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Kathodensystem
ß

Solenoidmagnete
àHF-Koppler und

á
Wellenleiter

Resonator
â

Laserfenster

Diagnostik
ã

e  Strahlä -
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Î�¬�¬��¡¤¦À�±�ª�²z��Íáà�ÍÊÓp¢-¨�®�«o �¶6®�¯�°_«o¤¡ �¬��¡¤¦ÀÌÞ|©eªÌâ�¥�ªp¥�¨y«o �©e¨Ü±�ªpÀ8ç�¥I®�©eª_«o �©e¨ê�5�¡ ÜÀ�¥�¨ÜÑq¨y«oªp®�º¼©e¨��Ú«o ��¦©eª
«o±�º:À��¦¥Ëâ�¥�ªp¥�¨y«o �©e¨�®�¥��¡ �¥ì^[«�bS±�ªpÀHÀ��¦¥Üç�¥I®�©eª_«o �©e¨�®�¥��¡ �¥�^Ø¬$bÂÍ

¢-�¡ªp¥&²|¥�ª_«o±p¥�¨�¥iÝ£¥I®�¯�°�¨�¥��¡¬�±�ª�²Ï�Ë±p®y®�À��¦¥ÉíU�5Ãu¥IÀp«oª�¶6¥�ª�±�ªpÀwÛ�©eÃ�Ã�¤¡±�ª�²|¥�ª�Þ|©eªwÛ�¤¡Ó�®� �¨�©eªq¸è8¥�¤¿¾
¤¦¥�ª�¤¦¥��¡ �¥�¨&±�ªpÀQÛÐ©eÃ�Ã�¤¦¥�¨&�¡ªQÀp«e®Ëä�©�À�¥�¤¡¤l¥��¡ªt¬u¥�¶I�¦¥�°p¥�ª ^¼Î�¬�¬��¡¤¦À�±�ª�²O��Í���bÂÍHé}¹f�¦®�¯y°p¥�ªÌçÐ¥I®y©eª_«o �©e¨
±�ªpÀ�Û�¤¡Ó�®� �¨�©eª��¦®� ê¥��¡ªQé}�¡¨�§�±�¤ë«o �©e¨&¥��¡ª�²|¥�¬_«o±� 6¸YÀ�¥�¨ÜÀ��¦¥5«o±p®ÜÀ�¥��<çÐ¥I®y©eª_«o �©e¨D¨�¥Ë�_¥�§� ��¦¥�¨� �¥ÄÆq¥��¦®�¾
 �±�ª�²Ü�¡ª�¥��¡ªp¥ÐÆY«e®� l±��5¤¦¥�ª�§� 6¸t±��EÀp«e®lÛ�¤¡Ó�®� �¨�©eªÄ¶I±Ú®y¯�°t»� �¶6¥�ªqÍlÔ�«eÀ�±�¨�¯y°Ú�¦®� zÀ��¦¥�Æq¥��¡ �±�ª�²&®y©6¹z©e°�¤
Þ|©e� Û�¤¡Ó�®� �¨�©eª�«o¤¦®·«o±p¯�°�Þ|©e� çÐ¥I®�©eª_«o �©e¨·«o±p®Ä²|¥I®�¥�°p¥�ª�¨�¥Ë�_¥�§� ��¦©eªp®Ùº¼¨�¥���«o¬�²|¥I®�¯y°�¤¦©]®�®�¥�ªqÍ�Ô�¥�¨
Û�©eÃ�Ã�¤¦¥�¨S¶I¹f�¦®y¯�°p¥�ªÏè8¥�¤¡¤¦¥�ª�¤¦¥��¡ �¥�¨£±�ªpÀ�ç�¥I®�©eª_«o �©e¨zÞ|¥�¨�°_µo¤¡ £®��¦¯y°�¹f�¦¥D¥��¡ª��¦À�¥6«o¤¦¥�¨£Ñq¨y«oªp®�º¼©e¨��Ú«o �©e¨6Í
���*À��¦¥I®�¥�ª9Ñq¨y«oªp®�º¼©e¨��Ú«o �©e¨Ë«o±p®DÀ�¥�¨Dç�¥I¯�°�ª�±�ª�²·¶I±9¥�¤¡�¡�5�¡ª��¦¥�¨�¥�ªq¸u¹z¥�¨�À�¥�ª8«o¤¡¤¦¥iâD¨�ÈAf|¥�ª8«o±�ºlÀ��¦¥
ç�¥I®�©eª_«o �©e¨�®�¥��¡ �¥· �¨y«oªp®Ùº[©e¨��5�¦¥�¨� 6Í��Ð� À��¦¥Ú¬��¦®�°p¥�¨��¡²|¥�ª/Åp©e¨��Ä¥�¤¡ªÇ»�¬¥�¨�ªp¥�°��Ä¥�ª"¶I±G§|Èeª�ªp¥�ªq¸-¬u¥Â¾
¶6¥��¦¯y°�ªp¥�ªÌÀ��¦¥5²|¥I®� �¨��¦¯y°p¥�ªp¥�ªÇâD¨�ÈAf|¥�ªÌÀ��¦¥5¥ÂÁ� �¥�¨�ªp¥,^�âê¥�ªp¥�¨y«o �©e¨Ù¾Eb�³�¥��¡ �¥]¸NÀ��¦¥i±�ª�²|¥I®� �¨��¦¯�°p¥�ªp¥�ªÇÀ��¦¥
ç�¥I®�©eª_«o �©e¨�®�¥��¡ �¥�Ó

ß½Úfeaßhg = ÖwÚ Ö ge ^���Í¡ß;��b
äw�¡ $Û g Úfe õ Û5¸�ä g Ú ëi ó ±�ªpÀ å g Ú ôi ó º[©e¤¡²] ÐÀ��¦¥Ëâ�¥I®�«o�Ë ��¡�5Ãu¥IÀp«oª�¶�Ó

ø g ù Ú ø ùe õ Ú vû ç Ûje õ à i ó� ý ë à i óô ÷ ^���Í¡ß6à�b

¢-ª� �®�Ã�¨�¥I¯�°p¥�ªpÀw®��¡ªpÀHÀ��¦¥�²|¥I®�Ãu¥��¦¯�°p¥�¨� �¥Ü¢:ªp¥�¨�²]�¦¥�õÚ i ó ì òlk óõ ±�ªpÀHÀ��¦¥�å:¥�¨�¤¡±p®� �¤¦¥��¦®� �±�ª�²�í¡îNïeðCñ�Úi ó òlk óõAô Í�Ô��¦¥�Æq¥��¦®� �±�ª�²G�¡ªBÀ�¥�¨�¥ÂÁ� �¥�¨�ªp¥�ª�ÆY«e®� Ä¬¥� �¨yµo²] �í ïnm � Ú òlk óõ�o 4 ¸£Àp«o¨y«o±p®Ú¥�¨�²]�¡¬� ·®��¦¯�°�À��¦¥
ß;�



Ù�Ç ��Ý;3�5Ê>J4¿Ë��ó>h<�9hÝ;1$4¿7EÝ;>h<?1
¥ÂÁ� �¥�¨�ªp¥&âD»� �¥�Ó

ö�ïnm � ÚÎç é 	í ïnm � Ú ç�é e õ�p é Ûx÷ ^���Í¡ß�ñ�b

ÔD�¦¥5²|¥I®�«o�Ë �¥�å:¥�¨�¤¡±p®� �¤¦¥��¦®� �±�ª�²��¦®� �í ÚÅí¡îNï�ð�ñQà·í ïnm � ¸YÀp«o¨y«o±p®Ëº¼©e¤¡²] ËÀ��¦¥�®�©e²pÍ�¬¥�¤ë«e®� �¥� �¥·âD»� �¥o�¤¦©|«eÀ�¥IÀÖÔ�q�Ó
ö ë Ú ç é 	í ÷ ^���Í¡ß6ã�b

K�\�¥�ªp®��¦¯y°t �¤¡�¦¯�°��¦®�  ôNrq Ú ôN 4 à ôNts;u 6 ÍÔD�¦¥�ÎÐª�§|©eÃ�Ã�¤¡±�ª�²É¶I¹f�¦®�¯�°p¥�ª�è8¥�¤¡¤¦¥�ª�¤¦¥��¡ �¥�¨£±�ªpÀÚçÐ¥I®y©eª_«o �©e¨:¹f�¡¨�ÀÄª��¦¯y°t S¹f�¦¥��¡��¢:¨�®y«o �¶6®�¯�°_«o¤¡ �¬��¡¤¦À
»�¬u¥�¨ÚÀp«e®Úè��¦¯y§�¤¡±�ª�²|®�Þ|¥�¨�°_µo¤¡ �ª��¦®��¡� ÑY¨y«oªp®Ùº¼©e¨��Ú«o �©e¨·¬u¥I®�¯�°�¨��¦¥�¬u¥�ªq¸£®�©eªpÀ�¥�¨�ªB»�¬u¥�¨Ú¥��¡ªBÛ�©eÃ�Ã�¾
¤¡±�ª�²|®�Þ|¥�¨�°_µo¤¡ �ª��¦®�v�Ó v¹Ú í ïnm �í�ù Ú ö éö�ïnm � Ú

åe õ p é ÷ ^���Í¡ß õ b

ÅN»�¨ÚÀ��¦¥wÑq¨y«oªp®Ùº[©e¨��Ú«o ��¦©eª,À�¥�¨·âD¨�ÈAf|¥�ª/º[©e¤¡²] 
å g Úwv p é ¸"Û g Ú ô ìx o 4 ±�ªpÀºä g Ú x o 4 ëô ÍBÝ£¥��§�¨��¡ ��¦®�¯y°p¥�¨ÐÛÐ©eÃ�Ã�¤¡±�ª�²·�¦®� yv¹Ú)v]¸p±�ªpÀî¥I®f²]�¡¤¡  ö�ïnm � Ú ö é ±�ªpÀ ö ë Ú N 4õ Í-¢-�¡ªp®�¥� �¶6¥�ªw¥�¨�²]�¡¬� 

ö ë Ú ö évWà�v ÷ ^���Í¡ß���b

ÔD�¦¥w³�Ã_«oª�ª�±�ª�²p¸�À��¦¥H¬u¥���¥��¡ªp¥�� â�¥�ªp¥�¨y«o �©e¨�®� �¨�©e�&Ö g �¡� çÐ¥I®y©eª_«o �©e¨�«o¬�º[µo¤¡¤¡ 6¸S�¦®� kß g Ú�ø g ù Ö g ¸
¹S©e¬¥���À��¦¥Híb�5Ãu¥IÀp«oª�¶îÀ�¥I®ÄçÐ¥I®�©eª_«o �©e¨�®Ä«o±p®·³��¦¯�°t �À�¥I®Úâ�¥�ªp¥�¨y«o �©e¨�®5°��¦¥�¨ÄÞ|©eª"ÛÐ©eÃ�Ã�¤¡±�ª�²Ì±�ªpÀ
å:¥�¨�®� ��¡�5�Ë±�ª�²H«o¬�°_µoª�²] ;Ó

ø g ù Ú å gë ��� �� vFà������ õ � ÷ ^���Í¡ß X b

äw�¡ �À�¥�ªîÃ_«o¨y«o¤¡¤¦¥�¤¦¥�ªwè��¦À�¥�¨�®� yµoªpÀ�¥�ª
å
±�ªpÀze õ p é �¦®� å gë Ú å

v�à�v ^���Í¡ß;��b
±�ªpÀî¹f�¦¥IÀ�¥�¨ ��������Ú ö ë � çç é únç éç  f% ' ö ë " çç é ÷ ^���Í��]ï�b

ÅN»�¨ËÀp«e®Ëå:¥�¨�°_«o¤¡ �¥�ªÌÀ�¥I®&³�Ó�®� �¥��Ä®&ÛÐ©eÃ�Ã�¤¦¥�¨�æoçÐ¥I®y©eª_«o �©e¨&�¦®� Ë«o¤¦®y©îÀ��¦¥5¬u¥�¤ë«e®� �¥� �¥�âD»� �¥ ö ë ¥�ª� Ù¾®y¯�°p¥��¦À�¥�ªpÀ�ÍlÔD�¦¥&é¥��¡ �§|©eªp®� y«oªt �¥ËÀ�¥I®D³�Ó�®� �¥�� �¦®� �Àp«oª�ªLkÚ{' ö ëç é ÷ ^���Í���ß�b

�]ï



Ù�Ç�Æ�Ç Ñ'<�9hÝ;1$4¿7EÝ;>;7D3T<yÝ;>/BD<
ÔD�¦¥Hé¥��¡ �§|©eªp®� y«oªt �¥HÀ�¥I®&¬¥�¤ë«e®� �¥� �¥�ªÇç�¥I®�©eª_«o �©e¨�®&�¡ªGÀ�¥�¨É°��¦¥�¨&¬u¥� �¨y«e¯�°� �¥� �¥�ª/¢-¤¦¥�§� �¨�©eªp¥�ªp´t±p¥�¤¡¤¦¥
¬u¥� �¨yµo²] a��Í���ß�ðq®6Í
¢-�¡ªp¥&¹f�¦¯�°� ��¡²|¥ÄâD¨�ÈAf|¥êº¼»�¨�À�¥�ª�ÝS¥I®y¯�°�¤¦¥�±�ª��¡²|¥�¨�¬u¥� �¨��¦¥�¬��¦®� ÐÀ��¦¥&Þ|¥�¨ÙºØ»�²]¬_«o¨�¥ÉÆq¥��¦®� �±�ª�²pÍ�Ý£¥��N©eÃ� ��¿¾
�Ú«o¤¦¥�¨ËÎ�ª�Ã_«e®�®�±�ª�²
^|v·Ú v�Ù�±�ªpÀ�çÐ¥I®�©eª_«oª�¶,^�øJùrÚ å

