Ò\Ø�ËPûLÕ�ÑXÐ�Ë
É ß � � é ô�ø�þ
	�ÿ Ò�Ù2Ô�Í-Ï=Õ�Ñ-ÑXÙ ß É�Ð�ÖJÌ�Í-Ö^Õ�Ö���Ø�È�Í-Ï�Ô�ÑIÕ�Û,È~Õ�Ý
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ìhØ�Ë4Ê,Ë	Û�ÐJÑ§Ò�Û£É�ÚHÒ\Õ�ÍXÖ�Ë	Ì ß É�Ê£Ò\Ø�Ë ß Õ�Û�Ò�Ò,Í-È�Ë�Û,Ï=Õ�Ñ-Ë�Û,ÍXÈ�Ð�Ñ-Õ�Ò,Í-É�ÖdÕ�Ê,Ë4Û�ÐJÈ�È~Õ�Ê,Í>=yË	Ì~ÍXÖ�æ&ÍXÜ0Ý¡çHÝ Å	Ç Ý
ìhØ�Ë#Û�Ò,Ë=ËyÔgÜ�Ê�Õ�Ì�ÍXË=Ö�Ò�Û~É�Ú0Û�Ë=Ê,û�Ë=ÌâÍXÖgÒ\Ø�Ë#ìhã�Ô�Ê,É�äJÑ-Ë^×¤Ë=Ê,ËwÛ,ÐJÏyÏyË=Û\Û ß ÐJÑXÑ-ÙâÛ,ÍXÈ�Ð�ÑIÕLÒ,Ë	ÌgÐJÛ,ÍXÖ�Ü
É�ÖJÑXÙ�ÔJÕ�Ê,Ò,ÍIÏ�Ñ-ËPÌHÍXá"ÐJÛ�Í-É�Ö ß É�Ê�Õ~Ö2Ð�ÈPÚ(ËyÊ4É ß ÌHÍXá(Ë=Ê,Ë=ÖDÒ�Ô�ÑIÕ�Û,È~Õ�Õ�ÖJÌwÔ0Ë=ÑXÑ-Ë�Ò4ÔJÕ�Ê�Õ�È�Ë�Ò\ËyÊ�ÛyÝ�æJÉ�Ê
Ø�É�Ê,Í>=yÉ�Ö�Ò�Õ�Ñ:ÍXÖ@?�Ë	Ï*Ò\ÍXÉ�Ö#Í-Ö���Ø�È�ÍIÏPÔ�ÑIÕ�Û,È~Õ�Û�Õ�Ö�ÕRû�ËyÊ�Õ�Ü�Ë�ûRÕ�ÑXÐJËP×hÕ�Û ß É�Ð�ÖJÌ#É ßA� é�çHÝ Ç,B Ç Ý ü
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0 - 60  eV
E60 - 120  eV
F120 - 180  eV
180 - 240  eV
G240 - 300  eV
300 - 360  eV
H360 - 420  eV
H420 - 480  eV
I480 - 540  eV
I540 - 600  eV
J600 - 660  eV
F660 - 720  eV
F720 - 780  eV
780 - 840  eV
K840 - 900  eV
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0 - 53  eV
E53 - 106  eV
J106 - 160  eV
G160 - 213  eV
G213 - 266  eV
É266 - 320  eV
É320 - 373  eV
H373 - 426  eV
H426 - 480  eV
I480 - 533  eV
533 - 586  eV
J586 - 640  eV
J640 - 693  eV
F693 - 746  eV
F746 - 800  eV
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0 - 60  eV
E60 - 120  eV
F120 - 180  eV
G180 - 240  eV
240 - 300  eV
É300 - 360  eV
H360 - 420  eV
H420 - 480  eV
I480 - 540  eV
540 - 600  eV
J600 - 660  eV
F660 - 720  eV
F720 - 780  eV
K780 - 840  eV
K840 - 900  eV
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0 - 40  eV
§40 - 80  eV
¨80 - 120  eV
©120 - 160  eV
160 - 200  eV
200 - 240  eV
ª240 - 280  eV
280 - 320  eV
ª320 - 360  eV
«360 - 400  eV
«400 - 440  eV
440 - 480  eV
¨480 - 520  eV
¨520 - 560  eV
¬560 - 600  eV
¬

pellet radius = 80 mm
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0 - 46  eV
§46 - 93  eV
¨93 - 140  eV
X140 - 186  eV
186 - 233  eV
233 - 280  eV
ª280 - 326  eV
326 - 373  eV
«373 - 420  eV
«420 - 466  eV
¨466 - 513  eV
513 - 560  eV
¬560 - 606  eV
¬606 - 653  eV
Y653 - 700  eV
Y

pellet radius = 80 mm

Z&[]\E^`_SaLbFc bFd5egf,hEi�jkhl_ShEmn[,hHo#[,prqso#a�jut(a�_�hPoS^`_#akhEi5jLa9hri#^`_Sa>mwv2xJoSy`a{z}|}zI~	[,jkhH\E[]q`\Qmn[,hr\H~
q`p�i�oS[,�}mn^`_S[]qF\�t(a�f,f]a�o&[,qP��a9�*o#[,prq���o�hH�Ea�q��7_Sprj�V>�!t`f�hri#jkh�i#y`proSi>�HhPo&o#y`a}o#[,jua}o#yFhHo;oSy`a�t0a>f]f,a�o
_Sa>hr��yFa>m�hJ_�hrmn[,^FiCpr���E��jujk��t`f,pHo�oSa>m�[,q�o#yFaQiShHjua{��h�x�hri�[]q�Z&[,\FcJb`c��nc���q�oSy`[�i���hEi�a
o#yFa!t`f�hri#jkh���^`_S_Sa�q�o���hrigq`a�\�hPo#[,�raEc��2o#[,f]f�h���f]a9hH_�hEi�x2jujua�oS_#xL[,i}i#a�a�ql[]qkoSy`a�o#a�jut(a�_�hPoS^`_#a
[,qFi�[�mnalo#y`aQ_ShEmn[]^0i�pH�.t(a�f,f,a�out0a>q`a�oS_ShHo#[,prqNc��.pP��a>i#t(a>��[�hHf,f,xsoSy`aQv(pHo#o#pEj�pr��o#y`aQt`f�hri#juh
i#a�a�jki���p�pEf]a9mlj�^F��y�jLpE_#aoSyFhHqJhPo�oSy`a5o#pEtNc

