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×Uç�ò âÛß¥×UØªç}ÙÛÝ�Ö|Ó�ÕFÝ�ò¸ç@�

f t u kwv ux v u * Æ�Èîí/S�ï -
ø � u k (4y ��z��{ * Æ�Èîí/S 6 -
| � k (4y �0z{ * Æ�Èîí/S43 -

Ü0Øªç�ÕFç u â�Ñ�×UØªç ß�æªêYÙÛçYÔ�ß òóÔ�òóç�ß�×Uæªò ð Ý�ßà x â�Ñ�×UØªç ò¸Ô�ò¸çYß�×Uæò ê�Ý�ÕFÕdâ�ç�àéÖ�I}×UØªç � Ö«Ô�ÑFÔ�ß È
flÕdÝ�ßªã�ç�Ñ�Ó�ÕFÔ�ò}W�çYÕdÔ�×�Ô í�ð Ý�ßªà0×�Øªç�àªâ�Ñ
×UÕdâ�Öªæ�×UâÛÔ�ß m * f - Ü0â�ÙÛÙ�ØªÝJÐ+ç,ÝlÑdØªÝ�ö�ç2ö�çYÝ�ëñâÛßªã0êYÙÛÔ�ÑFç�Õ
×UÔ í * ë7çYçYöâ�ßªã5Ý�ÙÛÙ,Ô�Ó¬×UØªçÚöªÝ�ÕFç�ß�×�ì�æªÝ�Õdëh?ÛÑ'ò¸Ô�ò¸çYß�×Uæò - ×�ØªçáÙÛÝ�ÕFã�çYÕ0×�ØªçÚò¸Ý�ÑdÑ'Ô�Ó¬×UØç
öªÝ�ÕdçYß�×lì�æªÝ�ÕFë È
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ÀÁ�Â0ÃuÄ,Å�S ú È m 
 * ÷ - Ó�Ô�Õ2êxØªÝ�ÕFò Ý�ßªàáÖ�Ô�×d×UÔ�ò ì�æªÝ�ÕdëñÑ Èéè Øªçéàªâ�Ñ
×UÕdâ�Öªæ�×UâÛÔ�ß�Ó�Ô�Õ,êxØªÝ�ÕFò âÛÑÑFÔ�Óõ×UçYÕ * ÕFçYà - ×�ØªÝ�ßqÖ�Ô�×F×�Ô�ò * ÖªÙ�æç - È
� Ý�ß�IáöªÝ�ÕFÝ�òóç�×Uç�ÕFâ\WYÝ�×�â�Ô�ßÑ,Ó�Ô�Õ m * f - çmä«âÛÑ&× ð ×�Øªç ×�ÜuÔ¸òóÔ�Ñ&×0æªÑdçYàqÖ�I�ßªç�æ7×UÕdâ�ßªÔ¸ÑdêYÝ�×��

×Uç�ÕFâÛßªã'çmä«ö�çYÕdâ�ò¸çYß�×�Ñ�Ý�ÕFç2×�Øªç���çm×�çYÕFÑdÔ�ß O í�Æ�Æ R ð Ý�ßªàÚþyÔ�Ù�ÙÛâÛßªÑ=�JÿªöªâÛÙ�ÙÛçYÕ O í�Æ4S R öªÝ�ÕdÝ�ò¸çm×�çYÕFâ\WYÝ)�
×UâÛÔ�ßªÑ È�è Øªç���çm×�çYÕdÑFÔ�ßáÓ�æßªêm×�â�Ô�ß|âÛÑ.�

m 
 * f - ø
�

f * í�& 1� & �=�1 ( � - � * Æ�Èîí/S�û -

> ç�ÕFç�� âÛÑ,Ý¸ßªÔ�ÕFò¸Ý�ÙÛâXW�Ý�×UâÛÔ�ß|Ó�Ý�êm×�Ô�Õ ð àç@[ªßªç�àÚÑdæªêxØó×�ØªÝ�× 1o m 
 * f - � f}ø í�È�� 
 àªç/[ªßªç�Ñ ×UØç
ÑFØÝ�ö«ç,Ô�Ó�×UØªç,Ó�æªßªê�×UâÛÔ�ß ð Ü0âr×�Ø�Ý�ÐåÝ�ÙÛæªç,Ô�Ó�W�çYÕdÔéêYÔ�ÕFÕFç�ÑFö�Ô�ßªàªâÛßªã2×�Ô�×�Øªç,ØªÝ�àªÕdÔ�ß�ë7çYçYöâ�ßªãéÝ�Ù�Ù
Ô�Ó+×UØªç}âÛßªâÏ×UâÛÝ�Ù ì�æªÝ�ÕFë�?ÛÑ2ò¸Ô�ò¸ç�ßU×�æªò È�� 
 êYÝ�ß|Ö�ç}ÕFç�Ù�Ý�×�çYà ×UÔ�×UØªç}Øªç�ÝJÐhI?ì�æªÝ�ÕFë�?�Ñ,ò¸Ý�ÑFÑ��

� 
 |�� ��� � ! * Æ�Èîí/S�Ç -
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ÀÁ�Â0ÃuÄ,Å8S�í�È m * ÷ - Ó�ÕdÔ�ò���çm×Uç�ÕFÑdÔ�ßÚÝ�ßà4þyÔ�ÙÛÙÛâ�ßªÑ��xÿªöâ�ÙÛÙ�ç�Õ2öÝ�ÕFÝ�ò¸ç�×UçYÕdâXW�Ý�×UâÛÔ�ßªÑ È ��çm×�çYÕdÑFÔ�ßâÛÑ,âÛß|ÕFçYà ð þyÔ�Ù�ÙÛâÛßªÑ=�JÿªöªâÛÙ�ÙÛçYÕ,â�ß|ÖªÙÛæªç È�� Ô�×UØ|Ý�ÕFç�Ó�ÕdÔ�ò�[7×�Ñ ×�Ô¸þyþ ÀÄ àªÝ�×�Ý È
> ç�ÕFç � ! êYÔ�ÕdÕFç�ÑFö�Ô�ßªàªÑ}×UÔ|×�ØªçÚØçYÝJÐ�I ì�æªÝ�ÕFë * â È ç È êxØªÝ�ÕFò - Ý�ßªà � � ×UØçÚÙÛâ�ã�Ø�×Úì�æªÝ�ÕFë
Ö�Ô�æªßªà'×UÔ|âr× ÈÚÀ âÛã�æªÕdç S ú4ÑdØªÔJÜ0Ñ,×�Øªç^��çm×�çYÕdÑFÔ�ß�Ó�ÕdÝ�ã�ò¸çYß�×�Ý�×UâÛÔ�ß©Ó�æßªêm×�â�Ô�ß'Ü0âÏ×UØ©ç�öªÑFâÛÙÛÔ�ßªÑ
êYÔ�ÕFÕFç�ÑFö�Ô�ßªàªâÛßªã�×UÔuÜ0ØªÝ�×0òóâÛã�Ø�×0Ö�ç�çmä«ö«ç�êm×�çYàÚÓ�Ô�Õ Ý êxØªÝ�Õdòýì�æªÝ�ÕFë * � 
�� ú�� í�ï - Ý�ßà|Ó�Ô�Õ Ý
Ö�Ô�×F×�Ô�ò ì�æªÝ�Õdë * � 
�� ú���ú í 6 - Èyè Øªç}ØªçYÝJÐ«âÛçYÕ,Ö«Ô�×d×UÔ�ò ìñæÝ�ÕFë�ö�çYÝ�ëñÑ,êYÙÛÔ�ÑdçYÕ×UÔ í�Èè Øªç,þyÔ�ÙÛÙ�âÛßªÑ=�JÿªöªâÛÙ�ÙÛçYÕ Ó�ÕFÝ�ã�ò¸çYß�×UÝ�×�â�Ô�ßÊÓ�æªßêm×UâÛÔ�ß�Ü Ý�Ñ öªÕdÔ�ö�Ô�ÑFç�àÊÖ�çYê�Ý�æªÑFç ×UØç,Ý�Ñ=I«ò¸ö��
×UÔ�×UâÛê¬Ö�çYØªÝJÐ«â�Ô�Õ Ô�Ó7×UØç:��ç�×UçYÕdÑFÔ�ß¸Ó�æªßêm×UâÛÔ�ß Ý�Ñ�f�� í ÑFæöªö«Ô�ÑFçYàÙJIqàâ�à ßªÔ�×yÑFÝ�×UâÛÑFÓ�I�ÕFçYì�æªâÛÕFç��
ò¸çYß�×UÑ,âÛòóö�Ô�ÑdçYàÚÔ�ß4âÏ×lÖ�I�àªâ�ò¸ç�ßªÑFâÛÔ�ßáê�Ô�æªß�×UâÛßªãóÕFæªÙÛçYÑ È þyÔ�ÙÛÙ�âÛßªÑ�  ÿªöâ�ÙÛÙ�ç�Õ2ÕdçYö�Ô�Õ&×�çYà ×UØªÝ�×
×UØç¡��çm×�çYÕFÑdÔ�ßÚÓ�æßªêm×�â�Ô�ßqÖ�çYØªÝJÐªçYàÚÙÛâÛë�ç m 
 * f - | * í�& f - � ð ØªÔJÜuçmÐ+ç�Õ2àâ�ò¸çYßÑFâÛÔ�ßÚê�Ô�æªß�×UâÛßªã
Ý�Õdã�æªò¸çYß�×UÑ}Ñdæªã�ã�ç�Ñ&×Uç�à�â�ßªÑ
×Uç�Ý�à�âÏ×¸ÑdØªÔ�æªÙÛà�Ö«ç�ØªÝJÐ+ç¸Ù�âÛë�ç m 
 * f - | * í¢& f - Ý�Ñ£f¤� í�ÈóÁ ß
Ó�Ý�ê�×y×UØªç���ç�×Uç�ÕFÑFÔ�ßáÓ�æªßªê�×UâÛÔ�ß4ÑdØªÔ�æªÙÛà|ÑFÝ�×�â�ÑdÓ�I'×UØªç}àªâÛò¸çYßªÑdâ�Ô�ß4êYÔ�æßU×�â�ßãÊÝ�Õdã�æªò¸çYß�×�Ñ ð Ü0âr×�Ø



Ç�ü

m 
 * f - | i 1 ( � j "� È}è Øªç¥þyþ ÀÄ Ý�ßà¥�uæ è ç0¦ýêYÔ�ÙÛÙÛÝ�Ö«Ô�ÕFÝ�×�â�Ô�ßÑ2ØªÔJÜuçmÐªçYÕ�ØªÝJÐ+çéêYÔ�ò¸ç,×�Ô�æªÑdç
×UØçyþyÔ�Ù�ÙÛâÛßªÑ=�JÿªöªâÛÙ�ÙÛçYÕ�öªÝ�ÕdÝ�ò¸çm×�çYÕFâ\WYÝ�×UâÛÔ�ßÊÖ�çYê�Ý�æªÑdç,âÏ××�çYßªàªÑi×�Ô�öªÕFÔJÐ«â�àç,Ý}Ö�çm×d×UçYÕ [�××UÔ¬×�ØªçYâÛÕ
àªÝ�×�Ý O í�Æ�ü�ðl3�ï R Èyè Øªç0þyÔ�ÙÛÙ�âÛßªÑ=�JÿªöªâÛÙ�ÙÛçYÕ,öªÝ�ÕdÝ�ò¸çm×�çYÕFâ\WYÝ�×UâÛÔ�ß4âÛÑ.�

m � * f - ø
� 1 ( �� � � ( �1 ( � � � * íM� f - �í & 1� & ��§1 ( � � * Æ�Èîí�ü ú -

H Ñ â�ß0×UØªç���çm×�çYÕdÑFÔ�ß'Ó�æªßêm×UâÛÔ�ß ð�� âÛÑ¬ÝlßªÔ�ÕFò¸Ý�ÙÛâ\WYÝ�×�â�Ô�ß�Ó�Ý�êm×�Ô�Õ ç�ßªÓ�Ô�ÕdêYâÛßªã 1o m � * f - � f0ø í�ð
Ý�ßªà � � ê�Ô�ß�×UÕFÔ�Ù�Ñi×UØç¨a�ØªÝ�ÕdàªßªçYÑdÑ.c}Ô�Ó�×UØçyÓ�ÕFÝ�ã�ò¸ç�ßU×�Ý�×UâÛÔ�ß¸Ó�æªßªê�×UâÛÔ�ß ð Ü0âÏ×UØ¸Ý}ÑFò¸Ý�ÙÛÙ�ç�Õ � � Ý�Ù�ÑdÔ
êYÔ�ÕFÕFç�ÑFö�Ô�ßªàªâÛßªã�×UÔ ×UØªç,ØªÝ�àÕFÔ�ßóë�ç�çYöªâÛßªãéò¸Ô�Õdç�Ô�Óñ×�Øªç�öªÝ�ÕFç�ß�× ì�æªÝ�Õdë�?�Ñ ò¸Ý�ÑFÑ È�� � âÛÑ�ÑFâÛòóâÛÙÛÝ�Õ
×UÔ � 
 âÛß0×UØÝ�× âÏ×�âÛÑ¬Ý�Ù�ÑdÔéâÛßUÐªçYÕdÑFçYÙZI�öªÕdÔ�ö�Ô�Õ&×�â�Ô�ßÝ�Ù�×UÔ,×�ØªçuØçYÝJÐ�IÚì�æªÝ�ÕFëóòóÝ�ÑFÑ¬Ñdì�æªÝ�ÕFç�à ð Öªæ�×
âÛßªÑ&×�çYÝ�à4Ô�Ó�Ö�çYâÛßªã¸ÝóÕFÝ�×�â�Ô ×UÔ ×�Øªç}Ù�âÛã�Ø�×lìñæÝ�ÕFë�ò¸Ý�ÑdÑ2Ñdì�æªÝ�ÕFç�à ð âr×0âÛÑ,àªç@[ªßçYàó×�Ô¸Ö«ç/�

� � t
©«ª �¬l
� � ! * Æ�Èîí�ü�í -

> ç�ÕFç ©=ª �¬® Ü Ô�æÙ�à�ê�Ô�ÕFÕdçYÑFö�Ô�ßªà�×�Ô'Ý�ßáÝJÐ+ç�ÕFÝ�ã�ç¥ÑFì�æªÝ�ÕdçYà�×UÕdÝ�ßªÑ
Ð+çYÕdÑFç¸ò¸Ô�ò¸çYß�×Uæò ð Ô�Õ ×UØç
a�ÑdâXW�ç@c|Ô�Ó/×�Øªç¸ØªÝ�àªÕdÔ�ß�âÛß�ò¸Ô�ò¸çYß�×Uæªò ÑdöªÝ�êYç È4À â�ã�æÕFç S�í êYÔ�ò¸öªÝ�ÕFçYÑ ×�Øªç¯��çm×�çYÕFÑdÔ�ß©Ý�ßªà
þyÔ�ÙÛÙ�âÛßªÑ��xÿªöªâÛÙÛÙ�ç�Õ2Ó�æªßêm×UâÛÔ�ßªÑ,Ó�Ô�ÕyêxØªÝ�ÕFò Ü0âÏ×UØ � 
 Ý�ßªà � � Ó�ÕdÔ�òýþyþ ÀÄ ?�Ñ�ò¸çYÝ�ÑFæªÕdçYò¸çYß�×UÑ È� ç4ØªÝJÐªçÚæªß�×UâÛÙ ×UØªâÛÑÊö�Ô�âÛß�×áßªç�ã�ÙÛçYêm×�çYà�a�Ó�Ý�Ñ&×4ÕFç�ÑFêYÝ�Ù�âÛßªã4c È H Ñ�ò¸çYß�×�â�Ô�ßçYà6Ý�×ó×UØç
Ö�çYã�âÛßªßªâÛßªã©Ô�Ó�×�Øªç4öÕFçmÐ«âÛÔ�æªÑÊÑFæªÖªÑdçYê�×UâÛÔ�ß ð Üuç4ßªç�çYà�×UÔ?Ý�öªöªÙZI ×UØªÕdçYÑdØªÔ�ÙÛàªÑÊÔ�ß�×�Øªç4ê�ÕFÔ�ÑdÑ
ÑFç�êm×�â�Ô�ß?Ü0Øªâ�êxØ)ÕFçYì�æªâÛÕFç¸×UØªç�ÕFç|Ö«ç|ÑFæs°óê�â�ç�ß�×�çYßªç�ÕFã/I ÝJÐåÝ�âÛÙ�Ý�ÖªÙ�ç4Ó�Ô�Õ¸Ý�êxØÝ�ÕFò¸çYà)ØªÝ�àªÕdÔ�ß
×UÔ5Ö�ç�öªÕFÔñàªæªê�çYà È è Øªâ�Ñqê�Ô�ßªàªâÏ×UâÛÔ�ßpâ�ÑqâÛò¸ö«Ô�ÑdçYàpÝ�Ñ'Ý5òéæÙr×�â�öªÙÛâÛêYÝ�×�ârÐªçq×�Øªçm×�Ý Ó�æßªêm×�â�Ô�ßs�± *«² � & � � k - ð Ü0ØªçYÕdçéÝ�ã�Ý�â�ß¸×UØªç³a m cÊâ�ß � k âÛÑuÝ�ã�çYßªç�ÕFâÛêéÙÛÝ�Ö«ç�ÙùÓ�Ô�Õ�Ü0ØÝ�×Uç�Ð+çYÕuØªÝ�àªÕdÔ�ß
âÛÑ,öÕFÔñàªæªêYç�à ÈH ÙÛÙ�×�Øªç êYÕdÔ�ÑFÑ�ÑdçYê�×UâÛÔ�ß�öªâ�ç�êYç�Ñ0Ý�ÕFç2×�ØªçYß�âÛß�öªÙ�Ý�êYçu×UÔ'ê�Ý�ÙÛêYæªÙÛÝ�×Uçu×�Øªç¥öªÕdÔ�ÖªÝ�Öâ�ÙÛâr×eI�Ô�Ó
öªÕdÔåàªæêYâÛßªã4Ý�ß?Ô�ÖªÑFç�Õ&ÐåÝ�ÖªÙÛç¸êxØªÝ�ÕFò¸ç�à©ØªÝ�àÕFÔ�ß È�Ã ßªÓ�Ô�Õ
×UæªßÝ�×Uç�ÙJI ð ÙÛÝ�Õdã�ç ð ê�Ô�Ý�ÕFÑdçYÙZI ã�ÕFÝ�â�ßªç�à
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´�µe¶¡·�¸�¹8º4»�¼�½¾´À¿�ÁÃÂ	Ä^Å4ÂÇÆ	È\Å4É4Ê�Å4Ä�Ë�ÌÍÅÎÂ	¿@ÏKÐ�Ê.È\Â	ËÎÈXÂsÆ	Ï	Ñ@¿/ÆÇÆ	È\Ä�ÏsË4ÂÒ¿�Ó,¿/Â�Ð�¼

Æ	¿�Ð�¿@Ñ�Ð�Ë4Ê�ÔÒÔ�Ï	ÑÖÕ�Å4Ô×Ð�Õ	Å/ÐQ¿@Ä^Ø	Ù\Ë�Á,¿@Æ¾Ú�ÁÜÛ�Ï	ÝÍ¿�Þ Å�Ê.¿wÏ	Â	Å4ÚsÙX¿dÐ�ËßÆ	È\Ô=Ð�È\Â	É4ÏsÈXÔ�Õ�ÚÃ¿�Ðeà£¿/¿@Â
ÑÖÕ	Å4Ê�Ä^¿@Æ<ÕsÅ4Æ	Ê.Ë�Â	ÔdÅ4Â	ÆáÅ4Â�ÁâË4Ì�Ð�Õ	¿wË/Ð�Õ	¿@ÊdÂsË4Â�ãÖÑÖÕsÅ4Ê.Ä^¿@ÆáØ	Å4Ê�Ð�È\Ñ@Ù\¿@ÔgØ	Ê.ËhÆ	Ï	Ñ/¿@ÆáÈXÂ`Ð�Õs¿
Õ	Å4ÆsÊ.Ë4Â¤Ô�Õ	Ë�à£¿/Ê.¼�½�Ø	ØsÊ.Ë�äÃÈXÄ^Å/Ð�¿@ÙZÁ¨Ð�¿/Â¤ØÀ¿@Ê.Ñ/¿@Â�Ð¡Ë4ÌåÐ�Õ	¿æÐ�ÈXÄ^¿£Õ	Ë�à�¿0Ó	¿@Ê.ç®ÑÖÕsÅ4Ê.Ä^¿@ÆdÕsÅ4Æ	Ê.Ë�Â	Ô
Æ	¿/Ñ@Å�Á¯Ô.¿@Ä^ÈZãÖÙ\¿@Ø�Ð�Ë4Â	È\Ñ@Å4Ù\ÙZÁ¨Ô�Ï	ÑÖÕ�Ð�Õ	Å/ÐæÅ�Ä�Ï	Ë4Â�È\Ô#Ø	Ê.ËhÆ	Ï	Ñ/¿@Æ	¼æè¥Ï	Ë4Â	Ô,Ð�Ê�Å�Ó,¿@ÙhÙ\Å4Ê.É4¿éÆ	È\Ô=Ð�Å4Â	Ñ/¿@Ô
Ð�ÕsÊ.Ë4Ï	É�Õ¡Æs¿0Ð�¿/Ñ0Ð�Ë4Ê.Ô�çsÔ.Ë�Ø	Ê�Ë�Ó�È\Æ	¿éÅ�Ó,¿/Ê=Á^Ñ/ÙX¿/Å4ÊêÔ.È\É4Â	Å4Ù4Ú�Á£à¡ÕsÈXÑÖÕ�Ë4Â	¿ Ñ@Å�Â¡ÆsÈXÔ�Ð�È\Â	É4Ï	È\Ô.Õ�ÑÖÕ	Å4Ê.Ä
Ø	Ê�ËåÆ	ÏsÑ@¿@ÆV¿0Ó	¿@Â�Ð�Ô¡ÌëÊ.Ë�ÄìÑÖÕ	Å4Ê�É4¿@ÆwÑ/Ï	Ê.Ê�¿@Â�Ð¯¿0Ó,¿/Â�Ð�Ô�Å�ÔíÅ�à¡Õ	Ë4Ù\¿@¼¤Ý�Õ	È\Ô¡Ô.¿@Ñ/Ë4Â	ÆVÄ�Ï	Ë�Âdà¡È\Ù\Ù
Õ	Å�Ó,¿�Å^ÑÖÕ	Å4Ê�É4¿�Ë4Ø	ØÀË4Ô.ÈZÐ�¿íÌëÊ�Ë4ÄÜÐ�Õ	¿�Ä�Ï	Ë�ÂgØsÊ.ËhÆ	Ï	Ñ@¿/ÆÒÅ)Ð�Ð�Õ	¿�¿@Ù\¿@Ñ�Ð�Ê�ËÖà�¿@Å�î�Ó,¿@Ê�Ð�¿�ä�¼�Ý�Õ	¿/Ô.¿
¿0Ó	¿@Â�Ð�ÔéÅ4Ê�¿¢Ñ/Å4ÙXÙ\¿@ÆðïeÆ	ÈXÄ�Ï	Ë4Â	ñí¿�Ó,¿/Â�Ð�Ô.çòÅ4Â×¿�äÃÅ4Ä^Ø	ÙX¿�Ë�Ì,Å£Â	¿@ÏKÐ�Ê.È\Â	Ë£ÆsÈXÄ�Ï	Ë4Â^¿0Ó	¿@Â�Ð�ÈXÔMÔ.Õ	Ë�à¡Â
È\ÂÒó	É�Ï	Ê.¿�º4»4¼

Ý�Õ	¿¡Æ	È\Ä�Ï	Ë4ÂÒÑ@Ê�Ë4Ô.Ô�Ô.¿/Ñ0Ð�È\Ë4ÂÒÈXÔ�Ð�Õs¿¡ÑÖÕsÅ4Ê.Ä^¿@ÆÇÕ	Å4Æ	Ê�Ë4ÂrÑ@Ê.Ë�Ô.Ô�Ô.¿@Ñ�Ð�È\Ë4ÂÇÄ�Ï	ÙZÐ�È\Ø	ÙXÈ\¿@ÆÇÚ�Á
Ð�Õs¿×Ô.¿/ÄÎÈ\Ù\¿@Ø�Ð�Ë4Â	È\Ñ¯Ú	Ê�Å4Â	ÑÖÕ	È\Â	ÉdÊ�Å/Ð�È\ËdÌëË4Ê�Ð�Õ	Å/Ð^ÕsÅ4Æ	Ê.Ë�Â	¼^ô:¿@Ñ/Å4Ï	Ô.¿�à�¿õÑ@Å�Â	Â	Ë/Ð^ÆsÈXÔ�Ð�È\Â	É4Ï	È\Ô.Õ
à¡Õ	Å/ÐgÐeÁÃØÃ¿QË4Ì�ÑÖÕsÅ4Ê.Ä^¿@Æ<Õ	Å4Æ	Ê�Ë4ÂbÈ\ÔgØ	Ê.ËhÆ	Ï	Ñ/¿@Æ�Õ	Ë�à�¿0Ó	¿@Ê.çíà�¿ðÄ�ÏsÔ=Ð`ÏsÔ.¿VÅ4Â<Å�Ó,¿/Ê.Å4É�¿@Æ
Ô.¿/Ä^ÈXÙ\¿@Ø�Ð�Ë4Â	È\Ñ¯ÚsÊ.Å4Â	ÑÖÕsÈXÂ	ÉrÊ�Å/Ð�È\Ë4ç�Å�Ó,¿/Ê.Å4É�¿@ÆVËÖÓ	¿@Ê�Å4Ù\ÙMØ	Ê�ËåÆsÏ	Ñ@¿/ÆQÑÖÕ	Å�Ê.Ä^¿@ÆVÕ	Å4Æ	Ê�Ë4Â	Ô�¼¨Ý�Õ	È\Ô
Å�Ó,¿/Ê.Å4É4¿�ÈXÔ�ÌëË4Ï	Â	ÆÒÚ�ÁðÑ/Ë4Â�Ó,Ë4ÙZÓÃÈXÂsÉ�Ð�Õ	¿¡Â	¿@ÏKÐ�Ê.È\Â	Ë¤¿/Â	¿@Ê�É/ÁQÔ.ØÀ¿@Ñ�Ð�Ê.ÏsÄÎçÍÄ^¿@Å4Ô�Ï	Ê.¿/Æ¥Õ	Å4Æ	Ê�Ë4Â	È\Ñ



Ç 6

öªÕdÔåàªæêm×UâÛÔ�ßpÓ�ÕFÝ�êm×UâÛÔ�ßªÑ ð Ý�ßà ×�Øªç�â�ßàªârÐ«âÛàªæªÝ�Ù�ÑdçYò¸âÛÙ�ç�ö7×UÔ�ßâ�ê?àªçYê�Ý�I�Ñ|Ó�Ô�Õé×�ØªÔ�ÑFç�ØÝ�àªÕFÔ�ßªÑ
×UÔ�ã�çm×�ØªçYÕ�� ö

� ø ÷ ø * � -�ù ÷ * � -
ö
ú ( ÷ � � * Æ�Èîí�ü�Æ -

> ç�ÕFç ×UØªç ÑFæò â�Ñ/ÔJÐ+çYÕ/Ý�ÙÛÙ(êxØªÝ�Õdòóç�à¥ØªÝ�àÕFÔ�ßy×eI«ö«ç�Ñ * m o ð m¤û ð m F ðXü � - ð ø * � - âÛÑ�×�Øªç�â�ßêYâÛàªçYß�×
ßªç�æ7×UÕdâ�ßªÔ}ç�ßªçYÕdã/I'àªâÛÑ&×�ÕFâÛÖªæ7×�â�Ô�ß ð ù ÷ * � - âÛÑ«×�ØªçyçYßªç�ÕFã/I�àªçYö�çYßàªçYß�×2öªÕFÔñàªæªê�×UâÛÔ�ß Ó�ÕFÝ�êm×UâÛÔ�ß¥Ó�Ô�Õ
çYÝ�êxØ¥ØªÝ�àªÕdÔ�ß ð Ý�ßªà

ö
ú ( ÷ âÛÑ�×�Øªç¬ÑdçYò¸âJ�JòéæªÔ�ßªâ�ê ÖªÕFÝ�ßªêxØªâÛßªã ÕFÝ�×UâÛÔ2Ó�Ô�Õùç�Ý�êxØ¥ØªÝ�àÕFÔ�ß È Á ßéöÕFÝ�ê��

×UâÛêYç ð Ó�Ô�Õùò¸Ô�Ñ
×¬êxØÝ�ÕFò¸çYàéØªÝ�àªÕdÔ�ßªÑ
ö
ú ( ÷ âÛÑ�ë�ßªÔJÜ0ß2ÐªçYÕ�Ióö«ÔñÔ�ÕFÙZI ð Ý�ßªà0çYì�æªâÏÐåÝ�ÙÛçYßªê�ç Ö«ç�×�Ü ç�çYß

òéæÔ�ß�Ý�ßªà�çYÙÛçYêm×�ÕFÔ�ß�öªÕFÔñàªæªê�×UâÛÔ�ß�âÛÑ¬âÛßUÐªÔ�ë�ç�àqÑFÔ,×�ØªÝ�×
ö
ý ( ÷ ò¸ÝÖI4æªÑdçYà'âÛßªÑ&×�çYÝ�à ÈyÅ ÐªçYß¥×UØçö

ý ( ÷ ÕFÝ�×�â�Ô�Ñ�Ý�ÕFç ßªÔ�×¸ë�ßªÔJÜ0ß�ÑdÔ ÜuçYÙÛÙ ØªÔJÜuçmÐ+ç�Õ ð Ý�ßªà�Ô�Óõ×�çYß�âÏ×óâ�Ñ�ò¸Ô�Õdç Ý�à7ÐåÝ�ß�×UÝ�ã�çYÔ�æªÑ¬×�Ô
âÛßªêYÙÛæªàªç

ö
� Ý�Ñ�ÝóöÝ�ÕFÝ�ò¸ç�×UçYÕÜ0Øªç�ßÚö�çYÕdÓ�Ô�ÕFò¸âÛßªã¯[�×UÑ×UÔ¸àªÝ�×�Ý È� âÏ×UØ2×�Øªç¬Ý�ààªâr×�â�Ô�ß¥Ô�Ó

ö
� ð Ô�æªÕ/êxØªÝ�ÕFò¸ç�à ØªÝ�àªÕdÔ�ß¥êYÕdÔ�ÑFÑ�ÑFçYê�×UâÛÔ�ß¥Ö�çYê�Ô�ò¸çYÑ Ýuàâ�òlæªÔ�ß

êYÕdÔ�ÑFÑ,ÑFç�êm×�â�Ô�ßs�
�h� ��i �UjJLk���	���l� f ø

��� ��i ��jJL�� ��������	��� m * f -
ö
� * Æ�Èîí�ü4S -

H Ñ�ßªÔ ò¸çYÝ�ÑdæªÕFç�òóç�ß�×UÑqâ�ßàªâ�ê�Ý�×Uç�×�Ô4×UØçáêYÔ�ß�×�ÕFÝ�Õ�I * Ü0âÏ×UØ�ç�ò¸öªØªÝ�Ñdâ�Ñ'Ô�ß�a�ßªÔ�ò¸çYÝ�ÑdæªÕFç��
ò¸çYß�×UÑ�c - ð Ý�ßªàáßÔ�ÕFç�Ý�ÑFÔ�ßªÑ Ó�ÕFÔ�ò ×UØªç�×UØªç�Ô�Õ=Iq×UÔÊÝ�ÑFÑdæªò¸ç¥Ô�×�ØªçYÕ
Ü0â�Ñdç ð âÏ×¥âÛÑuÝ�ÑFÑFæòóç�à�×UØªÝ�×
Ö�Ô�×UØ'Ó�ÕdÝ�ã�ò¸çYß�×UÝ�×UâÛÔ�ß'Ý�ßªà

ö
� Ý�Õdç ×UØªç�ÑdÝ�ò¸ç�Ó�Ô�Õ ßªç�æ7×UÕdâ�ßÔóÝ�ßªà'Ý�ß�×UâÛßªçYæ�×UÕFâÛßªÔ¸ÑFê�Ý�×F×�çYÕdâ�ßªã È
Æ�È�ï � ô ] þyØªÝ�ÕFòþ��ÕFÔñàªæªê�×UâÛÔ�ß

Á ß�ê�Ý�Ù�ê�æªÙÛÝ�×UâÛßªã¥ê�ÕFÔ�ÑdÑ¬ÑFç�êm×�â�Ô�ßÑ â�ß0×UØªç2öªÕFç�Ð�âÛÔ�æªÑ/×�Ü Ô¥ÑdçYê�×UâÛÔ�ßªÑ ð Ü ç2ÕFçYÙÛâÛçYà'Ô�ßÊÔ�ßl×UØç
âÛßU×�æªâÏ×UâÏÐ+ç ð Öªæ�×¸ÑFÙÛâ�ã�ØU×�ÙJI ßªÝ�âÏÐ+ç ÑFâÛò¸öªÙÛçóì�æªÝ�ÕFëÚöÝ�Õ&×�Ô�ß�ò¸Ôåàªç�Ù * Ý�Ù�Ö�çYâÏ×óçYßØªÝ�ßªê�çYà�Ü0âr×�Ø�Ý�ß
çYò¸öªâÛÕFâÛêYÝ�Ù 7:9 ×�çYÕFò - È Ã ÑFâÛßªã�âr× ð âr×qâÛÑ ö�Ô�ÑFÑdâ�ÖªÙÛç¥×UÔáàçYÑFê�ÕFâÛÖ«çr�2æ è ç�¦ àªÝ�×UÝÚìñæâr×�ç ÜuçYÙÛÙ ð
ØªÔJÜuçmÐ+ç�Õ�ò¸çYÝ�ÑdæªÕFç�òóç�ß�×UÑ�Ô�Ó�ìñæÝ�ÕFëqò¸Ý�ÑFÑdçYÑ Ý�ßªàÚöªÝ�Õ&×UÔ�ßÚàªâÛÑ&×�ÕFâÛÖªæ7×UâÛÔ�ßªÑuÕFçYÝ�Ù�ÙZI�Ô�ßªÙZI©ØÝxÐªç



Ç43

ò¸çYÝ�ßâ�ßªãqÜ0âr×�ØªâÛß�×UØªÝ�×ÚÑdêxØªçYò¸ç È¾� çYê�Ý�æªÑFçó×UØªç¥ÐåÝ�ÙÛæªç4Ô�Ó 7:9 âÛÑÊßªÔ�ß	WYç�ÕFÔ©Ó�Ô�Õóç�ä«Ý�ò¸öªÙ�ç ð
Üuçóë�ßªÔJÜ ×UØªÝ�×u×UØªç¸Ó�Ô�ÕdêYç êYÝ�ÕFÕFâÛçYÕdÑ�öªÙÛÝÖI Ý�ß�â�ò¸ö�Ô�Õ&×�Ý�ß�×óÕFÔ�ÙÛç âÛß?ß�æªê�Ù�ç�Ô�ß?êYÕFÔ�ÑFÑ}ÑFç�êm×UâÛÔ�ßªÑ È� ç�Ý�Ù�ÑdÔ5ëñßÔxÜ Ó�ÕFÔ�ò â�ß�×�çYã�ÕdÝ�×UâÛßªã ' � ×UØÝ�×?ØªÝ�ÙÛÓ ×UØªç�ß�æªê�Ù�ç�Ô�ß ò¸Ô�ò¸çYß�×�æªò âÛÑ'êYÝ�ÕdÕFâÛçYà
Ö�I5ã�ÙÛæªÔ�ßªÑ È¡� Øªç�ß�ò¸ç�Ý�ÑFæªÕdâ�ßã¸×�Øªç öªÝ�Õ
×UÔ�ß�àªâÛÑ&×�ÕFâÛÖªæ7×UâÛÔ�ßªÑ}âÛß�×UØªç Ñdâ�ò¸öªÙÛçÊì�æªÝ�ÕFëÚöÝ�Õ&×�Ô�ß
ò¸ÔåàçYÙªØªÔJÜuçmÐªçYÕ Ü çyàªÔ}ßªÔ�×�Ó�æªÙÛÙJI�Ý�êYê�Ô�æªß�×,Ó�Ô�Õ«×�ØªçyöªÕFç�ÑFç�ßªêYç,Ô�Ó�ã�ÙÛæªÔ�ßªÑ ð Ý�ßªà¸ÑFÔ¬×�Øªçyì�æªÝ�ÕFë
àªâÛÑ&×�ÕFâÛÖªæ7×UâÛÔ�ßªÑlçmä�×UÕdÝ�êm×�çYà�ÕFçYÝ�Ù�ÙZI Ý�ÕFçóÝ|ÑFÔ�Õ
×�Ô�Ó¬Ý�ò¸Ý�ÙÛã�Ý�ò Ô�Ó¬ì�æªÝ�ÕdëñÑlÝ�ßªà?ã�ÙÛæªÔ�ß?ÕFçYÙÛÝ�×�çYà
ç@Y�çYê�×UÑ È�� ç|ØªÝJÐ+çÚã�Ô�ßªç|Ý�Ñ�Ó�Ý�Õ¸Ý�Ñ�ÜuçÚêYÝ�ß?Ü0âÏ×UØ�×�Øªâ�ÑóÑFâÛò¸öªÙÛçáò¸Ôåàªç�Ù ð ×UÔ©æßªàªçYÕdÑ&×�Ý�ßªà
Ö�çm×F×�çYÕiÜ0ØªÝ�×uâÛÑ ã�Ô�â�ßãlÔ�ßóâÛßªÑFâÛàªç ×UØªç�ß�æªêYÙÛçYÔ�ßlÜ ç Ü0âÛÙ�Ù+ßªç�çYà}×UÔy×UÝ�ë7ç2Ô�ßóÝ}ò¸Ô�ÕFç,êYÔ�ò¸öªÙÛçm×�ç
ò¸ÔåàçYÙ È

Æ�È�ï�ÈîíÜ_ æªÝ�ßU×�æªòýþyØªÕdÔ�ò¸ÔåàKI�ßÝ�ò¸â�ê�Ñ
_ æªÝ�ß�×Uæò þyØÕFÔ�ò¸Ôñà�I«ßªÝ�ò¸â�ê�Ñ ð Ô�Õ _ þ q�ð â�Ñ ×UØç ×UØçYÔ�Õ�IÚÔ�Óñ×UØçuÑ&×�ÕFÔ�ßãéâÛßU×�çYÕdÝ�êm×�â�Ô�ß ð

Ü0ØªâÛêxØ6ÖªâÛßªàªÑÊìñæÝ�ÕFë�Ñ0×�Ô�ã�ç�×UØªç�Õ È Á ß _ þ q�ð ì�æªÝ�Õdë�Ñ�êYÝ�ÕFÕ=I Ô�ßªç4Ô�Ó S ö�Ô�ÑdÑFâÛÖªÙ�ç4êxØªÝ�Õdã�çYÑ ð
ÕFç�Ó�çYÕdÕFçYà}×UÔ0Ý�Ñ êYÔ�ÙÛÔ�Õ�êxØªÝ�Õdã�çYÑ â�ßóÝ�ßªÝ�ÙÛÔ�ã/I Ü0âÏ×UØ}×UØªç S öªÕFâÛò¸Ý�Õ=I4ê�Ô�Ù�Ô�ÕFÑ È¬è Øªç�×�ØªÕFç�ç2ê�Ô�ÙÛÔ�ÕFÑ ð
Ô�Õ�ÝóêYÔ�ÙÛÔ�Õ�Ý�ßªà|âr×�Ñ�Ý�ß�×UâZ�xêYÔ�Ù�Ô�Õ�ê�Ô�òéÖªâÛßªç�à * ÖªÝ�Õ=I+Ô�ßªÑ2Ý�ßªàÚò¸çYÑdÔ�ßªÑ,ÕFç�ÑFö�çYêm×�ârÐªçYÙZI - öªÕFÔñàªæªê�ç
Ý0êYÔ�ÙÛÔ�Õ ÑFâÛßªã�ÙÛçm×uÑ&×�Ý�×Uç�âÛÑ ßÔ0ÙÛÔ�ßªã�çYÕ�Ý�ÖªÙÛç×UÔ0â�ß�×Uç�ÕFÝ�ê�×2àªâ�ÕdçYê�×UÙZIóÐ«âÛÝ�×�Øªç�Ñ&×�ÕFÔ�ßªã0âÛßU×�çYÕdÝ�êm×�â�Ô�ß Èè Øªç�Ñ&×�ÕFÔ�ßã0âÛß�×Uç�ÕFÝ�ê�×UâÛÔ�ßÊÔñêYê�æªÕFÑ�Ö�çm×�ÜuçYç�ß�êYÔ�Ù�Ô�ÕdçYà¸Ô�Öåÿmç�êm×�Ñ Ö�Iqò¸çYÝ�ßªÑ�Ô�Ó�×UØªç�çmä«êxØªÝ�ßªã�ç�Ô�Ó
Ý}ã�ÙÛæªÔ�ß È Â ÙÛæªÔ�ßªÑ Ý�Õdçyò¸Ý�ÑFÑdÙ�ç�ÑFÑ ð ÑFöªâÛß�� í Ö�Ô�ÑdÔ�ßªÑiÜ0ØªâÛêxØ}×�ØªçYò¸ÑFç�ÙrÐªçYÑ ê�Ý�ÕFÕ�I'ê�Ô�Ù�Ô�Õ ð Ý�ÙÛÙ�ÔJÜ0âÛßªã
×UØçYòý×UÔ|â�ß�×�çYÕFÝ�êm×éÜ0âÏ×UØ©Ô�×UØªç�Õlã�Ù�æªÔ�ßªÑ È�Â Ù�æÔ�ßªÑ0êYÝ�ß�êYÝ�ÕdÕ=I Ô�ßªçÊÔ�Ó¬ßâ�ßªçÊö«Ô�ÑFÑFâÛÖªÙÛç�ê�Ô�Ù�Ô�Õ
êYÔ�òéÖªâÛßªÝ�×�â�Ô�ßÑ ð�û Ô�ÓñÜ0Øâ�êxØ�âÛß�×Uç�ÕFÝ�ê�× ÈyÁ ß0×�çYÕdòóÑ Ô�Ó�ã�ÕFÔ�æªö}×UØªç�Ô�Õ=I ð ×�Øªç,Ñ&×UÕdÔ�ßªãlâ�ß�×Uç�ÕFÝ�ê�×UâÛÔ�ß
Ó�Ô�ÙÛÙ�ÔJÜ0Ñ}ÿ Ã * S - Ñ�I�ò¸ò¸çm×�Õ=I ð Ü0Øªç�ÕFç ×UØªç¸ÿ Ã * S - ò¸ç�Ý�ßªÑ S�� S ø û�� í�ð Ô�Õ¬×�ØªÝ�× S êYÔ�ÙÛÔ�ÕdÑ
êYÔ�òéÖªâÛßªçYà©Ü0âÏ×UØ S Ý�ß�×UâZ�xê�Ô�ÙÛÔ�ÕFÑÊã�ârÐªçYÑ�IªÔ�æ û êYÔ�ÙÛÔ�Õ�Ñ
×UÝ�×�çYÑ ðí� í êYÔ�Ù�Ô�ÕÊÑFâÛßªã�ÙÛçm× È è Øªç û
âÛßU×�çYÕdÝ�êm×�â�ßªãqì�æªÝ�ÕdëáêYÔ�Ù�Ô�ÕuêYÔ�òlÖªâ�ßÝ�×UâÛÔ�ßªÑ}Ý�Õdç@��� � ð � � ð � � ð � � ð � � ð � � ð 1� � * � � & � � - ð Ý�ßªà1� � * � � � � � & � � - È�è Øªç�ßªÔ�ßªâÛß�×UçYÕdÝ�êm×�â�ßã�êYÔ�ÙÛÔ�Õ¥Ñdâ�ßªã�Ù�ç�×qã�ÙÛæªÔ�ß�âÛÑ.� 1� 2 * � � � � � � Æ � � - È



Ç�û

r b

br

br

ÀÁ�Â0ÃuÄ,ÅwS4S�È¢_ æªÝ�ÕFë��xì�æªÝ�ÕdëlâÛß�×Uç�ÕFÝ�ê�×UâÛÔ�ß â�ß _ þ q�È þyÔ�ÙÛÔ�ÕFÑâÛßu×UØç:[ªã�æªÕdç ÑFØÔxÜ ×UØç êYÔ�ÙÛÔ�ÕdÑÔ�Ó+×UØªç}ì�æªÝ�Õdë�Ñ ð êYæªÕ
Ð+ç�àÚÝ�ÕdÕFÔJÜ0Ñ�×�Ô ×UØªç}ÑFâÛàªç}ÑFØÔxÜ ØªÔJÜ êYÔ�Ù�Ô�Õ 	 ÔJÜ0Ñ,â�ß¥×�Øªç}â�ß�×Uç�ÕFÝ�ê�×UâÛÔ�ß È
À âÛã�æªÕdç S4S ÑFØªÔJÜ0Ñ Ýuàâ�Ý�ã�ÕFÝ�ò8Ô�ÓªÝuìñæÝ�ÕFë0â�ß�×�çYÕFÝ�êm×UâÛßªã Ü0âÏ×UØ Ý�ßªÔ�×UØçYÕ�ì�æªÝ�ÕFë Ð«â�Ý¬×�Øªç¬Ñ
×UÕFÔ�ßªã
âÛßU×�çYÕdÝ�êm×�â�Ô�ß ð Ü0âÏ×UØ|Ý�ÕdÕFÔJÜ0Ñ�â�ßªàâ�ê�Ý�×UâÛßªãóØªÔJÜ êYÔ�Ù�Ô�Õ 	 ÔJÜ0Ñ,â�ß¥×�Øªç}â�ß�×Uç�ÕFÝ�ê�×UâÛÔ�ß È_ þ q âÛÑ�Ý¯[çYÙÛà¸×�ØªçYÔ�Õ�I ð Ý�ßà4Ý�Ñ�ÑdæªêxØÚâÛÑ�àªç@[ªßçYàÚÖ�I�Ý ô Ý�ã�ÕdÝ�ßªã�âÛÝ�ß'àªç�ßªÑFâÏ×eIÃ�


 !�� k ø  �
÷ *���� ú m ú & �  - ��� &

í
ü ' ú �� ' �ú � * Æ�Èîí�ü�ü -

> ç�ÕFç ×UØªçqÑdæªò â�Ñ¸ÔJÐ+ç�ÕÊÝ�Ù�Ùyì�æªÝ�Õdë`[ªçYÙÛàªÑ ð m ú âÛÑ�×UØªçqêYÔJÐåÝ�Õdâ�Ý�ß�×ÚàªçYÕdârÐåÝ�×�ârÐªç ð �  ì�æªÝ�ÕFë
ò¸Ý�ÑFÑdçYÑ ð Ý�ßªà ' ú �� ×UØç£[ªçYÙÛà�Ñ
×UÕFç�ßªã�×�Øé×UçYßÑFÔ�Õ È ]0ß0×UØªç2ÑFæªÕdÓ�Ý�êYç ð ×UØªç _ þ q ô Ý�ã�ÕFÝ�ßªã�âÛÝ�ß�âÛÑ
Ð+ç�Õ=I?Ñdâ�ò¸âÛÙ�Ý�Õ×�Ô}×�Øªç _0Åéq ô Ý�ã�ÕFÝ�ßªã�âÛÝ�ß	�


 !�� k ø  �  *���� ú m ú & �  - �  &
í
ü ' ú � ' ú � * Æ�Èîí�ü�ï -



Ç�Ç

− + −...

��������� �"!$#$%'&)($*,+.-0/21$3$451$*,687�90/2:;9<1$4=+�:>($*@?)/BA0+>-C/2AD:;9)1$4=3$+>-CE01F4HGI/2:KJ2+L6=:>1>G=GM+K4=/2A03

N�(O7�+QP0+K4�1FAR/2*,ES(F4HGI1FAIG.-0/2T�+K4=+>A0:K+�J2/B+>6U/2A,GM90+LV0+KJ2-R6HGI45+KA03WGI9XGI+KA)6=($456=Y

Z [W\ ] ^_[_`a\cbd^e\$`f[ gih�j@kml gHn$%�o>#$p$l
Z [W\q ] ^_[_`a\q bd^e\$`f[q�rtsFuWv q5wyx ` [w `f\x gHh.z�kml gHn$%�o>#${$l

| 90+}J21$6HG~GM+K45* /2A�GM90+}�L�'��V0+KJ2-�6�GI45+KA03>GM9�GI+KA)6=($4~/2A0-0/2:K1>GM+K6�GI9)1>G��0A0J2/2�F+�E090(>GM($A065�
GI9)+�3FJB�0(FA06.1F4=+,1$?0J2+�GI(R/BAMGI+>4=1$:�G.7�/�GI9�+K1F:;9�(>GM90+K45% | 90/26�6=+KJ2��/2AMGI+K451$:QGM/B(FA�3$/�P�+>6.�L�'�
E045($�y($�0A0-)J���-0/2T�+K4=+>AMGX?�+K901OPS/B(F4�GI9)1$AC+>JB+>:QGI45($*,1$3$A0+�GI/2:@/2AMGI+K451$:QGM/B(FA06=��?0��G@/�G@/B6�GI9)/B6 -0/2���
�y+K45+KA0:>+�GI901>GX*�1F�F+K6L�L�'��6=(�6=�):K:K+>6=65�y�0J�1>G,-0+>6=:K45/B?)/BA03R?�(>GI9}�e�01$45�C:>($A0V0A0+>*,+KAMG 1FA0-
1$6��¡*,E�GM(>GI/2:��y4=+K+>-0($*,%

| (¢3$+�Gt1¢?�+QG5GI+K4R/2-0+K1£90(O7¤GI9)/B6R-0/2TS+>4=+KA):K+�?S+�G�7�+>+KA¥�L�'�¦1FA0-§�L���¨7�($45�_65�
7�+�7�/2J2J�A0+K+>-RGI(�?045/B+>©��ª-0/26=:>�06=6�J2(«($E�-0/21$3$451$*,6L1$A0-�4=+>A0($4=*,1$J2/2¬K1>GM/B($A)%@d+�7�/2JBJ�6�GI1$4�G
?M��JB(_($�e/2A03,1>G.������®2o>¯$°���o>n$±F²2%c��AD:>1$J2:K�0J21>GI/2A03�GI90+L1$*,E0J2/�GI�0-0+��y($4'1�E04=(_:K+>6=6 /BAR1,V0+KJ2-
GI9)+K($4��mJ2/2�F+a�L�����e1$J2J_E�($656=/2?0JB+³7�1O�S6SGM901>G´GI90+f+KJ2+K:QGM4=($A)68*,1O�m/2AMGI+>4=1$:�G'*@�)6HG'?�+�/BA0:>JB�)-0+K-
/2AµGI90+�:K1FJB:>�0JB1WGI/2($A0%���+��SA0*,1$A<-0/21$3$451$*,6U1$45+@�065+K-<1F6�GM(«($J26�GM(µ45+KE045+K65+KAMG�GI90+'GI+>4=*,6�/2A
GI9)/B6U+Q¶SE01$A065/B(FA0%L��(F4 +�¶S1$*,E0JB+.V03$�045+@!$#�6=9)(;7�6�6=($*,+�($�SGI9)+.��+Q�SA0*,1$AC-0/B1F3$4=1$*,6�GI901WG



í ú�ú

òéæÑ&×}Ö�çuÑdæªò¸òóç�à¥×UÔ¥ê�Ý�Ù�ê�æªÙÛÝ�×Uç ×�Øªçuò¸ç�Ý�ÑFæªÕdçYàqêYÕdÔ�ÑFÑ¬ÑFçYê�×UâÛÔ�ß Èyè ØªçuÑFâÛòóöÙ�ç�Ñ&×0êYÝ�ÑFç âÛÑ�×UØç
çmä«êxØªÝ�ßªã�çóÔ�Ó Ý'Ñdâ�ßã�Ù�ç¸öªØÔ�×UÔ�ß * ÙÛçYÓõ× - È�Á ×óâÛÑ}ØªÔJÜ ç�Ð+ç�ÕlÝ�ÙÛÑFÔqê�Ô�ò¸öªÙ�ç�×Uç�ÙJI ö�Ô�ÑFÑdâ�ÖÙ�çóÓ�Ô�Õ¬×UØç
öªØªÔ�×UÔ�ß¸×UÔóÖªÕFâÛç 	 I©ÑFöÙ�âÏ×¥âÛß�×UÔÊÝ�ßÚç�Ù�ç�êm×UÕdÔ�ß��Jö«Ô�Ñdâr×�ÕFÔ�ßÚöªÝ�âÛÕ Ü0Øâ�êxØ�×�ØªçYß4ÕFçYê�Ô�òéÖâ�ßªçéâ�ß�×UÔÊÝ
öªØªÔ�×UÔ�ß�Ý�ã�Ý�âÛß * ò¸âÛàªàªÙÛç - È©è Øªâ�ÑéêYÝ�ß ØªÝ�öªö«ç�ß�ØªÔJÜuçmÐ+ç�Õ¸òóÝ�ß�I?×UâÛò¸çYÑ * ÕFâÛã�Ø�× - È©è Øªç�ÕFç�âÛÑ
ÝÚÖâr×�Ô�ÓyÝÚöªÕdÔ�ÖªÙÛçYò¨Ü0âr×�Ø4×UØç�ò¸â�ààªÙ�ç�Ý�ßªà�Õdâ�ã�Ø�×�òóÔ�Ñ&×qàªâÛÝ�ã�ÕdÝ�ò¸Ñ,×�ØªÔ�æªã�Ø ð âÛß�Ô�ÕFàçYÕ,×�Ô
êYÝ�Ù�ê�æªÙ�Ý�×Uç ×UØªç�Ý�òóöÙ�âÏ×Uæªàç0ê�Ô�ÕFÕdçYÑdö«Ô�ßàªâ�ßã}×�Ôu×UØªÔ�Ñdç}àªâ�Ý�ã�ÕFÝ�ò¸Ñ ð Ô�ßªç�òlæªÑ&×lâÛßU×�çYã�ÕdÝ�×Uç}ÔJÐ+ç�Õ
×UØç�ò¸Ô�ò¸çYß�×Uæò Ô�Ó�×�Øªç�âÛß�×UçYÕdßªÝ�Ù Ù�ÔñÔ�öªÑ È©è Øªç�ÕFç�âÛÑ¥ßªÔáÕdçYÑ
×UÕFâÛêm×�â�Ô�ß Ô�ß4×UØç�ò¸Ô�ò¸çYß�×Uæò
âÛßªÑFâÛàªç×UØªÔ�ÑFç�Ù�ÔñÔ�öªÑ ð ÑFÔ ×UØÝ�×�âÛßU×�çYã�ÕdÝ�Ù+òéæÑ&×2ÕFÝ�ßã�ç Ó�ÕFÔ�ò WYç�ÕFÔ ×UÔ}âÛß	[ªßªâÏ×eI Èyè ØçyêYÔ�ÕdÕFçYê�×UâÛÔ�ß
àªæªç ×�Ô�×�Øªç}ò¸â�àªàÙ�ç0àªâÛÝ�ã�ÕFÝ�òýâ�Ñ�öªÕdÔ�ö�Ô�Õ&×�â�Ô�ßÝ�Ùå×UÔ��

· * x ��- ø ¸ �oS �
¹� "º
� u �u � & Æ ¸ o�

1
o f * í & f - ÙÛÔ�ã í & x � f * í�& f -

� � ý
� f * Æ�Èîí�ü�û -

> ç�ÕFç Ü ç,Ý�Õdç,àçYÙÛâ�Ö�çYÕdÝ�×Uç�ÙJI4ÙÛÝ�Ö«ç�Ù�âÛßªã ¸ Ü0âr×�ØÊÝ0ÑFæªÖÑFêYÕdâ�ö�×íWYç�ÕFÔy×UÔ0â�ßàªâ�ê�Ý�×Uç ×UØÝ�×�×UØªç ÐåÝ�Ù�æç
Ý�öªöÙ�âÛçYà|Ý�×�×UØªç¬ÐªçYÕ
×Uçmä�Ô�Ó/çYÝ�êxØ4àªâÛÝ�ã�ÕdÝ�òýâÛß¥×UØªç}ÑFç�ÕFâÛçYÑ,â�Ñ�àªâ\Y�çYÕFç�ß�×2×�ØªÝ�ß ×UØªç}Ô�ßªç¬Ü0Øâ�êxØ
âÛÑ ò¸çYÝ�ÑdæªÕFç�à * Ü0Øªâ�êxØ�ÜuÔ�æªÙÛà�Ö«ç¥ÕdçYÑdæªÙr×�â�ßã|Ó�ÕdÔ�ò"×UØªç Ñdæªò Ô�Ó�Ý�Ù�Ù+×UØçYÑFç¸àªâÛÝ�ã�ÕdÝ�ò¸Ñ - È è Øªç
öªÕdÔ�ÖªÙÛçYò"Ü0âr×�Ø · * x � - êYÔ�ò¸çYÑuÓ�ÕFÔ�ò ×�ØªçéÓ�Ý�ê�×2×�ØªÝ�×éâr×éâÛÑuÙÛÔ�ã�Ý�Õdâr×�Øªò¸â�ê�Ý�Ù�ÙZI�àªâÏÐ+çYÕdã�çYß�× Èéè ØªâÛÑ
Ý�ßªà�Ý�ÙÛÙ�ÑdæªÖªÑdçYì�æªçYß�×�Ù�ÔñÔ�ö�àªâÛÝ�ã�ÕdÝ�ò¸Ñ Ý�ÕFç âÛß	[ªßâr×�ç È�è ØçYÕFç¸âÛÑ�ÝéÜ Ý�Iá×�Ô'ã�çm×óÝ�ÕFÔ�æªßà�×UØªâÛÑ
ØªÔJÜuçmÐ+ç�Õ ð Ð«âÛÝ Ý¥öªÕFÔñêYç�ÑFÑyê�Ý�Ù�ÙÛçYà8a�ÕFçYßÔ�ÕFò¸Ý�ÙÛâXW�Ý�×UâÛÔ�ß	c ÈyÁ ß'ÕFçYßÔ�ÕFò¸Ý�ÙÛâXW�Ý�×UâÛÔ�ßé×�Øªç âÛß	[ªßªâÏ×eI�âÛß
×UØç¥æªöªö�çYÕ�ÙÛâ�ò¸âÏ×¸Ô�Ó�×�Øªç ¹� "º E 
 "
 " âÛß�×UçYã�ÕFÝ�ÙâÛÑ ×�çYò¸ö«Ô�ÕFÝ�Õdâ�ÙZI�ÕdçYöªÙÛÝ�ê�çYà�Ü0âr×�Ø�Ý¤[ªßªâÏ×Uç ê�æ7×UÔ4Y
� È ¸ â�Ñl×�ØªçYßpÕdçYàªç/[ªßªçYà�×�Ô�ÑFæªêxë æªö©×UØçáÙ�Ô�ã�Ý�ÕFâÏ×UØòóâÛêáàªç�ö«ç�ßªàªç�ßªêYç�Ô�ß©×�Øªâ�Ñ�êYæ7×�Ô4Y Èè ØªÝ�×ßa�ÕdçYßªÔ�Õdò¸Ý�Ù�â\WYç�à	c ¸ â�Ñ�×UØªçóÔ�ßªç�Üuç�ò¸çYÝ�ÑdæªÕFç È�è Øâ�ÑlÑFçYç�ò¸Ñ¥Ó�æªßªàªÝ�òóç�ß�×UÝ�ÙÛÙJI?ÜuçYâÛÕFà
Ô�ß¸×UØªç0ÑFæªÕdÓ�Ý�êYç ð ØªÔJÜuçmÐªçYÕ ÑdÔ�ò¸çéÙÛçmÐ+ç�Ù�Ô�Ó�ÕFç�Ý�ÑFÑdæªÕFÝ�ßêYç¥ÑdØªÔ�æªÙÛàáêYÔ�òóçlÓ�ÕFÔ�ò ×�Øªç0Ó�Ý�êm×,×UØªÝ�×
Ü0ØªÝ�×�çmÐªçYÕéò¸Ý�×�ØªçYò¸Ý�×�â�ê�Ý�Ù�×UÔ�òóÓ�ÔñÔ�ÙÛçYÕ�I5â�Ñ}ã�Ô�â�ßªã|Ô�ß?ØªçYÕdç¸Ý�Ù�ÙÛÔJÜ0ÑlöØ�I«Ñdâ�ê�Ý�Ù ì�æªÝ�ßU×�âr×�â�ç�Ñ�×�Ô
Ö�ç¥êYÝ�ÙÛêYæÙ�Ý�×�çYà ð Ý�ßªà ð â�ß�×�Øªçéê�Ý�ÑFç Ô�Ó _}Åéq�ð öªÕFç�àªâ�ê�×UâÛÔ�ßªÑ�ê�Ý�ßáÖ�ç¥ò¸Ý�àªç2×�ØªÝ�× Ý�ã�ÕFç�ç,Ü0âÏ×UØ
çmä«ö�çYÕdâ�ò¸çYß�×�Ý�Ù�ò¸ç�Ý�ÑFæªÕdçYò¸çYß�×�Ñ ×UÔ û àªçYê�â�ò¸Ý�Ù öÙ�Ý�ê�çYÑ È



í ú í

H ê�Ô�ßªÑdçYì�æªçYßêYç?Ô�Ó ÕFç�ßªÔ�ÕdòóÝ�Ù�â\WYÝ�×�â�Ô�ß�â�Ñl×�ØªÝ�×Ê×UØªç4çYÙÛçYêm×�ÕFÔ�ò¸Ý�ã�ßªçm×�â�ê�ê�Ô�æªöªÙÛâ�ßã ð ¸
Ö�çYêYÔ�òóç�Ñ�àªç�ö«ç�ßªàªç�ßU×�Ô�ß6Ò � ð Ý�ßªà Ý©ÕdçYÓ�çYÕdçYßªê�çÚç�ßªçYÕdã/I ÑFêYÝ�Ù�ç�» Ü0ØªâÛêxØ©Ü Ý�Ñ�Ý�àªàçYà?×�Ô
ÕFç�ò¸ÔxÐªç�×�Øªç}àªçYö�çYßàªçYßªê�çéÔ�ß � È�è ØªâÛÑ2àçYö�çYßªàªç�ßªêYçlã�ÔñçYÑyÙÛâ�ë7ç@�

¸ * Ò ��- ø ¸ * » � -í & 1¼ ¸ * » � - Ù�Ô�ã ! "ú " * Æ�Èîí�ü�Ç -

âÛßªêYÙÛæªàªâÛßªãl×�Øªçlê�Ô�ß�×UÕdâ�Öªæ�×UâÛÔ�ßÚÓ�ÕdÔ�ò¨Ô�ßªç0Ù�ÔñÔ�ö È ¸ * Ò � - âÛÑ2ÕdçYÓ�ç�ÕFÕFç�àÊ×UÔóÝ�Ñ,Ý a�ÕFæªßªßâ�ßªãÊêYÔ�æK�
öªÙÛâ�ßãÊê�Ô�ßªÑ&×�Ý�ß�×�c ð Ö�çYê�Ý�æªÑFç0Ô�Ó/âr×�Ñ�àªçYö�çYßªàçYßªê�ç¥â�ß4Ò � È2Á ß _}Åéq�ð ×UØªç0êYÔ�æªöªÙÛâ�ßªãóâÛßªêYÕdçYÝ�ÑdçYÑ
Ü0âÏ×UØáâÛßªêYÕdçYÝ�Ñdâ�ßãqÒ � È0Á ßªêYÕdçYÝ�Ñdâ�ßãqÒ � âÛÑ ç�ìñæârÐåÝ�ÙÛçYß�× ×�Ô�ÙÛÔåÔ�ë�âÛßªã�Ý�×éÑFò¸Ý�ÙÛÙÛçYÕ Ý�ßàáÑFò¸Ý�ÙÛÙ�ç�Õ
àªâÛÑ&×�Ý�ßªêYçÚÑFêYÝ�Ù�ç�Ñ È H ×áÙ�ÔJÜ Ò � ×UØªç4ç@Y�çYê�×�Ô�Ó ×�ØªçÚÙÛÔåÔ�ö6àªâÛÝ�ã�ÕFÝ�òóÑ ð êYÝ�ÙÛÙÛçYà�ÐåÝ�ê�æªæªò ö«Ô/�
ÙÛÝ�ÕFâ\WYÝ�×�â�Ô�ß ð âÛÑ¸Ñ&×UÕdÔ�ßªã�ç�Ñ&× È è ØªâÛÑÊê�Ý�ß)Ö�çqçYß�Ð«â�Ñdâ�Ô�ßªçYà�Ý�Ñ¸Ö�çYâÛßªã?Ù�âÛë�ç|Ý�ê�Ù�Ô�æªà)Ô�Ó Ð«â�Õ
×UæªÝ�Ù
çYÙÛçYê�×UÕdÔ�ß��xö�Ô�Ñdâr×�ÕFÔ�ß öªÝ�âÛÕFÑ ÑdæªÕFÕdÔ�æªßªàªâÛßªã'×UØªçqç�Ù�ç�êm×UÕdÔ�ß Ö«ç�â�ßªã�öªÕdÔ�Ö�çYà â�ß5Ý�ß5âÛßU×�çYÕdÝ�êm×�â�Ô�ß Èô â�ë7ç'ÝáàªâÛçYÙÛçYê�×UÕFâÛê ð ×�Øªâ�ÑéêYÙÛÔ�æªà}a�ÑFê�ÕFç�çYßªÑ�c'×�Øªç�ÖªÝ�ÕFç�ç�Ù�ç�êm×�ÕFÔ�ß5êxØªÝ�Õdã�ç�Ý�×�Ù�Ý�ÕFã�ç�àâ�Ñ
×UÝ�ßªê�ç
ÑFê�Ý�ÙÛçYÑ È H ÑyÜuçóöÕFÔ�Ö�ç¸àªçYç�ö«ç�Õ ð ö«ç�ßªçm×�ÕFÝ�×�â�ßªã¸×UØªâÛÑ}êYÙÛÔ�æªà?Ý�×ÊØªâÛã�ØªçYÕ}Ý�ßà�ØªâÛã�Øªç�Õ0Ò � ð ×UØç
ç@Y�çYê�×UâÏÐ+ç'ê�Ô�æªöªÙÛâ�ßãáâ�ßêYÕFç�Ý�ÑFç�Ñ Èr� ç}Ü Ô�æÙ�à4×�ØªçYß©Ö«çÊÑFçYç�â�ßã�òóÔ�ÕFçóÔ�Ó�×UØç�ÖªÝ�Õdç�ç�Ù�ç�êm×UÕdÔ�ß
êxØªÝ�Õdã�ç È

ÿªÔ�ò¸ç�×UØªâÛßªã�Øªç�ÕFç0ÑFØªÔ�æªÙ�àÚÝ�Ù�ÑdÔ�Ö�çlÑdÝ�âÛàÚÝ�Ö�Ô�æ7×,×UØªâÛÑda�ÕFç�Ó�çYÕFç�ßªêYçlÑFê�Ý�Ù�ç/c@» È Á ×�ÑuöªÕdçYÑ��
çYßêYç,â�Ñ ö�çYÕdØªÝ�öªÑ Ý}Öªâr× ÜuÔ�ÕdÕFâÛÑFÔ�ò¸ç ÈyÁ ×2ò¸Ý�IqÑFç�çYò"Ý�Ñ âÛÓ(Ü ç,ØªÝJÐ+ç�âÛßU×�ÕFÔñàªæªê�çYà�Ý�ßóÝ�ÕFÖªâÏ×UÕdÝ�Õ=I
Ó�ÕFç�ç¸ÐåÝ�Õdâ�Ý�ÖªÙ�ç È è Øªç|ÕFæªÙÛçYÑÊÔ�Ó ×�ØªçÚã�Ý�òóçqØªÔJÜuçmÐªçYÕ'Ý�Õdç ×�ØªÝ�×ÚÝ�ß�I Ô�ÖªÑdçYÕ&ÐåÝ�ÖÙ�ç4ìñæÝ�ß�×UâÏ×eI
òéæÑ&×óÖ�ç â�ßªàçYö�çYßªàªç�ß�×�Ô�Ó ×�Øªç¥ÕdçYÓ�çYÕdçYßªê�ç¸ÑFêYÝ�Ù�ç ÈÊè Øªç ÑdêYÝ�ÙÛç ò¸çYÕdçYÙZI5ÑFç�Ù�ç�êm×UÑ}ØªÔJÜÞâÛòóö�Ô�Õ��
×UÝ�ßU×0Øâ�ã�ØçYÕ�Ô�ÕFàçYÕyÙÛÔåÔ�öÑyÝ�ÕFç�âÛß¸×�Øªç�êYÝ�Ù�ê�æªÙ�Ý�×UâÛÔ�ß È þyÝ�ÙÛêYæªÙÛÝ�×UâÛßªã�×UØªç À ç0I«ßªò¸Ý�ß|àªâÛÝ�ã�ÕdÝ�ò¸Ñ
×UÔ¸Ý�ÙÛÙiÔ�ÕdàªçYÕdÑyâ�Ñ�âÛò¸ö«Ô�ÑdÑFâÛÖªÙÛçy×�Ô¸àªÔ ð Ý�ßà ×�Øªç}ÑFê�Ý�Ù�ç}êxØªÔ�â�ê�ç0âÛÑ×UØªç�ßqÙ�âÛò¸âr×�çYà ×UÔ¸ÑFÔ�ò¸ç�×UØªâÛßªã
ßªç�Ý�Õ ×�Øªç¥Ò � Ô�Ó«×�ØªçéöÕFÔ�ÖªÙÛçYò æªßªàçYÕuÑ
×UæªàKI ÈéÁ Ó�Ý�êYÝ�ÙÛêYæÙ�Ý�×�â�Ô�ßáâ�Ñ2ö«ç�ÕFÓ�Ô�Õdò¸çYàáÔ�ßÙJI�æªöÊ×�Ô
êYç�Õ&×�Ý�â�ß Ô�ÕFàªç�Õ ð Ý�ßªà|×UØªç�ÕFç�âÛÑ¥ÝáÑ
×UÕFÔ�ßªãáàªç�ö«ç�ßªàªçYßêYçqÔ�ßÚ×UØâ�Ñ�» ÑFêYÝ�Ù�ç ð ×UØªç�ßÚ×UØªÝ�×�â�ÑéÝ�ß
âÛßªàªâÛêYÝ�×�â�Ô�ßé×�ØªÝ�× Øªâ�ã�ØªçYÕ Ô�ÕFàªç�Õ àªâÛÝ�ã�ÕdÝ�ò¸Ñ¬ßªç�çYàé×UÔéÖ«ç2â�ßªê�Ù�æàªçYàqâÛßl×UØªçuêYÝ�ÙÛêYæªÙÛÝ�×�â�Ô�ß O í�Æ 6 R È