b�Þ|¥�¨� �¥��¡¤¡ Ë®��¦¯�°8À�¥�¨&â�¥�ªp¥�¨y«o �©e¨�®� �¨�©e�0¶I±
²]¤¦¥��¦¯y°p¥�ªÌÑY¥��¡¤¦¥�ªG«o±�ºSÛÐ©eÃ�Ã�¤¦¥�¨&±�ªpÀ�çÐ¥I®�©eª_«o �©e¨�^¼Î�¬�¬��¡¤¦À�±�ª�²"��Íáà]«�bÂÍ5Ôê«oª�ª��¦®� ÜÀ�¥�¨&â�¥�ªp¥�¨y«o �©e¨Ù¾
®� �¨�©e�<À�±�¨�¯y°8ÛÐ©eÃ�Ã�¤¦¥�¨Ü±�ªpÀ�ç�¥I®�©eª_«o �©e¨¯j�¥�¹z¥��¡¤¦®z};kõ ±�ªpÀ�À��¦¥i�Ú«	Á��¡�Ú«o¤¦¥Ú³�Ã_«oª�ªt±�ª�²6ß g Ú } k�~ 4õ Íäw�¡ hí½Ú ôõ 	��Ø^Ø�¡�<è8¥�¤¡¤¦¥�ª�¤¦¥��¡ �¥�¨&®��¡ªpÀÌ³� �¨�©e�<±�ªpÀÌ³�Ã_«oª�ª�±�ª�²w�¡ª8ì-°_«e®y¥]¸LÀ��¦¥ÄÆY¥��¦®� �±�ª�²î§]«oª�ª«o¤¦®�©&À�±�¨�¯�°Ïä�±�¤¡ ��¡Ã�¤¡�¡§]«o ��¦©eªÏÀ�¥�¨zÝ£¥� �¨yµo²|¥�¬u¥I®� ��¡�5�Ë S¹z¥�¨�À�¥�ª$b-º[©e¤¡²] zÀ��¦¥ÐÆY¥��¦®� �±�ª�²ÉÀ�¥�¨zÞ|©e¨�¹Sµo¨� �®Ù¾
¤ë«o±�º[¥�ªpÀ�¥�ªîè8¥�¤¡¤¦¥

í î Ú � g õ p é� ^���Í�����b
Ôê«e®�¢-¨�²|¥�¬�ª��¦®Ð¹f�¡¨�À�«o±�º:À��¦¥êçÐ¥I®�©eª_«o �©e¨�®y¥��¡ �¥ê �¨y«oªp®Ùº[©e¨��5�¦¥�¨� ö^Ø�5�¡ ���Ú @ ki ÚU� g�� x o 4ô b�Ó

í î Ú � õ å� v ^���Í��]à�b

ÔD�¦¥îç�¥I®�©eª_«o �©e¨�®�Ã_«oª�ªt±�ª�²ý^¼À��¦¥�«oªBÀ�¥�ªBÃ_«o¨y«o¤¡¤¦¥�¤¦¥�ªBè��¦À�¥�¨�®� yµoªpÀ�¥�ª
å
±�ªpÀQe õ p é «o¬�º[µo¤¡¤¡ Jb5�¦®� Àp«oª�ªî�¡�*®� y«o ��¦©eª_µo¨�¥�ª�é}±p®� y«oªpÀ 	nÚ � å

v�à�v Ú � í î ' å ' + vvWà�v ^���Í��oñ�b

Ô�¥�¨Ðç�¥Ë�_¥�§� ��¦©eªp®�§|©�¥ÂóÄ¶I�¦¥�ªt �«o�AÛÐ©eÃ�Ã�¤¦¥�¨è^¼çÐ¥I®�©eª_«o �©e¨�«o±�º-çÐ¥I®y©eª_«oª�¶|¸ å g Ú p é vlbz�¦®� �¯Ú p é v�ú p ép é v�à p é Ú v�ú vv�àýv ^���Í��]ã�b
Ý£¥��_§�¨��¡ ��¦®�¯y°p¥�¨SÛ�©eÃ�Ã�¤¡±�ª�²5�¦®� lÀ��¦¥DíU�5Ãu¥IÀp«oª�¶�«oª�²|¥�Ã_«e®y®� 6¸t�5�¡ �v#�wx&²|¥�°t ��#��ú~v]¸t¹£«e®£¥��¡ªp¥��
Û�±�¨�¶6®�¯y°�¤¡±p®�®ê¥�ªt �®�Ã�¨��¦¯�°t Ë±�ªpÀw�5�¡ jvQ��� ²|¥�°t !�Q� v]¸�¥�ªt �®�Ã�¨�¥I¯y°p¥�ªpÀ8¥��¡ªp¥��'©=\u¥�ªp¥�ª�¢-ªpÀ�¥]Í
Î��AÛÐ©eÃ�Ã�¤¦¥�¨�¹f�¡¨�ÀîÆq¥��¦®� �±�ª�²�¨�¥Ë�_¥�§� ��¦¥�¨� ;Ó

í ð ÚÆí î � õ ÚÆí î � v�ú vvÄàýv  õ ÷ ^���Í�� õ b

Î�±p®�À�¥�¨Ð¢-ªp¥�¨�²]�¦¥I¥�¨�°_«o¤¡ �±�ª�²�º[©e¤¡²] �À��¦¥ÜÆq¥��¦®� �±�ª�²p¸pÀ��¦¥Ü�¡� çÐ¥I®�©eª_«o �©e¨�� «oª�§|©e�5�& ªq�Ó
í ù ÚÆí î ×ªv ú�� õ ÙIÚÆí î V�v×ªv�à�v[Ù õ ^���Í�����b

ÔD�¦¥ÜÑY¨y«oªp®��5�¦®�®��¦©eªî�¡ªîÀ�¥�ªwçÐ¥I®�©eª_«o �©e¨��¦®� Ð«o¤¦®�©i¬¥���§�¨��¡ ��¦®�¯y°p¥�¨�ÛÐ©eÃ�Ã�¤¡±�ª�²Ö^|v¯Ú)v�bz�Ú«	Á��¡�Ú«o¤�Í
äw�¡ &À�¥�¨&å:©e¨�¹Sµo¨� �®�¤¦¥��¦®� �±�ª�²�í î Ú ò ó�õ�o 4 ¬u¥��l§|©eªp®� y«oª� �¥���	 î ±�ªpÀÌÀ�¥�¨&ç�¥Ë�_¥�§� ��¦©eªÇ«oªÌÛÐ©eÃ�Ã�¤¦¥�¨
±�ªpÀîç�¥I®�©eª_«o �©e¨j	 ð Ú x 1 ôx  ô 	 î �¡�A®� y«o ��¦©eª_µo¨�¥�ªwÅ_«o¤¡¤qº¼©e¤¡²] ÐÀ��¦¥Ëâê¥I®y«o�Ë �®�Ã_«oª�ª�±�ª�²Ï«o�*ÛÐ©eÃ�Ã�¤¦¥�¨;Ó	 Ú�eF×n	 î à�	 ð ÙIÚ ' v�ev�à v 	 î Ú � í î ' å ' + vv�à<v ÷ ^���Í�� X b

