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smucbqsm^vkmwpnø�¾kmfo�Sf�kmrtsmwlkm^�V��ÁÛò_bqk�õ³smwÍ�S{ofof�kmrcyvk�R��Á`cbqsmf�km{ow�ôz`�g�õ³�p}ar�gW�̂�³k��'�ïutk�õS�Sf�sz`c{
{�}S�_r[g~wlkmilsmbÔ÷{z û sz` g~Ûò_wSw�n�� ÷{< û i|g_`�g_}ld_`c{Ortkmuc� sm^vkm^�^p�Sfóò_w�� ò_bq�Ñ`tk��³kz`t`ts��vsmwlkm^
^Uò�`cb�ò_wSilkmrt�]kmwx^vsmr?|�gW�l`t`Ç�4��������yvsmwSw�nvkmfä{ofof�kz`tbzrtkmrcrtkm�x�
ª]²³Ù|²³¨]£µ£_Ö � Ã³ª]�mª]²³Ú]� ®j²³¡¤£ ¡W�S£m¨a´µ¨a�õ®¢²³¥]½á¡¤�«¶ä¨a©S£zÚ]� ª�Ä Õè¡W�hÅØþ¤� ¡¤�]�W�hÅÉÕè�W´�£m�W�a±
¶U¡¤©íÄÍ²³¡§Ã³¨a¯W¯WÚvÓ Ú]´µà³��ªx£ ¡W� Óµ¡¤��®«²³¥]½á¡¤�«¶ä¨a©S£zÚ]�µÃ³¨a¯pÄ�£mÔa¶�¶³©SÅO®¢´ ¡èî�©��Ñª]�«ªp£ £ ®ìÖ¦� ©O±
©³¡W�¸¡¤�«�¢¡W©³¥a´µ¯W�¤� ¡§þW�W� Ó Ú]¶äÙa�í¦|®«¯W�µ­SÚ]�h£zª]Õ ªæÃYª]� ª]²YÚ]�µ® £m¡W´µÕæ�¤�]¡¤�Ë²�¡¤£m¡¤�S£m¨a´µ� å«�p¨a�
�]Ôa¯¤Ô]£ £ ® }O~���´ ¡WÈ�ç³�«�¤� ®Y®«²�¡tÓµ�¤£WÄSÕæ¡¤�¢ÅÆª �p�W�µ�«¡W�h£m¡e£m¥ ¦a¨a©Yªp��ª]�§¦a�W­]¡W®«©èÕè¡W­_Óµ¡W�«¡¤©³¥
®«²³¥]¯Wå¢£ ¥�Óµ¡W�¢¡W��Ô]� � ¯¤¡W­a¡¤®«©³¡¤�¸�lç³�«Ôa©l¶³�µ�W­a�e¦a¡¤� ª]´ Ú]©SÅa¨a� �

}O~�� * ¡ 0 _ 2 ¤�¶ ¡.µ _ , ¤�3 ¹Ðù¬�S¿
�ßîvúOÖ[Ú]¶³´mÚp©¸��Úp£ ÃYªp£mÙ¬ªÆ²³¡¤£ ¡W�S£m¨]´��]Ôa¯¤�WÈ³�µ¥ ¹»ªS¿eÄ|®«�¢�«¡¤£µ¦a¡�� ¯W�¤�«�µ¥Ë¹»¶Í¿Á£mª]´µ£ ¨aÕæÚ�±
©SÅSª]®¢¶Yªó�W´µ�]¡W¯¤¥ÝÃ³ª]�mª]²³Ú]� ® £ ¡W´µÕæ�¤�]¡W�Ý´ ¡¤È³ç³�«�¤� ®[®¢²³¡tÓµ�¤©³¡W�Ý� Èä¡W�S£m´µà³Õæª�ÖvP ®«­]Å]¡e±
�«¡¤ÕÆ¶U¡[¦]�¤¦]¡]ÄaÃ³¨]­]Å ª��pª�£mÙ|²³� å¢�]¨a�Q�pÔa¯WÔp£ £ �|ç��«Ôa©l¶äÔa¯W¥�®«²�¡W®«­�´µ¡WÈ³ç³�¢©³¡W�Qª��lç³�¢Ôa©O±
¶UÔ]¯W¥�£mÔaÕè¡W­]ö¸ÃYª]�mªp²YÚ]� ®U£m¡W´µÕæ�¤�]¡¤�äÄäªÆ´µ¡WÈ³ç³�¢�W�µ® ®«²³¥a�è� Èä¡W�S£ ´ à³Õæª]®¢£~�]�¤£WÄY¡W­]ÅS±
Õ�Úp� Ã³¨a¯Ñ�]�WÈä¡W��£Ñ¡¤�¢£ ¨a�¢£WÄO¡¤­]Åa¡¤©³�«¥�£m¡¤´ ç³�¢¡¤£ ö�� ª]à³�µ��±ì½áç³­a­]¦]�W©³©SÅa¡¤�¼®«�«�¢¡W�µ¯¤£m¡e£ £ ¡WÕËÖ
� ½áç�­a­]¦a�¤©SÅa¡W�Ý®«²³¥]¶U¡¤�«®í¡¤�¢£m¨]�«Ù|²YÚ]�mª�©³Ô�¦]¡W�l� ¯¤®«�ÍÄíÃYªæªè²³¡e£m¡¤�l£ ¨a´Ñ�µ¯W�¤�«¡W®¢©³�W��¶ä¡e±



é�
�å«�µ�W´µ�«¡¤£ ®í¶ä¡W´ ¡¤©³²³¡¤¯W�W�µ¡W�ë�W��ÕèÙO²³�µ¯W¡¤´ ¡W� é 	
u

r

d

l

céltárgy

Faraday-

kamra

Q3D

140°

PSAD-2PSAD-1

f

f

céltárgy

nyaláb

Faraday-

kamra

140°

nyaláb

d d

a) b)

SP SP

p p

130°

��� NÝPSRUTWVYX�V��¯�87 Z¬��9j�»}Skmrtkm^]rt\_ut\_^��üsz`�R���gWb��I�¢��9j�»}Skmrtkm^]rt\_ucr ò_�Â�Ý� smutsz`c{
kmfoutkmwl}Skmbqsz`tk��

þ¤�mª]ÈäÙ|²³ÙÆÃYª]� ª]²YÚ]�µ®U£ ¡W´ Õè�W�p¡W�èÃ³¨a�µ� ¯_ªp¶³¶ë´ ¡WÈ�ç³�«�¤� ®üñO£»Ó Úp£j¦a¡W�µ� ¯¤ç³� ÕY­]Å]¡W�¢¡WÕÆ¶ä¡
¹tîvúp¶íÖèÚ]¶�´mªS¿qÖè� ´µ¡WÈ³ç³�¢�W�µ®Á®¢²³¥ë¡W�¢¨a� ¯¤��Ú]� Ú]©Yª]�Ë£m¡W� Óµ¡W� � ¯¤�W�¢¡W� �µ�W­a¡ÝîaÖ��Ë©³��¦]¨a�¢£WÄ
Õè®�ªp��ªp£µ£¼ªh� ª]à³� �t±c¡¤�«¨a�µ¯W��Úp� ¨a��®¢�«�«¡¤� ¯e£m�W�µ�W¶ä¥a�Oª��]Ô]©³©SÅOöx�¤�[©³¡WÃ��W¯~ÃYªp�mª]²YÚp� ®l£m¡W´t±
Õè�W�l´µ¡¬��ª]Èä¨]£ £Ñ� ¯W�¤�«¡¤� � �¤­a¡W�Ý�l¶íÖÆîaÖ 	 ©³�t±c©Yªp� ª]²�ÙO²�£mª]�ÍÄüªpÕæ¡¤�¢Åë¡W�¢� ¥a�µ¨a´ ¶³ª]© ª
Ã³ª]�mª]²³Ú]� ® £ ¡W´µÕæ�¤�]¡W�Ø£mÔaÕè¡W­a¡¤�«¨a�µ¯W�«Ú]�mÚ]©³ª]�Ø�¤�xª ²³¡¤£ ¡W�S£m¨a´�®¢²³¥]½á¡¤�«¶ä¨a©S£zÚ]� Ú]©Yª]�
�p¨a©S¦a¨a�¢ñ³þW®¢Ù�Ó Ú]¶äÙa�Q�µ¯_Ú]´µÕ�ª]¯¤®«�ÍÖß� �µ¨a�l� ¯_Úp��ª]�ë��ª_¦|®«©³ª]²³¡¤£ ¡W�S£m¨]´ ¨a�Û®«²³¥]½á¡¤�«¶ä¨a©O±
£mÚ]�mÚp©Yª]�ó½á¡W�µ¯Wç³�h£m�µ�W­p±~�W�Ñ©SÅ]¨aÕ�Úp� ��ª]´mªp�l£ ¡W´µ®«� ¯e£m®¢�pÚp®¢£�ª]¯§®«´ ¨|²Yª]�¢¨aÕ ´µ�W�µ¯W�«¡e£m¡¤� ¡W©
£mÚ]´ ­pÅSª]� Ó ª ��Ä ´��Sù|Ä � ´������ÐÖ

� & 1���1 # ��� ��� ##"�$ � $ (+*�1
�;�U1
	 & 1�� $ (�1
�ÛÃYª]�mªp²YÚ]� ®O²³¡¤£ ¡W�S£m¨]´ ¨a��ªp£WÄSª�È³´µ¨]£m¨]©³¨a� ²³¡¤£ ¡W�S£zÚp��Ú]� Ú]´mªÑÃ³ª]� ¯¤©YÚ]�¢£ ÕæÚ]­a©³¡q±

�µ¡W��� Èä¡W�S£ ´ ¨a­a´ Úp½ þW�W�h£zÚ]´µ­]Å|��ª]Õæ´ ÚvÓ Ú]¶Yªp©¸Ã³¡W�hÅa¡W¯e£mç³��¡W�ìÖ � ��
 �ÑÎ�±c²�¡¤£m¡¤�S£m¨a´µ¨a�
¡¤�«ç³�¢� ¥Æ�µ¯_Ú]�¢� å¢�_Ó ª�Õè®«©³²�¡W­]Å|®«�xÕè�W´µ�W� ¶ä¡W©ÝªÆþW�¤�¢£mÚ]´ ­]Ål£ Ùa�¼ÞOî�ÕèÕx±Ç´ ¡pÄ�ª�ÃYÚp£ à³�«�µÙ
�µ¯_Ú]�¢� å¢�_Ó ªxÈä¡W²³®¢­¢�SùxÕæÕ�±c´µ¡Q¦a¨a�h£_Ö��Ñ¯�¡W�¢ç³�«�µ¥æ�µ¯_Ú]�¢� å«�ëÚp�¢£zªp� �«¡¤½á¡¤²³¡¤£µ£Ñ­]¡W¨aÕè¡¤£�±
´µ®�ª]®a£ �W´µ� ¯WÔ]­Q²³¡¤£ ¡W�S£m¨]´ ¨a©³�p�W©S£ ª�£m¡W� Óµ¡W�¼£m�¤´ � ¯¤Ôa­a©³¡¤���l¶íÖjî�ô�� ¦]¨a�¢£WÄ�ÕY­]Å]¡W�¢¡WÕÆ¶ä¡
¦]�¤¦]¡ ª þ¤�W�¢£mÚ]´ ­pÅO�p¡W´µ¡¤£æÚ]´ ©SÅ]�W�]¨]��Ú]� Úp£_Öº��¯ ��� �QÎ�±c²³¡e£m¡W�S£ ¨a´µ£ ÔaÕÆ¶Ü� ¯_Úp�«� å¢�a±
Ó ªp®�éSúèÕèÕx±Ç´ ¡ Ã³¡W�hÅa¡¤¯W�]¡¤²�£m¡¤� ¡W� ªæþ¤�W�h£zÚ]´µ­]Ål£mÙa�ÐÄäå¢­]Å¸£m�¤´ �µ¯WÔa­aç��ËÔ]� � ¯¤¡W�µ¡W© �l¶íÖ



éaé é�
 å¢� �¤´ �«¡e£m®U¶U¡¤´ ¡W©�²³¡W¯¤�W� ¡¤�Ý�¤��ÕæÙ|²³� ¯¤¡W´µ¡W�
	 ô���±c©³ª]��½á¡W�«¡¤�¢£ Õæ¡¤­³Ö �Û²³¡¤£ ¡W�S£m¨]´ ¨a��¡W�«´µ¡W©³²�¡W¯W�¤� ¡¤�]¨a´ ½á¨a©S£m¨]�[� ¯¤¡WÕèÈU¨a©S£[¦]¨a�¢£WÄ
Ã³¨a­]Å�ªOPÍª]´ ª]²Yª_ÅS±c��ª]Õè´mÚp£ Ùa�ÍªÆ²³¡¤£ ¡W�S£m¨]´ ¨a�è�W´µ¯W�W�p¡W©SÅ¸½á¡W�¢ç³�«¡e£m¡�Õæ¡¤­]½á¡W�¢¡W�¢¥¬ÕèÙp±
²³¨a©ïÚ]´µ©SÅa�W�p¨a�¢¦pª �«¡¤­]Åa¡¤©íÖØ� Ã³ª]�mª]²³Ú]� ®~²�¡¤£m¡¤�S£m¨a´µ¨a�õÕè�W´µ�W� ® ¡W�«´µ¡W©³²�¡W¯W�¤� �e£óª
î���Ö Ú]¶�´mÚ]©¸£mç�©l£ ¡¤£µ£m¡WÕ ½á¡¤�ìÖ

�=��� ���k�k�n���
���Q�
�����?�
���k�����k�����
�ºÕ�ªp­a� Èä¡W�S£m´µ¨a� ¯¤�]ÙaÈ�®�ª]®�¦O®¢¯W�µ­SÚ]��ª�£m¨a���]¡¤¯W²³¡e£m�W©��l®¢½á¡tÓµ�¢¡W�µ¯¤£m¡e£ £¼ÕæÚ]­a©³¡¤� ¡¤� � Èä¡W�a±
£m´µ¨a­a´mÚ�½á¨a��ªp£ ªó½á�W�h¦a¡W¯¤¡¤£ ¥Ý²³¡e£m¡¤�l£ ¨a´ ¨]�äÄ¼¡¤­]Å|� ¯W¡¤´ ö³�µ�W­aç��Ø�¤�§©³ª]­]Å Ã³ªp£zÚ]��½á¨a�là³�
Õæ®«ªp£ £WÄ³� ¯WÚ]Õè¨a���là�£mªp£zÚp� ®¼£m¡W´µç³�«¡e£m¡¤©Ý½á¡W�h¦pÚ]�¢£ ¨]£ £mÚ]�ÍÖj��¯¬¡W�¢¡W�S£m´µ¨a©³®¢�|à���½áÙa�là³�µ¯e±
� å¢�|²�¡¤£m¡¤�S£m¨a´µ¨a�ï�|®h½á¡tÓµ�¢¡W� ¯e£m�¤� ¡ ª Õ�Úp­a©³¡W�µ¡W�è� Èä¡W�S£m´µ¨a­a´ Úp½á¨a�Üª]�«��ª]�¢Õ�ªp¯_Ú]� Ú]©Yª]�
¡W­]ÅÑñ�Óí´ ¡W©�¡W� ¯WÚ]©³�µ¯_Úp£ Ã³¨a¯e£zª�Ö¡ ]¡W�¢¡W©³�¢¡W­�ª�©SÅ|à³­Sªp£�±c¡Wà�´ ÙaÈYªp®aÕ�ªp­¬ÕY¯W®¢��ª]®p­pÅa¨a´µ� å¢£ Ùp±
��ª]¶ä¨a´ ªp£mÙa´µ®«à³Õè¨a�Ñ£ Ôa¶³¶íÄSÕè®«©S£ Þ]ô���±tªQ´µ¡W©³²³¡¤�«�p¡W¯W®¢�¬ÕæÚ]­a©³¡¤� ¡¤� � Èä¡W�S£m´µ¨a­a´mÚ�5íª]�ÐÖ� �mª]�º¡¤¯W¡¤�Ûª ¶ä¡W´µ¡W©³²³¡¤¯W�¤� ¡W� ª]�«��ª]�¢Õ�ªp�mª]� ©Yª]­pÅº¡W©³¡¤´ ­a®«Ú]©YÚ]��®¢�x®«­a¡¤© ÓµÙ ½á¡W��±
¶U¨]©l£mÚ]�µ£ó¹�}  vu¬ £¢ î_ô)Ð á ¿Q®«­a�¤©lÅ|�¢¥ÝÕè�W´µ�W� ¡¤�l´ ¡́ ��Ä ¡��]é³Ä Ä ¨��pé�Ä 
 Ô��]éOÄ 
 ´������ÐÄ
®«�¢�«¡¤£µ¦a¡¸�lç³�¢Ôa©l¶UÔa¯¤¥³Ä �l®¢�æ�µ¯WÔa­aö ¹»ÃYª�£zÚ]´µ¡W� ¡e£m¶ä¡W© ôG¤z¿��]¨a®¢©³þW®¢²³¡W©³þ¤®�ª]Õè�W´µ�W�µ¡W�l´ ¡��
�´���î]Ä � ¨��SùOÄÓ
�´��]é³Ä 
 Ô��Sú��ÐÖ

