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IgfhEgnhO�f^Z4O�IHEgGAO�T4� Km1EpU1C^L�nhO�v1R_CFT$IHO�X8s�i�bdu$vwO�EHGJZ4O�T$I�CFZÝª�C�GAT1SQO�Eqª�GAe$EHf^IHEgfhT��¬ª�X�ª�« �
moTWIgO�E6L�mw`¶a$I�?o«¬ZÕÌ�GAT$�1RAG_`¶ecCFmW���8m1E6`6aW� Km1aoEH�wC�EHePO�GJI8m1TVU�b �{S�GAO�ToSr�lm1E�UWO�O�GAT/Ö�fhEg� KCFEgI6L±i
L�IHEgO�m1�lGAToePO�R�MPf^T�
�� �¬�^��� � ���pCFmwL�nhO�� KC�a1RAI .�Ì8O�G_�h� 0¬?Ù��O�GdU$GAO�L�O�Eqy�GAT1OQZ/CFIgGAe4RJGAO�n^IqUWO�E
«¬Z4vom1R]L�Km1�wO�EHIgE6CFn\�wO�GD� � � §W?t>^>}zd��O�Ö � ?Q�8GAO�O�Eg�lCFEgIHO�IgO�X�L�YWZ4Z�O�IgEHGAO{fha1ToO k©IHE6C�T1nhOQT1O�LHL¬i
��OQGAIHE(KCFn^OH� ^ �wO�IgE�KC�nhI ��U�@�§ ��� ?ob�L��lGJE6UjOQGAT1Or��O�TVCFm1GJnhePO�GJI�MPf^T/��� � s�UF@Q§ ��� �dZcGAI\���
L�I6C�IHG]L�IHG_LH`6a1O�Z��1O�a1RJO�E*m1TwUqs���L�Y1L�IHO�Z�CFIHG_LH`6a1O�E{´8TwL�G]`6a1O�Ega1O�GAI�C�T1nhO(LNIHEgO��1IQ?h��C�S�mrG_LNIDUWO�E
¹�Ch`6aW�\O�G]L*MPfhT�@�§ +�� O�R]C^LNIgG]LH`6a�nhO�L�IHEHOQm1IHO�TcbdRAO�e$IHEgfhT1OQT�T1fhI���OQTwUWGAno?$��O�G1O�GJT1O�Z bdRAO�e$IHEgfFi
ToO�TwLNIgEHf^Z MPf^T >h§�×ÙXÕm1TwU�O�GJT1O�ErRJfhT1n^GAIgmwUWGATVCFRAOQT�B�f^R]CFEgG]LgCFIHGJfhT UWO�Ecb�RJO�e$IHEHf^T1O�T�MPfhT
�^§��Î�lGAE�U�UWGJO�C�T1nhO(LNIHEgO��1IgO���O�TwC�m1GAn^ePO�GAI�TwC^`¶a O�I��lC<z�§^§�a�O�EHEgO�G]`6a$I�?dbdGJT1O���O�LNIgGAZji
Z�m1T1ncUWO�E¾�Vf^EHZj�¦C�eWIgfhEgO�T�G]L�IqU1CFToT�CFmW� n^EHm1TVU�UWOQE�e$GAToO�Z/CFIgG]Lg`¶a1O
T��wCFe$IHfhEgO�T¯MPfhEq� � +$, �
moTwU�� �* ZcGAI�OQGAT1O�E���O�TwCFmoGAnhePOQGAI�MPf^T 9 �)7 <+ � §W?A@Q�DU 7	<� ����§W? §h>�Z Kfhn^RAG]`6a*?

X8�o�*?1�rS�OQGAnhIÍLH`6a1O�Z/C�IHG_LH`6a4UWOQT�X�mW� �wCFm�UWO(Llb�u$vwO�EHGJZ4O�T$I6L
?P�8O�E�bdRAOQeWIgEHfhToO�TwLNIgE6C�a1R
IgEHGJIHI�MPfhT�RAGAToe1L�GJT�UWGAO�bdu$vwO�EHGJZ4O�T$IHGAO
EHaVCFRARJOdO�GJT*ÚPUWm1E�`¶aoR KCFm$� IdO�GAT�²�fhZ4voIHfhT$i�B�f^R]C�EHGAZcO�IHO�E
moTwU IgEHG �ÑIµU1CFToT�CFmW��UoChLj@Q§d`~ZÎR]C�T1nhOc��R KmVLHLNGJnh�ÍChLHL�O�E6L�IHf
�=i±Ò�CFEHn^O�I�?�X�R]Lq�8O�IgO�eWIgfhE�� Km1E
U$GAO�O�R]C^LNIHG_LH`6ajn^O�LNIgEHO�moIHO�T/bdRJO�eWIgEHf^T1O�T4�lGJE6UjO�GJT4L�O�nhZcO�TWIgGAO�EgIHO�L
ÚFaofhZ4f^nhO�T1O(L�yqCFRJfhEHGJZ4O~i
IgO�E�Z4GJI�§$?xz�L�E 
8C�m1Zj�lGJT1ePO�R*MPO�Eg��O�TVUWO�I�?w��ChLryqC�RAfhEgGAZ4OQIHO�ElG_LNIpCFmwL�@Q§h>h>���RAO�G[�wm1f^EHG]UPi
y�EgG]LNI�CFRJRAO�T�C�mW� nhOQ�wCFm1IQ?���GAO/a1GAOQE�MPfhEHn^O�LNIgO�RARJIHO/X�EH�wO�GAIp�wO�LH`6a KC(� IgGAn^I4L�G]`6a ZcGAIpUWO�EcyqC(i
RJGA�1E�CFIgGAfhT UWOQE�@�§^>h>��8O�IgO�eWIgfhEgZ4f$UWm1RJOP?d��O�GlOQGAT1O�E�C�T1nhO(LNIHEgO��1IgO�T�a1fhaoO�T �wm1Z4GJT1fPL�GAI KC�I
MPf^T�� U$@�§ L � `~Z � � L � + O�Eg�lCFEgIHO�IlZ�CFT/O�GAToO 
�CFIgO�UWOQE8O�R_ChL�IHG]Lg`¶a/n^O�LNIgEHO�m1IgO�T�bdRJO�eWIgEHf^T1O�T
MPf^T���@�§dª�Ì�S¢moTwU GJT1eWRJmwLNGJMPO4´�TWIgO�EHn^EHm1TwU<O�GJT1O/S�O�a1ToZ/CFR\a Kfha1OQEHO���O�LHC�ZjIgE6CFIgO4MPfhT
� @�§h§Dª�Ì8SPÚ*�wO�S�fhn^O�T�C�mW�qUoChL�n©CFT1SQO�yqC�RAfhEgGAZ4OQIHO�EQ?Ñ�8GJO�LqLNIgO�RARJI�aofha1O�X8TwL�v1E KmV`¶a1OcCFT
U$GAOc��CFIgO�TwCFm$� TwCFa1ZcO�O�RAOQeWIgfhT1GJeÑÚ�UWGJO4O�GAToO � v1GJRAO~i¦m1v �
i#� EgO�GAOPÚÙLNO�RJ�wLNIgnhO�IgEHGAn^nhO�EgIHO/bdT1OQEHnhGJO~i
ZcO�LHL�m1T1nrRJO�G]L�IHO�TcLNf^RAR¦?w��CFS�m/O�Ega�KCFRJI��HO�UWO�EÍy�EHG]L�I6C�RARÑOQGAT4O�GJnhO�TVLNI�KC�TwUWGJnhO�LlbdRAOQeWIgEHfhToGAe$Z4fFi
U$m1R¬Úw��O�R_`¶aoO�L8U$GAO4kPGJnhTwC�RAOcUWO�Eq¹�C^`¶a$�wC�EHT¯ChUoUWGAO�EgI�m1TwU¯CFm$�lO�GJT1O��wO�LNIgGAZ4Z�IgO k}`¶a$��O�RJRAO
IgEHGJnhnhOQEHI�?^bdGAn^O�TwLNI(KCFTwU$GAnqO�EHe^C�T1TWIgO�LdS�O�GJIHRAG_`¶aoO�L � v1GJRAO~i¦m1v �lmoTwU E(KCFm1ZcRAG]`6a1O�L � v1GARJO~i¬mov ��LNOQGxi
ToO�E�T�KC^`¶awL�IHO�T¯¹�Ch`6aW�wC�EHT�MPO�Ega1GATVUWO�EHI�O�GJT1O�bdT1O�EHn^GAO�ZcO�LHL�m1T1n�m1TwU¯X8�wLNvwO�G_`¶aoO�EHm1Ton/UWO�L
bdEgO�GAn^T1G]LgLNO�L
?��8GJO�Ò*EHGJnhnhOQENi�moTwU X�mwLNRJO�LNO�OQRAO�e$IHEgfhT1GJe��lm1E�UWO�GAZ 
�CFa1ZcO�T�O�GJT1O�Ec�8fhePi
IgfhE�CFEH�wO�GJI .�y�fPO�� �10ÑO�T$I��lG]`6ePO�RAIQ?Fs©�jbdRAOQeWIgEHfhToGAe$Z4f$UWm1RJO8ePf^T1TWIgO�T4�1G_LNa1OQElO�EN� f^RAnhEgO�G]`6acCFZ
k©IHE6C�a1R*nhOQIHO�L�IHO�Il�\O�E6UWOQT*?