��ß



Ù�Ç ��Ý;3�5Ê>J4¿Ë��ó>h<�9hÝ;1$4¿7EÝ;>h<?1
���Eª�±�ª�Àp«e®S¢-�¡ªp®�¯y°_«o¤¡ �Þ|¥�¨�°_«o¤¡ �¥�ªîÀ�¥I®zç�¥I®�©eª_«o �©e¨�®:¶I±�¬¥� �¨y«e¯y°t �¥�ªq¸�¥�¨�°_µo¤¡ S�Ú«oªÚ�5�¡ £â�¤¦¥��¦¯�°t±�ª�²
��Í�� 	 ×}ØAÙJÚ ×ªv ú � 1 6F Ù � í î ' å ' + vv�à�v = ^���Í�����b
¹S©e¬¥��uÀ�¥�¨S°p©�¯y°�ºØ¨�¥I´�±p¥�ªt �¥�ÑY¥��¡¤�G5IKJ ç Øl«o¬�²|¥I®�Ã_«o¤¡ �¥�ª�¹f±�¨�À�¥D±�ªpÀÄª�±�¨fÀ��¦¥Ð¢-�¡ª�°�»�¤¡¤¦¥�ªpÀ�¥�¬¥� �¨y«e¯y°�¾ �¥� S¹f�¡¨�À�Í-ÔD�¦¥I®l�¦®� l�ÄÈe²]¤¡�¦¯�°q¸�Àp«&À��¦¥Dé¥��¡ �§|©eªp®� y«oªt �¥êÀ�¥I®SçÐ¥I®�©eª_«o �©e¨�®z¹z¥I®�¥�ª� �¤¡�¦¯�°H²]¨�È]®�®y¥�¨£«o¤¦®SÀ��¦¥
ìN¥�¨��¦©�À�¥ËÀ�¥�¨Ðç�¥I®�©eª_«oª�¶�ºØ¨�¥I´�±p¥�ª�¶ê�¦®� 6Í
ÔD�¦¥ÜÎ��5Ã�¤¡�¡ �±pÀ�¥ÜÀ�¥�¨�¨�¥Ë�_¥�§� ��¦¥�¨� �¥�ª�è8¥�¤¡¤¦¥Ü�¦®� 	 ð ×}ØAÙIÚ 	�×}ØCÙe ú�	 î Ú/	 î ��� v ú � 1 6F�� ' vv�à�v ú�v  ÷ ^���Íáà]ï�b

ÔD�¦¥ê¨�¥Ë�_¥�§� ��¦¥�¨� �¥ÜÆq¥��¦®� �±�ª�²�¥�¨�°_µo¤¡ ��Ú«oªî�5�¡ 
í ð ×}ØAÙí î Ú � 	 ð ×}ØAÙ	 î  õ Ú � �

vUú � 1 6FH� ' vvFà<v ú_v� õ
í ð ×}ØAÙJÚÆí î ×}ØAÙ � 	 ð ×}ØAÙ	 î  õ Úní î � � v ú � 1 6F � ' vv�à�v ú�v  õ ^���Íáà�ß�b