í ú Æ

− ...− +

��������� �d!$±F%'&0($*,+L-0/B1F3$4=1$*,6�7�90/2:;9C1$45+�:K($*.?0/2A0+K-</2A��e�01$4=�~65:K1>G5GI+>4=/2A03

�½¶S1$*,/BA0/2A03@GM90+@65:K1$J2+�-0+>ES+>A0-0+KA):K+X($��1FA<($?065+K4HP«1$?)JB+�/26�1L7�1O��($��+�¶¡1F*�/2A0/2A03@GI9)+@J2+QP�+>J
($�´:K+>4HGI1F/BAMG��~GI9)1>GcGI901>G�(F4=-0+>4 (F��:>1$JB:>�0J21>GI/2($AR*�1O��9)1;P0+.(FA,GM90+L($?06=+>4HP«1$?0J2+K%

| 90+UE0�04=E�($65+U�y($4½GM90/B6¾7�90($J2+�-)/B65:K�0656=/2($A ($�½�L���§/26�/BAMGI+>A0-0+>-.GI(�/BJ2J2�0*,/BA01WGI+�65($*,+
($��GI90+�/B*,E�($4HGM1$AMG.:;901$4=1F:QGI+>4=/26HGM/B:>6�($�8�L�'��%¾� +K:>1$JBJ³�y45($*¿+K�e�01WGI/2($A<n$%�o>#${�GI9)1>GUGM90+L-0/2���
�y+K45+KA0:>+�?�+QG�7�+K+KA��L�'�À1$A0-<�L���À/26fGI90+.E04=+>6=+>A0:K+,($�SGM90+ sFuÁv q5wyx ` [w ` \x GI+>4=*,��GM90+�65+KJ2���
:K(F�0E0J2/BA03X(F�«GI90+�3$JB�)($A06=% | 9)/B6�65+KJ2���;:>($�0E0J2/BA)3X:;901$A03$+>68GI90+U6=($4�GI6�(F�¾-0/B1F3$4=1$*,6³GI901>G�*@�06�G
?�+�65�0*,*,+K-C�y45($*Â7�9)1>G'7�+>Ã�P0+@65+K+KAR/2AD�L����%½��/23$�045+�!$±,6=90(O7�6 6=($*,+L($��GI90+L-0/21$3$451$*,6
6=�)*�*,+>-�GM(�:K1FJB:>�0JB1WGI+<�e�01$45�¢65:K1>G5GI+>4=/2A03�/BA"���'��% Ä³/B��+<�L������7�+<901OP�+mGM90+C65/B*,E0J2+
+Q¶S:;901FA03$+,($��1~3$J2�0($A¢gHJ2+K��GMl=�¡GI9)+KA�1$J26=(~J2/B��+��L������7�+,:K1$A�901OP0+X3$JB�)($A06�6=E)JB/�G=GM/BA03R/2AIGM(
�e�01$45�I�O1$AMGI/2�e�01$4=��E01$/24=6@1$A0-�45+K:K(F*@?0/2A0/2A03£gH*,/2-0-0J2+Kl=%Rd+>4=+�GM90+K65+ -0/21$3$451$*,6@1$J2J³GM90+K45+
7�1$6=�e7�+�7�($�)JB- 9)1;P0+�1cGI90+>($4H�X7�90/2:;9~?�+K901OP�+>- +Q¶S1$:�GIJ��<J2/2�F+��L�����$7�/�GM9m:;901F4=3$+U6=:K45+K+>A��
/2A03$�¡+�GI:>% | 9)+K4=+�/268GI9)+�-0/21$3$4=1F*Å($A@GM90+�4=/23$9MGL90(O7�+QP0+K4=% | 90+�+>TS+>:QG�($�0GI9)+�3$J2�0($A��O3$JB�)($A
:K(F�0E0J2/BA03}/26@(FE0ES(F6=/�GI+ �y45($*¿GI90+LP)1F:K�0�0*ÆE�($JB1F4=/2¬K1>GM/B($A�-0/B1F3$4=1$*¿Ç�/�G�1FAIGM/ �O6=:>4=+K+>A06�GI9)+
?01$45+L:;901$4=3F+K%cÈ�6c($A0+LJ2(«(F�_6c1>G�J21$453$+K4'1$A)-DJ21$4=3F+K4'-0/26HGM1$A0:K+�6=:>1$J2+K6=�³*,($45+�1FA0-D*,($45+



í ú S

ã�ÙÛæªÔ�ß ÙÛÔåÔ�öªÑ Ý�öªö�çYÝ�Õ ð Ü0ØªâÛêxØÊç/Y«ç�êm×UâÏÐ+ç�ÙJI|ò¸Ý�ã�ßªâX[çYÑ�×UØçyêxØªÝ�ÕFã�ç È è ØªâÛÑ�ã�âÏÐ+çYÑi×�ØªçyÔ�ÖªÑdçYÕ&ÐªçYà
Ö�çYØªÝJÐ«â�Ô�ÕyÔ�ÓùìñæÝ�ÕFëÊêYÔ�ß	[ßªçYò¸çYß�× È H Ñ�Ü ç}ÙÛÔåÔ�ëÊÝ�× ÑFò¸Ý�ÙÛÙ�ç�ÕyÝ�ßªàqÑFò¸Ý�ÙÛÙÛçYÕyàªâÛÑ&×�Ý�ßªêYç�ÑdêYÝ�ÙÛçYÑ ð
Ý�×0ØªâÛã�Øªç�Õ�Ý�ßªà|Øªâ�ã�ØªçYÕ,Ò � ð ×UØªç}ê�Ô�æªöªÙÛâ�ßã�ã�ÕdÔxÜ0Ñ�ÑdòóÝ�Ù�Ù È�è Øªâ�Ñ,âÛÑ,Ý�Ñ=I«ò¸ö7×UÔ�×�â�ê0Ó�ÕFç�çYàªÔ�ò ÈÁ ßªê�Ù�æªàâ�ßªã'àâ�Ý�ã�ÕFÝ�ò¸Ñ Ü0âr×�ØáæªöÊ×�Ô�Ô�ßªç0ÙÛÔåÔ�ö¸×UØªç _ þ q ÕFæªßßªâ�ßã�êYÔ�æöªÙ�âÛßªã�âÛÑuã�ârÐªçYß
Ö�IÃ�

¸ F * Ò ��- ø ¸ F * » � -í �§ÉeÊ i ú " j1 � ¼ * S4S�&)Æ>Ë  - Ù�Ô�ã * Ò �ÍÌ » � - * Æ�Èîí�ï ú -

Ü0Øªç�ÕFç ×�Øªç Ë  ÕFç�Ó�çYÕFÑ/×UÔ,×�Øªçuß�æªòlÖ«ç�Õ¬Ô�Ó 	 ÝJÐ+Ô�ÕdÑ öªÝ�Õ
×UâÛêYâÛöªÝ�×UâÛßªã¥âÛß0×�ØªçuâÛß�×Uç�ÕFÝ�ê�×UâÛÔ�ß È�� Ô�Õdç
×UØÝ�ß í 6¬ÜuÔ�æªÙÛàóÖ�ç ßªç�çYàªç�à}×�Ô ò¸Ý�ë�ç×�Øªç êYÔ�æªöªÙÛâ�ßªã}Ö�çYØªÝJÐªç,ÙÛâÛë�ç _}Åéq�ð æªöu×�Ô¬×UØªç ç�ßªçYÕdã�âÛçYÑ
ÜuçlØªÝJÐªçlÖ�çYç�ß4Ý�ÖÙ�ç ×UÔ¸ÕdçYÝ�êxØ ð ×�ØªçYÕdç0Ý�ÕFç�Ý�×lò¸Ô�Ñ&×�6 Èè Øªç4ÕFæªßªßâ�ßªã�êYÔ�æöªÙ�âÛßªã�ç�ä«öªÕFç�ÑFÑFâÛÔ�ß�âÛÑ}×eI«öªâÛêYÝ�Ù�ÙZI ÕdçYàªç/[ªßªç�à6â�ß�×Uç�ÕFò¸Ñ�Ô�Ó2Ý©ÑdêYÝ�ÙÛç
Ü0ØªâÛêxØ�ÑFç�×UÑ ×UØªç,Ö�Ô�æªßªàªÝ�Õ=I|Ö�çm×�ÜuçYçYß _ þ q ?ÛÑõa�êYÔ�ßs[ªßªçYò¸ç�ßU×�c¥Ö�çYØªÝJÐ«â�Ô�Õ ð Ý�ßªà�âÏ×UÑ×a�Ý�Ñ=I«ò¸ö��
×UÔ�×UâÛê0Ó�ÕdçYç�àªÔ�ò^cÊÖ�çYØÝxÐ«âÛÔ�Õ.�

ü � !�� k ø"» � çmä«ö
&Êí�Æ �

* S4S�&6ÆKË  - ¸ F * » � - * Æ�Èîí�ï�í -

ò¸Ý�ë�â�ßã}×�Øªç}ÕFæªßªßâ�ßªãóêYÔ�æªöªÙÛâ�ßªã ¸ F �
¸ F * Ò � - ø

í�Æ �
* S4S�&6ÆKË  - ÙÛÔ�ã * ! "Î "ÏFÐÒÑ - * Æ�Èîí�ï�Æ -

è Øªç�ÐÝ�Ù�æªçlÔ�Ó ü !�� k àªç@[ßªçYÑ ×�Øªç0Ö«ç�ØªÝJÐ�âÛÔ�Õ Ô�Ó _ þ q�ð Ý�ßªàÚê�Ý�ßáÖ�çlÔ�Ö�×UÝ�âÛßªçYàÚÓ�ÕFÔ�ò
ò¸çYÝ�ÑdæªÕFâÛßªã ¸ F * Ò � - Ý�×'àâXY�çYÕdçYß�×|çYßªç�ÕFã�âÛçYÑ È5À â�ã�æªÕFç S 6áÑFØÔxÜ0Ñu×�Øªç�àªç�êYÕdçYÝ�Ñdç'â�ß ¸ F * Ò � -
Ý�Ñ'Ý5Ó�æªßªê�×UâÛÔ�ßpÔ�Ó0çYßªç�ÕFã/I O û43 R Èýè Øç?ê�æªÕFÕdçYß�×qÜ Ô�ÕFÙÛà ÝJÐ+ç�ÕFÝ�ã�ç?Ó�Ô�Õ ¸ F Ý�×�Ó o ò¸Ý�ÑFÑ'âÛÑ
ú�� í�í�û43cÔ ú4�Ûú�ú Æ�ð Ý�ßªà ü !�� k ø Æ+í/3 û ��Õ( � 2 � ç0¦ È



í ú ü

0
Ö

0.1
Ö

0.2
Ö

0.3
Ö

1 10 10
2

µ×  GeV

α s(
µ)

ÀÁ�Â0ÃuÄ,ÅbS 6 È�è Øªç ÕdæªßªßªâÛßªã|Ô�Ó ¸ F * Ò � - Ü0âÏ×UØ�âÛßªêYÕdçYÝ�Ñdâ�ßªã|çYßçYÕFã)I5ÑFê�Ý�Ù�ç È *iØ Ò � ÙÛÝ�Ö�çYÙÛçYàÝ�Ñ�» â�ßg[ªã�æÕFç - q Ý�×�Ý ö«Ô�â�ß�×UÑ�Ý�Õdç}çmä«ö«ç�ÕFâÛò¸çYß�×UÝ�Ù/ò¸çYÝ�ÑdæªÕFç�ò¸çYß�×UÑ È
Æ�ÈÛï�ÈÛÆýÀ Ý�êm×�Ô�ÕFâ\WYÝ�×UâÛÔ�ßqÝ�ßªà|þyÕFÔ�ÑdÑ,ÿçYêm×�â�Ô�ßªÑ

> ÝJÐ«âÛßªã�ã�Ô�ßªç�ÔJÐªçYÕ¸ÑFÔ�ò¸ç'Ô�Ó�×�Øªç'Ó�çYÝ�×UæªÕdçYÑ Ô�Ó _ þ q�ð Üuç'ßªçYç�à�×�ÔÊÜuÔ�ÕFë�Ô�æªÕ2ÜuÝÖI
ÖªÝ�êxë¥×�Ô}×�ØªçlöÕFÔ�ÖªÙÛçYò Ý�×lØªÝ�ßªà ð æªÑFâÛßªã _ þ q ×UÔ�ê�Ý�ÙÛêYæªÙÛÝ�×Uçy×UØçlê�ÕFÔ�ÑdÑuÑFç�êm×�â�Ô�ßÚÓ�Ô�Õ�êxØªÝ�ÕFò
öªÕdÔåàªæêm×UâÛÔ�ß È¬è Øªâ�Ñ ò¸Ý�I�Ö«çyàªÔ�ßªç æªÑdâ�ßªã}ö�çYÕ
×UæªÕdÖªÝ�×UâÛÔ�ßu×�ØªçYÔ�Õ�I�Ó�Ô�Õ Ò � ÑdÝ�Ó�çYÙZI'Ý�Ö«ÔJÐ+ç ü !�� k
Ù â È ç È Ý�Ö�ÔJÐ+ç0Ý�ÕFÔ�æßªà í}Â ç0¦ � È�è Øªçlê�ÕFÔ�ÑdÑ2ÑdçYê�×UâÛÔ�ßÚâÛß¸×�çYÕdòóÑ�Ô�Ó�×UØªç}Ñ
×UÕFæêm×UæÕFç0Ó�æªßªêm×�â�Ô�ßªÑ
àªç�ÑFêYÕdâ�Ö�çYà âÛß ð Ó�Ô�Õ�ç�ä�Ý�òóöÙ�ç ð çYì�æªÝ�×�â�Ô�ß Æ�ÈÛï�Æ âÛÑ�Ñ
×UâÛÙ�ÙñêYÔ�ò¸öªÙÛçm×�çYÙZI'ê�Ô�ÕFÕdçYêm× â�ß _ þ q�ð ØªÔJÜuçmÐªçYÕ
×UØç0ê�Ô�ßªÑ
×UÕFæêm×UâÛÔ�ß4Ô�Ó�×�Øªç}Ñ&×�ÕFæªê�×UæªÕdçlÓ�æªßêm×UâÛÔ�ßªÑ×�ØªçYò¸ÑFç�ÙrÐªçYÑ òlæªÑ&×éÖ�ç0ã�çYßªç�ÕFÝ�ÙÛâXW�çYà O Ç�ü R �

' i�Ú  j1 * ÷ + Ò ��- ø ÷yÛ �;Ü �;Ü Ý
1
o
����ÆÞ Ú ÷1 ÷ � + Ò �» �

+ » � 
» �
+ ¸ F * » ��- ß ÷ Ü  * �,+ » 4+ » ��- * Æ�Èîí�ï4S -



í ú ï

' i�Ú  j� * ÷ + Ò � - ø ÷yÛ �;Ü �;Ü Ý
1
o ��� Þ Ú ÷� ÷ � + Ò �» �

+ » � 
» �
+ ¸ F * » � - ß ÷ Ü  * �,+ » 4+ » � - * Æ�Èîí�ï�ü -

' i�Ú  j2 * ÷ + Ò ��- ø ÷yÛ �;Ü �;Ü Ý
1
o
����ÆÞ Ú ÷2 ÷ � + Ò �» �

+ » � 
» �
+ ¸ F * » ��- ß ÷ Ü  * �,+ » 4+ » ��- * Æ�Èîí�ï�ï -

è Øªç�ÑFç�Ñ
×UÕFæêm×UæÕFç�Ó�æªßêm×UâÛÔ�ß�àç@[ªßªâÏ×UâÛÔ�ßªÑéæ7×UâÛÙ�â\WYç0×UØªçÊÓ�Ý�êm×�Ô�ÕFâ\WYÝ�×�â�Ô�ß|×UØçYÔ�ÕdçYò O í�Æ43 R �l×UØªÝ�×
×UØç,ÙÛÔ�ßªã0àªâÛÑ&×�Ý�ßªêYç,àªç�ö«ç�ßªàªçYßêYçuÔ�Ó�×�Øªç�êYÕFÔ�ÑFÑ ÑFçYê�×UâÛÔ�ßóòóÝ�I|Ö�ç�Ó�Ý�êm×�Ô�ÕFâ\WYç�àÊÝ�öÝ�Õ&×,Ó�ÕdÔ�ò ×UØç
ÑFØÔ�Õ&×làªâÛÑ&×�Ý�ßªêYç0àªç�ö«ç�ßªàªçYßêYç Èè ØªâÛÑ�ò¸Ý�ë�ç�Ñ0ÑdçYßªÑdçÊâÛß�×UæªâÏ×UâÏÐ+ç�ÙJI ð ×UØªâÛßªã�Ñ¬Ü0ØªâÛêxØ?Ý�ÕFç¥ØÝ�öªö�çYßªâÛßªãqì�æªâ�êxë�ÙZI êYÝ�ß�àªÔ'ÑdÔ
Ü0âÏ×UØªÔ�æ�×0×�ØªçóÑFÙÛÔxÜ¨öªÝ�Õ&×�Ñ}Ô�Óù×�Øªçóâ�ß�×Uç�ÕFÝ�ê�×UâÛÔ�ß?ëñßÔxÜ0âÛßªã¸Ü0ØªÝ�×�?ÛÑ0ã�Ô�âÛßªã4Ô�ß ÈqÁ ßq×�ØªÝ�×ÊêYÝ�Ñdç
ÑFØÔ�Õ&×qÝ�ßªà5Ù�Ô�ßã�àªâ�Ñ
×UÝ�ßêYç'öªÕdÔåê�çYÑFÑdçYÑóÑFØªÔ�æªÙ�à5Ö�ç�âÛßªêYÔ�ØçYÕFç�ß�× ð ÑFØªÔ�æÙ�àªßs?r×4ò¸ârä ð ÑFÔ�×�ØªçYÕdç
Ý�Õdç ×UØçYÕFç�Ó�Ô�ÕFçußªÔ¥êYÕdÔ�ÑFÑ/×UçYÕdò¸Ñ�Ü0ØªâÛêxØ ÜuÔ�æªÙÛà'öªÕdçmÐ+ç�ß�×,×�ØªçuÑdÙ�ÔJÜ Ý�ßªà'Ó�Ý�Ñ&×�öÕFÔñêYçYÑdÑFç�ÑyÓ�ÕFÔ�ò
Ó�Ý�ê�×UÔ�ÕdâXW�â�ßªã È Á ßÚ×UØªç'Ñ
×UÕFæêm×UæÕFç'Ó�æªßªê�×UâÛÔ�ßªÑ Ý�Ö�ÔJÐ+ç ð ×UØªç'ÑdØªÔ�Õ&×'àªâ�Ñ
×UÝ�ßêYç'öªâÛçYê�çYÑ Ý�Õdç�êYÔ�ßK�
×UÝ�â�ßªç�à5â�ß�×UØªç'ØÝ�ÕFà5ÑFê�Ý�×F×�çYÕdâ�ßªã�×�çYÕFò¸Ñ�� Þ Ú ÷à á É + ! "ú " + ú "Ëú " + ¸ F * » � - ð Ý�ßªà5Ý�ÕFç'ê�Ý�ÙÛêYæªÙÛÝ�ÖªÙÛç
æªÑdâ�ßªã?ö�çYÕ&×�æªÕFÖÝ�×UâÛÔ�ß�×UØªç�Ô�Õ=I È è Øªç ß ÷ Ü  * �	+ » �+ » � - Ý�ÕFçqöªÝ�Õ&×UÔ�ß àâ�Ñ
×UÕFâÛÖªæ7×�â�Ô�ß)Ó�æªßªê�×UâÛÔ�ßªÑ ð
Ý�ßªà4â�ßêYÙÛæªàªç¥Ý�ÙÛÙª×UØªçwa�ßªÔ�ßK�xö�çYÕ&×�æªÕFÖÝ�×UâÏÐ+ç/c�ÙÛÔ�ßªã�àâ�Ñ
×UÝ�ßªê�ç¥ÑFê�Ý�ÙÛçéöªâÛçYê�çYÑ Ô�Ó�×UØªç0êYÕdÔ�ÑFÑ2ÑFçYê��
×UâÛÔ�ß È0è Øªç¥öÝ�Õ&×�Ô�ßáàªâÛÑ&×�ÕFâÛÖªæ7×UâÛÔ�ßªÑ�Ý�ÕFç0ßªÔ�× ê�Ý�ÙÛêYæªÙÛÝ�ÖªÙÛç¥âÛß�ö«ç�Õ&×UæÕFÖªÝ�×�â�Ô�ßÊ×UØªç�Ô�Õ=I ð ÑdÔ�òéæªÑ
×
Ö�çlàªç�×Uç�ÕFò¸â�ßçYà�Ó�ÕFÔ�ò¨çmä«ö«ç�ÕFâÛò¸çYß�×UÝ�Ù�òóç�Ý�ÑFæÕFçYò¸ç�ßU×�Ñ Èlè ØªçéÑ
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ÐåÝ�ÖªÙÛçYÑ È©è Øªç�êYÔ�ßUÐªÔ�ÙÛæ��
×UâÛÔ�ßªÑuâ�ß�ç�ìñæÝ�×UâÛÔ�ßªÑ Æ�Èîí�ï4S � Æ�Èîí�ï�ï ×UâÛç2×UØç öªÝ�Õ&×�Ô�ßáàªâÛÑ&×�ÕFâÛÖªæ7×�â�Ô�ß�Ó�æªßêm×UâÛÔ�ßªÑ ×UÔ�ã�ç�×UØªç�Õ Ü0âÏ×UØ
×UØç¥ØªÝ�Õdà�ÑFêYÝ�×F×Uç�ÕFâÛßªãé×Uç�ÕFò¸Ñ¬×UÔ�öªÕFÔñàªæªê�çu×UØªç¥Ô�ÖªÑFç�Õ&ÐåÝ�ÖªÙÛç Ñ&×�ÕFæªê�×UæªÕdç Ó�æªßªêm×�â�Ô�ßªÑ È Å ä«ö«ç�ÕFâZ�
ò¸çYß�×UÑ�Ý�ÕFç¥ö�çYÕdÓ�Ô�ÕFò¸çYà�×�Ô�ò¸çYÝ�ÑdæªÕFçu×�Øªç¥Ñ
×UÕFæêm×UæÕFç Ó�æªßªê�×UâÛÔ�ßªÑ ð Ý�ßªà�öªÝ�Õ&×UÔ�ßáàªâÛÑ&×UÕdâ�Öæ7×UâÛÔ�ß
Ó�æªßªê�×UâÛÔ�ßªÑ�Ý�Õdçyçmä�×UÕdÝ�êm×�çYà�æÑFâÛßªãlØÝ�ÕFà¸ÑFê�Ý�×F×�çYÕdâ�ßªãy×Uç�ÕFò¸Ñ�êYÝ�ÙÛêYæÙ�Ý�×�çYàóÝ�×,Ý}àªçYÑdâ�ÕdçYàÊÔ�ÕFàªç�Õ Ô�Ó
¸ F Èlè Øªç¥ÕFç�ÑFæªÙÏ×UâÛßªãqöªÝ�Õ
×UÔ�ßÚàªâ�Ñ
×UÕdâ�Öªæ�×UâÛÔ�ß�Ó�æªßªê�×UâÛÔ�ßªÑ * ö«àªÓ�Ñ - Ý�Õdç,×UØçYß�Ô�ßªÙZI©æªÑFÝ�ÖÙ�ç2Ü0ØçYß
êYÔ�ßUÐªÔ�ÙÏÐ+çYà�Ü0âÏ×UØ¸ØªÝ�Õdà ÑFêYÝ�×F×Uç�ÕFâÛßªã ×Uç�ÕFò¸Ñ êYÝ�ÙÛêYæÙ�Ý�×�çYà¸Ý�×�×UØªÝ�×yÔ�ÕFàªç�Õ È è ØªçyØªÝ�Õdà ÑFêYÝ�×F×Uç�ÕFâÛßªã
×Uç�ÕFò¸Ñ}ò¸ÝÖI�Ö«ç Ó�Ô�Õ�àªâXY�çYÕdçYß�×ÊöªÕFÔñêYç�ÑFÑdçYÑ ð Öªæ7×óòlæªÑ&×ÊÝ�ÙÏÜuÝÖI«Ñ}Ö�ç êYÝ�ÙÛêYæªÙÛÝ�×�çYà?Ý�×�×UØªç ÑdÝ�ò¸ç
Ô�ÕdàªçYÕ�âÛß ¸ F Ý�ßªà Ü0âÏ×UØ ×UØªç}ÑFÝ�òóç}Ý�ÑdÑFæªò¸ö7×�â�Ô�ßªÑuÝ�Ö�Ô�æ7×y×�Øªç}Ó�Ý�êm×�Ô�ÕFâ\WYÝ�×UâÛÔ�ßqÑFêYÝ�Ù�çc»  Èq â\Y«ç�ÕFçYß�×/Ü Ý�I«ÑÔ�ÓåàªâÏÐ�âÛàªâÛßªã ×�Øªç Ñ
×UÕdæªêm×�æªÕFç Ó�æªßªêm×�â�Ô�ßªÑ�âÛß�×UÔ ×�Øªç ØªÝ�ÕFàlÑFê�Ý�×F×�çYÕFâÛßªã Ý�ßªà
ö�àªÓ�Ñ Ý�ÕFç�ÕFç�Ó�çYÕFÕdçYàl×�ÔlÝ�Ñ àªâ\Y�çYÕFç�ß�×Òa�Ó�Ý�êm×UÔ�ÕFâ\WYÝ�×�â�Ô�ßóÑFêxØçYò¸çYÑ�c È H ×uÙÛÔxÜuçYÑ
×�Ô�ÕdàªçYÕ âÛß ¸ F ð ×UØç
ö�àªÓ�ÑÊÝ�ÕFçqàªçYÙÏ×UÝ?Ó�æªßªê�×UâÛÔ�ßªÑóâ�ß * í�& � - ð â�ßªàçYö�çYßªàªç�ß�×�Ô�Ó2ÑFêxØªç�òóç ð Ý�ßªà�Ü ç4ÕFç�êYÔJÐ+ç�Õ0×UØç
Ñ&×�ÕFæªê�×UæªÕdç¸Ó�æªßªêm×�â�Ô�ß?àç@[ªßªâÏ×UâÛÔ�ßªÑ0Ô�Ói×UØç ÑFâÛòóöÙ�çóöªÝ�Õ
×UÔ�ß�ò¸ÔñàªçYÙæÑFçYà�çYÝ�ÕdÙ�âÛçYÕ È H ×óØªâÛã�Øªç�Õ
Ô�ÕdàªçYÕdÑ ×UØªÔ�æªã�Ø ð ×UØªç�ÕFç¥Ý�ÕFçéÑdçmÐªçYÕFÝ�Ù�Ó�Ý�ê�×UÔ�ÕdâXW�Ý�×UâÛÔ�ßáÑdêxØªçYò¸ç êxØªÔ�âÛêYç�Ñ�Ô�ßªçlêYÝ�ßáò¸Ý�ë7ç È¥è ÜuÔ
Ô�Ó(×UØªç�ò¸Ô�Ñ
×uê�Ô�ò¸ò¸Ô�ßªÙZI|æªÑFç�à�ÑFêxØçYò¸çYÑ Ý�ÕFç×UØç q�Á ÿ O í�Æ�û R Ý�ßªà �åä O í�Æ�Ç R ÑdêxØªçYò¸ç�Ñ È,è Øªçq�Á ÿ�ÑdêxØªçYò¸ç ×�ÕFâÛçYÑ ×UÔlöªÕFç�ÑFçYÕ
Ð+ç ×�Øªç,àªç@[ªßâr×�â�Ô�ß�Ô�Ó ' � ×UÔ0Ö«ç ×UØç2ÑdÝ�ò¸çuÝ�×uÝ�ÙÛÙ+Ô�ÕFàªç�ÕFÑ Ô�Ó ¸ F ð



í ú 3

Öªæ7×¥àªÔñçYÑ ÑdÔ�Ý�×u×�Øªç¥ç�ä�ö�çYßÑFç Ô�Ó ò¸Ý�ë�âÛßªã Æ ÷ ' 1 Ý�ßªà�÷ ' 2 òóÔ�ÕFç¥ê�Ô�ò¸öªÙ�âÛêYÝ�×UçYà È¥è Øªç �åä
ÑFêxØçYò¸ç�àªç@[ßªçYÑ�×�Øªçuö�àªÓ�Ñ â�ß}×UçYÕdò¸Ñ Ô�Óå×�Øªçuê�ÕFçYÝ�×UâÛÔ�ß�Ý�ßªàÊÝ�ßªßªâÛØªâÛÙ�Ý�×UâÛÔ�ß�Ô�ö�çYÕdÝ�×UÔ�ÕdÑ¬Ó�Ô�Õ ×UØç
öªÝ�Õ
×UÔ�ßÑ¬âÛß�ì�æªçYÑ
×UâÛÔ�ß È,è Øªçuò¸Ý�ë7çYÑ �åä òéæªêxØ'Ñdâ�ò¸öªÙÛçYÕ/×UÔ¥ö�çYÕdÓ�Ô�ÕFò�êYÝ�Ù�ê�æªÙ�Ý�×UâÛÔ�ßªÑ âÛß ð Ý�ßªà
âÏ×éâÛÑ ×UØªç�ÕFçYÓ�Ô�ÕFç0òóÔ�ÕFç0Ô�Óõ×Uç�ß4æªÑdçYà Èuè Øªç�×�ÜuÔ�ÑdêxØªçYò¸ç�Ñ Ý�ÕFç0çYì�æªâÏÐåÝ�ÙÛçYß�× ð Ý�ßªà4ÑFØªÔ�æÙ�à^I�âÛçYÙÛà
×UØç�ÑFÝ�ò¸ç�Ý�ßªÑ&ÜuçYÕ æªöÚ×�ÔÊÜ0ØªÝ�×�Ô�ßªç�ØÔ�ö«ç�Ñ¥Ý�Õdç�ÑFò¸Ý�ÙÛÙ¬Øâ�ã�ØçYÕ¥Ô�ÕdàªçYÕéêYÔ�ÕdÕFçYê�×UâÛÔ�ßªÑ È è Øªç
êYÝ�Ù�ê�æªÙ�Ý�×UâÛÔ�ßªÑ,æªÑFç�à4âÛß¸×�ØªâÛÑ ×�ØªçYÑdâ�Ñ,Ý�ÙÛÙ Ó�Ô�ÙÛÙ�ÔJÜ ×�Øªç �åä ÑdêxØªçYò¸ç Èè Øªç?æªÑFç�Ó�æªÙÛßªçYÑdÑáÔ�Ó,×�Øªç?ö«àªÓ�ÑqÝ�Ñ|ò¸çYÝ�ÑdæªÕFç�à âÛß Ý öªÝ�Õ
×UâÛêYæªÙÛÝ�ÕqÑFêxØªç�ò¸ç�Ý�ßªà Ý�×�Ý
öªÝ�Õ
×UâÛêYæªÙÛÝ�Õ|Ô�ÕFàçYÕqâ�ß ¸ F âÛÑqßªÔ�×©Ù�âÛò¸âr×�çYà5×UÔ�×UØªç�Ò � Ý�×qÜ0ØªâÛêxØ ×UØç0IpÜ ç�ÕFç?ò¸çYÝ�ÑdæªÕFç�à È
��Ý�Õ&×UÔ�ß�àªâÛÑ&×�ÕFâÛÖªæ7×UâÛÔ�ß�Ó�æßªêm×�â�Ô�ßÑ¬ò¸çYÝ�ÑdæªÕFç�à�Ý�×uÝ�ß�I4Ò � òóÝ�I|Ö�ç2ç�Ð+Ô�ÙÏÐ+ç�àé×UÔlÝ�ß�I|Ô�×UØªç�Õ¬Ò �
Ö�I'ÑdÔ�ÙrÐ«âÛßªã¬Ü0ØªÝ�×yÝ�ÕFç ê�Ý�ÙÛÙ�ç�àu×UØªç q�Â0ô H � * Ý�Óõ×UçYÕ q Ô�ë�ÑFØªâÏ×�W�çYÕ O í/S ú R ðªÂ ÕFâÛÖ«ÔJÐ�Ý�ßªà ô âÛöªÝ�×UÔJÐO í/S�í R Ý�ßªà H Ùr×�Ý�ÕFç�Ù�ÙÛâ Ý�ßªàr��Ý�ÕFâÛÑFâ O í/S�Æ R\- çYì�æªÝ�×�â�Ô�ßªÑ.�

» �
�� » �
ß ÷ Ü  * ÷ + » � - ø

�
Û �ÁÜ �=Ü Ý

1
á
���� ø ÷ � ÷ � + ¸ F * » � - ß

�
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Ü0Øªç�ÕFç.»¾ã ØªÝ�Ñ0Ö�çYç�ß�ÑFç�×�ç�ì�æªÝ�Ùi×UÔ,» ÈÚè ØçYÑFç�Ý�ÕFç¸ÝÚÑdçYÕdâ�ç�Ñ * ×�ØªçóÑFæªÖªÑdêYÕdâ�ö7× � âÛß ß ÷ Ü  Ô�ß
×UØç�Ù�ç�Óõ×'ØªÝ�ßªà ÑFâÛàªç�Ñ
×UÝ�ßªàÑ¥Ó�Ô�Õéã�Ù�æªÔ�ßªÑ ð Ô�ÕlÝ�ß�I6Ý�êm×UâÏÐ+ç�ìñæÝ�ÕFë?Ô�ÕéÝ�ßU×�â�ì�æªÝ�ÕFë 	 ÝxÐªÔ�Õ - Ô�Ó
êYÔ�æªöªÙÛçYà¸â�ß�×�çYã�ÕdÔ/�xàªâ\Y�çYÕFç�ß�×UâÛÝ�Ù+çYì�æªÝ�×�â�Ô�ßªÑ�Ü0ØªâÛêxØÊã�ÔJÐªçYÕFß ×�Øªç8»�àªç�ö«ç�ßªàªçYßêYç,Ô�Ó�×UØªç öÝ�Õ&×�Ô�ß
àªâÛÑ&×�ÕFâÛÖªæ7×UâÛÔ�ß�Ó�æßªêm×�â�Ô�ßÑ Èáè Øªç¨ø ÷ � ?ÛÑlÝ�ÕFç�×UØªç

_ þ q ÑFöÙ�âÏ×F×�â�ßªã4Ó�æªßªê�×UâÛÔ�ßªÑ ð Ý�ßªà�ÕFçYöÕFçYÑdçYß�×
×UØçéöªÕdÔ�ÖªÝ�ÖªâÛÙÛâr×eI©Ô�ÓöªÕdÔåàæªêYâÛßªã�öªÝ�Õ&×UÔ�ßÊ×eI«ö«ç � Ó�ÕFÔ�ò ×eI«ö�ç�æ Èlè Øç0I©Ý�ÕFç0êYÝ�ÙÛêYæÙ�Ý�×�çYà�ö�çYÕ��
×UæÕFÖªÝ�×�ârÐªçYÙZI'×UÔ�×UØªç}öªÝ�Õ&×UâÛêYæÙ�Ý�ÕyÔ�ÕFàªç�Õ,Ô�Ó ¸ F Ô�ßªç�âÛÑÜ Ô�Õdë�â�ßªãÊâ�ß È

��àªÓ�Ñuê�Ý�ßÚÖ�ç0Ö«çlàªçm×�çYÕFò¸âÛßªçYàÚÓ�ÕFÔ�ò¨ò¸çYÝ�ÑFæªÕdçYò¸çYß�×UÑ�Ý�×¥ÝóöªÝ�Õ
×UâÛêYæªÙÛÝ�Õ Ò � ð ×UØªç�ßÊ×UØçq�Â0ô H �4ç�ì�æªÝ�×UâÛÔ�ßªÑùÝ�Õdç ÑFÔ�ÙÏÐ+ç�àéß�æªò¸çYÕdâ�ê�Ý�ÙÛÙJI�×�Ô�[ªßªày×UØªç�ÐåÝ�ÙÛæªç Ô�ÓU×UØªç ö�àªÓ�Ñ Ý�× Ý�ß�I¥àªçYÑdâ�ÕdçYà
Ò � È2è I«öªâ�ê�Ý�ÙÛÙJIq×UØç0I?Ý�Õdç0àçYÑFê�ÕFâÛÖ«ç�àáÖ�I?öªÝ�ÕdÝ�ò¸çm×Uç�ÕFâ\WYç�àáÓ�æªßªê�×UâÛÔ�ßªÑ,Ý�×lÝÊöªÝ�Õ&×UâÛêYæÙ�Ý�Õ�ÑdêYÝ�ÙÛç
Ò o ð ×UØªç�ßÚç�Ð+Ô�ÙÏÐ+ç�àÚÝ�ßªà|êYÔ�òóöÝ�ÕFç�à¸×�ÔÊç�ä�ö�çYÕdâ�ò¸ç�ßU×�Ý�Ùùò¸çYÝ�ÑdæªÕFç�òóç�ß�×UÑ Ý�×yÐåÝ�Õdâ�Ô�æªÑ,Ò � Ð«â�Ý



í ú û

×UØç0Ý�öªöªÕFÔ�öªÕFâÛÝ�×Uç�ê�ÕFÔ�ÑdÑ�ÑFçYê�×UâÛÔ�ßÚê�Ý�ÙÛêYæªÙÛÝ�×UâÛÔ�ßªÑ È�è Øªç}öªÝ�ÕFÝ�òóç�×Uç�ÕFÑ,Ó�Ô�Õ�×UØçYÑFç0Ó�æªßªê�×UâÛÔ�ßªÑ�Ý�Õdç
àªç�×UçYÕdò¸â�ßªç�à�Ö�I¥×�Øªç�Ö«ç�Ñ&×�[7×�×UÔ ×�ØªÔ�æªÑdÝ�ßªàªÑ�Ô�Ó�àªÝ�×�Ý�ö«Ô�âÛß�×UÑ�Ó�ÕFÔ�ò àªÔ4W�çYßªÑ Ô�Ó�çmä«ö�çYÕdâ�ò¸çYß�×�Ñ È

Æ�ÈÛï�È\Sýè Øªç�� ô ]"þyØÝ�ÕFòýþyÕdÔ�ÑFÑ�ÿªç�êm×�â�Ô�ß
è Øªç�êxØªÝ�Õdò ê�ÕFÔ�ÑdÑ ÑdçYê�×UâÛÔ�ßÊâÛÑ êYÝ�Ù�ê�æªÙ�Ý�×UçYàóâÛßóÝ}Ñdâ�ò¸âÛÙ�Ý�ÕiÜuÝ�IqÝ�Ñ âÛß�×�ØªçyÑFâÛò¸öªÙÛç,öÝ�Õ&×�Ô�ß

ò¸ÔåàçYÙ O í/S4S�ð í/S�ü7ð í/S�ï R ÈyÀ Ô�Õ ÑFâÛò¸öªÙ�âÛêYâÏ×eI ð Üuç¬Ü0â�ÙÛÙ�àç@[ªßªç'ç �� �0���÷ Ñ&×�ÕFæªê�×UæªÕdç}Ó�æªßªêm×�â�Ô�ßªÑyÝ�Ñ.�
ç �= �0���1 t ' �� �����1 ð ç �� �0���� t 1� É ' �� �0���� ð ç �� �0���2 t 1� ' �= �0���2 ÈM� ç}ò¸Ý�I'×UØªç�ß4àç@[ªßªçy×UØç
ç �= �0���÷ ?�Ñ�ò¸Ô�Õdç0Ô�ÕyÙ�ç�ÑFÑ,ÑFâÛòóöÙJIÃ�

ç �� �0���÷ ø x * �	+ » � - � ¸ F * » � -Æ �
1
É
���Fè� è Þ

�÷ * � è + » � - x *
�� è + » � - � Þ é÷ * � è + » � - � *

�� è + » � -
* Æ�Èîí�ï43 -

> ç�ÕFç � â�Ñ�×UØç4æªÑdæªÝ�ÙyÑdÙ�ÔJÜ ÕFç�ÑFê�Ý�Ù�âÛßªãqÐÝ�ÕFâÛÝ�ÖªÙÛç ð Ý�ßªà x * - + � * - Ý�Õdçqö«àªÓ�Ñ¸Ó�Ô�Õ ×�Øªç4ì�æªÝ�ÕFë�Ñ
Ý�ßªà5ã�ÙÛæªÔ�ßÑóÕdçYÑdö«ç�êm×UâÏÐ+ç�ÙJI È è Øç|ì�æªÝ�ÕFë�àªâÛÑ&×�ÕFâÛÖªæ7×�â�Ô�ß âÛÑ ÑFâÛòóâÛÙÛÝ�Õ ×UÔ�Ü0ØªÝ�× ÜuÝ�Ñ¸àªÔ�ßªçqâÛß
×UØçlÑdâ�ò¸öªÙÛçéöªÝ�Õ&×UÔ�ßÚò¸ÔåàçYÙùêYÝ�Ñdç ð Ý�ßªà4Ó�Ô�Õ�ßªçYæ7×�ÕFâÛßªÔ�ÑdêYÝ�×d×Uç�ÕFâÛßªã�Ô4Y�Ý�ß|âÛÑFÔ�ÑdêYÝ�ÙÛÝ�Õuß�æªê�Ù�ç�æªÑ
ÜuÔ�æªÙÛàÚÖ�ç@�

x * �,+ » �@- ø BDC ��E B �¨O �KT * �,+ » ��- �QP T * �	+ » �/- � � F * �,+ » �@- �QP F * �	+ » ��-�R�0Æ BDC �=F B ��G * �,+ » �/- * Æ�Èîí�ï�û -

H ßà4Ó�Ô�ÕyÝ�ßU×�â�ßçYæ7×�ÕFâÛßªÔ�Ñ.�
x * �,+ » �@- ø BJC ��E B �¨O � F * �,+ » �/- �QP F * �,+ » �@-�R �)Æ BJC ��F B � G * �	+ » ��- * Æ�Èîí�ï�Ç -

> ç�ÕFç0Ý�Ñ,æªÑFæªÝ�Ù+Üuç@?ÏÐ+çéÝ�ÑFÑdæªò¸çYà�Ö�Ô�×UØ|â�ÑdÔ�ÑFê�Ý�ÙÛÝ�Õ2âÛß�ÐåÝ�ÕFâÛÝ�ßªê�çéÝ�ßªà¸×UØªÝ�×,×�Øªç0æªöÚÝ�ßàÚàªÔJÜ0ß
ÑFç�Ý�Ñ}Ý�ÕFç ×�Øªç¸ÑFÝ�ò¸ç¸Ý�Ñ¬×UØçYâÛÕ0Ý�ßU×�âJ�JöªÝ�Õ
×Ußªç�Õ0ÑdçYÝ�Ñ Èqè Øªç¸ØªÝ�ÕFà�ÑdêYÝ�×d×UçYÕdâ�ßã¸×�çYÕFò¸Ñ ð Þ

�÷ Ý�ßªà



í ú Ç

(Born)
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c
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c

s

c

s

c

s

c

Next To Leading 
Order

(quark initiated)

s

cLeading Order

_

cc

_
_

Next To Leading 
Order

(gluon initiated)
c

ss
s

ÀÁ�Â0ÃuÄ,Å S�3�È À ç0I«ßªò¸Ý�ßqàªâÛÝ�ã�ÕdÝ�ò¸Ñ â�ßêYÙÛæªàªçYà|âÛßd� ô ] êxØÝ�ÕFòÞêYÕFÔ�ÑFÑyÑFç�êm×�â�Ô�ßqê�Ý�Ù�ê�æªÙÛÝ�×UâÛÔ�ß



í�í ú

Þ é÷ Ý�Õdçéê�Ý�Ù�ê�æªÙÛÝ�ÖªÙÛç¥â�ßÚö«ç�Õ&×UæÕFÖªÝ�×�â�Ô�ßÊ×UØªç�Ô�Õ=I ð Ý�ßàáÕFç�öªÕFç�ÑFçYß�×�×�Øªç×[ªÕdÑ&× Ô�ÕFàªç�Õ _ þ q êYÔ�ßK�
×UÕdâ�Öæ7×UâÛÔ�ßªÑlâ�ßªâÏ×UâÛÝ�×�çYà�Ô4Y5ì�æªÝ�Õdë�Ñ¥Ô�Õ}ã�ÙÛæªÔ�ßªÑlÕFçYÑdö«ç�êm×�ârÐªçYÙZI È�è Øªç À ç0I«ßªò¸Ý�ß�àªâÛÝ�ã�ÕdÝ�ò¸ÑéâÛß
[ªã�æÕFç S43 ÕdçYöªÕdçYÑdçYß�×Ê×�ØªÔ�ÑdçlÜ0ØªâÛêxØ Ý�Õdç�âÛßªêYÙÛæªàªç�à âÛßá×UØªç�êxØÝ�ÕFò êYÕFÔ�ÑFÑ ÑFç�êm×�â�Ô�ß êYÝ�Ù�ê�æªÙ�Ý)�
×UâÛÔ�ß È�è Øªçy×UÔ�öªò¸Ô�Ñ&×éàªâÛÝ�ã�ÕFÝ�ò ÙÛÝ�Ö«ç�Ù�ç�àáa ô ç�Ý�àªâÛßªã¯]}ÕdàªçYÕ�cÊâÛÑ×UØªç � Ô�Õdß ×�çYÕdò ð x * �	+ » � - âÛß
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×UØçÊÑdæªÖ7×UÕdÝ�êm×�â�Ô�ß4×Uç�ÕFò<ÕFç�ò¸ÔxÐªçYÑ ð ÑFÔó×�Øªç�ÑdÔ�ÙÛæ7×UâÛÔ�ß|×�Ôó×�Øªâ�Ñ0öªÕdÔ�ÖªÙÛçYò â�Ñ�×UÔ|çmÐåÝ�ÙÛæªÝ�×�ç0×UØç
êYÕdÔ�ÑFÑ�ÑdçYêm×�â�Ô�ßÚâÛß|öâ�ç�êYçmÜ0âÛÑFçlâ�ß�×�çYã�ÕdÝ�×Uç�à4ÖªâÛßªÑ Ü0âr×�Ø4Ý Ü0âÛà7×UØ|ÑFæêxØó×UØÝ�×0ßªçYã�Ý�×UâÏÐ+ç ÜuçYâÛã�Ø�×UÑ
ÔñêYêYæÕ È H Ñ ×�Øªç � Ô�ß�×Uç0�JþyÝ�ÕFÙÛÔ'ßªç�çYàªÑ ×�Ô�ò¸ÔñàªçYÙ+×UØªçlÝ�êYê�çYö7×�Ý�ßªê�ç Ó�Ô�Õ2ÝÊöªÝ�Õ
×UâÛêYæªÙÛÝ�Õuç�Ð+ç�ßU× ð
Ý�ÑyÙÛÔ�ßªã¸Ý�Ñ�×�ØªÔ�ÑFç�Öâ�ßªÑ�Ý�Õdç ÑFò¸Ý�ÙÛÙ çYßÔ�æªã�Ø¥×UØÝ�×y×UØªç�Öâ�ßªÑ�Ý�Õdç âÛßªÑFâÛã�ßªâ\[ªêYÝ�ßU×éêYÔ�òóöÝ�ÕFç�à ×�Ô
×UØç0ÕdçYÑdÔ�Ù�æ�×UâÛÔ�ß4Ô�Ó�×�Øªç}àªçm×�çYêm×�Ô�Õ ð ÜuçlÝ�ÕFç�ÑFÝJÐªçYà Èè Øªçu×�ÕFÝ�ßªÑ
Ð+ç�ÕFÑFçóò¸Ô�ò¸çYß�×Uæò àªæªçu×�Ôé×UØªç àªâÛÝ�ã�ÕdÝ�ò¸Ñ Ü0âÏ×UØ�ã�ÙÛæªÔ�ßªÑ�âÛß�×UØªç�ò Ý�Õdç¥Ô�Ó
êYÔ�ßªêYç�ÕFß?Ü0âÏ×UØ ÕFç�ÑFö�çYêm×Ê×UÔ?çmÐªçYß�×�Ý�ê�êYç�ö7×UÝ�ßêYç È À â�ã�æÕFç ü�í ÑFØªÔJÜ0Ñ�ØÔxÜ ×UØªç ×UÕdÝ�ßªÑ&ÐªçYÕdÑFç
ò¸Ô�ò¸çYß�×Uæò â�Ñ'àâXY�çYÕdçYß�×?â�ß�×�Øªç ô ] Ý�ßà�� ô ] ê�Ý�ÑFç�Ñ'â�ß�×UØç�êYçYß�×�çYÕqÔ�Ó}ò¸Ý�ÑFÑ'Ó�ÕdÝ�ò¸ç
Ö�çm×�ÜuçYçYßÚ×�Øªç � Ö«Ô�ÑFÔ�ß�Ý�ßªà|×�Øªç�Ñ
×UÕdæªêxë�öªÝ�Õ&×�Ô�ß È H × ô ] ð ×�ØªçYÕdç�Ý�ÕdçÊÔ�ßªÙJI�×�ÜuÔÚÖ�Ôñàªâ�ç�Ñ
âÛßU×�çYÕdÝ�êm×�â�ßªã ð ×�Øªç}Ñ&×�ÕFæªêxëqì�æªÝ�Õdë'Ý�ßªà|Ö«Ô�ÑdÔ�ß È,è ØªÝ�×lÕFç�ÑFæªÙÏ×UÑ,âÛß4ÝóêxØªÝ�Õdò¨ìñæÝ�ÕFë'Ý�×0ÕdçYÑ
×¥âÛß
×UØÝ�× Ó�ÕdÝ�ò¸ç * ×UØªÔ�æªã�Ø�ê�Ý�Ù�ÙÛçYà�êYÔ�ÙÛÙ�âÛßªç�Ý�Õ/Ü0âÏ×UØl×�Øªç � Ö«ç�êYÝ�æªÑdç Ô�Ó�×UØªç2Ö«ÔñÔ�Ñ&× ×UÔlã�çm× ×UÔ�×UØªÝ�×
Ó�ÕFÝ�òóç - È H ã�Ù�æÔ�ß�� � âÛß�×UçYÕdÝ�êm×�â�Ô�ßÊâÛÑ ÑFØªÔJÜ0ßóâ�ß ×�Øªç�� ô ] êYÝ�Ñdç È è Øªç�ÕFç�Ý�ã�ÙÛæªÔ�ß¸ÑFöÙ�âÏ×UÑ�âÛßU×�Ô
ÝÚì�æªÝ�ÕFë��xÝ�ß�×�â�ì�æªÝ�Õdë�öªÝ�âÛÕ ð Ô�ßªçÊÔ�Ó�Ü0ØªâÛêxØ�â�ß�×�çYÕFÝ�êm×UÑ�Ü0âr×�Ø4×UØç � Ö�Ô�ÑdÔ�ß È�è ØªçÊÑFöªÙÛâr×d×UâÛßªã
Ö�çm×�ÜuçYçYß0×UØªç�ì�æªÝ�Õdë¥Ý�ßªàóÝ�ß�×UâÛì�æªÝ�ÕFëéöªÝ�âÛÕ âÛò¸öªÝ�Õ
×UÑi×UÕdÝ�ßªÑ&ÐªçYÕdÑFçuò¸Ô�ò¸ç�ßU×�æªò ×UÔ ×�Øªç�êxØªÝ�ÕFò
ì�æªÝ�Õdë�â�ßá×�Øªç'þ � ÿ Ó�ÕFÝ�ò¸ç ÈV� Øªçm×�ØªçYÕ¸Ô�Õ ßªÔ�×¥×UØªçqàªç�êYÝ�IpöªÕdÔåàæªêm×�ÑóÓ�ÕdÔ�ò ×�ØªâÛÑ êxØªÝ�ÕFò
ì�æªÝ�ÕdëóÝ�ÕFçuÝ�êYêYç�ö7×Uç�à'àªæªç�×UÔéÝ�öªöªÙÛâ�ç�à'çYßªç�ÕFã/I4êYæ�×UÑ âÛßl×UØçuÝ�ê�×UæªÝ�Ù�ò¸çYÝ�ÑFæªÕdçYò¸çYß�×0àªç�ö«ç�ßªàªÑ
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Ô�ß�ØÔxÜ¦òlæªêxØá×UÕFÝ�ßªÑ&ÐªçYÕFÑdç'ò¸Ô�ò¸çYß�×Uæªò ×UØªç�ÕFç�âÛÑ È©è ÕdÝ�ßªÑ&ÐªçYÕdÑFçqò¸Ô�ò¸çYß�×Uæªò â�Ñéâ�ß�ÑdÔ�ò¸ç
ÑFç�ßªÑFç¥a�ÙÛÔ�Ñ
×�cuÜ0Øªç�ß¸×�Øªç�Ñ=I«Ñ&×�çYòýâÛÑyÖ�ÔåÔ�Ñ
×Uç�à ×�Ôu×UØªç�ÙÛÝ�Ö'Ó�ÕdÝ�ò¸ç ð ÑdÔ�×�ØªÝ�×}ò¸Ô�Õdç¬×UÕdÝ�ßªÑ&ÐªçYÕdÑFç
ò¸Ô�ò¸çYß�×Uæò¦ò¸çYÝ�ßªÑ ÙÛçYÑFÑ�öÕFÔ�ÖªÝ�Öªâ�ÙÛâÏ×eI©Ô�Ó Ý�ßáçmÐªçYß�×¸öªÝ�ÑFÑFâÛßªã'ç�ßªçYÕdã/I�ê�æ7×UÑ Èéè ØªçéêYÔ�ÙÛÙ�âÛßªç�Ý�Õ
êYÝ�ÑFç ð Ü0âÏ×UØgWYç�ÕFÔ�×UÕFÝ�ßªÑ&ÐªçYÕFÑdçlò¸Ô�ò¸ç�ßU×�æªò ð ØÝ�Ñ×UØªç}Ö�çYÑ&×lêxØªÝ�ßªêYç0Ô�Ó/Ö«ç�â�ßªãóÝ�ê�êYçYö�×UçYà ÈH ì�æªÝ�ß�×UâÏ×eI?ÕFç�Ù�Ý�×�çYà ×UÔ ×UÕdÝ�ßªÑ
Ð+çYÕdÑFçlòóÔ�òóç�ß�×Uæªò¨âÛÑ�ÕFÝ�öªâÛàªâÏ×eIÃ�
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> ç�ÕFç u � ÕFç�Ó�çYÕFÑ ×�Ô'×�ØªçqöªÝ�Õ
×UâÛêYÙÛç|ò¸Ô�ò¸ç�ßU×�æªò âÛß�×�ØªçqÑFÝ�ò¸çqàªâÛÕFçYê�×UâÛÔ�ß)Ý�Ñu×UØªçqÓ�ÕFÝ�òóçqâÛß
Ü0ØªâÛêxØ4âÏ×UÑ�ç�ÐÝ�Ù�æªÝ�×UçYà Èyè Øªç}Ñ=I«òéÖ�Ô�Ù � � âÛÑyæªÑFç�à4ÕdÝ�×UØªç�Õ�×UØªÝ�ß ×�Øªç�æªÑdæªÝ�Ù � Ó�Ô�ÕyÕFÝ�öâ�àªâÏ×eI�×�Ô
ÝJÐ+Ô�âÛà�ê�Ô�ßªÓ�æªÑdâ�Ô�ß0Ü0âr×�Øl×UØªç2â�ßçYÙÛÝ�Ñ&×�â�ê�âr×eI È,Ä Ý�öªâÛàªâÏ×eI4â�Ñ ÝéæªÑdçYÓ�æªÙ�ì�æªÝ�ß�×UâÏ×eIÊ×�Ô,ÜuÔ�ÕFë Ü0âÏ×UØ�Ý�Ñ
âÏ××UÕdÝ�ßªÑFÓ�Ô�ÕFò¸ÑiÜ ç�Ù�ÙªÖ�çm×�ÜuçYç�ß�àªâ\Y�çYÕFç�ß�×uÕdçYÓ�ç�ÕFçYßêYç�Ó�ÕFÝ�ò¸ç�Ñ È è ØªçyÙÛÔ�ã0Ý�ÙÛÑFÔ¬×Uç�ßªàªÑi×UÔ�Ñdò¸ÔåÔ�×�Ø
àªâÛÑ&×�ÕFâÛÖªæ7×UâÛÔ�ßªÑ ð ò¸Ý�ë�â�ßªã âÏ×�ç�Ý�ÑFâÛçYÕ�×�Ô2ÜuÔ�ÕFë�Ü0âr×�Øqâ�ß�Ý � Ô�ß�×Uç0�JþyÝ�ÕFÙÛÔ * ×�ØªÔ�æªã�Øl×UØªçuÙ�Ô�ãéÔ�Ó Ý
ÑFâÛßªã�æÙ�Ý�Õdâr×eI?âÛÑ�Ñ&×�â�ÙÛÙ Ý¸ÑFâÛßªã�æªÙÛÝ�ÕFâÏ×eISê - ÈÅ Ð+ç�ßU×¬Ý�ê�êYçYö�×UÝ�ßªê�ç�àªçYö�çYßªàÑ�Ô�ß}Ö�Ô�×UØ}Ó�ÕdÝ�ã�ò¸çYß�×UÝ�×UâÛÔ�ß¡f�Ý�ßªà}Ô�ß ×UØªç � � Ô�ÓU×UØç êxØªÝ�ÕFò
ì�æªÝ�Õdë È ��ÕdÔåàªæêYâÛßªã5Ý�ß � ô ] ê�ÕFÔ�ÑdÑ|ÑdçYê�×UâÛÔ�ß àâXY�çYÕdçYß�×UâÛÝ�Ù�âÛß Ö�Ô�×UØ�Ô�Ó�×�ØªçYÑdç'ÐåÝ�Õdâ�Ý�ÖªÙ�ç�Ñ
* Ý�ßªà � ÿmÔ�Õdë�çYß ÷ ð Ý�ßªà � - ØªÔJÜuçmÐªçYÕqÙ�ç�Ý�àªÑé×�Ô Ý�ß�ÔJÐ+çYÕ��xê�Ô�ßªÑ&×�ÕFÝ�âÛßªç�à öªÕdÔ�ÖªÙÛçYò ð Ù�ç�ÝxÐ«âÛßªã
ÑFâÛßªã�æÙ�Ý�Õdâr×�â�ç�Ñ âÛß ×UØªçyÕdçYÑdæªÙr×�â�ßã ��� Ì � ÷ ���d� f � � � ê�ÕFÔ�ÑdÑ�ÑFçYê�×UâÛÔ�ß Èyè ØªâÛÑ�àªâ\°óê�æªÙÏ×eI|â�Ñ ÑdÔ�ÙrÐªçYà
âÛßlÝ,ÑFâÛò¸â�ÙÛÝ�Õ+Ü Ý�IóÝ�Ñ+×UØªç�ßªç�ã�Ý�×�ârÐªç¬àªâÛölöÕFÔ�ÖªÙÛçYò âÛßy×UØªç Ó�ÕFÝ�ã�òóç�ß�×UÝ�×�â�Ô�ß0àªâÛÑ&×�ÕFâÛÖªæ7×UâÛÔ�ß O í/S 6 R È� Ô�×�ØÇf¸Ý�ßªà � � Ý�Õdç�â�ß�×Uç�ã�ÕFÝ�×UçYà¸Ü0âr×�ØªâÛß4ÖªâÛßªÑ,Ù�Ý�ÕFã�ç�ç�ßªÔ�æªã�Ø ×UÔóÖªæªÙÛÙÛàªÔ4WYç}ÝJÜuÝÖI?Ý�ß�I
ÑFâÛßªã�æÙ�Ý�Õdâr×�â�ç�Ñ ð Öªæ7× ÑFò¸Ý�ÙÛÙçYßªÔ�æªã�Ø�ÑFÔqÝ�Ñ ßÔ�× ×UÔ'Ö�çuÐ«â�Ñdâ�ÖÙ�ç Ü0âÏ×UØªâÛß�àªçm×�çYêm×�Ô�Õ�ÕFç�ÑFÔ�ÙÛæ7×�â�Ô�ß ÈÀ âÛã�æªÕdç ü�Æ ÑdØªÔJÜ0ÑéÝ�ß?çmä«Ý�ò¸öªÙÛçÊÔ�Ó/×UØçóê�ÕFÔ�ÑdÑéÑdçYêm×�â�Ô�ß©Ý�×¯[7ä«çYà�ßªçYæ�×UÕFâÛßªÔ4çYßªç�ÕFã/I ð ÷�Ý�ßªà� ð öÙ�Ô�×d×Uç�à�Ý�Ñ2Ý�Ó�æªßªêm×�â�Ô�ßáÔ�ÓÕdÝ�öªâÛàªâr×eI©Ý�ßªàÚÓ�ÕFÝ�ã�ò¸ç�ßU×�Ý�×UâÛÔ�ßÇf È H Ù�Ô�ßã0×UØç¥ÖªÝ�êxë¥ÜuÝ�Ù�Ù ð Ý�×
ò¸Ô�Ñ&×éßªç�ã�Ý�×UâÏÐ+ç * ßªç�ã�Ý�×�ârÐªç,×UØÝ�ßªë�Ñ�×�Ô�Ý�ß|æªßªÓ�Ô�Õ&×UæßªÝ�×Uç¡W0Ý�ä«â�Ñ,àªâÛÕFçYê�×UâÛÔ�ßáêxØªÔ�â�ê�çéçYÝ�ÕFÙZI?Ô�ß
âÛß�×UØªçlêYÝ�ÙÛêYæªÙÛÝ�×�â�Ô�ß - ÕFÝ�öâ�àªâÏ×eI âÛÑ ×�Øªç¥êYÔ�Ù�ÙÛâ�ßçYÝ�Õ ÙÛâÛòóâÏ× ð Ü0ØªçYÕdç u�� âÛÑ£WYç�ÕFÔ È è ØçYÕFç,Ü ç ê�Ý�ß
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ÑFç�ç,×�ØªçéÓ�Ý�ò¸âÛÙ�âÛÝ�Õ�ÑFØÝ�ö«çlÔ�Ó«×�ØªçlÓ�ÕdÝ�ã�ò¸çYß�×�Ý�×UâÛÔ�ßÚÓ�æßªêm×�â�Ô�ßóÐ�Ñ�f È�è ØªçlÙ�ç�Ý�àªâÛßªã�Ô�ÕdàªçYÕ,êYÝ�Ñdç
ÜuÔ�æªÙÛà Ô�ßÙJIpØÝxÐªç¸×�ØªâÛÑóÓ�æßªêm×�â�Ô�ß Ý�ÙÛÔ�ßªã�×UØç|ÖÝ�êxë4ÜuÝ�Ù�Ù ð Ü0âÏ×UØßWYç�ÕFÔ?çmä�×Uç�ß�×ÚÝJÜuÝ�I Ó�ÕFÔ�ò
êYÔ�Ù�ÙÛâ�ßçYÝ�Õ2ÕFÝ�öªâÛàªâÏ×eI È¡> ç�ÕFçéâÛßÊ×�Øªç�� ô ] ê�Ý�ÑFç ð Ý�Ñ�Ü çéöªæªÙÛÙ�ÝJÜuÝÖI�Ó�ÕdÔ�ò"×UØªçlÖªÝ�êxë¥Ü Ý�Ù�Ù ð Üuç
Ý�Õdç,âÛßªê�ÕFçYÝ�ÑFâÛßªã,×�Øªç�×�ÕFÝ�ßÑ&Ð+ç�ÕFÑdçuò¸Ô�ò¸çYß�×Uæò ê�Ô�ò¸ö«Ô�ßªçYß�× ð ×UØç,ê�ÕFÔ�ÑdÑ ÑdçYê�×UâÛÔ�ß�ã�ç�×UÑ ÑFò¸Ý�ÙÛÙ�ç�Õ
ì�æªâÛêxëñÙZI ð Öªæ�×}Ý�ÙÛÑFÔ öªÕdçYÓ�çYÕdÑyÑFò¸Ý�ÙÛÙ�ç�Õ�ÐåÝ�Ù�æçYÑyÔ�Ó#f È�� ç Ü0â�ÙÛÙiÑdçYç�ò¸Ô�ÕFçuÔ�Óª×UØªç ç/Y«ç�êm×�Ñ,Ô�Ó×UØªâÛÑ
Ü0Øªç�ßóÜuç0àâ�ÑdêYæªÑdÑuçmÐªçYß�× Ý�êYêYç�ö7×UÝ�ßªêYç0â�ß|Ý¸Ù�Ý�×UçYÕyêxØÝ�ö7×Uç�Õ È

Æ�ÈÛï�ÈÛü ÿªÔ�ò¸ç � Ô�ÕFàªÑ H Ö«Ô�æ�×éþyþ À�Ä2ÈÛÈ�È�È
H Ö�Ô�æ7× í ú:IªçYÝ�ÕdÑ öªÕdâ�Ô�Õ ×�Ô ×UØªâÛÑ Ý�ßªÝ�ÙZI�Ñdâ�Ñ ð ×�Øªç�þyþ ÀÄ êYÔ�Ù�ÙÛÝ�Ö�Ô�ÕFÝ�×�â�Ô�ßóö�çYÕdÓ�Ô�ÕFò¸ç�à0×UØç

[ªÕdÑ&×�� ô ] _ þ q Ý�ßÝ�ÙJI«Ñdâ�Ñ Ô�Ó { Ý�ßªà { êxØªÝ�ÕFò öªÕdÔåàªæêm×UâÛÔ�ß O 6 S�ð/í/S�ï R È H ×�×UØÝ�×�×UâÛòóç�� ô ]_ þ q ê�Ý�ÙÛêYæªÙÛÝ�×UâÛÔ�ßªÑóÓ�Ô�Õu×�Øªâ�ÑóöªÕdÔåê�çYÑFÑ�ÜuçYÕFç|âÛß�×�ØªçYâÛÕóâ�ßªÓ�Ý�ßªê0I ð Ý�ßªà5Ý�Ñ¸Ý?ÕFç�ÑFæªÙÏ×4ÑFçmÐªçYÕdÝ�Ù
Ý�öªöÕFÔJä«â�ò¸Ý�×�â�Ô�ßÑuØªÝ�àó×UÔ�Ö�çy×UÝ�ë7çYßáâÛßÊ×UØçlþyþ ÀÄ Ý�ßªÝ�ÙJI«ÑFâÛÑ È H Ñ ×UØç,ÜuÔ�ÕFëqàªÔñêYæªò¸ç�ßU×�çYà
Øªç�ÕFçÚØÝ�ÑÊÖ�çYßç@[7×�çYà�ã�ÕdçYÝ�×�ÙJI Ó�ÕFÔ�ò¦×UØªç4âr×�çYÕdÝ�×UâÏÐ+ç4àªâ�ÑdêYæªÑdÑFâÛÔ�ßªÑ'Ý�ßà�Ü Ô�ÕFë5Ô�ß)Ö�Ô�×�Ø?×UØç
çmä«ö�çYÕdâ�ò¸çYß�×�Ý�ÙiÝ�ßªà0×UØªç�Ô�ÕFç�×UâÛêYÝ�Ù�ÑFâÛàªçYÑyÑdâ�ßêYç ×�ØªçYß O í/S�ï R ð âr× â�Ñ Ý�öªöªÕdÔ�öªÕdâ�Ý�×�ç ×�Ô¥àªâÛÑFêYæÑFÑ�×UØç
Ý�öªöÕFÔ�Ý�êxØ ×UÝ�ë�çYß4â�ß¥×�Øªç}þyþ ÀÄ Ý�ßªÝ�ÙZI«ÑFâÛÑ ð Ý�ßªà|êYÔ�òóöÝ�ÕFç}âÏ×,×�Ô Ü0ØªÝ�×lâ�Ñ�àªÔ�ßªç}ßªÔJÜ Èè Øªç0þyþ ÀÄ Ý�ßªÝ�ÙJI«ÑFâÛÑ ÜuÝ�Ñ,ÖªÝ�ÑdçYàÚÔ�ß¸×�Øªç}ßªçmÜ0ÙZI��xöªæªÖÙ�âÛÑFØªç�à H þ�] è O í)S�ü R êYÝ�Ù�ê�æªÙ�Ý)�
×UâÛÔ�ß ð Ü0ØªçYÕdç¬âÏ×�ÜuÝ�Ñ�Ý�ÕFã�æçYà,×�ØªÝ�×/×UØªç � Ô�ÕdßéàªâÛÝ�ã�ÕdÝ�ò Ý�ßªàlã�Ù�æÔ�ßéâÛßªâÏ×UâÛÝ�×Uç�à×� ô ]�àªâÛÝ�ã�ÕdÝ�ò¸Ñ
ÜuçYÕFç Ý�ÑFæ	°¸êYâÛçYß�×ÊÝ�öªöÕFÔJä«â�ò¸Ý�×�â�Ô�ß�Ó�Ô�Õ ×UØç¥Ó�æªÙÛÙM� ô ]�êxØªÝ�Õdò¦öÕFÔñàªæªêm×�â�Ô�ß�êYÕFÔ�ÑFÑ�ÑFç�êm×�â�Ô�ß Èè ØªçÎ� ô ]ýì�æªÝ�Õdë�â�ßâr×�â�Ý�×�çYà�àªâ�Ý�ã�ÕFÝ�ò ð Ö�çYâÛßªãÚòlæªÙr×�â�öÙ�âÛçYà�Ö�I ÝqÓ�Ý�ê�×UÔ�Õ}Ô�Ó ¸ F | ú�� í ÜuÝ�Ñ
Ý�ÑdÑFæªò¸çYà�×UÔ�Ö�ç'Ö«çqÑFò¸Ý�ÙÛÙ ê�Ô�ò¸öªÝ�ÕFç�à�×�Ô�×UØªçr� ô ]¦ã�Ù�æÔ�ß5â�ßªâÏ×UâÛÝ�×�çYà àªâ�Ý�ã�ÕFÝ�ò È6Á ß�×UØç
ã�ÙÛæªÔ�ß�êYÝ�Ñdç�ØªÔJÜuçmÐ+ç�Õ ð ×�Øªç�ÙÛÝ�ÕFã�çÊÑdâXW�ç�Ô�Ó�×�Øªçóã�Ù�æÔ�ß©ö�àªÓ�ÜuÔ�æªÙÛà�ç@Y�çYê�×UâÏÐ+ç�ÙJI6êYÝ�ßªê�çYÙ ×UØªÝ�×
Ó�Ý�ê�×UÔ�Õ Èè Øªç�àªâÛÝ�ã�ÕdÝ�ò¸Ñ âÛßªêYÙÛæªàªç�à4âÛßé×UØªç�þyþ À�Ä êYÝ�Ù�ê�æªÙ�Ý�×UâÛÔ�ß¥Ü ç�ÕFç¬×UØçYß¥×UØªç ×UÔ�öé×�ÜuÔ¸ÕFÔJÜ0Ñ
âÛß�[ªã�æªÕdç S43�ð Ü0âÏ×UØpÝ�ß6Ý�ààªâr×�â�Ô�ßªÝ�Ùga�ÑFæªÖ7×�ÕFÝ�ê�×UâÛÔ�ß	cÚ×�çYÕFò ×UØªÝ�×�ÕFç�ò¸ÔxÐªçYà ×UØªçÚêYÔ�ÙÛÙ�âÛßªç�Ý�Õ



í�í�û

ÑFâÛßªã�æÙ�Ý�Õdâr×eI âÛß5×�Øªç?ã�Ù�æÔ�ß âÛßªâÏ×UâÛÝ�×Uç�à àªâÛÝ�ã�ÕdÝ�ò È * � ç?àªâ�à ßªÔ�×�ã�Ô â�ß�×�Ô�×�Øªçq×�çYêxØªßâ�ê�Ý�Ù
àªç�×UÝ�âÛÙ�Ñ2Ô�Ó�×�Øªçéê�Ý�ÙÛêYæªÙÛÝ�×UâÛÔ�ß ð Öªæ7×,×UØçéêYÝ�Ù�ê�æªÙ�Ý�×UâÛÔ�ßóÜuçéæªÑdçéØªÝ�Ñ ×UØâ�Ñ,ÑFæªÖ�×UÕFÝ�êm×UâÛÔ�ßÊ×�çYÕdò Ý�Ñ
ÜuçYÙÛÙ ð Ý�Ñ Ü ç�Ù�ÙùÝ�Ñ ×�Ü ÔÊò¸Ô�ÕFç0â�ß¸×UØªç}ì�æªÝ�Õdëqâ�ßªâÏ×UâÛÝ�×�çYàÚàâ�Ý�ã�ÕFÝ�ò¸Ñ È H Ñdâ�ßã�æªÙÛÝ�ÕFâÏ×eI�Ôåê�êYæªÕdÑ2âÛß
×UØçyã�Ù�æÔ�ß â�ßâr×�â�Ý�×�çYà¸àªâÛÝ�ã�ÕdÝ�ò6Ü0ØªçYß�×UØªç¬êxØªÝ�ÕFò ì�æªÝ�ÕFëlâ�Ñ ê�Ô�ÙÛÙ�âÛßªçYÝ�Õ�Ü0âr×�Ø�×�Øªç � Ö�Ô�ÑFÔ�ß¸âÛß
×UØç � �JöªÝ�Õ&×�Ô�ßqþ � ÿáÓ�ÕdÝ�ò¸ç È,è ØªçlÑdæªÖ7×�ÕFÝ�ê�×UâÛÔ�ßÊ×Uç�ÕFòýÕdçYò¸ÔJÐ+ç�Ñ ×UØªâÛÑ,ÑFâÛßªã�æªÙÛÝ�ÕFâÏ×eI ð Ý�Ñ ÜuçYÙÛÙ
Ý�Ñù×UØªç àÔ�æªÖªÙÛç êYÔ�æªß�×UâÛßªã Ö«ç�×�Ü ç�çYß¥×UØÝ�×�ê�Ý�ÑFç�Ý�ßàl×UØªç � Ô�ÕFß�àªâ�Ý�ã�ÕFÝ�ò Ù Ü0Øâ�êxØqÝ�ÙÏÜ Ý�I«Ñ âÛÑ
êYÔ�Ù�ÙÛâ�ßçYÝ�ÕÜ0âÏ×UØ ×UØªç � Ö�Ô�ÑdÔ�ß È - ÈÀ ÕFÝ�ã�òóç�ß�×UÝ�×�â�Ô�ß ÜuÝ�Ñ/ØªÝ�ßªàªÙÛçYàlÝ�Ñùâr× âÛÑùÝ�× ô ] ð Ý�ÑùÝ2òlæªÙr×�â�öÙ�âÛêYÝ�×�ârÐªç/×�çYÕFò ×UÔ×UØªçi×�Ô�×UÝ�Ù
êYÕdÔ�ÑFÑ ÑdçYê�×UâÛÔ�ß È5è Øªç'þyþ ÀÄ Ý�ßªÝ�ÙZI«ÑFâÛÑ æªÑFç�à ÕFç0�RÜ ç�â�ã�ØU×�çYà ÑFç�òóâÛâÛßªêYÙÛæªÑFâÏÐ+ç * E�ðE á E��

- � Ô�ß�×Uç��
þyÝ�ÕdÙ�Ô|ã�çYßçYÕFÝ�×UçYàqÜ0âr×�Ø©Ý ô ]ýêYÕdÔ�ÑFÑ0ÑFç�êm×UâÛÔ�ß O 6 Æ R ð Ý�ßªàq×UØªç�ÕFç�Ó�Ô�ÕFç¸àªâÛà©ßªÔ�×�ØÝxÐªç}×�Øªç u��
àªç�ö«ç�ßªàªçYßêYçé×UØÝ�×�Ý�ß � ô ]¨ò¸ÔåàçYÙ Ü Ô�æÙ�à�ØÝxÐªç È�è Ô4êYÔ�ÕdÕFçYê�×'Ó�Ô�Õy×UØç�ç@Y�çYê�×UÑ¥Ô�Ó u�� Ý�×
� ô ] ð Ý�ß Ý�êYêYç�ö7×UÝ�ßªêYç,êYÔ�ÕdÕFç�êm×UâÛÔ�ß ÜuÝ�Ñ�Ý�öªöªÙÛâ�ç�à ×UÔ ×UØªçyã�Ù�æªÔ�ß��xâÛßªâÏ×UâÛÝ�×Uç�à�×�çYÕdò âÛß�×�Øªç�� ô ]
êYÕdÔ�ÑFÑ,ÑFç�êm×�â�Ô�ßs�
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> ç�ÕFç�×UØç ù ?�ÑqÝ�Õdç�×UØªç�ö�àªÓ�Ñ ð� ?�Ñ'Ý�ÕFç�ØªÝ�ÕdàpÑFêYÝ�×F×Uç�ÕFâÛßªã�×UçYÕdò¸Ñ ð Ý�ßà ×�Øªç � â�ßàªâ�ê�Ý�×Uç�Ñ
×UØçéêYÔ�ßUÐªÔ�ÙÛæ7×UâÛÔ�ß�ÔJÐ+çYÕ � è È�� âÛÑ ×UØªçlÝ�êYê�çYö7×�Ý�ßªê�ç Ó�Ý�êm×�Ô�Õ2Ý�öªöªÙÛâ�ç�à�×UÔl×�Øªçéã�ÙÛæªÔ�ßÚâ�ßªâÏ×UâÛÝ�×�çYà
àªâÛÝ�ã�ÕdÝ�ò¸ÑéâÛß4×UØªç�êYÕFÔ�ÑFÑéÑdçYê�×UâÛÔ�ß È H êYÔ�ßªÑ
×UÝ�ß�×lÐÝ�Ù�æªç�Ô�Ó ú È 6ÊÜuÝ�ÑéæªÑdçYà ð Ü0Øâ�êxØáÜuÝ�Ñ2×UØç
ÝJÐ+ç�ÕFÝ�ã�çóÝ�ê�êYçYö�×UÝ�ßªê�çÊê�Ý�ÙÛêYæªÙÛÝ�×Uç�à©Ó�ÕdÔ�ò�[7ä«çYà�ö«Ô�â�ß�×UÑ}ÕdÝ�ßªã�âÛßªã|Ó�ÕFÔ�ò ÷©ÐåÝ�Ù�æçYÑ}Ô�Ó | ú ×�Ô
ú Èîí�ï Ý�ßªà4Ò � Ó�ÕFÔ�ò í ×UÔ ï ú�ú�ú ��� C � O í�Æ�ü R È



í�í�Ç

þyþ ÀÄ Ý�Ù�ÑdÔ�àªçYÑdêYÕFâÛÖ�çYà�×UØªç'Ñ
×UÕFÝ�ßªã�ç�ÑdçYÝ�â�ßá×�çYÕFò¸Ñ Ô�Ó�ç�äñ×�çYÕdßªÝ�Ù ÙÛçmÐªçYÙyÝ�ßªà ÑdØªÝ�ö�ç
öªÝ�ÕdÝ�ò¸çm×�çYÕFÑ,Ý�öªöÙ�âÛçYà ×UÔ¸Ý�ÙÛÕFç�Ý�à�I�ç�Ð+Ô�ÙÏÐ+ç�àáÑFç�ÝÊö�àªÓ�Ñ È�Á ß ×UØªç}þyþ ÀÄ ê�Ý�ÑFç/�

÷ G * ÷ + » ��- ø�� F * � - * í & ÷ - É ÷ P * ÷ + » � - � ÷ � * ÷ + » � -Æ * Æ�Èîí 6 S -

è ØªçyÓ�Ý�ê�×UÔ�Õ!� F âÛÑÝ�ßªÔ�ÕFò¸Ý�ÙÛâXW�Ý�×UâÛÔ�ß¸Ó�Ý�êm×�Ô�Õ�Ü0Øâ�êxØóÓ�Ô�ÕFê�çYàu×�ØªçyÙ�ç�Ð+ç�Ù+Ô�Ó�×UØªç�×�Ô�×UÝ�ÙåÑdçYÝ}ì�æªÝ�ÕFë
àªâÛÑ&×�ÕFâÛÖªæ7×UâÛÔ�ßªÑuÖ«ç0æªßªêxØªÝ�ßªã�çYà�Ü0âÏ×UØÚÑFØªâÛÓõ×UÑ2â�ßÊ×�Øªç0ÑFâ\WYç¥Ô�Ó�×UØªçlÑ&×UÕdÝ�ßªã�ç0ÑFç�Ý È}è ç�êxØªßªâÛêYÝ�ÙÛÙZI ð
Ý�öªöÙJI«âÛßªã�×�Øªç * í,& ÷ - É Ó�Ý�ê�×UÔ�Õ�×�Ôy÷áàªç�ö«ç�ßªàªçYß�×uÑFÔ�ÙÛæ7×�â�Ô�ßÑù×�Ô0Ý}Ñdçm×2Ô�Ó�â�ß�×Uç�ã�ÕFÔ)�xàªâ\Y«ç�ÕFç�ßU×�â�Ý�Ù
çYì�æªÝ�×UâÛÔ�ßªÑ * ç�ì È,Æ�ÈÍí�ï 6 - âÛÑ Ý�ß'Ý�ööªÕFÔJä«â�ò¸Ý�×�â�Ô�ß ð ÕFç�ÑFæªÙÏ×UâÛßªã¸âÛß'Ý�ß'ç@Y�çYê�×UâÏÐ+ç}ÕFç��xàªç/[ªßªâÏ×UâÛÔ�ß'Ô�Ó
Ü0ØªÝ�×y×�Øªçí[7×d×UçYàqöªÝ�ÕFÝ�ò¸çm×�çYÕdÑyòóç�Ý�ß È ]}ßªç�Ñ&×�ÕFâÛêm×�ÙJI�ÜuÔ�æªÙÛàqßªÔ�×}Ö�ç�Ý�ÖªÙÛç¬×UÔ æÑFç¬×UØçí[7×F×�çYà
� Ý�ßªà ¸ öªÝ�ÕdÝ�ò¸çm×Uç�ÕFÑ}Ý�Ñí[7×d×Uç�à?âÛß�×UØªç ê�Ý�ÑFç¸Ô�Ó�ç�ìñæÝ�×UâÛÔ�ß Æ�Èîí 6 S�ð Ý�ßªà�Ý�öªöªÙZIÚ×�ØªçYòÞ×�Ô'Ý
öªÕdÔ�ö«ç�ÕFÙZI�çmÐªÔ�ÙÏÐ+çYàÚÑFçYÝ ð àªç@[ªßçYàÚÝ�×éÝ¸Ñdâ�ßªã�Ù�ç0Ò o ÑFê�Ý�ÙÛç Èè Øªç Ó�Ô�ÙÛÙÛÔxÜ0âÛßªã'âÛÑ�Ý'ÑFæªò¸ò¸Ý�Õ�I Ô�Ói×UØç â�ò¸öªÕdÔxÐªçYò¸çYß�×�ÑlâÛß�×UØªçõ� ô ]ÞêxØªÝ�ÕFò ò¸ÔñàªçYÙ
ÑFâÛßªê�ç�×�Øªç}þyþ ÀÄ Ý�ßªÝ�ÙZI«ÑFâÛÑ ð ßªÔJÜ Ý�öªöªÙÛâ�ç�àÚâÛß ×�ØªâÛÑ��2æ è ç�¦ÞÝ�ßªÝ�ÙZI«ÑFâÛÑ.�

" H Ù�Ù àªâÛÝ�ã�ÕdÝ�ò¸Ñ�â�ßr[ªã�æÕFç S43 Ý�ÕFç}ßªÔJÜ"â�ßªê�Ù�æàªçYà4â�ß ×UØªç}ê�ÕFÔ�ÑdÑ2ÑdçYêm×�â�Ô�ß4ê�Ý�Ù�ê�æªÙÛÝ�×UâÛÔ�ß È

" À ÕFÝ�ã�ò¸çYß�×UÝ�×�â�Ô�ß âÛÑqßªÔJÜ öªÕdÔ�ö«ç�ÕFÙZI8êYÔ�ßUÐªÔ�ÙÏÐ+çYà Ü0âr×�Ø5×�Øªçw� ô ]¦×Uç�ÕFò¸Ñ * ç�ìñæÝ�×UâÛÔ�ßÆ�Èîí 6�ú -
" þyØªÝ�ÕFò u�� àªç�ö«ç�ßªàªçYßêYçéâÛÑ�ßªÔJÜ àªâÛÕFç�êm×�ÙJI?âÛßªêYÙÛæªàªç�àÚâÛß¸×�Øªç}êYÕdÔ�ÑFÑ�ÑFç�êm×�â�Ô�ß
" ��àªÓ àªç/[ªßªâÏ×UâÛÔ�ßªÑ�Ý�ÕdçéÝ�ÙÛÙ/Ý�öªöªÙÛâ�ç�à�Ý�×éÝ�ßáâÛßªâr×�â�Ý�ÙÒ �o ÑFê�Ý�Ù�ç ð ×UØçYß�çmÐªÔ�ÙÏÐ+çYà�æªÑdâ�ßã'ßñæK�
ò¸çYÕdâ�ê�Ý�ÙÛÙJI?ÑdÔ�ÙrÐªçYà q�Âlô H � çmÐªÔ�Ù�æ�×UâÛÔ�ßÚç�ìñæÝ�×UâÛÔ�ßªÑ



í�Æ ú

H àà|×UØçYÑFçóò¸ÔåàçYÙ�â�ò¸öªÕdÔJÐ+çYò¸ç�ßU×�Ñ2×UÔ ×UØçóÙÛÝ�Õdã�ç¸Ý�ß�×UâÛßªçYæ7×�ÕFâÛßªÔÚÑdÝ�ò¸öªÙÛç ð Ý�ßªàqÐªçYÕ�I
öªæªÕdç ÑFâÛã�ß'ÑdçYÙÛçYêm×�çYàqÖ�çYÝ�ò¸Ñ ð Ý�ßªàlÜuç�ÑFØªÔ�æªÙ�à'Ö�çuÝ�ÖªÙ�ç ×UÔ¥ØªÝJÐªç�ÑFÔ�ò¸ç æªÑdçYÓ�æªÙ�×UØªâÛßªã�Ñ/×UÔ¥ÑdÝÖI
Ý�Ö�Ô�æ7× ×�Øªç Ñ&×�ÕFÝ�ßã�ç Ý�ßªà�Ý�ß�×UâÛÑ&×�ÕFÝ�ßã�ç ÑFç�Ý�Ñ È�� ç@?ÛÙÛÙ Ñ&×UÝ�Õ&×¸ÑdçYçYâÛßªã|ØªÔJÜ ×�ÔqàªÔé×UØªÝ�×óâ�ß�×UØç
ßªç�äñ×lêxØªÝ�ö7×Uç�Õ È



í�Æ+í

þ > H � èyÅ�Ä ÁFÁFÁ
è�>uÅ � ÃuèyÅ ¦ Å$# � Å�Ä2Áe�áÅ � è H � qÜq H è H ÿ H � � ô/Å

S�Èîí ] Ð+çYÕ
Ð«â�ç�Ü
H Ð+ç�Õ=I Ñdö«ç�êYâÛÝ�Ù�â\WYç�à)ç�ßUÐ«âÛÕFÔ�ßòóç�ß�×�âÛÑóßçYçYàçYà?×�Ô�çmä«Ý�ò¸â�ßç¸×�Øªç'öªØ�I«ÑFâÛêYÑ�Ô�æ7×UÙÛâ�ßçYà

âÛß�×UØªç¥öÕFçmÐ«âÛÔ�æªÑ}êxØªÝ�ö�×UçYÕ È¸è ØªçYÕdç Ý�ÕFç2×�ÜuÔqöªÝ�Õ
×UÑ ×�Ôé×UØªç¥ê�Ô�ßªÑ
×UÕFæêm×UâÛÔ�ß�Ô�Ói×UØâ�Ñ ç�ß�Ð�âÛÕFÔ�ß��
ò¸çYß�× È è Ô�Ñ
×Uæªà�I©ßªç�æ7×UÕdâ�ßªÔ'ÑdêYÝ�×d×Uç�ÕFâÛßªã ð ßªç�æ7×UÕdâ�ßÔ�Ñ Ý�Õdç¥Ô�Óê�Ô�æªÕFÑdç ÕFç�ìñæâ�ÕdçYà ð Ý�ßªàÊ×UØÝ�× âÛÑ
öªÕdÔxÐ«âÛàªçYà�â�ß�×�Øªç Ó�Ô�ÕFò¦Ô�Ó Ý|öÝ�Õ&×�â�ê�Ù�ç¸Ö�çYÝ�ò¦Ô�Ó ßçYæ7×�ÕFâÛßªÔ�Ñ È'è Ôqçmä«Ý�ò¸âÛßªç ×UØªç¸âÛßªêYÕdçYàªâÛÖªÙZI
ÑFò¸Ý�ÙÛÙ�×UâÛò¸çYÑFê�Ý�ÙÛçYÑ âÛß�Ð+Ô�ÙÏÐ+ç�à'â�ßÊàªçYç�ö�âÛßªçYÙÛÝ�Ñ&×�â�ê2ÑFê�Ý�×F×�çYÕFâÛßªã�×UØªç,ßªçYæ�×UÕFâÛßªÔ�Ñ ßªçYç�àl×UÔ0Ö�ç ÐªçYÕ�I
çYßçYÕFã�çm×UâÛê ð,í ú4?�Ñ ×UÔ í ú�ú4?�ÑuÔ�Ó Â ç�¦ ÈÍ> ÔJÜ8×UØªç ßªç�æ7×UÕdâ�ßÔ�Ñ ÜuçYÕFç¸öªÕdÔåàæªêYç�à�Ý�ßªà�êYÔ�ßU×�ÕFÔ�ÙÛÙÛçYà
âÛß0×UØç2Ö�çYÝ�ò Ó�Ô�Õù×�Øªç��2æ è ç0¦ ç�ä«ö«ç�ÕFâÛòóç�ß�×}â�Ñ çmä«öªÙÛÝ�âÛßªçYà'âÛß0×�Øªç,Ö«ç�Ý�ò¸Ù�âÛßªçuÑdçYê�×UâÛÔ�ß�Ô�Ó�×UØªâÛÑ
êxØªÝ�ö�×UçYÕ Èè Øªç¸ÑFç�êYÔ�ßà?öÝ�Õ&×óÔ�Ói×�Øªâ�Ñ�Ñdö«ç�êYâÛÝ�ÙÛâXW�çYà©ç�ß�Ð�âÛÕFÔ�ßªò¸çYß�×�âÛÑ¬×UØçu×UÝ�Õdã�çm× ×�ØªÝ�×�×�Øªç ßªçYæK�
×UÕdâ�ßÔ�Ñ¥âÛßU×�çYÕdÝ�êm× Ü0âÏ×UØ ð Ý�ßà àçm×Uç�êm×�Ô�Õ2×UÔ�ÕdçYê�Ô�ÕFàá×UØÝ�×qâÛßU×�çYÕdÝ�êm×�â�Ô�ß È H Ñ¥ßªçYæ�×UÕFâÛßªÔ�Ñ Ô�ßªÙJI
âÛßU×�çYÕdÝ�êm× Ü0âr×�Ø�ò¸Ý�×F×�çYÕ/Ð«âÛÝ2×UØçuÝ�ö7×�ÙJI|ßÝ�ò¸çYàéÜuçYÝ�ë¸âÛßU×�çYÕdÝ�êm×�â�Ô�ß ð ×UØç0IÚàªÔéßªÔ�× àªÔéÑFÔ,ÐªçYÕ�I
Ô�Óõ×�çYß È4è Øªâ�Ñlò¸çYÝ�ßªÑlÝ4ßçYæ7×�ÕFâÛßªÔÚç�ä�ö�çYÕdâ�ò¸ç�ßU×'ÕFçYì�æªâÛÕFç�Ñéç�âr×�ØªçYÕ0ÝÚÙÛÔ�×ÊÔ�Ó¬ßçYæ7×�ÕFâÛßªÔ�Ñ ð Ô�Õ}Ý
ÙÛÔ�× Ô�Ó ò¸Ý�×�çYÕdâ�Ý�Ù/âÛßÊ×UØªç,×UÝ�Õdã�çm× È �uæ è ç�¦ àªâÛàáÖ«Ô�×UØ Èlè Øªç2×UÝ�ÕFã�ç�× ò¸Ý�×Uç�ÕFâÛÝ�Ù/òéæªÑ
×óÝ�Ù�ÑdÔ�Ö�ç
âÛßªÑ&×�ÕFæªò¸çYß�×�çYàÚÝ�àªçYì�æªÝ�×�çYÙZI�ÑFÔ ×�Øªç âÛßU×�çYÕdÝ�êm×�â�Ô�ß|êYÝ�ß'Ö«ç�ÕdçYêYÔ�ÕFàªç�à¸Ü0âÏ×UØqçYßÔ�æªã�ØqâÛßªÓ�Ô�ÕFò¸Ý/�
×UâÛÔ�ß4ÑFÔóÝ�Ñ�×�Ô�àªç�êYâÛöªØªç�Õ ×UØçlöªØ�I«ÑFâÛêYÑuöªÕFÔñêYç�ÑFÑFç�Ñ Ü0ØªâÛêxØáÔñêYêYæÕFÕFç�à È�è Øªç0àªçm×�çYê�×UÔ�Õ2ÑFçYê�×UâÛÔ�ß
Ö�çYÙÛÔxÜ àçYÑFê�ÕFâÛÖ«ç�Ñ ×UØç��uæ è ç�¦¨ßªç�æ7×UÕdâ�ßªÔ�àªçm×�çYêm×�Ô�Õ ð Ü0ØªâÛêxØ�Ý�ÙÛÑFÔ�ÑdçYÕ
Ð+çYà�Ý�Ñ ×UØç,×UÝ�ÕFã�ç�×éÓ�Ô�Õ
×UØç0ßçYæ7×�ÕFâÛßªÔÊâÛß�×Uç�ÕFÝ�ê�×UâÛÔ�ßªÑ È



í�Æ�Æ

S�ÈÛÆýè Øªç��2çYæ7×�ÕFâÛßªÔ � çYÝ�ò
è Øªç�Ö�çYÝ�ò Ô�Ó ßªç�æ7×UÕdâ�ßÔ�Ñ�Ü0ØªâÛêxØ|âÛß�×Uç�ÕFÝ�ê�×UçYà¥Ü0âÏ×UØé×�Øªçí�uæ è ç0¦ àªçm×�çYêm×�Ô�ÕyÖ�çYã�Ý�ß'ÙÛâÛÓ�ç

Ý�Ñ�Ý0Ö«ç�Ý�ò Ô�Ó û ú�ú Â ç�¦ öÕFÔ�×�Ô�ßªÑ â�ß�×UØªç è ç0¦,Ý�×�ÕFÔ�ß È¬À â�ã�æªÕFç ü4S ÑFØªÔJÜ0Ñ ÑFêxØªç�òóÝ�×UâÛêYÝ�ÙÛÙJIó×UØç
öªÝ�×�Ø¥×UØªç�ÑFç0öªÕFÔ�×�Ô�ßªÑ�×�ÔåÔ�ëÊÓ�ÕFÔ�ò8×UØªç�â�Õ�ÑdòóÝ�Ù�Ù Ö�Ô�×F×�Ù�ç�Ô�Ó�Ø�I«àªÕFÔ�ã�çYß|ã�Ý�Ñ�×�Ô�×�ØªçYâÛÕ�æªß�×UâÛò¸çYÙZI
àªç�òóâÛÑFç�â�ß5×UØªçw�2æ è ç�¦ Ö�çYÕ�I�ÙÛÙÛâ�æªò ÔJä«â�àçq×�Ý�ÕFã�ç�× È¦è Øªç�ã�Ý�Ñ¥Ü Ý�Ñ|âÛÔ�ßªâ\WYçYà â�ßªÑdâ�àç|×UØç
þyÔñêxëñÕdÔ�Óõ×.� � Ý�Ùr×�Ô�ß�Ý�êYê�çYÙÛçYÕFÝ�×UÔ�Õ È¤q çYÑdöªâr×�ç Ü0ØªÝ�×óÔ�ßªç¸ò¸âÛã�Ø�×óçmä«ö«ç�êm× ð ×�Øªç çYÙÛçYê�×UÕFÔ�ßªÑ�ÜuçYÕdç
ßªÔ�×ÊÑ
×UÕFâÛöªö�çYà�Ó�ÕdÔ�òÞ×�ØªçÊØ�I«àªÕdÔ�ã�çYß�Ý�×UÔ�òóÑ0ÕFâÛã�Ø�×�ÝxÜuÝ�I ð Öªæ7×�â�ßªÑ
×Uç�Ý�à©âÛÔ�ßªâ\WYç�à|×UÔ|ØªÝJÐ+çÊÝ
ßªç�ã�Ý�×UâÏÐ+çuêxØªÝ�ÕFã�ç È H q þ6ö«Ô�×UçYß�×�â�Ý�Ù(×UØçYß�Ý�ê�êYç�Ù�ç�ÕFÝ�×�çYàé×UØç Þ ( â�Ô�ßªÑ/×�ÔéÝ�ßÊçYßªç�ÕFã/IÚÔ�Ó 3�ï ú
ë�ç�¦ È À ÕFÔ�ò8×�Øªç}þyÔåêxë�ÕFÔ�Óõ×.� � Ý�ÙÏ×UÔ�ß ð ×UØªç�âÛÔ�ßªÑ�ÜuçYÕdç}â�ßªÑdçYÕ
×UçYà4â�ß�×�ÔóÝ ï ú�ú Ó�ÔåÔ�×}Ù�Ô�ßªã¸Ù�âÛßªçYÝ�Õ
Ý�ê�êYçYÙÛçYÕdÝ�×UÔ�Õ ð Ü0ØªâÛêxØÚÝ�ê�êYçYÙÛçYÕdÝ�×Uç�àÊ×UØçYò ×UÔ¸Ý�ß|çYßçYÕFã)I?Ô�Ó ü ú�ú � ç0¦ Èùè Øªç0çYÙÛçYê�×UÕdÔ�ßªÑ ÜuçYÕdç
×UØçYß Ñ&×�ÕFâÛöªö�çYà5Ó�ÕFÔ�òý×�Øªç�Ø�I«àªÕFÔ�ã�çYß âÛÔ�ßªÑ ð ò¸Ý�ë�âÛßªã�×UØçYò ÖªÝ�ÕFç�öªÕFÔ�×�Ô�ßªÑ È�è Øªç'öªÕdÔ�×UÔ�ßÑ
ÜuçYÕFç ×UØçYßóâ�ßªÑdçYÕ
×UçYàÊâ�ß�×�ÔlÝy×UØªç¤a � ÔåÔ�Ñ
×Uç�Õ.c}Ñ=I«ßªêxØªÕdÔ�×UÕdÔ�ß�Ý�êYêYç�Ù�ç�ÕFÝ�×�Ô�Õ ð Ü0ØªâÛêxØ�Ý�ê�êYç�Ù�ç�ÕFÝ�×�çYà
×UØçYò ×�ÔÊÝ�ßqç�ßªçYÕdã/I?Ô�Ó ûóÂ ç0¦ È� Øªç�ßÒ�2æ è ç�¦ÞÕFÝ�ßqâÛß ×�Øªç í�Ç�Ç 6)� Ç43 [�ä�ç�à¸×�Ý�ÕFã�çm×0ÕFæß ð ×UØç0öÕFÔ�×�Ô�ßªÑ�ÜuçYÕFçy×UØçYßqâ�ßK�
ÑFç�Õ&×�çYàóÓ�ÕFÔ�ò�×UØªçyÖ�ÔñÔ�Ñ&×�çYÕ âÛßU×�Ô¬×UØªç¤a�ò¸Ý�âÛß ÕFâÛßªã4c È¬è Øªç�Ý�ã�âÛßªã�ò¸Ý�âÛß¸ÕFâÛßªã Ü Ý�Ñ�×�ØªçyÔ�Õdâ�ã�âÛßªÝ�Ù
ØªâÛã�ØóçYßªç�ÕFã/I|Ý�ê�êYç�Ù�ç�ÕFÝ�×�Ô�Õ�Ý�× À ç�ÕFò¸âÛÙ�Ý�Ö ð Ý�ßªà}ÜuÝ�Ñ ÕFç�öªÙ�Ý�êYçYàÊÖ�I ×UØªç¤a�ò¸Ý�âÛßÊâÛß�ÿmç�êm×UÔ�Õ.c0Ý�Óõ×Uç�Õ
×UØç£[7ä«çYà¥×UÝ�ÕFã�ç�×�ÕFæß Èyè Øªç ò¸Ý�âÛß'ÕFâÛßªã Ý�ê�êYçYÙÛçYÕdÝ�×Uç�à¥×UØªç2öªÕFÔ�×�Ô�ßªÑ�×�Ô í�ï ú Â ç�¦ ð Ý�ßªàl×UØçYß
ØªÝ�ßàªçYàq×UØªçóöªÕFÔ�×UÔ�ßªÑ}Ô4YÚ×�Ô¸×�Øªç è ç�¦,Ý�×UÕdÔ�ß È4è Øªç è ç0¦,Ý�×UÕFÔ�ß�ÕdçYò¸Ý�âÛßªÑ ð Ý�×ÊÙ�ç�Ý�Ñ&×�Ô�Ó ×UØªâÛÑ
Ü0ÕFâÏ×UâÛßªã ð ×UØªç�ÜuÔ�ÕFÙÛà	?ÛÑéØªâÛã�Øªç�Ñ&×�çYßªç�ÕFã/I öªÝ�Õ
×UâÛêYÙÛçÊÝ�êYêYç�Ù�ç�ÕFÝ�×�Ô�Õ È³q æÕFâÛßªã¸×�ØªçÎ�uæ è ç0¦ ÕFæªß ð
×UØç è ç0¦,Ý�×�ÕFÔ�ßáÝ�êYêYç�Ù�ç�ÕFÝ�×�çYà�öªÕdÔ�×UÔ�ßªÑ ×�Ô û ú�ú Â ç�¦ È ÿªâÛßªêYç,×UØªç�ßÊ×UØªçlö«ç�ÕFÓ�Ô�Õdò¸Ý�ßªêYçlÔ�Ó�×UØç
Ý�ê�êYçYÙÛçYÕdÝ�×UÔ�Õ ØÝ�Ñ�â�ò¸öªÕdÔxÐªçYà�ê�Ô�ßªÑdâ�àªç�ÕFÝ�ÖÙJI ð Ý�ßàÊâÏ×,â�Ñ�ßªÔJÜ8Ý�ÖªÙ�ç×�Ô0Ý�êxØªâ�ç�Ð+ç2çYßªç�ÕFã�âÛçYÑ â�ß�×UØç
æªöªö�çYÕ Ç ú�ú Â ç0¦ ÕdÝ�ßªã�ç È

]}ßªêYç×�ØªçyöªÕFÔ�×UÔ�ß¸çYßçYÕFã)I¥Ü Ý�Ñ ÕdÝ�ò¸ö«ç�àÊæö�×�Ô û ú�ú Â ç0¦ âÛß}×�Øªç è ç�¦,Ý�×UÕdÔ�ß ð öªÕdÔ�×UÔ�ßÑ
ÜuçYÕFç çmä�×UÕdÝ�êm×�çYà¥Ô�æ7× Ý�ßªà0àªâ�ÕdçYê�×UçYàéâ�ß�×UÔ�×UØªç ßªç�æ7×UÕdâ�ßªÔ2Ö«ç�Ý�ò¸Ù�âÛßªç È¬è Øªç ßªçYæ7×�ÕFâÛßªÔuÖ�çYÝ�òóÙÛâÛßªç
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Booster (8 GeV protons)

Main Ring (150 GeV protons)

Tevatron (800 GeV protons)

1 km

BeO Target
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Beam Dump
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NuTeV
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í�Æ�ü

Ý�× À çYÕdòóâÛÙÛÝ�ÖóÜuÝ�ÑuÔ�ßªçlÔ�Ó S Ö«ç�Ý�ò¨Ù�âÛßªç�ÑuêYÔ�ßªÑ&×�ÕFæªê�×UçYàÚÓ�Ô�Õ�[7ä«çYàÊ×�Ý�ÕFã�ç�×lçmä«ö«ç�ÕFâÛò¸çYß�×UÑ È0Á ×�Ñ
ÙÛÝÖIªÔ�æ7×¸âÛÑ ÑdØªÔJÜ0ß?âÛß³[ªã�æÕFç ü�ü�ð Ü0âÏ×UØ�öªÕdÔ�×UÔ�ßÑ Ô�ÕFâÛã�âÛßªÝ�×�â�ßªã�Ó�ÕFÔ�ò"×UØç¥Ñ&Ü0âÏ×UêxØ�I+Ý�ÕFà?Ý�× ×UØç
Ö�Ô�×F×�Ô�ò Ô�Ó�×UØªç¨[ªã�æªÕdç È�è Øªç�ßªçYæ7×�ÕFâÛßªÔ�Ö�çYÝ�ò êYæ7×�Ñ2×UØÕFÔ�æªã�Ø4×UØªç�êYçYß�×�çYÕ Ô�Ó�×�Øªç¨[ªã�æªÕFç ð
ÕFç�Ý�êxØªâÛßªã�×UØªçV�uæ è ç0¦ àªç�×Uç�êm×UÔ�Õ¸×�ÔxÜuÝ�ÕdàªÑ¥×UØªç�×UÔ�ö È è Øªçw�uæ è ç0¦ ×Uç�Ñ&×�Ö«ç�Ý�ò âÛÑqÝ�Ù�ÑdÔ
ØªâÛã�ØªÙÛâ�ã�ØU×�çYà×ÿmæªÑ
× ×UÔ2×�Øªç Õdâ�ã�Ø�×}Ô�Ó×UØªç ßçYæ7×�ÕFâÛßªÔ Ö«ç�Ý�ò¸Ù�âÛßªç È,è Øç10 è ç0¦ çmä«ö«ç�ÕFâÛò¸çYß�×lÝ�Ù�ÑdÔ
ÑFØÝ�ÕFç�à¸×�Øªç}ßªçYæ7×�ÕFâÛßªÔ�Ö�çYÝ�òóÙÛâÛßªç ð ÙÛÔåê�Ý�×Uç�à¸×�ÔJÜ Ý�ÕdàªÑ ×UØªç}ÙÛÔxÜuçYÕ�ÙÛçYÓõ×lÔ�Ó+×UØªç�[ªã�æªÕFç Èè Øªç×�2æ è ç0¦ àªç�×UçYê�×UÔ�Õ Ü Ý�ÑußªçYê�çYÑFÑdÝ�ÕFâÛÙZIáÐ+ç�Õ=I ÙÛÝ�Õdã�ç ð Ý�ßªà�×UØâ�Ñ ÙÛÝ�Õdã�çéÑdâXW�ç ÖªÕFÔ�æã�Ø�×
Ü0âÏ×UØ�âÏ×�×UØªç,àªâÛÑFÝ�à�ÐÝ�ßU×�Ý�ã�ç2Ô�Ó�ØªÝJÐ«âÛßªãéê�Ô�ÑFò¸âÛê2ÕdÝÖI«Ñ â�ß�×Uç�ÕFÝ�ê�× Ü0âÏ×UØâ�ß}×UØªç,àªçm×�çYê�×UÔ�ÕùÐ+Ô�ÙÛæªò¸ç
Ó�ÕFç�ì�æªçYß�×UÙZI È�Ã ßªàªç�Õóê�çYÕ
×UÝ�âÛß ê�â�ÕdêYæªò¸Ñ
×UÝ�ßªê�çYÑóêYÔ�Ñdò¸â�êqÕFÝ�I«Ñ¸êYÔ�æÙ�à Ö«ç'ò¸âÛÑ&×�Ý�ë�ç�ß Ó�Ô�Õ ÕdçYÝ�Ù
ßªç�æ7×UÕdâ�ßªÔlâ�ß�×�çYÕFÝ�êm×UâÛÔ�ßªÑ È�Á ß�Ô�ÕdàªçYÕ ×UÔ0ÕFç�àªæªêYç�×UØªç,ÖªÝ�êxë�ã�ÕdÔ�æªßªà�àªæªç ×UÔy×UØªç�ÑFçuê�Ô�ÑFò¸âÛêuÕdÝÖI«Ñ ð
×UØçÊöªÕdÔ�×UÔ�ßªÑ�ÜuçYÕdç�ßªÔ�×�ç�äñ×�ÕFÝ�ê�×Uç�à�Ó�ÕFÔ�ò ×UØªç è ç�¦,Ý�×UÕdÔ�ß©Õdâ�ßãÚêYÔ�ßU×�â�ß�æªÔ�æªÑFÙZI ð Öªæ�×�âÛßð[7Ðªç
ÑFØÔ�Õ&×�ÖªæªÕdÑ&×UÑlêYÝ�ÙÛÙÛçYà a�öâ�ßªã�Ñ.c Èáè Øç�öªâÛßªã�Ñ0êYÔ�ßêYçYß�×�ÕFÝ�×�çYàÚ×UØçÊÖ�çYÝ�ò<âÛß�×UÔ4Ý4ÑdØªÔ�Õ&×0×UâÛò¸ç
ö�çYÕFâÛÔñà ð ò¸âÛßªâÛòóâ\WYâÛßªãÊ×�ØªçóêxØªÝ�ßªê�ç�Ô�Ó Ý4ê�Ô�ÑFò¸âÛê�ÕFÝ�I âÛß�×UçYÕdÝ�êm×�â�ßãÚâÛß|×UØçÊàªç�×Uç�êm×UÔ�ÕlÝ�×0×UØç
ÑFÝ�òóç ×�â�ò¸ç ÈÀ âÛã�æªÕdç ü�ï ÑFØªÔJÜ0Ñ�ÝÊÑFë�ç�×UêxØ�Ô�Ó«×�Øªç è ç0¦,Ý�×UÕFÔ�ßÚò¸Ý�ã�ßªç�× ê�æªÕFÕdçYß�×¸Ý�ßªàÚÝ�ßÚÝ�ê�êYÔ�ò¸öªÝ)�
ß�I«â�ßªã�öªÙÛÔ�×�Ô�Ó×UØªç�ß�æªòlÖ«ç�Õ Ô�ÓyöªÕdÔ�×UÔ�ßÑ¥â�ßÚ×�Øªç�Ö�çYÝ�ò ÔJÐ+ç�Õu×UâÛòóç È è Øªç è ç0¦,Ý�×�ÕFÔ�ß ÕdÝ�ß
âÛß4Ô�ßç0ò¸âÛß�æ7×Uç}ê0I«ê�Ù�ç�Ñ ð àªæªÕFâÛßªãóçYÝ�êxØ4Ô�Ó+Ü0Øªâ�êxØ¸×UØªç è ç0¦,Ý�×�ÕFÔ�ß¥ÜuÝ�Ñ�[ªÙ�ÙÛçYà ð ÕFÝ�ò¸ö�çYà|æªö¸×�Ô
çYßçYÕFã)I ð ×UØçYß|àªæªò¸ö«ç�àó×�Ô�×�Øªçí[7ä«çYà¸×UÝ�Õdã�çm×0ç�ä«ö«ç�ÕFâÛòóç�ß�×UÑ È2è Øªç}öªÕFÔ�×UÔ�ßqÔñêYêYæöªÝ�ßªê�I?öªÙ�Ô�×
ÑFØÔxÜ0Ñ�×�Øªç è ç0¦,Ý�×�ÕFÔ�ß âÛßªâÏ×UâÛÝ�Ù�ÙZI'Ó�æÙ�Ù ð ×UØçYß àªæªò¸öªâÛßªã}Ö�çYÝ�ò â�ß Ñ
×Uç�öªÑ�àªæªÕFâÛßªã¬×�Øªç:[7Ðªçyöªâ�ßã�Ñ
* ê�Ý�ÙÛÙ�ç�àða�Ó�Ý�Ñ&×¬ÑFöâ�ÙÛÙXc - ð ×UØçYß¥ÑdÙ�ÔJÜ0ÙZI'àªÕdâ�ÖªÖÙ�âÛßªã�Ô�æ7×¬Ö�çYÝ�ò Ý�×/×UØªç ç�ßªà¥âÛßða�ÑFÙÛÔJÜ ÑFöªâÛÙ�Ù\c È ÿªÙ�ÔJÜ
ÑFöâ�ÙÛÙiÜ Ý�Ñ0æªÑdçYà©Ó�Ô�Õy×�ØªçÎ�uæ è ç0¦ êYÝ�ÙÛâÛÖªÕFÝ�×�â�Ô�ß�Ö�çYÝ�ò ð Ý�Ñ Ü ç�Ù�Ù Ý�Ñ ×UØçÊÔ�×�ØªçYÕ�[7ä«ç�à|×UÝ�ÕFã�ç�×
çmä«ö�çYÕdâ�ò¸çYß�×�ÑéÕFæßªßªâÛßªã4Ý�× ×UØªç¸ÑdÝ�ò¸ç�×�â�ò¸ç È'À â�ã�æªÕFç ü 6'ÑdØªÔJÜ0ÑlÝqÑFêxØçYò¸Ý�×UâÛêóÔ�Óù×�Øªç¸ßªçYæK�
×UÕdâ�ßÔ0Ö�çYÝ�òóÙÛâÛßªç2öÕFÔ�×�Ô�ß¸â�ß�×Uç�ßªÑFâÏ×eI ð Ü0âr×�Ø}×�Øªç×UâÛò¸â�ßªã}Ô�Ó(×UØç,öâ�ßªã�Ñ Ý�ßªàÊÑdÙ�ÔJÜ ÑFöªâÛÙ�Ù ÈyÀ âÛã�æªÕdçü43 ÑFØÔxÜ0Ñ�×UØªç¸ÑdØªÝ�ö�çÊÔ�Ó âÛßªàªâÏÐ�âÛàªæªÝ�Ù öâ�ßªã�ÑlÖ�Ô�×UØ?Ö�çYÓ�Ô�ÕdçóÝ�ßªà�Ý�Óõ×UçYÕ¬×�Øªç0I�ÜuçYÕdç}Ü0âÛàªç�ßªçYà



í�Æ�ï

ÀÁ�Â0ÃuÄ,Å5ü�ü�È�q âÛÝ�ã�ÕFÝ�ò Ô�Ó®[7ä«çYà¥×UÝ�Õdã�çm× Ö«ç�Ý�ò¸Ñ È�è Øªç ßçYæ7×�ÕFâÛßªÔ¸Ö«ç�Ý�òÞâÛÑ ØªâÛã�ØªÙÛâÛã�Ø�×UçYàqâÛßÖªÙÛæªç ð Ý�ßªàó×UØªç0êYÝ�ÙÛâÛÖªÕFÝ�×�â�Ô�ßÚÖ�çYÝ�ò¸ÙÛâ�ßªçlâ�Ñ2ØªâÛã�ØªÙÛâ�ã�Ø�×�çYàáâÛßÚöªâÛßªë È}è Øªç��2æ è ç0¦ àªç�×Uç�êm×UÔ�Õ2âÛÑÑFØÔxÜ0ß4â�ß|ÖªÙÛÝ�êxë�âÛß¸×�Øªç ô Ý�Ö Å$2�À çYßªê�Ù�Ô�ÑFæªÕdçYÑ È
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À�Á�ÂlÃ2Ä2Å ü�ï�Èyè ç0¦,Ý�×�ÕFÔ�ß|ò¸Ý�ã�ßªç�×éÕdÝ�ò¸ö4Ý�ßªàqöªÕFÔ�×�Ô�ß|Ôåê�êYæªöªÝ�ßªê0I'ÐªçYÕFÑdæªÑ ×UâÛòóç

àªæªÕdâ�ßã�×�ØªçyçYÝ�ÕdÙJI'öªÝ�Õ&×,Ô�Ó�×�Øªç�ÕFæªß¸âÛß í�Ç�Ç43�È¬è Øç,ò¸Ô�Õdç Â Ý�æªÑFÑdâ�Ý�ßóÑFØÝ�ö«ç�àÊöâ�ßªã�Ñ ÑdçYß�× ×UÔñÔ
ØªâÛã�Ø�â�ß�×�çYßªÑdâr×eI Ö�çYÝ�ò ×UÔé×UØç àªçm×�çYêm×�Ô�Õ}Ý�×�×UØçYâÛÕ�ö«ç�Ý�ë ð ê�Ý�æªÑdâ�ßªãqÕdçYÝ�àªÔ�æ7×óçYÙÛçYê�×UÕFÔ�ßªâ�ê�Ñ�×�Ô
ÑFÝ�×UæªÕdÝ�×Uç}àªæªçy×UÔ¸òlæªÙr×�â�öÙ�çlâ�ß�×Uç�ÕFÝ�ê�×UâÛÔ�ßªÑ,ö«ç�Õ�öªâ�ßã È�è Øªçlöâ�ßªã�Ñ�ÜuçYÕdç�Ü0âÛàªçYßçYàÊ×�ÔóÑdöªÕFç�Ý�à
×UØç Ö«ç�Ý�ò¦Ô�æ7×¸ÔJÐ+ç�Õ0Ý'Öâr×¸ò¸Ô�Õdçu×UâÛò¸ç Ý�ßªà�ÕFç�àªæªê�çóàçm×Uç�êm×�Ô�Õ�àªÔJÜ0ß�×UâÛòóç¸Ö�I Ý�Ö«Ô�æ�×^646�3O í/S43 R È

� âÏ×UØ�Ö�çYÝ�ò çmä�×UÕdÝ�êm×�çYà�Ó�ÕdÔ�ò�×�Øªç è ç0¦,Ý�×�ÕFÔ�ß ð ò¸Ô�Ñ&× Ô�Ó âr×uÜ Ý�Ñuàªâ�ÕdçYê�×UçYà�àªÔJÜ0ß�×UØç
ßªç�æ7×UÕdâ�ßªÔóÖ�çYÝ�ò¸ÙÛâ�ßªç ×�ÔxÜuÝ�ÕdàªÑ×UØªçí�2æ è ç�¦8×UÝ�Õdã�çm× È H ÑFêxØªç�òóÝ�×UâÛêéÔ�Óª×UØç0ßçYæ7×�ÕFâÛßªÔ¸Ö«ç�Ý�ò£�
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( Calibration Beam )

46587:9$;

<>=�?A@

(ν) B�CED$F B�G 5 CEC

HJI-KMLON

H�P�Q-KMLON

R-STKMLON

UVP�R-KML�N

WYX
Z\[X
]^ ZY_

À�Á�ÂlÃ2Ä2Å6ü 6 Èyè â�ò¸âÛßªãóÔ�Ó�öâ�ßªã�Ñ,Ý�ßªà4ÑdÙ�ÔJÜ�ÑdöªâÛÙ�Ù

ÙÛâ�ßªç�âÛÑ�ÑFØªÔJÜ0ß�âÛßÎ[ªã�æªÕdç ü�û�È¬è Øªç,ÑFêxØçYò¸Ý�×UâÛê,ÑFØªÔJÜ0Ñ Ö«Ô�×�ØÊÖ�çYÝ�ò ò¸Ô�ßªâÏ×UÔ�Õdâ�ßãlàªç�Ð«â�ê�çYÑ¬Ý�ßªà
ò¸Ý�ã�ßªç�×UÑ ÈyÁ ßl×UØªç�[ªã�æªÕdçYÑ ð ×UÕdâ�Ý�ßã�Ù�ç�Ñ¬Ý�ÕdçuàªâÛö�Ô�Ù�ç2ò¸Ý�ã�ßªç�×UÑ ð Ü0ØªâÛêxØ'êxØªÝ�ßªã�ç�àé×UØªç2àªâÛÕFçYê�×UâÛÔ�ß
Ô�Ó�×UØç Ö«ç�Ý�ò ð êYÔ�ß�ÐªçmäqÔ�Õ�êYÔ�ßªê�ÝJÐ+ç�Ù�ç�ßªÑ ÑFØÝ�ö«ç�Ñ Ý�ÕFç¬ìñæÝ�àªÕFæö«Ô�ÙÛçyò¸Ý�ã�ßªç�×UÑ ð Ü0Øâ�êxØ¸Ó�ÔñêYæªÑdçYà
Ô�Õyàªç�Ó�Ôåê�æªÑFç�à¸×�Øªç�Ö�çYÝ�ò È�_ æªÝ�àªÕdæªö«Ô�Ù�ç�ò¸Ý�ã�ßçm×UÑ�Ó�ÔñêYæªÑyÝ¸êxØªÝ�ÕFã�ç�à4öªÝ�Õ&×UâÛêYÙÛç�Ö�çYÝ�òÞÝ�Ù�Ô�ßªã
Ô�ßªç4Ý�ä«â�ÑÊÝ�ßªà6àçYÓ�ÔñêYæªÑÊâr×ÚÝ�ÙÛÔ�ßªã|×�ØªçÚÔ�×UØªç�Õ È�� Øªçm×�ØªçYÕÊÝ©ì�æªÝ�àªÕdæªö�Ô�Ù�çÚâ�ÑÊÑFØªÔJÜ0ß�Ý�ÑóÝ
êYÔ�ßUÐªçmäáÔ�Õ ê�Ô�ßªê�ÝxÐªç�Ù�ç�ßªÑ âÛÑ¬àªç�×Uç�ÕFò¸â�ßçYàqÖ�IóÜ0Øçm×UØçYÕ âÏ×�àªç�Ó�Ôåê�æªÑFç�à'Ô�Õ¬Ó�ÔñêYæÑFçYà�Ý�Ù�Ô�ßªã2×UØç
Ö�çYÝ�ò ä�Ý�ä«â�Ñ È

ÿªç�Ð+çYÕdÝ�Ù Ô�Ó/×UØªç�àçmÐ«â�ê�çYÑ æªÑdçYàá×UÔÚòóç�Ý�ÑFæÕFçl×�Øªç�êxØªÝ�ÕdÝ�êm×�çYÕdâ�Ñ
×UâÛêYÑ Ô�Ó�×�Øªç�Ö�çYÝ�ò Ý�Õdç
Ý�ÙÛÑFÔ4ÑFØªÔJÜ0ß�âÛßð[ªã�æªÕFç ü�û�Èáè ØªçÊêYâÛÕFê�Ù�ç�Ñ,Ü0âÏ×UØ�Ý4öªÝ�âÛÕ0Ô�Ó¯a * c|ÑFØÝ�ö«ç�à�ÙÛâ�ßªç�ÑéâÛß|×�ØªçYò Ý�Õdç
Ö�çYÝ�ò"ö�Ô�Ñdâr×�â�Ô�ßÊò¸Ô�ßªâÏ×UÔ�ÕdÑ * � � � Ñ - ð ç�ÑFÑdçYß�×UâÛÝ�ÙÛÙJIÚêYÝ�öÝ�êYâÏ×UÔ�ÕdÑ Ý�Ù�âÛã�ßªç�à}Ü0âÏ×UØ}×UØªç,Ö«ç�Ý�ò"Ý�ä«âÛÑ
öªÝ�ÑdÑFâÛßªã5Ö«ç�×�Ü ç�çYß ×UØªçÚöªÙ�Ý�×UçYÑ È�è Øªç�àªâ\Y«ç�ÕFçYßêYç�âÛß©×UØªç�âÛßªàªæªê�çYàpêxØªÝ�Õdã�ç�Ö�çm×�ÜuçYçYß ×UØç



í�Æ�û

ÀÁ�Â0ÃuÄ,Å8ü43�È©è Øç�ÑFØªÝ�ö«ç�Ô�Ó�×UØªç¨�uæ è ç0¦ öâ�ßªã�Ñ ð Ý�Ñlòóç�Ý�ÑFæÕFçYà5Ö�I?×UØªç�Ö�çYÝ�ò¨×�Ô�ÕFÔ�â�à ðÖ�Ô�×UØqÖ�çYÓ�Ô�Õdç0Ý�ßªà4Ý�Óõ×UçYÕ�Ü0âÛàªç�ßªâ�ßã�âÛß4ç�Ý�ÕFÙZI í�Ç�Ç�3

×�ÜuÔÚöªÙÛÝ�×Uç�Ñ�ÜuÔ�æªÙÛà©àçm×Uç�ÕFò¸âÛßªç0×�ØªçÊÖ�çYÝ�ò ö«Ô�ÑFâÏ×UâÛÔ�ß ð Ý�ßªà|×�ØªçYâÛÕ}ÑFæªò ×�ØªçóÕFçYÙÛÝ�×�ârÐªç�Ö�çYÝ�ò
âÛßU×�çYßªÑdâr×eI È�� � � Ñ�Ý�ÕFç×eI«öªâÛêYÝ�ÙÛÙJI|æÑFçYàóâÛßóöÝ�â�ÕdÑ ð çYÝ�êxØÊÔ�Ó(×UØç ×�ÜuÔ0òóç�Ý�ÑFæÕFâÛßªã�×�Øªç�ö«Ô�ÑFâÏ×UâÛÔ�ß
âÛßq×�Øªçuä5Ô�Õ¢I5àâ�ÕdçYêm×�â�Ô�ß Èqè Øªç¸Ó�Ô�æªÕ�ØªâÛã�ØªÙÛâ�ã�ØU×�çYà � � � Ñ�ÜuçYÕdç¸àªçmÐ«âÛêYçYÑlêYÔ�ßÑ&×UÕdæªêm×�çYà�Ö�I
×UØç Ã ßªâÏÐ+çYÕdÑFâÏ×eI�Ô�ÓÍ]}ÕdçYã�Ô�ß|ò¸Ý�êxØªâÛßªç0ÑFØªÔ�ö Èè ØªçáÑdì�æªÝ�ÕFç�ÑlÜ0âÏ×UØ�ÙÛâ�ßªç�à6êYâÛÕFê�Ù�ç�Ñ'â�ß?×UØªç4òóâÛàªàªÙÛçáÔ�Ó ×UØªç�ò ÕdçYöªÕdçYÑFç�ß�×¾a�ÿ � Á þyÑ.c ð
Ô�Õwa�ÿªçYã�òóç�ß�×UçYà � âÛÕFç Á Ô�ßªâ\WYÝ�×�â�Ô�ß©þyØªÝ�òéÖ�çYÕdÑ.c È©è ØªçYÑdç'òóç�Ý�ÑFæÕFçYàá×�Øªç�ê�ÕFÔ�ÑdÑ¥ÑFç�êm×UâÛÔ�ßªÝ�Ù
âÛßU×�çYßªÑdâr×eI öÕFÔ4[ªÙÛçqÔ�Ó ×UØªç'öªÕdÔ�×UÔ�ß Ö�çYÝ�ò Ý�ÙÛÔ�ßªã�×UØªçéä�Ô�Õ�I�Ý�ä«âÛÑ È ÿ � Á þyÑóêYÔ�ßªÑFâÛÑ&×ÚÔ�Ó�Ý
ÑFç�ÕFâÛçYÑ�Ô�Ó�Ü0âÛÕFç�Ñ�öªÙÛÝ�êYç�à�Ü0âr×�Øªâ�ß�Ý�ã�Ý�Ñ êxØªÝ�òéÖ�çYÕ Øªç�Ù�à�Ý�× Ý�ØªâÛã�Ø�ÐªÔ�Ùr×�Ý�ã�ç¥ÕdçYÙÛÝ�×UâÏÐ+ç,×UÔé×UØç
Ö�Ôåà�I'Ô�Óñ×�Øªç2àçmÐ«â�ê�ç È H Ñ ×UØç2Ö�çYÝ�ò öÝ�ÑFÑdçYÑ/×�ØªÕFÔ�æªã�Ø�×UØªç,ã�Ý�Ñ ð âÏ×uâ�Ô�ßâXW�çYÑ âr× ð Ý�ßàÊÝ0êxØªÝ�Õdã�ç
âÛÑ â�ßàªæªêYç�à�âÛß�×UØç2Ü0â�ÕdçYÑ ð Ý�Ù�ÙÛÔJÜ0â�ßã|ò¸ç�Ý�ÑFæªÕdçYò¸çYß�×ÊÔ�Ó�×�Øªç Ö«ç�Ý�ò öªÕFÔ4[Ù�ç Èóè Øç öªÕFç�ÑFçYßêYç



í�Æ�Ç

The Cave

From Switchyard

To Detector
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í/S ú

Ô�Ó�×�Øªç¥ã�Ý�Ñ2Ö«Ô�×UØáç�ßªÝ�ÖªÙÛçYÑ¬×�Øªç¥ò¸çYÝ�ÑdæªÕFç�ò¸çYß�× ð Öªæ7×¥Ý�ÙÛÑFÔ'êYÝ�æªÑFç�Ñ�ÑFò¸çYÝ�Õdâ�ßã'â�ß�×�ØªçéöªÕdÔ4[ªÙÛç
ò¸çYÝ�ÑdæªÕFç�ò¸çYß�× àªæçy×�Ô¸àªâ�Ñdö«ç�ÕFÑdâ�Ô�ß¸Ü0âr×�ØªâÛßó×UØç0ã�Ý�Ñ Èè Øªç ØªÝ�×UêxØçYà¥ê�â�ÕdêYÙÛçYÑ«Ü0âÏ×UØlêYÕFÔ�ÑFÑ=�JÙ�âÛë�ç¬ÑFØªÝ�ö�çYÑ�Ý�×F×�Ý�êxØªç�à2×UÔ ×UØªç�ò8Ý�ÕFç ×UØªçõa�ÿ Å�Åéq Ñ.c ð
Ô�ÕÒa�ÿªçYê�Ô�ßªàªÝ�Õ�I Å ò¸â�ÑdÑFâÛÔ�ß Å ÙÛçYê�×UÕdÔ�ß q ç�×Uç�êm×UÔ�ÕFÑ.c O í/S�û R È¸è Øªç�ÑFçóàªçm×�çYêm×�Ô�ÕFÑ¬ÜuçYÕdç¸æªÑFç�à'×�Ô
ò¸çYÝ�ÑdæªÕFç ×�Øªç¥Ö�çYÝ�ò¦öªÕFÔ4[Ù�ç ò¸Ô�Õdç àªâ�ÕdçYê�×UÙZI ð Ý�ßªà�ÜuçYÕdç æªÑFç�à�Ý�ÑuÝ|ò¸ç�Ý�ßªÑ�Ô�Ó�êYÝ�Ù�âÛÖªÕFÝ�×UâÛßªã
×UØçyÿ � Á þyÑ Èyè Øªç�ÿ Å�Åéq Ñ�ÜuçYÕFç�ÕdçYÙÛÝ�×Uç�à}×�Ô¬×UØªçyÿ � Á þyÑ ð ç�ä«êYçYö�× ×�ØªçYÕdçÜ Ý�Ñ ßÔ0ã�Ý�Ñ â�ßÑFâÛàªç
×UÔóàªâÛÑFö�çYÕdÑFç,×�Øªç0êxØªÝ�ÕFã�ç È Á ß¸×UØªç�â�Õ,êYÝ�Ñdç�×�Øªç0êxØªÝ�ÕFã�ç�ÜuÝ�ÑuâÛßªàªæêYçYàÚàªâ�ÕdçYê�×UÙZI?Ô�ßó×�Øªç�Ü0âÛÕFç�Ñ
×UØçYò¸ÑFç�ÙrÐªçYÑ È2è ØªâÛÑyÝ�Ù�ÙÛÔJÜ ç�àr[ªßªçYÕyò¸ç�Ý�ÑFæªÕdçYò¸çYß�×lÔ�Ó×�Øªç�Ö«ç�Ý�ò öªÕFÔ4[Ù�ç ð Öªæ7×}àâ�à'ÑdÔ Ý�× ×UØç
çmä«ö�çYßªÑdç¥Ô�Ó«×�Øªç,Ü0âÛÕFç�Ñ Èlè ÔÊÕFçYàæªêYç¥àÝ�ò¸Ý�ã�ç0Ô�ßÊ×UØç�Ü0âÛÕFç�Ñ Ó�ÕFÔ�ò ×�ØªçéÖ�çYÝ�ò ð ×UØçéÿ Å�Åéq Ñ
ÜuçYÕFç0àªâÛöªö�çYà|â�ß|Ý�ßªà|Ô�æ7×0Ô�Ó+×UØç0Ö�çYÝ�òýö«ç�ÕFâÛÔåàâ�ê�Ý�Ù�ÙZI'×UØÕFÔ�æªã�ØªÔ�æ7×y×�Øªç}ÕFæªß Èè Øªç2Øªâ�ã�ØªÙ�âÛã�Ø�×Uç�à�öªâÛÙ�ÙZ�xÙÛâÛë�çuÑdØªÝ�ö�çYÑ Ý�×�×UØªç,Ö«Ô�×F×UÔ�ò"Ô�Óå×�Øªç2ÙÛçYÓõ×uÝ�ßªà}×UÔ�öóÔ�Óå×�Øªç,ÕFâÛã�Ø�×
ØªÝ�ÙÛÓÔ�ÓM[ªã�æªÕdç ü�û Ý�ÕFçlÖ«ç�Ý�ò ×UÔ�ÕFÔ�âÛàªÑ ð àªâÛÑFê�æªÑFÑdçYà�â�ßÚÑFÔ�ò¸çéàçm×UÝ�â�Ù/â�ß4Ý�öªö�çYßªàârä H Èùè Øªç�ÑFç
àªç�Ð�âÛêYç�Ñ¥Ü ç�ÕFç�×UÔ�ÕFÔ�âÛàªÝ�Ù2êYÔ�âÛÙ�Ñ�öªÙ�Ý�êYçYàpê�Ô�Ý�ä«â�Ý�Ù Ü0âÏ×UØ©×UØç�Ö«ç�Ý�ò ×�Ô�ò¸çYÝ�ÑdæªÕFç�×�Øªç�Ö�çYÝ�ò
êYæÕFÕFç�ß�× È è Øªç0I5ÜuçYÕFç|æªÑdçYà)Ý�ÑóÝ�a�Ö�çYÝ�ò ã�Ý�×�ç@c?Ó�Ô�Õu×UØªçr�2æ è ç�¦ ç�ä«ö«ç�ÕFâÛòóç�ß�× ð Ý�Ñ ÜuçYÙÛÙ
Ý�Ñ ×UÔÊêYÝ�ÙÛâ�ÖÕFÝ�×�ç,×UØçlâÛß�×UçYßÑFâÏ×eI ò¸çYÝ�ÑdæªÕFç�ò¸çYß�×UÑ�Ô�Ó�×UØªçlÔ�×UØçYÕ,Ö«ç�Ý�ò¨ò¸Ô�ßªâÏ×UÔ�Õdâ�ßªã�àªçmÐ«âÛêYçYÑ ð
Ý�Ñ ×UØç'Ö«ç�Ý�ò êYæÕFÕFç�ß�×áê�Ý�ß5Ö«çqàªç�×UçYÕdò¸â�ßªç�à)Ó�ÕdÔ�ò [ªÕdÑ&×4öªÕdâ�ßªê�â�öÙ�ç�Ñ È è ØªçYÕdç¸ÜuçYÕdç ×�ØªÕFç�ç
×UÔ�ÕFÔ�âÛàªÑ�öªÙÛÝ�êYç�à�â�ß�×UØç Ö«ç�Ý�ò¸Ù�âÛßªç ð ×�ÜuÔ * Ô�ßªç Ý�êm×UâÏÐ+ç ð Ô�ßªç ÑFöÝ�ÕFç - âÛß�Ó�ÕFÔ�ßU×óÔ�Ó ×�Øªçu×UÝ�ÕFã�ç�×
×UÔ�ò¸çYÝ�ÑdæªÕFçÊ×�ØªçÚâÛß�×Uç�ßªÑFâÏ×eI Ô�Ó ×UØªç4öªÕFÔ�×UÔ�ß Ö«ç�Ý�ò ð Ý�ßªà)Ô�ßªçÚöªÙÛÝ�ê�çYà6âÛß�×UØç4ÑdçYêYÔ�ßªàªÝ�Õ�I
Ö�çYÝ�ò È�è Øªç0ÑFçYê�Ô�ßªàªÝ�Õ=I?Ö�çYÝ�ò ×�Ô�ÕFÔ�â�à¥ÜuÝ�Ñ2ê�Ý�ÙÛÙ�ç�à¸×�Øªçwa�Ý�â�Õ�×�Ô�ÕFÔ�â�à	c ð Ö«ç�êYÝ�æÑFç0æªßªÙÛâ�ë7ç,×UØç
×�ÜuÔ4âÛß�×UØªç öªÕdâ�ò¸Ý�Õ�I Ö�çYÝ�ò âr× ÜuÝ�Ñ}ßªÔ�×óöÙ�Ý�ê�çYà?æªßªàªç�Õ¬ÐåÝ�êYæªæò È'è Øç Ý�â�Õ¬×�Ô�ÕFÔ�â�à�ÜuÝ�Ñ}Ý
ÕFç�Ù�âÛêéÓ�ÕdÔ�òýÝ�ß4Ô�ÙÛàÚçmä«ö�çYÕdâ�ò¸çYß�× ð Ý�ßªà¸Ü Ý�ÑuÖ�Ô�×UØ ×UÔñÔÊÙÛÝ�Õdã�çlÝ�ßªàó×�ÔåÔóÙ�ç�Ý�ë�Iq×UÔóÖ«çy×UÕdæªÑ&×�çYà
æªßªàçYÕ/×�Øªç,Ö«ç�Ý�ò¸öªâ�ö�ç ÐåÝ�ê�æªæªò ÈyÁ × Ü Ý�Ñ öªÙÛÝ�êYç�à�êYÔ�Ý�ä�âÛÝ�ÙÛÙJI¸Ü0âÏ×UØ�ÝlêYç�ÕFÝ�ò¸âÛêuÑFç�êm×�â�Ô�ß�Ô�Óå×UØç
Ö�çYÝ�ò"öâ�ö�ç�â�ßóÔ�ÕFàçYÕi×UÔ}ò¸çYÝ�ÑdæªÕFç ×UØç,âÛß�×Uç�ßªÑFâÏ×eI4Ô�Ó�×�Øªç�ÑFç�êYÔ�ßªàÝ�Õ=I|Ö�çYÝ�ò È è Øç2Ý�âÛÕ�×UÔ�ÕFÔ�âÛà
ØªÔJÜuçmÐ+ç�Õ¥ØªÝ�à?ß�æªò¸çYÕdÔ�æªÑéöÕFÔ�ÖªÙÛçYò¸Ñ ÈÚè ØªçóØªÝ�ÙÛÔ4Ó�ÕdÔ�òÞ×�ØªçÊÑdçYê�Ô�ßªàªÝ�Õ�I Ö«ç�Ý�ò<âÛßU×�çYÕdÝ�êm×�çYà



í/S+í

Ü0âÏ×UØqÖ«Ô�×UØé×UØç�Ý�â�Õ¬â�ß'Ö�çm×�ÜuçYç�ßó×UØç�Ý�â�Õ/×UÔ�ÕdÔ�â�à'Ý�ßªàé×UØªç�ê�çYÕdÝ�ò¸â�ê�öªâÛö�ç ð Ý�ßªàé×�Øªç�ÕFç�Ý�àªÔ�æ�×
çYÙÛçYê�×UÕdÔ�ßªâÛêYÑ ð ò¸Ô�æªß�×Uç�àÚÔ�ß ×UØçlç�äñ×�çYÕdâ�Ô�Õ�ê�Ý�ÑFâÛßªã�Ô�Ó�×UØç0àçmÐ«â�ê�çéâÏ×UÑdçYÙÛÓ È2è ØªâÛÑuÙÛçYà ×UÔóÕFÝ�×UØªç�Õ
êYÔ�ßªÓ�æªÑFâÛßªãáÖ�çYØÝxÐ«âÛÔ�Õ È�è ØªçÊÑFç�êYÔ�ßªàÝ�Õ=I)Ö«ç�Ý�ò ÜuÔ�æªÙÛà 	 âÛö�ÑFâÛã�ß�àªç�ö«ç�ßªàªâÛßªãáâÛÓ�×UØç�Ö�çYÝ�ò
ÜuÝ�ÑlöÙ�Ý�ê�çYà�âÛß?ßªçYæ7×�ÕFâÛßªÔÚÔ�Õ0âÛß©Ý�ßU×�â�ßçYæ7×�ÕFâÛßªÔÚò¸Ôñàªç È4è Øªç�Ñdâ�ã�ßÝ�Ù�â�ß'×UØªçóÝ�âÛÕ ×UÔ�ÕdÔ�â�à ð âÛß
öªÕdâ�ßªê�â�öÙ�ç�ÖªÝ�ÑdçYàóÔ�ß ×UØªçyÑdçYê�Ô�ßªàªÝ�Õ�I|Ö«ç�Ý�ò ê�æªÕFÕdçYß�× ð ÜuÝ�Ñi×UØªç�ßÊÝ�Ù�ÑdÔ0ç�ä«ö«ç�êm×Uç�à}×�Ô 	 â�ö¸Ñdâ�ã�ß ÈÁ ßªÑ
×UçYÝ�à ð ×�ØªçéÝ�âÛÕ ×UÔ�ÕdÔ�â�à|ò¸çYÝ�ÑdæªÕFç�à�×UØªçlÑFâÛã�ßªÝ�Ù/Ô�Ó�×UØªçlçYÙÛçYêm×�ÕFÔ�ßÑ Ö«ç�â�ßã�Ñ&×�ÕFâÛöªö�çYà�Ô4Y�×UØç
Ý�âÛÕ�Ö«ç�×�Ü ç�çYß�âr×ÊÝ�ßªà�×�Øªç¸Ö«ç�Ý�ò¸Ù�âÛßªç ð öªÕdÔåàªæêYâÛßªãqÝ|Ñdâ�ã�ßªÝ�Ù ð ×�ØªÔ�æªã�Ø�ÑdÔ�ò¸çYØªÔJÜ¨ÕdçYÙÛÝ�×Uç�àq×�Ô
×UØç¥Ö«ç�Ý�ò â�ß�×Uç�ßªÑFâÏ×eI ð Ü0Øâ�êxØ�ÜuÝ�Ñ�Ý�ÙÏÜ Ý�I«Ñ¬×UØªçéÑFÝ�ò¸ç¥Ñdâ�ã�ß È H Ñ�âÛÓ�×UØªâÛÑ ÜuçYÕFç ßÔ�× ç�ßªÔ�æªã�Ø ð
×UØç0Ö�çYÝ�ò ØªÝ�ÙÛÔ¸â�ß�×�çYÕFÝ�êm×UâÛßªã�Ü0âr×�Ø¸×�Øªç}çYÙÛçYê�×UÕFÔ�ßªâ�ê�Ñ2ê�Ý�æªÑdçYàó×�Øªç�Ý�ò¸öªÙÛâX[çYÕFÑ ×UÔ¸Ý�ÕdÖªâÏ×UÕFÝ�ÕFâÛÙJI
ÑFØâ�Óõ×Êã�Ý�âÛß�ÑFç�×F×UâÛßªã�Ñ ð êYÝ�æªÑdâ�ßã4Ñ
×UÕFÝ�ßªã�ç£ÿmæªò¸öªÑ}â�ß�×�Øªç¸Ô�æ7×Uöæ7×óÑFâÛã�ßªÝ�Ù È¤� ç�êYÝ�æÑFçóÔ�Óù×�ØªçYÑdç
Ó�çYÝ�×UæªÕdçYÑ ð ×�Øªç}Ý�â�Õ�×�Ô�ÕFÔ�â�à Ü Ý�Ñ2ßªç�Ð+ç�Õ2æªÑdçYà ð Ý�ßà4âÏ×lâ�Ñ�Ô�ßªÙZI�ò¸çYß�×�â�Ô�ßçYàáØªç�ÕFç}Ý�Ñ�ÝóëñâÛßªà|Ô�Ó
ÜuÝ�ÕFßªâÛßªã2×�Ô¥Ý�ß�I+Ô�ßªç Ü0ØªÔ¥ò¸Ý�I4ØªÝJÐ+ç ×�ØªçuÖÕFâÛã�Ø�×}â�àçYÝ2×�Ô,×UÕ�I4ÑFæªêxØ'Ý2×�ØªâÛßªãéâÛßl×UØçuÓ�æ7×�æªÕFç È

a æªÑ
×�Ý�Øªç�Ý�à�Ô�Óå×UØªç��uæ è ç�¦ ×UÝ�ÕFã�ç�× âÛß¨[ªã�æªÕFç ü�û�ð â�Ñ Ý�×�â�ß�I4ÕFç�êm×�Ý�ßªã�ÙÛç ð ÕFçYöÕFçYÑdçYß�×UâÛßªã
ÝÒa�ÿ Å�� c ð Ô�Õ�a�ÿªç�êYÔ�ßªàÝ�Õ=I Å òóâÛÑFÑdâ�Ô�ß � Ô�ßªâÏ×UÔ�Õ�c È¬è Øªç¬ÿ Åé� Ü Ý�Ñ�Ý ê0I«ÙÛâ�ßªàçYÕ êYÔ�Ý�ä«â�Ý�ÙUÜ0âÏ×UØ
×UØçÊÖ�çYÝ�ò ð Ü0âÏ×UØ©Ó�Ô�â�ÙÛÑ}öªÙ�Ý�êYçYà©â�ß'×UØªç¸Ö�çYÝ�ò È H Ñy×UØªç¸Ö�çYÝ�ò öÝ�ÑFÑdçYà4×�ØªÕFÔ�æã�Øq×�ØªçóÓ�Ô�â�ÙÛÑ ð
âÏ×2ÜuÔ�æªÙÛàÚë�ßªÔñêxëqçYÙÛçYêm×�ÕFÔ�ßÑuÔ4Y�×UØçYò¨Ý�ßªà¸×UØªç0ÕFç�ÑFæªÙÏ×UâÛßªã�êxØÝ�ÕFã�çyÜuÝ�ÑuÝóò¸çYÝ�ÑdæªÕFç�òóç�ß�×¸Ô�Ó
×UØç Ö«ç�Ý�ò�â�ß�×�çYßªÑdâr×eI È2è Øªç��uæ è ç0¦�öâ�ßªã�Ñ ØªÔJÜ ç�Ð+ç�Õ,ÑdçYß�×}Ý¥ÙÛÝ�Õdã�çuöªæÙ�Ñdç * | í ú 1 2 öªÕFÔ�×�Ô�ßªÑ -
×UØÕFÔ�æªã�Ø|×UØçÊÓ�Ô�âÛÙÛÑ0âÛß©Ý|ÑFØÔ�Õ&×0×UâÛò¸ç Èáè Øªç�ÕFçÊÝ�ÕFçóÔ�ßªÙZI ÑFÔ4òóÝ�ß�I ç�Ù�ç�êm×�ÕFÔ�ßªÑlÝJÐÝ�â�ÙÛÝ�ÖªÙÛç}×�Ô
Ö�ç0ë�ßªÔñêxë�ç�àáÔ4Y�×�Øªç}Ó�Ô�â�Ù ð Ý�ßªà|Ý�Ñ�ÝóÕFçYÑdæªÙÏ×2×�Øªç}ÿ Åé� âÛßU×�çYßªÑdâr×eI�ò¸çYÝ�ÑFæªÕdçYò¸çYß�× ÑdÝ�×UæÕFÝ�×�çYà
àªæªÕdâ�ßã�×�Øªç�ØªâÛã�Øªç�Õ'â�ß�×Uç�ßªÑFâÏ×eI8öªâÛßªã�Ñ È À âÛã�æªÕdç ü�Ç ÑFØÔxÜ0Ñ¥×�Øªç�â�ß�×�çYßªÑdâr×eI ò¸çYÝ�ÑFæªÕdçYò¸çYß�×
Ó�ÕFÔ�ò ×UØªçÊöªÕFâÛò¸Ý�Õ=I Ö�çYÝ�ò ×�Ô�ÕFÔ�âÛà|Ð«Ñ�×UØªÝ�×�Ó�ÕFÔ�ò ×UØªçÊÿ Åé�áÈ ÿÝ�×UæªÕdÝ�×UâÛÔ�ß�â�ÑlêYÙÛçYÝ�ÕdÙJI)ÑFç�çYß
Ö�çYã�âÛßªßªâÛßªãóÝ�×0öªâÛßªãÊâÛß�×Uç�ßªÑFâÏ×UâÛçYÑ2ã�ÕFç�Ý�×Uç�Õ ×�ØªÝ�ßqÝ�Ö�Ô�æ7× í � ï A í ú 1 � öªÕFÔ�×UÔ�ßªÑ Èè Øªç öªæÕFö�Ô�ÑFç Ô�Ói×�Øªç¥Ö�çYÝ�ò�Ü Ý�Ñ¬×�Ô'àªçYÙÛâÏÐ+çYÕ}ßªç�æ7×UÕdâ�ßÔ�Ñ�Ý�ßªà�Ý�ß�×�â�ßªç�æ7×UÕdâ�ßÔ�Ñ ×UÔé×UØç
�uæ è ç�¦�àªçm×�çYê�×UÔ�Õ Èyè Øªç�[ªÕdÑ&× Ñ&×Uç�ö�âÛßl×UØªâÛÑ/ÜuÝ�Ñ�×�ÔéàªÕdârÐªç ×UØç2öªÕdÔ�×UÔ�ß�Ö«ç�Ý�ò âÛßU×�Ô¥Ý,×�Ý�ÕFã�çm× ð



