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æ�ãñê·êjàöðöøí¡ègê·â;ì�éäã[ëXàîäîÃãñéTO=ö è[Ú·â·àt@¢ÝßöðößÝ ègÜ�îäãñê¡è[Þ�LhB ý ëXãñéîÃå³ègéäÝßê·ú�Þäå·àÝßé��[ègöðÚ·ègÛ·öðà4ÞáÝßÜ0à
ègê·âK)¨ê·ã � öðà�â·úñà � ÝßÞäå*Ü�à��
B � ãñÚjöðâ�ößÝ�)gàdÞáãLÞäå³ègêi)þègößö·ò%�GègÛ�î{Þ èd�0ëXãñé.Ü0è�)¨Ýðêjú+ÞáåjÝðî.àJ$]çJà�éäÝðÜ�àê�Þ�ç$ãñîÃîäÝðÛjöðà��.Ù]ç$àï�Ýß÷³ï�ößí ô

B � ãgÚ·öðâ4öðÝ�)gàdÞáã�Þáå·ègêi)�æ�éÃî���ògÝ ègê]ÿDì�Ýðê·úuO=å·àê ô Z�öðà � ègêjîäàê ô mLÝ ègãbâ·ãñêjúnògÝ ègêjú ô L�è[én) ògãgê·àî ô
^ Ýßö ègêjú�è��kÝßí�è[ê³ègú�è4ègê·â�ògãñå·êh�kàéäãgîäànëXãñéûÞáå·à�Ýðé@â·ÝðéÃàï�Þ+åjàöðç � ÝßÞäå"Ü�à��PBtÞ � ègî+ègößîäã�è�úgéäà
è�Þ
ç·ößà
ègîÃÚ·éäà�Þäã � ãñé_) � ÝßÞäå�Ü�è[ê¨í"ëXàößöðã � îÃÞäÚ·â·àê�Þäîè[Þnò%�Bè[Û ô ègÜ�ãñê·ú�Þäå·àÜv�+öðàJ$·è[ê·â·éäà4æ�à�Ú·é ô
ì�ÝðÛ$àéÃã"æPwäè � è[Þáåjã ô Ù¨Þáà��Jàê ògàê·îÃàê ô BDã�ègê·êjÝðî-x�ãñÜ0Ýßê·Ýðî�ègê·â�x�è[éäöRÙ]ößÝßëXà�é��y�Lê·â%ïà�éÃÞ è[Ýðê·öøí/B
� ãñÚ·öðâ�êjà��ñà�é ëXãñéäúñà�ÞÞäå·ãñîäà � ãñê·âjàéÃëXÚjö�Ü0ãgÜ0à�ê¨Þäî � ÝßÞäå�Ù]àÛ·ègîÃÞäÝðàêrBDêjïàé{ÞáÝ@ègêjâkMRêj)gàößàÝßâ³è
�Gè�)¨Ú·éäÝßù¨Ý.�
B � ãñÚ·ößâ§ößÝ�)gà�Þäã�Þáå³ègêj)¥ègöðöLÜíyëXéÃÝðàêjâ·î � å·ãyè[éäà � ãñén)¨Ýðêjúhãñé�ãgê·ïà � ãgén)gà�âsãñê¢Þáåjà

z



ç$àê�Þáå·ãgÚ·îäà�ãgëBÞáå·à3�GègÛ$ãñéáè�Þáãñé{í�ëXãñé ^ Ú·ïößà
ègé�ÙbïÝðà�ê·ïàt�{� ^ Ù � è[Þ(LhB ý ëXãñéûÜ�èd)bÝßê·ú�ÝøÞ@îäÚ·ï å"è
öðã��gàößí � ãñé_)¨ç·ö ègï�à��t�LÜ�ãñê·ú�Þáå·à�Ü�ègéÃà|svå·à�ê·ú � àÝ}O=å³ègÝ ô ògÝ ègê·úhO=å·à�ê ô ògÚ·ê·ï
è[Ý��nègã ô ìBà�Þáà�é
L"ãñê·ègúñå³ègê ô[o éäègâ·öðà�í;ì�ö ègî{Þáà�é ô Ù]åjÝ ègã[ÿtÛ·Ýðê�Ùbã]ãñêjú ôX~ Ú·ègê�mLÝ ègã ô}o Ýßê�svå³è[ê·ú ô O=å·Ý(svå³ègê·ú ô
m�Ýðègãbï å³ègãTsvå·à�ê·ú ôj~ ÝGsvåjàê·ú0ègê·â"ògÝðêjâ·ãñê·útsvå·ãñÚb�

L�ègê�í�çJà�ãñç·ößà�è[Þt� ^ Ù;å·àößçJà�âyÜ�à�è|öðã[Þ0âjÚ·éäÝßê·ú¡Þäå·à*ö ègî{Þ�ëXãgÚ·é�ígà
ègéÃî���BÞäå³ègêi)hÙbÞäÚ
�nègöðößà�í�ègê·âh@%ãñöøëXú�ègê·ú>@Ìègê·â·à�é�ëXéÃãñÜ Þäå·à�ïãñÜ�ç·ÚjÞäàé@ïà�ê¨Þäàé@ëXãñé@å·àößç·Ýðêjú�Ü�à�ÞáéÃãñÚ·Û·ößàîäåjã]ãgÞ
Ü0ègê�í;ïãñÜ�ç·ÚjÞäàé4ç·éäãgÛ·öðà�Ü0î���B ègößîäã|Þáå³è[êi)�ògã�ègê·êjà/��éäà�úñãñéÃí�ëXãgé�Ü0è�)¨Ýðêjú%è[öðö�Þáåjà*Þäéáè��ñà�ö
ègéÃéáègê·úgàÜ�àê�Þáî@Û$à�Þ � ààê/LhB ý ègêjâ�ò%�GègÛ�ëXãñéûÜ�à��
F.Ýðê·ègöðöøíuB � ãñÚ·ößâöðÝ�)gà�Þáã�Þ è�)[àwÞäå·à=ãñçjçJãñé{ÞáÚ·êjÝßÞDí�Þäã+Þáå·ègêi)nÜínàê�ÞäÝðéäàRë¤ègÜ�ÝðöøíLëXãñékÞáåjàÝðéBöðã��gà

ègê·â�îÃÚ·ç·ç$ãñéÃÞ��-L*í�ç·ègéäà�ê¨Þäî�å³è��ñà ê·à"�ñà�é�å·àîÃÝßÞ è�Þáàâ�Ýßê�îäÚjç·çJãgéÃÞáÝßê·ú&Ü�àÞáã�ç·Ú·éäîÃÚ·à4è�å·Ýßúñå·à�é
àâjÚ·ï
è[ÞäÝðãñê ô ëXãñé � å·Ýßï å4Þäå·à�í�å³è��ñàûÜ0ègâ·àûïãgÚ·ê�Þáöðà�îäî�îäègïéÃÝß÷³ï�àî����+ê·âyB.è[Ü�ÞäéäÚ·öøí�Û·ößàîäîÃàâ � ÝßÞäå
è ï å·àà�éÃëXÚ·ö � ÝøëXà � åjã0Ü0è�)gà�î@Üí&ößÝßëXà�îÃÚ·ï å�ègê*àê�wÃãYíñègÛ·ößà[wÃãgÚ·éäê·à�í%�

�



� �������������

� �����������W�G��������� �S�
ó%�øó ì�å¨íbîÃÝðïî'L"ãgÞäÝ��[è[ÞäÝðãñê �-���-���-�-���-���-�3���-�-���-���-�-���-�3���-���-�-� ó��
ó%� ¯ ^ Ú·ï�öðàègé\BDê�Þáàéäègï�ÞäÝðãñê��-���-���-�-���-���-�3���-�-���-���-�-���-�3���-���-�-� ¯ñ¯

ó%� ¯ �ßó ^ Ú·ïößàãñêbÿ ^ Újïöðà�ãñê*ì)ãgÞäàê�ÞáÝðègöðî �-�3���-�-���-���-�-���-�3���-���-�-� ¯ 6
ó%� ¯ � ¯ ý åjéäàà£ÿ ^ Ú·ïößàãñêhF³ãñéäï�àî�ègê·â & à�ö è[ÞäÝ��bÝðî{ÞáÝßïuMA�và�ï�Þäî ���-�3���-���-�-� ¯%z
ó%� ¯ � 6 L*àîäãgê]ÿ�M $]ï å³ègê·úgà�O=Ú·éÃéäàê�Þäî¡���-�3���-�-���-���-�-���-�3���-���-�-� ¯ ;

ó%� 6 Ù]ç·Ýßê]ÿQæ�à�çJà�ê·â·àê�Þ=�Lî{íbÜ0Ü�à�ÞäéÃí�ÝßêK¢�Ú·ègîäÝßàö è[îÃÞáÝßï � �� à%� ��%�	� 
 � ���-�3���-���-�-� 6 ó
ó%� 6 �ßó ��àêjàéáè[ö+F¬ãgéäÜ0ègöðÝßîäÜ8ëXãñé\BDê·ï�öðÚ·îÃÝ��gà9M�öðà�ï�Þäéäãñê"Ù]ïè[ÞäÞäàéäÝßê·ú£���-���-�-� 6 ¯
ó%� 6 � ¯ ìA@CBD�¤O�ègößïÚ·öðè[ÞáÝßãñê·îN�-�-���-���-�3���-�-���-���-�-���-�3���-���-�-� 6  
ó%� 6 � 6 ^ ãñê]ÿ & à�ö è[ÞäÝ��bÝðî{ÞáÝðï(F³Ú·öðö#F$è[â·â·àà"�KO�ègößïÚ·öðè[ÞáÝßãñê·î`�-�-���-�3���-���-�-� e ó

¥ ¦9§+¨/©'ª�«�¨U�¬�{`¨S�®��¯p°P±|«W«G¯i��¯j���G² ³#´
¯ �øó Z'�ñàé]�bÝðà � �-���-�-���3�-���-���-�-���-���-�3���-�-���-���-�-���-�3���-���-�-� e  
¯ � ¯ ì)ãñöðègéäÝ��à�â<MRößàï�Þáéäãgê o àègÜ ���-�-���-���-�3���-�-���-���-�-���-�3���-���-�-� zgõ

¯ � ¯ �ßó o à
ègÜ�îÃãñÚ·éÃïà��-���-���-�-���-���-�3���-�-���-���-�-���-�3���-���-�-� zgõ
¯ � ¯ � ¯ LKµñöðößàéûìBãñö ègéÃÝðÜ�à�Þäàé��-�-���-���-�3���-�-���-���-�-���-�3���-���-�-� zñ¯
¯ � ¯ � 6 o à
ègÜ¶O=Újéäéäà�ê�ÞYL"ãgê·ÝßÞäãñéäî �-���-�3���-�-���-���-�-���-�3���-���-�-� z 6
¯ � ¯ � e o à
ègÜ ìBãñîäÝøÞáÝßãñêKL"ãñê·ÝøÞáãñéÃî��-���-�3���-�-���-���-�-���-�3���-���-�-� z��
¯ � ¯ � z o à
ègÜ·M�ê·à�éäúgí ���-���-�-���-���-�3���-�-���-���-�-���-�3���-���-�-� z  

¯ � 6 ì)ãñöðègéäÝ��à�â � � à ý è[éäúñà�Þ¸���-���-�-���-���-�3���-�-���-���-�-���-�3���-���-�-� �ñõ
¯ � 6 �ßó Z�çjÞäÝðïègökì�Ú·Ü�ç·Ýðê·ú4è[ê·â�Ùbç·ÝðêKM $]ï å³ègê·úñà¹���-���-�-���-�3���-���-�-� �ñõ

 



¯ � 6 � ¯ ý åjàò%�GègÛ � è[öðö#� ìBãñö ègéÃÝ���àâ � � à ý ègéäúgà�Þ·�-���-�-���-�3���-���-�-� � e
¯ � 6 � 6 ý ègéÃúñà�Þ�ìBãñö ègéÃÝ��è[ÞáÝßãñê<L"àègîäÚ·éÃàÜ�àê�Þ¡�-�-���-���-�-���-�3���-���-�-� � ;

¯ � e � Ýßúñå & à�îäãñößÚjÞáÝßãñê"Ù]ç$àï�ÞäéäãñÜ�à�Þäàéº���-���-�3���-�-���-���-�-���-�3���-���-�-�  ¯
¯ � z æ�à�Þäàï�Þäãñé@ì.è[ï	)[è[úñàîY�3�-���-���-�-���-���-�3���-�-���-���-�-���-�3���-���-�-�  ¯

¯ � z �ßó 1Rà�éÃÞäÝðï
è[ökæ�éäÝøë Þ=O=å³ègÜ�Û$àéH���-���-�3���-�-���-���-�-���-�3���-���-�-�  6
¯ � z � ¯ ÙbïÝðê�ÞäÝðöðöðè[Þáãgé}�3�-���-���-�-���-���-�3���-�-���-���-�-���-�3���-���-�-�  z
¯ � z � 6 �nègî¼»O�àéÃàêi)[ã��¶���-���-�-���-���-�3���-�-���-���-�-���-�3���-���-�-�  �
¯ � z � e Ùbå·ã � à�éLæ�à�Þáàï�Þáãñé ���-�-���-���-�3���-�-���-���-�-���-�3���-���-�-�  % 

¯ � � æ�è[Þ è>�+ïù¨Ú·ÝßîäÝßÞäÝðãñê"Ùbíbî{ÞáàÜ ���-�-���-���-�3���-�-���-���-�-���-�3���-���-�-�  ��
¯ � � �ßó ý éäÝßúñúñà�é7MRößàï�Þáéäãgê·Ýðï�î��-�-���-���-�3���-�-���-���-�-���-�3���-���-�-�  ��
¯ � � � ¯ æ�è�Þ è>�Lï�ù¨Ú·ÝðîÃÝßÞáÝßãñê ���-�-���-���-�3���-�-���-���-�-���-�3���-���-�-� ; ¯

½ ¾Q¯j��¯�±Q�G¯p°À¿+²��{² Á®´
6 �øó Z'�ñàé]�bÝðà � ãgë �+îÃíbÜ�Ü0à�ÞáéÃí|�Lê³ègöøíbîäÝðîÂ���-�3���-�-���-���-�-���-�3���-���-�-� ;� 
6 � ¯ M $jç$àéÃÝðÜ�àê�Þ è[ö & è � �LîÃíbÜ�Ü0à�Þáé{í �-���-�3���-�-���-���-�-���-�3���-���-�-� ;%�
6 � 6 o ègï	)¨úñéÃãñÚ·ê·â�Ù]Ú·ÛjÞäéáègï�ÞáÝßãñê ���-�-���-���-�3���-�-���-���-�-���-�3���-���-�-� �jó

6 � 6 �ßó M�Ü�çjÞDí ý ègéäúgà�Þ+ègê·â ^ , æ�ÝðößÚjÞáÝßãñêQF¬ègï�ÞáãñéÃî¤�-���-�-���-�3���-���-�-� �jó
6 � 6 � ¯ M�Ü�çjÞDí ý ègéäúgà�Þ+ègê·â ^ , F¬ègöðîÃàY�Lî{í]Ü�Ü�à�Þáé{í ���-�-���-�3���-���-�-� �� 

6 � e L"ãñê�Þáà�O�ègéÃöðã0Ù]ÝßÜ�Ú·ö è�ÞáÝðãgê ���-�-���-���-�3���-�-���-���-�-���-�3���-���-�-� �%�
6 � e �ßó Z'�gàé_�bÝßà � �3�-���-���-�-���-���-�3���-�-���-���-�-���-�3���-���-�-� ó õgõ
6 � e � ¯ M $bÞáà�éäê³è[ö & ègâ·Ýðè[ÞáÝE�ñà3O=ãgéäéäà�ï�ÞäÝðãñê¸�3���-�-���-���-�-���-�3���-���-�-� ó õ ó
6 � e � 6 BDê�Þäàéäê·ègö & è[â·Ý è[ÞäÝ��gà-O=ãñéäéÃàï�ÞäÝðãñê �3���-�-���-���-�-���-�3���-���-�-� ó õ��

6 � e � 6 �øó Ùbï å � Ýßê·úñà�é'O=ãgéäéäà�ï�ÞäÝðãñêÃ�3���-�-���-���-�-���-�3���-���-�-� óñó õ
6 � e � 6 � ¯ O=ã��[ègéÃÝ ègê�Þ(L"à�Þáå·ãbâ·îûëXãñé@ì)ãgö ègéÃÝ��à�â & ègâjÝ è[ÞäÝ��ñà-O=ãgéäéäà�ï�ÞäÝðãñê óñó õ

6 � e � e ÙbçJà�ï�ÞáéÃãñÜ�à�Þáà�é(L"ã]âjàöGègê·â<�+ïïà�çjÞ è[ê·ïà ���-���-�-���-�3���-���-�-� óñó�;
6 � e � z Ä � à & è[â·Ý è[ÞäÝ��gà ý ègÝßökÙ]ÝßÜ�Ú·öðè[ÞáÝßãñê¡�3���-�-���-���-�-���-�3���-���-�-� ó ¯ ó

6 � z M�ö ègî{ÞáÝðï�ì)ãñöðègéäÝßÜ0à�ÞáéÃíÂ�-���-���-�-���-���-�3���-�-���-���-�-���-�3���-���-�-� ó ¯ ó
6 � � M�ö ègî{ÞáÝðï & ègâjÝ è[ÞäÝ��ñà ý ègÝßö~æ�ÝðößÚjÞáÝßãñêQF¬ègï�Þáãñé@ègêjâK�+îÃíbÜ�Ü0à�ÞáéÃí �-�3���-���-�-� ó ¯ e
6 �: ¢�Ú³ègîäÝßàöðègîÃÞäÝðïu�+îÃíbÜ0Ü�à�ÞäéÃí & ègâ·Ýðè[ÞáÝE�ñà3O=ãgéäéäà�ï�ÞäÝðãñê �-���-�-���-�3���-���-�-� ó ¯�z

;



6 �Å; o ÝðêbÿD�(�gàéäègúñÝðêjú4ègê·âK�Lïï�àçjÞáègê·ï�à9MA�Jàï�Þäî ���-�-���-���-�-���-�3���-���-�-� ó ¯d�
6 �Å� M $jç$àéÃÝðÜ�àê�Þ è[ö+O=éäãñîÃî�Ùbàï�ÞäÝðãñê �-���-���-�3���-�-���-���-�-���-�3���-���-�-� ó ¯d�

6 �Å�j�ßó � � à�æ�àê·îÃÝßÞDí æ�à�Þáà�éäÜ�Ýðê³è[ÞäÝðãñêt���-�3���-�-���-���-�-���-�3���-���-�-� ó ¯ ;
6 �Å�j� ¯ æ�àègâjÞäÝðÜ�à�ègê·â"æ�à�Þäàï�Þäãñé\BDê·à"Æ0ï�Ýðà�ê·ïÝßàî ���-���-�-���-�3���-���-�-� ó ¯ ;
6 �Å�j� 6 ÙbçJà�ï�ÞáéÃãñÜ�à�Þáà�é7�Lïï�àçjÞáègê·ï�à��-���-�3���-�-���-���-�-���-�3���-���-�-� ó ¯ �
6 �Å�j� e & àîÃÚ·ößÞäîûëXãñé7M $jç$àéÃÝðÜ�àê�Þ è[ö+O=éäãñîÃî�Ùbàï�ÞäÝðãñê¸�-���-�-���-�3���-���-�-� ó ¯ �

³ Çb¿�²���¨S`¯j���{�<È<�W�%¨U����¯p�{�®����¨S² �I½q½
e �øó ÙbíbîÃÞäàÜ0è[ÞáÝßï3É+ê·ï�àéÃÞáègÝðê�ÞäÝðàîûëXéÃãñÜ¡F¬ègößîäàY�Lî{íbÜ0Ü�à�ÞäéäÝðà�îÂ�-�-���-�3���-���-�-� ó 6 e

e �øó%�ßó � àößÝðïÝøÞDí�ÿ]O=ãñéÃéäàöðè[Þáà�â o à
è[Ü¶O=Ú·éäéÃàê�ÞLÙ]å·Ýøë ÞH�-���-�-���-�3���-���-�-� ó 6 e
e �øó%� ¯ � àößÝðïÝøÞDí�ÿ]O=ãñéÃéäàöðè[Þáà�â o à
è[Ü ì)ãñîÃÝßÞäÝðãñê*Ù]åjÝßë Þ\�-���-�-���-�3���-���-�-� ó 6  
e �øó%� 6 æ�è�Þ è>�Lï�ù¨Ú·ÝðîÃÝßÞáÝßãñê*æ�à
ègâ]ÞáÝðÜ�à �-�3���-�-���-���-�-���-�3���-���-�-� ó 6  
e �øó%� e ý éäÝßúñúñà�é7M�Æ�ï�Ýðàêjï�íÊ���-�-���-���-�3���-�-���-���-�-���-�3���-���-�-� ó e õ
e �øó%� z 1�æ3OËMAÆ�ïÝßàê·ï�íÌ�-���-�-���-���-�3���-�-���-���-�-���-�3���-���-�-� ó e ¯

e � ¯ ÙbíbîÃÞäàÜ0è[ÞáÝßï3É+ê·ï�àéÃÞáègÝðê�ÞäÝðàîûëXéÃãñÜ o è[ï	)búgéäãñÚ·êjâ�Ù]Ú·Û]Þáéáè[ï�ÞáÝßãñêv�-�3���-���-�-� ó e 6
e � ¯ �ßó M�Ü�çjÞDí ý ègéäúgà�Þ+ègê·â ^ , æ�ÝðößÚjÞáÝßãñêQF¬ègï�ÞáãñéÃî¤�-���-�-���-�3���-���-�-� ó e 6
e � ¯ � ¯ ì�ÝßãñêhO=ãñê�Þ ègÜ�Ýðê³è�ÞáÝðãgê �-���-���-�3���-�-���-���-�-���-�3���-���-�-� ó e 6

e � 6 ÙbíbîÃÞäàÜ0è[ÞáÝßï3É+ê·ï�àéÃÞáègÝðê�ÞäÝðàîûëXéÃãñÜ Ù]ÝßÜ�Ú·öðè[ÞáÝßãñêt�-�-���-���-�-���-�3���-���-�-� ó e �
e � 6 �ßó M�öðègîÃÞäÝðïYF³ãñéÃÜ·F¬ègï�Þäãñéäî¸�-���-���-�3���-�-���-���-�-���-�3���-���-�-� ó e �
e � 6 � ¯ ¢�Ú³è[îäÝðà�ö ègî{ÞáÝßï & à�îäç$ãñê·îÃà9F³Ú·ê·ï�ÞáÝßãñê·î3���-�-���-���-�-���-�3���-���-�-� ó e �
e � 6 � 6 ý åjÝðï	)¨ê·àîÃîLãgë M $bÞáàéÃê³ègö & ègâ·Ý è�ÞáÝ��gà3L�è[ÞäàéÃÝ ègö=���-�-���-�3���-���-�-� ó e  
e � 6 � e ÙbçJà�ï�ÞáéÃãñÜ�à�Þáà�é7�Lïï�àçjÞáègê·ï�à��-���-�3���-�-���-���-�-���-�3���-���-�-� ó e  

Í Î|¨S²��G°���²�¯p�G��¾<�0²����W²�²��{��� �U³®�
z �øó ì�å¨íbîÃÝðïî=�Lî{íbÜ0Ü�à�ÞäéÃí ègêjâ/O=ãñÜ�ç³ègéÃÝðîÃãñê � ÝßÞäå ý åjàãñéÃà�ÞáÝßï
ègöGO�è[öðïÚjö è[ÞäÝðãñê·î � ó e �
z � ¯ ý å·àãgéäà�ÞäÝðïègö�BDê��ñàî{ÞáÝßú�è[ÞáÝßãñê·î �-�-���-���-�3���-�-���-���-�-���-�3���-���-�-� ó z  

z � ¯ �ßó ý åjéäàà£ÿ ^ Ú·ïößàãñêhF³ãñéäï�à�MA�Jàï�ÞáîÏ�-�3���-�-���-���-�-���-�3���-���-�-� ó z  
z � ¯ � ¯ & àöðè[ÞáÝE�bÝðîÃÞäÝðï'M��Jàï�ÞáîÌ�-�-���-���-�3���-�-���-���-�-���-�3���-���-�-� ó � e
z � ¯ � 6 & àï�àê�ÞLæ�à��ñà�öðãñçjÜ0à�ê¨Þ@ã[ë�O=å·Ýßéáègö~ì)àé{ÞáÚ·éÃÛ³è[ÞäÝðãñê ý å·àãgéÃí����-���-�-� ó � e

�



z � 6 Ù]Ú·Ü�Ü�è[éÃí�ègê·âNO=ãñê·ïößÚ·îäÝßãñê �-�-���-���-�3���-�-���-���-�-���-�3���-���-�-� ó �%z
± Ðu��°{¯j�d��Ñ�¨S��Î|¯i�W��¯j���ÀÒ�¨ÃÓ��q���¬¨S��������� �IÔ®´
�9�øóÕO=ö ègîÃî�ÙbÞáéÃÚ·ï�ÞäÚ·éäàþègê·âN��àê·à�éáègökæ�à�îäï�éäÝðç]ÞáÝðãgê �-�-���-���-�-���-�3���-���-�-� ó �  
�9� ¯ ÙbÞáéÃÚ·ï�ÞäÚ·éäànãgë.ètL�ègÝðê"Ù]ÝßÜ�Ú·öðè[ÞáÝßãñê&ì�éäãgúñéáègÜ �-�-���-���-�-���-�3���-���-�-� ó� bó

ó õ



Ö × �h� ��Ø Ù ×WÚ�Û Ü �¤�

ó�ÿ ó Z�ê·à�ÿtÛJãñîÃãñê à"$]ï å³ègêjúñà-F¬à�íbê·Ü�è[ê*âjÝ ègúñéäègÜ�îwÞáå·è[Þ@â·à�÷·ê·à�Þáå·à-O�æ+ÿ o ãñê·ê ^'^
çJã[Þáàê�ÞäÝ ègö0�v���-�-���3�-���-���-�-���-���-�3���-�-���-���-�-���-�3���-���-�-� ¯%z

ó�ÿ ¯ F³Ú¬wÃÝßÞáè�ÿ]L"Ýøí�è��è � è�Þáåjéäàà£ÿDê¨Ú·ï�öðàãgêëXãñéäï�àdÞäå·éäãgÚ·úñåþÞäå·àdà"$]ï å³ègê·úgà�ãgëjÞ � ã�ç·Ýßãñê·î
ÛJà�Þ � à�àê�ÞáåjéäààLêbÚjïöðà�ãñê·î ô â·Ú·éÃÝðê·ú � åjÝðï å�ãñê·à+ãgëkÞáåjà�ê¨Ú·ïößàãñê·î=Ýðî=àJ$]ïÝßÞäàâ�Þáã
èyÝ éäà�îäãñê³è[ê·ïàd�Þ���3�-���-���-�-���-���-�3���-�-���-���-�-���-�3���-���-�-� ¯��

ó�ÿ 6 F³à�íbê·Ü0ègêÌâ·ÝðègúñéäègÜ�éäà�ç·éäà�îäàê�Þáè[ÞáÝßãñê ãgë�Þäå·à&Ýßîäã��ñà�ï�ÞáãgéïÚjéäéäà�ê�Þáî ègîÃîäãbïÝðè[Þáà�â
� ÝßÞäå5ßOègê·â`à�à"$]ï å³ègê·úgàî���Ù]ãñößÝðâ|öðÝßê·àînéÃàç·éÃàîäà�ê�Þ ê¨Ú·ïößàãñê·î ô â³è[îäå·à�â öðÝßê·àî
éäà�ç·éäà�îäàê�Þ=ßÌãgé\à�Ü�àîäãgê·î�ègê·â � è��¨í*öðÝßê·àîûéÃàç·éÃàîäà�ê�ÞLç·åjãgÞáãñêjî��á���-���-�-� 6 õ

ó�ÿ e F³à�íbê·Ü0ègê¢â·Ý ègúgéáègÜ éäà�ç·éäà�îäàê�Þáè[ÞáÝßãñê§ã[ëþÞäå·à|Ýðîäãgîäï
è[öðàéHà%ß#â ègê·â¢Ýßîäã��ñà�ï�Þáãgé
ã ß#â;Þáéäègê·îäÝøÞáÝßãñêÌï�Ú·éäéÃàê�Þáî�� Ù]ãgöðÝðâ%öðÝßê·àîþéäàçjéäàîÃàê�Þ�ê¨Ú·ïößàãñê·î ô â³ègîäåjàâ;öðÝßê·àî
éäà�ç·éäà�îäàê�Þ*ç·Ýßãñê·î � å·Ýßöðà�Þäå·Ýðï	)ñÿDâ·ègîäå·à�â¢öðÝðêjàîH�gàï�Þäãñé Ü0à�îäãñêjîQàhãñé ã ô ègêjâ
� è��¨í öðÝßê·àîûéÃàç·éÃàîÃàê�ÞLçjå·ãgÞáãgê·î������-���-�3���-�-���-���-�-���-�3���-���-�-� 6 ó

ó�ÿ z F³à�íbê·Ü0ègê�â·Ýðègúñéáè[Ü éÃàç·éÃàîÃàê�Þ è[ÞäÝðãñê�ã[ëdÞäå·à�ahaåä aNÝÉè[ê·âÃaNaæä ÝyÝ
Þáéäègê·îäÝøÞáÝßãñê&Ýðê�Þäàéáè[ï�ÞáÝßãñê·î��dÙ]ãñöðÝßâ�öðÝßê·àî�éÃàç·éÃàîÃàê�Þ�ê¨Ú·ï�öðàãgê·î ô Þäå·Ýðï	)ñÿDîÃãñöðÝßâ�öðÝßê·àî
éäà�ç·éäà�îäàê�Þ'Ý ÝðîÃãñÛ³ègéÃî ô è[ê·â � è��¨í öðÝðêjàîûéäà�ç·éäà�îäà�ê¨ÞLç·å·ãgÞäãñê·î����-�3���-���-�-� 6 ó

ó�ÿ � � úñàêjàéáè[öP� �%�	��
E� îÃçJà�ï�ÞäéäÚ·ÜK���-�-���-���-�3���-�-���-���-�-���-�3���-���-�-� 6ñ6
ó�ÿ] ý å·à-F³à�íbê·Ü0ègê"âjÝ ègúñéäègÜ-ëXãñé�Þáå·à�÷³éÃîÃÞ{ÿDãñéÃâ·àé o ãñéÃê*ègç·ç·éÃã�$]ÝßÜ�è[ÞäÝðãñêb�����-�-� 6 e
ó�ÿ�; ý å·ànîäïè[ÞäÞäàéäÝßê·ú�ç·ö ègêjà��T���-���-�-���-���-�3���-�-���-���-�-���-�3���-���-�-� 6 �
ó�ÿ�� ý å·à-F³à�íbê·Ü0ègê"âjÝ ègúñéäègÜÈÝðê*ì�ö ègê·àu@Ìè��ñà-BDÜ0çjÚ·öðîÃàY�Lç·ç·éÃã�$jÝßÜ�è�ÞáÝðãgê#�\���-�-� 6  

óñó



¯ ÿ ó �Lê¡ègà�éäÝ è[öG�bÝðà � ã[ë�ògà"�và�éäîÃãñê`�GègÛ¡ègï�ïà�öðàéäè[Þáãgé�îäÝøÞáà ègêjâ|Þäå·à�Þáåjéäàà4àJ$jç$àéÃÝøÿ
Ü0à�ê�Þ ègö~å·ègöðößî��b�-�-���3�-���-���-�-���-���-�3���-�-���-���-�-���-�3���-���-�-� e ;

¯ ÿ ¯ Ù]ï å·à�Ü�è[ÞäÝðï�î�ã[ë�ò%�GègÛ*ègï�ïàößàéäè[Þáãñéûï�ãñêj÷³úgÚ·éáè[ÞäÝðãñêb� �-���-�-���-�3���-���-�-� e �
¯ ÿ 6 � ègößöb�¤O=ãñêj÷·úñÚ·éáè�ÞáÝðãgê ëXãgé7MP� z ÿ õñõ ó%�Y���-�3���-�-���-���-�-���-�3���-���-�-� z ó
¯ ÿ e ý å·àLâjÝ��Jàéäà�ê�Þ=öðèfígàéÃî=ãgëkî{ÞáéäègÝðê·à�âQ�nè��Lîdï
è�Þáå·ãbâ·à+ègê·â0Þäå·àLößà��gàö$â·Ý ègúgéáègÜ8ã[ë

Þáå·ànï�ãñê·â·Ú·ï�ÞáÝßãñê*ègê·â<�gè[öðàêjïànÛ³ègê·âjî�ã[ë��nè��Lî��#�-���-���-�-���-�3���-���-�-� zñ¯
¯ ÿ z Ù]ï å·à�Ü�è[ÞäÝðï�î�ã[ë � ègöðö®�çLKµñöðößàé�ç$ãñö è[éäÝðÜ�à�Þäàé��T�-�-���-���-�-���-�3���-���-�-� z e
¯ ÿ � Ù]ï å·à�Ü�è[ÞäÝðï�î�ã[ë � ègöðö®� o à
ègÜ¶O=Újéäéäà�ê�ÞYL"ãgê·ÝßÞäãñé��Þ�-���-�-���-�3���-���-�-� z��
¯ ÿ] Ù]ï å·à�Ü�è[ÞäÝðï�î�ã[ë � ègöðö®� o à
ègÜ ìBãñîäÝøÞáÝßãñêKL"ãñê·ÝøÞáãñéÃî��Y�-���-�-���-�3���-���-�-� z  
¯ ÿ�; � ègößöb�è�LéÃï�L"à
ègîÃÚ·éäà�Ü0à�ê�Þ��å�-�-���-���-�3���-�-���-���-�-���-�3���-���-�-� z ;
¯ ÿ�� � ègößöb� à
ì�L"à
ègîÃÚ·éäà�Ü0à�ê�Þ��Ã���-�-���-���-�3���-�-���-���-�-���-�3���-���-�-� z �
¯ ÿ ó õ ý å·ànàê·à�éäúgí ößà��gàökâ·Ýðègúñéáè[ÜÈëXãñé\éDê & Û*Ýðê ègê*à"$bÞáà�éäê³è[öBÜ0ègúñêjà�ÞáÝßïL÷³à�öðâ#�/�-�-� ��¯
¯ ÿ ógó/� îäÝßÜ0ç·ößÝß÷³à�â�ãñçjÞäÝðï
è[ö~ç·Ú·Ü�ç·Ýðêjú ç·éäãbïà�îäî@ëXãñéûéäÚ·ÛjÝðâ·ÝßÚ·Üh���-���-�3���-���-�-� � 6
¯ ÿ ó ¯ Ù]ï å·à�Ü�è[ÞäÝðï�î�ã[ë � ègöðö®��ç$ãñöðègéäÝ��àâ � � à�Þ ègéÃúñà�Þ����-���-���-�-���-�3���-���-�-� ��z
¯ ÿ ó 6 ��ÞDíbç·Ýðïègö � � à�Þ è[éäúñà�Þ@ïàößö.� �-�-���-���-�3���-�-���-���-�-���-�3���-���-�-� �%�
¯ ÿ ó e � ègößöb� Þ è[éäúñà�Þ@ö ègâ·âjàé��`���-���-�-���-���-�3���-�-���-���-�-���-�3���-���-�-� �  
¯ ÿ ó z ì�éäÝðêjïÝðçjöðà�ãgëW�LâjÝ ègÛ³è�ÞáÝðïuF$è[îÃÞ�ì.è[îäîáè[úñà|���uF�ì � � ���-���-�-���-�3���-���-�-� � �
¯ ÿ ó � Ù]ï å·à�Ü�è[ÞäÝðï�î�ã[ë ^ L & àößàï�Þáéäãgê·Ýðï�î����-���-�3���-�-���-���-�-���-�3���-���-�-�  ]ó
¯ ÿ ó� � ègößö#��â·à�Þäàï�Þäãñé�ç³ègï	)�ègúñà�Ýðê�Þáåjàþà�öðàï�ÞáéÃãñê�ègéÃÜh� ý å·àþâ·à�Þäàï�Þáãñé�ç³ègï	)�ègúñà�Ýðê

Þáå·ànå³è[â·éäãñê*ègéÃÜ�ÝðîûîÃÝðÜ�Ýðöðègé ô à"$]ç$àï�Þ+Þäå³è[Þ@Þáå·à�éäànÝðîûêjã�çjéäàîÃå·ã � à�é��Q�-���-�-�  e
¯ ÿ ó�;�Ù]ï å·à�Ü�è[ÞäÝðï�î�ã[ë � ègöðö®�è1�æ3O � Ýßéäànç·öðègê·àî��Y���-�-���-���-�-���-�3���-���-�-�  z
¯ ÿ ó��`�hÞDíbç·Ýßï
ègöbÞáéáè�wÃàï�ÞäãñéÃíþÝðêãñê·à�ãgë³Þäå·à�1�æ3O � Ýßéäàwç·ö ègêjàî�� ý å·àûúñà�ã]â·à�ÞáÝßï=ÝðîBÞáå·à

îäå·ãgéÃÞáà�îÃÞ+â·éäÝøë Þ@â·Ýðî{Þ ègêjïàþègê·â�ïègê*ÛJà�Ú·îäà�â�Þáã�ï
è[öðïÚjö è[Þäà�Þáå·à�çJà�éäç$àê·âjÝðïÚjö ègé
â·Ýðî{Þ ègêjïà�� ý å·à@Ýðê�Þáà�éäîäà�ï�ÞäÝðãñê4ç$ãñÝðê�Þ�ãgë$Þáåjà�ç·ègéÃÞäÝðïößà � ÝßÞäå Þáå·à � Ýßéäàûç·öðègê·àûï
è[ê
ÛJà�âjà�Þáà�éäÜ�Ýðê·à�â � ÝßÞáå�Þäå·àY)¨ê·ã � öðàâjúñànãgë�è[öðövç$àéÃçJà�ê·â·ÝßïÚ·öðègé�â·ÝßîÃÞ è[ê·ïà�î@ëXéÃãñÜ
Þáå·à�÷i�gà�÷·éäàâ � ÝðéÃàî����-���-���-�-���-���-�3���-�-���-���-�-���-�3���-���-�-�  �

¯ ÿ ¯[õ Ù]ï å·à�Ü�è[ÞäÝðï�î ãgë+è|îÃïÝßê¨ÞäÝðößö è[Þäãñéþçjö ègê·àd� ý å·à�éäà*ègéÃà�îäÝE$ îäï�Ýðê�ÞáÝßöðö è�Þáãñé�ç³ègâ·âjöðàî
ègê·â ãñê·ànç·åjãgÞáãgÞäÚ·Û$à�ÝßîûÝðê·î{Þ ègößöðà�â è[Þ@à
ègï å"îäÝßâ·à�ãgë.è�ç³è[â·â·öðàd�N�-�3���-���-�-�  % 

ó ¯



¯ ÿ ¯ ó � ègößöb� ú�ègî »O�à�éäàêj)gã��*â·à�Þäàï�Þäãñé��N���-���-�3���-�-���-���-�-���-�3���-���-�-�  �;
¯ ÿ ¯g¯ � ègößöb� îäåjã � àé�â·à�Þáàï�ÞáãñéÃî��£���-�-���-���-�3���-�-���-���-�-���-�3���-���-�-�  ��
¯ ÿ ¯ 6 � ègößöb� àößàï�Þáéäãgê"è[éäÜ ÞäéäÝðúgúñàé�à�öðà�ï�ÞáéÃãñê·Ýßïî��h���-�-���-���-�-���-�3���-���-�-� ; õ
¯ ÿ ¯ e � ègößöb� å³ègâjéäãñê"ègéäÜÈÞáéÃÝðúñúñà�é�àößàï�Þáéäãgê·Ýðï�î�� ���-�-���-���-�-���-�3���-���-�-� ;jó
¯ ÿ ¯�z � ègößöb��æ�è[Þáè>�Lïù¨Ú·ÝßîäÝøÞáÝðãgê�Ù¨í]î{Þáà�Üh�Õ���-�3���-�-���-���-�-���-�3���-���-�-� ; 6
6 ÿ ó & è � ègî{í]Ü�Ü�à�ÞáéÃÝðà�î)ëXãñé)â·Ý��JàéÃàê�Þ�Þ è[éäúñà�Þ�ç$ãñö ègéÃÝ��è[ÞáÝßãñê�ègê·úñößà�ègê·â Û$à
è[ÜËå³è[ößë ÿ

� è��gà0ç·öðè[Þáà îÃà�ÞÃÞáÝðêjúñî�è[Þ�¢ , 8 õ �ßóh�0�nà"132[ï � , � ý å·à�öðà�ë ÞáÜ�ãñîÃÞ�ç$ãñÝßê¨ÞnÝßî�Þáå·à
àöðègîÃÞäÝðï�ègî{íbÜ0Ü�à�ÞäéÃí � å·Ýßöðà�Þäå·ànéäàî{Þ+ègéäà�ù¨Ú³ègîÃÝðà�ö ègî{ÞáÝðïnè[îÃíbÜ0Ü�à�ÞäéÃí����-���-�-� � ¯
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6 �: M�ö ègî{ÞáÝðï)éáègâjÝ è[ÞäÝ��ñà)Þ ègÝßögâ·ÝßöðÚjÞäÝðãñê�ë¤ègï�ÞäãñéäîGègêjâþè[îÃíbÜ0Ü�à�ÞäéÃíLè[ÞW¢u,W8 õ �øó=�.��à�1Y2[ï � ,�ó ¯ e
6 �Å; M�ö ègî{ÞáÝðï)éáègâjÝ è[ÞäÝ��ñà)Þ ègÝßögâ·ÝßöðÚjÞäÝðãñê�ë¤ègï�ÞäãñéäîGègêjâþè[îÃíbÜ0Ü�à�ÞäéÃíLè[ÞW¢u,W8 õ � ¯ �.��à�1Y2[ï � ,�ó ¯%z
6 �Å� & è[â·Ý è[ÞäÝ��gà�ïãñéÃéäà�ï�ÞáÝßãñê�Þáã4ù¨Ú³ègîÃÝðàöðègîÃÞäÝðïnègî{íbÜ0Ü�à�ÞäéÃí è[Þ(¢u,'8 õ �øót�.��à�1Y2[ï � , ó ¯�z
6 �øó õ & è[â·Ý è[ÞäÝ��gà�ïãñéÃéäà�ï�ÞáÝßãñê�Þáã4ù¨Ú³ègîÃÝðàöðègîÃÞäÝðïnègî{íbÜ0Ü�à�ÞäéÃí è[Þ(¢ , 8 õ � ¯ �.��à�1Y2[ï � , ó ¯d�
6 �øóñó£O=ãñéäéÃàï�ÞáÝðãgê�â·Ú·à�ÞáãûÛ·Ýßê]ÿQè��gàéáè[úñÝðê·ú�ègê·â�ègïï�àçjÞáègê·ï�àwà"�và�ï�ÞáîBè[Þ+¢ , 8 õ �ßó=�0�nà"132[ï � , ó ¯  
6 �øó ¯ O=ãñéäéÃàï�ÞáÝðãgê�â·Ú·à�ÞáãûÛ·Ýßê]ÿQè��gàéáè[úñÝðê·ú�ègê·â�ègïï�àçjÞáègê·ï�àwà"�và�ï�ÞáîBè[Þ+¢ , 8 õ � ¯ �0�nà"132[ï � , ó ¯  
e �øó �-���-�-���-���-�-���3�-���-���-�-���-���-�3���-�-���-���-�-���-�3���-���-�-� ó e ;
z �øó �-���-�-���-���-�-���3�-���-���-�-���-���-�3���-�-���-���-�-���-�3���-���-�-� ó z[õ
z � ¯ �-���-�-���-���-�-���3�-���-���-�-���-���-�3���-�-���-���-�-���-�3���-���-�-� ó zg¯

ó� 



ó�;
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�8ÞáåjãñéäãñÚjúñå|Ú·ê·â·à�éäîÃÞáègê·â·Ýßê·ú ãgëdÞáå·à�ëXãñéÃïà�î�Û$à�Þ � àà�êÌê¨Ú·ï�öðàãgê·î ô Þáåjà Û³ègîäÝßï ïãñêjîÃÞáÝøÞáÚ·à�ê�Þáînãgë
ègößöjê¨Ú·ïößàÝ ô å³ègîRÛJà�àê�è�ëXÚjê·â³ègÜ�àê�Þ è[ö·úñã�ègöjÝðê4ê¨Ú·ïößà
ègé�ç·å�íbîäÝßïîRëXãñé�Ü0ègê�í â·àïègâ·à�î�� & à
ègößÝðîÃÞäÝðï
Ü�ã]â·à�öðînëXãñéê¨Ú·ï�öðà�ãñê]ÿDê¨Ú·ï�öðà�ãñêË�0aha � Ýßê¨Þäàéäègï�ÞäÝðãñê·îþå³è��ñà&Û$àà�ê;ïãñê·î{ÞáéÃÚ·ï�Þäàâ�Þáã�÷jÞ è�öðègéäúñà
Û$ã]âjíyãgë'&(&§ègê·â)&+* îÃï
è[ÞÃÞáà�éäÝðêjú�â·è[Þ è�ègï�ïÚ·ÜÚ·ö è[Þäàâ¢ã��ñà�é Þäå·à�ç³ègî{Þ å³ègöøënïàê�ÞäÚ·éÃí�� ý å·à
éäà�îäÚ·öøÞáÝßê·ú|aha çJã[Þáàê�ÞäÝ ègößî+å³è��gà�ÛJà�àê|ègçjç·öðÝßàâ"Þäã�Þáåjà�îäÝßÜ0ç·ößàî{Þ�Þ � ã[ÿtêbÚjïöðà�ãñê�Û$ãñÚ·ê·â�î{Þ è[Þäà
ègê·â%ègéÃà4ègÛ·öðà�Þäã"àJ$]ç·ö ègÝßê�Ü0ãgîÃÞnç·éÃãñçJà�éÃÞäÝðàînãgëdÞáåjà�âjàÚjÞäàéäãgê#�yBtÞþÝßînègöðîÃã ãgë=úgéäà
è�ÞnÝðê�Þáà�éäàî{Þ
ÞáãÝðê��ñà�îÃÞáÝßú�è[Þäà�å·ã � Þáå·à�ê¨Ú·ï�öðàègé=ëXãñéÃïàî�ègéäà�Ü�ãbâ·Ýß÷³à�â�Ýßê&ê¨Ú·ïößà
ègé�î{íbîÃÞáà�Ü0î � ÝøÞáå&Ü�ãñéÃà+Þáå·ègê
Þ � ã�ê¨Ú·ïößàãñê·î�� ý å·éäà�à�ÿDê¨Ú·ï�öðà�ãñê îÃíbî{ÞáàÜ�î ô � � à�ègê·â � � ô ègéäà4Þáå·à�îäÝßÜ0çjöðàî{Þ�îÃíbîÃÞäàÜ�î � å·àéÃà
îäãgÜ0à0ãgëûÞáå·à�îäà&Ü�ãbâ·Ýß÷³ïè[ÞáÝßãñê·î ô Ýðê%ç³ègé{ÞáÝðï�Ú·ö è[é�Þäå·éäà�à�ÿDê¨Ú·ï�öðà�ãñê ëXãñéäï�àî ô îÃÞ è[éÃÞÞäã�ç·öðèfí%è�éÃãñöðà
ègê·â�ÞäåbÚjî0è�ïègéäà�ëXÚ·öûîÃÞäÚ·âjí�ã[ë�Þäå·éäà�à�ÿtêbÚjïöðà�ãñê;îÃíbîÃÞäàÜ�î ô ÛJãgÞäå�Þáå·à�Û$ãñÚ·ê·â;î{Þ è[Þäàî�ègê·â�Þáåjà
îäïè[ÞäÞäàéÃÝðê·ú4îÃÞáè[Þáà�î ô Ýðîûà�îäîÃàê�ÞáÝðègökëXãñé@è ïãñÜ�ç·öðà�Þáà�Ú·êjâ·àéÃîÃÞ è[ê·â·Ýðêjú0ãgëBÞáåjà�ê¨Ú·ï�öðàègéûëXãñéäï�àî��
@¢ÝßÞäå*Þäå·àþéäègç·Ýßâ"â·à"�ñà�öðãñç·Ü�àê�Þ+ãgë�Û$ãgÞáå*à"$]ç$àéÃÝðÜ�àê�Þ ègö~Þäàï å·êjÝðù¨Ú·àî�ègê·â�ï�ãñÜ�ç·ÚjÞ è�ÞáÝðãgê³ègö

éäà�îäãñÚjéäïà�î ô � å·Ýðï å;è[éäà&à�îäîäà�ê�ÞáÝ è[ö=ëXãñé�Ü�ã]âjàéäê%ëXà � ÿDÛ$ãbâjí%Þäå·àãgéäà�ÞäÝðïègö=ïègöðï�Ú·ö è[ÞäÝðãñêjî ô îÃÚ·ï å�è
îÃÞäÚ·âjí¡å³ègîþÛJà�ïãñÜ�à�çJãñîÃîäÝßÛ·öðàd�|BDê·â·à�àâ ô Ýßê¡Þäå·à�ç³è[îÃÞþâ·àïègâ·à0Þäå·éäà�à�ÿtêbÚjïöðà�ãñê î{í]î{Þáà�Ü0î�å·è��gà
Û$ààêègênà"$]ïà�öðößàê�Þ)Þäàî{ÞáÝðêjú�úgéäãñÚ·êjâþÛ$à�Þ � àà�êÞáå·à�ãñéÃí�è[ê·ânà"$]çJà�éäÝßÜ0à�ê¨ÞBÝßêþê¨Ú·ï�öðà
è[éBçjå¨íbîÃÝðïî-, ó/..�
BDêÌÞäå·à&ïãgê¨Þäà"$bÞ ãgë�àöðà�ï�ÞäéäãñÜ0ègúñê·à�ÞáÝßï0ç·éÃã]ï�àîÃîäàî ô à"$jègï�Þ�ê·ãñê]ÿtéäàöðè[ÞáÝE�bÝðîÃÞäÝðïyF¬ègâ·âjàà��%ï
è[öðïÚjö è�ÿ

ó��



ÞáÝßãñê·îûëXãñé�ÛJã[Þáå"Þäå·à�úñéäãñÚjê·â�î{Þ è[Þäà�ègê·â*Þáå·à�ïãgê¨ÞäÝðê¨Ú·Ú·Ü ãgë � � è[ê·â � � àþå³è��gà�ÛJà�àê"ï
ègéÃéäÝðà�â
ãñÚjÞ�Ú·îäÝßê·ú è5�gè[éäÝðà�ÞDí;ãgënÜ�ã]â·à�éäêhêbÚjïöðà�ãñê]ÿtêbÚjïöðà�ãñêè�{aNa � çJãgÞäàê�ÞáÝðègöðî0, ¯�1 e .0� ý å·à�à"$jègï�Þ
ÞáéÃà
è[ÞäÜ0à�ê�Þ ãgëþ÷·ê³ègöøÿtîÃÞáè[Þáà�Ýßê�Þáàéäègï�ÞäÝðãñêjîÃ�0F�ÙSB � ÝðêOÞáåjà�F¬ègâjâ·àà"�¥ï
ègößïÚ·öðè[ÞáÝßãñêyéÃàîÃÚ·ößÞäî*Ýßê¢è
Ü�Ú·ï åhÝðÜ�ç·éäã��gàâ�â·àîÃïéäÝßçjÞáÝßãñêyã[ë�Ú·ê·ç$ãñöðègéäÝ��àâ2&43%ï
ègçjÞäÚ·éäà"ègê·âhÛ·éäàè�)¨Ú·çyï å·ègê·ê·à�öðî2, ¯ ô e . ô
ègî � à�öðödègî�Ú·ê·ç$ãñö è[éäÝ���àâ¡àößàï�Þäéäãñê¡îäïè[ÞäÞäàéÃÝðê·ú*ëXéäãñÜ Þäå·éäà�à�ÿDê¨Ú·ï�öðà�ãñêÌî{í]î{Þáà�Ü0î5, 6 .0� ý å·Ýßîþå³è[î
ç·éÃã��bÝßâ·àâ ÝßÜ0ç$ãñé{Þ ègê�ÞnÝðê]ëXãñéäÜ0è[ÞáÝßãñê�ãñêÌÞäå·à�êbÚjïöðàègéúgéäãñÚ·êjâ]ÿDî{Þ è[Þäà0î{ÞáéäÚjï�ÞáÚjéäà�ègêjâ%Þáå¨Ú·î�ègöøÿ
öðã � îè"â·à�àç$àéÚjê·â·àéÃîÃÞáègê·â·Ýßê·ú�ãgë�Þäå·à�Újê·â·àéÃößíbÝðêjú�ê¨Ú·ïößà
ègé�ëXãñéäï�à��Q@¢ÝßÞäå%Þäå·à&è��[ègÝðöðègÛ·ÝßöðÝßÞDí
ãgë)çJãgö ègéÃÝ��à�â�ÛJàègÜ�î+è[ê·â çJãñöðègéäÝ��à�â Þáègéäúgà�Þáî ô ÝßÞ@å·ègî@ÛJà�ïãñÜ�ànçJãñîÃîäÝßÛ·öðà�Þäã�î{ÞáÚ·â]í*ègâ·â·ÝøÞáÝðãgê³ègö
îäçjÝðê]ÿtâ·àç$àê·âjàê�ÞLù¨Ú³è[ê¨ÞäÝßÞäÝðàî��Rì)ãñöðègéäÝ��à�â � � ànÝðî�ègê Ýðâjà
ègövÞáègéäúgà�ÞûëXãñéûîÃÚ·ï å�è4îÃÞäÚ·âjí%�
ì)ãñöðègéäÝ��à�â � � à�Ýðîþègößîäã*ÝðÜ�çJãñé{Þ ègê�ÞþègîþègêÌà"�và�ï�ÞäÝ��ñà�ê·àÚjÞäéäãñê%Þ ègéÃúñà�Þ5, z ô � . ô Û$àïègÚ·îäà0ÝßÞäî

úñéÃãñÚ·ê·â î{Þ è[Þäà � è��gà&ëXÚ·ê·ï�ÞáÝðãgê Ýðîþâ·ãñÜ�Ýðê³è[Þäàâ%Û¨í¡Þáåjà76)ÿDîÃÞáè[Þáà0Ýðê � åjÝðï å Þáåjà�ç·éÃãgÞáãñê�îÃç·Ýðêjî
ï
è[ê·ïà�öwè[ê·â%Þäå·à4êbÚjïöðàègénîäç·ÝßêÌÝßî�ï
ègéÃéäÝðà�â%à�ê�ÞáÝðéÃàöøí�Û�í�Þáå·à�ê·àÚ]Þáéäãgê#� ý åjà�îäçjÝðê]ÿtâ·àç$àê·âjàê�Þ
ègî{í]Ü�Ü�à�Þáé{í�ÝßîwÞäåbÚjî�îäà�ê·îäÝøÞáÝ��gà�ÞáãÞäå·à�ê·à�ÚjÞáéÃãñê�àößàï�ÞáéäãgÜ�ègúgê·à�ÞäÝðï@ëXãñéäÜ-ë¤ègï�ÞäãñéäîwÝðê�Þäå·à'�bÝðï�Ýðê]ÿ
ÝßÞDí�ãgëLÞáå·à"ùbÚ·ègîäÝßàö è[îÃÞáÝßï"ç$à
èd)�ã[ënçJãñöðègéäÝ��à�âhà�öðàï�ÞáéÃãñê·î�îÃï
è[ÞÃÞáà�éäÝðêjúÌëXéäãñÜ è%çJãñöðègéäÝ��à�â � � à
Þ è[éäúñà�Þ8, z�1 ó õ ..� & à�ïàê�Þäößí4Þáå·à�éäà+å³ègîdÛJà�àê&îÃÝðúñê·Ýø÷³ï
è[ê¨Þdç·éÃãñúñéÃàîäîwÝðê�à"$bÞáéäègï�ÞäÝðê·úþê·àÚ]Þáéäãgê�àößàï£ÿ
ÞáéÃãñÜ0ègúñê·à�ÞáÝðï)ëXãñéäÜsë¤è[ï�ÞáãgéäîkëXéäãñÜsâ·ãñÚ·Û·ößà�ÿtçJãñöðègéäÝ��
è[ÞäÝðãñê+àößàï�Þäéäãñêbÿ � � àdù¨Ú³è[îäÝðà�ö ègî{ÞáÝßï�îäï
è�ÞäÞáà�éäÝßê·ú
à"$]ç$àéÃÝðÜ�àê�Þáî9, ógó 1 ó z .0�|BDê%éäàï�àê�Þígà
ègéÃî ô Þäå·àéÃà0å·è��gà�ègößîäã ÛJà�àê àJ$bÞáàêjîäÝ��gà&à��Jãñé{Þáî9, ó ��1 ó��:.
Ýðê¡îÃÞäÚ·âjíbÝðêjú�çJãgö ègéÃÝ��à�â%Ýßê·àöðègîÃÞäÝðï îÃï
è[ÞÃÞáàéÃÝðê·ú"ãgëûà�öðàï�ÞáéÃãñê·îþëXéÃãñÜ�ç$ãñö ègéÃÝ���àâ � � à4Þ ègéÃúñà�ÞäîÝßê
Þáåjà�âjààç�Ýðêjàö è[îÃÞáÝßïûègê·â4éÃàîäãgê³ègê·ï�à+éÃàúñÝßãñê·îRègÝßÜ0Ýßê·ú�è[ÞRÚjê·â·àéÃîÃÞáègê·â·Ýßê·ú�Þäå·à@Ú·ê·â·à�éäöøí]Ýßê·únê·àÚbÿ
ÞáéÃãñê¥îäçjÝðê¥îÃÞäéäÚ·ï�ÞáÚ·éÃà�� ý å·à�à"$bÞáéäègï�ÞäÝðãñê¥ã[ë�Þäå·à�ê·à�ÚjÞáéÃãñê¥îäç·Ýßê¥îÃÞäéäÚ·ï�ÞáÚ·éÃà|ëXÚjê·ï�ÞäÝðãñê·î0ëXéäãñÜ
Þáåjàîäà�àJ$]çJà�éäÝðÜ�àê�Þäî�éäà�ùbÚjÝðéäà�î�â·à�Þ ègÝßöðàât)¨ê·ã � öðàâjúñà�ãgëkÞáåjà � � àLêbÚjïöðàègé=úgéäãñÚ·êjâ]ÿDî{Þ è[Þäà�îÃÞäéäÚ·ï£ÿ
ÞáÚjéäà�, � ô ¯gõ ô ¯ ó/.0�

� ã � à��ñà�é ô Þäãnç·éäãñÛ$àûÞáå·à�ê¨Ú·ïößà
ègéRúñéÃãñÚ·ê·â�îÃÞáè[Þáà@î{ÞáéäÚjï�ÞáÚjéäà ô Þáã�à"$bÞäéáègï�ÞdÞäå·à�ê·àÚjÞäéäãñê�àößàï£ÿ
ÞáéÃãñÜ0ègúñê·à�ÞáÝðï ëXãñéÃÜ ë¤è[ï�Þáãgéäî�ãgé0Þáã%à"$bÞáéäègï�Þ�Þáå·à�êjàÚjÞäéäãñê¥îÃç·ÝðêOî{ÞáéÃÚ·ï�ÞäÚ·éäà�ëXÚjê·ï�ÞäÝðãñêOÝßêyÞáåjà
éäà�îäãñê·ègê·ïà�éäàúgÝðãñê ô Þáåjà�éäàègï�ÞäÝðãñê%Ü0à�ï å³ègê·ÝßîäÜ ô à�îäç$àïÝðègöðöøíÃF�ÙIBnè[ê·âÌÜ�àîÃãñê]ÿDàJ$]ï å³ègê·úñà�ïÚ·éQÿ
éäà�ê�Þáît�.LNMPO � à��Jàï�Þáî ô Ü�ÚjîÃÞnÛ$à � àößö�Ú·ê·âjàéäî{Þáãbã]âb� & à�ïàê�Þäößí ô è�ê·ãñêbÿDéäà�ö è[ÞäÝ��bÝðî{ÞáÝßï9F¬ègâ·âjàà��
ï
è[öðïÚjö è[ÞäÝðãñê � åjÝðï å¡Ýðê·ï�öðÚ·â·à�î�ÛJã[Þáå5F�ÙIB+ègê·â�LNMPOËå³è[î�ÛJà�àê¡ï
ègéÃéäÝðà�â|ãñÚjÞ�, e .�ëXãñé�Þäå·à�÷³éäî{Þ
ÞáÝßÜ0à ô è[ê·â�â·àîÃïéÃÝðÛ$àî[�ñà�éÃí � à�öðöJÞäå·à�ê·à � çjéäàï�ÝðîÃÝðãñê�â³è�Þ è;, ó ¯ .~ãgê�Þáå·à�Þäéáègêjî_�ñà�éäîÃàþè[îÃíbÜ0Ü�à�ÿ

¯gõ



Þáé{í=<'>@?�ê·à
ègé�Þäå·à�Þáãñç|ãgëdÞáåjà ùbÚ·ègîäÝßàö è[îÃÞáÝßï çJàè�)"ëXéÃãñÜ2Þäå·à � �� à�� ��%�	� 
 � ç·éäãbïà�îäîþè[Þ�öðã � *-,��
� ã � à��gàé ô îäÝðêjïàtF�ÙIB�ègêjâ�LNMPO�à"�và�ï�Þáîègéäà4éÃàö è�ÞáÝ��gàöøí�îäÜ0ègöðö.Ýðê�Þáå·ÝßîþéÃàúñÝßãñê ô ÝßÞnÝßînå·Ýðúñåjößí
â·à�îäÝðéäègÛ·ößà@Þäãþî{ÞáÚ·â]í�è[ê·ãgÞáåjàédéäàúgÝðãñê � å·àéÃà+Þäå·àîÃà+Þ � ãà��Jàï�Þáî=ègéäà�ö ègéÃúñàé�Þäãþçjéäã��bÝðâ·à+èþÜ�ãñéäà
îÃÞäéäÝßê·úñàê�Þïãñê·î{ÞáéäègÝðê�Þ�ãgê%Þáåjà0Þáåjàãñé{í%� ý åjà�Þáå·éÃàîÃå·ãñöðâÌéäàúgÝðãñê%ãgëûÝðêjïöðÚjîäÝ��gà0à�öðà�ï�ÞáéÃãñê îÃï
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ïãgéäéäà�ö è[Þäàâ Ýðê ê¨Ú·ï�öðà
è[é�î{íbîÃÞáà�Ü0î+ègößîäã â·Ú·ànÞáã Þäå·à�Þáàêjîäãñé@ãñç$àéäè[Þáãñé��
��Þ�Ýßê¨ÞäàéÃÜ0à�â·Ý è[Þäà�ègê·â îÃå·ãñéÃÞþâ·ÝßîÃÞ è[ê·ïà�î ô Þäå·à|aha Ýðê�Þáà�éáègï�ÞáÝßãñê%ÝßîþÜÚ·ï å Ü�ãñéäà�ïãñÜ�ç·ößÝøÿ

ï
è�Þáàâb� � ã � à"�ñàé ô Þäå·à4ö ègéÃúñà�Û$ã]âjí�ãgëy&	&Ìè[ê·â}&~*�îäï
è�ÞäÞáà�éäÝßê·ú"â·è[Þ è ègï�ïÚ·Ü�Újö è[Þäàâ|ã��ñàénÞáåjà
ç³ègî{Þ&å³è[ößë�ï�àê�ÞáÚ·é{íOç·éÃã��]Ýßâ·àît�ñàé{íOî{Þáéäãgê·ú ïãgê·îÃÞäéáègÝßê¨Þäî�ãñêhÞáå·à�ëXãgéäÜ ãgë�Þäå·à�Ýðê�Þäàéáè[ï�ÞáÝßãñê#�
F.ÝE�ñà*Ü0ãbâ·àéÃê�aha ç$ãgÞäàê�ÞáÝðègöðî4å³è��ñà"ÛJà�àêOï�ãñê·î{ÞáéäÚjï�Þáà�âOÛ�í;÷·ÞäÞäÝðê·ú�Þáã¡Þáå·à*à"$]ç$àéÃÝðÜ�àê�Þ ègö
â³è[ÞáègÛ³ègîÃà�� ý å·àîÃà Ýðê·ï�öðÚ·â·à�Þáå·à��LéÃúñãñê·ê·à9ð E{é ���G1ó�; � çJãgÞäàê�ÞáÝðègö ô Þäå·àyO�æ+ÿ o ãñê·ê�ç$ãgÞáà�ê�ÞáÝ è[ö ôègê·â¡Þáå·éÃàà ^ Ý wÃÜ0à�úñàê|ç$ãgÞáà�ê¨ÞäÝ ègößît� ^ Ý wÃÜ�B ôG^ Ý wÃÜvBnB�ègê·â & à�Ýðâ�� 6 � �HMRègï å Ü�ã]â·à�ö.÷·ÞäîþÞáåjà
aNaÐâ³è[ÞáègÛ³ègîÃànà"$bÞáéÃàÜ�àößí � à�öðö ô � ÝßÞäå"è#�+,J2[â³è�ÞáÚ·Ü�ã[ë.ê·àègéäöøí&ãñêjà��
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ý å·àP�G1ó�;ûçJãgÞäàê�ÞáÝðègö4, ¯�� .�ï�ãñê�Þ ègÝßê·îGègênàößàï�ÞáéäãgÜ�ègúgê·à�ÞäÝðï�Ýßê¨Þäàéäègï�ÞäÝðãñê�ègê·â�èûç·å·à�ê·ãñÜ�àê·ã�ÿ
öðãgúñÝðïègöñîäåjãñéÃÞ{ÿkègêjâ�Ýðê�Þáà�éäÜ�àâ·Ýðè[Þáà£ÿDéäègê·úñà�ï�ãñÜ0ç$ãñê·à�ê�Þ ô Ýßê�ègâjâ·ÝßÞäÝðãñê�Þáã�Þáå·àwöðãñêjú+éäègê·úñà�Z�ìPMRìG�
ý å·à�àößàï�ÞäéäãñÜ0ègúñêjà�ÞáÝßï�ïãñÜ�ç$ãñê·àê�Þ�ÝðêjïöðÚjâ·àî@Þáå·ànÜ0ègúñê·à�ÞáÝßï�Ü0ãñÜ�àê�Þ�Ýðê�Þäàéáè[ï�ÞáÝßãñê*ègê·â*ãñê·à£ÿ
ç·å·ã[Þáãñê�àJ$jï å·ègê·úñàTO=ãñÚjöðãñÜ�Û�Ýðê�Þáà�éáègï�ÞáÝðãgê ô è[Ü0ãñêjú&ãgÞáåjàéäî�� ý å·à�îäåjãñéÃÞ{ÿ�ègê·â�Ýßê¨ÞäàéÃÜ0à�â·Ý è[Þäà�ÿ
éáè[ê·úñànïãñÜ�ç$ãñê·àê�Þ@Ýßîûç³ègéáè[Ü0à�ÞáàéÃÝ���àâ Ýðê�ÞáåjànëXãgéäÜ

Z��� > 8ºð��� > �po � R ð�� ,� > �xo ��� , R ð{�� > �po � 6 MVU R ð����� > �xo ��� ] Ç R ð���� ,� > �po � � � ] Ç � , �Qó%� � �
ý å·à�éáègâjÝ ègö$ëXÚ·ê·ï�ÞäÝðãñêjî@ègöðö~å·è��gà�Þäå·à�ëXãñéäÜ

ð
M� > 8^� M� > q , �po � R ,V� M� > R ? o�* M � > R � ? o � , î E� > .��¸�po � �Qó%�  �

� å·à�éäà�� M� > ô � M� > ô * M � > ô ègê·â/î�E� > è[éäàç·ègéáègÜ�à�ÞäàéÃîLãñÛjÞáègÝðêjàâ"ëXéÃãñÜ ÷·Þ�� q �po � Ýßî�Þäå·àþÞäàê·îÃãñé
~ Úi)�è � è ëXÚ·ê·ï�ÞáÝßãñê � ÝßÞáå"è éáègêjúñà�ç³ègéäègÜ0à�Þáà�é��

q �xo � 8��ñó R 6
? o R 6

� ? o � ,{� � D�s%t? o �ñó | � DY��t�� � , �Qó%�:; �
ègê·â0�¸�po � Ýðî�Þäå·àY@Ìãbãbâ·î{ÿQÙjè¬$]ãñê ëXÚ·ê·ï�ÞäÝðãñê

�¸�po � 8 ó
ó R �:� t�D�t����T��� �Qó%�:� �

� å·à�éäà o�6�ègê·â¢¡*ègéÃà�îäå³è[çJà�ç·ègéáègÜ�à�ÞäàéÃî�ègöðîÃã&ãñÛjÞáègÝðêjàâ�ëXéäãgÜ ÷·Þ�� ý å·à��+1�ó�;&ç$ãgÞáà�ê�ÞáÝ è[ö)Ýßî
Ü0è¬$]ÝðÜ0ègöðöøí4öðãbï
ègö ô îÃÝðê·ï�à�ÝøÞ@ïãñê�ÞáègÝðê·î@è�Þ+Ü�ãñî{ÞûÞáàéÃÜ0îûçjéäãñç$ãñéÃÞäÝðãñê·ègöJÞäã � ,��
ý å·à9O�æ+ÿ o ãñêjê"ç$ãgÞáà�ê�ÞáÝ è[ö£, ¯  w. � ègî+ï�ãñê·î{ÞáéäÚjï�Þáà�â�Û³ègîÃàâ*ãñê ÷³àößâ*Þäå·àãñéÃà�ÞäÝðï
è[ö~çJà�éÃÞäÚ·éäÛ³èYÿ

ÞáÝßãñê�Þäå·àãñé{í%� ý å·àLöðã � à�îÃÞ@ãñéÃâ·àéwïãñê�ÞäéäÝðÛjÚjÞáÝßãñê·îwÞäãÞáåjàYaNa Ýßê¨Þäàéäègï�ÞäÝðãñê�ègéäàLÞäå·à�ãñêjà�ÿDÛ$ãñîÃãñê
à"$]ï å³è[ê·úñà&â·ÝðègúñéäègÜ0î ô � å·Ýðï å%Ýðê·ï�öðÚ·â·à0ègößö�Ü0à�îäãñê·î � ÝßÞäåÌÜ0ègîäîÃàîþÛJà�öðã � Þáåjà0ê¨Ú·ï�öðàãgê Ü�è[îäî ô
Ý.� à�� ô ß ô{¤$ô àègê·â ã � � ã � à��gàé ¤ Ýðî�â·éÃãñç·ç$àâ�Û$àïègÚ·îÃà+ÝøÞáî�ïãgÚ·ç·öðÝßê·únïãñêjîÃÞ è[ê¨ÞdÞáã�Þäå·à+ê¨Ú·ï�öðà�ãñê
Ýðîy�ñà�éÃíyîäÜ0ègöðö0� ý å·àéÃà�ègéäà�ègöðîÃãÌå·Ýßúñå·à�é0ãñéÃâ·àé�Ü�Ú·ößÞäÝðÜ�àîÃãñê;à"$]ï å³ègê·úgàî ô îäÚ·ï å¢è[î ¯ ß àJ$¨ÿ
ï å³ègêjúñà�ègê·âTß�à à"$]ï å³è[ê·úñà ô � å·Ýðï å ègéÃàLè[ç·ç·éäã�$]ÝðÜ0è[Þäàâ�Û�í0Ýðê�ÞáéÃã]âjÚ·ïÝßê·ú�Þ � ã îäïègö è[é{ÿDÝßîäãñîÃï
ègößàé¥ Û$ãñîäãñêjî�� ý å¨Ú·î�ÞáåjàyO�æ+ÿ o ãgê·ê�ç$ãgÞáà�ê¨ÞäÝ ègöBÝðî+ïãñÜ�ç·ößà�Þáà�ößí*â·à�÷³ê·àâ|Ýßê"Þáà�éäÜ�î�ãgëRãñêjà�ÿDÛ$ãñîÃãñê
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à"$]ï å³è[ê·úñà ô è[ê·âÌÞáåjàQF³à�íbê·Ü0ègêÌâ·ÝðègúñéäègÜ0î�ègéÃà�îÃå·ã � ê�Ýðê�F)ÝðúñÚ·éÃà"ó�ÿ ó%� ý å·àQO�æ+ÿ o ãñê·êÌçJã[ÿ
Þáà�ê�ÞáÝ è[ö~Ýðî�Þäå·ànãñê·ößí0ëXÚ·öðöøí�êjãñê·öðãbï
è[ö ô ãñéûÜ0ãgÜ0à�ê¨ÞäÚ·Ü ÿDâ·à�çJà�ê·â·àê�Þ ô çJãgÞäàê�ÞáÝðègö~è[Ü0ãñêjú�Ü�ãbâ·àéÃê
ç$ãgÞáà�ê¨ÞäÝ ègößî ô âjÚ·àþÞäã0ÝøÞáî�÷³à�öðâ"Þäå·àãgéäà�ÞäÝðïègöGègç·ç·éÃã�ègï å#� ý å·Ýðî�Ýðî@ï�ãñê·îäÝßîÃÞäàê�Þ � ÝøÞáå Þáå·à�ê·ãñêjöðãbï
ègö
ï å³ègéäègï�ÞäàéRãgë$Þáå·àûê¨Ú·ï�öðàègé�ëXãñéäï�à�� BDê4ë¤ègï�Þ ô Þáåjà�ï�ãñÜ�çJãñîÃÝßÞäà�îÃÞäéäÚ·ï�ÞáÚ·éÃà�ã[ëvå³è[â·éäãñêjîdîÃå·ãñÚ·ößâ4öðà
è[â
Þáã4öðègéäúñà�êjãñê·öðãbï
è[öðÝßÞäÝðà�î=è[Þ@îÃå·ãñé{Þ+éäègê·úñà�, ¯ ;:.0�
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F.ÝßúñÚ·éäà�ó�ÿ ó%cQZ�êjà�ÿDÛ$ãñîÃãñê;à"$]ï å³ègê·úgàNF³à�íbê·Ü0ègê;â·Ýðègúñéáè[Ü0îÞäå³è[Þ4â·à�÷³ê·à�ÞáåjàNO�æ+ÿ o ãñê·ê ^(^ç$ãgÞáà�ê¨ÞäÝ ègö0�
ý å·à ^ Ý wÃÜ0à�úñàê ç$ãgÞäàê�ÞáÝðègöðî5, ¯ �w.�ÝðêjïöðÚjâ·à�Þáéäègâ·ÝøÞáÝðãgê³ègöRöðãñêjú�éáègêjúñàKZ�ìPMRìËègê·â�Ú·îÃà*àJ$¨ÿ

ï å³ègêjúñàî&ã[ënå·à
è��¨íyÜ�àîÃãñê·î0îäÚ·ï å�ègîtà ô ã ô ¡�6 ègê·â k 6�ëXãñé4Þáå·à�îÃå·ãñé{Þ&éáè[ê·úñà�ç·ègéÃÞ0ãgë�ÞáåjàÝðê�Þäàéáè[ï�ÞáÝßãñê#� ý å·à ^ Ý wÃÜ�B)çJã[Þáàê�ÞäÝ ègö³ï�ãñê�Þ ègÝßê·îRïàé{Þ ègÝßê0êjãñê·öðãbï
è[ö·ÞáàéÃÜ0î ô � å·Ýðï å�ègéäà@éäà�Ü0ã��gàâ
Ýðê�Þäå·à ^ Ý wÃÜÂBnBdçJã[Þáàê�ÞäÝ ègö0�

_a`�b�`�b Ê À�±³²G²vÄ c ¼�´GÍ{²G¸w¹I¦�¸w±³´k²G¶�»R¹�Å�Î¥²BÍ{».¾·µ�§+µQ¶b¾·µ{´©¨«ª²B´v¾j¶
�LößöjÞáåjàûöðãbï
ègöjaNa çJãgÞäàê�ÞáÝðègöðî.úñÝ��gàûê·à
ègéÃößíÝðâ·à�ê¨ÞäÝðïègö·éäà�îäÚ·öøÞáî�ëXãñé�Þäå·àûÞáéÃÝßÞáãgê Û·Ýðê·âjÝðê·ú�à�ê·àéÃúgí�c
 I� ��¯2¬Éõ � õ óKL"à"1 ô è[î ïãñÜ�ç³ègéÃàâ Þáã�Þäå·à�à"$]ç$àéÃÝðÜ�àê�Þ ègö}�gè[öðÚ·à&ã[ë';I� e ;/L"à�19� ý åbÚjî�ÝøÞ�Ýßî
ïößà
ègéwÞáå³è[Þ�öðãbï
ègö¬Þ � ã�ÿDÛ$ã]âjí�çJã[Þáàê�ÞäÝ ègößî�ègéÃà�ê·ãgÞ@îÃÚjÆ�ïÝðà�ê�ÞûÞáã éäà�ç·éäãbâ·Ú·ï�à�Þáå·à�Þäå·éäà�à�ÿtêbÚjïöðà�ãñê
Û·Ýßê·â·Ýðêjú�àê·à�éäúgí�� ý � ã�ê³è[ÞäÚ·éáè[ö·à"$bÞáà�ê·îäÝßãñê·î�Þáã�Þ � ã[ÿDê¨Ú·ï�öðà�ãñê0Ýßê�Þáàéäègï�ÞäÝðãñêjî�ègéäà�Þäå·éäà�à�ÿtêbÚjïöðà�ãñê
Ýðê�Þäàéáè[ï�ÞáÝßãñê·î-� 6%^ F.î � ègê·â*éäà�ö è[ÞäÝ��bÝðî{ÞáÝðï+ïãñéÃéäà�ï�ÞáÝßãñê·î��
ý å·ààègéäößÝðà�îÃÞ@Þáå·éÃàà£ÿDê¨Ú·ïößàãñê"ëXãñéäï�à ô ç·éäãñç$ãñîÃàâ�ÝßêÌó�� z  4Û�íhF³Ú¬wÃÝßÞáè4ègê·â¼L*Ýßí�èd�
è � è�, 6 õ . ô

ïãgéäéäà�îäç$ãñê·â·î�Þáã"îäÝðêjúñöðà£ÿDç·Ýßãñê|à"$]ï å³ègê·úgàî�Û$à�Þ � àà�ê Þáå·éÃàà�ê¨Ú·ï�öðà�ãñê·î � ÝøÞáå¡Þáå·à�Ýðê�Þáà�éäÜ�àâ·Ýðè[Þáà
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à"$]ï�ÝßÞ è�ÞáÝðãgê�ãgëBè>ÝÿtÝðîäãgÛ³ègédéäàîÃãñê³ègêjïà ô ègî�îäåjã � ê�ÝßêQF.ÝßúñÚ·éäà�ó�ÿ ¯ � ý å·à�Ýßê�Þáàéäègï�ÞäÝðê·úþçJã[Þáàê�ÞäÝ ègö
ï
è[ê"Û$à � éäÝßÞÃÞáà�ê"è[î

Z , lMVU\X 8^< , l u��® MVU � ® M¯X�°  e M ] e U � e M ] e X�° R óe , ® MVU � ® M±X .�,Ve M ] e U � e M ] e X . v �{ó%�øó õ �

� å·à�éäà ® MVU 8²n l �xo � d M ] d U R³q l �po � 6 M[U �{ó%�øóñó �
ègê·â  < ��´ ° ègê·â=,V< ��´ .$éäà�ç·éäà�îäà�ê¨Þûègê�ÞáÝðï�ãñÜ�Ü�ÚjÞ è�ÞáãñéÃîRègê·â�ï�ãñÜ�Ü�ÚjÞ è�ÞáãñéÃîdã[ë~Þ � ãþãñç$àéáè�ÞáãñéÃî<�ègê·â ´ �

π

π

∆

NN N

F.ÝßúñÚ·éäà0ó�ÿ ¯ c'F³Ú¬wÃÝøÞ è�ÿ�L"Ýßíñè��
è � è�Þáå·éÃàà�ÿtê¨Ú·ïößàãñê�ëXãñéÃïàÞäå·éäãñÚjúñå�Þáå·à àJ$]ï å³ègê·úñà4ãgëRÞ � ã ç·ÝðãñêjîÛ$à�Þ � ààê�Þáå·éÃàà�ê¨Ú·ïößàãñê·î ô â·Ú·éäÝßê·ú � å·Ýðï å�ãñê·àûã[ëJÞäå·à@êbÚjïöðà�ãñê·îdÝðî�àJ$]ïÝßÞäàâ�Þáã�è3ÝËéäà�îäãñê·ègê·ïàd�
Z�ê·àhã[ë0Þäå·à;Ü0ãñî{Þ � Ýðâ·à�ößí ÚjîäàâËÜ0ãbâ·à�éäê Þáå·éÃàà£ÿDê¨Ú·ïößàãñê�ëXãñéäï�àî|Ýðî�Þäå·à£É+éäÛ·ègê³èCBRm

�0É=BRm � , 6 ó/. ô � åjÝðï åsï�ãñê�Þ ègÝßê·î"è�F³Ú¬wÃÝßÞáè�ÿ]L*Ýßí�èd�
è � è ÞäàéäÜ Z , lMVU\X è[ê·â�è�ç·å·àêjãñÜ0à�ê·ãñößãñúñÝðïègö
îäåjãñéÃÞ{ÿDéáè[ê·úñà�éäà�ç·Ú·ößîäÝ��gà�ÞáàéÃÜ Z �MVU\X c

Z MVU�X 8 Z , lMVU\X R Zh�M[U\X �{ó%�øó ¯ �

¯��



� ÝßÞäå Zh�M[U\X 8¶µW6 K �¸·\� q ,l �po
MVU
� q ,l �po M¯X � �{ó%�øó 6 �

ý å·à�ïãñêjîÃÞ è[ê¨Þäî'< , l ègê·â2µW6Lè[éäà�ègâ¬wÃÚ·î{Þáà�â*Þäã0éÃàç·éÃã]â·Újïà�Þáå·à�ÞäéäÝßÞäãñê Û·Ýðêjâ·Ýðê·ú à�ê·àéÃúgí%�
ZLÞáå·à�édÜ�ãbâ·àéÃê 6�^ F.îRÝðêjïöðÚjâ·à�Þáå·à o éäè��ÝßöjëXãñéÃïà¹, 6 ¯ . ô Þäå·à ý Újïîäãgê]ÿ]L"à�öðÛ$ãñÚ·éÃê·àûëXãñéäï�àh, 6ñ6 .

ègê·â�Þäå·à ý àJ$·è[î{ÿ��kãñî=�LöðègÜ�ãñî=ëXãñéÃïàº, 6 e .0� ý å·à o éáè���ÝðöJëXãgéäïànï�ãñê�Þ ègÝßê·î�Þáå·à-F³Ú¬wÃÝøÞ è�ÿ�L"Ýßíñè��
è � è
Þáà�éäÜ ègê·â�ègâ·âjî�îäãñÜ�à&ï å·ÝßéáègöwïãñéÃéäà�ï�ÞáÝßãñê·î�� ý åjà ý Ú·ï�îäãñêbÿ]L"à�öðÛ$ãñÚ·éäêjà&ëXãñéäï�à�ègöðîÃã�ïãgê¨ÞáègÝðêjî
ÞáåjàtF³Ú¬wÃÝøÞ è�ÿ�L"Ýßíñè��
è � è�Þáà�éäÜÐègê·â|Ýßê·ïößÚ·â·àînï�Ú·éäéÃàê�Þ�è[öðúñà�Û·éáè&ï�ãñê·îÃÞäéáègÝßê�Þáî�� ý å·à ý à"$jègî{ÿD�kãñî
�LöðègÜ�ãñî=ëXãñéÃïànÝðîûà�ê¨ÞäÝðéÃàößí�Ü0ã[ÞáÝ��[è[Þäàâ�Û�í ï å·Ýßéáègö~ç$àé{ÞáÚ·éÃÛ³è[ÞäÝðãñê�Þáåjàãñé{í%�
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BDê|ègâ·â·ÝøÞáÝßãñê ô Þáå·à�éäà4ègéÃà ègöðîÃã&Ü�ã]â·à�öøÿtâ·àç$àê·âjàê�ÞLÞ � ã[ÿDÛ$ãbâjí�ï�Ú·éäéÃàê�Þáî � å·Ýßï å|ègéäàç·Ú·éäà�ößí

Þáéäègê·î]�ñàéÃîäàègê·â Þáå¨Ú·î�ê·ãgÞ@ïãgê·îÃÞäéáègÝßê·àâ"Û¨í�Þáå·à�ïãñê�ÞäÝðê¨Ú·ÝßÞDí�àù¨Ú³è[ÞäÝðãñêb�[Z�ê·ànïöðègîäî@ãgë)Ü�ã]â·à�öøÿ
â·à�çJà�ê·â·àê�Þ=ïÚ·éÃéäàê�ÞäîdÞäå³è[Þdå³ègîdÛJà�àê�ïãñÜ�Ü�ãñê·ößíïãñêjîäÝðâjàéäà�â0Ýßê�Þäå·à@öðÝøÞáàéäè[ÞáÚjéäàûÝðîRè[îäîäãbïÝðè[Þáà�â
� ÝßÞäå�àößàï�ÞäéäãñÜ0ègúñêjà�ÞáÝßï�ÞäéáègêjîäÝßÞäÝðãñê0ïãñÚjç·öðÝßê·úñî=Û$à�Þ � àà�ê"âjÝ��Jàéäà�ê�ÞûÜ0à�îäãñêjî ô ëXãñé=à"$jègÜ�ç·öðà ô Þáåjà
à%ß#â�ègê·â ã ß#â"Ü�àï å³ègêjÝðîäÜ�î�è[îûîäå·ã � ê ÝðêQF)ÝðúñÚ·éÃàó�ÿ e � ý å·ànè[îäîäãbïÝðè[Þáà�â&Þ � ã�ÿDÛ$ã]âjí0ïÚjéäéäà�ê�Þáî
å³è��ñà�îäåjãñéÃÞ�éáè[ê·úñà�â·Ú·à�Þäã4Þäå·ànö ègéÃúñà�Ü0ègîäîÃàî@ãgëWàgÿwègê·â ã ÿDÜ�àîäãgê·îA, 6 � ô e õ ..�X� îÃàïãgê·â�ï�ö ègîÃî
ãgëdÜ�ã]â·à�öøÿtâ·àç$àê·âjàê�Þ�ï�Ú·éäéÃàê�ÞáînÝðîLègîäîÃã]ï�Ý è[Þäàâ � ÝøÞáå�Þáåjà�ÝÿDÝðîÃãñÛ³ègé+â·àúgéäàà�înãgë�ëXéäà�àâ·ãñÜK�3BDê
Þáåjà�ï�Ú·éäéÃàê�Þ�Þáå·à�ãñéäà�ÞáÝðïègö�ëXéáè[Ü0à � ãñé_) � àT�bÝßà � Þäå·à�êbÚjïöðà�Ú·î�ègînÜ�è[â·à4Ú·ç%ã[ë=ê¨Ú·ï�öðàãgê·îè[ê·â
ègîÃîäÚ·Ü�àÞáå·è[ÞnègößöBã[Þáå·à�é�îäÚ·ÛjêbÚjïöðà�ãñê·Ýßï�â·àúgéäàà�î�ãgëRëXéäà�àâ·ãñÜ ï
è[ê�ÛJà�à�öðÝßÜ0Ýßê³è[Þáà�â"Ýßê"ë¤è��ñãgé�ãgë
à��Jàï�ÞáÝE�ñàwÞ � ã[ÿkègê·âÜ0ègê�í�ÿDÛ$ã]â]ínãñçJà�éáè[Þäãñéäî)ègï�ÞáÝðêjúLãñê�Þáå·àwêbÚjïöðà�ãñêØ× î.ï�ã]ãñéÃâ·Ýðê·è[Þáà�î�� �+î.è@÷³éäî{Þ
ãñéÃâ·àé�ï�ãñéäéÃàï�ÞáÝðãgê&ÞáãÞäå·Ýðî�çjÝðï�ÞäÚ·éäà ô � à�ï
ègê&Þáè�)gà�Þäå·à�öðã � àî{Þ@à"$]ïÝøÞ è[ÞäÝðãñê&ã[ëkÞáå·à�ê¨Ú·ï�öðàãgê ô Þáåjà
Ý ÝðîÃãñÛ³ègé ô ègî�ègâ·â·ÝøÞáÝðãgê³ègökïãgê·îÃÞäÝßÞáÚjàê�Þáî�ã[ë�Þáå·àþêbÚjïöðà�Ú·îº, e ó ô e ¯ ..�7@¢ÝßÞäå�Þáåjà�Ýðê·ï�öðÚ·îÃÝðãñê*ãgëPÝ
ègâ·Ü�ÝE$bÞäÚ·éäà�î�Ýðê�Þäå·à ê¨Ú·ïößà
ègé � è��ñà ëXÚ·êjï�ÞáÝßãñê ô � à ê·à�àâ�Þáã�ï�ãñê·îäÝßâ·àé�Ýßê�Þáàéäègï�ÞäÝðãñêjîLÝðê��gãñö��bÝðêjú

6 õ



Û$ãgÞáå�ê¨Ú·ï�öðàãgê·î ègê·â Þäå·àQÝÐÝðîÃãñÛ³ègéÃî ô îäÚjï åhè[î�aNa ä aNÝ ègê·âkaha ä ÝyÝ ÞäéáègêjîäÝßÞäÝðãñê
Ýðê�Þäàéáè[ï�ÞáÝßãñê·î ô Þáå·àQF³à�í]êjÜ�ègê�âjÝ ègúñéäègÜ�îãgë � å·Ýßï å�ègéäà&îÃå·ã � êhÝßêrF.ÝßúñÚ·éäà"ó�ÿ z �5�+â·â·ÝøÞáÝðãgê³ègö
àößàï�ÞáéäãgÜ�ègúgê·à�ÞäÝðï�ï�Ú·éäéÃàê�Þáî�ï
ègê Þáåjàê*ÛJànïãgê·îÃÞäéäÚ·ï�Þáàâ*ëXéäãñÜ Þáå·à�îäà�Ýðê�Þáà�éáègï�ÞáÝðãgê·îA, 6 z .0�

F.ÝßúñÚ·éäà4ó�ÿ e c[F³à�í]êjÜ�ègê*â·Ýðègúñéáè[Ü�éäà�ç·éäà�îäàê�Þáè[ÞáÝßãñê�ãgë�Þäå·à�Ýðîäãgîäï
è[öðàé=à%ß#â¡ègêjâ�ÝðîÃã��ñàï�Þáãñé ã ß#âÞáéäègê·îÃÝßÞáÝßãñê�ï�Ú·éäéÃàê�Þáî���ÙbãñöðÝßâ�öðÝßê·àîwéäà�ç·éäà�îäàê�Þ�ê¨Ú·ïößàãñêjî ô â³ègîÃå·àâ ößÝðê·à�î=éäà�ç·éäà�îäà�ê¨Þ�ç·Ýßãñê·î � åjÝðöðàÞáåjÝðï	)ñÿDâ³è[îäå·à�â�öðÝßê·àî}�ñàï�Þáãñé�Ü�àîäãgê·î7à�ãñé ã ô è[ê·â � è��¨í öðÝðêjàîûéäà�ç·éäà�îäà�ê¨Þ+ç·å·ã[Þáãñê·î��

(b)(a)

F.ÝßúñÚ·éäà�ó�ÿ z cHF³à�íbê·Ü0ègê;â·Ý ègúgéáègÜÐéäà�ç·éäà�îäà�ê¨Þáè[ÞáÝßãñê�ãgë@Þáå·àKaNa ä ahÝ ègê·â£aha ä ÝTÝÞáéäègê·îÃÝßÞáÝßãñê¡Ýðê�Þáà�éáègï�ÞáÝðãgê·î���Ù]ãñöðÝßâ%ößÝðê·à�îþéÃàç·éÃàîÃàê�Þ4ê¨Ú·ïößàãñê·î ô Þáå·Ýßï	)ñÿDîäãgöðÝðâ%öðÝßê·àî�éäà�ç·éäà�îäàê�ÞTÝÝðîÃãñÛ³ègéÃî ô è[ê·â � è��¨í öðÝðêjàîûéäà�ç·éäà�îäà�ê¨ÞLç·å·ãgÞäãñê·î��

!#"�Ù � ����"!ÛÚ ���Ì����#����&� ' 	)(*� � �+����(Ð�
� 5 ����	����/��	)���
��6�79;:=< 7>@?J>BAtC
ý å·àþîäç·Ýßê]ÿDâ·à�çJà�ê·â·à�ê¨Þ�ègîÃíbÜ�Ü0à�ÞáéÃí*Ýßê"ù¨Ú³ègîÃÝðà�ö ègî{ÞáÝðï�îäïè[ÞäÞäàéÃÝðê·ú0ãgë�öðãgê·úñÝßÞäÚ·â·Ýßê³ègöðöøí�ç$ãñöðègéäÝ��àâ
àößàï�Þáéäãgê·îLëXéäãgÜ ç$ãñöðègéäÝ��àâ � � à�ê¨Ú·ï�öðà�Ý � ègîL÷³éÃîÃÞ�ïègöðï�Ú·ö è[Þäàâ�Ýßê�è�ç·öðègê·à � è��ñà ÝßÜ0çjÚ·öðîÃà�ègç]ÿ

6 ó



ç·éÃã�$]ÝßÜ�è[ÞäÝðãñê/�rìA@CBD� ��� ÝøÞáå·Ýßê�Þáå·à�ï�öðãñîÃÚ·éäànè[ç·ç·éäã�$]ÝðÜ0è[ÞäÝðãñê ô � å·à�éäà�è�îäçjÝðê]ÿtâ·àç$àê·âjàê�Þ�Ü0ã[ÿ
Ü�àê�ÞáÚ·Ü âjÝðîÃÞäéäÝßÛ·ÚjÞáÝßãñê � ègîwà�Ü0çjöðãfíñà�â�Þäãþâ·à�îäï�éäÝðÛ$à@Þáå·à@ê¨Ú·ïößà
ègédà��Jàï�Þáî�, z ..���Gè[Þäàé ô è�ìA@CBD�
ï
è[öðïÚjö è[ÞäÝðãñê � ègîLïègéäéÃÝðàâ*ãñÚjÞ+Ú·îÃÝðê·ú�è0îäçjÝðê]ÿtâ·àç$àê·âjàê�Þ�îÃçJà�ï�ÞáéäègöGëXÚ·ê·ï�ÞäÝðãñê ô � åjÝðï å�îÃÚ·Ü�Ü�è�ÿ
éäÝ��à�î@ègöðö$ãgëBÞáå·à�ê¨Ú·ï�öðà
è[é�îÃÞäéäÚ·ï�ÞáÚ·éÃà�ÝßêjëXãñéÃÜ�è[ÞäÝðãñê0Ýðê&Þäå·à�ç·éäãbïà�îäî�, ;:..�PZ�ê·à�Ü0è�wÃãñéwâ·éáè � Û³è[ï	)
ãgëvènì�@CBD��ï
è[öðïÚjö è[ÞäÝðãñê�Ýßî�Þáå³è�ÞwÝøÞ�â·ãbàîRê·ãgÞRÞáè�)gàûÞáåjà�Ýßê�Þáàéäègï�ÞäÝðãñêjî�ÛJà�Þ � à�àê�Þäå·àû÷³ê³ègö ÿDîÃÞáè[Þáà
ê¨Ú·ïößàãñêjî+Ýßê¨Þäã�ègïï�ãñÚ·ê�Þ�� ý å·àéÃàègéÃànùbÚjÝßÞáà�è ëXà � Þäàï å·êjÝðù¨Ú·àîLè��gè[Ýðö è[Û·öðà�Þáã�Ýðê·ï�öðÚ·â·à�Þäå·à�F�ÙIB
à��Jàï�Þáî��[Z�ê·à�Ýßî�Þáå·à���éäàà�êØ× î{ÿtëXÚjê·ï�ÞäÝðãñêhL"ãñê�Þäà9O�è[éäöðã � åjÝðï å*éäàößÝðà�î�Ú·ç$ãñê�Þáå·ànç³è[Þäå]ÿDÝßê�Þáàúgéáègö
ègç·çjéäã�ègï å4Þáãnà"�gè[öðÚ³è[Þäà=Þáåjà�ÝßÜ�è[úñÝðê³è[éÃí�ÿtÞäÝðÜ�àdçjéäãñç³è[ú�è[ÞáÝßãñê�ãgë$Þáåjà � è��ñà@ëXÚ·ê·ï�ÞáÝðãgê}, e 6 ..� � ã � ÿ
à��gàé ô ègî=ëXãñé=ègê�íQL*ãñê�Þáà-O�ègéÃöðãÜ�à�Þäå·ãbâ ô Þäå·àéÃà�ÝðîwÝðê·å·à�éäà�ê¨Þ�îÃÞ è�ÞáÝðî{ÞáÝßï+à�éäéäãgé�Ýðê�Þáå·Ýßî=Ü�à�Þáåjã]â#�
ý å·à�îäà�ïãñê·â0Þáàï åjê·Ýðù¨Ú·à ô ï
è[öðöðà�âTF$è[â·â·àà"�4Ü0à�Þáå·ãbâ·î ô ïègê0Þáè�)gà(F�ÙIB.à"$jègï�Þäößí4Ýßê¨Þäã�ègïï�ãñÚ·ê�ÞwëXãgé
ègê�í�ÞDíbç$à+ãgëJéäàègöðÝßîÃÞäÝðï ^(^ ëXãgéäïàd�ABDê0ègâ·â·ÝøÞáÝðãgê ô ÝßÞRÝßîRègöðîÃãnîÃÞáéäègÝðúgå¨ÞÃëXãñé � ègéÃâ4ÞäãþÝßê·ïößÚ·â·àûÜ�àîÃãñê
à"$]ï å³è[ê·úñà�ïÚ·éÃéäàê�Þäî>�0LNMPO=î � Ýßê<F¬ègâ·â·à�à�� ï
è[öðïÚjö è[ÞäÝðãñê·î��
@Ìà � Ýðößö~÷³éäî{ÞLâjàéäÝE�ñànÞáå·à�úñà�ê·àéäègökëXãñéäÜ0ègöðÝßîäÜ-ëXãñé�Ýðê·ï�öðÚ·îÃÝ��ñànà�öðàï�ÞáéÃãñê"îÃï
è[ÞÃÞáà�éäÝðêjú0ëXéäãgÜ è

ê¨Ú·ïößàÚ·î ô Ýðê�ç³ègé{ÞáÝßïÚ·öðègékÞáå·àdîäç·Ýßê]ÿDâjàç$àê·â·à�ê�ÞRègîÃíbÜ�Ü0à�Þáé{ínÝðê�ùbÚ·ègîäÝßàö è[îÃÞáÝßï � �� à�� ��%�	� 
 � ç·éäãbïà�îäî ô
Þáåjàê&â·à�îäï�éäÝðÛ$à+Þäå·à�ìA@CBD��ïègöðï�Ú·ö è�ÞáÝðãgê·îRègê·â&êjãñê]ÿDéÃàöðè[ÞáÝE�]ÝßîÃÞäÝðï7F¬ègâ·â·à�à���ï
è[öðïÚjö è[ÞäÝðãñê·î � åjÝðï å
ÝðêjïöðÚjâ·à�ÛJã[ÞáåKF�ÙIB=ègê·âNLNMPO�à��Jàï�Þáî�Ýðê â·à�Þ ègÝßö.�

_a`�Áf`\_ Ü ²)¹�²G±³»RÍº¦�¸w±¬½-»RÍ{µ{¶j½ ¿£¸d±ÞÝ¨¹�´GÍÃ¼�¶jµ�§w²©¨�Í{²G´v¾j±³¸=¹ Á�´k».¾b¾·²G±¬µ{¹�Ï
o à�ëXãñéäà ç·éÃàîäà�ê�ÞáÝðêjú¡Þäå·à�éäà�îäÚ·öøÞáî ëXãñé ù¨Ú³ègîÃÝðàöðègîÃÞäÝðï � �� à�� ��%�	� 
 � ô ÝøÞ4Ýðî�Ú·îÃà�ëXÚ·öûÞäã¡àJ$jègÜ0Ýßê·à&Þáåjà
úñà�ê·àéäègö�ç$ãñö ègéÃÝ���àâr� �%�	� 
 � çjéäãbïàîÃî��9F¬ãgéLîäÚjï åÌègê�Ýßê·ïößÚ·îäÝE�ñà�àJ$]çJà�éäÝðÜ�àê�Þ ô Þáå·à÷·ê³ègö�ê¨Ú·ï�öðà
è[é
îÃÞáè[Þáà�Ýðînê·ã[ÞþãgÛ·îäà�é_�ñà�â#�Q�-úñàêjàéáè[ö'� �%�	� 
 � îäç$àï�ÞáéÃÚ·Ü�Ýðînîäåjã � êÌÝðê�F.ÝðúñÚjéäà�ó�ÿ � ô � å·àéÃà0Þáåjà
ïéÃãñîäî�îäà�ï�ÞäÝðãñê"Ýðî@ç·öðã[ÞäÞáà�â�è[îLè ëXÚ·ê·ï�ÞáÝðãgê"ãgë)Þáå·à�àêjàéäú[í�Þáéáè[ê·îÃëXà�é ã ëXãñé�è4÷j$]à�â�Ü0Ýßê¨Ú·îûëXãñÚ·é{ÿ
Ü�ãñÜ0à�ê�ÞáÚ·ÜÈÞáéáè[ê·îÃëXà�é�îÃù¨Ú³ègéäà�â/*3,��
ý å·à�÷³éäî{Þ îäå·ègéäç;ç$à
è�)%Ýðî�â·Újà&Þáã�àößàï�Þáéäãgê�àö è[îÃÞáÝßï�îÃï
è[ÞÃÞáàéÃÝðê·ú�ëXéÃãñÜ Þäå·à&ê¨Ú·ï�öðàÚjî0è[î è

� å·ãñößà � å·Ýðößà�Þáåjà*êjà"$bÞ4ëXà � îÃå³ègéÃçhç$à
è�)¨î4ïãgéäéäà�îäç$ãñê·â;Þáã|ê¨Ú·ïößà
ègé àJ$]ïÝßÞáè[ÞáÝßãñê Þáã|â·Ýßîäï�éäà�Þäà
îÃÞáè[Þáà�î�� ^ ãgÞäà�Þäå³è[ÞLÝðê*éäà
è[ö)àJ$jç$àéÃÝðÜ�àê�Þáî�Þáå·à�îäà�ç$à
èd)bîLègéäà�Ü�Ú·ï å�îäÜ�ã]ãgÞäå·àé�Û$àï
è[Ú·îäà�ã[ë�éáè�ÿ
â·Ýðè[ÞáÝE�ñà�à"�và�ï�Þáî��}BDÜ�Ü�àâ·Ýðè[Þáà�ößí ëXãñößöðã � Ýðê·úÝðîûè Û·éÃã�ègâ�ç$à
è�)&ïègöðößàâ�Þäå·à}ßV��Ý ègê�Þ & àîÃãñê³ègêjïà/à ô
� å·Ýßï å�Ýßî�â·Ú·à&Þäã�Þáå·à�à"$]ïÝøÞ è[ÞäÝðãñê�ãgë@ï�ãñöðößàï�ÞáÝ��gà&Ü�ã]â·à�î�Ýðê%Þáå·à�ê¨Ú·ï�öðàÚjî�� ý åjàê�Þáå·à�éäà�Ýßî è
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F.ÝðúñÚjéäà ó�ÿ � cA� úñàêjàéáè[öP� �%�	� 
 � îäç$àï�ÞäéäÚ·ÜK�

�ñà�éÃí"Û·éäãñègâ"ÛjÚ·Ü0ç"çJàè�)gà�â|è[Þ ãâá * , ¼ ¯(ã m ô � å·Ýðï å"Ýðî�ï
ègößöðà�â*Þäå·àþù¨Ú³è[îäÝðà�ö ègî{ÞáÝßï�ç$à
èd)"è[ê·âïãgéäéäà�îäç$ãñê·â·î�Þäã�Þáå·à�à�öðà�ï�ÞáéÃãñê4ÛJà�Ýðê·úLàö è[îÃÞáÝßï
ègößößínîÃï
è[ÞÃÞáàéÃàâ4ëXéäãñÜËè�îäÝßê·úñößà=ê¨Ú·ïößàãñê4Ýßê·îäÝßâ·à=Þáåjà
ê¨Ú·ïößàÚ·î�� ý å·à�ê·à"$bÞ�ëXà � Û·Ú·Ü�ç·î�ïãgéäéäà�îäç$ãñê·â�ÞáãþÞáå·à�àJ$]ïÝßÞáè[ÞáÝßãñê&ãgëBèþêbÚjïöðà�ãñê&Þáã>Ý ègêjâ<a0ä
îÃÞáè[Þáà�î��HF.Ýðê³è[öðößí*ï�ãñÜ0à�î�è*éÃàö è�ÞáÝ��gàöøí0å¬è[Þ�éÃàúñÝßãñê|ï
ègößöðàâ�Þäå·à4â·àà�çÌÝðêjàö è[îÃÞáÝßï�îäïè[ÞäÞäàéÃÝðê·ú*éäà£ÿ
úñÝßãñê ô � å·à�éäà@Þáå·à@ê¨Ú·ï�öðàãgê0éÃàîäãgê³ègê·ï�àî�è[éäàûÛ·éÃã�ègâ ô ã��ñà�éäö è[ç·ç·Ýðêjúþè[ê·â�Þäå¨Ú·îRê·ãgÞdâ·Ýðî{ÞáÝßê·úñÚ·Ýßîäå·à�â
ègî�ÛjÚ·Ü0çjî��5BDê Þáå·Ýßî�éäà�úñÝðãñê ô Þáå·à&à�öðà�ï�ÞáéÃãñê;Ü�è
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Beam Polarization: 70%
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Target          Quad1         Quad2  Quad3       Dipole                               Detector

Helmholtz Top View

coils Moller Polarimeter

700 cm

Beam

Side View

9.6cm

48.5 cm

 Patsy            Tessa   Felicia          Lilly

100              108.5            65.7        148.6                       277.2

208.5     274.2

422.8
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BCM BCMUnser

Downconverter Downconverter

DMM DMM

1 MHz 1 MHz

VtoF VtoF

Scaler

VME Crate

e
Excitation Loop

Detection Loop
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Fast Raster

BPM 1

   Target Cell

Beam 
1 4

 2 3
4

2 3

1

    BPM 2
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Y*JZLoS\W�Ys�8Q�J�e*^�byM&G�bTW�IKJ�]NWPLVesJ�Q��TLoG�bTpTeqWrIRM&S\^uY � MRYo^�J�ePWPQuYoL!J�I � Jsz�WPI&WqQTS�Yo^�G�}�ØZju·�QT[ÍJZQTb
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J�QTb�Y!^TW3�|G�IKJ�LNM&OPWqb�IRM&S\^uY�MR]-bTMRLoWqeqY!Wqb{dua�Jc}�W � [�M&LNLoG\LN]�J�QTb{IRWPQT]<G\QuY!GcY!^TWVY*J�LNS\WqYP����G\MRQ�YoM&QTS
luµ��ø· ] YoG�Y!^TW{LNM&S\^uY�GZ}~Y!^TW7MRQTePMRbTWPQuYiWqI&WqeqY!LNG\Qòd|WPJ�[����~^TW7^TWPIRM&eqMRY�aÈG�}�Y!^TW�IKJ�]NWPLo]:esJ�Qòd�W
LoW�z\WqLo]oWqb�LNWP[�G�Y!WqIRa�pT]NM&QTS�Jr]oWqY1G�}�^�J�I�} � Jsz\Wq�TIKJtY!WP]q���~^TW � ^TG\IRW�]Na�]`Y!WP[ � J�]X]o^TMRWPI&byWPb{MRQ7J
ePG�QTePLNWqY!Wc^�pyYVQTWsJZL�Yo^TWgY*J�LNS\WqY�MRQa��J�IRI�ÊË}�G\L~L!JZbTMKJZYoM&G\Q��TLoG�YoWPe�Y!M&G�Q��

b ádcÛè"!uÞ ðeW�Y Þf!�å�~^TW�[�JZM&Q{MRQTS\LoWqbTM&WqQuY~G�}_Y!^TW�Y!J�LoS\W�Y~]Na�]`Y!WP[�MR]~J U �3W�Y!J�LoS�WqY�ePWqI&I�¶çÁ�M&S�pTLoW�µÛ½*hkÄ\¹ � ^TWPLNW
Y!^yWcG��yY!MResJ�I��ypT[��yM&QTS�J�Qyb�]N�TM&Q�W�w�e*^�JZQTS\WP]3�TLoG�ePWq]o]NWP]�JZeqY!pTJ�I&I�a�Y!J�f�W��TI&J�ePWZ�

Pumping Chamber

Target Chamber

Transfer Tube

40 cm, 1.9 cm Dia.

Dia. 6.25 cm

5.8 cm, 1.3 cm Dia.

Electron Beam

Á�MRS\pTLoWcµk½*hkÄyÒ�Ê Y�a��TMResJ�I¨U-�3WgY*J�LNS\WqY�eqWPIRI$�
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J�QTb�M&]1JrG\QTW�½ë�TM&WqePW�eqWPIRI � M�Y!^�Yo^TLoWqW���J�L`Y!]PÒ�Jr�TpT[��TM&QTSre*^�J�[id�WPLq�TJrY!J�LoS�WqY1e*^TJ�[id�WPL~J�Qyb7J
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Y!G�ePG\QuYoLoG\IDY!^yW�LopydTM&bTMRpT[ zZJ���G\L�bTWPQy]oMRY�a�bTpTLNM&QTS�Y!^yW�W�w���WPLNM&[�WPQuYs�7�~^TW�Y*J�LNS\WqYre*^�J�[:d|WqL
M&]rJ�Åum�eP[ÉY!pyd|W � ^TM&e*^ � J�]:�yIKJ�eqWPb�J�IRG\QTS�Y!^TW�WPI&WqeqYoLoG\Q�d|WPJ�[ÿbTpTLoMRQTS�Yo^TW�Wxwy��WPLNM&[�WPQuYs�
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Y!^yW�Y!J�LoS�WqY�ePWqI&I¸����LN]NYVLopTdyM&bTMRpT[ � J�]�e*^�J�]NWPb�MRQuY!GiY!^yWc�ypT[��yM&QTS�e*^�J�[:d|WqL�J�QTb�Ì ê SuJ�] � J�]��IRI&WPb�M&QuY!G:Yo^TW�eqWPI&I�Y!G�JZd|G\p�Y~ÅumrYoG\LoLq�D�~^TW�Y*JZLoS\W�Y~e*^�J�[id�WPL � J�]1Yo^TWPQ7eqG�G�I&WPb{YoG�J�d�G\pyY�hkm
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g Y!G�f�WqWP�vYo^TW��TLoWq]o]opyLoW{MRQÈYo^TW�eqWPIRI<d�WPIRG � h{JtY![ÿJ�QTbÈU$�3W�SuJ�] � J�]c�TI&I&WqbÈYoG�J�bTWPQy]oMRY�a
]opye*^�Y!^�JtYVYo^TW�U$�3W��TLNWP]o]NpTLoW � G�pTI&b�d|Wcjt½!hkm�JZY![�]�M&Q�LoG�G\[ YoWP[��|WqL!JZYopTLoWZ�-�~^TWcM&QyMRY!M&J�I|Ì ê�TLNWP]o]NpTLoW�G�}XJ�d�G\pyYgÅum{YoG\LoL � J�]�e*^TG\]NWPQv]NG7Y!^�JZYgYo^TW���Q�J�InÌ ê �TLoWq]o]opyLoW � J�]cJ�d�G\pyYgl\mt½`ØZmY!G�LoLiMRQ�LoG�G\[ÉY!WP[���WPL!JtY!pTLNW���Á?G�L�J�bTWqY!J�M&IRWPbòJ�eqePG\pyQ�Y�GZ}VYo^TW7ePWqI&I ½�ePG�QT]NYoLopTe�Y!M&G�Qº�TLoG�ePWq]o]q�
�TIRWsJ�]NWcLNWq}�WqL�YoG�¾¿·�jtÀ$�
�~^TW1Y*JZLoS\W�YDePWqI&I � J�]D[�G\pTQuYoWPbiY!G�J�Y*J�LNS\WqY�IKJ�bTbyWPL�¶çÁ�M&S\pyLoWXµÛ½*hsÅu¹ � ^TMRe*^�J�I&]NG�^�J�]n]N��J�eqWP]

}�G\L�J�LoW�}�WPLNWPQTeqWceqWPIRI�J�QTb�J�ùXWZhËY*J�LNS\WqYP�D�~^TWrLNWq}�WqLoWPQyePW�ePWqI&I¨esJZQ�d�W���IRI&WPb � M�Y!^�Ì ê G\L~U$�VWSuJ�]~py��YoG�Ø�mi�T]oM¸�D»ëY � J�]~py]oWPb�}�G\LXYo^TWgbTWqYoWPLN[�MRQ�JZY!MRG\Q7G�}�Y*JZLoS\W�Y�ePWPIRI�U��VW�J�QTb�Ì ê bTWPQy]oMRY�aJ�QTb�Y!^TWc]NYopTbya�G�}nÌ ê JZQTb�Wq[��yY�a�byM&I&p�Y!M&G�Q{}çJ�eqYoG\Lo]VM&Q7Y!^yWcY!J�LoS\W�Y�eqWPIRI$�<�~^TW:LNWq}�WPLNWPQTeqW:eqWPI&I]Na�]`Y!WP[ � J�]�bTWP]NM&S\QyWPb�J�QTb�ePG\QT]`Y!LNpTeqYoWPb�dua7Yo^TW�P�»��
S\LNG\pT���

5.3 cm, 1.3 cm Dia.

Pumping Cell (6.25cm Dia.) 

He Target Cell
Transfer tube

Target Cell 40cm long, 1.9 cm Dia. 

40cm long

Reference Cell

He target

Reference cell

BeO target

To Reference Gas

Handling System

3

3

Á�MRS\pTLoWgµÛ½*hsÅyÒ@��J�IRI�ÊËY*J�LNS\WqY�I&J�bTbTWqLP�
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� J�]��TIKJ�eqWPbÈM&QT]NM&bTWiYo^TW�Gkz\WqQºJ�QTbÈePG�pTI&b¼d�W�^TWsJZYoWPb¼Y!GÈhÛØ�mt½!hkÃ\mK]jO YoG��TLoG�bTpTeqW�k�d¼z�JZ�|G\L
bTpTLNM&QTS�Y!^TW{Wxw��|WqLoM&[�WPQuYP���~^TW7Gkz\WqQBM�Y!]NWPIR} � J�]�[�G\pTQuYoWPbvYoG¼J�QºWPIRWPe�Y!LoMRe�LNG�bvYo^�JZY:ePG\pTIRb
[�GÛz�W7z\WPL`Y!MResJ�IRIRa\�<J�IRI&G � M&QyS�bTMl�|WPLNWPQuY�Y*J�LNS\WqYo]iY!G¼d�W��ypyY�M&QuY!G�Y!^yW�d�WsJZ[�IRM&QTWZ�v�_G�LNWPbTpTeqW
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ð�î�òKöÈûIð�ì¾üdû�ø
î�ífï�ð-íÚôañIóõùlùXôdîjó,��ð�ï^ùlòKödú�ð-ìdí)íÚùlíÚøoð-î�óløT&síÚùlô
ùõólödí4ð-òZñ[ï^î�ôÈû�ð-ìÈí�ödíÚï^î�í
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�ò�@ï�ñIóõîjí�sð-ìdí)íÚùlíÚøoð-î�ólø"&síÚùlô,ólödøÚîjífï^ûjíÚû4ï·û
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ödòKüdúKì�í
ödíÚîjú
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ýdîjò	ôdüÈøÚíÚô¨�Áî�íÚí�íÚùlíÚø
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að�ò.ólödôdüdø
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û�û¢�eøfï^ùlùõí
ô>ïm�·ï^ù ï·ödø�ìdí�
úKò�íÚû�òKö ï^öÈô>òKö,üdö÷ð-óõù�ð-ìÈí�í
ùõíÚøoð-îjòKödû�ø
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û�ø
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î�í)óõû�ï2��OªóõöÈø�ì,ýdìÈò^ð-ò^ð�ü��þí)ñIìdólø�ì>úKí
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          Scintillator Paddle

Phototube

M�ólúKüdî�í¡�+O��='l@M�ø�ìdíÚÿ�ï·ð-óløÚûnòA�xï�û�ø
óõö÷ð-ólùõù ï�ð-òKî@ýdùõï^ödíA�@ë8ìdíÚîjípï^î�í�û�ó;^�ûjøÚóõö÷ð�óõùõùõï·ð-ò^î@ýsï^ôdôdùlíÚû8ï·ödôòKödí�ýdìÈò^ð-ò^ð�ü��þí)ólû8óõödû+ð�ï^ùlùõí
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ð-í
ø
ð�òKîpóõû�íÚû�ûjíÚö÷ð-óõï^ùõù;
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Electron Path
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Light Cone

M�ólúKüdîjí��+O1� �ltÏ�ï^ùlù(�Fú÷ï^û XÐ í
î�íÚö'�^ò��aôdí
ð�íÚø
ð�òKî¢�
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ùõíÚû�� ë8ìdóõû�ýÈî�ò�øÚíÚûjû�óõû�øfï^ùlùõíÚô ïRøfï^ûjøfï^ôdí�ï·ödô óõö ð�ìdóõû)ñnïm
 ýsï·îjðLò^î�ï^ùõù�ò�Ið-ìÈí
óõöÈøÚòKÿ�óõödú ýdï^îjð�óõøÚùlí^Âºû�íÚödí
î�ú
�ólû�øÚòKö#�^íÚîjð�íÚô�ólö÷ð-ò ýdìdò^ð�òKödû��¨ñIìdólø�ì�øfï·öµ�þí�ôdí
ð�íÚø
ð�íÚô�üdû�ólödú
q�Ñ,ë8û¢�[ë8ìdí)ð�ò^ð�ï·ù�ï^ÿ�ò^üdö÷ð�òA��ýdìÈò^ð-òKöÈû�ôdíoð-í
ø
ð-í
ôRóõûIýdîjòKýþòKîjð�óõòKösï·ùeð-òÒð-ìÈí�ýsï·îjð-óløÚùlípíÚödí
î�ú
�
�Gýdî�òKýþíÚîjù,
�øÚï^ùõó,�dî-ï·ð�íÚôaû�ìdòZñ¨íÚî�ôdí
ð�íÚø
ð�òKî�ìdï^û4ï^ö,íÚödí
î�ú
aò��Kí
î�ÿ�òKÿ�íÚö÷ð-üdÿ¸�eÒ�@·ý��8î-ï·ð�óõòÒò�
òKödí8�ÁòKî&í
ùõí
ø
ð-îjòKödû@ï·ödôLùõí
û�û�ð�ìsï^öLò^ödíJ�ÁòKî&ýdóõòKöÈû�û�ólödøÚí¨ýdóõò^ödû�ôdò�ödò^ð@ôdí
ýeò^û�ólðNï^û�ÿ�üdø�ì�íÚödí
î�ú

ï^ûIíÚùlíÚøoð-î�ò^ödû¢�/ë8ì¾üdûIð-ìdí�í]ÓV@]\�Ó,û�í
ýsï^î-ï�ð-óõò^ö,øÚï^öY�eí�ôdòKöÈí��dï^û�í
ô>òKö}ð-ìÈí�Ò�@·ýaî-ï�ð-óõò'�

ë8ìdí)û�ìdòZñ¨íÚî�ôÈí
ð-í
ø
ð�òKî�ûn�ÁòKînÏ�ï·ùõù(�ÀÏ¡Ô¦Õ	í)ï^ödô0Ï¡Ô¦Õ	ì,ï^î�í�ûjìdòZñIö>óõöSM�ólúKüdîjí��+O1���o�@ë8ìdí
Ï¡Ô¦Õ	í�ûjìdòZñ[í
î)ôÈí
ð-í
ø
ð�òKî�ìsï^û4ðªñ¨òaùõïm
KíÚîjû¢��ë8ìdí*&sî�û+ð�ù ïm
Kí
î4óõûpøÚï^ùõùlíÚô>ð�ìdí�ýdî�í
û�ìdòZñ¨íÚî�ï^ödô ólû
ÿ�ï^ôdí�ò�³5#hr�%�A5 « ���t�dùõò�øK�¾û[ò�CënM³OK��ùlífï^ô�úKù ï·û�û¢�<Ò/ï^ø�ì2�dùõò�øK�Òÿ�íÚï^û�üdîjíÚû¦��=�øÚÿ « ��=�ø
ÿ «
!#7�ø
ÿ0�sï·ödô}ð-ìdí4ð�ò^ð�ï^ùeî-ï^ôÈó ï·ð�óõòKö�ùlíÚödú·ð-ì}ò��ð-ìÈí)ýÈî�íÚûjìdòZñ[í
î�ólûR!'� i 7 �Në8ìÈí)ûjíÚø
òKödôaù ïm
Kí
î¢�dð-ìÈí
û�ìÈò�ñ¨íÚî8ø
òKüdö÷ð-í
î¢�dólû¨ÿ�ï^ôdí�ò�¼ª i ��� i « i �t�dùõò�øK�¾ûnò�/Õ'M¼O�7)ùlífï^ô�ú^ù ï^ûjû¢�tÒ/ï^ø�ìk�dùlò	øK�Òÿ�ífï^ûjüdî�í
û
�+7pøÚÿ « �+7pøÚÿ « !#7pøÚÿyï^öÈô�ð-ìÈí�ð�ò^ð�ï^ùsî�ï^ôdóõï·ð-ólòKö�ùõí
ödú^ð-ì¤�ÁòKî@ð-ìÈí�ûjìdòZñ[í
î[øÚò^üdö÷ð-íÚî�óõûn�+7o�b� �
ë8ìdí�ýdìdò^ð�òKödûLï·î�í�øÚòKùlùõíÚøoð-í
ô¨�#
 ð-ìdí2q�Ñ,ë8û�ï·ðjð�ï^ø�ìdí
ôçð-òS�þò^ð-ì£íÚödôdû�ò�[ð�ìdí.úKùõï^û�û��dùlò	øK�¾û¢�
ë8ìdí¤Ï¦Ô¡Õ	ì ûjìdòZñ[í
î�ôdí
ð�íÚø
ð�òKî4ólû4ÿ.ï·ôdí�ò�8!#���1� i « ���¦�Èùõò�øK��û�ò�JÕ'M¼O17�ùõífï·ôRúKù ï·û�û¢�Xï^ödô ð-ìÈí
ð-ò·ð�ï^ù î�ï^ôdóõï·ð-ólòKö�ùõí
ödú^ð�ìaólûIï�þòKüÈð i �

Qh



PMTs

Lead Glass Blocks

Shower Detector for HRSE Shower Detector for HRSH

PMTs

preshower

M&óõúKüdîjí��+O1�� ltÏ�ï·ùõù(�FûjìdòZñ[í
î�ôdíoð-í
ø
ð-ò^î�û¢�
Ök×KØ EÙG�ã)G Ú è¦Û}â£ÜmÝ�Ü
ãtÜ¢Þ�ä årßSÝxã)àpê

���½áR�p� âLã���ä8ä�å³ãÎæf��å³����ã6ç8è"�1�:é

ë8ìdí)ð-î�ólúKúKí
î�í
ùõí
ø
ð-îjòKödóløÚûIôdí
ð�íÚîjÿ�ólödíÚûIñIìdí
ð�ìdíÚî4ï^ö>í	�KíÚö÷ð�û�ìdòKüÈùõô��þí)î�íÚø
òKî�ôÈíÚôf�#
�ð-ìdí)ôsï·ð-ï
ï^ø���üÈóõû�ó±ð-ólòKö ûp
�ûjð�íÚÿS�.ë<
	ýÈóõøfï·ùõù,
,ð-ìdí
î�í�ï^î�í*&��^írÕ ð-îjóõúKúKí
î�û�ï^öÈô£òKöÈí�ð�óõÿ�óõödú.ð�î�ólúKúKíÚî��Òë8ìdí
Õ�ð�î�ólúKúKíÚîjû�ï^î�í)úKíÚöÈíÚî-ï�ð-íÚô���
�ð�ìdí�ûjóõúKösï·ùõû��Áî�ò^ÿ ð-ìdí)ðªñ[ò�û�óõôÈíÚû�òA�Nífï·ø�ìRû�ø
óõö÷ð-ólùõù ï�ð-òKînýdï^ôdôdùlí
ñIìdólùõínð-ìÈínð-óõÿ�óõöÈú�ð-îjóõúKúKí
îNóõû@ú^íÚödí
î-ï·ð�íÚôU��
�ïU��=��A5�Ï¦3IíÚùlíÚøoð-î�ò^ödóõønø
ùõò�øK���Në8ìdí�ôdí
ð-ï^óõùlíÚô�ùõò^úKóõø
ò�sð�ìdí�Õ�ð-îjóõúKúKí
î&í
ùõí
ø
ð-îjòKödólø[óõû�û�ìdòZñIöÒóõö*M&óõúKüdîjíR�+O��!��Áò^î�ð-ìdí[íÚùõí
ø
ð�î�òKöÒï^îjÿGï^ödô¤M�ólúKüdî�í��+O1�]5
�ÁòKînð�ìdí�ìsï^ôdîjòKö>ï·î�ÿS�

ê ödù,
>ï.øÚí
îjð-ï^óõöRìÈólð4ýdï·ð�ð�íÚî�ö�� øfï^ùlùõí
ô£Õ�O1î-ïm
�� ólû�ð-ï�^í
ö£ï·ûpï.úKò�ò	ôað-îjóõúKúKí
î¢�4ë8ìÈíUÕ�Oªî�ï�
aólû
ôdí	&södíÚôçóõö ð-ìdíU�ÁòKùõùlò�ñIólödú}ÿ�ï^ödödí
î¢l)ó,�nýdï^ôdôdùlí�ö£ò�nòKöÈí�ûjøÚóõö÷ð�óõùõùõï·ð-ò^î4ýdù ï·ödí*&sî�í
û¢��ð�ìdíÚö£òKö
ð-ìÈípò^ð-ìdí
înû�ø
óõö÷ð-ólùõùõï·ð-òKî�ýdùõï^ödí��ð-ìdí
î�ípÿLüÈûjðR�þí�ïLìdólðJ�Áî�òKÿ òKödí4òA�xð�ìdí4ð-ìÈî�íÚípýdï^ôdôdùlíÚû8ö OP���Èö(�
ö�ë�����òKî/ð-ìdí�ò+�^íÚîjù ï^ýr�þí
ðªñ¨íÚí
ö}ðªñ[òLòA� ð-ìdí
ÿ0��ë8ìdí�ÕÒð�î�ólúKúKíÚîjû[ï·î�í¦�ÁüÈîjð-ìÈíÚî[ôÈó,��óõôdí
ô.ólö¾ð�ò�&��^í

Qª



 4413/200

 DISCR

fixed
 cable delay

 4518/100

DELAY/FO

modular
870 ns
delay

to ADC

to TDC

S1L 1-6>1-6

S2L 1-6>7-12
 pulser>14

S1R 1-6>1-6

S2R 1-6>7-12
 pulser>14

 4413/200

 DISCR

 4518/100

DELAY/FO

   fixed
 cable delay

modular
880 ns
delay

to TDC

to SCALERS CEB0

to ADC

 2373

  MLU

 4413/200

DISCR

 4518/100

DELAY/FO

    fixed
 cable delay

modular
880 ns
delay

 to ADC

to TDC
GAS CERENKOV

 

 4413/200

 DISCR

 4518/100

 DELAY/FO

4564

 OR

 4518/100

DELAY/FO

   fixed
 cable delay

modular
fixed
delay

   to ADC

to TDC

 

1-16

to SCALERS

to SCALERS

S-RAY>1

S1-OR>2

S2-OR>3

C/G-SUM

S-RAY

 S1

 S2

C/G

 2373

 MLU

C/A-OR

C/A

PROMPT TRIGGER T1

       SRAY

 PROMPT TRIGGER T2

No SRAY but all possible
combinations of S1, S2,
C/G, C/A with one missing
    ____
    SRAY*S1*S2*C/G
    ____
    SRAY*S1*S2*C/A
    ____
    SRAY*S1*C/G*C/A
    ____
    SRAY*S2*C/G*C/A

      HALL A ELECTRON PROMPT TRIGGER DESIGN 11/13/97

4516

AND
S1 1-6

 S2 7-12
pulser 14

    INPUT A
    1-12,14

 INPUT B
 1-12,14

 4518/100

DELAY/FO

to SCALERS CEB2to SCALERS CEB1

patch, row 1

 E1/2  E1/4

E1/6  E1/8  E1/10

 E1/14

patch, row 2

 E1/12

 4518/100

DELAY/FO

 E1/16

4564

 OR

S1R-OR
  OR
S2R-OR

ENABLE

E1/20

 4518/300

 DELAY/FO

 E2/12

 X5

1
 ECL->NIM

 RETIMING DELAY

  RETIMING
  DELAY to 
FTM in E-ARM

 E2/2

to SCALERS CEB3

patch, row 3

A1 - A10

B1 - B10

LINEAR
FAN-IN
  1-4

LINEAR
FAN-IN
  5-8

LINEAR
FAN-IN
 9-10

LINEAR

FAN-IN

NIM

NIM

NIM

NIM
     C/G 
ANALOG SUM>11

 NIM

 E2/4

LeCroy Model Number

FUNCTION

 CAMAC CRATE/SLOT

  CAMAC Module Notation

 4518/100

DELAY/FO

 E1/18

to SCALER

 Phillips

 E2/6,7

 E2/8

times used,blank if 1

1-12,14

1-12,14

>1-10
1-11

1-11

1-11

11

1-11

1-12,14 1-12,14

  1-12,14

1-12

 1-12

1-12,14 1-12,14

 4413/200

 DISCR

 4518/100

 DELAY/FO

    fixed
 cable delay

   to ADC

 
17-26

  AEROGEL

  CERENKOV

to SCALERS

modular
fixed
delay

to TDC

1-16

1-10

1-16

1-10

1-16

 17-26

  ANALOG
  MIXER/
AMPLIFIER

PRE-SHOWER
   1-48

 SHOWER
  1-96

to ADCs

6>13

7

(rear panel out)

S1-OR OR
S2-OR>7

M�óõúKüÈî�í��+O��!'l<Ï�ï^ùõù±�Gí
ùõí
ø
ð-îjòKöaï^î�ÿ ð-î�ólúKúKí
îníÚùlíÚø
ð�î�òKöÈóõøÚû��

h�=



 4413/200

 DISCR

fixed
 cable delay

 4518/100

DELAY/FO

modular
880 ns
delay

to ADC

to TDC

S1L 1-6>1-6

S2L 1-6>7-12
 pulser>14

S1R 1-6>1-6

S2R 1-6>7-12
 pulser>14

 4413/200

 DISCR

 4518/100

DELAY/FO

    fixed
 cable delay

modular
860 ns
delay

to TDC

to SCALERS ABC0

to ADC

 2373

  MLU

 4413/200

DISCR

 4518/100

DELAY/FO

    fixed
 cable delay

modular
840 ns
delay

 to ADC

to TDC
GAS CERENKOV

 

 4413/200

 DISCR

 4518/100

 DELAY/FO

4564

 OR
 4518/100

DELAY/FO

    fixed
 cable delay

modular
fixed
delay

   to ADC

to TDC

 

L1-13>1-13

to SCALERS

to SCALERS

1>S-RAY

2>S1-OR

3>S2-OR

C/G-SUM

S-RAY

 S1

 S2

C/G

 2373

 MLU

C/A-OR

C/A

PROMPT TRIGGER T3
            
      SRAY

  PROMPT TRIGGER T4

No SRAY but all other
possible combinaations
with one missing
      ____
      SRAY*S1
      ____
      SRAY*S2

      HALL A HADRON PROMPT TRIGGER DESIGN 11/13/97

4516

 AND
S1 1-6

 S2 7-12
pulser 14

    INPUT A
    1-12,14

 INPUT B
 1-12,14

 4518/100

DELAY/FO

to SCALERS ABC2

to SCALERS ABC1

patch 1, row 1

 H1/2  H1/4

H1/6  H1/8  H1/10

 H1/14

patch 1, row 2

 H1/12

 4518/100

DELAY/FO

 H1/16

4564

 OR

S1R-OR
  OR
S2R-OR

ENABLE

H1/18

 ECL->NIM

 RETIMING DELAY

to FTM

 H2/2

to SCALERS ABC6

patch 2, row 1

A1 - A10

B1 - B10

LINEAR
FAN-IN
  1-4

LINEAR
FAN-IN
  5-8

LINEAR
FAN-IN
 9-10

LINEAR

FAN-IN

NIM

NIM

NIM

NIM
    C/G 
ANALOG SUM>11

NIM

 H2/4

LeCroy Model Number

FUNCTION

 CAMAC CRATE/SLOT

  CAMAC Module Notation

 4518/100

DELAY/FO

 H1/17

to SCALER

 Phillips

 H1/22,23

 H2/7

times used,blank if 1

1-12,14

1-12,14

>1-10
1-11

1-11

1-11

11

1-11

1-12,14 1-12,14

 1-12,14

1-12

 1-12

1-12,14 1-12,14

 4413/200

 DISCR

 4518/100

 DELAY/FO

   fixed
 cable delay    to ADC

 
R1-13>1-13

  AEROGEL

  CERENKOV

to SCALERS

modular
fixed
delay

to TDC

1-13

1-13

1-13

1-13

1-13

 17-30

1-13

    fixed
 cable delay3 NIM

ECL

Must be added to allow S1R to be
included in strobe but maintain
S2R timing

Note: both Cerenkov detectors are removed
from the detector stack for the D(e,e’d)
experiment. This does not affect logic
since both serve as vetoes to the logic

patch 2, row 2

patch 2, row 3

H2/20

H2/16 H2/18

H2/22

NIM/3

These must be added to put AEROGEL
into logic

Note: The FPP is not included in TRIGGER LOGIC

Note: The modular delays are NIM LD1200

7

(rear panel out)

7>S1-OR OR
  S2-OR
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ø
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Run-1493

N2 component in target cell corrected for empty yield
N
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paddle 1-1 diff-eff�

Scintillator Efficiency Check for H_arm Q2 = 0.2
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VDC Efficiency and Helicity Correlation Check
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Elastic 1pass: Emp Yield Ratio
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Elastic 1pass: N2 Yield Ratio
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Q2 = 0.1 (GeV/c)2
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�Qç�èêéìëíØs³h°¯1Ù,Ö
��Ñx¸�¯
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