ÔD�¦¥D¨�¥Ë�_¥�§� ��¦¥�¨� �¥�è8¥�¤¡¤¦¥��¦®� S¥��¡ªp¥'(�¬u¥�¨�¤ë«o²|¥�¨�±�ª�²Ú«o±p®S¥��¡ªp¥�� «o��Û�©eÃ�Ã�¤¦¥�¨�¨�¥Ë�_¥�§� ��¦¥�¨� �¥�ªîÑL¥��¡¤�±�ªpÀ
À�¥�¨Ë«o±p®ËÀ�¥��<çÐ¥I®�©eª_«o �©e¨Ë«o±p®�²|¥�§|©eÃ�Ãu¥�¤¡ �¥�ªQÆq¥��¦®� �±�ª�²pÍ5ÝS¥��-§�¨��¡ ��¦®�¯y°p¥�¨ËÛÐ©eÃ�Ã�¤¡±�ª�²î�¡ª� �¥�¨Ùº¼¥�¨��¦¥�¨�¥�ª
À��¦¥I®y¥ê¬¥��¦À�¥�ªîÎ�ªt �¥��¡¤¦¥Ë¶I±�ï�Í
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Ò ÇÎ¿0Ç�ÁMÖæÌ±åÄÇ�Â�¿5Í · äK½�ÓÕÜK¿�Å�Ê�ËÄÍ�Ì±ÜK¿5ÁÉ¿SÔ�¿5ÜK¿5Í Ð ÁÄÜzÃÄ¿�ÅjÚÉ¿5ÍÎÃÄ¿�ÅjÇ�» Ô-¿�Å�½�ÁAÌ±Â�½�Ójã Ð Ó�ÃÄ¿�Ì±» (l(yÚ #�¿éßÅ�ÊEËÄÍÎ¿ Ð ÁÄÇ�ÜK¿5Ó0Ì±ÍÎÅjäK½�Í�ÍÎÅÕÂ Ù ÁÉÃ�Ç�Ü&Ã�Ç�Ü�Ç�ÂEÌ±ÍÎ¿�Ô-¿5ÜK¿5Í Ð ÁÄÜ Ð »�ÜK¿�Å�¿5ÂÕ×�Â ¶*Ò ÇÎ¿ Ö�½�»�å�½�ÁÉ¿5Á�Â�¿5Á�ËÄÇÎ¿5ÓÕ× Ð ã Ð Ó7ßÃÄ¿5Á�Ü�Ó�&�'�Â�¿5Á�Â�¿5Ç�ÍÎÅáø|ÛÄÓSÃ�ÇÎ¿&û3¿5ë�Â�½�Ó�Å Ð »�»À¿5ÁÄÓ�¿5ÜK¿5Í Ð ÁÄÜQÅ Ð åÄÓEÌ±ÍÎ¿5Ç�Â�¿5ÁÉÃÄ¿5ÓhÔ�¿�ÅE½�ÁAÌ±Â�½�Ó�¿5Á�¿5Á�ÂnãyÇÎÊ�ëK¿5Í�Â.1+HÊEËÄÇ�ÍÎÊ�ËÉ¿5Ó�3 Ð ÁÉÃQËÄÇÎ¿5ÓSÃÄ¿5ÁfÅÕå ¿5×�ÇÎ¿5Í�ÍÎ¿5Á #�¿�Ã�Ç�ÁÄÜ Ð ÁÄÜK¿5Á�ÃÄ¿5ÓÀÁÉ½�ÓÕ»SÌ±Í�ÍÎ¿5Ç�Â�¿5ÁÉÃÄ¿5Á�ÆÈÍÎ¿5ëHÂÕÓ�½�ÁÉ¿5Á * Ð ¿5Í�ÍÎ¿Ì±ÁÄÜK¿5åAÌ�Å�Å�Â ¶ºn»õÚÉ½�Í�ÜK¿5ÁÉÃÄ¿5ÁùãyÇ�Ó�ÃMÃ�ÇÎ¿üÔ-¿5ÜK¿5Í Ð ÁÄÜKÅ�Å�ÊEËÄÍÎ¿5Çýø;¿ Ç�ÁMÇ�ËÄÓ�¿5Á Ö�½�»�å�½�ÁÉ¿5Á�Â�¿5Á/+H¿5ÁÉÅ�½�Ó�âtÔ�¿5ÜK¿5Í Ð ÁÄÜKÅÕÜ�Í�ÇÎ¿�ÃÐ ÁÉÃJ+�Â�¿5Í�Í�Ü�Í�ÇÎ¿�Ã?Ý ¿�Å�åÄÓ�½�ÊEËÉ¿5Á ¶
g îB�æî ° ð-ó�ò¸�jñ
Ò ÇÎ¿�× Ð ÓæÔ-¿5ÜK¿5Í Ð ÁÄÜ Ð ÁÉÃMø;ÛÄÓ*¿5ÓÕã³¿5Ç�Â�¿5ÓÕÂ�¿ Ò Ç�Ì±Ü�ÁÉ½�Å�ÂÕÇ�ë#Á7&�ÂÕÇ�ÜK¿5Á�¼¾¿�Å�ÅEÃÉÌ±Â�¿5Á ã³¿5Ó�ÃÄ¿5Á<Ì±ÍÎÅ]x ¶¸· � r-×r�½�ÊEË�ø|Ó�¿ * Ð ¿5ÁÄ×�ÅÕÇ�Ü�ÁAÌ±ÍÎ¿jÜK¿5»À¿�Å�ÅE¿5Á ¶ÈÒ ÇÎ¿�Å�ÅÕÇ�ÁÉÃhÌ±Áz¿5Ó�ÅÕÂ�¿5ÓO+�Â�¿5Í�ÍÎ¿�ÃÉÌ�Åur�½�ÊEË�ø|Ó�¿ * Ð ¿5ÁÄ×5ø9¿5ÍÎÃáÇ�»{Ô-¿�Å�½±ßÁAÌ±Â�½�Ó�âÉÃÉÌ�Å�»�Ç�Â�¿5Ç�ÁÉ¿5Óy»SÌ±Ü�ÁÉ¿5ÂÕÇÎÅEÊ�Ë&ëK½�åÄå�¿5Í�ÁÉÃÄ¿5Á?¼#¿�Å�Å�Å�ÊEËÄÍ�Ì Ð ø;¿�Ç�» Ô�¿�ÅE½�ÁAÌ±Â�½�Ó�Å�¿5Í�Ý ¿5Ó�ÜK¿5»À¿�Å�ÅE¿5ÁãyÇ�Ó�Ã ¶ û�ÇÎ¿5ÓRÅ�½�ÍÎÊEËÉ¿5Ó ç Á�Â�¿5ÁÄÁÉ¿5Á ´Üè \3ÇÎÊ�ë Ð åÉÅ]é ¹ ÅÕÇ�ÁÉÃ0Ç�»
Ô-¿�Å�½�ÁAÌ±Â�½�Ó>Ç�Á ÃÄ¿5ÁüÝ ¿5ÇÎÃÄ¿5ÁSà ¿5Í�ÍÎ¿5ÁQt7¿5ã�¿5Ç�ÍÎÅRÇ�ÁÃÄ¿5ÓyËÉ½�ÓÕÇ�×�½�Á�ÂEÌ±ÍÎ¿5Á Ð ÁÉÃhäK¿5ÓÕÂÕÇ�ë�Ì±ÍÎ¿5Á?ÆÈÝ�¿5ÁÉ¿*Ì±»Å§ * Ð Ì±Â�½�Ó-Ì±ÁÄÜK¿�½�Ó�Ã�ÁÉ¿5Â ¶úÒ Ì�Ã Ð Ó�Ê�Ë?ÇÎÅÕÂ�¿�Åy»]&�Ü�Í�ÇÎÊ�ËrâÚÉ¿5ÍÎÃ�Ç�ÁÄËÉ½�»À½�ÜK¿5ÁÄÇ�Â Ù Â�¿5Áf×�ãyÇÎÅ�ÊEËÉ¿5Á�ÃÄ¿5Á�à ¿5Í�ÍÎ¿5Á Ð ÁÉÃ�ÛÄÝ�¿5ÓÕÍ�Ì±ÜK¿5ÓÕÂ�¿ Ò Ç�å ½�Í�»À½HÃÄ¿5ÁQ× Ð »À¿�Å�Å�¿5Á ¶ ºnÁÃÄ¿5Óu\ÈÓEÌwv�ÇÎÅ³ÇÎÅ�Â�Ã�ÇÎ¿�Å�¿�ÅotÕ¿�ÃÄ½�ÊEË ÅEÊ�Ë�ãyÇÎ¿5ÓÕÇ�ÜÉâAÃÉÌæëK¿5Ç�ÁÉ¿jÌ±ÝÉÅ�½�Í Ð Â�¿jÖæÌ±Í�Ç�ÝÄÓEÌ±ÂÕÇÎ½�Á&ÃÄ¿5Ó¡\3ÇÎÊ�ë Ð åAÌ±Á�Â�¿5ÁÄÁÉ¿5ÁäK½�ÓÕËAÌ±ÁÉÃÄ¿5Á ÇÎÅÕÂ ¶ Æ3ÅRë�Ì±ÁÄÁ�Ì±ÍÎÅ�½�Á Ð ÓÈ¿5Ç�ÁÉ¿úÓ�¿5Í�Ì±ÂÕÇ�äK¿�¼#¿�Å�Å Ð ÁÄÜ�äK½�ÓÕÜK¿5ÁÉ½�»�»À¿5Á�ã³¿5Ó�ÃÄ¿5Árâ Ð »¦×�¿5Ç�ÂÕÍ�ÇÎÊ�ËÉ¿û3¿5Ó Ù ÁÉÃÄ¿5Ó Ð ÁÄÜK¿5Áá× Ð »À¿�Å�Å�¿5Á ¶ º » Ø ¿5Í�ÍÎ¿5ÁÄÍÎ¿5Ç�Â�¿5Ó3×�ãyÇÎÅEÊ�ËÉ¿5ÁSÖjÍ�%�ÅÕÂÕÓ�½�Á Ð ÁÉÃ�Ô�¿�ÅE½�ÁAÌ±Â�½�ÓRë;&�ÁÄÁÉ¿5ÁS»�Ç�Â¿5Ç�ÁÉ¿5» Ô�ÇÎÊ�Ë�ÂÕëK½�åÄåÄÍÎ¿5Ó-Ã�ÇÎ¿jäK½�ÓÕã Ù ÓÕÂ�ÅyÍ�Ì Ð ø9¿5ÁÉÃÄ¿ Ð ÁÉÃzÃ�ÇÎ¿�Ó�¿éêA¿5ë�ÂÕÇÎ¿5ÓÕÂ�¿ Ø ¿5Í�ÍÎ¿jÜK¿5ÂÕÓ�¿5ÁÄÁ�Â-Ì±ÝÄÜK¿5Ü�ÓÕÇ¾{�¿5Áã�¿5Ó�ÃÄ¿5Á ¶QÒ ÇÎ¿z¼#¿�Å�ÅÕÜK¿5ÁAÌ Ð Ç�Ü�ëK¿5Ç�ÂSãyÇ�Ó�ÃQÃÉÌ±Ý ¿5Ç�Ã Ð Ó�ÊEË Í�Ý�¿5Ó�ÅÕåÄÓ�¿�ÊEËÉ¿5Á�ÃÄ¿5ÓÀÖæÌ±Á Ù ÍÎ¿?Ì Ð ø;¿5Ç�ÁAÌ±ÁÉÃÄ¿5Ó´;Ò Ç�Ó�¿5ëHÂÕÇ�ä�Ç�Â Ù Â�ÃÄ¿�Å�Ô�ÇÎÊ�Ë�ÂÕëK½�åÄåÄÍÎ¿5Ó�Å>h ¹ ¿5Ç�ÁÄÜK¿�ÅEÊ�ËÄÓ Ù ÁÄëHÂ ¶Ò ÌùÃ�ÇÎ¿Sr�½HÊ�Ë�ø;Ó�¿ * Ð ¿5ÁÄ×�ÅÕÇ�Ü�ÁAÌ±ÍÎ¿¾ÅÕÇÎÊ�Ë�ÁÄÇÎÊ�Ë�Â × Ð ÓSÃ�Ç�Ó�¿5ëHÂ�¿5Á�¼#¿�Å�Å Ð ÁÄÜª¿5Ç�Ü�ÁÉ¿5Á ´ ÃÉÌù»SÌ±Á ç ÁAÌ±ÍÎ½�Ü�ßÒ Ç�Ü�Ç�ÂEÌ±Íýß Ø Ì±ÁÉÃ�ÍÎ¿5ÓüÁÄÇÎÊ�Ë�Â0»�Ç�Â�x ¶¸· � r-×�ÂEÌ±ëHÂ�¿5Á ë�Ì±ÁÄÁ ¹ â>»*ÛÉÅEÅ�¿5ÁªÅÕÇÎ¿�Ç�Á¨+�Ç�Ü�ÁAÌ±ÍÎ¿SÁÄÇÎ¿�Ã�ÓÕÇ�ÜK¿5Ó�¿5ÓüÚÉÓ�¿éß* Ð ¿5ÁÄ×SëK½�Á�äK¿5ÓÕÂÕÇÎ¿5ÓÕÂ0ã�¿5Ó�ÃÄ¿5Á ¶zÒ Ì±× Ð ã³¿5Ó�ÃÄ¿5Á<ÅÕÇÎ¿�»�Ç�Â0¿5Ç�ÁÉ¿5» ÍÎ½�ë�Ì±ÍÎ¿5Á/P�ÅÕ×�Ç�Í�Í�Ì±Â�½�Ó ´ ì ¶ P ¶ ¹ » Ð Í�ÂÕÇýßåÄÍ�Ç�×�ÇÎ¿5ÓÕÂ ´Üè ÜK¿5»�ÇÎÅEÊ�Ë�Â]é ¹ Ð ÁÉÃùÃ�ÇÎ¿�+�Ç�Ü�ÁAÌ±ÍÎ¿�»�Ç�Â0ÃÄ¿5Óæ¿5Á�Â�ÅÕÂ�¿5ËÉ¿5ÁÉÃÄ¿5ÁQàlãyÇÎÅ�Ê�ËÉ¿5Á�ø;Ó�¿ * Ð ¿5ÁÄ×áã³¿5Ç�Â�¿5ÓÕäK¿5Ó7ßÌ±ÓÕÝ�¿5Ç�Â�¿5Â ´;ç ÝÄÝÄÇ�ÍÎÃ Ð ÁÄÜ èÉ¶ x ¹é¶ ÆÈÇ�ÁÉ¿5Á¾Å�½�ÍÎÊ�ËÉ¿5Á?ÚÉÓ�¿ * Ð ¿5ÁÄ×�ëK½�Á�äK¿5ÓÕÂ�¿5Ó�ÁÉ¿5ÁÄÁ�Â�»SÌ±Á&¼¾ÇÎÅ�Ê�ËÉ¿5Ó ¶
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f    = 1300 MHzHF
£ f    = 1300.25 MHzLO