� KmoE�U1C^LrÖ�OQE6LNI KCFTwU$T1G]Lqm1TwU<UWGJO/y�fhEgEHO�e$IHm1EpUWOQE�LNYoLNIgO�Z/C�IHG]Lg`¶aoO�T¯´8TwL�G]`6a1O�EHaoO�GAI�G_LNI
� KC�a1EHOQTwUqUWO�L�b�u$vwO�EHGJZ4O�T$I6L1O�GJT1O�ª�O�LgLNm1T1n�MPfhTpC�RARAOQT ��E KfU�hOQTrO�E�� fhE6U$O�EHRJG]`6a*Ú
UWGAO�GAZ �wCFRJRAO
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ExH. 3

ExH. 4

Compton-
polarimeter

Detektor Strahlfänger

Elektronik

H2-Puffer
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O�GJT1O�EÍy¾f^EHEgO�R]C�IHGAf^T�Z4GJIlUWOQE�B�fhR_CFEHG_LHC�IHGAf^TwLNmoZ/LH`6awCFRJIHm1TonjO�GJT1OqL�Y1L�IHO�Z/C�IHG_LH`6a1O�Ö�O�E KC�TwUWO~i
Egm1T1n�U$O�E�nhO�Z4O(LHLNOQT1O�T�X�L�YWZ4ZcO�I�EHGAO�MPf^EHI KC�mwLH`6a1O�T�e KfhT1T1OQT*?$Ì8GAO�EgS�m���OQE6UWO�TcB�f^R]CFEgG]LgCFIHG[i
f^T*ÚÑkPIHE�CFa1R_LNIgEHfhZ Ú=kPIgE6CFaoRAR]C�nhOPÚÑk©IHE6C�a1RAOQT1O�EHn^GAOqm1TwU�Ò�C�EHn^O�I6UWG_`¶a$IHO��pKCFa1EgO�TwU�U$O�ElnhO�LgCFZji
IgO�T�ª�O��hS�OQGAI�n^RAO�G_`¶aoS�O�GAIgGAn�SQm1Z R]C�mW� O�TwU$O�T�b�u$vwO�EHGJZ4O�T$IqKm1�wO�EH�ÍCh`6aWIQ?
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X�mW� nPC��=O�U$O�LdX8s�i�yqCFRJfhEgGAZ4O�IgO�E6LÑG_LNI�O�L~Ú^UWGJOlnhO�L�IHEHOQm1IHO�TµbdRAO�e$IHEgfhT1O�TpS�m�UWO�IgO�e$IHGAOQEHO�Tqm1TwU
GJa1EHOcbdT1O�EgnhGAOcS�m<Z4O�LgLNO�TÙ?*�8GAOcO�R]C^LNIHG_LH`6a�n^O�IHEgO�m1IgO�T�bdRAO�e$IHEgfhT1OQT�awC��wO�T�O�GAT1O�b�ToO�EHn^GAO
MPf^T<O�I��lC�z��^§ C S�� ?d¹�Ch`6aW�\O�G]L�m1TwU�bdT1O�EgnhGJO��wO�LNIgGAZ4Z�m1Ton4O�EN� f^RAn^O�T�Km1�wO�E�UWGJO4�¯O�`¶a$i
L�O�RA�lGJEHe$m1T1n UWO�E�bdRAO�e$IHEgfhT1OQT ZcGAIpUWO�Z yqCFRAf^EHGJZ4O�IHOQEHZ/C�IHO�EgGAC�R���RAOQGx�wm1f^EHG_UÑ?�«±T UWGJO�LNOQZ
yqC�v1GAIgO�R1�lGAE�Ur�wO�LH`6a1EHGJO��wO�T*Úh�¯O�R_`¶a1OÍBdEHfhSQO�LHL�O�C�mW� IHEgO�IHO�T�moTwUj�lGAO�L�G]`6a�UWGAO�bdT1OQEHnhGJO�UWO�E
bdRJO�eWIgEHf^T1O�T4GJZÓyqCFRAf^EHGJZ4O�IHOQE�MPOQEHIHOQGARAIQ?
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� ��EHOQZ/LHL�IHE6C�a1RAmoT1n

�  ²�O�EgO�T1ePf�M1L�IHE�CFa1RJm1T1n
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OQIN�ÍC�v1EHf^vwfhEHIgGAf^TwCFR�SQm1E�bdRAO�e$IHEgfhT1O�ToO�T1O�EgnhGAO©Ú��pKCFaoEHO�TwU «¬fhT1G_LHCFIgGAf^TwLNMPO�EgRAmwL�IHO/RAf^nPC�EHGAIgaWi
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È]É¶ÊcUWmoE6`6a¯UWGAO�e$EHGJIHG]Lg`¶aoO�bdT1O�EgnhGAO AÍØH?*��GAO�L8G_LNIqm1T1n^O~� KCFaoErU$GAO
bdT1OQEHnhGJOPÚ*�wO�GlUWOQE�UWGAO��wO�G]UWOQT<Ö�O�EHRJmwLNIgE6CFIgO�T<n^RAO�G_`¶a¯nhEgfU�¸LNGATVUÑ?d«¬T�UWOQE��wGAIgO�E6C�IHm1E�OQuWG[i
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�\fh�wO�G �cUWGAOÍy¾OQEHT1R_ChUWm1TonPLNS(CFa1RwU$O�LdX8�wL�fhEg�=OQEHZ/C�IHO�EgG]CFR_LÐG_LNIQ?h� KmoE���RAO�GPOQEHa KC�RAIdZ/C�TrSP?o��?AÍØ"Xº� ! ° C S�� ?