í/S�Æ

ÀÁ�Â0ÃuÄ,Å ü�Ç�È ÿÝ�×UæªÕdÝ�×UâÛÔ�ß�Ô�Ó�×UØçÊßªç�æ7×UÕdâ�ßÔáÖ«ç�Ý�ò¸Ù�âÛßªçÊÿ Åé�áÈ è Øç0ä Ý�ä«â�Ñlâ�Ñ�×UØªçóÿ Åé�âÛßU×�çYßªÑdâr×eI òóç�Ý�ÑFæÕFçYò¸ç�ßU× ð ×UØç¯I Ý�ä«âÛÑ�âÛÑé×UØªçáò¸ç�Ý�ÑFæªÕdçYò¸çYß�×�Ó�ÕFÔ�ò ×�ØªçáöªÕdâ�ò¸Ý�Õ�I Ö�çYÝ�ò×UÔ�ÕFÔ�âÛà ÈM� ç0ÑdçYç0ÑFÝ�×�æªÕFÝ�×UâÛÔ�ßqÖ«ç�ã�â�ßßªâ�ßã0×UÔ¸ÔñêYê�æªÕ�ÕFÔ�æªã�ØªÙJI�Ý�Ö«ÔJÐªç í � 3�ï A í ú 1 � öÕFÔ�×�Ô�ßªÑ È
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ÀÁ�Â0ÃuÄ,Å)ï�Æ�Èyè Øç Ã ÿªÿg� Õdâ�ßêYçm×�Ô�ßÚê�â�ÕdêYÝ í�Ç�ü43�ÈyÃuÈ ÿ È �uÝJÐ�I�öªØªÔ�×UÔ

ÿªÿ _}è ö�Ô�Ù�Ý�ÕFâÏ×eI - È H ×�×�Øªçáç�ßªà�Ô�Ó¬×UØçÚàªç�êYÝ�I öªâÛö�çÊÜ Ý�Ñ�Ý�ÙÛÔ�ßªã�ÙÛçYßªã�×UØ�Ô�Ó ÑdØªâÛçYÙÛàªâ�ßã ÈÁ ×UÑ}öªæÕFö�Ô�ÑFç¸âÛß?âÛò¸ò¸çYàªâÛÝ�×Uç�×Uç�ÕFò¸Ñ Ü Ý�Ñy×�ÔqÑ&×UÔ�ö�Ý�ß�I5ÕdçYò¸Ý�âÛßªâÛßªã4öâ�Ô�ßÑ0Ý�ßªà�ë�Ý�Ô�ßªÑ ð Öªæ�×
Ý�ÙÛÑFÔÊ×�ÔáÕFç�ò¸ÔxÐªçé×UØªçÊòéæªÔ�ßªÑ Ó�ÕFÔ�ò ×�Øªç�àªç�êYÝ�I)Ö«ç�Ý�ò È�è ØªâÛÑ2Ü Ý�Ñ¥Ý�êxØªâÛçmÐªçYà Ö�I)Ý�Ö�Ô�æ7×�Ý
ØªÝ�ÙÛÓyò¸â�ÙÛç�Ô�Óyê�Ô�ßªê�ÕFçm×�ç'Ý�ßªà Ñ
×UçYç�Ù È è Øç�Ñ&×�çYçYÙ¬æªÑFç�à â�ßÚ×�Øªâ�ÑéÙ�Ô�ßãáÑFØªâÛçYÙÛàªâÛßªã�Ö«ç�ÕFò ð ÜuÝ�Ñ
Ý�ê�×UæªÝ�ÙÛÙZI�×UØªç}Ñ
×UçYç�ÙùöªÙ�Ý�×UâÛßªãÊÓ�ÕdÔ�ò ×�Øªç}Ý�âÛÕFêYÕdÝ�Óõ×lêYÝ�ÕdÕFâÛçYÕ Ã ÿÿÒ��ÕFâÛßªê�çm×UÔ�ß ð ÑFØªÔJÜ0ßÚâÛßg[ªã�æªÕdçï�Æ�ÈÚÁ ßªêYâÛàªçYß�×�Ý�Ù�ÙZI ð Õdâ�ÖÑlÓ�ÕdÔ�ò ×UØªçÎ��ÕFâÛßªêYç�×UÔ�ß©Ý�ÕFçóÝ�ÙÛÑFÔóÜ0ØÝ�×l×�Øªçßa � ÕFÔ�ë7çYß�ÿ�I«òóò¸ç�×UÕ=IÃc
ÑFê�æªÙÛö7×UæªÕdçlÝ�×y×UØªç}ßªÔ�Õ
×UØ|çYß�×UÕdÝ�ßªê�ç�×�Ô À ç�ÕFò¸â�ÙÛÝ�Ö|â�Ñ�ê�Ô�ßªÑ&×�ÕFæªê�×Uç�àÚÓ�ÕFÔ�ò Èè Øªç Ù�Ô�ßã Ö«ç�ÕFò Ô�ÓÑ&×Uç�çYÙ ð àªâÛÕ&× ð Ý�ßªàlêYÔ�ßªê�ÕFç�×Uç:[ªÙÏ×Uç�ÕFç�à Ô�æ7×¬Ý�Ù�ò¸Ô�Ñ
×yÝ�ÙÛÙ�Ô�Ó7×�Øªç¬òlæªÔ�ßªÑ ð
ÕFç�ÑFæªÙÏ×UâÛßªã¥âÛß�Ý0ßªç�æ7×UÕdâ�ßªÔlÖ«ç�Ý�ò Ü0ØªâÛêxØ'öªÝ�ÑdÑFçYà0×UØªÕdÔ�æªã�Ø ô Ý�Ö Å�È�Á ß�×UçYÕdÝ�êm×�â�Ô�ßªÑ¬Ô�Óñ×UØªç,ßªçYæK�
×UÕdâ�ßÔ�ÑiÜ0âr×�Øóò¸Ý�×�çYÕdâ�Ý�Ù+âÛß ×UØªç�Ö�çYÕdò"Ý�ÙÛÑFÔ}êYÕdçYÝ�×�çYàóÝ0ÖÝ�êxë�ã�ÕFÔ�æßªà�ÑdÝ�ò¸öªÙ�ç�Ô�Ó�òéæÔ�ßªÑ�êYÝ�ÙÛÙÛçYà
a�Ñ
×UÕFÝ�â�ã�Ø�×/×UØªÕdÔ�æªã�ØéòéæªÔ�ßÑ.c È è Øªâ�Ñ�òóÔ�ÕFç Ô�Õ�ÙÛçYÑdÑæªßªâÛÓ�Ô�Õdò ÖªÝ�êxë�ã�ÕFÔ�æªßªà¥Ô�ÓöªÕFç�àªÔ�ò¸â�ßÝ�ß�×UÙZI
Ñ&×�ÕFÝ�âÛã�Ø�×éòéæªÔ�ßÑ2öªÕdÔJÐ�âÛàªç�àáÝÊæÑFçYÓ�æÙ�×�ÔåÔ�Ù�Ó�Ô�Õ�Ý�Ù�âÛã�ßªâÛßªãóÝ�ßªà4êYÝ�ÙÛâ�ÖÕFÝ�×�â�ßªãóçYÙÛçYò¸ç�ßU×�Ñ âÛßó×UØç
�uæ è ç�¦ýàªç�×Uç�êm×UÔ�Õ È
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νµ
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ÀÁ�Â0ÃuÄ,Å ï�S�È5è Øªçd�uæ è ç0¦ ßçYæ7×�ÕFâÛßªÔ�Ý�ßªà Ý�ß�×UâÛßªç�æ7×UÕdâ�ßªÔ 	 æ�ä Èß� Ô�×�Ø5öªÙ�Ô�×UÑ¥ÑdØªÔJÜ ×UØçÑFò¸Ý�ÙÛÙ âÛòóöæªÕFâÏ×eI?àªæªçy×UÔ ×UØçyÜ0ÕdÔ�ßªã¸ÑFâÛã�ß|ÖªÝ�êxë�ã�ÕdÔ�æªßªàªÑ È
À âÛã�æªÕdç ï4S ÑFØªÔJÜ0Ñ ×UØç 	 æ7ä Ô�Ó ßçYæ7×�ÕFâÛßªÔ�Ñ}Ô�Õ Ý�ß�×�â�ßªç�æ7×UÕdâ�ßÔ|âÛß�×UØªç Ö�çYÝ�ò ÕFç�Ý�êxØªâÛßªã

×UØçd�uæ è ç0¦ àªçm×�çYê�×UÔ�Õ ð öªÙÛÔ�×d×UçYàáÐªçYÕFÑdæªÑóçYßªç�ÕFã/I È�è ØªçYÕdç|Ý�ÕFç¥×�Ü Ô�ö�çYÝ�ë�Ñ¸âÛß�×�ØªçqçYßªç�ÕFã/I
àªâÛÑ&×�ÕFâÛÖªæ7×UâÛÔ�ß ð ×UØªçóÙ�ÔJÜuçYÕ¥Ô�ÕFâÛã�â�ßÝ�×UâÛßªã|Ó�ÕFÔ�ò<öªâÛÔ�ßªÑlâ�ßq×UØªçóàªç�êYÝ�I6Ö�çYÝ�ò ð ×UØªçóØªâÛã�Øªç�ÕéçYßK�
çYÕdã/I5ö�çYÝ�ëÚÓ�ÕFÔ�ò�×UØªçq0}Ý�Ô�ßªÑ}âÛßq×�Øªç¸Ö«ç�Ý�ò È'è ØªçÎ[ªã�æªÕdçóÝ�Ù�ÑdÔ|ÑdØªÔJÜ0Ñ�×�Øªç a Ü0ÕFÔ�ßªã4Ñdâ�ã�ß	c
ÖªÝ�êxë�ã�ÕdÔ�æªßªàÑ¥â�ß©çYÝ�êxØ ö�Ô�ÙÛÝ�ÕFâÏ×eI È?è Øªç�öªæÕFâÏ×eI6Ô�Ó/×UØªçÊßªçYæ7×�ÕFâÛßªÔ�Ö�çYÝ�òýÜuÝ�Ñ Ç�Ç�ÈÛÇ 3 ð Ý�ßªà
ÜuÝ�Ñ Ç�Ç�ÈX3 3 Ó�Ô�Õ�×�Øªç}Ý�ß�×UâÛßªçYæ7×�ÕFâÛßªÔóÖ«ç�Ý�ò È� I5×UØç4ç�ßªà6Ô�Ó2àªÝ�×UÝq×UÝ�ë�âÛßªã ð �2æ è ç0¦ ×�ÔåÔ�ë í � ü�S A í ú 1wv öªÕdÔ�×UÔ�ßªÑÊÔ�ß?×UÝ�ÕFã�ç�×áâÛß
ßªç�æ7×UÕdâ�ßªÔóÕFæßªßªâÛßªã ð Ý�ßªà í � 3�Æ A í ú 1wv öªÕFÔ�×UÔ�ßªÑ�âÛß4Ý�ßU×�â�ßçYæ7×�ÕFâÛßªÔÊò¸Ôñàªç È�À âÛã�æªÕdç ï�ü ÑFØªÔJÜ0Ñ
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á:Ò�×�×Yà:Ò�Ñ�Ï�é6Ò�ÓOÏ(ä�ÑEÕ�éAÜfÕ�Þ�Þ²ÏhÑ ø Üh×�Ò�ÓïÅ À�ì ß�á�Ô¤Ð�Î À<� Ï*å¶ÏhÖO×\òâàEÞOÒ�ÜfÏhÓïÜfÒ�Ð�ÎOÕºÓOÏ(à½Ð�ÑEÔ�ÞOàEË/ÌkÎOÏ
Ä ø ó�ÏfÒ�é6à�ÒhÐ�Ð�ÎOÏµó²Õ�ÑEÓOÏfÑEà¦Õ�ä!ÏhÒ�Ü8ÎïÜhÏf×Y×¼Ò�ÑEÏµÎOÏh×�Ó-Ò�Ð øuë É ì�ì å¶Õ�×\Ð�àEß¼Ò�Ö�Óïà�ÙOÞ�ÞO×¤ò�å¶Õ�×¤Ð�Ò�Ý�Ï�Ð�Õ
Ð�Î�Ï:à Ð�Ñ�ÔYÞOà�Ë�ÌkÎOÏ:à Ð�ÑEÔ�Þ(åOÕ�×\Ð�Ò�Ý�Ï�Ô�à¬à Ð�ÏfÞOÞ�ÏfÓ>ÓOÕuá�ÖÔYÖOÜfÑEÏféqÏfÖ�Ð�Ò�×�×\ò§å²ÔYÒ�å¶Õ�×\Ð�Ò�Ý�Ï¦ÓOÔ\å²Ô�ÓOÏhÑ�à�Ð�Õ
éqÒ�ÔYÖ�Ð�Ò�ÔYÖlÒqÙOÖOÔYä�Õ�ÑEé Ïf×YÏfÜ.Ð�Ñ�ÔYÜ�æOÏf×YÓûÔYÖOà�ÔYÓOÏkÐ�ÎOÏ/ÜhÏf×Y×�Ë

� ÎOÏhÖ-ÒbÜ8ÎOÒ�ÑEÝ�ÏfÓ-ÞOÒ�Ñ Ð�ÔYÜf×YÏtÞOÒ�à�à�ÏhÓbÐ�ÎOÑEÕ�ÙOÝ�ÎïÒ§ÜfÏf×Y×Yß!Ô¤Ðt×�Ïhä Ðqó�ÏfÎOÔYÖOÓ-ÒµÐ�Ñ�Ò�ÔY×�Õ�ä!Ô�Õ�ÖOà
Ò�ÖOÓlÏf×YÏfÜ.Ð�Ñ�Õ�ÖOà:ÔYÖ6Ð�ÎOÏ(Ý�Ò�à�Ë¦ÌkÎOÏµÏf×YÏfÜ.Ð�Ñ�Õ�ÖOà:ÓOÑEÔ�ä Ð�ÏfÓâþ ÎOÏhÖOÜfÏ�Ð�ÎOÏ�ÖOÒ�éqÏH>{ÓOÑ�ÔYä ÐtÜ8Î�Ò�é(ó�ÏfÑ&?��



Àhë É

9/16 in

5 inches

field wire +350 V
sense wire +1750 V- 4500 V

drift strip

10 feet

10 feet

a.

b.

Ã!Ä{Å�Æ:Ç�ÈI� À Ëkÿ�Ø:ÙOÌ`Ï*Ú�ÓOÑ�ÔYä Ð�Ü8ÎOÒ�éµó²ÏhÑ

ÒhÐñÒ�ÖðÒ�ÞOÞOÑEÕ��²ÔYéqÒhÐ�Ïh×¤ò ÜhÕ�ÖOà½Ð�Ò�Ö�Ðå¶Ïh×�ÕºÜfÔ\Ð{ò Õ�ä1É ù Ë ëKJ éL#�ÖOà�Ë ÌkÎOÏ§Ð�Ô�éqÏ§Ð�Î�ÒhÐbÐ�Î�ÏïÔ�Õ�ÖOà
Ð�ÕºÕ�õñÐ�ÕnÔ�ÖOÓ�ÙOÜfÏ ÒTà�ÔYÝ�ÖOÒ�×1Õ�ÖrÐ�Î�Ïá�ÔYÑ�Ïá:Ò�àléqÏhÒ�à�ÙOÑEÏfÓmÒ�ÖOÓ ÙOà�ÏhÓnÐ�ÕTÓOÏ.Ð�ÏhÑ�éqÔ�Ö�Ï�Ð�Î�Ï
Þ�Õ�à�Ô\Ð�ÔYÕ�Ö6Õ�ä÷á�Î�ÏfÑ�Ï!Ð�ÎOÏ�ÞOÒ�Ñ Ð�Ô�Üh×�Ï!á:ÏfÖ�Ð¸Ð�ÎOÑEÕ�ÙOÝ�Î¦Ð�Î�Ï�ÜhÏf×Y×�ËkÌkÎ�Ï�à½Ð�Ò�Ñ½Ð$Ð�ÔYé6Ï!á:Ò�à$ÓOÏfæ�ÖOÏfÓ¯ó�ò
Ð�Î�Ïtà�ÜhÔ�Ö�Ð�ÔY×Y×�ÒhÐ�Õ�Ñ�à1Ù�ÞOà Ð�Ñ�ÏfÒ�é6Ë�þ½ÌkÎOÏtàEÜfÔYÖ�Ð�Ô�×Y×YÒhÐ�Õ�ÑEà1Ò�Ñ�Ïµä�Ò�à ÐiÓOÏ*å²ÔYÜfÏfàEß á�Ô¤Ð�Î§å¶ÏhÑ òræ�ÖOÏ�Ð�ÔYéqÏ
Ñ�Ïhà�Õ�×YÙ®Ð�Ô�Õ�Ö éqÏfÒ�àEÙOÑ�ÏhÓ¹ÔYÖ ÖOÒ�ÖOÕ�àEÏfÜhÕ�ÖOÓOàEß¨á�ÎOÔY×YÏ6Ó�Ñ�ÔYä Ð6Ü8ÎOÒ�é(ó�ÏfÑ
åOÏf×YÕJÜhÔ¤Ð�Ô�Ïhà(Ò�ÑEÏià�ÙOÜ8ÎÐ�ÎOÒ�Ð
Ð�Î�Ï�Ó�Ñ�ÔYä ÐkÐ�ÔYé6Ïhà�Ò�Ñ�Ï/éqÏfÒ�àEÙOÑ�ÏhÓûÔYÖlÎ÷ÙOÖOÓ�Ñ�ÏfÓ�à�Õ�ä`ÖOÒ�Ö�Õ�à�ÏhÜfÕ�ÖOÓ�à�Ë��

M ÖOÜfÏ«Ð�ÎOÏ1Ïf×YÏfÜ.Ð�ÑEÕ�ÖOà�Ý�ÕhÐ/Üh×�Õ�à�Ï«Ð�ÕiÕ�ÖOÏ1Õ�äOÐ�ÎOÏ1àEÏfÖOàEÏ
á�Ô�ÑEÏfà�ß�Ð�ÎOÏ1Ñ�Ò�ÞOÔ�Ó�×¤òïÔ�ÖOÜhÑ�ÏhÒ�à�ÔYÖOÝ
Ïf×YÏfÜ.Ð�ÑEÔ�Ü/æOÏh×�ÓtÐ�Î�ÏfÑ�Ï1Ò�ÜfÜfÏh×�ÏhÑ�ÒhÐ�ÏfÓiÐ�ÎOÏhé Ò�ÖOÓÜhÒ�ÙOàEÏfÓiÐ�ÎOÏhé Ð�ÕiÔYÖOÔ\Ð�ÔYÒhÐ�Ï1ÒqÜhÒ�à�ÜhÒ�ÓOÏ1Õ�ä¨Ïf×YÏfÜ ø



Àhë �

Ð�ÑEÕ�Ö�àEÎOÕuá¦ÏhÑ�àEË ÌkÎ�Ô�àµÒ�éqÞO×�ÔYæOÏhÓlÐ�ÎOÏ1Ð�Õ�Ð�Ò�× Ü8ÎOÒ�Ñ�Ý�Ï6ä�Ñ�Õ�é�Ð�ÎOÏ1Ð�Ñ�Ò�Ü8õºß¬éqÒ�õ÷Ô�ÖOÝqÐ�ÎOÏ¯à�ÔYÝ�ÖOÒ�×
ÏfÒ�à�ÔYÏfÑ�Ð�ÕûéqÏfÒ�àEÙOÑ�ÏhËâÄ{ÖlÐ�ÎOÏ§ÜhÒ�×�Õ�Ñ�ÔYé6Ï.Ð�ÏhÑtÓOÑ�ÔYä ÐÜ8Î�Ò�é(ó�ÏfÑEà�ß¼Ð�Î�ÏfÑ�Ï§Ò�Ñ�Ï1Ð{á¦Õ-àEÏfÖOàEÏ(á�Ô�ÑEÏfàEß
Õ�ÖOÏµÕ�ÖïÏhÒ�Ü8Î-à�ÔYÓOÏiÕ�ä²Ð�ÎOÏtæOÏh×�Ó-àEÎOÒ�ÞOÔYÖOÝµá�ÔYÑ�ÏhËtÌkÎOÔYà¬á:Ò�à¦à�ÕÔ\Ð:á:Ò�à¦Þ�Õ�àEà�ÔYóO×�Ï�Ð�ÕµÐ�Ïf×Y×�Ð�Î�Ï
ÓOÔ�;²ÏhÑ�ÏhÖOÜfÏ�ó²Ï.Ð{á¦ÏhÏfÖïÒ¦Ð�Ñ�Ò�Ü8õ(Ð�ÎOÒhÐ�ÞOÒ�àEà�ÏhÓûÕ�ÖtÐ�Î�Ï�×YÏfä ÐµÕ�ÑkÑEÔ�Ý�Î�ÐµÕ�ä¶Ð�Î�Ï�ÜhÏf×Y×�Ë

ÌkÎOÏ6Ïf×YÏfÜ.Ð�Ñ�ÔYÜ6à�ÔYÝ�ÖOÒ�×Yà/ä�Ñ�Õ�é Ð�ÎOÏqà�ÏhÖOà�Ï/á�Ô�ÑEÏfàká¦ÏhÑ�ÏqÒ�éqÞO×YÔ�æ�ÏfÓ�Ò�ÖOÓ¹Ó�Ô�àEÜfÑ�ÔYéqÔ�Ö�ÒhÐ�ÏhÓOß
ÞOÑEÕJÓOÙ�ÜfÔYÖOÝãÒ�ÖmÈ � (Ê×YÕ�Ý�ÔYÜ Þ�ÙO×�àEÏfË ÌkÎOÔ�à�×YÕ�Ý�ÔYÜ Þ�ÙO×�àEÏfßiÒ�×YÕ�ÖOÝïá�Ô\Ð�ÎmÒãÞOÙ�×�àEÏ¹ä�ÑEÕ�é Ð�Î�Ï
à�ÜhÔ�Ö�Ð�Ô�×Y×�Ò�Ð�Õ�ÑEàûÒ�ÎOÏhÒ�Ó Õ�ä�Ð�Î�Ï¹ÓOÑEÔ�ä Ð�Ü8ÎOÒ�éµó²ÏhÑ6á:Ò�à�ä�ÏfÓ ÔYÖ�Ð�ÕãÒdÌ � � þN> Ð�ÔYéqÏ>Ð�ÕãÓOÔYÝ�Ô\Ð�Ò�×
ÜfÕ�Ö�åOÏfÑ½Ð�ÏfÑ&?��¼Ð�ÕiÓ�Ï*Ð�ÏhÑ�éqÔYÖOÏ«Ð�ÎOÏ:Ïf×YÏfÜ*Ð�Ñ�Õ�Ö>ÓOÑEÔ�ä Ð«Ð�ÔYé6Ï:Ò�ÖOÓ(Ð�Î�ÏfÑ�Ïhä�Õ�Ñ�Ï1Þ�Õ�àEÔ¤Ð�Ô�Õ�ÖÕ�ä�Ð�ÎOÏ¦Ó�Ñ�ÔYä Ð
Ü8ÎOÒ�éµó²ÏhÑO>{ÎOÔ¤ÐN?�Ë

Á Ë Á Ë ù ÌkÎOÏ/Ì`Õ�Ñ�Õ�Ô�Ó B Þ�ÏfÜ*Ð�Ñ�Õ�éqÏ.Ð�ÏfÑ
ÿ:ä Ð�ÏfÑ¦Ð�Î�ÏÜfÒ�×YÕ�Ñ�ÔYéqÏ*Ð�ÏfÑ6ÜfÒ�éqÏtÐ�ÎOÏtÐ�Õ�Ñ�Õ�ÔYÓTé(ÙOÕ�ÖãàEÞ²ÏhÜ*Ð�ÑEÕ�éqÏ*Ð�ÏfÑ�ß:à�ÎOÕuá�ÖnÔ�ä�æOÝ�ÙOÑEÏ

� ù Ë�ÌkÎOÔ�à:á:Ò�àtÒûà�ÏfÑEÔ�ÏhàiÕ�ä!Ð�ÎOÑEÏfÏµÐ�Õ�Ñ�Õ�Ô�ÓOÒ�×¬éqÒ�Ý�Ö�Ï*Ð�à�á�Ô¤Ð�ÎrÓOÑ�ÔYä Ð>Ü8ÎOÒ�éµó²ÏhÑ�àiÔYÖró²Ï.Ð{á¦ÏhÏfÖ
ä�Õ�Ñ�Þ²Õ�àEÔ¤Ð�Ô�Õ�ÖïéqÏfÒ�àEÙOÑ�Ïhé6ÏhÖ�Ð�à�ËqÌkÎOÏ(×�Òuò¶Õ�Ù®ÐqÕ�ä Ð�ÎOÏtóOÒ�Ü8õ�ÏfÖ�Ó-Õ�ä Ð�ÎOÏµØ:ÙOÌ`Ï*ÚAÓOÏ*Ð�ÏfÜ*Ð�Õ�Ñ¦ÔYà
à�Î�Õ8á�Ö-ÔYÖûæ�Ý�ÙOÑ�Ï,� Á Ë1ÿ�ä Ð�ÏfÑ�ÏfÒ�Ü8Î¯Ð�Õ�ÑEÕ�ÔYÓûÜfÕ�Ô�×¶á¦Ò�à:ÞO×YÒ�ÜfÏhÓïÒ�ÖïÒ�Ñ�Ñ�Òuò Õ�ä¼à�ÔYÖOÝ�×YÏ�á�ÔYÑ�Ï(Ó�Ñ�ÔYä Ð
Ü8ÎOÒ�éµó²ÏhÑ�àEßkä�Õ�×�×YÕuá¦ÏhÓâó�òãÒ�ÖâÒ�ÓOÓ�Ô¤Ð�Ô�Õ�Ö�Ò�×$Ò�Ñ�ÑEÒ8ònÕ�ä
ÓOÑ�ÔYä ÐÜ8Î�Ò�é(ó�ÏfÑEàtÒhÐ�Ð�ÎOÏ1å¶ÏhÑ òdóOÒ�Ü8õñÕ�ä
Ð�Î�Ï�Ó�Ï*Ð�ÏhÜ*Ð�Õ�Ñµþ ÜfÒ�×�×YÏfÓqÐ�ÎOÏK>.óO×YÙOÏ/ÜfÒ�Ñ ÐP?���Ë

ÌkÎOÏ/Ð�Õ�ÑEÕ�Ô�Ó¹ÓOÑ�ÔYä Ð§Ü8ÎOÒ�é(ó�ÏfÑEà�á:ÏfÑEÏbà�×YÔ�Ý�Î�Ð�×¤òãÓOÔ�;�ÏfÑ�ÏhÖ�Ðä�Ñ�Õ�é�Ð�ÎOÏ6Ü8ÎOÒ�éµó²ÏhÑ�àtÔYÖlÐ�Î�Ï
ÜfÒ�×�Õ�ÑEÔ�éqÏ.Ð�ÏfÑEËrÄ{ÖOà Ð�ÏfÒ�ÓrÕ�ä¼Ð�ÎOÑEÏfÏµá�ÔYÑ�Ïhà�ß¼Ð�Î�Ï*òðÎ�Ò�ÓâÕ�ÖO×\òdÕ�ÖOÏ§àEÏfÖOàEÏ(á�Ô�ÑEÏÔ�Ö�Ð�ÎOÏbéqÔYÓOÓO×YÏ
ÎOÏh×�ÓTÒhÐOQ À<��ì�ì å¶Õ�×¤Ð�à�ËnÌkÎOÔ�àiÖ�ÏfÜfÏhà�àEÔ¤Ð�ÒhÐ�ÏhÓñÐ�ÎOÏÞOÑ�Ïhà�ÏhÖOÜfÏ>Õ�ä�Ò-ÞOÒ�ÔYÑtÕ�äkÓ�Ñ�ÔYä Ð>Ü8ÎOÒ�éµó²ÏhÑ�à
þ ÜhÒ�×Y×�ÏhÓR>.Ù ø åS?§Ü8ÎOÒ�é(ó�ÏfÑEà$�¬Ð�Ô�×\Ð�ÏhÓïÒhÐtÒ§É§Ó�ÏfÝ�ÑEÏfÏtÒ�Ö�Ý�×�Ïµà�Õ/Ð�ÎOÒhÐ�Ð�ÎOÏµÒ�é(ó�Ô�Ý�Ù�Ô¤Ð{ò�ó²Ï.Ð{á¦ÏhÏfÖ
ÎOÔ\Ð�à�Õ�ÖÐ�ÎOÏq×YÏfä Ð§Õ�Ñ1Ñ�ÔYÝ�Î�ÐbàEÔ�Ó�Ï¯Õ�ä¸Ò�ÜfÏf×Y×$ÜfÕ�Ù�×�Ó¹ó²ÏqÑ�Ïhà�Õ�×\å¶ÏhÓâó�ònä�Õ�×Y×�Õuá�ÔYÖOÝûæ®ÐEÐ�ÏhÓ¹éµÙOÕ�Ö
Ð�ÑEÒ�Ü8õ÷à�Ë



Àhë �

È$Ò�Ü8ÎûÕ�äüÐ�ÎOÏ
Ð�ÎOÑEÏfÏ
Ð�Õ�ÑEÕ�ÔYÓ�éqÒ�Ý�ÖOÏ*Ð�à á:ÏfÑEÏµÓ�Ô¤å²ÔYÓOÏfÓlÔ�Ö�Ð�Õ6ÏfÔYÝ�Î�Ð Â ÔYÖOÜ8ÎiÐ�ÎOÔYÜ8õ(Ð�Õ�Ñ�Õ�ÔYÓ
> á:Ò�à�Î�ÏfÑ�à&?�ËñÌkÎOÏ�á:Ò�àEÎOÏfÑEà(ÎOÒ�Ó¹Ò�Ö�Õ�Ù®Ð�ÏhÑµÑEÒ�ÓOÔYÙOà(Õ�äT� ì Ô�ÖOÜ8Î�Ïfà�ß¼á�Ô\Ð�Î¹ÒûÉlÔ�ÖOÜ8Î¹ÎOÕ�×YÏ§ÔYÖ
Ð�Î�Ï�ÜhÏfÖ�Ð�ÏhÑ�Ë�ÿ�ÜfÑEÕ�à�à�à�ÏhÜ*Ð�Ô�Õ�Ö�Ò�×�å²Ô�Ï.á�ß`ä�ÑEÕ�é Ð�ÎOÏ/ÖOÏfÙ°Ð�Ñ�ÔYÖOÕ6ó²ÏhÒ�éVU�à�Þ�ÏfÑEà�Þ�ÏfÜ*Ð�Ô¤åOÏ(ÔYà�à�ÎOÕuá�Ö
ÔYÖûæOÝ�Ù�Ñ�ÏW� ë Ë¦È$Ò�Ü8ÎïÕ�ä�Ð�ÎOÏká¦Ò�à�ÎOÏhÑ�à¬á:ÏfÑEÏtà�ÞO×YÔ\Ðiä�Õ�ÑEé6ÔYÖOÝ1Ð�Õ�ÞlÒ�ÖOÓïó�ÕhÐEÐ�Õ�é Î�Ò�×¤åOÏfàEß�á�Ô\Ð�Î
à�Þ�Ò�ÜfÏ�Ô�ÖqÐ�ÎOÏ/éqÔYÓOÓO×YÏ�Ð�Õ6Ò�×Y×�Õuá Ò¯ô�Ò�×�×¨ÞOÑEÕ�ó�ÏkÐ�Õ¯ó�Ï/Ô�Ö�à�ÏfÑ½Ð�ÏhÓ¯Ð�Õ6éqÏfÒ�àEÙOÑ�Ï�Ð�ÎOÏ/éqÒ�Ý�ÖOÏ.Ð�ÔYÜ
æOÏh×�ÓOË>ÌkÎOÏhÑ�Ï¦á:ÏfÑ�Ï6ä�Õ�ÙOÑ1ÜhÕ�ÞOÞ�ÏfÑ/ÜfÕ�Ô�×Yà/ÒhÐ6Ò�ó�Õ�Ù®Ð ��ì ÓOÏhÝ�Ñ�ÏhÏ6ÔYÖ�Ð�ÏhÑ åJÒ�×Yà�á�ÑEÒ�ÞOÞ�ÏfÓ Ò�Ñ�Õ�Ù�ÖOÓ
Ð�Î�Ï�ÔYÑ�Õ�Ö/á:Ò�à�Î�ÏfÑ�àEË � ÙOÑ�ÑEÏfÖ�Ð¦Ò�ÞOÞO×YÔ�ÏhÓ/Ð�Õ�Ð�ÎOÏ�ÜfÕ�ÔY×�à¸éqÒ�Ý�ÖOÏ.Ð�ÔYýfÏhÓ�Ð�Î�Ï á:Ò�àEÎOÏfÑEà`Ð�Õ/ÞOÑEÕuå ÔYÓOÏ�Ò
À ËYÉµÌ`ÏfàE×�Ò(é6Ò�Ý�ÖOÏ*Ð�Ô�Ü�æOÏh×�ÓOËkÌkÎ�Ô�à¬æOÏf×YÓbÝ�Òuå¶Ï�Ò�ó�Õ�Ù®Ð:Ò ù Ë ë ÅµÏ.ÚmÐ�Ñ�Ò�Ö�à å¶ÏhÑ�àEÏ¦õ÷Ô�Ü8õ¦Ð�Õµé(ÙOÕ�ÖOà
á�ÎOÔYÜ8ÎðÞOÒ�àEà�ÏfÓ�Ð�ÎOÑ�Õ�ÙOÝ�Î Ò�×Y× Á ÜfÕ�Ô�×Yà�Ë ÌkÎOÏ¯Ð�Õ�Ñ�Õ�ÔYÓdÞ�Õ�×YÒ�Ñ�Ô\Ð{òmÜfÕ�ÙO×YÓðó�Ï")OÔYÞOÞ�ÏfÓ àEÕlÐ�ÎOÒ�Ð
é(Ù�Õ�ÖOà6ä�Ñ�Õ�é Ö�ÏfÙ®Ð�Ñ�ÔYÖOÕ�ÔYÖ�Ð�ÏfÑEÒ�Ü*Ð�Ô�Õ�ÖOà§Õ�ÑqÒ�Ö�Ð�Ô ø é(ÙOÕ�Ö�à¯ä�ÑEÕ�é Ò�Ö�Ð�Ô ø Ö�ÏfÙ®Ð�Ñ�ÔYÖOÕ�ÔYÖ�Ð�ÏfÑEÒ�Ü*Ð�Ô�Õ�ÖOà
á:Õ�ÙO×YÓûó�Ï1ä�ÕJÜhÙOà�ÏhÓûÔYÖiÐ�ÎOÏ/à�Þ�ÏfÜ.Ð�Ñ�Õ�é6Ï.Ð�ÏhÑ�Ë

È$Ò�Ñ�×\ò¹Ô�ÖqÐ�ÎOÏµÑ�ÙOÖ�ß�Õ�Ö�ÏµÕ�ä�Ð�ÎOÏ�ÜfÕ�ÔY×Yà:Õ�ÖqÐ�ÎOÏµ×�Ïhä ÐtàEÔ�ÓOÏ(Õ�ä�Ð�ÎOÏ(àEÏfÜfÕ�ÖOÓ¯Ð�Õ�Ñ�Õ�ÔYÓrþ½ä�Ñ�Õ�é
Ð�Î�Ï¯ÖOÏhÙ®Ð�ÑEÔ�Ö�Õ�U�à(Þ²ÏhÑ�à�Þ�ÏfÜ.Ð�Ô\å¶Ï<�tÓOÏ*åOÏf×YÕ�Þ�ÏfÓrÒûàEÎOÕ�Ñ½Ð�ß«Ò�ÖOÓ�ÎOÒ�Ó�Ð�Õló²Ï6ÓOÔYà�ÜhÕ�ÖOÖOÏhÜ*Ð�ÏhÓOË ÌkÎOÏ
Ü8ÎOÒ�Ö�Ý�Ï§ÔYÖ�Ð�ÎOÏ¯éqÒ�Ý�ÖOÏ*Ð�Ô�Ü¯æOÏf×YÓâÒ�à�ÒûÑEÏfà�Ù�×¤ÐbÔ�à�à�ÎOÕuá�ÖâÔYÖâæOÝ�ÙOÑ�ÏL��É�ËïÌkÎ�Ï§æOÝ�Ù�Ñ�Ï6à�ÎOÕuá�à
Ð�Î�ÏtÑ�ÒhÐ�Ô�ÕÕ�ä Ð�ÎOÏ�Ð�Õ�Ñ�Õ�Ô�Ó-æOÏh×�Ó§á�Ô\Ð�ÎñÕ�Ö�×¤ò Á ÜfÕ�ÔY×Yà¬å²à«Ð�ÎOÏtä�Ù�×�× ëhø ÜhÕ�Ô�×�æOÏf×YÓOËqÌkÎOÏtÝ�Ñ�ÏfÒ�Ð�Ïfà½Ð
Ï@;�ÏfÜ.Ð1á¦Ò�à1Ô�Ö§Ð�ÎOÏiÑ�ÏhÝ�Ô�Õ�Ö-Õ�äèÐ�ÎOÏtó�ÙOÑ�Ö�Ð ø Õ�Ù®Ð6ÜhÕ�Ô�×Yß!Õ�Ö§Ð�ÎOÏt×YÏfä Ð6Õ�ä Ð�ÎOÏiæOÝ�Ù�Ñ�ÏfËqÌkÎOÔYà/éqÒ�Þ
á:Ò�à¦ÔYÖOÜfÕ�ÑEÞ²Õ�Ñ�ÒhÐ�ÏfÓïÔYÖ�Ð�ÕµÐ�ÎOÏ(Ø�ÙOÌ�Ï.Ú Ò�ÖOÒ�×¤ò²à�ÔYà¦àEÕ�ä Ð{á¦Ò�Ñ�Ï�á�ÎOÏhÖ-ÓOÏ*Ð�ÏfÑEé6ÔYÖOÔYÖOÝtÐ�ÎOÏµÏfÖOÏhÑ�Ýhò
Õ�ä`é(ÙOÕ�ÖOà�Ó�Ô�àEÞO×�Ò�ÜfÏfÓlÔ�ÖiÐ�Î�ÏkÐ�Õ�Ñ�Õ�Ô�ÓOË

Á Ë Á Ë Á M Ð�ÎOÏfÑ � Ï.Ð�ÏfÜ.Ð�Õ�Ñ�ÃüÏfÒ�Ð�ÙOÑEÏfà
ÿ ×�Ò�ÑEÝ�Ï�ÓOÏ*Ð�ÏfÜ*Ð�Õ�Ñ¸×�ÔYõ�Ï$Ð�ÎOÏ�Õ�ÖOÏ�ÓOÔ�àEÜfÙOàEà�ÏhÓÒ�ó²ÕuåOÏ:ÔYà¨åOÏfÑ òûà�ÏhÖOà�Ô\Ð�Ô\å¶Ï¸Ð�Õ(ÜhÕ�à�éqÔYÜ:ÑEÒ8ò²àEË

B Õ�éqÏkÕ�ä�Ð�ÎOÏfàEÏ�Ï.å¶ÏhÖ�Ð�à�ß�ÏfàEÞ²ÏhÜfÔYÒ�×�×\òtÐ�ÎOÕ�à�ÏkÒ�Ð�×�Õuá Ò�ÖOÝ�×YÏfà Õ�Ö1Ð�ÎOÏkÎOÕ�ÑEÔ�ýhÕ�ÖiÜfÒ�Ö6éqÒ�àEö÷ÙOÏfÑEÒ�ÓOÏ
Ò�à�ÖOÏhÙ®Ð�ÑEÔ�ÖOÕ6Ï*åOÏfÖ�Ð�àEß�Ò�ÖOÓlàEÏ*ÐµÕ�;ïØ�ÙOÌ`Ï*ÚXUYà¸Ð�Ñ�ÔYÝ�Ý�ÏhÑ�à�Ë�Ø�ÙOÌ�Ï.Ú�óOÙOÔY×¤ÐµÒ6×�Ò�ÑEÝ�Ï"> åOÏ*Ð�Õ/á¦Ò�×�×�?
ÔYÖ�ä�ÑEÕ�Ö�Ð/Õ�ä¶Ð�ÎOÏ1Ó�Ï*Ð�ÏhÜ*Ð�Õ�ÑkÜfÕ�Ö�à�ÔYà Ð�ÔYÖOÝ6Õ�ä¨Òq×�Ò�ÑEÝ�Ï¦à½Ð�ÏfÏh×VÞO×YÒhÐ�Ï1Ò�Ö�Ó�ÒiàEÏfÑEÔ�Ïhà�Õ�ä`àEÜfÔYÖ�Ð�ÔY×�×YÒhÐ�Õ�Ñ�à



Àhë�Â

Ã!Ä{Å�Æ:Ç�ÈY� ù Ëkÿ ÞOÎOÕhÐ�Õ6Õ�äüÐ�ÎOÏ/Ø:ÙOÌ`Ï*Ú Ð�Õ�ÑEÕ�ÔYÓ



Àhë��

1st toroid 2nd toroid

Gap 1 chambers Gap 3 chambers

R5,6,7,8,9 R24,25,27 R28,30,32

3rd toroid
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R14,15,17,18 R19,20,22,23
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to low ADC

to low ADC
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to low ADC
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x10
to high ADC

to superlow

to superlow

to superlow

ES-7138

LeCroy 612A

ES-7137

ES-7137

ES-7137

ES-7137

Counter 1 readout

LeCroy 127FL

8 inputs

cntr 71, pmt 1
cntr 61, pmt 1

cntr 11, pmt 1
cntr 21, pmt 1
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Ð�ÎOÏhÖqÐ�ÎOÏ�á:ÏfÔYÝ�Î�Ð�ÏhÓïÒuå¶ÏhÑ�Ò�Ý�Ï�Þ�Õ�à�Ô\Ð�ÔYÕ�ÖOà�Õ�äüÐ�ÎOÏ
Ð�ÑEÒ�Ü8õÏfÖ�ÓOÞ²Õ�Ô�Ö�Ð�à�Õ�ÖOÏ�Ü8ÎOÒ�éµó²ÏhÑ
ÙOÞ�à Ð�ÑEÏfÒ�é�Õ�ä£�t(¨ÿ � È$Ë¨ÌkÎOÏ�á:ÏfÔYÝ�Î�Ð�à�Ò�ÑEÏ«Ð�Ò�õ®ÏfÖ�ä�Ñ�Õ�é Ð�ÎOÏ«Ð{á:Õ¯ÜhÕ�ÙOÖ�Ð�ÏhÑ�à�Ò�Ófe*Ò�ÜhÏfÖ�Ð
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ÌkÄ{úïúûÆ À ßYÌkÄ{úïúïÆ ù ÌkÎOÏfàEÏqÒ�Ñ�Ï:Ð�ÎOÏ B óOÔ\Ð1Ð�ÔYé6ÏhàµÒ�à�à�ÕºÜfÔYÒhÐ�ÏfÓbá�Ô¤Ð�Î>Ð�ÎOÏqÓOÑ�ÔYä Ð6Ü8ÎOÒ�éµó²ÏhÑ
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Ü8ÎOÒ�Ñ�Ý�ÏhÓbÜfÙOÑEÑ�ÏhÖ�Ð1Ô�Ö�Ð�ÏhÑ�Ò�Ü.Ð�ÔYÕ�Öñþ½Ô�ÖbÖ�ÏfÙ®Ð�Ñ�ÔYÖOÕtéqÕJÓ�Ï¸Ð�Î�Ô�à¨á¦Õ�Ù�×�Óó�Ï ø À ßüÒ�Ö�Ð�ÔYÖOÏfÙ®Ð�Ñ�ÔYÖOÕ
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Ã!ÔYÝ�ÙOÑEÏ]� À à�Î�Õ8á�àµÒlÝ�ÕJÕºÓ¹Ïb�²Ò�éqÞO×�Ï¯Õ�ä«ÒiÐ�ÑEÔ�Ý�Ý�ÏfÑ À Ü8Î�Ò�Ñ�Ý�ÏhÓ�ÜhÙOÑ�ÑEÏfÖ�ÐÏ.å¶ÏfÖ�Ðbä�Ñ�Õ�é
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Ñ�Í�Ý�ÌIÍ�Ñ	�BÉ4Ö	Ý#ÌIÍJÜ)Î�Ý�Þ4Ñ Ò#Ò$Ü°ÑNÞ4Ë Ò#Ò�É4Þ�Í�Ý�Ë�Ö	Ë�Ú·É,Ø�É�Ö-Í�Ì
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É�Í�ËT×�Ñ�Í-Ñ'ÌµÍ�Ñ�Í-Ý#ÌµÍ�Ý�Þ4Ì�Ñ Ö�×?Ý�Ö?Î�È-Ü)Ì�Ý�Þ4Ñ ÒIÞ4Ë Ö�ÌDÍ-Ñ�Ö-Í�Ì�Ë ÏCÞ�Ë�Ï�Ï%É4Þ,Í-Ý#Ë Ö�Ì
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Ç:È�É:Î�Ï%Ë�Ð�Ñ�Ð
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Ì�Ù
Û�Û�É4ÌµÍcÍ�È�Ñ_Í�Ñ�Ö}Ñ�Ö�Ñ�Ò�Ë�Û�Ë Ù�Ì9Ñ�Î�Î
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Þ4Ë Ö�Ø�Ë�Ò�ÙBÍ�Ý�Ë�Ö?Ë ÚüÍ-È�É�Î�Ï�Ë�Ð
Ñ�Ð�Ý�Ò#Ý$ÍJÜ}Í�È�Ñ_Í�ÑTÎ
Ñ�ÏDÍ-Ý#Þ�Ù�Ò#Ñ Ï�É�Ø�É�Ö�Í;Ë�Þ4Þ4Ù
Ï�Ì:ð�ÝZÍ-ÈwÑ�Ò�Ò)Í-È�É�É��)Î)É�Ï�Ý$î
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Ñ�Ò#Ò$Ü}Ý�Ê�Î)Ë Ì�Ì�Ý�Ð�Ò�É[Í�Ë8×�É�Ì�Þ�Ï�Ý�Ð)É3Ý�ÖNÑ8Ì�É�ÖBî
Ì�Ý�Ð�Ò�É9Ñ�Ö�Ñ ÒZÜ�Í�Ý�Þ4Ñ Ò)É
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Ï�É4Ì%Ì�Ý�Ë�Ö�ÆeÇ:È�É9Ö�Ù�Ê�É4Ï%Ý#Þ�Ñ�Ò�Í-É4Þ�È�Ö
Ý���Ù�É3Ë�Ú í'Ë�Ö-Í�É9ï:Ñ�Ï%Ò#ËCÝ#Ö-Í-É4Û�Ï%Ñ�Í�Ý�Ë�Ö{Ý�Ì
Í�È
É4Ï�É�Ú6Ë�Ï�É3Ù�Ì%É4×�Í�Ë�É,ØdÑ�Ò�Ù�Ñ�Í-É:Í-È�É3Þ4Ë�Ö-Ø�Ë�Ò#ÙbÍ�Ý�Ë�Ö'Ð�É,ÍJð&É4É�Ö/Î�È-Ü)Ì�Ý�Þ4Ì&Ñ Ö�×�É
�)Î)É�Ï�Ý�Ê�É�Ö-Í�Æ

¿JÖ5Ñ<í/Ë�Ö-Í�Écï:Ñ Ï�Ò�Ë<Ì�Ý�Ê�Ù�Ò�Ñ�Í�Ý�Ë�Ö�MÉ�Ø�É�Ö�Í�Þ�È�Ñ�Ï%Ñ�Þ,Í-É4Ï%Ý#ÌµÍ�Ý�Þ4ÌlÑ�Ï�ÉcÛ É4Ö�É�Ï�Ñ�Í-É4×wÓ)( Í-È�Ï�Ë�ð�Ö�* Õ
Ñ�Þ�Þ4Ë�Ï%×�Ý#Ö
ÛÿÍ-ËlÎ�Ï�Ë�Ð
Ñ�Ð�Ý�Ò#Ý$ÍJÜ<×�Ý�ÌDÍ-Ï�Ý�Ð�ÙBÍ-Ý#Ë�Ö
Ì=×�É�Ì�Þ�Ï�Ý�Ð�Ý#Ö
Û·Í-È�Éÿ×�Ý�ÌDÍ�Ï%Ý#Ð
ÙBÍ�Ý�Ë�Ö�Ë�Ú+��Ý�Ö�É�Ê�Ñ_Í�Ý�Þ,��Ù�Ñ ÖBî
Í�Ý$Í�Ý�É4ÌIÑ�Ö�×CÍJÜ)Î�É4Ì[Ë�ÚMÝ�Ö�Þ�Ë�Ê�Ý#Ö�Û�Î�Ñ�ÏDÍ-Ý#Þ�Ò#É�Ì�dÍ-È�É&Þ�Ï�Ë�Ì%Ì[Ì�É�Þ,Í-Ý#Ë�Ö
Ì:Ú6Ë�Ï§Û É4Ö�É�Ï�Ñ�Í-Ý#Ö�ÛeÍ�È�É9Î
Ï�Ë�Þ4É4Ì%Ì
Ð�É4Ý�Ö�Û9Ê�É4Ñ�Ì%Ù�Ï�É�×�ÓDÑ�Ö�×�Ú6Ë�Ï=Û É4Ö�É�Ï�Ñ�Í-Ý#Ö�ÛcÐ
Ñ�Þ-��Û�Ï�Ë�Ù
Ö�×<É,Ø�É4Ö-Í�Ì%ÕÿÑ�Ì�ð&É4Ò�Ò
Ñ�Ì¬Ý#Ö�É���Þ4Ý�É4Ö�Þ�Ý#É�ÌfÑ Ö�×
Þ�È�Ñ�Ö
Û�É4ÌRÝ#ÖAÍ-È�É�×�É,Í-É4Þ,Í-Ý#Ë Ö/É4Ö-Ø)Ý#Ï%Ë�Ö�Ê�É4Ö-Í-ÆCÇ:È�É�Ï�É8Ñ Ï�É:ÍJð9ËAÉ���Ù�Ý$Ø
Ñ Ò#É�Ö�Í&ð9Ñ�Ü)Ì§Í�È
Ñ�ÍRÍ-È�Ý�ÌRÝ�Ì
×�Ë�Ö
É�=Í-È�É.��Ï%ÌDÍ�/(�×�Ñ�ÏµÍ�ÌCí/Ë�Ö-Í�ÉAï:Ñ�Ï�Ò�Ë	*	[Ú6Ë Ò#Ò�Ë�ð�ÌeÍ�È
É;Ï�É
0,É4Þ�Í�Ý�Ë�ÖpÊ�É,Í-È�Ëd×?Ë�Ú:Û�É4Ö
É4Ï�Ñ_Í�Ý�Ö�Û
Ï�Ñ Ö�×�Ë�Ê Ö�Ù�Ê�Ð�É4Ï%Ì�Æ�¿JÖNÍ-È�É8Ì%Ý#ÊCÙ�Ò#Ñ_Í�Ý�Ë�Ö	ÑNÎ�Ï�Ë�Ì%Î)É�Þ,Í-ÝZØ�É�Ì%É,Í�Ë ÚfÉ�Ø�É�Ö�ÍAÞ�È�Ñ Ï�Ñ�Þ�Í�É4Ï%Ý#ÌµÍ�Ý�Þ4Ì3Ñ�Ï%É
Í�È
Ï�Ë�ð�Ö�fÙ�Ì�Ù�Ñ Ò#Ò$Ü	ð�ÝZÍ-ÈwÑTÙ�Ö�Ý�Ú6Ë�Ï�Ê1,2�Ñ�ÍA×�Ý�ÌDÍ-Ï�Ý�Ð�ÙBÍ�Ý�Ë�Ö�fÑ�Ö�×EÑTÏ�Ñ�Ö�×
Ë�Ê Ö�Ù�Ê�Ð�É4ÏCÝ#Ì3Þ�Ë�Ê9î
Î�Ñ�Ï%É4×{Í�Ë�Í-È�É<Î�Ï%Ë�Ð�Ñ�Ð�Ý�Ò�ÝZÍJÜpË�Ú Í�È�Ë�Ì%É�Þ�È�Ñ�Ï�Ñ Þ,Í�É�Ï�Ý�ÌDÍ-Ý#Þ�Ì�Ë�Þ4Þ�Ù�Ï�Ï%Ý#Ö
Û�Æ;¿JÚ Í�È
É&Í�È�É<Î�Ï%Ë�Ð�Ñ�Ð
Ý#Ò�ÝZÍJÜ
Ý�ÌcÛ�Ï�É�Ñ�Í�É�Ï§Í�È�Ñ Ö;Í�È�É&Í-È�Ï�Ë�ð�Ö	Ï�Ñ�Ö
×�Ë�Ê Ö�Ù
Ê�Ð�É4Ï� Í-È�É8É,Ø�É4Ö-ÍAÝ#Ì3�BÉ4ÎBÍ�ÿÝ#Ú·Ö�Ë_Í�ÝZÍ�Ý�Ì§Í-È�Ï�Ë�ð�Ö
Ë�ÙBÍ�Ñ Ö�×wÑ5Ö�É�ðìÉ�Ø�É4Ö-Í;Ý#Ì[Í-È�Ï�Ë�ð�Ö�Æ5Ç:È�É�Ì�É�Þ4Ë�Ö
×?Ê�É,Í-È�Ëd×EÝ�Ì4(øð9É�Ý#Û�È-Í-É4×?í'Ë�Ö-Í�É�ï:Ñ�Ï�Ò�Ë	*	
ð�È�É�Ï�É�Ñ�Ò#ÒMÉ�Ø�É�Ö�Í-Ì&Ñ�Ï%É5� É4ÎbÍ)üÈ�Ë�ð9É�Ø�É�Ï9Ñ9ð9É�Ý#Û�È-Í�Ý#ÌeÑ�Î�Î
Ò#Ý�É4×�Ð�Ñ�Ì�É�×�Ë Ö�Í-È�ÉCÎ
Ï�Ë�Ð�Ñ Ð�Ý#Ò�Ý$ÍJÜ	Ë�Ú
É4Ñ Þ�È�É�Ø�É4Ö-Í8ËdÞ�Þ4Ù�Ï%Ï�Ý�Ö�Û�Æ6�cÙ�ÉIÍ�Ë9Í-È�É3Ë�Ï�Û�Ñ Ö�Ý#Þ3É�Ø�Ë�Ò�ÙBÍ�Ý�Ë�Ö�Ë�Ú\Í-È�É3í/Ë�Ö-Í�É3ï:Ñ�Ï%Ò#Ë'ÓDí'ï:Õ
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Î�Ñ�Þ-��Ñ�Û É4ÌRÍ-È�Ï�Ë�Ù
Û�È�Ë�ÙBÍ�Í�È
É;ï:ï:¾+Â7Ú6Ñ�Ê�Ý#Ò$Ü®Ë�Ú[É��)Î�É4Ï%Ý#Ê�É4Ö-Í-Ì<Ù�Î�Í�Ë�Í�È�É;Þ4Ù�Ï%Ï�É4Ö-Í{É��)Î)É�Ï�Ý$î
Ê�É4Ö-Í)lúRÙ�Ç=É�ë�[Ð�Ë�Í-È¶Ê�É�Í�È�Ë�×�Ì<Ñ�Ï%É{Ù�Ì%É4×°Ý#Ö°Ì%Ë�ÚóÍJð9Ñ Ï�ÉNÚ6Ë�ÏlÍ�È�Ý�Ì<Ñ�Ö�Ñ�Ò$Ü)Ì�Ý�Ì�Æ Ç:È�Ý�Ì�Ý�Ì8Ö�Ë_Í
Ö�É�Þ4É4Ì%Ì�Ñ�Ï%Ý#Ò$ÜwÑ�Ð�Ñ�×<Í�È�Ý�Ö�Û�Æ

õ Ò#Ñ�Ï%Û�ÉeÞ4Ë�Ò�Ò#É�Þ,Í-Ý#Ë�ÖNË Ú í/ï�É�Ø�É4Ö-Í-Ì:Ñ�Ï�ÉeÛ�É4Ö
É4Ï�Ñ_Í�É4×;Ì�ËRÍ-È�Ñ�ÍfÍ�È�É�Ü'Ê�Ñ�Ü�Ð)ÉeÎ�Ï%ËdÞ�É4Ì�Ì%É4×
Ý�Ö&Í�È�É[Ì%Ñ�Ê�É=ð&Ñ�Ü{Ñ�Ì)Í-È�É[Ï�É�Ñ�Ò�×�Ñ�Í�Ñ ÆI¿JÖ&Í�È
É[Þ4Ñ�Ì%É:Ë�Ú Í�È
Ý#Ì+Ñ Ö�Ñ�Ò$Ü Ì%Ý#Ì��É,Ø�É4Ö-Í�Ì ð&É4Ï�É:Û É4Ö�É�Ï�Ñ�Í-É4×
ð�Ý$Í�È�ÑRÚ6Ù�Ò�Ò�×
É,Í�É�Þ,Í-Ë�Ï=Ì%Ý#ÊCÙ�Ò�Ñ�Í�Ý�Ë�Ö8Ì%Ù�Þ�È<Ñ�Ö�×CÏ�É4Þ�Ë�Ï�×
É4×�Ý�Ö8É�Ø�É4ÖeÍ�È�ÉfÌ�Ñ�Ê�É8��Ò#ÉfÚ6Ë�Ï%Ê�Ñ_Í[Ñ�Ì�Í�È
É
Ñ�Þ�Í�Ù�Ñ�Ò�×�Ñ�Í-Ñ�Æ:Ç:È�Ý�Ì=ð&Ñ�ÜAÍ�È�É&Ì�Ñ�Ê�É9Ñ�Ö
Ñ�ÒZÜ)Ì%Ý#Ì:Ì%Ë�ÚóÍJð9Ñ Ï�É9Þ�Ë�Ù�Ò�×NÐ)ÉRÙ�Ì�É�×TÚ6Ë ÏIÐ�Ë�Í�È{×
Ñ�Í�Ñ8Ñ Ö�×
í/ï Î�Ï%ËdÞ�É4Ì%Ì�Ý�Ö�Û	[Ï%É4×�Ù�Þ�Ý#Ö
ÛAÍ�È�É�Î�Ï%Ë�Ð�Ñ�Ð�Ý�Ò�ÝZÍJÜ½Ë�Ú[Ê�Ý�ÌDÍ-Ñ	� É�Ì�Æ®ÓDù3Ï3Ñ�Í{Ê�Ý�Ö�Ý�Ê�Ù�Ê Ê�Ý#ÌµÍ�Ñ	�BÉ4Ì
×�Ù�É[Í-Ë�Î
Ï�Ë�Þ4É4Ì%Ì�Ý�Ö�Û�ð&Ë�Ù�Ò�×'Ð�É3Ê�Ë�Ï�É3Ò�Ý��BÉ4Ò$ÜNÍ�Ë�Þ4Ñ�Ö
Þ4É4Ò�Æ�Õ

õ½Ø�É4ÏDÜ}Ý#Ö�É���Þ4Ý�É4Ö-Ílð9Ñ�Ü	Ë�ÚM×
É,Í�É�Ï�Ê�Ý�Ö�Ý#Ö
Û3Í-È�É9Ê�É4Ñ�Ì%Ù�Ï�É�Ê�É4Ö-Í9��Ù�Ñ Ö�Í-ÝZÍ-Ý#É�ÌlÉ4Ê�Ð�É4×
×�É4×
Ý�Ö5Í-È�É�×�Ñ�Í�Ñ8ð&Ë�Ù�Ò�×?Ð�É&Í�ËTÏ�É�î�Ï�Ù
ÖEí'ïþÌ�Ñ�Ê�Î�Ò�É4Ì:ð�Ý$Í�ÈE×�Ý���É4Ï%É4Ö-Í�Ø
Ñ Ò#Ù�É�Ì[Í�Ë:��Ö�×5Í�È�É�Î�Ñ�î
Ï�Ñ Ê�É�Í�É�Ï·ØdÑ�Ò�Ù�É4Ì·Í�È�Ñ_Í8Î�Ï%Ë�Ø Ý�×�ÉlÍ�È�ÉCÐ)É�ÌDÍ;�BÍ�Æcõ÷Ð)É�Í�Í-É4Ïÿð9Ñ�Ü?Ý#ÌÿÍ�ËAÑ�Ì�Ì%Ù�Ê�ÉNÓDÑ ÌRÝ�Ì&Ù�Ì%Ù�Ñ�Ò�ÒZÜ
Í�È
É&Þ4Ñ Ì�É4ÕMÍ�È
Ñ�Í§Í-È�É � É��)Î�É4Ï%Ý#Ê�É4Ö-Í-Ñ�Ò É��)É�Þ,Í�Ì�� Î�Ý�É4Þ�É&Ë�Ú�Í�È�ÉeÞ4Ë�Ö-Ø�Ë�Ò#ÙbÍ�Ý�Ë�ÖNÝ#Ìf×�É�Þ4Ë�Ù�Î
Ò#É�×NÚ6Ï�Ë�Ê
Í�È
É � Î�È-Ü Ì%Ý#Þ�Ì��+Î
Ý#É�Þ4É�=Ñ�Ö�×�Ï�É,î¢ð9É�Ý#Û È�Í8Ñ;Ì%Ý#Ö�Û Ò#ÉCí/ï Ì�Ñ�Ê�Î�Ò�É4Æ%�÷È�É�Ö/Ï�É�î³ð&É4Ý�Û�È-Í�Ý�Ö�Û{í/ï%`Ñ
Ò�Ñ�Ï�Û�ÉeÌ�Ñ Ê�Î
Ò#ÉeÝ#Ì§Û�É4Ö
É4Ï�Ñ_Í�É4×AÑ�Ö�×AÎ�Ï�Ë�Þ4É�Ì�Ì�É�×NÑ�ÌMð9Ë�Ù
Ò#×3Í�È�Ée×�Ñ�Í-Ñ�Æ[õ&Ö-Ü�Þ�È�Ñ�Ö
Û�É4Ì§Ý#Ö3Í�È�ÉeÝ#Öbî
Î�ÙBÍeÎ
Ñ�Ï�Ñ�Ê�É�Í�É4Ï%Ì·Ù�Ö�×�É�ÏÿÌDÍ�Ù
×BÜ5Ñ�Ï%É:Ñ�Î�Î�Ò�Ý#É�×9Í�ËIÍ�È
ÉeÌ%Ñ�Ê�Î�Ò�É:Ð�ÜNÊ�Ù�Ò$Í�Ý�Î�Ò$Ü Ý�Ö�Û:Í�È�É¬ð&É4Ý�Û�È-ÍRË�Ú
É4Ñ Þ�È�É�Ø�É�Ö�ÍRÐ-Ü�Í-È�É:Ï�Ñ_Í�Ý�ËcË�Ú\Î�Ï�Ë�Ð
Ñ�Ð�Ý�Ò#Ý$Í�Ý�É4ÌÿÚ6Ï%Ë�ÊGÍ-È�É:Ý�Ö�ÝZÍ-Ý#Ñ Ò
Î�Ñ�Ï%Ñ�Ê�É,Í-É4Ï�Ì ð�È
Ý#Þ�Ècð9É�Ï�ÉlÙ�Ì%É4×
Í�Ë5Û�É�Ö�É4Ï%Ñ�Í�É�Ý$Í�Ñ�Ö�×NÍ�È�É�Ö�É�ðìË�Ö�É�Ì�ÆTÇ:È�Ý�ÌCÞ�Ñ�ÖwÑ Þ,Í�Ù
Ñ�Ò#Ò$Ü°Ð�É�×�Ë�Ö�É�Ú6Ë�ÏcÉ�ÝZÍ-È�É4Ï3×�Ñ�ÏµÍ�Ì3í/ï
Ë�Ï+ð&É4Ý�Û�È-Í�É4×}í'ï%IÓÔð�È�É4Ï%É�Ù�Ì%Ù�Ñ�Ò�ÒZÜEÉ�Ñ�Þ�È/É�Ø�É4Ö-Í8Ý#Ö�Í�È�É�×�Ñ�ÏµÍ�Ìlí/ï È�Ñ�ÌeÑ�ÖTÝ#Ö
ÝZÍ-Ý#Ñ�Ò�ð&É4Ý�Û�È-Í
Ë�Ú ß Õ� È�Ë�ð9É�Ø�É4ÏRÐ)É�Þ4Ñ�Ù
Ì�É3Ò#É�Ì�ÌeÒ#Ý�� É�ÒZÜEÏ%É4Û�Ý�Ë�Ö�ÌlË�Ú`Î�È�Ñ Ì�É�Ì�Î�Ñ�Þ�É3Ñ�Ï�ÉcË�ÚóÍ-É4ÖTÙ�Ö�×�É�Ï�Î�Ë�Î�Ù�Ò�Ñ�Í-É4×
Ý�ÖN×�Ñ�ÏDÍ-Ì:Û�É4Ö
É4Ï�Ñ_Í�É4×5í/ï% Ð�Ý#Ñ Ì�É4Ìl×�É�Î)É�Ö�×�É�Ö�ÍCË�Ö�Í-È�É9Ý�Ö�Ý$Í�Ý�Ñ�Ò Û�É�Ö�É4Ï%Ñ�Í�Ý�Ë�ÖNÎ�Ñ�Ï%Ñ�Ê�É,Í-É4Ï�ÌlÞ�Ñ�Ö
Ð�ÉNÝ#Ö-Í�Ï%Ëd×
Ù�Þ4É�×�Æu¿øÍTÝ�Ì&Í�È�É�Ï�É4Ú6Ë Ï�É5Ë�ÚóÍ�É�Ö¶Ì�Ñ�Ú6É�Ï&Í�Ë	Ï�É�î³ð&É4Ý�Û�È-Í�ð9É�Ý#Û�È-Í-É4× í/ï:Æ:Ã Ø�É4Ö}ð�Ý$Í�È
ð&É4Ý�Û�È-Í�É4×;í/ï®È�Ë�ð&É,Ø�É4Ï� Ý#ÚQÍ�È�ÉÿØdÑ�Ï�Ý�Ñ�Ð�Ò�É4Ì·Ð�É4Ý�Ö�Û�×�É,Í-É4Ï�Ê�Ý�Ö�É4×;Ì�Ë�Ê�É4È
Ë�ð Ñ	�)É�Þ,Í<��Ý#Ö
É4Ê�Ñ�Í�Ý�Þ
��Ù�Ñ�Ö-Í�Ý$Í�Ý�É4ÌcÍ�È
Ñ�ÍTÑ�Ï�É5Ì%Ù�Ð 0,É4Þ�ÍAÍ-Ë	Ñ�Ö�Ñ�Ò$Ü)Ì�Ý�Ì�Þ�ÙBÍ�Ì�<ÓÔð�È�Ý#Þ�È½ÌDÍ-Ï�Ý�Þ,Í�Ò$Ü Ì�Î�É4Ñ���Ý�Ö�ÛEÊ�É4Ñ�Ö�ÌcÍ�È
É
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Ú6Ñ�Þ�Í�Ë�Ï%Ý�=�Ñ�Í�Ý�Ë�ÖEË�Ú � Î�È-Ü Ì%Ý#Þ�Ì��>� � É��)Î�É4Ï%Ý#Ê�É4Ö-Í-Ñ�ÒIÉ��)É�Þ,Í�Ì��üð&Ë�Ù�Ò�×?Ö
Ë�Í{Ð�É�Ö�Ë�Í;Î)É�Ï�Ú6É�Þ,Í�Õ�IË�Ö
É
Ê�Ù
ÌDÍcÑ Ò#Ì%Ë�Ð�ÉRÞ�Ñ�Ï�É�Ú6Ù�Ò�Í-È�Ñ�ÍfÍ�È�ÉÿØdÑ�Ò�Ù�É4Ì§Ù�Ì�É�×CÍ�ËCÛ�É4Ö�É�Ï�Ñ�Í-ÉfÍ-È�ÉRÝ�Ö�Ý$Í�Ý�Ñ�Ò\í/ï�Ì�Ñ Ê�Î
Ò#ÉR×�Ë�Ö�Ë_Í
Ð�Ý�Ñ�Ì+Í�È�É3Ï%É4Ì�Ù
ÒZÍ-Æ

¿JÖ	Ë�Ï�×
É4ÏIÍ�ËN×
É,Í�É�Ï�Ê�Ý�Ö�É3Í-È�É<Î�È-Ü)Ì�Ý�Þ4Ì�Î�Ñ�Ï%Ñ�Ê�É,Í�É�Ï�Ì[ð�È�Ý�Þ�ÈwÐ�É4ÌµÍ/�BÍ9Í�È
É�×
Ñ�Í�Ñ	¬Ð)Ë�Í-È
Î�Ï%ËdÞ�É4Ì�Ì%É4×Aí/ïuÑ�Ö�×�×�Ñ_Í�Ñ�É,Ø�É�Ö-Í�ÌIÑ Ï�É:Ñ�Ì%Ì�Ý�Û�Ö�É4×3Í�Ë3Ð�Ý�Ö�ÌfÝ#Ö�Ï�É�Ò#É�ØdÑ�Ö-Í&��Ý�Ö�É4Ê�Ñ�Í-Ý#ÞÿØdÑ�Ï�Ý�Ñ�Ð�Ò�É4Ì�
Ñ�Ö�×�Í�È�É�Ö/Ñ�Ö/É
��Í-Ï�É�Ê�É&ØdÑ�Ò�Ù�ÉCË�Ú+Ì�Ë Ê�É;��Ý�Ö�×}Ë�Ú?��Ù
Ñ�Ò#Ý$ÍJÜ?Ë�Ú@�BÍ<Î
Ñ�Ï�Ñ�Ê�É�Í�É4ÏRÝ#Ì&Ú6Ë�Ù�Ö�×�Ì�Ù�Þ�È
Í�È
Ñ�ÍAÍ-È�É$�BÍA��Ù�Ñ Ò#Ý$ÍJÜ�Ð�É,ÍJð&É4É�Ö?Í�È�É<ÍJð&ËpÝ#ÌAÊ�Ñ��)Ý#Ê�Ý�=4É4×
Æ÷¿JÖEÍ�È�ÉTÒ#Ý�Ê�ÝZÍAÍ�È�Ñ_Í'À�Ñ�Ù�Ì%Ì�Ý�Ñ�Ö
ÌDÍ-Ñ�Í�Ý�ÌDÍ-Ý#Þ�Ì:Ê�Ñ�Ü'Ð�É&Ñ�Î�Î
Ò#Ý�É4×��Í�È�Ý�ÌB��Ù�Ñ�Ò�ÝZÍJÜ'Ë�ÚC�BÍ9Î�Ñ�Ï%Ñ�Ê�É,Í�É�Ï[Þ4Ñ ÖNÐ)É·Í�È�É3DFE��ð�È�Ý�Þ�È<ð&Ë�Ù�Ò�×
Ð�É�Ê�Ý�Ö�Ý�Ê�Ý�=4É�×��

D E�G H
ÓJI/K3LH M I.NCO'P+OH Õ E
ÓJQ K3LH Õ E8R ÓJQ NCO P+OH Õ E ÓDà�Æ ß�#	# Õ

ô&É�Ï�ÉRÍ-È�É8Ì%Ù�Ê Ý�Ì&Ë�Ø�É4ÏcÑ�Ò�Ò=Ð
Ý#Ö�Ì�@I NCO P+OH Ý�Ì§Í�È
É8Ö�Ù�Ê�Ð�É4Ï9Ë Úÿ×�Ñ�Í�Ñ;É,Ø�É�Ö-Í�ÌcÝ�Ö}É4Ñ�Þ�È}Ð�Ý�ÖTSU
I K3LH Ý#Ì=Í-È�É&Ö�Ù�ÊCÐ)É�Ï[Ë�ÚMí/ï�É�Ø�É�Ö�Í-ÌCÓDË�ÏfÖ�Ë�Ï%Ê�Ñ Ò#Ý�=4É�×NÌ�Ù�Ê7Ë�Údð&É4Ý�Û�È-Í�Ì%Õ:Ý#Ö{É�Ñ�Þ�ÈNÐ�Ý�Ö� Ñ Ö�×
Í�È
É%Q K3LH Ñ�Ö�×1Q NCO'P+OH Ñ Ï�É=Í-È�É[Ù�Ö�Þ�É4ÏµÍ�Ñ�Ý�Ö-Í�Ý�É4Ì·Ý#Ö�É4Ñ�Þ�È�Ð�Ý�Ö<Ú6Ë�Ï¬í'ï½Ñ�Ö
×<×�Ñ�Í�Ñ&Ï�É4Ì%Î)É�Þ,Í-ÝZØ�É4Ò$ÜQÆ
õþÌ%É4Ñ�Ï%Þ�ÈEÝ�Ì9Î�É4Ï%Ú6Ë�Ï�Ê�É4×	Ý�Ö}Î�Ñ�Ï%Ñ�Ê�É,Í�É�Ï9Ì�Î
Ñ�Þ4É&Í-ËV��Ö�×;Í�È
É8Ê�Ý#Ö�Ý�Ê�Ù
ÊWDFE-Æ�¾�Ï%É���Ù�É�Ö�Í-ÒZÜpÑ
Ì�Ë ÚóÍJð9Ñ�Ï%É[Î�Ñ�Þ-��Ñ�Û ÉIÌ�Ù
Þ�È�Ñ Ì¬í/¿JúRÁ&¿JÇ � ß ê ß �)ÓHÍ-È�É[Þ4Ñ Ì�É[Ú6Ë�Ï�Í�È
Ý#Ì=Ñ�Ö�Ñ�Ò$Ü)Ì�Ý�Ì�ÕÿÝ�Ì¬Ù�Ì%É4×&Í�Ë&Ì�É4Ñ Ï�Þ�È
Ú6Ë�ÏIÍ-È�É�Ê�Ý�Ö�Ý�Ê�Ù�Ê1fÑ�Ö�×	Þ4Ñ Ò#Þ�Ù�Ò#Ñ_Í�É9Í�È�É�ÌµÍ�Ñ�Í-Ý#ÌµÍ�Ý�Þ4Ñ�ÒÿÉ�Ï�Ï�Ë Ï�Ì3Ú6Ï�Ë�ÊºÍ�È�É1�BÍ-ÆN¿JÖ{Í�È�É�Þ4Ñ Ì�É�Ë�Ú
ÑXDFEY�BÍ;Í-È�Ë�Ì�ÉTÉ4Ï%Ï�Ë�Ï%Ì;Ñ�Ï%É�×
É���Ö�É�×wÍ�ËwÐ)É<ð�È�É�Ï�ÉAÍ-È�ÉZDFE/Ì%Ù�Ï�Ú6Ñ Þ4É'Ý�Ì ß Ù�Ö�Ý$Í}Ú6Ï%Ë�Ê Í�È
É
Ê�Ý#Ö
Ý#ÊCÙ�Ê�Æ

õ Ê�Ë�Ï�ÉEÛ�É4Ö
É4Ï�Ñ Ò:Í-É4Þ�È�Ö
Ý���Ù�ÉwÚ6Ë�Ï5×�É,Í-É4Ï�Ê�Ý�Ö�Ý�Ö�ÛwÍ�È
ÉwÐ�É4ÌµÍ�ØdÑ�Ò�Ù�É4ÌTË�ÚCÎ�È-Ü Ì%Ý#Þ�Ì/Î�Ñ�î
Ï�Ñ Ê�É�Í�É�Ï�ÌcÝ�Ì§Í�È�É[(�í/Ñ��)Ý�Ê�Ù�Ê ûüÝ�� É�Ò#Ý�È�Ë�Ëd×}í/É�Í�È�Ë�×�*�Æ<õñÚ6Ù�Ö�Þ,Í-Ý#Ë Ö�+Þ4Ñ Ò#Ò�É4×	Ñ\(�Ò�Ý�� É4Ò�Ý�È�ËdË�×
Ú6Ù�Ö�Þ�Í�Ý�Ë�Ö�*�Ý#ÌC×�É���Ö
É4×�Í-Ë'Ð�É3Í-È�ÉAÎ
Ï�Ë�×�Ù�Þ,Í;Ë�Ú[Î
Ï�Ë�Ð�Ñ Ð�Ý#Ò�Ý$Í�Ý�É4ÌeÍ-È�Ñ�Í�Í�È�É�×�Ñ�Í-Ñ'Ý�Ö?É�Ñ�Þ�ÈpÐ�Ý�Ö
Þ4Ñ Ê�É&Ú6Ï�Ë�Ê Í-È�É9Î�Ñ�Ï%É4Ö-Í3×�Ý�ÌDÍ-Ï�Ý�Ð�ÙBÍ-Ý#Ë�ÖN×
É4Ì�Þ�Ï�Ý�Ð)É�×NÐ-ÜAÍ-È�É9í/Ë�Ö-Í-É9ï:Ñ�Ï�Ò�Ë5ÓµË�ÏüØ)Ý�Þ4ÉIØ�É4Ï�Ì%Ñ�Õ[Ý�Ö
Í�È
Ñ�Í�Ð�Ý�Ö��

] G
H$^ H ÓDà�Æ ß�# 7�Õ
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�÷È�É�Ï�É ^ H Ý#Ì Í-È�ÉRÎ
Ï�Ë�Ð�Ñ Ð�Ý#Ò�Ý$ÍJÜ5Ð�Ý�Ö`SfÈ�Ñ�Ì Í�È
ÉRÖ�Ù�ÊCÐ)É�Ï§Ë�Ú�×�Ñ�Í-ÑCÉ�Ø�É�Ö�Í-ÌIÝ$ÍRÈ�Ñ�Ì ð�ÝZÍ-È;Ï%É4Ì�Î�É4Þ�Í
Í�Ë:Í�È
ÉRÎ�Ï%Ë�Ð�Ñ�Ð
Ý#Ò�ÝZÍJÜT×
Ý#ÌµÍ�Ï�Ý�Ð�ÙBÍ-Ý#Ë Ö;×�É���Ö�É4×;Ð�Ü<Í-È�Éeí/ï:Æ\Ç:È�É&Î�Ï%Ë�Ð�Ñ�Ð
Ý#Ò�ÝZÍJÜT×
Ý#ÌµÍ�Ï�Ý�Ð�ÙBÍ-Ý#Ë Ö�ÌIÝ�Ö
Í�È
Ý#ÌlÞ4Ñ Ì�É�Ö�É4É�×�Ö�Ë_Í�Ð�É3ÀCÑ Ù�Ì�Ì%Ý#Ñ�Ö?ÓDÈ
Ë�ð&É,Ø�É4ÏeÝ#Ú\Í�È�É�Ü{ð&É4Ï�É��Í�È�Ý�Ì·ð&Ë�Ù�Ò�×TÐ)É3É���Ù�Ý$ØdÑ�Ò�É4Ö-ÍRÍ-Ë
Í�È
É<DFEeÊ�É,Í�È
Ëd×�Ñ�Ð�Ë�Ø�É4Õ%Æ:Ç:È�ÉRÛ Ñ�Ê�ÉÿÍ-È�É4Ö�Ý�ÌMÍ-Ë[Í�ÏDÜNÑ�Ö�×�Ê�Ña� Ý�Ê�Ý�=�É Í-È�Ý#Ìb��Ù�Ñ�Ö-Í-ÝZÍJÜ�Æ ] Þ�Ñ�Ö
Ð�ÉCÑ3Ø�É4ÏµÜpÒ�Ñ�Ï%Û�ÉCÖ�Ù�ÊCÐ)É�Ï�=Ì�ËCÍJÜ)Î�Ý�Þ4Ñ�Ò�Ò$Ü�Í-È�É;��Ù�Ñ�Ö-Í-ÝZÍJÜTÍ�È�Ñ_Í8Ý�ÌRÊ�Ñ��)Ý�Ê�Ý�=�É4×}Ý�Ì&Ò�Ë�Û ] Æc¿JÚ+Ñ
Ê�Ý#Ö
Ý#Ê�Ý�=4Ñ�Í-Ý#Ë�Ö�Ì�Ë�ÚóÍJð&Ñ�Ï%É�Î
Ñ�Þ-��Ñ�Û�É3Ò#Ý�� É�í/¿JúRÁ&¿JÇ�Ý�ÌlÙ�Ì�É�×�Í�È
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flux*energy vs energy  neutrino(blue) and antineutrino (red)
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neutrino mode flux vertex distribution
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antineutrino mode flux vertex distribution
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cross section vs x, antineutrino modeÒ
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�i� U � j �W� � ���i� � ~i� � ¤ �W� p H�~i� p =>�"�B�X� u �"�^�W� o � p qm� HP= s �¡�P= �M� F n ��~ p�t �¿�K~i� ¤ � o � �
t � j�o �W� o � p n � � � n � �W� � ~i�"� �bu �W�i� jLo �"� U �i� pÀ� �����C~i� o p m ���i�ª�m���C~;l.�!~i�^� n ~ p lp� o � p � o p
� ~�� p �ClW�W� ����� o p m �"�0� y�t � � m � pi�;t �8~����W� o ~ �©� � p;t o �^� p ���"� m �.��� ?Mg¡¹ } �B�T� �i� p ����� y �X�d� � � t
�W� ª,°±ªT²± � ����� y n ��~ p;t ���i�W� o p �m����� t � n ���i� Ð �W�v� o p �©� p � U ��~i� t � � ¤ �Blp� n �"� n �^��� � ~i�"� � � �
������� � U �"��� t � U p U �"� t �^�X� ¤ o p m lB~i� j � n � � � � � t ���^�W���v���Á� o<m � j �"�<~i�W��� n �T�r¥ � o �
�C~ ¤i¤ � �W� � o � p � n ���i� u ��~ p�t�p ~;lW�X�W� p��$� o � p � U � ¤i¤ �^� ¤ � o �W����� y l����X�B� t �����¨³ � HK=Â�W�G�8lp��µ �
HP� pFy§� � t ���B� n �"�N���i�����i� � HP=Ã���$�Bl.�ª� �Lo ��� � ~��C~i�"�B� y �i� jLo p m ��� t � U�o ��� p ~;lW�X�W�"�
u;o p;t o p m �W�G�8lp���N�"��l·�i� p m �������©���i� � ~��"� � l�� p � p � � � p � u �W�i� jLo �"� U�o ��� o p ����� p ~;lW�X�W�"�
� p jLo � � pi� � p � �

� � y � p;t ���i�N³ � HK=>µ�^� m�o � pi� �W�&� � ��� � � �W� y � o<m � � � ���i� �G� � �¡� o �>� o � ���	� o<m p o � lW� p ��� y
� u � j � gW�I¥ � o �t� o � � o � t ~i�����Â³ � ��� � o � �W� o � p µ � ���M���i�W�����i� p ~;lW�X�W� p �O�"�^�����i� � � �W� j ���
� � j�o p m¢U�o ��� o p ���i� p ~;l��B�B~i� �j� �i� p%t � � p o p mÁ�	� �"� � � p �éo � U �����"�^�C~ � � t ���i�W�v�����
p ~;l��B��� p U �����W�'�^���m� � m�o[jLo p m � � � �Lo � ~ � j ���M~i� n �"� � � n gW�,�Xo ��� o p ����� p ~;lW�X�8~i���i� U � j ���
����� p ~�l��B��� p l���~�� t �i� j � p � piÄ �W� � � � � � p �!~ �©� �"�B�B� U�o p mw�%q �"� u � o � o p n �^� � ~i� p ��� y s ��� u �
m �^���W���������i� p gW�%qm� � � m�o p �l���i��� � ��� � � �_l��"�^�¨� n �������m���C~;l � p ~�l��B��� p u � o p m � �<~ p m �¡�
� � � �0� oMm � � � � � p �F~ � ��� U �"� t �º���i� o p l�� � o p m�u �"� � p�� U � o �B�������0� �����v� n ���i� p ~;lW�X�8~i�
� � o<m ����� y U � u;u �B���v� U � y n � � � o � � ���i� p � p ��� ¤ � n ���i�¡�®�i� j �¦���i� o p �����^��lp� o � p ��� ¤i¤ � p
U�o ���K� � ~i�"� ��o p ���i�W� p ~;l��B��� p U�o ���K�v� oMm � j �"�<~i�l� n �T�t� p ���i�W�`l���� � o � o � ¤ �"� � oMu �B�����



A"» }

�i� j �� � ~i��� � � � � � p �!~ � m � ���¡�����Å���i� p ���i� p ~;l��B��� p�� � � � p �!~ � U ��� � o �'��� u ���W�� �����
� �W�X�¡� oIj �l���v����� p ~;l��B���"��l�� p �����0� n � ��� � � s � �i� p ��� ��o p m ���i���^�W� o �K� n �G� n �"�l�K�B�"� m �
p ~;l��B�����>���"� m �p�O���¦���i�W�v� n � ¤ � �W��� pi� ������� � o �O��l�� � ¤ � p � p �I���i�¡� � �"�;���i��~ m �¾� � �"�B� � o �
p � p�Ä ���^�¢��� �wÆ g ��t o[jLo t � t u y � � � �.��� o p m � ¤i¤ � ����l·� o p m Ä ���^� q � p;t U � o l·� o �Z� � ��lp��� y
Ä �W� �v�W� �TÇ�g s ��¥ � o �"lW��~i� �W�&���i�Z� �W� o �t��� u �B� U ~ ¤ � �i� p l������i�Z� p �i� p lW� � � p �©�¡�I� oMm � �
?;½�i��B�

¥ �i�ª� o � ¤ �X�W�m� U � y ���klW�"� �^�Blp� n �"�¦���i� p ~�l��B���"�®� p jLo �^� pi� � p ���X�P�W�G�8lp���¢� p �����
�ClW�W� ����� o p m l�� ��� ���^�Bl.� o � p o �M��� � � � ��~i� �l� n ���i� � �W�"�C~i�^� t �^�W� o �"��� n �$� n �"�¼���i�>����� m �.�
j �W� �K~i�¶���i�¡� n �"� t �8~����W� o ~ � � D p �/l���~i� t � �O� ��o �m� o p m t �W��� U�o �����^� � � �Ño p;t � n � � ¤ o � o l����
¤ �"�^� � �p����� o Ä �¡� o � pi� � p;t ~i�^�������W����� � � t o n y¿�G� n �"�M���i� ¤ �^�W��� p ��� � �W�!l·�����i�NF"~ ¥ � q
����� m �.� �È¥ �i�W� � o � p �E� jLo t � p lW�¦���i�W� ·�¸$o �0� � p � o � oIj �0��� p ~;lW�X�W�"�0���$�Bl.��� ?<gW¹"L�� � � � n ���
l·�i�"� m � t �B� ¤ ��� p �Kl��W�^���W� o p m �W�N�X�W�"�m� � ����� �G� �^�W� o �_lW��~i� t u �`~i�^� t ���_l��"�^� �Bl.�����i�����W���"�
l��^�"� �Z�^�Blp� o � p �¨¥ �i���^� o �Z�"�B� �É� jLo t � p l�� n � � � ���i� �R�M� =Ê� � ¤ ��� o � � p ���W�v= �M� F ?<gW¹"¹��
�����W� p �8~���� o p �v�Kl��W�^���W� o p m �i�"�����i�t�^� � �t� �i� t � U�o p m�!"� HP= !"� ��� � o � �W� o � p u �W�i� jLo �"�>���
l·�i�"� m � t �B� ¤ ��� p �Kl��W�^���W� o p m"�¨¥ � o �Z� ¤i¤ �^�"��l·�¾�i�"� u ��� p ~i�^� t o p ���i� ¤ �"�m� u y u �W���������
=>= ��� � p;t F/~ ¥ � q l��"�B�X� u �"�^�W� o � p � U �i� p l�� � ¤ �"� o p m ���i��� ¤i¤ � o lW�W� o � p � n � � ����� p �"� ¤ t n
� �.���¼���t����� o � � �W�"�C~i�^� � � p ��� ?<gWL"A��B�

� �Bl�� p ��� y �i� U � j ��� � �^� j ��� ��� m �^��~ ¤ � ?MgW¹�½ � gW¹"~ � gW½"| � g¡½5g�� �i� j �'��� � � p �`lW�"� t n � � �
�����"� � U �i� t � m �B� u �"� � ���©��� t �.���W� � o p � ¤ �"����� p�t o �m��� oMu ~�� o � p n ~ p lp� o � p � � � p;t ��� j �
¤ �^� t ~�l�� t �^�p���¦� n ³ p ~;lW�X�W�"� ¤ �"����� p�t o ����� oMu ~�� o � p n ~ p l.� o � p � µ � �"� p ¤ t n � �Á¥ �i� p ~;lW�X�W�"�
l�� p ��� o<u ~�� o � p ���¨���i�®�ClW�W� ����� o p m l�� ��� �v� �Bl.� o � p �^���K~i�Q��� n �^� � ��lW� p j �"�<~�� o � p U�o ���h�����
u �"�^� p ~�l��B��� p ¤ t n � � oX� � U�o ���©���i�Z�m���C~;l.�!~i�^� n ~ p lp� o � p ���B�o� ��o p m � � � �.��� o p m � oB� �8�

Ë ² q¯� \�¬ � s Ç¯Ì�qÊ� \�¬ � sTÍ£Î�Ï·Ð Ñ qÊ� \�¬ � sTÍhÒ�ÏÓÐ Ñ qÈÚ \ � \�¬ � s qmL"�B»"½"| s
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���*�I�����ÈÕ }�} � FÖi×��B������×W�"� �^��×p��ØX��Ù����M���i�ÅÚ����X�WÙi×��&Û)Öi�"� �OÜ ØX����� ØBÝiÖ���ØX��Ùi��Þ��������i�^���,Ú����XÖi�W��"Þ�¬ �

Ø � � � ��×��"Ù�Úi�"�XÖ���ØB�"Ù¾ÝG�.� U �W��Ùª���i�"� Ü � ×��¡� ���W� ØBÙißN���W� � Ìlàâá \�¬ ��ã � �����¦Ýi�"�^�¦Ù)Öi×��B���"Ù ¤ Ü Þ
Î�Ï·Ð Ñ àâá \�¬ ��ã �"Ù Ü �¿ÙdÖ�×��B���"�¨×W� � ¤ �"Ù���Ù�� Ò�ÏÓÐ Ñ àåä \ á \�¬ ��ã �æ �i�W�¾ØB�N�*ç ¤ ØB×��"�B�Qç Ü �"Ùi�è���
� Ù Ü Ò�ÏÓÐ Ñ àmä \ á \�¬ � ã à �"���^� � �p��Ø � ���R���i�0×�� � ÝiØBÙi�W��ØB�"ÙE�"Þ ÎWÏÓÐ Ñ àâá \�¬ � ã ÍéÒ�ÏÓÐ Ñ àmä \ á \�¬ � ã^ã
ØB�T���I��� � � � Ýi�B�&���i� U �"�^� Ü �X� Ü ��� ¤ ØBÙi���B�"����ØB×�^×��W�^�����^ØXÙ�ß Ü �W���l���lÚo�"� ØB�"Öi�&Ù)Öi×��B���"�,����� ß"�.��� �
Öi�^Öi�"�B�QçwØXÙK���i��Þ���� � �"Þlê °±ê ²± �^�W��ØB�"� � �"Ù Ü ��� � �¨� ¤ �"� � � �.���W� Ø Ä �W��ØX�"ÙÈ��Þ Ò�Ï·Ð Ñ àåä \ á \�¬ � ã
�"�^� Ö � ØBÙiß�� ¤ �"����ØB×�Öi�B�"� ¤ Ü Þ��^�p� �

� Ùv���iØB����Ùi�"�;çë�^ØX�M���i�IÙ ¤ Ü Þ���Þ�� � � Ü � � �X�"�^ØX��Ù¢�.�N��� ?XÕW¹�~"ì�U ØX�B�TÝG�IÖi�^� Üi�¥ �i�pçh�"�^�
����� � �^�m��Ù ¤ Ü Þ��º� � ��� �"×.��� Ü �¡��FSTDíØBÙ�îZ=>´ � �"Ù Ü ØXÙ�×��BÖ Ü �tÝ$�W��� Ü � ¤ ��Ù Ü ��Ùi×W�O�"Ù��¡��� � ØB×
� �"� � ä ��Ù Ü ¬ � �>¥ ���O×��"�^� ��×.��ØB�"Ùi�>�"�^� ¤ � �VÚGØ Ü � Ü ØBÙ0���i�OÞ��"� � �"Þ,��Ù®ØBÙ����W� ¤ �"�X�¡��� Ü ���"Ýi�B�
ØBÙ ä � á � �"Ù Ü ¬ � Þ��"��Úo�"�B��Ùi×W�I��Ù Ü �^���vÛ)Öi�"� � � � ��Ù Ü ß��XÖi��Ùi���"Þy���i�ZÞ��"� �©ï

ð ÏÓÐ Ñ àåä \ á \�¬ � ã Ç ÎWÏÓÐ Ñ àâá \�¬ � ã ÍhÒ�ÏÓÐ Ñ àåä \ á \�¬ � ã
Î�ÏÓÐ Ñ à�á \�¬ � ã àmL"�B»"½yÕ ã

� ØBß"Öi�^��� Õ }"} : Õ } ½ ¤ �B�W� ð ÏÓÐ Ñ àmä \ á \�¬ ��ã Þ��"�iÚo�"�B��Ùi×W� � �^����"Ù Ü ß"�XÖ��"Ù Ü ØX����� ØBÝiÖ���ØX��Ùi�¶Þ��"�����i� �W�
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A"»�~

Úo�"�BÖi���O�"ÞÅ�*ç ¤ ØB×��"�¶F�Ö ¥ � q ¬ � � J��t�"Ù�� U �"Ö�� Ü � � ¤ ��×.� � ����� � ��ß"ÙiØ;��Ö Ü �0��Þë���i�0Ù)Öi×W�X�W�"�
×���� � �W×p��ØX�"Ù��tÝG�Wß"ØBÙ������ ¤�¤ � �"��×·� Õ �"�t¬ � ØBÙi×��^���"�^��� �©¥ �i��Ú����X�WÙi×��¦Û)Öi��� �®Ü ØX�����^ØXÝiÖ���ØB�"Ùi�
�i�VÚ��N���i��Þ�� � ØB�XØB�"�l�m���^Öi×p��Öi� ��� ���WÙéØXÙ ê °±ê ²± � ��� U �pÚi���t������� �W�E�"Ù Ü ß"�BÖi�"Ù Ü ØX�����^ØXÝiÖ���ØB�"Ùi�
�i�VÚ���� Ü ØB�G�W� ��Ù��É�^�i� ¤ � �>� �"���¨Ùi�W���"Ýi�;çj�vÚëØB�m��Öi�"�&�"Ýi�^��Ùi×W�¨�"Þ������ � HP=n���$��×p� �Á¥ �iØB�
� �VçG����i�W�¨� ¤i¤ �;çëØBÙißE�P�^Ø � ¤ �B��Ù)Öi×W�X�W�"�0×��"�^� �W×p��ØB�"ÙÁ���X�"Ù�ßè���i�è�XØBÙi�W�¦�"Þ>�Pß"�B�"Ýi���Oê °±ê ²± ���
Ý$�W���O���i��Ùi�WÖ����^ØXÙ��N×·�i�"� � ×��^�"� �&� �W×p��ØX�"Ù à ����� �©� ØBÙiß¦Þ�� � �ôó¸õ |"ö Ú����X�WÙi×�� �ëó } |"ö � �W� ã
�"Ù Ü �"Ù���ØBÙi��Ö���� ØBÙi�è×·�i�"� � ×W� �"�^��^��×p��ØX��Ù à ÕW|�|èö �^��� ã U ��Öi� Ü ÝG�Z��Ý�� Ü Ø Ü ��� � �W� ¤ ��×WØX�"�B�;ç
U �i�WÙN���i�tß��"�"�yØX�T���¦Ö�Ù Ü ���^�m���"Ù Ü ����� Ü ØB�G�W� ��Ù�×��tÝ$�p� U ���WÙ0���i�t����� ��Ùiß"����Ù Ü �"Ù���ØB�m��� �"Ù�ß"�
Ü ØB�m��� ØBÝiÖ���ØB�"Ùi� �

¥ �i���^�W�������NÝ�Öi�mç � ß"Öi�^� Õ } ~ ×�� � ¤ �"� �W����i� Ü � � �B�"�^ØX�"ÙhÙ)Öi×��B���"�N×��"�^� ��×.��ØB�"Ùi����
×���� � �W×p��ØX�"Ù��vÞ��^� � CØX�^�"Øº�.�®�"� ?BÕW¹"½ � ÕW½"|"ìB�w¥ ���®CØX�^�"ØºÙ)Öi×W�X�W�"�©×��"�^� �W×p��ØB�"Ùi�©�"�^�¨Ýi�"�^� Ü
�"ÙÉ�©�X�W� Ü ØBÙißv�"� Ü �W� � � � ��Ù Ü ���·Úi�Z� �BØXß"�����Qç Ü ØB�$��� �WÙ��¦�"�^� Ö � ¤ ��ØX��Ùi��^��ß"��� Ü ØBÙißt���i� � HP=
���$��×.�0�"Ù Ü � �i� Ü � U ØXÙiß �l¥ �i�.çÁ���X�^���i�VÚ��N��×���� � �W×p��ØX�"ÙKÞ��"�M���i�N�����^�"Ùiß"�l� ��� � ���i�"Öiß"�¢ØQ���
�BØ � ���;ç¿Ù��W�Úi����ç U ���B�T×��"Ù��m���^�"ØBÙi� Üi�O¥ ���lCØX�^�"Ø,Ù ¤ Ü Þ�� U ØB�B��Ý$�ZÖi� � Ü ���vß"�p�l�^� � �NØ Ü ���v�"Þ
�����I��çG�m��� � �W��ØB×NÖiÙ�×��������"ØBÙ��*ç Ü Öi�>���t�����IÙ)Öi×W�X�W�"��×��"�^� �W×p��ØB�"Ùi� �

L"�BA"�X»÷< ���^�"Ùiß"� < �W�èHK� Ü �W�XØBÙiß
¥ �i� ¤ � Ø � �"�mç«ß��"�"�R�"ÞM���iØB�©�"Ùi�"�;çG� ØB��ØB�t���ªÖi� �0���i�ÉÞ��"� U ��� Ü¯Ü Ø � Öi�"ÙÂ×�� ��� �v� ��× :

��ØB�"ÙZ��� � ����� Öi�^�&�������m��� �"Ù�ß"���"Ù Ü �"Ù���ØB�m��� �"Ùiß���� �W�"� U Ø;����ØXÙ¨�"ÙèF�STD§îZ=>´Þ�� � � � U �"� �)�
¥ �)Öi�tÞ��"�M���i�l�X�Vçi��� ��� � ¤ �"� �W��ØXÙ�ßl���i�N�"Ýi� �W�mÚi� ÜEÜ Ø � Öi��Ùi�OÞ�� � � ���i�NÖ�Ù Ü ���^�QçGØBÙiß ¤ ��çG� ØB×��
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���I���i��e ¥>� î Ü ��Þ���Öi�Q� àåûKÇ ûKÇ � � õ   �ÁÇ �ÁÇ � ã � �N���i�W�����i�¦�.Ú��"�BÖ���ØB�"Ù¾×�� Ü �l×��"Öi� Ü
Ý$�I×·����×g¡�� Üra Ø;���v���i�Z�m���"Ù Ü �"� Ü e ¥>� îL¥Fd ¤ Ü Þ¶� �.�l�W�IØXÙ�ØQ��ØX�"�BØ Ä �W��ØX�"Ù �
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¥ �"Ýi�B� »"» � �i� a ����i�v� ���^Öi�;���¦�"ÞT���iØB�	���±  a Ø;���É���i� ¤ �"�^� � �p���W� �l�"�X�B� a � Ü ���©Úo�"�mç
�iØBß"�i�BØXß������ Ü ØBÙ¯ÝG�"� Üi� ¥ �i�¢×W�"� �^���B�W��ØB�"Ù � �¡��� Ø³�«Þ��"�t�����S���PØB� à ¤ �"�^� � �p���W� �vØXÙÂ�"� Ü ��� ï
û   û   �   � ã ï

Õ¢� �F�F� � � �F� Õ � �B¹�½yÕ � � �¤� Õ
� � �F� Õ Õ¢� �F�F� � � �¤� Õ � �B½ �F¥
� �â¹"½yÕ � � �F� Õ Õ¢� �¤�F� � � �¤� Õ
� � �F� Õ � �â½ �F¥ � � �¤� Õ Õ¢� �¤�F�

à�^"�B» � ^ ã

¥ �i� P � Þ��"�����iØB����� a �"� O ¥ � �v�"Ö��N�"Þ O � �B½ �W�G�W×p��Ø;Ú�� Ü ��ß"�^���W���"Þ�Þ��^��� Ü � � �O¥ �i�N�W�G�W×p�N�"Þ
�mçG����� � �W��ØX×ÖiÙi×W���m���"ØBÙ���ØX�W�'��Ùè�W�"×·�è��Þ)���i���m���^�"Ùiß"���^��� ¤ �"� � � �.���W� �M�"Ù Ü �"Ù o � ØB�M� �i� a Ù
ØBÙE���"Ýi�B� »FO"�¯¥ �i�¨�B�"� ß����m�®��çG�m��� � �W��ØB×ÉØX� Ü Ö��N���������¨×·�i�"� � Ýi� ��Ùi×·�iØBÙiß¾� �W��ØX�F  a ��ØX×·�
×���Ù���� ØBÝiÖ�������� �"Öiß��i�QçE�i�"�BÞ$�����>���W�����Å���^� �"�>�"Ù0�����I���mç �©� �.����ç � �W�"� Ö�� � � �WÙ�� �

� ØBß"Öi�^� ÕW¹ ¥K� ��� a �����i�v�m��� �"Ùiß����"Ù Ü �"Ù���ØB�m���^�"Ùiß"�è� �W�"�NÞ��^� � ���iØB�	��� ¤ �B�W�^��� Ü �"Ù
��� ¤ �"ÞR�W�"×·�Á�W���i���I�"�l�KÞ�ÖiÙi×.��ØB�"Ù¿��Þx� �´U �N�"Ù�� a �"Öi� Ü �Y� ¤ ��×.�ÉÞ�� � � ���i���^ØXß�Ù¿�"Þ o �  
�����0�m���^�"Ùiß"�0�^���"�B� � � � ��Ù���Ö � Ü ØX�����^ØXÝiÖ���ØB�"Ù¾ØX�O�B�"� ß����'���i�"Ù����i�0��Ù���ØX�����^�"Ùiß"�0�^��� �è¥ �i�
���^� �"�IÝi�"Ù Ü �N�"Þ	���i�Z� a �P×WÖi�mÚi���¦�VÚi��� �B� ¤  ºÝiÖ��¨×W�"� �^���B�W��ØB�"Ùi�lÝG�.� a �W��ÙK���i������� ��Ùiß"����Ù Ü
�"Ù���ØB�m��� �"Ù�ß"�l�^��� ¤ �"�^� � �p���W� ��×��"Ù�� ¤ ØB� �>����¡��W� ¤ ���i� Ü ØX�$���^��Ùi×W� á � àâá ã ü¿á � àâá ã ¤ �"� Ø;��Ø;Ú�� �
¥ �i�P�^Ö � �"Þº���i�¢�m��� �"Ùiß��P�"Ù Ü ��Ù���ØX�����^�"Ùiß"�P�^���"���"� �¢� �i� a Ù ØXÙµ�iß"Öi�^� ÕW¹"¹  ��"Ù Ü �����
� ��� ¤ �l�"ÞG���i�N����� ��Ùiß"�N���mç �©� �.����çÈØB��� ��� a ÙEØBÙ¶�iß�Öi� � ÕW¹"½"�Z¥ �i�m����� ¤ � �WÞ������ ¤ �"�^ØQ��ØQÚi�
�"��ç �©� �p���mçh�W�I�B� a Úo�"�BÖi�����"Þ áT�

^"� õ � õ � �   � � îLe>´í� �W��ØX�^Þ�çëØBÙißr���
¥ �i�W� �É�"� ��� ÜiÜ Ø;��ØB�"Ùi�"�º×��"Ù Ü ØQ��ØX�"Ù������i�W� � Öi���KÝ$��Ø � ¤ �"�^� Ü �"ÙK�����¨�m���^�"Ùiß"�¨��Ù Ü

�"Ù���ØB�m��� �"Ù�ß"���^���"����� ¤ ��� Þ��W×p���Qç¢� �¡��ØB� Þ�çv���i�� ��Û)ÖiØB� � � ��Ù������"ÞÅîLe>´ �$¥ �i�����·Úi�"�R�^Ö � � Öi�B�
�� � àâá ã ü � àâá ã*� á � Ö��m�ÝG� Ä ���^�F ��"Ù Ü ���������W���"� � � � �WÙ���Ö � à ��Û)Öi�W��ØX�"Ù ^"�B» � Õ ã � Öi����"�X�^�
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xs¹ -(x) vs x
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´O�W� ×��^Ø ¤ ��ØB�"Ù û û � � o �
»~¼b½�¾°¿AÀ
ÁQÂ�À
ÁÄÃx¼ �xÅ��x�F� �xÅ������ �xÅK��ª ��ÅK��� �xÅK���x�����
Æx¾°ÀÇ¾°ÈÄÉ°¾°ÈÄÊ�À
ÁQ¼b¿A¿AË�¿ �xÅ����x� �xÅ������ �xÅK��� �xÅKªx� �xÅK���������
; 0jX*Ì à^Õ�^"ö ã � � � ÕW» � � �¤�F� � �TO"½ � � � ½ � � �¤�F� õ Õ
; 0jX*Ì à�»yÕWö ã � � �¤�F¥ � � � ÕW½ � � � ^ � � Õ õ � � �¤�F� OyÕ� � Ö��E� ×����X� à ÕWö ã � � �¤� ¹ � � � Õ ¥ � � Õ � � � � Õ � � �¤�F�F� »

¯ � Ü �WÙi���^ßWç¾� ×W�"�B� à � �T^�ö ã � � �¤� ½ � � �¤�F� � � Õ�^ � � � õ � � �¤�F� Õ �ðQÍéàm» � ö ã � � � Õ"Õ � � � ÕW½ � � �F¥ � � � » � � �¤�F�F� ^
d¶e �m���W��ØB�m��ØX×W� � � � Õ õ � � � »yÕ � � Õ ¥ � � �¤¥ � � �¤�F�F�F�� � Ö » � �"Ù�ß"���"Ö�� � � � Õ�O � � � »yÕ � �TOyÕ � � �¤¥ � � �¤�F� ÕW»� �XÖ��¾Ùi�"� � � � �¤� » � � �¤�F¥ � � � ¹ � � �¤� � � �¤�F�F�F�

¥ �W����� ¥ ��Ýi�X�LÎ�çG����� � �W��ØX×W� � � � »"½ � � � õ"õ � �T^"½ � � Õ¡½ � � �¤�F� ^ õ
e>�i�"� �÷� ��� � � � � Õ�^ � � � Õ"Õ � � � ¹ � � Õ õ � � �¤�F�F�F¥� � �"ß � �WÙ����W��ØB�"ÙSG � � �¤�F� � � �¤�F� � �X»F^ � � �¤¥ � � �¤�F� »FO

6 p � � � ^FO � � � ^F^ Õ¡�TO"» � � Õ � � � �¤� ÕW»F^¥ �W����� � �)����� Ù��"�ÏdP����� Öi�^� � ��Ù�� � � � ^ ¥ � � � ^"¹ Õ¡�TOF^ � �X» õ � � �¤� ÕW»"¹
Ð Ë�¾°ÀÇÁ²Æ�Ñ�É°¾°¼bÒvÀÇ¾°ÈÄÊ�É �xÅ������ �xÅ���ª�� ��ÅK��ª �xÅK��� �xÅK���x�����

¥�U��Q\T�»FO���ûv� îLe>´`�pÚi�"�XÖ���ØB�"Ù����v�mçG�m��� � �W��ØB×�� �¢¥ ���v��çG�m��� � �W��ØB×������i� � �^���;Ú��W�N�"�^�
Ü Ø;ÚGØ Ü � Ü ØBÙ��������i�"� �O����� �v� ØBÙißvÞ�� � � ���i��×�� ��� �>� �W×p��ØX�"Ù0����Ýi�X�� Å�"Ù Ü ���i�"�^�OÞ�� � � �Y�)���W� Ùi���
� ���"�^Öi� � � ��Ù���� � ¥ ���ª�B�"�^ß"�����ª�mçG�m��� � �W��ØB× à �"Ù Ü �B�"� ß����m�ª�^ØXÙ�ß"�X�¾�W� � ��� ã ØB� Ü Öi�����P�����ÖiÙi×W�������"ØBÙ��*ç¿��Ù0���i�Z×·�i�"� � Ýi� ��Ùi×·�iØBÙiß��^�W��ØB� 6 p �
Ý$�I×W�"Ùi�^���mÚi� Üi�¥ �i�Le ¥>� î ¤ �"� � � �.���W� Ø Ä �W��ØX�"Ù ï

� � à�á�� ¬ �� ã Ç û � à Õ¼ü¿á ã ý  á �  � àâá�� ¬ �� ã,ÿ � à�á�� ¬ �� ã
� � à�á�� ¬ �� ã Ç � � àâá�� ¬ �� ã ���"Ù�� û � à Õ¼ü¿á ã ý�� á � � Õ¼ü á

á �
� Ç � � ÿ � �» � Ç � � ü � �»

� �¡��ØB�%�i�W�'���i�W� �¦×W�"Ù Ü Ø;��ØB�"Ùi��ØXÙ©���i�W� ������� a Ø;�������i�N� Ü�Ü ØQ��ØX��ÙK�"ÞG���i�Nß��XÖi��ÙP� �W��� �W� ×����XØBÙiß
� ×·��� � � �¥ �i�l�^���^Öi�Q�����Þy���i�m���I�"� �Z� ��� a Ù¢ØXÙ0����Ýi�X� » õ ��¥ ���9���NÛ)Öi���XØ;�*çªØX��ß"�d� Ü   a Ø;���
� P � �"Þ O�½"�X» Þ��"� O"¹"�B½ ���$��×p��ØQÚi� Ü �Wß"� �W���v�"Þ�Þ��^��� Ü � � �¥ �i�K�����^�"Ùiß"�S�i�VÚ��"�v� Ö � � Öi�B�
¤ �^��Þ����^�����©ÝG�Z�^�W��ØB�%�i� Ü ØBÙ¦���i�W� �9������Ý�ç ¤ �^� Ü Ö�×�ØBÙißè�©�B�"� ß��OÙi��ß"�¡��Ø;Ú��I� ¤ Øz¡��I�W�I�B� aÀá ���



OF^ �

§ �"� � � �.���W� ���"�XÖ��
4Sp ÕW�X» ��¨I�Y�
G � � ¥F�û � �j�K���x��8����Ä�F���û � àåü��j�����x��8Ó�j�K����ª ã²Ô �F� �ÇÕ
� � �t������8����K���
� � �j���x��8����K���
� � �j�K��ª���8����K�����
� � ü����Ä�F����8©�j�������
6 p � � �F�F�
Ö pÄ× � �B»"» õ

¥�U��Q\T�w» õ � ÎiÖ � �^Öi�B�O� �W��ØX�^Þ�çëØBÙiß~��� ¤ ��� � � �p�����^� ��� �"� Ü ¤ �"� � � �.���W� ���"� �ºÚo�"�^ØX� Ü ØXÙ¦�����
��� �ly Ùi�;ç¾�����W��ØX����ØB×��"�,�W� � ��� ���"� �Z�^�i� a Ù �
×�� � ¤ ��Ù�� �W����Þ��"�Z� � �"�^��ß"�^� Ü Öi�"� ¤ �"� Ø;��Ø;Ú��è×�Öi��Ú����¡� � � Ü ���^�W��� áT�ª� ØXß"Ö�� � ÕW¹ �®� �i� a �
�����I�^�i� ¤ �l��Þy���i� � � � �WÙ���Ö � a ��ØBß"����� Ü �m���^�"Ùiß"�Z�"��ç �v� �.���mçh�"���vÞ�ÖiÙi×.��ØB�"ÙK�"Þ áT��¥ �i�
×��^�"� �^ØXÙ�ß ¤ ��ØXÙ��¨Þ���� � � à�á ã ¤ �^��Þ����^�����KÝ$���W���"Ù¿���)��� � � ���;ç£�B� a Úo�"�BÖi�è�"ÞR�"Ý$�"Ö���� � �F� õ �
¥ �iØB�©ØX�©Ý$���B� a �"Ù�ç �"Þ¼���i�É×W� �"�^�v�^��×.��ØB�"Ù¾���"Ýi�B� ¤ �"ØBÙ����$ �^�hØBÙ ¤ � ØBÙi×�Ø ¤ �B�©���i�¨Þ�ÖiÙi×.��ØB�"Ù
×���Ù Ü � a �i�W���pÚ��W�OØQ� ¤ �X�W�"� �W�% M�"Ù Ü ���i�W� ��Þ���� � Ü �d��� �v¥ ���¦ß"�BÖi�"ÙE� �W�É�"Ùi�;çÁÙi�W� Ü � Ü ���¨Ý$�
� �W� ×W�"�X� Ü Ý�çK�¦Þ��"×.���"�'�"Þ ÕW� �F�F� ¹�à � � � ¹"ö ØBÙi×��^���"�^� ã  ,×��������"ØBÙi�;ç a ���B� a Ø;���iØBÙN�����tß"�BÖi�"Ù��^���
���^� �"�^� �>¥ �i�O×W�"� �^���B�W��ØB�"Ù¨×W�o���v×WØX�WÙ�����Þ��"�	���i�O�m��� �"Ù�ß"�t� �W� ¤ �"�^� � �p���W� �>�"�^� à ¤ �"� � � �.�����^�
ØBÙ¢�"� Ü ��� ï û �   û �   � �   � �   � �   � � ã ï

Õ�� �F�¤� ü � �åÕW¹yÕ � �â½"½ � ü � � � O"¹ � � � ¹F^ ü � �â»F^"»
ü � �åÕW¹yÕ Õ¢� �F�F� ü � �þÕ¡» � ü � �â»"» � ü � �þÕ¡½"» ü � �â¹ ¥ ¹
� �B½"½ � ü � �åÕW» � Õ¢� �F�F� � � � ¹ � � �â½ � õ ü � �â» � ¹
ü � � � O"¹ ü � �â»"» � � � � ¹ � Õ¢� �F�F� ü � � � ^"¹ ü � � � OF^
� � � ¹¤^ ü � �åÕW½"» � �â½ � õ ü � � � ^"¹ Õ¢� �F�F� ü � �â» ¥ õ
ü � �â»F^"» ü � �â¹ ¥ ¹ ü � �B» � ¹ ü � � � OF^ ü � �B» ¥ õ Õ¢� �¤�F�

à�^"�B» �F¥ ã
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Ø�J o � Î�çG�m��� � �W��ØB×
�xÅK���x��� �xÅK���¬�F��� ×��WÙ���� �"��Úo�"�BÖi�
�xÅK���x��� �xÅK��������� �m���W��ØB�m��ØX×W�
� � �F� » ¥ � � �F�¤� O õ ; 0DXgÌ � � Ü ���
� � �F� Õ � � � �F�¤� »F^ ; 0DXgÌ � � Ü ���
� � �F� » � � � �F�¤�F� õ �¯� ¤ ��×p��� � � �.����� � � � ��Ù���Ö � � ×����X� à ÕWö ã
� � �F� Õ õ � � �F�¤�F� ½ �i� Ü �^�"Ù®��Ùi�W� ßWç¾�^×��"�B� à � �z^"ö ã
� � �F� ÕW½ � � �F�¤�F� ^ ðQÍ ØBÙ©���"Ýi�B� � � Ü ��� à�» � ö ã
� � �F� » ¥ � � �F�¤�F� Õ ���"Ý��X�Z�Y�)��� �"×.��ØB�"Ù�d7e�m���W��ØB�m��ØX×W�
� � �F� O � � � �F�¤� ÕW» Ü ��×W�Vç`�Â�^�"Ùiß"�Z�"Ö��I��Ùi�W� ßWç à�»"�T^�ö ã
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Ùi�"Ù��m���^�"Ùiß"�Z�^��� ï

Ø�J £ o �
Ü ÿ Ý à�^"�B» � ¹ ã

a �i�W� � o � ØX�¶���i�O�"Ùi�"�B�"ß"Ö��t�"Þ o � ï o � £ �� á � � àâá ã%� á �"Ù Ü Ü �"Ù Ü Ý �"�^�º���i� � � � ��Ù�X
��Ö � a ��ØBß"����� Ü ØBÙ����Wß"� �"�B�¼�"Þ����i�RÖ ¤ ��Ù Ü0Ü � a Ù0� �W� Ü ØX�����^ØXÝiÖ���ØB�"Ùi� � ØFJ ���"��Ý$����Ù � �W�"� Öi�^� Ü
ØBÙ¢�"� � �"�m�l�.Ú�����çh�Y� ¤ �W� Ø � ��Ù����"� Ü Ø � Öi��ÙK�"Ùi���QçG� ØB�¼��� Ü �W��� �¼æ ØQ���©���i�ZÖi� Öi���	��ç �v� �.��� ØB×
�m��� �"Ù�ß"�Z�"Ù Ü �"Ù���ØB�m���^�"Ùiß"�Z�^���"�$  o � àâá ã ØX���*ç ¤ ØB×��"�B�;ç a �^ØQ�^���WÙ¢�"� »�o�à�á ã �



OF^�»

xs¹ -(x) vs x
º

-0.01

-0.005

0
Ô

0.005
Ô

0.01
Ô

0.015
Ô

0.02
Ô

0.025
Ô

0
Ô

0.1
Ô

0.2
Ô

0.3
Ô

0.4
Ô

0.5
Ô
x

xs
- (x

)

��� ¨ ����� ÕW¹ � �À¥ �i�Se ¥>� î ¤ �"� � � �.�����^Ø Ä �W��ØB�"Ù á � � àâá ã Ú����^� Öi� áT�À¥ �i�©� a �h� �i� Ü � Ü�"�^���"��ØBÙ Ü ØB×��W���>���i�Z�m���W��ØB�m��ØX×W�"�,���^� �"�^� à�Ü �"�$¡������ ã   a Ø;���0����� a Ø Ü �W��W� �^�"�>Ýi�"Ù Ü ØBÙi×��BÖ Ü ØBÙiß�"�B�&���"Ýi�B�P�mçG�m��� � �W��ØX×W�®��Ù Ü �Y�)���W� Ùi��� � ���"�^Öi� � � �WÙ��ÁÖiÙ�×��������"ØBÙ���ØB��� � ¥ �i�E���mç �©� �.����ç� ¤ ØT¡������¡�I�Y�)���^� � ���;çh�X� aá ���©� �¡��ØB� Þ�ç¨�����9���·Úi�"��� Ö � �^Öi�B� �



OF^¤O

§ �"�^� � �p���W� ���"�XÖ��
Ò3Þ ��Å��x��8��j���F�Ó8��j�����Ó8��j���F��ß ¼bà
G �Fáz¥F�
û �j��������8Ó�j�K������8����K�x�Fª�8Ó�j�������û �j��������8Ó�j�K������8����K������8Ó�j�������
� �j�Kª���8Ó�j����ª�8����K����8®�t�Ä���
� �t�����<8©���K���~8©�j�K���<8©�j���F�~8©�j�K�x�
6 p �Fáz�F�F�

â U��Q\"ãåä ¥Fá û�� 4Sp���æ~ç�çDç�æ±è�é~ê�æ�ØB×¢ç$á âcë è<ç�çDç�æ±è�é~ê�æ�ØB×¢çQæ ë è¢é~ç%è�ìQÚ
è¢ç9êFí%è Ü ØQÚGØ Ü è Ü ØBÙ±æ°î
æ ë îFç%è`ç�æ°è¢é~é©ØXÙ�ß¿Þïí%î¤éðæ ë èÉ×�í%îFç$ç�ç$è�×�æ�Øzî"Ù´æ°ê"Ý
ìzè¢ �ê�Ù Ü æ ë îFç$è®Þïí$îFéñè��bæ±è¢í^Ù
êFì�é~è¢êFç^Ö
í%è�X
é~è�Ù°æ±ç$á

^ á õ á ^÷û   �  Ç4Spl��æ
ò Þ�ê"ÙrèY�bæ±è�í Ù
ê¤ìGÝ
í$ê"Ùi× ë ØBÙiß�í$ê�æ�Øzî9ê"Ù Ü Þïí$ê"ßFé~è�Ù°æ°ê�æ�Øzî"Ù�ç ë êFó�è�Øzç1ê¤ç%ç ÖÇé�è Ü  �æ ë è×�í%îFç$ç

ç%èW×Yæ�ØTî"ÙSæ±ê"Ý
ìzèv×¢ê"Ù�ó
í%îVÚGØ Ü èqè�Ù
î�Öiß ë ×�î"Ù
çÄæ±í%ê�ØXÙ°æ	æ°î�é~è�êFç Ö
í$èmæ ë èè× ë ê¤í%éôé~êFç%çmêFç a è¢ìzìzá
U æ Z]\�y  bæ ë èt× ë êFí%éõé�ê¤ç%ç>ØzçQê<é~îFí%è�ó ë çDç^ØX×�êFì,Û)Ö
ê"Ù°æ�Ø³æ*çqæ ë ê"Ùqê�æ \"y  jê¤çxæ ë è�è¢ö�è�×Yæ°çcî"Þ
æ ë è�ß¤ìXÖ
î�ÙèØBÙLæ ë è�ÞïîFí%é÷î"ÞDí$êFóiØ Ü Ø³æ*çSêFí%è�Ù
î a ØBÙi×¢ìBÖ Ü è Ü ØBÙLæ ë è�é~î Ü è�ìTá U Ú�êFí^ØTê�æ�ØTî�Ù�î�Þtæ ë è
û´� îLecøõè.Ú'îFìBÖ�æ�Øzî"Ù���æ a êFçQæ±í^ØTè Üqa ë è¢í$è�æ ë è0× ë ê¤í%éùé~êFç$ç a ê¤ç9ê¤ìTç$îúêFìTìzî a è Ü æ°îNÚ�êFímç
ØBÙ~æ ë èm��æ±á âcë è û¶� ó
ê¤í%êFé~èYæ°è¢í^ØTû�ê�æ�Øzî"Ù a êFç�× ë îFç$è�ÙPÝ�è�×�ê"Ö
ç%èlØüælß"Ø;Ú'è�çWæ ë èLç%êFé~è	í$è¢ç^Ö
ìüæ°ç
êFç1¥	ó
êFí$êFé~èYæ°è¢í � � � � ��æ± $Ö
ç ØBÙiß¦Þïè a è�íRÞïí%è�è�ó
êFí$êFé~èYæ°è¢í%çºÞïîFí"æ ë è�çÄæ±í$ê"ÙißFè]ç%è¢ê¤á â ê"ÝÇìTè ä ¥
ç ë î a çQæ ë è<í%è�ç Ö
ì³æ±çLî"Þ�æ ë è<��æ±  a Ø³æ ë æ ë è<êFç%ç$îo×WØTê�æ°è Ü ç�æ°ê�æ�Øzç�æ�ØX×�êFì[ê"Ù Ü ç�çjçÄæ±è�é�ê¦æ�ØB×�è�í%í$îFí%ç$á
âcë èmêFçmçDé~é~èYæ±í�ç3í$è¢ç ÖÇìüæ�ØXÙiß�Þïí%îFé÷æ ë ØTç���æ¦Øzç&ÚGØzí�æ�Ö
êFìzìQçhØ Ü è�Ù°æ�ØB×¢ê¤ì�æ±î a ë ê�æ a êFç]î"Ý�æ°ê"ØXÙÇè Ü
a Ø³æ ë æ ë èr���jè Ü × ë êFí$éôé�ê¤ç%ç	ê�ÝDîVÚ'è�  o �Óý � � �¤� ä � OL8 � � �F�¤� ^Fþ�8 � � �F�¤� ^F^�8 � � �F� Õ�äyÕ á
âcë èlÛdÖÇêFìXØ³æ*ç�î"ÞDæ ë èm��æ a êFç&ÚGØzí�æ�Ö
êFìzìQçhØ Ü è�Ù°æ�ØB×¢ê¤ì�æ°î9æ ë è	���Dè Ü 4Sp&Ú'è�í%ç Øzî"Ù
  a Øüæ ë ê P�ÿ î"Þ
O ¥Fáz�FE O�� á � ø y�� á àÄò æ�î�Ù
ìQç®Øzé~ó
í%îVÚ
è¢ç²ç$ìXØBß ë æ±ì;ç ï âcë èló
í%î"ÝÇê"ÝiØzìXØ³æ*ç¢ØXÙ�æ ë Øzçº×�êFç%è a êFç õ �Fá ä�ö  
a ë ØzìTèlÞïîFí5æ ë èm���Dè Ü 4Sp���æNØ³æ0Øzç O �¤á �"ö ã á âcë èN×¢î¤í%í%è�ìTê¦æ�Øzî"ÙP×¢îtè¢�©×WØTèWÙ±æ°çtÞïîFí5æ ë èmç�æ°í%ê"Ùiß¤è
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ø�è�ç ×¢í^ØTó�æ�Øzî"Ù 4Sp à ¨9èY� ã û û � � o �
»~¼b½�¾°¿AÀ
ÁQÂ�À
ÁÄÃx¼ ��ÅK����� �xÅ������ �xÅ������ �xÅ�ª�� �xÅK��� �xÅK���������
Æx¾°ÀÇ¾°ÈÄÉ°¾°ÈÄÊ�À
Á²¼b¿A¿AË�¿ �xÅÄ�F�x� �xÅ������ �xÅ������ �xÅ���� �xÅK��� �xÅK��������ª
; 0DXgÌ à^Õ�^"ö ã �Fáz� OF^ �FáT�¤� � �FáT�¤�F¥ �¤á OFO �FáT� O �FáT�¤�F� õ �
; 0DXgÌ àÄäyÕWö ã �Fáz� õ"õ �FáT�¤� ä �FáT� Õ ¥ �¤áT� Õ �FáT� þ �FáT�¤�F� OF^

ã élÖ
ö�ç ×¢ê¤ìTè à Õ¡ö ã �Fáz� Õ"Õ �FáT�¤�F¥ �FáT� Õ ¥ �¤á Õ�� �FáT� ä �FáT�¤�F�F� Õ
¯ ê Ü èWÙ
è¢í^ßWç´ç ×�êFìzè à �Fá ^"ö ã �Fáz� äFþ �FáT�¤� ^ �FáT�¤� þ �¤á Õ�ä �FáT� Õ �FáT�¤�F�F� �ðQÍéàÄä � ö ã �Fáz� O�� �FáT� Õ"Õ �FáT� Õ�� �¤áT�F¥ �FáT� ä �FáT�¤�F�F� �

ã éNÖ ä í%ê�ÙißFè¢î�Ö�æ �Fáz� O � �FáT� Õ � �FáT� ä � �¤á ä�� �FáT� Õ �FáT�¤�F� Õ �
� ìXÖ��¾Ù
îFí$é �Fáz�F� ä �FáT�¤� ä �FáT�¤�F¥ �¤áT� þ �FáT� Õ �FáT�¤�F�F� Õ

U ìzì â ê"ÝÇìTèLÎ�çDç�æ°è¢é~ê�æ�ØX×�ç �Fáz� þ � �FáT� Õ�þ �FáT� O ¥ �¤á õ � �Fá Õ � �FáT�¤�F� ^F^
� í%ê"ß¤é�èWÙ°æ±ê�æ�ØTî"Ù�G �Fáz�F¥ õ �FáT�¤� O �FáT�¤� õ �¤á Õ � �FáT� Õ �FáT�¤�F� äyÕ

6 p �Fá Õ � þ �FáT� õ O �FáT� ^ � Õ á Õ�O �FáT� ^ �FáT�¤� Õ"Õ �
U ìTì ã �bæ±è�í Ù
êFìÏd��Té©Ù°æ �Fá Õ�ä õ �FáT� õ ä �FáT� ^ � Õ á Õ�^ �FáT� ^ �FáT�¤� Õ�äyÕ
Ð Ë�¾¢À
Á²Æ�Ñ�É°¾°¼bÒ�À
¾°ÈÄÊ�É �xÅÄ�F��ª �xÅ������ �xÅ����x� ��Å���� �xÅÄ��� �xÅK���x�����

â U��Q\"ãåäFþ á û�� 4Sp���æ~ç�çDç�æ±è�é~ê�æ�ØB×¢ç$á âcë è<ç�çDç�æ±è�é~ê�æ�ØB×¢çQæ ë è¢é~ç%è�ìQÚ
è¢ç9êFí%è Ü ØQÚGØ Ü è Ü ØBÙ±æ°î
æ ë îFç%è`ç�æ°è¢é~é©ØXÙ�ß¿Þïí%î¤éðæ ë èÉ×�í%îFç$ç�ç$è�×�æ�Øzî"Ù´æ°ê"Ý
ìzè¢ �ê�Ù Ü æ ë îFç$è®Þïí$îFéñè��bæ±è¢í^Ù
êFì�é~è¢êFç^Ö
í%è�X
é~è�Ù°æ±ç$á âcë è9ê ÜiÜ Ø³æ�Øzî"Ù�î�Þ�æ ë èZ× ë êFí%é é~êFç$ç�ØXÙ<æ ë èL��ælØzé~ó
í%îVÚ'è�çIæ ë èLçmçDç�æ°è¢é~ê�æ�ØX×�ç�ê�æ�æ ë è
èY�Dó�è�Ù
ç$è	î"Þ�ç�æ°ê�æ�Øzç�æ�ØX×�êFìÏè¢í$í%îFí$ç%á
ç%è�êróÇêFí%êFé~è�æ±è¢í$ç]ê¤í%è à óÇêFí%êFé~è�æ±è¢í$çØBÙSîFí Ü è�í ï 4Sp*  û   û   �   � ã ï

Õ¢� �F�F� � � �F�F� ü � � �F� Õ � � �¤� ä � � �¤� O
� � �F�F� Õ¢� �F�F� � � �F� Õ � �zþ � O � � �¤� Õ
ü � � �F� Õ � � �F� Õ Õ�� �F�¤� � � �¤� Õ � ����Õ�þ
� � �F� ä � �kþ � O � � �F� Õ Õ¢� �¤�F� � � �¤� Õ
� � �F� O � � �F� Õ � ���yÕ¦þ � � �¤� Õ Õ¢� �¤�F�

à�^ á ä � � ã

U çLî"ÙÇè a î"Ö
ì Ü óÇí%î"Ý
ê�Ý
ìQç3èY�DóDèW×Yæ�Þïí%îFéùìTîtîF¡)ØXÙ�ßSê¦æ���ß"Ö
í%è Õ�þ õ æ ë è©× ë êFí$é é~êFç%çIØTçZÙ
î¦æ
Ú'è�ímç´çÄæ±í%î�ÙißFì;ç¾×¢îFí$í%è�ìTê�æ°è Ü<a Øüæ ë æ ë èLç�æ°í%ê"Ùiß¤è9ç$è¢ê�ó
êFí$êFé~èYæ±è�í%ç$á � ØBß"Ö
í$è Õ�� �©ØBÙi×¢ìBÖ Ü è�çWæ ë è
× ë êFí$é é~êFç%çMÞïî"Ö�Ù Ü ë è¢í%è a Ø³æ ë æ ë èlî�Ù
è�ØXÙ�æ ë è \"y � ¨ §DU
	 ��æ�ØXÙ�æ ë ècóÇí%èpÚGØzî"Ö
ç&× ë êFó�æ°è¢í$ 
êFç a è�ìTìtêFç a Ø³æ ë é�è�êFç ÖÇí%è¢é~èWÙ±æ°ç¼Þïí%îFé î¦æ ë è�í¶Ù
èWÖ�æ±í^ØXÙ
î�èY�DóDè�í Øzé~è�Ù°æ±ç5é~è¢ê¤ç Ö
í^ØXÙiß Ü ØTélÖ
î"Ù
ç$á
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�[ò ¨� 	lãÊÕ�� �Fá U ×¢îFé~ó
êFí^ØTç$î"Ù�î"Þ ;PÜ ØzéNÖÇî"Ù¾× ë êFí%é é~êFç%ç�é~è�êFç Ö
í$è¢é~è�Ù°æ°ç�_³¥ Õ   þFO  �¥ ä  
¥ O   þ õ  [¥¤�F  þ ¥ ì áqd7è¢êFç^Ö
í%è�é�èWÙ°æ±çNÞïí$îFé æ ë Øzç�ê"Ù Ü æ ë è � ¨ §jU�	 ê"ÙÇêFìQçDç^ØTç9êFí%è<çÄæ±êFí$í%è Ü ê¦æ
ìzè�ÞRæ±  Z]\"y é~è¢êFç^Ö
í%è�é~è�Ù°æ±ç�ê¤í%èOØBÙ�í$è Ü á

^ á ^ Z�\"y d7e¬X Ü ê�æ°êè×�îFé~ó
êFí^ØTç$î"Ù
ç
âcë è�í%è�ç Ö
ì³æ±çMÞïí$îFéåæ ë èce â ã î«ó
êFí$êFé~èYæ±è�í Øzû¢ê�æ�ØTî�Ù���ælê"ÝDîVÚ
è a è¢í$è�Ö
ç%è Ü æ°îOßFè�Ù
è�í%ê�æ°è

Ù
èWÖ�æ±í^ØXÙ
îSê"Ù Ü ê"Ù°æ�ØBÙ
èWÖ�æ±í^ØXÙ
î Ü ØzéNÖ
î�Ù�d¶eåæ±îÉÝDè0×�îFé~ó
êFí$è Ü æ°î Ü ê�æ±ê`êFç�êÉ× ë èW×g¡bá âcë Øzç
ç%ê¤é�óÇìTè a êFç]æ ë è�ÙÈÖ
ç$è Ü æ±î7í%èYX*èY�bæ±í$ê"×Yæ	æ ë è�Þïî¤í a êFí ÜÁÜ ØTélÖ
î"Ùé×¢í$îFç%ç�ç$è�×�æ�Øzî"Ù¶æ±ê"Ý
ìzèqêFçmê
× ë èW×g¡Sî�Þ�æ ë èQæ±ê"Ý
ìzè��zç�é~î Ü è�ì Ü è¢ó�è�Ù Ü è�Ùi×�è¢á

¥F� ^   äFO¤þ�; ê"Ù Ü ¥F� Õ   ^¤O ¥ ; Ù)Ö
é~î"Ù°æ°è�ê"Ù Ü dP× Z Ö â èY� èpÚ
è�Ù°æ±ç a è�í%èªßFè�ÙÇè¢í%ê¦æ±è Ü  
×¢î�Ù
ç Ö
é©ØBÙiß�êPÞ�Ö
ìzì a è�è¢¡��zç�e §  æ�Øzé�è�Þïí%îFé èWØXß ë æ Õ á ^ X ä ¨ ¯ û U d¶ø óÇí%îd×¢è¢ç$ç%îFí$ç%á âcë è
í%è�ç Ö
ì³æ±çlêFí$è9ç ë î a Ù¢ØBÙS�iß"Ö
í$è¢ç Õ��yÕ X Õ � ^ á âcë è Z]\"y d¶e«��æ±ç[æ ë è Ü ê¦æ±ê~í%è�êFç%î"ÙÇê"Ý
ì;ç a è�ìTìzá



OF^ ¥

0

100

200

300

400

500

600

700

0 50 100 150 200 250 300 350
�

400

-0.25

-0.2

-0.15

-0.1

-0.05

0

0.05

0.1

0.15

0.2

0.25

0 50 100 150 200 250 300 350
�

400

0

50

100

150

200

250

0 50 100 150 200 250 300 350 400

-0.25

-0.2

-0.15

-0.1

-0.05

0

0.05

0.1

0.15

0.2

0.25

0 50 100 150 200 250 300 350 400

�[ò ¨� 	lã`Õ��yÕ á â î�æ°êFìIí%èW×¢î"Ù
çÄæ±í^Öi×Yæ°è Ü Ù
èWÖ�æ±í^ØXÙ
î�è�Ù
è�í ßWçF cuWf #RJ  &ØXÙ Ü ê�æ±ê0ÚDç	d¶erÞïîFícæ ë è
Z�\"yùÜ ØTélÖ
î"Ùvç$êFé~ó
ìzè¢ &ÞïîFíZÝDî�æ ë Ù
è�Ö�æ°í ØBÙ
î à æ±îFó ã ê�Ù Ü ê�Ù±æ�ØXÙÇè�Ö�æ°í ØBÙ
î à ÝDî�æ$æ±îFé ã é~î Ü è¢ç$á
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2S/(U+D) vs time
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xs� -(x) vs x for 3 parameterizations
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Asymmetry and χ� 2 versus crossing point
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xs-(x) vs x

-0.004

-0.002

0
{

0.002
{
0.004
{
0.006
{
0.008
{

0.01
{

0.012
{
0.014
{

0
{

0.05
{

0.1
{

0.15
{

0.2
{

0.25
{

0.3
{

0.35
{

0.4
{
x

xs
- (x

)

S-=0.00186, χ2=40.0

S-=0.00118, χ� 2=46.0

S-=0.00007, χ2=53.4

�[ò ¨� 	lã�ä � ^ á á � � Ú
è¢í$ç Ö
ç á ÞïîFí á ��î"ÞÏ�Fáz� Õ  ��Fáz� ^  �ê"Ù Ü �¤á Õ�^ á P'ÿ �Tç²êFí%è]ìTê"Ý�è¢ìzè Ü9a Øüæ ë ê"Ù
è¢ö�è�×�æ�Ø;Ú'è Ü è�ßFí$è¢èLî"Þ	Þïí%è�è Ü îFé î"Þ O�� á � á
ç%è�ê ë ê¤ç®Ý�è¢èWÙÀÞïî"Ö�Ù Ü æ°î ë êVÚ
è�êÓç%ìBØXß ë æ°ìQçVìzêFí ß¤è¢í`é~îFé~è�Ù°æ�Ö
é Ü Øzç�æ°í ØBÝiÖ�æ�ØTî"Ù�æ ë ê�ÙÓæ ë è
ê"Ù°æ�Øzç�æ°í%ê"Ù�ßFè`ç%è¢ê¤á âcë Øzçv×�ê"ÙéÝDè¨×�î"Ù
ç^ØTçÄæ±è�Ù°æ a Øüæ ë æ ë è¢î¤í%èYæ�ØX×�êFìcèY�Dó�è�×�æ±ê�æ�ØTî"ÙÇçvØBÞ5æ ë è�æ ë è
é~î Ü è¢ì>ØBÙ¯Û)Ö
è�ç�æ�ØTî"Ù©ç%ê�æ�ØTç$�
è¢ç�æ ë èS�Çê·Ú
îFí~ç Ö
éñí Ö
ìzèÉÝ�ç£×¢í%î¤ç%ç ØBÙißhÞïí%îFé � à�á ã�� � àâá ã æ°î
� àâá ã�� � à�á ã ê¦æ9í%è¢ìzê�æ�ØQÚ
è¢ì;çvìzî aá á

� è.ç'î"Ù Ü æ ë ØTçúé~è�êFç Ö
í$è¢é~è�Ù°æ`æ ë è�Ù
  a ë ê�æª×�ê"Ù£ÝDè Ü î"Ù
è�æ°îÁØTé~ó
í$îVÚ'è�¡)Ù
î a ìTè Ü ßFè
î"Þ¬æ ë èqç�æ°í%ê"Ù�ßFèqç%è�ê�ê"Ù Ü ê¤çmçDé~é�è�æ±í�çP� æ Ø³æ ë æ ë è�×WÖ
í%í$è�Ù°æ Ü ê�æ°êF R×¢è�í�æ°ê"ØXÙÇìQçjØTé~ó
í$î·ÚGØBÙiß
¡)Ù
î a ìTè Ü ßFè�î"ÞO× ë ê¤í%é ç%è¢é©ØzìTè�ó�æ±î�ÙiØX× Ü èW×¢êVçDç`ê"Ù Ü × ë êFí$é~è Ü ë ê Ü í$î"Ùó
í$î Ü Öi×Yæ�ØTî"Ù í$ê�æ±è�ç
a î"Ö
ì Ü ßFîSê�ìzî"Ùiß a êVçFá � ØBß"Ö
í%è ä �¤¥¢Øzçmê0Ú�êFí Øzê�æ�ØTî"Ù´î"Þ1�iß"Ö
í$è Õ�þ �F Iç%è¢óÇêFí%ê�æ�ØXÙ�ß7î"Ö�æ9æ ë è
×¢î�Ù±æ°í ØBÝiÖ�æ�ØTî"Ù`æ±î<æ ë è~è�í%í%î¤íIÞïí$îFé î"ÙÇìQç¶æ ë èv× ë êFí%é ÝÇí%ê"Ùi× ë ØXÙiß�í%ê�æ�ØTî 6 p* ÅÚ
è¢í%ç^Ö
ç�êFìzìjæ ë è



O�� ¥

î�æ ë è¢íxè¢í%í$îFí%ç$á ò Þ 6 p a è�í%èQ¡)Ù
î a Ù�Ú
è¢ímç a è¢ìzìT ¤æ ë è²è�í%í$îFíxî�Ùlæ ë ØTçxêFçmçDé~é~èYæ±í�çúé~è¢ê¤ç Ö
í$è¢é~è�Ù°æ
é~êVç¾ÝDèLí$è Ü Öi×�è Ü Ý�ç´ê¤ó
ó
í%î*�GØzé�ê¦æ±è¢ì;ç ë êFìBÞïá

âcë è¶î¦æ ë è�í a ê·ç©æ±îhØTé~ó
í$î·Ú
è�¡)Ù
î a ìTè Ü ßFè�î"Þ²æ ë è7çÄæ±í%ê�ÙißFè¶ê"Ù Ü ê"Ù°æ�Øzç�æ°í%ê"Ùiß¤è¶ç%è�êFç
a î"Ö
ì Ü î"Þ>×¢î"ÖÇí%ç%è¨Ý�è�Ý�èqê�æqêPÞ�Ö�æ�Ö
í%è ;vü Ý�� o èY�Dó�è¢í^ØTé~è�Ù°æ°á ò Þ�ê�æqç%îFé~èmæ�ØTé~è�ØBÙ7æ ë è
Ü Øzç�æ°ê"Ù°æ®Þ�Ö�æ�Ö
í$è à ê�Ù Ü ê Ü é©Ø³æ%æ°è Ü ì;çvæ ë ØTç0Øzç�ó
í$î"Ý
ê"ÝÇìQçµî"Ö�æ°í ØBß ë æ Ü í%è�êFé©ØXÙ�ß ã  ¬æ ë èqó
êFíÄæ�ØB×¢ìzè
ó ë çDç ØB×¢ç�×¢î¤é�élÖiÙiØ³æ*ç Ü èW×�Ø Ü è¢ç[æ°î�ó
ì;çPØ³æ±ç"æ±êFìzè�Ù°æ±ç¬æ°î a êFí Ü çRÝiÖ�ØTì Ü ØBÙiß<ê ë ØBß ë è�ÙÇè¢í ß¡ç¶élÖ
î"Ù
×¢î¤ìTìBØ Ü è¢í% Çæ ë èOÙ
èWÖ�æ±í^ØXÙ
î©Ý�è¢êFé~ç�í%è�ç Ö
ì³æ�ØBÙiß©Þïí%î¤é æ ë è�éNÖ
î"ÙÇç Ü è�×¢êVçGØBÙißèØBÙ�æ ë èQ�éÝ�è¢ê¤é�ìBØBÙ
è
×¢î�Ö
ì Ü ó
í$îVÚëØ Ü è~ê ë ØBß ë ØXÙ°æ°è�Ù
ç^Øüæ*çF 'Ù
ê¤í%í%î a Ý
ê"Ù Ü Ý�è¢êFé _ Õ � ��ì á U Ý�è¢êFéðìXØz¡¤è�æ ë ØTç a î"Ö
ì Ü
è¢ìBØzévØBÙ
ê�æ°èlæ ë èlÙÇè¢è Ü ÞïîFí�ß"ØTê�Ù±æN×¢î¤êFí%ç$èYX·ß¤í%ê"ØBÙ
è Ü¢Ü èYæ°è�×�æ±îFí$ç% �êFç ë êFçÝ�è¢èWÙPÖ
ç$è Ü ØBÙ Z Ö â è��
ê"Ù Ü Øüæ°ç	ó
í$è Ü èW×¢è�ç%ç%î¤í%ç%á U é~îFí$è��iÙ
èèßFí%ê�ØXÙ
è Ü¿Ü è�æ±èW×Yæ±î¤í a î"Ö
ì Ü æ ë èWÙÁÝDè�ê"Ý
ìzè9æ°î7çÄæ�Ö Ü ç
× ë êFí$é ó
í$î Ü Ö�×Yæ�Øzî"Ù Ü Øzí%è�×�æ±ì;ç�æ ë í%î"Öiß ë Ø Ü èWÙ±æ�ØT��×¢ê�æ�ØTî"Ù©î"Þ5æ ë è¨× ë ê¤í%é~è Ü ë ê Ü í$î"Ù
ç�æ ë è�é�X
ç%è�ìQÚ
è¢ç9í%ê�æ ë è¢í²æ ë ê"Ù�í%èWÛ)ÖiØTí^ØXÙ�ß~æ ë è<ó
í%î Ü Öi×�æ�Øzî"Ù�î"ÞIê"Ù�î"Ý�ÚGØTî"ÖÇç Ü è�×¢êVç�élÖ
î"Ù
á Z î�æ~î�Ù
ìQç
a î"Ö
ì Ü æ ë ØzçcêFìTìzî a Ý�èYæ$æ±è�ícç�æ�Ö Ü ç�î"Þ
æ ë è�ç�æ°í%ê"Ùiß¤è�ê"Ù Ü ê"Ù°æ�Øzç�æ°í%ê"Ù�ßFè�ç%è�êFç% ,ÝiÖ�æZÞïîFí Ü è�æ±ê"Øzìzè Ü
ç�æ�Ö Ü çåî"Þ�× ë êFí$é ó
í$î Ü Ö�×Yæ�Øzî"Ù�ê"Ù Ü æ ë è ë ê Ü í%î�ÙiØTû�ê�æ�Øzî"ÙÓó
í%îd×¢è�ç%ç$á æ ë î´¡)Ù
î a ç$ �é~ê·çGÝ�è
æ ë ØTç�×¢èWÙ°æ�Ö
í�ç�ázáTá



O��¤þ

xs� -(x) vs x
�

-0.005

0

0.005

0.01

0.015

0.02

0 0.1 0.2 0.3 0.4 0.5

x

xs
- (x

)

�[ò ¨� 	lã�ä �F¥¤á á � � àâá ã ÚDç á ê�æ  lÿ ý Õ ¥�umv Ölÿ á y Ö�æ±è�í&ÝÇê"Ù Ü ØTç&×¢îFélÝiØBÙ
è Ü è�í%í$îFí%ç$ $ØBÙiÙ
è�íÝ
ê"Ù Ü Øzç a Øüæ ë î"Ö�æ 6 p�ÖiÙi×�è¢í�æ°ê"ØBÙ±æ*çFá



O����

U]§I§WãIZ ø òV�VU

â ¯]ãZ  â ã � �QãIU d â y�	QyLò ø

U á4� òV� æ±í$îG�S���YæZ�zî �

U �
è�çz��íz�zó�æZ�zî � î��
æ ë è Z � â è����Dè�êFé æ°îFí%î����!�zçcó
í%îY� ���
è�� ë è�í%è�ç%î�æ ë ê�æLç$îFé~è^�ïîFí%é
î��k�
î¡���
é~è � æ°ê�æZ�zî � èY� �zç�æ±ç$  a è¢í$èSç$îFé~èYæ ë � ��¢ ì��z¡¤è£�üæ<æ°î¤�Dè!�Çç%è��X� � ê¤�]��æZ�
í$è � è���æ°íz� � î
èY�Dó�è¢í#�Té~è � æ°á ò æb�Tç a êFç��'è¢í-¥�ç#�Té~ó
ìzèb�Çè3� ����è¢ )�Çç%è���æ°î�é~è¢ê¤çz�
í$èlæ ë è � �
éb��è¢í�î��[ó
í$î�æ±î � ç
� � æ°è¢í$ê��YæE� �S¢9a �üæ ë æ ë èmó
íz�zé~êFíR¥`æ°êFí ¢ è�æ¦� � ê����S�üæE�Tî � æ±î§�Dè�� �S¢ ê � �zé~óDîFíÄæ±ê � æ	è¢ìzè¢é~è � æ¨� �
Z � â è��?�zçIæ°íz� ¢�¢ è¢í#� ��¢ ç-¥jçÄæ±è�é�á U ó ë î�æ°î ¢ í$êFó ë �Tç�ç ë î a�� � � � ¢ �
í%è ä � þ á

U �Dè�êFé«æ±îFí$î����§�Tç1êlæ°îFí%î����
êFì©� � �S�S��æ±îFí��¢îFê¦�P�zêFì a �³æ ë êm� ë êFí ¢ è��úó
êFíÄæZ���¢ìzè
��è¢êFé®æ°î
é~è¢êFç#�
í%è ë î a é�ê � ¥�ó
ê¤í�æZ���¢ìzè¢ç?ª ë î a éb��� ë � � æ±è ¢ í%ê¦æ±è������
í$í%è � æE«�ó
êFç$ç%è��¤�Z¥Sæ ë ê�æ�ó�î�� � æ
�S�
í#� ��¢ êS���Dè���óDè�íz�zîG�´î��ÏæZ�zé�è�á � è¢êFé æ°îFí%î����
çLêFí$è<ó
êFí�ærî��1ê£�ïêFé¬�Tì¥Óî����
è3� ���¢è¢ç�æ ë ê¦æ
êFí$èm�
ç$è��ræ°îré~î � �üæ°îFí[æ ë èm� ë êFí%ê��Yæ±è�íz�zç�æE����ç�î��¬óÇêFí�æE����ìTè��Dè�êFé~ç a �³æ ë î���æ¦� � æ±è�íz�ïè¢í#� ��¢9a �³æ ë
æ ë è¢é~ámÎÇîFé~è	î�æ ë è¢ílèY�DêFé~ó
ìzè¢ç^� � �¢ì��S�
èb�Dè�êFé óDîFç#�üæE�Tî � é~î � �³æ±îFí$ç?ª �Q§ d¶çz«$  a ë ��� ë �¢î � X
çz�zç�æ�î��1êSóÇê��TíLî��1è¢ìzè���æ±í%î¡�
è�ó
ìzê�æ±è�çmî � îFó
ó�îFç#�üæ°è�ç#���Çè¢ç	î���æ ë è¨��è¢ê¤é�  a ë îFç$èróÇí%î*� �Té¬�³æV¥
æ±î�ê���è¢êFéôîFö�ç%è�æ!� � �S�S��è¢ç�ê®� ë êFí ¢ è¯�S�zö�è¢í%è � �¢è9æ ë ê�æ¯�¢ê � �Dè�é~è¢êFç#�
í%è��7æ±î®�
èYæ°è¢í%é¬� � è
æ ë è�ó�îFç#�üæE�Tî � î��Ïæ ë è¨��è¢êFé°� � î � è¬�S�zí%è���æZ�zî � á âcë è3¥Óê¤í%è?�
ç#�
êFìzì±¥X�
ç$è��}� � ó
ê��zí%çcæ±î ¢ è�æ
��î�æ ë �S�zé~è � ç#�Tî � ç]î��'æ ë è²æ±í%ê � çR�
è¢í%ç$è	ó�îFçz�³æZ�zî � î��
æ ë è���è¢ê¤é�á Z � â è��²�
ç%è��~æ a îróÇê��Tí$çcî��
�Q§ d¶ç²æ°îúé�î � �üæ°îFí1æ ë è�ó�îFçz�³æZ�zî � ê � ��ê �S¢ ìzè�î���æ ë è	ó
í%î�æ°î � ��è¢êFé³�Té~é~è����Tê�æ°è¢ì¥´��è��ïîFí$è
æ ë èSóÇíz�zé�ê¤íR¥væ°êFí ¢ èYæ±á U
� î�æ ë è¢í¬� � æ±è¢í$è¢çÄæZ� �S¢ �Çè3� ����è¢  � î�æ£�
ç$è��µ� ��Z � â èY�¦�Tç¨�¢ê¤ç%è}ªR�S��æ
é~è � æZ�zî � è�� ë è¢í$èmæ±î®�¢îFé~ó
ìzèYæ°è	æ ë èrí%è¢ç#�TçÄæ±îFí$ q�¢êFóÇê����³æ±îFí$ q� � �S�S�Yæ°îFí�ç$èYæZ«m�Tçlæ ë èrí%è¢ç#�TçÄæZ��'è
a êFìTì"é~î � �³æ±î¤í%á 	 è�çz�zç�æZ��'è a ê¤ìTì"é~î � �³æ±îFí$ç]ê¤í%è��
í%è�êF¡bç�� � æ ë èLé~èYæ±ê¤ìJ��ê����S�
é óS�zó�è a ë ��� ë



O�� �

�[ò ¨m 	]ã©ä � þ á Z � â èY�?�zçn�Dè�êFéVæ±î¤í%î����£�Dè��ïîFí%è�� � ç�æ°êFìTìzê�æE�Tî � � � æ ë èLó
íz�zé~êFíR¥¶��è¢ê¤é



O �¤�

p beam

�¬ò ¨m 	]ã©ä � � á U ��êFí�æ°î�î � �zìTì��
çÄæ±í%ê¦æZ� �S¢ ê¨��è¢êFéVæ°îFí%î����

çz�Çí%í%î�� � �
ç[æ ë è���è¢ê¤é� jí%è¢óÇìTê���è�� a �üæ ë ê���í%è¢ç#�TçÄæZ��'è ¢ êFó � á U ç�ê?�Dè�êFéVæ°í%êY�'è�ìTç�êFìzî �S¢ æ ë è
ìzè �S¢ æ ë î�� �üæ°ç;��ê������
é óS�Tó�è�è � �¢ìzîFç#�
í%è� �ê � �zé~ê ¢ èn���
í$í%è � æ·�Tç�� � �S�S�¢è��!� � æ ë è]óS�zóDè]î���îFó�X
ó�îFçz�³æ±è�çz� ¢�� á âcë è_�
îFìüæ°ê ¢ è�é~è¢êFç#�
í%è��qê���í%îFç$çWí$è¢ç#�TçÄæ±îFí$çD�
í#��� ¢ � �S¢ æ ë è ¢ êFó§�zçWó
í%îFó�îFíÄæZ�zî � êFì
æ±î�æ ë è!�zé~ê ¢ è����
í%í$è � æ± �ê � �7æ ë è¢í$è��ïîFí$èmæ ë è��Dè�êFé¸���
í%í$è � æ`êFç a è�ìTìzá � è��¢ê��
ç%è	æ ë è3¥¹�
î
� î�æ ë êY�'èQæ ë è U eº�¢î¤é�óÇì����¢ê�æE�Tî � çcî��
æ±îFí$î����
çcîFí �Q§ d¶ç$ Ïí%è�çz�zç�æZ��'è a êFìzì�é~î � �³æ±îFí$çq�¢ê � ��è
�
ç$è��9æ°îLí%è¢ç$îFì�'è5æ ë è�ç ë îFí�æIæZ�zé~è�ç�æ±í#�S�YæE�
í%èlî���ó
êFíÄæZ���¢ìzèn��è¢ê¤é�ç$á U �S�zç%ê��l��ê � æ°ê ¢ è�î��p�
çz� �S¢
æ ë è¢ç%è^�Çè3� ����è¢çq�zçxæ ë ê�æ²æ ë è·�
í$è¢êF¡¨� � æ ë è
��è¢ê¤éõóS�zó�è·� � æ°è¢íz�ïè�í%è�ç a �üæ ë æ ë è�é¬�zí%í$îFíD���
í%í$è � æ
æ ë ê�æLíz� � çcêFìzî �S¢ �³æ9îFó
ó�îFçz�³æ±è²æ°î�æ ë è^��è¢êFé~ �ê � �	æ ë è�í$è¢ç#�
ìüæE� ��¢§	n�»� î��zç%è^��ê � ê��l�'è�í%ç$è¢ì¥
êFö�è���æcæ ë è^��è¢êFé~á�d¶ê � ¥�é~îFí$è²æV¥DóDè�çlî�����è¢êFéõé~î � �³æ±îFí#� �S¢ �
èc� ����è¢çlèY� �TçÄæ± /�S��æ9êFçcê¬�]�
ìTì
�
è�çz�¢í#�Tó�æZ�zî �ra î��
ì��7é~îFí%ècæ ë ê � ì��z¡¤è¢ì¥}�Dè9ê � î¦æ ë è�í5æ ë è¢ç#�Tç�� � �üæ°ç%è�ì��ï  a è a �zìTìi�¢î � �¢è � æ°í%ê�æ°è
î �¦¼ �
çÄæ Z � â èY�?�zç
��è¢ê¤é æ±î¤í%î����
á

U á ä ø�è�çz�¢í#�Tó�æZ�zî �

U ��êFí�æ°î�î � î��
ê
�Dè�êFéæ±îFí$î����m�Tç¬ç ë î a�� � � � ¢ �
í$è ä � � á â îFí$î����Çç[êFí%èWçz�zé~ó
ìzèq�
è3� ���¢è¢ç$ 
é~è¢í$è¢ì¥¶ê a �zí%è a í%êFóÇóDè��úêFí%î�� � �qêb�Çî � ��æ�ç ë êFó�è��
  ë � ¢ ë ì±¥�ó�è¢í%é~è�ê��
ìzè�é~èYæ±ê¤ìP�¢î¤í%è¢  a �³æ ë
æ ë è ë îFìTèj��è � æ±è�í%è��	î � ê�ó
êFíÄæZ���¢ìzè���è¢ê¤é�á Z � â è��?�zç�æ°îFí%î���� a ê¤ç;�ÇêFç%è��mî � ê���ç#�
óDè�í%é~êFìzìTîY¥ �



O �J�

�[ò ¨� 	lãµä �F�Fá U çz� ë è�é~ê�æZ���b�S�zê ¢ í$êFé î�� Z � â è��?�zç���è¢ê¤éVæ±îFí$î����

�¢î¤í%èq½�ê Z ���g¡¤è¢ìz  ò í$î �  "ê � ��d¶îFì¥P�p�
è � �ÇéðêFìzìzîg¥ a �³æ ë �'è¢í-¥ ë � ¢ ë ó�è¢í%é~è�ê��S�zì��³æV¥�á � � ¢ �
í$è
ä �F�`ç ë î a çmê`çz� ë è¢é~ê�æZ����î��"æ ë è~ê��YæE�
êFìjæ±î¤í%î����¶�
ç%è��Sæ±î`é~î � �³æ±î¤í Z � â èY�?�zç��Dè�êFé�_����¤��¾Tá
âcë è¬æ°îFí%î����
êFìG�¢î��zì a êFçIó
ìzê��¢è��¬�¢îFê�� �zêFì a �³æ ë ê � � � ç#�
ìTê¦æZ� �S¢ �¢è¢í$êFé¬����ç$è��YæE�Tî � î���æ ë èq��è¢êFé
óS�zóDè�ç%î`æ ë ê�æ�æ ë è¬��ê����S�
é çz�
í$í%î�� � �S� �S¢ æ ë è���è¢êFé a êFç�óÇí%è¢ç$è¢í-�'è��Ç m�S��æ�æ ë è®��è¢êFé¬�zç
���Çí%í%è � æ a êFç � î�æ�ç ë �zè¢ì��
è��}�Z¥7æ ë è¬��è¢êFéðóS�Tó�è��zç9ç�æ±è�è¢ìzá U ç%é~êFìzì a �Tí$è a êFçLêFìzç%î`ó
ìzê���è��
æ ë í%î�� ¢ ë æ ë èq�¢î��Tì�æ°î�ó
í%îY� ���
è�ê9é~è�ê � çIî��©�¢êFì����
í%ê�æE� ��¢ æ ë è¬æ±î¤í%î���� a �üæ ë êL¡ � î a�� ���
í$í%è � æ°á

U ç¬æ ë è�ó
ê¤í�æZ���¢ìzè^�
è � çz�³æV¥¶� � æ ë è�ó
í$î�æ±î � �Dè�êFé¿� ë ê �S¢ è��£�S�Çíz� �S¢ ê<óS� �S¢  �ê?���
í%í$è � æ
a î��
ì��À��èÁ� � �S���¢è��À� � æ ë è a �zí%è¢ç`� � æ ë è`æ°îFí%î����Â�¢î��Tìz  a ë ��� ë a êFç~æ ë è � æ±í$ê � ç%é¬�³æ%æ°è��
æ ë í%î�� ¢ ë ê7ìzî �S¢ ��îFê�� �zêFì���ê��
ìzèmæ±î�ê � êFé~ó
ì��z�
è¢ímê � �(�S� ¢ �³æZ�zû¢è�í%á âcë èmæ±îFí$î����(�
ê�æ°ê a êFç
�
ç$è����ïî¤í¬æ ë è��ïîFìzìTî a � �S¢ óS�
í%ó�îFç$è¢çzÃ

Ä ø^� ¢ �³æZ�zû¢è��7óS� ��¢ma êY�
è��ïîFí$é�ç a è�í%è�í$è��¢î¤íz�
è��¯�P�zêmæ ë è ãI§Iò eq 	lã _���Å ^ ¾;�Çê�æ±êqê���Æ��S�³X
ç#�üæE�Tî � ç-¥Dç�æ±è�é~ Çæ±î?��è·� � �¢ì��S�
è��`êFìzî �S¢�a �³æ ë î¦æ ë è�í@�Dè�êFé é�î � �üæ°îFíz� �S¢ � � �ïîFí$é�ê¦æZ�zî �
� � æ ë è Z � â èY�²�
ê¦æ±êFá



O � ä

Target

Lab E
Cable to
Hardline
~ 1 km

EPICURE

~1 km

Toroid
PrimaryProtons π,Κ ν

Toroid in Integrator
Module

Integrated out

Signal out

Trigger in

Level Shifter

Waveform
Digitizer

V to F
Converter

Discriminator

C1091
Timing
Module

Test Pulser

NuTeV Detector

�[ò ¨� 	lãä ���¤á U çz� ë è�é�ê¦æZ���	î��'æ ë è��
ç$èLî���æ ë è Z � â èY� æ±î¤í%î����

Ä U �S�zçz�¢í#�Té¬� � ê�æ°è�� ¢ ê�æ°èróS�ÇìTç$è a ê¤ç	ç%è � æ�æ ë í$î�� ¢ ë êFó
ó
í$î*�P�zé~ê�æ±è�ì±¥Ç�r¡��zìTîFé~è�æ±è¢ímî��
ë ê¤íz�
ì�� � è¨��ê��
ìzèLæ°î�æ ë è Z � â è��°�
ê¦æ±ê`ê���Æ��S�zçz�³æZ�zî � çR¥Dç�æ°è¢é~á âcë �zç��ïîFí%é~è��´ó
êFíÄæ�î��
æ ë èÈ�c�Dè�êFé ¢ ê�æ±è � æ ë ê�æ9ê���æZ��Çê¦æ±è��<æ ë è��ÇèYæ±è��Yæ°îFík�S�
íz� �S¢ è¢ê�� ë óS� �S¢ á

Ä U�� � � æ±è ¢ í%ê¦æ±è���ç#� ¢�� êFì@�ïí%î¤é æ ë è	æ±îFí$î���� a êFç<óÇêFç%ç$è���æ ë í$î�� ¢ ë ê¯�
îFìüæ°ê ¢ èmæ°î¤�ïí%è�X
Æ��
è � �3¥ÉªK�«æ±î � «D�¢î � �
è¢íÄæ±è¢í�ê � �úç%è � æ��
î a�� ê � î¦æ ë è�íQìTî �S¢ ë êFí#�
ì�� � è^��ê��
ìzè²æ±î�æ ë è
�
è�æ±è��Yæ±î¤í?�¢î � æ±í$îFìQí$î�îFé æ±î�óÇí%îY� ���
è`ê�� �Tç#�
êFìQé~è�êFçz�
í$è¢é~è � æ7î��[æ ë è£� � æ±è � çz�³æV¥ î��
è�ê�� ë óS� �S¢ �ïîFí<ç ë ���Ræ�ó�è¢í%ç$î �S� è�ìTá âcë �zç§�
ê¦æ±ê a êFç�êFìzç%î´í%è��¢îFí#�
è��X� � æ ë è Z � â è��
�
ê¦æ±êFá

U çz� ë è¢é~ê�æZ���¨�S�Tê ¢ í%êFéðî���æ ë è·��êFí#�Tî��Çç�ó
ê�æ ë ç²æ ë í$î�� ¢ ë a ë ��� ë ç#� ¢�� êFìzç��ïí$îFé æ ë è�æ±î¤í%î����
a è¢í%èló
í$îG��è¢ç%ç$è��rê � �¬� � �¢ì��S�
è��¯� � æ ë èlí$è���îFíz�
è�� Z � â è��Ê�
ê�æ±êLçÄæ±í%è�êFéË�zçIç ë î a�� � � � ¢ �
í$è
ä ���¤á



O � O

R
b

Lb Lt Rt

i(t) I(t)

Beam Toroid

Ì)ÍVÎ�Ï
ÐnÑµÒJÓ�Ó�ÔqÕ×ÖzØ�Ù¬ÚSÛ�Ü�Ü�Ý�ÞSØßGà�Û�Ü�áEâ¦ã�Ø�ä#ã�ÞSØâbå�æ©âEçSÜ�è Ü�à�ÙÊâEå�äzå�Ø�é£à�áSé`è Ü�à�Ù

Õ
Ô�êìëSå�Ù¨Ü@âEå�äzå�Ø�é£ÚSçEí ÖzØ�ã�Ö
à�áSé®é�äzå¡å�Ú£ã�å�Ù¬ÚpÜ�áSÖ#à�âZØ�å�á

ÕXÖzØ�Ù¨Ú�Û�Ø�îSÜ�é¬Ü�Ý¡Þ�Ø±ßGà�Û�Ü�áEâkã�Ø�ä#ã�ÞSØâqæ]å�äSâEçSÜ;âEå�äzå�Ø�ébØ�Ö*Ö#çSåYï�á¦Ø�á¦îSð�ÞSä#Ü�ÒJÓ�Ó�Ô�ñqçSÜ@èpÜ�à�Ù
ò å�ä�Ü�Ý�ÞSØ±ßGà�Û�Ü�áEâEÛ±í¶âZç�Ü¨ã�à�Û�Ø�èSä#à�âZØ�å�á£ï�Ø�ä#Ü¨Û�å¡å�Ú Ü�é£âEçSäzå�ÞSð�ç!âZçSÜ^âZå�ä#å�Ø�éSó^Ø�Ö�à�ÚSÚ�äzåYô Ø�Ù¬à�âEÜ�é
èEíÂàÁã�ÞSä#äzÜ�áEâ®Özå�ÞSäzã�Ü®à�á�éÉçSà�Û�ænå�æjâZäzà�áSÖzæ]å�ä#Ù¬Ü�ä¬ã�å�Ø�Û ò8õiö ó#÷�à�á�é¤âEçSÜ¦âZå�ä#å�Ø�éXÙ¬à�ølÜ�Ö§ÞSÚ
âZç�Übå�âEçSÜ�änçSà�Û�æ ò8õiù ó#÷©ï�ØâZç§âEçSÜbã�å�à�ô Ø�à�ÛSâZäzà�áSÖzÙ¬Ø�ÖzÖzØ�å�á¤Û�Ø�á�Übà�ÚSÚ�äzåYô Ø�Ù¬à�âEÜ�é¤èEí}à¯äzÜ�ÖzØ�ÖRâEå�ä
ú ù~û Ò�ü�ülý�Ô@ñ;å^ÞSáSé�Ü�äzÖ-âZà�á�é�ï�çSà�ânø¡Ø�áSé¨å�æ©ÖzØ�ð�áSà�Û&âZå^Ü3ô ÚpÜ�ãcâ
æ]ä#å�ÙþâZçSÜ*âEå�äzå�Ø�é¬ð�ØßJÜ�á¬à�èpÜ�à�Ù
ÚSÞSÛ�ÖzÜkÿ ò�� ó)ï·Ü�ÖRâEà�äRâkï�ØâZç?âZçSÜ�Ñ��ÈÌ��

� ù��	� 
 �� ÿ ò�� ó
� � � õiù���� ò�� ó

� �
ò Õ
Ô�ê�ü©Ó�ó

� ò�� ó��hú ù�
 �� ÿ ò�� ó
� � � õiù���� ò�� ó

� �
ò Õ
Ô�ê�ü�Ò�ó

ÔÔÔ ò Õ
Ô�ê�ü�ê�ó

� ò�� ó 
 �������� � ù � õiù ������ � ù � ò � ÿ� � ó �
� ò Õ
Ô�ê�ü ��ó

Õ×äzÜ�Û�à�âEØ±ßSÜ�Ûí(Ö#Ø�Ù¬ÚSÛ�Ü�à�ÚSÚSä#ågô Ø�Ù¬à�âZØ�å�áÈæ]å�äqà"!
ÞSñ;Ü$#¿ÚSØ�áSð�ï
å�ÞSÛ�é�èpÜ�à¯æ]ÞSá�ã3âZØ�å�á`å�æ
âZç�Ü�æ]å�äzÙ%�



& ' Å

0 0.002 0.004 0.006 0.008 0.01
time s

0

0.001

0.002

0.003

0.004

0.005

0.006

0.007

C
u
r
r
e
n
t

�[ò)(  	lãµä � ä á òV� óS��æ9ê � ��î���æ±óS��æ����
í$í%è � æ�æ±î%*�� â è,+Væ°îFí%î����
á âcë è9í$è��}ª�ìzêFí ¢ è¢í#«q���
í-�'è
�zç5æ ë èLî���æ°óS��æméb�
ì³æZ�zó
ì��Tè����E¥µ�.- -/-

0 ª�1~« ý 03254 ��6µ��îFç 7�1~¾8- � 1 � ÿ,9:- î�æ ë è¢í<;��zç%è ª>=�á & - ?�«

@ ì�� ¢�¢ � �S¢ æ ë �Tç�� � æ±î�è�Æ��
ê�æE�Tî � =�á & -�Å A�î � èCB � �
çWæ ë ê�ælæ ë èb���Çí%í%è � æ%D
îE;�� ��¢ î���æ	î��
æ ë ècæ°îFí%î����F;�î��
ì��7ìzî�î Grì��HG¤ècæ ë è��ïî¤ìTìzîE;�� �S¢ Ã

� ª�1~« ý IKJMLONQP :J
"
L$R S

"
L :
" ç#� � 7�1UT I S LVNWP :

"
J
"
LXR S

"
L :
" v�Y�Z L[ L \ 6¹�.] ^ 7�1 - � 1 �`_ 9a

�Xb v�Y�Z L[ L
ª \ Y�cQde « ].f�gihkj>;��W^lh ª>=nm & - o�«

p gih.jXhrq b �H^sf�gthnf�] uvgiw x���]���=nm & - oyhc�tw/x��iwzf�h��{w.fK1}| _ 9a m�~)� ¢ �ijlhF�©�.�!���W^luixWwY¥�^
w � � � uS��fKuS�ixH^XhK]��tf�gih·��] jl��]���=nm & - ?n;���f�g�f�gth·�k] jljXh.^XuM] � �S� �S¢ ]���f�uS��f}^lgiw uMh·�]� � �,fZ�H] �
�i^#� �S¢ f�gth`��]/xWxH]E;�� �S¢ uiw jlw �%h$f�hkjX^#Ã�� | � ' m ���%�nA�� \ | �.mH- ov�nA�� \ |�? -{��A�7�|
�.? �/-r���kAi�iw ^lh���] � �%hkw/^z�ijlhk�%h � f�^
��jX] ��f�gihCw��$fE�iw x�*
�t��h,+�f�] jX]����iA�w � ��w � w ^X^#�i�%h��
uS� �S¢ �S�ijXwzfZ�H] � ]�� Å}�¬�HxWx��W^lh��.] � �i^lm���gth�]���f�uS��fnu��ixW^lh�giw ^�w}^z� ¢�� �HBS�kw � f
� � �ih.jX^lgi]�]zfnw � �
h$��uM] � h � fE�Ww/x=�ih��.wY¥¶�k] �%uiw/jXh���f�]nf�gihn] jz� ¢ � � w xP� � uS��f}uS�ixH^Xh.m���g��W^q� � �ihkjl^Xgi]5].f��H^@�kw xHxHh��



& ' ?

0 0.002 0.004 0.006 0.008 0.01
time s

0

2   10-9
4   10-9
6   10-9
8   10-9
1   10-8

1.2   10-8

I
n
t
e
g
r
a
t
e
d
C
u
r
r
e
n
t

Ì*ÍVÎmÏ�Ð�ÑÉÒ©Ó�ê�Ôqñ�¡SÜ�ØH¢EâZÜ�ð�äzà £/å�æ©â�¡SÜ@âEå�äzå�Ø�é£å ¤lâ�¥i¤lâC¦X¡�ågï�ØH¢Sð§éSÜ�ã�à¨§Áæ]ä#å�Ù¦#Ø�ð ¢�à £=éSä#åGå ¥

© éSä#åGå/¥iª�÷Dà/¢Sé(ã�à/¢(ã�å�Ù%¥i£�Ø�ã�à�âEÜ�¤i¦zØH¢Sð¤à¬âZå�ä#å�Ø�é`âZå�é�Ü3âZÜ�äzÙ¬ØH¢SÜ!ØW¢EâEÜ�ð�ä#à�âZÜ�é»ã¨¡Sà�äzð�Ü¯ØH¢(à
¥SØH¢Sð�Ô

Ì)Ø�ð ¤Sä#ÜqÒ©Ó�ê}¦X¡SåYïC¦/â�¡SÜkÜ.« Ü�ã3â
å�æ é�äzå¡å ¥¬å ¢·â�¡SÜkØH¢ZâEÜ�ð�ä#à�âZÜ�é"¦#Ø�ð/¢Sà £Jæ]äzå�Ùºâ�¡�ÜjâEå�äzå�Ø�éSÔ
ñ�¡SØH¦·éSÜ�ã�àE§»Ù¬Ü�à/¢i¦�â�¡�ÜbØH¢ZâEÜ�ð�ä#à £;äzÜ�ã�å�äzé�Ü�é�ï�ØW£H£;éSÜk¥pÜk¢Sé¤å/¢§ïC¡SÜk¢¤Øâ?ØH¦·ä#Ü�ã�å�äzéSÜ�éSÔ¦ñ�¡SØH¦
ã�å/¤i£�é�¦zØ�ð ¢SØ�îSã�à ¢Eâ�£¬§¯ØW¢�ã�äzÜ�à ¦zÜ;â�¡SÜ¤i¢Sã�Ü�äRâEà�ØW¢Eâ)§¯å�ælâ�¡SÜ�èpÜ�à�Ù ØH¢EâZÜ.¢i¦zØâ)§!ã�à £�Ø�èSä#à�âZØ�å ¢�¦l¡Så ¤i£�é
â�¡�ÜkâEØ�Ù¬ØH¢Sð¯å�æ©â�¡SÜ®¥SØH¢Sð ¦�¯i¤Sã3â�¤Sà�âEÜ�Ô^Í)¢�à�éSéSØâZØ�å ¢¨âEå�â�¡SØW¦#÷©â�¡SÜ�à ¢Sà £�å�ð¨å ¤lâ�¥t¤lâ¦æ]ä#å�Ù â�¡�Ü
âZå�äzå�Ø�é�ï·à/¦F¤i¦zÜ�é¶âEåÈð�à�âEÜmâ�¡�Ü�!n¤Sñ;Ü$° é�Ü3âZÜ�ã3âEå�äzÔ´ñ�¡SÜ!éSØH±¬ãk¤i£â)§ÂØH¢�â�¡SØH¦?ã�à/¦zÜ!ØH¦�â�¡Sà�â
â�¡�Ü¦éSäzå¡å ¥¯ï
å ¤i£�é¶æ]å�äzã�Ü�â�¡SÜ�¥i¤i£H¦zÜ·ï·àE²SÜ�æ]å�ä#Ù èpÜk£�ågï â�¡�Ü?ð�à�âZÜkâ�¡Sä#Ük¦l¡Så £�é{¥�äzÜ�Ù¬à�â�¤SäzÜ.£¬§�÷
äzÜ�éi¤Sã�ØW¢Sðqâ�¡�ÜnåE²SÜ�äzà/£W£Jà�ãcâZØ�²JÜjâZØ�Ù¬Ünå�æ�â�¡SÜkéSÜ3âEÜ�ã3âEå�äzÔDÍ ânØW¦=â�¡�Ü�äzÜ�æ]å�äzÜkØ�Ù%¥ å�ä-âZà ¢Eâ_âZå�ä#Ü�éi¤Sã�Ü
âZå�äzå�Ø�é£éSäzå¡å ¥£à ¦kÙ�¤Sã¨¡®à ¦�¥ å/¦X¦zØ�èi£�Ü�Ô



& ' o

integrator

adder

noninverting
amplifiers

In Out

R1

R2

~�³ (C´nµ�¶ �©��Å/m¸·q�Wj#���S��fb�S�Ww ¢ jXw �¹]��;�ijX]5] u£�k] �%uMh � ^lw.f�]/j����Wj#���S��f

�U]{B � �ºw�;nwY¥»f�]vjXh��S�S�.h¼f�gih�f�]/jX]����½uS�ixH^Xh`�ijX]5] u¾;nh��m�i^<f¿w ¢ w�� � jlh3� �W^#�¬frf�gth
¶�À ~)Ã

Á \�Â	Ã | �ÅÄ 0 ª�1~«
Ä 1

6Æ� \ Ä qpª�1~«Ä 1
ª>=nm & - ��«

qpª�1~«�ÇÈ� \ | � Ä 0 ª�1~«
Ä 1

6Æ� \ Ä qpª�1~«Ä 1
ª>=nm & - É�«

q ª�1~«�ÇÈ� \ TÊ� \ Ä q ª�1~«Ä 1
| �ÅÄ 0 ª�1~«

Ä 1
ª>=nm & - ' «

� \� qpª�1~« Ä 1ËT
� \� q ª�1~«Ì| 0 ª�1~« ª>=nm & �.-�«

� \� qpª�1~«�T � \� \ q ª�1~« Ä 1 | 0 ª�1~« ª>=nm & ����«

qpª�1~«!�H^F;Cgiw.f}�W^Í�%hkw/^z�ijlh��iA¼w � �½f�]Îjlh��.]g�ihkj¼f�gihv^lgiw uMh{]���f�gthÏ] jz� ¢ � � w x^�Mhkw �
uS�ixH^Xh.AË] � h � h.h��i^n] � x¥yf�]�w��S���iw��¨G`� � f�]�q ª�1~«���f�^�� � f�h ¢ jlw x�^z�kw/xWh��È�E¥ JMLS L

mK��gS�H^
�H^nh.w ^R¥



& ' �

~�³ (C´nµ�¶ �J�.? m�*n] ��Ð �ijl]�]/u`�.] �%u�h � ^Xwzf�h��¿w � �`�k] �%uMh � ^lw.f�h��rf�hk^<f®uS�txW^lh�;nwY�Ñh���]/jX�%^

f�]m�W�%uixHhk�%h � fCh.xWh��$f�jX] � ���kw/xWx¥�;���f�gyw®^z�H�rutxWh·� � f�h ¢ jXw.f�] jsw � ��w��S�thkjD���Wj#���S��f�m�~)� ¢ �ijlhn�©��Å
^Xgt]¨;C^�w � h$��w �%uixHh®]���^z�S�¨g¿w§���Wj#���S��fb�i^Xh��rf�]¨�kw � �kh.xU]���f�f�gih��ijl]�] u`��jX]/�`f�gth®*��i��h,+
f�]/jX]����ims��gth¸jXw.fE�W]n]��sÒ,^<f�jXw�� ¢ g�f�ÓÔf�]¿Òc� � f�h ¢ jXw.f�h��iÓK^#� ¢�� w x��.w � �Mh@�k] � f�jX] xHxHh��?�E¥��¨gtw �S¢ � �S¢
f�gthsjXwzfZ�H]�]��i�¬�Ôw � ���Õ�n^lgi]E; � � � f�gihÔB ¢ �ijlhkms³ � uijXw��,fZ���kh�f�gih.^Xh¸jlhk^z�H^<f�] jX^�;Õh.jXh¸jlhkuixHw��.h��
�E¥Öw�uM].f�h � fE�W]/�rh,f�h.jÔ;CgS���¨g�;Õw/^ÔfZ� � h��"f�]�jlhk�%]Y�Ñh�f�gih��%hkw/^z�ijlh��È�ijl]�]/u�� � f�gih�f�]/jX]����
^z� ¢�� w/xWm

��gih%uMhkjz��]/jX�%w � �.hr]���f�gih¬�ijX]5] u¶�k]/�ruMh � ^Xw.fE�W] � hkxHh��,f�jl] � ���k^��W^K^lgi]E; � � � B ¢ �ijXh.^
�©�.?�w � �®�©�.o mÔ×^�ij#� �S¢ �iw.f�wnj#� �S� � �S¢ f�gihÔjXwE;Øw � �m�ijX]5] u��k] �%uMh � ^lw.f�h��F^z� ¢�� w xH^*��jl] �Ùf�gth
f�]/jX]����};nhkjlh
�S� ¢ ��fZ�H�kh���w � �"jXh��.] jz�th��¯� � f�gih�*
�i�Uh$+Ë�iw.f�wC^<f�jXh.w �%m�=Ëff�gih��Mh ¢ � �S� � �S¢ ]��
hkw��¨g��Uh$+�wzf�jX] � �c¥ �kxHh¯ª>w.f}���ÕT`?¼^Xh��.] � �i^#«�wnf�hk^>fCuS�ixH^Xh¸;���f�gÍw¼^Xgiw/u�hK^#�W�¬�HxWw jËf�]nf�giwzf
� � B ¢ �ijlh��©�.�";nw ^?� �l¼ h��,f�h��Ïf�gijX]�� ¢ g¾f�gth®f�] jl]����¾f�hk^>fÍxH]�] u���] j¦�kw/x����ijXwzfZ�H] � uS�ijlu�] ^lhk^lm
��gihyuS�txW^lhkÚH^K;�����f�g¾;Õw ^nfE� � h��Ïf�]È�Mhy^z�H�¨�HxHw j�f�]�f�gih®;�����f�g½]���w��$fZ�tw xsuS� �S¢ ^lA�w ^�;nw ^



& ' É

~�³ (C´nµ�¶ �©�.o/m�*n] ��Ð �ijX]5] u!�.] �%u�h � ^Xw.f�h���w � �£�k] �%uMh � ^lw.f�h��¾uS� �S¢ ;ÕwY�Ñh���] jX�%^

f�gth�f�].f�w x/� � f�h ¢ jXw.f�h��®�¨giw j ¢ hkmÕ~)� ¢ �ijlh}�©�.?r^Xgi]E;C^
�M].f�g%f�gihm� � �k] �%uMh � ^lw.f�h��´ª<xHh��VfE«�w � �
�k]/�ruMh � ^Xw.f�h��»ª>jz� ¢ g�fZ«�w �%uix��HBih��¿]���f�u���f�^q��jl] �`f�gih���h.w ��f�]/jX]����Íwg�ihkjlw ¢ h���]Y�Ñh.j�w���]���f
wb�t] �kh � �3¥ �kxHhk^q�S�tjz� �S¢ �iw.f�w�j#� �S� � �S¢ m�=n^wb�¨gih��¨G�Atf�gih�� � �k]/�ruMh � ^Xw.f�h��£���ij-�Ñh·�t^Xh���f�]
�%hkw ^#�ijXhËf�gih�f�] jX]����¦� � �S�S�,f�w � �khkA���AJ�E¥�B�fXfE� �S¢ f�gih@�S� ¢ ��fZ�H�kh��n;ÕwY�Ñh���] jX�Û;��¬f�g¼w·�]� � �,fZ�H] �
]��Üf�gih¦��] jl� � � h�Æ��iwzfZ�H] � =nm & - o mF��gth¼�rh.w ^z�tjXh��¶� � �S�S�,f�w � �kh¼]��Üf�gih�f�]/jX]����È�k]��Wx��i^z� �S¢
f�g��W^Õ�%h,f�gi]¡�¤�W^?�kÝH? ' ?nÞÆ-ÈÝ8��Å o/A*� � u�h.jz��h��$f%w ¢ jXhkh.�%h � fK;��¬f�g�f�gihb�i]G���i�%h � f�h����tw/x��ih®]��
�.mHo 4 � ' ' ¾Wm¸��gthnhkßMh��,fK]��P�ijX]5] u¨�k] �%uMh � ^lw.fZ�H] � ] � w��$fE�iw x�uS� �S¢ ^��W^^Xgi]E; � � � B ¢ �ijXh��©�.o m
��gihhkjXjl] ji�iw jl^Ëgih.jXhÔjXhkDth��$f¸�%] jXh�f�gihÔDS�S�,fZ�iwzfZ�H] � �Mh$f);nhkh � hkw��¨gFu�� �S¢ f�giw � � � �.hkj>f�w�� � fV¥
� � f�gih¼�%hkw/^z�ijlhk�%h � f�mr×KjX]5] uÈ�.] �%u�h � ^XwzfZ�H] � fV¥Üu����.w xWx¥½jlh��k]Y�ihkjXh��Öw/uiuijX]E� �H�rwzf�hkx¥´Å -/-
�¬���.jX] ^lh��.] � �i^"]���x���Ñh$fE�W�%h¼f�]E;nw jz�i^Kf�gth�h � �Î]���h.w��¨gÎuS� ��¢ mÛ��gihÍjXh��.]Y�Ñhkjlh��¹�th$f�h��$f�] j
x��±�ih$fZ�H�%h¯�H^}hk^<fE�W�%w.f�h��Íf�]ÍgiwY�Ñh¨� � �kjXh.w ^Xh���*��i��h,+¼ÚH^�f�].f�w/x)�iw.f�w¿^lw �%uixWh¬�E¥Î� Ð & à ]Y�Ñh.j
;Cgiw.f�;n]��ix��¿gtwg�ihm�Mhkh � w������i�m�ixHw.f�h��r;���f�gi]���fb�tjX]5] u£�k] �%uMh � ^lw.fZ�H] � m



& '/'

= @�@�¶ *n×K³)á`â
* ´ � ¶ +¹ãiä}~�� p = µ�¶ ã ¶ ����³)* ( ã

�nh.jXh}w jlhC^lh$flfZ� �S¢ ^n��] jËf�gih��S�HßMhkjXh � f�*��i�Uh$+�^X]��Vf);nw jXhCuiw��¨G�w ¢ hk^Xm

â¸mH- m4� À �k*��i�Uh$+Åãth$fXfE� ��¢ ^

å/æ�ç/èêéië/ëzì�ì/íiëzî�ï�éÑëðí/ñ/òå/ó�æ/ôêî�í/í/õ�î/í/í�õô/ö�÷/øúù	û/ö/ü�÷UùýÑþðø/üúù	ü/ö/ÿ�øUù÷/åiþzôêò�ñ/ñ/ñ�ñç/ø��/óØëêëðñØëzñ/ñ�ñ�/ö�ü/üêîü��iþz÷êñö/ó�÷��Øëè/ó�ý/ü���/ö�ç/åØë�/å�ø/èØëö/æ�æÑþêë�/öiþzåØëç�	�ö�
Øë�����/÷Øë	���è��Øëå/ö�
/ýØëè/ó�æ/óØëý���ü/üØëç/å�ö�
Øë�/ûiþzüØë	/ó�÷/üØë��)ø��ìÛë��	ø��ìÛë��	ø�/ìØë��)ø�/ìÛë��)ø��òÛë��	ø��ìØë��)ø�/ìÛë��)ø�/ìØë��	ø��ì��%ñ��)ñ/ñ��/ñ�ì����	ø��é�Ñþðæ/ø���ø/æ�çü/÷����



Å -/-

= @Ô@�¶ *n×K³)á`·
µ�¶��U¶ +s=n*�� ·�ä}× ¶ ãi*�³ @Ô@�¶ ��ã

�nh.jXhË;nhq� � �kx��S�ih�^Xh��$fZ�H] � ^�]��J�.]G�thq� � f�jl]G���S�kh��¨� � f�]}*
�t��h,+`^X]��Vf);nw jXhËf�]^�kw x����txWw.f�h
Æ��iw � fZ��fZ�Hhk^n�i^lh���� � w uiuix¥ � �S¢ ����f�^XAi�.] jXjlh��$fE�W] � ^XA�h$fE�km

·�mW- mH�~)����h���·�] xHx�� � ^n��jXw ¢ �%h � f�w.fZ�H] � �k]¡�ih

ü/ó��/å���ó/÷iþzæ/øÖû/å�ö/ô������������������ �/èiþzæ�! ��"þ�#�$���������%»æ�����&������������������������'���'������'���'������'���'������'���'������'��� ôiþzÿ�ø/æêö��/èiþzæ�!)å/ø�÷/ó�å/æ/ü{ö(�êô/ø�æ/ø/å�ö/÷�ø/ç»ö�	�	���å/çiþzæ/ôÖ÷��ê÷��/ø� 	��������������ü�$�������&�) û/å�ö/ô�è/ø/æ�÷/ö�÷Ñþ���æÖû�ó/æ�	/÷Ñþ��/æ� ��è/ö�*Øþzüê÷���øêè/ö�*Ñþzè�ó/è+��ûê÷��iþzüêû/ó�æ�	�÷Ñþ���æ���ø/÷/ø�ø/æ»ñ½ö�æ/çØë�!� ö�üêö½û/ó/æ�	/÷iþ��/æ,�/û½ø���üÑþðý��/æ,�/ø�÷��/ø�ø/æ»ñ½ö�æ/çØë��� �êè���üØë���-��/í�-/ï/ì�� ö½ÿ�ö/ý/ó�ø+�/ûêø��/üiþzý���æ+�/û.�	ï/ïêå�ø/ü/ó�ý/÷�üÛþzæêç�ø/ý/÷�ö»û/ó�æ�	�÷Ñþ���æ������������������������'���'������'���'������'���'������'���'������'��/���������0�1�&+2�3�4�$�5�)�5�#�����#���6å/ø�ö/ý��/èiþzæ�! �å/ø�ö/ýêå/ö�æ/ó�è�!7	��/ý/ýiþzæ�ü)�&�5���8�#�5�9����#�#����+-�:�&�&�$�8�#�5�9�-�8�#�5�9ø�*�÷/ø/å�æ/ö�ý»å/ö�æ/ó/è ;�������%�5���1�5�)�1�æ/ó�è���æ/÷/ø�)�5���1���#+��0�#�3�&�)+<����ø�*�÷/ø/å�æ/ö�ý+	���ý/ýÑþðæ/ü
������)è�5�9���#�0�#�=�5���0�&��><���)?���������������)û,<�0�����%�������=��@&�$�����������<�)���#»ñ��A%��Øë��� å�ø/ö/ý���è/ö�*��zëðñ/ñ�"� ç�ö/÷/ö���è/ö�*+-� � ëzò��B�/ì�!)é��	ò��ië�!)î��)î��/î�!	ì��	î/éÑë�!	ò��)ï�õ���!)òC�)î���í�!	ò��D�/ñië�!D���)ï�ì�ì�! �C�)é�ò/îC! ���	î�õië�!� ëE���)ìië���! ���B�/í�ì�! ���zëðé���!B���	ñ/é/ò�!ðë��)ï�í/ì�!zëF�)ï/ñ�õ�!ðë��3í/ò�ì�!¨ë��)é�õ�ï�!zëF�)é�ñ/ïC!zë��	õ�î�î�!� � ë��)õ�ñ/ì�!zë��	î/î�é�!zë��)îiëzò�!ðë��	ì/é/ò�!ðë��)ì�ò/î�!zëF�)ò/ï�ï�!ðë��3ò/õ�õ�!¨ë��)ò�ò�ì�!zëF�)ò�ñ/ìC!zë��B��é�õ�!� ò ë�� ��ì/ï�!zë��B����ì�!zë�� ��ñ/ñ�!ðë��ðëzé/é�!ðë��zë¨î/ì�!zëF�zëzò�ì�!ðë��¨ë/ëðì�!¨ë��)ñ�ï�ì�!zëF�)ñ�é/õC!zë��	ñ�î�í�!



G -�H

� ì ë��)ñ�ìÑë�!zë��	ñ���î�!zë��)ñ�ñ/ï�!��)ï�ï/ò/ï�!��	ï/é�ï/ì�!��3ï/õ/î���!��)ï�îÑëðî�!'�)ï/ò�í�î�!��3ï���î/íC!��)ïiëðò�î�!� îI�)ï/ñiëzì�!��)í�í/ï�ï�!��	í/é�í/í�!��)í�õ/í/ñ�!��	í/î�é/ì�!��3í/ì/éië�!��)í�ò/éië�!'�)í���é�õ�!��3íÑëðí��C!��)í�ñ�ï�ñ�!� õI�)í/ñ�ñ/ñ�!��)é�ïÑëðò�!��	é/í�ò/ñ�!��)é�é/ì/í�!��	é/õ�õ/é�!��3é/î/í�ï�!��)é�îÑë���!'�)é/ì�ò�é�!��3é/ò�õ/îC!��)é���ï�ì�!� éI�)é����/ì�!��)éiëzî�õ�!��	é/ñ�í/ï�!��)é�ñ��/ì�!��	õ/ï�õÑë�!��3õ/í/ï�ï�!��)õ�í/ò�í�!'�)õ/é�é�ï�!��3õ/é��/ñC!��)õ�õ�õ���!� íI�)õ/õ�ñ/õ�!��)õ�î/î���!��	õ/ì�ï/í�!��)õ�ì/ì/î�!��	õ/ò�ï/ò�!��3õ/ò/ì���!��)õ'�/ï���!'�)õ���ì�ò�!��3õÑëðï/îC!��)õiëðì�í�!� ïI�)õÑëðñ���!��)õ�ñ/î�é�!��	õ/ñië���!��)î�ï/õ/é�!��	î/ï'�/ì�!��3î/í/í���!��)î�í/ì�ñ�!'�)î/é�ï�ï�!��3î/é�î/ïC!��)î�éiëðï�-
å/ø�ö/ý��/û�!J
�!B
/è/ö�*�!%û�!J�/ç�ø/ý/÷�öç/ö�÷/ö��/ç�ø/ý�÷/ö+- ë��	ñ+-þzæ�÷/ø/ô�ø/åÛþðø���ü�!¾þ�	�æ/÷�!¿þ�	�æ/÷/è�*�!%æ�÷/å�
�!%æ�÷/å/è�*ç/ö�÷/öØþ�	�æ/÷�!¿þ�	�æ/÷/è�*+-½ñ�!rî(-�/ö�å/ö/è�ø/÷�ø/åK�	æ/÷/å�è�*+LØëðñ/ñ�"
����%�&�4�&�)M���������%�&�4�&�)+��$�������%��$�5�)�5�#�&�%�&�)K�B��$�������%���Liëzñ�ñ/ñ�")�&�5���$�������%� ����4�����5��+<���)���%� ��5�=�&�<���)���%� 1�5�%�5�<���)���%+-��B<�5�����&�� -���������%�5�)�%+��<�)���0�%�����&� ��<.�)ø���ü��	ô/ø��B1�3���&����)ï�ï�"�"�ô��ê÷��êî/ñ

� þðø��/ü�Lêø��/ü�N/ëzñ�ñ
��<I� 8�#�5�9�� &�O��	ñ��)ñ�"P%�Q�&��$�)�����%MN�!/ùB<���)���%M��5����+%��(<�)�5�4����������������iù$�)�����%MN�!/ùB4�&�%�%�����4�#�5�9���#�0�#+<���)�<�0�%�0�)�&+%�Q�)���R���������ù� <���)���%�L�� <�5�����&��

S #�5�9�L�ñ��)ñ1��?������LÑë�!B��$�������%��$�������%�LÑë��	ñ�-������
S L����������������B$�������%�"��<.� S #�5�9�� ��%�� S " S #�5�9�L S&���1�1��

S #�5�9�L S #�5�9�N�ë��)ñië$�)�����%MN�!/ùB����!T#�5�9?���Øù�! S #�5�98�#�5�9�L S #�5�9&���1���<
S #�5�9�L�8�#�5�9æ/÷�å�
�LØë� 
�è/ö�*�L���è/ö�*��zþðø���ü�"�N�ë��	ñÑë



G -/�

î �(L��/èÑþðæ�U�å/ö/æ�ó/è���"�N��zë�� ���èÑþðæ�"�/û(L.�zë��J.�zë�� -���">½ø���ü�-��ðë��B���"�"
S L�	��/ý�ýÑþðæ/ü��B��"<(L S - S #�5�9
þzû��)û��	ô/÷��zë��	ñ�"P�/åÑþð÷/ø��)õ�!ðëzñ�"V��!B�/èiþzæ�!B
�!B
/è/ö�*�!	ø��/ü�! ��è/ö�*ëðñ û���å/è/ö�÷���ù7
/è�ö�*ê÷����»ý�����WJ��! �/èiþzæ�! 
�!B
/è�ö�*�!	ø���ü�! ��è/ö�*�LUù�!	õ��zëX*�!	ôÑë¨ñ��)ì�"�"
æ/÷�å�
�Lêæ/÷�å�
�U ëþzû��)û��	ý/÷��)å/ö�æ/ó�è���"��)ö�æ/ç��	æ/÷�å�
��	ý�ø��)æ�÷/å�è�*F"�ô��ê÷��êî

	���ü/÷ 	/ö�ý/ýêô/ûiþzý�ý��)ï�ï�!B��!)ñ�!zë���"þ�	�æ/÷�LØþ�	�æ/÷�U ëþzû��zþ�	�æ/÷��)ý/÷��zþ�	/æ/÷�è�*�"Y��åÑþð÷/ø��	õ�!B�/ñ�"P�/èiþzæ�!B��!	ø��/ü��ñ û���å/è/ö�÷���ù%û/å�ö/ô�WT�/èÑþðæ�!J��!rø��/ü�L�ù�!	ò��zë�*�!	û/õ��	ì�"�"þzû��)æ/÷�å�
��)ô/÷��)æ�÷/å/è�*��	ö/æ/ç��zþ�	/æ/÷��	ý�÷��¨þ�	�æ/÷�è�*�"J�/åÑþð÷/ø��)õ�!	ò/ñ�"V�/èiþzæ�! ��!	ø���üò�ñ û���å/è/ö�÷���ù%û/å�ö/ô����������������yû/öiþzý/ó�å/ø�W7�/èiþzæ�!T��!rø���ü�LUù�!)ò��ðë�*�!)û/õ��)ì�"�"å/ø�÷/ó/å�æ
î�ñ 	���æ/÷Ñþðæ/ó�ø�(L��/ç/ø�ý/÷�ö

å/ø�÷/ó/å�æø/æ�ç
·�mW- m & �[Z]\/w uim_^

��g�`H^ba.]dcthea.wgfPh�hjii^lhkc%f�]%w uiuixlZm\ w/u>ani�f�^po

)�&�5���<�0�����%������+# S 4�5�$�����"
� %�Q��������@q�0���%�$�5���:�����4+%�Q�&�������:��+����%���5?����#�$���&M����%�&�4�&�)� =�5�)���5�3���&+<���)�&�5���Q+#�0�������R�&?��5���%�Q�&���1���R�Q�5�%�&�=�&�)� 4 S #���5���%������Íå�&�WJ4�5�$?��0�%��@��5�%�&�)+���������
� �(���@%�Q�&�#�0����.� ������:�">��0�#�3�&�)
� ��<r����0�)���&M��������&+%�Q��������@4�������4M����%���5�����%�0�$���&+%�Q�&� ����#�$���&M����%�&�4�&�)s���@5()�&�5���q�0���%+%���3�&r������<�0�������4������



G - &

��#�$���������%+������&/���������0�1�&�2�<�������:���������#�6����%�&�4�&�)M��! q�! :
# S 4�5�$�L/ñ

� ���(R�&�1���%�Q����@<���)+&�5���Q�=���&�R��êí�3���%�3�����5�) S �� ��&�5���%?����4�����<�����5���%t<���)�=���&�RØë�!J#�����%?����4�����<�����5���%�<���)� =���&�R��
1��(q�L���!	î��<.� ������:�� q�!���!zë�"�� 4�%��)ñ�"u# S 4�5�$�L�# S 4�5�$�U���N�N�� q����"��<.� ������:�� q�!���! ��"�� 4�%��)ñ�"u# S 4�5�$�L�# S 4�5�$�U���N�N�� q�U���"&���1�1��
)�&�%�0�)��&���1

·�mW-/m G h.u�`va¨gtAWh.u�`W-
��gih À ak*bii�Uh$+ÅgtwgcijX]�f�`vaChkfthkjw\�Ztak] jljXhka,fx`H]gfi^�jXhkyzi�`HjXhC]gfihCGzfi]E; gi]E; �{i�a¨g�hkf Ð

hkjp\nZÏ;nw ^®gtwgcijX]�f�`va@|~} 9�� Tr} 9��d� wgfFcÖgi]E; �{i�a¨g¿;nw ^ChkxHhka$f�jX] �%wg\�fih$f�`vaE|~} 9 P � m¾��g�`H^
ak]�cih}h$��f�jXwga,f�^�f�giw.fe^�jl] �`f�gih¸f�jpi�f�gVhiwgfiG�m

&�$�����Q�L�ñ&�$��zñ�L/ñ1��?����:�LÑë�! ��:�������%�)�0�&��<.�B	�:�������%�)�0�&�������:�"��B&�O��/ù �iþzñ ù�"@%�Q�&��&�$��zñ�L/å�:�������%�)�0�&��)ì�!�����:�"&���1���<��<.��� 	�:�������%�)�0�&�������:�"�� &�O��/ùB�ÑþXU ù�"�� ��)��� � 	�:�������%�)�0�&�������:�"�� &�O���ù �Ñþ� ù�"�"@%�Q�&��&�$�����Q�L�&�$�����Q�U�å�:�������%�)�0�&��	ì�!X����:�"&���1���<&���1�1��



G - G

·�mH- mH?Åui^<f�hkhkxDHKwgf�c��
��gihT^�] xHxH]¨;e`_f�\Pakw/xvaniixWwzf�hk^s;Cgtw.f%uMhkjwa.hkf�f"]g^ f�gih�f�jXw�a¨Gr;nhkf�f}f�gijl]gi�\ g�f�gih�f�]/jX]g`_c

^<f�hkh.x�|>ui^<f�hkh.xBHKwgf�c�ui^<f�hkh.xW� � o

ÿ�ü�*�L�%�5����	÷��/ø�÷/ö�ÿ/å��B1���#�0���$�)���#�5�) S "�"'N�	���ü��B���tþzÿ�å��D1���#�0���$�)F��#�5�) S "�"ÿ�ü�
�L�%�5����	÷��/ø�÷/ö�ÿ/å��B1���#�0���$�)���#�5�) S "�"'NzüÑþðæ��B���tþzÿ�å��D1���#�0���$�)F��#�5�) S "�"
��û/û�L?����4���� �/ö�ü���û/å��ðë�!ðë�"�" ;�1�&�<�����&�8�$�������%������+��<�<�)�����%+<�5���&���/û�L?����4���� �/ö�ü���û/å��	õ�!	ì�"YU��/ö/ü��/÷����)õ�!)ì�"�"���/ý/å�ö/ç�L/õ��	ñ��ü/÷/ø�ø/ýië�L����/ý�å/ö/÷�� ��û/û�!B����û�!)ç�ó�è�!)ÿ�ø/å�÷�*C!)ÿ/ø�å�÷�
�!X����4��C�)ÿ/ø�å�÷���"F!)ÿ�ü�*C!)ÿ/ü�
�!B����ý/å�ö/çF"
ÿ�ü�*�L�%�5����	÷��/ø�÷/ö�ÿ/å��B1���#�0�����Q�5�)�#�"�"�N�	'�/ü��B���iþzÿ�å��B1��X#�0�����Q�5�)'#�"�"ÿ�ü�
�L�%�5����	÷��/ø�÷/ö�ÿ/å��B1���#�0�����Q�5�)�#�"�"�Nzütþzæ��B���iþzÿ�å��B1��X#�0�����Q�5�)'#�"�"
��û/û�L?����4���� �/ö�ü���û/å��ðë�!ðë�"�" ;�1�&�<�����&�8�$�������%������+��<�<�)�����%+<�5���&���/û�L?����4���� �/ö�ü���û/å��	õ�!	ì�"YU��/ö/ü��/÷����)õ�!)ì�"�"���/ý/å�ö/ç�L/õ��	ñ��ü/÷/ø�ø/ý���L����/ý�å/ö/÷�� ��û/û�!B����û�!)ç�ó�è�!)ÿ�ø/å�÷�*C!)ÿ/ø�å�÷�
�!X����4��C�)ÿ/ø�å�÷���"F!)ÿ�ü�*C!)ÿ/ü�
�!B����ý/å�ö/çF"

·�mH- mWo�â¸wgc�jwi�f��/h��Ñhnf�f�ani�f

� 3�&�<���)�&+R�&(4�&�%�4�������4�!7:�������3�5�1�)�0�����;��?��R���$�&�1�<�)���#+$�Q�1���%?���� ù)ñië�!J0�$�1�5�%�&�1s����R�����%�&�)+��<úù)ñ/ò��
�� %�Q����@<�0�����%������,%�5�:�&��@)�0���!>� S ����&�!75���1�&�=�&���%�5���1�)�&�%�0�)����VR�Q�&�%�Q�&�)���)�����%� %�Q�5�%�)�0���-�� S ����&�����#�3�����5�%�������R�5��@:�����R���%���3�&r��3�5�1���� %�Q�&�)�&�5�)�&+��$�%��������V<���)�3�&�5�#�!@��5�����)���#�&�%�&�)�!�%���)�����1�!T1�:�� 
���0?��&�%� %�Q�����&?����$�0�%��V%��?��%�)�0�&��+��< S ��0?��5�)�&�5�3���0�%+%�Q�5�%�$�5�)�%+��<(%�Q�&�1�&�%�&���%���)�� %�Q�������Q���0���1+3�&�#�5�����%�5�����&�1�5��@5�����)�1�&�)�&�1s��<�-�&�����&���<M��Q�5����+%���%�) S %��� :�&�&�$�&�9�&���0�%������,%���#�&�%���5()�&�5�������5�3���&�#�������#�0�#�� ��<?����#�&�����&�R�5���%��� %��(R�)���%�&M����#�&�%�Q�����4�&�=�&���3�&�%�%�&�)�!74�)�&�5�%�;�� :���#�!¾ë/ë�-iëzí�-/ï/é�



G -/?

3�5�1�)�0���L�� <�5�����&��
����0�%���0�%�%�5�$�&��@3�&�<���)�&Ûëðï/ï�1�0�&�%���%�)���4�4�&�)+%���#�����4M������0�&��M�	ô�����"��<I� )�0�����0�#�� ��%��)î�ì/ò�õ�"u3�5�1�)�0���L�� %�)�0�&������0�%�)�0����@R���%�Q�3�&�5�#�1�0�#�$?����R�)�����4+$�������%������K�)ô�����"��<I� )�0�����0�#�� ��&��)î�ò/îië�� 5���1�� )�0����B4�&C�)î��/îtë�"�3�5�1�)�0���L�� %�)�0�&������0�%�3�5�1�)�0��.�	û/ø�å/ö?��Q�5���4�&�",���(3���%�Q+$�5�������5���1+$�5����ðò�1���%��M� 4�$�8�"��<I� )�0�����0�#�� &�O��)î�î���ï�"u3�5�1�)�0���L�� %�)�0�&������0�%�3�5�1�)�0��.�	û/ø�å/ö?��Q�5���4�&�",���(3���%�Q+$�5�������5���1+$�5����ðò�1���%��M� 4�$�8�"��<I� )�0�����0�#�� &�O��)î�î/ì���"u3�5�1�)�0���L�� %�)�0�&��� ��0�%�)�0����@R���%�Q»æ�	ië��/õ�5�%Øë�-�ì?��0�)�)�&���%K�B�/ü/è�"��<I� )�0�����0�#�� ��&��)î�î/é�í�� 5���1�� )�0�����0�#C� 4�&��3î/î/é�ì�"�3�5�1�)�0���L��B%�)�0�&��� ��0�%�)�0��êî/õië��.�B#�5�� S %�0�3�&��>��<�<�1�0�)�����4+)�0���"?� 4�$�8�"��<I� )�0�����0�#�� &�O��)î�õÑë���"u3�5�1�)�0���L�� %�)�0�&��� ��0�%�3�5�1�)�0��êî/é�ò/é.� 1�0�$�������5�%�&�&�=�&���%��>5�<�%�&�)M� S ����&Ûëzí�ñ���"?�B4�$�8�! Q�#���"��<I� )�0�����0�#�� &�O��)î�é/ò�é�� 5���1�� &�=���0�#��D4�&��)î�ñ/í/î�î�ò�"A3�5�1�)�0���L�� %�)�0�&��� ��0�%�)�0��êî/é�î/ò�$�5�)�%�R���%�Q�3�5�1?��5�)�%»õ(�/ÿ.�Bq�#�4�"��<I� )�0�����0�#�� &�O��)î�é/î�ò�� 5���1�� &�=���0�#��D4�%�� �të��/ì����B5��'1��B&�='��0�#��B��&��D����í/í�í�"� 3�5�1�)�0���L��B%�)�0�&��� ��0�%�3�5�1�)�0��êî/í�ò/ò.� $�Q�5���%���#�)�0���?��&�&�4�$�8�����4êÿ($�5�4�&�ò/ñ���"?� 4�$�8�"��<I� )�0�����0�#�� &�O��)î�í/ò�ò�"u3�5�1�)�0���L�� %�)�0�&��� %���)�����1�$�����5�)���% S <�����$�$�&�1M����#���1�1���&+��<�)�0��.�)ý�1���"��<I� )�0�����0�#�� &�O��)î�í/í���� 5���1�� &�=���0�#��D4�%��zë¨í/î/ì�í�é�"A3�5�1�)�0���L�� %�)�0�&������0�%�&�=�&���%�4�%êõ/ì�ñ/ñ/ñ��)û/ø�å/ö�3�5�1�"�!7)�&�$���)�%�&�1+3 S?� 5�&�
�0��<I� )�0�����0�#�� &�O��)î�ïÑëðõ�� 5���1�� &�=���0�#��D4�%��)õ�ì/ñ/ñ�ñ�" 3�5�1�)�0���L�� %�)�0�&��� ��<.�B&�=�&���%�� 4�%��)õ�ì/ñ�ñ/ñ�"u:�)�&�%�8�&�)�#���L/ñ��� &���1���<��<I� )�0�����0�#�� &�O��)õ�ñÑëðé�� 5���1�� &�=���0�#��D4�&��zë¨ñ/òÑëðõ��B5��'1��B&�='��0�#��B��&��¨ë/ëðì���ñ�"� 3�5�1�)�0���L�� %�)�0�&������0�%�3�5�1�)�0��.�	û/ø�å/ö?��Q�5���4�&�",���(3���%�Q+$�5�������5���1+$�5����ðò�1���%��M� 4�$�8�"��<I� )�0�����0�#�� &�O��)î�ï/ï�ñ�"u3�5�1�)�0���L�� %�)�0�&������0�%�3�5�1�)�0��.����5�)�%�����<�<�"?�B4�$�8�"��<I� )�0�����0�#�� &�O��)õ�ñ/õ�ñ�"u3�5�1�)�0���L�� %�)�0�&������0�%�&�=�&���%�4�%Øëzí�ñ/ñ/ñ�ñK� ��ÿ?��)�5�%�&�î���<�<�"M� 4�$�8�!���5�"��<I� )�0�����0�#�� &�O��)õiëzñ�é�� 5���1�� &�=���0�#��D4�%��zë¨í/ñ/ñ�ñ�ñ�"A3�5�1�)�0���L�� %�)�0�&��� ��0�%�3�5�1�)�0��.�B�/ÿ?��)�5�%�&»î(��<�<�"M� 4�$�8�"��<I� )�0�����0�#�� &�O��)õiëzñ�í�"u3�5�1�)�0���L�� %�)�0�&������0�%�3�)���&�<�%���#�&+��<(Q���4�Q��»ë��ò�����<�<K� :���#�"��<I� )�0�����0�#�� &�O��)õ�ñ/ï�é�� 5���1�� &�=���0�#��D4�&�� ��õ/î/í����B5��'1��B&�='��0�#��B��&��3ìÑëðî/é�é�"� 3�5�1�)�0���L��B%�)�0�&��



G -/o

·�mH- mW� ( w uPani�f{ak]�cih

��0�3�)���0�%�����&,4�5�$�$�&�)��B4�5�$ië�!B4�5�$���"
��#�$���������%+������&����4�����5��+4�5�$ië�! 4�5�$������%�&�4�&�)M����%�4�5�$ië�!�����%�4�5�$������4�����5��+4�5�$�<��Ñë�9��	ì�"�!B4�5�$�<�����9��)ì�"�! 4�5�$'<��Ñë S �	ì�"F! 4�5�$'<���� S �	ì�"����4�����5��+3���%�Q�=���&�R��/ë�!B3���%�Q�=���&�R��������%�&�4�&�)+4�5�$ië�9�!B4�5�$Ñë S ! 4�5�$���9�!B4�5�$�� S����%�&�4�&�)M�

/���������0�1�&+2�%�0�$�=�5�)���������#�6
����%�4�5�$Ñë�L�#�4�5�$ië����%�4�5�$���L�#�4�5�$��
1��r��L�ñ�!	ò4�5�$�<��ië�9�����Uië�"�L�� <�5�����&��4�5�$�<��ië S ����Uië�"�L�� <�5�����&��4�5�$�<�����9�����Uië�"�L�� <�5�����&��4�5�$�<���� S ����Uië�"�L�� <�5�����&����<.�zþðö/æ�ç�������%�4�5�$ië�!B��N�N���"�� ��&��)ñF"�4�5�$�<��ië�9�����Uië�"�L�� %�)�0�&����<.�zþðö/æ�ç�������%�4�5�$ië�!B��N�N�����U/ì�"�"��D��&��)ñF"�4�5�$�<��ië S ����Uië�"�L�� %�)�0�&����<.�zþðö/æ�ç�������%�4�5�$���!B��N�N���"�� ��&��)ñF"�4�5�$�<�����9�����Uië�"�L�� %�)�0�&����<.�zþðö/æ�ç�������%�4�5�$���!B��N�N�����U/ì�"�"��D��&��)ñF"�4�5�$�<���� S ����Uië�"�L�� %�)�0�&��&���1�1��
4�5�$Ñë�L�� <�5�����&��4�5�$Ñë�9�L/ñ4�5�$Ñë S L/ñ4�5�$���L�� <�5�����&��4�5�$���9�L/ñ4�5�$�� S L/ñ3���%�Q�=���&�R��/ë�L��B<�5�����&��3���%�Q�=���&�R�����L��B<�5�����&��
1��r��Lië�!	ò��<.� 4�5�$�<��Ñë�9�����"�"Y4�5�$Ñë�9�L�4�5�$ië�9�Uië��<.� 4�5�$�<��Ñë S ����"�"Y4�5�$Ñë S L�4�5�$ië S Uië��<.���B����%����B4�5�$�<��ië�9�����"�� ��)�� 4�5�$'<��ië S ����"�"�"�3���%�Q�=���&�R��/ë�L�� %�)�0�&����<.� 4�5�$�<�����9�����"�"Y4�5�$���9�L�4�5�$���9�Uië



G -/�

��<.� 4�5�$�<���� S ����"�"Y4�5�$�� S L�4�5�$�� S Uië��<.���B����%����B4�5�$�<�����9�����"�� ��)�� 4�5�$'<���� S ����"�"�"�3���%�Q�=���&�R�����L�� %�)�0�&��&���1�1��
��<I� 4�5�$ië�9��B4�&�� ���B5���1�� 4�5�$ië S �B4�&�� �C� 5���1C��� ����%�� 3'��%�Q�=F��&�R���ë�"A4�5�$Ñë�L�� %�)�0�&����<I� 4�5�$���9��B4�&�� ���B5���1�� 4�5�$�� S �B4�&�� �C� 5���1C��� ����%�� 3'��%�Q�=F��&�R�����"A4�5�$���L�� %�)�0�&��
)�&�%�0�)��&���1

·�mDH�³)jXjlhkxHh���wgf�f�·�]dcih}·�gzi�fiG�^b�úã�f�`HuiuMh$f�^

$�)���4�)�5�#+1�0�Qëðñ ������%�����0�&$�)�����%?N�!/ùB��5�;�#�5�1�& S ��0�������:�;ðù4���%��Øëzñ��%���$&���1



G -/É

= @�@�¶ *�×K³)á�×
×K³ À�´ ä}* · µ ä}ãiã¾ã ¶ ·���³)ä}*`��=�â ��¶ +¸= ��´n¶ ã

��gihP^�] xHxW]E;e`_f�\v^Xh,f�^%]g^�f�wghixHhk^¼x_`H^<f%f�gihy�%h.w ^wiijlhkc�c�`W�{ii]gf(akjl] ^X^%^lhka$f�`W]�fºuM]g`_f�f�^
cih.^wakjp`vhMhkc�`_f�^lhka$f�`W]�f G mW?/m ¶ wga¨g�^lhkuMhkjlw.f�h�f�wghixHh�`H^�^�] j�w�cF`WßMhkjlhkf�fJ}��Ah�`_fiAMf�gijXh.h�^�] j��
ciw.f�w A�wgf�c�f�gijXh.hJ^�]/j �tciwzf�w m���gthKf�wghixHhk^}x_`W^>fCf�gih¼hkßMhka,fx`l�ÑhJcihk\/jXhkhr]g^�^�jXh.hkci]/��i�f�cih.j
f�gthP� _ a.] xvit�JftA�f�gihYakhnf�f�jXw/x���w xvithk^¼]g^ �Êw�f�cE¡�A�wgf�c�f�gih�akjX]/^X^%^Xhna$fx`H]gfE��w x_iihkA�;e`�f�g
^<f�w.fx`H^<f�`va.w x�wgf�c�^¢Z�^>f�hk�%w.f�`va®hkjljX] jl^�^pakw xHhkc>h�Zvw7^�wga$f�] j�]g^¤£ 2)2 9¥ c¦ I�§

m
}��j¨ É ÉÈÝ & ( h,+

� _ � ¡ ©�ª�« �X¬w¯® ° � ° �²±¯³©µ´X©µ¶-/mWo ? - m & � G -/mW- ��H -ÈÝ GgG ' ÞÊ-ÈÝ�- � ' ÞÊ- ÝH- ?/--/m G - - m & � G -/mW- ?/� -ÈÝ�? � ' ÞÊ-ÈÝ�- ' ��ÞÊ- ÝH- & É-/m G � - m & � G -/mBH.-�H -ÈÝ G H.?�ÞÊ-ÈÝ�- o ��ÞÊ- ÝH- & ?-/m G & - m & � G -/mBH.o/� -ÈÝ & � ?�ÞÊ-ÈÝ�- ?·H�ÞÊ- ÝH- �/--/mWo G - m & � G -/m & �/o -ÈÝ~H GgG ÞÊ-ÈÝ�- � -�ÞÊ- ÝH-·Hz--/mW? � - mH? ? É -/mW- ��H -ÈÝ�� É o�ÞÊ-ÈÝ~HgHgH�ÞÊ- ÝH- o/�-/m GgG - mH? ? É -/mW- ?/� -ÈÝ�� ' É�ÞÊ-ÈÝ~H.- ?�ÞÊ- ÝH- o/--/m GgG - mH? ? É -/mBH.-�H -ÈÝ�� É & ÞÊ-ÈÝ~H.- & ÞÊ- ÝH- G �-/m G É - mH? ? É -/mBH.o/� -ÈÝ�? - ?�ÞÊ-ÈÝ�- o G ÞÊ- ÝH- � '-/mWo & - mH? ? É -/m & �/o -ÈÝ�� � É�ÞÊ-ÈÝ�- & -�ÞÊ- ÝH-·Hz�-/mW? ? - mH� �·H -/mW- ��H -ÈÝ�� o ' ÞÊ-ÈÝ~HgH & ÞÊ- ÝH- o/É-/m GgG - mH� �·H -/mW- ?/� -ÈÝ ' HgH�ÞÊ-ÈÝ~H.� ' ÞÊ- ÝH- & G-/m G o - mH� �·H -/mBH.-�H -ÈÝ�É o G ÞÊ-ÈÝ~H.� G ÞÊ- ÝH- &/'-/mW? � - mH� �·H -/mBH.o/� -ÈÝ�o ' G ÞÊ-ÈÝ~H.- ?�ÞÊ- ÝH- & �-/mW? É - mH� �·H -/m & �/o -ÈÝ��·H.��ÞÊ-ÈÝ�- & ��ÞÊ- ÝH- - '
�U=nâ ��¶ � É/m µ hµ�]`H^Xhnc¾*bii��h,+¸^�] j<;nw jwcPc�`HßMhkjXhnf�fx`Hw x�akjX]/^X^ Ð ^Xhna$fx`H]gf>^�] j¹�k°�º¼»�½ Y ½ R�¾ m��gih�^�] j>;Õw jpcjakjX]/^X^ Ð ^Xhna$fx`H]gf®jXhkyzi�`HjXh.^¿}�°

R
À ? ( h$+¼A/wgf�cj`W^�^lgi]E;ef®�{iix¬f�`Wutxv`Hhkc{hxZ £ 2)2 9¥ c¦ I�§

m
��gihCBijX^>f®hkjXjl] j¹`_f%f�gihjakjX]/^X^ Ð ^Xhna$fx`H]gf¿hkf�f�jÁZt`W^�^<f�w.fx`H^<f�`va.w xHAtf�gih}^Xhnak]gfFc@`H^�^ÁZ�^<f�h.�%w.fx`_akm



G - '

}��j¨ÂH.� G Ý & ( h,+
� _ � ¡ ©�ª�« �X¬w¯® ° � ° �²±¯³©µ´X©µ¶-/mWo ? - m & � G -/mW- ��H HkÝ~H.? É�ÞÊ-ÈÝ~H.� ��ÞÊ- ÝH- �/�-/m G H - m & � G -/mW- ?/� -ÈÝ�É o·H�ÞÊ-ÈÝ~H.� ��ÞÊ- ÝH- o '-/m & o - m & � G -/mBH.-�H -ÈÝ�É ? G ÞÊ-ÈÝ~H.� ��ÞÊ- ÝH- & �-/m & ' - m & � G -/mBH.o/� -ÈÝ�? o o�ÞÊ-ÈÝ�- É -�ÞÊ- ÝH- & G-/mW? � - m & � G -/m & �/o -ÈÝ�� ? ?�ÞÊ-ÈÝ�- & G ÞÊ- ÝH-·Hz?-/mW? � - mH? ? É -/mW- ��H HkÝ G & G ÞÊ-ÈÝ��·H.��ÞÊ- ÝH- ' G-/m & � - mH? ? É -/mW- ?/� HkÝ & ?·H�ÞÊ-ÈÝ�� - ?�ÞÊ- ÝH- �/o-/m & ? - mH? ? É -/mBH.-�H HkÝ~H ' o�ÞÊ-ÈÝ~H ' -�ÞÊ- ÝH- G �-/m & o - mH? ? É -/mBH.o/� -ÈÝ�� o ��ÞÊ-ÈÝ~HgH ' ÞÊ- ÝH- & É-/mW? � - mH? ? É -/m & �/o -ÈÝ�� É·H�ÞÊ-ÈÝ�- G & ÞÊ- ÝH- �/--/mW? � - mH� �·H -/mW- ��H HkÝ�? � -�ÞÊ-ÈÝ�� - G ÞÊ- ÝH- �/�-/m G H - mH� �·H -/mW- ?/� HkÝ�� G -�ÞÊ-ÈÝ~H.o & ÞÊ- ÝH- o/É-/m G H - mH� �·H -/mBH.-�H HkÝ�- � ?�ÞÊ-ÈÝ~H G ' ÞÊ- ÝH- o/�-/m G o - mH� �·H -/mBH.o/� -ÈÝ�É G ��ÞÊ-ÈÝ~H & -�ÞÊ- ÝH- G H-/mW? É - mH� �·H -/m & �/o -ÈÝ & - É�ÞÊ-ÈÝ�- ? & ÞÊ- ÝH-·Hz?

�U=nâ ��¶ � ' m µ hµ�]`H^Xhnc¾*bii��h,+¸^�] j<;nw jwcPc�`HßMhkjXhnf�fx`Hw x�akjX]/^X^ Ð ^Xhna$fx`H]gf>^�] j¹�k°�º¼»�½ Y ½ R ¾ m��gih�^�] j>;Õw jpcjakjX]/^X^ Ð ^Xhna$fx`H]gf®jXhkyzi�`HjXh.^¿}�°
R

À ? ( h$+¼A/wgf�cj`W^�^lgi]E;ef®�{iix¬f�`Wutxv`Hhkc{hxZ £ 2)2 9¥ c¦ I�§
m

��gihCBijX^>f®hkjXjl] j¹`_f%f�gihjakjX]/^X^ Ð ^Xhna$fx`H]gf¿hkf�f�jÁZt`W^�^<f�w.fx`H^<f�`va.w xHAtf�gih}^Xhnak]gfFc@`H^�^ÁZ�^<f�h.�%w.fx`_akm



G Hz-

}Ã�j¨ � G � ÝH- ( h$+
� _ � ¡ ©µª�« �X¬w�®�° � ° �²±¯³©µ´X©µ¶- mW� G - m & � G - mH- �·H H.Ý & É G Þº-ÈÝDH ' ' ÞÙ-ÈÝ�- É o- mW?/- - m & � G - mH- ? � H.Ý G & -�Þº-ÈÝH��H G ÞÙ-ÈÝ�- G ?- m G & - m & � G - mDH.-·H H.ÝH- & G Þº-ÈÝDHz? -�ÞÙ-ÈÝ�- G &- m G H - m & � G - mDH.o � - ÝH� o/��Þº-ÈÝDHz- ��ÞÙ-ÈÝ�- G �- mWo/� - m & � G - m & � o - ÝH� É & Þº-ÈÝH- & ?�ÞÙ-ÈÝ�- � ?- mWo & - mH? ? É - mH- �·H H.ÝHo o/-�Þº-ÈÝH�/o ?�ÞÙ-ÈÝ�- � '- m G�G - mH? ? É - mH- ? � H.ÝH? ?/��Þº-ÈÝH�/? ?�ÞÙ-ÈÝ�- ' o- m G H - mH? ? É - mDH.-·H H.ÝDH.�/?�Þº-ÈÝDHzÉ & ÞÙ-ÈÝ�- ?·H- m G & - mH? ? É - mDH.o � - ÝH� �/��Þº-ÈÝDH�H.?�ÞÙ-ÈÝ�- G o- mWo/- - mH? ? É - m & � o - Ý & Hz?�Þº-ÈÝH- G ��ÞÙ-ÈÝ�- � �- mWo/o - mH� �·H - mH- �·H H.ÝHo � ' Þº-ÈÝH�/� & ÞÙ-ÈÝ~H.o �- m G ' - mH� �·H - mH- ? � H.Ý G -/��Þº-ÈÝDHzÉ É�ÞÙ-ÈÝ�- É �- m G o - mH� �·H - mDH.-·H H.ÝDH.- ' Þº-ÈÝDHz? G ÞÙ-ÈÝ�- G �- mW?/� - mH� �·H - mDH.o � - ÝHÉ ' o�Þº-ÈÝDH & o�ÞÙ-ÈÝ�- � o- mWo/� - mH� �·H - m & � o - Ý & -/?�Þº-ÈÝH-/?·H�ÞÙ-ÈÝ�- & G

�U=nâ ��¶ & -/m µ hµ�]`H^Xhnc¾*bii��h,+¸^�] j<;nw jwcPc�`HßMhkjXhnf�fx`Hw x�akjX]/^X^ Ð ^Xhna$fx`H]gf>^�] j¹�k°�º¼»�½ Y ½ R ¾ m��gih�^�] j>;Õw jpcjakjX]/^X^ Ð ^Xhna$fx`H]gf®jXhkyzi�`HjXh.^¿}�°
R

À ? ( h$+¼A/wgf�cj`W^�^lgi]E;ef®�{iix¬f�`Wutxv`Hhkc{hxZ £ 2)2 9¥ c¦ I�§
m

��gihCBijX^>f®hkjXjl] j¹`_f%f�gihjakjX]/^X^ Ð ^Xhna$fx`H]gf¿hkf�f�jÁZt`W^�^<f�w.fx`H^<f�`va.w xHAtf�gih}^Xhnak]gfFc@`H^�^ÁZ�^<f�h.�%w.fx`_akm



G H�H

}��j¨ � �ÈÝ ' ( h,+
� _ � ¡ ©µª�« �²¬µ¯® ° � ° �²±�³©µ´X©µ¶-/mW? ' - m & G ' -/mW-·Hz? -ÈÝ & o ��ÞÊ-ÈÝ�- ' ' ÞÊ- ÝH- & --/m & o - m & G ' -/mW- G � -ÈÝ & o ' ÞÊ-ÈÝ~H.- & ÞÊ- ÝH- & G-/m & H - m & G ' -/mW- �/� -ÈÝ & & ��ÞÊ-ÈÝ�- ' ��ÞÊ- ÝH- �/É-/m & o - m & G ' -/mBHgH G -ÈÝ�� o ��ÞÊ-ÈÝ�- �·H�ÞÊ- ÝH-·Hz?-/mW? � - m & G ' -/mW� -/� -ÈÝ�- É -�ÞÊ-ÈÝ�-·H.É�ÞÊ- ÝH-·Hz�-/mW? � - mH? � ' -/mW-·Hz? -ÈÝ GgGgG ÞÊ-ÈÝ�- ' ��ÞÊ- ÝH- � &-/m & É - mH? � ' -/mW- G � -ÈÝ�? - G ÞÊ-ÈÝ~H.- É�ÞÊ- ÝH- G ?-/m & o - mH? � ' -/mW- �/� -ÈÝ�? ? o�ÞÊ-ÈÝ~H.� -�ÞÊ- ÝH- G �-/m G - - mH? � ' -/mBHgH G -ÈÝ�� ' ?�ÞÊ-ÈÝ�- ? É�ÞÊ- ÝH-·HzÉ-/mWo � - mH? � ' -/mW� -/� -ÈÝ~H.? & ÞÊ-ÈÝ�- & H�ÞÊ- ÝH-·H G-/mW? ? - mH� � o -/mW-·Hz? -ÈÝ�? & ' ÞÊ-ÈÝ~H G ��ÞÊ- ÝDH.� '-/m & ? - mH� � o -/mW- G � -ÈÝ G É G ÞÊ-ÈÝ~HgH G ÞÊ- ÝH- � '-/m & o - mH� � o -/mW- �/� -ÈÝ G ? G ÞÊ-ÈÝ~H.- & ÞÊ- ÝH- &/'-/m G H - mH� � o -/mBHgH G -ÈÝ G - G ÞÊ-ÈÝ�- ' ��ÞÊ- ÝH- & o-/mW? É - mH� � o -/mW� -/� -ÈÝ~H G & ÞÊ-ÈÝ�- & o�ÞÊ- ÝH-·Hz?

�U=nâ ��¶ & H.m µ hµ�Ä`W^lhkc�*�ii�Uh$+Â^�] j>;Õw/jwcPc�`Hß�h.jXhkf�f�`Ww x]akjX]/^X^ Ð ^Xhna$fx`H]gfV^�] j ��°zº¼»�½ R ½ Y ¾ m��gih�^�] j>;Õw jpcjakjX]/^X^ Ð ^Xhna$fx`H]gf®jXhkyzi�`HjXh.^¿}�° Y À ? ( h$+¼A/wgf�cj`W^�^lgi]E;ef®�{iix¬f�`Wutxv`Hhkc{hxZ £ 2)2 9¥ c¦ I�§
m

��gihCBijX^>f®hkjXjl] j¹`_f%f�gihjakjX]/^X^ Ð ^Xhna$fx`H]gf¿hkf�f�jÁZt`W^�^<f�w.fx`H^<f�`va.w xHAtf�gih}^Xhnak]gfFc@`H^�^ÁZ�^<f�h.�%w.fx`_akm



G Hz�

}��j¨ÂH G & Ý�� ( h,+
� _ � ¡ ©µª�« �²¬µ¯® ° � ° �²±�³©µ´X©µ¶-/mWo & - m & G ' -/mW-·Hz? -ÈÝ�� o ��ÞÊ-ÈÝ~H.É & ÞÊ- ÝH- �/?-/m G - - m & G ' -/mW- G � -ÈÝ�� & ' ÞÊ-ÈÝ~H.É -�ÞÊ- ÝDH.-/--/m & G - m & G ' -/mW- �/� -ÈÝ�� � É�ÞÊ-ÈÝ~H.� ' ÞÊ- ÝH- ?/--/m & o - m & G ' -/mBHgH G -ÈÝ G � ��ÞÊ-ÈÝ~H.-·H�ÞÊ- ÝH- �/o-/mW? & - m & G ' -/mW� -/� -ÈÝ~H.? ' ÞÊ-ÈÝ�- & ?�ÞÊ- ÝH- �/�-/m G É - mH? � ' -/mW-·Hz? HkÝ~H.� ?�ÞÊ-ÈÝ & - o�ÞÊ- ÝH- ?/--/m & G - mH? � ' -/mW- G � -ÈÝ ' � & ÞÊ-ÈÝ�� � ��ÞÊ- ÝH- ? '-/m & � - mH? � ' -/mW- �/� -ÈÝ�� � & ÞÊ-ÈÝ~H.� o�ÞÊ- ÝDH.�/�-/m & & - mH? � ' -/mBHgH G -ÈÝ�o � o�ÞÊ-ÈÝ~H.? ' ÞÊ- ÝH- �/�-/m G É - mH? � ' -/mW� -/� -ÈÝ�� � & ÞÊ-ÈÝ�- ? o�ÞÊ- ÝH- �/--/mW? � - mH� � o -/mW-·Hz? -ÈÝ�� � ��ÞÊ-ÈÝ~H.o É�ÞÊ- ÝH- ? G-/m G - - mH� � o -/mW- G � HkÝ�- � ��ÞÊ-ÈÝ�� & ' ÞÊ- ÝDH.- G-/m & o - mH� � o -/mW- �/� -ÈÝ��·H.o�ÞÊ-ÈÝ~H.o -�ÞÊ- ÝH- � '-/m G � - mH� � o -/mBHgH G -ÈÝ�? � ��ÞÊ-ÈÝ~H.�·H�ÞÊ- ÝH- �/o-/mW? � - mH� � o -/mW� -/� -ÈÝ�� � ' ÞÊ-ÈÝ�- o -�ÞÊ- ÝH- �/-

�U=nâ ��¶ & � m µ hµ�Ä`W^lhkc�*�ii�Uh$+Â^�] j>;Õw/jwcPc�`Hß�h.jXhkf�f�`Ww x]akjX]/^X^ Ð ^Xhna$fx`H]gfV^�] j ��°zº¼»�½ R ½ Y ¾ m��gih�^�] j>;Õw jpcjakjX]/^X^ Ð ^Xhna$fx`H]gf®jXhkyzi�`HjXh.^¿}�° Y À ? ( h$+¼A/wgf�cj`W^�^lgi]E;ef®�{iix¬f�`Wutxv`Hhkc{hxZ £ 2)2 9¥ c¦ I�§
m

��gihCBijX^>f®hkjXjl] j¹`_f%f�gihjakjX]/^X^ Ð ^Xhna$fx`H]gf¿hkf�f�jÁZt`W^�^<f�w.fx`H^<f�`va.w xHAtf�gih}^Xhnak]gfFc@`H^�^ÁZ�^<f�h.�%w.fx`_akm



G H &

}Ã�j¨ � � o ÝHÉ ( h$+
� _ � ¡ ©µª�« �x¬�¯® ° � ° ��±¯³©µ´X©µ¶- mW� ' - m & G ' - mH-·H.? H.ÝH- �/��Þº-ÈÝH� & & ÞÙ-ÈÝ~H G ?- m G É - m & G ' - mH- G � H.ÝH- & ��Þº-ÈÝH� & É�ÞÙ-ÈÝ~H G H- m G & - m & G ' - mH- � � - ÝH�·H & Þº-ÈÝDHz? ��ÞÙ-ÈÝ~HgH &- m G H - m & G ' - mDHgH G - Ý G ?/��Þº-ÈÝDHz- -�ÞÙ-ÈÝ�- G �- mWo G - m & G ' - mH� - � - ÝH� �/É�Þº-ÈÝH-/o ��ÞÙ-ÈÝ�- & -- mWo/- - mH? � ' - mH-·H.? H.ÝH� &/& Þº-ÈÝ & � & ÞÙ-ÈÝ G - ?- m G H - mH? � ' - mH- G � H.ÝH- G -�Þº-ÈÝH�/o ��ÞÙ-ÈÝ�- ' G- m G - - mH? � ' - mH- � � - ÝHÉ � ' Þº-ÈÝH��H.o�ÞÙ-ÈÝ�- ' ?- m G � - mH? � ' - mDHgH G - ÝH? o/��Þº-ÈÝDH G & ÞÙ-ÈÝ~H & �- mWo & - mH? � ' - mH� - � - ÝH� �/o�Þº-ÈÝH-/� G ÞÙ-ÈÝ�- G -- mWo & - mH� � o - mH-·H.? - Ý ' Hz��Þº-ÈÝDHzÉ ��ÞÙ-ÈÝ�- � &- m G ' - mH� � o - mH- G � H.ÝH�·Hz-�Þº-ÈÝH�/o ��ÞÙ-ÈÝ~H.- �- m G & - mH� � o - mH- � � H.ÝH- - ' Þº-ÈÝH�/� ' ÞÙ-ÈÝ�- GgG- mW?/- - mH� � o - mDHgH G - Ý G � ' Þº-ÈÝDHz- ��ÞÙ-ÈÝ�- G É- mWo/? - mH� � o - mH� - � - ÝDH.É G Þº-ÈÝH- G o�ÞÙ-ÈÝ�- � G

�U=nâ ��¶ &/& m µ hµ�Ä`W^lhkc�*�ii�Uh$+Â^�] j>;Õw/jwcPc�`Hß�h.jXhkf�f�`Ww x]akjX]/^X^ Ð ^Xhna$fx`H]gfV^�] j ��°zº¼»�½ R ½ Y ¾ m��gih�^�] j>;Õw jpcjakjX]/^X^ Ð ^Xhna$fx`H]gf®jXhkyzi�`HjXh.^¿}�° Y À ? ( h$+¼A/wgf�cj`W^�^lgi]E;ef®�{iix¬f�`Wutxv`Hhkc{hxZ £ 2)2 9¥ c¦ I�§
m

��gihCBijX^>f®hkjXjl] j¹`_f%f�gihjakjX]/^X^ Ð ^Xhna$fx`H]gf¿hkf�f�jÁZt`W^�^<f�w.fx`H^<f�`va.w xHAtf�gih}^Xhnak]gfFc@`H^�^ÁZ�^<f�h.�%w.fx`_akm



G H G

= @�@�¶ *n×K³)á ¶
��� ¶ * ´ � ¶ +�·�ä ��� =nâsä µ =���³)ä}*

��m�=�ciw/�r^~Å�AÇÆ�È]ÆeÉËÊ¢ÌkÍ�Å�AÇÎ�È]Æ¹ÏxÏ�ÐkÑxÒ�ÓVÌkÏXÔkA � mÇcih}â¸w/jwhiw jl]�Õ�A @ mCcih}â¸w jwhtw jX]�ÔkA
µ m��nm â¸h.jwfi^>f�hn`vfgÖ�A�=�m�â¸]dcthkG Ô A ��m�â¸] x�f�]�f Å AÇ×Èm�â¸jlwgigØ�A ×Km â�i�a¨gigi] xH� Õ A���m�â¯i�c�c Ô A

� m�â¯i�\ h.x Ö AÇ×Èm�·�]�fijXwgc _ A µ m âsm�×Kjwi�a¨G�hkj Ø ACÙ�È[Ú¿È]Û[ÉËÜwÓTÝÞÍ�ß _ A µ m�~�jXhµZ Ø A
à È]Æ�È]ÛáÌkâ�ÓVÐkßxßxÝ�Ì _ A à È ã�Ì�ÉËäkÓVÐkÍ�Å.ACå+È ã�ÌkÍ�æwçèÐkânÌkÏXÅ�AÜ×Km�=nm ��w jXjp`W^~Ô�A µ m =�mC×È] g�fi^l]gf £ A

à È]é�È]ê�ÝÞÓ _ A�ãimCë}]gi�f�^X]/xv`H].f�w/^ _ A À mC×Èm � w/�r�jÖ�A p m À w/jX^Xg�Ö�AÇì7È]å�Ðkí'ÌkÍ�Ø�A
×Èm À ak×K]gfiw/xvc·îXA]ëCm�ãtm À ak~�w jlxWw�f�cgÔnï Ö A�ð¹ÈÄå�æwñbÒ]ÉËÊËò _ A�×Km *�w uixHhk^XîXA @ m�*�`Hhkfiw�h�h.j Ö A

ó È]ôbÐ�ä�Üwí'æwÒ�îlA_Æ�È]ô�ÌkÓVÌkí'ÐkÍ _ A p mCë}m ãiw Gzii�%].f�]�Ô�A��nm�ã�a¨gthkxHxW�%wgf�f�Õ�A À m��nm ãigtw h��Ä`�f�� _ A
@ m�ãiuMhkf�f��.]giijw`H^ _ A ¶ m ( m ã�f�h.jwf _ A]ñ�ÈÇÎ�Ò�õöÌkÍ�÷kÐkÍ�ä�ÜXÜ £ ACå�ÈöÚèø'ÐkÍ�ÌkÏ î ACå�È ó ÐkÑxÝ�É Ý £ A
Æ�È ó ÐkÝ�Ê~ÐkÝ�ÊËÝÞí _ A�ù È]êJÈöú]ÐkÍ�ß Ô AC×ÈmFûöigÖkA�ã�È]ü�È]ý�ÜxÉÞÉËÜwâ Õ AÜwgf�c ¶ m�×Km]þC`W�%�%hkjl�rw�f _

£ ´ f�`l�Ñh.jX^p`¬f ZÖ]g^U·¹`vfFak`_f�fiw.f�`WA�·¹`_f�ak`_f�fiw.f�`WA�ä}�
_ ·�] x_ii��hF`Ww ´ f�`l�Ñh.jX^w`�f ZÈAU*nh,;ÿû�] jlG5A�*�û

Ö ~Mh.jX�7`�*nwzfx`H]gfiw x =bakh.xWh.jXw.f�] j � w�h�] jlw.f�]/j¢ZÈAÜâ¸w.f�w �Ä`Hw A�³ �
Åxë}wgft^Xw ^�ã�f�w.f�h ´ fF` �ihkjX^p`¬f Z A À wgfigiw.flf�wgftACëCã
Õ�*�] j<f�g�;Õh.^<f�h.jwf ´ f�`l�Ñhkjl^w`�f ZÈA ¶ �tw�fi^<f�]gfiA�³ �

Ø ´ f�`l�Ñh.jX^w`�f ZÖ]g^UäCjlhk\ ]�fiA ¶ i�\ hnfihkA�ä µ
î ´ f�`l�Ñh.jX^w`�f ZÖ]g^ @ `�fXf�^wh�iijp\ giA @ `�fXf�^ph�iijp\ giA @ =
Ô ´ f�`l�Ñhkjl^w`�f ZÖ]g^ µ ]�a¨gihk^>f�hkjlA µ ]�a¨gihk^>f�h.jXA�*�û



G Hz?

â¸³)â � ³)ä (Cµ = @ ��û

4 H��C×Kw �Ä`_c¿=�xWh,�Üw�f�cihkj À w ^l]gfim À h.w ^wiijlhk�%hkf�fF]g^�f�gih}^<f�jXwgf�\/h Ð w�f�f�`W^>f�jlwgf�\ h}w ^ÁZÜ�%�%h$f�j¢Zw.fC* � ä.`vf��}·�×K^�jl] ��*bii��h,+ cF`W�{ii]gfVciw.f�w/m ´ f�`l�Ñh.jX^w`�f Z�]g^�ä}jlhk\ ]gftA~ ¶�µ�À ³ � =nâ Ð ��� ¶ ãi³)ã Ð � - - o Ð -·H.m´nµö� oWg�flf�u�o_�g� xH^X^lmv^Þfiw/xWm_\ ] �Ä� w jwa¨gF` �ihk�.f�gihk^p`W^p�g^�hkjl�J`HxHwgh Ð f�gihk^p`W^ Ð � -/- o Ð -�H.mW^lg�f��%xWm
4 ���e×ÈmC×ÈmÜ��gi] �%^X]gftm�·�w.f�gi]�cih}jXw Z�^Xm[ü�ç�Ý�ÉËÌkí'Ì��èç�Ý�æXÐ�É�å�Ðkß�ÐkøXÝÞÍ�ÜXA GgG oH� ' & m
4 & � ¶ m µ i�f�gthkjw^�]/jwcim���gihC^wa.w.fXf�hkjp`vf�\r]g^Ñf�gih}w xHuigiwrwgf�cVhMh$f�w%jlwXZ�^�wgf�cFf�gthC^>f�jpi�a$f�iijXhC]g^f�gthCwzf�] �%m¹ü�ânÌxæXÜXÜXäkÝÞÍ�ßxí7Ì��{ÊËçèÜ�å+ÐkÍ�æwçèÜwí'Ê¢Üwâ
	�Ý�Ê¢ÜwânÐkâ�òEÐkÍ�ä{ü�ç�Ý�ÉËÌkí��èç�Ý�æXÐ�ÉdÎ�ÌxæwÝ�ÜxÊËò

��ó����� oDH.É��Ñ���  H��·HgH.m
� G �e×Èm�·�gtwgc��e`_a��5m���gihCh$�Ä`H^<f�hnf�akh®]g^UwJfthki�f�jX]gfim[ü�ânÌxæxÈ]ôbÌkò�È]Î�ÌxæxÈ��áÆ  H�� o�oWo��/������� É H����/� m
� � ����m ¶ `vfi^>f�hn`vfim�äjfFf�gih}hkxHhka,f�jl]dc�ZÄfiw/�J`_ak^�]g^U�r] �Ä`_f�\�hM]dcF`Wh.^Xm[Æ¹Í�Í�Ð�ÉËÜwÍ�ä�Üwâjü�ç�ò�íXÝÞÑ H.�goHÉ��·H  H���� � m
�¬o��� �m��nm À m�×�`HjXw�akm���gihjyziiwgf�fxit�úf�gih.] j¢Zv]�^�f�gih}hkxHhka$f�jX]gftmbü�ânÌxæxÈÄô{È]Î�ÌxæxÈ"!�	�ÌkÍ�ä�ÌkÍ�# 

�¸HgH.�goHo·H�����o·H.�  H�� �/É m
�¬���� �m��nm À m�×�`HjXw�akm���gihjyziiwgf�fxit�úf�gih.] j¢Zv]�^�f�gih}hkxHhka$f�jX]gf¿uiw j>fC³X³)m[ü�âkÌxæxÈèô�È]Î�ÌxæxÈ

!�	�ÌkÍ�ä�ÌkÍ�#  �¸HgH.É�o$� � H%�&� o·H  H�� �/É m
�¬É��C·�m�×Km���f�cih.jX^l]gfim���gih}u�] ^p`¬f�` �ih®h.xWhna$f�jX]gfimöü�ç�ò�í'Èèô�ÜwÏ�È  G �go G �·H%� G � G  H������ m
�'��� p m� �wgiix_`Wm�×Kh.w j�jXwgcF`W] w�a$fx`l�ÑhCxHwgc�`Hhk^�wgf�cV\ hkf�f�xWh.�rhnfim�³ f)(�m�·�]�] uMhkj  hkcF`¬f�] j  	�Ìkí

ÆeÉËÐkÓVÌkí Î�æwÝ�ÜwÍ�æXÜ*�¯ð¹ÜxÉËÜ,+wâkÐ�ÊËÝÞÍ�ßPÊËçèÜ�ñ�ÜwÒ]ÊËâ�ÝÞÍ�Ì  �i] x_ii�%h®� �� uiwg\ h}o m � ] ^-��xWw/�r]/^
(nwzfx`H]gfiw x � wghM] jlw.f�] jÁZ  H������ m

�vH���� ¶ m�~�h.jX�7`Wm��UjXhnf�ci^�f�]rwÕf�gih.] j¢Zv]�^�hMh$f�w"jlwgc�`Hw.fx`H]gfim�|Á`vf�³Qf�w/xv`Hwgf � m¹ñbÒ]ÌkÏ�ÌYð¿ÝÞÓVÈ HgHnoDH%��H��  H���� G m
�vH�H��}ãim��nm.(�hkc�cthkjX�%hµZÑhkjnwgf�cÍ·�m�×Km���f�cthkjX^l]gfim/(n]zf�h}]gfFf�gihjfiwzfxiijlhC]�^�a.] ^X�7`_a®jlwXZuiw j>fx`_akxHhk^lmbü�ç�ò'í'ÈÄôbÜwÏ�È �� HnoHÉ É G ��É/É o  H���� � m
�vHz��� µ m0 Üm ~�hµZ]ft�rw�fimbÎ�Ò�ânÜxÉ ò(ú]ÌkÒ21 ânÜ à ÌkÑxÝÞÍ�ß�å>â�È]Û¿Üwò�Í�ÓVÐkÍÑmsâ¸wgf�f�w ��â¸]�]��5^  H�� É � m
�vH���� µ m. �m�~�h�ZÄfi�%wgfim�ãiuiw�akh Ð fx`H�%h®w utuijX] w�a¨g%f�]Jft]gfijXh.xWwzfx`l�]`H^<f�`vaeyziiwgf�fxit�Å�rhna¨giwgf�`_ak^lm

ôbÜwÏ�È]å+Ìxä�Èèü�ç�ò'í'È  ���go0� o ���&� É �  H�� G É/m



G Hzo

�vH G �}·�m � mÜ·�]��nwgf  ~�m µ hn`vfih.^  ~�m�â¸mÜ�nw jljw`H^X]gf �¶ m�·�m��bf�cihkjl^X]gf  w�f�c¿~Ëm.(nm���wXZihk^lm
� w jw\/hKxv`_yzi�`vc¿^wan`vf�fx`HxHxWw.f�`W]�f@cih,f�hka,f�] jl^Xmöü�ç�ò�í'ÈÄôbÜwÏ�È  ����o G ����� G � G  H�� � � m

�vH � �
(nm ·�]5] uMhkj�h$f®w xHm���gih}jXhn`vfih.^ Ð ak]3�Õw�f�h$��uMhkjw`H�%hkf�f�^  cth$f�hna$f�`vf�\}f�gih}uM] x�f�hkjp\ hk`H^<f�m�³ f
(nm�·�]5] uMhkj  hkc�`�f�]/j  	�Ìkí�ÆeÉËÐkÓVÌkí Î�æwÝ�ÜwÍ�æXÜ*�¹ð¹ÜxÉËÜ,+wânÐ�ÊËÝÞÍ�ßPÊËçèÜ�ñ�ÜwÒ]Ê â�ÝÞÍ�Ì �Ñ]/xvii�%hC� �� utwg\ hk^ G �Ñ� � m � ] ^/�nxHw �%] ^/(nwzfx`H]gfiw x � wghM] jlw.f�] jÁZ  H���� � m

�vHzo��}~�m µ hk`_fihk^�wgf�cÍ·�m � m ·�]3�Õwgftm�×Kh,f�hka,fx`H]gf�]g^�f�gihj^�jXh.hefthki�f�jw`_fi] m[ü�ç�ò�í'È]ôbÜwÏ�È 
� �goHÉ�������É��·H  H�� � �/m

�vHz���}·�m � mÜ·�]��nwgf  ~�m µ hn`vfih.^  ~�m�â¸mÜ�nw jljw`H^X]gf  ��m p mCë}jwii^lh  wgf�c��nm�×Km À a54ei�`HjXhkm×Kh$f�hka,fx`H]gf¿]�^�f�gihj^�jXhkhjfihni�f�jp`vft]go/��a.]gf76ijl�%w.fx`H]gfim[Î�æwÝ�ÜwÍ�æXÜ  Hz� G oDH�������H�� G  H�� � o m
�vHzÉ��}~�m µ hk`_fihk^lm���gihjcih,f�hna$fx`H]gf¿]g^�utwgiix_`WÚH^[fihki�f�jw`_fi] m�³ f��nmHâ¸m�(nh%�C�rw�f¾wgf�c��mFû¼ut^w`HxWwgf�f�`W^  hnc�`�f�] jl^  ébÝÞí'Ê¢Ìkâ�òEÌ���ÊËçèÜ98�â�ÝÞßxÝÞÍ�Ð�É � ä�ÜXÐkí�ÐkÍ�ä�ÙjÐkíXÝ�æbì ÝÞí'æXÌkÏ�Üwâ�Ý�Üwí

ÝÞÍ�übÐkâ�Ê Ý�æxÉËÜbü�ç�ò'íXÝ�æwí  uiwg\ h.^ G �·H%� G H�� m� �xHhkfzii�: �jXh.^X^  H���� o m
�vH����
4®m ~�hn`vfzhMhkjw\/m�×Khnakw Z�^�]g^Mf�gih¹½º�%h.^X]gfV`vf¼f�gthe`_f�f�h.jX�%hkc�`Hw.f�h Ð �%h.^X]gf"f�gihk]/j¢ZÈm[ü�ç�ò'í'È

ôbÜwÏ�È  HgH���oBH G É ����É��  H�� � É m
�¬�����
4®m ×Kw�f�h�Zvh,f®w xWm�äjhi^lhkjÁ�twzfx`H]gf¿]�^�g�`_\ g Ð hkfih.jw\nZtfthki�f�jw`_fi]"jlhkwga,fx`H]gfi^�wgf�c¼f�gthh$�Ä`H^<f�hkf�a.h�]g^Ñf;�Õ]<�z`vfFci^�]�^¿fihni�f�jp`vfi]/^Xm[ü�ç�ò�í'È]ôbÜwÏ�È=	�ÜxÊ¢Ê~È  �go0� o�� G�G  H��/o � m
�¬��H�� À m�ã�a¨g>�Õw/j<f��.m���gth®h.w jXxlZvg�`H^<f�] j¢Zv]�^�g�`_\ g Ð hkfih.jw\nZtfthki�f�jw`_fi]"utgxZ�^p`va.^Xmn³ f

� m��n]�c�cih.^X]gf C� m�â¸jl]3�ef �À m µ `W] jpciwgf  wgf�c À m�×KjXh.^wcihnf  hkc�`�f�] jl^  ÚèçèÜbô�ÝÞí'Ü�Ì��
ÊËçèÜ�Î�Ê~ÐkÍ�ä�Ðkânä{å�Ìxä�ÜxÉ � übÐkâ�ÊËÝ�æxÉËÜbü�ç�ò'íXÝ�æwí�ÝÞÍ(Ê çèÜ9?A@ABACkíTÐkÍ�äD?A@AEACkí  uiwg\/h G HgH.m·�w �{hijw`_c�\ h ´ f�`l�Ñh.jX^p`¬f ZF �jXh.^X^  H���� � m

�¬�/���j×�iixv`Hwgf�ãim�ã�a¨g>�e`_f�\ hkjlmG�Êf�gihk] jÁZv]g^Ñf�gihj^Þi�fFciw �%hkf�f�w/x�`_f�f�h.jXwga,fx`H]gfi^Xm[Æ¹Í�Í�Ð�É í ü�ç�ò'í'È �go G � ��� G � G  H�� � � m
�¬�����
��hèc�ii^�ãiw xHw �wgfFcV×Èm�·�m p w jpcim p h.w���wgf�c�hkxHhka,f�jl] �%wg\gfih,fx`_a{`_f�f�hkjlwga$f�`W]�fi^Xm[ñöÒÇÌkÏ�Ì

ð¿ÝÞÓVÈ  HgH�o � o/É�� � � �  H�� � � m
�¬� G �}ãim � m.4®xHw ^lgi]3�CmH �w j<f�`Ww/x�^¢Z��%�rh,f�jp`Wh.^n]g^I�Õh.w��Y`_f�f�hkjlwga$f�`W]gft^XmöñbÒ]æxÉËÈ]ü�ç�ò�í'È � �go � ����� � É É  H�� o·Hzm
�¬� � �j×Èm.4®]/xvci^>f�]gfthkm�~á`Hhkx_c%f�gihk] jp`Wh.^J�e`�f�g�ÚH^wiiuMhkjpak]gf�cFi�a$f�] jXÚ�^X]/xvi�f�`W]�fi^XmöñbÒ]ÌkÏ�ÌYð¿ÝÞÓVÈ H��goDH � G ��H.o G  H�� o·Hzm
�¬�/o��}ã�f�hµ�Ñhkf p hn`vfzhMhkjp\ m/�`�%]�cihkx�]�^�xHhku�f�]gfi^lmöü�ç�ò'í'È]ôbÜwÏ�È�	¿ÜxÊ¢Ê¢È  H��goDH.� o G ��H.� o o  H�� o/� m
�¬�/���
 Ëh$f�hkj p m ��`_\g\ ^lm�â¸jX]���hkf¿^¢Z��%�rh,f�jp`Wh.^nwgf�cFf�gih}�rw/^X^Xh.^n]g^�\ wgiF\ h�h�]/^X]gfi^lm[ü�ç�ò'í'È

ôbÜwÏ�È�	�ÜxÊ~Ê¢È  H��go � � É�� � ���  H�� o G m



G Hz�

�¬�/É��}×Kmv×Èm.4CjX]/^X^Xm/��^¢Z��%u�f�].f�`vae^�jXh.hkci]/�  a.]gf76�fthk�%hkf�f¼w�f�cK�C·�×Km�³ f��nmHâ¸m.(�h��C�%wgfwgf�c���mFû¼ut^w`HxWwgf�f�`W^  hnc�`�f�] jl^  ébÝÞí'Ê¢Ìkâ�òEÌ���ÊËçèÜ98�â�ÝÞßxÝÞÍ�Ð�É � ä�ÜXÐkí7ÐkÍ�ä{ÙjÐkíXÝ�æ
ì ÝÞí'æXÌkÏ�Üwâ�Ý�Üwí�ÝÞÍ�übÐkâ�ÊËÝ�æxÉËÜbü�ç�ò�íXÝ�æwí  uiw�\ hk^�� � �I� � m� �xHhkfzii�L �jXh.^X^  H���� o m

�¬����� À iijXjlw ZM4®h.xWx Ð¨À wgf�fim/� ^wa¨gthk�%w.fx`_a��%]�cihkx�]�^�hiw/j¢ZÑ]�fi^�w�f�cÍ�rh.^X]gft^Xmöü�ç�ò'í'È�	�ÜxÊ~Ê¢È ÉgoH�·H G �Ñ�·H �� H�� o G m
�'�����
4®mÇþN�nhk`_\ m/��f�^wiC|O� � �%]dcthkxÇ^�] j�^>f�jl]gf�\J`vf�f�h.jXwga,fx`H]gf¾^ÁZ��r�%h,f�j¢Z{w�f�c>`�f�^[hijlhkw��z`_f�\ m� m�· ¶�µ ( Ð ��� Ð G Hz� m
�'��H�� µ m ¶ m À `HxHxv`0��wgfim�äjf%f�gih}hkxHhk�%hkf�f�w/j¢Z{hkxHhka,f�jp`va.w x�a¨giw jw\/h®wgfFc¼f�gih}w �Ñ]g\ w�cijX]

ak]�fi^<f�wgf�f�m[ü�ç�ò�íXÝ�æXÐ�ÉFôbÜwÏxÝ�Üwõ  HgH�oBH�������H G �/m
�'�/���}ãim � m.4®xHw ^lgi]3�  ×Èm�³)xv`H] uM]giixH] ^  wgfFc � m À w�`WwgfF`Wm p hkw��u`_f�f�h.jXwga,fx`H]gfi^2�e`¬f�g¿xHhku�f�]gf ÐgiwgctjX]gf�^¢Z��%�%h$f�jÁZÈmöü�ç�ò�í'È]ôbÜwÏ�È  ×K�goDH.� É � ��H.���/�  H�� ��� m
�'�����}×Km. Ëh.j*�z`vft^XmH4®w jp\ w �%hkxHxHhCw�f�c%f�gihjc�`H^wak] �ihkj¢ZÖ]g^�fihni�f�jlw xCakiijljXhnf�f�^Xm�³ f

� m��n]�c�cih.^X]gf C� m�â¸jl]3�ef �À m µ `W] jpciwgf  wgf�c À m�×KjXh.^wcihnf  hkc�`�f�] jl^  ÚèçèÜbô�ÝÞí'Ü�Ì��
ÊËçèÜ�Î�Ê~ÐkÍ�ä�Ðkânä{å�Ìxä�ÜxÉ � übÐkâ�ÊËÝ�æxÉËÜbü�ç�ò'íXÝ�æwí�ÝÞÍ(Ê çèÜ9?A@ABACkíTÐkÍ�äD?A@AEACkí  uiwg\/hk^
G � É�� GgG o m�·�w ��htjw`_c�\ h ´ f�`l�Ñh.jX^w`�f ZF �jXhk^l^  H����/� m

�'� G �
4®h.jXw jpc�Ú�f®�n]5]g^Vf�m µ hnfi] jX�%w x_`H�kw.f�`W]gf�]g^U�%w ^X^lxWh.^X^�û�w�f�\ Ð¨À `WxHxW^/6ih.xvct^XmöñbÒ]æxÉËÈ]ü�ç�ò�í'È âP����oBH.������H����  H�� ��H.m
�'� � �}~�mÇ×Èm��nw/^Xhkj>f®h$f®w xHm�äeht^XhkjÁ��w.fx`H]gf�]g^�fthki�f�jw`_fi]"x_`0�/he`vf�f�h.jXwga,fx`H]gfi^2�e`¬f�gi]gi�f®�{ii]gf¾]/jhkxHhka,f�jl]gf@`_fFf�gihj\ w jp\ w �%hkxHxHhefthki�f�jw`_fi]"h,��u�h.jw`H�rhnf�f�m�ñöÒ]æxÉËÈ]ü�ç�ò'í'È  â¸����oBH  H�� � G m
�'�/o��}ãigihkx_ci]gf � hkh
4CxWw ^lgi]3�Cm�·�giw jX�7o/��fV`_fx�ihkf�fx`H]gf�w3�nwg`�f�^öc�`W^pak] �Ñh.j¢Z mn�Uw x$��\g` �ihkf¿w.f³RQ¹³ f�f�hkjpfiw.f�`W]gftw x�·�]gf�^�h.jXhkfFakhC]gf ¶ ��uMhkjw`H�%hkf�f�w/x À hk^X]�f¾ãiuMhka,f�jX]/^wak]/uxZ  ��uij� o Ð � �  H�� � G  â¸] ^<f�]gf �À w/^X^Xm
�'�/���j×Èm ³)xv`H] uM]giixH] ^Xm- �jl]g\ jXh.^X^[`_fV\/wgi�\ hf�gihk]/jw`Hhk^Xm µ w uiuM] j<f�hkiijlÚW^��Uw x0�u\g`l�Ñhnf¿w.fJH.�.f�gy³ f�f�m·�]gf�^�m�]�f��b`v\/g ¶ fih.jw\nZS �g�Z�^w`_ak^ �� ]gf�ci]�f �¶ f�\ xHwgf�c  ×�iix�H Ð H��  H�� � G m
�'�/É��}â¯iij<f�]gf µ `_a¨g�f�h.jXm ¶UT h Ð » giwgcijl]gfi^Xm/ �xHhkfiw jÁZ{ãihk^l^w`H]gf µ hkuM] j>fCw.fCáUQF³X³³ f�f�h.jwfiw.f�`W]�fiw x�·�]gf�^�h.jXhnf�akh®]gfÍ��`_\ g ¶ fih.jw\nZV Ôg�Z�^w`_ak^ ¿� ]gf�ct]gf  ¶ f�\ m  ×�iix�H Ð H�� H�� � G m
�'����� À `va¨gtw hkx µ `W] jpciwgfim�ÚèçèÜöébÒ�Í�Ê ÝÞÍ�ßVÌ���ÊËçèÜ9W�Ò]Ðkâ�Ñ�m�ãF`W�%]gfV�úã�a¨gzii^>f�h.j  ³ f�akm  H�� É � m
� G ���
�nm ·�m�â¸hnfx�ihkfzi�f�`�h,f�w/xWm ¶ w jlx Zv]�hi^Xh.j¢��w.fx`H]gf�]g^�fihki�f�jw`_fi]rwgf�c�wgf�fx`_fihki�f�jw`_fi]�hµ�Ñhnf�f�^w.fCg�`_\ g�hkfih.jw\g`Hhk^lmbü�ç�ò'í'È]ôbÜwÏ�È=	�ÜxÊ~Ê¢È  ���goDH�� É G ��H�� É �  H�� ��� m
� G H��
�nm ·�m�â¸hnfx�ihkfzi�f�`�h,f�w/xWm-� x_`vyzi�`_c Ð ^pak`_f�fx`HxWxHw.f�]/j�f�].f�w xÜwghi^X]/jXu�f�`W]gf�giwgctjX]gf

akw/xW] jp`W�%h,f�hkj[^�] jËf�gih}^<f�i�c�Z{]g^�fihki�f�jw`_fi]A`vf�f�h.jXwga,fx`H]gfi^lmöñöÒ]æxÉËÈ � Í�í'Ê â�ÈÄå�ÜxÊËçèÈ H.� � o GgG �  H��/� � m



G HzÉ

� G ���
�nm ·�m�â¸hnfx�ihkfzi�f�`�h,f�w/xWm-� xHw jw\ hKw/jXhkw%�%wg\gfth$fx`_aC^XuMhka$f�jX] �%h,f�hkjö^�] jËf�gih}^<fxiFc�Z{]g^g�`_\ g Ð hnfihkjp\nZtfihki�f�jw`_fi]J`vf�f�hkjXw�a$fx`H]gfi^lmbñöÒ]æxÉËÈ � Í�í'ÊËâ�È]å�ÜxÊËçèÈ  H.� � o G � �  H�� � � m
� G ���}·�m µ i�hFh�`Wwrh$fCw/xWm ¶ ��u�h.jw`H�rhnf�f�w x�]ghi^lhkjÁ�twzfx`H]gf¿]�^è½UXz½UY�uiwg`HjX^�uijX]�c�i�a.hkc>hxZ��ÑhkjÁZg�`_\ g�hkfih.jw\nZmfthki�f�jw`_fi] ^XmH �jX]�akh.hkc�`_f�\ ^�H.� gÍ³ f�f�m�·�]gf�^�mÜ]gf¿�b`v\/g ¶ fih.jw\nZM �g�Z�^w`_ak^ 

� ]gf�ci]�f �¶ f�\ xHwgf�c  ×�iix�H Ð H��  H�� � G m
� G�G �
�nm ·�m�â¸hnfx�ihkfzi�f�`�h,f�w/xWm�äjhi^lhkj¢��w.f�`W]�f¿]g^�fih%� uiw j>fx`_akxHhCutjX]�c�i�a$f�`W]�f>h�Zvg�`_\ g Ð hkfih.jw\nZfihni�f�jp`vfi]/^�wgfFc�w�f�f�` Ð fihki�f�jw`_fi] ^lmbü�ç�ò'í'È]ôbÜwÏ�È=	�ÜxÊ~Ê¢È  � G o G H��  H�� � � m
� G � �
�nm ·�m�â¸hnfx�ihkfzi�f�`�h,f�w/xWm�·�giw/jXwga,f�hkjp`W^>fx`_ak^�]g^�cF`W�{ii]gfi^�w ^�h��Ä`_cihkfFakh�^�]/j�wAfih%�

yziiwgf�fxit� f�it��hMhkjXmöü�ç�ò�í'È]ôbÜwÏ�È=	�ÜxÊ¢Ê~È  � � oBHz�����  H�� � � m
� G o��}�n]3�Õw/jwc�4®h.] jw\g`Üwgf�c�ãigihkx_ci]gf � m�4®xHw ^lgi]3�Cm ´ f�`06ihkc9�Õh.w��ywgf�c�hkxHhka,f�jl] �%wg\gfih,fx`_a

`_f�f�hkjlwga$f�`W]gft^J�e`�f�gi]�i�f{fihki�f�jXw xCaniijXjlhkf�f�^lmbü�ç�ò'í'È]ôbÜwÏ�È=	�ÜxÊ~Ê¢È  � ÉgoDH G � G  H�� � �/m
� G ���}â¸m â¸w jp`W^lg¾h,fCw xWm�³ f��Ñh.^<f�`v\ wzfx`H]gfi^�]g^¿fihni�f�jp`vft]A`_f�f�hkjlwga$f�`W]�fi^J�e`�f�g¼f;�n]"�{ii]gfi^ö`vf¼f�gth

6�fiw/x�^<f�wzf�hkm[ü�ç�ò'í'ÈÄôbÜwÏ�È�	¿ÜxÊ¢Ê¢È  � ogo0�������&� G H  H�� � o m
� G É��}·�mÜâ¸w x�f�w Z�h$f}w xHm�·�giw jl�%hkc Ð × Ð �%hk^l]gfÍuijX]�c�i�a,fx`H]gfYh�Zmfihki�f�jw`_fi] ^lm[ü�ç�ò'í'ÈèôbÜwÏ�È&	¿ÜxÊ¢Ê¢È 

G HnoH�����Ñ� o  H�� � É m
� G ���
4®m.4C] x_cigiwghMhkj�h,f®w xWm�äjhi^lhkjÁ�twzfx`H]gf>`_f�h T h Ð wgf�f�`Hg�`HxWw.f�`W]�f¿]g^UwJfiw jXjl]3�8^<f�w.f�h}w.f

H.É o �.Ð¨À h%QT�ga�Z�Z �Tcihnakw ZÄ`vfF\Cf�]JëúuF`�wgf�cVëúu�`�u�`�uF`Wm¹ü�ç�ò'í'È]ô�ÜwÏ�È�	�ÜxÊ¢Ê~È 
� �goH� ��� ��� � �  H�� � o/m

� � ���
�nm ·�m�â¸hnfx�ihkfzi�f�`�h,f�w/xWm�äjhi^lhkj¢��w.f�`W]�f¿]g^Uw7fih��8uijX]�akh.^X^2�e`¬f�g%f�jw`H��ii]gf�uijl]dc�iFa$fx`H]gf
h�Zvg�`_\ g�hkfih.jw\nZtfihni�f�jp`vft] ^Xm[ü�ç�ò�í'È]ôbÜwÏ�È�	�ÜxÊ¢Ê~È  � É�oBHgH�H��  H�� � � m

� � H��
�nm ·�m�â¸hnfx�ihkfzi�f�`�h,f�w/xWm µ w.f�h.^�wgf�cÍuijX]/u�h.j<fx`Hhk^�]g^U] uiuM] ^w`�f�h Ð ^p`v\gfVc�`H��ii]�fi^b^�jl] �
fihni�f�jp`vfi]/^�wgfFc�w�f�f�`vfthki�f�jw`_fi] ^Xmöü�ç�ò�í'È]ôbÜwÏ�È�	�ÜxÊ¢Ê~È  G H�oBH.��� G ��H.��� �  H�� � É m

� � ���}ãim p m �nh.jwh¿h$fCw xHm�äeht^XhkjÁ��w.fx`H]gf�]g^�w7c�`H��it]gf¾jlhk^X]�fiwgf�a.h®w.f��/m �.Ð 4®h%QÂ`vf G ��� Ð 4Ch�Quijl].f�]gf Ð fzi�a.xWhnii^�a.] xWx_`H^w`H]gfi^Xmöü�ç�ò�í'È]ôbÜwÏ�È=	�ÜxÊ¢Ê~È  ���goW� � ����� ���� H��/� � m
� � ���}�nm ×Khncihkf¿h$fCw xHm�ã�f�jlwgf�\ hKuiw/j<fx`_akxHhCuijX]�c�i�a,fx`H]gfÍwgf�cVa¨giw jX�%hnc¾uiw j>fx`_akxHh}^Xhkw/jwa¨g@`_ff�gthe\/w jw\ w/�rh.xWxHhjfihki�f�jw`_fi]rh$��uMhkjw`H�%hkf�f�möü�ç�ò�í'È�	�ÜxÊ¢Ê~È  â � Égo$�/o·H%�&� o/o  H�� � � m
� � G �
(nm.��jX�%hkf�`H^Xh®h$f®w xHm�ã�fxiFc�Zv]g^�fihki�f�jw`_fi]A`vf�cFi�akhnc@c�`H��ii]�f¿hµ�Ñhkf�f�^�`_f>\ w/jw\ w �%h.xWxHh}w.f· ¶�µ ( ã7 �ãim[ü�ç�ò'í'È�	¿ÜxÊ¢Ê¢È  â¸É ogoDHgH �� H�� ��� m
� ��� �}~�m ×�ZÄciw���m/(nhni�f�jp`vfi]ruig�Z�^w`_ak^lm�ü�ç�ò�í'È]ôbÜO�¿Ê¢È  G ��� Ð G � G o � ����o �  ����� G m
� � o�� À m��n] x_cih.j�h,f®w xWm- �hkjp^�] jX�%wgf�a.h®]�^�w%�%wg\gfih,fx`H�khncrf�]zf�w x w�hi^X] jlu�fx`H]gfVakw xH] jp`W�%h$f�hkj

hMh$f;�nhkhkf�H �.Ð 4Ch�Q8wgf�c�H G � Ð 4®h%Q¼m¯ñöÒÇæxÉËÈ � Í�í'Ê â�Ò�ÓVÈ]å+ÜxÊËçèÈ  H � H�oWo��  H�� �/É m



G H��

� � ���jëCm]ëCxHhk`_f7�zfihna¨g�f�m[(�hki�f�jw`_fi]A`_f�c�iFakhkc%f�jp`W�{ii]gf¾w�f�cFf�h$f�jXw �{ii]gf¿h��Ñhnf�f�^ö^�jX] ��f�gih·�×K�nã�h$��uMhkjp`W�%hkf�f�mG �jXh.uijw`_f�f Ð ë ��¶ ³;(�ë
( ¶ ·���� ë |<�/É Wµ�¶ ·�mv× ´b� � �/� uim
� � É��}�nm.�bhijXw �%]3�e`_ak��h,fCw xHm ¶ ��uMhkjw`H�%hkf�f�w/xU^>fxi�c'Z{]g^�]/uiu�]/^w`�f�h}^w`_\gfVc�`W�{ii]gfi^�uijl]dc�iFakhkc

`_f>fihni�f�jp`vft]"wgfFc¿wgf�f�` Ð fihki�f�jw`_fi] ^[`_f�f�hkjlwga$f�`W]gft^Xmöý�ÈÄü�ç�ò�í'È  ·eH � oBH��  H�� É �/m
� � ��� À m��n] x_cih.j�h,f®w xWm�äjhi^lhkjÁ�twzfx`H]gf¿]�^�w7fihni�f�jp`vfi]"h��ihkf�fG�e`�f�gV^�]giij�hnfihkjp\ h$f�`vaC��it]gfi^Xm

ü�ç�ò�í'È�	�ÜxÊ¢Ê~È  âs���goDH�� � ��H�� É  H�� � É m
�¬o����}×Km À wga.~Mw/jXxHwgfih}h$fCw xHm/(�i�a.xWh.]gf�^<f�jpi�a$f�iijXhe^Þi�f�a,fx`H]gfi^ö^�jX] �¹g�`_\ g Ð hnfihkjp\nZmfihni�f�jp`vft]

`_f�f�hkjlwga$f�`W]gft^J�e`�f�gV`Wjl]gf�wgf�cK�}·�×újXh.^wiix�f�^lm[ý�È]ü�ç�ò'í'È  ·�� ogoDH  H�� É G m
�¬o�H��}·�m�~M]�i�ciw ^�h,f�w/xWm-(�hki�f�jw`_fi]"utjX]�c�i�a$f�`W]�f¿]g^U] uiuM] ^p`¬f�h Ð ^p`v\�f@c�`H��ii]�fi^�wzfe^�hkjX�7`HxWw�h�Uh�Q¼wzf�jX]�f¿hnfihkjp\g`Wh.^Xmöü�ç�ò�í'È]ôbÜwÏ�È=	�ÜxÊ¢Ê~È  o G oBH.��� É���H.��HgH  H������ m
�¬o/���}ãim��nm µ wgh�`_fi]3�e`�f��Ch$f®w xHm À hkw ^piijXh.�%hkf�f¼]g^Ñf�gthC^>f�jlwgf�\ h}^Xh.wAcF`W^>f�jw`_h�i�f�`W]�f@ii^p`vf�\

fihni�f�jp`vfi]Ja¨giw jl�ÅuijX]�c�i�a,fx`H]gfim¹ü�ç�ò'í'È]ô�ÜwÏ�È�	�ÜxÊ¢Ê~È  ���goBH�� G ��H��/�  H������ m
�¬o����
�nm ä}m�â¸w �.w j*��]"h,f®w xWm�×Kh,f�h.jX�7`vftw.fx`H]gf�]g^�f�gih}^<f�jXwgf�\/heyziiw/j*�ua.]gf�f�hkf�f�]g^Ñf�gih

fzi�akxHhk]�f@^�jX]/��wJfih$��f Ð f�] Ð xWh.wgc�`_f�\%] jwcthkj/�}·�×�wgftw x Z�^p`W^�]g^�fihki�f�jw`_fi]�a¨gtw jX�uijl]dc�iFa$fx`H]gfim[ý�ÈÄü�ç�ò'í'È  ·�o � oDH.É�����H�� É  H���� � m
�¬o G �
(nm ´ ^Xg�`_ciw�h,f®w xWm ¶ ��uMhkjw`H�%hkf�f�w/x�cih,f�wg`HxH^�]�f�x_`_^�h$fx`H�%h®�%h.w ^wiijlhk�%hkf�f�^n]g^�fihki�f�jw`_fi]uijl]dc�iFakhkcVa¨giw jl�%hkc¾utw j<f�`va.xWh.^b`_f¿wÕf�wg\g\ hnc¿h.��iixH^w`H]gf¾^lu�hna$f�jX] �%h$f�hkjlmbñöÒÇæxÉËÈ

� Í�í'ÊËâ�ÒdÓVÈèå+ÜxÊËçèÈ  �n� � G o � ����o G  H�� É G m
�¬o � �
(nm ´ ^Xg�`_ciw�h,f®w xWm- �jl]dc�iFa$fx`H]gfVa¨giw jlwga$f�hkjw`H^<f�`va.^n]g^�a¨giw jl�%hkc¾utw j<f�`va.xWh.^b`_fPfihki�f�jw`_fi]

`_f�f�hkjlwga$f�`W]gft^Xmöü�ç�ò'í'È�	�ÜxÊ~Ê¢È  â¸���/ogo$�/É��  H�� É É m
�¬o/o��jëCmÜ×Kh p `_f�f�h.j�h,f®w xWm-� cih,f�hna$f�]/jö^�]/jËf�gih}^<f�i�c�Z{]g^�fihni�f�jp`vfi] Ð hkxHhka,f�jl]gf¾^pakw.flf�hkjp`vfF\ m

ñöÒÇæxÉËÈ � Í�í'Ê â�È]å�ÜxÊ çèÈ  ��� � ÉgoHo ���  H�� É��/m
�¬o/���j×Èm.�nx�f�hn\ ]�h.j�h$f®w xHm���gih\(�ä À �n×`h$��uMhkjw`H�%hkf�f¼wzf�f�gih}· ¶�µ ( ã7 �ãim[ñöÒÇæxÉËÈ

� Í�í'ÊËâ�ÒdÓVÈèå+ÜxÊËçèÈ  � G � G o$�/o���H.� É  H����/É m
�¬o/É�� ¶ m ¶ ^]��i�fFh,f�w/xWm���gih}·���ä µs´ ã¾h,��u�h.jw`H�rhnf�f�f�]"^lhkw jpa¨g>^�] j[fzi�� �{i^�I_�fzi��.f�w�i] ^pak`HxWxHw.fx`H]gfim[ñöÒÇæxÉËÈ � Í�í'Ê â�Ò�ÓVÈ]å+ÜxÊËçèÈ  � G �·HnoH��� GgG  H���� �/m
�¬o����
 Üm��n^>fx`Hhkj�h$f®w xHm-(nhni�f�jp`vft]"uijl]dcFi�a$f�`W]gf�]g^U] uiuM] ^w`�f�hK^p`v\�f>c�`H��it]gfi^ö`vf¼f�gih
(�ä À �n×h$��uMhkjp`W�%hkf�f�m�ü�ç�ò�í'È`	¿ÜxÊ¢Ê¢È  â G É ogo0� � � G É  ������� m
�¬�����jëCm�(�`H^Xg�`0��w��nw�h,f®w xWm�äjhi^lhkjÁ�twzfx`H]gf¾]g^Uuijl] �%u�f®xv`0�/h}^w`_\gfVc�`H��ii]gf¿uijX]�c�i�a,fx`H]gfV`vf

fihni�f�jp`vfi]rjXh.wga$f�`W]�fi^Xm[ü�ç�ò�í'È]ôbÜwÏ�È�	�ÜxÊ¢Ê~È  G o�oBH ������ H�� É·H.m
�¬��H��jëCm � w�f�\%h$f®w xHm-(nhki�f�jw`_fi]"uijX]�c�i�a,fx`H]gfÍ]g^¿c�`H��it]gfi^Xm[ý�È]ü�ç�ò'í'È  ·-���go G É��  H�� É � m