f   = 250 kHzZF
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HF Signal Lokaler Oszillator (LO)
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Signalprozessor
3
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Kathodensystem
   1.3 GHz / 1 1⁄2 Zellen

        Resonator

Diagnostik
• view screen
• button electrode
• pepper pot

Laser Fenster

HF Koppler

Solenoid

Bucking Coil
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RF GUN

Introduction for Operators

0. Intr
i

oductionj

The RF gunk ofl Injector 2 at TTF consists of a normal conducting copperm cavity driven
n

by ao 5MW 1.3GHz Klystron. Pulse shapingp ando controlm are performedq by
r

a digital con-m
trol system similar to the DSP system used in the TTF Linac system.
This document givesk ao short introduction to the operationl if the RF gun. Basic knowl-
edge about the

s
TTF RF system, DOOCS usage and the

t
location of hardware

u
in
v

DESY
Hall 3 is assumed.

1. DOOCS Panelsw

From the
t

main panel, the
t

‘RF’ button displays
n

an overview overx the RF controls.y Select
z

the green ‘Gun Control’ Button.
{

This
|

panelq displays the controlsy most frequently
}

used
for gun operation.

2. Switc
~

hing on

required: personal interlock ok

a) Solenoidsw
Switch both

r
gun� solenoids� (SOLENOID_1 and SOLENOID_2) onx and set to 165 and 90

amps respectively (Values
�

for 2.2MW,
�

subject to change.y Your
�

local
�

injector
v

expert�
may recommend different settings).
- Note:
�

wrong� settings� can cause multipacting� at� very low powerq levels!
�

Do not� turn on
the Klystron if Solenoid 1 does not work.

b) Klystr� on and Modulator�
- check the SF6 pressure in injector interlock rack (>70mbar or > 4V)
- switch klystron on (Main switch, Start switch)
- reset technical interlock in injector rack (or by software)
- flip charge switch to ‘on’ and press reset. Now all LEDs should be green!
- Adjust HV knob to 8.3 (-114 kV). You can check the pulse on the scope (-6.08V)
- check that DSP Setpoint is zero (see below)
- disable BIS (press ‘Beam Stop’ in the control room)
- switch preamplifier to Operation

���
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Klystron Troubleshooting:
- Use the scope� at� the

t
modulator to check HV and� RF pulses.q A useful¥ setting� is saved

as setting #1.�
- RF Gate: three green LEDs should flash with the 1Hz machine trigger.
Inputs to the gate that must be ok are
BIS (check DOOCS Panel)
{
RF Enable Klystron signal, is on if sufficient HV is applied
timing (RF Start and Stop signals on Klystron timing panel)
t
- Preamp: switching on takes 5min, if the red trouble led is on, try reset

c) DSP¦
- If the
t

DSP system has not been running previously, boot with the
t

sequence ‘RE-
LEASE’, ‘INIT’ and ‘WAKEUP’.
- Load settings with S+R tool, files are in the ‘llrf’ directory (/usr/ttfsvr2/ttflinac/sr/llrf).
- set the gradient setpoint to zero

DSP Troubleshooting
- Use
§

the watchdog� panel (button
�

‘Server’ onx the
t

main_select� panel)q to check if the
t

DSP server is running on host vmegun1
- to checky pulses:q switch� off beam (BIS),

�
set gradient,� check DAC outputx with� ADC

¨
channels INJ2.ADC3/CH00 and CH01, compare with DSP ‘total current’ tabley
- The ADC board in the DSP crate has a� green LED that should� be

r
flashing with the

t
1Hz repetition rate.
- If the
t

DSP cannot be
r

reset, check the
t

server log file in /usr/vmegun1/doocs/server/
©

log/dsp.log
- Serguei Goloborodko and Andrei Kholodnyi are DSP experts in case of problems.

d) Enab
ª

le RF Po� wer
- switch off Feedback on the Gun Control panel
- reset the BIS
- turn on Feedforward mode
- set gradient

e) star« tup conditioning
¬

When the
t

gun� has been offx for several hours it may be
r

neccessary to
t

do
n

some� (manual)
�

conditioningy before
r

full powerq can be
r

applied. For the first pulsesq onx startup apply� only
about� 200kW and� check the

t
vacuum (TTF.VAC/ION_PUMP/GUN/P). A steep� rise in

pressureq shows that
t

conditioningy is required. If the
t

vacuum interlock fires, reduce the
t

powerq and� try again when the
t

vacuum peakq has settled. Check


in the reflected power
display
n

that there
t

is enough power in the gun to
t

overcome total reflection (two
�

distinct
peaksq for at the begin

r
and end of the pulseq must be

r
visible!) Once the gun� is running,®

vacuum¯ pressure will slowly� decrease.
n

Carefully


increase
v

power, keeping
°

the
t

vacuum
below
r

1e-9. This procedure may take up to
t

20 minutes before 2.2
�

MW can be applied.
Valeri Ayvazyan has a matlab tool that automates conditioning.
±
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f) Phase scan
Ç
Once the gun� is running, the

t
phase relative to the laser pulse must be

r
measured and�

adjusted. This is done
n

by
r

putting the BIS to Gun Mode (use
�

the Gun Faraday cup) and�
measuring the charge in the cup for different RF phases.
For this operatinx the bunch

r
chargey should be

r
very low, well below 1 nC. Using

§
higher

charge will invalidate the result due to space charge effects.
Reduce the

t
‘BeamPhase’ until¥ there is

v
no signal onx the Faraday cup, the

t
increase
v

until
a ‘flat top’ is reached. The middle of the slope plus 40  is the target phase.