& �w��� 0�.W%(�#�w��'���¤º24��:F"P){'��*) «¬Z «¬fhT1G_LHCFIgGAf^TwLN�wO�EgO�G]`6a/�lGAE6U�UWO�EqbdT1OQEHnhGJO�MPO�EgRAmwL�I Ü %Ü 	
U$m1E6`6a�O�GJT1O�� KmoEqbdRAO�e$IHEgfhT1O�T�Z4f$UWG[»wS�GAOQEHIHOp��O�Iga1O~i±��RAf$`6aWi±�Vf^EHZ4OQR=�wO�Lg`¶aoEHGAOQ�=OQT*?Ñ«¬ZÝ��O~i
n^O�TwLgCFIHS�S�m/kPS�GJTWIgGARAR_CFIgGAfhTVLHUWO�IgO�e$IHfhEgO�T�L�v1GAOQRAO�T�UWGJO�LNO�BdEHf^S�O�LHL�O � KmoE�UoChL�X�sFi±y�C�RAf^EHGAZcO�IHO�E
ePOQGAT1O�
lfhRJRAOPÚ���OQGARPO�L�LNG_`¶ap�=OQG1UWOQT���RAO�G[�wm1fhEgG]UWe$EHG_LNI�CFRARJO�T�m1ZÔEgO�GAT1O  ²�O�EgO�T1ePf�MoUWO�IHOQeWIgfhEHOQT
aVCFTwUWOQRAI�?
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�8GJO�ª�CFIHEgGAu 2 O�TWIga KCFRJI�UWGJO�Ö�O�EHIgO�GARJm1T1n©LNvwC�E6CFZcO�IHO�E*×ÙØ6Ú�×ÑÛ$Úh×ÙÜ�m1TVUjU1C�Z4GAIDUWGJOl«¬TW� fhE�i
Z/C�IHGJfhT*Ú�GJT���O�R_`¶a1OQE��Vf^EHZ O�GATµª�f$UWm1R1S�m�OQGAT1O�Z��wO�L�IHGAZcZjIgO~Trk©m1Z4Z4O�T$iHkPGJnhTwC�R$��O�GAIgE6C�n
RJGAO~� O�EgI�?w�8OQEqbdGAT$IHE6C�n/GAT �wO�GJRAO ��m1TwU<kPvwC�RAIHO�� UWE Kmw`6e$I�C�mwL~Ú*��OQR]`6a1O�T�X8T$IHO�GJRd�8OQIHO�e$IHf^E
��CFZÎkPm1Z4Z4OQTwLNGJnhTwC�R�UWO�Eq��u1��i�X8TofhE6U$TWm1Ton¢aVCFI�Ú�UWOQEHO�T �wO�TWIgEHm1Z UWOQEq�8O�IgO�eWIgfhE ��G_LNIQ?
�8GJOpª�CFIHEgGAu�awCFIl� fhRJnhO�TVUWO��8O(LNI6C�RAI �
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 � ��Ú$UWOQE�L�G]`6a4UoCFa1O�E\�wO�G �HO�UWO�E\��C�IHO�T1TVCFa1Z4O KCFTVUWO�EHT�e^CFT1TÙ?1«¬T4U$O�Elª�C�IHEHGJu 2 aoGAT1n^O�nhO�T
L�IHO�aoO�T�UWGJO4Ö�O�EHIgO�GARJm1T1nPL�ePfhTwL�I6C�TWIgO�T<×d?�b�Lr� KC�EHO�U1CFaoO�EjSQm Km1�wO�EHRJO�nhOQT*Ú 2 O�GAT1Z�CFRdS�m
GJTWMPOQEHIHGJO�EHOQTjm1TVU�UWGJOr«¬T$MPO�EHIgGAO�EgIHO � � 2 � + GJT�O�GJT1O�E���C�IHO�GDCF�1SQmwLNvwO�G_`¶a1OQEHT*?$��GARAR*Z�CFT
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n^O�fhZcO�IHEgGAO�UoCF�wO�G�moTW�wO�E Kmw`¶eoLNG_`¶a$IHGJnhI��1RAOQGA�wO�T*?*� KCFRARJIq�=OQG]LNvoGAO�R_LN��OQG]LNOµU1ChLpª�f$UWm1R �8C�mwL~Ú
L�frRJGAO~� O�EgI�O�L�ePO�GJT1OqkPGAn^TwCFRJO�Z4O�a1E�S�m�LNO�GJT1O�T/¹�C^`¶a$�wC�EHT*?$«¬T/UWO�EÍª�CFIgEHGAu 2 �\O�E6UWOQT/CFRJRAO
bdRJO�Z4O�T$IHO�UWO�ElG[i¬IgO�T �wO�GJRAO�moTwU�UWOQE8G[i¬IgO�T�kPvwCFRJIHOpS�m�¹8m1RAR*n^O�LNOQIHS�IlZ4GJIlX8mVLNTwC�a1Z4OpUWO�L
bdRJO�Z4O�T$I6L
� ��� Ú�U1ChL/@¢n^O�LNOQIHS�I��lGJE6UÑ?�b�LrG]L�I�U1CFZcGAI�C�mwL�UWO�E�Ö�OQEHT1O�IgS�m1T1n�S�m CFTwU$O�EHO�T
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ToO�IHS�moT1n4S�m�O�GJT1GAn^O�T¯¹�C^`¶a$�wCFEgT*ÚwS�YWe$RAG_LH`6a1O�E Y�T1G_`¶a$IHS
YWe$R[G]Lg`¶a1O
E�X8mW� �VCFm �l�wO�E Kmw`6e1L�G]`6aWIgGAnhI
�\O�E6U$O�T*?
��GAOqª�C�IHEHGJS�O�T1GJTWMPOQE6LNGJfhT�G_LNI�CFR_LNf��wO�G��HO�U$O�Z yqCFRAGJ�1E6C�IHGJfhTwLgUWm1E6`6a1n©CFT1n�O�EN� f^E6UWOQEHRAG_`¶aÙ?W��GAO
«¬T$MPO�E6L�GAf^T�OQEN� fhE�UWO�EgIda1fhaoO�T 
 O(`¶a1OQTwCFmW� �ÍCFTwU{?hb�Ld�lm1E6U$O�UWO�LNaVCFRA��OQGAT�Lg`¶aoT1O�RARJO�LÑÖ�O�EN�¦C�aWi
EgO�T�S�m1E\ª�C�IHEHGJS�O�T1GJTWMPOQE6LNGJfhTqGAZcv1RAO�ZcO~T$IHGJO~EgI�Ú�U1C^L�L�fhn^O�TwCFToTWIgO �¯ÈAÃ	� �½©Ê �6Ë
Á4ÇWË���ÄÍÈ]Á}ÊwË
ÈAÃ!� �
Å��hÃ �
È �Ñ?©��CF�wO�Gw�lGAE�U�UWGAO�S�m�GJTWMPO�EgIHGJO�EHO�TVUWO\ª�CFIHEgGAuµUWm1E6`6a�O�RJO�Z4O�T$I6C�EHO �wO�GARJO�T	Y^kPvwCFRJIHO�T$i
Z�vwO�E�CFIHGJfhT1OQT�LH`6a1EHGJIHI���O�G_LNOdGJT�UWGAOÍbdGAT1a1OQGAI6L�Z/CFIgEHGJu Km1�wO�E�� Km1a1EgI�Úhn^RAO�G_`¶a1SQO�GAIgGAn��\O�E6U$O�T�UWGAO
i
L�O�RA�wO�T�Z�v=OQE6CFIgGAf^T1O�T�C�mW�{O�GAToO�Edª�C�IHEgGAupCFmwL�nhO~� Kmoa1EHIQÚPUWGAO�S�m���OQnhGAToT�UWGJOlbdGAT1aoO�GAI�LNZ/C�IHEHGJu
G_LNIQ?ÑX8Z bdTwUWO�OQTWIga KCFRJI�UWGJOrZ4GJIHn^O~� Km1a1EgIHOpª�CFIgEHGAu�UWGJOrn^O�LNmw`6a$IHO�«¬T$MPO�E6L�OP?w�8m1E�`¶a¯U$GAO�L�O�L
Ö�O�E��¦CFa1EgO�T�ePf^T1T$IHO�U$GAO�
lO�`6a1O�T1SQO�GAI�� Km1E�O�GJT1O�«¬T$MPO�E6L�GAfhT CFmW�\O�GJT1O�ZÓB�«g« Y(>h°^°¢ª�Ì�SrMPfhT
C�TW� KCFTonhRAG_`¶a�OQIN�ÍC4�/ª�GAT$m1IHOQT��wO�GdÖ�O�Eg��O�TwU$m1T1n4MPf^T kPI�CFTwUoCFE6U$Z/CFIgEHGAu$GAT$MPO�E�LNGAf^TwLNEgfhm1IgGxi
ToO�T�CFmW�DeWTVCFv1v ��kPOQeWm1TVUWO�T4n^O�UWE^KmV`¶e$Il��O�E�UWO�T*?
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Ì8GJO�Eq�lGAE�U U$GAO 
lO�CFRJG]L�GAO�Egm1T1n�U$O�E�GAZÎMPfhE�CFT1n^O�nPC�T1nhO�ToO�T y�C�v1GAIgO�R�MPf^EHn^O�LNIgO�RARJIHO�T�yqC�RAGxi
�1E�CFIgGAfhTVLNZ4O�Iga1f$UWO��wO�Lg`¶a1EgGAO��wO�TÙ? �wm1T KC^`¶awL�I4�lGAE�U U$O�E/CFe$IHmoO�RARJO¯y�C�RAGJ�1E6C�IHGAf^TwLNSQmwLNI�CFTwU
UWOQE��8O�IgO�e$IHfhEgZ4f$UWm1RJOjOQEHZ4GJIHIHOQRAI�?{�8GJO�LrnhO�Lg`¶aoGAO�a$IpUWm1E6`6a�UWGJO/X8mwL���O�EgIHm1Ton¯UWO�E�X���²di
kPvwO�e$IHEgO�T UWO�E�X8mwL�RAO�L�O~i�bdRJO�eWIgEHf^T1GAe ��UoCFE6C�mW���lGAE�U GJT�U$O�T SQ��O�G8� f^RAn^O�TwUWO�T yqCFv1GJIHO�RJT
O�GJT1nhOQnPCFTonhO�T*?wX�TwLH`6a1RAGJO��hOQTwU �lGJE6U/UWm1E�`¶a�U1ChL�bdGATwL�IHO�RJRAO�T�T1O�m1OQE�Ì8f$`¶aVLNvwC�T1TWmoT1nhO�T�UWGJO
Ö�O�E�LNI KC�EHe$m1T1n�U$O�E4Bda1f^IHf^Zjm1RJIHGJv1RAGJO�E�nhO�EgO�nhOQRAI�?���GAO¯��O�EgO�`¶aoTWm1Ton¯UWO�E4O�GJT1S�mwL�IHO�RJRAO�TVUWO�T
Ì8f$`6awL�vwCFT1T$m1T1n©LN�\O�EHIgO��lGJE6U4GAZ UWEHGJIHIHOQT/yqCFv1GJIHO�R*O�EgR KC�m1IHO�EgI�ÚoUWGAOrk©IHO�m1OQEHm1T1n�U$O�E�Ì8f$`6aWi
L�vwCFT1T$m1T1n©L±i±¹8O�IgS�nhO�E KCFIgOrGAZ M$GAO�EgIHO�T/yqC�v1GAIgO�RÑMPf^EHnhO(LNIHOQRARAIQ?
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�8GJO�X��q²diHkPvwO�e$IHEgO�T�O�T$IHawC�RAIgO�TºCFR_L4Ì8G]L�IHf^nhE6C�Z4Z4O/U$GAO¯«¬TW� fhEgZ/CFIgGAf^T*Úd�lGAO�M$GAOQR�b�EgO�GAn�i
T1G_LHL�O�GAT¯O�GAT1OQZÕX���²di�yqC�TwCFR\nhO�S KC�a1RAI��lm1E6UWOQT*? $hO�UWO�EqX���²di�yqC�TwCFR\O�TWI�LNv1EgG]`6aWI�O�GJT1O�Z
bdT1O�EgnhGJO~i�«¬T$IHO�EgM^CFRAR�� A moZ O�GJT1O¯bdT1O�EHn^GAO6A�?��8GJO�O�R]C^LNIHG_LH`6a�nhO�L�IHEgO�m1IHOQT �^�h� C S�� i
bdRAOQeWIgEHfhToO�T�UWOQv=f^T1GAOQEHO�T �=OQG8O�GJT1O�Z k©IHEHOQmW�lGJT1ePO�R B �Î�h� ��OQGAT1O b�ToO�EHn^GAO�MPf^T�O�I��ÍC
z(�FsDC S�� GJZÓyqCFRAf^EHGJZ4O�IHOQE�?=��O�L�mw`6aWI�G]L�I8T$m1T¯UWGJO �{C�nhOcUWGAO(LNO�E�O�R]C^LNIgG]LH`6a1O�T�bdEHOQGAnhToG]LHL�O
GJZ·X���²digkPvwO�e$IHEgm1ZÔO�GJT1O�Ld��O�IHO�e$IHf^EHZ4f$U$m1R]L
ÚFm1Z �HO�UWO�Z nhO�ZcO�LHL�O�T1O�T�kPvwO�eWIgEHm1Z O�GAToO�T
X��q²di¬�¯O�EHI�S�m1SQm1fhE�UWT1O�T*Ú�U$O�E*S�m1Z4GJTwUWO�L�IÑv1EgfhvwfhEgIHGJfhTwC�R1S�m1E �{C�nhO�UWO�E�O�R_ChLNIgG]Lg`¶a1OQT �wGAT1GJO
G_LNI�?w��O�LNmw`6a$IlG]LNI�C�R]L�fjO�GJT1O�O�GJTwUWO�moIHGAn^OqX8�1�oGAR]U$m1T1n� � ����� 
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b�L��1GAO�IgO�T�L�G]`6a SQ��O�G�`6awCFE�CFe$IHO�EgG]L�IHG]Lg`¶aoO4ª�O�EgeWZ�CFRAOcUWO�EcX���²digkPvwO�e$IHEgO�T CFT*Ú\UWGAO/S�moE
«�UWO�T$IHG[»wS�GJO�EHm1Ton/UWO�EpO�R]C^LNIHG_LH`6a1O�T¯bdEHOQGAnhToG]LHL�O4I6C�m1nhOQT�� �wm1ZÎO�GJT1O�T¸U1ChLpª�CFu$GAZ�m1ZÝUWOQE
O�R_ChL�IHG]Lg`¶aoO�T��wGAToGAO!�¦UWO�ElO�R_ChL�IHG]Lg`¶aoOrB�O�CFe �6Ú1S�moZÓCFTwU$O�EHO�T UWGAOqa1f$`6a1O�ToO�EHn^O�IHG_LH`6a1Opy�C�TWIgO
UWO(L8kPvwO�eWIgEHm1Z�L~?

-/"$:j"$!#.o0~%�� 0�����"��8"$. � ��GAO�O�R_ChL�IHG]Lg`¶aoOrkPIHEgO�m1m1TonjMPf^T�bdRJO�eWIgEHf^T1O�T�CFT B�EgfhIgfhT1O�T�G]L�I
O�GJT �w��O�GJe Kf^EHvwO�EHvoEHfh�oRAO�Z�Ú*�wO�G�O�GAToO�Z �wO�L�IHGJZ4ZjIgO�T�kPIHEgO�mW�lGJT1ePO�R\G]LNIcUWGJO�bdT1OQEHnhGJO�UWO�L
n^O�LNIgEHO�m1IgO�Tcb�RJO�e$IHEHf^TwLdUWmoE6`6a4bdT1O�EgnhGJO~i*m1TVU4«¬Z4v1m1R_LNO�EgawCFRJIHm1T1n�U1C�a1O�E�O�GATVUWO�m1IgGAn8� O�L�IHn^O~i
RJO�nhIQ?��8GJO�GJTqO�GAT1OQZ�yqCFRJfhEgGAZ4O�IgO�EHZ�f$UWm1R�O�GJTWIgEHO �{O�TVUWO�T�O�R_ChL�IHG]Lg`¶a�nhO�L�IHEHOQm1IHO�TpbdRAOQeWIgEHfhToO�T
�\O�G]L�O�T¯UWO�T1Tof$`¶a�O�GJT1O�nhOQ�lG]LHL�OPÚÑ�\O�T1T¸CFmw`6a¯LH`6a1Z/C�RAO�bdT1OQEHnhGJO�MPO�EgIHO�GJRAm1T1n�C�mW�gÚ�UWGAO�C�mwL
UWOQT¢n^O�fhZcO�IHEgG]LH`6a1O�T/��O�nhOQ�=OQT1a1O�GJIHO�T4aoO�EHE Km1a1EHI �

� ��GAO��8OQIHO�e$IHf^EHZ4f$UWmoRx� KC^`¶a1ODUWO�`6e$IÑO�GJT1O�T�O�TVUWRAG_`¶a1OQT 
�CFm1Z��lGAToePO�RA�wO�EgO�GJ`¶a�C��*?���O�GJZ
X�sFi±y�C�RAf^EHGAZcO�IHO�EqO�T$I6L�v1EHG_`¶a$I�U$GAO���EHO�GJIHO4OQGAT1O�L�y�EgG]LNI�CFRJR]LrO�GJT1O�E4kPIgEHO�m$�lGAT1ePOQR]UWG[�]i
� OQEHO�T1S/MPf^T OQIN�ÍChL�Z4O�a1EµCFR_L¢@ ��?��8GAO�L�O�T$I6L�v1EHG_`¶a$I�bdT1O�EgnhGJO�UWG �{O�EgO�T1S�OQT<�wO�G�U$O�T
OQR]ChL�IHG_LH`6a4nhO�L�IHEgO�m1IHOQT�bdRJO�eWIgEHf^T1O�T/MPfhT�X�z"C S�� ?
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GJRARJmwLNIgEHGAOQEHI�?w��OQG�UWO�ZÎX��q²diHkPvwO�e$IHEgm1ZÝawC�TwUWO�RJI�O�LqLNG_`¶a¯m1ZÎ��C�IHO�T¸CFmwLqO�GAToO�ErkPIgE6CFaoRxi
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IgEHO�IgO�TwUWOQT�¹8m1RJR]UWmoE6`6a1nPC�T1n1?\«�LNI�a1GAO�EcUWGJO�S���O�GJIHO�X8�1RJO�GAIgm1T1n¯T1O�n©CFIHGJMÑÚ��wO�LNIgGAZ4Z�IpUWO�E
X���²di�yqC�TwCFR�UWO(L8¹8moRAR]U$m1E6`6a1nPC�T1nPLlU$GAO �{C�nhO�UWO�L�OQR]ChL�IHG_LH`6a1O�T/B�O(CFeoL �¬LNGJO�a1OpX8�1�Ù?Ñ@�° �6?
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U$GAO�SQ��O�GJIHOlX��1RAO�GJIHm1Ton8O�GJT1O�Tµ¹8m1RAR_UWm1E�`¶a1n©CFT1no?h��O�E�X8RJnhfhEgGAIga1ZjmVL*UWm1E6`6awL�mw`¶a$IDU1CFa1OQE�U$GAO
SQ��O�GJIHO�X8�1RJO�GAIgm1T1nqMPfhT�EHO(`¶a$I6LdTwC^`¶a/U$O�Z·O�E6L�IHO�Tc¹8m1RJR]UWmoE6`6a1nPC�T1n1?$´8Z L�G]`6a1O�EHSQmwLNIgO�RARJO�T*Ú
UoCk��I�CFI�L KCh`6a1RJG]`6a�O�GJT1Or�¦CFRJRAO�TVUWO4��R]CFToePOjn^O~� m1TwUWOQT��lm1E�UWOPÚ��lGAE6U¯UWGJO4UWEgGAIgIHOcX8�1RAOQGAIHmoT1n
n^O��1GJR]UWO�IQ?ÑkPGAOpZjm��jGJT�UWGJO�LNO�Z �wCFRJR�vwf©LNGAIgGAM LNO�GJT*?Ñ��GAO�X8�1�Ù?�@�zj�oG]Lq@��4GARJRAmwL�IHEHGJO�EHOQT�U$GAO
Ö�f^EHnhOQa1O�TwL���O�G_LNOpCFT¸UWO�ZÝkPvwO�e$IHEgm1Z�ÚwU1C^L�C�mw`6a�CFR_L���O�G_LNv1GJO�RÑ� Km1EqUWGJO�B�O(CFePi��8OQIHO�e$IHGJfhT
U$GAO�T$IHOP?
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aVCF�wO�TcLNG]`6a�CFR_L�n^m1I�nhO�O�GJnhT1OQI�SQm1ZÔS�moMPO�EHR±KChLHL�GAn^O�T���GATVUWO�T�MPfhTcyqCFT$IHO�T�m1TwU�B�O�C�e1Lda1OQENi
C�mwLNn^O�LNIgO�RARJI�?
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´�Z UWGJO�� Km1E �HO(UWO�T�bdGAT1S�OQR]UWO�IgO�e$IHfhE\nhO~� moTwUWO�T1OQT�X���²di�B�fPLNGJIHGJfhT1O�T UWO�ElO�R_ChL�IHG]Lg`¶aoO�T?�wGxi
ToGAO��1S��q?1U$O�E�a1f$`6a1O�ToO�EHn^O�IHG_LH`6a1O�T/yqCFT$IHO�GAT$IHO�Egv1EHO�IgGAO�EgO�T�S�m4e KfhToT1O�T*Ú$Z KmwLHL�O�T�� fhRAn^O�TwUWO
b �{O�e$IHOq�wO�E KmV`¶eoLNG_`¶a$IHGJnhI���O�E�UWO�T��

� �8GJO4kPGAn^TwCFR_LNI�KC�EHePOµ¹8m1RAR*RJGAO�n^I8ToG]`6aWIl�wO�G�X���²di�yqC�TwCFR�¹�m1RAR¦?w�8GAO�Z �ÙL�O�I6L�vwCFT1T$m1TWi
nhOQT�GAToT1O�EHaVCFRA��UWOQElyqCFEgIHO�T LNGATVU�GJTwUWGJMWG_UWm1O�RJR=MPOQE6LH`6a1GJO�UWO�T*?©�8O�LNaVCFRA��Z¸KmwLgLNO�T/U$GAO
I6C�I6L KCh`6a1RAG_`¶a1OQT/¹8m1RJRAv1m1ToeWIgO�MPO�EHZcO�LHL�O�Tj�\O�E6U$O�T*?

� �8GJOrkPGAn^TwCFRJv1m1R_LNO���O�E�UWO�T�MPfhE\UWO�E\�8GJnhGAI�CFRJG]LNGJO�EHmoT1nqGAT�O�GAT1OQZÔe^CFvwC�S�GAIgGAMPO�T/kPIgEHfhZ�i
kPvwC�T1T$m1T1nPL��lC�TwUWRAOQE¢GJTWIgO�nhEgGAO�EgI�?D�8GAO «±T$IHOQnhE6C�IHGJfhTwL�ehC�vwCFSQGAI KC�IHO�T ��O�G_LNO�Tº@Q§<BdEHfFi
S�O�T$I\ÒÐf^RAO�E�CFT1S�CFm$�g?1bdTWI�LNv1EgO�`6a1O�TwUrM^CFEgGAGJO�EHO�T�U$GAO�b�ZcvW»wTwUWRJG]`6a1ePO�G[IHOQT�OQGAT1O�E\X8TVC(i
RAf^nhe^CFEgIHOP?D�8GAO�bdZ4v$»wTwUWRJG]`6a1ePO�GAI�LgCFn^I�CFmVL~Ú��lGJO�M$GAO�R �{ChUWmoT1n�T1fhI��\O�TwUWGJn¢G_LNIQÚÑm1Z
�wO�GoUWO�E��8GJnhGAI�CFRJG]LNGJO�EHmoT1nlO�GAToO�Tq�=O(LNIHGJZ4Z�IHO
T�X��q²di¬�¯O�EHI�S�mqO�EgEHO�G_`¶a1OQT*?�ª�C�Tre^CFT1T
LNGJOlGATOQ�� � ��� � 
 : � � � 	*CFTonhO��wO�T*?©X8mw`6arU$GAO�L�OlbdZ4vW»wTVUWRAG_`¶a1ePOQGAIHO
T�Z KmVLHLNOQTrMPO�E�i
Z4O�LgLNO�T���OQE6UWO�TÙÚ}moZ UWO�T/X��q²di�yqCFT KCFRAOQT4O�GAToO8v1a$YoLNGAe^C�RAG]Lg`¶aoO�b�ToO�EHn^GAO�S�m1fhE�UWT1O�T
S�m�e Kf^T1T1O�T*?