��¦|®¢¯W� ­aÚ]�¢£ ´µ¡_ª]�pþW®¢Ùa¶UÙ]�³� ¯WÚ]´ Õæª]¯WÙ �lç³�¢Ôa©l¶UÔa¯¤¥�¡¤©³¡W´µ­a®�Ú�ÓµñíÄS®«�¢�«¡¤£µ¦a¡ £ ÔaÕè¡W­aö
£mÔa�h£mÔ]£µ£~´µ�W� ¯¤¡Wþ¤� �]�¤�ÍÄíª�� Èä¡W�S£m´µ¨a­a´ Úp½�Õ�Ú]­]©³¡W�µ¡W��£m¡¤´ �W©�¡W��½áÙa�là³�µ¯_Ú]�¢ÙxÃYªp£zÚp�mÚ]´ ª�Ä
ªÉ½áÙa�là³� ¯¤� å«� �lç³�¢Ôa©l¶UÔ]¯W¥ïÈU¨]©l£áÓ ª]®«¶³ªÉ�W´ �p¡W¯¤©³¡W�ÍÖ � ½áÙa�là³�µ¯W�µå«�l¶Yª]©ãþW�¤�«� ¯¤¡W´µö
¨a�¢Åaª]©�Ã³¡¤�¢Å|¯W¡e£m�W´µ¯W�¤�]¡W©SÅ�²³¡¤£ ¡W�S£m¨]´µ£j¹á½á¨p£m¨|¡WÕÆà³�¢¯W®¢Ù³Ä¤½á�¤�¢¦a¡¤¯W¡e£m¥�²³¡¤£ ¡W�S£m¨a´µ¨a�ÍÄpÈ�´ ¨p±
ÈU¨]´ þW®¢¨a©YÚ]�¢®«�ä��ª]Õæ´ Ú]�O¿üª]�¢�pªp�«Õæª]¯W©³®ÐÄ¤Õè¡W�hÅ|©³¡W��ÈU¨a¯¤å«þ¤®«Ù]½á¡¤�«¶ä¨a©S£zÚ]� ª Óµ¨a¶³¶§ª~�µÈU¡¤�l£�±
´ ¨a­]´mÚp½¼£m¡¤� Óµ¡¤��½á¡¤�«¶ä¨a©S£zÚ]� Ú]©YÚ]�ÐÖ

�âÕæÚ]­a©�¡W� ¡¤�Ý�µÈU¡¤�S£m´ ¨]­a´mÚp½á¨]� �«¡W�p�WÈä¡W¯¤�W� ® £mà���ªvÓµ²³¨]©³�mÚ]­aª]®¢£ëªp¯W¨a� ´µ¡W��ª�£må¢¦
®«ÕèÈ³à³�¢¯Wà³��½á¡W�«¶ä¨a©S£zÚp�mÚ_¦pª]��¹»¡¤©³¡W´µ­a®�ªp½á¡¤�«¶ä¨a©S£zÚ]� Ú_¦]ªp�¾¿[�W� ½áÙ]�|à�� ¯W�µå«�WÓµà³��Ú]�¢£mª]�Y�«¡e½á¡e±
²³¡¤£µ£è¡W©³¡¤´ ­a®«ªp£zª]´�£m¨aÕæÚ]©SÅ|à³�l��ª]�¼Óµ¡¤�«�«¡¤Õæ¯¤®«�ÍÄ Õè¡W�¢Å]¡W�p¡¤£æª 2 ²�®«� ¯¤ÈU¡¤´ ¯¤®«Ù�¦pª]�~�W�
ª]h̄¥S¦ Ã³¨a´µ®«¯W¨]©l£mÚ]�«®¢� ©Yª]­]Å|å¢£mÚ]� � ª]�ä� ¯W¨]�l£mª]���l®h½á¡tÓµ¡W¯¤©³®ìÖ±� ¯Ñà�£mÙa¶�¶³®üÕè¡W©³©SÅ|®«�µ�e±
­a¡W�p¡¤£Ñª]¯ ª]�«Ú]¶³¶³®íÕèÙ|²³¨a©¸²³¡6ÕY©³®�Úp� Ó Ú]�%�

2 X }  Ou� 
} )

¥�¦#X } )¨§
© ½ ¹Ðù¬�S¿



é�
�å«�µ�W´µ�«¡¤£ ®í¶ä¡W´ ¡¤©³²³¡¤¯W�W�µ¡W�ë�W��ÕèÙO²³�µ¯W¡¤´ ¡W� élú

ªpÃ³¨a� ) ª ½áÙa�là³� ¯¤� å¢�|¶³ª]©ÛÕè�W´�£�Èä¨a¯Wå¢þW®«Ù�Ä © ª ©SÅSª]�«Ú]¶�½á¨a�h£¬¦|å«¯¤� ¯¤®«©S£m¡¤�è®¢´mÚ]©SÅ|ñ
�l®h£m¡W´¾Óµ¡W²³�¤� ¡��¤�ª} )¨§ ª¬©SÅaª]��Ú]¶O½á¨a�¢£j½áÙa�là³� ¯¤� å«�l¶ä¡W�¢®ü�]�¤ÈU�¤©³¡W��� ¯W�¤�«¡¤� � �¤­a¡]Ö¦�c­]Å�ª
©SÅaª]��Ú]¶O½á¨a�¢£~¦]�W­a¡¤��Õè�W´µ¡¤£ �W©³¡¤�¸�]Ôa�µ¯WÔa©³Ã�¡¤£m¥æ´ ¡¤��ªp£ å¢¦æ¡W©³¡¤´ ­a®«ªp½á¡W�¢¶U¨a©S£mÚ]� ´ ª

}    ¥̂ 2 Ê�¥�¦ Ê © ¹ 	 ôa¿
ªp²³ÙO²�®«�ÍÖ

��¡W�l®«©S£ ¡¤£m¶ä¡�¦a�e¦a¡�ªÆ� Èä¡W�S£m´µ¨a­a´mÚ�½á¨a��¶ä¡WÕè¡W©³¡e£m®í©SÅ|å«�«Ú]�mÚp©Yª]�x¦a�W­]¡W��£m�W´µ� ¯¤Ôp±
­]�¤£¬¹»©³�¤ÃYÚ]©SÅëÕè� ´z¿qÄYª]¯§ª]¶ä¡W´µ´mÚ]þ¤®«Ùa©Yªp���]Ô]� ¯WÔ]©³Ã³¡¤£ ¥æ½á¡¤�«¶ä¨a©S£zÚ]�µ´ ¨aÕè��Ú]�~ª]¯W¨a©�¨a�
©³ª]­]Å|�mÚ]­]´ ¡W©�²³¶U¡ ¡¤� ®«�Ñª�©lÅaª]��Úp¶�½á¨a�¢£ü�«¡¤�]�WÈä¡W¯¤�W�µ�W¶ä¥a�l¡W´ ¡¤²³¥�½á¡W�¢¶U¨a©S£mÚ]� � ª]�ìÖ � ¯W�¤´µ£
¡¤­]ÅSªp´mÚ]©S£ �«�W©SÅ]¡W­a¡¤� �«¡¤©³©³¡Áª�Õæ®¢©³�W�a�p¡W�µ�]¡W©SÅ]¡W¶³¶è©SÅSª]�«Ú]¶�½á¨a�h£¼�W� ª�Õè®«©³�¤�a�l®«�µ¡W¶³¶
¶ä¡WÕè¡W©�¡¤£m®�£ �W´ �µ¯WÔa­�Ä�ª]Õæ®~¦|®¢� ¯W¨]©l£óªØÕè�W´µ�W� ®��µ£mªp£m®¢� ¯e£m®«��Úp£ÑÓµ¡¤�«¡¤©l£ ¥a� ¡¤©ò�]¨]´ ��Úv±
£ ¨a¯W©³Ú�Ö�� ½á¡¤�«¶ä¨a©S£zÚ]���W�ÑªæÕè�W´µ�W� ®¼��£zªp£ ®«� ¯e£m®¢�pªx¡W­pÅO®¢²³¡tÓµö�Ó ª_¦Oåh£zÚ]� ªæ�¤´ ²³¡¤�]�W¶ä¡W©
Ô]� � ¯¤¡¤£ ¡¤£ £WÄj�lç³�¢Ôa©³�¢¡W­a¡¤�Æ�l®�ª]�«ª]�lå¢£zÚp� ñÉÕæÚ]­a©³¡¤� ¡¤��� Èä¡W�S£m´µ¨a­a´mÚ�½á¨a��ªp£Æ£m¡¤´µ¦]¡W¯¤£ ¡W�ÍÄ
Õè¡W�hÅa¡¤� �p�WÈä¡W�µ¡W�õ¦]¨a�¢£mª]�Ø�p¨a´ ´µ®«­SÚp�«©³® ª ©Yªp­]Åa¨a¶�¶º¶U¡¤Õæ¡¤©³¡¤£ ®Á£ �W´ �µ¯WÔa­ �p¡W²�¦]¡e±
¯¤¥]£m�¢¡W©�ÃYªp£zÚp�mª]®h£_Ö%«c�¢Å]¡W©ÆÈä�W�¢²YÚ]à³�|ª�½áÙ]�|à�� ¯W�µå«�l¶ä¡W�«®|Èä¨a¯Wå¢þW®«Ù�¶ä¡W�«�¤ÈU¥]� ¯WÔ]­]£m¥a�a¦pª]�¢Ù
½áç�­a­a�W�µ¡ ¹Ðªp¶U¡¤´ ´mÚpþW®«ÙS¿ �¤��ª Õæª]­a´ ¡Wª]�]þ¤®«Ù ¨]�]¨a¯e£zª �l®«©�¡WÕæªp£m®¢�|à��¬�l®«�µ¯W�W�¢¡W�µ¡W²³�¤�WÖ
� Õè�W´µ�W�µ®³�µ£mªp£m®¢� ¯¤£ ®«��ª Ó ª_¦|å¢£mÚ]�mÚp£[¡W�«�µ¥a� ¨]´ ¶Yª]©èªÑ½áç³­]­a¥a�«¡¤­a¡W� ®«´mÚp©lÅ|ñ�½áÙa�là³�µ¯_Ú]�«Ú]�
Ã³ªp£m�¤�]¨a©SÅ|�mÚ]­aÚ]©Yª]�¸©³Ô�¦]¡W�«�¤� �e¦a¡W���W´�£m�¤�¸¡W�ìÖ� �¤´ �¤� ¡W®¢©³�l¶U¡¤© ªó¹»²íÄ ÈÍ¿c±Ç´ ¡Wª]�]þ¤®«Ùa¶äÙa�ü�µ¯_Ú]´µÕ�ªp¯WÙÆÈ³´µ¨]£m¨]©³¨a�æª]¯W¨a©�¨a� åh£zÚ]� Ú]´mª�Ä
¦pª]�«ª]Õè®«©S£ ¡W©�¡W´ ­]®�ÚvÓµà³� Èä¨a©S£m¨a��Õè¡W­aÃYª�£zÚ]´µ¨a¯_Ú]� Ú]´mª�ÎÑ¡¤¶³´ ¡¤þW¡W©l¶ä¡W©x¡W­pÅ�Ã³ª]� åh£m¨]£µ£
ÈäÙa�¢à³� ñõ¹ 
 È��«®¢£�±cÈä¨a�«¡_¿j� Èä¡W�S£ ´ ¨a­a´ Úp½á¨]£WÄ � ç�©³þzÃ³¡W©l¶ä¡W© Èä¡W²³®¢­æ¡¤­]Å4¬ 	 Î�±Ç£ å«È³à�� ñ
�µÈU¡¤�S£m´ ¨]­a´mÚp½á¨p£�ÃYª]�µ¯W©YÚ]�h£mà³©��äÄ Õè¡W�hÅa¡W� ½á¡W�¢�WÈ³åh£m�W�µ�¤£��¤�x�«¡W­p½á¨a©S£m¨a� ª]¶³¶ÝÓµ¡W�¢�«¡¤Õx±
¯¤¥a®¢£�ªè�pÔv¦]¡¤£ �]¡W¯¤¥¸ª]�¢ÈU¨a©S£ ¨a�l¶Yª]©ë®«�µÕæ¡¤´µ£m¡e£m¡¤ÕÝÖ

â´,0(®­¯�®� ���Ï/�°¨��± (®² " ��³¨	�1)(�1)(ü(�/21 # �®�!� ³ ����´
� ²³¡W¶³´µ¡Wþ¤¡W©³®U�~£m¨aÕèÕ�ªp­a�là�£zªp£ Ù�«c©S£ �W¯W¡e£�þW®¢�l�«¨]£ ´ ¨a©³�«ª]¶ä¨a´mªp£ Ùa´ ®¢à³ÕæÚ]¶YªÑÃ³¨�±

¯¤¨]£ £jÃYª]�µå¢£ ¨]£ £jÈUÙ]�«à³�µñ ¹ 
 È��«®¢£�±cÈä¨a�«¡_¿ ÕæÚ]­a©³¡¤� ¡W� � Èä¡W�S£m´µ¨a­a´mÚ�½Á¹�îvÞ|Ö Ú]¶³´ ªS¿Á´µ�W� ¯q±
�¢¡¤£ ¡W���«¡¤å«´ Ú]�mª�ª]¯�� 
 ÈÓ�SÞU�¼�]Ôa¯¤�«¡WÕè�W©SÅ|¶ä¡W©ë£zª]�«Ú]�«ÃYª�£mÙÆÕè¡W­³Ö



é�� é�
 å¢� �¤´ �«¡e£m®U¶U¡¤´ ¡W©�²³¡W¯¤�W� ¡¤�Ý�¤��ÕæÙ|²³� ¯¤¡W´µ¡W�

pályák

kamra

mágneses

µ;µ;µ;µ¶;¶;¶ ·;·;·¸;¸;¸ ¹;¹;¹º;º;º »;»;»¼;¼;¼ ½;½;½;½¾;¾;¾1 m

B

fókuszsík

céltárgy

szórókamra

0,1 B
részecske-

Faraday-

nyaláb

vasmagok

sín

Hasított-pólusú

bemeneti nyílás

detektorkamra

mágneskamra

B

dipólusok

spektrográf
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Faraday-

sín

kvadrupól-

multipól-

részecske-
pályák

mágneses

1. dipólmágnes

2. dipólmágnes

3. dipólmágnes

kamra

mágnes

mágnes (Q)

ä¯äå¯å æ¯æ¯æç¯ç è¯è¯èé¯é ê¯ê¯êë¯ë ì¯ì¯ìí¯í
nyaláb

B

fókuszsík

1 m

B

B

céltárgy

Q3D

szórókamra

detektorkamra

spektrográf
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ôÏµ�õ7Ø�µ�¯�³²µ�Â�Ò[½LÍ¥½j��¸°Í���¯ÁÒ[Ö5Ò�³Á·YÍUÞ Z á?Ð�Ó=³²Ð�½�¿h¸°½LÍ�Ú¥¾4®¡·²Ì¥Í�´~ÐP·|ÎLÍ¥·²Ñ=á



à Z ñ
�ª®°¯²±�³²´¶µ�·|¸¹µ�³²µ�º=»¼±�½j¾[µ�¿À±�¯�±�³Á·²µ�´¶»Uµ�Â�±�¯ÁÃ=¿

ä ¯²ÖÜµ�¿j·²³²Ý=»�Ó=Í�½�ÎLÐ�³²Ò�» ÛÁÑ[´¥µ�´°¿hÃ=´¶ì[½hÃ=´°Õ"ÖLÐ�³ í Ú�¾�µ�´¶Î=µ�·²ÕY»¼µ�Ú�î ï ^�ð[ð�] ñ¤Ø
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ÿÚ � £ î ï ¤�_ ������   �   � Ú � £
b þ e ` ¤��	��
 � £ î ï ¤� £ î ï ¤ þ

ÿÚ � £ î ï ¤�_ ������   �   � Ú � £
b þ e ` ¤��	��
 � £ î ï ¤� £ î ï ¤ þ

æ ] X[ê

Í�Î=Ò[´[Í ��
 � £ î9ï ¤ ÛÁµ�´°ì�´°¸[Í¥ÂF¸°´°´¶µ�¯ÁÂ�·|µ¬·²· � £ î9ï ¤ ¯²ÖÜµ�¿j·²³²Ý=» b ØC½=µ�¿�»Uµ�Ú�é�µ�´¶µ�´¶Õ�¿�Ò[»�Ø



ñ
�ª®°¯Á±�³Á´°µ�·²¸;µ�³Áµ�º=»¼±�½j¾�µ�¿�±�¯�±�³(·|µ�´°»¼µ�Â�±�¯²Ã=¿ X[ñ

ÖÜÒ[½=µ�½=¯²µ�¸¶·�ç�Í�»Uµ�´¶¾dÍ�Â�¸°´¶´°µ�¯ÁÂ�·²±�¯²¸Üé�Ã=Ú[Ú�Ì�±�½j¾�ì[¯Á¯²Â�µ�¯ b + ·+Í�Ú�Û²Ð¥·�·|Í�³Á·|Í�´°»UÍ�Â�Â�ÍUã

� £ î ï ¤v_ ������   �   � ��
 � £ î ï ¤ T
æ ] Z ê

ä�¯ÁÂ�ì[Ú�µ�´°Ò�¯²Â�´°Ð�¯²µ�Ú�¾WÃN·²·²ÎLÍ¥·²Ñ[¿ ÿÚ � £ î9ï ¤ ±�¯ ÿÚ � £ î9ï ¤ ¯²ÖÜµ�¿j·|³ÁÝ=»dÍ¥¸¶·ÀÍ ] ø�Ó;áü±�¯
] ø���áªÐ¥Ó=³|Ð�¿¥Ò[½¢Íd¿h®°¯Á±�³Á´°µ�·²¸
±�³Á·²±�¿�µ�¿h¿�µ�´?µ�Ú�¾WÃN·²·�·²Ã=½j·|µ¬·²·|µ�» é�µ�´ á�ä7Â�¸°´¶´°µ�¯ÁÂ�·²µ�·²·
) + ^ ø�ë̀¯²Ð¤Ì�Ò[¿ýÚ[µ�³�ÛÁµ�¯²Â�·²±�¯Á¸;µ�½=µ�³²Ú[¸°Ð�¸¶·`±�¯�Í¥»UÖ=´¶¸¶·�-=º=Ñ[¸¡· Í.�Ùá4é�ÃNÚ[Ú[µ�´¶±�¿hÓÜµ�½ý·+Í.Ø
´°Ð�´°Î=Í¥·|ÑG·|Ð�Ó=´°Ð�Â�Í¥·"·+Í�³(·+Í�´¶»dÍ�Â�Â�ÍNá

ä7Âª_ � æ Q _ � æ ¸°½j·²µ�½=Â�¸¶·+Ð¥¯|Í�³²Ð�½j¾[Ò[¿PÍ¥·�Í¥Â�î ï ^�ð[ð�]�ð ç ð ñ[Þ¥àNç ð à[Þ[ñG¿�µ�õYØCµ�¯�¯²ÐPØÌ�Ò[¿¼±�¯�Í9·²µ�´ ÛÁµ�¯�ñ4á¡ó�ôÏµ�õYØCµ��̄��¯²Ò�Ö5Ò[³(·�¿hÃ=´¶ì[½4ØC¿hÃ=´¶ì[½d·²ì[³Á·²±�½j·�¸¶´°´°µ�¯²Â¬·|±�¯Á±�Ì�µ�´;ÎLÍ.Ø
·|Ð�³²Ò�Â�·+Í¥»�»Uµ�Ú=á�äÙÂd®¶Ú�¾¢¿PÍ�ÖÜÒ�·²·9¸°½j·|µ�½=Â�¸¡·+Ð�¯²Í�³|Ð¥½h¾�Ò[¿×ÍÏÚ[µ�³�ÛÁµ�¯²Â�·²±�¯Á¸�µ�½=µ�³²Ú[¸°Í
é�ÃNÚ[Ú�Ì[±�½j¾[±�ÓÜµ�½×»¼Ò[½=Ò�·²Ò[½ë½=ì¤Ì�µ�¿�µ�º=±�¯(·�»�ÝN·+ÍP·²·+Í¥¿Üá7äÙÂ�_ � æ Q _ � æ ¸¶½j·|µ�½NÂ�¸¶·|Ð�¯|Í.Ø³²Ð�½j¾h·dµ�Â�Â�µ�´7¯ÁÂ�µ�»�Ó5µ�½¥��¯|Í�¿ ¸¶Ú[µ�½ ½LÍ�Ú�¾ ÓN¸°Â�Ò�½h¾h·|Í�´~Í�½N¯|Ð�Ú[Ú[Í�´�´°µ�Î=µ�·²µ�·Á·U»¼µ�ÚPØ
Î=Í¥·+Ð�³ÁÒ[Â�½N¸ ç
Í�»U¸?½=µ�»�·|µ�·Á·|µU´°µ�ÎNµ�·|Õ¤Ì�±dÚ[µ�³�ÛÁµ�¯ÁÂ�·²±�¯²¸�ØCµ�½=µ�³ÁÚ[¸~Í¥é�ÃNÚ[Ú[±�¯Á±�½=µ�¿ »¼µ�ÚPØ
ÓN®°Â�Î=Í¥·|ÑëÌW¸¶Â�¯²Ú[Ð�´~Í¥·|Ð¥·�á0ä ��� � � Ý ¿¥ì[Â�ÓÜµ�½N¯²Õ×»dÍ�Ú î ï ^ ñ0ôÏµ�õYØC³²µ$¯ÁÂ�Ð�»¼®¶·²Ò�·²·
� ]¡  ¢w£ b + ¤ ÖÜÒ[Ö=ÝN´~Ð���¸°Ñ[¯�Ì¥Í�´°Ñ[¯ÁÂ�®¶½WÿN¯²±�Ú�µ�¸°½Nµ�¿ Í¥³|Ð�½j¾jÍ¥¸¶· ö ù�´~X�à û çF±�¯UÍ¥Âý¸°´¶´°µ�¯ÁÂ�·²±�¯²¸
µ�´ Û²Ð�³²Ð�¯²ÓÜÑ[´�»¼µ�Ú[ÎLÍP·+Ð�³ÁÒ[Â�Ò�·Á·�¸¶½h·²µ�½=Â�¸¶·|Ð�¯|Í�³²Ð�½j¾[Ò[¿PÍ¥·�Íý´°µ�Ú[¸°½j·|µ�½=Â�®¡Ì[µ�Ó=Ó b + ^ Þ `
Ð¥´°´~Í¥Ö5Ò�·²³|Í�½=Ò[³²»UÐ�´¡Ì�Í�Î=Í�¯²Ò[½N´°®¶·²Ò�·²·|Í�»âì[¯²¯ÁÂ�µzã

b + ø ` Þ ` ð `
� ]¡  ¢m£ b ¤ Q � ]¡  ¢w£ R�` ¤ øNá¡ó.X ó øNáòñ[X
_ � Q _ � æ øNá ] X ç øNá¡ó ó øNáòÞ ç øNá¶ó

ä�¿W®¶¯²±�³²´°µ¬·|¸ ±�¯�µ�´°»¼±�´¶µ�·|¸?Í¥ºLÍ¥·|Ò�¿ýÛÁÑë¿hÌ¥Í�´¶¸¶·|Í¥·|®¡Ì0µ�Ú�¾�µ�Â�±�¯Á·¨»GÝN·+Í¥·Á·+Í�¿×Í�½WØ
½=Í�¿ µ�´¶´°µ�½N±�³²µ¥ç"Î=Ò�Ú�¾ Í�·�Ve�"ä�ØC¯²Â�Ð�»¼Ò[´~Ð�¯ÁÒ[¿ ÓÜµ�»¼µ�½=ÕÔÍ�ºLÍ¥·|Í�¸°¿¥±�½j·¼é�µ�´°Î=Í�¯²Â�Ø
½=Ð�´¶·�
Y¸°´¶¯²¯²Ò�½4ØCµ�Ú�¾W³²±�¯ÁÂ�µ���¯²¿¥µ�ÖLÐ¥´¶¾jÐ¥¿À»¼µ�Ú�´°µ�ÎNµ�·|Õ�¯²µ�½�Ó=¸¶Â�Ò[½j¾h·+Í¥´~Í�½=½=Ð�·²µ�·Á·|±�¿ýÍ�Â
µ�´°»¼±�´¶µ�·|¸"±�³Á·²±�¿¥µ�¿�µ¬·�á äÙÂLÝ ï ^ ñ4á¶óëôÏµ�õYØCµ�z̄��¯ÁÒ[Ö5Ò�³Á·¼¯²Â�ì[Ú[µ�´¶Ò[¯²Â�´~Ð�¯²Í�ºLÍ¥·|Í�¸°ÓÜÑ[´
¯ÁÂ�Ð�³Á»dÍ¥Â�·+ÍP·|Ò�·Á·
_ �Zæ Q _ � æ ¸°½j·|µ�½=Â�¸¡·+Ð�¯²Í�³|Ð¥½h¾�Ò[¿PÍ¥·�Í�Â"î ï ^�ð á Z.a ñ4á ð ñ�ôÏµ�õ7Ø�µ�¯ ·+Í�³DØ·²Ò[»UÐ�½j¾$½=±�Ú¥¾�³²±�¯ÁÂ�³Áµ9Ò[¯ÁÂ�·|Ð�¯|Ð�Ì¥Í�´�¸°¯�»¼µ�Ú[ÎLÍP·+Ð�³ÁÒ[Â�·|Í�»ÏáFä ] ó[á`Ð�Ó=³²Ð�½;çLì[¯Á¯²Â�µ¬Ø
Ú�µ�Â�Ì�µßÍ¥Â ¸°´°´¶µ�¯ÁÂ�·|±�¯²ÓÜÕ[´G±�¯ÔÍ ¯ÁÂ�ì[Ú[µ�´°Ò[¯ÁÂ�´°Ð�¯|Í�º=Í¥·|Ò[¿ãé�µ�´¶º=Ò[´°Ú�Ò[Â�Ð�¯²Ð�ÓÜÑ[´9¿PÍ�ÖÜÒ�·Á·



X�à ñ
�ª®°¯²±�³²´¶µ�·|¸¹µ�³²µ�º=»¼±�½j¾[µ�¿À±�¯�±�³Á·²µ�´¶»Uµ�Â�±�¯ÁÃ=¿

E
*
 (keV)

I 2
+
/I� 0

+

1

2

3

4.4
�

4.6 4.8 5
�

5.2 5.4

øÛ�Wp qjr¹s�tLu « + ´ × ` �+�($ ` �����¡���= ��D ��Ô���P�Dz|�j�+���(���(��{(���¥­P�����ëy.z|{~}Cz+�C�+�D�+�C��z|�hz|{��
y¤�¡�UÊ~Ëjy¤y¤�.�|�P­.�|�=z|��£ �

l

� u ���(� ï ´aÓ%Ó��0Ó � Ó Ø%×��[� Ó �%×%Ød�.zÖ�̀ ��z+�ª{D ��(���|���¤���(���. ��Ï�+����[� ï ´ Ø[£�Ù � zÖ�̀ ��z+�Ù�+�D ��N �{C�7������z+�C�+�D�+�D�|�=©��
�C�¬��{C�������d�|{C�D�|�.z|��� � n � u ����� ï ´ Ø[£�Ù� zÖ�̀ ��z+���+�D ��N �{C���C��«�y.z|�� ¤�C�+�¡���(z|y¤­¥Ëj�C�C�W���D�����W��� ���Gz|�����|��z|�C�F�|{C�D�|�.z|�.z|��«¤�D�C��z|�.«��D©z|y¤­.z|�hz+�C{DzYz+�D©��Dz|�jy.z|��­¥��z|�D�D��z|�D�|�N©��¹�C�¬��{C���������|{C�D�|�.z|�=£

_ �Zæ Q _ � æ ¸¶½j·|µ�½NÂ�¸¶·|Ð�¯|Í¥³|Ð�½j¾[Ò�¿¥ÍP·�ç.»Uµ�ÚjÐ�´¶´~Í�Ö=®¡·|ÎLÍP·|Ñ=ç�Î=Ò[Ú�¾�Í�Â?Í�Ú[µ�³úÛÁµ�¯²Â¬·|±�¯²¸hµ�½=µ�³(ØÚ[¸~Ð¥½LÍ�¿ý´°Í�¯²¯²Í�½ë±�¯Ùµ�Ú¥¾[µ�½N´°µ�·²µ�¯Áµ�½0Ì¥Ð�´¶·²Ò[Â�Ñ¨é�Ã=Ú[Ú�Ì�±�½j¾[µ¥ç¹Ì¥Í�´~Í¥»U¸¶½h·�ÎNÒ[Ú�¾Àî ï ^ ñ
ôÏµ�õ�¿�ì[³ÁÃ=´j¿h¸¶Ì¥Ð�´°Ñ�¿¥Ò[½=Â�¸°¯²Â¬·|µ�½j��¸°Ð¥·�»GÝN·+Í¥· Í�¿�±¬·
é�ÃNÚ[Ú[µ�·²´°µ�½�»¼ÑWº=¯²Â�µ�³�µ�³Áµ�º=»¼±¬Ø
½j¾[µ�á�äÙÂ¨Ð¥´°´~Í¥Ö5Ò�·²Ò[¿ý³Áµ�´~ÍP·|®¶ÌÀÖÜÒ[Ö=Ý=´°Ð���¸¶Ñ[¯�Ì�Í¥´°Ñ[¯ÁÂ�®°½hÿ=¯Á±�Ú[±�½=µ�¿Ï´~Í�¯Á�̄- Ì¥Ð�´¡·|Ò[Â�Ð�¯|Í
Í�¿hÃ=´¶ì[½hÓ5ì�Â�Õ�µ�Ú�¾W³²±�¯²Â�µ-��¯Á¿�µ�Ð�´°´°Í�Ö5Ò¥·|Ò[¿�Ú[µ�³�ÛÁµ�¯²Â�·²±�¯Á¸5µ�½=µ�³ÁÚ[¸~Ð.Û²Ð�Ì¥Í�´L±�¯`¿h¸°¯ÁÂ�±�´°µ�¯Áµ¬Ø
º=±�¯Á±�Ì�µ�´ ¿¥Í¥Ö ��¯²Ò[´°Í¥·|Ò[¯�á

äü³²µ�Â�Ò[½=Í�½j��¸°Í�¯²Â�µ�³Á¿�µ�Â�µ�·ª³ÁÒ�·+Ðb��¸°Ñ�¯7¯²Ð¤Ì�Ò[¿h¿PÍ�´ ·²ì[³Á·²±�½=ÕU»Uµ�Ú[Ó=®¶Â�ÎLÍ¥·²ÑU¸¶´°´¶µ�¯²Â�Ø
·|±�¯²±�½Nµ�¿ýµ�Ú�¾W¸°¿Ué�µ�´¶·²±�·|µ�´°µªÍ�¯ÁÂ�Ý=ÖÜµ�³Áº=µ�é�Ò�³²»UÐ�´¶·�Ð¥´°´~Í¥Ö5Ò�·²Ò[¿h³|Í"ÛÁµ�´¶´°µ�»¼Â�Õ9·|µ�ÎNµ�·|µ¬·ÁØ
´°µ�½=¯²±�Ú[¸F½j¾[Ò[»UÍ¥·|±�¿0Í�´¶¿¥Í¥´°»UÍ�Â�Ð�¯²ÍUÌ[Ò�´¶·�á�ä7Â¨¸°´°´¶µ�¯ÁÂ�·|±�¯²¸Hµ�´ Û²Ð�³²Ð�¯ª¿�µ�Â�º=µ¬·|¸?ÖLÍ�³²ÍPØ
»U±¬·|µ�³²±�½Nµ�¿×ÍÏÎLÍ¥¯|Í�ºLÐ¥¯²¸ ¸°Â�Ò�»Uµ�³²³²µ¨±�Ö=Ã=´°ÕÏ³²Ò�·|Ð���¸¶Ñ[¯�¯|Ð�Ì¢·|µ�Î=µ�·²µ�·|´¶µ�½=¯Á±�Ú[¸`½j¾[Ò¥Ø
»dÍP·|±�¿PÐ¥·¨Ì�µ�·²·²µ�»Àç�Í�»¼µ�´¶¾ K _ Ow� Q�R�S ^â] á ] ¿¥µ�õ ³²Ò¥·+Ð���¸°Ñ[¯¨ÖLÍ�³²Í�»¼±�·|µ�³²½=µ�¿
é�µ�´¶µ�´¶·7»¼µ�Ú ö ÷ Ö	�[Þ4ç � Í�� Z¥û á�ä ),+ ^ ø ` ³ÁÒ�·+Ð���¸°Ñ[¯7¯|Ð�Ì[Ò�¿ ¸°´¶´°µ�¯ÁÂ�¿¥µ�º=±�¯²±�½Nµ�¿ µ�Ú�¾



ñ
�ª®°¯Á±�³Á´°µ�·²¸;µ�³Áµ�º=»¼±�½j¾�µ�¿�±�¯�±�³(·|µ�´°»¼µ�Â�±�¯²Ã=¿ ���

R (keV)

±
�

0.2
�

R (keV)

±0.3
�

b)
�

a)
�

χ
� 2

χ
� 2

2

3

2 2.5 3 3.5 4

1.5

2

2.5

2 2.5 3 3.5 4

ø4n=pÏqjr5s�tLu�v {D ��(���|���¤���W��{(�����|�Dz|{�� � � ���W����®��+���D�|�hz|�$z|{Dz+�[���|�¥­.zG��� tUÒ � ï ´aÓ £ÕØ
� z�� ��z+���L�+��� r�Ò � ï ´ Ø[£�Ù � zÖ�`��z+��{Dz|�� ��W���h�|�¡���C��z|{C�.z|��z|� Ñ + ´ $ ` �(���. ��¥�¤���;�D«�{��
�D�|�h©�������z+�C�+�D�+�D�|{Dzª�. ��W���C�. ��+�(���C�¤�[£ v �C���|��z+�Dz|�j��� � �úÊ~Ëjy¤y¤�.�|�P­.z|�À����«¤�D�D��z+���W��{(������|�Dz|{��C�¬���W��� ������z+�C�+�D�+�D�|�hz|�=�
�d�.z+�C�.z|�¥­.z|�j�Nz|�ë�=z+�[��yÀ�d��z|y¬}C ��j� ������z+�C�+�.z+�j�+�C�hz|�
��z|y�Ê~z|��z|��©��Á�+�¥Ê~z } ���W��{(�����|�Dz|{Dz|��{D«�y¤��®��D�+�Dz���z|����z|�C�?�.�|y¤��z|�C� ������z+�C�+�D�+� z|{Dz+�[���|�¥­.z|��£

¯ÁÂ�Í�Ó=Í�º=¯|Ð¥Ú[¸Ùé�Ò[¿h³|ÍÏÛÁÝN·²Ñ! s�²ØC±�³(·|±�¿�±�·ÏÍ ³ÁÒ�·+Ð���¸°Ñ[¯dÖLÍ�³|Í¥»U±¬·|µ�³ýé�ÃNÚ[Ú�Ì[±�½j¾[±�ÓÜµ�½
¯ÁÂ�Ð�»¼®¶·²Ò�·²·|Í�»2¿W¸ á�äâ¿�±�·�³Áµ�Â�Ò�½LÍ�½j��¸~Í���¯²Ò[ÖÜÒ[³Á·�¸¶´°´°µ�¯²Â¬·|±�¯Á±�³Áµ�Ì[Ò[½LÍP·|¿�Ò�Â�Ñëµ�³²µ�º4Ø
»¼±�½j¾�µ�¿�µ¬·$Í ] Þ4á�Ð�Ó=³|Ð¥½ ·²Ã=½j·|µ�·Á·|µ�» é�µ�´ á ä ¯ÁÂ�±�´°µ�¯Áµ�Ó=Ó" � Ø�é�Ã=Ú[Ú¥Ì[±�½j¾�µ�¿�Í�Â
ì�¯²¯²Â�µ�¯�ÖLÍ¥³|Í�»¼±�·²µ�³G¯ÁÂ�Í�Ó=Í�º ¸°´¶´°µ�¯ÁÂ�·²±�¯²±�½=µ�¿¢é�µ�´¶µ�´¡·|µ�¿¢»¼µ�Ú=çHÍë¿�µ�¯²¿�µ�½j¾[µ�ÓNÓ# � Ø
é�ÃNÚ[Ú�Ì[±�½j¾[µ�¿�ÖÜµ�º=¸¶Ú�Í�´°µ�Ú�ÛÁÒ[Ó=Ó�¸°´¶´°µ�¯²Â�¿¥µ�º=±�¯²½=µ�¿9»¼µ�Ú¥é�µ�´°µ�´°Õ�¯²Ð¤Ìhé�µCÛDØCÖLÍ�³²Í�»¼±�·|µ�³²µ�¿
³Áì[Ú[Â�®¶·|±�¯²µ�»¼µ�´°´¶µ�·Á·�Ì[±�Ú�Â�µ�·Á·ý¸¶´°´°µ�¯²Â¬·|±�¯Áµ�¿ µ�³²µ�º=»U±�½j¾[µ�¸ á äÙÂÏî ï%$ ð áòñ×ôÏµ�õ7Ø�µ�¯
³Áµ�Â�Ò[½LÍ�½j��¸~Í���¯²Ò[ÖÜÒ[³(·ªµ�¯Áµ�·|±�½�K µ $ ] á Þ�Þ ç ø4á Þd¿¥µ�õ7ØCµ¬·�ç�Í�Â¨î9ï $ ñ4á¡ó¼ôÏµ�õ7Ø�µ�¯ª³²µ�ØÂ�Ò[½LÍ�½m��¸~Íb��¯²Ò�Ö5Ò[³(·Hµ�¯²µ�·²±�½¨ÖÜµ�º=¸¶ÚâK � $ ] á¡ó.Þ ç øNá ] ¿�µ�õYØCµ�·?¿PÍ�Ö4·+Í�»Àá
äßÎ=¸°ÓLÐ¥¿W¿PÍ�´
¯x-=´¶¾�Ò[Â�Ò¥·²·�Ð¥·²´~Í�Ú[ÝN¿W³²ÍèK $ ] á¡ó%� ç øNá¶ó��d¿�µ�õ�Í�º=ÑWº=Ò�·Á·�á.ÝFÂ¬·GÍ¥Â�±�³Á·²±�¿¥µ�·9Í$»dÐPØ
¯ÁÒ4ºN¸°¿�Ì[ì�´°Ú�¾¼»¼±�´¶¾�µ�½¼é�µ�¿jÌ[Õ() +&$ ø�`ëÐ�´¶´~Í�ÖÜÒ�·+Í¥¸°½LÍ�¿�³²Ò¥·+Ð���¸°Ñ[¯ ÖLÍ�³²Í�»U±¬·|µ�³²µ�¸¡Ì[µ�´
ÎN¸°ÓLÐ�½ÏÓ5µ�´°Ã=´
Í�Â�Ò[½=Ò[¯Á½LÍ�¿$·+Í�´°Ð�´¶·|Í�» ö ÷ Ö	�[ÞWç � Í�� Z ç¹ù�Í���� û á¨ÝFÂ�Â�µ�´
¯²Â�µ�»�ÓÜµ�½¢Í



� Z ñ
�ª®°¯²±�³²´¶µ�·|¸¹µ�³²µ�º=»¼±�½j¾[µ�¿À±�¯�±�³Á·²µ�´¶»Uµ�Â�±�¯ÁÃ=¿

E
*
 (MeV)

R
 (

k
e
V

)
GS
'

E
*
 (MeV)

R
 (

k
e
V

)

[Sp72]

[Ga99]

[Pa98]

jelen
(

munka

alapállapoti völgy második völgy

a)
�

b)
�5

6

7

8

0 1 2
2.5

3

3.5

4

0 1 2

ø§øLp qjr5s�tLu�v ��� � w�x tUÒ �h �{C����� �(�	�+� r�Ò �C�+xj�=z|{D�jz²Êú �{C������� Ñn+ ´ $ ` �����¡���N ��(��� �
�W���=�P���F��{D ��h���� ��Y�=���W���C��z|{C�	{D ��(���|���¤� �W��{(�����|�Dz|{Dz|���¥«¤�D�D��z|�W���D ��j��®��C���Y��� �����(����xj�j�
��z|y¤�W���(��{D ��� ��C�Ù{D ��(���|���¤�Y�W��{(�����|�Dz|{C{Dz|��£ v �C�+xj�=z|{D�jz²Ê~ �{C�������������¡���N ��D ��$z|�hz|{Cy¤� �
���C�¤���¡��}D��� �Ù�W���(���h���C������ ���z|{`�����¡���= ��C�h ��Y�����C�� ��¥­z®��C�¤�7Ê~z }Cz|�+�Dz|� ����£

��� � � Ý�¸¶¯²»¼µ�³Á·�çF½=Ò[³Á»dÐ�´¶º=µ�é�Ò�³²»UÐ�´¶·[),+ $ ø ` Ð�´¶´~Í�ÖÜÒ�·|Í�¸°³²Í æ Ó5µ�´°µ�±�³Á·ÁÌ[µÀÍ�Â�Í�´°ÍPØ
ÖLÐ�´¶´~Í�ÖÜÒ�·|Ò¥·Ù¸¶¯+êÙ±�ÖNÃ=´°Õ�¯|Ð�Ì�Ò[¿0³²Ò�·|Ð���¸¶Ñ[¯�ÖLÍ¥³|Í�»¼±�·²µ�³²µ�¸Hº=³²Í�¯²Â¬·|¸°¿hÝ=h̄��¯²ì[¿h¿�µ�½=±�¯(·
»�ÝN·|Í¥·|½LÍ¥¿�ÍÙÚ[µ�³úÛÁµ�¯ÁÂ�·|±�¯²¸4µ�½=µ�³²Ú[¸°Í7é�Ã=Ú[Ú�Ì�±�½j¾[±�Ó5µ�½;áFä ]�] á�Ð¥Ó=³|Ð�½�Í7½=Ò[³Á»dÐ¥´¡ØÜ±�¯
¯²Â�Ý=Ö5µ�³²º=µ¬é�Ò[³²»UÐ�´¡·�),+ $ ø ` Ð�´¶´~Í�ÖÜÒ�·²Ò[¿ª¸°¯Á»Uµ�³Á·F³ÁÒ�·+Ð���¸°Ñ[¯�ÖLÍ�³|Í¥»U±¬·|µ�³Áµ�¸¡·HÎLÍ�¯ÁÒ[½4Ø
´°®¡·|Ò�·Á·+Í�»þì�¯²¯²Â�µ�áHä�¿h®°¯²±�³²´¶µ�·|¸WÍ�º=Í¥·|Ò[¿�ì[¯Á¯²Â�µ�Ú[Â�±�¯²µYÍ�´°Í�ÖWÛ²Ð�½9ÍÙ¯ÁÂ�Ý=ÖÜµ�³Áº=µ�é�Ò[³Á»dÐ¥´¶·
Ð�´°´°Í�ÖÜÒ�·|Ò[¿�³ÁÒ�·+Ð���¸°Ñ[¯�ÖLÍ�³|Í¥»U±¬·|µ�³Áµ�¸L½=µ�» »�ÝN·|Í¥·|½=Í�¿�Í�Â�µ�´°¯²ÕªÌ�ì[´°Ú�¾WÓÜµ�´¶¸j��¯Áì[¿h¿�µ¬Ø
½=±�¯ÁÎ=µ�Â9ÎLÍ�¯ÁÒ[½=´°Ñ¨·|µ�½=º=µ�½j��¸°Ð¥·�á�ä ¯²Â�Ý=ÖÜµ�³²ºNµ�é�Ò[³Á»dÐ�´¡·Y»dÍ�Ú¨·|µ�Î=µ�·²µ�´¶µ�½=¯Á±�Ú[¸ ½j¾[Ò¥Ø
»dÍP·|±�¿PÐ�½=Í�¿�µ�Â¨ÍdÌW¸°¯Áµ�´°¿¥µ�º=±�¯²µ¼Íý»¼µ�³²µ¬Ì[µ�Ó=Ó¢»dÍ�Ú�¯²Â�µ�³²¿¥µ�Â�µ¬·�¿�ì¤Ì[µ¬·|¿�µ�Â�»¼±�½j¾[µ¥ç
Í�»¼µ�´¶¾�µ�º=º=¸°Úw��¯|Í�¿�Í�»Uµ�³²µ�Ì9·|µ�¯Á·?µ�´¶»U±�´°µ¬·|¸°´¶µ�ÚY¯²Â�Ð�»U®¡·|Ò�·Á·�·²µ�Î=µ¬·|µ�·²´°µ�½=¯²±�Ú[¸L½j¾[Ò¥Ø
»dÍP·|±�¿PÐ�½=Í�¿ ö ÷ Ò)� ] û Í¼¿W®¶¯²±�³²´°µ¬·|¸�±�³(·|±�¿�µ�¿h¿¥µ�´�Ì¥Í�´¶ÑUì[¯Á¯²Â�µ�Ì[µ¬·|±�¯²±�ÓÜµ�½×½j¾W¸°´¶Ì¥Ð�½hÝ=´¡·
»Uµ�Ú=á

äÙÂYÍ�Â�Ò�½=Ò[¯²®¡·|Ò�·Á·?¯²Â�Ý=Ö5µ�³²º=µ¬é�Ò[³²»UÐ�´¡·?Ð�´°´°Í�ÖÜÒ�·|Ò[¿PÍ¥·HÍª»dÐ�¯ÁÒ4ºN¸°¿�Ì[ì[´¶Ú�¾WÓ5µ�´°¸LÐ�´�Ø



ñ
�ª®°¯Á±�³Á´°µ�·²¸;µ�³Áµ�º=»¼±�½j¾�µ�¿�±�¯�±�³(·|µ�´°»¼µ�Â�±�¯²Ã=¿ ���

E
*
 (MeV)

∆
E

 (
k
e
V

)

2.25 MeV

10

10
2

3 4 5

ø)*�p"qjr5s�tLu Ñn+ ´ $ ` �C�+xj�=z|{D�jz²Êú �{C������� �����¡���N ��D ��7�(�+�. ����(��yP��� y.z|{~}�z+�D�+�D�+�C�jz|�hz|{Cy¤�¡�Ê°Ëjy¤y¤�.�|�¥­.�|�Nz|��£ v ��z|�����|��z|�C����®��.���(�+�. ����Á��y. ��������,+hz|{C�ª� ��yP���|�úÊ~ �{C�7xj�¡�+�¤���F�C�¬���â® �
�D ��C�(��� �ª���h�¼���Yz|���D©j�[�ª���h�U�Ù�����D ¥�[���G�ª���j���Yxj�7�W����£

´°Í�ÖÜÒ�·|¯Áÿ=³²ÿ=¯Á±�Ú[µ�¿ Í�½LÍ¥´°®°Â�¸°¯Á±�³²µU¸°¯�é�µ�´°ÎLÍ�¯ÁÂ�½LÐ¥´¶·+Í¥»Ïá ä2¯ÁÂ�Ò[»¼¯²Â�±�º=Ò�¯dÐ�´¶´~Í�ÖÜÒ�·²Ò[¿
·|Ð�Ì[Ò[´¶¯|Ð�ÚjÍ¥¸¶·GÍåV�µ�³²»¼¸¡Ø�ÚjÐ�Â¬Ø é�Ò[³²»GÝ=´~Ð�Ì¥Í�´�¯ÁÂ�Ð�»¼Ò[´¡·�Ð¥·²´~Í�Ú�Ò[¯G½=®¡Ì[Ñ�·|Ð�Ì[Ò[´¶¯|Ð�Ú[Ò�¿W¿PÍ�´
Î=Í�¯²Ò[½N´°®¶·²Ò�·²·|Í�»âì[¯²¯ÁÂ�µ ö Ì§ÝFÚ Z[Z ç	-7Í���� û ç�Í�Î=Ò[´¹é�µ�´¶·²±�·|µ�´°µ�Â�·|µ�»ÏçNÎ=Ò[Ú�¾ýÍ|��¯²¸°´¶´~Í�ÖN®¡Ø
·|Ð�¯²¸F¯ÁÂ�±�´°µ�¯Á¯²±�Úë·+Í�³(·|Ò[»UÐ�½j¾jÐ¥ÓLÍ�½¢»U¸¶½=º=µ�½é) +&$ ø�` Ð�´°´°Í�Ö5Ò¥·�Í�Â�Ò�½=Ò[¯²®¡·²Ì¥Í$´°µ¬·²·�á
ä VLµ�³²»¼¸¡ØCÚ[Ð�Â¬Ø é�Ò[³²»�ÝN´~Í�Ð�´°´°Í�Ö5Ò¥·|¯²ÿN³²ÿ=¯Á±�Ú[µ�Í�Â�Í¥´~Ð�Ó=ÓN¸;»UÑWº=Ò[½$¯ÁÂ�Ð�»¼Ò[´¶ÎLÍ¥·|Ñ�¿h¸¬ã

. £0/ þ b + ¤v_ R b ¥21
c j43 R�576 Ú µ98 � /;: 8 �=< l?>A@ æ&BDCFEHG EEJI E < �LK MON þ æ ] �[ê

Í¥Î=Ò[´�Í�Â / µ'�5µ�¿j·|®¡Ì¨Ú[µ�³úÛÁµ�¯ÁÂ�·|±�¯²¸Üµ�½=µ�³²Ú[¸°Í9Í ß ¢%  P Ö=Ð�³²¿¥ì[´K��¯²ì[½=Î=Í¥·+Ð�¯Á¸�µ�½=µ�³²Ú[¸°Ð�¿[Ø
¿PÍ�´5·|ì[³(·|±�½NÕUµ�´¶·|Ò�´~Ð�¯Á¯|Í�´Üé�µDÛÁµ�Â�Î=µ�·²ÕU¿h¸�Í�Â�Í�´°Í�ÖLÐ�´¶´~Í�ÖÜÒ�·²¸�Ì�ì[´°Ú¥¾4ÓÜµ�½�ã

/ X _ î ï W ß ¢ W ß P T æ ð ø[ê
ä »UÐ�¯ÁÒ4º=¸¶¿¼Ì�ì[´°Ú¥¾$Ð�´¶´~Í�ÖÜÒ�·|¯Áÿ=³²ÿN¯²±�Ú�±�ÓÜµ�½�¯²Â�µ�³²µ�Ö=´°Õ¼µ'�5µ�¿j·²®¶Ì$Ú[µ�³�ÛÁµ�¯²Â�·²±�¯Á¸ µ�½=µ�³DØ
Ú�¸~Í ¿h¸¶é�µCÛÁµ�Â�±�¯²µ�¿�Ò[³¨ÌW¸°¯²Â�Ò[½j·¼»dÐ�³�Í¢Î=Í�¯|Í�º=Ð�¯²¸�¸¶Â�Ò[»¼µ�³�Ð¥´°´~Í¥Ö5Ò�·Gµ�½=µ�³²Ú[¸°Ð.Û²Ð¥·¨¸¶¯



Z ø ñ
�ª®°¯²±�³²´¶µ�·|¸¹µ�³²µ�º=»¼±�½j¾[µ�¿À±�¯�±�³Á·²µ�´¶»Uµ�Â�±�¯ÁÃ=¿

x

EII
Q =2.25 MeV

EII
Q  (MeV)

χ
2N

b)a)

±0.2 MeV

0

2

4

6

8

10

0 1 2 3

1

2

3

4

1.8 2 2.2 2.4 2.6

øSR=p�qjr5s�tLu;tUÒHv ��z|y²ùhy¤­.z|��� Ñ + ´ $ ` �C�+xj�=z|{D�jz²Êú �{C�������H�����¡���= ��D ����(�+�. ����Á��yP���W����¤�����¤�C��®��>¯h�(�|y���z|�� ¤�C�+�¡���(�[£ v ��z|�����|��z|�C��T ��y¤�hz|{���z|�� ¤�C�+�¡���;����®��D�|{C��z|�C�¥���h���D ���{(�?���¥�. �{
������z+�C�+�.z+�jz|�C���ª��z|y�}C ��j�W�����4���ª���. �{����7zOULz|�¥�?®���y.z|{~}Cz+�C�+�D�+�C�5z|�hz|{Cy¤�¡����� Ê~z }Cz|���+�D�|�=z|�
� XZX ´ ×[£Õ×%Ø � zÖ� �C��z|{Dz|�=z|����£ r�ÒÙv �z®��(�|{C��z|�C� ��®��.���(�+�. ����Á��y. ��VTÔ��y¤�hz|{���z|�� ¤�C�+�¡���D�(���
�¤������������z+�C�+�D�+�D�|�hz|�,� � ���|{C�D�|�.z|�;�Ù�W���(���h���C������ ���z|{ z|�hz|{Cy¤�¡��}D���W���GÊ°Ëjy¤y¤�.�|�¥­.�|�Nz|��£
í Ú�¾�µ�´°µ�»�ÓÜµ�¿¥µ�´¶´;Ì[µ�½N½=A̧ã

/ XZX _ î ï W ß ¢ W ß P W îYXZX%T æ ð ó.ê
ä ¯²Â�Ý=Ö5µ�³²º=µ¬é�Ò[³²»UÐ�´¡·FÐ�´¶´~Í�ÖÜÒ�·|Ò�¿ª½=®¶Ì�Ñ�·+Ð�Ì[Ò�´°¯|Ð¥ÚjÍ�¸°½=Í�¿�Í .Ul µ £0/ XZX þ b + $ ø ` ¤ ¯ÁÂ�ÐPØ
»U®¡·|Ò�·Á·�±�³(·|±�¿¥µ�¿h¿�µ�´HÌ¥Í�´°Ñ¼ì[¯²¯ÁÂ�µ�ÎLÍ�¯²Ò�½=´°®¡·+Ð�¯²ÍdÍ�´°Í�ÖWÛ²Ð�½Ï»Uµ�Ú[ÎLÍ¥·|Ð�³²Ò[Â�ÎLÍ¥·²ÑdÍ¼ÎLÍPØ
¯|Í�º=Ð�¯²¸�¸°Â�Ò[»¼µ�³¨Ð�´¶´~Í�ÖÜÒ�·�µ�½=µ�³ÁÚ[¸~Ð.Û²Í æ ´¶º;á ]¥ð á Ð�ÓN³|Íjê�áßä ÎLÍ�¯²Í�ºLÐ�¯Á¸Y¸¶Â�Ò[»¼µ�³�ç
Í�Â µ��¹µ�¿h·²®¶ÌßÚ[µ�³úÛÁµ�¯²Â¬·|±�¯²¸�µ�½=µ�³ÁÚ[¸~Í µ�´¶·|Ò�´~Ð�¯²Ð�Ó5Ñ�´Y®¶Ú�¾ »Uµ�Ú[ÎLÍ¥·|Ð�³²Ò�Â�Ò�·Á·�ç�µ�½Nµ�³²Ú�¸¡Ø
Ð.Û²Í¨îàXZXk
9ÞWá Þ[ñ¨ôÏµ�õYØC½=µ�¿�Í�º=ÑWº=Ò�·Á·�çN»¼µ�´¡¾W½=µ�¿ýÓN¸°Â�Ò�½h¾h·|Í�´~Í�½N¯|Ð�ÚjÍ�Í¥Âªµ�´°»¼±�´¶µ�·²¸
Ð�´°´°Í�ÖÜÒ�·|¯Áÿ=³²ÿ=¯Á±�Ú[±�Ú[µ�¿�¯²Â�¸°¯ÁÂ�·|µ�»dÍP·|¸°¿hÝ=¯DØ�±�¯ Í�¿h®°¯Á±�³Á´°µ�·²¸=Í�º=Í¥·|Ò[¿9¯Á·|Í¥·|¸¶¯²Â�·²¸°¿hÝ=¯FÎ=¸�Ø
ÓLÐ.Û²Ð�ÓÜÑ[´;µ�³²µ�º;á

ä ) +�$ ø�ã̀Ð�´°´°Í�Ö5Ò¥·|Ò[¿0·+Ð�Ì�Ò[´°¯²Ð�ÚjÍ�¸¶½LÍ�¿ Ì¥Í�´¶Ñ[¯²Â�®°½hÿ=¯Á±�Ú¥Ø�µ�´°Ò�¯²Â�´°Ð�¯|ÐP·�¸°¯�ÌW¸°Â�¯(Ø
ÚjÐ�´¡·+Í�» Í�½=½LÍ�¿¢±�³²º=µ�¿�±�ÓÜµ�½¹çHÎ=Ò[Ú�¾×ÍÀÎLÍ�¯²Í�ºLÐ�¯Á¸ ¸¶Â�Ò[»¼µ�³�Ð�´¶´~Í�ÖÜÒ�·ªµ�½=µ�³ÁÚ[¸~Ð¤Û²Ð�³|Í



ñ
�ª®°¯Á±�³Á´°µ�·²¸;µ�³Áµ�º=»¼±�½j¾�µ�¿�±�¯�±�³(·|µ�´°»¼µ�Â�±�¯²Ã=¿ Z ó

±�¯�Í�½=½LÍ¥¿UÓ=¸¶Â�Ò[½j¾h·+Í¥´~Í�½=¯²Ð�ÚjÐ�³²Í9»¼µ�Ú�é�µ�´°µ�´°ÕGÓÜµ-��¯²´¶±�¯Á·YÍ¥º=ÎLÍ�¯Á¯|Í�¿�á?äÙÂ�Ð�´¶´~Í�ÖÜÒ�·²Ò[¿W £YX ¤ µ�´¶Ò[¯²Â�´~Ð�¯²Ð¥·YÍ�¿�ì¤Ì[µ¬·|¿¥µ�Â�Õd»UÑWº=Ò[½�¯²Â�Ð�»¼®¶·|Ò¥·²·+Í¥»�¿hA̧ã

X ³ _ î ï³ ` µ W î ï³Z XZX £ ÿî ï þ îàXZX ¤ þ Í¥Î=Ò[´ ÿî ï _ î ï³ ` µ ¥ î ï³
R T æ ð Þ�ê
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ºNµ�Ó=³Áµmj�µ�½=¸xj�¸°¿h´¶Ò�·|³ÁÒ[½ÏºNµ�ÝN·²µ�³²Ò�½=½j¾jÍ�´°Ð�ÓWÛ²Ídî�¬ $ �Ná­� ð çL¸°´¶´°µ�·ÁÌ[µ̧ �Ná àNóGôÏµ�õ µ�½=µ�³DØ
Ú�¸~Ð.Ûx-�±�¯¯®m¬ $ Þ�ø[ø�½=äß¸¶½j·|µ�½NÂ�¸¶·|Ð��̄-�Ì[Ò[´¡·�á ä¤j�±�´¡·+Ð�³ÁÚ�¾9Þ[ñ�ø�°;Ú)u±j�» � Ì¥Í�¯Á·|Í�Ú[¯²Ð�Ú�-o V � Ì[Ò[´¡· æ ´°º;á ð áU·|Ð�Ó=´°Ð�Â�Í¥·+ê¬á¼äâÎLÍ�¯²®¡·|Ò�·Á·�Ö5Ñ[´¶Ý=�̄-×¯²ÖÜµ�¿j·²³²Ò[Ú[³²Ð¥é�Í�½j¾jÍ�´°Ð�Ó=¸�Ø
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øWoLp�qjr¹s�tLu;v � � 60na² y.z|{~}Cz+�C�+�D�+�C�N�C�=z|�¥�C{Cxj�������W���(���h���C�W�Dz|{C���|�.z|���.z|�W�. ����h�|���jz|�[��|�¡���W���d���|{C�.z¤£ v �W��y¤­. ��j�$�C�(���C���D�+�C������}�¦d�D�Nz|���C{Cxj�� ��U�9�jz|�j{Dz+�+z|�j� v �D ��ª����y���¥xj�(���D��³ �P�D�|��z|�C�=z|���F�ý�C���|��z+�Dz|�j�×z|�hz|{Cy¤�¡���(��{C�D ������¥­¥¦��?�jz������Dz|�j�¢�C�(���C���D�+�C������}�¦
�C�Nz|���C{Cxj�ü�Nz+�[��y¨���YËj�h�D�hz|�j�¹ÉLxh��F́��y � ��µ[���ª�����¡���h��¶	y¤­.z|�Dz|��z|���.�|y¤��z|�C����®��D�|{����z|�Dz|�Gz|{Dz+�[���|�¥­.z|��£



Z ð ñ
�ª®°¯²±�³²´¶µ�·|¸¹µ�³²µ�º=»¼±�½j¾[µ�¿À±�¯�±�³Á·²µ�´¶»Uµ�Â�±�¯ÁÃ=¿

³|Ð�½j¾WÎ=Ò[Â�¿¥±�ÖÜµ�¯Á·Gó ð ø�·CØCÒ[¯�¯ÁÂ�ì[Ú[ÓÜµªÌ[Ò[´¡·YÐ�´°´¶®¶·ÁÌ�Í4á
äÙÂ"µ�´°¯ÁÕ7µ�»U´¶®¶·|µ¬·²·�º=µ�Ó=³²µ�j�µ�½=¸N¿h®°¯Á±�³Á´°µ�·²Ó5µ�½�Í�´¶¿PÍ�´°»UÍ�Â�·²Ý=½=¿7µ�´°Õ�¯²Â�ì�³
Î=µ�´¶¾WÂ�µ¬·ÁØ

±�³ÁÂ�±�¿¥µ�½j¾ýÎ=Í�¯|Í�º=Ð�¯²¸Üº=µ�·²µ�¿j·|Ò�³Á·�áFä7Â7®¶Ú�¾¨»¼±�³Á· ¿¥Ò[¸°½�j�¸°º=µ�½�j�¸°Í�¯²ÖÜµ�¿j·²³²Ý=»�Ó=Í�½d¯Á¸¡Ø
¿�µ�³²Ã=´¡·?µ�Ú�¾�îGï $ ñ4á ð �ªôÏµ�õ7Ø�µ�¯?ÎLÍ�¯²Í�ºLÐ�¯Á¸=³²µ�Â�Ò[½=Í�½�j�¸°Ð¥·?»¼µ�Ú í Ú¥¾[µ�´¶½hÃ=½=¿�çh»Uµ�´¶¾jØ
½=µ�¿$Î=Í�¯|Í�º=Ð�¯²¸	¯ÁÂ�ì[Ú[µ�´°Ò[¯ÁÂ�´°Ð�¯|Ð¥·Y¯ÁÂ�¸°½j·²±�½À»Uµ�Ú¨·²Ý=ºN·²Ý=¿$ÎLÍ¥·|Ð�³²Ò[Â�½=¸ á?ä »UÐ�¯²ÒWº=¸°¿
¿h®°¯²±�³²´¶µ�·|ÓÜµ�½¹ç?Í »U±�³²±�¯Á¸"¯(·+Í¥·²¸°¯²Â¬·|¸¶¿¥ÍÏ³|Í�º=¸¶¿PÐ�´°¸¶¯�½Nì.Ì�µ�´¶±�¯²µ�±�³²º=µ�¿�±�ÓÜµ�½¹ç"Í ½LÍ¥Ú�¾
·|±�³²¯²Â�ì[Ú[Ú[µ�´ª³²µ�½=º=µ�´¶¿�µ�Â�Õ ô�[0ä¨·YØ�º=µ�·²µ�¿j·|Ò�³Á·|ì�»�Ó5ì¥·ëÍ¥´°¿PÍ�´°»UÍ�Â¬·|Ý=¿�á ÝFÂ�Â�µ�´�Í
»U±�³²±�¯²¸Ùµ�´°³Áµ�½=º=µ�Â�±�¯²¯²µ�´�ÎLÐ�³²Ò�»Ïç
ÛÁÑ[´7µ�´¶¿WÃN´°ì[½hÃ=´¶Õ=ç�¿hÓ;á ] øÔ¿�µ�õ ¯ÁÂ�±�´¶µ�¯�ÎLÍ�¯²ÍPØ
ºLÐ�¯Á¸¹³²µ�Â�Ò[½=Í�½�j�¸°Ð¥· í Ú�¾[µ�´¶·|ÃN½=¿U»¼µ�Ú�îGï $ ñ4áòÞ Z çNñ4á ] �9±�¯�ñWá ð �GôÏµ�õ Ú[µ�³�ÛÁµ�¯ÁÂ�·²±�¯²¸
µ�½=µ�³²Ú[¸°Ð�½LÐ�´ æ ´¶º;á ] àNá?Ð¥Ó=³|Íjê�á�ÝFÂ�·YÍ�³²µ�Â�Ò[½=Í�½�j�¸°Í�¯²Â�µ�³Á¿�µ�Â�µ�·²µ�·ªÍ¥Â�¸°³ÁÒ4ºLÍ¥´°Ò[»�Ó=Í�½
»dÐ¥³�¿�Ò[³²Ð�Ó=ÓLÍ�½ë»Uµ�Ú í Ú�¾�µ�´¶·²±�¿�ç�º=µfj�¯|Í¥¿Ïà�ø�lS��ø�¿�µ�õYØCµ�¯Ùµ�½Nµ�³²Ú�¸~Í¥é�µ�´°ÓÜÒ[½j·+Ð�¯Á¯|Í�´ ç
Í�»¼µ�´¶¾U½=µ�» ·|µ�·Á·|µ�´°µ�Î=µ�·²Õ¤Ì[±�Í�½=½LÍ¥¿ý»Uµ�Ú[Ó=®¶Â�ÎLÍ¥·²Ñ�±�³(·|µ�´¶»Uµ�Â�±�¯²±�· ö ù�Ò&� ZPû á

ä »¼µ�Ú í Ú�¾[µ�´¶·Y³²µ�Â�Ò[½LÍ¥½�j�¸°Í�¯²Â�µ�³²¿¥µ�Â�µ�·ª½LÍ¥Ú�¾hé�µ�´°ÓÜÒ[½j·+Ð¥�̄-ë±�¯Ù¯ÁÂ�±�´¶µ�¯Yµ�½=µ�³²Ú[¸°ÍPØ
·+Í�³(·|Ò[»UÐ�½j¾m-¼ÌW¸¶Â�¯²Ú[Ð�´~Í¥·|Ð�³|Í�ôÏÃN½�j+Î=µ�½hÓÜµ�½$¸¶¯?Ì�±�Ú[µ�Â�·²Ã=½=¿¼µ�Ú�¾¨¿h®°¯Á±�³Á´°µ�·²µ�·�ç4Í¥Î=Ò[´
ÍGÖ=³ÁÒ�·|Ò[½NÒ[¿PÍ¥·�Í,¸ ] ·YØC¯ÁÖ5µ�¿h·²³²Ò[Ú�³|Ð¥é ÷ [ �º¹ Ø é�Ñ[¿hÝ=¯²Â�¯²®¶¿WºNµ�·|µ�¿j·|Ò[³²Í¼¿hÓ;á ñ9¿¥µ�õ7Ø
µ�¯Ùé�µ�´°ÓÜÒ[½j·+Ð�¯Á¯|Í�´
Í�Â�Ò[½=Ò[¯Á®¶·|Ò¥·²·+Í4áYä ÎLÍ�¯²Í�ºLÐ�¯Á¸
·|µ�³²»¼±�¿¥µ�¿ÀÖ=³²Ò�·²Ò[½=Ò[¿hÎ=Ò�ÂGÌW¸°¯²Â�Ò¥Ø
½j¾4®¡·|Ò�·Á·�³Áµ�Ö=Ã=´¶±�¯Á¸¹¸°ºNµDÛÁ±�·`±�¯"¯²Â�ì�Ú[µ�´¶Ò[¯²Â�´~Ð�¯²Ð¥·�»UÐ�³ ¿�±�· Z ð \ � ð »¼» � ØCµ�¯ � ÷ ä¨·YØ
º=µ�·²µ�¿j·|Ò�³ »¼±�³(·|µ�á ä ·+Í¥½=º=µ�»�ØCÚ¥¾[Ò[³Á¯²®¶·²Ñ º=µ�Ý4·|µ�³ÁÒ[½=½j¾jÍ¥´~Ð�ÓWÛ²Íbî�¬ $ ó ] ôÏµ�õ
µ�½=µ�³²Ú[¸°Ð.Ûx- ±�¯,®m¬ $ ó ð ø�l ] ñ�øÏ½Nä ¸°½j·²µ�½=Â�¸¶·+Ð¥�̄- Ì[Ò�´¶·�áÏä»j�±�´¶·|Ð�³²Ú�¾ Z[Z °;Ú)u±j�» �
Ì¥Í�¯Á·|Í�Ú[¯|Ð¥Ú�- o½¼ � Ì�Ò[´¶· æ ´¶º;á ð áY·|Ð�Ó=´°Ð�Â�Í¥·+ê¬áYä ¸ ] ·�ØC¯²ÖÜµ�¿j·²³²Ò[Ú[³²Ð¥é Íd½j¾jÍ¥´~Ð�Ó=¸�Ø
³|Ð�½j¾WÎ=Ò[Â�¿¥±�ÖÜµ�¯Á·Gó ] ø · ØCÒ[¯�¯ÁÂ�ì[Ú[ÓÜµªÌ[Ò[´¡·YÐ�´°´¶®¶·ÁÌ�Í4á

ä »U±�³²±�¯²¸W¯Á·+ÍP·|¸°¯ÁÂ�·²¸°¿PÍ7¿hÓ;áHµ�Ú�¾9½LÍ�Ú�¾W¯|Ð¥Ú[³²µ�½=º=º=µ�´=¿h¸°¯²µ�Ó=Ó�Ì[Ò�´¶·�ÍÙº=µ�ÓN³²µmj�µ�½=¸
»U±�³²±�¯²µ�¿hÎ=µ�Â9ÌW¸°¯ÁÂ�Ò[½j¾W®¶·ÁÌ¥ÍNç�µ�½=½=µ�¿�µ�´°´¶µ�½=±�³²µ�»¼±�Ú[¸¶¯�¯²¸°¿¥µ�³ÁÃ=´¶·7¯²Â�¸°Ú[½=¸ í ¿PÐ�½=¯�»¼Ñ¥Ø
º=Ò[½�»¼µ�Ú í Ú�¾[µ�´°½=¸W»U¸¶½=º�Í�ÎLÐ¥³²Ò[» ÎLÍ�¯²Í�ºLÐ�¯Á¸=³²µ�Â�Ò[½=Í�½�j�¸°Ð¥·�á¼ÝF»Uµ�´°´°µ¬·²·�ç�î9ï $ ñWá¶ó
ôÏµ�õ7Ø�½=±�´	µ�Ú�¾ý¯ÁÂ�±�´°µ�¯Áµ�Ó=ÓÏ³²µ�Â�Ò[½LÍ¥½�j�¸°Í�¯²Â�µ�³²¿¥µ�Â�µ�·|µ¬·�¸¶¯�»Uµ�Ú¤ÛÁµ�´°µ�½j·�Í�¿¥Ò[¸°½�j�¸°º=µ�½4Øj�¸°Í�¯²ÖÜµ�¿j·|³ÁÝ=»�ÓLÍ¥½;ánÝFÂ¬·�Í�ÎLÍ�¯²Í�ºLÐ�¯Á¸F³²µ�Â�Ò[½LÍ�½Sj�¸~ÐP·GÍ�º=µ�Ó=³²µ�j�µ�½N¸`»¼±�³Á±�¯²µ�¿hÓ5µ�½
½=µ�» ·|ÝNºN·|Ý=¿�»Uµ�Ú í Ú�¾�µ�´¶½=¸ ç�»¼¸¶Ì�µ�´7Í � ÷ ·YØCº=µ¬·|µ�¿h·²Ò[³²Ò�¿ Í�½=½=Í�¿�Ú�µ�³�ÛÁµ�¯²Â¬·|±�¯Á¸¡Ø
µ�½=µ�³²Ú[¸°Ð.Û²Ð¥·�½=µ�» ·|Ý=º4·+Ð�¿ ´¶µ�é�µ�º=½=¸ á�äâº=µ�Ó=³²µ�j�µ�½=¸ ç ½LÍ�Ú�¾ ¯Á·+ÍP·|¸°¯ÁÂ�·²¸°¿PÐ.Ûx-;ç;Ì¥Í�´°ÍPØ
»U¸¶½j·�Í0»�Ã=½�j+ÎNµ�½=¸ ç ¯ÁÂ�±�´°µ�¯¨µ�½=µ�³ÁÚ[¸~Í¥·|Í�³Á·²Ò[»UÐ�½j¾§- ±�¯�½LÍ�Ú�¾hé�µ�´°ÓÜÒ[½j·+Ð�x̄- »¼±�³Á±�¯



ñ
�ª®°¯Á±�³Á´°µ�·²¸;µ�³Áµ�º=»¼±�½j¾�µ�¿�±�¯�±�³(·|µ�´°»¼µ�Â�±�¯²Ã=¿ Z ñ

� 60na¾ ä �x� � ���x� ¹
� øNá ð à ø4áòà øNá Z øNá Z � øNág�jñ
� æ ôÏµ�õªê ñ4á ð à ó�á Z � àNáòÞ ð ñ4á ] àS¿ ï àNá øjñ

�±*�p ��qjr��°q��.t��.u v � � 60n%² ���D ��ª����y �W���(���h���C���N ��Dz|�h�|�¡��� }D���W��� �W��{(�����|�Dz|{Dz|�
�!  #"%$'&�£À³L³²�Á³L³§³Y�U�����D ¥�[���ë�+���U�W��{C�����[��� �.«���y¤­.z|�.z|�a� v ��Â���§ u �Nz+�[��yÀ�U�= ���Dz|�h�|�¡����yP���(������� }�z|��«������=£ ï �AÃ ´¢Ä Ó &
¿¥Ò[¸°½Sj�¸°ºNµ�½�j�¸~Í�¯ÁÖ5µ�¿h·²³²Ý=»UÍ�¸	Í ] à4á?Ð�Ó=³|Ð¥½À´°Ð¥·|Î=Í¥·|Ñ[¿�á

ä ³²µ�Â�Ò[½LÍ¥½�j�¸°Í�¯²Â�µ�³²¿¥µ�Â�µ�·¨»¼µ�Ú�ÛÁµ�´°µ�½=±�¯Á±�±�³Á·�é�µ�´°µ�´°Õ[¯Á¯²±�·|µ�Î=µ�·²Õ0Ð�´¶´~Í�ÖÜÒ�·|Ò�¿W³ÁÑ[´
Í¥Â � 60nao ÍP·|Ò[»¼»dÍ¥Ú9ó ð á ·|Ð�Ó=´~Ð¥Â�Í¥·²ÓLÍ�½9é�µ�´¶·²Ã=½j·|µ�·²µ�·Á·FÎLÍ�¯²Í�ºLÐ�¯Á¸4ÚjÐP·|ÖLÍ�³²Í�»¼±�·|µ�³²µ�Ø
¸¶½=µ�¿ í Ú�¾[µ�´°µ�»�Ó5µ�Ì[±¬·|µ�´°±�Ì�µ�´�·|µ�Î=µ�·²Ã=½=¿¨»Uµ�ÚjÐ�´¶´~Í�Ö=®¡·+Ð�¯ÁÒ[¿PÍ¥·�á	ä7ÂÙî9ï $ ñ4á¡ó�ôÏµ�õYØ
½N±�´"»¼µ�Ú�ÛÁµ�´¶µ�½=ÕÏ³²µ�Â�Ò[½LÍ¥½�j�¸°ÍÔó.ñ�øPØDÞ�ø[øÀ¿�µ�õ7Ø�µ�¯�¯ÁÂ�±�´¶µ�¯Á¯²±�Ú�µÀ¿¥ì[Â�µ�´�»¼µ�Ú[µ�Ú�¾[µ�Â�¸°¿
Í ��� � � Ý4ØCÓÜµ�½À»¼µ�Ú í Ú¥¾[µ�´¡·�Ì4¸¶Ó=³|Ð±j�¸°Ñ�¯�³²µ�Â�Ò[½LÍ�½Sj�¸~Ð¥¿Åj�¯Á¸°´°´°Í�Ö=®¡·+Ð�¯Á¸¹¯²Â�±�´¶µ�¯²¯Á±�Ú[±¬Ì[µ�´ á
ÝFÂ�ÍÙ·²±�½j¾�Í¥´~Ð¥·|Ð�»dÍ¥¯²Â�·�Û²ÍÙÍ�³Áµ�Â�Ò�½LÍ�½�j�¸~ÍÙ¯ÁÂ�Ý=ÖÜµ�³Áº=µ�é�Ò[³Á»dÐ¥´¶·�ÌW¸¶Ó=³|Ðkj�¸°Ñ[¯�Ð�´°´°Í�ÖÜÒ�·ÁØ
¿¥±�½j·ªÌ¥Í�´°ÑU±�³(·|µ�´¶»Uµ�Â�±�¯²±�·�á�ä ¯ÁÂ�µ�³Á¿�µ�Â�µ�·²Ó5µ�½;ç Í�Â�Í¥´~Íkj�¯²Ò[½j¾Ï¯Á·+ÍP·|¸°¯ÁÂ�·²¸°¿PÍU»¼¸~Í¥·Á·�ç
½Nµ�» ´¶µ�Î=µ¬·|µ�·Á·7Í ��� � � Ý4Ø�Î=µ�Â�ÎLÍ¥¯²Ò[½=´¶Ñ í ½=Ò[»¼¯²Â�µ�³²¿¥µ�Â�µ�·|µ¬·ªÍ�Â�Ò[½=Ò[¯Á®¶·|Í�½=¸ á

äå»¼µ�Ú í Ú�¾[µ�´¶·�¿�µ�¯²¿¥µ�½j¾×³²µ�Â�Ò[½LÍ�½Sj�¸~Ð¥¿ë»UÍ�ÚjÍ�¯²Í�Ó=Ó0Ú[µ�³�ÛÁµ�¯ÁÂ�·²±�¯²¸?µ�½=µ�³ÁÚ[¸~Ð.Û²Ð.Ø
½=Ð�´�Í×¯ÁÂ�Ý=ÖÜµ�³Áº=µ�é�Ò�³²»UÐ�´¶·�ÌW¸°ÓN³|Ðkj�¸°Ñ[¯¼Ð�´¶´~Í�ÖÜÒ�·|Ò�¿W½=Í�¿ ¯ÁÒ[¿h¿PÍ�´�½LÍ�Ú�¾�Ò[Ó=Óß¯ÁÂ�±�´°µ�¯DØ
¯Á±�Ú[Ú�µ�´Y¿�µ�´¶´7³Áµ�½=ºNµ�´°¿¥µ�Â�½=¸�Í×Ó5µ�´°¯²Õ ÚjÐ¥·²Ò[½ æ äªê�¿�µ�³Áµ�¯ÁÂ�·|ÃN´°¸Ùµ�³²Õ[¯Áµ�Ó=ÓÆj�¯|Í¥·²Ò[´~Ð¥¯
¿¥ì¤Ì[µ�·²¿�µ�Â�·|±�Ó5µ�½;á̈ äCÚ�¾Àµ�Â�µ�¿h½=µ�¿ Í¼³²µ�Â�Ò[½LÍ�½Sj�¸~Ð¥¿W½=Í�¿�ÍU¯ÁÂ�±�´¶µ�¯Á¯²±�Ú�µ©j�¯|Í¥¿ÏÍ¼ÎLÍ�³DØ
»UÍ�º=¸¶¿0Ì[ì[´¶Ú�¾WÓ5µ�´°¸ æ ���x�(ê�ÌW¸°Ó=³²Ðkj�¸¶Ñ[¯�Ð�´¶´~Í�ÖÜÒ�·²Ò[¿h½LÍ�¿0·|Ý=´°Í.ÛÁº=Ò[½N®¶·|Î=Í¥·|Ñ=ç
»Uµ�´¶¾�µ�¿[Ø
½Nµ�¿ÏÍU½=Ò[³Á»dÐ¥´¡Ø ±�¯Ù¯²Â�ÝNÖ5µ�³²º=µ¬é�Ò[³²»UÐ�´¶·ÙÐ�´¶´~Í�ÖÜÒ�·|Ò�¿W¿PÍ�´5Ì�Í¥´°ÑÇj�¯|Í¥·²Ò[´~Ð¥¯|Ð¥·ÙÍdÓÜµ�´°¯ÁÕ
Ú[Ð¥·|½LÐ¥´;»dÍ¥ÚjÍ�¯|Í¥Ó=Ó$¿hÃ=´°¯ÁÕUÚjÐP·+Í�¿ªÛÁµ�´°µ�½j·|Õ[¯Áµ�½À¿�Ò[³Á´~Ð¥·²Ò[Â�Â�Ð�¿�á

ä7Â o ¸°Â�Ò¥·|Ñ[ÖÜÒ[¿×Î=¸°ÖÜµ�³Áº=µ�é�Ò[³Á»dÐ¥´¶·GÐ�´°´°Í�Ö5Ò¥·+Í�¸¶½LÍ�¿ ÎLÍ¥¯|Í�ºLÐ¥¯²¸�³Áµ�Â�Ò�½LÍ�½�j�¸~Ð�¸¡·
Ò�¿h·²Ý=ÖÜÑ[´°º=µ¬é�Ò[³²»UÐ�´¡·H³²Ò¥·+Ðkj�¸°Ñ[¯F¯²Ð¤Ì�Ò[¿h¿PÍ�´�µ�º=º=¸¶Ú9»¼±�Ú�½=µ�» ¯²¸¶¿�µ�³²Ã=´¡·`±�³Á·²µ�´°»¼µ�Â�½=¸ ç
¯ÁÂ�µ�»�Ó5µ�½0Í � 6 �   � 6 µ   � 606 I�ÎÈj�¯Á¸°´°´°Í�Ö=®¡·+Í¥·²´~Í�½dÌW¸¶Ó=³|Ðkj�¸°Ñ[¯�³Áµ�Â�Ò�½LÍ�½�j�¸~Ð�¸¶½LÍ�¿ýµ�¯²µ�·²±�Ì�µ�´ö �"´ Z ð ç��"´ Z[ZPû á|ÝF½=½=µ�¿ Ò[¿PÍ×µ�Ú�¾W³²±�¯ÁÂ�·ýÍ×º=µ¬é�Ò[³²»UÐ�´¡·+Í�Ó=Ó »UÍ�Ú æ �\
�øNáD�[ê¨½LÍ.Ø
Ú¥¾[Ò[Ó=Ó×·|µ�Î=µ�·²µ�·|´¶µ�½=¯Á±�Ú[¸`½j¾[Ò[»UÍ¥·|±�¿PÐ�ÓLÍ�½ æ ¿h¸°¯Áµ�Ó=Ó ³ÁÒ�·+Ð±j�¸°Ñ�¯�Ö=Í�³|Í�»¼±�·²µ�³Á±�ÓÜµ�½�ê�ç
»UÐ�¯Á³²±�¯ÁÂ�· ÖÜµ�º=¸¶Ú7Í¥Â µ�´°´¶µ�½j·|µ¬·²·�ÖLÍ�³Á¸¶·|Ð��̄-�¯|Ð�Ìh·+Í¥Ú[Ò[¿`ÛÁµ�´¶µ�½=´¶±�·²±�ÓÜµ�½�¿�µ�³Áµ�¯Áµ�½=º=ÕNáHä



Z à ñ
�ª®°¯²±�³²´¶µ�·|¸¹µ�³²µ�º=»¼±�½j¾[µ�¿À±�¯�±�³Á·²µ�´¶»Uµ�Â�±�¯ÁÃ=¿
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j:k Á �pÀ�Ä�zA�?�HÄL�)½a�|�?Â � �|�
´ Îe��µ]�q�$� Í·¶¹¸Sº Ï�»~þ}ÿ

¼ h � ¸ k�½ È � å ��h ��z �|À � �|�¿¾�ÀWÁ'ÂeÃ�ÉCãu|�Ñ|� �Â§ *6Â � �qÄ�Å�Æ�Ç �rj:³ ¸ kM�Èl&l
¼ È � ¸ j6½ È � È � È ��Ñ
�9É"¾�ÀÈÁ'ÂeÃ�É�ãu|�Ñ|� �Â§ *6Â � �ÈÄ�Å�É�Ê �,j:³ ¸ jY�!�&��³
¼ È � ¸ ² ½ È � È � È ��Ñ
�Ë¾�ÀWÁ'ÂeÃ�É § *6Â � � Ð �|Ã � å �|�a� �qÌ�Í �rj>³ ¸ ² ��j ¸ k ¸
¼ È � ¸ �6��½ È � È � È ��Ñ
�Ë¾�ÀWÁ'ÂeÃ�É § *6Â � � Ð �|Ã �ÈÎÐÏ �rj>³ ¸ �;�uj>³ ² �
¼ È � ¸ �L�
½ È � È � È ��Ñ
�9É\ãu|�Ñ|� �Â§ *6Â � �qÄÑÌ(Ì�Í �rj:³ ¸ �;�Èl ² l
¼ È � ¸ ³B½ × � È �
Ñ
�?�Ò¾�ÀÈÁ'ÂeÃ�É § *6Â � � Ð �µÃ � å �|�a� �cÆ1Ì �,j:³ ¸ ³M�!��³&k
¼ È � © ³B½ Þ Þ �Ó� È �'| ���?� �/É�ãu|�Ñ|� �Â§ *6Â � �WÄÑÊYÔ(Ì �,j:³ © ³�� ² ¸ j5Ñ
¼ È �&³ © ½ × � È �
Ñ
�?�Ò¾�ÀÈÁ'ÂeÃ�É § *6Â � � Ð �µÃ � å �|�a� �!ÍYÔ �,j:³&³ © �q³ ² k
¼ È � ©M¸ ½ Ð � È �i� �?� ��� ÄL�Õ¾�ÀWÁ'ÂeÃ�ÉCãu|�Ñi� �Â§ *6Â � �qÄÖÆ�ÇY× �rj:³ ©M¸ � ¸�¸
¼ È �>³'�B½ Ý � È �`�B| ���|�q¾�ÀWÁ'ÂeÃ�É § *:Â � � Ð �|Ã �ÈÎ­Æ1Ï �rj:³&³B�;� ² �&�&�
¼ È ½ ÁM¸ ½ Ê � È ½�ØLÀa��* ÄL�H�Ù¾�ÀWÁ'ÂeÃ�ÉCãu|�Ñi� �Â§ *6Â � �WÄÑÏ(Ê �rj:³ ÁM¸ �È�
j>l
¼ È ½ Á�© ½ Ê � È ½�ØLÀa��* ÄL�H�Ù¾�ÀWÁ'ÂeÃ�ÉCãu|�Ñi� �Â§ *6Â � �WÄ�Å(Å�Í �rj:³ Á�© � ² ��j
¼ È ½ © kB½ Ê � È ½�ØLÀa��* ÄL�H� �?��z�Ú � � � å Â^� ��É Ð �µÃ �q� Ä�z ��§ *6Â � �ÈÊ�Ì

�rj:³ © kM� ¸ ² �
¼ È � ¸ ² ½ × �{§w� È �HÄL�9É § *CÝ£Þ¤�%* � � » � É�°�À�»Ç½a� ß � »HÃ?�iÀ � »H���i»²�`É h � � �e�iÀ�zA�?�ãÉ

�rj:³ ¸ ² �q| � 5 | � ��» � * ��z
¼ È � ¸ ��½ Ú � È ��Ä?� � ¾�ÀÈÁ'ÂeÃ�É § *6Â � � Ð �µÃ � å �µ��� �!×�Ê �,j:³ ¸ ���uj ¸ ��³
¼ È � ¸�© ½ Ú � È ��Ä?� � ¾�ÀÈÁ'ÂeÃ�É § *6Â � � Ð �µÃ � å �µ��� �cÆ]Å �,j:³ ¸�© �uj ² © ²
¼ È � © �B½ Ú � È ��Ä?� � ¾�ÀÈÁ'ÂeÃ�É�ãÛ|�Ñi� �Â§ *:Â � �WÄÖÆ]Å�Æ �,j:³ © �;��j
¼ È � ©�© ½ Ú � È ��Ä?� � ¾�ÀÈÁ'ÂeÃ�É�ãÛ|�Ñi� �Â§ *:Â � �WÄÖÆ�Ç�Ç �,j:³ ©�© � ² l�j
¼ È � © ³�½ Ú � È ��Ä?� � ÉCãÛ|�Ñi� ��§ *6Â � �qÄÑÊYÔ(Ì �rj>³ © ³M�uj ² j5Ñ
¼ È Ä�l&³B½ ã � È Ä'* À£�?��zÜÚ �Mh�� ½Ý* �i�|���|ÀiÉ § *6Â � � Ð �|Ã �qÊ�É �rj>³&l&³M�W� ² Á
¼ È Ä�� Á ½ h­� È Ä'* ÀiÉ $ �Å�0* �)�%* �iÄLÀ&ÂÅÄ i ��|�Ñi���i�?ÀÈ� �a� »�Ä?�/É�°�ÄL� �ßÞ É

ã���Óáà�ÄLÀ��9É��,j:³�� Á �Ûj��
j



Þ ÀaÄ
z �?��ÄL�±½a�i�<Â � �i� j:k ¸

¼ È Ä ¸ ��½ h�� È Ä&*�À��<��z È � Ð ��� Ä?�a�e�|� � Ä?�/É�ãu|�Ñ|���i�?À'Ê^�eÀ�|�Ñ|�%| À��â°�ÄL� �cÞ%Þ É
È �i�K½��?��»���É�ã��$Óãà�ÄLÀa�9É��rj:³ ¸ ���

¼ È Ä ¸�¸ ½ Ú � È ÄLÀ��?�LÀ��|�i�ä¾�ÀÈÁ'ÂeÃ�ÉCãÛ|�Ñi� �Â§ *:Â � �ÈÄÑÌ1Ç�Ï �rj>³ ¸�¸ �uj © ³
¼ È Ä&³'�'½ Ú �åh­� È ÄLÀ%z �$ÓÊ»Ç½a�æ¾�ÀÈÁ'ÂeÃ�ÉCãÛ|�Ñi� ��§ *6Â � �qÄÑÊ1Ç
Æ �rj>³&³'�;�q���'l
¼ È À Á�© ½ × � ñ � È À�»H�a�­¾�ÀWÁ'ÂeÃ�É § *6Â � � Ð �|Ã �ÛÅ�Ç�Ê �rj:³ Á�© ��j�� ² �
¼ È À ¸ j6½ × � ñ � È À�»H�a�­¾�ÀWÁ'ÂeÃ�É § *6Â � � Ð �|Ã �ÈÎ­Æ �rj:³ ¸ jY��j>�&�'�
¼ È À ¸ lB½ × � ñ � È À�»H�a�­¾�ÀWÁ'ÂeÃ�É § *6Â � � Ð �|Ã �ÈÎ�Ç �rj:³ ¸ lM� © k�j
¼ È À © kB½ h�� È Àa� � �:»H�Õ¾�ÀWÁ'ÂeÃ�ãÛ|�Ñi� �!Þ � � � �q� �µ�0* �ÛÅ�Ç�Í �rj>³ © kM�uj'j
¼ È À © j6½ ç �åh­� È À�Ä�z�ÂË¾�ÀWÁ'ÂeÃ Ð �|Ã �q� Ä
z �Â§ *6Â � �WÊ�× �rj>³ © jY�Wl © �
¼ È À © ² ½ h�� È Àa� � �:»H�/É\ãu|�Ñ|� �cÞ � � � �q� �|�%* �ÛÅ�Ï(É �rj:³ © ² �uj&j
¼ ñZÀ ©�© ½ §]� ñ � ã � ñZÀaÄ&| � �i�/É § *CÝ£Þ}�0* � � » � É ( ° Þ É9%)À�ÄL� »H� �L�|�/É

�,j:³ ©�© �q| � 5 |�� ��» � * ��z
¼Mè ÓÛ³'�'½ Ê � è ÓÊ»HÄL�é¾�ÀWÁ'ÂeÃ�É § *6Â � � å �|�a� �!×�Ì�ÌYê �,j:³ © �;�Èl'k'�
¼ ÝC» © kB½ Þ � ñ � ÝC»e�A��» 5�5 ÄÜ¾�ÀÈÁ'ÂeÃ�É § *6Â � � Ð �|Ã �ÈÎëÌ¦Å �,j:³ © k��uj>��k&k
¼ ÝCÀ © lB½ Ú � ÝCÀ��̈ Ò��H�iÀë¾�ÀÈÁ'ÂeÃ�É�ãu|�Ñ|� �Â§ *6Â � �WÄÖÆ]Å �rj:³ © lM��j ¸
¼ ÃU�!� ©�© ½ìç � Ã?ÄL�����?»�z�Âé¾�ÀÈÁ'ÂeÃ�É�ãÛ|�Ñi� �Â§ *6Â � �qÄÖÆ1Í¦Å �rj>³ ©�© ��j © ³
¼ �!À ¸ ² ½ % �åh­� �!À � �:»�� �<É!ãÛ|�Ñi� �cÞ � � � �q� �|�%* �ÛÅ�Ô(Ê �,j:³ ¸ ² �È� Á �
¼ Þ � ÁM¸ ½ % � ã � Þ �H�iÀaÄNÃé¾�ÀÈÁ'ÂeÃ�É�ãu|�Ñ|� ��§ *:Â � �WÄÑÏ1Ç �,j:³ ÁM¸ �q�&�&�
¼ Þ À Á?Á ½ Ú � Ê � Þ Àe� � �iÀÊ�<��z�Ú � ñ � Ý �1� »��²�eÄL�/É h � � � Ð �|Ã � ãu|�Ñi� � ÊAÑi» �

Å�É �rj:³ Á?Á �Èl ¸ ³
¼ %'�&³&³B½ Ý � %,� �a� ���?� � § *CÝ£Þ}�0* � � » � É å ��ß)� 2 ��Ñ�* �|�b�rj>³&³&³M�

|�� 5 | � �H» � * �6z
¼ %)� Á l�½ å � %)�iÄ?À��L�<É § *6Â � � Ð �|Ã �ÛÅ
×¦Å �rj:³ Á lM� ¸ ²&²
¼ %)� ¸?Á ½ §]� %'��í ��� �i�q¾�ÀWÁ'ÂeÃ�ÉCãÛ|�Ñi� �Â§ *6Â � �qÄÑÌ�Ê�É �rj:³ ¸?Á � ²&² k
¼ %)Ä ¸�© ½ §]� Ý � %'ÄL��z � ��ÄL� ��¾�ÀWÁ'ÂeÃ�É § *6Â � � Ð �|Ã �ÈÎ�Å�Í �rj:³ ¸�© �uj ¸ k Á
¼ %)Ä5� ¸�© ½ ßî� %)Ä5�|À��á�
Ñ�*ä¾�ÀWÁ'ÂeÃ�É�ï �C§ *6Â � »H� Ì(Í1Ç �,j:³ ¸�© �uj ¸ j



j:k © Þ À�Ä�zA�?�HÄL�)½a�|�?Â � �|�

¼ %'Ä^� © ² ½ ß�� %)Ä5�|À�����Ñ�*Ë¾�ÀÈÁ'ÂeÃ�É § *6Â � � Ð �|Ã � å �µ��� �cÆ1Í �,j:³ © ² �uj&j Á k
¼ %ð| ¸ j6½ ñ � %ð| � �
� i ��� Ä?�ñ¾�ÀWÁ'ÂeÃ�É § *6Â � � å �µ��� �q×�Æ(ê �,j:³ ¸ j��Èl'��³
¼ × � ¸�¸ ½ Ý � × �<� � ¾�ÀÈÁ'ÂeÃ�É § *6Â � � Ð �µÃ � å �µ��� �q×�Í �,j:³ ¸�¸ �ql ©M¸
¼ × � © l�½ Ý � × �<� � ¾�ÀÈÁ'ÂeÃ�É § *6Â � � ÊUÑiÀa» 5 �e��ò Ê �,j:³ © lM�Ûj © l
¼ × � © ³�½ Ý � × �<� � É�ãÛ|�Ñi� �Â§ *6Â � �qÄÑÊYÔ(Ì �rj:³ © ³M�uj:k&�
Ñ
¼ × � ©�¸ ½ Ð � × �iÀ&�e�|�^�k�iÀa�L�iÀë¾�ÀWÁ'ÂeÃ�ÉCãu|�Ñ|� �tÞ � � � �q� �|�%* �!ÄÑÌ�Ê(Í �rj:³ ©M¸ � ² k�j
¼ × »J�BlB½ Ý � å � × »��H�/�?��zóÚ �åh­� ½Ý* �|�i�H�iÀiÉ § *6Â � � Ð �µÃ �qÍ�Ï �,j:³��'l���j&j:k ²
¼ × Ä © k�½ ½ �_�é� × Ä�Ó¾�<À%z �?��z §w�(� � �H���|ÀiÉ h � � Ý±�<�
�ZãÛ|�Ñi� � Ý±�<�
��çX�?� �

Ì�Ê �rj>³ © kM� ²&² k
¼ Þ � Á ³B½ h­� ° �YÞ �L� �<�pÂ�| �Ë¾�ÀÈÁ'ÂeÃ�É § *6Â � � å �|�a� �qÌ�Ï�ê �rj>³ Á ³M� ² k&³
¼ ÚL� ¸ ² ½ % � Ý � ÚL�?��� � ¾�ÀWÁ'ÂeÃ�ÉCãÛ|�Ñi� �Â§ *6Â � �WÄ�Å�Í(Ï �rj:³ ¸ ² � ²&² �
¼ Ú?Ä Á j6½ Ê �åh­� � � Ú?Ä'*A�?� �a� ÄL�/É\ãÛ|�Ñi� �Â§ *6Â � �qÄÑÌ�Ì �,j:³ Á jY�S� ² ³
¼ Ú'| © kB½ �Ó� Ú'| � �`É § À�ÄAÑ � ÄL� Þôh � h j:³ ¸ ³�É+�rj>³ © kM� ¸ j
¼ ( � © lB½ Ú �9( �?�6�e�i�H��¾�ÀÈÁ'ÂeÃ�É § *6Â � � Ð �|Ã � å �µ��� �WÊ¦Å �rj:³ © lM�È³�j
¼ ( � © �'½ Ú �9( �?�6�e�i�H��¾�ÀÈÁ'ÂeÃ�É § *6Â � � Ð �|Ã �ÈÎëÌ�Ï �,j:³ © �M�uj Á ³&l
¼ ( À%³�j6½ h­�9( Àe� ��� � �'* ÄLÀa�<�`ÂË¾�ÀWÁ'ÂeÃ�É § *6Â � � Ð �µÃ � å �|�a� �qÉ�É �,j:³&³�jY��j ² ©M¸
¼ ( À%³'�'½ h­�9( Àe� ��� � �'* ÄLÀa�<�`ÂË¾�ÀWÁ'ÂeÃ�ÉCãÛ|�Ñi� �Â§ *6Â � �qÄÑÊ�É1Ç �rj:³'³'�;�È� ² j
¼ ( À%³&³B½ h­�9( Àe� ��� � �'* ÄLÀa�<�`ÂË¾�ÀWÁ'ÂeÃ�É § *6Â � � Ð �µÃ � å �|�a� �qÍ�Ì �,j:³&³&³M�Èl ² j Á
¼ å � Á ³B½ ã � å � å �<À��é¾�ÀWÁ'ÂeÃ�ÉCãÛ|�Ñi� ��§ *6Â � �qÄ�Å�×(Ï �rj:³ Á ³M�q� © j
¼ å]õ ¸ ³B½ � � å]õ � � �6�L�<À%z/ÉCãÛ|�Ñi� �tÞ � � � �W� �|�0* �uÅ�É�Ì �,j:³ ¸ ³M�q³&l
¼ � � ¸ k�½ ° �(� �µ�
�?��¾�ÀWÁ'ÂeÃ�É § À�ÄAÑ � ÄL� Þôh � h j:³ Á ³5É��rj>³ ¸ kM�W�&�&³
¼ � � ¸ ��½ ° �(� �µ�
�?��ÉCãu| �:�H�iÄL� »�Ñ`� ÌYÔ �rj>³ ¸ ��� ¸
© ³
¼ � � © k�½ ° �(� �µ�
�?��¾�ÀWÁ'ÂeÃ�É § *:Â � � Ð � 5 �!É�Ê �,j:³ © k��uj
¼ � �>³&³�½ h­�(� �µ� � É § *�Ý£Þ¤�%* � � » � É å �Tß�� 2 ��Ñ�* �i�È�rj:³&³'³M�W| � 5 |�� ��» � * ��z
¼ � » Á�© ½ � �(� »��L����ÑiÄ��?��z�Ú � çS* �|ÄL�A�?��z/ÉCãÛ|�Ñi� �Â§ *6Â � �qÄ�Å�Å�Ì �rj:³ Á�© � Á k'l
¼ � � ¸ kB½ §w�(� � �����|Àv�?��z�Ê � % � ã�»�� ��� ÄL�/É § *6Â � � å �µ��� �!×.Å�ê �rj:³ ¸ kM� ² © l



Þ ÀaÄ
z �?��ÄL�±½a�i�<Â � �i� j:k&³

¼ � � ¸ ² ½ §w�(� � ���H�iÀiÉ�ãu|�Ñ|� ��§ *6Â � �WÄ�Å�Ï�Ì �,j:³ ¸ ² �È� ² ³
¼ � � ¸ �'½ §w�(� � ���H�iÀv�?��z�Ú � Ð � ã£»QÒ3É § À�ÄAÑ � Ä?� Þôh � h j:³ ¸ l�É Å �rj:³ ¸ �;��j:k&l
¼ ã�� ¸ lB½ �Ó� ã � ãC�<���3Ä^Ä�z »�Àa»t¾�ÀWÁ'ÂeÃ�É § *6Â � � Ð �|Ã �ÈÎ�Ç �rj>³ ¸ lM�uj ²&²&²
¼ ã£Ä��'³B½ Ú �åh­� ã�Ä?Àa�0*�À�Ä 5 ¾�ÀÈÁ'ÂeÃ�É § *6Â � � Ð �|Ã �ÛÅ(Å�Ê �,j:³��'³��uj ² ¸�¸
¼ § � Á�© ½ È � × ��§ �<�eÀa»
Ñ
�Å�?��zß% � Ý � ÚL�?��� � É § *6Â � � å �|��� �qÌ(ÍYê �rj:³ Á�© � ² � ©
¼ § � ¸ j6½ ° � ° ��§ � � *��?�|Ã^»�Ñ�*/ÉFãÛ|�Ñi� ��§ *6Â � �qÄ�Å�É�Ï �rj>³ ¸ jY� ² ¸ �
¼ § �&³ © ½ Ý ��§ �?� � �|�LÀe�B|/É § *�Ý£Þ¤�%* � � » � É × �i»�z��i���k�iÀa�X�rj:³'³ © �W| � 5 | � ��» � * ��z
¼ § � Á ³B½ Ú ��§ ��z �iÀ � �|���?��z È � Ý �9( | � ��»�� ÄoÃkÉ § *6Â � � å �µ��� �WÌ�ÏYê �rj:³ Á ³M�

j ¸?Á
¼ § Ä Á ² ½ Ê �n�Ó�\§ ÄL�H»��K�?� ÄoÃæ¾�ÀÈÁ'ÂeÃ�É(ï¹*��tç Þ Æ1Ì �,j:³ Á ² �Ûj>� Á ��ö

Ê ��§ ÄL��»H�<�<� ÄoÃÓ¾�ÀWÁ'ÂeÃ�É�Ê5ÄoÃ ��§ *6Â � � Ú��cç §	Å
Ê �rj:³ Á ² �uj:k�j Á
¼ § Ä ¸ kB½ Ê �n�Ó�\§ ÄL�H»��K�?� ÄoÃð�?��zâ% � Ê5���µ���e�|�/É�ãu|�Ñi� �Â§ *6Â � �qÄ�Å�Ê.Å �rj:³ ¸ kM�

Á � Á
¼ § Ä�³ ² ½ ° � à!| ��§ ÄL� ÄL���?Àa�|ÃÅ�<��z h��9( Àe� �a� �A�'*�ÄLÀ��K�`ÂLÉ�ãÛ|�Ñi� �Â§ *6Â � �

ÄÑÊ�ÊYÔ �rj:³'³ ² �uj��Bk
¼ Ð � ¸�© ½ Þ�� Ð �?�L�A�?À ��� ÄL�ñ¾�ÀWÁ'ÂeÃ�É § *6Â � � Ð � 5 �tÆ¹Ê �rj:³ ¸�© �Èl
¼ Ð �&³ ¸ ½ ç � Ð �'| � Ñ�*��iÀë¾�ÀÈÁ'ÂeÃ�É § *6Â � � Ð �µÃ �ÈÎÐÊ�É �,j:³&³ ¸ ��j Á j:l
¼ Ð | ¸ ��½ §w�åh­� Ð | �a� Äé¾�ÀWÁ'ÂeÃ�ÉCãÛ|�Ñi� �Â§ *6Â � �qÄÑÌ�Æ(Ô �rj>³ ¸ ����j:l
¼ ÊUÑ�* ¸ ² ½ �Ó� ÊUÑ�*���ÄLÀ��?�Ó¾�ÀWÁ'ÂeÃ�ÉCãu|�Ñi� �Â§ *6Â � �WÄ�Å�Ç�Í �rj:³ ¸ ² �q��j:k
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