g) Closing LoopsÈ
After the gun� has been adjusted to the

t
desired operating power and phaseq in

v
Feedfor-

ward Mode, youÉ need to
t

calibrate the measured RF signal. This is done
n

with the
t

‘Cali-
brate’ button onx the Gun Control


panel.q Note that this

t
function will change loop

properties, it should only be used for this initial calibration.
Now enable� Feedback mode and set� the P gain� to 1and the I gain� to

t
0.5. Check


the

probe signal for field flatness: there
t

should be no significant overshoot and the signal
must be flat after� 40 microseconds ofx pulse. The required gain� depends

n
on the klystron

settings, use the maximum gain possible without overshoot.
During operation, the feedback

}
loop can stay enabled,� switching� the beam

r
on and� off

(using the BIS) and the occasional Klystron reset are no problem.
Smal drifts

n
in klystron
°

gain� (and
�

phase) can be
r

correctedy with� the
t

‘Adjust Loop’
Ê

tool.
This will� calibrate the

t
driving side ofx the

t
system� without� affecting� the measurement.

This optimizes pulse quality for closed-loop operation.
When phaseq orx amplitude� setpoints are changed by more than

t
a few percent, or if

changes in gun� parametersq will be used for longer periods of time,
t

it may be
r

advisable�
to open the feedback loop, set to the desired parameters and run the ‘Calibrate’ tool.

Notes:

Please use the ‘Trouble’ tool on the RF main panelq to report any� problems with� the
t

sys-
tem. This ensures that the LLRF group can help solving any difficulties.

The powermeterq that
t

is
v

used¥ to measure the peakq forward
}

power from the
t

klystron is
connected to

t
the
t

controly system via a GPIB interface. To
|

read values and copy them
to a� doocs server a� Labview tool calledy ‘pwr2doocs’ is used. This programq is usually¥
visible on ttfcons1.

t
It is must be

r
started onx host ttfrfproc with ‘/usr/teslaha/ttf/bin/

pwr2doocs’. Press Ok
Ë

a few times for the correcty labview libraries and� enter� the
t

cali-
bration factor (82.57 dB). Note that this program should only run once.

°

Ì�Í



�����#�������������+�f���  �¡�¢�£)¤��

ÌÂÎ



�³�h´µ�f¶·¢�¸���¹·�º���)£)�f¹»¢�¹¼¤¾½¿�À¤#£)��¹·¢�¹ÂÁÃ ��
¹�Ä)��£Å�Æ¢�¹ÂÁ

Ì�Ï



ÐÒÑ�Ó�Ô�Õ�Ö×Ó_ØCÕÚÙÛÔ�Õ�Ü�ÔXÑ
ÝXÞLßCÑ�à

áãâåä�æÃç æ·èêéìë�íÆî�ï�í³ð)ñ�òóèãôõ
öF÷]øúù�û�ü4ù·ý�ýþü�ù�û¿ÿ���þ�����þ��)ü	��
 ý����� ý�
 ýþ�������þ����
��������������� âåñ ��!�ä�"�"Àï � ï�í$#&% � í æ'"�( �'���*) í � "ÀïÀïÀò,+0î.-0/ Îf²�²ÂÎ � âåñ���! ²�Ï21SÍ�3

áãâ546� 1S��Í�Í ç é7(�ï�é6ñ�æ'8ìädâ ���9� #&: � í$#&%�+ � îìõ
; ��ù<��ý>=?�A@.��
CBµý��ü�û�ù³öFý>=.��þ��D� ÿ7�FECG0G,H¿ýJI�ý�K6ý�LNM ü�ù¼ý���þ ; ��
O
 ü	PÃýþ5Q üR�RS6T�ù<�ºý û�þ����ºý�P
UWVSþX��YZM����Àýþ�÷*�0��üR
 üA�AY&[
ñ�ò,+9% � í�/6�"è]\�í�+0î.^'_`# î�î ��a è]bc#&%�ï�í � +9^ �<d è?� � /$/�:]#�"�( � äµè]ef#&-�î�ï�í � 4 ñ�æCg Îf²�²0hi1
Í&jÃ� � ñ�â5kÂä Îf²�²0hi1 Îf��Ï

áãâ546� 1 k�ñ�8óç �lI�mI ÷óþÆý�ý ø5
 ý����)þ���ùnM*�&�Àýþo�0� �RSÂýqpóøsr,MD�tp·ý�����÷��0��üR
 üR�AY`���uB�ø5rsvw[ ; ��ù<��ý>=<V
�A@.��
<Bµý���ü0û�ù öFý>=,��þ��	�
4 ñ�æCg ) í�+0îC% d ë�î�ï Îf²�²�� � é6ñ�æ'8 ä 1 k�ñ�8 ²��21SÍ�3

áãâ546� 1 é6é�k ç póø5r,M*�xp ý���� ÷��0��üR
 üR�AYyB�ý��ü�û�ùAöFý>=.��þ��
ñ�ò,+9% � ífõ�4³è�ä�è�ñ�ò,z7# í�ò./ � 4 ñ�æCg ) í�+0îC%bN# í�"$( Îf²�²�� � é6ñ�æ'8 ä ²��21SÍÂÎ

áãâ ��� :|{Ãç ñFèbâ ��� :|{·õ
B�ý���ü0û�ù.[ ; ��ùJ���)þ�@,���)ü	��ùc��ù<Pcp ý����)ü�ù�û`� ÿo�³ö��0P�ü	� ÿþÆý�}�@�ý�ù<��Y�ø5
0ý����)þX��ù~�5S'������ü4ù��fý���V
����þ ÿ���þ��RSÂý6�"ý�����H¿ý�ù·ýþ����)üA��ù~M ü�ù¼ý���þ ; ��
R
 ü	PÃýþ�[
� â58ìä Îf²�²0h

á�k ��� %�%�_`# î�îÂçy�-è]k ��� %�%�_`# î�î � â èbæ|% ���9� ï�îC:�ë�í�-�õ
��@'
��)üD��@�ù<��S�ø?��ý����R�µü�ù��q���$�?� ; ý�
R
 öF÷�H7@�ù.[
4 ñ�æCg ) í�+0îC% ä���í�+ � Îf²�²�Ì � é6ñ�æ'8ìä 1 kÚñ 8 ²�Ì21SÍ��

á � _�/�+ ï�^#ïç ��è � _�/�+ ï�^#ï�õ
� =?�)üR��üÅýþ�@�ù�û�PÃýþ`P�ü�û�üA����
 ýù'öFý ûÃý�
�@�ù�ûcPÃý��F������S ÿ�þ�ý�}�@�ýù'� ÿÀý�
�PÃý���ü4ù�póøsr,MD���y��V
  üA��¡��ºýù.[
4+9� ��� _`# í�:·ï�+9%# î ò�ï�í � î.+9¢#ï�í�/�+9%$£&%��6#&_o:�ë�í�- � ä�ë.-�ëJ/�% Îf²�²�²