� �8GJO�ToO�m1TpbdGAT1S�OQR]LNGJnhTwC�RAODUWm1E�`¶a1R_CFmW� OQT�MPfhE�UWOQE�kPm1ZcZ4GAO�Egm1T1ndOQGAT1O�T¾B�m �ÑOQEHMPO�E�LNI KC�ENi
ePO�E�Z4GAI�Ö�O�E�LNI KCFEHe$m1T1n©L±�¦C�eWIgfhE/bdGATVL~?\��O�G�U$O�T�s©� BdEgfhIHf^I�YWvwO�T��\O�G]L�O�T UWGAO���Gxi
UWO�E�LNI KCFTwUWO©ÚwCFmwLlUWOQT1O�T/UWGJO�Ö�O�E6L�I KC�EHePO�E\CFm$� nhO��wC�m1I�LNGATVUÑÚ1� � ÒÐf^RAO�E�CFT1S¾CFmW�gÚwUWO(L±i
awC�RA��e KfhT1T1OQT�C�mw`6a�UWGJOrÖ�O�E6L�I KC�EHe$m1T1nhOQT¢moZ¨ZcO�a1EHOQEHO�B�EgfhS�OQTWI�MPfhT b�GJTwL�CF�$��O�G[i
`6a1O�T*?
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¹�m1RARJv1m1T1e$I�moTwU4bdZ4vW»wTVUWRAG_`¶a1ePO
GAI*OQGAT1O�E�X8TwCFRJfhn�i�yqCFEgIHO�e Kf^T1T1O�T�GAT�O�GJT1O�Z X8EH�wO�GJI6L�nPCFTon
MPOQEHZ4O�LgLNO�T���O�E�UWO�T*? �wmr�wO�C^`¶a$IHO�TpG]L�I�Ú^U1Ck�pUWGJOlª�O�LgLNm1T1n�GAT�U$O�EdÖ�O�EHe^C��=OQRAm1T1n�UWO�E�b�RJO�ePi
IgEHf^T1GAepO�EN� f^RAnhIQÚPZ4GAIDUWO�E�C�mw`6a4U1C^L�bdu$v=OQEHGAZcO�TWIDUWm1E�`¶aonhO~� Km1aoEHId�lGJE6UÑÚP��OQGARoUWGAO�¹�C^`¶a$�wC�ENi
e^C�EHIHOQTjZ4GJIdGAaoEHO�T�Z �*L�O�I6L�vwCFToTWm1TonhO�T�UWO�Tc¹8m1RJRAv1moT1eWID�=OQO�GATW�VmwLHL�O�T*?$X8mW�DUWOQT4bdGATonPCFTon
U$O�EdX�TwCFRJfhnhe^C�EHIHOl�lGJE6UqO�GAT�kPGAn^TwCFR1n^O�nhOQ�=OQT*ÚhU$O�LHL�O�T�Bdm1R]L¬� fhEHZ�O�GJT1O�Z Bda1fhIgfhZ�m1RAIgGAv1RJGAO�E�i
Bdm1R_L TVCh`6a1O�Z4vW� moTwUWO�T<G_LNIQ?�ª�GJI�O�GAT1OQZ v1EHf^nhE�CFZ4Z4GJO�EH�VCFEHOQT<M^CFEHG_CF�1RJO�T�X��wLH`6aW� KC^`¶aoO�E
�lGJE6U U1ChL4kPGAn^TwCFR¾U1CFT1T GAT Z4O�a1EgO�EHO�T k$`¶aoEHGAIgIHO�T��1G_L OQIN�ÍC @Q§ ��� nhO(U KCFZ4v$� I�?��8GJO¢GJTWi
IgO�nhEgGAO�EgIHO�T�m1TVU UWGJnhGJI6CFR�nhOQ�lCFTVUWO�RAIgO�T�MPO�E�LH`6a1GAO�U$O�T1O�T�Bdm1R_LNa Kf^a1O�T��\O�E6UWOQTºCFR]LcX���²di
k©v=OQeWIgEHm1Z a1G_LNIgfhnhE�CFZ4ZcGAO�EgI��¬L�GAO�a1O¸X8�1�Ù?�>h§ CFR_L���O�G]L�v1GAO�R �6?\ÒÐE KCFn^I�Z/CFT UWGAO X���²di
yqC�T KCFRJO�UWO�E�Bdm1R]L�MPO�EHIgO�GARJm1T1n^O�T/nhO�n^O�T¯U1ChL�X8�wLH`6a$� KCh`6aWm1TonPLNMPOQEHa KC�RAIHToG]LlCFm$� �¦X8�1�*?{>W@
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L�f�OQEHePO�T1T$I�Z/CFTpO�GAT1OQT�RAGAToO�CFEgO�TrÖ�O�EgR]CFm$�g?h�8OQE�k$`6a1T1GAIgIHv1moT1eWI�UWO�E�C�T4UWGJOlª�O��^��O�EgIHO�C�TWi
n^O�vwCk�^IHO�T/��O�E6C^UWO�T�Z4GAIDUWO�EDY}i±X�`6awLNO\nhGA�oI�U$GAO	�{CFn^O�U$O�L�¹8m1RARJv1m1T1e$I6L�CFTÙ?W��GAO�kPIgO�GAn^m1T1n
UWOQE ��O�E�ChUWOQT<G]L�IrO�GJT<ª�C
�¢� Km1EµUWGAOcbdZ4vW»wTwU$RAG]`6a1ePO�GJI�UWO�Ep�=OQIHEHO �ÑOQTwUWO�T¸X8TwC�RAfhn^e^CFEHIgOP?
«�LNIpUWGJO�GAZÎX8mVLNnPC�T1nPL�v1m1R_L�O�T$IHawC�RAIgO�T1O��{ChU$m1T1nPL�Z4O�T1n^O4�wO�e^CFT1T$I�Ú*e^CFToT�Z/C�T<C�mwLrU$O�T
n^O���f^T1T1O�T1OQT kPIgO�GAn^m1T1nhOQT�O�GJT1O�C��wLNf^RAm1IgO�bdG]`6aWmoT1n�GJT�UWOQE4�1fhEgZ Q�� � ��� � 
 : � � � 	
MPf^EHT1O�aoZ4O�T*?P��GAO�L�G]LNI�C��wO�Ela1GAOQE�T1G_`¶a$I�T1fhI���OQTwUWGAnoÚ1U1CrT$m1E�UWGJO��¶Ë�¿ �hÃ¬È���Ë
Á�b�ZcvW»wTwUWRJG]`6aWi
ePO�GJIHO�T�m1T$IHO�EgO�GATVCFTwUWOQE��wO�e^CFT1T$I�LNOQGAT4Z KmVLHLNOQT*?1b�L�G]L�IlC�R]LNf�RAO(UWGAn^RAG]`6a�U1C�E6CFm$��S�m�Ch`6aWIgO�T*Ú
U1C
�4U$O�E�X8mwL�nPCFTonPLNvom1R]L8� KC�a1EHOQTwU/UWO�ElÖ�O�EHZcO�LHL�m1T1n�U$O�E�X8TwC�RAfhn^e^CFEHIgO�T�L�I6C��1GAR*�1RJO�GA�oI�?
��O�G{sP��X8TVCFRAf^nhe^CFEgIHO�T/�lm1E�UWO�T�¹8m1RJRAv1moT1eWIgO8moTwU�kPIHO�GJnhm1TonhO�T4MPOQEHZ4O�LgLNO�TÙ?P�8GAO�Ö�OQEHIHOQGxi

RJm1T1nhOQT4L�GATwUrGJT4UWOQT4X8�o�*?P>h>qm1TwU�>h�qU1C�EHnhO(LNIHOQRARAIQ?P�8GJO8Ö�O�EgIHO�GJRAm1T1n�UWO�E\¹8moRARAvom1T1e$IHO�aVCFI
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�oE6CFIgGAf^TwLNS�GJO�R���O�GJIHO�EqO�T$IN� OQEHT$I�?�´8Z4n^O�ePO�a1EgI8� KCFRJRAIq�wO�G�Ö�O�Eg��O�TwU$m1T1n�OQGAT1O�LpLNO�aoErnhEgfU�^O�TS ^�� S � U$GAOqkPvwCFToTWm1TonPL KC�TwUWO�Egm1T1n�L�O�a1E�eWRJO�GAT�C�mwL~Ú$C��=OQE�Z/C�T��=OQ��O�n^I�L�G]`6ajGJT�UWGAO�EHG_`¶a$i
IgGAn^O 
lG]`6aWIgm1T1no?P��ChL�Ö�O�E��¦CFa1EgO�T�ePfhT$MPO�EHn^GAO�EgIdC�mw`¶ac�=OQG=Ö�O�Eg��O�TVUWm1T1npO�GAT1O(L�L�O�a1E�nhEgfU�^O�TS ^ Ú1��O�T1T�C�mw`¶a/R_CFT1n©LHCFZ ?
��OQGdUWOQZÝa1GAO�E�EHO�C�RAG]L�GAO�EgIHO�T S ^ � z4�wO�U$O�m1IHOQIqUWGAO(L~Ú*U1C
��UWGJO4¹�O�m1�wO�EHO(`¶a1T$m1T1n�ePfhT$MPO�E�i
n^GAO�EgI�ÚwL�fhR]C�T1nhOcUWO�E�I6C�I6L KCh`6a1RAG_`¶a1Opbdu$v=f^T1O�T$IqUWO�E�Ö�O�E6L�I KC�EHe$m1T1nPL�ePO�T1T1RJGAT1GJOqO�GAT1O(L8Bda1f^IHfFi
Z�m1RJIHGAvoRAG[O�E6LwUWOQT��¯O�EgI�MPf^Tj@
s�T1G_`¶a$I Km1�wO�E�LH`6a1EHOQGAIHOQI�?�b�L*�lm1E6U$O�T�UWGJO�Ö�OQE6LNI KCFEgeWm1TonPLNePOQT1TWi
RJGAT1GJO�TqMPfhT/@
sqBda1fhIgfhZ�m1RAIgGAv1RJGAO�EgT�MPOQEHZ4O�LgLNO�T �¬LNGJO�a1OÍy�C�v*?Wz©?t>���?h��GAOl�¯O�EHIgOlUWO�E S � R]C�nhO�T
SQ�lG]LH`6a1O�T °W? s �4m1TwU<zP? �h�4m1TwU¯U1CFZcGAI�LNO�a1E���O�GJI�MPfhT¯UWOQE � nhO~� KC�a1EHRJG]`6a1O�T �zZ��wO�EgnhEHOQT1S�O
@
sjOQTWI�� O�EHT$I�?

­��J+��&, ���*����0�9�.1���{'��*){0�:�"}){"$!#'��*)�'���¤�24£�!#.o'��¾¤�"$:���.1! �#£�:��#"$:�'��*)
«¬Z 
8C�a1Z4O�TcUWGAO(LNO�E�X�EH�wO�GAI��lm1E�UWO�O�GATcÌ8f$`6awLNvwC�T1T$m1T1nPL¬iHk©IHO�m1OQEHm1T1n©LNvwC�ePO�IlO�T$I��lG]`6ePO�RAIQ?
��GAO�kPvwC�T1T$m1T1nPL�MPO�E6L�fhEgnhm1T1n�U$O�E�Bda1fhIgfhZ�m1RAIgGAv1RJGAO�E*OQEN� fhRJnhI Km1�wO�E\Ì8f$`6awLNvVCFT1T$m1T1n©LNnhOQE KCFIgO
U$O�Eq��GJEHZ/C��wOh²�EHf�YPÚ�ª�f$UWOQRARl@
shsP§$?dbdGAT¯O�GJT1S�O�RJT1O�L��8OQE KCFIqe^CFToT�Z4GJI�@�°/ª�f$UWmoRAO�T¯Z4GAI
�HO¸@�°�yqCFT KC�RAO�TºC�mwLNn^O�E KmVLNIHOQI¢�\O�E6U$O�T*Ú\LNf U1Ck��M$GAO�E/��O�E KC�IHO�n^O�T Km1n^O�T*Ú�m1Z C�RARAO�@Q§h>^>
Bda1f^IHf^Zjm1RJIHGJv1RAGJO�E�C�T1S�mwLg`¶a1RJGAO��^O�T*?\�8GAO<��RJO�G]`6awLNvVCFT1T$m1T1n�e^CFT1Tº�1G_L i�>^�h§^§�ÖÝnhO�EgO�nhO�RJI
�\O�E6U$O�T*? �wm1E�kPIHOQm1O�EHmoT1n/MPO�EN�¶Km1n^I�U1C^L ��O�E(KCFI�Kmo�=OQErO�GJT1O�LNO�EgGAO�RJRAO4k$`6a1T1GJIHI�LNIHOQRARAO©?Ñy�fhZ�i
Z�CFTwUWf©L�eÙKfhT1ToO�T/Z4GAIgIHO�R_LdX�k1²\«g«¦ig²�f$UWO�Km1�wO�EHZ4GJIHIgO�RAId�\O�E6U$O�T*Ú1X�TWI���f^EHIgO�T4U$O�L8��O�E�KC�IHO�L
�\O�E6U$O�T/CFR_LlX�k1²\«g«¦ig²�f$UWOqS�m1E^Kmw`6eWn^O�RAGJO~� O�EHIQ?P�8GJOqª�Kfhn^RAG]`6a1ePO�GJIHO�T��wO�LNIgO�a1O�TcGAZ �\O�LNO�T$IHRJGxi
`6a1O�T�U1CFEgGAT*ÚwUWGJOpÌ8f$`¶aVLNvwC�T1TWmoT1njOQGATWiDm1TwU�CFmwL�S�mwLH`6awC�RAIHOQT�L�f��lGAOpUWGAO�kPvVCFT1T$m1T1n©LN��OQEHIHO
U$O�ElO�GAToS�O�RAToO�T4yqC�T KCFRJO�SQm�L�O�IHSQO�T/m1TwU4S�m/RAO�L�O�T*?
��GAO�LNO�EgGAO�RJRAO�T4k$`6a1T1GJIHI�LNIHOQRARAOQT�UWO�EÍÌ8Ö8ig��O�E KC�IHO���O�E�UWO�T4Z4GJIdO�GJT1O�Z·Ò*O�EgZ4GATwC�R]L�O�EHMPO�E�MPO�E�i
�om1TwUWO�TÙ?��8GJO�LNOQEjMPO�E�� Km1nhI Km1�wO�E4ZcO�a1EHOQEHO�LNO�EgGAO�RJRAO�k}`¶a1ToGAIHI�LNIgO�RARJO�T�m1TwU�awC�I4O�GAToO¢� O�L�IHO
«�B�i±X�UWEHO(LHLNO©?dÖ�G]C¯Ò8²\B Y�«�B�i�BdEHf^IHf^ePfhRARqR KCk�hIcLNG_`¶a MPfhTºUWOQZ 
 O(`¶a1ToO�E�Ú�UWOQE/U1ChLcb�u$vwO~i
EgGAZ4OQTWIcLNIgO�m1O�EgI�ÚlO�GAToO<¹8OQIHS��\O�EHe$MPO�EH�oGATwUWmoT1n<S�m�U$GAO�L�O�Z ÒÐOQEHZ4GJTwCFR_LNO�EgMPO�E4C�mW� �wC�m1O�T*?
«¬TwU$O�Z Z�CFT�UWOQT OQTWI�LNv1EgO�`¶aoO�TwUWO�T¸B�f^EHI�LNvwO�SQGx»wS�GJO�EHIQÚ*ehC�T1T�Z�CFT�UWGJO4O�GJT1S�O�RJT1O�T¸LNO�EgGxi
OQRARAOQT k}`¶a1ToGAIHI�LNIgO�RARJO�T CFTwL�v1EHO�`6a1O�T�moTwU�LNf�nhOQS�GAO�RJI�Z4GAI �HO�UWOQZ Ì�Ö8iH��O�E KCFI�ePfhZ4Z�m1T1G[i
SQGAO�EgO�T*?$�8O�E�kPIgO�m1O�Egm1T1n©LNEHO(`¶a1ToO�E�R KCFmW� Ilm1T$IHOQE�´�¹�« ��?$X8mW� �wC�m/m1TwU�X�mW� EHO�`6a$IHO�EgawCFRJIHm1T1n
U$O�Ep¹8O�IHSQ��O�Ege}i¦Ö�O�EH�1GJTwUWm1Tonj�lGJE6U�MPf^T�O�GJT1O�ZÎ²di�BdEHf^nhE�CFZ4Z Km1�wO�EHTofhZ4Z4OQT*ÚÑC�R]L�ePfhZ�i
� f^EHI�CF�1RJO�L/��O�TWmoIHS�O�E�i�«¬T$IHO�E��¦Ch`~O�UWGJO�T$I¢OQGAT1O¯Òl`~R Y�Òly8i�Z8�wO�E�� KCh`6a1OP?�X8�o�*?l>Fs GARJRAmwL�IHEHGJO�EHI
Lg`¶aoO�Z/CFIgG]Lg`¶a�UWOQT�X�mW� �wCFmÙ?
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Tcl/TK
Skript

Terminalserver

Steuerungsrechner

Programme

- Netzwerkverbindung
- Analyse der ADC-Spektren

- Matrizeninversion
- Berechnung neuer Spannungswerte

grafische
Oberfläche

256 Kanäle 256 Kanäle 256 Kanäle 256 Kanäle
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«¬Z·� fhRAn^O�TwUWOQT¢�lGJE6U/UWO�E�X��1R]C�mW��U$O�E�yqCFRAGJ�1EHGJO�EHmoT1n��wO�LH`6a1EHGJO��wO�T��
��ChL�BdEHf^nhE6C�Z4Z S�moE<kPIHO�moO�EHm1TonºUWO�E�Ì�f$`¶awL�vwCFToTWm1Ton ��Ê ��É �PÁWÃ � �h¿ �/R±KChUWI¯Ì8f$`6awL�vwCFTWi
T$m1T1n©LN�\O�EHIgO¾�¶KmoE�UWGAOqO�GJT1S�O�RJT1O�T/Bda1f^IHfhZ�m1RJIHGAvoRAGAOQE�C�mwLlO�GAT1OQEl��C�IHO�G¦Ú1Z4GAIÍUWO�T1O�T�UWGJOp�8O~i
IgO�e$IHfhEgO�T¯�=OQEHO�GJI6L�nhEgfh��C��1nhO�n^RAG_`¶a1OQT<L�GATwUÑ? �wGJO�nhIpO�GAT�k$CFIgS4MPfhT¸X���²di±Ì8G_LNIHf^nhE�CFZ4Z4OQT
C�mwLrO�GJT1O�E���CFIHOQTwCFmW� TVCFa1Z4O/MPf^E�ÚdL�f�e*Kf^T1T1O�T�GJT Ê �QÉ �PÁWÃ����h¿�UWGAO/yqC�RAGA�oE6CFIgGAf^TwLNEgfhm1IgGAT1O�T
C�mW� nhOQEHmW� O�T���O�E�UWO�T*? �wmoT�KCh`6awLNI���O�E�UWO�T�U$GAOpX���²di¦��OQEHIHOµUWO�E�O�R]C^LNIgG]LH`6a1O�T�B�O(CFeoL8f$UWO�E
U$O�E�a1f$`6a1O�T1O�EgnhO�IgG]Lg`¶a1OQT<yqCFT$IHOQT GJT UWO�T�kPvwO�e$IHEHOQT �wO�L�IHGJZ4ZjIQ?���RAO�G_`¶aoS�O�GAIgGAn4n^O��lGAToTWI
Ê �QÉ �PÁWÃ����h¿tÚ*��O�ToT�O�I��ÍC�OQGAT¸X���²di±Ì8G]L�IHfhn^E6C�Z4ZÝePO�GAToO�b�GJTWIgE KC�nhO�O�TWIga KCFRJI�Ú�«¬TW� fhEgZ/CFIgGAf�i
ToO�T�U1C�E Km1�wO�EQÚ�fh��m1TVU �\O�R]`6a1O�yqCFT KCFRAO�UWO~� O�e$I�L�GATwUÑ?�X8TVLH`6a1RAGJO��hO�TVU �lGJE6U<UWGJO/ª�CFIgEHGJu
n^O��1GJR]UWO�IQÚ�UWGAO�UWO�T C�eWIgm1O�RARJO�T¯Ö�OQEHT1O�IgS�m1T1n©LNS�mVLNI6C�TwU�U$O�L�yqCFRAf^EHGJZ4O�IHOQE6L�EHO�voE KChL�O�T$IHGAOQEHI �
U$m1E6`6a�ª�CFIgEHGJS�O�T1GJTWMPO�E�LNGJfhT¯m1TwU�ª�m1RAIgGAv1RJGAe^CFIgGAf^T<Z4GAIpUWOQT T$m1RJRAv1m1ToeWI�L±iqm1TVU OQZ4vW»wTwUPi
RJG]`6a1ePO�GJI6LNe^fhEgEHGAn^GAO�EgIHO
T¯X���²di¦��OQEHIHOQT OQEHa KC�RAI4Ê ��É �PÁWÃ � �h¿�y�O�T1T$IHToG]L�MPf^T UWO�T yqCFRAGJ�1E6C�IHG[i
f^TwLNePf^TwLNI�CFT$IHO�T¯U$O�EqbdGAT1SQO�RAZ4f$U$m1RAOP?w��O�Z KCk�/��R¬?Ñs©§4�=OQEHO�`6a1T1O�I�Ê �QÉ �PÁWÃ����h¿=ToO�m1Ojk©vwCFTWi
T$m1T1n^O�T*Údm1Z UWGAO/yqC�RAGA�oE6CFIgGAf^TwLNePf^TwLNI�CFT$IHO�T T KCFa1OQE�CFT�OQGAT1O�T¸nhO�� Km1TVLH`6aWIgO�T 
 O~� OQEHO�T1S
i
�\O�EHI�SQm �oEHGATonhO�T*?7�wGAOQnhIcUWGAO/T1O�mo�=OQEHO�`6a1T1O�IgO�kPvwC�T1T$m1T1n<GJT1T1O�EgawCFRJ� OQGAT1O�LrSQm1R KC^LHLNGJnhO�T
«¬T$MPO�EHM^C�RAR]L � � � Û � � � � � � 	PÚ{LNf/L�O�IHSQI8O�L�UWGAO�L�O�kPvwCFToTWm1Ton1Ú*C�TwLNf^TwLNIgO�T<L�O�IHSQI8O�L�UWO�T
n^O�E6C^UWO4T1f$`6a�S�m1n^O�R]C^LHLNOQT1O�T���OQEHI � � � Û��1S��q? � � � 	P?��8O�EgS�O�GAIpL�GATwU � � � Û � 
 @�§^§h§ �
moTwU ��� � 	 � 
 @~sP�^§ � � O(LNIHn^O�RAOQnhI�?
b�L/ehC�T1T�TWmoT OQGAT1O¯T1O�m1O ��CFIgO�TwCFm$� TwCFa1ZcO<nhO�L�I6C�EHIHOQI���O�E�UWO�T*Ú�UWO�E�f^�1GAn^O<Ö�fhEgnPCFTon
e^C�T1T��lGAO�U$O�EHa1f^RAI���O�E�UWO�T*?���GAO KX�TwUWO�Egm1T1nhOQT�GAT�U$O�TºÌ8f$`6awLNvwC�T1T$m1T1nhOQT���O�E�UWO�T�n^O~i
EgGAT1n^O�E�ÚwO�L8�lGJE6U�GJIHO�E�CFIHGJM�O�GJT�L�I6CF�oGARAOQE �wmwLNI�CFTwU�O�EgEHO�G_`¶a$I�?w«¬T¯UWO�T¯ª�O(LHLNmoT1nhO�T�GJT¯yqCFv*?
zµ�lCFEgO�T�OQIN�ÍCj>�i��/yqCFRJGA�1E�CFIgGAfhTVLHLH`6a1EgGAIHIgOqO�EN� f^E6UWO�EgRAG_`¶a*?w�1f^EHI6C�T�Z KmwLgLNO�T�UWGJO�yqCFRJGA�1EgGAO�E�i

lfhmoIHGAToO�T/TWm1ElTof$`¶a�nhO�RJO�nhO�T$IHRJG]`6a4C�mW� nhOQEHmW� O�T���O�E�UWO�T*Ú$m1Z Ö�O�E KCFTwUWOQEHm1T1n^O�T�GJT/O�GAT1SQO�Rxi
ToO�T�y�C�RAf^EHGAZcO�IHO�E�i�ª�f$U$m1RAO�T�S�m/O�T$I6UWO(`¶ePO�T�m1TwU/C�mwLNS�monhRAOQG]`6a1O�T*?
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� � ���d� ����� ��� � � � ��� �����F�D���

��C^L�GAZ MPfhE6C�T1nhOQnPCFTonhO�T�yqCFvoGAIHOQRWO�EgR KC�m1IHO�EgIHO�Ö�O�EN�¦C�a1EHOQT��lmoE6UWO\m1Z4nhO(LNO�IgS�I*m1TwUqGATrZcO�aWi
EgO�EHO�T�kPIgE6C�a1RAS�OQGAIHOQT�SQ�lG]LH`6a1O�Tp¹8f�MPO�Z��wO�E�@��^���8m1TVU�$PCFT$mwCFE\@��^�h�qCFZ bdRAO�e$IHEgfhT1OQTwLNIgE6CFaoR
MPf^T/ª�X�ª�«*nhO�IgO�LNIgO�I�?$�8O�E\O�u$v=OQEHGAZcO�TWIgO�RAR[OÍX8mW� �wC�m4�lGAE�UjGAZ·O�E�LNIgO�T/yqCFv1GJIHO�Rw�wO�Lg`¶a1EgGAO~i
�wO�T*?��8GJOr� fhRJnhO�TwU$O�T<yqC�v1GAIgO�Rd�wO�LH`6a KC�� IHGAn^O�T¸LNG]`6a�Z4GJIqUWO�T¯O�GAToS�O�RAToO�T�ª�O�LgLNm1TonhO�T¯m1TwU
GJa1EHO�T�b�EgnhO��oT1G]LgLNO�T*?

� ��� 1vN�� 	O� N�,<NO6 ��&!"%�#&�-H.O&<" � �=)*� 	�������� GF-/"#"%4/"5�#&�6 "
«¬T�UWO�E\bdu$v=OQEHGAZcO�TWIgGAO
EHawC�RARJO�UWO�E\X8s�i�y�fhRJR]C��=f^E6C�IHGAf^T4ePfhToTWIgO�T�UWGAO�ª�O(LHLNmoT1nhO�TcCFZ �<C^L±i
L�O�E6L�IHf �{I�CFEHn^O�IqUWmoE6`6a1nhO~� Kmoa1EHIl�\O�E6UWOQT*?w��ChL�X8sFi±yqCFRAf^EHGJZ4O�IHOQE��wO~»VTwUWO�I�LNG_`¶a�UWO�EgS�O�GJI�GAZ
X8m$� �wCFm*?
�wmpÒÐO�L�IHS��\O�`6ePO�T�L�I6C�TwUWO�TqsP�lMPfhRJR]C�mwLNn^O�LNI�CFIHIgO��8O�IgO�e$IHfhEge^CFT KC�RAO�S�m1E*Ö�O�E�� Km1nhm1Ton
�wO�L�IHO�a1OQTwUrC�mwL � � 7Ð�Ni�y�EHG_LNI�CFRAR¦Ú�Bda1fhIgfhZ�m1RAIgGAv1RJGAO�E{m1TwUrX�mwLNRJO�LNO~i±bdRAO�e$IHEgfhT1GJeÑ?���GAOlª�f$U$mWi
RJO��lmoE6UWO�T/GJT�O�GJT1O�E8zQu=z
i�X�T1fhE�UWm1T1n4moTWIgO�ElO�GAToO�Z Ö�f^EH� KCFEgI6L��lGAT1ePO�R*MPf^T 
 � �¦�h��� �����
S�moZ Ò�CFEgnhO�I Km1�wO�EgO�GATVCFTwUWOQEHnhO(LH`6a1G]`6aWIgO�I�?Íb�L��lmoE6UWO�T ePO�GAT1O¸LNvwO�SQGAO�RJRAO�T Ì�CFRJIHO�Egm1T1n^O�T
� Km1E�U$GAO/�8OQIHO�e$IHf^EHZ4f$UWmoRAO�MPO�EH�\O�TwUWO�IQ?�´8Z U$GAO/Bda1f^IHfhZ�m1RJIHGAvoRAGAOQE�MPfhE��wG_`¶a$IHO�GJTW�¦CFRJR�S�m
Lg`¶a KmoIHS�O�TÙÚW�lm1E�UWO�UWGJOpX8T1fhE�UWT$m1T1n4GJT¢OQGAT1O�ElRJG]`6aWI�UWG]`6a$IHO�E�X�RAm1Z4GJT1GAmoZ��=f�u�v1R_CFS�GJO�EHIQÚ1UWGJO
Km1�wO�E�X�TwLH`6a1R KmVLHLNOl� Km1E�kPvVCFT1T$m1T1n©LNMPO�E�LNfhEgnhm1Ton4m1TwU�kPGJnhTwC�RAe^CF�wO�R{MPO�EN� Km1n^I�?oX8�1�*?o>h�rGARJRAmWi
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UWOQT�C�mW��MPf^EHnhOQnhO��wO�T1Oq�¯O�EHIgOqnhO�L�O�IHS�IQÚW�wO�G�UWOQT1O�T�UWGAO(LNOqnhEgfh��C��1nhOQnhRAG_`¶aoO�T/�lCFEgO�T*?w�8GJO
Ì8f$`6awL�vwCFT1T$m1T1n^O�TcCFRARJO�EqKm1�1EgGAnhOQT�B�aofhIHf^ZjmoRAIHGJv1RAGJO�E��lm1E6UWOQT4C��1nhO�Lg`¶aVCFRAIgO�I�?$kPGAOlRJGAO~� O�EgIHO�T
U1C�a1O�E\ePO�GAT4kPGJnhTwC�R¬Ú$UWGJO8S�monhO�a�Kf^EHGJnhO�TcX���²digkPvwO�e$IHEHOQT4�1RAGJO��wO�T�RAO�O�EQ?P��C^L�yqCFRJGA�1E�CFIHGJfhTwL¬i
v1Egfhn^E6CFZcZ O�Ege^CFT1T$IHOPÚoU1Ck�cUWGJO�LNOqª�f$U$m1RAO�ToG]`6aWIÍCFe$IHGAM��lC�EHO�T/m1TVU��oGAR]U$O�IHO�LNO�RJ�wLNI(KCFTwU$GAn
UWGJO/ª�CFIgEHGJuÑÚDUWGAO/U$O�E��8O�IgO�eWIgfhEgnhO�f^Z4O�IHEgGAO�O�GAToO�E���u1��i�X8TofhE6U$TWm1Ton�MPf^T�ª�f$U$m1RAO�T�O�T$INi
L�v1EHG_`¶a$I�Ú$�lGAO�GJT�yqC�v*?w�W? � �wO�Lg`¶a1EgGAO��wO�TÙ?
� KmoE/UWGAO�GAZ �1fhRJnhO�TwU$O�T�MPf^EHnhO(LNIHOQRARAIgO�ª�O�LgLNm1Ton<�wO�IHEgm1n�UWO�E�kPIHE�CFa1R_LNIHEgfhZ @�§F×M�rÚ�n^O~i
Z4O(LHLNOQT¢�lmoE6UWO��HO��\O�GAR_L8U$EHO�GDª�GAT$m1IHOQT*?wX8R]L�yqCFRJGA�1E�CFIHGJfhTwL�S�GAOQR��lm1E�UWO�MPfhEgnhO�n^O��wO�T*Ú*UoCk�
UWGJOqO�R]C^LNIHG_LH`6a1O �wGJT1GAOPÚ$��O�ToT¢ePOQGAT1Oq¹�Ch`6aW�wC�EHT/�wO�GAIgE6C�nhO�T*ÚwTwC^`¶a�¹8m1RJRAv1moT1eWI�idmoTwU�bdZ4vWi
»wTVUWRAG_`¶a1ePOQGAI6L�ePfhEgEHO�e$IHm1E{�wO�G{X���²di±y�C�TwCFR{>^§h§�RJGAO�n^O�T�LNf^RAR¦?P�8GAO�yqC�RAGA�oE6CFIgGAf^TwLNePf^TwLNI�CFT$IHO�T
�lm1E�UWO�T�U$m1E6`6a�ª�CFIgEHGJS�O�T1GJTWMPO�E�LNGJfhT¸CFmwL�UWOQE��{CFn^O�UWO�ErOQR]ChL�IHG_LH`6a1O�T�B�O(CFeoL��wO�LNIgGAZ4Z�I�?
¹8OQm1O�kPvVCFT1T$m1T1n^O�T��lm1E�UWO�Tº�=OQEHO�`6a1T1O�IQÚ�ToO�m1O¯��C�IHO�TºnhO�TofhZ4Z4OQT*?�b�L��lmoE6UWO�T�M$GAOQE
yqCFRJGA�1E�CFIgGAfhTVLNR KC�mW� OlU$m1E6`6a1nhO
� Km1a1EHIQ?h«¬TµX8�1�*?��^§¾G_LNIDCFmW� n^O�S�O�G_`¶aoT1O�I�Ú
�lGAOÍLNG]`6a�U$GAO\yqCFRAGJ�1E6C�i
IgGAfhTVLNePfhTVLNI6C�TWIgO�T�moTwU�Ì8f$`6awLNvwC�T1T$m1T1nhOQT�MPO�E KC�TwUWO�EgIHO�T*?wb�L8G_LNI�S�m�L�O�a1O�TÙÚ=�lGJO�LNG_`¶a�UWGJO
O�GJT1S�O�RJT1O�Tpª�f$UWm1RJOlC�v1v1EHf�u$GAZ/C�IHGJMqUWO�Z�nhOQ� Km1TwLH`6a$IHO�T�yqCFRJGA�1E�CFIgGAfhTVLNS�mwL�I6C�TwU�CFT1T KCFa1O�EgT*?
Ö�fhEpUWOQErO�E�LNIHOQT<yqCFRJGA�1E�CFIgGAfhT¸RAGAOQnhO�T¸UWGAO��¯O�EHIgO4UWOQE�e¯S��lG_LH`6a1O�T @�°��/m1TwU�>h�PzP?D¹�Ch`6a
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k=198 k=176 k=297

k=188 k=168 k=187

k=210 k=204 k=215

U=-1196 V

U=-1281V

U=-1202V

U=-1197 V

U=-1187V

U=-1432V

U=-1450 V

U=-1379V

U=-1175V

vor der ersten Kalibration nach der ersten Kalibration nach der zweiten Kalibration

nach der dritten Kalibration nach der vierten Kalibration

k=198

k=198

k=198

k=198 k=198

k=196 k=217 k=178

k=197 k=202 k=208

k=203 k=200 k=197

U=-1197 V

U=-1291 V

U=-1194 V

U=-1217 V

U=-1215 V

U=-1428 V

U=-1374 V

U=-1391 V

U=-1169 V

k=201 k=191 k=204

k=199 k=196

k=199 k=200 k=200

U=-1200 V

U=-1293 V

U=-1191 V

U=-1203 V

U=-1213 V

U=-1428 V

U=-1395 V

U=-1383 V

U=-1165 V

k=199

k=199

k=199

k=205

k=199

k=197

k=200

k=200

k=199 k=200

k=196 k=202

k=199

k=202

U=-1294 V

U=-1191 V

U=-1210 V

U=-1213 V

U=-1428 V

U=-1198 V U=-1391 V

U=-1386 V

U=-1165 V

U=-1198 V

U=-1294 V

U=-1191 V

U=-1205 V

U=-1213 V

U=-1428 V

U=-1393 V

U=-1387 V

U=-1165 V
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´�Z UWGJOpy�C�RAGJ�1E6C�IHGAf^T/m1TwCF�oa�KCFT1n^GAn4MPf^T�UWOQE�X8mwLNRJO�LNO
i�bdRAOQeWIgEHfhToGAe�S�m Km1�wO�EHv1E^KmW� O�T*Ú1�lmoENi
U$O�T¯UWGAO�T1O�moT kPGJnhTwC�RAOcUWO�EqBda1f^IHf^Zjm1RJIHGJv1RAGJO�E8ZcGAI�y¾f©CFu$G]C�RAe^CF�wO�RJT<C�mwLrUWOQEqÌ�CFRJRAO�a1OQENi
C�mwLNn^O~�¶Km1a1EgI�?{ª�GAI�O�GAToO�ZÕkPvwO�G_`¶a1OQEHfPL�S�GARJRAf©LNePfhvc�lm1E6UWOQT¯UWGAO�kPGJnhTwC�RAO�C�mW� nhOQS�O�G]`6a1T1OQI�?w��C
U$GAOqBda1f^IHfhZ�m1RJIHGAvoRAGAOQENi±B�moR]LNO�LNI�CFIgG]LNIgG]Lg`¶a1OQT k}`¶a$�lC�T1eWmoT1nhO�T/m1T$IHOQEH��f^EN� O�T�L�GATwUÑÚ1�lmoE6UWO�T
M$GAOQRAO�B�moR]LNO Km1�wO�EgO�GATVCFTwUWOQE�CFmW� n^O�T1fhZcZ4O�T*ÚPm1Z OQGAT/MPO�EHn^RAO�G_`¶a$�wC�EHO�L���GAR_U4CFRJRAO�E�B�ª�L�S�m
�wO�ePf^Z4Z4O
T*?^��O�G1O�E�� fhRAn^EHO�G_`¶aoO�E�yqCFRJGA�1E�CFIHGJfhT/L�fhRJRAIHOQT4C�RARAO�Bdm1R]L�O�nhRJO�G]`6a$MWGJO�R �{ChUWmoT1n�O�T$INi
aVCFRAIgO�T*?PX��1�*?1zP? srS�O�GJnhI�U$GAO�LNfrn^O���f^T1T1O�ToO�T4��GJR]UWOQE�?P�8GJO�Bdm1R]L�a Kfha1OQT4�lm1E6U$O�T/CFmV`¶a�Z4GAI
OQGAT1O�Z CFTVCFRAf^nhO�T Z�L�S�GARJRAfPL�ePfhv/�wO�LNIgGAZ4Z�IQ?P��O�n^O�T�U$O�E�LNI�CFIHG_LNIgG]LH`6a1O�T���RJm1e$IHmwC�IHGAf^T1O�T/GAT
U$O�T/Bdm1R]L�O�T4G_LNIlU$GAO�L�O�LdÖ�OQEN�¦CFaoEHO�T/C�RARJO�E6UWGJT1nPLd� O�a1RJO�EH�wO�awC�� IHO�IQ?$b�GJT/�1O�a1RJO�E�MPfhT �µ@�§U� �
G_LNIpU1C��=OQGlCFToS�m1T1O�aoZ4O�T*?{�8GAOcBdm1R]L�a KfhaoO�T�LNGJTwU<C�RARAOQE6UWGJT1nPL�T1G_`¶a$I�m1T1OQGAT1n^O�LH`6a1E KC�T1e$IrC�R]L
ª�C
��� Km1E\U1ChLl�8OQRAGATonhO�TcUWO�E\yqCFRJGA�1E�CFIHGJfhT�nhO�OQGAnhToO�I�?h��GJOlGAZ·MPf^E6CFTonhO�n©CFT1n^O�T1O�T/yqC�v1GAIgO�R
z©?t��O�EgR KCFmoIHO�EgI�ÚPL�GATwU�UWGAO�bduWvwf^T1O�T$IHO�T S � � Ü � Û # �1SQ�q? S � � � � � Km1ElUWOQT �wmwLgCFZ4ZcO�T1awC�T1n8SQ�lGxi
Lg`¶aoO�T¯Bda1fhIgfhZ�m1RAIgGAv1RJGAO�E�iHkPGJnhTwC�R*m1TwU¯CFT1n^O�RAOQnhIHOQEqÌ8f$`6awLNvwC�T1T$m1T1n��wO�S Km1nhRJG]`6a �{ChU$m1T1nPL¬i
ZcO�T1nhO�moTwU<Bdm1R]L�a KfhaoO4GAZÎC�RARAn^O�Z4O�GJT1O�T�MPO�E6Lg`¶a1GJO�UWO�TÙ?Ñ�8GJO4��OQS�GAO�a$m1T1ncS��lG]Lg`¶a1OQT<UWOQZ
Ö�O�Ega KCFRJIHT1G_L8U$O�E9�{ChUWm1TonPLNZcO�T1nhOQT � + Ú �¾�¾SQ��O�GJO�E�B�ª¢igkPGAn^TwCFRJOjmoTwU GJa1EHOQT¯B�moR]LNa Kfha1O�T
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ÚPU1C�a1O�E�e Km1EgS�O�T�LNG_`¶a�U$GAOlO�E�LNIHOQTj�wO�G_UWO
Ò*O�EHZcOrGAT¯nhmoIHO�Ep¹ KC�a1O�EHmoT1n��\O�n1?���GJRAI S � � Ü � Û # � S � � � � Ú�L�f�L�GATwU¯Bdm1R]L�a Kfha1OQT<m1TwU �{C(i
UWmoT1nPL�Z4O�T1n^O�T�MPO�EHn^RAO�G_`¶a$�wC�E�? $hO8m1T$IHOQE6LH`6a1GJO�UWRAG_`¶aoO~EDUWGAO�bdu$vwfhT$IHG]C�RAvwC�E6C�Z4O�IHOQE"S �HO�UWf$`6a
�\O�E6UWOQT*ÚWm1Z�LNf�LH`6a$�lGAO�EgGAnhOQE�L�GATwU/UWGJOqÖ�OQEHa KC�RAIHToG]LHL�O�MPO�EgnhRAOQG]`6aW�wC�E�?
b�L�G_LNI\CFm � KC�RARJGAn1Ú$U1C
��C�mwLNn^O�EHO�`6a1T1OQI�U$O�E �wO�T1E6C�RAe$EHG_LNI6C�RARwL�GAn^T1Gx»we^C�TWI�a Kf^a1O�EHOpkPGAn^TwCFRJv1m1R]L�O
awC�I�?\�8GAO(L e KfhT1T$IHO/Z/C�T�U1C�Z4GAIpO�EHe$R KC�EHO�TÙÚ�U1Ck�<SQm1E4yqC�RAGA�oE6CFIgGAf^T�UWGJO¢Iga1O�f^EHO�IgG]LH`6a��wO~i
EgO�`¶aoT1O�IHOQT�Ö�O�EHIgO�GARJm1T1n©LNvwC�E6CFZ�IHOQElMPO�EH�\O�TwUWO�Il�lmoE6UWO�TÙÚ*UWGAO��wO�Lg`¶aoEHO�GJ�=OQT*Ú=�lGJO�LNG_`¶a¯UWOQE
O�RJO�e$IHEHf^Z/CFn^T1O�IgG]LH`6a1O�k$`6awCFmoO�E�Ú*U$O�T<U$GAOcCFmW� U1ChLpy�C�RAf^EHGAZcO�IHO�E�IHEgO �{O�TwUWOQT<bdRAOQeWIgEHfhToO�T
a1OQEHMPfhEgEHmW� OQT*Ú1GAZÓª�GJIHIgO�R*C�mW�Íª�GAIHIgO�TWi�moTwU�¹�Ch`6a$�wCFEgeWEgG]LNI�CFRJRAO�MPO�EgIHO�GJRAIQ?W��O�E�X�TWIgO�GARÙUWO�L
�wO�T$IHE�CFRJeWEgG]LNI�CFRJR]L��lGAE�U UoCF�wO�G�m1TWIgO�E6Lg`¶a KCFIHSQI�ÚdU{?�a*?�O�LrnhGJRAI�× � � � �Ø # × �
� � � Ø�
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OQE6LH`6a1O�GJTWI�LNO�GJT1O�TwC^`¶a/ª�C�IHEgGAS�O�ToGAT$MPO�E6L�GAfhT��wO�EgO�`6a1T1O�IgO�yqCFRJGA�1E�CFIgGAfhTVLNePfhTVLNI6C�TWIgO�e$RAO�GJT1O�E�Ú
C�R]LqLNGJO�I6C�I6L�KC^`¶aoRAG]`6a�G]L�I�?*��O�Epy�C�RAGJ�1E6C�IHGAf^TwLHC�RAn^fhEHGJIHa1Z�mwL8�wO�EgO�`6a1T1O�IqUoCFa1O�EpO�GAToO�S�m�a1fFi
aoO4kPvwCFToTWm1Ton¢�¶Km1EpU1C^L �wO�T$IHE�CFRAZcf$UWm1R¬Ú{UWO�LgLNO�T�kPGJnhTwC�R�UoCFT1T<aÐKfha1O�EqG_LNIpCFR_L�UoChLrL�O�GAToO�E
¹�Ch`6aW�wC�EHT*?
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