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� sW¢ hU jmWhkmª cu	l�¢�rtmª~ hYu	l'f'hk~Wl�ûBzã jhc4�hPE'§/u	hUij£ò jf'¥{sWmWgÇuOiîxr{mWg1h©Tksªhkf'§Sxe1§Whkm
û�sW¢ ¢ hk§Wf�4ªhPE�§/u	hUij£ò jf'¥{sWm�7
gãhkm×¢   l�¦ßrtl'hkf	 cr�i*TksªhkfFTU jhUijhkm
û�TksW¢ rtm/z{hkf'hkmÀzWrtf	|�zWrãu$¦×rFl'hkf	 cr�i,m{ �E'§{lBTks�zã �E�¥Ñu6hU  m
û³£òhU  i�zWrtmWm�zã jh
� rt§{i�u	hk¥ÇsWm/z�xrFf'hkf{4ªhPE'§/u6hUi £�  f�¥ÇsWmWg1hkm  j¢ 9�rtf'g1hklCTksWm{ j¢y¢�l � ��¢�z{hkm � hkf	|DrKi icu	dãhkf'l'h�5GTks f'hk¥ãe1m/u	l'f's�7
 jhkf'hkm
û�¢�s���z{hkf � hkf6|Dr�i@i7rFs��1hkf'§/r�ij~�hU jmWhkfW9�rtf'g1hklUuFE'§{ �E�§Çlyu	lUrtl'lr�/m/z{hkm � vw jh s hkf'l'hU @ijsWmWg�rts{|�|¤xs/m{|$g1sWl
u6hk¡/rtf	 jhkf'l'h©k&E'§{ �E�§Çl'hkmßhkf'¢ xeKgFi  �E�§Çl�rKiºu6eyhU jmWh9gãhkm/rtsWhkf'h�k1¡WsWf'f'hk¥1eãm/u	l'f'sW¥{l	 je1m � ú�rrE�§19�rt~ � � �KJ i@ jhkg1hkm�zã jh
TksHhkf'£�rtf'l'hkm/z{hkm�¢   l�l	ijhkf'hkm1t�hk~ hkm/uUTkhU jl'hkm��;d1eãmßÌ,§/rtf'¢�7îÈòrtf�Ë1e1mWhkm�~/hU  3 91�PO & ü � u � � ¢�tSrt~ e1f¤u	ËWu	l'hk¢
hkf�§Sxr�ijl�¢�rtmªzWrt§Whkf�zã jh$t�hk~/hkm/u�zWrtsWhkfý��ú @ �·ª�O�@ O1�ym/u^û�£�eã~/hU ,hU jm�E�§/rtf¤rF¥Çl'hkf6 ºu6l	 cuFE'§Whkf�vw @icrtl¤rFl	 je1m/uU7
|îrt¥{l'e1f @ ú�� « � $��h|! �ª����rO�rtmWg1hkmWe1¢y¢ hkm�£ò jf¤z � ;,u�hkf'gt j~Wl�uO �E�§\zWrtmWm�hU jmWh$¢� jl'l	ijhkf'h } i sWg{u	l'f'hPE�¥1hw|¤xsWf
Ì�§/rtf'¢�7îÈòrtf'Ëãe1mWhkm; jm×z{hkf q f xe��1hkmWe1f¤z{m{sWmWg�dãe1m\ªç��EU¢ �
ª
�[���yZ&���0�`!?�Yÿ����e�Ä�"	
�
�8�?�����kþ�ÿ��
	 v�hkf�É°f'eWz{sW¥{l	 je1m/u	e1f'l� j¢�9Brtf�g1hkl,£ò jf¤zHr�icuò¡Wf	 j¢\xrtf�hkf s hkf'l'h�5�~/h?TkhU �E�§�7
mWhkl � v�hkm � hkf	|îr�i@icu	¡WsWmW¥{l�z{hYu�Ì,§/rtf�¢�7îÈòrtf'Ë1e1m/ua~/h?TkhU �E'§WmWhklò¢�rFm rKiºu°u6hk¥ÇsWm/z�xrtf�hkm s hkf�l'h�5 � É°f6  ¢Hxrtf'hkf°sWm/z
u6hk¥ÇsWm/z�xrtf�hkf s hkf'l�h�5\£�hkfUz{hkm\¢� jlMTk£�rFm�TU  gW; ~/hkmWhkmßhU jm/u	hU jl	 jg1hkf�kt @i@ eTU jsW¢�u	l'f'hU @|Åhkm/zWhkl'hk¥{l'e1f�hkm s k�kÇv f'h?7
¥ãe1m/u	l'f's{ jhkf'l � v$r1u ijhU �E'§{l°m9z{eãl	 jhkf'l'h¦kt @i@  TU js ¢�u	sW~/u	l'fUrtl,zã jhYu	hkf,v�hkl'hk¥{l'e1f'hkm$§/rtl�hU jmWh } iDxr�E'§Wh�d1e1m��	���MEU¢ |sWm/z hU jmWh vw �E�¥1h�dãe1m J OrO{þ�¢ � vw  h } iîxrrE'§Wh" cu	l�hU jm/u	hU jl	 jg�hkm{l	icrtmWg;d1e1m 3 �rl ¡/rtf¤r�i@ijhUijhkmhk1l'f'hU @|Åhkm� j¢ L ~�7
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u	lUrtm/zªdãe1m 3 �Nþ�¢R¢� jlyhU jmWhk¢ L ¥8Tkhk¡Wl'e1f�;-i hk¢ hkmÇl�/ ' z{e1l	 jhkf'l � ;� jm/u	hU jl	 jg1h�kt @i  eTU js/¢;z{hkl'hk¥Çl�e1f'hkm uµ  m/z
rts{|� j§Wf'hkf m xs"E�¥_u6hU  l�h�d1hkfUu	lYxr�f'¥{l,m�z{e1l6  hkf�l�sWm/z zSxs/mWm;¢� jl L i sW¢   m{ jsW¢ ~/hYzWrt¢ ¡{| l � v�hkf�v�sWf�E�§8�/sWg�hU jmWhYug1hUicr1z{hkmWhkmW9³hU @i�E'§Whkm/u�~ hk£ò jf'¥Çl�zã jh9È  @icz{sWmWg�dãe1m ;-ijhk¥Çl'f�e1m�7:t�e�E'§\É°r1rFf'hkm� j¢�k1sW~/u	l'fUrtl � È�hU BrtmWg1hUijhkg1l�hkfk1¡/rtmWm{sWmWg�Tk£ò cuFE�§Whkm®k1l'f'hU @|Åhkm�sWm/z L ie7îÈ�hYuFE'§{ �E�§Çl�sWmWg`�W jh?�1l�hU jm k1l'f'e1¢ � ¤ hYz{hkf�Tk£òhU jl'hNk1l'f'hU @|Åhkm £ò jf¤z
d1eãm�hU jmWhk¢«k s ÏM7	Ì,§{ j¡�ü " rts/u6g1hUijhYu	hkm � sB¨ m � � ;- jm�hU jm�TkhUijmWhkf Ê rtm/r�i�zã jhYu	hYu � Ìòu�üUü�~/hYu	l�hk§Çl�rFs/u�hU jmWhkf} etijg1h$d1e1m ¨ ¡/hkf¤rFl	 je1m/u	d1hkf¤u6lYxrtf'¥1hkf�m
û Ê rF¡/r�TU jlYxrtl'hkm�sWm/zNk&E�§/r�ijl'l'f¤rFm/uO cu	l'e1f'hkm � � m\zã jhYu	hkfCk&E'§/r�ijl'sWmWg £ò jf¤z
hU jmWh$tSr1z{sWmWgÇuO jm{l'hkg1f¤rFl	 je1m�z{sWf�E�§Wg1hU|¤xs/§Wf'l � vw jh� jm{l'hkg1f	 jhkf'l�hkm`4ªhkf'l'h hU  mWhYu=$	hYz{hkm Ê rtm/r�icu�£òhkf¤z{hkm xsW~ hkf
L v�Ì�u ü |,rFs/u	g1hUijhYu	hkm � ;�u� cu	l�zWrtmWm;¢\xe1gti@ �E'§;|ÅhYu	lFTks/u6l'hUi@i hkm
û e1~yhU jmW9ShU @i�E�§Whkm×z{hkm�v�hkl'hk¥Çl�e1f,¥{f'hks�Tkl'h�sWm/z
rts"E�§�£�  hkdã jhUi�tSr1z{sWmWg�hU jmWhkmck1l�f'hU @| hkm�hkf'f'hU �E�§Çl�hkm � vw jh L s/u	£òhkf'l'sWmWg$z{hkf°rtm/r�ije1g1hkm{tSr1z{sWmWgÇuO jm{|Åe1f'¢�rFl	 je1m¥trtmWm zã jh L s8�BxeÇu	sWmWg�d1hkf'~ hYu'u	hkf'm�� � � � � � vw  h L s8�BxeÇu	sWmWgyz{hkf s k�kÇv�~ hU  L s/u	£òhkf'l'sWmWgyz{hkf L m/r�ije1gt jm{| eãfF7¢�rFl	 je1myi@ jhkg1l�~ hU �ª �Cþ�¢°� ¦�9¦4 � � �w¢2z{hkm ¨ f'l¦Tks�f'hk¥1eãm/u	l'f's{ jhkf'hkm
û{£òhkf¤z{hkm\zã jh�v�hkl'hk¥{l'e1f'hkm;sW¢2zã  h
k1l'fUrt§{icrrE'§/u6h$¢� jl�hU jmWhk¢�4� jmW¥1hUi�g1hkg1hkmWhU jm/rtm/z{hkf$d1hkf¤z{f�hk§Çlò jm/u	lUr�i@i  jhkf'l �
s e1f�z{hk¢A9�rtf'gãhkl�£òhkf¤z{hkm�r�E'§{l7z{hkm k1l'f¤rt§{i,z{h!�/m{ jhkf'hkm/z{h�kt @i  eTU jsW¢Øk1l'f�hU  |Åhkm/z{hkl'hk¥{l'e1f'hkmÀÈ�k�kÇvo  m/u6l¤r�ie7
i@ jhkf'l � kt jh9£òhkf¤z{hkmH~/hkmSxe{l	 jg1lPûWsW¢%zã jh�k1l'f¤rt§{ijl'hU @i�E'§WhkmW¡ eÇuO jl	 je1m_Tksªz{hkl'hk¥Çl6  hkf�hkm � kt jhyrtf'~ hU  l�hkm×m/r�E'§ßz{hk¢
gtijhU �E�§WhkmÑÉ f	 jm�TU j¡×£�  h�zã jh s k�kÇv �
L ¢�;� jmWgÇrFmWg\z{hYu�¦ßrtg1mWhkl�hkm\¦��"~/h!�/m/z{hkm�uO �E�§ßd1 jhkfCkt  i@ eTU jsW¢�d1hkf'l'h�5/z{hkl'hk¥{l'e1f'hkmß jmßhU jmWhkf } iîxrrE'§Wh � kt  h~{ @icz{hkm�hU jmWhkm�¦HeÇu'r� �Ekz{hkl'hk¥{l'e1f*9 m k�kÇv ��L ¢ L s/u6gÇrtmWg$d1e1my¦À�òsWm/z�rtmy~ hU ºz{hkmNk1hU jl'hkmyd1eãm ¦ 3 £òhkf¤z{hkm
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Ä"Å�Æ�Æ�Ç�È�É�ÊÂÅ�Ë�Å�Ä °V�±����Ì�Í¸��"´l	o���&�=Î Å�Ä�ÏÐ Ë�Ñ�Ç�Å�Ç /�ÒGÓ Ë Ð Î Å�Ô�Ç Ð¦Õ Ç�Ï×ÖzË Õ È�Ä Õ±ÐMÐ5Ø
ÙSÚ ÊÛË�ÄÝÜzÅ�Ë�ÇÞSß Ñ�Ã
Ñ�Ç Ð ËàÃzá Ðlâ Æ�ã Ú.älÕ Æ Ú È�Å�Ã Õ Æ ÚÝå ß Ã Ø ÖzËàÅMÁ�Ã"Ä
Å�Æ�ÏÃ
ÅIËàã å ß Å�Ççæ,Å Ú Ë�Ã
É�Å�Çbá Ðjâ Æ�ã Ú ÅÛè d Æ�Ç,Ü5Á â Ë�Ç Úêé d Ø á ß Ä"Åë Õ ß Ä ÚÝå ß ÅIËàÇ�ãàË å ß�ì Å�Ë�Ã Ú
Ú Ã
Ä*íÑ Ð Å�î�íÆ�ÄïÜ�Å�Ç íð ægÅ�Ä"È Õ Ç�ÈÚ Ë�Ç,Ü Õ±Ðòñ Å�Ä"Ã
Å&ó5ô�ÅIÄ Ð ÅIÄ ì Ã Ø
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Ñ�Ç�Å�Ç�Ï�øxÆ Ú Ã Õ Æ ÚÝå ß ægÅ ÚÝå ß Ä"Ë�Å�æ,ÅIÇ Ø ÖzË�ÅMøxÄ"ÃÜ�Å�ÄúøxÇ ì Ñ â�â ã�Æ�Ç�È Õ�Ð Ä"Å å ß Ã
Å�Ç ñ ÅIÄ
Ã
Å�óûË Ú ÃSÇ�Ë å ß ÃSæ,Å&Ïì Õ Ç�Ç�Ã.Æ�ÇgÜ
ÊÛËàÄ&ÜbÜ�Æ�Ä å ß ÅIËàÇ�Å¦üúã Õ±Ú ÅMÈ�Å ì Å�Ç�Ç�É�Å�Ë å ß ÏÇ�Å�Ã Ø
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G{�klolqpr y]�d���dp�
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�%�$!)*=8������_Y_(a������� �$��!���������5tI»�����%���Z® ³ ' ®2Ç9��������*c���b���_Y3&���!)(����9&�����*=�9��������5 �%������0%���
�����"��!h��8�!"��52õ������*c���p-?&������%���
!$��:1��� �?����!"� ½ [����!�(a���Kdõ�.*a-?�?���±-MP��b���?�����p*=�"#%!"���ó(���!X*¾* ¼�½À¾[½ »«��!"0=� ¼ ��-o�.7$8)®�ÇfIU» ¬ �Ù» & ½[ ����#%!$�]-?P�����P����.7$8��]Yr(�*a-O��5 �%P���� �?�����p*=�"#%!h��!"P�����0%��&���!)(GY���!"!"���p7"8���� ��!/�b�^��������5 NO!"�17"8��"�����¾*c������!n[��*Ù�����(�����df8�#%�$#%5����b�M�b��������!f���1(�-?�"!)*48��b�3*=���r(��]-"-?����ê�*=�"8�#�(�� ½ �����]-?��!3!"���p*=�?��>%� » ���"�����±&/�b!�(A(���!)7$8K(a����0%��#%5��¥
�$!?�p-"7"8���2�¼�P��b����PK£ ß C0¥ ¼ �]-"7$8�!?��� ¼ ��� ½ �����h0%��#%5����"!M�.-$7"8��A2y¼qP�������Ph� �*4Z%��-��p7"8�� ���!����b�^��������*%7$8��]-�#%���?�p-"7$8��]-
��,�-?�"��5 * ¼ -"7$8_�*=�"P���� ½W �.7$8�� &���!)(��/�b5 !"�]7$8��"�]7"�a��0%���W�%P��b���?�����p*=�"#%!�>%#%�ù���b����5 ¼ ������� ¼ �b0a���+df�������Hà �p-?#%�"!$#%����5����"�?����!"�cY%&����
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eflektor R

Szintillator

Lichtleiter

l

r

�]-K�b� »�¼9¼�½ ¾[½ �'(�*=!$0%�]-?�"���������p-?� ½
W �.7$8��)-?�"!)*48��b���_Y�(a���+*=�1-ù(���5 �%P������?��� �p*=�$#%!q8���!�*=�1-?0%� ¼ !"#�7$8���� &���!)(����������0%��� ��������!"81*c� ¼ �������]-A>a#%��-?�]7$81-Aêh��0%�����ó5���� �% «_������0 -?&������%������®2Ç ���1(�� 7$8������"���
���äà ½ �����q[ ��0%��
!$���1*%7"81-M�A�������]->©o�](����9êh��0%���p-����b��0a�A-?����� !$�]7"8��n*4���<(���!>©o��&���������0%�����%�����"����:¾�*�7"8���(��]-��%P������?��� �p*=�$#%!)- ½ �����êh��0a���õ-?�1*=�������9-?�]7"81-�0=�����p7"8���ü�*=��5�&������%���p*=���"�������råhl ¾ u9*=��� Á
å¾ u j s� R s �ó7�# -�®2Ç VRA¾[½ � ¾ V

�h��! » ���"�����3¸  X*c������! W �.7$8��)-?�"!)*48��b���_YG(a����(����<�%P���� �M� ���p*=�"#a!�>%��!?�p*%-"-?���_Y��p-?��(���!)7$8+(a�����%��5�5���(���!�-?�]7$81-ü�*=��5�&������%���p*=� �$��� ����0%��0%� ¼ ����û�ê�2 � ý Á
¸   * s �#¸ Ç jU» 9 s �;s©Bæ © � � s :RA¾[½ �%¥�V

�h��! » ���"�����Z¸ Ç ��!M��*=Za��0%���1*=�'(a�����%�"!)*=8������_Y3(a�b�ù�"#%�)*c�f�����"��!A(���5 2õ�b����*c���p-?&������%����!"��:1�����?����!"��&���!)(�������1(H(�*=5�����������0%����*=��0%��� ¼ �b��� ¼ ��� ½ [����!�(a���A0a��0%� ¼ �������9d3�p*%-?�?����-?P���� �M� ���p*=�"#a!"���'��!"0=� ¼ ��-o�.7$8)¸  �jí��� � � ½2O- �p-?�
&��p7$8 �M�b0�P�� ¼ ��5���!"�a���_Y (�*=ZA(a��� » �1-"-"*=0a� ¾�½ �%¥h����!f0=���b�cY%&�������®2ÇZ[çÈ Á ¼ ��P�����8�����0 -?&����p-?� ©Zè æ ��p-?� ½ [`*c���p--®2Ç è È Á �p-?�]Y_�� ¼ ��!)-$7"8������p(����'-��p7"8X(a��� W �p7$8 �$�%��0%��� ½ 2
-O0=� ¼ ��(�*=������5�5���! �%�"!)*=8������_Y�(a�������b��0a�¥
��*=��0%��� ¼ ����� ¼ ���_Y3(�#±7$8��p-?����8�! » ���"�����õ0a��!?����0%��!�*c�p-/�b� ¾[½ �%¥�*=��0a��0%� ¼ ��� ½2õ����� % ���M�b�GYf&����p7"8��H#%8����+(a��!"�����"�9êh#%����������0 *=�å��������!W�%�����"�'(�*%-���5����"�?����!"�$� W �p7"8�� *4���à����5�5��]Y
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�"!c�*]0a��5q*cL���5q*c�¾(����+-?�]7$81-?�"���v*_�����¾>a#%�(¸_ ^P���!�0%��#%5����"!M�.-$7"8����92�¼qP�������P ¼ ��� ½�9*=� ¼ ���"!)*a7"8��"�A�����'(����+[`*c���<(a��!"�����"��! » ���%#%����������0^�������]- W �p7$8 �?�������"��!)-«*=�+(����m�%P������?��� �p*=�$#%! ½ �����êh#%����������0��p-?��5������������E���������]-��"!)*4�1-?�1*=!"�����"���^#%���?�p-"7$8����'[����"�$�]-�#�(���!��������]-�ê��b� ¼ -M�"#|«_�]-h5X�#%0=���p7$8 ½ 2
-0=� ¼ �h����(a���]-?��!�êh#%��¹10%��!)*=�M�b#a�+�a���b� W �p7"8���5���8�!]Y_(�*%-���5 �%P������?��� �p*=�$#%!�0%����*4��0%��� ¼ �b��� ¼ � ½ ��������5 �%P��b��
�?�����p*=�"#%!h�"#%��*c��!"��:1��� �M�b��!$�"���<�%�"!�*=8������X>%��!?�p*%-$-?���^��8�� �� ¼ ��!A(a���Kêh#a� �)*4� �?: �*=7$8��A>%#4� �p-?� �*=�1(a��0 ½ �����K(a��!"�����"�êh#%����������0ù�p-?�n(�*48���!��S¼qP������ �$��! ½������0%��#%5����$!?�p-"7"8���2�¼qP�������P�&���!)( ��!"8_�#%8��]Y�&������X������� W �p7"8��h!"��:1��� �M�b��!$���1(���� 7"8��p7$8 �h5�����ü���:1��� �M��
>a���]�*=�Uék5ú�b�1(��]-M�"���1-�*4���õ(���!�(���!�êh#%���)*=���?:¾�*=7$8���0%��0%���¾�� ¼ ��!M� ����0%���1(����m�%�����"�%Y�&/�b�h��� »�¼9¼�½À¾�½ ¬ 0%��P�����0%�]Y>%#a!"81*=�1(����ó�p-?� ½ ü/��:1��� �?����!"���1(��´� 7"8��p7$8 �"���»���1( [�#=���b���k*=� (����»>%����!q*4�1(���!"���J�%�����"���¤�"!)*40%��������&��¥
-?�����?���p7"8 P���!A2�¼qP�������P]-?�"����0%��!$����0 ¼ ��� ½ ��*=8���!�>%��! ¼ �b��� ¼ ��(���! » � �"�����Z¸�êå(��]- W �p7"8��)-n�)���!!�%�"!�*=8������_Y_(a�b������?�p*=��0q(��]- W �p7"8��?�������"��!)-��E#%!"�"0a���)���8�!"��&���!)(����_û�ê�2 � ý Á
¸6ê j s� R s � é«V�¸_  � ¸�Ç

j s� 9 é¤�m» � ¥���é© æ © � � s :
[����!����������H!"�]7"8��"�]7$�%��0%���9d3�p*%-?�M�b��-?P������?��� �p*=�$#%!%p�2 s �%� » #±(���!�Nt¾ ¾ �%����!"!"04� ¼ �h-��p7"8H��� �"��!h(���! » ���1*48�5���������]-hü���:1��� �$#%!)-�5����ëéçjí������(���!/�à#%!$�"0%���)�� 8�!"�$� » ���"�����3¸�êHjí����¥�» ½
����� W �p7$8 �?�����"���1-����]�*��Uìù���b5ù5K�h�����?�p*=��0q(��]- W �p7$8 �M�b�����"��!�-h5����n(���! W �*=��0%�%�3��L��1#%�������?������� * ¼�Á

ì R ��Vfj�ì x y {âí�îR´¾�½ � � V
�����X���*=5����E����0 -?�a#%�1-?�)*=���"��¿ ¼ ��!=��G7"��-��p7"8��?��0%�q(a���92[«_��� �$�X(���! W �p7"8��)* ¼ -M#%!"���?��#%� �b5 W �p7"8��?�������"��!^���1(��L��p-?�?����!"���1(�� %4¼ ��!?:¾�*%7$8���� ����!$���b��8������"���_Y�(a���X(�*=P�� �)���8�!"���_Yf(�*=Z W �p7"8���8���!)*=�1-?0%�]-M�"!"������&���!)( ½ ���*c5���
�E����0%���å��������!"81*,� ¼ (��]-��%P������?��� �p*=�$#%!)-��G�#%������� ¼ �p-�P��í7$81*=!)*4� �"��!M�.-M�?�p-"7"8����»I'��0=���*a��0%��� >%#a�=I � �=5�5>%��!$�1*%7"8����*%-$-���0%��&���!)(���� ½ ��*=8���!h��!"0=� ¼ ��-��p7"8'(���! » ���"�����Z¸2ïX(��]- W �.7$8��)-�YG(���!n(�*%-h2f�1(����������]- W �p7$8 �?������
�"��!�-�(���! W �*=��0a�%�3��!"!"���p7"8����H�,*=��� Á

¸�ï�j y {jí�î 9 s� R s � é«V�¸   � ¸2Ç :R´¾�½ ���%V
¾
81*4!)*=���"��!?�p-?�?�p-"7$8��n���*c5����E����0 -?�a#%�1-?�)*=���"����������0%�����)��1!�d3����L ��0=�p*%-o� �p7$8 �M�b���U�"��! ¼ ����Ií������»�7�5 { ³ ½ ������>%��!�
&����1(����"��� W �p7"8��?�������"��!
-����1(A7$��!)7�* s ¥�7�5¤�p*=��0 ½ 2
- >%��! ¼ ����� ¼ ����(�*=8���!f*=5 2<�1(�� (��]- W �p7$8 �M�b�����"��!�-3����0%��� �*48�!
¸�ð9jí���Ù» ¾[½�h��! W �p7$8 �M�b�����"��!�&���!)(�-?#h0%���E#%!"5��]Y](�*4Z����b��� » ���%#a�����b����0�*=�����������qdf8�#%�$#%5����b�M�b��������!�5X�#=0=���p7"8�&/�b!�( ½� 5 I'�]7"81-M���b&/�b!$� ����0 -MP%�*�8��b��!�-?#=���
>%#%�9��������!�:r*a7"8����'!$�]7"8��"�]7$�%��0%�����%P������?�����.*4�"#%!f¦a����!)-"7$8������"�)-�:¾�*�7$8���& A*=���G��������� !$���.-M!"���1(�� W �.7$8��?�����b�$��!f¦%����!�-"7"8������"��-�:¾�*�7"8���&Uñ�0%���%#a���1�����f&���!)(���� ½ ph*%7$8ú(���5 W �b#a��>%��������	�-"7$8����
� *=�$Ph�.-M�n(a����df8�#%�$#%������:1��Z (a�p7"8��"�S�b�H��������5 #%���?�p-"7$8���� 2õ����5���� �������%#%5���!$�]-"-�� ¼ ����û�� » ü�ý ½ ��*%- ¼ �](�����
�"���cY%(���!f������������� W �.7$8��?�����b�$��!������ �"!$���"���1(��nd<8�#%�"#%������:1��Z«�,*=���ù���.7$8�� *=���_���������a����������!"� » �1-?�"!M�b�$�)-�:¾�*%7$8��>%��!�(a�.7$8��"����&���!)(���� ½ 2O-�-?#=�����"�+(�*48���!¨& A=ò &Uñå��!M�)�������� -M���b� ½ 2
-ú0=� ¼ ��5���8�!"��!"�9�ó�#,04� �p7$8��%�����"���_Y�(a�b�êh#%����������0�P��X!"�]*,� �p-�����!"��� ½ 2õ�����b0a�K-����1(���� »�¼9¼�½À¾�½ s ��-"7$8���5q*=�M�.-o�b��!$� ½� 5 I �]7"81-?����&���!"������0 -?P%�*�8�����!!¹1����(a���X2f���)-"7$8����p(�����0'P���0%���1-?�$��� (���!�êh�������%#%����������0 ½ ���b� » !"��(���!êh#%����������0ó&���!)( ��� »�¼9¼�½ ¾[½ ¬ ��� ���1-?�$!?����!"� ½ 23�����+êh�������%#%����������0 (���! W �*4��0%��ó'!$�](���P��b��!$� (a���X0a��#%5����"!?��
-"7$8��K2y¼qP�������P�©o���1*%7$8+êh������&������%���­®�ô ½ N
���
êh#%����������0X>a#%�^��������!!�%P��b���?�����p*=�"#%!"�=*=���"����� �*���0%�Kõ^*=��� (����W �p7$8 �M�b�����"��!$!)*%(a���1-"ö�0=������® ô j¤*=!)7��)*=� R õ�l,�h�@÷cV�lCó ½ �%���`®�ø_(���!�I»�b���a����Y`�����"��!�(���5 W �p7"8����b�X(����9êh������������"�*c���b� ½ ��*=���9�r�#=�������9��5têh�����
� ��!
�%�"!)*48��b���9�"#a�)*c��!"��:1�����?����!"��&���!)(����_Y`�)���!�(a�b��® ø ' ¬ �'&O� ®úùX�#® ô0=����� ½ 23�����Aü�*4��5K&/�b���a��� ¼ ���"!)*%7$8��"����0��)���8�!"��*=���õ(���� » � �"�����¾ò^(��]- W �p7$8 ��-�Y�(�*%-O>%#%�^(���!/2õ��� �"!M�b�$�)-�:¾�*%7$8���%#a5�5�� ���1(����p7$8 ��*=�1-�(���5 -"7$8�! �*c0%���+êh�����p-?�����"�����"�����
0%�]-?�"!$������&���!)( Á