��q���prqF��f]^Fi#[,prqN�Nh{o#pr_Spr[�m`hrf;_SpHo�hPo#[,prq�i�pEjLa>��y`a�_Sa�hrv0pP�Ea{Vrc�Wk�n�! ��¡i�pQ��[¢oSy�hl�ra>f]pn��[]o�x
hHv(pP�ra.�`c ���2jl£Pi��&pr_�hCt0pEf]pE[,mFhHf`_SpHo�hPo#[,prqki#prjua���yFa�_Sa.hHv(pP�ra!Wr�r�5�. ��¡i�p�h��ra�f,pn��[]o�x�hrv0pP�Ea
WHbE�ujl£Pi�����f,pEi#aCo#plo#y`a�t`f�hri#juh{v0pE^`qFm`hr_#x�j�^Fi�o!v(a�t`_Sa>i#a�q�o��¡hPof]a9hri�o.�7pr_5h{i#y`pr_#o.o#[,jua9�
o#pla�¤nt`f�hH[,q�o#y`a�pEvFi#a�_S�ra>m���^no�~@pH¥�a�¥�a>�*o!�7pr_��>hri#a�¦�c�§}pHo#yJ�}pr^Ff,m�\E[]�Ea�hk��_SpEiSi�~	¨Fa�f�m�mn_S[¢��o
�ra>f]pn��[¢o�xk[,q�o#y`aCpE_Smna>_�pH�©Wr�H��jl£Pi>c

�@�.o#yF[,iumn_S[¢��ou[�i��>hH^Fi#a>m�v2x�hHq«ª¬®¯ª°±mn_S[¢��oLo#y`a>q²hrq³a�f,a>��o#_S[,�{¨Fa�f�m³pr���`c����2´5£Pjµ[,i
q`a>a>mna9m¶c!·�y`[�i.[�iI��^0i�o5hkjup2m`a>i�o!¨Fa>f,m¶����pEjutFhH_Sa>m��7pE_!a�¤`hrjLtFf]aCoSp{��yFhHo�[�i!��hrf,��^`f�hPo#a9m�[]q
�2a9�HcIb`c b`c,Vrc

·�y`akhHvFi#a�q0��aLpH����^no�~@pH¥�[,q��>hri#a>i§¸hHqFm�¹���hrqsv(aLa�¤nt`f,hr[]qFa>mwv2x�oSy`ak��prq`¨F\r^`_�hPoS[]pEq
pH�go#y`a�¨Fa�f�mshrqFmw_SpHo�hPoS[]pEqsmn[,_#a9�*o#[,prqºc�·�y`a�jkhr\rq`[]o#^Fm`a�pr�Io#y`aL_SpHoShHo#[,prqsm`p�a9iq`pHo5t`f�h�x�h
_Sprf,a�[,q�o#y`[�i.��hEi�aEc

Z`pE_.��hri#a�|»^Fqn�7pr_#o#^`q0hPo#a>f]xlq`pua�¤nt0a>_#[,jua�q�oShrfNm`hPo�hu[,i�h��Phr[]f�hHv`f,arc
·�y`au_#a9i�^Ff¢o�i�pEvnoShr[]qFa>m���[¢oSysoSy`akz}|}z©~@[,juhr\r[,q`\lmn[�hH\Eq`pEi�o#[��L��prq`¨F_#j®oSy`[�i5[]q�o#a>_#tF_#a�oShP~

o#[,prqºc�Z&[,\Fc©b`c��Ci#y`pP�.iI��^no�~@pH¥�[]qlo#y`a�^`t`t(a�_}yFhHf]�NpH�¶oSy`a!tFf,hEi�jkh`�>��^Fi�o}hEig[�iga�¤nt0a9�*o#a9mu�7_Sprj
��hEi�a�¦!¼�[]q�Z;[,\Fc©bFc �0c&·�y`a5z}|}zI~	[,jkhH\E[]q`\�m`[,hr\rq`p�i�oS[,��[�i}f]pn�>hPo#a9m{i#prjua���yFhHog�7^`_#o#yFa�_�h��}h�x
�7_Sprj½o#y`aLt(a�f,f]a�o5[,qP��a9�*o#pE_!oSyFhHqso#y`aL_�hrmn[,prjua�oSa�_9�0��yF[,��y�a�¤nt`f�hH[,qFi!��y2x�oSy`a�a�¥(a9�*o5[,i5i#a�a>q
huf,[¢o#o#f,a�y`[,\ry`a>_�[]q�oSy`aCt`f�hri#juhFcgZ&[]\0c�bFc bui#y`pP�.i���^no#~	pr¥�[,qJhuqFhH_S_#pP�¾_#a>\r[,prq�[]q�o#yFa�f]pP�}a�_
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B�C�D�EGF=H*IGJ KGLNM3OGP�Q�P,D�F.R0SGOTP�U�S�HWV�V�H�Q�C�X:YZH%[�Q�H%\]C�X]R^SGV�R,_a`bR�cdCeQ=O4XGHWDfR:Q=Chg,H	[WEGF�F=HWXfQ J
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B�ChD,EGF=HkIGJ lGL"mnO-R�XGD�HNC�Xog,HWV�P�[WCeQZpqP0UrQ=OGHkS�P�V�P�Cs\GR0V�mntvuwF=P0Q=R0Q�C�P�X�C�X*Q�OGHnSGVsR�_�`^R�P�xrQ.R0C�XGH%\�x�p
[�P,`^S-R0F=ChX-D*Q�OGH�\rChy�H%F�H%X-[�H	x�H�QZczHWHWXTQ�OGH	SGF=HqR0X�\TS�P,_aQzS�HWV�VhHWQ|{qP�S-SGVhH%Fa}v_�OGCeU~Q*�>_aQ=R�F=_.��J'�|OGH
\GR,_aOGH \�V�ChX-HbC�_*[%R0Vs[�EGVsR:Q=H%\�R,_�_�EG`^C�XGD�@ ���4��U�EGH%VhC�XGD4R0X-\�S�P�V�P�Cs\GR0V3R�XGD�EGVsR0F	`^P�`^HWXfQ=EG`
[�P,X-_�HWF=g2R0Q�C�P�X8J"�|OGHn[WP�XfQ�C�X�EGP�E-_�VhC�XGHzC�_�[WR�V�[WEGVsR:Q�H \*x�pqV�P:czHWF=ChXGD�Q�OGHkU�EGHWV�ChX-DqS�HWF.[�H%X,Q.R0D,HNU�P�F
P0y�}vR:�rC�_nS�HWV�VhHWQ�ChX:YZH [�Q=ChP,X8J3�|OGH*\rP0Q�Q�H \�V�ChX-H	Cs_d[WR�V�[WEGVsR:Q�H \;R,_�_�EG`^C�XGD�Q=P�F=P�Cs\GR0V�`^P�`^HWXfQ=EG`
[�P,X-_�HWF=g2R0Q�C�P�X�R0X-\;g:R0F=pfC�XGD6U�EGH%VhC�XGD^S�H%F=[WHWXfQ=R�D�H,J

C�X:YZH%[�Q�C�P�X^P0U�S�P,VhP,C�\-R0Vr`^P�`^HWXfQ=EG`�x�p*Q=OGH�S�HWV�VhHWQ%JN�3g,HWX�Q�OGP,EGD�O6CeQ3c|R�_'X-P0Q3H��rS�H%[�Q�H%\�Q=O-R:Q
Q�O-H	C�X:YZH [�Q�H \�`^P,`6H%XfQ�EG`�P�U�Q�O-HqS�HWV�VhHWQ�[�P,EGV�\�x�H�[�P,X�g�HWF�Q�H \^Q�P^S�P�V�P�Cs\GR0V�F=P0Q=R0Q�C�P�X���x-R,_aH \
P�XbR�[�P,X-_aQ=R0XfQ3F.R�\rCsR0V�H%VhH [�Q�F=Cs[z�-HWVs\6SGF�P��-V�H���ChU�Q�OGCs_'�-H%V�\^Cs_3[.O-R�XGD�H \�x�p*Q=OGH�C�X:YZH%[�Q�H \^S�H%VhV�H�Q
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°�±-²o³a´h°�µ-¶0°�´�·�¸�¹b¶2º�».±-¶0¸-¼�²�»�·�¹^½G¾�²�°=²W¾�ºG¿�À
ÁÃÂ ²%Ä�º�»�Ä=µ-År²d¹^·rÅr²W¾�Æz¶,³'¹^¶,År²�´�¸b¶0¸T¶:°�°�²%¹6½G°3°�·oÅr² ³�»WÄ�´�Ç�²|°�±G²�²WÈ�² »�° À�Év¸^°=±G´s³N¹^·�ÅG²W¾

°�±-²o½G¾s¶�³�¹^¶^´s³|°=Ä�² ¶:°�² Å]¶�³�¶bÄ=´�¼�´sÅ;Ä=·0°.¶:°=´h¸G¼^Ç�·rÅrº�ÀdÊ|±G²*²WÈ�² »�°�´ Â ²�½�²%¾h¾�²�°�¹b¶,³�³d´s³�´�¸-³�²WÄ�°�² Å
¶:°6°�±-²;Ä.¶�År´�µ-³�·0Ëq»W¾h·f³a² ³Z°b¶0½-½GÄ�·f¶�».±Ì·�Ë�°�±G²�½�²W¾�¾h²W°6°=·�°=±G²]½G¾s¶�³�¹^¶�»�²%¸,°=²WÄ ÀÍÊ|±G²W¸Îµ-³�´h¸G¼
¶0¸Ï¶�³=³aµ-¹6² ÅÎ»W·�¸-³�²WÄ Â ¶:°=´h·,¸Í·0Ë	½�·,¾h·,´�ÅG¶�¾d¶0¸G¼,µG¾�¶�Ä�¹^·,¹6²%¸f°�µG¹Ð°=±G²]Ä�·�°=¶0°�´�·�¸Î¶0Ë~°�²%Äb½�²%¾h¾�²�°
´�¸:ÑZ²%»�°�´�·�¸4»W¶�¸;Ç�²o»W¶�¾�»WµG¾�¶0°�² ÅÒÀ3Ê|±G²�Ä�² ³aµ-¾e°�´s³d³a±-·:Æd¸�¶,³z°�±G²oÅG¶,³a±-²%Å;¾h´�¸G²*´�¸]Ó�´�¼-À3Ô-À Õ�Ë�·�Ä�¶
»�·,¸-³a°=¶0¸f°  Ö�Ö�× Ë�µG²%¾h´�¸G¼�Ä.¶:°=²�À Á ½GÄ=²�Ø�½�²W¾�¾h²W°n½�·�¾�·�´sÅG¶0¾�Ä�·�°=¶:°=´h·,¸^±-¶�Å^°=·oÇ�²	¶,³�³�µG¹^²%Å^·�Ë ¯ À Ù
ÚrÛ�Ü À'Ê|±-²�±G·�Ä=´ Ü ·�¸f°.¶0¾-´�¸:ÑZ² »�°�² Åb½�²W¾�¾h²W°z»W¶,³a²q»W¶0¸�Ç�²q²�Ýr½G¾s¶0´�¸G²%Å Â ²WÄ=º�Æz²W¾�¾-Æd´h°�±b°=±G´s³k¹^·rÅr²W¾1Þ
ÇGµr°d°=±G²*·0È�Øv¶:Ýr´�³z´�¸:ÑZ²%»�°�² Å]½�²%¾h¾�²�°.³d¸G·0° À

Ê|±G²W¸T°�±G²�Ë�µG²W¾�´h¸-¼�²�ßT»W´h²%¸-»�º^´s³k».±-¶�¸G¼�² Å6Ë�Ä�·,¹àÕ Ö�× Ë�·�Ä|»�²W¸f°=Ä=¶�¾G´h¸0ÑZ²%»�°=´h·,¸;År·:Æd¸^°=· %Ö
× Ë�·�ÄN°=±G²�¹b¶:Ýr´�¹�µG¹á´h¸0ÑZ²%»�°=´h·,¸T¶0¸G¼,¾h²,À�Ê|±-²dÄ�² ³aµG¾h°k´s³3³�±G·:Æd¸b¶�³'°=±G²q³�·�¾�´�Å6¾�´h¸-²�´h¸TÓ�´�¼-À'ÔGÀ ÕGÀ
Ê|±G´s³|²�Ýr½G¾s¶0´�¸-³|°=±G²o³a¹b¶�¾h¾�²WÄ|²�È�²%»�°dË�·�ÄdØvâGÞ�Ø�ãb¶0¸-Å4äqãbÅr²W¼,Ä�²%²%³%Þ�ÇGµr°q³a°�´�¾h¾"År·�²%³|¸G·�°�²�Ýr½G¾s¶0´�¸
°�±-²�ä	â�År²%¼�Ä=²W² ³d»W¶�³�²�À

å ²%»W¶�µ-³�²;·�Ë�°�±G²]½GÄ=²W½�²W¾�¾�²�°^½�·,¾h·,´�ÅG¶�¾|Ä�·�°=¶:°=´h·,¸w·�Ë ¯ ÀæÙ ÚrÛ�Ü °=±-¶:°b´s³�¸-²W²%ÅG²%ÅwË�·�Ä�°�±G² ³a²
»W¶�¾�»WµG¾s¶:°�´�·�¸�³WÞ�Æd±G´s».±�´s³	´h¸�»�·�¸f°=Ä=¶,År´�»�°�´�·�¸�Æd´h°�±�°�±-²6Ä=²%³�µG¾h°=³�Ë�Ä�·,¹èç  ã ¯ é Þ�°�±-´�³	´s³�½GÄ�·,Ç-¶0Ç-¾hº
¸G·�°z°=±G²o»�·,Ä�Ä=²%»�°�³�»W²W¸-¶�Ä�´�·-À

Ó�´h¸-¶�¾h¾�º]°�±-²6²WÈ�² »�°�·0Ë3°=·�Ä=·�´sÅG¶0¾�¹^·�¹^²W¸f°=µG¹ê»�·,¸-³a²%Ä Â ¶0°�´�·�¸�Æ|¶�³	»W¶�¾�»WµG¾�¶0°�² ÅÒÀ Û ²WÄ=²�°�±G²
Ä.¶�År´s¶0¾n²W¾�²%»�°=Ä�´s»bë�²W¾sÅÌ½GÄ=·0ë-¾�²T´s³ Ú ²W½r°b»�·,¸-³Z°.¶0¸f°�³�·4°�±�¶:°b¶:Ë~°�²%Ä�°=±G²�½�²W¾�¾�²�°^´�³�´h¸0ÑZ²%»�°=²%ÅÍ°�±G²
Ç-¶�¾�¶�¸-»�²�°�±-¶0°d»%¶0µ-³�²%³k°�±-² Ü ²WÄ=·�½�·�¾�·�´sÅG¶0¾�Ä=·0°.¶:°�´�·�¸�´h¸]³Z°=²%¶,ÅrºT³Z°.¶:°=²q´s³|År²%³a°�Ä=·:º�² ÅÒÀ Á ¾�³�·�°�±G²
Ë�µG²%¾h´�¸G¼	´�³'År² »�Ä=²%¶�³�²%Å*°�·	ãfÙ × ¶0°�¹b¶0Ý�´�¹�µ-¹ì´h¸:ÑZ² »�°=´h·,¸�¶0¸-¼�¾�²k°=·q¼,²�°�¶qÇ�²�°a°=²WÄ�ëG° À Á ¸�´�¸G´h°�´s¶0¾
´�¹6½-µGÄ�´h°Zº6´h·,¸bÄ�·�°=¶:°=´h·,¸b·0Ë � Ú�Û�Ü Æ|¶�³3¶,³�³�µG¹^²%Å^´�¸b°�·,Ä�·,´�Å-¶0¾-År´�Ä=²%»�°=´h·,¸8À'Ê|±G´�³n¾�²%¶�Å-³N°�·o°�±G²
½�·�¾�·�´sÅG¶0¾NÄ=·0°.¶:°�´�·�¸Ì³�±G·:Æd¸í¶�³�°=±G²TÅr·0°�°�² Åí¾h´�¸G²b´�¸ÍÓ"´�¼-À�ÔGÀ ÕGÀ�Ê|±-²bÄ�² ³aµG¾h°�¶0¼,Ä�²%²%³�¶�³o¼�·�·rÅ
Ë�·�Ä�°=±G²bØvâGÞ�Ø1ã4¶0¸�Å Ö ÅG²W¼�Ä=²W²b»%¶�³�²%³o¶,³*År´�Å�°=±G²b¹^·rÅr²W¾n·0Ë|½�·,¾h·,´�ÅG¶�¾k¶0¸-¼�µG¾s¶0Ä�¹^·�¹^²W¸f°=µG¹
»�·,¸-³�²WÄ Â ¶0°�´�·�¸8À	Ê|±G²Täqã;År²%¼�Ä=²W²�»%¶�³�²�År² Â ´�¶0°�²%³	¶T¾�´h°a°�¾�²^¹^·�Ä=²�¶0¸-Å�°�±G²Tä	â�ÅG²W¼�Ä=²W²6»W¶,³a²�´�³
³a°�´�¾h¾8¸-·0°dÆn²%¾h¾�²�Ýr½G¾s¶0´�¸G²%ÅÒÀ

Ê|±G²4¹^²%¶,³aµGÄ=²W¹^²%¸,°b¶:°�ä	â�År²%¼�Ä=²W²%³^»%¶0¸Ï¸G·0°TÇ�²]²�Ýr½G¾s¶0´�¸G²%ÅÏÇ�ºw¶0¸�ºÌ·�Ëq°=±G²]¹6·rÅr²%¾�³%À
î ¶2º�Ç�²�°�±G²o²WÈ�² »�°	´�³d²WÝG»�¾�µ-³a´ Â ²�°=·b°�±-²6ïnÉvðñ´�·�¸-³%Þ-ÇGµG°�°�±-¶0°q»W¶�¸4¸G·0°�Ç�²�½-Ä�· Â ²W¸�Æd´e°=±]°�±G²
¶ Â ¶0´�¾�¶�ÇG¾�²	År´s¶0¼,¸G·,³a°�´s»W³%À

Ê�·,Ä�·,´�Å-¶0¾8Ä=·0°.¶:°�´�·�¸]»W¶�¸�¶0¾s³a·bÇ�²o¹^²%¶,³aµ-Ä�² Å;Ç�º]³a½�²%»�°�Ä=·,³=»�·,½fº,ÀnÓ-·�Äqò'ÊdóÏ°=±G²^ïnÉ�ÉaÉ|¾h´�¸G²
Ä.¶�År´s¶:°=´h·,¸Í¶0¸-Åw´e°.³�ôq·�½G½-¾h²%ÄaØv³a±-´eË~°^´h¸w°�±G²�½G¾s¶�³�¹b¶4Æz¶,³�¹^² ¶�³�µGÄ�² ÅÌ´�¸Í°�·,Ä�·,´�Å-¶0¾nÅG´hÄ=²%»�°�´�·�¸8À
ó3Ä=²W¾�´�¹6´�¸-¶�Ä�º;Ä�² ³aµG¾h°=³�Ë�Ä�·,¹õ°�±G² ³a²�²�Ýr½�²%Ä�´�¹^²W¸f°=³q³a±-·:Æö¶T°�·,Ä�·,´�ÅG¶�¾8Ä=·0°=¶0°�´�·�¸�».±-¶�¸G¼�²�·0ËNØ Ö À Ô
°�·|Ø  À Ö Ú ¹�÷:³�Ë�·,Ä�¶|±G·�Ä=´ Ü ·�¸f°.¶0¾�¾hº�´�¸:ÑZ² »�°�² Å�½�²%¾h¾�²�° À�Ê|±-´�³Ò´s³ Â ²WÄ=º�År´hÈ�²%Ä�²%¸f°8Ë�Ä�·,¹ø°=±G²3²�Ýr½�²%»�°�²%Å
Â ¶0¾�µG²�·�Ë"³�² Â ²%Ä=¶�¾r°�²%¸-³z·0Ë Ú ¹�÷:³qù�Ç-¶,³a² ÅT·,¸�¶0¾�¹^·,³a°z³a°�·�½-½G´h¸-¼�·0Ë�¶*°�·,Ä�·,´�Å-¶0¾-Ä=·0°.¶:°=´h·,¸b´h¸�°�±G²
·�Ä.År²%Ä*·0Ë %Ö ÚrÛ�Ü Àæ¿øÆd±G´s».±Í¶0¼f¶0´�¸í½�·,´h¸f°=³o°�·:Æ|¶0Ä.ÅG³*¶ Â ²WÄ=º�År´hÈ�²%Ä�²%¸f°�Ç�²%±-¶ Â ´h·,µGÄ*Ç�²�°ZÆz²W²W¸
ÇGµG¾ Ú ¶�¸-Å;´h¹^½GµGÄ=´h°Zº�´�·�¸-³%À
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Ó-¶,³Z°|¹^´eÝr´�¸G¼^·0Ë�Ç�·�°�±�´h·,¸-³|¶0¸-Å;²W¾�²%»�°�Ä=·�¸-³n±-¶�³|Ç�²W²%¸;·,Ç-³�²WÄ Â ²%Å*ÑZµ-³Z°�¶0Ë~°�²WÄd½�²W¾�¾�²�°d´h¸0ÑZ²%»�°=´h·,¸8À
Ê|±G²*´�·�¸4År²%¸-³a´h°Zº�Ä=²%¶,».±G²%³d¶^»W·�¸-³a°=¶�¸,° Â ¶�¾hµG²*·,¸4¶��-µrÝ�³�µGÄ�Ë>¶�»W²	·,¸4¶6°Zºf½-´�»%¶0¾Ò°=´h¹^²%³=»W¶�¾h²�·�Ë
%Ö,Ö�� ³WÀdÊ|±G²�²W¾�²%»�°=Ä�·,¸-³�¶�Ä�²*¹�µ-».±�Ë>¶�³a°�²WÄ	¶0¸-Å]½-Ä�·,Ç-¶0ÇG¾�º�¸-²W²%Å4¶6°=´h¹^²�´h¸]°=±G²�·,Ä=År²%Äd·0Ë %Ö
� ³�Ç�²WË�·�Ä=²q°=±G²*²W¾�²%»�°�Ä=·�¸;°�²%¹6½�²WÄ.¶:°=µGÄ=²	´s³|²��fµG´�¾�´hÇGÄ.¶:°=²%ÅÒÀ

Ê|±G´s³�»W·�µG¾sÅÌ¸G·�°6Ç�²�²WÝ�½-¾�¶�´h¸G² ÅÌµ-³�´h¸-¼�·�¸-¾hºí½-¶�Ä=¶�¾h¾�²W¾n²�Ýr½-¶0¸�³a´�·�¸Í¶�¾h·,¸G¼4°�±-²;¹b¶0¼,¸G²�°=´�»
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N:O�P"QSRUTWVFXYO�Z[O�\�]SX�^_O�`ba_P"c9dfegch\IV=iIc=i!j"V[`kXlc9dmiIc=n9Oo`kjp`qiIVrc[sosoV[t_`qi+i!^:OgOvuwa%O/s�iIO�QkZFc=P"t_O�d
c=\IOUZ9Oo\IxbsoPpVqdfOyi!Vzi!^_Ohe{O�c[d!t_\IO�Q|ZFc[Ppt_O/doRb}~^_Oha_\IO�d!Oo`:soOyV=��iI^_j�d�\IV=i;cFiIjpV9`D]@c=P�dfVzjp`�i!^_O
QwO�a%Vqdfjpi!O/Q|egcFifiIOo\��-\!V9e�iI^_Oya�OoP"P"Ovi�]�X~c[d�QwOoe{V9`:d�iI\Ic=i!O/Qb�qx�i!^:OyV[�%dfO�\!ZFcFiIjpV9`|V=��svt_if�5V=�
Ov��O�sviId+V9`zi�XlVhQ_j���Oo\IOo`qi�Qwj�c=�9`_V9dfi!j�sod�R��Wa�iIVhi!^_j�d+a%V9jp`qi�c[PpP�i!^%cFi�j�d+nq`:VFX�`�j�d)i!^:c=i+i!^_O
\IV=iIc=i!j"V[`h`_OoO/QwO�QhiIVgOvuwa_P�c=j"`hi!^_O�Q:cFiIc{^%c[d�cgso\!Vqd!df��N%OoP�QysvV9e{a%V9`_Oo`qi�R~��Vgj"`w�-V9\!egcFiIjpV9`
j"d
V[�_iIc=j"`_O/QyV9`yiI^_O�a:c=\;c=P"P"OoPDsvV9e{a%V9`_Oo`qi�R

� t_\!i!^:Oo\Ie�V9\!O)jpi~j�d�c=\I�[t:O�QgiI^:cFi~iI^_O+a%O�PpP"Ovi�soc[t:d!O�d~c�P"c[\!�9Oms;^:c[`_�[O)jp`Gi!^:O)a%c=\;c=P"PpO�P�\IV=�
iIc=i!j"V[`gsvV9e{a%V9`_Oo`qi�R�}~^_O�a%c=\;c=P"PpO�PD�Jc=`%Q�iI^'t:d�iI^_O�i!V9\!V9j"Q:c=P���\IV=i;cFiIjpV9`�X�j"PpP%�%OmdfP"VFXYO/Q�Q_VFX�`
�'xz�=�A��X�^_O�`ziI^_OgQwOoa�V9d!j�iIO�Q�egc[dIdmO/�qt:c=P�dmi!^_O{egc[dId)V[`riI^_O��:twu�d!t_\!�Jc[soO�jpiId!OoPp��R�}~^_j�d
svV9t_P�Q�`:V=i�Qwj"\!O/s�iIPpx��%OUV9�:d!Oo\IZ[O�Q�j"`|jpe{a_t_\Ijpi�xz\IV=iIc=i!j"V[`ke{O�c[d!t_\IOoe{Oo`qi;doRG�5i�j"d�a_\!V9�:c=�:Ppx
soc[t:d!O�QG�qxGc�Q_j���Oo\IOo`:soO�jp`
�_t:Ppnyc[`:Qhjpe{a_t:\!jpi�xUj"V[`|�>�Y�!�f�f�l��Oo^:c?Z'j"V[t_\/R

�'j"e�t_PpiIc[`_OoV9t:dfP"xGi!^_O{sv\IV9dId��>N:O�P"Q
svV9e{a%V9`_Oo`qiWV[��i!^_O�\!V[iIcFiIjpV9`rd�i;c?xwd�i!^:O�dIc=e{O[]%X�^_j"s;^
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e{O�c9dft_\IOoe{O�`9i;doR�}~^_OWs;^:c[`_�[O~j"`ga%V9PpV9j"Q:c=P_\IV=i;cFi!j"V[`�X~c[d@Qwj"\IO�s�iIPpx�V[�:d!Oo\IZ[O/Q��-\IV[e¡jpe{a_t:\!jpi�x
d!a%O/s�i!\IV9dIsvV9a'x[R

� jp`:c[PpP"xgiI^_O+a_^_V=iIV[�9\Ic[a_^_j�s�\IO�d!t_P�i;d�c=P�dfV�dft:a_a%V9\fi;dli!^:c=i~i!^_O�c=�:P"c=iIc=`qi~\!V[iIc=i!O�Qy�%V[i!^hjp`
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� ØeÜV×3ÚZÝTÒ{ájÕtóRèKØGÙ-ØDÞ\Õ]×-Ø5à�×-ÝdÕ	à/ÚP÷QØDÙ-ØDÒ=ÜDØ�ÚZÒ¦Ö=ÕTÙ_×-ÚZÜDÞ9ØàCØ5Ò=Û_Ú9× ómÚZÒ=Û3ÚZàCØ�×-Ô/ØSÕBè=ÞZÕB×3ÚZÝTÒoÜpÞZÝTß=à�ñ
!iÔ/ØDÒ¡Õ	ÖKØDÞZÞZØp×jÚZÛqÚZÒ
� Ø5Üp×3Ø5à�×3Ô=ØràCÚ9÷Qß=Û_Ú�TØ�×3ÙEÕBÒAÛ_ÖKÝTÙ3×qÝ;Ò�×3Ô/ØrájÛq×3ÚZá1ØsÛ-ÜDÕTÞ9ØrÜDÕBÒ�èAØàCØeÛ3ÜDÙ3ÚZèAØeà¡è7ó|Õ;Û3Û3ß/á~Ú9Ò"�¦Õ#��üqÎ;ñ ê¦ì ë�� ï^Ú9Òiá~Ý;Û_×rÜ5ÕTÛ3Ø5Û5ñ�â�Ò/Þ9ó|ÚZÒ¡×3Ô/ØlÜpØDÒR×-ØDÙGÝTç�×3Ô/ØÖ/Þ\ÕTÛ3ájÕ^Õ]ç�×-ØDÙ1ÖAØ5Þ9ÞZØp×jÚZÒ
� Ø5Üp×3ÚZÝTÒ|Õ^Ù-Ø$�;Ú9Ý;Ò#	gÚP×-Ô%;ØDÙ-ólÞZÝ
	&� ÝBçWê=ñ êTÏ^ì ë�� ïrÚZÛqÒ/ØDØeàCØ5à�×3ÝØpæCÖ/Þ\ÕBÚZÒ�×3Ô/ØSà/ÕB×-Õ=ñ
' Ò�ÚZÒR×3ØDÙ-Ø5Û_×3ÚZÒ��oÝTèAÛ_Ø5Ù�]Õ]×-Ú9Ý;ÒdÚZÒ�×3Ô=ØmÛ_ÞZÚZà/Øpé*Õ�	NÕtósÙ-Ø$�;Ú9á~ØjÚ\Û�×3Ô/ØjØDæ7×3Ù-ØDá~ØDÞZó^ÞZÝ
	(]ÕTÞ9ß/ØçxÝTÙ���ÝBç�ê=ñ êRÐ[ìoë � ï�×3Ô=ÕB×)	cÕTÛ?ÝTè=Û3ØDÙ�TØeà�ñ¨äcÔ=ÚZÛNáJßAÛ ×cèAØ[Õ;ÜDÜpÝ;á~Ö=ÕBÒ/ÚZØ5àmèRójÕ*TØ5Ù3ó1Þ9Ý
	,+�-��

	gÔ/Ú\ÜEÔ.	cÕTÛcØeÛ ×-Ú9ájÕB×3Ø5à�×-Ý1èKØ[ÚZÒ�×-Ô/Ø[ÝTÙEàCØ5ÙNÝTç�+/-,0�ê=ñ9Î�ì ë�� ï
' Ò|Ú9á~ÖKÝTÙ3×-ÕTÒ;×màCÚ\Õ1�;Ò/Ý;Û_×3Ú\ÜGÜDÝTÒ=ÜDÞ9ßAÛ_ÚZÝTÒ�×3Ô=ÕB×jÜ5ÕBÒ{èAØsàCÙEÕ�	gÒ�Ú\Û1×3Ô=ÕB×2TØDÙ-ó�ÝBç�×-ØDÒ{×3Ô/Øä�3mÖ/Ù-Ý14AÞ9ØsÜDÕTÒ¡èAØsß=Û3Ø5à�×3Ý¦à/Øp×3Ø5Ù3á~ÚZÒ/Ø	Õ65=ßCæ¡Û_ß/Ù3ç ÕTÜDØsÕ�TØDÙEÕ1�;Ø5à7]ÕTÞ9ß/ØoÝTç�×-Ô/ØsÖ/Þ\ÕTÛ3á~ÕàCØ5Ò=Û_Ú9× ó�à/ß/Ù3ÚZÒ��jÖKØDÞZÞ9ØD×WÚZÒ
� Ø5Üp×3ÚZÝTÒ8�KÚ ñ ØTñNÕ]×�Õ1×-Ú9á~ØJÛ-ÜDÕTÞ9Ø[ÝTçvýTêTê��aÛ5ñNäcÔ/ØJÞ9ÝCÜDÕTÞ9ÞZómá~Ø5Õ;Û_ß=Ù3ØeàÒ�3�Ö=Ù3Ý94=Þ9ØeÛgÜDÕTÒràCØ:7ÚZÕB×3ØFç ÕBÙcçxÙ-ÝTá�×3Ô/Ú\Û�Õ�TØ5Ù-Õ9�TØWà/ß/Ù3ÚZÒ��~ÖKØDÞZÞ9ØD×WÚ9Ò1� Ø5ÜV×-Ú9Ý;Òañ
' Ò|Ú9á~ÖKÝTÙ3×-ÕTÒ;×~Ù-Ø5Û3ß/ÞP×~ÝBç[Ó?Ô=ÕBÖC×-ØDÙ<;^Ú\Ûq×3Ô/Ørç Õ;ÜV×1×3Ô=ÕB×q×-Ô/ØoÖAØ5Þ9ÞZØp×jÚZÒ=àCß=ÜDØ5Û~ÕdÛ_×3Ù-ÝTÒ"�ÖKÝTÞZÝTÚ\à/ÕBÞcÙ-ÝB×-ÕB×3ÚZÝTÒ{èRó=� Ö=ÕBÙ3×3ÞZó��1Û ×-ÝTÖ/Ö/ÚZÒ��d×3Ô/Øo×-ÝTÙ-ÝTÚ\à/ÕBÞNÙ-ÝB×-ÕB×3ÚZÝTÒañ|äcÔ/Ú\ÛqÔAÕTÛ~èKÝB×3Ô|èKØDØDÒá~Ø5Õ;Û_ß/Ù-Ø5à8�=ÕBÒ=àoàCØeàCß=ÜDØ5àrè7órÕ;Û3Û3ß/á~Ú9Ò"�~ÕjÜDÝTÒ=Û_×-ÕTÒR×�ØDÞZØ5ÜV×-Ù3Ú\Ü>4=Ø5ÞZàoÝ;Ò�×-Ô/Ø?5=ß/ærÛ3ß/Ù_ç Õ;ÜpØ[Ý;Ò×3Ô=ØGÜpÝ;Ò=Û_Ú\àCØ5Ù3Øeàl×3ÚZá1ØrÛ3Ü5ÕBÞZØTñsäcÔ/ØrÜpÝTáqè/ÚZÒ=Õ]×-Ú9Ý;ÒlÝTçgÖ=ÕBÙEÕBÞZÞ9Ø5ÞXá~Ý
TØ5á~ØDÒR×JÕBÒ=à�Ù-ÝB×EÕ]×-Ú9Ý;Ò�ÚZÛÛ3ßA@mÜpÚZØDÒR×c×3ÝjØpæCÖ/Þ\ÕBÚZÒ�×3Ô/Ø[Ý;è=Û_Ø5Ù�;Ø5àGá1Ú9æCÚ9Ò"�~×3ÚZá1ØeÛcÝTÒsÕ*5=ßCæoÛ_ß/Ù3ç ÕTÜDØTñ

B2CED FHG�IKJMLONPIRQ�STQPU�LWVXSYI�LOZ\[�]�LOIKQ/^$S*G�I

' ×�×3Ô/Ú\Û�ÖKÝTÚZÒ;×XÛ3ÝTá~ØNÝBçA×3Ô/ØcÝTÖKØDÒ<_Rß/Ø5Û_×3ÚZÝTÒAÛvÜpÝTÒAÜpØDÙ-Ò/ÚZÒ���×-Ô/Ú\ÛvÖ=ÕBÙ3×3Ú\ÜpÞZØ?×3ÙEÕBÒ=Û3ÖAÝ;Ù_×�×3ÔAÕ]×P	?Ø5Ù3ØÖKÝ;Û3Ø5à�Ú9Ò � ØeÜV×3ÚZÝTÒ�Î;ñ Ï~ÜDÕTÒrèKØSÕBÒAÛ`	NØDÙ-Ø5à�ñ
a !iÔAÕ]×[ÚZÛF×-Ô/Ø~ájÕ1�TÒ=ÚP×-ß=àCØ~ÝBçNÖ=ÕBÙ3×3Ú\ÜpÞZØJ×-Ù-ÕTÒ=Û3ÖAÝ;Ù_×[àCß/Ù-Ú9Ò"�rÖKØDÞZÞZØp×[Ú9Ò1� Ø5ÜV×-Ú9Ý;ÒlÕTÒ=àdÔ/Ý
	Þ\ÕBÙ��TØcÕBÙ-ØN×3Ô/Ø�ÜDÝTÒbTØeÜV×-Ú�;ØNÕTÒ=àqà/ÚP÷Qß=Û3Ú�;ØNÖAÕBÙ3×-Û�cd!iÔ/Ú\ÜEÔqÝ;Ò/ØcÚZÛXàCÝTá~ÚZÒ=ÕBÒR×ec�Ñ Û�×3Ô/Ø5Ù3ØÕ~àCÚ9÷QØDÙ-ØDÒ=ÜDØ?	gÚP×-Ô�×-Ô/Ø[ß/Ò/ÖKØDÙ3×3ß=Ù3èKØ5àrÖ/Þ\ÕTÛ3ájÕ<c

åvÕBÙ3×3Ú\ÜpÞZØ�àCÚ9÷KßAÛ_ÚZÝTÒmÚZÒ~×3Ô=Ø�ã�ägå�×-Ý9f]ÕBájÕ1f*	NÕ;ÛvçxÝ;ß/Ò=à~×-ÝSèAØFÕBÙ-ÝTß/ÒAàjømù9ú;ûEü�ý/þ êzÿ�ÎTþ ê�ì ë�� ïÚZÒG×-Ô/ØJâ�Ô/á~ÚZÜFÜDÕ;Û_Øg�7ÕTÒ=à�Ú9Ò=ÜDÙ3ØeÕTÛ3Ø5Û?Ú9Ò�×3Ô=Ø�ÕTè/Þ\Õ]×3ÚZÝTÒrÜpÞZÝTß=àG×3Ý<�[ü�ÐCþ ýNÿ�ý/þ ôSì ë�� ï;ñ�Ñ*Ò�×3Ô/ØÖ/Þ\ÕTÛ3ájÕFÜDØDÒR×3Ø5ÙXÕ�Ù-Ø$�TÚZÝTÒ<	gÚ9×3Ôjáqß=ÜEÔ~Þ9Ý
	NØDÙ��,	NÕ;Û�çxÝTß/Ò=à>� ßAÛ ×?ÕBç�×3Ø5ÙXÖKØDÞZÞ9ØD×XÚ9Ò1� Ø5ÜV×-Ú9Ý;Òañ ' Þ\Û_ÝÚZÒ�×-Ô/ØJÛ3Þ9Ú\àCØDéÕ�	cÕtójÙ3Ø:�TÚZá~Ø��®Ú\ÛgáJß=ÜEÔsÞZÝ
	NØDÙ��/ÕBÒ=àrájÕtó7èAØ[Ò/Ø5ÝCÜpÞ\ÕTÛ-Û_Ú\ÜDÕTÞ ñXäcÔ=ÚZÛgÚ\Û�ÖKÝ;Û-Û3Ú9è/ÞZóÜpÝ;Ò/Ò/ØeÜV×3Øeà[×-ÝFÕW×3ÙEÕBÒ=Û3ÖKÝTÙ3×¨è=ÕTÙ3Ù-Ú9Ø5Ù�ÚZÒ=àCß=ÜDØ5àqè7óSÕWÛ_×3Ù-ÝTÒ��h�TÙEÕTàCÚZØDÒR×¨ÚZÒq×3Ô/ØNÖ/Þ\ÕTÛ3á~ÕWÙ3ÝT×-ÕB×3ÚZÝTÒañ
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» Ø�¹�½�Ð/¿�Ü{¿RÀ�Ä�Ç&Ë4ÊqÁ^Æ�ÃMÁ4Ç�¿&ÈRÚ|Æ.Û/¿AÐRÅ�ÄO¿8âhÂ�ÒsÃIÊmã�á�¿�ºNß}Ý�à�Þ,È�ïMÉRÊ`¿�¹ Ó ¼ ÓRÈ�ÉX¿ à*Ø*Ì%×OàcØ ¼ ¿
» ØcÌ(½�Ð/¿ Ü{¿ À�Ä&Ç&Ë4ÊqÁ}Æ�Ã^Á4Ç�¿&È�ð�ã�Å.Ç�¿�çRã�ÒmÄ&Ë4ÂXÈ�Õ*º�Ý�Í*Þ�È"¹ Ó4Ócº8ÈXÉX¿�Í*º ¼ × ¼ ºNà�ÈXÅqÎ�Á4É8ÃmÆ`Ê^Ì8¿&¹4¿&¹4È ÉX¿

Í4Í�¹4¿
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» Øcº(½;Ä&äRÆ.á}È�ÅqÎ�Á4É8ÃmÆ`ÊMÌ8¿&¹4¿&¹(ñ�Ì8¿&¹4¿ ÕRÈ*ÉX¿�ÍcºNÓcñ�Í*Í4Õ�ñ�Í4Í4Ø�¿
» Ø*Í%½;Ä&äRÆ.á}È�ÅqÎ�Á4É8ÃmÆ`ÊMÌ8¿&¹4¿ à�È�ÉX¿�Í*Í4ÓR¿
» Ø ¼ ½;Ä&äRÆ.á}È�ÅqÎ�Á4É8ÃmÆ`ÊMÌ8¿&¹4¿ à�È�ÉX¿�Í ¼ ßR¿
» Ø*Ø%½;Ä&äRÆ.á}È�ÅqÎ�Á4É8ÃmÆ`ÊMÌ8¿�Ì8¿&¹4È�ÉX¿�Í ¼ ¹4¿
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» Ó ¼ ½?òJ¿AÀ�Ä&Ù*Á4áJËNÃmËAÈ�É�Ë*Ò�ÃmÆ`Ê�ÁNóAÒsÃIÊIÁ*Å,Ã�ÝôÉ8×hÌ*Ì8¿�Ì4Þ�Èe¹ ¼ ÃmÎ�âsÏ�Ï{Ïoõ%ðM¾"ÐRÐ�Ò�Ù�áJÉAËcÒ�Ä&ãRáöË4Â�ç�ã8×

Ò�Ä&Ë4Â}ÏjÂ�é4Ä&ÂRÆ.Æ`ÊmÄ&ÂRé�ÈRÐ8Á4Â�÷�Ä&Æ.é4ËAÈ�î"ÁRÈRø�Ð8ï?È�Ë�Å�ÃmË*óAÆ`Ê�Í%×q¹`ßRÈ/¹ Ó4Ó ¼ ¿
» Ó*Ø%½?ù?¿/ú=¿�À¡ûãRÇ&Ç�Æ`Ê�Æ�Ã;ÁNÇO¿�ÈX¾{ÊmË8ÅN¿/ÌNÕ4ÊIä�Ï�¾�Ð�Å.Ë4Â8Ñs¿/Ë*Âüî�Ë4ÂcÃIÊmË*Ç�Ç&Æ`ä�ç�ã�Ò�Ä&Ë4ÂýÁNÂ�äè¾jÇ�Á4Òmá�Á

¾jÎ�Ù8Ò�Ä�Å.Ò`È8ò�Ä�Æ`Û/ÈXÝs¹`Ó*Ó4ÍcÞ,È8ÔZË4ÇO¿�ÌNß�î�È8É�ÁNÊmÃ|â�âmâ,ÈRÉX¿X¹ ßR¹`ÓN×I¹ ß*Ì*Ì8¿
» Ó*Ó%½?ù?¿%ú=¿NÀ�ûã�Ç�Ç&Æ.Ê�Æ�ÃjÁ4Ç�¿&ÈNÉRÊIË8ÅN¿%Ï{¾"Ð?Å�Ë*Â8Ñs¿%À�Á4Á*ÒsÃIÊmÄ�ÅqÎcÃ�ësãRÂ�Æ�¹ Ó4Ó*ÓRÈ(ÔZË4ÇO¿ Ì4Õ4ÖAÈ(ÉX¿�¹ ß4ÓN×I¹*¹ Ì8¿

» ¹`ß*ß%½;ù?¿Rú=¿AÀ¡ûãRÇ&Ç�Æ`Ê|Æ�ÃMÁNÇO¿&È�¾jÎ�Ù8Ò.¿8Ú|Æ`Û/¿�ÜXÆ.Ã�Ã`¿AØ4Õ}Ýs¹*¹ Þ�¹`Ó*Ó4ÓRÈ�ÉX¿�ÌR¹`Ó*Ó%×sÌ4ÌNßcÌ8¿
» ¹`ß�¹�½;Ö�¿Að�Æ.ã�Î�ÁNã�ÒmÆ.ÊMÆ�ÃMÁNÇO¿&ÈRÊmÆ`ÉAË*Ê�Ã�âs¾�¾þº*õ%Õ*ß}Ýs¹`Ó*Ø4ÓcÞ,ÈRÀ�ÁNÿc×h¾jÇ�ÁNÂAÅ���âhÂ�ÒsÃIÄ ÃIã8Ã�Ñ�ãRÊ�¾jÇ�Á4Òmá�Á

¾jÎ�Ù8Ò�Ä��/È���ÁNÊqÅqÎRÄ�Â�é�¿
» ¹`ßcÌ(½;ï?¿�ð�Ä ë�Ò�Æ`Â8×$ÔMÄ�Ò�Æ.ÃJÁ4Ç�¿&È��mçRãAÒ�Ä&Æ�×$Æ.ÂRÆ`Êmé*Ä�Æ�ó�Ä ë�á�Á4é4ÂRÆ.ÃmÄ�ÒmÅqÎRÆ¥Ë4É�ÒmÇ�ã�Ä ÃIÄ�ÂRé��RÈo¹`Ó*Ø*ºRÈ�ç
	�À

Ä�ÂAÒsÃIÄ ÃIãRã8ÃMÛ*ËcË*ÊoÉRÇ&Á*Ò�á�ÁNÑ�Ù�ÒmÄ�Å.Á^Ú|Ä ësÂ�Îcã�Ä��`Æ.ÂXÈ�ðMÄ�Æ`ã��Æ`é4Æ.Ä&ÂXÈ8ÉX¿&¹4¹*¿
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