G ���

�¬�/��� À mC×È]gf7��hkj�h$f®w xHm ¶ �ÜuMhkjp`W�%hnf�f�w xU^<fxiFc�Z{]g^U] uiuM] ^w`�f�h}^w`_\gf�wgf�c�^Xw �%h}^w`_\gfVc�`H��ii]gfh��ihkf�f�^�uijX]�c�i�a.hkcV`vf9�e`_cih{htwgf�cVfihki�f�jw`_fi]rwgf�c�wgf�fx` Ð fihni�f�jp`vfi]JhMhkw �%^Xm[ü�ç�ò'í'È
	�ÜxÊ~Ê¢È  âjH��/�goW� G H  H��/É·H.m

�¬�����}â¸m ã�f�jX]gf�\�`vf�h$f®w xHm�ã�fxiFc�Z{]g^U] uiuM] ^w`�f�h}^w`_\gfVc�`H��ii]gf�uijl]dc�iFa$fx`H]gfV`vf�g�`_\ g Ð hkfih.jw\nZfihni�f�jp`vfi]Jfzi�akxHhk]�f@`_f�f�hkjlwga$f�`W]gft^Xmöü�ç�ò'í'È]ôbÜwÏ�È  × G �goH� � �/É���� � É/o  H����·H.m
�¬� G �
 ÜmNQT`HxHwg`vf�h$fCw/xWm � hkwgcF`vf�\ Ð ] jpcihkj-�}·�×`wgfiw xlZ�^w`H^�]g^�fihni�f�jp`vfi]A`vfFc�i�akhnc@c�`H��it]gfh��ihkf�f�^lm[a�Ò�â�È]ü�ç�ò'í'È à È  ·eHgHnoDH����&� G  H������ m
�¬� � � À m�4®]�f�a¨giw jl]X�Ïh$f®w xHm- Ôjlhkan`W^lh®�%hkw/^wiijlhk�%hkf�f¼]�^�c�`H��it]gf¾uijl]dcFi�a$f�`W]gf

akjl] ^X^ Ð ^lhka$f�`W]�fi^�`_f>fzi��/��i�~Mh}wgfFc�w�f�f�` Ð fzi�� ��i¿~�h�cihkh.u@`_fihkxHw ^<f�`vaC^wa.w.fXf�hkjp`vf�\rw.ff�gth�f�h���w.f�jX]gfim¹ü�ç�ò'í'È]ôbÜwÏ�È  ×Ko G oDHgH.����� o  �����·H.m
�¬�/o��
�nm.4Cm�·�]danak] m-(�hki�f�jw`_fi]�×K³)ãÍ�%hkw/^wiijlhk�%hkf�f�^b`vf¼f�gthC·���ä µ¸´ ã¿h$��u�h.jw`H�%hkf�f�m

 �jXh.uiw jXhnc@^�] jeHz�.f�gÍ³ f�f�h.jwfiw.f�`W]�fiw x p ] j*��^Xgt] u¾]gfÍ×Kh.hku�³ fihkxHw ^<f�`vaCã�a.w.fXf�hkjw`_f�\
|<×K³)ãÍ����� G �  ã�f�jphi^*��h\ �xHhk^X]  ãtxW] ��w��z`Ww  H G Ð HzÉ9�nuij������ G m

�¬�/��� � mÜ·�w �7`WxHxWh.jw`HmG �jlhkak`H^w`H]gf¿�rh.w ^witjXhk�%hnf�f�^�`_f>fthki�f�jw`_fi]A`_f�f�h.jXwga,fx`H]gfi^XmöñöÒÇæxÉËÈ]ü�ç�ò'í'È
ü�ânÌxæxÈ]Î�Òb�A�¿ÉËÈ  H G �goDH.������H�� o  ����� � m

�¬�/É��}ãim ¶ `vcih.xW�%wgf�h$f®w xHm µ h��Ä`Wh%��]g^c Ëw j>fx`_akxHh� �g�Z�^w`_ak^lm�ü�ç�ò�íXÝ�æwíd	�ÜxÊ¢Ê~Üwâ�í�Ù �� � �goDH T
����� G m¸wgf�c������ � utw j<f�`Ww x]iiuÄctw.f�hj^�] j�hnc�`¬f�`W]�f¿����� o m
�¬�����}��`HjX].f�w���wrãFi�\ w3�Õw/jXw  �b`Wjl]XZÄi7�z`��nw�\giijXw  wgf�c���]/^Xg�`lZÑw"ãiwgfiw �7`Hm�×Khk^>f�jwiFa$fx`H]gf¿]g^

fzi�akxHhkw/jbhM] ��ht^öit^w`_f�\Aitx¬f�jXw Ð g�`v\/g¿hnfihkjp\nZmfihni�f�jp`vfi]JhMhkw �%m��������/m
�¬É����¯û¼m ~·i7�zi�ciwrh$f®w xHm ¶ �Ä`vcihnf�akh{^�] j�] ^pak`HxWxHw.fx`H]gf¿]g^�wzf��%] ^Xutgihkjp`vaefihki�f�jw`_fi] ^lm[ü�ç�ò'í'È

ôbÜwÏ�È�	�ÜxÊ~Ê¢È  É·HnoDH � o ����H � o �  H���� É m
�¬É�H��¯û¼m.��^Xg�`Hh®h,f®w xWm ¶ �Ä`_cihkf�a.h�^�] j�w�f¿] ^pak`HxWxHw.f�] j¢Zv^p`v\�fiw.fxitjXhj`vf�w.f��r]/^Xuigih.jw`_a{fthki�f�jw`_fi]] ^pak`HxWxHw.fx`H]gfim[ü�ç�ò'í'È]ô�ÜwÏ�È`	¿ÜxÊ¢Ê¢È  ���goBH��·H.É��·H  ����� G m
�¬É/���}��m��njXw���`�h,f®w xWm À hkw ^piijXh.�rhnf�f¼]g^�fihki�f�jw`_fi]r] ^wan`WxHxHw.fx`H]gf9�e`¬f�ge��w �%xWw�f�c�o ¶ �Ä`vcihnf�akh]g^U^XuMhka,f�jXw/xCc�`W^>f�] j>fx`H]gfim[ü�ç�ò�í'È]ôbÜwÏ�È�	�ÜxÊ¢Ê~È  � G o$� É�H.É��·H  ����� � m
�¬É����}×KmÇ×Èm�4®jp`$fÕf�gi^Xm�³ f�f�jl]dcFi�a$f�`W]gf%f�]%hkxHhk�%hnf�f�w j¢ZÖuiw/j<fx`_akxHhk^lm/( ¶ p ûFä µ ë �´ ã7�bop ³ ��¶ û |pH�� É � � ��� � uim
�¬É G � µ m.4Cm µ ]ghMhkj<f�^Xm���gih}ã�f�jwi�a,fxiijlh®]g^Ñf�gthCutjX].f�]gf�o�×Khkh.u>`_fih.xWw ^>fx`_a®^pakw.flf�h.jw`_f�\ m·�w �{hijw`_c�\ h U´ ëjo ´ f�`l��m� Ôjlm�|wH������ � H.É/�rutm�|<·�w �{hijw`_c�\ hC�%]gfi]g\ jlw uigi^�]gf�%w.f�gthk�%w.fx`_akw/x�uig�ZÜ^p`va.^ � m
�¬É � �j×Èwgfih$f À m�·�]�fijXwgc �À `va¨gtw hkx��nmÜãigiw hµ�]`�f��  wgf�c��¹`W�âs] x¬f�]gfim/ �jXhnak`H^w`H]gf�%hkw ^piijXh.�%hkf�f�^J�e`¬f�g¾g�`_\ gÍhkfih.jw\nZtfthki�f�jw`_fi]AhMhkw/�r^lm[ô�ÜwÏ�È]å�Ìxä�È]ü�ç�ò�í'È ���goDH�� G H%��H����/�  H���� É m



G ��H

�¬É/o��j×Èm ×Km�âhg$] j]�/hkftmH��^¢Z��%u�f�]zfx`_a®^pii�ÅjwiixHhk^�w.fe`_f76�fF`¬f�h®�%] �%hkf�f�ii�%mbü�ç�ò'í'È]ô�ÜwÏ�È H.����oBH � G ����H ��� �  H�� o�� m
�¬É/���jëCmÜ�nwg\g`i�nw jXwrh$f®w xHm µ hµ�Ä`Wh%� ]g^Uuiw j<f�`va.xWh}uig�Z�^w`_ak^lm�ü�ç�ò'í'È]ô�ÜwÏ�È  ×Ko ogo0�·H�������H  ����� � m
�¬É/É��}��m ¶ `_a¨g�f�hnf¾h$f®w xHm À h.w ^wiijlhk�%hkf�f%]�^�f�gihjfihki�f�jw`_fi] Ð f�iFakxHhk]gf¿wgf�fx` Ð fihni�f�jp`vfi] Ðfzi�akxHhk]�frf�]zf�w xÇa.jX] ^l^ Ð ^Xhka,fx`H]gfi^lm�ü�ç�ò�í'È`	¿ÜxÊ¢Ê¢È  â G ogoH� � G ���/É��  H�� ��� m
�¬É����
�nm ·�m�â¸hnfx�ihkfzi�f�`�h,f�w/xWm À h.w ^witjXhk�%hnf�f�^n]g^�fihki�f�jw`_fi]rwgf�cÍwgf�fx` Ð fthki�f�jw`_fi]akjl] ^X^ Ð ^lhka$f�`W]�fi^nw.fCgF`v\ g Ð hkfthkjw\�`Wh.^Xmöü�ç�ò'í'ÈÄôbÜwÏ�È�	�ÜxÊ~Ê¢È  � �goDH.� � ��H.� É  H�� � G m
�'�����j×Èm ~�jw`Hhkci�%wgfim�×Kh.hku�³ fihkxHw ^<f�`vaCã�a.w.fXf�hkjw`_f�\rwgf�c¼f�gih}×�`H^wa.]X�ihkjÁZ{]g^j�jiiw j]��^Xm�³ f

� m��n]�c�cih.^X]gf C� m�â¸jl]3�ef �À m µ `W] jpciwgf  wgf�c À m�×KjXh.^wcihnf  hkc�`�f�] jl^  ÚèçèÜbô�ÝÞí'Ü�Ì��
ÊËçèÜ�Î�Ê~ÐkÍ�ä�Ðkânä{å�Ìxä�ÜxÉ � übÐkâ�ÊËÝ�æxÉËÜbü�ç�ò'íXÝ�æwí�ÝÞÍ(Ê çèÜ9?A@ABACkíTÐkÍ�äD?A@AEACkí  uiwg\/hk^
� o o�� � É É m�·�w ��htjw`_c�\ h ´ f�`l�Ñh.jX^w`�f ZF �jXhk^l^  H����/� m

�'��H�� ¶ m�×KmÜâ¸xW]5] �¹h$f®w xHm���`_\ g Ð hnfihkjp\nZm`_fihkxHw ^>fx`_a®h}u�^wakwzfXf�h.jw`_f�\rw.f®o Ð cihn\ jXh.hk^�wgf�c,H�� Ðcihn\ jXh.hk^Xmöü�ç�ò�í'È]ôbÜwÏ�È=	�ÜxÊ¢Ê~È  ���go$�������&��� G  H��/o�� m
�'�/��� µ `_a¨giw jpc) �m�~MhµZÄfi�%wgfim"Q�hkjÁZvg�`_\ g Ð hnfihkjp\nZtak]/xWx_`W^p`W]�fi^�]�^�giw�cijX]gft^Xm[ü�ç�ò�í'ÈÄôbÜwÏ�È

	�ÜxÊ~Ê¢È  ���goDH G H � ��H G Hz�  H�� o�� m
�'����� µ m0 Üm ~�hµZ]ft�rw�fimbü�çèÌ�Ê¢ÌkÍEé�Ð�äkâkÌkÍ � Í�Ê~ÜwânÐ�æxÊËÝ�ÌkÍ�í¨m¸â¸hnf�g$w �7`vf Uµ hkw�c�`vfF\ À �  H�� �/� m
�'� G � µ w Z��%]gf�c�â¸jX]�a���h$f®w xHm��nw�f�c�hM]�]���]g^�uMhkj>fxiijphiw.f�` �ih\�}·�×�okQ�h.jX^w`H]gf�H.m0� m¹ôbÜwÏ�È

å�Ìxä�È]ü�ç�ò'í'È  o ��oBH � ����� G É  H���� � m
�'� � �j×ÈmÇ×ÈmC×ÈmCë}]��l�/hkcthkh�w�f�c � mNQ�w�f���] �ÑhkmH�jiiw j]���%]dcih.x�wgf�cÍg�`_\ g Ð hkfih.jw\nZ{^pakw.flf�hkjp`vfF\ m

ñöÒÇÌkÏ�ÌYð¿ÝÞÓVÈ  G �goW��HgH%���·Hzo  H��/o o m
�'�/o�� À mFû¼m ��wgf�wgf�cTû�]g`va¨gF`Wjl]m(�w ��h�itm���gtjXhkh Ð f�jw`HuixWh,fF�%]�cihkxN�e`�f�gVci]giFhixWh}ã ´ |O� �^¢Z��%�%h$f�j¢ZÈmöü�ç�ò�í'È]ôbÜwÏ�È  H����goWâ�H���� o��ÑâjH��·H��  H��/o � m
�'�/���}äCm p m�4®jlhkhkfzhMhkjp\ m�ãiu�`_f¿wgfFc>i�fF`¬f�w j¢Zv^lu�`_f@`_f�cihkuMhkfFcihkf�a.h�`_f¿w%uiw/jXwgyziiw j]���%]dcthkx]g^�hiw jÁZÑ]gfi^�wgf�cÍ�%hk^l]gfi^lmbü�ç�ò'í'È]ô�ÜwÏ�È�	�ÜxÊ¢Ê~È  H��go � � É���o��/�  H��/o G m
�'�/É��}×Kmv×Èm=4®jl] ^X^lm-�n^¢Z��%u�f�].fx`_aj^�jXhkhnci] �w�f�c�f�gihKh.�%hkjw\/hkf�a.h®]g^n�}·�×Km�³ f � mÜ�n]�c�cih.^X]gf 

� m�â¸jX]3�ef �À m µ `H] jwctwgf  wgfFc À m�×Kjlhk^pcihkf  hnc�`¬f�] jX^  ÚèçèÜbô¯ÝÞí'Ü�Ì���ÊËçèÜ�Î�Ê¢ÐkÍ�ä�Ðkâkä
å�Ìxä�ÜxÉ � ü�Ðkâ�ÊËÝ�æxÉËÜbü�ç�ò�íXÝ�æwí�ÝÞÍ�Ê çèÜ9?A@ABACkí7ÐkÍ�äo?A@AEACkí  uiwg\ h.^{H���������� � mÜ·�w/��hijp`vc�\/h´ fF` �ihkjX^p`¬f ZF �jXh.^X^  H���� � m

�'����� � mÜã�ii^X^]�z`vf�ctmG�jiiw j]�uak]�f76�fih.�rhnf�f�m�³ f � m ��]dcFcihk^l]gf C� m â¸jl]��ef �À m µ `H] jpciwgf  w�f�cÀ m�×Kjlhk^wcthkf  hkcF`¬f�] jX^  ÚèçèÜbô¯ÝÞí'Ü�Ì���ÊËçèÜ�Î�Ê~ÐkÍ�ä�Ðkânä{å�Ìxä�ÜxÉ �áübÐkâ�Ê Ý�æxÉËÜ�ü�ç�ò'íXÝ�æwí�ÝÞÍ
ÊËçèÜ9?A@ABACkí7ÐkÍ�äp?A@AEACkí  uiw�\ hK��� o mÜ·�w ��hijp`vcF\ h ´ f�`l�Ñhkjl^w`�f Zq �jlhk^X^  H���� � m



G �/�

�vH������}×KmÇ×Èm.4CjX] ^l^�wgf�c�~Mjlwgf7� p `Wx_ak�.h5��mG��^¢Z��%u�f�]zfx`_akw xHx Z,^�jlhkhj\ wgi�\/hsf�gih.] jw`Hhk^lm�Hzm¹ü�ç�ò'í'È
ôbÜwÏ�È  ×KÉgo0� o������&� o � �  H��/��� m

�vH��·H��}�nm ×Kw �Ä`_c) �] xv`�f��.hkjlm µ hkx_`Ww�hixWh}uMhkj>fxiijphiw.fx`l�ÑhCjXh.^wiix�f�^ö^�] j�^>f�jX]�f�\A`_f�f�h.jXwga,fx`H]gfi^*r
ü�ç�ò�í'È]ôbÜwÏ�È=	�ÜxÊ¢Ê~È  ����oBH�� G o���H�� G �  H�� ��� m

�vH�� ���j×Èm ¶ m���i�\�ii^<f�`vf¿h$f®w xHm�×�`W^pak] �Ñh.j¢Z{]g^UwAftw jXjl]�� jXh.^X]gfiw�f�akhe`vfÍh T h Ð wgfFf�`WgF`WxHw.fx`H]gfim
ü�ç�ò�í'È]ôbÜwÏ�È=	�ÜxÊ¢Ê~È  ����oBH G � o���H G � É  H�� � G m

�vH������j×ÈmÇ×Èm���iFh�h.j<f®h$f®w xHm ¶ �ÜuMhkjp`W�%hnf�f�w xU]ghi^Xh.j¢��w.f�`W]gf�]g^Uw%gihkw �zZ{uiw j>fx`_akxHhe×Èm[ü�ç�ò'í'È
ôbÜwÏ�È�	�ÜxÊ~Ê¢È  ���goDH G � G ��H G � o  H��/� G m

�vH�� G �j×ÈjXmM·�w xHxWwgf  ·¹iij<f�`W^-4CmMwgf�cy×Kw �Ä`vcY×Èm=4®jl] ^X^lm���`_\ g Ð hnfihkjp\nZ¾hkxHhka$f�jX] utjX]�c�i�a$f�`W]�f�w�f�cf�gthea.]gfi^>fx`�fxi�f�`W]gf�]g^�f�gih}hkxHhka,f�jp`vaeakiijljXhnf�f�m[ü�ç�ò'í'È]ôbÜwÏ�È=	�ÜxÊ~Ê¢È  � �goDH � o���H � �  H�� o��/m
�vH�� � �}×Km gim. �hkj]��`_fi^lmn³ f�f�jl]dc�iFa$fx`H]gf¼f�]rg�`_\ g Ð hnfihkjp\nZvuig�Z�^w`_ak^lmnuiw�\ hK��� É m µ hkw�c�`vfF\ �´ ^lwgo

��cFc�`W^l]gf Ð �Õh.^XxHh�Zs|¹H�� É � � G � � uim
�vH�� o��j×ÈmÇ×Èm���iFh�h.j<f®h$f®w xHm-� cih$f�wg`WxHhkc�^<f�i�c�Z{]g^Ñf�gthefzi�a.xWh.]gf¾^>f�jpi�a$f�iijXhe^Þi�f�a,fx`H]gfi^[`vf

cih.hku¾h.xWw/^<fx`_a}��ii]�f¿^pakw.flf�hkjp`vfF\�`_f>`HjX]gftm¹ñbÒ]æxÉËÈ]ü�ç�ò�í'È  â¸�/� �goDH � É  H�� É o m
�vH�� ��� ¶ m�äCx�f��%wgfÍh,f�w/xWm-(bi�akxHhk]gf¿^<f�jwi�a,fxiijlh{^Þi�fFa$fx`H]gfi^[^�jl] �g�`_\ g Ð hkfih.jw\nZmfthki�f�jw`_fi]

`_f�f�hkjlwga$f�`W]gft^Xm�~"([� �iÐ o·H.o�� ���·H�h,��u�h.jw`H�rhnf�f�m�ý�Èèü�ç�ò'í'È  · � �go � H%�Ñ�·H  H���� � m
�vH�� É��}~�m ��w xW�.hkf�wgf�c��nxHwgf�×Km À w j>fx`_fim-�jiiw j*��^�wgf�cÍxHhku�f�]gfi^woH��fV`_f�f�jX]�c�i�a,f�] jÁZmak]gitjX^Xh

`_f¿�%]�cihkjpf¿uiw/j<fx`_akxHh}uig�Z�^w`_ak^XmG(nh%� û�] j]� �´ ^Xwgo p `HxWhµZ |¹H�� É G � ��� o uim
�vH������}×Kw �]`_cP×Èm�4®jl] ^X^�wgfFc¿·�gijp`W^���m � xHh��nhkxHxlZ]f¾ãi�7`¬f�gim���`_\ g Ð hnfihkjp\nZmfihni�f�jp`vft] Ðfzi�akxHhk]�f¾^wa.w.fXf�hkjp`vf�\  akiijljXhkf�f�w x_\ hkhijlw"w�f�cÍuiw j<f�]gfi^lmöñöÒ]æxÉËÈ]ü�ç�ò'í'È  âjH G o$���/���&� G � H�� o�� m
�vH�H����}×Km.�nmÜ�nw jljw`H^�h,f®w xWm-� �%hkw/^wiijlhk�%hkf�f¼]�^�w xHuigiw�|<^ � |¢ylZ�Z � � ^�jl] �`f�gih

4CjX] ^l^ ÐX� xHh��nhkxHx ZÄf Ð ãi�7`�f�g�^wii�ÅjpiixWh.m{H���� � m
�vH�HgH��}ã�f�h.uigihnf � m���ctxWh.jXm�ã�ii�jpiixHhk^ö\g` �Ä`_f�\Kf�hk^>f�^�]g^�xW]�akw x]akiijljXhkf�f�ak] �%�{i�f�w.f�`W]�fjXh.xWwzfx`H]gfi^[`vf�g�`_\ g Ð hkfih.jw\nZmfthki�f�jw`_fi]�jlhkwga,fx`H]gfi^Xm[ü�ç�ò'í'È]ô�ÜwÏ�È  H G �goDHgH GgG ��HgH ����H�� o/o m
�vH�H.���}×Km.�nxHxHw ^w`Hw"h,fCw xHm À hkw ^piijXh.�rhnf�f¼]g^Ñf�gihjfihni�f�jl]gf�wgf�c�uijX].f�]gfÍ^<f�jwi�a,fxiijlh{^Þi�fFa$fx`H]gfi^

^�jX]/� fihni�f�jp`vfi]"wgf�cÍwgf�fx` Ð fthki�f�jw`_fi] ^�^wakwzfXf�h.jw`_f�\J`vfVcihki�f�hkjp`vit�rmöü�ç�ò�í'È�	�ÜxÊ¢Ê~È âjH�� � oW���·H  H�� É G m
�vH�H����}×Km.�nxHxHw ^w`Hw"h,fCw xHm À hkw ^piijXh.�rhnf�f¼]g^Ñf�gihjfihni�f�jl]gf�wgf�c¼f�gih}uijl].f�]gfÍ~��%^>f�jwiFa$fxitjXh

^Þi�f�a,fx`H]gf�jXw.f�`W] m¹ü�ç�ò'í'È�	�ÜxÊ~Ê¢È  â¸� G ��o$� o/o��&� � �  H������ m



G ���

�vH�H G � � m p m p g�`�f�xH]��Cm�×Kh.hkuV`vfih.xWw/^<fx`_aC^<f�jpi�a$f�iijXhe^Þi�f�a,fx`H]gfi^ö^�jX] �¹hkxHhka,f�jX]�f¿^pakw.flf�hkjp`vfF\]gfÍg�ZÄcijX]g\/hkf  cihni�f�h.jw`_ii�  w�f�c>`HjX]�f¿w.f��/mWo Ð 4®h%Q9Z�Z/�9sW|KytZ�Z �msH|u��� Ð 4Ch�QvZ�Z � mã � ��· Ð ��� � � m
�vH�H � �
(nm ·�w�h�`vhFh�] m ´ f�`¬f�w j¢ZÏ^¢Z��%�rh,f�jÁZ�w�f�c¿xHhku�f�]gf�`_ajcihka.w ZÜ^lmbü�ç�ò'í'È]ôbÜwÏ�È�	¿ÜxÊ¢Ê¢È H��go � �·H;� � � �  H�� o��/m
�vH�H.o�� À m]ë}]ghtwXZiw ^XgF` wgf�cÍ��m À w ^*��w3�Õw/m�·- m�Ä`W] xHw.f�`W]gfY`_fFf�gihnjXhkft] jX�%w x_`W�.wghixHh¸f�gih.] j¢Z¾]g^

�nhkw��Y`_f�f�hkjlwga$f�`W]�fim[ü�ânÌwß�ÈöÚèçèÜXÌkâ�ÈÄü�ç�ò'í'È  G �goHo � ���Ño � �  H�� ��� m
�vH�H.���
�nm�×Kh µ iwg�iixWw  �n]3�nw jwcK4Chk] jp\g`  ãim � m.4CxWw/^Xgi]3�  wgfFc���hkxHhkf µ m��ji�`_f�fim�~�wga$f}w�f�c

^�wgf�aµZm`_f>fihni�f�jp`vft]"uig�Z�^w`_ak^lm�ôbÜwÏ�È]å�Ìxä�ÈÄü�ç�ò�í'È  G o�o$����H%� G � �  H�� � G m
�vH�H.É�� µ m À `va¨gtw hkx�â¸w jpfih$flf�m ¶ �Ä`vcihnf�akhe^�] j[fih%� yziiw j]�5^�wgf�cVfih%� akitjXjXhnf�f�^Xmöü�ç�ò�í'È]ôbÜwÏ�È

	�ÜxÊ~Ê¢È  � ogoDHgH.o�����HgH.o/o  H�� � o m
�vH�H���� µ m À `va¨gtw hkx�â¸w jpfih$flf�m ¶ �Ä`vcihnf�akhe`_f>fihni�f�jp`vft]"^pakw.flf�hkjp`vfF\�^�] j�jp`v\ g�f�giwgf�cihnc

akitjXjXhnf�f�^�w ^X^l]dan`Ww.f�hkc^�e`¬f�g¿gih.w ��Ztyziiw/j*��^Xmöü�ç�ò�í'ÈÄôbÜwÏ�È  ×JH G oW���  H�� �/o m
�vHz����� µ m]×Èm�(nm. �g�`HxWx_`Hui^Xm�ãixH]��8jXhk^pakw x_`_f�\j��w jp`Ww�hixWhj^�] j�gthkw �zZty�itw j*�yxHhku�f�] uijl]dc�iFa$fx`H]gfim

ñöÒÇæxÉËÈ]ü�ç�ò'í'È  â¸�·H.�goDH����  H�� É�� m
�vHz�·H�� À m��nm�4®m.�b` ��w �n`W^  ~Mjlhkcih.jw`_a��y³)m�ä}xvfih.^X^  w�f�c p i Ð ëe`Ü��i�fF\ m � h.u�f�]/uijX]�c�i�a,fx`H]gf¿]�^gih.wX�zZtyziiw j]��^XmÃH.mÇ\ hnfihkjlw xC^�] jl�rw/xv`H^X�ÅwgfFc��z`_fihk�%w.f�`va.^n]g^�a¨giw jp\ hkcVakitjXjXhnf�fFwgfFc

fihni�f�jlw xCakiijljXhnf�f�uijl]dc�iFa$fx`H]gf�uijX]�akh.^X^lhk^Xmöü�ç�ò�í'È]ôbÜwÏ�È  × � �go$��� É � �&��H��·H  H���� G m
�vHz� ���}·�m� Ëh,f�hkjl^X]gf  ×KmÜã�a¨gixHw.fXf�hkj  ³)m ãFa¨gi�7`¬flf  wgf�c� Ëh,f�hkj À mCþ�h.jO�nw ^Xm�ã�a.w xv`_f�\

�Ä`W]/xWw.f�`W]�fi^�`_f�`_f�akx_ii^p` �ihÕh T h Ð wgfFf�`WgF`WxHw.fx`H]gf�^lu�hna$f�jXw m¹ü�ç�ò'í'È�ôbÜwÏ�È  ×K� �goDH�� �� H�� É�� m
�vHz�����
 Üm ×KmÜâ¸m�·�] xHxv`_fi^�wgf�c���m� Üm ãiuF`WxHxWh.jXm���gihj^�jXwg\/�rhnf�f�w.f�`W]gf�]g^Ugihkw �zZtyziiw j]�5^lm à Èü�ç�ò�í'È  4�HgHnoDH.� É��  H�� É � m
�vHz� G �
��f�ctjXh�� ä}jXhk^>f®â¸w �kw/j*�/]/m�×Kh,f�h.jX�7`vftw.fx`H]gf�]g^�f�gih}^<f�jXwgf�\/heyziiw/j*�Yc�`H^<f�jw`_h�i�fx`H]gf

^�jX]/��wJfih$��f Ð f�] Ð xWh.wgc�`_f�\%] jwcthkj/�}·�×�wgftw x Z�^p`W^�]g^�fihki�f�jw`_fi]�w�f�cÍwgf�fx` Ð fthki�f�jw`_fi]uijl]dc�iFa$fx`H]gf�]g^�a¨giw jX�%m�·�] x_ii��hF`Ww ´ f�`l�Ñh.jX^w`�f Z  ~ ¶�µ�À ³ � �nâ Ð ��� ¶ ãi³)ã Ð H���� G Ð G É m
�vHz� � �j×ÈmW×Km�âhg$] j]�/hkf�wgf�cÍãimH×Km ×KjlhkxHxWm¹ôbÜxÉËÐ�ÊËÝÞÏxÝÞí'Ê Ý�ævxwÒ]ÐkÍ�ÊËÒdÓuy�ÜxÉËäkí¨m À a54CjXw3� Ð �b`WxHx  H�� o � m
�vHz� o��
 Ëw jÁ�Ñh.�\�bfiwgf�ciw/�rm�~�wga,f�] jp`W�.w.fx`H]gfÍ^wa¨gih.�%hk^nw�f�c¿utw j<f�]gfPc�`W^>f�jp`vh�i�fx`H]gf@^Þi�fFa$fx`H]gfi^

`_f¿uMhkj>fxiijphiw.fx`l�Ñheyziiwgf�fxit� a¨gijX] �%]�c�ZÄfiw �7`_ak^Xm ´nÀ ³ Ð ��� Ð � É � G�G m
�vHz� ���j×È] g�fÍ·�m�·�] xHxv`_fi^  ×Kw �Ä`H^X]gf ¶ m�ãi] uMhkj  w�f�c)4Chk]/jw\ hKã�f�hkjl�rw�fim�~Mw�a$f�]/jw`H�kw.f�`W]gfÍ]g^giw jpc¿utjX]�akhk^l^Xh.^b`_f)�}·�×Km¹Æ�äkÏ�È]Î�Üwâ�È]ì ÝÞânÜXæxÊ~ÈÄéöÝÞßxçDa�Í�ÜwâµßxòAü�ç�ò'í'È .� oDH%�&�·H  H�� É É m
�vHz� É��
4{iF`vci]^��x¬f�w jXh.xWx_` �µ mÇë}m ¶ xWx_`H^  wgf�cK4Cm À w j>fx`_fihkxHxv`Hm � w/jw\ hKuMhkj>fxiijphiw.fx`l�Ñh

ak]/jXjXhna$f�`W]gft^�f�]Kf�gihjcijXh.xWx Ð Ziwgf�uijX]�akh.^X^ö`vf��}·�×Km¹ñbÒ]æxÉËÈ]ü�ç�ò�í'È  âjH � �go G o·H  H�� ��� m



G � G

�vHz����� p `WxHx_`Ww �z�nm â¸w/jwcih.hkf  �nmC×ÈmÜâ¯iijXw/^  ×Km p m ×�i7��h  wgf�c���m À i�f�w m�×Khkh.u>`_fih.xWw ^>fx`_a^wa.w.fXf�hkjp`vf�\JhMh�ZÑ]�f�crf�gih}xWh.wgc�`_f�\"]/jwcih.jö`_f�w ^¢Z��%u�f�]zfx`_akw xHx Zt^�jlhkhj\ wgiF\ hsf�gih.] jw`Hhk^lm
ü�ç�ò�í'È]ôbÜwÏ�È  ×JHzÉgo$����� É  H�� � É m

�vH������¯ûöiijw` � m�×K]��5^lg�`�f��kh.jXm�·�w x_akiixHw.f�`W]gf¿]g^Ñf�gih}^<f�jwi�a,fxiijlhj^Þi�f�a$f�`W]�fi^b^�]/j¹cihkh.u@`_fihkxHw ^<f�`va^wa.w.fXf�hkjp`vf�\rwgf�c�h T h Ð wgf�fF`Wg�`HxHw.fx`H]gfVhxZ{uMhkj>fxiijphiw.f�`W]gfFf�gihk] jÁZt`vfPyziiwgf�f�ii�
a¨gijl] �%]dc�ZÄfiw/�J`_ak^lm¯|Á`vf�jwit^X^w`Hwgf � m[Î�ÌkÏ�ÈÄü�ç�ò�í'È à a�Úèü  G ogoHo G H%��o � �  H�� � � m

�vH��·H��PQ¼m.(�m�4®jp`vhM] �vwgf�c � m�(nm � `Huiw.f�]X��m�×Kh.hkuV`vfih.xWw/^<fx`_aChCu�^wa.w.fXf�hkjp`vf�\J`_fuMhkj<f�iijwhtw.fx`H]gf¼f�gih.] j¢Z möÎ�ÌkÏ�È à È]ñöÒ]æxÉËÈ]ü�ç�ò'í'È  H � o G � É�� G � �  H�� �/� m
�vH�� ���
4{iF`vci]^��x¬f�w jXh.xWx_`�wgf�c�4®m� Ëw jp`W^p`Wm/�n^ÁZ��ru�f�].f�`vae^�jXh.hkci] � `_fÍuiw j>f�]gf�xWw�f�\giiwg\/hkm

ñöÒÇæxÉËÈ]ü�ç�ò'í'È  âjH.� ogoH��� É  H�� �/� m
�vH������}��gi] �%w ^/4C].fXf�^wa¨giw x0��m�·�gijX] �%]�c�ZÄfiw �7`_a{a.] jXjlhka$f�`W]�fi^�f�]7fihki�f�jw`_fi]ruijX]�c�i�a,fx`H]gf¿]�^gih.wX�zZtyziiw j]��^Xmöü�ç�ò'í'È]ôbÜwÏ�È  ×K���go � o  H�� É·Hzm
�vH�� G � À m��nm�4®m.�b` ��w �n`W^  ×È] g�f�·�m�·�] xWx_`_fi^  ~�jXhncijw`_a���³)m�ä}xvfthk^X^  wgf�c p i Ð ëj` ��iFf�\ m

� hku�f�] uijl]dc�iFa$fx`H]gf�]g^Ugihkw �zZtyziiw j*��^lmU�/m�wJiFf�`$6thkce�}·�×�^�] jX�{iixHw.fx`H]gf�]g^�a¨gtw jw\ hncwgf�cVfihni�f�jlw xCakiijljXhnf�f®uijl]da.hk^l^Xhk^b^�jX] �{6���hkc%f�w jp\ h$f�f�]Aa.] xWx_`_cihkj�hkfthkjw\�`Wh.^Xmöü�ç�ò'í'È
ôbÜwÏ�È  × � �go0�·H��/���&�·HgHzÉ  H���� G m

�vH�� � � À m�4Cxvi�a��  ãimCë}jlh$f��.hkj  wgf�c ¶ m µ h�Ziw m���gih}^<f�jXwgf�\/hC^lhkwAcihkfi^p`¬f Z{w�f�c>a¨gtw jX�uijl]dc�iFa$fx`H]gfV`vfVcih.hkuV`vfih.xWw/^<fx`_aea¨giw jw\/hkc@aniijXjlhkf�f®uijX]�akh.^X^lhk^Xmbü�ç�ò�í'È�	�ÜxÊ¢Ê~È âP� É��goBHz�·H%��H.�/o  H���� o m
�vH�� o��}ãimÇë}jXh,f��.hkj  ×Km À w ^X]gf  wgf�c�~�m ä}xvfthk^X^lm�×�`HßMhkjXhnf�fx`Hw xCc�`H^<f�jp`vhFi�fx`H]gfi^ö^�] j-( � äwgfiw/x Z�^Xh.^�]�^�a¨giw/jw\ hnc@akitjXjXhnf�f�fthki�f�jw`_fi] Ð utjX]�c�i�a$f�`W]�f¿]g^�a¨giw jl�rm[ü�ç�ò'í'È]ô�ÜwÏ�È ×Ko � o0� � G �·H��  ����� �/m
�vH�� ���j×Èmdûöi�h$f®w xHm-(�ii�Uh�Q�ãiã7�}� uMhkjp^�] jX�%wgfFakhkm�~ ¶�µ�À ³ � �nâ Ð � À"Ð ��� G � m
�vH�� É�� µ ]�h�h.j<fC×KjwiFa��/hkj �µ `_a¨giw jpc¿~�] jpc  wgf�c�4e`WwgfFf�` �Uw ^X^l].fXf�] m�ãihka.]gf�ciw jÁZ{hk�7`H^X^w`H]gf

cih,f�hka,f�] jl^b^�]/j-6���hkcrf�w jw\/h$fCh$��uMhkjp`W�%hkf�f�^nw.fe^�h.jX�7`WxHwghim��U]AhMh}u�i�hix_`H^Xgihnc@`_f%f�gihuijl]da.hkhkcF`vf�\/^�]g^c� jpc ¶ iijl] uMhkwgf p ]/j*��^Xgi]/u¾]gfÍâ¸h.w �×�`Hwg\gfi] ^>fx`_ak^�wgf�c³ fi^>f�jwit�rhnf�f�w.f�`W]gf>^�] j- Ëw/j<fx`_akxHh���aka.hkxHhkjlw.f�] jl^�|>×K³; ���·|� � �  ~Mjlw ^wa.w.fx`  ³Qf�w/x Z  H.� Ð H Gäja$fuH����/� m
�vH������ µ mÜâ¸hkjpfi^<f�hk`_fim�ãF`v\gf�^Xh.xWhna$f�hkc@yziiw�cijwiiuM] xHh�f�jXwg`_fim�~ ¶�µ�À ³ � �nâ Ð � À"Ð HzÉ É G m
�vH G ���}×Km.�nmÜ�nw jljw`H^�h,f®w xWm- �jlhkak`H^w`H]gf>akw x_`vhtjXw.f�`W]gf�]g^Ñf�gih
(bii��h%Q a.w xH] jw`H�%h$f�h.jXm[ñöÒÇæxÉËÈ

� Í�í'ÊËâ�ÒdÓVÈèå+ÜxÊËçèÈ  � GgG �go$�/� ��� G H �� ������� m
�vH G H��}â¸m â¸w/jw`H^Xg�h$f®w xHmjQ�hkj¢Z{xHw jp\ hKw jXh.w%^wak`_f�fx`HxWxHw.f�`W]gf>ak]giFf�f�hkjl^b^�] j�gtwgcijX]�f>a.w xW]/jw`H�rh,f�jÁZÈm

� aJaJa Ú�ânÐkÍ�í'ÈèñöÒ]æxÉËÈCÎ�æwÝ�È  � � o � � ��� � � o  H�� � É m



G � �

�vH G ���
4®h.jXw xlZÄfK ÜmCþ�hkxHxHhkjXm/� uijlhkak`H^XhC�%hkw ^piijXh.�%hkf�f¼]g^Ñf�gth-�nhkw��y�J`��Ä`vfF\"wgfF\ xWhj`_f
fihni�f�jp`vfi]Jfzi�akxHhk]�f¾^wa.w.fXf�hkjp`vf�\/mH(�] j<f�g>�Õh.^<f�h.jwf ´ f�`l�Ñhkjl^w`�f Z ~ ¶�µ�À ³ � �nâ Ð ��� ¶ ãi³)ã Ð ����� � Ð � G m

�vH G ���
�nj>fxiijlw ^}4Chkfijp`$��w ^cQ�wg`¬f�wg`�fx`H^Xm�ãih.w jwa¨gP^�] jÃfihki�f�jXw x�gihkw �zZÏxHhku�f�]gfi^¹`_fywFg�`_\ g Ð hkfih.jw\nZfihni�f�jp`vfi]JhMhkw �%m�·�] x_ii��h�`Hw ´ f�`l�Ñhkjl^w`�f Z  ~ ¶�µ�À ³ � ��â Ð ��� ¶ ãi³)ã Ð ������� Ð ��� m
�vH GgG �}��m���ciw/�r^�h,f�w/xWm�äjhi^lhkj¢��w.f�`W]�f¿]g^Uwgf�wgfi] �%w xH]gii^[fzii�{h�h.j�]g^�c�`H��ii]�f¿hµ�Ñhkf�f�^�`_f¿wg�`_\ g�hkfih.jw\nZmfthki�f�jw`_fi]�hMhkw �%m¹ü�ç�ò'í'È]ô�ÜwÏ�È�	�ÜxÊ¢Ê~È  É/�go$� G H.É��·H  ������H.m
�vH G � � ¶ m�×Kw ��h�`0�  ×KmÇë}xv`_fih  wgf�c µ m p hk^>f�m���gih ¶ u�`vaniijXhC·�]gf�f�jl] x�ã�Z�^<f�hk�%mH Ôjlhk^lhkf�f�hncw.fC³ f�f�h.jwfiwzfx`H]gfiw x�·�]gfF^�hkjXhnf�akhC]gfK��anakh.xWh.jXw.f�] j�wgf�c � w jw\ h ¶ ��uMhkjw`H�%hkf�f�w/xc �g�Z�^w`_ak^·�]gf�f�jl] x�ã�Z�^<f�hk�%^T|>³)·-� ��¶  �·�ãe��� �  â¸h.jXx_`vf  4Chkjl�rw�fxZ  H.É Ð � �¼äja$fuH������/m
�vH G o�� µ mÜâ¸jwi�ftmöþ ¶ â µ � Ð jXhn^�hkjlhkf�a.h®�%wgfziiw x Ð�µ þvjXwgf�ct] �wganakhk^l^�utwga���wg\ h  uijl]g\ jlw �x_`vhijlw j¢Z m{ðja�ô[ñ  �AH����  H����·H.m
�vH G ���
4®m]ëC]�`W�nii�7`Wm À ii]�f>cihn�gc��vw�f�c¿jlwgf�\ hsf�wghixHhk^ö^�] jËf�hµ��w.f�jl]gfÍhkfih.jw\g`Hhk^po µ hk^piix¬f�^b^�]/j^X]/�rh}^lg�`Wh.xvcF`vf�\"�%w.f�h.jw`Hw xW^lm�~ ¶Ôµ�À ³ � �nâ Ð � À"Ð � � É o m
�vH G É�� À w.�Ä`H���m�4®]�f�a¨giw jl]X��m/ �jXhnak`H^Xh��%h.w ^wiijlhk�%hkf�fF]g^�cF`W�{ii]gf�uijX]�c�i�a,fx`H]gf

akjl] ^X^ Ð ^lhka$f�`W]�fi^�`_f>fzi��/��i�~Mh}wgfFc�w�f�f�` Ð fzi�� ��i¿~�h�cihkh.u@`_fihkxHw ^<f�`vaC^wa.w.fXf�hkjp`vf�\rw.ff�gth�f�h���w.f�jX]gfim¹ë}wgft^Xw ^�ã�f�w.f�h ´ fF` �ihkjX^p`¬f Z  ~ ¶Ôµ�À ³ � �nâ Ð ��� ¶ ãi³)ã Ð ������H Ð H G m
�vH G ���}ãim.������w��zii�%] �Öh$f®w xHm-� ^Xh.w jwa¨g>^�] j¹fzi�� ��i^�&_�fzi�� h}wgfFc¿wgf�f�` Ð f�iF� ��i9�&_wgf�fx` Ð fzi��/hC]/^wak`HxHxWw.f�`W]�fi^�wzf�(�ii�Uh�QFmbü�ç�ò'í'ÈÄôbÜwÏ�È�	¿ÜxÊ¢Ê¢È  É��go0�·HgH.É�� G  ����� � m
�vH � ���
4®m� ÜmCþ�hkxHxHhkj�h$fCw xHm/� uijXhnak`H^Xhecih$f�hkjl�J`_fiw.f�`W]�f¾]g^UhkxHhka,f�jX]3�nhkw��Íuiw/jXw �%h$f�hkjl^b`_f

fihni�f�jp`vfi]Jfzi�akxHhk]�f¾^wa.w.fXf�hkjp`vf�\/möü�ç�ò'í'È]ôbÜwÏ�È�	¿ÜxÊ¢Ê¢È  É Égo0���·H.É��/�  ����� � m
�vH � H��}~�mÇ×Èw �%h.^�w�f�c À m µ ]5] ^Xm�Ú À ³;( ´ ³)��Ú�w%^¢Z�^<f�hk�¼^�] j¹^Þi�f�a,fx`H]gf��J`_f�`H�7`W�.w.fx`H]gf¾w�f�cwgfiw/x Z�^w`H^�]g^if�gthKuiw jXw/�rh,f�h.j¸hkjljX] jl^�wgf�cYak]/jXjXh.xWwzfx`H]gfi^Xmeð¹ÌkÓ[�èÒ]Ê¢Èèü�ç�ò�í'È¿ð¹ÌkÓTÓTÒdÍ�È H��go0� G ���&� o �  H�� � � m
�vH � ��� µ mÜâ¸jwi�f �µ m ��wg\ h.xvhMhkjp\ �À m��nw�fi^Xjl]giix  wgf�cV×Èm�·�m � w/^X^Xw/xWxHhkm/4 ¶ �G(n�¹oã�`H��iixHw.f�`W]gf�uijl]g\ jXw/� ^�] j�uiw j>fx`_akxHh}uig�ZÜ^p`va.^nh,�ÜuMhkjp`W�%hnf�f�^Xm�ii^Xh.jb\�i�`vcthCw�f�cjXhn^�hkjlhkf�a.h®�%wgfziiw xHm�· ¶�µ ( Ð ×K× Ð �/É Ð � ÐEµ�¶ QFm
�vH � ��� p `WxHx_`Ww �z4®xHhkf�f�ãih.xv`_\ �%wgfim/� fih,�5f Ð f�] Ð xHhkwgcF`vf�\r] jpcihkj/�}·�×�w�fiw xlZÜ^p`W^�]g^�fihki�f�jw`_fi]Ð `HjX]gf�^<f�jwi�a,fxiijlhe^ÞiFf�a$f�`W]gft^�w.f�f�gih¸f�hµ�twzf�jX]�fim�·�] x_ii��h�`Hw ´ f�`l�Ñhkjl^w`�f Z ~ ¶�µ�À ³ � �nâ Ð ��� ¶ ãi³)ã Ð H���� � Ð �·H.m
�vH � G � À m����kw�fi] �vh$f®w xHm- �jXhkan`W^lh��%hkw/^wiijlhk�%hkf�f¼]�^�fihni�f�jp`vft]"wgfFc¿wgf�f�` Ð fihki�f�jw`_fi]c�`Hß�h.jXhnf�f�`Ww/x�a.jX] ^l^�^Xhka,fx`H]gfi^lm������ � m�^wiFhi�7`¬flf�hkc%f�]^ �g�ZÜ^p`va.w x µ hµ�]`Hh��8×Km
�vH ��� �}��m$��m�â¸] x�f�]gftm-(nhkhnc@^�] j�w7fih%� a.jX] ^l^�^lhka$f�`W]�f@^Þi�f�a,fx`H]gf��rh.�%] m{H���� G m



G �/o

�vH � o��
�nmÇ×Èm�â�iijXw ^�wgfFc>ë}mÇ×Èm�~�m�4®w h.�%hkjX^lm�ã�`W�%uixHhCuiw jXw/�rh,f�jp`W�.w.fx`H]gfi^�]g^Uuiw j>f�]gf
c�`H^<f�jw`_h�i�fx`H]gfi^2�e`�f�g���Z�Z �7cihkuMhkf�cthkf�a.h�\g`l�Ñhnf@h�Zvw ^ÁZÜ�%u�f�].fx`_ae^�jXhkhnci] �%m[ñbÒ]æxÉËÈ
ü�ç�ò�í'È  â�H�� �goH� G �  H�� � É/m

�vH � ��� ´ f Ð ëj`dû�wgf�\ m-� �%hkw/^wiijlhk�%hkf�f¼]�^�c�`HßMhkjXhnf�fx`Hw xCakjl] ^X^�^Xhna$fx`H]gfi^ö`_f>a¨giw/jw\ hnc ÐakitjXjXhnf�f�fihni�f�jp`vft]A`_f�f�hkjlwga$f�`W]�fi^�]�fV`HjX]�f¿wgfFc¿w7\ xH]ghiw xÜ^<f�jpi�a$f�iijXhe^Þi�f�a,fx`H]gfi^wgfiw/x Z�^w`H^Xm µ ]da¨gih.^<f�hkj ´ f�`l�Ñh.jX^p`¬f Z  ~ ¶�µ�À ³ � �nâ Ð ��� ¶ ãi³)ã Ð �����·H Ð ��� m
�vH � É�� ¶ m��nm ��w�����hkj�h$f®w xHm À hkw ^piijXh.�%hkf�f¼]g^Ñf�gthCx_`_\ g�f�w�f�f�`vyziiw/j*�p~iw �i] j�w/^¢Z��%�rh,f�jÁZt`vff�gthefzi�a.xWh.]gf¾^lhkw m[ü�ç�ò'í'È]ô�ÜwÏ�È`	¿ÜxÊ¢Ê¢È  É��go$�/�·H � �&�/�·H.É  H���� É/m
�vH � ��� µ m�ãim �U]3�Õh.xWx�h,fCw xWm�³)�%uijl] �Ñhkc��%hkw ^piijXh.�%hkf�fF]�^�f�gihKwgf�fx` Ð c��/wgf�fx` Ð iyw ^ÁZÜ�%�%h$f�j¢Zt`_ff�gthefzi�a.xWh.]gf¾^lhkw m[ü�ç�ò'í'È]ô�ÜwÏ�È  ×Ko G o0� � �����/�  �����·H.m
�vHzo����jë}hkf�fih,f�g�4®m p `WxH^X]gftmH(�]gfixHwg\ jlwgf�\g`HwgfÍ�%]dcih.xW^�]g^�akiijljXhnf�f�w x_\ hkhtjXw m¹ü�ç�ò'í'È]ô�ÜwÏ�È H.����oBH G ������H � H.�  H�� o�� m
�vHzo·H�� À `_a¨giw hkx ¶ m� Ëh.^*�z`_f¾wgf�c�×KmkQFm�ã�a¨gijX]5hkcthkjXmH��fP`_f�f�jX]�c�i�a,fx`H]gfrf�]7y�itwgf�fxii�:6ih.xvcf�gthk] jÁZÈm µ h.wgc�`_f�\ �´ ã7��o��bc�c�`H^X]gf Ð p h.^XxHh�Z�|wH���� � � É G �%uim
�vHzo ���
�njp`Wh}â¸]�cih5�  ³ f7��ZÄie �w j*�  wgfFc ´ f Ð �z`Fû�wgf�\/m�³)�rutjX] �Ñhnc�xW]3����Z�Z �¼�%]dcih.xC^�] j

fihni�f�jp`vfi]rwgf�cÍh.xWhna$f�jl]gfVf�iFakxHhk]gfVakjl] ^X^�^Xhna$f�`W]gft^b`_fP^�h���4Ch�Q�jlhk\g`H]gfim¹ñöÒ]æxÉËÈ]ü�ç�ò'í'È
ü�ânÌxæxÈ]Î�Òb�A�¿ÉËÈ  H����goDHgH�����H�H.É  ����� � m

�vHzo����}×Kmdûöiim âsw jwc�`_f�wgf�c9Q¼m��nmÜ×K]��zi�a¨giw hµ�tw/m�äjfFf�gih}jlwgc�`Hw.fx`l�Ñheak] jljXhna$fx`H]gfi^�f�]Kf�gih
fihni�f�jp`vfi]Jcih.hku@`_fih.xWw ^>fx`_a®^pakw.flf�h.jw`_f�\ m[×È³;( µ�Ð¨¶ � Ð É o Ð �/o�� m

�vHzo G �}�¹`W��â¸] x�f�]gfim�×Kh,f�h.jX�7`vfF`vf�\Kf�gthC·¹ë À uiw jXw/�rh,f�h.j2QP|¢anc � ^�jX] �¸f�i�( a¨giw jl�uijl]dc�iFa$fx`H]gfim{H���� � m
�vHzo � � À m���\�i�`WxHw j Ð â¸hnf�`¬f�hk�}h$f®w xHm�·�giw jl�×`�rh.^X]gf¿uijX]�c�i�a,fx`H]gfV`vfK� o�� Ð 4Ch�QT��aKu¿u

`_f�f�hkjlwga$f�`W]gft^wo�·�] �%uiw jw`H^X]�f^�e`�f�g¿u�` Ð u�w.f�f�gih}^Xw �%h}hkfih.jw\nZ mbü�ç�ò'í'È=	�ÜxÊ~Ê¢È âjH.���goBH����  H�� É�� m
�vHzo o�� À m� Üm��nxl�tw/jXhk�Ch$fCw/xWm�ã�f�i�c�Zv]g^�a¨giw jl�Åuigi].f�] uijl]dc�iFa$fx`H]gfÍ�%hka¨giw�f�`W^l�%^Xm ý�ÈÄü�ç�ò'í'È ·�o��go � ���Ño �  H������ m
�vHzo ��� µ m À `va¨gtw hkx�â¸w jpfih$flf®h$f®w xHm µ hµ�]`Hh��8]g^�utw j<f�`va.xWh}uig�Z�^w`_ak^lmh �w j<f�`va.xWhC×Kw.f�w^4CjX]gituim

ü�ç�ò�í'È]ôbÜwÏ�È  × � G oBH;��� ���  H���� o/m¸wgf�c�H���� �¼]/ß Ð ZÑhkw/j�utw j<f�`Ww x]iiuÄctw.f�hj^�] jËf�gihAH���� ÉhkcF`¬f�`W]gf�w ��wg`WxHwghixHh}]gf¼f�gih
 �×d4 pÆpÆp utwg\ hk^{| ´nµö� oÜg�flf�u�o_�g� uèc�\ mHx_hixWm_\ ] �Ä� � m
�vHzo É��PQ�hkjpfi]gfÍ×Km�â¸w jp\ hkj�wgfFc µ mÇ×Èm�(nm� �g�`HxHxv`Hui^Xm p hkw���^lhk�7`HxWh.u�f�]gfF`vaecihka.w Z

c�`H^<f�jw`_h�i�fx`H]gfi^ö^�] j¹fih%� uiw j>fx`_akxHhk^lmöü�ç�ò'í'È]ôbÜwÏ�È  ×JH G oHÉ��  H�� � o m
�vHzo����
 Üm ��m�ãiwgf�ctxWh.j�h,f®w xWm���wgcijl]gf¿^lgi]3�Õh.j�uFi�f�a¨g�f�gijl]gi�\ g¿wgf�c���ii]�f¿uijl]dcFi�a$f�`W]gfVh�ZgiwgctjX]gfi^�]�^ G � Ð 4Ch�Q  ��� Ð 4Ch�Q��G(n×¸H���� Ð 4®h%Q¼m¯ü�ç�ò'í'ÈèôbÜwÏ�È  × G ��oW� � ����� ���  H������ m



G �/�

�vHz�����
 Ëw �%h.xWwr�nh.xWhnf¾ãiwgfFcixWh.jXm/(nhni�f�jp`vft]"uijl]dcFi�a$f�`W]gf�]g^U^Xw �%h}^w`_\gfVc�`H��ii]gft^�w.f�f�gih
^�hkjl�7`WxHwgh¼f�h���w.f�jX]gftm µ á Ð H�� É�HT| p ³)ãi·�ä
(nãt³;( � m

�vHz�·H��}��]/jwhkg$] jpfÍã�g$] ^<f�jXwgfFc¿wgfFc À wzf�^�â¸hkfF\.f�^l^X]gfim���gih ��´ (�×��%]gf�f�heakw/jXxH]J^�]/jjg$h$f
^�jXw�\ �%hkf�f�w.f�`W]�f¿wgfFc�h T h Ð utgxZ�^p`va.^wo�× ¶ ��ã ¶ � �ihkjX^p`W]�f¾o m0�go-��fViiuèciw.f�hkm
ð¹ÌkÓ[�èÒ]Ê~È]ü�ç�ò'í'Èáð¹ÌkÓTÓTÒdÍ�È  G �go0� o �  H�� É � m

�vHz� ��� µ mÜâ¸jwi�f�h$f®w xHm-4 ¶ �G(n�rcih$f�hka$f�] j[cihk^pakjp`Wu�f�`W]�f�wgf�cÍ^w`H��itxWw.f�`W]�f¾x_`vhijlw j¢Z m{ðja�ô[ñ
æXÌkÓ[�èÒ]Ê ÝÞÍ�ßPä�ÌxæwÒ�ÓVÜwÍ�Ê�ðja�ô[ñ ð¿ñJ�èÆöÎ�ì  H���� É m

�vHz�����}�nm � m � wg` h,f®w xWm-4CxH]ghiw x.�}·�×�wgfiw xlZ�^w`H^�]�^Ëuiw j>f�]gfÍ^>f�jwiFa$fxitjXhC]g^�f�gihjfzi�akxHhk]gfFo·Ëf�hny � uiw j>f�]gfPc�`H^<f�jw`_h�i�f�`W]gft^XmHa�Ò�â�È]ü�ç�ò�í'È à È  ·eH.�go0� � � �&��� �  �������/m
�vHz� G �
�nmÇë}w ZÄ`W^ Ð �U] uiw���^pi¾h$f®w xHm�×Kh$f�hkjX�7`_fiw.f�`W]gfÍ]g^�f�gih}^lhk�7` Ð xWh.u�f�]�f�`vaehijlwgf�a¨g�`_f�\

^�jXw�a$fx`H]gfÍ]g^�a¨giw jl�Ågiwgcijl]gfi^�uijX]�c�i�a.hkcV`vfVfihni�f�jp`vfi]Ja¨giw jp\ hkc Ð akitjXjXhnf�f`_f�f�hkjlwga$f�`W]gft^Xmöü�ç�ò'í'È�	�ÜxÊ~Ê¢È  â � G �go G É�� � �  ����� �/m
�vHz� � � À `_a¨gihkxHh\��jwfih.]dct] m/(�i�a.xWh.w j�hkßMhka$f�^b`_f�^<f�jpi�a$f�iijXhj^Þi�fFa$fx`H]gfi^lmbü�ç�ò'í'È]ôbÜO�¿Ê~È � G ��o$����H%�&�����  H���� G m
�vHz� o��j×ÈmÇ×Èm���iFh�h.j<f®h$f®w xHm���gih}jXw.f�`W]r]g^Ñf�gihjfzi�a.xWh.]gf¾^>f�jwiFa$fxitjXhj^Þi�f�a,fx`H]gfi^�~��>|O( � ^�]/j

`HjX]gf�wgf�cPcihni�f�h.jw`_ii�%mbü�ç�ò'í'È�	¿ÜxÊ¢Ê¢È  âjH.���goH� � �� H�� É��/m
�vHz� ���j×Èm.4ei�Zvh$f®w xHm-� ^<f�i�c�Zv]g^�f�gih ¶�À · hkßMhka$f�ii^p`vf�\Jfihni�f�jp`vfi]rwgf�c�wgf�fx` Ð fthki�f�jw`_fi]`_f�f�hkjlwga$f�`W]gft^b`_f>fthk]gf�wgf�cPcihni�f�h.jw`_ii�%mbý�È]ü�ç�ò'í'È  ·-� ogo0��� ���I� G É  H�� É � m
�vHz� É�� À m���`HjXw�`  ãtmCëeit�rw�fi]  wgf�c À m À ` Ziw �%w m�×Kh,f�h.jX�7`vftw.fx`H]gf�]g^�fzi�a.xWh.w j�uiw j<f�]gf

c�`H^<f�jw`_h�i�fx`H]gfi^lmbü�ç�ò'í'È]ôbÜwÏ�È  ×Ko G o0��� G �����  �����·H.m
�vHz�����}×KmÇcih}~�xH] jw`HwgfÍwgf�c µ m�ãiw ^l^X].f�mH(bi�akxHhkw/j�utw j<f�]gf>cF`W^>f�jw`_h�i�f�`W]�fi^�wzfefih$��f�f�]rxWh.wgc�`_f�\] jpcihkjlmöü�ç�ò'í'ÈÄôbÜwÏ�È  ×Ko��go0� � G �/� É  ����� G m
�vHzÉ���� À m���`HjXw�`  ãtmCëeit�rw�fi]  wgf�cÍ��m���m�(nwg\ w�`Wm-(bi�akxHhkw j�uiw/j<f�]�f>c�`H^<f�jw`_h�i�f�`W]gf

^Þi�f�a,fx`H]gfi^�wgf�cFf�gthk`HjöiFf�akh.j<f�w�`vf�fx`Hhk^lm�ü�ç�ò'í'È]ô�ÜwÏ�È  ·����go0� GgG ��� �� ����� G m
�vHzÉ·H��}ãim.��mCëeitxWwg\�`vf�wgf�c µ m� Ëh$flfx`Hm/4®xH]ghiw xÜ^<fxiFc�Z{]g^�f�iFakxHhkw j�^<f�jwi�a,fxiijlhe^ÞiFf�a$f�`W]gft^Xm

ñöÒÇæxÉËÈ]ü�ç�ò'í'È  �n� o � oBH.�/o���H.É �  ����� o m
�vHzÉ ���j×Èm. �ii�%uix_`vf¿h$f®w xHm-(nh�� \ hkfih.jXw.f�`W]�f¿]g^Uuiw j>f�]gfPc�`H^<f�jw`_h�i�f�`W]gft^J�e`�f�gVi�f�a.hkj<f�wg`_f�f�`Wh.^

^�jX]/� \ xH]ghiw x��}·�×`wgfiw xlZ�^w`H^Xm à éGa�ü  � �go0�·H.�  ����� � m
�vHzÉ����}~�mMäCx_fih.^X^�h$f}w/xWm-(�hki�f�jw`_fi]Tc�`H��ii]gfÍuijl]dcFi�a$f�`W]gfyw�f�cFf�gihÕ^>f�jlwgf�\ hnfihk^l^�w/^¢Z��%�rh,f�jÁZ]g^Ñf�gihjfzi�a.xWh.]gfimHa�Ò�â�È]ü�ç�ò�í'È à È  · G �goDH G � ��H � o  ����� � m
�vHzÉ G �}×Km ãi] uMhkjlm�uijw`l��w.f�hja.] �%��i�f�`_akwzfx`H]gf  ����� � m



G �/É

�vHzÉ � �
4®m� ÜmCþ�hkxHxHhkj�h$fCw xHm�äjf¼f�gih}hkßMhka,fF]g^Uw ^ÁZÜ�%�%h$f�jw`_a®^>f�jlwgf�\ h}^Xh.w ^�wgf�cP`W^l] ^XuF`vf Ð�Ä`W]/xWw.f�`vfF\"uiw/j<f�]�fVcF`W^>f�jw`_h�i�f�`W]�f@^Þi�f�a,fx`H]gfi^�]gf�^w`_f7Z�Z ��|�f�gth$f�w�|�� �w� �%hkw/^wiijlhkc@`_f¼f�gih
(�it��h%Qh,�ÜuMhkjp`W�%hnf�f�mbü�ç�ò'í'È]ôbÜwÏ�È  ×Ko � oDHgHgHgH����  ����� � m

�vHzÉ o�� p m.4e`Wh.xWh.m�g�flf�u�o_�g� uèc�^�m_^Þfiw xHmv\ ] �Ä�  ����� � m
�vHzÉ ��� À m µ m p giw xHxWhµZ  ×Km â¸]�iijw`Hx$��] �  wgfFc µ m ·�m�4CjX]giiutm���gih®xHhk^�gi]�i�a¨gihk^�wganak] jpc

 �×K~�^{| � �[�G �×K~ � wgf�c � �[�-4 ��´n¶ m������ � m
�vHzÉ É�� p mÇë}m���iFf�\ m�uijw`l��w.f�hja.] �%��i�f�`_akwzfx`H]gf  �������/m
�vHzÉ����
�nxHwgfÍ×Km À w j>fx`_f �µ m�4®m µ ]ghMhkj>f�^ tp m]×Èm�ã�fx`HjXx_`vfF\  wgf�c µ mÜãim���gi] jpfihkmÀ�µ ãi��������Hno- Ëw j>f�]gft^�wgf�cÍw xHuigiw·|>^ � ^�jX]/�¹uijlhkan`W^lhecthkhkuV`_fihkxHw ^<f�`va}^pakw.flf�hkjp`vfF\rw�f�cf�hµ��w.f�jl]gfvg$h$f{ciw.f�w m-a�Òdâ�È]ü�ç�ò�í'È à È  ·�����oW������É �  ����� � m
�vH������ À m�4Cxvi�a�� �¶ m µ h�ZÑw  wgf�c��nmNQ�]g\.f�m�×�ZÄfiw �7`va.w x�uiw j>f�]gfPc�`H^<f�jw`_h�i�f�`W]gft^�jlh��Ä`W^p`¬f�hkcim

a�Òdâ�È]ü�ç�ò'í'È à È  · � o G o�H%� G ���  H����/É m
�vH��·H�� À m�â¯iij]��w jwc�fCw�f�c¿âsjw`Hwgf p w jljXm�·�g�`HjXw x�^ÁZ��r�%h,f�j¢Z{w�f�c%f�gihja¨giw jp\ h}w ^¢Z��%�%h$f�jÁZ]g^Ñf�gih}^�wgf�fx` Ð ^[c�`H^<f�jw`_h�i�f�`W]gf>`vfFf�gih}uijX].f�]gfim[ü�ç�ò�í'Èèô�ÜwÏ�È  × G � o$� � É��&� o G  H���� � m
�vH�� ���
�nm ³)m�ãF`v\gftw x�wgf�cK��f�f�gi]gf�Z p m���gi] �%w ^lmG �] ^X^p`vhixHhC^<f�jlhkf�\zf�g¾]�^�f�gih

fi]gftu�h.j<fxitjwhiw.f�` �ih®^>f�jlwgf�\ h}^Xh.w"]�^�f�gihjf�iFakxHhk]gfimöü�ç�ò�í'È�	�ÜxÊ¢Ê~È  â�H��·HnoH��� �� H�� É � m
�vH������}ã�f�w�fixWhµZm×Èm�â¸jl]dci^]��Zvwgf�c�â¸] Ð �e`Hwgf�\ À w/m���gih{yziiw/j*�z� wgf�fx`_yziiw j]�yw ^¢Z��%�%h$f�jÁZÖ]g^f�gthefzi�a.xWh.]gf¾^lhkw m[ü�ç�ò'í'È�	¿ÜxÊ¢Ê¢È  âP� É·Hno0�·H.���&� � G  H���� o/m
�vH�� G �j×È] giwgfK��x'�nw xHxUw�f�cK4{i�fFfiw j�³ f�\ h.xW�%wgfim/�jiiw j]��w ^ÁZÜ�%�%h$f�jw`Hhk^b`vfFf�gthCutjX].f�]gf>^�jl] �w%�%]dcih.xC^�] j�uiw j>f�]gfVcihnfi^w`�fx`Hhk^lmbü�ç�ò'í'È]ô�ÜwÏ�È  ×K�·Hno0��� G �·H �� ����� � m
�vH�� � �}ãim ·�w.f�wgf�`  ×KmÇcih}~�xH] jw`Hwgf  4Cm µ ]dctjw`_\ ]  w�f�c p mNQ�]�\ hkxH^XwgfF\ m- Ëh.j<fxitjwhiw.f�` �ih

\ hnfihkjlw.fx`H]gf�]g^�w%^>f�jXw�f�\ h Ð yziiw j*��w ^¢Z��%�%h$f�jÁZ,`vf¼f�gihjfzi�a.xWh.]gfim/ �jXhkutw jXhnc@^�] j-� ��f�c³ f�f�h.jwfiw.f�`W]�fiw x�·�]gf�^�h.jXhnf�akh®]gfÍ��`_\ g Ð¨¶ fih.jw\nZV Ôg�Z�^w`_ak^T|<³)·�� ¶  �� G �  â¸hn`'g�`_f�\ ·�g�`_fiw  H.o Ð � �9�bi�\"����� G m
�vH�� o��}~�m.4Cm ·�w ]%wgf�c��nm�³)m�ãF`v\gftw xWm���gth{yziiw j]� Ð wgf�fx`_yziiw j]�yw ^¢Z��%�%h$f�jÁZ{]g^Ñf�gih}^<f�jXwgfF\ h^Xh.w"]�^�f�gihjf�iFakxHhk]gfimöü�ç�ò�í'È�	�ÜxÊ¢Ê~È  â ��� �goH� �����Ñ��� G  ������� m
�vH�� ��� À m p w���w �%w.f�^piim�äjf%f�gih
(�ii�Uh�Q¹wgfi]/�rw/x Zvw�f�c%f�gih}w ^¢Z��%�%h$f�j¢ZÖ]g^Ñf�gih}^<f�jXwgfF\ h^Xh.wA`_f¼f�gihjfzi�akxHhk]�fimbü�ç�ò'í'È]ôbÜwÏ�È  ×K�·Hno0� � � � � G  ����� � m
�vH�� É��}ãim.4Chkh.jXm/(nhni�f�jp`vfi]JhMhkw �%^[^�jX] ����ii]gf�^<f�] jXw�\ hKjw`_f�\ ^po�·�gtw jXwga,f�h.jw`H^<fx`_ak^�wgf�cuig�Z�^w`_ak^�u�].f�hkf�fx`Hw xHm[ü�ç�ò'í'È]ôbÜwÏ�È  × � �goHo�� É�����o����/�  H���� É m
�vH������}·�m µ mÇë}hkjwft^Xm µ w�c�`Wwzfx`H]gfÍ�nw jpcihkfihnc) �jl].f�]gf À h,f�h.jö^�]/j¸~�hkjX�7`HxWw�h ¶ ��f�h.jwfiw/xUâshkw �

� `vfthk^Xm � aUaJa Ú�ânÐkÍ�í'ÈÄñöÒ]æxÉËÈ]Î�æwÝ�È  � �goDHgH�� G ��HgH�� É  H��/� � m�~�hkjl�J`�(nw.f�`W]gftw x
��anakh.xWh.jXw.f�] j � wghM] jlw.f�] jÁZ  â¸w.f�w �Ä`Hw"³ � m
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�¬�������}·�m µ m]ëCh.jwfi^lm/ Ôjl].f�]�f À h,f�h.jö^�]/j-([� ��¶ ��f�hkjwftw x�â¸hkw � � `_fih.^Xm � aJaJa Ú�ânÐkÍ�í'È
ñöÒÇæxÉËÈ]Î�æwÝ�È  ���goW��� G �����/É  H��/��� mP(�w.fx`H]gfiw x��baka.hkxHhkjXwzf�] j � wghM] jXw.f�] j¢Z  â¸w.f�w �]`Hwr³ � m