ò j s ��-o�b� R ®>ù � ® ô V
s �'-���� R ®>ù3VR´¾�½ �%��V
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Lichtleiter
adiabatischer 

gedrehter 
Lichtleiter

einfach gewundener
Lichtleiter

zweiseitige Auslese
mit schmalem 
Lichtleiter

einseitige Auslese
mit schmalem 
Lichtleiter

Szintillator-Lichtleiter

Kopplung

Bezeichnung
der Sammlungs

variante
(Schema) medium

Koppel

Q

Quer-

quotient
schnitts- ausbeute

Sammel-

0.12

0.25

0.25
0.5

0.4-0.5

0.14>8

>16

1

1

1

1

1Luft

Fett

Luft

Fett

Fett

Luft

Luft

geoε

0.07
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Ñ�Ò@Ò sRÓ:sNÔCÔ<Õ)Ö!×CØ�ÙZØ­Ú�Û<ÜjÙZÝjÞ<ÜjÝjßUàZàaáØg×CàZß�ânã ÏËä�å ÚæÝÇÙ�ç)è¤éZÝjéZê�ßUé#ë}×6è¤ÜjÙZÛ<ì<í�î)ï�ðRÝjé#ë}×<ßcìòñ�è¤ÙZ×<Ø<ó4ßJÛ<ì6ó
ô ì<Ø<ó4ß�ÜjÝjßUí�Ù�ßUÝjì<ß�õRØ<ë}×<é}Þ6èAì<ì4Û<ìCí6î+özÝjß�öz÷4ì<Ø<ó4ßUì�ð3ßUàró4ßUì áÛ<ê�ßUà�ßUÝjì<ßcìòø~Þ6èAì<ì4Û<ìCí�éZÙ}ßUÝjÜjßUà�Ú�ÝjÙ
ù ßc×<ì ô ì ù è¤Þ4úkÛ<ì<í­ßUìPè¤ìPó4Ýjß�õRØ<ë}×<é}Þ6èAì<ì4Û<ìCí�í�ßcÜÇßcí�Ùgî@özÝjß ô Û<é}íËèAìCí�éZÝjÚæÞ6ßgóCèAì ù ðRÝjàró�ó4Û<àrëZ×�ó4ßUì
û ÝNó4ßcàZéZÙrèAì6óJü�ýZþRê�ßUéZÙ}ÝjÚ�Ú�Ù ÿ õ ô � ã��Zî

� ` hcQ6w�Wa]k[rW�� o ]NWAV o ^�W�[nO'Q@S<TUS<d m XNTr]���Xj]iWA_a[
	���^�W�[nO'Q@S<TUS<d m XNTr]���Xj]NWA_g[ v W v W Ò WAV{^ m _ghcQ+Õ
	 �
� 	 � 	 q � ����� 	 �l}Ó:s���� p

t�]NW�� m:` V�TUWAV@W�� o ]NWAV o Q+Y` V v T��<S<V{^�WA_��'V@WA_ v ]NWP^�W�[�O'Q@S<TUS<V:[ Ò W o ]NWAQ m V v [rw�Wa]k[rWP�CS<V{^�WA_�fLWaXjXNWAV�XZY` V v W
^�W�[��>]khcQ6Tg[ ` Ò y:^ ` [ `4m�� ^C]NW � ` TUQ@S�^�W � Y` XÇXNT�s3�4]NWJQ+Y` V v T��<S<V�^�WA_
�E]/hcQ�TUTU_ ` V:[\dJ]k[U[}]NS<VL^�W�[�� WAV:[rTUWA_g[ m V:^
�CS<d � ` TUQ@S@^�WAV@d ` TUWA_r] ` X ` Ò s��ZV Ñ�Ò@Ò s Ó:s/Ô�� ]/[\T�^C]NW � m:` V�TUWAV@W�� o ]NWAV o Ò Wa]k^�WA_
!�YS6Q@_cWAV�]iV Ñ�Ò Q+Y` V v ] v b<Wa]NT
^�WA_�fLWaXjXiWAV�XZY` V v W�^ ` _ v W�[rTUWaXjXNT�s"�ZV|^�WA_�#�_ ` �@Q�]Nb ]k[rT�W Ò WAV �Z` XjXk[I^ ` [J�RdJ]k[U[#]iSCV:[U[��:WAb�TU_ m d ^�W�[J�<WA_cw�WAV@u
^�WATcWAV
� o ]NV�Tr]jXÇX ` TcS<_g[æWa]NV v W o Wa]khUQ@V@WAT�s%$ Wa]k^�W&!�YSCQ@_UWAV o Wa] v WAV Wa]NV(' `*) ]Nd m d+	 q-, ����. Ò Wa] , Ó�����V@d
f WaXÇXNWAV�XZY` V v W<sRt�]NW/� m:` V�TUWAV@W�� o ]NWAV oI� Y` XÇXNT�]Nd+�}V6TcWA_U� ` XjX��CS<V0� Ô��IV@d Ò ]k[ 1�1���V@d `4m�� Ô*��. ` Ò sRt�]NW' `*) ]Nd ` ^�W�[ � o ]NV6Tr]jXjX ` TUS<_cWAdJ]k[U[}]NS<V:[��>WAb6TU_ m dP[ m V:^ ^�WA_ � m:` V6TUWAV@W�� o ]iWAV o [}]NV:^
Ô*����V@d v W v WAV@Wa]iV ` V@u
^�WA_��CWA_g[UhcQ@S Ò WAV+s2�ZV43 ` Ò s Ó:s�5 ]k[rT�]k[rT�^C]NW�fLWaXjXNWAV�X Y` V v W<y Ò Wa]�^�WA_�^C]NW&� m:` V�TUWAV@W�� o ]NWAV o d `*) ]Nd ` XRw�]N_g^!y
Wa]NV v WATc_ ` v WAV+s

O%'�u6! YS<Q@_UW 	 q 798;:=<!>5~Ó9?�u6� �@s��@5 �@A��4V@d!�Ô¤ÓB1�� �@s��@C Ó����4V@dD OE���@��� �@s��@1 Ó�����F����4V@d
3 ` Ò s'Ó:s�5@ÕEGzÛ6è¤ì4ÙZßUì<ßIH ù ÝjßUì ù-J q�Kö ÝjßLGzÛ6è¤ì4ÙZßUì<ßIH ù ÝjßUì ùMJ q ðRÝjà#ó
ê6ßUÝ�ó4ßUà û ßUÜjÜjßUì<Ü áèUìCí�ßON 8;:=< Ú�èQPR ÝjÚJèAÜ�î

SUTWV;X�Y@Z\[^] $%_a] � _�[�`a_A_cb `ed�f _�gih �Z`*fjf _kh:^�_A_-l d9m ` m h9_kh � �on h d w ` h@b�`qp@g�_Ob `ed�f v _kh9_A_�g�_A_r`r_A_
l d9m ` m u_ f _Ab�`U_ m h9_kh+s�� d _r_ Ñ h o�`sd�f g n `t� m g nrn m h���_A_r`r_�g f ` m dup�_khO'Og�`r`a_ f wt_A_r` �� s�tvg�_æ��`U_ m dJ��_A_ n `�w` _Ub m h v _kh�` fk` h vp�_A_�t���h m p�_kh@b�_k`r`r_ n h d w ` h@b�`�h m _Ud `*f ��_A_a`r_�g f `­s+tvgi_cxy_kz n `�w{ zUb m h v nrn h d w { h@b m h v _kh Ò _k`rz { v _kh m h v _ � w{ed z
Ô*��.Lp�_kz>l d9m ` m _ f _AbB`az m h9_kh n h d w { h@b m h v _kh+s�tvgi_
l m g nrn m h6��_kza`r_�g fim h v wtg�z|p {*f n m h m h d _k`rw { n ��_kz Ò zr_�g�`r_kzr`�s

tvg�_ n _8�6h d w { h@b m h v _kh Ò _Awtg�zUb�_kh4p { n ! {~m n h d _kh+s+tvg�_ Ñ m�} wm n m h v p�_ n l d9m ` m d m�f `�g�� f g�_kz n wtg�z|p/p { up m zah d Ò _ v zr_kh o `­s~y[9���k�W[9�@Z\T����k[�] f�g�_cg�h Ñ�Ò@Ò s Ó:sNÔ�� v _ o _�g v `�y!��_kz n `azr_�gkh d ` o wtg n h d _kh�p�_Ad �"g�hB`azr_��;_kh4_�g�h9_ n
� u � wm zUdcg v _kh�\g/h d `�gNd � m�f n _ n m h�p4p�_kzc$yg f p m h v _�g�h9_ n �eg v h {�f n { h�p�_kz Ñ h m p�_�_�g�h9_Ph d�{ z { b�`r_kz�g n `�g n h d _ Ñ hB`rw m zr` o _�gi`­s
tvg�_ Ñ hB`rw m zr` o _�g�`�wtg�z|p o wtg n h d _kh�p�_kh4' {�) gNd { p�_ n �^gkh d `IgidU� m�f n _ n m h�p/p�_Ad�' {�) gNd m d�p�_ n l d9m ` m u
d m�f `�g�� f g�_kz n g v h {*f n v _Ad _ nrn _kh+s@tvg�_ Ñ h n `Igi_ v n o _�g�` d w{ h v ` � m h-p�_kz Ñ h o�{ed�f t��Bh m p�_khUgidul d9m ` m d m�f `�g�� f gi_kz
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Ñ�Ò@Ò sJÓ:sNÔ�� Õ�GzÛ6è¤ìËÙ}ßUì<ß�H ù ÝÇßcì ù ó~ßUéLÖ!×<Ø�Ù}Ø�Ú�Û<ÜjÙ}Ý�P
Þ<ÜjÝjßUà}éxâ�ã Ï4ä�å�  â%¡ Ï�¢ Û<ì6óIÖ!×CØ�ÙZØ­ì<ßUì<é}Þ6ßa£ËÙ}àZÛ<Ú ó4ßUé
ø ù ÝÇì4Ù}ÝÇÜjÜNèAÙ}Ø�à}é¥¤%¦Rã å*§ ô î û ÝNë}×ËÙ}Ýjí�Ýjé}Ù   ó<èk¨nó4Ýjß�ø~Þ6ßr£*PÙ}àZßUì�ßUÝjì<ßUì�í­àZØ*¨�ßUì áÛCê6ßUà}ÜNèAÞ<Þ�ßUì6ó4ßcì û ßUÜjÜjßUì<Ü áèaì<í­ßUìeP
ê�ßUàZßcÝië}× ù ßcÝÇí­ßUì:î!özÝÇßcéZßUà�ç%ßUà}ßUÝNëZ×�ÜjÝÇßcí�Ù�ÝjÚ ø4ÝNëZ×4Ù}ê6è�P
à}ßUìJê6ßUÝ!ó4ßUàt©6è¤àZê�ß�êCÜiè¤Û:î

Ñ�Ò@Ò sLÓ:s/Ô��@Õ ô ÛCéZíËè¤ì<í�é}éZÝjí�ì�èAÜ{ó~ßUé Ö!×<Ø�Ù}Ø�Ú�Û<ÜjÙ}Ý�P
Þ<ÜjÝjßUà}é K ¤ è­ë}×IßUÝjì<ßUà ô ì4Ù�ð3Ø�à}Ù ù ßUÝjÙ�ª�Ø­ì&« ã å�¬j¬ Ð�å ì<é
ßUà}é#ë}×<ßUÝjì4Ù�óCèAé ô ÛCéZíËè¤ì<í�é}éZÝjí�ì�èAÜ:èAìJó4ßUà ô ì<Ø<ó4ß�î6özÝjß
ø4Ýjí­ì6èAÜ¿úkØ­àZÚ × áèAì<í­Ù�ª­Ø�ì�ó4ßUà�öz÷4ì<Ø<ó4ßUì4ê�ßUé#ë}×6è¤ÜjÙZÛ<ì<í
è¤ê:î)ç%ßUÝnç+ßcé#ë}×6èAÜjÙ}Û<ì<íLó4ßUà�â áØA×CàZßUì ì6è�ë}× Ï îjã­ãJßUà­P
í­ßUê6ßcìLéZÝNë}×Lø4Ýjí�ì6è¤ÜÇêCàZßUÝjÙZßcìòè¤Û4ún×6èAÜjê�ßUà ô ÚæÞ<ÜjÝjÙZÛ6ó4ßª­Ø�ì&« ¢ ì<énÛCì6óIßUÝjì<ß�ë}×6è¤à#è®£ËÙ}ßUàZÝjé}ÙZÝjé#ë}×<ß ô ìCéZÙZÝjßUí­é­P
ù ßcÝÇÙ%ª�Ø­ì § ì<éaî

{ Ò s�¯ d�{ z {e° `r_kz�g n `�g n h d _ Ñ hB`rw m zr` o _�gi`a_kh f g�_ v _kh Ò _�g ���±h n snt { n Ñ m n v { h v nrn g v h {*f
d�{ `O_�g�h9_±_kh�p f g/h d _Ñ h n `�g�_ v n o _�g�`�sR� n g n ` p@g�_/b�_�g�`�yyp@g�_&p { n �eg v h {�f Ò _kh;wm `Ig v `�y m9² � m h|Ô���. Ò g n A���. n _�g�h9_kz ²-{*) g ²-{*f _kh
Ñ ² � f g�` m p�_ { h oAm w { h d n _kh+s)tvg�_&� m z ² p�_ n �eg v h {*f n h { h d �yzrzr_�gkh d _kh(p�_ n ' {�) g ²Jm9² n d w{ h v `J� m h±p�_kz
t���h m p�_kh Ò _ n h d�{*f ` m h v { Ò s+tvg�_ Ñ h�`rw m zr` o _�g�` o _�g v `��6h d w { h °�m h v _kh m9² _�gih9_kh³'´g�`r`r_ f wt_kzr`�s%�egi_ f g�_ v _khg ² $%_kzr_�gkh d � m h|Ô<sNs���h n s)t { n b�_�g�`U��_kz d�{*f `r_kh³p�_kzJ��_kzUwt_kh�p�_k`r_kh³l d9m ` m�²Jm�f `Igi� f g�_kzcg n `�gih(3 { Ò s Ó>sj? oAm un {s² ² _kh v _ �6{eµ `�s
t�_kz��"g�h n { ` o p�_kz
l d9m ` m�²Jm�f `Igi� f g�_kz
g ² 3;z�g v<v _kz�� m h4¶B·%¸;·y¹º_kz �­m z|p�_kza` °�m z o _ Ñ h�`rw m zr` o _�g�`r_kh+s^�6h9h9_kzUud�{*f Ò � m hLhag�zgh { ?��Uh n
n mefjf p { n �eg v h {�f�oAm z�h w{ h d n ` d wm@d _kzr_kh�32z�g v<v _kz n ` m�� _æw»_�g�`r_kz v _kzr_�gkh d `�wt_kz|p�_kh+s+tvg�_
��_kzcw»_kh�p�_k`a_kh0l d9m ` m�²Jm�f `�g�� f gi_kz o _�g v _kh±g ² xy_kz v f _�gkh d³² g�` { h�p�_kzr_kh±_ ) g n `�g�_kzr_kh�p�_kh¼!
wm�d zr_kh ² gih�g ²-{�f _
Ñ hB`rw m zr` o _�gi`a_kh+s

l%'�u6!�wm�d zr_ Ñ hB`rw m zr` o _�g�` �eg v h {*f½{ h n `Igi_ v n o _�g�` Ñ h�`rw m zr` o _�g�` n h d w { h °�m h v _kh!>5~Ó9?�u6�@Ô �4Ó@h n � s��eh n u6�@s¾1eh n Ô<s�5eh n!�Ô¤ÓB1�� Ô�Ash n Ô<s�Ceh n ?�5��e� nD lE���@��� ��Csh n Ô<s�1eh n � s���1eh n
3 { Ò s@Ó:sj?6Õ@ï�ßUÝjÙ=ª�ßUà}×6èAÜjÙZßcìPó4ßUà%ª�ßUà}ð)ßUì�ó4ßUÙZßcìPÖ!×<Ø­ÙZØ�Ú�ÛCÜÇÙ}ÝjÞ<ÜjÝÇßcà

¿ÀV;XkÁ^TW]\ÁWX�X���Á;]WT�� t�_kz-l d9m ` m�²Jm�f `�g�� f gi_kzI�@_kz d w{*f ` n gkh d wtg�_&_�g�h9_Àg½p�_ {*f _ ��`rz m�²-ÂCm _ fjf _<y»p { n d _�g µ `p@g�_ v _ ² _ nrn _kh9_ Ñ m n v { h v nrn � { h9h m h v wtg�z|pÃg�hº_kz n `a_kz0�^g�h�g�_Mp m zgh d p�_kh Ò _ f½{ n `r_kh�p�_kh f�g½p�_kz n ` { h�pÄ�Å :=ÆrÇ � 1���ÈÉg�h�p�_kz v _ o _�g v `r_kh±$ { n g n Ò _ n h d�{*f ` m h v Ò _ n `�g ² ² `�s+�Êg�h4_�g�h o _ f h9_ n l d9m ` m _ f _ ° `rz m h Ò _Awtg�z ° `Ò _�g
xy_kz n `�w{ z °�m h v(Ë , Ô���ÌUg�h¼_�g�h9_kz{h d�{ z {e° `r_kz�g n `Ig n h d _khÍb�_�g�`I� m h�Î � 1eh n p {ed _kzO_�g�h9_ v _ ² _ nan _kh9_
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��� { h9h m h v/Ï 8WÇ��N� Õ
Ï 8WÇ��N� �¼Ä Å :=ÆrÇyÐ9Ñ ËÎ , � ² x

fÒ_kh9h ²�{ h�p { � m h {4m n v _ d `�yep {eµ�² g�h�p�_ n `r_kh n �@�>l d9m ` m _ f _ ° `rz m h9_kh�l Ñ�Ò n h d h�gi`a`E5@s�� p\{~m n v _ f wm n `)wt_kz|p�_kh+y_kz d w{*f ` ²-{ hO_�g�h9_ Ñ m n v { h v nrn � { h9h m h v � m h , ÓB� ² xJy�p@g�_ {s²ÔÓ n o g fjfim n °�m � v _ ² _ nan _khIwt_kz|p�_kh °e{ h9h+s� ² v _k_�g v h9_k`r_kh Ñ z Ò _�g�` n Ò _kzr_�gkh d p�_ n l d9m ` m@²�m�f `�g�� f g�_kz n m h�p Ò _�g Ò _ v zr_kh o `r_kz�b {ed�f _�g�h �Õ{*fjf _kh�p�_kz�l d9m ` m uh9_kh � � g n `�p@g�_ � { p m h vOÖ {4m�� p�_kz Ñ h m p�_�p�_kz Ñ h o�{ed�f _�g�h �Õ{*fjf _kh�p�_kz�l d9m ` m h9_khO�9z m � m za`�g m h {*f s9�6h/p�_kzb^_�gi`vÎ } g�_ µ `qp�_kz Ñ h m p�_kh n `rz m@²Ø× l6Ù p y n m p {sµ v g f `�Õ
� �
ÚÜÛ´ÝÞàß Ù × l6Ù p �

ÔÄ�Å :6ÆaÇ ÛoÝÞºß Ù Ï 8\Ç��/� l6Ù pl}Ó:s��@Ô p
� n g n ` wtgkh d `Ig v y � _ n ` oAm n `r_ fjf _kh+y9p {eµ p@g�_ Ñ h o�{ed�f l d9m ` m h9_kh �9z m � m za`�g m h {*f p�_kz»� f w{ h d _ m h�`r_kz»p�_ ² v _ ² _ n un _kh9_kh���� { h9h m h v nrn g v h {*f g n `�s�á ²u{*f n m {4m�� p@g�_vg ² � o g�hB`�g fjf½{ ` m z�p�_k� m h�g�_kzr`r_��âh9_kz v g�_ oAm n h d�f g�_ µ _kh+y ²Jm9µp { n l d9m ` m�²Jm�f `�g�� f gi_kz n g v h {*f � m hãp�_kz {4m n w»_kza`r_kh�p�_kh{� f _ ° `rz m h�g ° g�hB`r_ v z�g�_kzr`�wt_kz|p�_kh+sE�âh9_kz v g�_ n �^_ ° `rza_kh
wt_kz|p�_kh&p {sd _kz ² g�` f½{ p m h v n g�hB`r_ v z�g�_kzr_kh�p�_kh Ñ t�¯ n�ä þ {4m�� v _kh m�² ² _khGl Ñ�Ò n h d h�g�`r`�1 s��@sNÔ p s

l%'�u6!
wm�d zr_ á 8¥:=< ávåræ�ç 8 h �!v54Ó9?�u6� uUÔ��@1��ex uUÔ<Ô*���ex Ô�� Ô�è�5 Ð Ô���Ì! ÔAÓB1�� uUÔ�C@���ex uUÔe?e���ex Ô�� 19è�� Ð Ô���ÌD lE�@����� u6��5@���ex u6���@���ex Ô�� �9è�� Ð Ô���é
3 { Ò s Ó:s¾C@Õ tvg�_ ²-{ u) g ²-{*f _>xy_kz n m z v m h v n � { h9h m h v á 8;:6<
m h�p p@g�_n� m z v _ n _ d _kh9_>xy_kz n m z v m h v n un � { h9h m h v á åræ�ç 8 y�p@g�_�t���h m p�_kh o�{ed�fê�m h�p�p@gi_>� { p m h v n ��_kz n `�w{ z °�m h vqË s

¿O�eë"[9����X*ë"[ì�*[9�½Y@Z t�_kz v _k_�g v h9_k`r_ Ñ z Ò _�g�` n Ò _kzr_�gkh d wtg�z|pÃp m zgh d p@g�_¼xy_kz n m z v m h v n � { h9h m h v Ò _Aun `�g ² ² `�s:tvg�_
xy_kz n m z v m h v n � { h9h m h v g n ` o wtg n h d _khL� { ` d9m p�_ m h�p Ñ h m p�_ { h v _ f _ v `æl Ñ�Ò@Ò s Ó:sNÔCÔ p s6�Êg�h9_kh
�Êg�h�p�z m h ° � m�² xy_kz d�{*f `r_khãp�_kz
l d9m ` m�²Jm�f `Igi� f g�_kz
_kz d w{kf ` ²-{ h/p m zgh d p@g�_ Ñ m�� h {ed9² _�p�_kz�b�w{ed�f z { `r_khOg�hÑ�Ò d w{ h v g v ° _�gi`Ep�_kz { h v _ f _ v `r_khcxy_kz n m z v m h v nrn � { h9h m h v s��vwm zyp�_kh 3z�B� !>54Óí?�w m z�p�_îp@g�_
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Ñ ² �yh�p�_4p�_ n f _k` o `r_kh Ñ�Ò n h d h�g�`r` n w m z�p�_ p@g�_ v _ m�² _k`rz�g n h d _ò�Ê� o g�_kh o�{ h v _ v _ Ò _kh lñ����. p�m h�pp@g�_Àb {ed�f � m h41�5��&l d9m ` m h9_kh v _kh { h9h�`�y�p@g�_ Ò g n oAm zcl d9m ` m@°�{ ` d9m p�_ v _ f½{ h v _kh+s��=h0p@g�_ n _ ² Ñ�Ò n h d h�gi`a`
w m z�p�_ � _ n ` v _ n `a_ fïf `�y%p {eµ p@g�_±� m�{ hB`a_kh9_�� o g�_kh o Ò _�gq_�g�h9_kzIf4_ fjf _kh f w{ h v _Og ² wm Ò _kz f½{ �9�^_kh�p�_khL$%_kzr_�gkh dp�_kz����^_ ° `azr_khGl Ñ�Ò@Ò s Ó:sNÔ�� p Ò _�gy��1�. f gi_ v `�s�ávhB`r_kz�p�_kz Ñ h9h {sd9² _<y�p {eµ p@g�_�� {e²U² _ f _�� o g�_kh o p�_kzt_kz n `r_kh
t���h m p�_JÔ����ì. Ò _k`az�w{ v `�y@_kz v g Ò ` n gkh d p@g�_�t�_k`r_ ° ` m za_�� o g�_kh o p�_ n t m zah d v { h v n o w{ed�f _kz oAm 1�.Ps�� n wt_kz|p�_khp { h9h�ÔAÓB�>l d9m ` m _ f _ ° `rz m h9_kh � zr_�g v _ n _k` o `�s4tvgi_ Ñ h o�{sd�fí{4m n v _ f wm n `r_kzyl d9m ` m _ f _ ° `rz m h9_khæwtg�z|p�gih Ñ�Ò n h d h�gi`a`5@s¾� {4m n _�g�h9_kzt'&_ nan m h v Ò _ n `Ig ²U² `­s<� n wtg�z|p n g/h d�o _�g v _kh+y�p {eµ p�_kz d g�_kz v _ v _ Ò _kh9_nf4_kzr` oAmcm �9`Ig ² g n `�g n h dg n `�s
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Ñ�Ò@ÒhÙ 1 Ù ÔCÕ6Ö!à}Ø�ÙZØ­Ù�÷4Þ�ßUÝjì<ßUéRø ù Ýjì4ÙZÝjÜjÜiè¤ÙZØ­àZé+ÚæÝÇÙ&%@ÝNë}×4ÙZÜjßUÝjÙZßUàaî ô ì�ó4ßcì�ø ù Ýjì4ÙZÝjÜjÜNèAÙ}Ø�à('�ÝjéZÙ3ßUÝjì)%@ÝNë}×ËÙÕP
ÜÇßcÝÇÙ}ßUà�*  ,+
 .- í­ßr£�Ø­Þ<Þ6ßcÜÇÙaî

ô f _ Ò _ Ò { h�p é 32_�g f âMp { ë�_�ë�_kh n `rz { � ² g�`>_�g�h9_kz�� { ë�_�ô f _ Ò _ Ò { h�p ã ²@ê g]Þ ° _ f ` Ù æ gi_
�\góÞ d ` { ã�n `rzIgi`a` n } w{ Þ d _{e² î h�p�_
p�_ n z ã h�p�_khã�^g]Þ d ` f _�g�`r_kz n Ò f _�g Ò `Aì­zr_�g Ù
æ _kz��\góÞ d ` f _�gi`a_kz °�{ h9h ² g�` m �9`Ig n Þ d _ ² �9_k`r` ä0/ { h&p { n ô { ` d9m p�_kh|ì _kh n `a_kz
p�_ n l d9m ` m�² ã f `�g�� f gi_kz n ë�_ °�m � ï�^_ f ` ê _kz|p�_kh Ù æ { Ü�ã ê g�z|pU_�g�ho32z m �|ì­_kh { ã ì�p@g�_q'´g�`r`r_�p�_ n ô { ` d9m p�_kh|ì­_kh n `r_kz n ë�_�ë�_ Ò _kh Ù æ _kz»�^g]Þ d ` f _�g�`r_kz
ê g�z|p { h�ë�_�p�zewã Þ ° ` ã h�p �9zr_ µ `îp { n �í_k`r` Ü�ã p�_kh&!
w{ h�p�_kzah�ë f _�góÞ d9² w{@µ gíë { ã�n p�_kz � {ed ` n `r_ fjf _ d _kz { ã�n Ù æ _kzl d9m ` m�² ã f `�g�� f gi_kz n mefjf `r_
p { h9hUg ²U² _kz ã hB`r_kz f _�góÞ d `r_ ² æ z ã Þ ° ë�_�ë�_kh�p�_kh&�^g]Þ d ` f _�g�`r_kz ² m h�`�g�_kzr` ê _kz|p�_kh Ù

1 �vwã z Ò _�g½p�_ æ ã z�Þ d ë { h�ë n�Ü w{*d�f _kz ê ã z|p�_kh4�^g]Þ d ` f _�g�`r_kz ã h�p ÛxÜ g�h�`�g fjf�{ ` m z {�f n lyz m ` m `�Ú���_kh ã h�p î g�h ïn { ` Ü `�ÚB�^_kh�ì wã z
¶B·E¸2·y¹ { h�ë�_�ì­_kzr`�gíë�` Ù
1 æ g�_ Ò _�g½p�_kh ÛxÜ g�h�`�g fïf½{ ` m zr`�ÚB�^_kh �Aî Ô*��� Ñ ã h�p/$v¯ ÓB�@C Ü _�g�ë@_kh ° ã z Ü _ n&ã h�p n Þ d h9_ fïf _ nqÛ gíë�h {*f Ü _�g�` ï

ç@_kz d�{*f `r_kh
1 æ g�_c�^g]Þ d ` °�m �9� f ã h�ë�g n `*ë@_ ° _kh9h Ü _�g]Þ d h9_k`
p ã z�Þ d Õ

2 n ��_ ° `rz {*f _�32z { h n ² g�`r` { h Ü ç m h&��?��eh ² Ò g n ?e���eh ² Ò _�g�ü � �9è��@��Þ ² ý ý
2 ë@_ m�² _k`rz�g n Þ d _ î � Ü g�_kh Ü ç m h¬Þ { Ù ����.
2 ë@_ m�² _k`rz�g n Þ d _ Ñ � { nrn�ã h�ë { h¼p@gi_ ç m z�ë�_ n _ d _kh9_khÉl d9m ` m�² ã f `�g�� f g�_kz�Õ*ô { ` d9m p�_eÔ�5 ² ² ã h�p�\góÞ d ` f _�gi`a_kz�Ô�1 ² ² æ ã z�Þ d9² _ nan _kz
2 n ��_ ° `rz {*f _ Ñ h9� { nrnðã h�ë { h&p@g�_cl d9m ` m@² ã f `�g�� f g�_kz

1 î g�h9_ { ã�n zr_�g]Þ d _kh�p f g]Þ d `|p@g]Þ d `r_�xy_kzr� { Þ ° ã h�ë ² g�`%g�hB`r_kzah9_kz»!t_ } _ ) g m h ê ã z|p�_ ² gi` Ñ f ã ² g�h�g ã ² ì mef g�_
ã h�p¤ô f _ Ò _ Ò { h�p d _kzRë�_ n `r_ fjf ` Ù

Ï7Ð�Ñ8Ð43 5 [B���*T�Y@Z��eV"]\Á^[�]¡å9V7686/[ìY@ZWTW]¥� X�Y@ZW[�]:9�[9X���Á;]
æ _kz��\góÞ d ` f _�gi`a_kz ê g�z|p�g�h
_�g�h9_ ² ô f _ ² ² d�{�f `a_kz Ñ�Ò@ÒhÙ 1 Ù �î_�gih�ë@_ n � { h9h�` é p {s² g�`;_kz { h
p�_kh�l d9m ` m�² ã f `�g�� f g�_kz
ë�_ n _k` Ü ` ê _kz�p�_kh °e{ h9h Ù æ _kz*ô f _ ² ² d�{*f `r_kz&ß Ò _ n `r_ d ` { ã�n p�zr_�g�3;_�g f _kh<;8à�=�à
> Ù æ _kz�b�Ú f g�h�p�_kz?;qç�_kz f w{ ã ì­`
	�@
��Aaþ�BDCE�EC�F
G���HI��J�J�K�LM�NIOQPSR ��T�U AV�XW2þ4C����YB�CE�EC ��G�����þZC�þ�J(�����[C��
���\J
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{ h&_�g�h9_kz Û _�g�`r_�g ² �=h9h9_kzrh f _�góÞ d ` °�m h�g n Þ d&² g�` Û `r_�gíë ã h�ëO5 Ù �xõ Ù æ { zIgih ° wm h9h9_kh Ü ê _�gE$ { Þ ° _khw=�_kh�` f½{ h�ëp�_kz Û Ú ² ² _k`rz�g�_ { Þ d n _�ë f _�g�`r_kh Ù æ ã z�Þ d p@g�_ n _kh-'À_�Þ d�{ h�g n ² ã�n f w{eµ ` n g]Þ d p�_kz$ô f _ ²U² d�{*f `r_kz$ç m h�ÔAÓ ² ² Ò g n
Ô*C ² ² n Þ d�f g�_ µ _kh ã h�p wm �;h9_kh Ù � ² ô f _ ²U² d�{*f `r_kz ê giz�pãp�_kz
�=h9h9_kh9z�g�h�ëw>Uç�_kz n Þ d z { ã Ò ` Ù æ _kz
�6h9h9_kh9zIgih�ëp�z wã Þ ° `�ë@_�ë�_kh p@gi_>$ { Þ ° _kh Ù î g�h �^g]Þ d ` f _�g�`r_kzâg ² �=h9h9_kzrh °e{ h9h ² g�`Ep@gi_ n _kzE3;_�Þ d h�g ° _�g�h�ë�_ °@f _ ² ² ` ê _kz|p�_kh Ù
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æ _kz²ô f _ ² ² d�{*f `r_kzzß ê g�z|p ² g�` p�_ ² ! m�d z á
Ñ�Ò@ÒhÙ 1 Ù Ó�ç�_kz n Þ d z { ã Ò ` Ù æ { n ! m�d zOh�g ² ² `ol d9m ` mxï² ã f `�g�� f g�_kz Ò g n ²�{*) g ²-{�f ��5 ²U² Ñ ã µ _kh�p ã z�Þ d9² _ n ïn _kz ã h�pGÔe?�� ² ² � w{ h�ë�_ { ã ì Ù ! wã Þ °|ê w{ za`�gíë ê g�z|p�p�_kzl d9m ` m�² ã f `�g�� f g�_kz�ç m h Ü ê _�gv'À_ nrn gih�ë@z�g�h�ë�_kh¡ë�_ d�{*fíï`a_kh Ù î g�h9_kz °�{ h9hÍg ² ! m�d z�ç�_kz n Þ d z { ã Ò ` ê _kz|p�_kh
ã h�pcp�zewã Þ ° `�wã Ò _kzy_�g�h9_ Û ` {ed�f ì­_�p�_kz$ë�_�ë�_kh p�_kh { h�p�_ ïza_kh éxê _ f Þ d _kztg ² ! m�d zMì­zr_�gíë f _�g�`r_kh�p {e² l d9m ` m�² ã f�ï`Igi� f g�_kz { h f gi_�ë@` Ù�Ñ ã ìEp@g�_ n _ Ñ za` ê giz�p n g]Þ d _kz�ë@_ n `r_ fjf ` ép {sµ p�_kz
l d9m ` m@² ã f `�g�� f g�_kz ² g�` n _�g�h9_ ² ô { ` d9m p�_kh ï
ì­_kh n `r_kz�ë�_�ë�_kh&p�_khã�\góÞ d ` f _�gi`a_kz&ë�_�p�z wã Þ ° ` ê giz�p ÙÑ�Ò@ÒhÙ 1 Ù �@Õ@ø<ë}×<ßUÜjÜjßzú áÛ<à â'Ø�×<à}×6èAÜjÙZßcà

æ _kz%�6h9h9_kh�p ã z�Þ d9² _ nrn _kz�p�_kz>'&_ nan g�h�ë�z�g�h�ë�_vg n ` n m Ò _ ² _ nrn _kh é p {sµ _�g�h9_
¶.xzy ï xy_kz Ò g�h�p ã h�ë ä Ì p ã z�Þ d�ï
ë@_�ì wã d zr` ê _kz|p�_kh °�{ h9h Ù æ _kzcz wã Þ °�ê w{ za`�gíë�_o�\góÞ d ` { Ò n Þ d�f ã µ�ê g�z|p³p ã z�Þ d p@g�_ î gih f½{ ë@_O_�gih9_ nUn Þ d|ê>{ z Ü _kh é
ë@_ n Þ d�f g�` Ü `r_khÒ# ã ² ² g n�Ü ê g n Þ d _khãp�_kh/'&_ nan g�h�ë�z�g�h�ë�_kh n góÞ d _kz�ë�_ n `r_ fjf ` Ù
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Ñ�Ò@ÒhÙ 1 Ù Ó:Õ@â'Ø�×<à}×6èAÜjÙZßcà+ú áÛCà ó4ßUìPÖ!×CØ�ÙZØ­Ú�Û<ÜjÙZÝjÞ<ÜjÝ�ßcà+Ú�ÝjÙ)ñzÜjßUÚ�Úæ×6èAÜjÙ}ßUà
æ { n ! m�d z
� {eµ `�gihÒ_�gih9_ Ñ f ã�n Þ d _ fjf _ Ñ�Ò@ÒhÙ 1 Ù � Ù æ g�_ n _kz�3MÚ�� Û Þ d _ fjf _kh³_kz ê g�_ n
n g]Þ d�{*f n { ã�n zr_�g]Þ d _kh�pz m Ò ã�n ` Ò _�gy3;_ n ` { ã ì Ò { ã `r_kh ã h�p ê g�z|pÀp {ed _kz { ã Þ d ì wã z�p@g�_ î h�p|ç�_kz n g m h¤ç m z�ë@_ n _ d _kh Ù

1 æ g�_c�^g]Þ d ` f _�g�`r_kz Ò _�g½p�_kz æ ã z�Þ d ë { h�ë n�Ü w{ed�f _kz ° wm h9h9_kh ² g�`�p�_kh�ô f _ ² ²Ud�{*f `r_kzrhOg ² ÷ {*f `r_kz m@d z*ç�_kz ïn Þ d z { ã Ò ` ã h�p { h(p�_kh¼l d9m ` m�² ã f `Igi� f g�_kz�ë�_ °�m �9��_ f ` ê _kz|p�_kh Ù æ gi_ n _ã'À_�Þ d�{ h�g °¡ê ã z|p�_�ì|wã z�p@gi_
Ò _�g½p�_kh�lyz m ` m `�ÚB�^_kh { ã ì ë�_ Ò { ã ` Ù

1 ! m�d z ã h�p¤ô f _ ² ² d�{*f `r_kz Ü _�gíë�`r_kh n góÞ d Ò _k`rz�g�_ Ò nrn g]Þ d _kz é p { n d _�g µ `­Õ
2 � { h�ë n {e² _ n ÷v_kz { ã�n z ã ` n Þ d _kh(p�_ n �^g]Þ d ` f _�g�`r_kz n { ã�n p�_kh($ { Þ ° _kh(p�_ n ô f _ ² ² d�{�f `a_kz n { ã ì ï

ë@z ã h�p&p�_kz��í_�p�_kz n � { h9h ã h�ë ê ã z|p�_
h�g]Þ d ` ì _ n `Rë�_ n `r_ fjf ` Ù
2 æ _kz�! m�d z d�{*f `r_kz f w{eµ ` n góÞ dOf g]Þ d `|p@g]Þ d `Aç�_kz n Þ d�f g�_ µ _kh
2 b ã�n w{ ` Ü f g]Þ d _
' { ë�h9_k`�ì­_ f p { Ò n Þ d g�z ² ã h�ë ² gi`Mü ï '&_k` {*fjf g n ` ² wm ë f g]Þ dhé g n ` Ò _�gWxy_kz ê _kh�p ã h�ë p�_ n! ÔAÓB1�� { Ò _kz>h�g]Þ d `�h m ` ê _kh�p@g�ë é p { p@g�_ n _kz�_�gih9_ n mef Þ d _ Ñ�Ò n Þ d g�z ² ã h�ë Ò _kzr_�g�` n _kh�` d w{*f ` Ù
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Ï7Ð43TÐ�Ñ ä;Y@Z\T����eV"]\Áµå9V;�±9ÀV¥�eY@Z³²�´V;Z;��V"]WÁ4[ì�Õ]W[ìX¶µcV;�½XsZ·´Õ2Z\[^]��W[9��ÁW��[9� Y�Z;X
�=h Ñ�Ò@ÒhÙ 1 Ù 5 ê giz�p p@g�_ Û Þ d�{*f ` ã h�ë ë�_ Ü _�gíë�` ét² g�`Op�_kzO_�gihÍl ã f n d wm�d _kh�ç�_kzRë f _�góÞ d p ã z�Þ d ë�_�ì|wã d zr` ê _kz|p�_kh°e{ h9h Ù æ g�_ n _ Û Þ d�{*f ` ã h�ë ê ã z|p�_ { ã ì�ë�_ Ò { ã ` ã h�p/g�h±_�g�h9_kz 32_ n ` n `rz {ed�f Ü _�g�` {e² � ·¸��� Ü�ã�n {e² ² _kh ² g�`p�_kh æ ã z�Þ d ë { h�ë n�Ü w{*d�f _kzrh Ò _k`rz�g�_ Ò _kh�ÿ n g�_ d _ Ñ�Ò n Þ d h�g�`r`
5�� Ù
¹�[ì�*�k[9�½��[9�ùæ { n Ñ ã�n ë { h�ë nrn g�ë@h {*f p�_kz»l d9m ` m�² ã f `�g�� f gi_kzmº�»¼º&½ ã h�pzº�»¼º�¾À¿^_�g�p�_kz æ ã z�Þ d ë { h�ë n�Ü w{ed�f _kz
½ é ¾ ² ã µ-{ ã ì;ðñ_ { Þ d ` æ g n ° zIg ² gih { ` m z °e{ h;w{ef _@ë�_�ì|wã d zr` ê _kz|p�_kh Ù æ { _ n�ã h ² wm ë f g]Þ d g n ` é _�g�h9_kh/_�gih Ü _ f h9_khl d9m ` m�² ã f `�gIÁ f g�_kz ² g�` { Þ d `
ô { h w{*f _khÃÂ{<Ä,Å È î g�h�ë { h�ë n g ² Á�Æ�p { h Ü Á9z m ô { h {*f Ü�ã ¿�Æ f½{ n `�Ækh éMê Ækz|p�Ækh
Á { nrn gíç,Æ
xZÆkzr`�Æ�g f Ækz ã h�p n Þ d hgÆ fjf ÆcxZÆkz n `�w{ z ° Ækz Ü�ã z Û gíë�h {*f½{ ã ì­`�Æ�g f ã h�ë±Æ�g�h�ë,Æ n Æk` Ü ` Ù
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æ ìX¿�Æ é ê é î
ò ò é Æ Ç ã íðë.ì ë ë.í ñ Æ é í�ð ã ë ë � ��� � ì ë Æ éIë Æ ë ïZÆ�î�¿gî
ì ã Þ�øgÆ�î ù�é ð Ä,Å,ó�� ëgë Æ ë ê é ò�Æ�î
í�ð�ì ë ò ôã ¿�Æ�î�ð ï
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ò�Æ ë¼éIë ò é Æ�í0Æ�î Û Þ�ø�ì ñ ð ã ë ë¼¿�Æ�î�Æ é ð�í�ç ÿ î)ò�Æ�î
ïZÆ�î�í�ð�ôì î�� ã ë ëcÆ éIë Æ�î
í�ð�Æ�í��¼ì ñ ì ã ì�ë,Æ�ð�Æ é_ñ ð Ù æ Æ�î�Æ éIë Æ�� ê Æ é ë@ì
ôã øgî�ð?ò é î�Æ���ðûì ë Æ éIë Æ ë¼ñ ì,ò ã ë ë.í é�ë ð�Æ�ë,î é Æ�î�Æ ë ï
ò�Æ ë Ç æ�� ú �����! #" Ç é ò�Æ�îûì ë ò�Æ�î�Æcì ë ò�Æ ë ïZÆ�î
í�ð�ôì î$�,Æ�î Ù æ Æ�î�%�î ã ë ò ì
ôã î?ò é Æ�í�Æ�ímï ÿ î�ë,Æ�øgÆ ë ñ_é Æ�ë�ð)ògì î éIë é
ògì'&¢í ÿ ê ÿ ø ñ ç,Æ�î
í0ð�ôì�î��.ð�Æ�ì ñ íYì ã Þ�ø ã ë ç,Æ�î
í�ð�ôì�î���ð�Æ Û é ë ë ì ñ Æ)ì ã ì ë,Æ Ü Æ é Þ�ø ë Æ�ð ê Æ�î�ò�Æ ë í ÿXñ�ñ ð�Æ ë é ã ù Æ�ç,Æ ë ð ã Æ ñ_ñ Æ
ë Æ�ë�ì ð é ç,Æ î7éIë)( ôã í�í�Æ¢ò ã î�Þ�ø ò�Æ ë ïZÆ�î
í�ð�ôì î$�,Æ�î�ì ã ì Ü�ã�Ü Æ é ë,Æ ë Ù
*±9,+.- ì�/�ø÷ò�Æ�î0�¸Æ�í�/�øgî�Æ é ¿�1 ë�2õé�ë Ç ¿�í$/�ø ë�é ð�ð  43 �,�³ôÿ ëgë Æ ë65·ë Æ�î 2 é Æ�í�Á�Æ��.ð�î�Æ ë:ë 1gî ù é ð ñ ì�ò)1 ë�2 í éIë ð�Æ�7
2 î é Æ�î�Æ ë ò�Æ ë Ç98 � í�ì!1): 2 Æ ëgÿ,ùcù Æ ë<; Æ�î
ò�Æ ë�3 �=1 ò é Æ�í�Æ ù � ; Æ>/��<¿�Æ@? ë ò�Æ�ð í é /�ø éIë ò�Æ�î 5êéIë�2 ì ë�2 í�í0ð�1): Æ
ò�Æ�í ÇA8 � Æ éIë úSì,ò�Æ�� ÿ,ë ò�Æ ë í�ìXð ÿ î 3 8 é Æ�í�Æ�îCB ÿ,ë ò�Æ ë í�ì ð ÿ î ;Yé î
ò éIùED ì ø ù Æ ë í0Æ é�ë Æ�î Ç 1�í�í�ð�Æ�1gÆ�î 2 î�Æ ë�F Æ ë
í ÿ�ñ ì ë�2 Æ 2 Æ ñ ì�ò�Æ ë�GH;Yé Æ¢ì ùJI ½�KML 57éIë�2 ì ë�2 Æ éIë ì!�.ð éON Æ�î9P éQ2,ë ì ñ Á�Æ 2 Æ ñ ì ë�ñ�é Æ 2 ð 3 �¸Æ é P éO2�ë ì ñ ¿gî�Æ é ð�Æ ëRN,ÿ,ë
ý Å ë í�¿ é í � Å ë í ; é î�òÀÆ é�ë ÆS/�ø�ì î
ì'�.ð�Æ�î é í0ð é í�/�øgÆST ÿ î F Æ é ðqì ùUI ½�KML N,ÿ,ë ý Å,Å ë í 2 Æ ; ôìXø ñ ð 3 8 ì�í��,1 ñ 7
ð é Á ñ_é Æ�î
í éQ2,ë ì ñ�ù 1�& éIëgë Æ�î�ø�ì ñ ¿ ò é Æ�í�Æ�îVT ÿ î F Æ é ð�Æ�î
í�/�øgÆ éIë Æ ë�3 8 ì F 1 ; Æ�î
ò�Æ ë ò é ÆSWZø ÿ ð ÿ�ù 1 ñ ð é Á ñ_é Æ�î
í éQ2,ë ì ñ Æ
N Æ�î F ôÿ�2 Æ�î�ð 3 8 Æ�î ÇA8 � ¿�Æ ë ôÿ ð éQ2 ðX:
ô1gî�ò é Æ 8 éQ2 é ð
ì ñ_é í é Æ�î�1 ë�2¶éIë ý Å � é ð�Y ÿ î�ð�Æ�Æ éIë ÆZ��Æ é ð N,ÿ,ë � Å�[ í 3 � ë ð�Æ�î ë; é î�òcò�Æ�î\B ÿ,ë ò�Æ ë í�ì ð ÿ î ; ôì øgî�Æ ë òzò é Æ�í0Æ�î���Æ é ð ñ ì ë�2 í�ì ù ¿ é í¸ì!1): ë 1 ñ_ñ Æ ë ð ñ ì,ò�Æ ë 1 ë ò�Æ éIë �7ôì ø ñ Æ�îQì!1): ; ôì�î�ð
í
2 Æ F,ôì ø ñ ð 3 8 Æ�î9� ôì�ø ñ Æ�î
í�ð�ì ë ò±¿�Æ é Æ ë ð ñ ì,ò�Æ ë Æ ù B ÿ ò�Æ ë í�ìXð ÿ î é í�ð�ògì ëgë ò�Æ�î�ò éQ2 é ð
ì ñ ÆCY<Æ�î�ð 3
¹�]_^a`�]�bdce]�^ �=1gîZïZÆ�î�í�ð�ôì î��)1 ë�2f; 1gî
ò�Æ ë WZø ÿ ð ÿ,ù 1 ñ ð é Á ñ�é Æ�î N Æ�î
í�ð�ôì�î��,Æ�î�ú � �gý � Ç � ò�Æ�îhg é î ù ìûú&Æ � î ÿji Æ éIë 7
2 Æ�í�Æ�ð F ð 395 í¼í éIë òkP,Á�ì ëgë 1 ë�2 í N Æ�î
í�ð�ôì�î$�,Æ�î ù�é ð N ì î é ìX¿ ñ Æ�îÀïZÆ�î
í�ð�ôì î��)1 ë�2 ¿ é í F 1gî  Å :�ì�/�øgÆ ë Wl1 ñ í�ø(ôÿ øgÆ
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éIëgë Æ�î�ø�ì ñ ¿uò�Æ�î Ç 1�í�í�ð�Æ�1gÆ�î 2 î�Æ ë�F Æ ëtN,ÿ,ë 
 �vu Å ï ¿ é í,w � Å�Å ù ï Ç 1�í 2 ì ë�2 í�í�Á�ì ëgë 1 ë�2 ì ë Æ é�ë Æ�î úSì,í�ð
N,ÿ�ë Ä,Å¼ó 3 P é Æ ø�ìX¿�Æ ë Æ éIë Æx�Yì ë ò�¿gî�Æ é ð�Æ N,ÿ,ë ý  Å �zy F�3 8 é Æ±ïZÆ�î
í�ð�ôì î��,Æ�î F Æ éQ2 ð�Æ ë Æ éIë Æ ë � ÿ,ë í�ð
ì ë ð�Æ ë
% ñ Æ é /�ø�í�ð�î ÿ�ùcÿ!{ í�Æ�ð�|�} N,ÿ,ë 1 ë�2 Æ@:�ôì øgî<ý Å ù ï 3 8 ìXøgÆ�î ; 1gî�ò�Æ ì ù Ç 1�í 2 ì ë�2 Æ éIë Æ ½f~�7�B ÿ ÁgÁ ñ 1 ë�2 ù�é ð
B ÿ,ë ò�Æ ë í�ì ð ÿ î�Æ ë�N,ÿ î 2 Æ ëgÿ,ùcù Æ ë 1 ë ò±ò�Æ�î�� { í0Æ�ð�Æ ë ð�� ÿ ÁgÁ�Æ ñ ð 3 8 é Æ9B ÿ,ë ò�Æ ë í�ì ð ÿ î�Æ ë�; 1gî
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ò�Æ ë ì!1):�ò é Æ 57éIë�2 ôì ë�2 Æ¶ò�Æ�í 8 é í��.î éIù�éIë ì ð ÿ î
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ò�Æ ë ì ë ògì,í�T(î éQ2�2 Æ�î�7�� ÿ ò)1 ñlµ Ç ¿�7
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; Æ�í�Æ ë ð ñ_é /�øgÆ ë ò é Æ�P éQ2,ë ì ñ Æ0¸m½��¹±Q±�¸m½ |@º ¸û¾��a±Q±�¸û¾ | 1 ë ò¼ò�Æ�î9� ñ Æ éIë Æ�î�ÆVY<Æ�î�ðA¸9L�~l��±Q±�¸9L�~l»mì ë�3 �41�í�ôì�ð F 7
ñ_é /�ø ; Æ�î
ò�Æ ë,N,ÿ,ù � ñ Æ é�ë Æ�î�Æ ë Y<Æ�î�ð�ò�Æ�� ÿ ò é Æ�î�ð�Æ�P éQ2,ë ì ñ ÆzKM¼ I �¹±Q±	KM¼ I · øgÆ�î
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L�~l�H7 8 ì ð�Æ ë Æ éIë�2 ì ë�2 1 ë ò �¶ù ì ñ ý>�¶¿ é ð�¿gî�Æ é ð�Æ ë L�~l�H7 Ç 1�í 2 ì ë�2=3 8 é Æ 5êé�ë�2 ì ë�2 í�í éQ2,ë ì ñ Æ ; Æ�î
ò�Æ ë ô1g¿�Æ�î
~Z½m»¼½f~ N,ÿ,ë ò�Æ�î�¸m½f½X· ³ ì!1�í 2 Æ ñ Æ�í�Æ ë�3 8 é Æ Ç 1�í 2 ôì ë�2 Æ ; 1gî
ò�Æ ë�F 1gî�Bûì ñ_é ¿gî
ì ð éIÿ,ë ò�Æ�î�TSî éQ2�2 Æ�î�í�/�ø ; Æ ñ_ñ Æ ë
; ôì�øgî�Æ ë ò¼ò�Æ�î�P,ð�î
ì ø ñQF Æ é ð N Æ�î ; Æ ë ò�Æ�ð 3 8 é Æ 57éIë�2 ì ë�2 í�í éQ2,ë ì ñ Æ ; Æ�î
ò�Æ ë ògì ëgë±éIë ògì,í D Æ 2Xé í0ð�Æ�îqô1g¿�Æ�î ëgÿ�ù 7
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8 é Æ éIë Ç ¿g¿ 3 Ä 3 � 2 Æ F Æ éQ2 ð�ÆzP#/�ø�ì ñ ð�1 ë�2 ¿�Æ�í é ð F ð éIë í ÿ :�Æ�î ë ì ñ_ñQ2 Æ ù Æ éIë Æz��Æ�ò�Æ�1gð$1 ë�2=G ì ñ ízògì!& ù�é ð é øgî
ë�é /�ø.ð ë 1gî±ògì,í�T(î éO2�2 Æ�î�7�� ÿ ò)1 ñ92 Æ�ð�Æ�í0ð�Æ�ð ; Æ�î
ò�Æ ë � ÿ,ëgë ð�Æ G í ÿ�ë ò�Æ�î ë ògì ù�é ð 2 Æ ë Æ�î�Æ ñ_ñ ò é ÆÀTSî éQ2�2 Æ�î�Æ ë ð�7
í�/�øgÆ é ò)1 ë�2�F 1gîABûì ñ�é ¿gî
ìXð éIÿ,ë ò�Æ�îAW 1 ñ í0ø(ôÿ øgÆ ë Æ ë ð
í�/�øgÆ é ò)1 ë�2±éIù YõÆ>/�ø�í�Æ ñQ;Yé î��)1 ë�2 í F ôì�ø ñ Æ�îûì!1): 2 Æ F Æ é /�ø ë Æ�ð
; Æ�î
ò�Æ ë � ì ëgë�3
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ò�Æ ë¶éIù T(î éQ2�2 Æ�î�7�� ÿ ò)1 ñ�N Æ�î 2Xñ�é /�øgÆ ë�3 8 ì F 1 ; Æ�î
ò�Æ ë

� ë ð�Æ 2 î é Æ�î�ð�ÆVL�~l�®7�P#/�ø�ì ñ ð���î�Æ é í�Æ N Æ�î ; Æ ë ò�Æ�ð 3 � ë í�¿�Æ�í ÿ�ë ò�Æ�î�Æ ; Æ�î
ò�Æ ë ò é Æ�T i Á�Æ ë ò�Æ�î ¿ ý Å B ¿ 7�P,Æ�î é Æ µ ý " � ý ¶1 ë ò ¿ ý Å y ¿ 7�P,Æ�î é Æ µ ý "�¤ ý ¶ ò�Æ�îhg é î ù ìf� ÿ ð ÿ î ÿ ñ ì N Æ�î ; Æ ë ò�Æ�ð � �Ê��T ��3 8 é Æ9P#/�ø�ì ñ ð�1 ë�2 ò�Æ�í\TSî éQ2�2 Æ�î�7�� ÿ ò)1 ñ í
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ð�Æ ë ú ÿ�2 é ��ð
ì�R�Æ ñ_ñ ÆR1 ùV2 Æ�í�Æ�ð F ð 3 � ë Æ éIë Æ�î±ú ÿ�2 é ��ð
ì�R�Æ ñ_ñ Æ ; Æ�î
ò�Æ ë ò é ÆxB ÿ�ù R éIë ì ð é�ÿ�ë Æ ë ì ñ�ñ Æ�î ù ôÿ�2 ñ_é /�øgÆ ë
�41�í�ð�ôì ë ò�ÆûÆ éIë Æ�í�P#/�ø�ì ñ ð$�.î�Æ é í�Æ�íSR�Æ�í�/�øgî é Æ9R�Æ ë�3 8 1gî@/�ø±ò é Æ Ç ë�2 ìHR�Æûò�Æ�î ú ÿ�2 é �.ð�ì�R�Æ ñ_ñ Æ ;Yé î
ò¶ò é Æfg�1 ë ��ð éIÿ,ë
ò�Æ�ílW·î éIÿ î é ð i 7 8 Æ�� ÿ ò�Æ�î
í N,ÿ ñ_ñ í�ð�ôì ë ò éO2 ò�Æ@? ë�é Æ�î�ð 3 8 é Æ 57éIë�2 ì ë�2 í F 1�í�ð�ôì ë ò�ÆUTV� uQu T } F Æ éQ2 Æ ë ògì,í��,1�í�ð�Æ�î G ògì,í
Æ ë ð
í�ð�Æ�ø.ð G@; Æ ëgë)ù Æ�øgî�Æ�î�Æ 8 é í���î éIù�éIë ì ð ÿ î��pì ë ôì ñ ÆQì ë í�Vgî�Æ>/�øgÆ ë�3 8 é Æ Ç 1�í 2 ì ë�2 í F 1�í�ð�ôì ë ò�Æ 2 Æ9R�Æ ë ò é Æ(R éIë ôì,î�Æ
B ÿ ò é Æ�î�1 ë�2 ò�Æ�îhY<Æ�î�ð�Æ Å R é í ¤ ì ë�3 8 é Æ�í0Æ9Y<Æ�î�ð�ÆUR é_ñ ò�Æ ë ô1 R�Æ�î Ç 1�í 2 ì ë�2 í0ð�î�Æ é R�Æ�îûý Å y�ý Å ýYÆ éIë Æ�î
í0Æ é ð�í�ò é Æ
P éQ2,ë ì ñ ÆC¸XW��a±Q±�¸XW | 1 ë ò ì ë ò�Æ�î�Æ�î
í�Æ é ð
ímò é Æ 57éIë�2 ì ë�2 í�í éQ2,ë ì ñ Æ�:
ô1gî�ò�Æ ë : ÿ ñQ2 Æ ë ò�Æ ë %mî�ôÿ &,Æ ë)N Æ�î 2 ñ Æ é /�ø 3
Y ���[Z��=^a��`��H^ 8 é3\ R éIë ôì�î \�ë Y \ î�ð \ R \�é ò \ î ;(\ î
ò \�ë 8 1gî�/�ø 2 ì ë�2 í F ôì�ø ñ3\ î éIë]\�éIë \�ù_^ R é ð�7�B ÿ,ù V�ì î�ì ð ÿ î�· »
ýa`gý>��� N�\ î 2 ñ_é /�ø \�ë�3 P \�éIë \ gv1 ë �.ð éIÿ,ëZ;Yé î
òqò)1gî@/�øqò é3\ ú ÿ�2 é ��ð
ì�R \�ñ�ñ3\ ò \ ? ë�é3\ î�ð µ Ç R R 3#^�3�¤_¶�3 8 é3\ Ç 1�í 2 ì ë�2 í�7
ñ3\�é ð�1 ë�2 í0ð \ 1 \ î�ðQò \�ë�57éIë�2 ì ë�20¾ LX�¼ò \ í��,1 ñ ð é V ñ3\ ¥ \ î�íûýQ`gý ^�¤�3 8 \ î��,1 ñ ð é V ñ3\ ¥ \ îûí�/�ø�ì ñ ð \ ð éIë Ç Rgø ôì ë�2 éQ2 7
� \�é ð N�ÿ,ù P,ð \ 1 \ î
í éQ2,ë ì ñb\�ë ð ;c\ ò \ îûò é3\057éIë�2 ì ë�2 í�í éQ2,ë ì ñ3\ � ÿ ò \ î �kF 1 ù Ç 1�í 2 ì ë�2edV3 8 é3\ P,ð \ 1 \ î�1 ë�2
é í�ðmí ÿ R \ í�ð éIùcù ð G ògì!&cò \ î�Y \ î�ð�ò \ î�� ñ3\�é�ë \ î \�ë W 1 ñ í�ø(ôÿ ø \ ò)1gî@/�ø 2�\ í$/�ø�ì ñ ð \ ð ;Yé î
ò 3 ôf R \ î \�éIë \�ë TSî \�é R \ î
ýa`�y)ýa`gý ñ_éO\�2 ð�ò \ îh� ñ3\�éIë \ î \ Y \ î�ðQì ë ò \�ë P éQ2,ë ì ñ_ñ3\�é ð�1 ë�2�\�ë ¸9L�~ � ±Q±�¸9L�~ »�3 % ñ3\�é /�ø F9\�é ð éQ2�;Yé î
ò¶ò \ îhY \ î�ð
\�éIë \�ù 8 \ � ÿ ò \ î ýQ`gý>� ý F 1 2�\ :
ô1gøgî�ð G ò \ í�í \�ë Ç 1�í 2 ôì ë�2�\ ì!1): \�éIëhg 1 ù V \ î�7�g \�ñ ò :
ô1gøgî \�ë�3 � é ð�y é_ñ : \ ò \ î
��ò \ î$7�ï \ î�� ë ô1LV): 1 ë�2 ýQ`gýa` " �&ôÿpëgë \�ë ì!1):¢ò é3\ í \ Ç î�ð 8 é í���î éIù�éIë ì ð ÿ î�: \�ë í�ð \ î0� ÿ�ù R éIë�é3\ î�ð ;(\ î
ò \�ë�3 8 ì,í
P éQ2,ë ì ñ KM¼ I � ;Yé î
ò éIë¼éIë#NN\ î
í \ î)ú ÿ�2Xé � ô1iR \ î \�é�ë \ ��ò \ î�7�ï \ î�� ë ô1jV):	1 ë�2 ýQ`�y�ýQ` ^k\ î F9\ 1 2 ð 3�5 í ;Yé î
òõì!�#7
ð éONHG�;(\�ëgë¶éIë B ÿ éIë�F�é ò \�ë�F R \�é ò \ 8 1gî@/�ø 2 ì ë�2 í F ôì�ø ñ3\ î ù�é ð é øgî \ î ë�éO\ ò�î éO2 í�ð \�ë P#/�ø ;(\�ñ_ñO\ ì ë í+Vgî \ /�ø \�ë�3 8 é3\
P#/�ø�ì ñ ð�1 ë�2 ì îlR \�é ð \ ðYð�î
ì ë í+V�ìXî \�ë ð G ògì,í¸ø \�é &�ð ò é3\ Ç 1�í 2 ì ë�2 í�í éO2�ë ì ñ3\ : ÿ ñQ2�\�ë¶ù�é ð�P#/�ø�ì ñ ð N�\ î F ôÿ�2�\ î�1 ë�2 ò \�ë
5êéIë�2 ì ë�2 í�í éO2�ë ì ñ3\�ë�3 P ÿ � ÿ,ùcù ð \ í G ògì!& ë 1gî�:
ô1gî9�)1gî F9\ � \�é ð ë ì�/�ø \�éIë \�ùJ5 î \�éO2�ë�é í 2 ô1 ñ ð éO2N\ Ç 1�í 2 ì ë�2 í�7
ògìXð \�ë ì ë í�ð \ ø \�ë�3
*,�1m�]�bQ¨4] �41ST \ í�ð F�;c\ /$� \�ë ò é3\�ë ð \�éIë \ ú \ 1=/�ø�ð
ò éIÿ ò \�ë ì ë�F9\�éO2N\�3 ôf R \ î \�éIë K�KM�®7 D(\�2 é í�ð \ î · | �  y � T ^ �  ;(\ î
ò \�ë ò é3\VN,ÿ,ëS5ó� ú éIù ýQ`�y)ý �N^C2�\�; ì ë ò \�ñ ð \�ë R éIë ôì,î \�ë Y \ î�ð \ ¸XW��a±Q±=¸nW�»�1 ë òz¸po��a±Q±=¸poh»nR \�é ò \ î
8 1gî@/�ø 2 ì ë�2 í F ôì�ø ñ3\ î)ì ë�2�\�F9\�éQ2 ð 3 8 é3\ Y ì ë ò ñ 1 ë�2¶é í�ð ëgÿ ð ;(\�ë ò éQ2=G ògì�L�~l�Ê� \�éIë \ ú \ 1=/�ø.ð
ò éIÿ ò \�ë ð�î \�é R \�ë
� ì ëgë�3
*,­HÍ²ÇÉ�H­ 8 ì�í�T(î éQ2�2N\ î�7�� ÿ ò)1 ñf; 1gî�ò \ ì ñ í,WZî ÿ ð ÿ ð i V éIë gYôì�ò \�ñ ð \ /�ø ë�é � � � ôf�Dh� ì!1): \�é�ë \ îqR \�é ògí \�é ð éQ2
�)1 V): \ î��pì,í$/�ø é3\ î�ð \�ë ú ÿ /�øgî
ì,í�ð \ îlV ñ ì ð éIë \92�\ : \ î�ð éQ2 ð 3 8 é3\n\�ñO\ ��ð�î é í�/�ø \�ë ï \ î�R é�ë ò)1 ë�2N\�ëS;(\ î
ò \�ë R \�é ò é3\ í \�ù
ï \ î�:©ì øgî \�ë:ù�é ð é í ÿ ñ_éO\ î�ð \�ù B�1 V): \ î�ò�î
ì ø�ðqø \ î 2N\ í�ð \�ñ_ñ ð 3 8 \ î 8 î
ì ø�ðcø�ì ð \�éIë \ P,ð�ôì î�� \�N,ÿ,ë ` 3��XùcùSGSé í�ð
ù é ð<R é íf� ^ `Xï 2 ñ3\�é /�ø�í�V�ì ëgë 1 ë�2 í é í ÿ ñ_é3\ î�ð \�ù ú(ì�/$� N�\ î
í \ ø \�ë�G ò \ îrR \�é / é î�/�ì ��^ `�s � R \�éIù � éIëgë#NN\ î ñ ôÿ ð \�ë
NN\ î
ògì ù V):�ð 3 8 é3\ ú \�é ð�1 ë�2�\�ë�;(\ î
ò \�ë ô1 R \ î�gYôì�ò \�ñ �&ôì ùcù�\ ì!1�ílB�1 ë í0ð
í�ð ÿ!{SN�ÿ,ù P,ð
ì î�ð ñ ôÿ ðlV�1 ë ��ð F 1 ù � é3\�ñ
2N\ :
ô1gøgî�ð G ò ÿ î�ð \�éIëgù ì ñ í�ð�î
ì { 1 ù ò \�ë Ç ë í�/�ø ñ 1�&�í�ð é : ð 2�\�;Yé /$� \�ñ ð�1 ë ò N�\ î ñ ôÿ ð \ ð 3
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ÁHÂ�Ã�Â3� � ]_be`9�H]_^�ÆH�=cQ`�]4�6¬É]_� § ^!be¨=¨=]�^a©�ª«�®¬ ­�cd�

DEC0..DEC2

TRG0

40ns

40ns

20ns 30ns

75ns

45ns

Photomultiplier

Signal

105ns

TRG1..TRG4

8 ns (+1)

Zustand

’Spannung’

inaktiv

aktiv

inaktiv

aktiv

inaktiv

aktiv

inaktiv

aktiv

Signal 
Diskriminator
C207

Zeit

gultig

gultig

Diskriminatorschwelle

Zeitverhalten des Trigger Moduls

Ç R R 3b^v3�" Èv��Î�Ì_Ð\Õ ÌIÊVÜ�Ï\Ê ä)ä Õ Î�Ëp�³Ï[Ì_Ü�Ü�Î�Ï�ã%���,Õ Ô Ñ_Ë��1�YÊ�ËûÉ&Ù���Ð	� äûÔ Ñ_Ð[Ì ç Ñ�Ì_Î�Ï[Ë�Ì_Ü�Ö�Ê�Ñ Ô ÖpÐ[Î�Ï�Ë�Ø[Ù,Ï�Î�Ì_Ð[Î�Ð
Õ Ì_ÎS��Ø�Ù Ú7Î�Ñ_Ñ_Î Ô Ö.Õ<�.Î�ÚZÌ_Ï[ÛpÐ��,Õ,Ê9�)ÕXÎ�Ïb�¸Ì�Ë[Û Ï�Ì ä Ì_Ö.ÊVÐ%��Ï{�lm�áQ� ç,Ô Ñ_Ë�Ð�Þ��¸Î�Ïb�¸Ì_Ë�Û Ï�Ì ä Ì_Ö.ÊVÐ%��Ï³Ù�Ê�Ð7Î�Ì_Ö,Î
� Î�Ï\ÊVÏ%��Î�Ì_Ð Ô Ö�Ü�Ë�Ý�Î�Ì_Ð�ÍQ��Ör��Ö,Ë�� �7ß(�L��ÞI�YÊVË�� Ì_Ü�Ö.ÊVÑi�{�(� � Î�Ï[Ë\Ø[Ù,Î�Ì_Ö ÐZÖ.Ê�Ø�Ù<~pàYÖ�Ë
Þ���Ì_Î(�YÏ Ó�9��Î�Ö,Î�Ö Ð�ã
Ë\Ø[Ù,Î�ÌIÕ Ô Ö�Ü��(.v�¶Ì_Ë�Ð(Ö�Ê�Ø[Ùr�QPYÖ�Ë(Ü ÓÔ Ñ_Ð[Ì�Ü�ÞQ�¸Ì_Î�Ì_Ö Ð�Î�Ï[Ö,Î�ß¸Ö Ð�Ú���Ï�Ð�Ý�Î�Ì_ÐêÕ Î�Ë��&Ï�Ì_Ü�Ü�Î�Ï©ã����,Õ Ô Ñ�Ë1��Î�Ð�Ï ÓÊ�Ü�Ð
��à�Ö�Ë
Þ��¸Ì_Îc��Î�Ì�Ð[Î�ÖcÚ Ô Ï�Õ Î�ÖqÊ Ô Ò��hmVÖ,Ë�Ü�Î�Ö.Ê Ô Ü�Î ä Î�Ë�Ë[Î�Ö�Þ

8 ì,í F9\�é ð ñ_é /�ø \ P#/�ø�ì ñ ð N�\ î�ø�ì ñ ð \�ëÀ; 1gî
ò \qù é ðCT \ í0ð
í éQ2,ë ì ñ3\�ë 2�\�ù�\ í�í \�ë�3 Ç 1):�ò éO\S5êéIë�2 ôì ë�2�\ ¯²° � ±Q±Q¯�° }:
ô1gî 8 1gî@/�ø 2 ì ë�2 í F ôì�ø ñ3\ î Ç 1 ë ò \ R \�ë :©ì ñ�ñ í¼ì!1):0¯�°���±Q±Q¯�° } :
ô1gî£� ; 1gî
ò \�ë ñ�ÿ�2 é í�/�ø \ P éQ2,ë ì ñ3\RN�ÿ,ë  ` ë í
W 1 ñ í�Rgî \�é ð \V2�\�2�\ R \�ë�3 Ç 1):�ò é3\ í \ Y \�é í \V; 1gî
ò \�ë 8 é í���î éIù�éIë ì ð ÿ î
í éO2�ë ì ñ3\ í éIù 1 ñ�é3\ î�ð 3 8 ì ù�é ð�� ÿ,ëgë ð \ ògì,í
� \�é ð
ò é ì 2 î
ì ùcù Ç R R 3 ^�3�"h2�\�ù¡\ í�í \�ëC;(\ î
ò \�ë È % \�F9\�éQ2 ð é í�ð�ò é3\ /�ø�ì î
ì!��ð \ î é í�ð é í�/�ø \ P�V�ì ëgë 1 ë�2 í�V�1 ñ í²: ÿ î ù¢\�é 7
ë \ íhWZø ÿ ð ÿ,ù 1 ñ ð é V ñ�é3\ î
ì'1�í 2 ì ë�2 í�í éQ2,ë ì ñ í 3=5 í\1 ë ð \ î
í$/�øgî \�é ð \ ð�ò é3\p\�éIë�2�\�F9\�é /�ø ë \ ð \ 8 é í���î éIù�éIë ì ð ÿ î
í$/�ø ;(\�ñ�ñ3\�3
8 \ î 8 é í��.î éIù�éIë ì ð ÿ î¢ì ë ð ;Yÿ î�ð \ ð ë ì�/�ø µ²¤<£ ý ¶�ë í ù�é ð \�éIë \�ù ñIÿ�2 é í�/�ø \�ë P éQ2,ë ì ñóN�ÿ,ëz ` ë í�Wl1 ñ í+Rgî \�é ð \�3
Y \�ëgëZF�;c\�é í ÿ ñ /�ø \ î�P éQ2,ë ì ñ3\ ì ë ¯�°�� N�ÿ,ë 8 1gî�/�ø 2 ì ë�2 í F ôì�ø ñ3\ î Ç 1 ë ò�� ì ë�ñ_é3\�2�\�ë�G�\ î
í�/�ø \�éIë ð \�éIë02 ô1 ñ ð éO2N\ í
ì!��ð éQN�\ í�P éQ2,ë ì ñ ì ë KM¼ I��Yë ì�/�ø  �^�ë í 3 ú é3\�2�\�ëzF 1�í ôì ð F�ñ�é /�øeR \�ñ�é3\ R éQ2�\ P éQ2,ë ì ñIù 1�í�ð \ îûì ë ò \�ëx57éIë�2�ôì ë�2�\�ë
¯�°4³ ±e±Q¯²° } ò \ î 5êé�ë�2 ì ë�2 í�í�ð$1): \�ë N,ÿ,ë Ç 1 ë ò � G í ÿ[\ î
í�/�ø \�éIë ð ë ì�/�ø � ^¼ë í \�é�ë 2 ô1 ñ ð éQ2�\ î�Y \ î�ðqì ë ò \�ë
ú \�é ð�1 ë�2N\�ë ¸9L�~l��±Q±�¸9L�~l» 3 8 é3\ ògì N,ÿ,ë ì�R 2�\�ñ3\�é ð \ ð \�ë P éQ2,ë ì ñ3\ KM¼ I ³�±Q±	K�¼ I · ;(\ î
ò \�ë é�ùED ì ø ù�\�ë ò \ î
� \ & 2�\�ë ì'1 éO2 � \�é ð N�ÿ,ë¤£��±ë í F 1gî 2 ñ3\�é /�ø \�ë � \�é ð 2 ô1 ñ ð éQ2=3 8 ì,íC� \�é ð N�\ î�ø�ì ñ ð \�ë<F9\�éQ2 ð G ògì!&wò é3\ WZî éIÿ î é ð i 7
ú ÿ�2 é �01 ë ò ò \ îf%mî ôÿ & \�ë#NN\ î 2 ñ3\�é /�ø¼ò \�ë±ñ ôì ë�2 í�ð \�ë � \�é ð�î�ì 20F 1gî P#/�ø�ì ñ ð F9\�é ð NN\ î F ôÿ#2N\ î�1 ë�2�ñ_é3\ : \ î ë�3

8 é3\ Ç ë#;Yÿ î�ð F9\�é ð)ò \ í9� ÿ ò)1 ñ í é í�ð<R \�é ï \ î ;(\�ë ò)1 ë�2±éIù ¾ L\��L¦¥ 5 ¥§V \ î éIù�\�ë ð N,ÿ,ëz2 î ÿ & \ î9� \ ò \ 1�7
ð�1 ë�243 P é3\ í ÿ ñ_ñ í ÿ �#1gî Fl;Yé3\�ù ôÿ�2Xñ�é /�ø¢í \�éIë�3 Ç ë ò é3\ í \ î\P,ð \�ñ�ñ3\ í \�é ò é3\ Ç ë ð ;Qÿ î�ð F9\�é ð(ò \ íM� ÿ ò)1 ñ í7ò \ ? ë�é3\ î�ðZì ñ í
ò é3\ � \�é ð F�; é í$/�ø \�ë ò \ îÉ:©ì ñ_ñ3\�ë ò \�ë g ñ ì ë � \ ò \ í 8 é í��.î é�ù é�ë ìXð ÿ î
í éQ2,ë ì ñ íZì ù�57éIë�2 ì ë�2 ò \ í�� ÿ ò)1 ñ í�1 ë ò�ò \�ù
5 î
í�/�ø \�é�ë \�ë ò \ í 2 ô1 ñ ð éQ2�\�ë Y ÿ î�ð \ íûì ù Ç 1�í 2 ì ë�2 ¸9L�~l�¹±Q±�¸9L�~ » 3 � é ð¢ò \�ë N�\ î ;c\�ë ò \ ð \�ë L�~l�H7�T i V \�ë
; 1gî�ò \p\�é�ë \ Ç ë ð ;Yÿ î�ð F9\�é ð N,ÿ�ëzµ � ^¨£À�)¶�ë í 2N\�ù�\ í�í \�ë�3
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ÁHÂ�Ã�Â;© ª �=^�­�� L�~l�¬«
8 é3\�2N\�ë ì ëgë ð \�ë L�~l�®7�P#/�ø�ì ñ ð���î \�é í \9; 1gî�ò \�ëV2�\�;)ôì ø ñ ð G ògì9L�~l� ò é3\�F 1gî�� \�é ðQí�/�ø ë \�ñ_ñ í0ð \ í�ð
ì ë ògìXî
ò é í é3\ î�ð \
ò éQ2 é ð
ì ñO\ ú ÿ�2 é �:ì!1):¢ò \�ù �¼ì î���ð é í�ð 3 � \�é /�ø�ì î
ì'�.ð \ î é í0ð é í�/�ø \�ë P#/�ø�ì ñ ð F9\�é ð \�ë N,ÿ�ë®­ ý ë í¼ô1 R \ î�ð�î \@{{\�ë
í éO\ T�T�ú G ò é3\ R \�ép\�é�ë :�ì�/�ø \�ë¯ñIÿ�2 é í�/�ø \�ë ï \ î�� ë ô1LV): 1 ë�2N\�ë P#/�ø�ì ñ ð F9\�é ð \�ë N,ÿ,ë¯­X^<ë í F9\�éQ2�\�ë�3�5 ¥gð \ î ë \
P éQ2,ë ì ñ ô1LR \ î�ð�î
ì 2 1 ë�2 ;Yé î
ò éIë ò \ î DS\�2�\�ñ ò)1gî�/�ø \�éIë 8 é {{\ î \�ë�F9\�ë í éO2�ë ì ñ R \�;c\ î$� í�ð \�ñ�ñ_éQ2 ð 3 8 ì�R \�éf;Yé î
ò
ë \ R \�ë ò \�ù P éO2�ë ì ñ ì!1=/�ø í \�é�ë ñIÿ�2 é í�/�ø éIë#N�\ î�ð é3\ î�ð \ ícô1 R \ î�ð�î
ì 2�\�ë�3 Ç ù.5Zù V):�ôì ë�2�\ î ;(\ î
ò \�ë R \�é ò \VN,ÿ,ë 7
\�éIë ì ë ò \ î±í�1 Rgð�î�ì ø é3\ î�ð G í ÿ ògì!&<P,ð�ôÿ î�1 ë�2�\�ë F 1 ë 1 ñ_ñ�;(\ î
ò \�ë�3 8 éO\ P éQ2,ë ì ñ ô1iR \ î�ð�î
ì 2 1 ë�2R;Yé î
ò ògì,ò)1gî�/�ø
R \ ð�î é3\ R�í�í é /�ø \ î 3 � ëgë \ î�ø�ì ñ R¼ò \ î9P#/�ø�ì ñ ð$1 ë�2V;(\ î
ò \�ë � \�éIë \ 8 é�{{\ î \�ë�F9\�ë í éQ2,ë ì ñ3\CN�\ î ;(\�ë ò \ ð 3 � \�é ò \�ë ø ÿ 7
ø \�ë P#/�ø�ì ñ ð 2N\ í�/�ø ;YéIë ò éQ2 � \�é ð \�ë�;(\ î
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Energieverteilungen

kosmischer

Höhenstrahlung

in Plastik Szintillator

Dicken und Mittelwerte:

a. 1.3mm 224.6

b. 2.0mm 345.7

c. 3.3mm 571.5

d. 1.3+2.0 559.2

e. 3.3+1.3 745.3

f. 3.3+2.0 810.3
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relative Energie der Mittelwerte und Maxima
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ò�ð ¯�b¤ì ì*b�ø-ø ì*b�ù�¬ ì*bð¬ ê ì*b ê ø ì*b ê ùò�� ¯�b¤ì ì*b ¬-ù ì*b¤ù-ì ì*b�,-ì ì*b vúì
ïMð ¯�b�ì ì*bð¬ ê ì*b {-ø ì*b ê vï�� ¯�b�ì ì*b�,-ì ì*b�,M¬
ï�ôMõ ¯�b�ì ì*b�ùúì

= K r&b ê b ¬*�!û�äVÝ�Ý�Ü�ÚYÙ�×�Ö_äVÕ�Û�âVä4Ü	ü(õ�Ö_Ü�Õ4×�Ü�Õ�ý�õ�ç�Ö_ÛPå�æ�Ü�Õþ Ü�ç`Ü�Ö_Ú_Û�õ6çèÜ�Ö[ìýÜpÿVß�Ý ëägÿ�Ü�Õ����������
	���ÚgÙ�à4Þ�Õ�ß�Û�Ö_Õ4ï
×�Ü6ßVÝ�Ö_Ü�Ý�×�Ü�Û
��ÕdÙ�Ú_äVßVÛ�Ö_ßVÕdÙ�Úèà4Ü�Û(á�Þ�Ý
å�æMß-Ù!ÕMßVÛ�õ ëÙ!æ�Ú_Ü�Ý�Û����õ�ç+í���í���������	�����Ö_Õ ëÙBÝ�Ü�Û��\äVÝ�×nà4Ü6Û���Ý�Ö_ß!ï
ßVÜ6Ý�ï�ì�ä�à4Þ�Ú_ÛIöVä�ã á�Þ�ÝPå�æ�ß4Ù!Õ�ß�Û�õ ëÙ�æ�Ú_Ü�Ý�����õ6ç+í���í���
�
��â4Ú_Ü�Ö_Õ�Ü�Ý�Ü�Û �\äVÝ�×*ÕdÙVå�æ�à4Ü6Ý"!�Õ4×�Û
å�æ�Ü�ÖYà4Þ�Õ�ß+à4Ü6Û��Ý�Ö_ßVß�Ü�Ý�ï�ì�ä�à4Þ�Ú_ÛBí#�%$�&'�4â4Ú_Ü�Ö_Õ�Ü�Ý�Ü�Ý
�\Ü�Ý�×�öVäVÕ(���
Þ�Õdà(�
	�í

fBOYF~ �F3A
f!X�raHYf ? EMF2ø-ì-ì-ì� �@6fBOglMFaOQA6A
f!F�F K C�D ê bY¯er3fVA N OYXtX N b i4OgftA�OYF3UªOgF~= K r&b ê b ¬ K F*l�f!lMf!r3f!F&b
ceW3A(Uaf!@�= K r3fBH_HYf\RTOY@mU K r*l�fBHYfVA
f!F&G�U K4L UMOgf$5eE�@�@6fBH K«N OYE�F3A k EafWÓ�qBOYf!F N f!F�A
E4R1EMDaH ? E�FsïAð X�O N ò�ð K HuA
K W3C�D2ï�� X�O N ò��zF K D*f(fBOYF3A�H_OYf!l�f!F&b�pef!@A5eEdfWÓSqBOgf!F N ­ JW3@tò�ð X�O N ò�� HØOYf!l N U K l�f!lMf!F\F&JK D*f!@Tr3fBO�FdWaH_H�b
p K @ K W3A�RTOY@mUzl�fVA6C�DaHYEdA�Ahf!F&G+U K4L UMOYfs@�WaHuA
D&JEaD*f[fBOYF*fVA�peW*@mC�D*l K F*ldA
q�JK DaHYf!@mASFaOuC�D N X�O N Uaf!X H K UaW*F*ldA
j
OYF N f!l�@
OYf!@ N f!X i4OYl�F K H�UafVA îPf!RTfBO_HuA K F3Uaf!@�f!F�peW*@mC6D*l K F*laA
q JK DaHgf!@BA k E�@�@6fBHØOYf!@ N OuA N b�p�OYfVA
f!@SidC6DaHgW L R+W*@mUaf
f!@6R K @ N f N b4ceW L f!@mUaf!X<RTOY@mU\UMOYfI¥�f!@�X�W N W*F*l�l�fVA N JW N q N GdU K«L UMOYft@�WaHuA
D&JEaD*feOYF�fBOYF*f!X peW*@mC6D*l K F*laA
q�JK DaHYf!@
XýO N Uaf!X ® K UaW*F*laA�OYF N f!lM@ K H1UafVA�A
fBHYr�f!F�peW*@mC6D*l K F*ldA
q�JK DaHYf!@mA k E�@�@�fBH_OYf!@ N OuA N G�U K UMOgf�5eEafWÓ�qBOYf!F N f!FyF K D*f
fBOYF3A H_Ogf!lMf!F&b
~ K FeH_OYfVA N�K W3C6D K r&GVU K4L UMOYf+® K F3U K W*)3W k N W K4N OgEMF*f!F(OYX  êF*f!@�l4OYfVA
o3f k N @�W*X UafVA}fBOgF*f!FtpeW*@mC6D*l K F*laA
q�JK DaHYf!@
Õ i4OglMF K H�++c�×�FaOuC�D N XýO N Uaf!F*f!FnUafVA K F3Uaf!@�f!F Õ i4OglMF K H�+���× k E�@6@�fBH_Ogf!@ N A�OYF3U�b
C� ��4��� ¤Q�*�V�Q &�&�4¢&�u���! !�������s� �+f!r�f!F�Uaf!@\��fVA N OYXtX�W*F*l�Uaf!@$5eE�@�@�fBH K4N OYE�F3A k EdfWÓSqBOgf!F N f!F k JE-F*F*f!F UMOYf
@êWaHuA
D JEdD*f!F�ïMð�ñ�ï��<X�O N Uaf!F l�f!XtfVA�A
f!F*f!F¨xyf!@ N f!F ò�ð�ñóò�� UafVA÷H K UaW*F*ldA�OYF N f!l�@
OYf!@�f!F3Uaf!F cIp�� K W ­
fBOYF*feq!RTfBO N f+c�@ N�? f!@�l4H_OuC�D*f!FSRTf!@mUaf!F&bdp K q!W#RTf!@mUaf!FSUMOgfI~�f L o K�K @6f�OYFtfBOYF*f!X15eE�@�@6fBH K«N OYE�F3A
DaOuA N E�lM@ K XtX
U K @�l�fVA N fBH_H N ba��F�c�r*r&b ê bY¯eRTf!@mUaf!FªUMOYf�~[f L R1f!@ N fEò�ð X�O N Uaf!FÖïMð ? f!@�l«HØOuC6D*f!F&b3~ K FSf!@ k f!F*F N fBOYF*f#A N W*j
­ f!F ­ JE�@�X�OYl�f�c�r*D&JK F*l«Ogl k fBO N Uaf!@ @êWaHQAhD&JEdD*f ? E�X H K UaW*F*ldA�OYF N f!l�@
OYf!@ N f!Fyx f!@ N b*ceW3A�UMOYfVA
f!X ÏTOuA N E�l�@ K X÷X
RTf!@mUaf!F\q!RTfBO = K4N A K C�D*f!F K r*l�fBHYfVA
f!F&�

, xyf!@mUaf!FtUMOYfei N fBH_HYf!FªUaf!@�~ K.- OYX K OYX cIp���j
i�o3f k N @�W*X r�fBO-îPf!RTfBO_HuA k E�F3A NBK F N f!X @êWaHQAhD JE�D*f!FaOYF N f!@6j
?-K HØH�X�O N fBOYF K F3Uaf!@ ? f!@6r*W*F3Uaf!F&Gdf!@6D&JK H N X K F�UMOYft `OuC6D k W*@ ? f�q!RTOuA�C6D*f!F2@�WaHuA
D&JEMD*f�r�f!qBOgf!DaW*F*ldA
RTfBOuA
f
p�OuA k @
OYX�OYF K4N E�@mA6C�DaRTfBHØHYftW*F3U�cIp���j�xyf!@ N b!5�JE�F*F N ftUMOgfS@�WaHuA
D&JE�D*f�OYF k HgfBOYF*f!@�f!Fs��F N f!@ ?4K H_HYf!F&GèU K A
D*fBO L�N X�O N D&JE�D*f!@�f!@\ceW*)èJEdA
W*F*l3G k E*UMOYf!@ N R1f!@BUaf!F&G+A
E4H_H N f K W3A�Uaf!@�i N W ­ f!F*@�fBH K4N OgEMF fBOYF*f�A N f N OYl�f3 f!@ K Uaf\RTf!@mUaf!F&b? �AýRTOY@mUsOYX ~\O N�N fBH�fBOYF|H_OYF*f K @�f!@�^3W3A K XtXtf!F*D K F*lyq!R OQA6C�D*f!Fç@�WaHuA
D&JEaD*f[W*F3U
H K UaW*F*ldA�OYF N f!l�@
OYf!@ N f!X xyf!@ N+? f!@�X�W N f N b
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cer*r&b ê bY¯���ì�Ü�Û�Û�Þ�Õ�ßSà4Ü�Ý�!�ÕMÜ�Ý�ï
ßVÖ_Ü�Õ Þ�Õdà þ�Þ�Ú_Û�æ ëä�æ�Ü�Õ���à�Ù!Ý�ßVÜ
ï
Û�×�Ü�Ú_Ú_×*ÖØÕTÜ�Ö_Õ�Ü6ãHû�ä�Ý�Ý�Ü�ÚYÙ!×�Ö_ä�Õ�Û�æ�Ö_Û�ï
×�ä�ßVÝ
Ù!ã(ãtí4á�Ö_Ü ìýÜ�Û�Û�Þ�Õ�ß�ç�Þ�ÝPà«Ü
Ù!ã á�Þ�Ý
å�æ�ß-Ù�Õ�ßVÛ�õ ëÙ!æ�Ú_Ü�Ý'� ã(Ö_×
Ü�Ö_Õ�Ü�ã Ë ã(ã à4ÖYå�â�Ü�Õyî4õ�Ö_Õ4×�Ö_Ú_ÚYÙBï
×�ä�Ý+à4Þ�ÝPå�æ�ß�Ü
é ëÞ�æMÝ�×mí9��Õ\à4Ü�Õ(���4ï
Û�õ6ÖØÛ�Û�Ü�Õ�Û�ÖØÕaà\à4Ö_Ü��\Ü�Ý�×�Ü#à«Ü�Û�ÚYÙÐï
à4Þ�ÕMßVÛ�Ö_Õ4×�Ü6ßVÝ�Ö_Ü�Ý�Ü�Õdà4Ü6Õ:�Tá1ú ã(Ö_×�\Ü�Ý�×;��� Ö_Õ ûTÙ!ÕdÙ�Ú_Ü�Ö_Õ�æ�Ü�Ö_×�Ü6Õ
Þ�Õdà à4Ü�Û<��Ý�Ö_ßVß�Ü�Ý�ï�ì�ä�à4Þ�Ú_Û�ã(Ö_×= �&Ö_×>�\Ü�Ý�×?�
� Ö_Õ@��Ý�Ö_ß!ï
ßVÜ6Ý�ï�ì�ä�à4Þ�Ú_Ü�Ö_Õ�æ�Ü�Ö_×�Ü�Õ�A�í_í Ê Ù�Þ4éußVÜhï
×�Ý
Ù!ß�Ü�Õ3í

, pef1BDCFEMUaW#G*l3H�OIG N f!lJB
OYf1B N f�xyf1B N HLKNMdROEPG k N r3fBO kJQ G�H N ERG N f!Xi@�W*CSHTMVUQ M*f1G*fBOIG N B5E4l3b3p�OYf�i3KNMdROEPG k W#G*j
lMf1GWHNKLM*fBOIG*f1G�H Q lJB Q L�X U#E L k fBOYG*f�fBOIG3Uaf!W N OYl�f���f!qBOYf1MaW#G*l[q!RTOSHLKNM*f1Gs@�W*CSHTM UQ M*f(W#G3U�®VE�UaW#G*l3HPOYG*j
N f!lJBZE.C&r3f[H N f1M N b

��fBOuUaf#@êW#G k N f�RTf1BmUaf1GSOIGnUaf1G ­\Q CYl�f1G3Uaf1G�c�r�HLKNM#GaO N�N f1G'GVUEPM*f1B+W#G N f1BZHhW�KLM N b
] ^\_�^a` Ì � ���V���s�s
`�Z���}�*�cb���¡M¢ � 
 �.d����M£��u��¡M¢����¦�\���V�&�4��� �����*�! ��4�V¡M¢3£��*¤u¤Q�~
è�&�HGê�3��
`�����V��� e

�!�È�����3¤
 �H�OFH N X UQ lPC_OSKLM X UMOYf���f!qBOgf1MaW#G*l�q!RTOSHLKNM*f1G�Uaf!X c p���j�5�EPG�E.Cgf X Uaf1BIf1G N RTfVUaf1B ­ UW#B(Uaf1G� �G*f1B�l4OYf!RTf1B Nf
h Q Uaf1B�f�i Uaf[H�peW#BZKLM*l*EPG*l3H
qJUE.M*CYf1BZHIc Q Uaf1B(�jH N f1M N[X W#G3U�Uaf1B#@�W*CSHTMVUQ M*f Ó Uaf[Ht=kB
OYl�l�f1B�j�~ Q UaW*CSH
q!W|r�f[H N OYXtXtf1G&b�p�ERBZE4W�H k EPG#G¨UMOYfÖ `OSKNM k W#BNl�f\q!RTOSHLKNM*f1G�p�OSH k B
OYX�OIG�E N Q BZHNKLMaRTf5CmCYf §òW#G3U|Uaf!X> �G*f1B�j
l4OYf!RTf1B N E4r*l�f5CYfBO N f N RTf1BmUaf1G&b�p�Ogf[Hhf\�nG ­\Q B�X:E N O Q GsOFH N f[HLH
f1G N OYf5C�C X W*Xol Q G' �G*f1B�l4OYf[HLKNMdRTf5C�CYf1GpE«W ­ p�OSH
j
k B
OYX�OIG�E N Q B5HLKLMaRTf5C�Cgf1G|W*X÷q!W#B�f[KLM#G*f1G&b�p�E Ó fBOIG'@êW*CFHqM UQ M*f1GaOIG N f1BLlrErCmCer3f!qBOYf1MdW#G*l*H
RTfBOFHhfsHTt*G Q G*tdX fBOYG
p�OSH k B
OYX�OIG�E N Q B ­ f1G�H N f1B k f1G#G*q!fBOSKLM#G*f N.X RTOIBmU ­ UW#B�UMOYfn��f[H N OgX÷X#W#G*lsUaf1B� `OSKNM k W#BLlMfnUaf1B�~�O N�N f5CYRTf1B N æ§
OIG�p�OSH k B
OYX�OIG�E N Q B�fBOIG#M*fBO N f1G Uaf[H�@�W*CSHTMVUQ M*f1GaOIG N f1BNlrE.C�CSH Ó G�EJKNM'=�E4r&b ê bY¯:E4r*lMf5CgfBO N f N bèceW L f1BmUaf!X RTOIBmU
Uaf1B(~�O N�N f5CYRTf1B N æf�u Uaf[Ht �G*f1B�l4OYf[H
o3f k N B�W*X(HIUaf1BIc p���j�x f1B N fcf�u¨W#G N f1B Uaf1B��+f!r�f1Gdr�fVUMOIG*l�W#G*l X U#E L
Uaf1Btx f1B N Ówv�x ì9yIy ê[z l Q X =VBhOglMl�f1B�j�~ Q UaW*COl Q BTC_Ogf!l N[X r3f1GVUQ N OYl N b�p�EPG#G k ERG#G æ§{UW*r3f1B æf u lJBZE4o#MaOSHLKNME4W ­ l�f N B5E4l�f1G\RTf1BmUaf1G[W#G3U�l4OYr N Uaf1G ­ W#G k N O Q G�E.CYf1Gs^3W�HLE4X÷Xtf1G#M�EPG*lSq!RTOSHLKLM*f1Gyp�OSH k B
OYX�OIG�E N Q B5HLKLMaRTf5C�Cgf
r�f!qBOgf1MaW#G*l3H
RTfBOSH
f�@�W*CSHTMVUQ M*f(W#G3U�c p���j�5�EPG�E.C&RTOYfVUaf1BVb
^3W#G UE|KLM�H N RTf1BmUaf1GSUMOgfIp�E N f1GcE4W�H`cer*r&b ê bQ¯�OYGSfBOIG*f1BTf!r3f1G*f1G$@
B Q îPf k N O Q G�OIGtc�r*r&b ê b ¬IU#EPB�lMf[H N f5C�C N bÈ �H}OFH N
UMOYfefBOYG#M�UW}C�CYf1G3Uaf(¥�f1B N fBOmCYW#G*l:~�Uaf1BTc p���j�x f1B N f�f q!W�f1B k f1G#G*f1G&b�i4OgfIR�W#BmUaf�XýO N Uaf1B�OIG�cer�HLKNM#GaO N�N v*bY¯E4r*lMf5CgfBO N f N f1G � E.C N W#G*l3H ­ W#G k N O Q GsE4o*o#B Q - OYX�OYf1B N b*��GnUMOYf[H
f1B(p�EPB5H N f5C�CYW#G*l�R+W#BBUaf1GnUMOYf(cIp���j�xyf1B N f�l Q X
peW#BZKNM*l3EPG*l*H
qJUE.M*Cgf1B�c<X�O N fBOIG*f!X ¯tX÷X i�qBOIG N OmC�CSE N Q Bcl�f1B�RTf1G3Uaf N b&p�OYfSfBOYG#M�UW9C�Cgf1G3Uaf\¥�f1B N fBO�CgW#G*l<~ OFH N
UMOYfti�W*X÷Xtf�l Q GS¥�f1B N fBO�CYW#G*l�f1GyUaf1BOG�EJKNM Ó UMOSH k B
OYX�OIGaOYf1B N f1G�cIp���j�xyf1B N f�f÷ba�nG[Uaf1B+cer*raO�CQUaW#G*l�HPOYG3U
UMOYf[H
ft¥�f1B N fBO�CgW#G*lMf1G�l�f[H N B
OSKLM*f5C N q!Wyf1B k f1G#G*f1G&b`p�Ogft~�O N�N f5CYRTf1B N f æf u k UQ G#G*f1G<E4W�HIUMOYf[H
f1B#p�EPB5H N f5C�CYW#G*l
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G*ÇSKNM3È Q M#G#ÉcÊ�É5ÇIÈLÉ1BLÉ[H
E �#Ë É5CIÉ[HTÉ1G<ÊgÉ1B5Ì*É1G �VÍ É1BÄÎÏÇIÈLÈLÉ5CIÊ�É1BLÈ�É5ÇIG#É1BAîTÉ[Ì*É1G<Ð
É1BLÈLÉ5Ç�CIÑ#G ËsÒ UQ G#G*ÈLÉ�G3Ñ#B�Ì#EPG#GERG Ë É Ë É � É1GÓÊ�É1BZÌ*É1G X Ê�É1G#GsÌ|ÇIÉ ��Í
Ô�Õ\Ö É1BNÈLÉ�fjÇIG'É5ÇIG#É1×ØEPÑ�HqBLÉ5ÇSKLM#É1G Ë B Q|Ù É1GÛÚ�G#É1B Ë ÇIÉ5ÇIG3ÈNÉ1BLlrE.C�C Ë CIÉ5ÇSKNM Õl|É1BLÈLÉ5Ç�CIÈ�Ê�UE.BLÉ1G �kÜ CIÉ5ÇSKNM3lJÉ1BNÈLÉ5Ç�CYÑ#G Ë l Q G�fjC�ÇIÉ Ë È�îTÉ[Ì Q KNM�G*ÇSKLM*È�l Q B � ÐÀÇIÉ5CY×ÝÉ1M#B�ÇFHqÈ�fjCSEPG�Ì#EPÑ#l|É1BLÈLÉ5Ç�CIÈ � Ú�HÇSHTÈ�E.C�CYÉ1B5Ì|ÇYG Ë H�×�UQJË C�ÇSKLM X æf u ErCFHÀÚ
BLÊOEPBLÈNÑ#G Ë HTÊ�É1BLÈgÌ*É1B�×�ÇIÈ�ÞPßP~ Ë É1Ê�ÇSKLM*ÈLÉ1ÈLÉ1G Ö É1BNÈLÉ�f u EPG#à1Ñ Ë É � É1G �
æf u¯áãâ fäu~ Õ fE×3åÕ[ê ��� ×

Í ÇIÉ�Ð
É1BNÈLÉ5Ç�CYÑ#G Ë É1GãÌ*É1B Ö É1BLÈLÉ�f�u�ßP~ Õ f�×:H�ÇIG�ÌæÇI×çÑ#G3ÈLÉ1BNÉ1G =VÉ5Ç�CcÌ*É1B ���#�V� ê ��� à1ÑèHTÉ1M#É1G �äé ÇYÉ¯H�ÇIG�ÌG Q BL×:E.CIlJÉ1BLÈNÉ5ÇmCIÈ�Ñ#× æf u Ñ#G�ÌÓÊ�É1BZÌ*É1G�Ì*Ñ#BZKNM�É5ÇIG#É Ü ERÑ ÙPê Ñ#G Ò ÈTÇ Q G'EPë#ë#B Q - ÇI×�ÇIÉ1BLÈ � ì G#G#É1BLM�E.C � l Q G'í#É1M ÕCIÉ1B Ë BLÉ1G#à1É1G�à1É5Ç Ë É1G'Ì|ÇYÉcî Q BL×:ErCYl|É1BLÈLÉ5Ç�CIÑ#G Ë É1G�É5ÇIG#É�à1ÑÓMVUQ M#É1BLÉ1G'Ú
G#É1B Ë ÇIÉ1G Ë CIÉ5ÇFKNM#×�UE Ù Ç Ë HTÈLÉ5Ç Ë É1G�Ì*É
Ð�EPBTÇ ÕERG#à �ïÍ ÇIÉ[HOHqë*ÇYÉ Ë É5CYÈÀà1Ñ#×²É5ÇIG#É1GsÌ|ÇIÉt=�ERÈZHLEJKNM#É�ÊDÇYÉ[Ì*É1B X Ì#E Ù Ì|ÇIÉ Í ÇFH Ò BTÇI×�ÇIG�EPÈ Q BZHLKNM3Ê�É5C�CIÉ1G�ðÂUEJñ|Ñ*ÇSÌ|ÇSHTÈZEPG*ÈË É1Ê�UE.M*CYÈ�ÊOÑ#BZÌ*É1G �kò Ñ#×óERG�Ì*É1BLÉ1GsHTÈNÉ5Ç Ë È�Ì|ÇIÉÄBNÉ5CFERÈTÇIlJÉ�Ú
G#É1B Ë ÇYÉ[ERÑ*)�UQ HTÑ#G Ë ×�ÇIÈ�HTÈNÉ5Ç Ë É1G�Ì*É1B�Ú�G#É1B Ë ÇIÉ�G�EJKNM��� HLKNM#G*ÇIÈLÈ�ô � Þ �}Í EJH � É[Ì*É1Ñ#ÈLÉ1È X Ì#E Ù Ì|ÇIÉcõ�BNÉ5ÇYÈNÉöÌ*É1B�î Q BL×:E.CIlJÉ1BNÈLÉ5Ç�CYÑ#G Ë É1G�×�ÇIÈ�MVUQ M#É1BLÉ1×>÷øà1Ñ#G*ÇI×c×�È �ì G ���#�V� ê ��� H©ÇYG�ÌùÌ|ÇYÉ � ×cë*C�ÇIÈLÑ�Ì*É1GúÌ*É1B Ü EPÑ ÙPê Ñ#G Ò ÈqÇ Q G#É1Gsl|É1BZHLKNM*ÇYÉ[Ì*É1G ��Í EJHDCmÇIÉ Ë È�Ì#ERBZEPG X Ì#E Ù:� É5ÇgÌ*É1BÜ É1Ê�ÇSKLM*ÈLÑ#G Ë G*ÇSKNM3È�Ì|ÇYÉ�í�E.CIÈLÑ#G Ë ~sH Q G�Ì*É1BLGsÌ#E|Hg~ùEPë#ë#B Q - ÇI×�ÇIÉ1BLÉ1G�Ì*É�Ï�ÇSHTÈ QJË BZEP×Ý×{l|É1BLÊ�É1G�Ì*É1ÈOÊOÑ#BZÌ*É �Í ÇIÉ[HTÉ$=�EPÈZHLEJKNM#É�M�EPÈÄErCmCIÉ1BZÌ|ÇIG Ë H
lJÉ1BNG�EJKLM*CnUE*HLH�Ç ËJ� EPBNÉ1GûÚ�ÇIG*)�Ñ Ù EPÑ ê Ì|ÇIÉÛõ�É[HTÈTÇI×c×�Ñ#G Ë Ì*É1BöÎÏÇIÈLÈLÉ5CIÊ�É1BLÈLÉ
æf u � Í ÇIÉ�H Q�Ë É1Ê Q G#G#É1G#É1GsÎÏÇIÈLÈLÉ5CIÊ�É1BLÈLÉ æf�u¯Ê�É1BZÌ*É1G(ÇIG ���#�V� ê � ø�ÇIG'E � H Q CIÑ#ÈLÉ1G ��Í
Ô�Õnü EPG�E.CIÉ5ÇIG#M#É5ÇIÈLÉ1G'ÇIG��� MVUEPG Ë Ç ËJÒ É5ÇYÈ
l Q G æð ê UÑ#B�É5ÇIG#É�Î�É[HNHTÑ#G Ë EP× Í Ñ#B5KLM Ë ERG Ë HTàJUE.M*CIÉ1BÄ×öÇYÈcÞÝ×c×>Ñ#G�ÌsøÏ×c× é à5ÇIG3ÈTÇ�C�CSEPÈ Q BÌ#ERB Ë É[HTÈLÉ5C�CIÈ �
Í ÇIÉ é KNM*ÊgÉ5C�CIÉ1G;ðèH©ÇYG�ÌùÇIG Í ÇSH Ò BTÇI×�ÇIG�EPÈ Q BNÉ5ÇYG#M#É5ÇIÈLÉ1G½EPG Ë É Ë É � É1G � Î'EPG�É1B Ò É1G#G3È X Ì#E Ù Ì|ÇIÉÎÓÉ Ù ë#Ñ#G Ò ÈLÉ�Ì*Ñ#BZKNM¯É5ÇYG#É Ü É1BZEJÌ*É�EPë#ë#B Q - ÇY×öÇYÉ1BNÈÄÊ�É1BZÌ*É1G �
Í ÇIÉ é ÈLÉ5Ç Ë Ñ#G Ë É1GþýÛðVßrýcf � É5ÇSÌ*É1B Ü É1BZEJÌ*É1GH©ÇYG�ÌÛÇIG#G#É1BLM�E.C � Ì*É1B�í9É1M*CYÉ1B Ë BLÉ1G#à1É1G Ë CYÉ5ÇSKNM �ý(ðýÝf á ì9y�ì-ù-ø x Í ÇSH Ò BqÇY×öÇYG�ERÈ Q BLÉ5ÇIG#M#É5ÇIÈLÉ1G zx ��Í
Ô å Ú%ÇYG#M#É5ÇIÈLÉ1G zÕ[ê � øI×
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Eichkurve Diskr.Schwelle zu ADC-Kanal absolut
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	 �I¨�ªJºP¢J���[��àP�L�
á����nºP���m�
���3«1  ¹ �n�T¨�ªrµ��L¡�¡��O®¢��3�L�
àR�L��
Tá�¦k����«1�*«1¡�·L®¢P��­Lµ��L�
á�¢J�T¨�ªJ�r«¬�J�[��­ ®«1ªJ¡��L���*á�����
��P���­L���n����.���J #àP��� 	 �J�L�n�.���:�����T�Lµ��L�´�¡����[�N��á�¢J�©¨�ªJ�P«1�J�.�n­[®«¬ªJ¡��L���[�T��
�L�n���L������àP�L�n���L����«1�3«¬¡m�N�m�R�ª|�L�� n�L�:«¬��°dá���� � �PàP���3«¬ n�O���n ����àR�L��á����nºP�n�������3«¬  ¹ �n�L���JªJ�N��� ��L�Â�.�L�L�I¨�ªP Z°Tá����[á����nºP�n���
����*«1  ¹ �n�L���Jª|�L�� n�L� �3�L�´�
àR�L�#á�¢J�T¨nª|�r«1�|�[�n­.®«1ªJ¡��L�����m�aà�.¡��L�I¨nª}°

Ú�H�ÇSHTÈOÌ#EPM#É1B � É[HTÈ.UEPÈTÇ Ë È X Ì#E Ù Ì|ÇYÉ é Ç Ë G�ErCFER×cë*C�ÇYÈNÑ�Ì*ÉÄÌ*É[H��
M Q È Q ×�Ñ*CYÈqÇYë*C�ÇIÉ1BZH�ÇI×óÎÏÇIÈLÈLÉ5CVÌ*É1×³ÇYG*ÈLÉ Ë BqÇYÉ1BNÈLÉ1Gé Ç Ë G�E.CIÊ�É1BLÈ
ë#B Q ë Q BLÈqÇ Q G�E.C3ÇSHTÈ � Ú�HkÊ�ÇIBZÌcH�ÇSKNMÄà1É5Ç Ë É1G X Ì#E Ù UÑ � É1BgÌ|ÇIÉ�ÇIG ��� HLKLM#G*ÇIÈLÈ �*���O� É[HLKNM#BTÇIÉ � É1G#É�Ú�ÇSKNM ÕÒ Ñ#BLlJÉ�EPÑ�KNMûÉ5ÇIG#É � G Ë E � É�Ì*É[H�E � H Q CIÑ#ÈLÉ1G ��Í
Ô�Õ\Ö É1BNÈLÉ[H(UÑ � É1B:Ì*É1B��
Ñ*CSHTMVUQ M#É(ÇIG¯Î�Ç�C�C�ÇIl Q CIÈ Õ Ú�ÇIG#M}É5ÇYÈNÉ1G×�UQPË C�ÇSKNMsÊDÇYB5Ì �Ú�H�ÇSHTÈ�G�UÑ#ÈNà5CmÇSKNM X Ì|ÇYÉ�Ú�G#É1B Ë ÇIÉ�ÇIG ��Í
Ô�Õnü ERGVUE.CIÉ1G � É1à3UÑ Ë CmÇSKNMúÌ*É[H
Î'E - ÇI×�Ñ#×:H
f���� �öÌ*É1B�Ð
É1BLÈNÉ5ÇmCIÑ#G Ë ~ÇIG"!óEPG#à1Ñ Ë É � É1G ��� Ñ ê Ì|ÇIÉ[HTÉ � BLÈ�Ê�ÇIBZÌùÌ|ÇYÉ éJÒ ErCmÇIÉ1BLÑ#G Ë Ì*É1B ��� HTà5ÇSHLHqÉ:EPÑ ê Ì|ÇIÉ é ÈLÉ5C�CIÉÛÌ*É[H
ÎsE - ÇI×�Ñ#×:HG Q BN×�ÇIÉ1BLÈ ��Í E|Ì*Ñ#BZKLMùÇSHTÈ�É[H
× UQPË C�ÇFKNM X é ë}É Ò ÈLBNÉ1G X Ì|ÇIÉ�×�ÇIÈ�Ñ#G*ÈLÉ1BZHLKNM*ÇIÉ[Ì|CmÇSKNM#É1B:Ð
É1B5HTÈ UEPB Ò Ñ#G Ë EPÑ ê\Ë É1G Q × Õ×cÉ1G�ÊÀÑ#BZÌ*É1G X Ñ#G#×�ÇIÈLÈLÉ5C � EPBÀà1Ñ�lJÉ1B Ë CIÉ5ÇSKLM#É1GÓÑ#G�Ì�Ì|ÇIBLÉ Ò È�ÇIG�É5ÇIG#É Í ÇSH Ò BTÇI×�ÇIG�EPÈ Q BZHNKLM*Ê�É5CmCIÉ ê UÑ#BDÌ*É1G Ôg�$#%�Ñ#×cà1Ñ#BNÉ[KLM#G#É1G �VÍ ÇIÉ Í ERBZHTÈLÉ5C�CIÑ#G Ë ÇIG ���#�V���3�&� É1B Ë Ç � È�H�ÇSKLM�Ì#EPG#GÏÇIGWÌ*É1GÓG#É1Ñ#É1G�Ú�ÇIG#M#É5ÇIÈLÉ1Gûf���� �'! ��Í ÇIÉÚ%ÇFKNM Ò Ñ#BLlJÉ�ÇSHTÈ�ÇIG ���#�V�(�3�*) EPG Ë É Ë É � É1G �3Í EJH�Î'E - ÇI×�Ñ#×�f���� �DÌ*É1B
Ð
É1BNÈLÉ5Ç�CYÑ#G Ë H Q Ê Q M*C ê UÑ#B
Ì*É1G�Þ�×c×�E.CSHEPÑ�KNM:Ì*É1G � ×c× é à5ÇIG*ÈTÇ�C�CFERÈ Q B�C�ÇIÉ Ë ÈOEPG:Ì*É1B é ÈLÉ5C�CYÉcÞ #$# f ��� � ! �JÍ ÇIÉ+��Ñ*CSHTM UQ M#ÉÀÇFHqÈgÌ#E Ë É Ë É1GcÑ#G#G Q BL×�ÇIÉ1BLÈ �éJQ É1B Ò CnUEPBLÈ�H�ÇSKNM X Ì#E Ù Ì|ÇIÉ Ü É1B5EJÌ*ÉcÌ*É[H Í Ñ#BZKLM Ë EPG Ë HTàJUEPM*CIÉ1BZH�×öÇYÈ � ×Ý×?Ì|ÇFK Ò É1× é à5ÇYG*ÈTÇ�C�CSEPÈ Q B QJ� É1BLM�ErC �Ì*É1B ê UÑ#B�Ì*É1G<Þ�×c× é à5ÇIG*ÈTÇ�CmCSEPÈ Q B�lJÉ1BTCnUEPÑ ê È �Í ÇIÉ'M*ÇIÉ1B Ë É Ë É � É1G#É1GãÚ%ÇSKLM Ò Ñ#BLlJÉ1G½CSEJHNHTÉ1GèH�ÇSKNM;G*ÇSKLM*È�EPÑ ê É5ÇIG#É1G�EPG�Ì*É1BLÉ1G � Ñ ê\� EPÑ UÑ � É1BLÈLB5E Ë É1G �OÍ ÇIÉõ�É[Ì*É1Ñ#ÈLÑ#G Ë Ì*É1BÀM*ÇYÉ1B Ë É1à1É5Ç Ë ÈLÉ1G�õ�É1ÈLBZEJKNM*ÈLÑ#G Ë ÇFHqÈDErCFH Q Ê�É1G*Ç Ë É1B�Ì#EPBTÇIG�à1Ñ�HTÉ1M#É1G X Ê�ÇIÉ�Ì|ÇIÉÄÚ%ÇFKNM*Ñ#G Ë à1Ê�Ç ÕHLKNM#É1G
��Ñ*CFHqMVUQ M#É�Ñ#G�ÌcBNÉ5CFERÈTÇIlJÉ1BgÚ�G#É1B Ë ÇIÉ�ñ|Ñ�EPG*ÈTÇIÈZEPÈTÇIl Ë É Ë É � É1GcÇSHTÈ � ÐÀÇYÉ5CI×cÉ1M#B�ÇSHTÈOÌ|ÇIÉ+,�EPÈZHNEJKLM#É�Ê�ÇSKNM3ÈqÇ Ë XÌ#E Ù Ì*É1B ò Ñ�HLEP×c×cÉ1G#M�ERG Ë C�ÇYG#É[ERBOÇSHTÈOÑ#G�Ì(É5ÇIG#É�ÎûUQ|Ë C�ÇFKNM Ò É5ÇIÈ�l Q B Ë É ê UÑ*M#BLÈOÊOÑ#BZÌ*É X Ì|ÇYÉ-��Ñ*CSHTMVUQ M#É�×öÇYÈ�Ì*É1BÚ�G#É1B Ë ÇIÉ�à1Ñ:l|É1B Ë CIÉ5ÇSKLM#É1G X Ñ#×¶É5ÇYG#É�Ú%ÇSKLM*Ñ#G Ë Ñ#G*ÈLÉ1B�lJÉ1B UE.G�Ì*É1BLÈLÉ1G�õ�É[Ì|ÇIG Ë Ñ#G Ë É1GÓÉ1BLG#É1Ñ#ÈOÌ*Ñ#BZKLM#à1Ñ ê UÑ�M#BNÉ1G �
] ^\_�^/. 021�3547698�:<;<8>=@?58"A�?�B:bC89?DB'=>EF?HG<?DE�:@I�8�JLKL698@KL?DBNM7;�OPJQ3SRIT3>?ì ×²l Q BTÇ Ë É1G ��� HLKNM#G*ÇIÈLÈOÊOÑ#BZÌ*É � É1BLÉ5ÇIÈZH ê É[HTÈ Ë É[HTÈLÉ5C�CIÈ X Ì#E Ù Ì#E Ù Ì|ÇIÉ�Ú
G#É1B Ë ÇYÉ1l|É1BLÈLÉ5Ç�CIÑ#G Ë É1GûÌ*É1B Ö É1BNÈLÉ�fCUÉ5ÇIG#É1G UV � ÉLWYXPZPë#ë<Ç/[ÂÚ\[#ÉLW Ë ÇIÉ ê ÉL[5]TÈNÉLWcà1É5Ç Ë ÉL[�^
Ì|ÇYÉ�É5Ç Ë ÉL[*ÈYX�ÇP_a`bZ'X�XIÉ5Ç([æà1Ñ#× � ÉL[5Z$_c` � ZQWLÈLÉL["�
Ñ%XP]Y`�de `#ÉL[*Ç([ ÕÈLÉLWcfgZ'X�X Ò e WcWLÉh]Të e [�Ì|ÇYÉLWNÉL[i] e X�XIÈLÉL[ �VÍ ÇIÉh]TÉ
,<ZPÈj]aZ�_a`#É
Ê�Ç/WZÌ � Éh] e [�Ì*ÉLWj]�Ç/[�Ì*ÉLW Í ZQWj]TÈLÉ�X�XIÑ�[ Ë��3��� Ì*É1Ñ#ÈYX�ÇP_a` �ì Ì*ÉhZ'XIÉLWLÊ�É5ÇF]qÉÄÊ dÑ�WZÌ*É�×
Zk[ Ò É5Ç/[#ÉL[ dV � ÉLWYXPZPë#ëÓÉLWLÊlZkWLÈLÉL[ �Í ÉLW dV � ÉLWYXPZPë#ë�X�ÇIÉ Ù É
]�ÇP_c`H]�ÇP_a`#ÉLWYX�ÇP_c`ûñJÑ5ZQ[3ÈTÇ�m�à5ÇIÉLWLÉL[ ��Í ZPà1Ñ'×ndÑ Ù ÈLÉ�Ì|ÇYÉ � [#àhZk`%X�×�Ç Ù ÇSÌ*ÉL[*ÈTÇ�m�à5ÇYÉLWNÈLÉLWcÚ\W ÕÉ5Ç Ë [*ÇP]a]TÉ-Z �#Ë É1à$dZk`%XIÈOÊ�ÉLWZÌ*ÉL[ � Ú%Ç/[�Ú\WLÉ5Ç Ë [*ÇP]L^�Ì�Z�]
ÇI×o�
Ñ%XP]Y`�de `#ÉL[*Ç/[3ÈNÉLWafgZ'X�X%÷p[5Z$_a` Ë É1Ê�ÇIÉh]TÉL[�Ê�Ç/WZÌ9^*Ê�ÉLWZÌ*ÉË ÉL[5ZRÑ:Ì�Zk[�[
Z'XP]�×�Ç Ù ÇSÌ*ÉL[3ÈTÇ�m�à5ÇIÉLWLÈ Ë É1ÊgÉLWNÈLÉ1Èh^.ÊgÉL[�[N]TÉ5Ç/[#É�ÚS[#ÉLW Ë ÇIÉ+qCUiZPÑ Ù ÉLWc`5Z'X � Ì*Éh]�ÚS[#ÉLW Ë ÇIÉ5Ç/[3ÈLÉLWcfgZ'X�XP]Ì*ÉLW�õ�WNÉ5ÇYÈNÉ�ý�qCUHX�ÇIÉ Ë È �*Í ÇIÉh]TÉ�õ�WLÉ5ÇIÈLÉ Ò de [�[3ÈNÉ Ë W e � ZPÑ5]�Ì*ÉLW é ÈjZk[�Ì�ZQWZÌ�Z � ÊgÉ5ÇP_c`3Ñ�[ Ë�r UûÌ*ÉLWOî e WN×
Z'X/fJÉLW ÕÈLÉ5Ç�XIÑ�[ Ë Ì*ÉLW Ö ÉLWLÈLÉ�q�U¯ÉLWL×�ÇIÈLÈNÉ�XYÈÀÊgÉLW5Ì*ÉL[�^3Ê e � É5Ç�ý�q�U á �$r U ��Í Z$]�Ú\[#ÉLW Ë ÇIÉ5Ç/[*ÈLÉLWafgZgXsX Ò ZQ[�[�à1ÉL[3ÈaWqÇYÉLWNÈ
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Eichkurve Diskr.-Schwelle zu ADC-Kanal relativ
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àP�L� 	 �|�L�n�.�m�k·L®¢J� ­Lµ��L��á�¢J�©¨�ªP��r«1�|�[�n­.®«1ªJ¡��L���tá�����
��J��­L���n�n��[���J #àR�m� 	 �J�L���[���:�����T�Lµ��L�´�¡m���.�L��á�¢J�©¨�ªJ�P«1�J�.�n­[®«.ªJ¡��L���.�T����L���n�L�Ó�m�����3�N­ ®¢3�.¡��Y¨�ª[àP�N�Åc«��J����¢J����àP�L���V�L�n ��L��¡�¢J�J�£:«¬��°�á��m� � �PàR�m�*«1 n�À�m�� 
µ
���T�
àP�L�n¢|� ���|àP�L��á����nºP�n���
�m�*«5�  ¹ ���L���JªJ�L�� ��L�c�[�N�L�I¨nªP 5°

Ñ#×>Ì*ÉL[�Ú\[#ÉLW Ë ÇYÉ1×öÇYÈNÈLÉ�XIÊgÉLWNÈb�q�U�ZQ[ Ë ÉL[ e ×c×cÉL[ÓÊ�ÉLWZÌ*ÉL[ �"Í ZQWjZPÑ5]�ÉLW Ë É � ÉL[H]�ÇP_a`�Ì|ÇIÉ:ÚS[#ÉLW Ë ÇIÉh]a_c`3Ê�É�X�XIÉL[É5Ç/[#Éh]��TÉ[Ì*ÉL[�Ú\[#ÉLW Ë ÇIÉ5Ç/[*ÈLÉLWafgZgXsXP] ��Í ÇIÉ � [#àhZk`%X%×öÇ Ù ÇFÌ*ÉL[*ÈTÇ�m�à5ÇIÉLWLÈLÉLW�Ú\WLÉ5Ç Ë [*ÇP]a]TÉöÇF]qÈ+]Të}É1à5Ç�m>]a_a` ê dÑ5W�Ì|ÇIÉ Í ÇP] ÕÒ WTÇI×�Ç/[5ZPÈ e Wj]a_c`3Ê�É�X�XIÉL[WÌ*Éh] Ë É1Ê dZ'`%XYÈNÉL[���Ñ%XP]Y` de `#ÉL[*Ç/[*ÈLÉLWafkZ'X�XF] �V� Ñ Ù ÉLWZÌ*É1×�` dZk[ Ë È�]�ÇIÉ7f e ['Ì*ÉLW+Z � ] e XIÑ#ÈLÉL[ò Zk`%X�Zk[sÚSWLÉ5Ç Ë [*ÇP]a]TÉL[nZ � ^�Ì|ÇIÉ�ÇI× Ë É1Ê-dZ'`%XYÈNÉL[n�
Ñ%XP]Y`�de `#ÉL[*Ç/[3ÈNÉLWafgZ'X�X�[5Z$_c` Ë É1Ê�ÇIÉh]TÉL[ÓÊ�ÉLWZÌ*ÉL[ �� [ûÌ|ÇIÉh]TÉLW é ÈLÉ�X�XYÉ�] e X�X\XYÉ[Ì|Ç Ë X�ÇP_c` ê Éh]TÈ Ë ÉL`5Z'XIÈLÉL[ùÊgÉLW5Ì*ÉL[�^VÌ�Z Ù Éh]�É5Ç/[ dV � ÉLWj]Të�WLÉh_c`#ÉL[if e ×��
Ñ%XP]Y`�de `#ÉL[*Ç/[ ÕÈNÉLWafgZ'X�X�÷ dÑ � ÉLW�Ì|ÇIÉ e � ÉLWLÉL['Ñ�[�Ì�Ñ�[*ÈLÉLWLÉL[sÚS[#ÉLW Ë ÇIÉh]a_c`3Ê�É�X�XIÉL[ûÌ*Éh]Àà1Ñs÷ Ò e WaWLÉh]që e [�Ì|ÇIÉLWLÉL[�Ì*ÉL[ûÚS[#ÉLW Ë ÇIÉ ÕÇ/[*ÈLÉLWafkZ'X�XF] Ë Ç � È �
¡9¢�£5¢|¡ ¤�8@¥L?DBkJk;�1�3�;<8>=HAT?DBNM7;�OPJQ3 RIT3>?@89?585¥hJ'1�3>?�EPAS;<8>=Í ÉLW Ò XIÉ5Ç/[#ÉLWLÉcÚ\[#ÉLW Ë ÇYÉ1Ê�ÉLWLÈ7¦�§N¨oà1Ê�ÇP]a_c`#ÉL[©¦�ªjÑ�[�ÌH¦�« Ò Zk[�[ ek¬ Ç([#É � Éh]TÈqÇY×Ý×ÄÈÀÊgÉLW5Ì*ÉL[ �

q®­n¯ á q®°"±iq®²� ³
´ q®° ³ q®² ´�µ �3�*)�¶

Í ÇIÉ Ò XIÉ5Ç/[#ÉLWLÉ���Ñ%XF]·` de `#É¹¸�º¼»½ÊOÑ�W5Ì*É e [%X�Ç/[#É(ÇY×½,TWTÇ ËJË ÉLW Õ Î e Ì*Ñ%X¾ZPÑ5]
Ì*É1×?Ð
ÉLW Ë XYÉ5ÇP_c`<ÇI× é _c`5Z'XIÈ Ò WLÉ5ÇP]Þ # Þ[ôJô
à1Ê�ÇP]a_c`#ÉL[n¸¼ª;Ñ�[�Ì�¸�« � Éh]TÈTÇI×c×�È �
¿ ?�JL¥hE�ÀiÀÁ;�89=�A�?�JlÂ�I9BkBh?�OF6�¥hE/IT82J':5I9?�Ã©Ä%E/?@85¥L?@8 Í ÉLW ü e WcWLÉ�XPZPÈTÇ e [5] Ò e É�Å:à5ÇIÉL[*È�à1Ê�ÇP]a_c`#ÉL[�¦�§N¨²Ñ�[�Ì
¸�º¼»<ÊOÑ�WZÌ*É ê dÑ�W �$#$#�# Ú\WLÉ5Ç Ë [*ÇP]a]qÉ � ÉLWLÉh_c`�[#É1È�Ñ�[�Ì(ÇP]TÈÀÇ([H,<Z �V���3�´� ZQ[ Ë É Ë É � ÉL[ �VÍ ÉLW ü e WaWLÉ�XPZPÈTÇ e [5] Ò e É ê\Õ
m�à5ÇIÉL[*È�X�ÇIÉ Ë Èl[5Zk`#É�É5Ç/[5] � Ú�] Ò Zk[�[¹ZgXF] e f|ÉLWL×�Ñ#ÈLÉ1È�ÊgÉLW5Ì*ÉL[�^ïÌ�Z Ù Ì|ÇIÉ Ò XIÉ5Ç/[#ÉLWLÉ�Ú\[#ÉLW Ë ÇIÉ�×�ÇIÈOÌ*ÉLW Ò XIÉ5Ç/[#ÉLWLÉL[
��Ñ%XP]Y`�de `#É Ò e WaWLÉ�X�ÇIÉLWLÈOÇP]TÈ � Ö É5ÇIÈLÉLWa`*Ç/[�Ê�Ç/WZÌ ê Éh]TÈ Ë Éh]TÈNÉ�XsXIÈh^ Ì�Z Ù Ì|ÇIÉ ü e WaWLÉ�XPZPÈqÇ e [s×öÇYÈ�Ì*ÉL[�ÚS[#ÉLW Ë ÇIÉ1Ê�ÉLWLÈLÉL[
¦�ªÆ]TÈhdZQW Ò ÉLW�ÇP]TÈ�Z'XP]�×�ÇIÈ�Ì*ÉL[ Ö ÉLWLÈLÉL[i¦�« ��Í Z�]Ç]c_a`#É5Ç/[*È�É5Ç/[%XIÉ1Ñ5_a`*ÈLÉL[�Ì9^VÌ�Z � Ì*ÉLW�ÌTdÑ�[�[#ÉLWLÉ é à5Ç/[3ÈTÇ�X�XPZPÈ e WÇP]TÈ'^#Ñ�[�Ì(Ç/[�Ç/`#×>Ì�Zk`#ÉLW�Ì*ÉLW Ò XIÉ5Ç/[#ÉLWLÉcÚ\[#ÉLW Ë ÇIÉ1ÊgÉLWNÈ�Ì*É1ë e [*ÇIÉLWLÈ�Ê�Ç/WZÌ�ÈYÈ �
MÉ;2O|Jk3�RI�39?@82J'Ê<?D:9¥hB�;<ÀËÀ�EF¥�Ì¹B�RI9Í5?@85Î9?�Bh=9O/?�E|1$3 ì [ ���#�V���3�&Ï Ê�Ç/WZÌ'Ì|ÇYÉ�Ð
ÉLWLÈNÉ5ÇsXIÑ�[ Ë Ì*ÉLW Ë É1×ÝÉh]a]TÉL[#ÉL[Ö ÉLWLÈLÉn¦�ª®^Ç¦�«jÑ�[�ÌÐ¸�º�» Ë É1à1É5Ç Ë È ��Í ÇIÉ:Ð
ÉLWNÈLÉ5Ç�XYÑ�[ Ë Ì*ÉLW¹¦�ª³Ñ�[�Ì�¦�«�]TÈLÉ�X�XIÉL[ûÉ5Ç/[ÁXPZk[�Ì�ZPÑ�fJÉLWLÈNÉ5ÇsXIÈLÉh]
��Ñ%XP]Y`�de `#ÉL[5]që�É Ò ÈaWLÑ#×{Ì�ZQW � Ì|ÇIÉ�Ð
ÉLWLÈNÉ5ÇsXIÑ�[ Ë Ì*ÉLW Ö ÉLWLÈLÉ�¸�º¼»Óà1É5Ç Ë Èh^3Ì�Z Ù ÚSWLÉ5Ç Ë [*ÇP]a]TÉÀÇI×ÒÑ�Zk[�Ì�ZRÑ5]a_a`*ÊlZk[#àÑ�[*ÈLÉLWZÌ%WkdÑ5_ Ò È�Ê�ÉLWZÌ*ÉL[ � � Ñ Ù ÉLWZÌ*É1×>ÉLW Ò ÉL[�[*È�×
Zk[�^VÌ�Z Ù Ì|ÇIÉcÐ
ÉLWLÈLÉ5Ç�XIÑ�[ Ë Ì*ÉLW-¸�º�» Ë É Ë ÉL[Ó¦�ª®^�¦�«ÆfJÉLW Õ� WNÉ5ÇYÈNÉLWLÈ
ÇP]TÈ �*Í Z$]TX�ÇIÉ Ë ÈOÌ�ZkWjZk[�^JÌ�Z Ù Ì|ÇIÉ é _c`3Ê�É�X�XIÉL[ ê dÑ�W Í Ñ�Wj_c` Ë Zk[ Ë ]Tà$dZ'`%XIÉLWlª Ç([�Ô�É�XPZPÈTÇ e [(à1Ñ�«<à1Ñ�` e _c`

Õ�ÕjÖ�×2Ø&×�Ù�ÚkÛaÙ�ÜÝkÞ|ß Ø&à�á�â2Ø&à�áLÙ|Ø&ã'ä�åLØ&æ�ç�Ø&ã�ÚgÛ ß&è æ Þ ×�ÙaÜÛ Þ�éLÝ Ú'ã�Ø&Ú�êkæ Ø&åhæYÚìë ÝhÞ à áhãLÛaÚ'ãj×�íLÜÛLá ß æ Þ Ú�í Ý êkæaÛcà�áLÙ�æYÚ$î�çïØ&æ é ÛcÚhÚ¼Ø&Ú�ã Þ�ð êkæ Þñ ÜÛcáhæ Þ�Ý Ú'ã�Û ß ×<ã ß æ�Ø&à á-ÛaÚ'ãjæY×�æYáhæYÚ®â>æ Þ å'æòÚ�ägâ�Ûc×�Û ÝLó åhæYôöõ<×�í Ø ß*ß&ð × éjð�÷ ÜÝ êkæ Þ�÷hÞ ÜÝkó Ù9â ÝhÞ å'æ�î
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Ë Éh]qÉ1ÈLà1È�ÊÀÑ�WZÌ*ÉL[ ��Í ÇIÉ é _a`*Ê�É�X�XYÉL[<×�dÑ5]a]qÉL[�] e Ë É1Ê-dZk`%XIÈ�Ê�ÉLWZÌ*ÉL[�^VÌ�Z Ù Ì|ÇIÉcÐ
ÉLWLÈNÉ5ÇsXIÑ�[ Ë f e [ö¦�ª ×�ÇIÈ�Ì*ÉLW
f e [i¦�«;à1Ñ�W Í Éh_ Ò Ñ�[ Ë(Ò e ×c×�È �*Ö ÉL[�['à1Ê�É5Ç é à5Ç/[*ÈTÇ�X�XFZRÈ e WLÉL[ Ë XYÉ5ÇP_c`#É Í ÇF_ Ò É®fJÉLWLÊ�ÉL[�Ì*É1È�Ê�ÉLWZÌ*ÉL[ÏÇP]TÈ�Ì�Z$]ë�W e � XYÉ1×ÉX e ]�×�de Ë X�ÇF_c`�^VÌ�Z(Ì�Zk[�[sÌ|ÇIÉ ê dÑ@W�ª Ë Éh]TÉ1ÈNà1ÈLÉL[ é _c`3Ê�É�X�XIÉL['Ç/['à1Ñ#É5Ç([5ZQ[�Ì*ÉLW Ò e [5]qÈjZk[*ÈLÉ1× ��� ]TÈ�Zk[�ÌË É Ë ÉL[öÌ|ÇIÉ¼f e [�«"] e XPZk[ Ë ÉlfJÉLWj]a_c` e � ÉL[cÊ�ÉLWZÌ*ÉL[ Ò de [�[#ÉL[�^ � ÇP] dV � ÉLWNÉ5Ç([5]qÈTÇI×c×�Ñ�[ Ë Ì*ÉLW é ë}É Ò ÈcWLÉL[
f e WYX�ÇIÉ Ë È �Í Z$] é ë�É Ò ÈaWLÑ#×ýX dZ Ù È�]�ÇP_a`iZRÑ5_a`�Ì*Ñ�Wj_c`'Ð
ÉLW dZk[�Ì*ÉLWa[ûÌ*ÉLW�Ð
ÉLW�]TÈ dZkW Ò Ñ�[ Ë µòþ e _c`5]Të5Zk[�[*Ñ�[ Ë e Ì*ÉLW-,�WTÇI×c×ÝÉLW
ZP×¶Ð
ÉLWj]TÈhdZ'W Ò ÉLW ¶ fJÉLWj]a_c`*ÇIÉ � ÉL[ �� ×óÚ\[�Ì*É�Ì|ÇIÉh]TÉh] ��� ]a_c`�[*ÇIÈLÈj] � XYÉ5Ç � È ê Éh]TÈLà1Ñ�`5Z'XIÈLÉL[ �
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RTSVU W¼�OW%XP]Y`�de ` U [%f U W�XkX U-Y _c`DZjdW�`�W�[]\>W U-Y [ U W+V [�[ U W?^%WkdW5_@_�W�[�X f e [1`\W U-Y X$[ Y ]a] U [ Yba Ñ�Zk[�^�Z�W5]c_a`�clZk[�\
^ U ]¼�OW%XP]Y` de ` U [5]ed U _�[aW@W a ] �

RTSVU W¼�OW%XP]Y`�de ` U [�f U W@XkX U-Y _c`f_gZk[�[ aBY [�^ U>a ,TW Y X�X U W�g�h e ^�W%Xi^�W�Wj_c`�X U ZjdW5`�W�[#c U W?^ U [ �
RTSjYbU �OW%XP]Y`�de ` U [�] Y [�^ Yka h Y [�[ U X�d�W e d e W�[ Y/e [5Z'X�\>WD^ U [NXPZ�^�W�[�X�] Y [�[ U X$W YkU W@[ U [Dl U W@[ U [ µ ` Y _c`�_�W�Wcf U
�V�����������%¶?�

RTm dW�W U-Y [�\ U X/[ U `SW U-Y X$[ Y ]a] UjY ]n[o^ U W�XPZ�^�W�[�X�] Y [�[ U X$W YkU W@[ U l U W�[ � U-Y XQX U-Y _c` U [��OW%XP]Y` de ` U [
f U Wj]a_c` YkU ^ U [
µ �����������qp%¶?�
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SjYbU ` Y _c`�_�W�Waf U \>c Y ]a_c` U [Ñ^ U W YbaÓÒfÔ5Y [NÔ U X Y ]e[ U W´^ U ]ÖÕ p$#%� d�W e X�WjZ a/aBYbU W�[ U [¼×�_a`�c U X�X UÙØ W�[�^¼^ U W
× Y X$[5ZgXFZ a d%X Y [@W�^ U °³^ U ] �\` e [ e�a W%Xb[ Y d%X YbU Wj]Vc#W�W?^ U X U>a/U ]a] U [ � S Z � U-Y � U \ U-Y _c`�[ U [-°Ú^ YkU �OW%XP]Y`�de ` U ^ U ]
× Y X$[5ZgXF]v^ � U-Y ^ U W·^ U W SjY ]e_�W YkaÛY [5Z![ e WVX U WjZ�^ U [aW Y X�X U W�[ Y [ a/Ü � `�]]c#W�W?^ UBU-Y [�[ U X�Z�[ Y f U ]]X%Z�W�Ý�Zade W aBY X U ]
d U W Y/e ^ Y ]a_c` U ]�, U ]e[j] Y X$[5Z'X<f e [ � [5] þ Z'X � c U W@[j] � W U-Y [ U f U W�c U [�^ U [ � `�]l] e X�Xb[ U3U-Y [��\` e [ e�a W%Xb[ Y d%X YbU Wj] Y X$[5Z'X
] Yka W%X YbU W U [ � Ô�U-Y Z U ]n[ U W#×�_c`�c U X�X U c#W�W?^ U ^ YbU � a d%X Y [�W�^ U ^ U ]j× Y X$[5Z'XP] U Wa`�de `�[h^ � Y ]8^ U W]X U c®dZh`%Xb[ U3SjY ]e_%W Y g
aÛY [5Z![ e W�_kZk[5Z'X�[aW Y X�X U W�[ U �
SjYbU � a d%X Y [�W�^ U °Ïc#W�W-^ U Z�W�Z3Þ3ß a/Ü Z dW�W´^ U [ Ô�U W U-Y _c`öf e [ Øáà #�� Y ] Øáà p$Ï�â Z dW5W�Z'X�X U ß â

ã�ZQ[�dZ'X U � U ]e[ Yba/a [ � SjYbU h U ]a]eW�[�X U W@X Y � [h^�^�Z�ÝB^ U WVä�W5]aZ a/aÈU [�`5Zk[�X3\>c Y ]a_c` U [�°åW�[�^ Ø X Y [ U ZkW Y ]n[ � SjYbU
æ U WjZ�^ U [�] Y [�^ÈZjdW@WlZ'X�X U ã�ZQ[�dZ'X UVY [�[ U Wc`5Z'X � ^ U W mÃU `%X U W@X$W U [�\ U [DXQX U-Y _c` � ×�[ U-Y X�W�[�X/W�[�^ � _c`5] U [5Z � ]a_c`�[ Y [�[
cjW�W?^ U [nZ � X U X U ] U [�^�W�[�^ U W�X%Z � ^ YbU Z e XbX U [�^ UBÔIU \ YbU `�W�[�X �

° µ Ø ¶Dç a/Ü¤è
à ³ µ pÃé&#$Ï Þ #�é�#$�%¶ Ø ³ µ ��éqâ Þ<ß pÃé&#%¶µ ���&Ï%¶
äEW�W�Z � ] e XbW�[ U [f` Y _c`�W�[�X/\>c Y ]c_a` U [�^ U W¤× Y X$[5Z'XPZ a d%X Y [�W�^ U W�[�^D^ U>a � S ÕIg�ã�Zk[5Z'X Y ]n[ U ]l[ e _c`�[ e [ec U [�g
^ Y X5^�^ YbU1Ô�U \ YkU `�W�[�XnZQ[ U-Y [ U W/×�[ U X�X U \>Wf_ U [�[ U [ � `�] � YbU [ U [7] Y _a`T^�Z�]�� U ^ U ]e[jZ'X�Zk[ � S Zk[�[ Y ]e[ U ] dW � U W
æ X U-Y _c`�W�[�X ���&Ï W�[�^ �V���������&� a de XQX Y _c`�^�^ YbUIY [/^ U W\�\WjZ -�Y ]�` Y X&Z�W U-Y _a` U V a W U _c`�[�W�[�X�f e [/× Y X$[5Z'XPZ a d%X Y [�W�^ U
ç a/Ü¤è.Y [�Z � ] e XbW�[ U � S ÕIg�ã�Zk[5ZgXkc U W�[ U ^�W�Wj_c`�\>W�ZjdW@`�W U [ �
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Monte-Carlo Simulation Mult.2 und 3
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l8Zk`E[Q\/]c` U-Y-^G_�Y ]c`�_ U-Y [ UX^ W ^ ^ ^ Z"]a`+R � Ò ^ YbU � ^ \.Zk` _ X9dW ^ \n[ Y X U [�`�[ U-Y X ^�Y \`\ U�a I K�L� � U [ U ]c` ^�U [�c U [?^ UX^ �b�c ÿedgfih.ÿ c�j �Ek.ÿ ¿�cEl þ.m�ÀiÀnk jioqp Ê�þ.m�À+fWr c ÿ+sut�hWv c rwr c�j S Z"\#` ^�U [@X YbU \ed U _�[/[�W a c U [?^ UÂY ^ ^G[ U-Y � ^ g
[ U [/xyZ _U_bU�zCà ß�O p O|{3W ^ [ U [�[ U-Y}_ [.~EW ^ ^ÀZ dWE[V^ YkU x YbU [�� ^ [ U [/xyZ _}_ X"[ UX^ \ UX^q� OQM�OQP�O���\ U-YbUX^ Z e�_ X UX^ ^ UÛÔ�U \ U-Y ]c`�g^ W ^ X UX^ X U c-dZ'` _ [ �

: z/à ß�� � à�:�� OQM���� : z/à p � � à7: MWO|P|��� : zÈà {�� � à7: P�OX� ¶

� W�Z8^ U>a � ^ [ U [`xyZ _U_uz ^ U \V` ^�U [@X YbU \ed U _�[/[�W a \�\ U-YbUX^ � I K�L� `�[ U-Y X ^�Y \`\ U ^ U [·h�W _ [ Y d _&Y \ Y [hdZ�[�� U-Y-^ X U [`[QZ�X UX^ �
× U-YW� � µ9� ¶ ^ YbU ^EZ"\O×�d U _�[`[�W a Z�d�dE[ ee��YkaÛYkU [ UX^ ^ U8ÜOU [@[ U-YU_ W ^ XG\�ZÇW ^ _�[ Y/e"^ ^ U [i`�[ U-Y X ^�Y \/\ U]aBY [OhDW _ [ Y d _&Y \ Y [hdZ�[� Y-^ �V� ` dZ ^ X Y X�_ U-Y [�x e"^ ã�Z ^ Z _�� � S Z ^E^ X YU_ [ �

� I K�L� à�� I K�L�� ��� ��� ����`R �qâ �
SjYbU æ [ de Ý UBØ \ U-Y ^ YkU ×�W a/aÈU Z _U_kU [¤`�[ U-Y X ^�Y \`\ U �

ØÙà�� ��� K � I K�L�
`�\]c U [?^ UX^�^ W ^ Z e�_ X UX^ ^ U `�[ U-Y X ^�Y \/\ U�� � ~�� K Yka a Z�[c` U>a Z�[ Y \/]c` UX^ × Y-^E^ ^ U|�W^�YbU [�[ �
R�� K �3� SjYbU ` ^�U [�X YbU>a/U \`\eW ^ X U [@X Y � [ U-Y-^�UX^ ` Y-^ [/[|Z�X Yba � ^ [ U [/xyZ _U_ z �
R � � ��� SjYkU h�W _ [ Y d _&Y \ Y [ dZ�[¡� _&YbU X�[�x e [ �

Ô�U-Y�U-Y-^�U [ ÜjYbU|_ \.Zk` _ x e"^ h U \/\eW ^ X UX^ \ Y ^ ^1^ YbU lqZk`E[Q\/]c` U-Y-^G_&Y ]c`�_ U-Y [ UX^�¢ � � K � ~ ¢ ��� � � Z dWE[#^EZ"\]` Y-^ [`[ U [ UX^
^ U \j`�[ U-Y X ^�Y \/\ U \ � K � U \ YbU `�W ^ X�\ec U-Y \ U ^ U \V`�[ U-Y X ^�Y \/\ U \��£��dW � U [�^ YbU�¤ dZ�W � X�_ U-Y [ UX^ � I K�L� X U X U � UX^ �

¢ � � K �Ià¦¥ � � I K�L�
Ø � ¢ �1�£� �Oà ¥ K � I K�L�

Ø
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SjYbU lqZk`E[|\/]a` U-Y-^G_&Y ]a`�_ U-Y [ ¢ � � K<º �¡� � ZjdWE[�^EZ�\#` Y-^ [/[ U [ UX^ x e�^»� K W ^ ^¼�¡� Y \e[VX U X U � UX^ ^�WE[Q]c` �

¢ � � K½º �¡� �Ià � I K�L�
Ø

S Zk` U [ U [�X Y � [�\ Y ]c`<^ YbU � U ^ Y-^ X�[ U lqZk`E[Q\/]c` U-Y-^G_&Y ]c`�_ U-Y [ ¢ �1� ��¾ � K � Z dWE[/^EZ"\B` Y ^ [/[ U [ UX^ ^ U \~`�[ U-Y X ^�Y \/\ U \� �£� ¾ � K � ~EZ _ \ e x e"^ �£�OW ^ [ U [V^ U [ Ô�U ^ Y ^ X�W ^ X � K d U [ SVU|�W^�Y [ Y/e"^6¿qÔ<; ×"À �

¢ �9� �Q¾ � K ��Á ¢ � � K<º �¡� �¢ � � K � à � I K�L�
¥ � � I K�L��/R � R �

SjYbUVa de X _&Y ]c` U � ^ \.Zk` _ ZjdWE[#^EZ"\�`�[ U-Y X ^�Y \ � �£� ¾ � K � Y \n[8X U [QZ�^ U � I K�L� ~E\ e ^EZ�Ý�\ Y ]c`1^ YkU � ^ \.Zk` _�a I K�L� ^ U [IZjdWE[� �£� ¾ � K � X9dW ^ \e[ Y X UX^ `�[ U-Y X ^�Y \`\ UBU [�X Y � [ �
a I K�L� à � I K�L�
Â ¢ �9�£� ¾ � K ��/R � ÒG�

SjYbU � W�ZÇX�Z � U � Ã d�[ YbaBYbU [�W ^ XÖ^ U [�ÄC[ Y X�X U [Q\/]c`�c U|_U_bUX^ M�OQP � \e[ U|_}_ [�\ Y ]a`f^EZk` U [#c YbU Z e�_ X�[ �
R h+Z ^ � U \e[ Yba/aÈU ^ YbU � ^ [ U [/xyZ _}_ X"[ UX^ \ UX^ M�W ^ ^qP�~u\ e ^EZ�Ý ^ YbU � ^ \.Zk` _ X9dW ^ \n[ Y X U [~`�[ U-Y X ^�Y \/\ U ^ U [
h�W _ [ Y d _&Y \ Y [hdZ�[z\>c U-Y W ^ [ U [i^ U [ Ô�U ^ Y-^ X�W ^ XW~ Yba � ^ [ U [/x�Z _U_�¿ M�OQP|À ^ Z"]a`�X U c YbU \ UX^ \>W~c U [?^ UX^Pa Z ��Yba Z _
c Y [-^i~ Y-^ Z ^ ^ U [ UX^ l e [�[ UX^Ca Z ^ \eWW]c` U ^EZ"\jhJZ ��Yba W a x e"^»a I Å±LÅ Z _ \ m W ^ _�[ Y(e�^ x e"^ M�OQP �

RTm dWE[�^ YbU"e d�[ Yba Z _kUX^ � ^ [ U [/xyZ _U_ X"[ UX^ \ UX^ � U \e[ YkaÈa/U¼a Z ^ ^ YbU dÆ � U [Q\edE[ U ]c`�c¡Zk`E[|\/]a` U-Y-^G_&Y ]a`�_ U-Y [ UX^¢ ��� ��¾ � Å �3aÛY [*�»Çà p Z ^ ^ U [ U [1h�W _ [ Y d _�Y \ Y [ dZ�[ UX^²Y-^ ^EZ"\�� ^ [ U [/xyZ _U_�¿ MWO|P|ÀIW ^ ^<^ YbU�ÜOU [ _ WW\e[ec½ZQ`E[�g\`]a` U-Y-^G_&Y ]a`�_ U-Y [ UX^»¢ �1� Å ¾ � K � ZjdWE[ z Çà p��
SjYbU �V����� R �?È \ U-Y X�[CX"[QZ�d�` Y \/]c`�^ YbU �V� `�dZ ^ X Y X�_ U-Y [»� I Å9LÅ x e"^ ^ UX^ � ^ [ U [/xyZ _}_ X"[ UX^ \ UX^ M�OQP � m dWE[�PqÉÊM
X Y � [ U \V_ U-Y-^�U ` Y-^ [/['dZ�X U �E� W�Z#^ U [ SjY Z�X e"^ Z _kUX^ M à P ^�Yba/a [	� I Å9LÅ ^ UX^ l U [�[ � Z ^ � m dW�[	P�ËÌ� W ^ ^M3Ë � c Y [?^»�+I Å9LÅ a Z ��Yba Z _ � hJZ ^ � U [/[QZ�]a`�[ U�^ W ^ ^ YbU � U ^ Y ^ X�[ U lqZk`E[Q\/]c` U-Y-^G_&Y ]c`�_ U-Y [ ¢ � � Å ¾ � Å � [ U ]a`�[Q\
^EZ ^�U � UX^ ��� W�Zo^ U [ SjY Z�X e�^ Z _bUX^ M à P U [Q\`]a` U-Y-^ [ U-Y-^ Z � \ e�_ W�[ U \PhJZ ��Yba W a � m dWE[ÍM¼Ë � W ^ ^JP�ËÌ�\ Y-^ _�[ ^ YbU lqZQ`E[Q\/]c` U-Y ^G_&Y ]c`�_ U-Y [qZ ��� SjYbU \ U � U-Y ^ UX^ m W ^ _�[ Y(e�^�UX^ c#WE[?^ UX^�aÛY [ U-Y ^ Z ^ ^ U [ a W _ [ Y d _&Y \ YkU [@[.~
c e [QZ!WW\~^ YbU � ^ \.Zk` _ X dW ^ \e[ Y X U [´`�[ U-Y X ^�Y \/\ UNa I Å9LÅ [ U \eW _ [ YbU [�[ � a I Å9LÅ \ U-Y X�[ U-Y ^ Z�WW\eX U dE[ dZ�X�[ U \�Z � \ e�_ W�[ U \
h+Z ��Yba W a � SjYbU \ U \PhJZ ��Yba W aÎ_&YkU X�[ � U-Y ^ UX^Áe d�[ Yba Z _bUX^ � ^ [ U [`xyZ _U_ X"[ UX^ \ UX^ M"Ï�Ð/Ñ/O|P|Ï�Ð/Ñ � � a ã e�^ [�WE[@d _(e [_ Z"\/\ UX^ \ Y ]c`D^ YkU7e d�[ Yka Z _bUX^ æ [ UX^ \ UX^ ^EZ ^E^ Z � _bU \ UX^ �Ò�cEl þ.m9ÓqÓNk jio�ÔCc ÿÕsÖt�hWv c r�r c�j�×Øc m£Ù c ÿ l t"hum cÚÔCcWjic�j �ÛkurÄþ.m�ÜØr�m���mÄþ�Ýf�þ l Ù c ÿ�h�ÝfErbþ j m l.lXc�j `�\ Y \e[�x e"^
Ô�U ^ U W�[�W ^ XW~ Y-^ c U|_ ]c` U>aÌÜOU [c` dZ _ [ ^�Y \3^ YbU h�W _ [ Y d _&Y \ Y [ dZ�[ UX^ \>W U-Y-^ Z ^ ^ U [�\e[ U ` UX^ � × eÀY \n[3^ U [ m Z _}_ � � à� Å à � � _ U-Y-^�U [ U Z _&Y \e[ Y \/]c` U × Yba W _ Z�[ Y/e"^ ~�^ UX^E^ ^ YbU �V� \/]a`�dZ�[�\>W ^ X�Z�WW\ �V� \/]a` ^�Y [�[	{ � {/\ U-Y X�[e~¡^EZ�Ý ^ WE[
U [ec¡Z p �GÞ ^ U [P×�[/[QZk` _ [ U-YU_ ]a` UX^ÙYba ÄØZ�[�X U [�c U ]c`W\ U|_ c Y [�_ UX^ � m dWE[¤^ YkUBU [Q\n[ UX^ ^G[ U-Y h�W _ [ Y d _&Y \ Y ['dZ�[ UX^ c Y [?^
� U-Y�ß�à�áuà�â �nã �� � �nã �Å � �nã �� à ß � ß �"��� �#p �"�8¿qm Æ�H¡À U [�c¡Z�[�[ U [ � SjYbU ×�]c`�c U|_U_bUX^ _ e"^E^ [ UX^ ZjdWE[
ÜOU [a`�dZ _ [ ^�Y \`\ U � Y \�� ã �� � � ã �Å � � ã �� à ß �Op �"� �uä � � U \n[ Yba/a [~c U [?^ UX^ � SjYbU»;]U \eW _ [QZ�[ U c U [?^ UX^²Y-^ÄØZ ��� R � {¤ZjdWE[�^ UX^ { aÈa ×�\ Y-^ [ YU_U_ Z�[ e [¤W ^ ^ Y-^ ÄØZ ��� R �(ä ZjdWE[�^ UX^ ß a/a ×�\ Y-^ [ Y}_U_ Z�[ e [·^EZ�[@X U \e[ U|_U_ [ �
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SjYbU7e d�[ Yba Z _kUX^ � ^ [ U [`xyZ _U_ X"[ UX^ \ UX^ c U [?^ UX^ [ U|_ Z�[ Y x�\>W a h+Z ��Yba W a ������� ^ U [¤X U>aÈU \/\ UX^�UX^fÜOU [�[ U-Y g_ W ^ X � �W� ��� ^ U [�h�W _ [ Y d _�Y \ Y ['dZ�[ U-Y-^ \ Y-^�Þ Z ^ X U X U � UX^ � SjYbU l8Zk`E[Q\/]c` U-Y-^G_�Y ]c`�_ U-Y [ UX^ ZjdWE[�^EZ"\ dÆ � U [|\edE[ U ]c` UX^
W ^ ^Ù^ YkUCÜOU [ _ WW\e[ U � U-Y]ÜOU [�c UX^ ^�W ^ X ^ U [ e d�[ Yba Z _bUX^ ×�]a`�c U|_}_bUX^ \ Y-^ ^ U � UX^ Z9Z _}_ \ U-Y-^ X U [/[QZ!X UX^ � SjYbU´Ô�U g[ U ]a` ^ W ^ X/c#WE[?^ U \ e c e ` _ ZjdWE[�^ UX^fm Z _U_�e ` ^�U Z _ \,Z�WW]c` aBY [ æ [hde Ý UX^ x U [�X _bU-Y ]a`�^�WE[Q]c`�X U ZjdW�`E[�[ �
�3cEl kurbþXf�þ c � WW\ � U-Y ^ UX^ Ä�Z � U|_U_kUX^Õ_�YbU \e[ a Z ^ Z � ~
^EZ�Ý � U-YIS¼e�aBY-^ Z ^ \/^ U [¤hDW _ [ Y d _&Y \ Y [hdZ�[ U-Y-^ \¤^ YbU7e d�g
[ Yka Z _bUX^ ×�]c`�c U|_U_bUX^DYbaÊ; Zk` a/UX^ ^ U [ m�U ` _bU [V_ e"^ \e[|Z ^ [¡\ Y-^ ^ � m dWE[�^ UX^ m Z _U_�aBY [ æ [hde Ý UX^ x U [�X _bU-Y ]c` _&YbU X�[
^ YbU7e � U [ U ×�]c`�c U|_U_bU P|Ï�Ð/ÑOW ^ [ U [a`WZ _ ��� UX^�U [#ZjdWE[�^ UX^ m Z _U_ e ` ^�U æ ['de Ý UX^ x U [@X _bU-Y ]c` � S Z"\ Y \e[�x U [Q\e[hdZ ^ ^ _&Y ]a`u~
^EZÙ^ U [ æ [hde Ý UX^ x U [�X _kU-Y ]c`<\>W U-Y ^�U [�Æ ^ [ U [-^G[gdWW]�_�W ^ XT^ U [1`�[ U-Y X ^�Y \/\ U1Yba! Z ^ ^EZ!WW\/]a`�c¡Z ^ \1ZjdW�`E[�[ � SjYbU
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W ^ [ U [ U ×�]c`�c U|_U_bU£_�YbU X�[ Y-^ � U-Y ^ UX^Dm dZ _}_bUX^ Z ^�^ Zk` U \>WCX _bU-Y ]a` U [V×�[ U|_U_bU � SjYbU � U ^ Y ^ X�[ U l8Zk`E[Q\/]c` U-Y-^G_�Y ]c`�_ U-Y [¢ �9� � ¾ � Å � ~õ^ YbU h�W _ [ Y d _�Y \ Y [hdZ�[ U-Y-^ \���×�[/[QZk` _ Z ^ [ U-YU_±� \>c Y \/]c` UX^ ^ UX^7e d�[ Yka Z _bUX^ ×�]c`�c U|_U_bUX^ \>W �W^ ^ UX^ ~"\e[ U-Y X�[
aBY [¡\ Y-^ _ UX^ ^ U [¤äiZk` _ c½ZQ`E[ U [8h�W _ [ Y d _&Y \ Y [hdZÃ[ UX^ \>c U-Y � × YbU c Y [?^ � U \ e"^ ^ U [Q\�` e ]c`u~�c UX^E^ _ U-Y-^ æ [hde Ý UX^ x U [�g
X _bU-Y ]c`<^�WE[Q]a`�X U Z dW@`E[�[3c Y [?^ � SVU [ æ [ de Ý UX^ x U [@X _bU-Y ]c`<^EZ�X U X UX^ Z dW�`E[�[B\>W U-Y-^�U [5\n[QZ�[�_ UX^ Æ ^ [ U [?^G[ dWW]@_�W ^ X
^ U \j×�[/[QZQ` _ Z ^ [ U-YU_ \ Yka�e d�[ Yka Z _bUX^ � ^ [ U [/xyZ _}_ � SjYbU � U ^ Y-^ X�[ U lqZQ`E[Q\/]c` U-Y ^G_&Y ]c`�_ U-Y [ ¢ �1� Å ¾ � Å � ~ U-Y-^�U h�W _ [ Y g
d _&Y \ Y [hdZ�[]\>c U-Y
Ybaoe d�[ Yba Z _bUX^ � ^ [ U [`xyZ _U_ \>c U-Y \>W �W^ ^ UX^ ~�\ Y-^ _�[ aÛY [#^ U>a � ^ [ U-YU_ c¡Zk`E[ U [oh�W _ [ Y d _&Y \ Y ['dZ�[ UX^
p�� SVU [ m Z _}_
aBY [ æ [ de Ý UX^ x U [�X _kU-Y ]c`´\ U-Y X�[ � U ^ e ]a`u~�^EZ�Ý ¢ �1� Å ¾ � Å � \ U `E[�x YbU|_ ` de ` U [ Y \e[ Z _ \ e ` ^�UjÜOU [�X _bU-Y ]a` �sut�hÖr9k�2�d p r oWc ÿ"k jioJ� ^ ������� R � ß � c U [?^ UX^ ^G[ U-Y h�W _ [ Y d _&Y \ Y ['dZ�[Q\/\nd U _�[/[ UX^ X U \ U-Y X�[ � × YkU c#WE[?^ UX^ Z�WW\j^ U>a
Y-^ �V����� R � R·X U \ U-Y X�[ UX^DS Z�[ UX^ \/Z![�\�c YkU ^ U [@W a
^ Z"]c`D^ U [�h e"^ [ U geÕ Z�[ _(e h U [a` e ^ U3U [�\ U W�X�[ � � ^ ^ YbU \ U [Â× Y g
a W _ Z�[ Y/e"^ c#WE[-^ UX^ Z _U_bU [?^ Y-^ X�\¤^ YbU3ÜOU [a`�dZ _ [ ^�Y \/\ U �Nã �� � �nã �Å � �nã �� à p � � ß �"� � ß¤X U c-dZ'` _ [ �
� W�Zo^ U [436587:9<;=7 ß ;>5@?A;¤c#WE[?^ UX^ ^ YbU ×�d U _�[/[ UX^ Z dWE[3^ UX^�m Z _U_CB�D 7
; æ [ de Ý UX^ x U [�X _bU-Y ]a`N\ Yba W _&YkU [@[ � � aÌm Z _U_
e ` ^�U æ [hde Ý UX^ x U [�X _bU-Y ]a` U [@_ UX^E^ [ a Z ^PYka X U \ U-Y X�[ UX^ � WW\/]a` ^�Y [�[I^ YbU�S¼e�aBY-^ Z ^ \#^ U [8h�W _ [ Y d _�Y \ Y [hdZ�[#ß � SjYbU
c¡Zk`E[ UX^ `�[ U-Y X ^�Y \/\ U ^ U [8h�W _ [ Y d _&Y \ Y ['dZ�[ p c U [?^ UX^ dW � U [?^ U ]@_�[ � Æ ^ [ U []^ UX^/U [�c¡Z�[�[ U [ UX^BÜOU [a`�dZ _ [ ^�Y \/\ UX^ � U-Yß�à�áuà�â c-dZ�[ U ^ YbU S¼e�aÛY ^ Z ^ \ ^�e ]c`�Z�WW\nX U dE[hdZ(X�[ U [ � SjYbU�e d�[ Yba Z _kUX^ ×�]a`�c U|_U_kUX^ MFE�Ð/Ñ¤W ^ ^ PGE�Ð/Ñ _ Z"\`\ UX^\ Y ]c` Z � U [CW ^ X U Z"]c`�[ U [/^ U \/\ UX^ ^ Z�]a`<^ U>a X UX^ Z ^E^ [ UX^¼ÜOU [eZ9ZQ`E[ UX^ � U \e[ Yba/a/UX^ W ^ ^ Yka ^EZ�[�X U \e[ U|_U_ [ UX^
ã e"^ [�WE[�d _/e [£x e"^»a I Å9LÅ Z � _kU \ UX^ � × YbU \ Y-^ ^ Y-^ ^ YbU ×�d U _�[/[ UX^DU-Y-^ X U \ U-Y ]c` ^�U [ �
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S Z�\#×�d U _�[`[�W a Z!W�Z5^ U [LKG;�M D ?A;=7 ß ;>5@?A;�x e"^ �V����� R � ß � \ U-Y X�[¤^ UX^ m Z _U_ON 5@? æ [hde Ý UX^ x U [�X _bU-Y ]c` � `�\ Y \e[#\>W
U [@_ UX^E^�UX^ ~�^EZ�Ý~^ YbU `�[ U-Y X ^�Y \/\ U ^ U []h�W _ [ Y d _&Y \ Y [hdZ�[Vß YbaÏÔ�U [ U-Y ]a`1^ U [#hDW _ [ Y d _&Y \ Y [hdZ�[ p W ^ [ U [?^G[kdWW]@_�[<\ Y-^ ^ �
SjYbU�e d�[ Yba Z _bUX^ ×�]c`�c U|_U_bUX^ MFE�Ð/Ñ#W ^ ^8PGE�Ð/Ñ _ Z"\/\ UX^ \ Y ]c`²c YbU ^ U [�W a Z�WW\¤^ U>a ã e"^ [�WE[�d _/e [ a I(Å9LÅ Z � _kU \ UX^
W ^ ^¼\ Y-^ ^ Y-^ ^ YbU ×�d U _�[/[ UX^DU-Y-^ X U \ U-Y ]c` ^�U [ �
`�\#c Y [-^DX U Z e�_ X U [@[.~�^EZ�Ý1^ U [ æ [ de Ý UX^ x U [�X _kU-Y ]c` U-Y ^�U � U ^ U W�[ UX^ ^ U Æ ^ [ U [?^G[ dWW]@_�W ^ XD^ U [¤h�W _ [ Y d _�Y \ Y [ dZ�[~ß
Yba � ^ [ U [/x�Z _U_ pB� U c Y [�_�[ � SjYbU®e d�[ Yba Z _bUX^ ×�]a`�c U|_U_kUX^ _9de"^E^�UX^ Z!WW\,ÄØZ ��� R � { Y-^ � U \�dW
X _&Y ]a`f^ U [3×�[ U|_U_bU ^ U \
h+Z ��Yba W a \<x e"^ h�W _ [ Y d _&Y \ Y ['dZ�[ U-Y-^ \,Z � X U|_kU \ UX^ c U [?^ UX^ �
xzyQP Ri���FS��E���I�E� ��ïO��}����
ó����å��}����O��}���}����E�!����������òC��ó�ó����
� WW\]^ UX^
e d�[ Yba Z _bUX^ ` ^�U [�X YkU \`]a`�c U|_}_bUX^ \ e�_U_bUX^�^ W ^ ^ YbU�e d�[ Yba Z _bUX^DSjY \e_G[ YbaBY-^ Z�[ e [Q\`]a`�c U|_}_bUX^ � U \e[ Yba/a [
c U [?^ UX^ � m dWE[O^ UX^ { a/a ^ Y ]�_ UX^ ×�\ Y-^ [ YU_U_ Z�[ e []_9de"^E^�UX^ Z�WW\ �V����� R � ß � ^ YbU Z � \ e�_ W�[ UX^�e d�[ Yba Z _bUX^ ` ^�U [�X YbU g\`]a`�c U|_}_bUX^ÈY-^ � S ÕIg�ã�Z ^ Z _bU-Y ^ ` U-Y [ UX^ Z � X U|_bU \ UX^ c U [?^ UX^ � ä�c U ]@_ a dZ'Ý Y X U [ Y \e[ U \X~�^ YbU�e d�[ Yka Z _bUX^ ×�]c`�c U|_ g_bUX^ � U \ dW�X _�Y ]c`�^ U \#h+Z ��Yba W a \ � �,�T� Z�WW\¡ÄØZ ��� R � {ÂZ dWE[�^ UX^fm Z _U_�aÛY [ æ [ de Ý UX^ x U [@X _bU-Y ]c`JZ � \>W _kU \ UX^ �

MUE�Ð/Ñ à ß ÒUV��L�,���.Þ PGE�Ð/Ñ à p�ä ß �������eÞ�`R ��È �
� WW\]^ U [#` Y ]a`�_�WE[/x U �V����� R �(ä c U [-^ UX^ ^EZ ^E^ ^ YbU¼e d�[ Yba Z _bUX^DSjY \e_G[ YbaBY-^ Z�[ e [|\/]a`�c U|_U_kUX^ MUW>X Y[ZE�Ð/Ñ W ^ ^*PGW>X Y\ZE�Ð`Ñ Y-^
` Y-^ ` U-Y [ UX^ ^ U \ÂÕ p � R Z � X U|_bU \ UX^ �

M W>X Y[ZE�Ð/Ñ à â Ò P W>X Y[ZE�Ð/Ñ à Ò p�`R � ß �G�
SjYbU ×�]a`�c U|_}_bUX^ _ de"^E^�UX^¼^ W ^�aBY [�^ U [¤` Y ]a`�_�WE[/x U R � VPY-^ ^ YbU ` Y-^ ` U-Y [ aÈÜ W a X U [ U ]a` ^�U [jc U [-^ UX^ �
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�3�� �
MFE�Ð/Ñ PGE�Ð/Ñ ¢ �1� � ¾ � Å � ¢ �1� � ¾ � Å � ¢ �9� Å ¾ � Å � ¢ �1� Å ¾ � � � ¢ �1� Å ¾ � � �

I `
a�bdcTeöLgfihAe I�`iajbQc�eELgf
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kmljnio � WW\nc½ZQ` _ ^ U \j_ _kU-Y-^�U [ UX^ l U [@[ U \

ß ß ß â Ò p Ò ß âÃ��È V � ß Ò�Ò � � ß � ä ß.{ �?È
p � ß � ß ÒFV p Ò È ä�È��(ä R ��È ä�p�� Ò � � ä â��qâ
V"� ß � ß ÒFV p Ry{ R � �(ä ä��(ä p V � ß � � ß { � V
ß ��� p � ß È { p Ry{ R È��qp { � { ß�R � V � � ß p�� Ò
p ��� ä � ß È�p p"È R Ò ä��qp â�� Ò Ò ��È � � �FV ß �qâ

prqQs � WW\ec¡Zk` _ ^ U \]_ _bU-Y-^�U [ UX^ l U [�[ U \
ß ß ß V { p�ä�È ß �qp ß � R È R � ß â�� ä ä�� Ò
p � ß � ß â"È p�ä�È ß � � � { � { Ò â�� R � � V p�� R
V"� ß � ß â"È p�ä ß p�p�� V p�� � R V � V � � p ß ��È
ß ��� p � ß ÒFV p�ä ß p�p��qp p���È R ä���È � � p p�� ß
p ��� ä � ß ÒFV p�ä�È {GR � V ä�� Ò V R � R � � ß ß � Ò
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_ Y/e"^�UX^ ~�� a d�W _ \ ä � æ U>Ü	��
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kmljnio � WW\nc½ZQ` _ ^ U \j_ _kU-Y-^�U [ UX^ l U [@[ U \

ß ß ß V ä { ��Ò ß â�� R ß âÃ� R â�â�� V { � â p ß � R
p � ß � g g g g g g g
V"� ß � ß â"È { ��Ò Ò"� � ß ß�ß � ß Ò � Ò � � ß { �qâ
ß � p ß â"È p"È { ä Ò ��È p�äE� { p�â�� R � � R V �(ä
p V V ß â"È { ��Ò â�â��qâ ß Ò �qâ ß ä�� Ò � � { ä�� {

prqQs � WW\ec¡Zk` _ ^ U \]_ _bU-Y-^�U [ UX^ l U [�[ U \
ß ß ß.{ Ò p�â ß ÈÃ� V Ò ��È Ò ß �qâ R � â ß.{ � Ò
ß ��� p � ß â"È p�ä�â R�ß � { Ò � V p � � ß � � p p�� R
V"� ß � ß â"È p�ä�â V â�� V ß�ß �qâ {�ß � Ò � � ä p�� Ò
ß � p ß â"È p�ä�â p�p��qâ ß ÈÃ��È V R � V ß �?È ä�� ß
p V V ß â"È p�ä�â ä�p�� � ß äE�qâ ä { � { � � R ä�� �
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�����uÍj���$��i%l5h|��i%ebpWh|k�p�i�k�k%i�h�ebi1Ï�qs��~ � nui��uÇwi�x�y'k%i�zTÈ{h|l�}bq$e$~'i�e�����e� p l � y'z�p
i�h�z+x�ybi¡e£¢{¤¥ q$e�f§¦�¤¨�Uh+p�fui�� � � l©~ai�p��$qªf4i�p
i�}�p hji�l%i%e£q$e�f§k�x5y'e�i�z|zr«�¬r­�®�®we'k
¯ � e°fsh�i
yr±��ybi%l%i�e]��l5h�~�~ai�l5k�p5q$�+i�e²�$q³k�h�~4e � z|h�k5hji�l%i�eµ´r¶ � �sq¸·{i�ltf4i�e²�$·`i�h�¶¹qsltx�yº~ � eº~4k��
±� y'zji�l»�Uh�p»¼{z ��½ktp h�}uk���h|eah+p h�z¾z � p���l¡i�e¿��i%lt·`i%e�fui�p�´�¶�i�lÁÀwi�x�y'k%i%z+·{h|l�}bqseº~4k��
±� yaz�i�lÂp�l5h�~�~'i�l�p � q$�UÃ�y � l5� ½ �{l%i�h�~4e'h�k5k%i
�Uh+p¹f4i�l¹Ä§q$z+p�h��µz�h���h�p$±� p�ÅÇÆ£q$e�fÈ�`l¡i�h�~ºe'h|k�k%ivfui�l�� � l É���e ½ �{z�i�}�p l¡��e � p l%i,q'q$eº~Á�Uh+p¹f4i�l¹Ä§q$z+p�h ½
�µz|h¾��h+p ±� p�Ê4´�Ä � e�h|ktp � eËÃ�y � l5� ½ �{l%i�h�~4e'h�k5k¡i�eªh|e�p
i%l%i�k�k5h�i%ltp
�Ìq$�Í¼{l%�4faq$}bp�h��,egq$e�f�Î�i"nai%e'ktf � qui�l
����e�Ã�y � l5� ½ � � l É���ebi%eÁ�$q§q$e�p
i�l�ktq'x�ybi�eµ´
ÏÐzji�h+x�yu��i%h�p�h�~Ñ·{i�ltfui%eÁi�z � ktp�h|k�x5ybi � p l¡i�qui�l¡i�h�~ºe'h|k�k%i�����e� p l � eº~ai ½ � � l É���ebi�e�« ¢ ¤¥�Ò�Ó ¤¥�Ò�Ô ¤¥ ¯��Uh+prÕ�±q$z|zji�ebi�zji�}�p l%�,ebi.eÖh��×� � l©~'i,p�qsebp�i�l5k�q'x5y�p
�Øq$� ±qÙnai%lÚfsh�i
ÛØ�,l5�U� � }bp���l%i%e � q$��f$h�iWÎ � f'q$eº~ºk5l � f$hji�eÂ�$q�ktx�y'z|hji�Üºi�eµ´

d�e»f$hji�k%i�lÌÝmlonai%h+p
}u��e'e�p
i � q$k©~ai�ybi�eµf����,eÖfui%l`Þ���k¡i�eµn�z+q'p�y'�+��l���i�z�fui�l�À§h|l�}bq$e$~4ktß4qui�l�ktx�y'e'h�p5p«
­"às´�ámâ�n"¯rq$e�fUfsh�irf � l � q$k�l¡i�ktq$z�p hji�l%i�eµfui
Þ � p
iã��±q$l`¢Ìä ½ � p�l%i�qaq$eº~Únai.��±q"~4z�h+x�yUfui�l � p l � y'zji�l%i�h�~4e'h�k5k¡i
�$qÂå�æ;çZè�åté ¤�êmë � n,~ai�ktx�yr±� p+�$pr·{i�ltf4i�e�´4�Wnai%e'� � z�z|km·rqsltfui�f4i�lrÝme�p
i%h|z � eÑìíi%l5e�·`i�x�y'k%i.z+·{h¾l�}bq$e$~'i�enai%ktp h��U��p�«
­�î'ïZ¯�´Ø¶�h�i�k¡iÂÀwi�ltp�i���i%h�~'i%eb��·{hjim~'i%l5h|e$~�f$hji�ÝWeu� � y'zZfui�lWÄ£qsz+p h��µz|h¾��h+ps±� p�i�e�ÊÂh�ktp
� � e
fui�ebi�ev� � eªnui�h
fui�lr�ri�ktp�h|�U��qseº~Ñfui�lrÎ � f'q$eº~ºk5l � f$h�i%eÖh�ebp�i�l%i%k5k5hji�ltpØh|ktp�´

Ý�q$���{l%i�h�~4e'h�k5k¡i§fui�l»Ä§q$z+p�h��µz�h���h�p$±� pÂÊ³q$e�f²ÅÍÆË·{h�ltf¿~ai�p l�h�~�~ai�ltp��Wh|eµfui�� ¶�h�k5}4l5h|�Uh�e � p���l ½
ktx�yb·{i�z|zji�e»h��Í¼Ðqsz|k5yð±��ybi�eak©�
i�}�p ltqs�ñ~'i�k¡i�p+�$p�·{i�ltfui%e�´��{kÂ·rq$ltf4i¹~'i¡��i�h�~Ùp
�{f � Ü��{l%i�h�~4e'h�k5k%io�{fui�l
Ä£q$z�p h��bz|h��,h+p ±� pr­�h|eÑf � kZd�e�p
i%lt� � z�z�f4i�lZÄ§q$z+p�h��µz�h���h�p ±� pÌÊÂq$e�fÂà ±q�nui�l5k �µl%i,x5ybi%eÖq$eµfÂf � faq$ltx�yÖi�h�ebi�e
�`l¡i�h�~ºe'h|k�q$e�p
i�l ~4ltqse�f�n�h|z�fui�e�´�d�e�Ý¹n�yð±� eº~ºh�~4}ui%h+p
����eÂfui�eUÄ§q$z+p�h��µz�h���h�p$±� p k���i�l5yr±� z�p e'h�k5k%i%eÂ·rq$ltfuiWfsh�i±òZnui�l�k©�µl¡i�x5y�· � y'l5k�x5y�i�h|e4z|hjx�y'}ºi.h+p'qse�f�f$h�iðnui�hu­�®�®��µl%�o��i�e�p h�~'i�lµ¶�i�p
i%}bp���l%i%ó¹��h�i�e4�
��±�t~4z�h+x�ybi
ô � x�y ½·`i�h�kt·`i%h|kt· � y'l�ktx�ybi.h|e'z¾h+x�ya}ºi�hjp�ß4q � e�p h�õu��hji�ltp�´$¶ � kW¼rq$z|k�y ±��y�i�e'h|e�p
i%lt� � z�z'� ±q$lW�`l¡i�h�~ºe'h|k�k%i�fui�lrÄ§q$z+p�h ½
�µz|h¾��h+ps±� p{ÊÂ·rq$ltf4i¹f � nui�h�f'q$l�x5yÑf$h�i����
p h�� � zji�eÂ¶�h�k5}4l5h|�Uh�e � p���l�ktx�yb·{i�z|z|i�eÂfui%õ'e'h�i%ltp5´

�`k�·rq$ltfui�~ai¡��i�h�~�p
� � eÂ·{i�z+x�ybi�e � p
i%z|z�i%e�h|�²�{ebi%l©~4hji�k©�
i�}�p l�q$�Çf$h�i � x�yb·{i�z|zji�e��t�
p�h|� � z�~'i%k%i�p��$p
q$e�fU·`i%z+x�ybi{ì�l5h�p
i�l�h�i�e���±q�l{h|y'l¡i�À � y'zbi�e�p k�x5ybi%h+fui�eµfrk5h�e�f'´$¶ � �$qU·rq$l�fui�f � k{Ä£q$z�p h��µz|h¾��h+ps±� p�k5k©�
i�} ½p ltqs�öe � x5ygi�h�ebi�l�ÄÁ��e�p
i ½ Ã � l5z��ÑÄ�i�p y��4fui � q$��f4i�lwÏrltq$e�fsz � ~aiU~'i���i�k�k%i�e�i�l¹¶ � p
i�e�k�h|��qsz|h�i%ltp5´
�`kW}u��eaebp�i��+i%ktp�~ai�ktp�i�z|z�p{·`i�l�fui�eb�Øf � Ü»fsh�i��t�
p�h|� � z�i�e � x�yb·{i�z|zji�e�} � q$�÷���,e£fui�ewÄ§q$z+p�h��µz�h���h�p$±� p k ½
��i�l5y ±� z�p e'h�k5k%i%e � n�y ±� eº~'i�eµ´�¶�hji{�t�
p�h|� � zjirq$e�p
i%l%i�q$e�f��4nui�l%iã�{ebi�l©~ºh�i�k�x5y�·`i%z|z|i�z�h�i5~Ùp
nui�hb­�ø�áÙïùq$e�f
Ê�út®aï�´$¶�hji�k%iÌÝWeº~ � nai�nui¡�,h�i�y�p'k�h+x�y � q$��f � k�Ä � �'h���q$�ûfui�l
�`e�i�l©~ºh�i���i�l�p
i�h¾zjq$eº~üfui�l�Ä§q$z+p�h��µz�h���h�p$±� p
­{h|e�i�h�ebi��ùà��U� � ��h|e�p h�z|z � p
�,lt´�¶�h�i � h|��qsz � p�h��,ebi�e�·rq$ltfui%e�i�nui�e'� � z|z|kµ��±q$l�i%h|ebi�e�­{�U� � �,h|e�p h|z�z � p
��l
f'q$ltx�yº~ai�� ±q�y'ltp�´`ýµ��e�ô � x�ybp�i�h|zµh|ktp��
f � ÜÑf$h�i � h���q$z � p hj��ewz�i,f$h�~ºz|h+x�y»f$hji��Ði�k�p h|�U��q$eº~Èfui�l � x�yb·{i�z ½z�i�e§q$e�fÑ�`ó¹�,h�i�eu��i�e§n�h|k��$q�fui%e�Ä£q$z�p h��bz|h��,h+p$±� p k���i�l5yð±� z�p e'h�k5k¡i�e»þ ¤4ÿÿ òaþ ¤4ÿ� ò'þ ¤4ÿê � å�ò���é�éBò���é�$q$z|hji�Üº�
·{�4nui�h�� � e i%h�~'i%ebp�z|h+x�y � e£eb�4x�y»~'i�l�h|eº~ai�l%i�eÑÝme�p
i%h|z�i%eÁf4i�l�Ä£qsz+p h��µz|h¾��h+p ±� pWÊwh|e�p
i%l%i�k�k5h�i%ltp
·�±� l%ií«�þ ¤uÿÿ ò�þ ¤uÿ� ò�þ ¤uÿê � å�ò4å�é�é"éFò���é�é�¯�´aÄ � eÑ} � e'e§f$h�i����
p h�� � zji�e � x5y�·`i%z|z�i%e � q'x�yw��±q$l�f$h�i%k%iý�i�l5y ±� z+p�e'h|k�k%ivnui�k�p h|�U��i%eb��·`i�e'e§� � e f$h�iíh|e�fui�l�ÝWl�nui�h+p�nui�k�x5y'l�h�i�nui�e�i�Û � z�p5q$eº~ºk5� q$ea}bp�h���e � z|k
Û�h+pµ��±q$l{f$h�iãÄ£q$z�p h��bz|h��,h+p$±� p k�k©�
i�}�p l¡i�e���i�l�·`i�eµfui�p5´o¶ � kÌy � p�f4i�eÖý��,ltp�i�h|zj�'f � Ü�� � eÂf � e'eÂf$hji{Û�q$e'} ½
p h��,ebi�e¨nai%z|h�i"n�h�~v�$qui�h�e � eµfui�lrk5} � z|h�i%l%i�e§q$e�fwk%�,�Uh+p��¡i�fui%kð~ai�·Â±q$e'k�x5y�p
i�Ä£qsz+p h��µz|h¾��h+ps±� p k���i�l5yð±� z�p e'h�k
����l©~ai�nui�eÂ} � eae�´

�`kÂ·rqsltfui¹~ai¡��i�h�~�p��Z·{hjiÂfsh�i��{ebi�l ~4hji�ktx�yb·{i�z¾z�iüh|e¿i�h�ebií¶�h|k�}ul�h|�Uh|e � p
�,l5k�x5y�·`i�z¾zjiUq$e�fÈh|e¿i�h�ebi
¼Ðqsz|k � ���µz|h�p5q'f4iWh|eÂ�»ý³q$��~ai�l%i,x5y'e�i�p{·`i�l�fui�eÂ} � eae�´�¶�h�iÐ�`h�x5ya}bq$l���i�eÂ·rq$l�fui�e � eº~ai5~'i"nai%e�´

Ý�q$Ü$i�ltf4i��÷·rq$l�fui�i�h�e ýµi�l5� � y'l%i�eÑ����l©~ai���±q�y'ltp��µ�Uh+prfui�� fui�lr�{l¡i�h�~ºe'h|k�q$ebp�i�l©~ºltq$eµf¹l¡i�f'q���hji�ltp
·{h|ltfa´�d�eËi�h|ebi%l � h���q$z � p hj��eg·rqsltfuiU~'i.��i�h�~Ùp
��f � Ü¿f'qsltx�yªÝ�qskt· � y'z�fui�kU}4z�i%h|ebi�l¡i�e§�`e�i�l©~ºh�i�·{i�l ½
p
i�k�����ew�$·`i�hji�e�f$h�i��{l%i%h�~4eah|k5k¡i�h�� 	 Î � e�f � q$ktx�y�· � e4�
	'qsebp�i�ltf$l�±qux�}�pr·`i�l�fui�e�´'d�e£i%h|ebi�l�·{i�h+p�i�l%i%eÄÁ��e�p
i ½ Ã � l5z�� � h|��qsz � p�h��,eª��±q$lUyr±�,ybi�l%iÚÄ£q$z�p h��bz|h��,h+p$±� p
i%e¿�Uh�p�Ý�qskt· � y'z�fui�kU}4z�i%h|ebi�l¡i�e��{ebi�l ~4h�i ½
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·`i�l�p
i�k§·rq$ltf4i�eÇô � x5y�·`i�h�k ½ q$eµf ±ò�nai%l5k©�bl%i�x�yb· � y'l�ktx�ybi�h¾e'z�h�x�ya}ui¡h�p©i%eùi�l5�Uh�p5p
i%z+p5´W¶ � nui�hÂ·rq$ltf4i
�+i�ktpj~'i�k�p
i�z�z+p���f � Ü»f'qsltx�y£f$hji�Ý�q$k�· � yaz`fui%km}4z�i�h�ebi�l¡i�eÂ�{ebi�l ~4h�i,·`i�l�p
i�kWf$h�i�ô � x�yb·{i�h|k�· � yal5ktx�ybi�h¾e ½z|h�x5y'}ui%h�p�i�e��¡i{e � x5y�Ä£q$z�p h��bz|h��,h+p$±� p kt��i%l5yr±� z+p�e'h|k�k%i�eUq$�]f � k`á ½ � � x�ybi
~'i�k�p
i�h�~'i�l�p�q$e�fm~4zji�h+x�yu��i%h�p�h�~üf$h�i±òZnui�l�k©�µl¡i�x�yb· � y'l�ktx�ybi�h¾e'z|hjx�yu}ui.h+pÌy � z�n�h�i%ltpr·{h|l�f'´µÝme � z���~»�sq$� Û � z|z��,y'ebivÏrl'±�,Üºi�e���i�l©~ºz�i�h�x�y»·rq$l ½
fui�eËf$hjiÂ�t�
p�h|� � z�i�eª�{ebi%l©~4hji�ktx�y�·`i�z�z0i%e»�$q���å��oé ë Ò ����é ë�� nui�ktp�h|�U��p5´ � h�ivz|hji5~'i�e�q$e�p
i�l�y � z�n£fui�l� x�yb·{i�z|zji¡e��,y'ebiíÏrl ±��Ü$i�e���i�l©~ºz�i�h�x�yb��· � k�f$h�iíò
ebp�i�ltf$l ±q'x�}bq$e$~Â���,ew�`l¡i�h�~ºe'h|k�k%i�e�yb�,ybi�lr�{ebi�l ~4h�i,f ½
i5�
��k�h+p hj��eÂh�� � ��h�ebp�h|z|z � p���lZ��i�l�fui�q'p�z|h�x�y'p5´�Ý�q'x�y»f$hji�k%i � x�yb·{i�z|zji�e¹}�±��eaebi�e³±q�nui�lWf$h�iÐ�`h�x5ya}bq$l���i{h�e
¶�h|k�}ul�h|�Uh�e � p���l5k�x5y�·`i%z�zji¡eÂqs��~'i�l¡i�x5yaebi�pZ·{i�ltf4i�e�´

�{k`·rq$l�fui{i�h|e�i�i�z�i%}bp�l%��eah|ktx�ybi � x�y � z+p5qseº~'��f$hjiZf4i�e�¼Ðqsz|k5yð±��y�i�eb��i%l©~4zji�h+x�yWh|eaebi�l5y � z nr����eU­�®�®�e'k
f'q$l�x5y'��±q�y'l�p
��i%ebp�·{h+x�}ui.z+p
� � q$��~ai�n � qap�q$e�fZ~'i�p�i�ktp�i�p5´ � h�iã·rq$ltfui � q$�bø�¶�h�k5}4l5h|�Uh�e � p���l�ktx�yb·{i�z|z|i�e`�µl¡�¶¹q$l�x5yº~ � eº~ºk
�
±� y'z�i%l � qsk©~'i%z�i5~Ùp5´ud©�ñ��������� ½ ���º�
i�l�h|��i�e�p�l¡i�h+x�ybi�e � z�z�i�l�f$h|eº~ºkm��h�i�l � x�yb·{i�z|zji¡e��µl¡�
¶¹q$l�x5yº~ � eº~ºk
�
±� y'z�i%lt´4¶�i�e'e��4x5y»· � lmi�k����,eªÀÖi�l�p
�a¼rq$z|k�yr±��y�i�e'��i�k�ktq$eº~ai�ew�Uh+pÌÕmh�z|�+i�fui%krÄÁ�4f'q$z�kf'q$l�x5yu�sq$��±q�y'l%i%eÖq$eµfÂfui�eÚ~ai���i�k�k%i�ebi%e�z � f'q$e$~4k5h�ebp�i5~4l�h�i�l�p
i�e�Ým¶íÃ ½ Àwi�ltp�i�e¹~'i5~ai�eW±q�nui�l��$q$ktp�i�z|zji�e�´
�{k�}u��e'e�p
i��+i�k�p�~ai�ktp�i�z|z�pr·`i�l�fui�eb�
f � Ü»fui�l��
q$k � �U��i�e'y � eº~Ñ�$·{h|k�x5ybi%eÂ¼rq$z|k�yr±��ybi�qse�fwÎ � f'qseº~4k ½
h|e�p
i5~ºl � z'h|�ûÄ»h+p�p
i�zaz|h|e�i � l{h|k�p5´�Àwi�h�p
i�l�y'h|e�}u��e'e�p
i�~ai¡��i�h�~�p�·{i�ltfui%eb��f � Ü�f$hjirz � f'q$e$~4k5h�ebp�i5~4l�h�i�l�p
i�eÀÖi%ltp
i`nai%hs~ºz�i�h�x5ybi%lb¼rq$z�k5y ±�,ybi�q$e�p
i�l�ktx�y'h�i�fsz|hjx�ymk�h|e�fa´�¶�i�l�~'i���i�k�k%i�e�i��{ebi%l©~4hji ±q4nui�l5z � �'�í�$·{h|k�x5y�i�e
fui�eU¼rq$z�k5yr±�oybi�eah|e�p
i�l�� � z|zji�e�}u��eaebp�i{z�i,f$h�~ºz|h+x�y¹ß4q � z�h+p � p h���i�l5} � eaebp
·`i�l�fui�e�´�¶�i�l
�{ebi�l ~4h�iØ±q'nui�l�z � �a�fui�q'p�i�pWf � l � q$��y'h|eb�Ìf � ÜÁfsh�i�Ïmi�e � q$h�~4}ui�h�p{�Uh+p�fui�lW� � e � q$�rf$h�i��t�
p�h|� � z�i�e��{ebi�l ~4hji�ktx�yb·{i�z|z|i�e
p l�h�~�~ai�ltp��{nui�i%h|e�p l'±� x�ybp�h�~Ùpr·{h|ltfa´�Ä � e£} � eae¿f$hji�k%i%e»����i�}bpðktp5qaf$h�i�l¡i�eb�Ì·`i�eae»� � e � �
i�}bp�l%i�eÑk%� ½·`�,y'z��Uh+p�i�h|e�i��Çz � faq$eº~4k�h|e�p
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