á�8óë�ò,{'^�ç a è.8óë�ò,{'^¼õ
p*SÂý���þÆý��)üO����SÂý�öFý ûÃý�
¤@�ù�û&���ºý���SÃù�üO¥2�
\�# î�ò Î � Ï � æ|��í�+0î.-#ï�í Îf²�²��

á�8óë�î � ïç d è.8óë�î � ï�õ
öFý û�ý�
¤@�ù�û&���ºý���SÃùbü¦¥2�
\�# î�ò Î � Ï � æ|��í�+0î.-#ï�í Îf²�²0h

Ì�3



§ £Å�+�������Æ¢���¨ ����©���£Aª¬«�¹�£  

á����î.+0î.-�ç b»è.���î.+0î.-�õ
r¼ý�
9®�������=?�)üR�³ü ýþ�ýù<P�ý ����þ����Zý��ºýþ����ºý�@�ýþ�@�ù�ûZPÃýþ ������S ÿ�þ�ý�}�@�ýù'�6P�ý�� ��@�= þ���
 ýüA�ºýù<PÃýù
M ü�ù·ý���þ�® ý�����S|
0ý�@�ù�ü0ûÃýþ��¯póøsr.M*�xp ý�����÷*�0��üR
 üA�AY��
4+9� ��� _`# í�:¼ï�+9%�# î ò�ï�í��*eEé�� 1 ä#�"$(�ï�î �Jd ë�î.+ Îf²�²�� )�� é�� ä ²��0°�h

á�8�+ ï��·ïç b»è.8w+ ï��¼ï�õ
öFýÅûÃý�
�@�ù�û~r]@i= þ���
0ý�üR�ºýù?PÃýþµöFý�����ù<������þÆýù±�³üR�sr<�)þ��&SC
�®�ý�
9�&���A@�ù�ûN���²póøsr,MD�6V�p·ý����AV
M ü�ù·ý���þ�® ý�����S|
0ý�@�ù�ü0ûÃýþ��
4+9� ��� _`# í�:¼ï�+9%�# î ò�ï�í � î.+9¢#ï�í�/�+9%$£&%��6#&_o:�ë�í�- � ä�ë.-�ëJ/�% Îf²�²��

áãæ'"$(.+ � "�(�ï�í ç é�èbæ'"$(.+ � "�(�ï�ífõ
I�ý�������þ�V>��@'� ; ��ù]�)þ���
�� ÿ��5@'
³�fý�Pq����� ý�
 ýþ����)ü4ù�û ÷ ü ý�
�P&��ü�ùcM���þ�ýù]�¦��÷���þ�� ýqPÃý��A@�ù·ý�P
r]@i=�ýþ�����ù?P�@,���)ü�ù�û ; �   üA�)ü ý����
4 ñ�æCg ) í�+0îC%bN# í�"$( Îf²�²�� � é6ñ�æ'8 ä ²��21SÍ��

á ef# î.- � ï�í ç é�è,ef# î.- � ï�ífõ
�åþü4ù<��ü³=<
0ý����Æÿ�öF÷´M�ü4ù·ý���þ������ ý�
0ýþ�������þ����
eµ+ � ï�{^æ�ï�í�+ ï�/�+0î~\úï�#&_ ) (C{,/�+�"�/�# î�ò ä�"�"Àï � ï�í$#&% � í�/ �]d0� (�î�e¶+ � ï�{¯·dæ � îJ/ � Îf²�²��

á e ����¸ ç ñFè�ä�è.e ����¸¹� �"è.��# ë � õ
� ü	��þ���Q �   ý�øúù�û�ü4ù·ý�ýþü�ù�ûq��ù<Pºr<Y2���ºý��y���s=0=<
 ü	�����)ü	��ù]�
d0� (�î�e¶+ � ï�{¯· æ � îJ/ � Îf²����

Ì&j



»½¼�¾�¿sÀ<¼�ÁyÂo¾�Á

� "�( òJ# î.^#ïy_�ï�+0î�ï�îÃ\úï�%Æí�ï�ë�ï�íÆî ) í �&Ä è�4 ífèWb»è é � îÃë.%�%�+�ë�î�ò ) í �&Ä è�4 ífè ) èìæ'"$(._oJ/�ï�í Ä �í+9(�í�ï
� îC%�ï�í�/�%�.% � ë�î.-Å_�ï�+0î�ï�í¿ä�í�:·ï�+9%fè
b�ï�+0î´:¼ï�/ � î�ò�ï�í�ï�í`4W# î.^Æ-�+ � %`4 ífè×æ·è�æ|+9_-í � "�^ � ò�ï�í`_º+9% � #&( �9��� /�ï�î ä�îC%¬z � í�%�ï�î � é7+9�.�J/Zë�î�ò
� ò�ïÀï�î~_`#&Ç�-#ï�: � +�"�( � ë._ a ï � +0î.-#ï�î~:¼ï�+9-#ï�%Æí$#&-#ï�î�(]#&%fè
� "�(Z_ � "�(C%�ï � è äu{|¢�# � {C# î � æ·è a6����� : � í � ò,^ �.�'È è&� ï�îJ/ � ï�í ��d è���#&( ����� è���#&%�ï � ï�¢ � äµè&�6( ����� òÂî|{|+ �
é�è )¹� #�z�/�^'+ � �-è¹��ï�( � +�"�(]ë�î�òÉg-è�é*"�(�ï�íÆî � ëJ/�^ �ÃÄ �í-ò,+ ï�%$#&%�^�í$£ Ä %�+9-#ï~��+ ��Ä ïq+0îÊ¢'+ ï � ï�î´4 ï�%$#&+ � /
òJ# î.^#ï�îìè
\úï�+���è�ñ�ò,z7# í�ò./ � �-èsk ��� %�%�_`# î�î � b�è ���î.+0î.- � ��è � _�/�+ ï�^#ï � æ·èåæ'"$(�í�ï�+9:·ï�í � 4�èúæ�ï�í�% � í�ï � kúè
æ|%�ï��.(]# î»ë�î�òGò�ï�îÉ¢|+ ï � ï�îÆ# î�ò�ï�í�ï�îÉ� ���9� ï�-#ï�îÆ:·ï�+ é6é�kË:·ïÀòJ# î.^#ïÅ+�"�(É_º+�"�( Ä �íµò,+ ï�-�ë.%�ï¯Ì ë 1
/$#&_º_�ï�î]# í�:¼ï�+9%fè 4+ ïWbn+9%$# í�:·ï�+9%# î é6é�kÉz5# í�/�%�ï�%�/�+0îC%�ï�í�ï�/�/$# î|%¿ë�î�ò Ä	� í�ò�ï�íÆî�òóè
ñ¹+0î�ï�îÍ:¼ï�/ � î�ò�ï�í�/q(�ï�í ��� +�"�(�ï�îÎ46# î.^�# ëJ"�(Ï# î � î]#É� í$#�#�{|¢�# î.-#ï�í �6� (�î�ïN/�+ ï�(]£&%�%�ïc+�"$( ò,+ ï�/ ï
ä�í�:·ï�+9%�z � ( � î � "�(Aî.+�"$(C% ï�+0î._`# � :·ï�- � î�î�ï�îìè

Ì��


