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_×­�§»¢�Ã�áô¢¤£²¢¤ÀÂÁ�ª9¢¤ªñ³¬�»¢�¡è«·³ðºo«· ¬£¬� �9¢©§E¢©��¢©ªV æ©Ï×�»³¬ÀÂÁ�¢©ª�¢©�Eª�¢©� µaª9Ô�«�ª�®�³¬æ¤­9³² Â«·ª�¡ñ¡�¢¤³|¼õ½�¾¿¢¤�E§»ÀÂÁ�¢¤ª9³t�E� ° ¢¤£²ª��Eª�ª9¢¤£¬¢©ª ���" *¸·Ü��jù�§E¢��9¢©£ð¥¨ª�¢¤£²®��E¢­�ª�¡Ù¢¤�»ª�¢¤� ¥¨ª�¡9æ¤­�³	 Â«�ª�¡ ¯ ¡�¢©£f«�­�Ú�¢©£¬Áè«�§»á�¡�¢¤³a° ¢¤£¬ª9³f¢©�Eª�¢©£f«�­�³¬§E«�­9Ô1¢©ª�¡�¢¤ª�â�¢¤§E§»¢ ¢¤ª¶ y³²ù�£¬�»ÀÂÁ¶  � \ �E¢Ò6£¬¢©��³²³² ¬£y«�Á�§»­�ª�®�³²¢¤�j�E³²³¬�EÜ�ª¹Ï×�»£¬¡ãÁ9�E¢¤£²á(¢©�´Ø­9á(¢©£¦¡��»¢��j�Eª��»��«·§E¢*µaª�¸�Ü�ù�ù�§E­9ª�® «�ª�¡è«�³*¢©§E¢©¸V ¬£¬Ü���«�½®�ª�¢ö y�E³²ÀÂÁ�¢Ýêè¢¤§»¡t�Eª*¡�¢¤£ \ �»ù(Ü�§Eª4Ø«�Á9¢¤£¬­9ª�®a¢©�Eª�®�¢©ÔTØ­�Á�£	  � \ «�³ø£²¢¤³¬­9§» y�»¢¤£²¢¤ª�¡�¢c3�ù(¢©¸¶ y£¬­9� ¡��»¢¤³²¢¤³ ºàÜ-¡�¢¤§»§E³�E³	  �Eª µaá�á��E§»¡�­�ª�® ��� Ç ¡9­�£¬ÀÂÁ¹¡��E¢*¢¤ª�®·½�ù�­�ª�¸¶ ¬�E¢¤£	 y¢|° ­�£	Û�¢|¡è«�£²®�¢¤³	 y¢¤§»§»  � ®�£·Ø­�ª �ö� \ �E¢tµa­9 yÜ�£²¢¤ª æ¤¢©�"½®�¢¤ªt«�­�Ú�¢©£¬¡�¢©� ¯ ¡è«�³²³A¡��E¢ �/Ü�£¬Á9¢¤£¬³¬«�®�¢©ªt¡��E¢©³¬¢©£øÛ�Ü�§»§E³	 [Ø«�ª�¡9�E®fë-­�«�ª¶ y¢¤ª9��¢©ÀÂÁè«�ª��»³¬ÀÂÁ�¢©ªW_×¢¤ÀÂÁ�ªV­�ª9® ª-­9£Ï6¢©ª��E®|Û�Ü�ªà¢©�Eª�¢©£Ý³¬¢¤�j�"½�¸V§ «�³²³¬�E³²ÀÂÁ�¢¤ªà÷tØ«·Á�¢¤£²­�ª�® � â °´Ò � «�á¶Ïq¢¤�EÀÂÁ¶  �â Ø«�Á�£²¢¤ª�¡ÐÈ Ç Í ¡9¢¤ªy3-ÀÂÁ�§E­�³²³qæ©�E¢©ÁV  ¯ ¡è«�³¬³ ¡�¢©£6Ò6¢©�» ¬£y«�®´æ¤­9£6¥¨�j�E³¬³²�EÜ�ª9³²Ï6«�Á�£¬³²ÀÂÁ�¢¤�»ª�§E�»ÀÂÁ�¸�¢©�»  �Eª9ª�¢¤£²Áè«�§Eá¡�¢¤£Jó6Ü�­�§»Ü��tá�½�ÒÕ«�£¬£²�E¢©£¬¢�á(¢ö y£$Ø«�ÀÂÁ¶ y§E�»ÀÂÁò�»³²  ¯ Ô1Ü�§»®�¢¤£²ª ��«�ù(¢©ªVá�£¬Ü-ÀÂÁ ­�ª�¡ Ò6¢©£² ¬³¬ÀÂÁ �Eª È É©Í ¯ ¡è«�³²³�¡�¢©£¾�­9ª�ª�¢¤§»ù�£¬Ü�æ¤¢¤³²³×ª-­9£Õ¢¤�»ª�¢¤ª�®�¢©£¬�»ª�®�¢¤ªJ¥/�»ª�Æè­�³²³×«�­9Ô¿¡��»¢ÎµÎ�jù�§»�» y­9¡�¢a¡9¢¤£×Ò6£²¢¤�j³¬³² ¬£y«�Á9§E­�ª�®*Áè«·  � \ �E¢Û�¢©£¬³¬ÀÂÁ9�E¢¤¡9¢¤ª�¢©ª Ò6¢¤�" y£$Ø«�®�¢ð¡�¢©£ ¢¤�Eª9æ¤¢¤§»ª�¢¤ª�Ò6¢©£¬¢¤�»ÀÂÁ�¢|¡�¢¤³´¾¿­�ª�ª�¢©§Eù�£²Ü�æ¤¢©³¬³²¢¤³¦Ïq¢¤£²¡�¢¤ªã«�­�³	ÔTØ­�Á�£¬§»�EÀÂÁ �Eª
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QrG c�T OPG N GPs�XgGt8:F S ��X V XgF J/K XgF/GPXg8vuwF L !eX S XkW S\cdTxN GIOmXkF�GPX T 4 LzyeN X J�J X ��N H{sdXk| ��NIS `"�_8}f NRY X T�] F�G L
OPX T GpoaO ��~ 4 L�� XkF J�[�] XgG ��NIK OPX T |�XkG ��[�] | ��TzS XgG�Q_G cdT OIG N GPs�F�G�OPXkG�u�F L !eX S XgW SUcdT sdX J�� GPsdXkGpo K F�GIO
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4 L�� XkF J�[�] XgG�O T F/GPsdXgG�|�XgFDXgF/GPX T E>GPX T sdF�X Ydc G��pAmXk��X S�V�� <d� �p8 S F�X@HxF�G�O ��K u�F J F�fkF N 8�XgF/G N GPO
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� G KzS XgF/sdXgGIOPXgG �ZX [ W K�S\T\c 8 N GPO�XgF/GPX TxY X T\K�[�]PJ X [�]^S X TzS XkG�E>GPX T sdF�X ��N ��ncdK�N GPsoG¦< F o�< D o�<5L I `IQr|�X S�V��
� �w§©¨ � XgF J/[�] XgG
£ [ 8:¤>8�nNIK\K XkG�OPF�X !eX S XkW SUcdT XgG Y X T 8 NIS\J F [�]���NPK s�X S���NPK\[�]^SDV X T OPXkGp`��_8ªOPF/X �ZXg|�XgG KML
O ��N X T f N X T\] nc�] XgG V X T OPXkG«OPF�XiuwF L !eX S XkW S\cdT XkG ��N H [g� ` 9e< �i¬ c�sdXkW nNI]PJ/S `�! NIT\[�] OPF�X � nNP]PJ/N GPs V F T O
OPF�X>A c |PF J F S n��S OIX T XgF/GPsdX K\[�]PcdK�K XkGPXgG­4 L�� XgF J�[�] XkG�F�8 �1T F KzS���J/J sdF S\S X T_T XgO N fgF�X T�S opOPF�X   F J O N GPs Y�c G
s T nc�~ X T XgG®u S ncdT\KzS X J�J XkG ��NIK c J�NIK�S X T G Y�c G­4 L�� XgF J/[�] XgG 8 @�X LM �J���K XgG"< V F T O N G S X T O T nNP[ W S G¯<'¬ I N GPO
OPX T u [�]P� OPXgGmF�G�OPX T_�jT F K�SU��J�J/K�S\T\N W SUNIT sdX T F�GPs°s�X ]
��J�S XkGp`
!eF�X�F�8 E7± l X T F/8AXkG S XgF/GPsdX K X S f S XgG K Xksd8:XgG S F/X T�S XgG�uwF J F/fgF N 8 L !eX S XgW SUcdT XgG VqNPT OPXgG Y�c G AmF [gT\c G
u�Xg8:F [kc GPO NI[kSUc�T � S Op` � sdX J F�X@H{X T�S `²E K³]P� GPOPX J/S�K F [�]5N 8´XkF�G K XgF S F�s1� F L H ��[�]1K Xksd8:XgG S F/X T�S X !eX S XkW S\cdT XkG
µz¶ ÚÍÌu½¸·�® Òº¹EÚ=Ìz·�®¼»²½kÌUÀ�·�½ Å±Ú�¹µÚ�Às­\»^¾
¿�ÄZ·�À Â�¯IÁ ½�Ú ¯ »�Ú�®ÃÂ>¼z¾^¶ Â ½ ¯�Ä ·�½¸·@½ÃÂ�¾yÄZ· Â »^¾;Å Â ®kÌuÚ=®ÃÂ¼¾±Òº½8¼f¼s­MÅ ÁpÆ ¿,Í Õ Å Æ ¾Å³Çx¾*¾�ÀsÀ�È±Î Ù�Ù�ÉZÉZÉ>Ê ¹EÚÍÌu½¸·�®8¼s­z¹EÚÍÌM·�®¼»²½8ÌuÀ�·�½\Ê ÌM·¼Ê ½ÃË8Ù
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��WVUXZY ¥§�Q[��]\ � ©�b�` � dTf � dTgjg�¾ � f �Tb g��á� b d ¾Td b �edTg gsdG¾TdTgsd b g � g��edTf � g�gedMjqf��agsdTi�dTg � b  
� dTikd � i/jqf�dTg ¨ � b d�{¦�ed `/� i � h `�`Ã�¡� d `�` dTg ® dTf h b g��edTfIgÑ� b d � dTi�d � i b jqg ® jqg 4½ xw�d b�` lMhjdTgEz«� b d � g �edTf
^ �¡�°� dTf ��� g��:ged � i f�d � i � dTf��edTg`jG�edTf>6 � lMh �¡�s� �edTfy¾TdTg � lMh�¾ � fIi�dTg �pg-jqf��ag � g�gnd b g ¢��a`�` dTg ¨

Ydc 8 � � l`_ba uIu6c L � �d� 8AF S XgF/GPX Ted F [ W�X Ydc G [º� `9� ��� �a8�o�XkF�GPX T�� W S F Y XgG`f J n��[�] X Ydc G�� � 8A8hg
� � 8A8 N GPO�XgF/GPX T u SUT XgF�H{XgG | T XkF S X Ydc G­��i��Ã< 8A8�o9OPX T XgG��DX TU��T 8 N GPs K f c GPX=|�XgFiXgF/GPX T u l
� GPG N GIs
Ydc G�< � � nN |�X T OPF�X«s�X KU� 8A8 S X°�>n��]IJ X T OPF [ W�X ��NPK sdXgOPX ] G S F KzS ` d X T u�F J F�fkF N 8 Lj_3� H{X T F K�Sj��N HiXgF/GPX T
k J���S F/GPX a kml  1n c_8:F S XgF/GPX T � n� GPsdX Y�c Gpo [ 8 N GPO�XgF/GPX Tr �T XkF S X Ydc G`q [ 8 Y X T W J Xg| S `pQr|I|PF J O N GPs
BP`ro«fkXgF�s S OPF�X K Xgsd8:XgG S F/X TzS X5u�XgF S X1XgF/GPX K OPX T�d X S XkW SUcdT XgGp`
_ F�X=F/G�Qr|I|PF J O N GPs�BI`ts K�[�] Xg8 ��S F K\[�]­Y X TU� G K\[�]
��NIJ F [�]^S o X@±�F KzS F/X T�S°��N HqOPX T°K Xgs�8AXkG S F�X T�S XkG u�XgF S X
OPX Kud X S XgW SUcdT�K XgF�G   X T XkF [�] o9F�G�OPXk8 W�XkF�G�X J XkW SUT F K\[�] X K f
X J O ] X T�T\K�[�] S ` �³T X S XkG ] F/X T 4 L�� XgF J/[�] XgG
F�GtOIXgG d X S XgW SUc�T XgF/Gpo K\cCY X T\J F�X T XgG K F�X5XgF�GIXgG � XgF JJv�]PT X T E>GPX T sdF/X F/G�OPF�X K Xk8�H{X J OIH T XgF�XkG   X T XkF [�] `
d F�X ] F�X T X T fkX N s S XgG � � O N GIs K�S\T n� sdX T�V X T OIXgGRGPF [�]^S�Ydc GROIXgG�E J XkW S\T\c OPXgG ��N H{sdX K\� 8A8:X J�S�N GPO�OPF�X
OPX S XgW S F/X T�S X�E>GPX T sdF�X K�S F�8:8 S GPF [�]^S 8:F S OPX TAS��¼SUK n��[�]PJ F [�] XgG�E>GPX T sdF/XtOPX T 4 L�� XkF J/[�] XgG nN |�X T XgF/Gp`
w_8 XgF�GIX K\cdJ/[�] X N G Y�cdJ�J/K�S n� GPOPF�s�X � � O N GIs K\K\� 8A8 J�N GPs«f NCY X T�] F�GPOIX T G V X T OPXgGROPF�X d X S XgW SUcdT XgG K\c
8 c G S F�X TzS odO ��~ OPF�XqGPF [�] S\K Xksd8AXkG S F�X T�S Xeu�XkF S X�f NPT�yeN X J/J X�fgXkF�s S `dQ NIK OPF/X K Xg8 h T\N GPO:W�nc GPGPXkG ��NI[�]
W�XgF/GPX�|�XkF�O K XgF S F�s K XgsdXk8AXkG S F�X T�S XkG d X S XgW S\cdT XkGtXgF/GPsdX K X S f S�V X T OPXkGpo�OPF�X1XgF/GPX1f NPK n��S f J F [�] X 
 TzSUK F/G L
H cdT 8 ��S F c G N GPO K\c |�X K�K X T X°X@± l X T F�8:XgG S X J�J X dj��S XgG�f NIT(_ F�GIW�X J�Y X T�S XkF J/N GPsCOPX Tj �T Xg8 K\K�S\TU��]IJ�N GPs
] n��S\S XgG J F/XkH{X T G�W�nc GPGPXkGp`
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� NPT�d X S XgW S F c G1OPX T��
L u SUT\��]PJ�N GPs V F T O1XgF�Gel J/NPK�S X T9��NIK O T XkFdsdXgW ��lIK X J�S XkG ]Pcw[�]PT XgF�GIXgG5h1X T 8 � GPF N 8 L
d X S XkW SUcdT XgG Ê a�� kihjX��Gc Ydc 8�� v���vM  Q ��� L�� � l XgF/GPsdX K X S f S]� � �A� `9Q_|P|PF J O N GPsRBP`�¬RfkXgF/s S K�[�] Xg8 �¼L
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� µ ¼ µ 8)¼L9 ¶ÂµQ·6¹º*�µQÀ ; *�¶/µQ·@µQ¶Ã³<µQ¶AµQ·@-/. U � , ! #�µQ0¿µ !/! µQ¹Äµ 2 ·$#1¹�,1À B19 ¹ 4 (�Å	µQ·6À�-/.HµQ¹"Æ ; ·@µ�.�·@µQ¶Ç·6¹ ; µQ¹
� µ ¼ µ 8)¼L9 ¶?µQ·6¹ ; ¶ P,1¹�#�µQ¹"ÆÈµQ¹ ¼6!:É ¶ P,�-/.Hµ<¹H·@-/. ¼ ·�.�¶AµQ¶ B19 À6À�µQ¹�Êw¹ÄµQ¶�#1·@µ/Æ ; ,Ë·6¹ ; ·@µ ! µQ0Ì³<µQ¶AµQ·@-/.ÃµQ¶a4)µQ5J# ¼ µ

 , ; 57¹�# !Q¼ ¶ÄP,�#�µQ¶T¹H·@-/. ¼ 4j5 ; µQ¹�ÊwÀ�µ 8)¼ ¶ 9j; µQ¹¿#�µQÀ$,1¹�#�µQ¹ 8 P9 ¹H¹ÄµQ¹ UÈF � ·@µ � ·@- 8 µ ; µQ¶ ^&9 ¹ ¼ , 8)¼ µ<57¹ ;=; µQ¶
�ÍSQ!Q¼ ,1¹ ; 4j¸h· ! -/.HµQ¹ ; µQ¹ 2½¼ ¶/µQ· *�µQ¹ ! ·6¹ ; ¹H·@-/. ¼ 0=,\? !Q¼ , SQ! #�µQ¶/µ/-/. ¼ , S #�µ S ·6À ; µ ¼@UxI
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�
 (
Å D/ÉÄU � ·@µ�P,15k?hµQ¶AµËÊ»À�µ 8)¼ ¶ 9j; µ ; µ ! -0/�1RµQ( ^ ¶�· !Q¼ ,1À6À ! · !Q¼ ! µ/-/. ! *�,�-/. ! µ@#10¿µQ¹ ¼ ·@µQ¶ ¼@U � ·@µ ^ , ÉH! µQÀ�,15 !
� iro 8:8 ; ·@- 8 µQ0 � ÀÁ5�0&·6¹H·6570 ! -/.3P5 ¼ 4 ¼�; µQ¹ ^ ¶Q· !Q¼ ,1À6À�57¹ ;?B µQ¶/µQ·6¹�*�,�-/. ¼²; ·@µ4-Í,1¹ ; .", S 5�¹�# U \ 0 � µ/- 8 µQÀ
S µ�5È¹ ; µQ¹ ! ·@-/. ; ·@µ � 5�¶A-/.�* P5�.�¶�5�¹�#�µQ¹O* P5�¶76 9 ¶AµQ(35�¹ ;=2 µ@#10¿µQ¹ ¼68N9 ¹ ¼ , 8)¼ µ U

S F K�[�] OPXkGCQ N H{| ��N XgF/GPX K sdXgW ��lIK X J�S XkG � v��(vM  Q ��� L�d X S XgW SUc�T\K ` d X T n��NP~ X T X �1c G SU� W S OIX K d X S XgW L
SUcdT�K F KzS7K X [�]PK H ��[�]:K Xgs�8AXkG S F�X T�S ` v G°Q_|P|PF J O N GPs_BP`�� � K F�GPO«OIF�XiQr|P8:X K�K\N GPs�XgG°OPX K�� kihjX LM�jT F K�SU��J�J/K
N GPO�OPF�XjQ_G cdT OPG N GPs�OPX T uwXgsd8:XgG S X1O ��T sdX K�S X J�J�S oIQ_|P|PF J O N GIs«BP`��d�jfgXkF�s S�  F J OPX T OPX T sdXgW ��lIK X J�S XkG
� v��(vM  Q ��� L d X S XgW SUcdT XgGp` deT XgFwsdXkW ��lPK X J/S X �  iL�d X S XkW S\cdT XkG K F�GIO«F�G«XkF�GPXk8 s�Xg8:XgF�G KU� 8:XgG �jT98dc�L
K�S��¼S3: 8 c G S F/X TzS ` d F�X K X T=�jT;8�cdK�SU��S F K�S | ��N s J XkF [�] f N OPXkG F/8 � v��(vM  Q ��� L Q T�TU�<8 XgF�GIsdX K X S f S XkG
deT XgF/X TMLM�jT;8�cdK�SU��S XkGp`PQr|I|PF J O N GPs�BP`��Ã<«fgXkF�s S OPXkG � XgF/OPX J |�X T sdX T deT XgF/X TML l J�NIK�S X T `
d X T � v��(vM  Q ��� L deT XkF�X TML l J/NPK�S X T |�X K F S f S O NPT\[�] O ��K f NIT �DX T H�nN s N GIs K�S X ] XkGPOPX�� cdJ/N 8AXkG � G
]Pc�[�]IT XgF/GPXg8 h1X T 8 � GPF N 8 XkF�GPX ]Pcd] X:E>=:fgF�XkGPf«H�nNPT OPF/X9�mX K�K\N GIs Y�c G �
L u SUT\��]PJ�N GPsP` deNPT\[�] O ��K
Q N H � OIOPF�X T XgG OPX T F�G¥OPXgG�XkF�GPfkX J GPXgG �jT F K�SU��J�J XgG�OPX S XgW S F�X TzS XkG EDGIX T s�F�X a QrOIOP| ��[ W L �DX T H ��]IT XgG�c
W � GPG OPF�XmH NPJ�J¡L XgGIX T s 8 l X � W E>=:fgF�XkGPf@?ROPX K d X S XkW S\cdT\KCV XgF S X T=Y X T |�X K\K X TzSmV X T OPXgG a©K F�X ] X�Qr| L
K\[�] GPF S\S ��`�<�`¦B�c@`
deNPT\[�] OPF�X�uwXgsd8:XgG S F/X T�N GPs:OPX T n��NP~ X T XkGtE J XgW SUT�c OPX N GIOmOPF/Xe�DX TzV XkGPO N GPsAOPF�s�F S���J X T E J XgW S\T\c GPF/W
a©K F/X ] X:BP`���`¯�5c@o V X J�[�] X N ` � `9O ��K Q N H{GIX ] 8:XgG�OIX T OPF�sdF S���J F K F�X TzS XkG�� cdT�Y X T\KzS n��T W�X T\lPNPJ/K X=H�nNIT l cdT X L
N GPO�u�Xksd8:XgG S�L��1c G SU� W S X«X T 8tnc s J F [�]^S o V F T OtOIF�X°h TU� G NIJ���T F S n�¼S OPX K�d X S XkW S\cdT\K X T\] ncd]^S ` �mF S|� F J H{X
OPF�X K X Tmdj��S XgG:W � GPG:XgF�GIX(k NPJ/K H cdT 8 � G ��J,8wK X a kiu�Q�c>O NPT�[�] sdX@H�nNP]PT�SiV X T OIXgGp` deNPT\[�] XgG S\K\lPT X [�] XkGPOPX
Q J s cdT F SU] 8:XgG � �I�doº�^<�oÃ�d� � W � GPG5f�`   `²OPX TBAeT�S OPX TW�r��NPl�S�V X [�]PK X J/V F T W N GPsesdXkG ��N X T9J�c W ��J F K F/X TzSaN GIO
OPF�X��aXkF S F�GIH cdT 8 �¼S F c G Y X T |�X K\K X T�S�V X T OPXkGp`Zf_nNPT O ��KeYdc�T\J F/XgsdXkGPOPX°E7± l X T F/8AXkG S F K�Sr]
��NPl�SUK n��[�]PJ F [�]
OPX T f V XgF S Xek N GPW S�Ydc G v G S X T X K�K X a Qr| K�[�] GPF S\S ��`���`��5c�`
d F�X � kihjX L d X S XkW SUcdT XgG V X T OPXgG F�8 �jT;8�cdK�SU��S XkG 8:F SDC nNIK\K F/sdXg8ªu S F [ W KzSUcFE a � � ¤ c ��N H [g� `HG5� s � ¬ lsdXgW9nNP]PJ�S a u�F/XgOPX lPN GPW S=Y�c G u S F [ W KzSUcFEBI G5�*¬d� its ¬ l � ��B � c�` d X T9d X V���T OIX KA�1T98dcdKzS���S XgG ]P��S XgF�G
H�nNPJ�J | ��T X K � cdJ�N 8AXkG Y�c G X S�Vx� < ito J^N GPO58 NP~ F/8   X SUT F�Xg| ��J�J Xx�Ã<*G�<�Bru SUN GIOPXgG5|�X@H�nNPJ�J�SZV X T OPXkGp`�E T
V F T O�nN |�X T XkF�GPX ��NIS\c 8 �¼S F K�[�] X K f_nNPJ/J�K98�KzS Xk8 8:F S � � ¤ Y X T�K\cdT s S ` d F�X K X K Q N�SUcFJ
J/J�L u 8wK�S Xk8 Y X T H�nN s S
K �	LDL ¾
L�·�®8®�­Y½f½s­\¼bÀf½�ÊA¥Ã¾�É º ¥ £G¦¼¿;M�¶j·�®>À Â�Ä8Â ½�­Y½\¾*¾>ÀÁÀ�È�Î(Ù�ÙUÉZÉZÉ>Ê ÌUÀÁÀf¾Ã·@¹ Â ¼zÊ »*­N	O¡½ ¯=¯ º�­Y®�­$½�ÂkÀ>Èk­ Â Ë �QP ¿YÚ=­Y®�¿�Î�  Â ¾8½f¼fÌ�¾�­YÚ=® ¯ Ú=Ì�¾¼Ë�­YÚ�À�¾�» ÂSR »*Ú�­ � ®�­Y½¸Â�Ú=­o­$Ú�®8­$¼'T'º�U³½ Â ®>Àf¼0È@· ¯=¯ ¼bÀ ¨Â ®¼»*Ú�Â Ú¯¹�ÉË­uÀf­zË>À�·�½
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nN |�X T XkF�GPXkG �7� GIW 8:F S XgF/GPXg8 f ��K\K�N GPs Y X T 8tnc sdXkG Ydc G [g� `r�¤q � J_N GIO V F T O O NPT\[�] XkF�GPX AjTzS X [
u S X N X T�N GPs a |�X KzS X ] XgGPO ��NIK OPXg8 u S X N X T 8 c O NPJ!AeT�S X [ o�s^� N GPO�OPX T E TzV XkF S X T\N GPs K XkF�G ] XgF S AjTzS X [
o�s q5cpW c G SUT\c�J�J F/X TzS ` d F/X � Xk8 l X T\��SUNPT XgG Ydc G d X Vx��T³N GIO d X S XgW SUc�T XgG V X T OPXkG�nN |�X T F�8 �jT;8�cdK�SU��S XkG
XgF/GPsdXg| ��NIS X � Xg8 l X TU�¼SUNPTML u�XkG K\cdT XgG a k � � �d� c�8AF S � F J H{XeXkF�GPX K � NPJ�S F�8:X S X T�K���NPK sdX J X K XkG N GPO l X T
u c H S�V���T X�nN |�X TzVx��[�] S a©K F�X ] X�Q_G ]
� GIs}lr`�<�`�< c@`
d F�XCF/8 Y�cdT\J F�XksdXgGPOIXgG E7± l X T F�8:XgG S XgF/GPsdX K X S f S XgG � kih1X L�d X S XgW S\cdT XkG V X T OPXgG |�XkFxXgF/GPX T8��c�[�]�L
K\l
� GPG N GPs Y�c G ��i��>W^�v|PF K BDW^�v|�X SUT F�Xk|�XkGp` d F�X K X �_cw[�]PK�l
� GPG N GPs V F T O 8:F S f V XgF �|�ry < � � �
� c O NPJ XkG�OPX T f7F T 8 � F K Xgs ¢ X T fgX N s S oPOPF�XAnN |�X T�� uP<��^< L u [�] GIF S\S\K�S X J�J XgGCs�X K�S X N X T�S�V X T OPXgGp` � F�X T H�nNPT
VqNPT OIXCXgF/GPX�u c H S�Vx��T XCXgG S�V F [ W�X J�S o OIF�X=OIF�X�u S X N X T\N GPs N GPO nw�|�X T�V���[�] N GPs�OPX T��_cw[�]PK\l
� GPG N GPs
X T�J���N | SDN GPO:8AF S OPX Ti� Xg8 l X TU�¼SUNPT nN |�X T�V���[�] N GPs«OIX Ki�jT;8dc�K�S��¼S XgGAW c 8:8 N GIF�fgF/X TzS�a©K F�X ] X�Q_G ]
� GIs
lr` <w`/�Ac�` w�8 XgF/G�sdX T XgsdX J/S X K(� X T�N G S X T H ��]PT XgG�OPX T'�_cw[�]PK�l
� GPG N GPs�|�XgF�XgF/GPXg8 8tnc s J F [�] XkG�u SUT\c 8 L
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d F�X�sdX c 8AX SUT F K\[�] X=QrG cdT OPG N GIs K\cdJ/J���N H�OPX T XgF/GPXgG­u�XgF S X:XgF�GIX cdlIS F�8 ��J X �_��[�]^V XkF K X =:fgF/XgGPfCH nNPT
 �T Xk8 K�K�S\TU��]PJ/N GPsAX T\T XgF [�] XgGpo ��N H>OIX Te� GPOPX T XgG�u�XkF S X � |�X Tr��NP[�] s ��TU� G S F�X T XgGpo�O ��K\K OPF/X«�>n��]PJ�T\��S X
F�G­OPXkG uwF J F/fgF N 8 L d X S XgW SUcdT XgG�GPF [�]^S f N ]Pcw[�] F KzS a 8 � ±�`7X S�V�� ��W � f lPT\c u S\T XgF�H{XgG?c�` d F�X=E>GPX TML
sdF�X ��N'C nc�K\N GPs K�cdJ�J�S X ��NI[�] O NPT�[�] OIF�Xmh T ncd~ XCOIX K X T H ��~�S XkG ����N 8 V F/GPW�X J�K GPF [�]^S:Y X T�K\[�]PJ X [�]^S X T�S
V X T OPXkG a Q_| K\[�] GPF S�S BP`�< c@`ZQ NPK5Y X T�K\[�] F/XgOPXkGPXgG®sdX c 8AX SUT F K\[�] XgG3Q_G cdT OPG N GPsdXkG VqNPT OIX=8:F Se� F J H{X
XgF/GPX T hjX � G S B L uwF�8 NPJ���S F c G a Q_| K\[�] GIF S\S ��`¯B5c�OPF�X_X =:fgF/XgG S X K�S X ��NPK sdX V n��]PJ�S oIOIF�XrOIF�X c |IF�sdXkG �jT F S X L
T F/XgG�X T H�nNPJ�J�S `
Qr|P|IF J O N GPsqBP`��²��fkXgF/s S9K\[�] Xk8 �¼S F K�[�] OPXkG Q N H{| ��N OPX K E7± l X T F�8:XgG SUK `�� V XkF�4 LzyeN X J�J XkG VqNPT OPXkG«8:F S
OPX Te� W S F Y XgG�uwXgF S X«G ��[�]�c |�XkG�F�GmXgF�GIX TeK�l XkfgF�X J�J XgG �_��J/S X T�N GPs � 8  �c OPXkG�OPX T � � W NPN 8:W � 8A8:X T
lPJ�� fgF�X T�S ` d F�X � kihjX L�d X S XkW S\cdT XkG K F/GPO OIF T XkW S N G S X T OPXkG yeN X J/J XkG � GIsdX cdT OPGPX S o N 8 OPXgG«Q_| K�SU� GPOpo
f V F K\[�] XkG yjN X J�J XgG N GPO d X S XgW S\cdT�K X ]PT sdX T F�GPs�f NC]P��J/S XgG N GPOCO � 8:F S XkF�GPXkG=s T�cd~ XgG �_��N 8 V F�GPW�X J
� |Pf N OPX [ W�XgGp` d F�X �1� 8:8AX T�V�� GPO a � �¼S X T F ��J�� Q J/N 8:F�GPF N 8 c VqNPT OIX � G�OPF/X K X T u S X J/J X ��N HPXgF/GPX d F [ W�X
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L u SUT\��]PJ�N GPs°sdX T F�GPs�f Nm]
��J/S XkGp`
d F�XRu�F J F/fgF N 8 L d X S XkW SUcdT XgG K F�GPO OPF T XgW S:N G S X T\]
��J | XkF�GPX TA�jNPl H{X T\lIJ���S�S X � GPsdXk| TU��[�] S oDOPF�X�O NPT�[�]
XgF/GPX�X�± S X T GPX � nNI]PJ�N GIs §©¨ ��N H Gr< � ¬ l�sdX ]P��J/S XgG V F T Op` d F�X d X S XkW SUcdT XgG V X T OIXgG�O � |�XgF ]
��NPlIS\K n��[�]wL
J F [�] O NIT\[�] u SUTU��]PJ�N GIs K W9nNP]PJ/N GPsAsdXgW9nNP]PJ�S ` d F�X K X �jNPl H{X T\lPJ���S\S X5F K�S O NPT�[�] XgF/G KzS���T�T X K E>OPX J/K�S���]PJ�L
sdX KzS n� GIsdX � GAOIXg8 �1� 8:8AX T OPX [ W�X J |�XkH{X K�S F/s S o^8:F S OPXg8 OPF/XqE>G S H{X T G N GPs«f V F K\[�] XkG�u�F L�d X S XgW S\cdT XkG
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yeN X J/J XgG N GPO u�F L�d X S XgW SUc�T XgG38�nNPK�K XkG K F [�] F/8 � � W NIN 8 |�X J GPOPXgGao O � OPX T E>GPX T sdF�X Y X T�J�NPKzS OPX T
4 L�� XkF J�[�] XgGt|�XgF �_cdT 8 ��J O T�NP[ W�f N s T�cd~AV n��T X a OPF�X � XkF [�]^V XkF S X Ydc G�4 L�� XgF J�[�] XkG�F�G�� N H S |�X S\T n� s S
S 8wl F K�[�] X T _ XkF K X�XgF�GIF�sdX [ 8}c@`�Qr|P|PF J O N GPs®BP`/�gB­fgXgF/s S OPF/X�� � W NPN 8:W � 8A8:X T ` �mF S � F J H{X�XgF/GPX T
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v G�Qr|P|PF J O N GPs°BP`��ºB K F/GPO�OPF�XjO NIT\[�] EDOIX J�KzS���]IJ�T\c�]PT X a sdX T F�GPs�X _ n��T 8:X J XgF SUN GPs5c � |Ps�X K X S f S XgGmQrG L
K\[�]PJ nNPK\K X�H�nNIT OPF�X deNIT\[�] H�nNP]IT\N GPs�XgG Ydc GA� N�L9N GPOAQ_| J���N H�OPX T X�± S X T GPXgG � nNP]PJ�N GPsPodf V XkFF� NPJ/S F l F/G L
� � W NPN 8:O NPT�[�] H nNP]PT�N GPsdXkG=8:F Sgf X�< � �1c G SU� W S XkG:H nNPT OIF�Xqu�F/sdG ��J XxOPX T u�F L d X S XkW SUcdT XgG N GPO V XgF S X T X
K X [�]PK �ZXg8 c�L deNPT\[�] H nNI]PT\N GIsdXgG a©N ` � `dH nNPT XkF�GPX � Xg8 l X TU��S\NPT 8:X K�K\N GPs � G:OPX Ti� nNP]PJ/lPJ���S�S X¤c7X T W�XgGPG L
| ��T `
d X TmdeT XkF�X TzL l J/NPK�S X T F K�S F�G:XgF/GPXg8bhjX KzS X J�J�l�c�K F S F c GIF�X T | ��T7��N H{sdX ] n� GPs S o V X J�[�] X Kx��NP[�] OPF�X  �J XgF � | L
K\[�] F T 8 N GPs OPX K d X S XgW S\cdT\KiSUT n� s S ` dj� 8:F SDK F [�] u [�]^V F�GPs N GPsdXgGaoIOPF/X_f�`   `wO NPT�[�] O ��K k N 8 l XkGCXgG S�L
K�S X ] XkGpo
W ��N 8 ��N H7OPXkG d X S XkW SUcdT nN |�X TzSUTU� sdXgG�W�nc GPGPXkGpo
F KzS OPF�X ��� 8A8:X T���N H7XkF�GPXk8 N G � | ] n� GIsdF L
sdXgG«h1X K�S X J�J 8 c G S F/X T�S ` d F�X K F K�S |�X K\c GIOPX T�K7V F [�]^S F/sPo²O � OPF�X Y X T�V XgGPOPX S XkG � kih1X L�d X S XgW SUc�T XgG K X ]IT
Xg8 l'J GPO J F [�]C��N HU�mF/W T�cdlP]Pc GPF�X�o�Op` ] ` ��NP[�]R��N H9sdX T F/GPsdXr8:X [�]P� GPF K�[�] X�u [�]^V F�GIs N GPsdXkGpo T X � sdF/X T XgGp`
d X T Q N H{| ��N F K�S O NPT�[�] XgF�GIXgG  �J XgF�8 � G S X J sdXgsdXkG­OPXgG ����N 8 N G S X T s T\N GPO � |PsdX K\[�] F T 8 S o7OPX K\K XgG
d F [ W�X=F�G�OPXkG­8AXkF K�S XgG   X T XgF [�] XgG � � [ 8 |�X S\T n� s S `  �J XkFDW � GPG �
L u S\TU��]IJ�N GPsR|�X K\c GPOPX T�K s NIS � | L
K\[�] F T 8:XgGpo9O � X K XgF/GPX ]Icd] X � � O N GPs K f ��]PJ(a>hji s^<�c N GPO�XgF/GPX ]Pcd] X d F [�]^S X:|�X K F S f S]a Qr| K�cdT\l�L
S F c G K\J n� GPsdX Ydc G �
L u S\TU��]IJ�N GPs�F/G  �J XkF�|�X SUT n� s S f�`   `���i � 8:8 8:F Slknmoi � �d� W�Xk� c OPX T � itq>8:8
H nNPTSknmli �U�mX@��c�`   XkF³OIX T(_ X [�]IK X J�V F T W N GPs�OPX T|� ncd] XgG L |Pf V ` w_G S X T s T�N GPO KzSUTJp�]PJ�N GIsCF�8  �J XgF
XgG SUKzS X ] Sqf XkO c�[�] � nc G S sdXkG K�S\TJp�]IJ�N GPs a{�bp |�X J�J X_BP`��Ac@o V X J�[�] XjO NIT\[�] �Ã< 8A8bOPF [ W�X �jNPl H{X T\lPJrp�S\S XgGpo
OPF�XrXgF�GIXgG � XkF J OPX K�d X S XgW SUc�T\K�N 8:sdXg|�XgGao p |Ps�X K\[�] F T 8 S�V F T Oa` d F�XrF�8 �jNPl H{X T�K X J | K�S XkG K�S X ] XkGPOPX
� nc G S sdXgG K�SUT�p�]PJ/N GPsCF K�SjK X ]PT GIF�XgOIX T XkGPX T sdX S F K�[�]�N GPO V F T OtGPF [�]^SeV XgF S X T"p |PsdX K\[�] F T 8 S ` d X T Q N H L
| p�N OPX T Qr| K\[�] F T 8 N GIs°F K�S F�GCQ_|P|PF J O N GIs«BP`��Ã� K\[�] Xg8 p�S F K\[�] O p�T sdX KzS X J/J/S `��RF S OIX T Q_| K\[�] F T 8 N GPs
W c GIG S X_OIF�X �0p�S X�OPX K���L w_G S X T s T�N GPO KDYdc G [sp `^� �d� � f p�N H�X S�V@p �Ã� � f a |�XkFPXgF/GPX T E>GPX T sdF/X K�[�] V X J¡L
J X Ydc G [sp `iB � W�Xk��c T XkO N fkF�X TzS=V X T OPXgGp` � F�X T |�XgF�F KzS f N |�X p�[�]^S XgGaoxO p�K�K O p�K E ± l X T F�8:XgG Stp�NIK
S X [�] GPF K�[�] XgGRh T nN GPOPXgGAGPF [�]^S F�G:XgF/GPX TDJ�c²VxL | p�[ W s T\c�N GPO w�8As�Xg| N GIs p GPs�X K F/XgOPX J/SDV X T OIXgGCW c GPG S X�o
K\c GIOPX T G:F/8   X K�[�]PJ X N GPF�s�X T s�Xg|9np�N OPX�OPX K � k v¸L�� O NPT\[�] s�XkH�nNP]PTzS>V X T OPXkGA8 NP~�S X�`�Q N H�XgF/GPX V XgF S X T X
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X c OPX T k Jrp�K�S W�W�o
|Pf V ` p T S W�W c WYTIf@W�OIX@T S X � NPc TIX@TPOPX S XkW S\cdT XHT � �^� � o VqNPT OIX Y X T f@W [�]^S X S o�O p OPX T}�_NIS fgX@T[TZW [�]^S W M
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LEDInvert FAN
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Validierung

VME I/O Trigger Bit 4 

XIA Module 5
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Sync In
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XIA Module 0
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Chan 0
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. . .

CAEN TDC V775S

Ch 36 XIA Fast Trigger

LeCroy Scaler 4432
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Mult Out 

Trig Out 

Busy Out 

Sync In

Chan 0

Chan 1

Chan 2

Chan 3

 GFLT In 

Mult In 

# (l( �
��� � ��� ���+* �-, P ^`_ 13./0=i
_Wv&v2_Wi j rw( � eN^ n3n=_We�6=_/1 � ^ � � B 1W^&i@6 =u>x_W^&i
_Wo 8 >=v bI^ :@v ^>=u^&b�c4[b&1Q(DA ^ n[i@4[v
=u>U1u4[opo _Wi=n=_R<K4P1/1Wb`J � >d1]6[^`_/13_Wo A ^ n[i@4[v ��^&e 6 _W^&ia13./0=i
_Wv&v2_We � eN^ n3n=_We w���B � � 4P1Wb�( � eW^ n3n=_We { _We"=P_W>[n[b y
6=_We >tJ&4dJl^&i _W^&i
_Wo ? 4[i@4[v 6=_/1 ���9r � � P � _W^&i=n=_Wv2_/13_Wi ��^&e 6dJ

DELAY

CFD LED

Core B

Core C

OR

Int Time: 100ns
Diff Time: 100ns

63ns

DELAY

300 ns

Detektor A Core TFA

CAEN TDC V775S
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Delay 6.7us
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XIA Module 5

Mult Out 

Trig Out 

Busy Out 

Sync In

Chan 0

Chan 1

Chan 2

Chan 3

 GFLT In 

Mult In 

XIA Module 0

Mult Out 

Trig Out 

Busy Out 

Sync In

Chan 0

Chan 1

Chan 2

Chan 3

 GFLT In 

Mult In 

XIA Module 1

Mult Out 

Trig Out 

Busy Out 

Sync In

Chan 0

Chan 1

Chan 2

Chan 3

 GFLT In 

Mult In 

FAN

 IN OUT 

DELAY

300 ns

DSP-Trigger/Validierung
Koinzidenz

VME I/O Trigger Bit 5 

CAEN TDC V775S

Ch 39 XIA DSP Trigger

LeCroy Scaler 4432

Ch 39 XIA DSP Trigger
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DELAY

300 ns

DELAY

300 ns

Master
Live

Master in

Veto in

Width 5.2us

Delay 3.7us
Width 380ns

GG

DELAY

300 ns

GG

Delay 310ns
Width 1.8us

TRIGGER
BOX

Tr 1

Tr 2

Si DS

Ge DS

Master out

CAEN ADC Gate

300 ns

DELAY

Si Trigger

Ge Trigger

VME I/O Trigger Bit 1

VME I/O Strobe In

Self Inhibit

Busy

CAEN TDC V775S

Ch 37 Si Trigger downscaled

Ch 38 Ge Trigger downscaled

Ch 32 Master

Ch 36 Master Live

Com Start

LeCroy Scaler 4432

Ch 37 Si Trigger downscaled

Ch 38 Ge Trigger downscaled

Ch 32 Master

Ch 36 Master Live

Validierung

Si Trigger/ML Koinzidenz

Ge CFD Trigger/ML Koinzidenz
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VME I/O DAQ Busy FAN

 IN OUT 
CAEN ADC Busy

CAEN TDC Busy

GG

Delay 0ns
Width 1us

Master Live

DELAY

300 ns

Master Live Veto 

TDC / Scaler
Ch 34 Busy
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