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�%���H�����H��cR1uad89;=;>1���\R1 e�s¡O�2/P<L/P<24OHwRO�D�57¢G5�CR5�P<LS?B24AB5K£`p*5
ABI4C�i�I4J�IS?{EvP=w`A<OHMHP*P=L/wRF�P=2/O�FH@�AB24QhI{?BE�A=?BT�L/Z�I/O�D�I$P
I4O�2$P=L$P=2/O�wROHD�5hP<L4THJKOfW�JK?BE�?XW�P<T�F�ABZ�J¤ ��\�¥���-$.�.f0�1¦a�8:;=;>1
��§R1 e¨�9THA<p!W�C�D�ABI4C`i�I/JKI4?©?B24ABUV?B2/P<5:i�U k{I4J�J�I4CR2/Q�I/Cu5KOH24C�D�Q�IN3HI4rRI4?<MªI/O�D�I$P!I4OH2/P<L/P<24OHwRO�D�5
P=L/T�J�OHW�JK?BE�?BWHP=THF©?B24ABUV?B2/P<5�i�U k=W�ABZ�J

Õ



�S�r«¢µ���® ¬�¨����R¡6¶ªÂr� ¥»Ô ��¶§¡6��«©£�¥Ê®�¼�¨ × ������«©¥»¨��r�K¦���Ó3��¡ª¡ × ¬�«À�r¥ª��¡6��® �r¥ª��¡6Â���¬�¨·ü3��µf÷iÂ�«_«­¥ªÔ.��¶§¡6��«À½Q£�«À¡6¬�«
¡»Âr¶ª¿À¡6���3Ó3º�®��i�r¨��r® ¬�÷i���K£�¥»¨r¬­¡6 Ê��«©«©£­¡¤£�¥�ûU¬<¸»£�¶ª½ × ��¡6���­þ¹¥ª¨>¬�®­�r«À«P£­¡6£�¥rûU¬�÷i�r®K¦�º × ��¡»�r�­þ ��µ�½���µR ©�K¡6Â�¨r��¡» 
��«©«©£­¡¤£�¥�û�¬�¶ª�f�[¬ ×  ©«© ¢¡¤£�Þ� ©½�¥·��«©«P£7¡¤£�¥ª��®�Âr¥Q¬ × ��¡6����¥»¨r£�«©«À¿À¡6£�¥rû �c���K¡6Âr¥%�ô¯:óQ À�r��Â�¥»¨�¿À¡6º ×  ©¨ô¡6��¥ª¿À¡¤£­¥»®�Â��K¡
Ô �rÓ1 ©� ¦�£­«P¬�¥ª¨�¡%�3¬­¡6½ ��µ�½���µR¥»¨��r¶§þ6û ��µ�½��­µK£�¥ª¨>¬­¡» ï¥ª�r��Â�Ó3�r¥ª¨r®�¼�¨ôþø£­¶ª¡¤£­�c����¬­¡¤£�¥ª¶6¬ Âr¥ å1¡¤¬�¨r£�¥» 
®­¼�«À¡»¥»Â���¡6Â�¶»¿À¡»Âr¥ª¶»� ¦����3¬­¡6®­��¨r½ ×  ©¨ô¡6��¥ª¿À¡6£�¥f¬ ¦­¬���µ × ¬�«À�r¥»�ô¡6 u�[¬­«P£�«À¶6¬^Â�¥

30%
þ¹�­¡k�r«©Â�¶»º × ¬­«©�r¥ª��¡» 

¶ª��®f®7¬��K¡6¥6£­��¶6¬ ¦����3¬­¡6®­��¨r½ × ¬�«À�r¥»�ô¡ ×  À¨�¡»��¥»¿¢¡¤£�¥�û1¦­¬���µ���¥»��¡»«©���S�S ©�1Ó3®��ô¡»¡6º¾����µR¥»¨r��¶»¶ª��¯
Ò ¥»Ô ��¶ª¡»��«©½&«­ü3��µf÷iÂr«¾®­Â�¡»÷iÂ�«©�FÞr¥»����¬��^®�¼�¨�ü3«c¦­£�«©¬�¥»¨ô¡%�[¬­¡f� ¬�«©¬�Ô�Â�¥����R¡»¶6¬^Þ�¥»���c¬��3ûc¬��S�r«Àµ��r®
�S ©�1Ó3¼�¥»¥ª¨r�°¬ ¥»¨���«©�K£­«À¡¤¬7¡¤£�¥x¼�¥»¥»¨��r��Â��3�r®�÷i��«©¥»º��[¬7¡¤£�¶»£ × ¬���®fü3«©¼�� × ¼�¨��3�r®)¯
Ò ×  ©¨ô¡6��¥ª¿À¡6£�¥�¡¤¬�¶§¡¤¬��c£­¡Y ©«À«©��¡»º'���îÂ�¦���¥�Âr¥F�[¬�Ô3 ÀÓ3¿â¸»¬­¥ ×  ©¨�¡»��¥»¿¢¡¤£�¥�¦­£�«©¬�¥»¨ô¡%�[¬­¡»½3û´��«©¥ªº��r¥ª��¡»Âr�
�S ©�1Ó3�r� ×  À¨�¡6��¥»¿À¡6£�¥» ±Â�¦f÷i��¶ªÓ3å3«©½�� æ\¸ª¶6¬�®­¼�¡%�3�ô¡6º3û å'¡6½ ×3×  <�r¥ª��¡6Â × ����Ô �rÓ3 À�h�c���	�[¬­¡6£�¶»��¨H�[¬­¡»½h¬
×  ©¨�¡»��¥»¿¢¡¤¬��1Ó3½ �[¬�Ô ��®�¥ª¨>£��c¬1¯

%�H�3��¡»¥»Âr���r¥ã�cÂ�� ��¨r��� ¡»¿©Ô3å3¥ªæ ×  ©¨ô¡6��¥ª¿À¡¤£­¥íÞr¥ª��Ô.��¶ª¡6��¥ ×  ©¨�¡»��¥»¿¢¡¤£�¥ï÷i��¶»�c£\¸»£ × ¬­� ¡6¼�¶§¡6Âr�1º
�S�r��®�¼�¡»Âr¥»�­û)¿©��µ�¥»Ô ��¶ª¡»�r��µ��r¥»ü1«©��¡»�r®� À¥X®�¼��3�Kµ��r� ×  À¨�¡»��¥»¿¢¡%�[¬­¡i¸»£�®S��¬���å3®7¬­¡·¥»Ô ��¶ª¡»��«P£­¥»å3®c¥»��¶»£���¯

�'¨r¬�®fÓ3��«À����¨>¬7¡6��� × ¬��Q�r��µá�H���3��¨©�[¬­¥»���3«À½xþ¹Ó3�T�3ÂH�[£��Kµá¡6��®R À�K¡6��¡ × ���:����µR¥»¨r��¶»Á3¥ª¿À¡»��¡»¡§þ����R¡6¶»Â��¾þ
¥ªÔ.��¶ª¡ ×  À¨�¡6��¥»¿À¡6£�¥ª¡q�c�RÓ3��«©«©��¨r��® û�¬��3�KµR Ê®Rü1«©¼�� × ¥ªÂr������« û7�1����µ ®f ¢¦�£­«P¬�¥ª¨�¡6��®�����µ ���'¡»¶»Â��c¥ªÔ.��¶§¡6��¡ýþ
¬­¨°�¹¸§¡6ºR�r¶ª�fµ�º�¨rÂ�¥ª¡§þ¤û Âr¥·�r¨��r�´�:å1¡¤¬­¡»��� × ��û �3����µu�[¬­¡6£�¶»��¨f�[¬­¡»½¾�c���c¬ ×  À¨�¡6��¥»¿À¡6£�¥XÓ3¿Ø¸»¬1û3�S À¡X®­�r«©«
�3��µ���«©�r� × �x¦��r�3�3 Hû�¦­¬�«P¬��S ©�K¡rû��3����µ ¬ ×  À¨�¡»��¥»¿¢¡6½ý¶ªÂr¥»¨�Âr¶ªº�«[�c À«Àµ��r� × ��¦�Â�¡6��«©«À�r«7¸»£�¶/�[¬­¡Ê����µ<���R¡6¶»Â��¾þ
¥ªÔ.��¶ª¡ ×  ©¨ô¡6��¥ª¿À¡6£�¥r¯
³��'Ó3��«©«À�r�S��¡ ¬­¨�¬�«P¬�Ô ��®K¡6½�«t®­�r¨rÓ'¦��´Â�Ô3¿À¡»�r��÷i�r«H¯­�Ê¨>¬�«©¬­¡»¡<¬�¨�¡¾Â�¶ª¡»�r��û~�1����µÃ�1�r� £­«©«©�3¬�® ¶»�r�Rþ
Ó1�r«©®­�r¨�Âr¥»���c¶ª�h®����3®f¶ªÂ�¡k�c¬���µK¬­¶»��¶ª¥»¨>£­�� c�¹¸§¡6ºR�r¶ª�fµ�º�¨rÂ�¥»¶ª�h¦����[¬­¡»®���¨�½��[¬�«P£­«©��¨r£�¥»  þ´Â�¥Ã¥»Â�¶»ü3«ÀÂr¥ª 
¦­¬�«À½�¥»¨�¿©�fÁ3¥ªÂr����® ûK¡»�f�[£­¡T��¨r��® × ��Þr¥ª«©Âr¥ªÂr¶ª�� À¥Ê®fü3«À÷i¼�«ÀÓ3 '¬�Ó[¬­¡»��® × ½�«'®���¶»ü3«[¥ª��¶r¯T³��r�Q®���«©«3���c«À¿À¡6���3�r��û
�1����µ ¥6¬L¸ª�3��¥:¿À��µ ¥ª�r�ã¥» ©®­�r¶ªü3«À¡Q¡6æ1«t¥ª��® ¬�Ó[¬­¡$�3��¨b�3��¨�¨>£\¸ªå1¡»�3����ûAÓ3�c¬�¥ª¨>£��S¿À¡6£�¥Q¿©��µ  ©¥°«©�f�1��¡ªþ
¥ªÂr����¥r¯ Ò ¦�¬­«©½�¥ª¨r¿©�fÁ3¥ªÂr����®F�S�r�h�[¬­¡¤£­¶»��¨r£�¥6¬ å1¡¤£��Yþ¹�c£�¶c��¨r��®���¡®�3¬�¥»¨��[£�«À¦­¬7þ:®f ©¥ª¨>£��S��«©��� �r��µ
�¹¸§¡6ºR�r¶ª�fµ�º�¥ ×  ©¨ô¡6��¥ª¿À¡¤£­¥<Â�¦��r¥SÓ3¿â¸»£­¡rûÊ¦�¬­«P¬��S ©�K¡:¬ ×  ©¨�¡»��¥»¿¢¡6½ ��¶»�rÓ1�cÂ��fµ�Â�¡c�r��µÃ ©«Àµ��r��¡6¿ÀÔ3å3¥ªæ ×  ©¨ôþ
¡»��¥»¿¢¡¤£�¥ª %£�«À«©���c£��Kµ����D¯
¯õ��«©����¨>¬­¡»��� �c£�¥»�RÓ3 À®�¶ªÂr¥»¨�Â × �r��¬�Ô3 ©¬�Þr b¬�«P¬�Ô1æ £�¶6¬�¨r£�¥°¬�«P¬­ÔR¸»£��  ©¥á�S�r�h�[¬­¡¤£­¶»��¨���� ����µ  ©«¢µ����
¡»¿©Ô3å1¥»æ ×  ©¨ô¡6��¥ª¿À¡¤£­¥xÓ3¿â¸»£7¡>¯

ç



°�±³² � ~��F�k�k�

´ µ �ñ��
�� ������� �k��
��

Ò ¥ª¨>£��S¿À¡6£�¥»��®��1��¨ ¥»¨�ü3®f¥»Â���ü3�3® ¦­¬�� ¬ò��¬­��µK¬�¶ª��¶»¥ª¨>£��� 	�ø¸§¡»º'��¶»�Kµ�º�¨rÂr¥¶�[¬­«P£�« þ Â�¥ ¥ªÂr¶ªü3«©Â�¥
¦­¬�«À½�¥»¨�¿©�fÁ3¥ªÂr���� ©¶»�­¯ ³� ©�K¡Y��£­¶��r�S«©¿À¡»��¡ª¡6�r��û� À«Àµ���� ¬�Ó[¬­¡»��®��3��� £�«©«À�[¬�® ¶»�r�1Ó3�r«À®��r¨�Âr¥ªü3�3®f¶»�
þ «©���K¬�«P£ ×3×  ©¥rûc¬h�3��«SÂ���®���¶»��¥ª¡6����ûc�3�r� ¡¤¬­«P£�«¢¡¤¬���¬��SÂr� ¬ óõ¼�¨�Ô.���f¡» ��f¡¤¬­¡» ©¥»¨ô¡6 À®­¬­ ¾�õ À¦­¬­¡6¬�«
¥ª�r� ¡6å3Ó3�­¡»¡ ��·DÂ�«©�Ã®f À�<å1¡¤¬7¡¤£�¥ª¥6¬�«°¥»¨���«©�K£­«©�3  þ¤ûý��¨rÂr¶§¡ �3Âf�3£��Kµ �c£�¥» À®u��å3¶»½�Ô[¬� °��¶»¥ª¨>£��h¬�Ó3¬­¡¤£­¡
�3¬�¥»¨��[£�«â¸ªå1®S÷i��«%³´¬��­µK¬�¶ª��¶»¥ª¨>£�� Ô[¬­¶6¬��SÂ�¡»�r¶»�� ©�3��® × �rÞ�¥»«ÀÂr¥»ÂH�3�r¨­¯��f¦�ÂrÓ1��¶»¥ª¨>£��3û�¯q£��3 P¬'û1����«©«©¬��3Ó3 ©¬1û
¦­¬�«©¬��S ©�K¡ý����µ £�«¢¡¤¬�«©£��3��¥�û%¬�¦R ©«P£­��®fü3«©¼�� × ¼�¨rº�Ô ���K¡0¸»¬� À¶»½�«,¥»¨r£�¶»�c¬�¨r½��¹¸§¡6ºR�r¶ª�fµ�º�¥»¼�® å3��¶6£­¥6¬� À�[¬�®
¸ �r¶ª�rÓ3�SÂr�Kµ���¹k¬�«©¬�ÔR¸»£��^¥»¨>£­�c��«À��®)¯º�T¨��r®f¶»�k¬­¨���¶»¥ª¨>£�����®R¶»¬���«Àµ�¬��^¡6¬��få3«©�c£��Kµ���®u®�Â�¥»¨�ü3«À¡»�r®)û
�S�r«¢µ���® ¡6¬�¶ª¡6¬�«©�c¬�¨r¨r£�® ¬�¦R ©¨�¥»�K£­«À¡±�ø¸§¡6ºR�r¶ª�Kµ�º�¥ å3��¶6£�¥ª��®�¥ª¨>£��c£­¡rûb�r¨��r� × ��«©ü3«t¬´¥ªÂr¶»ü1«©Âr¥ª�r¥ Â�¥¾¬

» ¶»¥ª¨>£�� ä¹Ó3º�¥ª¨>¬�® "ý À¨r¥»��£�«À¡Xå1��¶6£�¥ª��® �'Âr¶ªü3«©Â�¥»��¥�å1��¶6£�¥ª��® �q¬�«©£�«©��¥xå3��¶»£�¥»��®
¯ý£­�3 P¬��V�`� Ä��K²h�7þ6Ä���Ö�ß Ä�ÄLà¾à�à�à Ä��1Ä �
����«©«©¬��3Ó3 ©¬�� ²f� Ä���Ö1Ä�þ6Ä���ÖKç Ä���ß��1Ä�Ä Ù��K² Õ
�R¦�ÂrÓ3��¶»¥»¨r£�� �ÐÖ	� Ä��	��Õ­þ6Ä��K²�ß ç�ÖSÙ'Ä\ç þ ç
�R¦�ÂrÓ3��¶»¥»¨r£�� �ÐÖ	� Ä��K²­Õ­þ6Ä���Ö�ß Ùh�KÙ à�ßK² þ ÄLß
�R¦�ÂrÓ3��¶»¥»¨r£�� �ÐÖ	� Ä���Ö�Õ­þ6Ä��	��ß ²�à�ßS²�ÖKÙ þ ÄLà
�R¦�ÂrÓ3��¶»¥»¨r£�� �ÐÖ	� Ä��	��Õ­þøÙ�à�à�ß Ä¾Ä\Ùh�S²�à�Õ þ �
�R¦�ÂrÓ3��¶»¥»¨r£�� �V�	� Ä��	�	�7þøÙ�à�à�ß ç�ß	�¾Ö�ÖKç Ù�ç�² þ
"q ©«P£­� �¢Ä>àR� Ù­à�à�à7þøÙ�à�à1Ä Ä�Ä\² à�à�à Ù­à�Õ Ä

Ä�¯ÀÄ�¯>¡6£ × «©£�¨>¬­¡r¯g¼¾½�¿>À&Á�Â�Ã Ä�À�Å©ÆhÇhÂ/È`Å�É�Ê�Ë�Ê`Ì�Í�Î`Ã¡Ï�ÎfÐ`ÀGÉ`Â%Å$Ð�È�Ç�É�ÊhÏ�ËhÃÒÑ[É`¿<¿BËhÃ Ó�Å�Ô�Â�Ì�Í�Ô�Å�ÕgÔ�Å�ÖÒËhÍdÈhÍ�Å$Ð�Èh×ØÉ�Ê

�



�3¬�«P£�«À��¥�®f À�c���3��¡»�r«©Á1�r®Y¥»¨>£­��£­¡r¯��Ê¨��r� ¬�Ó[¬­¡»��®7¬­¡�¬�¨��øÄ�¯¢ÄR�S¡¤£ × «P£�¨r¬­¡�¡6¬�¶ª¡6¬�«©�c¬�¨�¨>¬1¯ ³� À�r«Àº�¡»¡
¬u¦�¬­«©½�¥ª¨r¿©�fÁ3¥ªÂr����®�®����3®f¶ªÂ�¡ × �rÞr¥ª«©Â�¥»Â�¡Ã�r«©®­�r¨�Ó3�r�3Â��3®)û�¦R ©¨r¥ª�K£�«Ø¸ªå3®ñ�c��� ®f ©Þ�¥» À¡�®�¼�¨r�r«À� ×3× ¶»º�«�¬
¶ª�r�3Ó1�r«©®­�r¨�Âr¥»¶ª�<£�«À«©½ ¬­Ó[¬­¡6��®­¬7¡>¯TóáÂ�¡�®�Â�¶»Ó3Â�¥õ�S�r¶ªü3«��1��¡X÷i�r« × �r�1�Rü1�3®��
þ!Ö É`×ØÉ$Ç�Ô�Ã Ã�Á�Êv¿SÁ�Ê`Ó_Ã ¿_Ö Á�¿>À�Ê`Õ$Á�ËbÊ`Ì+Í�Î`Ã¡Ï�ÎfÐ`ÀØÉ`Â�Å$Ð�È�Ç�É�Ê�Ë�Ð`É`Ã�É�ÅNÓ=Ù�À�Å$Ð�Ë`Ê`Â/ËbÚhÉ`Ã¡Ëh¿_Ê&ÉfÐ`Û�Ë&Ù&Ëh¿BËhÓ�Ü
þÝÖ É`×ØÉ$Ç�Ô�Ã Ã�Á�ÊÞ¿>Á�Ê`Ó_Ã ¿_Ö Á�¿SÀ�Ê`Õ$ÁßÁBÇhÄàÉ`Â%Å$Ð�È�Ç�É`Ã¶Ï�Á�ÍáÌ�ÍáÓ�ÑâÙ�Á�Ê`Ì�Í�Î`Ã¡Ï�ÎfÐ`ÀÞÓ=Ù�À�Å$Ð�Ë`Ê&É�Ê`Â/Ë¨ÚhÉ`Ã¡Ëh¿_Ê&ÉfÐ`Û
Ë&Ù&Ëh¿>É�Ê¾ã

äæå�ç å�è'é{êuë�ì9í'î7ïØë�ð!î
è�í'ñHòNì[å'ó
Ò ¨õ��«©º�¨�º'��® × ����÷i�r«¢¡6��¡ª¡l®�Â�¡w®�Â�¶»Ó3Â�¥ª¡X®fü3«À¼��c®­�r«À«)¦­£�«©¬�¥»¨ô¡¤¬��få3�1®c¬'�[¬�«©£�«3Âr¥w¬±¥ªÂr¶»ü1«©Âr¥t¬�Ó[¬7¡¤¬� À�3®f¶6¬1¯
�õ¬�«P£­«A�r¥ª��¡»Âr�Ã¬­¨S��«©¥ªº�®­Âr¶ªÓ3Âr¥ª¶»��¬�¦­£�«©¬�¥»¨ô¡°¬�®­¼L¦���¡»®���¨rº Õ®�3���S�������3 À¡6£�¥ª¦R À¨r¥»��£�«P¬­¡ý¬�Ó7¸»¬Ò�á�S À¦��r«
¬:�õ��«À«P¬��3Ó1 P£�¶»¬á¦����[¬­¡»®���¨�½ ¥»¨r£��c��®

1981− 1985
þ × º�«[¦�¬­«©½�®)ûR�r¨rÂ�¶ª¡X�S ©�1Ó3®�Âô¡x��«¢µK¬���¥§¦�Â�Ó3��¶»¥ª¨>£��� 

¬­Ó[¬­¡»¡6¬�«f¼�¥»¥ª¨r�t®��r«À«+�3¬�¥»���1«©¿À¡6¬��3 Hû­¬­�c K� ×3× �w¬õ®­��¶»¥ª¨>¬�® × ¬ × �r«À�r�KµRæ3«© À® ¯9ô¹��µ°«©��¥»¨l®�Âô¡
χ2 þ¹¥§¡¤¬­¡» ©¥»¨ô¡6 À®­¬

Â�¶ª¡»Âr®�¬ ¥ª¦�ÂrÓ'þX�3��«À«P¬��3Óõ�3���c�����r�3 ¢¡¤£�¥ª¶6¬õ�
1974 − 1983

Âr¥
1984 − 1993

�ôûÊÂr¥ ¡»�\¦­£ ×1×  X®�Âô¡
χ2 þ

¥§¡¤¬­¡» ©¥ª¨�¡6 À®7¬�Âr¶§¡6Â�®F¬�¥ª¦�Â�Ó'þ¹Ó3£�� Âr¥�¥§¦�Â�Ó'þ ¦R ©«©£����1���c�����r�3 ¢¡¤£�¥ª¶6¬1¯ Ò �3���S�������3 À¡6£�¥ª¦R ©¨�¥»�K£­«P¬­¡$�3��¨
¥ª¨rü3®f¥ªÂr����¥q¥»¨r£��S��®7¬­¡·Âr¥�Ô[£�¶ª��®7¬­¡�¬�¨b�§Ä�¯ Ù	�wÂ�¥��§Ä�¯ ß&�t¡¤£ × «P£�¨r¬­¡X¡¤¬­¶ª¡¤¬­«©�c¬�¨r¨r¬1¯

ùXæ1«©Âr«¢¡ �õ¬�«P£­«©��¥ öý¥»¥ª¨�¯d� ùXæ1«©Âr«¢¡ �õ¬�«P£­«©��¥ öý¥»¥ª¨�¯d�
¥§¦�ÂrÓ Ù��KÙ àKÙ­Õ ÄLß Ùh��Ù¾à�ßK² ¥§¦�ÂrÓ ²­à�ßS²�²�Ù ÄLà ²�à�ßc²­ÖKÙ
�3��«©«P¬­�3Ó Ä���ß���àK² Õ Ä���ßb�'Ä�Ä �3��«©«P¬­�3Ó Ä���ß���àK² Õ Ä���ßb�'Ä�Ä

Ä�¯ Ù'¯'¡¤£ × «©£�¨>¬7¡>¯�÷�Ð`É`Ã�É�Å'Ó=Ù�À�Å$Ð�Ë`Ê`Ó9ÖÒËhÍdÈhÍ�Å$Ð�Èh×ØÉ�Ê�Î�Å�Å$Ð`Á�ÖÒË`Å�É`Ã Íáø_¿XÈ`ÅfË�ùBú�ÚhÔ$Ù�É`Â�Å$Ð�È�ÇhÕBû'É`Í_ÍdËhÃ¡ÙhÓ=Ë�ü

ùXæ3«©Â�«À¡ �q¬�«©£�«©��¥ öý¥»¥ª¨�¯d� ùXæ3«©Â�«À¡ �q¬�«©£�«©��¥ öý¥»¥ª¨�¯d�
¥§¦�Â�Ó Ùh�KÙ àKÙ­Õ ÄLß Ùh��Ù¾à�ßK² ¥§¦�ÂrÓ ÄcÄLÙh�ª�	�Kç � Ä¾Ä\Ùh�S²�à­Õ
Ó3£�� ÄLà	���	��Õ � Ä�Ä>àSà�à�à ¦R ©«©£�� Ä�Ä����	�	� Ä Ä�Ä\² à�à�à

Ä�¯ ß1¯F¡¤£ × «©£�¨>¬7¡>¯ ÷�Ð`É`Ã�É�ÅýÓ=Ù�À�Å$Ð�Ë`Ê`ÓþÖÒËhÍdÈhÍ�Å$Ð�Èh×ØÉ�ÊÿÎ�Å�Å$Ð`Á�ÖÒË`Å�É`Ã Íáø_¿XÈ`ÅfË ùBú�ÚhÔ$Ù�É`Â%Å$Ð�È�ÇhÕ���ÈhÃ Ó=Ë`Ñ
ú�ÚhÔ$Ù�É`Â%Å$Ð�È�ÇhÕ>Ú�Ó_ÍdÈ�Ç�ü

²



Ò ¥§¡¤¬­¡» ©¥»¨ô¡6 À®­¬<Â�¶ª¡»Âr®��� À¡õ¬
χ2 = nm

r
∑

i=1

(

Ni

n
− Mi

m

)2

Ni +Mi

�§ÄR�
®­ÂrÔ3«À��¡�¬�Ó7¸»¬1ûw¬h�3��«

r
¬�¨���¥ª¨�¡¤£­«Àµ���®�¥»¨>£­��¬1¯ ³� ©�3Ó1�r�	��¥»�ô¡ × �r� ¬ �få3«©«l�3 ©Ô ��¡6Â�¨r À¥»ü3�3®Ã¬�¨�û©�3����µ

¬ �[¬�«©£�«©��¨>£�¥ ¦­¬�«À½�¥»¨�¿©�fÁ3¥»Â����Y¬�¨r���3��¥»�3¬�® ¡6��®R À�K¡%�3�ô¡6º^Ô3£�¶»���1®�Âr�K¡r¯ Ò ¨¨�§ÄR� ¬�«©¬�ÔR¸»£�� ¥»¨r£��S��«À¡
¥§¡¤¬­¡» ©¥ª¨�¡6 À®7¬cÂr¶§¡6Â�®��r®��

χ2�������
	���
���� ������� = 2.5
û
χ2��������	���
���� �
����� = 0.41

û
χ2��������	��
��� = 0.04

û
χ2��������	������ ��� =

0.004
¯N�Ê¨r��®��ô¡:¬­¨<Âr¶§¡6Âr®­�r®­��¡'�[¬�¥ª���3«©¿¢¡0¸ªå3®�¼�¥ª¥»¨��¾¬

χ2 þ Ô3¶»½ × ¬1ûAÄ ¥ª¨>¬ × ¬­Ó3¥6£��­÷i��®fæ�û 10% þ ��¥q��«©¥»º7þ÷0¬L¸ªæ­�3  × ¬L¦­¬�«À½�¥»¨�¿©�fÁ3¥ªÂr��ÁÃÂ�¶ª¡»Âr®�Âô¦���« ûl¬��S 
2.71

¯ ³� ¢¦���«w�r¨��r®��c À�3Ó3�r�­µ' À®��c®R À¥»� ×3× �r�3�1Âr« ûÊ��¨rÂ�¶ª¡
��«©�S���3Ó��3¬­¡6½3û��3����µ

10%
þ¹��¥á�r«©¥ªº�÷0¬\¸ªæy�3  × ¬>¦­¬�«©½�¥ª¨r¿À�RÁ1¥»Âr���S�r«À«©��¡ª¡ý��«À÷i���K¬­Ó7¸ªå3®�¬��Rå1«©«��1 ©Ô ��¡6Â�¨r ©¥§¡>û

¦­¬��­µ' À¥·¬�¨°¬�¨r���3��¥· ©Ó3º�¥»¨>¬­®R ��[¬�«P£­«©��¨r£�¥»  ¦�¬­«©½�¥ª¨r¿©�fÁ3¥ªÂr����®��3���S����Â��3�3��®�¡6��®R À�K¡%�3�ô¡6º�®)¯
ùU�L¦­£ ×3× ¶»¬  ©¥±¬��[¬�«P£­«©¶6¬�¦����[¬­¡»®���¨�½ ¥ª¨>£��S��®7¬­¡°¦R ©¨r¥ª�K£�«¢¦�¬'ûAÂr¥¾¬���£�¥ª�'Ó1 ©® ®�Â�¶»Ó3Â�¥»¶ª��¦�£­«P¬�¥ª¨r��«¢¦�¬
æ\¸»¬ ×3× �Kµ���«©Þ � �3���S�������3 À¡6£�¥ª¦R ©¨�¥»�K£­«P¬­¡q�r«À¦�Âr��¨�Âr¥ªÂr¶»�c¦�¬­��¥»¨�ü3®f¥»Â���ü3�3®)ûÊ�S�r«ÀµR�3��® ¥»��¶»£���®f ÀÓ3�r¶ªü3« û
�1����µ�¬�¨k����µ���¥� ÀÓ3º�¥»¨r¬�®���®à�[¬�«©£�«©��¨r£�¥» :¬�Ó[¬­¡6¬� ª�3���S����Â��3�3��®^¡6��®R À�K¡%�3�ô¡6º�®�þ¹�! "Ê¥â�[¬h�3����û
��¥»�ô¡6«©���Ã÷i�r«¢÷i�rÓ3��¨f�3�ô¡6º­þ � × ���3�fü3®F¦­¬�«©¬��S b¸»¬>¦Rå3«À½�¦­¬���µF¶»���S«©½ ¡6���3Ó3���3Þr ©¬# $,Â�«©Ó[£­å3«õ¡»¼�¶ª¡»Âr�K¡ªþ �
¦­¬�«©¬��S [¬�¨��ø¸§¡6ºR�r¶ª�Kµ�º�¥l÷i�r«©¥ª¨r��¶»�r«ÀÂr¥ ×  ©¨ô¡6���3¥»£�����¥»¬ ×3× £á¡6Âô¡6��«©��Âr¶»Ó1�r®�Â × ����û[¬��S ©�1�r®<®­¼\¦���¡»®��r¨ô¡6Â × ���
®­��¦��r¥»� ×3× �[¬­«P£�«U®�¼L¦��ô¡6®­�r¨r�ô¡»¡ × �<¬�¨  ©Ó3º��r«©º�¶»�f�3¬�«P¬�Ó'¡¤£>¦­¬�«% ­"l¬���µ ¸»¬>¦'å1«À¡á��¥»��¡»«©����¬�¨<å3��¶»£�¥»��®R¶»¬
¦����[¬­¡»®���¨�½¾��®K¡¤¬­¡6£�¥X�c À�3º�¥ªÂr���! Ò �3���c�����r�3 ¢¡¤£�¥§¦' À¨r¥ª�K£�«P¬7¡%�3��¨�¥»¨�ü3®f¥»Â����r¥õ¬�Ó[¬­¡»��®7¬­¡·¬�¨ª�§Ä�¯ÐÕ��tÂ�¥
�øÄ�¯ ç	�t¡¤£ × «P£�¨r¬­¡x¡¤¬­¶ª¡¤¬­«©�c¬�¨r¨r¬1¯

ùXæ3«©Â�«À¡ �q¬�«©£�«©��¥ öý¥ª¥»¨�¯d� ùXæ3«©Â�«À¡ �q¬�«©£�«©��¥ öý¥»¥ª¨�¯d�
¥§¦�ÂrÓ�Ä�¯ ç�ÖSÙ'ÄLà ç ç�ÖSÙ'Ä\ç ¥§¦�Â�Ó ß1¯ ²�à�ß¾²�²�Ù ÄLà ²�à�ßc²­ÖKÙ
¥§¦�ÂrÓ Ù'¯ Ùh�KÙ<àKÙ­Õ ÄLß Ù��KÙ à�ßK² ¥§¦�Â�Ó´Õ3¯ Ä¾Ä\Ùh���	�Kç � Ä¾Ä\Ù��c²­à�Õ
Ä�¯ÐÕ3¯1¡6£ × «P£­¨>¬­¡r¯©ûNËhÍdÈhÍ�Å$Ð�Èh×ØÉ�ÊØÎ�Å�Å$Ð`Á�ÖÒË`Å�É`Ã Íáø_¿XÈ`ÅfËvú�ÚhÔ$Ù�É`Â%Å$Ð�È�ÇuÁBÇhÄ&Á�Å'Ó=Ù�À�Å$Ð�Ë`ÊhËhÓ9Ê&ÎfÐ`Î`¿=¿

Ò ¨ �øÄR�q®�Â�Ô3«©�ô¡±¬�«P¬�Ôf¸»£�� ¬
χ2 þ ¥ª¡¤¬7¡6 ©¥ª¨�¡» ©®7¬�Âr¶§¡6Â�®��r <� χ2�������
��	��������
� = 1.12

û
χ2�������
&�	��������(' = 1.62

û
χ2�������
��	��������
& = 14.03

û
χ2���������
	���������' = 23.25

û
χ2�������
��	��������(' = 28.43

û
χ2�������
�
	��������
& = 10.05

û
, s�QRQhM�J�r`E�?*Ff5�L/W�A<ZHJ�E�OHE#P<3�2/ibE�iRE�?<T�F�AXE#3�THC`E�?BF�T�L/5KF	}�E�p�5�FfQhM�J¾I4OHD�24A<?<I/JKp*)RI4CªJ|W�?XP=L/5KF	}�rRTHO�DªEGr`E�J�W�JKTHL/W�P=?

5KJ�JKI4?<M�I4C#FH2S?
C`E�OHD{F�THABP<L/E�F�Ffw`JK@HCRUV?BrRIS?BM�I4J�ax-$.�\�¥©I/JKM�?=?[2/Pg-$.�\�¥�^�?<M�Jáe>1�¢G5�3�I/J,+:W�CR5�E�EHiRE�?XE�5&E�LgI4J|P<M*FHT�AXP=L$E�F�QhZ�J
3%E�JKZHF	}�I/L424A<?9F�wRJ�@�CGp�I4OH3�5KL$P=OfW�J�T�p E{F�2S?YF�2$P=MHQRQR5�P<3�2$iGF�THABP<L/E�FfF�E�J&3%E�JKZ�rRT�p�T�OHI4CR5K?BWHP<W�?9E�L/L/E�J+E.-S2/JKJ|E�J�}`r`T�O�D
I/P<IS?<J�I4O*/�I4J	?B£`i�THp©^(Igr`E�P<L4C�W�J�CR5#+:W�CR5�E©r`E�J�W�JKTHL/W�PBW�?¾5�P
E©p!E�O�DfE�ABT�AXP=L$W�OH5RE�iRE�?<T�F�rRTHL�}�rRTHO�D�p�5KCR2/J	?<@HQRQ�EHiRE�?<?BE�J
i�T�J�O�THL4L/E�F	10+:I�P<E�kxCRTHP�CRI/p#1

Ö



ùXæ3«©Â�«À¡ �q¬�«©£�«©��¥ öý¥ª¥»¨�¯d� ùXæ3«©Â�«À¡ �q¬�«©£�«©��¥ öý¥»¥ª¨�¯d�
Ó[£­� ÄLà	�ª�	��Õ � Ä�ÄLà¾à�à�à Ó3£�� ÄLà	�ª�	�­Õ � Ä�Ä>àSà�à�à
¥§¦�ÂrÓ´ß1¯ ²�à�ß¾²�²�Ù ÄLà ²­à�ßS²�ÖKÙ ¥§¦�Â�Ó´Õ3¯ Ä¾Ä\Ùh���	�Kç � Ä¾Ä\Ù��c²­à�Õ

Ä�¯ ç'¯K¡6£ × «P£­¨>¬­¡r¯~ûGËhÍdÈhÍ�Å$Ð�Èh×ØÉ�ÊªÎ�Å�Å$Ð`Á�ÖÒË`Å�É`Ã Íáø_¿XÈ`ÅfËØù��'ÈhÃ Ó=ËhÕXú�ÚhÔ$Ù�É`Â�Å$Ð�È�Ç21,3dÑ4�'ÈhÃ Ó=ËhÕXú�ÚhÔ$Ù�É`Â�Å$Ð�È�Ç.563Vü

χ2�
���7	��������8& = 7.87
Â�¥

χ2�8���7	��������(' = 17.91
¯��T¨��r®­��¡ ¬­¨SÂ�¶ª¡»Âr®���®��ô¡<®���«©«T¬�¨�ÄS¥»¨r¬ × ¬�Ó3¥»£���÷i��®fæ

χ2

��«©��¥ª¨r«©£�¥
10%

þ¹��¥,�r«©¥ªº�÷0¬\¸ªæv�1  × ¬>¦­¬�«©½�¥»¨r¿À�fÁ3¥»Â���Á Âr¶§¡6Âr®­Â�¦��r« û
2.71

þ¹��µ��r«R¼�¥»¥ª¨r�H�[¬�¥»���3«©¿¢¡¤¬��3 H¯Y
m£­¡$�[¬­¡»½3û
�1����µ�¬�¨ý�r«À¥»º<®­Â�¡XÂ�¶ª¡»Âr®�®f ¢¦�Â�¡»�r«ÀÂ�¦���«%¬:¡6¼ ×3×   «©Âr�Kµ��r����¥»�r���[¬��­µ�� ×3× û1¦­¬���µR ©¥tÞr¥6¬­®�¬�¨õ�r«©¥ªº<®�Âô¡·�r¥øþ
�ô¡ × �r���S���3ÓÒ�[¬­¡6½1û��1����µc¬��[¬­«P£�«À��¨>£�¥ª [¬�¶»£��Kµ���®S¬�¨����3��¥ª�[¬�® ¡6��®R À�K¡%�3�ô¡6º�®)¯��Ê¨qÔ �rÓ3 À�<¬�¨ô¡m¸ª��«©���f¡»  û
�1����µh¬õ�[¬�«©£�«©��¥»��¡»�r®�¥ª¨>£��c¬Y¬�¨ �ø¸§¡6ºR�r¶ª�Kµ�º�¨�Âr¥´¥ªÔ.��¶ª¡¤£­� × ¬��Ã¸ª�r«À�r�K¡6º�¥ª�r�u÷iü3���Y¬ × �r®­¼L¦���¡»®���¨rÂr¥
 ÀÓ3º�Ô ���K¡0¸»£­¡»½�« ¯ Ò ¨°Ä��	��à7þ¤Ä���²�à7þ¹��¥ÊÂ�¦��r® × ����«©Â��fµ��r����¥»����¡»¼ ×3× �[¬�«P£­«7¸ªå1¡6�­¡»¡tå3��µK¬­�[¬��3�KµR Då3��¶6£�¥ª¶6¬1¯
�Ê¨q¬ ×3× ½�«) ©¥T«P£­¡»¥»¨� ©®)û��[¬±�S�r���1Âr¨r¨�ü3®¾�c À�3Óc¬±�3Â���µ¾ ©Ó3º�¥»¨>¬­®R¶»¬1û��3����µ�ÄLà�à�à°å1��¶6£�¥ª¶6¬'�[£��Kµb�[¬�«P£­«¢þ
«©¬�«f¦�Âr��¨rºRÓ3ºQå3��¶6£­¥ ¸ªå1¡��øÄ�¯��q¡6£ × «©£�¨>¬­¡��ô¯:
m£­¡%�[¬7¡6½3û��3����µ<¬õ¦R ©¨r¥ª�K£�«¢¡bÕKàýÂô¦ ¬�«©¬­¡»¡,®�¼�¶ªü3« × �r«Àü3«DÄ>à7þ¹��Ó
¶ªÂr¥ª¨rÂr¶ª��Þr¥ª¼�®f®����f¡ ¬)�[¬�«©£�«©��¥ýå3��¶»£�¥»��® ¥ª¨>£��c¬1¯��Ê¨ô¡ ¬�³´¬���µ�¬�¶»��¶ª¥»¨r£���¶6¬�¦����3¬­¡6®­��¨r½��3¬�«P£�«À��¨>£­¥» 
¦­¬�«À½�¥»¨�¿©�fÁ3¥ªÂr�¾�c���K£�«À«P¬�Ô3¿¢¡¤£�¥»£��[£�«) À¥��[��µ���«©��� × �á¦��r¥»¥ª¨rü3®)¯

ä¹Ó3º�¥ª¨>¬�®­��® �õ¬�«P£­«©��¨r£�¥»��®
Ä��	��Õ7þ¤Ä��K²­ß à1û à�ÖKçh�
Ä��K²­Õ7þ¤Ä���Ö�ß à1û à�Õ&�	�
Ä���Ö�Õ7þ¤Ä��	��ß à1û à1Ä>ÕfÙ
Ä��	��Õ7þ§Ù�à�à�ß à1û à�à�Ö�à

Ä�¯��1¯3¡6£ × «©£�¨>¬­¡r¯�÷�Ù�É`¿<¿~Ó=Ù�À�Å$Ð�Ë`ÊhÏ�ËhÃ:9<;#;#;uÁx½�¿>À&Á�Â�Ã Ä�À�ÅNÆhÇhÂ/È`Å�Â/Ë�½�Æ+¿>ÛªÖÒËhÍdÈhÍ�ÉfÐ�È`Å�É�Ê�Å$Ð�Èh×bË

ùXÂ�¶i¸ªü3�1® £­¡ ¬F¥»Âr¶ªü3«©Â�¥»¥ª¨>£��S��® ¦R À¨r¥»��£�«P¬­¡6£�¶6¬'¯ Ò ¨���®f¶6¬ ¬�®­��¶6£ ×1× ¬�� ÷i�r«¢¡6�ô¡»¡ ®­Âr¶ªÓ3Âr¥ª�r®f¶»�Y®�� þ
¶ª�r¥ª¥»ü3®Y¬ ¦�£­«P¬�¥ª¨r��®7¬­¡rû©�3����µk¬ ®Rü1«©¼�� × ¼�¨rº ��¶»¥ª¨>£�����® × ½�«HûtÓ1�´¬�¨����3��¥¾ ÀÓ3º�¥»¨r¬�®���® × ½�«·¥»¨r£�¶»�c¬�¨�½
¥ªÂr¶ªü3«©Â�¥»¥»¨r£��S��®��1���c����Âr�3�1�r®Q¡6�r®f À�f¡$�3��¡»º�®�þ¹�­û�¦­¬�«P¬��S ©�K¡rû��3����µ±¬�Ó3��¡ª¡b��¶ª¥»¨>£­�ý®fü3«©¼�� × ¼�¨rºq ©Ó3º�¥ª¨>¬7þ
®7¬� À�[¬�®�¬�Ó[¬­¡6¬� ©¶»¬< ©¥X ©��¬�¨ôþ �ý�r¨! 
�Ê«Àº�¥»¨�¼�¶t¦R ©¨�¥»�K£­«â¸ªå3® �S�r�:¬�¨ý¬�¨����3��¥t ©Ó3º�¥»¨>¬­® × ½�«[¦­¬�«©½�®­¬7¡#�øÄ�¯ ²Q¡¤£ × «P£�¨r¬­¡�� ¯ Ò ��£�¶l ©¥ª�c��¶ª¡t®�Â�Ô3«©�ô¡
¬­«P¬�ÔR¸»£­��ûU¬�¥§¡¤¬­¡» ©¥»¨ô¡6 À®­¬�Â�¶ª¡6Â�®���®�¬�®�¼L¦���¡6®­�r¨�º�®��

χ2��������	������ ��� = 220.307
Âr¥

χ2�8���7	���
���� ����� = 0.357
¯

�



ä¹¥ª�cÂô¡6��«À¡6���
χ2 þ¹�r«À��¥»¨�«P£�¥A�c����÷i�r«À�r«©ºõ®K¦�¬­�f¡» ©«À ©¥»�� À¦��r«R®��r«À«3¼�¥ª¥»¨r�H�[¬�¥ª���3«©¿¢¡¤¬��få3�1® ¬ý®7¬�Ô.�­¡»¡ÊÂ�¶ª¡6Â�®���®���¡r¯

¯q£��3 P¬±Âr¥·�õ��«©«P¬­�3Ó3 P¬Q�ø¸§¡»º'��¶»�Kµ�º�¥�å1��¶6£�¥»¬� ©�3¬�®¾¥»Âr¶ªü3«©Â�¥» %¬­¶6£��KµK¬¾¬�¨����3��¥ª�[¬�®S¡6�r®f À�f¡$�3��¡»º3û3¬<�c£�¥ª ©®
Ô3£�¶»��¥ª¿À¡6£�¥»¥»¬�«>�i¥ª¦�Â�Ó'þ ¦R À«P£���� ûb¦R ©¥»¨����K¡¾�����3Ó�¦­¬���¯­�T¨�Âr¶§¡S¦R À¨r¥»��£�«â¸ªå3®��c���3ûT�c l¡6¼�¶§¡6Â��3 ©®â�[¬Ý�R¦�Â þ
Ó1��¶»¥ª¨>£�� ¬�Ó[¬7¡¤¬� ¢¡��[¬­¥»���3«À¿À¡i¸ªå3®Ý¯ý£��3 ©£L¦­¬�«HûÊ�õ��«©«P¬­�3Ó3 P£>¦­¬�«HûU¦­¬�«©¬��c À�K¡±å1��µK¬��1�r¨�¡¾¡»�r¥»¥ª¨rü3®Ã¬´¦' À«P£��
¬­Ó[¬­¡6��®R®7¬�«õ ©¥¦�øÄ�¯ Ö�Âr¥ Ä�¯K��¡¤£ × «P£�¨r¬­¡6��®Ò� ¯

χ2 Â�¶ª¡»Âr®��� ©�3®��
χ2��������	��
�
� = 138.67

û
χ2�������
	���
���� ����� =

162.78
û
χ2��

��� ������	������ ��� = 6.4

ûXÂr¥
χ2�8���7	������ ��� = 2.77

¯ 
m£­¡$�[¬­¡»½3û!�3����µ �R¦�ÂrÓ3��¶»¥»¨r£��k�r¶ª�rÓ3�SÂr�Kµ��
¥ª�r�S�r«¢µ' À®Ã�c£�¥» À®R®7¬�«w�3�r� ¡»�r®f ©�K¡%�1��¡6º�¬�¨����3��¥ª�[¬�®)ûX¬ ¦' À«P£�� ��¶»��Ó3�cÂ��Kµ	¬­¨r���3��¥S��«©��¥ª¨r«©£�¥»æ3¥»£��K£­¡
¯q£��3 P£>¦­¬�«3Â�¥l�õ��«À«P¬��3Ó1 P£>¦­¬�«K¦' À¥»¨����K¡

1%
þ¹��¥b��«©¥ªº�÷0¬\¸ªæ��3  × ¬L¦­¬�«À½�¥»¨�¿©�fÁ3¥ªÂr�Q�c��«©«À��¡»¡A�cÂ��á�r«¢÷i���K¬�Ó7¸ªå1® ¯

"ÊÔ3¥ªÂr� × �r� �'Â�¶»ü3«ÀÂr¥ª�r¥ öý¥»¥ª¨�¯d� "TÔ1¥»Âr� × ��� �RÂr¶»ü1«©Âr¥ª�r¥ öá¥ª¥»¨­¯l�
¥ª¦�ÂrÓ ç�ßh�ª�KÙ�Ö Ù�ç�² ç�ßh�SÖ�ÖKç Ó[£­� ÄLà	�¾Ö�ß	� Ä��1Ä Ä�ÄLà à�à�à
¦R ©«P£­� Ä�Ä��¾²h�	� Ù�à�Õ Ä�ÄL²¾à�à�à �3��«©«P¬­�3Ó Ä���ß¾ß�Õ�Õ Ùh�K² Ä���ßª�1Ä�Ä

Ä�¯ ²'¯R¡¤£ × «P£�¨r¬­¡>¯�÷�Ð`É`Ã�É�ÅNÓ=Ù�À�Å$Ð�Ë`Ê`Ó
Å�Ô�Â�Ì+Í�Ô�Å�Å$Ð�Èh×ØÉ�Ê�Î�Å�Å$Ð`Á�ÖÒË`Å�É`Ã Íáø_¿XÈ`ÅfËuùBú�ÚhÔ$Ù�É`Â%Å$Ð�È�ÇhÕ>Ú�Ó_ÍdÈ�Ç`Ñ=�'ÈhÃ Ó=ËhÕ
û'É`Í_ÍdËhÃ¡ÙhÓ=Ë�ü

"ÊÔ3¥ªÂr� × �r� �'Â�¶»ü3«ÀÂr¥»��¥ öý¥»¥ª¨�¯d� "ÊÔ3¥ªÂr� × �r� �RÂr¶»ü1«©Âr¥ª�r¥ öý¥ª¥»¨�¯d�
¥ª¦�ÂrÓ ç�ßh�b��Ù�Ö Ù�ç�² ç�ß	� Ö�ÖKç ¥§¦�ÂrÓ ç­ß	���KÙ�Ö Ù�ç�² ç­ß	�¾Ö�ÖKç
Ó[£�� ÄLàh�SÖ�ß	� Ä��1Ä Ä�ÄLà à�à�à �3��«©«P¬­�3Ó Ä���ß¾ß�Õ�Õ Ùh�K² Ä���ß��1Ä�Ä

Ä�¯ Ö1¯7¡¤£ × «P£�¨r¬­¡>¯�ú7Ô�Â�Ì+Í�Ô�Å�Å$Ð�Èh×ØÉ�Ê'Î�Å�Å$Ð`Á�ÖÒË`Å�É`Ã Íáø_¿XÈ`ÅfË�ùBú�ÚhÔ$Ù�É`Â%Å$Ð�È�ÇhÕ���ÈhÃ Ó=Ë`Ñ¡ú�ÚhÔ$Ù�É`Â%Å$Ð�È�ÇhÕBû�É`Í_ÍdËhÃ¡ÙhÓ=Ë�ü

"ÊÔ3¥»Â�� × �r� �'Â�¶»ü3«ÀÂr¥»��¥ öý¥»¥ª¨�¯d� "TÔ1¥»Âr� × ��� �RÂr¶»ü1«©Âr¥ª�r¥ öá¥ª¥»¨­¯l�
�3��«À«P¬��3Ó Ä���ß¾ß�Õ�Õ Ùh�K² Ä���ß��1Ä�Ä Ó[£�� ÄLà	�¾Ö�ß	� Ä��1Ä Ä�ÄLà à�à�à
¦R ©«P£­� Ä�Ä��S²h�h� Ù�à�Õ Ä�Ä\² à�à�à ¦R ©«©£�� Ä�Ä��S²h�	� Ù�à�Õ Ä�Ä\²<à�à�à

Ä�¯K�1¯1¡¤£ × «P£�¨r¬­¡>¯©ú7Ô�Â�Ì�Í�Ô�Å�Å$Ð�Èh×ØÉ�ÊØÎ�Å�Å$Ð`Á�ÖÒË`Å�É`Ã Íáø_¿BÈ`ÅfË)ù<û'É`Í_ÍdËhÃ¡ÙhÓ=ËhÕ>Ú�Ó_ÍdÈ�Ç`Ñ4��ÈhÃ Ó=ËhÕ>Ú�Ó_ÍdÈ�Ç�ü
öý¥»¥ª¨r��¥»¥»Â���Â × �r� ¡»�f�[£­¡�¬�¨ô¡�®7¬�Ô1¡»å3®)û��1����µ�¬^³´¬���µ�¬�¶»��¶ª¥»¨r£���¶6¬h¦����3¬­¡6®­��¨r½ �ø¸§¡6ºR�r¶ª�Kµ�º�¨�Âr¥

¥ªÔ.��¶ª¡¤£­�G�[¬�«P£­«©��¨r£�¥» f¦­¬�«©½�¥ª¨r¿À�RÁ1¥»Âr��Âr�3��®<�c���K£�«À«P¬�Ô3¿¢¡¤£�¥»¬�®���¶,Þ�Âr«©¥ª¨r��¶»Á¾Þr¥»¬�®��R¦�ÂrÓ3��¶ª¥»¨r£��±å'¡6��«À¥»½á®�Âô¡
ÄLà



 ÀÓ3º�¥ª¨>¬�®f  û3�õ��«À«P¬��3Ó1 P¬±Â�¥q¬<¦R ©«©£���¶»¬:¦����[¬7¡6®���¨r½c¬�Ó[¬­¡6¬­¡6��®7¬­¡w¡6�r«Ø¸ª�r¥ª�r�)�3��µ���«©�r� × �ý¦��r�3�3 Hû)�c ¢¦��r«�¬
®­��¶6£ ×3×  P¬­®�«©Â��fµ��r����¥»��� ��£­¥õ¬­¶6£��Kµ���®­¬7¡q¬­Ó3�[£��[¬­® ¯lùU�\¦­£ ×1× £S«©£­¡%�3¬­¡»¡»å3®)û �3����µ�¬­¨° ÀÓ3º¾�3�r� × �ôþ
÷i��«ÀµK£­¥»��«Ø¸»¬á¬Q¥ªÂr¶ªü3«©Â�¥»¥»¨r£��S��¡>ûf¿©�­µ ¬Q¥»Âr¶ªü3«©Â�¥Ê¦�¬­«©½�¥ª¨r¿©�fÁ3¥ªÂr��Âô¡©¯ý£��3 ©¬1ûf�õ��«À«P¬��1Ó3 P¬qÂ�¥w¬ý¦R ©«©£��Q¬�Ó[¬7¡¤¬� 
¬­«P¬�ÔR¸»£­� × �rÞ�¥»ü3«l�3��¡i¸ªü3®)¯

> òNè@?vòBA:å@AYî
ð!íNè�ë éDC¾ìFE�éGAgêH?IE�îKJ�óLA:é ï�å�ê®òGì[ó�å'ðGM N�òNñHí'ñ7O P{î
îKPGARQuñSP{î7ïGòNñTM�î
ðGUHêWV®îKP!è'é!ó
³� À¦���«X®��ô¦�Âr¥S��¶ª¥»¨>£­��¬­Ó[¬­¡¤¬ £�«À«w¶ª�r�3Ó3��«©®­�r¨rÂ�¥»ü3�1®R¶ª��þ Âr¥ �S ©�K¡ «P£7¡»¡6å1®�¬�¨���«©º�¨�º ¶»Âr¥ª¨ × �r��ûw¬�¨r��®Kþ
× ½�«Ê¥ª�r��Ô3¶6¬­®f¡» ©®få3¥°�c À�3Ó3���f¡Q÷i��«��[¬�¥ª¨r�[£­«©�få3�3®�þ¤û,¬�®�¼L¦��ô¡6®���¨rº�®­ÂrÔ3Ô �r� �[¬­¡6£�¶»��¨�¨rå3® �S�r��¬�¥»¨>£\þ
�:å3�3®f¶6¬h¥»¨�ü3®f¥»Âr���r¥�¦­¬�«À½�¥»¨�¿©�fÁ3¥ªÂr����®���¡r¯ X)��«À¡»�r¥»¥ª¨rü3®)û��3���­µ �S ©�3Ó3������¶»¥ª¨>£����3¬�® ¦­¬�� �r��µ

θiÔ3¬�¶6¬��SÂ�¡»�r¶ª��û,¬��c��«Àµ × º�«T¬�¶»£<¸ª��«©«©���c¨�º��ø¸§¡6ºR�r¶ª�Kµ�º�¥ × ¬�«©��¥»�ô¡ × º�«T¥»¨>£­¶»�c¬�¨r½��[¬�«©£�«b¦­¬�«©½�¥ª¨r¿À�RÁ1¥»Âr���
¥ª¨>£��S¿À¡$�[¬­¡»½3¯AùU�L¦�£ ×3× £:¬­¨�¡l ©¥Ê÷i�r«¢¡6��¥»¥»¨�ü3®)ûÒ�3����µ¾�r¨õ¬°¦­¬�«À½�¥»¨�¿©�fÁ3¥»Â��� 3¦­£�«À¡»��¨r½ZYQ¬��c�c¬7þ �r«©��¥»¨r«©£�¥»æDû
Â�¥b¬·®�¼L¦��ô¡6®­�r¨rºá¡»¶6¬��3¥ª¨�÷i��¶ª��£­Þr ©½L¦­¬�«�®7¬�Ôf¸ªå3®Q�c��� × �r«Àº�«©�T¬�®����3®f¶ªÂ�¡g�3¬�«P£�«À��¨>£­¥» �¦­¬�«À½�¥»¨�¿©�fÁ3¥»Â����r®­��¡f�

pi =
θi

1 + θi
.

� Ù	�
�õ¬<�r¨ô¡x÷i�r«¢¡6Â�¡»�r«À�r¨r¨�ü3®�³�¬���µK¬­¶»��¶ª¥»¨>£­� Ô[¬�¶6¬­�cÂô¡6�r¶ªÂr¶ªº�«. À¥rû'��£�¶tÞr¥»¬�®�¬<�K¬­�c�c¬7þ¹��«©��¥ª¨r«©£�¥

α
þ¢¸»£­¡xÂ�¥

λ
þÀ¸»£7¡·®��r«À«��S�r�	�[¬7¡¤£�¶ª��¨r�få3�3®)¯

%����µ����

θ1
¬b�3��«©«P¬­�3Ó3��®)û

θ2
¬ ¥ª¦�ÂrÓ3��® û

θ3
¬<¦R ©«©£��3û'Âr¥

θ4
¬ �c¬���µK¬­¶»��®cÔ[¬�¶6¬­�cÂô¡6�r¶ª��¯

�õ¬­¡¤£­¶»��¨�¨rå3®ñ�S�r� ¬�¨Y�r��µ��r¥Ã��¶ª¥»¨r£�����® �[¬­«P£�«À��¨>£�¥ª :¦­¬�«©½�¥»¨r¿À�fÁ3¥»Â����r À�3�r® �c¬`�' ©�:å3�¾þ «© À®��r«À ��3�R�RÓ
× �rÞ�¥»«ÀÂr¥»Âô¡>¯x³� À¦��r«m�r��µ®�3¬�«P£�«À��¨>£­¥ª¡X�S�'Ó1�r«©«À�r¨�º<¦�¬­«©½�¥ª¨r¿©�fÁ3¥ªÂr�� �¦­£�«¢¡6��¨�½ ×  ©�1���c ©£�«© À¥t��«©��¥ª¨r«©£�¥»æ�û[¿À��µ
¬
Bin(m, p)

þ¹�r«À��¥»¨�«P£�¥
p
Ô[¬�¶»¬��cÂô¡6��¶»Âr�1�r® × �rÞr¥ª«©Â�¥»Âr¶ª�õ¦­¬��S¥»¨�ü3®f¥»Âr��ü3�3®)û1÷i�r«¢¡6Âô¦���û��3���­µ

m
 À¥»�S�r¶ª¡r¯

Ò�×  À�3���S P£�«À ©¥T�r«À��¥»¨�«P£�¥H�
P (Xi = ki) =

(

m

ki

)

pki(1− p)m−ki,

«À ©®­�r«© l�3�R�'ÓS÷iü3����¦�Âr�Kµ��±����«©�r�:Á��S ©�K¡6£�¶6¬Ò�

L(p) =

n
∏

i=1

(

m

ki

)

pki(1− p)m−ki =

(

n
∏

i=1

(

m

ki

)

)

p
∑

n

i=1
ki(1− p)nm−

∑
n

i=1
ki.

�Ê�3�1�r®�«©���K¬�¶» ¢¡6�<å1¥6¬Ò�

l(p) =

n
∑

i=1

log

(

m

ki

)

+ logp

n
∑

i=1

ki + log(1− p)(nm−
n
∑

i=1

ki).

Ä�Ä



¯õ�r¶» ¢¦­£�«â¸ªå3®
p
¥»¨��r¶» À�K¡��

∂l

∂p
=

∑n
i=1 ki

p
− nm−∑n

i=1 ki

1− p
= 0.

[·�r�1Ó3�r¨ô¦��h�
n
∑

i=1

ki − p

n
∑

i=1

ki − pnm + p

n
∑

i=1

ki = 0.

ä¹�1�3�r�7�
p̂ =

∑n
i=1 ki

nm
=

x̄

m
.

"l¬­��µR ©¥S¬ ×  ©�3���S P£­«© ©¥°�r«À��¥»¨�«P£�¥
p
Ô[¬�¶»¬��SÂ�¡6��¶»Â��3�r®��c¬`�' ©�<å1�¾þ «© ©®­�r«À ��3�R�fÓ × �rÞ�¥»«©Â�¥»��¬ ¸ �[¬�«©£�«©«©¬�«¦�Âr��¨�º'Ó1º�å3��¶»£�¥»��®Ã¥»¨r£���¬Ý« ¬�¨�¼�¥»¥ª¨r��¥cå3��¶6£�¥¾¥»¨r£��c¬`¹¤¯Y³� ¢¦���«

X \ 

��� ��������� ∼ Bin(193611, p̂)
û

X ] �����


^%��_���� ∼ Bin(1830486, p̂)
Â�¥

X ����� ��� ∼ Bin(117000, p̂)
ûõ��¨rÂr¶§¡

p̂1 = 0.00002065999
û

p̂2 = 0.00001037975
Âr¥

p̂3 = 0.00000854700
¯�� Ùh�q¬�«P¬­ÔR¸»£�� ®7¬�ÔR¸ªå3® ¬

θ1 = 0.00002066041
û

θ2 = 0.00001037986
ûXÂr¥

θ3 = 0.00000854708
× �rÞ�¥»«©Â�¥»��®���¡r¯ �T¨��r®h¬�«©¬�ÔR¸»£�� × �rÞ�¥»ü3«Ø¸ªü3®

θ4¦­£�¶/�[¬­¡»½SÂ�¶ª¡»Âr®�Âô¡qÂ�¥·¥»¨r½�¶6£�¥§¡��

Êθ4 =
θ1 + θ2 + θ3

3
= 0.00001319579, D2θi = 0.0000000000284202.

Ò
Γ(α, λ)

Ô[¬�¶»¬��SÂ�¡6��¶»�� ©�3��® × ��Þr¥ª«©Âr¥ªÂ�¡��S���c���K¡6å3�S��®��S½RÓ3¥»¨��r¶»Âô¦���«m¦�Âr����¨r¨�ü3®)¯

m1(α, λ) = Eα,λθi =
α

λ
,

m2(α, λ) = Eα,λθ
2
i = D2

α,λθi + (Eα,λθi)
2 =

α

λ2
+

α

λ
.

ä¹�1�3�r�
α̂ = θ̄i

S2
n

ûï¦­¬�«©¬��S ©�K¡
λ̂ = 1

S2
n

ûí¬h�1��«
S2
n

¬ ¡6¬�Ô[¬�¥ª¨�¡6¬�«P¬­¡» �¥»¨�½�¶6£­¥»�3Â���µR¨r��¡r¯
θ̄ = 0, 000013195785

Â�¥
S2
n = 0, 0000000000284202

¯ óá À¥»¨>£­�c¿¢¡»¦­¬1û�³�¬���µK¬­¶»��¶ª¥»¨>£­�
Ô3¬�¶6¬��SÂ�¡»�r¶ª�

θ4 ∼ Γ(6.13; 464310.76)
�r«À��¥»¨�«P£�¥ªæ ¦­¬�«©½�¥ª¨r¿À�RÁ1¥»Âr�� A¦­£�«À¡»��¨r½3¯ Ò ¨ ��«©º ×1×  A¥ª¨>£��S¿À¡6£�¥

�1�r� ¡»�r®f ©�K¡$�3��¡»ºk¡»�r«Ø¸ª�r¥»���hÔ3¶»��Þr¿©¨��3�r®)û��3 ©¥ª¨r�r�h®fü3«À¼�� × ¼�¨�º��c½RÓ3¥ª¨r�r¶ª�r®­��¡�¬�«À®­¬­«©�c¬�¨�¡»å3�3®)¯ Ò ¨ô¡
�����3Ó3��«¢¡6å3®F¬�¨���� × ¬���û#�1����µ

α
þ¹¶»¬ÃÂr¥

λ
þ¹¶6¬�Ô ���K¡6��¥»¬�� ÷i�r«À¿©¶»�1 q¬�«© À®���«© ��1�'�RÓF¦­¬���µ	�c���c���f¡»å3�

����µ����3«©�ô¡6��®���¡ý¬�¶6£­�fµf¡6¬�«P¬��få3«D�[¬���µ��:å3�3®7£­¡A¸ª�r«À�r�K¡6�ô¡»¡·¦���«©�[¬1¯
Ò ¨:��«©��¥ª¨r«P£­¥

99, 5%
þ ��¥·®K¦�¬­�f¡» ©«À ©¥»���

0.00003089.
óá ©¥»¨r£��S��«��[¬7¡6½<¡6�L¦­£ ×3× £1û¾�1����µ�¬c«À�r���3¬���µ�� ×3×

��«ÀµK¬­�
p ����� ��� ¦­¬�«©½�¥»¨r¿À�fÁ3¥»Â��3û·¬��S�r«ÀµR¶ª� 1%

þ ��¥���«©¥ªº�÷0¬\¸ªæß�3  × ¬>¦­¬�«©½�¥ª¨r¿À�RÁ1¥»Âr���c��«©«À��¡»¡c�r�­µ' À®k��«Àµ�¬��
�1 ©Ô ��¡6Â�¨r ©¥§¡�¥»�r� ¡»å3Ó7¸ªå3® ��«©å1¡6¬�¥»¿¢¡¤¬��1  û��c��«Àµ ¥ª¨r�r¶ª ©�K¡ ³´¬���µ�¬�¶»��¶ª¥»¨r£��F¦­¬�«À½�¥»¨�¿©�fÁ3¥»Â����¦�3���S����Â��
�c¬�¶»¬�Ó�¬ ¡»¼ ×3×  D��¶»¥ª¨>£���Âô¦­¬�« û[¬­¨±¬<¦­¬�«À½�¥»¨�¿©�fÁ3¥»Â��

p �`��� �
� = 0, 0000207589
¯

Ä\Ù



Ò ¥»Âr¶ªü3«©Â�¥ª¦­¬�«À½�¥»¨�¿©�fÁ3¥»Â����r® �S�r�	�[¬7¡¤£�¶ª��¨>£�¥»£��[£�« �3¬�¥»���1«©½K¬���¸»£�¶»å1�3® �r«H¯)
%����µ����
ξi
¬�¨�����µ���¥

��¶»¥»¨r£�����®�Ô[¬�¶»¬��cÂô¡6��¶»��ûÊ�S�r«¢µ × º�«t¬ ¥»Â�¶»ü3«ÀÂr¥<¦­¬�«À½�¥»¨�¿©�fÁ3¥»Â����r®�¥»¨r£��c¿¢¡%�[¬7¡6½�®)¯ Ò × �rÞr¥ª«©Â�¥$�3��¨�÷i��«¢þ
�3¬�¥»¨��[£�«À¡¾��¶»¥»¨r£�����®��®¯ý£­�3 P¬1ûl����«©«©¬��3Ó3 ©¬�Âr¥S¬ ¦R ©«©£��3¯ Ò

ξ1
¯ý£��3 ©¬1û

ξ2
�õ��«À«P¬��1Ó3 P¬1û

ξ3
¬ ¦' À«P£��

Â�¥
ξ4

³�¬���µK¬­¶»��¶ª¥»¨>£­�	Ô[¬�¶»¬��SÂ�¡6��¶»�­¯��Ê��µh¥ªÂr¶»ü1«©Âr¥§¡´�S�RÓ3�r«À«©�r¨�ºÃ¦­¬�«©½�¥ª¨r¿À�RÁ1¥»Âr�� ý¦�£­«À¡6��¨r½�¶ª½�«õþ>�3¬
Þ�¥6¬�® ¬�¥»Âr¶ªü3«©Â�¥á¡6Âr�Kµ�Â�¡Q¦���¥»¥»¨�ü3®y�[��µ��r«©��� × �ôþ¤ûÐå3��µ�¬��fæ3��µ ��«©�S���3Ó��3¬­¡6½3û¾�3����µ ×  ©�1���c ©£�«© À¥·�r«©��¥»¨ôþ
«©£�¥»æDûb¦�¬­��µR ©¥<¬­¨��r«Àº ×3×  À�r®��ô¡ �r�­µÃ¬�¨��r��µ × �r��÷i�r«l�[¬�¥»¨��[£�«l�[¬­¡0¸ªå1®�¬ ¥ªÂr¶ªü3«©Â�¥ ¬�Ó[¬­¡6¬� ©�1®R¶»¬1¯ ³� ¢¦��r«
X a ���7��� ∼ Bin(110000, p̂)

û
X \ 
���� �����
��� ∼ Bin(193611, p̂)

Âr¥
X ����� ��� ∼ Bin(117000, p̂)

û,��¨rÂr¶§¡
p̂1 = 0.001463636

û
p̂2 = 0.001379054

Â�¥
p̂3 = 0.00174359

¯bä¹�3�1�r��¬
pi =

ξi
1+ξi

¡6¶»¬��3¥»¨ô÷i��¶»�c£7þ
Þ� ©½L¦­¬�«[¬�Ó1½'Ó3�3¬�®��

ξ1 = 0.001465782
û
ξ2 = 0.001380958

Â�¥
ξ3 = 0.001746635

¯A³´¬���µ�¬�¶»��¶»¥»¨r£��
Ô3¬�¶6¬��SÂ�¡»�r¶ªÂr�3��®�¦­£�¶$�[¬7¡6½¾Âr¶§¡6Âr®­Âr�3��® × ��Þr¥»«ÀÂr¥ª�h�

Êξ4 =
ξ1 + ξ2 + ξ3

3
= 0.001531125.

Ò YQ¬��S��¬7þ �r«À��¥»¨�«P£�¥öÔ[¬�¶»¬��cÂô¡6��¶»�r À�3�r® × ��Þr¥ª«©Âr¥ªÂf�3��¨
ξ̄i = 0.001531125

Âr¥
D2ξi =

0.00000002442
û1¬��S  × º�«

α̂ = 95.99520109
Âr¥

λ̂ = 62695.85906
¯

Ò �c¬���µK¬­¶»��¶ª¥»¨>£­�� K�ø¸§¡»º'��¶»�Kµ�º�¨�Âr¥ª¶»�w¦����[¬­¡»®���¨�½ý¥»Â�¶»ü3«ÀÂr¥ª¦­¬�«À½�¥»¨�¿©�fÁ3¥ªÂr���ô¡A�S�r�	�3¬­¡¤£�¶ª��¨r½�Ô[¬�¶»¬��SÂ�¡6��¶rû
ξ4 ∼ Γ(96; 62695.86)

�r«©��¥»¨r«©£�¥»æF¦�¬­«©½�¥ª¨r¿©�fÁ3¥ªÂr�� õ¦�£­«À¡6��¨r½3¯ Ò ¨ �r«©��¥»¨r«©£�¥
99, 5%

þ ��¥�®K¦­¬��K¡6 ©«À ©¥ª�
0.0019635

¯,óá ©¥ª¨>£��S��«��3¬­¡6½X¡6�L¦­£ ×3× £1û	�3���­µ<¬ý«À�r���[¬­��µ�� ×1× ��«Àµ�¬��
p �%��^%bc� ��� ¦�¬­«©½�¥ª¨r¿©�fÁ3¥ªÂr�3û�¬��c��«ÀµR¶»�

1%
þ¹��¥ ��«©¥»º­÷0¬\¸ªæõ�3  × ¬>¦­¬�«À½�¥»¨�¿©�fÁ3¥»Â�� �c��«©«©�ô¡»¡:�r��µR ©®���«Àµ�¬��õ�3 ©Ô ��¡»Âr¨r À¥ª¡ ¥ª�r� ¡»å3Ó7¸ªå3®��r«©å'¡¤¬�¥ª¿À¡¤¬­�3  û

�S�r«¢µ�¥ª¨r�r¶ª ©�K¡	³´¬���µ�¬�¶»��¶»¥»¨r£���¦�¬­«©½�¥ª¨r¿©�fÁ3¥ªÂr��� �3���c����Âr� �c¬�¶6¬�Ó ¬ ¡6¼ ×3×  ���¶ª¥»¨>£­��Â�¦­¬�«Hû�¬�¨u¬
¦­¬�«À½�¥»¨�¿©�fÁ3¥ªÂr�
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Þ�¥»���1®���«©£�¥6¬1û  ©Ó1�r������¡6��¥ª¡q�r«À¡6£>¦���«À¿À¡¤£­¥6¬1û3¿À¨rü3«À��¡» %¥»¨>¬­«P¬�����®�¦�¬­¶»¶6¬7¡¤¬1û[Ô �r¶ª À÷iÂr¶ª P£�¥· ÀÓ3�r���:Á1¡6Âô¡6�r®)û)®��7þ
Ô ���KµK¬­Þr¥»���f¡õÔ3«©¬�¥»¨ô¡6 ©®7¬1û1Þr¥»���f¡ª¡6¼�¶ªÂr¥X÷i�r«¢¡¤£�¶»£�¥r¯
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�:Á3®�¼RÓ3Âr¥ª®�Â�Ô1¡6��«©�r�1¥»Âr��� 70%

�Ê��µR À®F÷i�r«À¥»ºÃ¦�Âr��¡6¬���®�¼��Kµ�¼�®f¿©¨rü1«©��¡�÷i¼�«À¼�¡»¡S¦­¬�«©½�¡6�r«Ø¸ª�r¥���«À¦���¥»¨ô¡6Âr¥ª� ¦­¬��­µ
¡»�r«Ø¸ª�r¥·�<Á3®­¼'Ó3Â�¥»®­ÂrÔ1¡»�r«©���3¥»Â���� 65%

�Ê��µR À® ÷i�r«À¥»º ¦�Â���¡¤¬­� ®­¼��Kµ�¼�®f¿©¨�ü3«©�ô¡ ¬�«P¬­¡ª¡ ¦­¬�«©½ ¡»�r«Ø¸ª�r¥
��«À¦��r¥»¨ô¡6Â�¥»��«7�<Á3®�¼RÓ3Â�¥»®�Â�Ô1¡6��«©���3¥»Â���� ¦�¬­��µ �r�­µ' À® ®�Â�¨ ¡»�r«Ø¸ª�r¥
��«À¦��r¥»¨ô¡6Â�¥»��«7�<Á3®�¼RÓ3Â�¥»®�Â�Ô1¡6��«©���3¥»Â����

60%

�Ê��µR À®��fü1¦���«ÀµR®få7¸N¸·¡6��«â¸ª��¥X�r«À¦��r¥ª¨�¡6Â�¥»�°¦�¬­��µ��<Á3®­¼'Ó1Âr¥»®­ÂrÔ1¡»�r«À�r�3¥ªÂr���
20%�Ê��µR À®��<å1¡6¬­¡6½�å\¸N¸w¡»�r«Ø¸ª�r¥·�r«¢¦��r¥ª¨�¡»Âr¥»�°¦­¬���µ��:Á3®�¼RÓ3Âr¥ª®�Â�Ô1¡6��«©�r�1¥»Âr���
10%

hw£�¶»�S�r«¢µ��c£�¥Xå7¸N¸w¡6�r«Ø¸ª�r¥X��«À¦���¥»¨ô¡6Âr¥ª�±¦­¬���µ��<Á3®�¼RÓ3Â�¥»®�Â�Ô1¡6��«©���3¥»Â����
5%�Ê��µR À® ¬�«©¥ª½ñ¦�Âr�­¡¤¬�� Þr��� × ®�¼�¨�ÂrÔÿ÷i¼�«©¼�¡ª¡Ã¦­¬�«©½ ¡»�r«â¸ª��¥k�r«À¦��r¥ª¨�¡6Â�¥»�^¦­¬��­µ

�:Á3®�¼RÓ3Âr¥ª®�Â�Ô1¡6��«©�r�1¥»Âr��� 70%

�Ê��µR À® ¬�«©¥ª½ ¦�Âr��¡6¬�� Þr��� × ®�¼�¨�ÂrÔ3 À� ¦­¬�«©½ ¡»�r«â¸ª��¥ �r«À¦��r¥ª¨�¡6Â�¥»� ¦­¬��­µ
�:Á3®�¼RÓ3Âr¥ª®�Â�Ô1¡6��«©�r�1¥»Âr��� 70%

�Ê��µR À®�¬�«À¥»½Ã¦�Â���¡¤¬­�Y«©£ × ¥ª¨>£�¶�®­¼�¨r��Ô.Â� ©��¦­¬�«©½1û·¦­¬��­µ	����µR ©®	«©£ × ÷i�¹¸�¡»�r«Ø¸ª�r¥
��«À¦��r¥»¨ô¡6Â�¥»�±¦­¬��­µ��<Á3®­¼'Ó3Â�¥»®­ÂrÔ1¡»�r«©���3¥»Â���� 50%

�Ê��µR À® «©£ × ÷i�ø¸ × ��®7¬ ¥ª¨r À�f¡i¸ªÂ × �r� ¦­¬�«À½ �r«¢¦���¥»¨�¡»Âr¥ª� ¦�¬­��µ ¡»�r«Ø¸ª�r¥
�:Á3®�¼RÓ3Âr¥ª®�Â�Ô1¡6��«©�r�1¥»Âr��� 30%

�Ê��µR À®��[¬���µR«©£ × å7¸N¸t¡6��«â¸ª��¥���«À¦��r¥»¨ô¡6Â�¥»�±¦­¬��­µ��<Á3®­¼'Ó1Âr¥»®­ÂrÔ1¡»�r«À�r�3¥ªÂr���
5%

hw£�¶»�S�r«¢µ��c£�¥X«P£ × å7¸N¸t¡6�r«Ø¸ª�r¥X��«À¦���¥»¨ô¡6Âr¥ª�±¦­¬���µ��<Á3®�¼RÓ3Â�¥»®�Â�Ô1¡6��«©���3¥»Â����
2%³� ©�3Ó3®­Â�¡�¥»¨��r� «©£­¡6½�®­ÂrÔ �r¥ª¥»Âr��Âr�3��®�¡»�r«Ø¸ª�r¥·�r«¢¦��r¥ª¨�¡»Âr¥»�
100%�Ê��µR À®�¥»¨��r� «P£7¡6½�®­ÂrÔ �r¥»¥ªÂr��Â��3�r®�¡»�r«Ø¸ª�r¥·�r«¢¦��r¥ª¨�¡»Âr¥»�
35%Ò �c���3�KµR  × �r� ¬ ×  ©¨ô¡6��¥ª¿À¡»��¡»¡ý¬���£�¥ª ©®�¥»¨��r�í«©£­¡6½�®­ÂrÔ �r¥ª¥»Âr��Â�¡°��£­¶ý¬ ×  ©¨ þ

¡»��¥»¿¢¡¤£�¥ª ��r¥ª�r�SÂr�Kµf¡q�S�r���r«©º�¨rºR�r���r«¢¦��r¥ª¨�¡»��¡»¡»� 65%

Ò�× �r¥ª¨rÂr«Àº�®�Â�Ô.��¥»¥ªÂr��¡»�r«â¸ª��¥X�r«¢¦��r¥ª¨�¡»Âr¥»�
60%Ò ¥ª¨>¬���«À½'Â�¶»¨�Âr®�¡»�r«â¸ª��¥X�r«¢¦��r¥ª¨�¡»Âr¥»�
10%Ò ¨Q¿©¨r«À�r«Àº�®�Â�Ô.��¥»¥»Â��S¡»�r«Ø¸ª�r¥X�r«¢¦���¥»¨�¡»Âr¥ª�
5%

ÙR¯ Ù'¯'¡¤£ × «©£�¨>¬7¡>¯��:Å�É`ÃÒÊ&É`ÍdÈ`Å�Ó:¿XÈ&ÏfÍdÈ�Ð�Ëh¿��
9�5��

Ä\²



� �ot8sKp<sDvrqL���ot
u�t

hw¬�«©��¥»��¡» ��[¬�«©£�«RÓ3�H�[�1¿©Þr À½7¸»¬á£�«¢¡¤¬�«©£ × ¬���û`�[¬Q¬ ×  À¨�¡6��¥»¿À¡»��¡»¡b¬�®7¬�¶6¬7¡¤£­¡»½�«R÷iü1������¡»«©����û	�3 À¶ª¡6��«©���<÷i�r«©«ÀÂrÔ º3û
®fü3«À¥»¼ × �H�[¬­¡6£�¥X®�¼L¦��ô¡6®­�r¨�¡»Â × �r� �r�­µ�Â�¦��r� × �r«Àü3«��S�r�	�3¬�« ¯

e ç åWfué!ñ�ñ
Ò Ó1��¡»¡6¬�®F����µF�ø¸§¡6ºR�r¶ª�Kµ�º�¥�å1��¶6£�¥��r¥»�ô¡6Â�� ¬�®�¼L¦��ô¡6®���¨rºk¦­¬�«©½�¥ª¨r¿À�RÁ1¥»Âr���r®��â�3¬�«P£�«X¦­¬�«À½�¥»¨�¿©�fÁ3¥»Â����h�
p̂ �`��� �
� = 0, 00001320,

¥ªÂr¶ªü3«©Â�¥,¦­¬�«©½�¥»¨r¿À�fÁ3¥»Â����h�
p̂ �%�(^%b�� �(� = 0, 001528

¯ Ò	×  ©¨�¡»��¥»¿¢¡¤£�¥m¡¤¬­¶ª¡¤¬­��¬QÄwÂô¦.¯
Ò ¡¤¬�¶§¡¤¬���¦�Â���Âr� æ7¸ª¶6¬­®�¼�¡$�3��¡»º�¬�®�¼L¦��ô¡6®���¨rº�Â�¦R¶»�­¯ Ò ¥ª¨>£��S¿À¡6£�¥»��®�®­¼��3�Kµ�� ×3× ��«À¦�Â����r¨H�3��¡»º�¥»Â����
�S P¬7¡»¡:÷i��«À¡»�r¥»¥ª¨rü3®)û©�3����µ��c À�3Ó3���Y¥ª¨r��¶»¨rºRÓ3Â�¥ý¸»¬­�Rå3£�¶�Ä�¯ þáÓ3�rÞ��r� × �r¶Sß1Ä�¯� ©Ó3º�¥»¨>¬­®R¶»¬ ¥»¨�½�« ¯ Ò
Ó1¿â¸A¸»¬­�Rå3£�¶±ÄôþÀ¸ªÂr���r¥ª�rÓ3Â�®���¥r¯ Ò ×  À¨�¡6��¥»¿À¡6£�¥» %¼�¥»¥»¨��r���¹¸§¡6ºR�r¶ª�fµ�º�¥ × ¬­«©�r¥ª��¡ × º�«%¥ª¨>£�¶ª��¬­¨r½Ø�3¬�«P£�«%��¥»� þ
¡»Âr���Ý×ªÓ_Í_ÍáÓBÛ���¿�3 Ò ×  À¨�¡»��¥»¿¢¡¤£�¥ª w¼�¥ª¥»¨r��� �ø¸§¡6ºR�r¶ª�Kµ�º�¥ × ¬�«À�r¥ª��¡ × º�«t¥»¨>£­¶»�c¬�¨r½3ûÊ«À�r�K¬­«P£ ×3×

40%
þ¹��¥

¶ª��®f®7¬��K¡6¥6£­�c��¥»��¡»Âr��«©�r�­÷i�r«â¸ª� ×3× 9<;�×ªÓ_Í_ÍáÓBÛI��¿�3 Ò ¨°��¶ª¦���¥» %®�¼�«À¡6¥ªÂr����®�¡6Â�¶»¿À¡»Âr¥ª�°«À�r��÷i��«â¸ª� ×3× 9<;�×ªÓ_ÍáÕ
ÍáÓBÛH� ¿¹þ  ©� ¡6¼�¶ª¡6Â��3 ©®)¯t³� À�3Ó3�r��¥»¨��r¶ª¨rºRÓ3Âr¥ª¶»�<¬ «À�f�3�ô¡6¥»Â����r¥õ®f l�[¨���¡6Â�¥õ�3¬���µR¥6£���¬Sà\þ¤ÄLà¾à�à�à¾à�à�à�X,¡ªþ  ©�
¡»�r¶N¸ª�rÓ�¯õ�Ê¨�¡S«À�r�>¸ª� ×3× ¬��Ã÷i��«Àµf¡6���1��¥:¦­¬�«©½�¥»¨r¿À�fÁ3¥»Â��� w¦­£�«À¡»��¨r½L¦­¬�«t«©�f�1��¡6�1��«À�r¿À¶»�3 HûbÓ3��¬ ®�¼��3�Kµ�� ×3×
¥ª¨>£��S¿À¡6£�¥QÂr¶ªÓ3�r®­Â × �r��Ó3 À¥»¨r®f¶ª��¡6 À¨>£�«Ø¸ªå3®��:¬­¨

i.
¥ª¨r��¶»¨rºRÓ3Â�¥:®7£�¶»®f d�[¨r�ô¡6Âr¥ªÂ�¡:«©�r¿À¶»½

Xi
¦�¬­«©½�¥ª¨r¿©�fÁ3¥ªÂr�� 

¦­£�«¢¡6��¨�½¾¬S®­¼L¦���¡»®���¨rº�®­ÂrÔ3Ô �r� �3Â�¨°®f <�

Xi =















































































































10
�S ©«©«À ©½@X,¡

0, 00001529

9
�S ©«À«© ©½2X,¡

0, 00004586

8
�S ©«À«© ©½2X,¡

0, 00007644

7
�S ©«À«© ©½2X,¡

0, 00007644

6
�S ©«À«© ©½2X,¡

0, 00009173

5
�S ©«À«© ©½2X,¡

0, 00001320

4
�S ©«À«© ©½2X,¡

0, 00015288

3
�S ©«À«© ©½2X,¡

0, 00022932

2
�S ©«À«© ©½2X,¡

0, 00018345

1
�S ©«À«© ©½2X,¡

0, 00065738

0
�S ©«À«© ©½2X,¡

0, 99845802

¦­¬�«©½�¥ª¨r¿À�RÁ1¥»Âr�����r«H¯

ÄLÖ




m£­¡$�[¬­¡»½3ûN�3����µ çF�S ©«©«À ©½�X,¡§þ¹��¡�Þr¥»¬�®��[¬�«P£­«±��¥»��¡»Âr� �[¨���¡6ü1�3®^®f  û°¬F¡»¼ ×3×  ±Âr¶§¡6Âr®u¥»Â�¶»ü3«ÀÂr¥ Â�¥
¶ª��®f®7¬��K¡6¥6£­�	�r¥ª��¡»Âr�^®­�r¶ªü3«±®f d�[¨r�ô¡6Âr¥ª¶»�­¯ �Ê¨r�r®­�r� × �r«Àü3«Q¬�¨ �r«À��¥»¨�«P£�¥�æ1��µh«©�ô¡»¡��S�r�	�[¬7¡¤£�¶ª��¨�¦­¬1û
�1����µ�¬ �c£�¶X�r�S«©¿¢¡6��¡ª¡Xß �S ©«©«À ©½2X,¡ªþ ��¥x¦­£�¶$�3¬­¡6½¾Âr¶§¡6Â�®���¡õ®7¬�ÔR¸ªå3®)¯
Ò�×  À¨�¡»��¥»¿¢¡6½ ¥»¨��r¶ª¨rºRÓ3Âr¥ª¥»�r«U®7¬�Ô Þr¥»��«P¬­¡»��¥X®�¼�«¢¡6¥ªÂr���� m¬¾®­¼L¦���¡»®���¨rº�®��

þ��õ��µR�3¼�®­¼�®f�3�r®:¸»£�¶ª½¾®��r¨�Ó3��¡» 1¸ªå1¡¤¬�«ÀÂr®��
30%þ��õ��µR�3¼�®­¼�®f�3�r®:¸»£�¶ª½ ÷i��«Àµ�¬���¬7¡6��¥%¸ªå1¡¤¬�«ÀÂr®��

10%þ¹óQ��¨rÓ3�ô¡6 m®�¼�«À¡6¥ªÂr���
30%þ�X)��«ÀµK¬­��¬­¡»��¥x®­¼�«À¡»¥»Âr�Ò�

15%þ¹óQ��¨rÓ3�ô¡6 mÓ[¬�¶»¬ × ®�¼�«¢¡6¥ªÂr���.�<;#;#;���¿
þ�X)��«ÀµK¬­��¬­¡»��¥xÓ[¬­¶6¬ × ®�¼�«À¡6¥ªÂr���.9<;#;#;�� ¿H¯

Ò ¡»¼�¶»«ÀÂr¥§¡cþ ¦­¬��­µ' À¥�¬ ×  À¨�¡6��¥»¿À¡6£�¥c÷i��«©�S���3Ó[£­¥6£��[¬­®k¦­¬�«À½�¥»¨�¿©�fÁ3¥ªÂr��Âô¡ªþª�Ò�'�3��®	¡6��®f ©�K¡0¸ªü3®)û
30%

þ¹��¥
Â�¶ª¡»Âr®f®���«ý�c À�3Ó3���FÂô¦'¶ª��¯ Ò ¡»¼�¶»«ÀÂr¥ª�r®k®�¼�¨�Â�¡6¬�¶ª¡»��¨r�[¬­®F¬­¨r��®k¬ ¥»¨r��¶»¨�º'Ó3Â�¥»��®	 ©¥�ûX¬��S�r«¢µ��r®�¡»�r¶§þ
�SÂr¥ª¨r�ô¡6�r¥��[¬�«©£�«w�S P¬­¡ª¡ ¥»¨�Á3�3�3��®F�S�r�1¯YùU�rÞ��1�3 ©®7¬� X®7¬��c¬­¡6«©£ ×

5%.
óá�r¨�Ó3��¡» �£�«©«À����£­�fµRå3�1®�9<;

Á$Ð`Á�ÂØÙ&ËhÂ/Ë&Ïc¥»¨��r¶ª¨rºRÓ3Âr¥ × º�«w£�«©«H¯�³��RÓ3��«©«©ü1�3® × ����®f ©¨r£�¶»½�«©¬����r¨��r®f®���«X¬�¥ª¨r�r¶ª¨rºRÓ3Âr¥ª�r®f®���«x¦�Â���¨rü3�1®
¥ª¨>£��S¿À¡6£�¥»��®­¬7¡>û·�r«Àº�¥»¨�¼�¶��r�­µ�Â�¦R¶ª��ûq�c¬\¸ªÓ ®f À÷iå'¡¤£�¥ª ©�3¯�X[�r«¢¡6Â�¡»�r«À�r¨r¨�ü3®)û��3����µ ¬ ×  À¨�¡»��¥»¿¢¡6½Ã�S��¥ª¡
¦��r¨���¡6  × �:¬�¨°���R¡»¶»Âr��¥ªÔ.��¶§¡ ×  ©¨ô¡6��¥ª¿À¡¤£­¥·¡»�r¶ª�cÂ�®���¡rû)�r¨r¨��r«,¬S®­�r¨�Ó3��¡» b£�«À«©���c£��3�KµK¬­« û1Â�¥õ��¶»¶ª�°¦�Âr��¨� 
¬ ®7¬�«À®Rå1«P£�Þ� ©½�¡r¯

�Ê«©¥ªº «©Â�Ô.Â�¥»®�Â��K¡c�S�RÓ3�r«À«©�r¨�¨rü3®�Ù�à´Âô¦R¶»���r«Àº�¶»� ×  ©¨ô¡6��¥ª¿À¡¤£­¥» x£­«©«©����£��KµRå3�3®7¬­¡r¯ Ò ¨�£­«©«©����£��Kµf¡
¬�¡»¼�¶»«ÀÂr¥�ûDÂr¥ý¬ × ¬�«©��¥»�ô¡6 Y�3¬�«P£�«m®­¼\¦���¡»®��r¨ô¡6Â × ���Ã�c����¥»¨�Á3�K¡á¥»¨��r¶ª¨rºRÓ3Âr¥ª�r® Þr¥ª¼�®f®����f¡» ©®)¯2XA d��¡6¼�¶»«©Â�¥» 
¥ª¨>£�¨r¬�«©Â�®��c��«©«À��¡»¡S¬�Ù�à1¯ÐÂ�¦�¦�Âr��Â�¶»� ¬YÄLà �r¨r¶ª�r¥�£�«©«À����£­�fµ × ½�«t¦­£�¶/�[¬­¡»½K¬��YÞr¥»å1Ô[£�� Ö ¥»¨��r¶»¨�º'Ó1Âr¥
�c¬�¶»¬�Ó Âr«À��¡ × �r�Dûõ�3 À�3Þr¥� À¥�Âr¶§¡6��«©�S���3��¥ª¥»¨>¬ ×3× ¡6£>¦'¶»¬��3Âr¨��3  ¯ Ò � Ù'¯ ß&�S¡6£ × «©£�¨>¬­¡�¡¤¬�¶§¡¤¬�«À��¬�¨�¨>¬
£­«©«©����£��KµRå3�3®c¬�«©¬�®få3«P£�¥»£­¡XÂô¦'¶ªº�«¢þ Â�¦R¶»�­¯

³´£­¥»�RÓ3 ©®°«©Â�Ô.Â�¥»®�Â��K¡T®R À¥»¨r£��c¿¢¡0¸ªå3®Q¬�¦�£­¶$�[¬­¡»½l¸ª¼L¦�º × �r«À  × ��¦�Â�¡»�r«©��®��ô¡TÂr¥Ê¬õ¦­£�¶/�[¬­¡»½l¸ª¼L¦�º × �r«À '®f ¢þ
¬­Ó[£�¥»��®­¬7¡>¯��Ê¨r����¡»�r¶ª�cÂ�®c��¥»��¡»Â × �r��¬ × ��¦�Âô¡6��«�®f ©¨>£­¶»½�«©¬��:Ó3¿Ø¸ × �ô¦�Âô¡6�r« × º�«D£�«À« ûf�S�r�	�[¬7¡¤£�¶ª��¨>£�¥»£h�3��¨
¥ª¨rü3®f¥ªÂr��ü3�1®�¦­¬���¬ ×  À¨�¡6��¥»¿À¡6£�¥xÓ3¿Ø¸»£�¶6¬'û1¬��S À¡w�r��µ��r«Àº�¶»�Q�SÂr� �3���ÿ¡6å3Ó1å3�3®)¯o~q«©«À¿À¡»¥»å3®¾�r¨ô¡�®��r¨�Ó3��¡§þ
× �r�´Ù�à¾à�à�à�X,¡ªþ ¶6¬1û'��¬\¸ªÓ�¬ ®�Â�¥»º ×1×  ©��® × �r���c½RÓ3��¥ª¿À¡i¸ªå3®�¬<÷i�r«¢¡6Âô¡6�r«À�r®f�3��®��c����÷i�r«À�r«Àº'����¯ Ò ¨

Ô�ÚhÁ�Å'Ùhø ½HÏ�Á�ÚhÔ�¿SÁ�Í=� ÈhÍ_Í�É`×bÈhÃ ÄuÔ�ÚbÁ�Í�Áx½�Ô�Ã × ÏfÓdÐf¿SÉ�Å�ø_¿BÈ`Å�Ùhø ½HË
®­ÂrÔ3«À��¡l¬�«©¬�ÔR¸»£��±�c À�3Ó ¬QÙ�àõÂ�¦R¶»�X®f ©¥ª¨>£��S¿À¡i¸ªå3®°¬õ¦­£�¶$�3¬­¡6½áÓ3¿Ø¸ × �ô¦�Âô¡6�r«À�r®­��¡>ûK�c¬\¸ªÓ<�S�r�h�[¬­¡¤£­¶»��¨�¨rå3®
��¨r��®�Ó3 ©¥ª¨r®����f¡6£�«À¡·Â�¶ª¡»Âr®��� À¡õ ©¥·¬�¨

5%
þ¹��¥X¡6��Þ��3�3 À®­¬­ �®7¬���¬7¡6«P£ × ¥»�r��¿À¡6¥ªÂr��Âô¦���« ¯

Ä��



"Ê¦ "b¦���«©�¹¸ªÂr� ùX¼�¶»«©Â�¥ hx¬�«À�r¥ª��¡6 
�3¬�«P£�«.�c ©¬­¡»¡» D�S�r��¥ª¨rÁ3�1Âr¥ "b¦�¦�Âr��Â��
Ä�¯ÐÂ�¦ ÄLà�à�à�à1û à�à�à ß�à�à�à1û à�à�à à1û¢ÄLßKÙ �	�h�	�1û Ö	��Ö
Ù'¯ÐÂ�¦ �	�	�h�1û Öh��Ö Ù�à	�	�1ûK�	��à à1û à	�KÙ ÕKÖh�	�1û Ö1Ä\ç
ß1¯ÐÂ�¦ ÕKÖ	�h�1û Ö'Ä\ç Ä>Õ&�	�1ûK��Õfç à1û à	�Kç ß�ÕKÙh�1û Ö�à	�
Õ3¯ÐÂ�¦ ß�ÕfÙ��1û Ö�à	� ÄLàKÙ�Ö1ûK��ÕfÙ à1û à�Õfç Ù­Õ�à�à1û Ö1Ä��
ç'¯ÐÂ�¦ Ù­ÕKà�à1û Ö'Ä�� ²�Ù�à1û Ù­Õ&� à1û à�ßKÙ Ä���Ö�à1û ç­ÕfÙ
�1¯ÐÂ�¦ Ä���Ö�à1û ç7ÕfÙ ç�à�Õ3û¢Ä��KÙ à1û àKÙ�Ù Ä�ÄL²h�1û ßKç�²
²'¯ÐÂ�¦ Ä�Ä\²��1û ß�ç�² ßKç�Ù'ûK��àK² à1û à1Ä�� Ö�Ù�ß1ûÐÕKß�Õ
Ö1¯ÐÂ�¦ ÖKÙ­ß1û Õ�ß�Õ Ù­Õf²'û à�ß�à à1û à1Ä�Ä ç�²h�1û ß	��ß
�1¯ÐÂ�¦ ç�²��1û ßh��ß Ä\²�Ù'ûK�1ÄLÖ à1û à�à�Ö Õ�à�ß1ûÐÕ&��Ö
ÄLà1¯ÐÂ�¦ ÕKà�ß1û Õ	��Ö Ä\Ù'Ä�û à�ÕKà à1û à�àKç Ù­ÖKÙ'ûÐÕfÙ�Ù
Ä�Ä�¯ÐÂ�¦ Ù�Ö�Ù'û ÕKÙ�Ù Ö�Õ3û ²�Ù�² à1û à�à�Õ Ä��K²'ûK�	�KÙ
Ä\Ù'¯ÐÂ�¦ Ä���²'û��h�KÙ çh�1û ß�à�Ö à1û à�à�ß Ä>ß�Ö1û ß�ÖKÙ
ÄLß1¯ÐÂ�¦ ÄLß�Ö1û ß�ÖKÙ Õ3Ä�û ç'Ä>Õ à1û à�àKÙ �h�1û Öh�Kç
Ä>Õ3¯ÐÂ�¦ �h�1û Öh�Kç Ùh�1û à	��à à1û à�à1Ä ��²'û Ö�à�Õ
Ä\ç'¯ÐÂ�¦ ��²'û Ö�à�Õ Ù�à1û ß�Õ3Ä à1û à�à1Ä ÕK²'û Õ	�KÙ
Ä��1¯ÐÂ�¦ ÕK²'û Õ	�KÙ Ä>Õ3û Ù�ß	� à1û à�à1Ä ß�ß1û Ù�Ù�ß
Ä\²'¯ÐÂ�¦ ß�ß1û Ù�Ù�ß �1ûK�	�K² à1û à�à�à Ù­ß1û Ù�çh�
ÄLÖ1¯ÐÂ�¦ Ù­ß1û Ù�çh� �1ûK�K²�² à1û à�à�à Ä��1û Ù�²h�
Ä��1¯ÐÂ�¦ Ä��1û Ù�²h� Õ3û Ö�Ö�Õ à1û à�à�à Ä�Ä�û ßh�Kç
Ù�à1¯ÐÂ�¦ Ä�Ä�û ßh�Kç ß1ûÐÕ3ÄLÖ à1û à�à�à ²'û���²h�

Ù'¯ ß1¯1¡¤£ × «P£�¨r¬­¡>¯~÷ ÏfÓdÐf¿>É�Å�ø_¿XÈ`Å�Ó�ÈhÍ_Í�É`×bÈhÃ Ä�ËhÍdË`Ê`Æ�ÍdÈ`ÅfË

Ò ¦�£­¶$�[¬­¡»½¾¸ª¼L¦�º × ��«© l®R ©¬�Ó[£�¥ª��®7¬­¡<�c£�¶Q¡6¼ ×1× ¡¤¬��´¼�¥»¥ª¨r�r����¬�Ó7¸»¬1¯ �T�­µ'¶ªÂr¥ª¨�¡S£�«À«©�[¬�® ¬ ×  ©¨ô¡6��¥ª¿À¡6½
®7£�¶ª®f l�[¨���¡6Â�¥»��  × º�« ûR��£­¥»¶»Â�¥»¨ô¡X¬:®­¼�«À¡»¥»Âr���r® × º�« ¯ Ò ®­£­¶»®f l�[¨���¡»Âr¥»��®��3��� ����µ�¼�¥»¥»¨��r� × �r��¡»¼�¶ª¡»Âr�3�3��®)û
�3¬��3�r�³�[£­¶»���ò¶ªÂr¥»¨�«©�ô¡ × �r�7�<��«©¥ªº´Â�¦ × �r��¬�®7£�¶±�3¬���µR¥6£���£��[¬�®

60%
þø£­¡rû,�c£�¥»�RÓ3 À® Â�¦ × �r��¬�®­£­¶

�3¬���µR¥6£���£��[¬�®
30%

þø£­¡rû�Âr¥��[¬­¶»�c¬�Ó3 ©®°Â�¦ × �r�c¬ý÷i�r�3�3�c¬�¶»¬�Ó3½
10%

þ ��¡g�[¨���¡i¸ªü3® ®f  ¯g�Ê¨��r® ¬�«©¬�ÔR¸»£����
Ô�ÚhÁ�Å#ÖÒËhÍdÈhÍ�Á�Å�Á�¿=Ó:ÊhÈhÂ%Ê`Ó �:Ð`Á�¿SÔ�Å

=
∑

��� 

� �%�4&=�(��^ �
ÈhÍ_Í�É`×bÈhÃ Ä�Ô�ÚØÁ�Í�Áx½�Ô�Ã × ÖÒËhÍdÈhÍ7Ú`ËhÍ�Û�Å$Ðfø_Ã¢¡&Å�ÔBÇ�Á ×

× ÖÒËhÍdÈhÍ:Á�Å�Á�¿=Ó~ÏfÓdÐf¿SÉ�Å�ø_¿BÈ`Å�Ó©Î�Å�Å$Ð`ÁBÇ × ÊhÈhÂ%Ê`Ó �:Ð`Á�¿SÔ�Å'ËhÂ$ÈhÃ ÄhË
Ù�à



Ô�ÚhÁ�Å�Å�Ô�Â�Ì�Í�Ô�Å�Á�Å#ÊhÈhÂ%Ê`Ó �:Ð`Á�¿>Ô�Å
=

∑

�c� 
�� �%�=&=�(��^ �
ÈhÍ_Í�É`×bÈhÃ Ä�Ô�Ú�Á�Í�Áx½�Ô�Ã × Å�Ô�Â�Ì�Í�Ô�Å'Ú`ËhÍ�Û�Å$Ðfø_Ã¢¡�Å�ÔBÇ�Á ×

× Å�Ô�Â�Ì�Í�Ô�ÅvÁ�Å�Á�¿SÔ�ÃÝËbÚ`ÈhÂ�ÖÒËh¿>ÛªÊhÈhÂ�Ã¡Ë�ÇhÄRÅfÈ�Ç × ÊhÈhÂ%Ê`Ó �:Ð`Á�¿>Ô�Å�ËhÂ/ÈhÃ Ä	Ë
ô¹�­µ�®f ©¥»¨r£��S¿À¡0¸ªå1®c�S ©�3Ó�¬SÙ�à Â�¦R¶ª�:¬<¦­£�¶$�3¬­¡6½¾®7£�¶»®f d�[¨r�ô¡6Âr¥ª�r®­��¡#�3¬�«P£�«À¶6¬:Â�¥·¥»Âr¶ªü3«©Â�¥»¶ª�±����µK¬�¶»£��K¡>¯
Ò ®­¼�«À¡»¥»Â����r®f�3Â�«  À¥h¬�¨ñÂ�¦ �r«©�¹¸ªÂr���S�r��«ÀÂ�¦�ºî¥ª¨r�r¶ª¨rºRÓ3Âr¥ª�r®f¶»��®���«©« �S ©�3Ó3��� �r��µ��r¥u®�¼�«¢¡6¥ªÂr���ô¡
¥ª¨>£��S��«À�3  ¯
"qÂr��ü1«¾¬	¦�£­¶$�[¬­¡»½h®R ©¬�Ó[£�¥ª��®7¬­¡ Âô¦��r�1®�Âr�K¡�¼�¥»¥ª¨r�>¬­Ó7¸ªå3®)û¾Âr¥ ¡6��Þ��3�3 ©®7¬� :®­¬­��¬­¡»«P£ × ¥»�r��¿À¡6¥ªÂr��Âô¦���«
®f À¥»¨>£­�c¿¢¡0¸ªå3®�¬q¸ª��«©���3Âr¶§¡6Âr®fü3®­��¡r¯

³� À�r«Àº�¡»¡U¡6�L¦­£ ×3× Â�Ô3¿À¡»�r�3Â��3®:�S�'Ó1�r«©«Àü3�3®­��¡>û­¬ ×  À¨�¡6��¥»¿À¡6£�¥UÓ3¿â¸»£�¶»¬�¦����[¬­¡»®���¨�½°����µR ©®Q�r«¢¦­£�¶6£�¥ªå3�3®
¬­«P¬�ÔR¸»£­��þ ¦­¬��­µ' À¥rû��3���­µ´¬cà1¯� ©Ó3º�Ô1 ©«©«©¬��[¬­¡ × ¬�� ¸ ¬S¦­£�¶$�3¬­¡6½á¸ª¼\¦�º × �r«© m®f P¬­Ó[£�¥»��®<¸ª��«©���3Âr¶§¡6Âr®­��¹B£ ¸ ¬¦­£�¶/�[¬­¡»½t¸ª¼\¦�º × �r«©  × �ô¦�Â�¡»�r«À�r®�¸ª��«©�r�1Âr¶ª¡»Âr®­��¹ ≤ à�� þ¤ûK�c£�¶A�S�r�á¡6å1Ó3å3�3®v�3¬­¡¤£�¶ª��¨r�1 1�r�­µ ®�¼�¶ªü3« × �r«Àü3«© Hû
�SÂr�á�1�r��¦�Âr��«À�r����¥lÓ1¿â¸»¬­¡r¯Y�Y�'Þr��« ¥ª��«À¦��r¶Ê¥ª�r��¿¢¡6¥»Â���Â�¦��r«)®f ©¥ª¨>£��S¿À¡ª¦�¬q¬�¨X�rÓ3Ó1 ©�

20000Ft
þ¹¶»¬ý£�«À«©¿À¡»��¡»¡

Ó1¿â¸x«©�rÞ�¥»¼�®f®­�r�
13110Ft

þ¹¶6¬'¯
óá À¥»¨>£­�c¿¢¡%�[¬­¡»½K¬�®k¬�¨��r��µ	Â�¦��r¥�¦­£�¶$�3¬­¡6½���¶»�rÓ1�cÂ��fµ��r®� À¥rûX�S ©�3Ó1�r������µ���¥�Âô¦R¶»� ¸ ¬­¨ ¬�Ó3�­¡»¡�Âô¦R 
¦­£�¶/�[¬­¡»½<®f P¬�Ó[£­¥»��®	¹¤£ ¸ ¬­¨á¬�Ó3��¡ª¡xÂô¦'  ¦­£�¶$�[¬7¡6½ × ��¦�Â�¡6��«©��®&¹6¯�[�¼��­¡6¼��c�r«©«À�r�3º�¶» ©¨��3 ) ©¥l¡6å3Ó7¸ªå1® ûÒ�3����µ¬­¨´�rÓ1Ó3 ©�Ã�S�r�h�[¬­¡¤£­¶»��¨���¡»¡SÓ3¿Ø¸¾¡6Â��fµR«À�r���S�r��÷i��«©�r«Àº­þ¹�­ûwå3�­µK¬��3 À¥�¬�¨�¼�¥»¥ª¨r��¥��r��µYÂ�¦��r¥���¶»�rÓ1�cÂ��fµ
¼�¥»¥»¨��r��Â��3�r® ¬��K¬­¨rÓ[¬�¥»£��� U¡¤¬�¶§¡¤¬�«ÀÂr®�à1¯± ÀÓ3º�Ô ���K¡ × �r«À ,Â�¶ª¡6Â�®�Âô¦��r«l®���«©«b�S�r���r��µ��r¨r�1 ©��ûm¬­�c ,�c��¥§¡Qà1û
Â�¥�¬�¨Q¼�¥»¥ª¨r�r�c ©¥·à1û'¦�¬­��µR ©¥·¬¾Ó3¿â¸w�S�r��÷i��«©�r«Àº3¯
X[��«¢µf¡¤¬�¥ª¥»å3®�¬ �S�'Ó1�r«©« ÷i�r«ÀÂrÔ3¿¢¡6Âr¥ªÂ�¡�¬ ¦�Â���«©�����r¥·Ó3¿Ø¸X�S�r�	�3¬­¡¤£�¶ª��¨>£­¥6£h�3��¨�¯

�õ¬�¶»�c¬�Ó3 À®�«ÀÂrÔ Âr¥ × �r�Y�S�r�	�[¬7¡¤£�¶ª��¨r¨�å3®Ã¬ ®7£�¶ª®R d�[¨r�ô¡6Â�¥»�r®
99.5%

þ¹��¥ ®K¦­¬��K¡6 À«© À¥»Â�¡f���S ©�3Ó1�r�
i¥ª¨r��¶»¨rºRÓ3Â�¥�®f l�[¨���¡6Â�¥»�� À¡�¬ ÷i�ø¸ª��¨r��¡��r«©�¹¸ªÂr�F�c���K¬�Ó3��¡ª¡

Xi

¦­¬�«©½�¥ª¨r¿À�RÁ1¥»Âr�� ·¦­£�«¢¡6��¨�½��S�RÓ3�r«À«©�r¨�  ¯ Ò
¦­¬�«À½�¥»¨�¿©�fÁ3¥ªÂr�� l¦�£­«À¡6��¨r½��3®

11
Â�¶ª¡»Âr®��ô¡¾¦��f�1��¡¾÷i�r«w¬ �c���K¬�Ó3��¡ª¡:¦­¬�«À½�¥»¨�¿©�fÁ3¥»Â����r®f®­�r« ¯Ã³� ©�1Ó3�r�kÂ�¦

��«©�¹¸ªÂr�h¬Ã¥»¨��r¶ª¨rºRÓ3Âr¥ª¥»¨>£­�c�[¬­®��c����÷i�r«À�r«Àº�Ó[¬­¶6¬ × ¥ª¨>£��:æ  ©«Àµ��r�	¡»¿©Ô3å1¥»æ�¦­¬�«©½�¥»¨r¿À�fÁ3¥»Â��� õ¦­£�«¢¡6��¨�½��3®
¦­¬��D¯ Ò ¶»¶»¬�¦­¬��­µ'å1�3® ®f¿À¦­£��3Þ�¥» ©¬�®´�S ©�3Ó1�r� Â�¦R¶»�­û:�1����µ ¬�¨¾¼�¥ª¥»¨��r¥°¥»¨r��¶»¨�º'Ó3Â�¥»¶ª���3Â�¨�¦��S�S�r®f®���¶»¬

,Ss�LS?[CRI/3�I/L4L4w`F�E*F�2/P<M�Q`QR5KI/F�Q�I/C�OHE�L/iREHP<W�O�5�?BE�A=?XE�J�24F�C`E�F	1

Ù'Ä



¬­¨±¬­¨á¼�¥»¥ª¨r�r�1û �S�r«¢µR�3Âr«��3¬���µ�� ×3× ¼�¥ª¥»¨�®R d�[¨r�ô¡6Â�¥�¦­¬�«À½�¥»¨�¿©�fÁ3¥»Â����Q«©����÷i�r«Ø¸ª� ×3× �
0.5%

û1¦­¬��­µ' À¥

Y99.5% = max {Y ¥ � ¦�_�� � ��� |P (Y ≥ Y ¥ � ¦�_�� � ��� ) ≤ 0.5%} ,

¬��3��«
Y

¬­¨c����Âr¥ª¨�£�«À«©���c£��KµR¶6¬�¦����3¬­¡6®­��¨r½ ®7£�¶ª®f l�[¨���¡6Â�¥<¬�Ó1��¡»¡°Â�¦R¶ª��¯�ù,�H�[£­¡:�c À�3Ó3�r� Â�¦R¶ª��¬��'þ
�KµR Êå3��µ�¬��3��«¢µK¬��

Xi

¦­£�«¢¡6��¨�½�®����K¦���«©å3Þ� ©½7¸»£7¡á®���«©«b�S�r�	�3¬­¡¤£�¶ª��¨r�få3�1® û%Â�¥á�r¨��r® ¬�«©¬�ÔR¸»£�� ¬�®f¦­¬��Rþ
¡» ©«À ©¥ª¡c®f ©¥ª¨>£��S��«©�få3�1® ûõ¬��S�r�3�KµR ý¥ª¨r�r¶ª¨rºRÓ3Âr¥ªü3�3®hÂ�¦	�r«À�ø¸ªÂr�h�SÂr��Â�«©��¡ × ��� ¦�¬­��¯ Ò ®­���K¦���«Àå3Þr À½
¥ª¨>£��S¿À¡6£�¥6£��3��¨X�r�­µ<���'Þ��r«)��¬­®R¶ª½�¡T¿©¶ª��®)ûKÂr¥T�r¨·¥ª¨>£��S¿À¡i¸»¬q®f [�c À�3Ó¾¬:Ù­àýÂ�¦R¶»�õ¬á®R d�[¨r�ô¡6Â�¥»�r®

99.5%
þ

��¥�®K¦­¬��K¡6 À«© À¥»�r ¢¡>¯Y�T¨��r®­��¡á¬­¨áÂr¶ª¡»Âr®­�r®��ô¡á¬)� Ù'¯ÐÕ��t¡6£ × «P£­¨>¬­¡x¡6¬�¶ª¡6¬�«©�c¬�¨�¨>¬1¯

~õ«À¡6¬�«P£��1��¥»¥»£�� × ¬���¬c¡»º�®���¥»¨rü1®R¥ªÂr��«À��¡á÷i�¹¸ª�r¨r U®f b¬��1�[¬�®�¬cÔ Âr�3¨��c���3�KµR ©¥»Â����3��® ¬�¨±Âr¶ª¡»Âr®­Â�¡>û�¬��c��«¢þ
«¢µ���«m¬ ×  À¨�¡»��¥»¿¢¡6½��[¬­®�¶»���3Ó3��«©®���¨r�3 À�±®­�r«À«,¬ Ó3¿Ø¸ × �ô¦�Âô¡6�r«À�r®­�r� Â�¥õ®7¬��c¬­¡6��®�����÷i�r«Àü3« ûÒ�3����µ�®f ©¬�Ó[£�¥»¬� À¡
÷i��Ó3�r¨��3 %¡6å3Ó\¸»¬1¯l³��RÓ3�r«À«©ü3�3® × �r��®�Âô¡»÷iÂr«À�á¡6º�®­�r¥»¨�ü3®f¥»Â���«©�ô¡6��¡q¥»¨r£��c��«©å3�3®��
§ Ë�Ð�Ù&Ë`ÅfÈ�ÇhÓ©¿SÀ�Ê&Á�Å$ÐfÌ&Ê�Å�ÔBÇhÍ�Á�¿�¨S®f ©¥ª¨>£��S¿À¡i¸ªå3®)û
�3����µ �S�r®f®­��¶6¬�¬�¨S¬�¡6º�®­�r�[¬­��µR¥6£��3û,¬��S À¡ý¬�¨S¬ ×  ©¨ôþ
¡»��¥»¿¢¡6½��3¬�®��S ©�3Ó3�����r��µ��r¥qÂô¦ × ��� �3��¨�¨>£S®��r«À«�¡6���3�3 ©�±¬¾�c����«©Âô¦�º ¡6º�®­Âø¸ªÂH�3�r¨­û��3���­µ�¬S®f d�[¨r�ô¡6Âr¥ª�r ¢¡
�S ©�1Ó3�r��Â�¦ × �r��û ¬ «©����¶»��¥»¥»¨r¬ ×3× ¬­®­¬7¡X÷i�r«À¡»Â�¡»�r«©��¨�¦��° À¥X¡6�r«Ø¸ª�r¥ª¿À¡6���3 D¡»å3Ó7¸»¬1¯l³� À�3Ó3����Âô¦'¶ª�°¬Ò�
Ç&Ë�Ð�Ù&Ë`ÅfÈ�ÇhÓY¿>À�Ê&Á�Å$ÐfÌ�Ê�Å�ÔBÇhÍ�Á�¿

=
×bË!© {0,
Y99.5% +

Ê&Î`Íá¿_Å�ÔBÇ�Á�Ê�Ë�ÐbÁBÇ�Ô�Å$ÐvÈhÍ_Í�É`×bÈhÃ Ä`Â/Ë − Ùhø ½HÏ�Á�ÚhÔ�¿SÁ�Í�Á�Ê } .
ªgÎ`Â�ÚhÔ�Ã Ä`Ó¦¿SÀ�Ê&Á�Å$ÐfÌ&Ê�Å�ÔBÇhÍ�Á�¿F��¥»�ô¡6Âr�ö�r�­µ �r�­µ'¥ª¨r��¶»Á3¥ª¿À¡6Â�¥»¥ª�r« Âr«Àü3�3® ¬�¦­¬�«À½�¥6£­� × ¬�� ¥ª¨>£��S��«¢¡%�3��¨
®­ÂrÔ �r¥§¡��l«©�r�­µ��r��¬�¨Q�r«À¥»º¾Â�¦ × �r�´à1û[¬ ��£­¥»�RÓ3 ©®cÂ�¦f¡6º�«%®­�r¨�Ó1¦��±Ô.��Ó3 ©���

¿>Î`Â�ÚhÔ�Ã Ä�Ó ¿>À�Ê&Á�Å$ÐfÌ�Ê�Å�ÔBÇhÍ�Á�¿
=

×bË!© {0.18× Á�Í�ÀfÐ`À�Ô�Ú�Ó Ùhø ½HÏ�Á�ÚhÔ�¿SÁ�Í
,

0.28× Á�Í�ÀfÐ`À�Ô�ÚhÁ�Ê�Èh¿=ÍdË�Ç�É�Å#ÊhÈhÂ%«�Á�Í�ÖÒË`Å$ÐfÃ¡ÈhÍdÈ`ÅfË } .
Òh×  À¨�¡»��¥»¿¢¡6½°¬Q¦­£�¶/�[¬­¡»½°®f d�[¨r�ô¡6Âr¥ª�r À�c¡6æ1«[�r��µ¾æ3�D¯©Ê&É�¬�ÊhÈ�Ð�Ëh¿<Ó
¿>ÎhÏ�ÏfÍ�Á�¿ø��¡t ©¥Ê¥ª¨>£��S¿À¡rûf¬�¶»¶»¬±¬�¨·��¥»��¡»¶»�­û
�3¬c�SÂr��¥ª�r� «©���3�3�°�r«À�r�����3Ó3ºc¬c®f l�[¨���¡»Âr¥»��®f¶»�<�S�r��®­ÂrÔ3¨���¡ª¡õ¡»º�®��­¯{�T�1�3�r®��SÂr¶ª¡»Âr®­�<¬�¨Q�r«Àº�¨rºS®�Âô¡
¡»º�®���¥»¨�ü3®f¥»Âr��«©��¡q��¬R�1 À�<å3�c£��[¬�®

2.5%
þ¹¬1¯

Ò ®­�'Þ¤®7£�¨r¬­¡6 �¡»¼ ×3× «À��¡6��® × º�«D®R À¥»¨r£��c¿¢¡%�[¬7¡6½¾¬ØÊ&É�¬�ÊhÈ�Ð�Ëh¿<ÓY¿XËhÂ�¿BËhÍ�Ô�Ê��[¬��­µ'¥»£��K¬Ò�Ê�S ©�1Ó3�r��Â�¦��r«©�¹¸ªÂr¶ª�
�$¢G5K3HI4J	i�5|P=L/FfABIS?B5KL$W�JK?<£RF{E©F�5�­�L4IS?B2/P=?�p�T�i�I/JKJ�I4L/M©3�E�J�ZHP<L4U�C!)`P<24O�5�3�W�JK?<T�L/Z�CRF�E�?/}�I4p�5|E�?=?
E�L

Y ®(¯ °!±�²%³�´�µ -4PBE�F�I4OH2/P<L24A<?<24FHI4FHIS? 3�I/rRIS?�/�I/Jl}ÒI4L/24A<?�CRI4pþQR5�LS?<TfP4}+rRT�OHDNI4OHD�I/CRJKMfP=2/O�?BI4J kxI/P<wRJ�}�E�p�5KFHT�A E
99.5%

^(THPYF�3�E�Cf?<5�JK5|P=?�F�I4ABI/PBP<wRF	}
I4L42/A=?
I/CRO�I$i%kxwRF�p�I/O`}�rRTHO�D

≤ 0.5%
J�I4O�DHI4C#E*3%E�JKZfP=L/UKC!)`P<24O�1

Ù�Ù



"b¦ öý¥ª¥»¨r®7£�¶ª®f l�[¨���¡6Â�¥»��®
99.5%

þ¹��¥X®K¦­¬��K¡6 À«© ©¥ª�
Ä�¯ÐÂ�¦ ��Ù�×ªÓ_Í_ÍáÓBÛI��¿
Ù'¯ÐÂ�¦ ç­ß¨×ªÓ_Í_ÍáÓBÛI��¿
ß1¯ÐÂ�¦ ßh�¨×ªÓ_Í_ÍáÓBÛI��¿
Õ3¯ÐÂ�¦ ß�Ù�×ªÓ_Í_ÍáÓBÛI��¿
ç'¯ÐÂ�¦ Ù�²�×ªÓ_Í_ÍáÓBÛI��¿
�1¯ÐÂ�¦ Ù7Õþ×ªÓ_Í_ÍáÓBÛI��¿
²'¯ÐÂ�¦ Ù�Ù�×ªÓ_Í_ÍáÓBÛI��¿
Ö1¯ÐÂ�¦ Ù­à¨×ªÓ_Í_ÍáÓBÛI��¿
�1¯ÐÂ�¦ ÄL²�×ªÓ_Í_ÍáÓBÛI��¿
ÄLà'¯ Âô¦ ÄLç�×ªÓ_Í_ÍáÓBÛI��¿
Ä�Ä�¯ Âô¦ Ä>ß¨×ªÓ_Í_ÍáÓBÛI��¿
Ä\ÙR¯ Âô¦ Ä�Ä ×ªÓ_Í_ÍáÓBÛI��¿
ÄLß'¯ Âô¦ Ä>à¨×ªÓ_Í_ÍáÓBÛI��¿
Ä>Õ1¯ Âô¦ � ×ªÓ_Í_ÍáÓBÛI��¿
Ä\çR¯ Âô¦ � ×ªÓ_Í_ÍáÓBÛI��¿
Ä��'¯ Âô¦ Ö ×ªÓ_Í_ÍáÓBÛI��¿
Ä\²R¯ Âô¦ ²Þ×ªÓ_Í_ÍáÓBÛI��¿
ÄLÖ'¯ Âô¦ � ×ªÓ_Í_ÍáÓBÛI��¿
Ä��'¯ Âô¦ çÞ×ªÓ_Í_ÍáÓBÛI��¿
Ù�à'¯ Âô¦ Õ�×ªÓ_Í_ÍáÓBÛI��¿

Ù'¯ÐÕ3¯1¡6£ × «P£­¨>¬­¡r¯�÷ Ô�ÚhÁ�ÅvÎ�Å�Å$Ð�ÊhÈhÂ%Ê`Ó �:Ð`Á�¿>Ô�Å�Á�Ê
99.5%

Õ$É�Å#Ê`Ú`ËhÃ ¿<Ó_ÍáÓ�Å�Á�Ó

¬ª�[£7¡6¶6¬­«©��¦�º¾Â�¦���®�®��RÞ¤®­£­¨>¬­¡» �¡6¼ ×3× «©��¡»�r '¸ª��«©�r�1Âr¶ª¡»Âr®­�r ©�1�r®�¼�¥ª¥»¨r������¯
Ò Ç&Ë�Ð�Ù&Ë`ÅfÈ�ÇhÓ�Á�Â�Á$Ùh×ØÔ�Ã Ä�¨ ¸ Ó3¿â¸ × ��¦�Â�¡»�r«©��®	¹qþ ¸ ®f ©¬�Ó[£�¥ª��®	¹qþ ¸ ®­�'Þ¤®7£�¨r¬­¡6 �¡»¼ ×3× «À��¡4¹¤¯Ò ¨�Î�Å�Å$Ð`Á�Å�ø_¿SÁ�¿=¿�Á�Â�Á$Ùh×ØÔ�Ã Äî�S ©�3Ó1�r� Âô¦'¶ª�h� ¬��[£­¡6¶»¬�«©�ô¦�º Âô¦��r®ÿ�K¬�¨rÓ3¬�¥6£��� ´�r¶ª�rÓ3�SÂr�Kµ��r c¸ª�ôþ
«À�r�3Â�¶ª¡»Âr®��� ©�3��®�¼�¥»¥ª¨r������¯
�Ê«ÀÂr¶»®­�r¨ô¡6ü3�3®Y¬h�Ò�3��¨�¬ Ô ���K¡%�3��¨�ûx¬��3��«·¬ ¦�Âr��«©�r���r¥ ×  ©¨ô¡6��¥ª¿À¡¤£­¥» XÓ3¿Ø¸»¬­¡¾�c��� ¡6å3Ó7¸ªå1®��[¬­¡¤£­¶»��¨��3 B�
¬­¨<¼�¥»¥ª¨r��¥»¿À¡»��¡ª¡á�r¶ª�rÓ3�SÂr�KµR�3�r® ¬�à1¯ý ÀÓ3º�Ô3 À«©«P¬­�[¬­¡ × ¬����Rå1«©«P£­�[¬�®�®���«©«,«©�r�1�3 ©�­¯G�Ê¨<�c��¥ª¡ý�SÂr���3�r�

Ù�ß



¡»�r«Ø¸ª�r¥»ü1« û3����µ���«©º�¶ª�°�SÂr�¾�3���K¬­¡»¿À¦ ¯��Y�1Þ��r«m¥»��«À¦���¶·¥»�r��¿À¡6¥ªÂr��Âô¦���«m¦R À¥»¨r���f¡�®­¼��3�Kµ���� �få3«©«©£L¦­£:¡»�f�3�ô¡6º3¯
ô¹�­µ�¬ ×  ©¨ô¡6��¥ª¿À¡¤£­¥x¦�Âr��¥»ºSÓ3¿â¸»¬Ò� �KÑÃÅ Å·¶¢¸ � �
Ò �HÙ'¯ÀÄ��x£ × ¶6¬<¡6¬�¶ª¡6¬�«©�c¬�¨r¨r¬:�r¨��r��Ó3¿â¸x�c��«©«À��¡»¡x¬�¨Q�rÓ3Ó1 ©�¾®f ©¥»¨r£��S��«À¡6¬�®7¬­¡>¯

e ¹ ë�ð*ì[å�îKU�ì9í'îºf»U¼C7ò

m£­¡$�[¬­¡i¸ªå3®)û��3���­µ�¬ ×  ©¨�¡»��¥»¿¢¡¤£�¥ª  Ó3¿â¸��S�r�	�[¬7¡¤£�¶ª��¨>£�¥»¬ ¸ ¦' À¥»¥ª¨>¬­÷i��«©Â�¹ ¡6¼�¶§¡6Âr�1 ©®)¯ óá��¨rÓ3�ô¡ × �r�
�S�r��¬�Ó3å3�3®�����µ ¸ ¡»��¡6¥ª¨rº�«À�r����¥4¹ ×  ©¨�¡»��¥»¿¢¡¤£�¥ª XÓ3¿â¸»¬7¡>ûx¬­�c ¢¦��r«x÷i��«©Â�Ô3¿À¡i¸ªü3®Ã�S�'Ó3��«©«Àü3�3®��ô¡>ût��¬\¸ªÓY®�Âô¡
«ÀÂrÔ Âr¥ × �������'Þ��r«)¥»��«¢¦���¶t¥ª�r��¿¢¡6¥»Â���Â�¦��r« �c���	�[¬­¡6£�¶»��¨r¨rå1® ¬�¨·��Ô1¡» ©�c£�«© À¥rû\÷i�r«À¡»Â�¡»�r«©��®��ô¡t¡»�r«â¸ª��¥»¿¢¡6ºQÓ3¿â¸»¬7¡>¯
Ò ®­Â�¡·¡6��«â¸ª�r¥ª¿À¡»�r�3Ó3º ÷i��«À¡6Âô¡6��«B�
þ Ò à1¯î ©Ó3º�Ô3 ©«À«P¬��[¬7¡ × ¬�� ¸ ¬Ã¦­£�¶$�3¬­¡6½´¸ª¼L¦�º × �r«À ý®f P¬�Ó3£�¥»��® ¸ª�r«©���3Âr¶§¡6Â�®���¹½£ ¸ ¬�¦­£�¶/�[¬­¡»½ ¸ª¼L¦�º × ��«© 
× ��¦�Â�¡»�r«©��®±¸ª�r«À�r�3Â�¶ª¡6Â�®���¹ ≤ à1û3Â�¥
þ Ò ¨Q¼�¥ª¥»¨r��¥»¿¢¡6��¡ª¡��r¶»��Ó3�SÂr�Kµ�¬¾à1¯T ©Ó3º�Ô1 ©«©«©¬��[¬­¡ × ¬�� ≥ à1¯
�Ê¨��r®�¬�«©¬�ÔR¸»£����r�­µ��ø¸§¡»º'��¶»�Kµ�º�¨�Âr¥ª¶»�Q¦����[¬7¡6®���¨r½����R¡6¶»Â�� ¥»Ô ��¶ª¡ ×  ©¨�¡»��¥»¿¢¡¤£�¥XÓ1¿â¸»¬

14225Ft.

³���¥ª¡b����µ°��£­¥»�RÓ3 ©®)û7¶»Âr¥ª¨ × �r�ª�[¬­¥»���3«À½q�S½'Ó1���± À¥,�S�r�h�[¬­¡¤£­¶»��¨�¨rå3®°¬ ×  ©¨�¡»��¥»¿¢¡¤£�¥mÓ3¿Ø¸»£­¡>¯:�ÊÓ3Ó3 À�
å1��µK¬��1 ©¥á�SÂr���3�r�ý�[¬�¥»¨��[£�«¢¡6å3®�®R Hû
�3����µ �[¬�«©£�«©��¨r£�¥»  þxÂ�¥Q¥»Âr¶ªü3«©Â�¥á¦�¬­«©½�¥ª¨r¿©�fÁ3¥ªÂr���� ©�3®­��¡Q�K¬­�c�c¬7þ
��«©��¥ª¨r«©£�¥»æ<¦­¬�«À½�¥»¨�¿©�fÁ3¥»Â��� f¦�£­«À¡6��¨r½�®Q¦­£�¶$�[¬7¡6½ýÂ�¶ª¡6Â�®���  × º�«'¡»¶6¬��3¥ª¨�÷i��¶ª��£­«À¡6å1® ¯:�Ê¨�¡ �[�­µ��r«À�r� × �w¦�Â�¦��­û
����µ�ç�à ��¨r¶»��¥õ¥ª¨r À�<å3«P£­Þr ©½L¦­¬�«¾�[¬­¡¤£­¶»��¨�¨rå3®��S�r�S¬ ×  À¨�¡6��¥»¿À¡6£�¥xÓ3¿Ø¸»£­¡>¯
�Ê�S«©Â�®��r¨ô¡6�ô¡6º�ü3«<�

θi
þ ¦���«b¸ª��«©¼�«¢¡6ü3®Ã¬â�[¬�«©£�«©��¨>£�¥ª w¦­¬�«©½�¥ª¨r¿À�RÁ1¥»Âr���r®��ô¡���«©ºK£�«À«©¿¢¡6½´¦­¬�«À½�¥»¨�¿©�fÁ3¥»Â��� X¦­£�«¢þ

¡»��¨r½�®­¬7¡>ûAÂ�¥
ξi
þ ¦��r«t¬´¥»Â�¶»ü3«ÀÂr¥» l¦­¬�«©½�¥ª¨r¿À�RÁ1¥»Âr����¡<��«©ºK£­«©«©¿¢¡6½3û%��¬��c�c¬7þ �r«©��¥»¨r«©£�¥»æ ¦­¬�«À½�¥»¨�¿©�fÁ3¥ªÂr�� T¦­£�«¢þ

¡»��¨r½�®­¬7¡>¯
�R¨r ©�:å3«P£�Þ� ©½��1®c«ÀÂrÔ Âr¥»�� B�Ê�S ©�3Ó1�r���r�­µ��r¥õ¥»¨� ©�<å3«©£�Þr À½ × ¬��

Ä�¯ ¸ ®f ©¥ª��¶»¥ª��«©å3�1®&¹ θi Âr¥ ξi þ¹®��ô¡>û
Ù'¯·�r¨r��® × º�«D�r«©º�£�«©«À¿À¡0¸ªå1® ¬:�3��®R À®��S�r��÷i��«©��«©º��3¬�«P£�«)Â�¥X¥»Âr¶ªü3«©Â�¥x¦­¬�«©½�¥ª¨r¿À�RÁ1¥»Âr���r®��ô¡�¬:�c£�¶w À¥»�S�r¶ª¡

¡6¶6¬­�3¥»¨ô÷i��¶»�c£�Þr À½L¦�¬­« û
ß1¯·��¬\¸ªÓ±�r¨��r®��ô¡~�[¬�¥»¨��[£�«¢¦�¬ ¸ ®f ©¥ª��¶»¥ª��«©å1�3®	¹l®����3®f¶ªÂ�¡��[¬�«©£�«KÂr¥A¥»Âr¶ªü3«©Â�¥»¥ª¨>£��S��®7¬­¡b�S ©�1Ó3�r�<����µ���¥Â�¦R¶»�­û.¬­�c À® × º�«D¬�¨Q¬�Ó3��¡ª¡·Â�¦R m®7£�¶»®f l�3¨r��¡»Âr¥ª�r®��ô¡q�S�r� ¡»å3Ó7¸ªå3®u�[¬7¡¤£�¶ª��¨r�3 H¯

Ù­Õ



�Ê¨ô¡õ��«À¦�Âr����¨r¨rü1®´ç­à¾��¨r��¶»¥»¨��r¶�¯
"qÂr��ü1« ¬�¨kç�àF�r¨r��¶ �r¶ª�rÓ3�SÂr�Kµf¡ Â�¦��r�3®­Âr�K¡�¥ª��¶ × ¬�¶»���3Ó3�r¨ô¦��Y�c���	�[¬­¡6£�¶»��¨r¨rå1®^¬�®7£�¶ª®R d�[¨r�ô¡6Â�¥»�r®
Âô¦����3®�Â��f¡» 

99.5%
þ¹��¥±®K¦­¬��K¡6 À«© ©¥ªÂ�¡Qþ��HÙ'¯ çh�á¡6£ × «P£­¨>¬­¡§þ¤ûA�S�r«¢µ��ô¡ × �r¿©¶§¦­¬´¬�¨���«©º�¨�º´�S�'Ó1�r«©«T®K¦­¬��K¡6 À«© ¢þ

¥ª�r À�3�r®��3��«Àµ�Â × �­û1Â�¥x¬Q¼�¥»¥ª¨r�r¥ª¿À¡»��¡»¡x�r¶»��Ó3�SÂr�Kµf¡x«©���K¬�«©£ ×3× à7þ¹¶»¬±£­«©«©¿¢¡»¦­¬��0���'Þr�r« ¥»��«À¦���¶w¥ª�r��¿¢¡6¥»Â���Â�¦��r«(�
�S�r��®­¬­ÔR¸ªå3®)û¾�1����µ�¬ ×  À¨�¡»��¥»¿¢¡¤£�¥�Ó3¿â¸»¬ �KÑu�'Å3Ñ6¸ � � �Ê¨r��� Ó3¿â¸X�c��«©«À��¡»¡õ¬�¨°�r¶ª�rÓ3�SÂr�Kµ��r®��ô¡±¬�� ÙR¯ Ù	�
£ × ¶6¬<¡¤¬­¶ª¡¤¬­«©�c¬�¨r¨r¬1¯

"b¦ öý¥ª¥»¨r®7£�¶ª®f l�[¨���¡6Â�¥»��®
99.5%

þ¹��¥X®K¦­¬��K¡6 À«© ©¥ª�
Ä�¯ÐÂ�¦ ²­Ö¨×ªÓ_Í_ÍáÓBÛI��¿
Ù'¯ÐÂ�¦ ç��¨×ªÓ_Í_ÍáÓBÛI��¿
ß1¯ÐÂ�¦ ÕKç�×ªÓ_Í_ÍáÓBÛI��¿
Õ3¯ÐÂ�¦ ß�ß¨×ªÓ_Í_ÍáÓBÛI��¿
ç'¯ÐÂ�¦ Ù�²�×ªÓ_Í_ÍáÓBÛI��¿
�1¯ÐÂ�¦ ÙRÄ ×ªÓ_Í_ÍáÓBÛI��¿
²'¯ÐÂ�¦ ÄLç�×ªÓ_Í_ÍáÓBÛI��¿
Ö1¯ÐÂ�¦ ÄLÙ�×ªÓ_Í_ÍáÓBÛI��¿
�1¯ÐÂ�¦ � ×ªÓ_Í_ÍáÓBÛI��¿
ÄLà'¯ Âô¦ � ×ªÓ_Í_ÍáÓBÛI��¿
Ä�Ä�¯ Âô¦ � ×ªÓ_Í_ÍáÓBÛI��¿
Ä\ÙR¯ Âô¦ ß ×ªÓ_Í_ÍáÓBÛI��¿
ÄLß'¯ Âô¦ ß ×ªÓ_Í_ÍáÓBÛI��¿
Ä>Õ1¯ Âô¦ ß ×ªÓ_Í_ÍáÓBÛI��¿
Ä\çR¯ Âô¦ ß ×ªÓ_Í_ÍáÓBÛI��¿
Ä��'¯ Âô¦ à ×ªÓ_Í_ÍáÓBÛI��¿
Ä\²R¯ Âô¦ à ×ªÓ_Í_ÍáÓBÛI��¿
ÄLÖ'¯ Âô¦ à ×ªÓ_Í_ÍáÓBÛI��¿
Ä��'¯ Âô¦ à ×ªÓ_Í_ÍáÓBÛI��¿
Ù�à'¯ Âô¦ à ×ªÓ_Í_ÍáÓBÛI��¿

Ù'¯ ç'¯1¡6£ × «P£­¨>¬­¡r¯�÷ Ô�ÚhÁ�ÅvÎ�Å�Å$Ð�ÊhÈhÂ%Ê`Ó �:Ð`Á�¿>Ô�Å�Á�Ê
99.5%

Õ$É�Å#Ê`Ú`ËhÃ ¿<Ó_ÍáÓ�Å�Á�Ó

Ù�ç



ÙR¯ÀÄ�¯3£ × ¶6¬'¯�9�5�¾#¾<�¿��¿<Õ$É�Å'Ùhø ½G×ØÁ�Í_Í�Á�¿<¿*Ë�Ð�Á�Â%Á$Ùh×ØÔ�Ã Ä

Ùh�



ÙR¯ Ù'¯3£ × ¶6¬'¯�9�5:9�¾�50��¿<Õ$É�Å'Ùhø ½G×ØÁ�Í_Í�Á�¿<¿*Ë�Ð�Á�Â%Á$Ùh×ØÔ�Ã Ä

Ù�²



À ±³² � ~��F�k�k�

Á �%�ÃÂk� ���%���ÅÄ !������Y!�


� ×3× �r��¬ ÷i�ø¸ª��¨r�ô¡ × �r� �r�­µF��«ÀµK¬­�	�S½'Ó3¥ª¨r��¶ª¡c¥»¨r��¶»�ô¡6�3Â�® × �r�<å1¡6¬­¡6�1  ûw�S�r«¢µ��3���cÞ�¥6¬�®Y�c���K¬�Ó7¸»¬
����µ ×  ©¨ô¡6��¥ª¿À¡6£�¥» b¡»�r¶»�SÂr® £­¶6£­¡rû,Ó3�S®�¼�¨ × �r���c¬`�' ©�c¬�«© À¨>£�«Ø¸»¬c¬ ×  ©¨ô¡6��¥ª¿À¡6½®�[¬­¥»¨r�1��¥»¥»£��K£­¡r¯½ht�r�<å'þ
¡6¬­¡0¸ªå1®�¬�¡6º�®��rÔ1 P¬�Þ� ý�c�RÓ3��«©«À¡rûX�r¨ô¡®�[¬�¥»���3«©¿¢¡0¸ªå3®Y¼�¥»¥ª¨r� ¬ ×  À¨�¡6��¥»¿À¡6£�¥» õÔ3 P¬­Þr q�S�RÓ3�r«À«©�r«H¯��Ê�3�3�r®
¥ª��¶6£­�	«P£7¡%�[¬­¡i¸ªå3®Ã�c¬\¸ªÓ�û©�3����µ��S¿©� ¬ ¡6º�®­�rÔ3 ©¬�Þr ·�S�'Ó1�r«©«t¡6�r«Ø¸ª�r¥�ûxå3��µ�¬��3�r¨��3�r� �S���3ÓÒ�[¬­¡6½ �r«
¬ ×  ©¨ô¡6��¥ª¿À¡6£�¥» mÔ3 ©¬�Þr¶ª½�« û[å3�­µK¬��3 À¥ý¬ ×  ©¨ô¡6��¥ª¿À¡¤£­¥ × ¬����r«Àº�÷i��¶ªÓ3å3«©½S®7£�¶»��¥»���cÂ��fµ��r®��3�r� ÷i�r«À�r«¢¡6��¡$�3��¡»º�®
�S�r�:¥»�r�S�S ©«Àµ��r����«ÀµK¬­���r¥ª¨r®�¼�¨r�3��® û)�S�r«¢µ��r®f®­�r«%¬±¡»º�®���Ô3 P¬­Þr����®­�r¶»��¥»®­�rÓ��3�ô¡6ü3�1® ¯ Ò ¡6��«â¸ª�r¥ª¥»Â��  À¡»¡
¡»å3«P¬L¸ªÓ3���3®­ÂrÔ3Ô �r��¬ ¸ ®R À¥»¨r£��c¿¢¡%�[¬7¡¤¬�«©¬��3¥6£­�3û ×  ©¨r���fµf¡6¬�«P¬��1¥6£���¹��3 P£­�fµ�£­¡�¸ª�r«À�r�K¡6 H¯Ê³�¿À�°����µ¾®�¼­¡»¦�Â��Kµ
Â�«©�ô¡6� ¸ ��«©º�¶ª�ý�c���	�[¬­¡6£�¶»��¨r��¡ª¡/¹¤û'�r��µ ×  ©¨ô¡6��¥ª¿À¡¤£­¥»�[¬�®c�3�r� ¡6å3Ó��3¬­¡0¸ªå3®�¬ý¸ª¼L¦�º × ��«© �®f ©�S�r�1��¡6��«©Âô¡>¯
Ò�× �r�<å'¡¤¬­¡6£�¥»�[£­«%¬®�¢Ä\çR�mÞr ©®f®­��¡�®�¼L¦��ô¡»¡»�r��¯

e ìFE�ó�é¤g�ëHò@Æ*ëõç åÇf®é!ñ�ñ
[·¼���¨�¿À¡»¥»ü3® ¬­¨

(Ω,B, P )
¦­¬�«©½�¥»¨r¿À�fÁ3¥»Â��� [�c��¨rº�¡rû'Â�¥l¡»�r®f ©�K¡»¥»ü3®S¬ B «À�r¿À¶»½

σ
þø¬­«©��� × ¶6£>¦­¬�«[¬�¥ª¥»¨��'Þ� P£�«¢¡

F = (Ft)t=0,...,T

�[«¢¡6¶»£�Þr À½�¡>¯ �Ê®f®���¶õ¬­¨
(M,F)

¿>À�Ê&Á�È¡Ó=Ë<¬�Óg×ØÉfÙ�Á�Í_Í_�3�r¨w¸ªå1¡»å3�3®)¯
�[��¸ �R�N�L�K�.�R� � ÷�Â%Î$Ç�Ðfø_¿>Á�¿<¿

(M,F)
¿SÀ�Ê&Á�È¡Ó=Ë<¬�É`Ã�Í�Ô�¿>Á$ÐfÓ�Ê

L
Ù&ËhÂ/Ë&Ï�Ñ F Õ4Ë&Ù&ËTÈ¡¿BÈhÍá¿ÉÈ Ô�Ã�ÐfÌ	ÇhÄ`ÓYÁ�Å$Ð�Ê&ÎfÐ�Ñ

A1, ..., AL

Ñ©Ëh×ªÓ�Ê�Ê&Á�Í¾Ê&Á�Â%Á�Å�Ê&Á$ÙhÌ�ÃÒÊ�3*÷ÊÈ¡Ó=Ë<¬�É`Ã ×bÈ`ÅªÁ�Å$Ð�Ê&ÎfÐ'Ã Ó_ÃD¬�Å�3
�Ê��µ

Aj

Ô Âr�3¨�ü3��µR m�r¥ª¨r®�¼�¨�¡>û
j = 1, ...L

û[®�Âô¡�Ô.��¨� À¡»¿À¦S÷i��«Àµ�¬���¬7¡X®7¬�¶6¬�®K¡»�r¶» À¨>£�«<�
• ÈhÂ%«�É`ÍáÄ	Ëh×bËh¿��oË

j = (qj,t : t = 0, ..., T ),
Âr¥

• ½�Æ+¿BËhÍ�Ô�Ê`ÕBÊ`Ó �:Ð`Á�¿>Ô�Å�Ó0«�É`ÍáÄ	Ëh×bËh¿��oÌ
j = (Dj,t : t = 0, ..., T ).

Ù�Ö



Ò ¨ý£�¶§÷i��«Àµ�¬��c¬­¡T�c���	�[¬­¡6£�¶»��¨r¨>¬'û��1����µc¬�¨��r¥»¨�®�¼�¨Q¬­¨q¬�Ó1��¡»¡tÔ3 ©«À«P¬��3¬­¡ × ¬­�S�S�r�1�fµR ¢¡wÂ�¶rû'¬X¸ªå1¡6¬�«©Â�®Kþ
®f d�[¨r�ô¡6Âr¥ª U÷i��«ÀµK¬­��¬­¡·Ô �rÓ1 ©�S�c���K¬�Ó7¸»¬1û �1����µ�¬�¨°�r��µ��r¥õÔ3 ©«À«P¬��[¬7¡6��® × ¬����S�r�1�fµR ¢¡��[¨���¡q¬�¨°�r¥»¨�®�¼�¨­¯
$UÂr«ÀÓ[£�å3«ý����µF�r«©���c õ®�¼�¡ª¦�Â��fµh��¥»�ô¡6Âr� ¬�¸ªå1¡6¬�«©Â�®Kþ ®f l�[¨���¡6Â�¥» �÷i��«Àµ�¬���¬7¡�¬Ã«©�¹¸»£�¶6¬7¡6®���¶�¬Ã®�¼­¡»¦�Â��Kµ
�1Â�¦�Â�¶ª¡»Âr®��­û�¬<¡6¼ ×3×  %Ô3 À«©«P¬­�[¬­¡ × ¬���à1¯
�Ê��µ F Õ4Ë&Ù&ËTÈ¡¿BÈhÍá¿ÍÈ É`Â�¿Î«�Û`ÍáÓBÛvÊ&Á�Â%Á�Å�Ê&Á$Ù�Ô�Å�Ó:Å�¿=Â/Ëh¿SÔBÇhÓ=Ëc����µ

L
Ó3 ©�S�r�3¨� ©½�¥ F þø¬­Ó[¬�Ô1¡6£�«À¡

Ç
= (

Ç
1, ...,

Ç
L)

÷i��«ÀµK¬­��¬­¡rû�¬h�1��« Ç
j = (xj,0, ..., xj,T−1, 0).

Ò ¨
Aj

��¥»¨�®�¼�¨ × º�«T¬
(t, t + 1)

 À�K¡6�r¶§¦­¬�«©«Àå3� × ¬�� ×  ©¶øþ
¡»��®���«À¡°¶»Â�¥»¨�¦�Âr�Kµ���®�¥ª¨>£��c£­¡

xj,t

¸ª��«©¼�«À  ¯ Ò
T.

 ©Ó3º�Ô.���K¡ × ¬�� ��£�¶á�1�r�í÷i�r®K¡»��¡6ü1�3® × �­ûA�r¨ô¡·¸ª��«©¨�  û
�1����µ�¬�¨ Ç

j

å1¡6��«À¥»½ ®­���cÔ ���3���3¥»�
0.

Å�� Ì��#ÏRÐ,Í Û Ì(Ñ � ÷�Ð@ÒÓÈ É`Â�¿Î«�Û`ÍáÓBÛvÊ&Á�Â%Á�Å�Ê&Á$Ù�Ô�Å�Ó:Å�¿=Â$Ëh¿>ÔBÇhÓ=Ë�ÈhÍá¿BËhÍ¡Ç�Á�Ã�Á�Â/ÈhÍá¿�ÔÖÕ{½�Æ+¿BËhÍ�Ô�Ê
«�É`ÍáÄ	Ëh×bËh¿

Dx,t =
L
∑

j=1

(Dj,t + qj,t)xj,t−1 −
L
∑

j=1

qj,txj,t,
ÖÒË

t = 1, ..., T,

Ô�Å
Dx,0 = −

L
∑

j=1

qj,0xj,0,
ÖÒË

t = 0.

ùUå3«©¬\¸ªÓ3���3®­ÂrÔ3Ô �r�
Dx,t

¬ ¸ t − 1
þ × ��«©  × ��÷i��®K¡6��¡»Âr¥ª�r®h�r¶ª�rÓ3�SÂr�Kµ��

t
þ × �r��¹½£�¬ ¸ t þ × �r«© õ ©Ó3º�¥»¨>¬­®× ��÷i��®K¡6��¡»Âr¥ª�r d¹6¯

× sÍØ�u�vrn�kÉn�w

�Ê��µ F þ¹¬�Ó[¬�Ô1¡6£�«À¡�Ù = (Mt)t=0,...,T

÷i��«¢µK¬��c¬­¡6�­¡�Ù�Á¼Ú�Èh¿SÉ`Â7�[¬�®��3��¦��r¨rü1�3® ¬�¨
(M,F)

¡»º�®���Ô3 P¬\þ
Þ�����û �[¬

Mtqj,t = E [Mt+1(qj,t+1 +Dj,t+1)| Ft] ,
�§ÄR�

�S ©�1Ó3�r�
j = 1, ..., L

Âr¥
t = 0, ..., T − 1

þ ¶»��¯

� ��¸ �R�N�L�K�.�R� � ÷�Ð
(M,F)

¿>À�Ê&Á�È¡Ó=Ë<¬{¿>Á�Í ½�Á�ÅGÔ�Å�ËhÂHÏfÓ_¿<Â/È�Ð�Å�Õ>×ØÁ�Ã ¿>Á�Å�ÑgÁ�Ê�Ê&É`Â{Æ	ÇhÄhËhÃ Ó�Å#ÁBÇhÄ&Ô�Á�¿SÁ�Íá×H¡ Á�Ã
Í�Ô�¿>Á$ÐfÓ�Ê�ÁBÇhÄHÛ

= (Mt)t=0,...,T

Ù�Á¼Ú�Èh¿SÉ`Â%Ñ~×ØÁ�ÍáÄvÊ`ÓBÁ�Í�ÔBÇhø_¿<Ó Ë�Ð�ù
9�ü�Ù�Á¼��Ã ø�¬�ÓBÛ`¿�3

Ùh�



Ü ��Ýiq8Þßuot
q
pàsKt�m=u�krvá���op<âD��nop<pruo{ßzKpãn�ä.v0q8Þßuot
q
páå7no{�æo�oprâ·v0uop

ùU�r�­µ'ü1® ÷i��« û9�3����µ Ô Âr�3¨�ü3��µR t¦­£�«À«P¬�«©¬­¡6å3�1®´�r�­µ F þø¬­Ó[¬�Ô1¡6£�«À¡w¸»£�¶»¬�Ó3Â�®���¡±®7¬�Ô�¯½ç��r«À¼�«â¸ª�¾�r¨ô¡Zè =

(wt)t=0,...,T

¯�$,Â��3¨rü1��µR )¦­£�«À«P¬�«©¬­¡U¶»Âô¦�Âr�S�r¨��r�c¬ýÔ.Â��3¨r���¾�r¥»¨�®�¼�¨�¼�®��ô¡w¦­£�¥»£�¶»��«Àå3�3®)û�Â�¥Ê®��r¶ª�r¥ª®��rÓ1ü3�3®
¦��r«Àü3®�¬S¡»º�®���Ô3 P¬�Þ�����¯~"á£�«©¬�¥»¨ô¡6å3�3®�����µ Ç Ô ��¶§¡»÷i½�«À ©½<®­�r¶»��¥»®­�rÓ3Â�¥» Ê¥ª¡»¶6¬­¡»Âr�� ©£­¡>û1Âr¥õ¬ × ��÷i�r®K¡»��¡6Â�¥»��®
��¶»��Ó3�cÂ��Kµ��r ¢¡q�S ©�1Ó ¸ �r«¢÷i����µ�¬�¥»¨ô¡0¸ªå3®	¹¤¯��Ê¨ô¡õ�1��¦���¨r¨�ü3®H«�É$ÇhÄ	Ë`Å$Ðf¿BÈ`Å�ÓÉ«�É`ÍáÄ	Ëh×bËh¿=Ã¡Ë`Ê7¯

Û
=
Û
(
è
,
Ç
) =

Û
(0, 0,

è
,
Ç
) = (ct)t=0,...,T =

è
+
Ì»é

.

"l¬­��µR ©¥rû�¬ Û ÷i����µK¬�¥ª¨�¡6£�¥» �÷i��«¢µK¬��c¬­¡�¬Y¸»£�¶6¬­Ó3Âr®K÷i��«¢µK¬��c¬­¡ÃÂ�¥k¬F¸ªå1¡¤¬�«ÀÂr®�þ¹®f d�[¨r�ô¡6Âr¥ª c÷i��«¢µK¬��c¬­¡
¼�¥»¥»¨��r����®�Â��f¡�¿À¶$�[¬7¡6½ ÷i�r« ¯u³� À¦���«

xj,T = 0
ûx��¨rÂr¶§¡�¬

T
þ × ��«© x÷i���­µK¬�¥ª¨�¡¤£­¥��S�r������µ���¨r ©®k¬ ¦�Â���¥»º

¦­¬��­µ����3�3¬�« ¯
Ò Ô3 ©¬�Þr����¦­¬�«©½S®���¶»��¥»®���Ó3Âr¥ª¥»��«T¬S¦­£�«©«©¬�«P¬7¡6��®¾ÞrÂ�«â¸»¬SÔ3¶»�h�1¡0¸ªå3®��c¬`�' ©�c¬�«© À¨>£�«©£�¥6¬'¯bù,��®f ©�K¡6¥ªü3�3®��r��µ
¶ªÂr¥ª¨�¦�Â��Kµ��r¥§¡>û�«À�r��µ��r��¬�¨Qº��[¬�¥»¨��3��¥ª¥6£���÷iü1����¦�Â��Kµ��

c > 0
þ¹¶»¬ ¬S®­¼L¦���¡»®���¨rº��

U(
Û
) = E

[

T
∑

t=0

uρ,γ(t, ct)

]

= E

[

T
∑

t=0

e−ρtu(ct)

]

= E

[

t
∑

t=0

e−ρt c
1−γ
t

1− γ

]

,
� Ù	�

¬��3��«
γ > 0

¸ª��«©¼�«À �¬�¶»Âr¥ª¨�¦�Âr�Kµ���¥Ê®��RÞ¤®­£­¨>¬­¡»®��r¶ªü3«©Â�¥» '�r��µRü1¡ª¡%�[¬­¡»½7¸»£­¡ª¡>û
ρ
Ô.��Ó3 ©�õ¬X¡6ü3¶ª�r«©�S��¡»«©���3¥»Â���Â�¡r¯

Ñm� Ì��#ÏRÐ,Í Û Ì(Ñ �Bê ÁBÇhÄ&Á�Ãìë
= (wt)t=0,...,T

ÁBÇhÄyÂ�Ô�Å$ÐfÚhÔ�Ã Ä&Á�Å�½HÈhÂ$Ë&Ù�Ô�ÊhË`Ñ
c(
ë
) = í (0, 0, ë , Ò ) =

ë
+
ÔÖÕ

> 0
È Á$ÙhÓdÇªËî«�É$ÇhÄ	Ë`Å$Ðf¿BÈ`Å�Ó�«�É`ÍáÄhËh×bËh¿XË#3�¼~Ê�Ê&É`Â�ËvÂ%Ô�Å$ÐfÚhÔ�Ã Ä�Á�Å!ÖÒË`Å$ÐfÃ�É�Å�ÅfÈ�Çh×bË!©	Ó_×bËhÍáÓdÐ�È<¬�ÓBÛ�Å

È¡Â%ÉhÏfÍ�Ô�×bÈ/½HË#¨
Umax(

ë
) = maxÕ U( í (0, 0, ë , Ò )) = maxÕ U(

ë
+
ÔÖÕ

).

¶���ï �R�Ã� ���
Umax Å$ÐfÓdÇ�É`ÂTðÒËhÃ�Ã�Î`ÚhÀuÔ�Å#Ê&É`ÃÒÊhÈhÚ¿3

e ¹ ë�ð*ì[å�îKU�ì9í'î
ëág®ëHò2Æ*ë�ç åÇfué!ñHñ
Ò ¨ �rÓ3Ó3 À�� ©��®f®��r«á��«©«À�r�K¡6Âô¡ × �r�u¬�ÏfÓdÐf¿SÉ�Å�ø_¿BÈ`Å�Ó.È¡Ó=Ë<¬´�3�r� ¡»�r«Ø¸ª�r¥rûõå3��µ�¬��3 ©¥���¨r��� ¬�Ô3 P¬­Þr���h�S�r�­þ
¸ª��«©���3�3�r®Y¬ ¦�Âr«À��¡»«©�r�K¡»º�«X÷iü3����º��r¥»���cÂ��Kµ��r®)¯þ�T¨�Âr¶§¡��3��� �r«©Â��3ûX¬��S À¡¾��Ó3Ó3 À��¡6å1Ó3å3�3®)ûXå3��µ�¬��3 À¥
¬ ×  ©¨ô¡6��¥ª¿À¡6£�¥ × �r«À Ê®­£­¶»�r¥ª�r�SÂr�Kµ���®��3����«©�r¥ª¨r�3��® F þ¹¬�Ó[¬�Ô1¡6£�«À¡6¬�®)ûm�r��µ���¡6«À�r��¡»º�®���Ô3 P¬­Þr���­�3¬�¥»¨��[£�«À¡
��¥»¨�®�¼�¨�¨r�r«�¥ª�r� �S�'Ó1�r«©«À�r¨H�3��¡»º�®)¯ "l¬�«©¬��S ©�K¡>ûc¬ ×  ©¨ô¡6��¥ª¿À¡6£�¥» cÔ3 P¬�Þ�����þø¬­¨��rÓ3Ó1 ©�� À�r®����î®R¿¢¦Rü3«¢þ
����µòñ

= (Yt)t=0,...,T ≥ 0(Y0 = 0)
ÊhÈhÂ%Ê`Ó �:Ð`Á�¿>Ô�Å�Ó�«�É`ÍáÄhËh×bËh¿� À¥��S�r�>¸ª�r«©���3 ©®)ûX¦­¬�«P¬­�c À�f¡��r��µ

Π = (Πt)t=0,...,T

Ùhø ½HÈhÂ/Ëh× ¯ Ò ¨S¿©��µ ®­¬­Ô.��¡ª¡Q�c�RÓ3��«©«©ü1�3®´�c£�¶á�3��� F þø¬­Ó[¬�Ô1¡6£�«À¡rû��r¨�Âr¶ª¡ × �c®­�r«©«
ß�à



¦��r¨���¡6�fü3�1®Y����µ × ºL¦�� ×3× û B «©��¿©¶»½
σ
þø¬�«À��� × ¶6£>¦­¬�«w¬­¥»¥»¨��'Þ� P£�«¢¡ G = (Gt)t=0,...,T

�[«À¡»¶6£�Þ� ©½�¡r¯¦�Ê¨�¬
�3«À¡6¶»£�Þr À½ ��«Àµ�¬���û��1����µ�¡6¬�¶ª¡6¬�«©�c¬�¨q�S ©�1Ó3�r�� ©�'÷i��¶»�c£�Þr À½�¡w¬¾Ô Âr�1¨rü3��µR mÂr¥�¬ ×  ©¨ô¡6��¥ª¿À¡6£�¥» .Ô3 P¬�Þ�¶»½�«H¯
X[��«À¡6�H�3��¡»º3û��3����µ

Ft ⊂ Gt,
�S ©�1Ó3�r�

t = 1, ..., T − ¶»� Âr¥ F0 = G0 = {∅,Ω}.
Ò Gt σ

þ¹¬�«©��� × ¶6¬�¦�Âr����¥��S ©�1Ó3�r�
t = 0, ..., T

þ¹¶ª��¯qô¹�­µ �c����®7¬�Ô1¡»å3®�¬�¥»¨r£��<å3�1®R¶»¬F¬­«©®7¬�«©�c¬�¥
(M,G) ÏfÓdÐf¿>É�Å�ø_¿XÈ`Å�Ó6È¡Ó=Ë<¬�Óg×ØÉfÙ�Á�Í_ÍP¡>¯

� q
â6vrnopró�vruoprqÇô�ó�õ

ÒY×  À¨�¡6��¥»¿À¡»½q¬­¨�ñ ®7£�¶»®f l�3¨r��¡»Âr¥,�r«©«À�r�3Â × ���
Π
ÏfÓdÐf¿SÉ�Å�ø_¿BÈ`Å�Ó�Ùhø ½f¬­¡U¥»¨��rÓ × ��û

Π = (Πt)t=0,...,T

¯Y�T®f®­��¶
¬°�c½RÓ3��¥ª¿À¡»��¡»¡ Û

=
Û
(Π,

ñ
,
è
,
Ç
) = (ct)t=0,...,T

÷i����µK¬�¥ª¨�¡6£�¥» )÷i��«Àµ�¬��c¬­¡t¬±®�¼L¦���¡6®­�r¨�º�®�Â�Ô3Ô.��� �3Â�¨
®f <�

Û
=
è

+Π+
Ì»é − ñ

= (
è

+Π− ñ
) +

Ì»é
.

�Hß&�
Ò ¨­�0ß&�:÷i�r«À¿©¶6£­¥ × ½�«x®�¼L¦���¡6®­�r¨� ©®)û{�3����µ��3¬�¬�¨��rÓ1Ó3 ©�� x¡»º�®���Ô3 P¬­Þr ·�c�RÓ3��«©«©ü1�3®��ô¡¾¥»¨r��¶»�ô¡6�3Â��3® ×  ©¨ôþ
¡»��¥»¿¢¡¤£�¥ª 'Ô1 P¬�Þ� 1�S�'Ó3��«©«ÀÂ × ºL¦R¿À¡6���3  û�¬�®f®���¶b����µ±�c½RÓ3��¥ª¿À¡6�­¡»¡[¸»£�¶6¬�Ó1Âr®Q÷i��«Àµ�¬���¬7¡6¶6¬·¦­¬��<¥»¨�ü3®f¥»Â���ü3�3®)û
¬­�c <�

è 7−→ ˜
è

=
è

+Π− ñ
,

�iÕ��
¬��3��«%¬�¨�ñ�Â�¥õ¬

Π
÷i��«¢µK¬��c¬­¡6��® G þ �cÂ�¶$�3�ô¡6ºR�r®)û[¿©�­µ�¬ ˜

è  ©¥ G þ¹¬�Ó[¬�Ô'¡¤£�«¢¡>¯óáÂ�¶»Ó3Â�¥rû��3����µ��r¨°�r«ÀÂr�­þ �á¥»¨>£­�<å3�3®f¶6¬� 
Æ ê·ö%�r�K�fÈ­Ì � ÍÐÏ � �¾Ë,Ì0���L� �>ÍN�LÎ[� � ÍÐÏ �
Ò ¨��r��µR¥»¨��r¶ª XÓ3¿â¸»¬�¥ ×  ©¨�¡»��¥»¿¢¡¤£�¥:Ó3¿â¸»¬ �S�r��÷i��«©��«À¡6�ô¡%�3�ô¡6º ¬

Π0 = (π0, 0, ..., 0)
Ó3¿â¸»£�¶»¬��S�[¬�®)ûT¬h�3��«

π0 G0

þ¹�SÂr¶/�3��¡»º3¯:"l¬­��µR ©¥T�r��µ���¡»«©�r� × ���[¨r�ô¡6Â�¥wÂr¶ª®���¨r ©®)û1¬�¨· ©¥l¬ ×  ©¨�¡»��¥»¿¢¡¤£�¥Ê¡6¬�¶ª¡6¬���£­�[¬�®:«À�r����«©�¹¸ªÂr��¯
Ò ¨Q�r��µR¥»¨��r¶ª UÓ1¿â¸»¬�¥ ×  À¨�¡»��¥»¿¢¡¤£�¥ Û

(Π0,
ñ
,
è
,
Ç
)
÷i����µ�¬�¥»¨ô¡¤£�¥ª %÷i��«Àµ�¬���¬7¡¤¬:��®R®­��¶

c0 = w0 +Dx,0 + π0

�[¬
t = 0,

Âr¥ � çh�
ct = wt +Dx,t − Yt

�[¬
t ≥ 1.

�<�	�
� � Ì��#ÏRÐ,Í Û Ì(Ñ �Bê ÁBÇhÄ&Á�Ã÷ë ÁBÇhÄ G Õ4Ë&Ù&ËTÈ¡¿BÈhÍá¿�½HÈhÂ/Ë&Ù�Ô�Ê
�:Ð`Á�¿SÔ�Å�Ó¢«�É`ÍáÄhËh×bËh¿�3'÷ G0

Õ>×ØÔ�Â%Ö Á�¿>À
Π0

ÁBÇhÄ`Õ
Å$Ð`Á�Â�Ó�Ùhø ½�Ë�Ð:øàÊhÈhÂ%Ê`Ó �:Ð`Á�¿SÔ�Å�Ó0«�É`ÍáÄhËh×bËh¿�Á�Å�Á�¿SÔ�ÃÖÈ¡Ó=Ë<¬�Ê&É`Ã�ÐfÓ�Å$Ðf¿>Á�ÃÒÅ�Ñ9ÖÒË

Umax(
ë
+Π0 −

ø
) = Umax(

ë
).

ß1Ä



è ��ù �0�0Íi�LÎ3� � ÷
Π0

È¡Ó=Ë<¬�Ê&É`Ã�ÐfÓ�Å$Ðf¿SÁ�ÃÒÅ'ÁBÇhÄ�Å$Ð`Á�Â�Ó Ùhø ½�ÁBÇhÄ�Ô�Â�¿>Á�Íá×H¡�Á�Ã Í�Ô�¿SÁ$ÐfÓ�Ê�Ñ�Ô�ÅNË�ÐúøàÊhÈhÂ%Ê`Ó �:Ð`Á�¿>Ô�Å�Ó
«�É`ÍáÄhËh×bËh¿)Ê&É`Ã ÚhÁc©l«�ÌhÇ�ÇhÚhÔ�Ã Ä�Á�3 ª¾É`Ú`È&Ï�Ï�È`Ñ¦ÖÒËûø (1) ≤ ø (2) ×bË/½HÙhÃ�Á�× ×ªÓ_Ã¡Ù�Á�Ã Ì+¿=¿xÑ�Ë`Ê�Ê&É`Â
π0(

ø (1)) ≤ π0(
ø (2))

3

ü��rÐ � �r�K�fÈ7�R� � ÍÐÏ � �¾Ë,Ì0���L� �>ÍN�LÎ[� � ÍÐÏ �
Ò ¶»���3Ó3¥»¨��r¶ª�r¥áÓ3¿Ø¸»¬�¥ ×  ©¨�¡»��¥»¿¢¡¤£�¥��r¥ª��¡»�<�c����÷i�r«À�r«¢¡6��¡$�3��¡»º�¬

Π ����� = (0, π ����� , ..., π ����� ) Ó3¿â¸»£­¶6¬��S�[¬�®)û¬��3��«
π �(��� G0

þ¹�SÂr¶/�3��¡»º3¯
Ò ¶ª�r�3Ó3¥ª¨r��¶»�r¥õÓ3¿â¸»¬­¥X�r¥»�ô¡ × �r�´¬¾®­¼L¦���¡»®���¨rº Û

(Π0,
ñ
,
è
,
Ç
)
÷i����µ�¬�¥»¨ô¡¤£�¥ª �÷i��«Àµ�¬���¬7¡6��¡X®7¬�Ôf¸ªå3®��

c0 = w0 +Dx,0

�[¬
t = 0,

Âr¥ � ²h�
ct = wt + π ����� +Dx,t − Yt

�[¬
t ≥ 1.

�HÖ	�
Ý�� Ì��#ÏRÐ,Í Û Ì(Ñ �Bê ÁBÇhÄ&Á�ÃHëàÁBÇhÄ G Õ4Ë&Ù&ËTÈ¡¿BÈhÍá¿�½HÈhÂ/Ë&Ù�Ô�Ê
�:Ð`Á�¿>Ô�Å�Ó�«�É`ÍáÄhËh×bËh¿�3�÷ G0

Õ>×ØÔ�Â�Ö Á�¿>À
Π �(��� Â%Á�Ã¡ÙhÕÅ$Ð`Á�Â%Á�Å�Ùhø ½�Ë�Ð:øàÊhÈhÂ%Ê`Ó �:Ð`Á�¿SÔ�Å�Ó0«�É`ÍáÄhËh×bËh¿�Á�Å�Á�¿SÔ�ÃÇÈ¡Ó=Ë<¬�Ê&É`Ã�ÐfÓ�Å$Ðf¿SÁ�ÃÒÅ�Ñ:ÖÒË

Umax(
ë
+Π ����� − ø

) = Umax(
ë
).

�<�	�
ý���ù �0�0Íi�LÎ3� � ª¡ÁBÇhÄ�Ì&Ê¤«�Á�Í�ÑgÖ É$ÇhÄØË�Ð

(M,F)
¿>À�Ê&Á�È¡Ó=Ë<¬N¿>Á�Í ½�Á�Å�Ñ�Á�Ê�Ê&É`Â

π0 = π �����
T
∑

t=1

E [Mt] ,

×ªÓ_ÚhÁ�Í�¿SÁ�Í ½�Á�Å¤È¡Ó=Ë<¬vÁ�Å�Á�¿>Ô�Ã�¿=Æ�Ù/½�Æ&Ê�Ñ Ö É$ÇhÄuÁBÇhÄ�Ô�Â�¿>Á�Íá×H¡�Á�Ã�Í�Ô�¿>Á$ÐfÓ�ÊØË�Ð
Mt

3

þ q
�oÿDqL�ot
��ä�� uok

�õ¬Iñ F þø¬�Ó[¬­Ô1¡¤£�«¢¡x®7£�¶ª®R d�[¨r�ô¡6Â�¥» �÷i��«¢µK¬��c¬­¡X«À�r�3�3�­û[�r��µ��r¥»¨�®�¼�¨±£�¶»¬S¬¾®�¼L¦���¡6®­�r¨�º�®�Â�Ô3Ô ¬�Ó3½RÓ3�[¬Ò�

y0 = E

[

T
∑

t=1

MtYt

]

.
�§ÄLà&�

�Ê�S P¬­¡ª¡>û'�r��µ
Π
Ó3¿Ø¸»£�¶6¬­�  À�K¬�¨r¥»£�����¥·¬­®R®­��¶·Âr¥·Þr¥»¬�®�¬�®f®���¶rû �[¬

y0 = E

[

T
∑

t=1

MtΠt

]

.
�§Ä�ÄR�

�Ê¥ª��¡6ü1�3® × ���F¬
Π

Ó3¿Ø¸»£�¶6¬­�ò¬�¨r��� × ¬�� G þ¹¬�Ó[¬�Ô1¡6£�«À¡rûU¦­¬��­µ' À¥±�1�r�ã£�¶6¬­¨f�[¬­¡»½ ¬�÷i���K¡6 ��§ÄLà&�á®�Â�Ô3«©�ô¡
¬­«P¬�ÔR¸»£­��¯ Ò �§ÄLà&�X¥»¨��r¶ª ©�K¡6 A£�¶õ¡»å3«P¬\¸ªÓ1���3®�Â�Ô3Ô �r� ®��RÞ¤®7£�¨>¬7¡6�S�r�K¡6��¥á ©�K¬�¨�¥6£�����¥ý£�¶ª�[¬�®�¡6��®f ©�K¡%�3�ô¡6º3û

ßKÙ



¬­¨>¬�¨¾¬�Ô3 ©¬�Þ¤®����3¨r À¥»¨�¡»�r�3¥°£�¶�ûm¬��S À¡q¬�®­�'Þ¤®7£�¨r¬­¡6¥ª�r�S«©�����r¥ ×  À¨�¡»��¥»¿¢¡6½���«À¦­£�¶r¯ Ò ¨���� × ¬���û
�3¬�¬ ×  ©¨ôþ
¡»��¥»¿¢¡6½¾®��RÞ¤®7£�¨>¬7¡6®���¶»ü3«Àº

(γ > 0)
û1�r��µ����R¡6¶6¬¾Ó3¿Ø¸»¬­¡·¥»¨r£��c¿¢¡x÷i�r«m¬ ®­�'Þ¤®7£�¨r¬­¡õ£­¡»¦­£�«À«P¬�«©£�¥6£�Â�¶ª¡r¯

"l¬­��µR ©¥·¬ ®�¼L¦��ô¡6®­�r¨rº� À�K¬�¨��
���%��ù �0�HÍN�LÎ[� ��� Ó_Ã¡Ù�Á�Ã G Õ4Ë&Ù&ËTÈ¡¿BÈhÍá¿ Π Ùhø ½HÈhÂ/Ëh×ªÂ$Ë`Ñ:ÖÒË

Umax(
ë
+Π− ø

) = Umax(
ë
),

Ë`Ê�Ê&É`Â
E

[

T
∑

t=1

MtΠt

]

≥ y0 = E

[

T
∑

t=1

MtYt

]

.

Ò �øÄLà1¯��õ£�«À«©¿¢¡¤£�¥�®f ©�S���3Ó7¸»¬1û¾�3����µ�®��RÞ¤®7£�¨>¬7¡6®���¶»ü3«ÀÂr¥Q�r¥ª��¡»Âr��¬�¨ �r«¢¦�£­¶ª¡ ×  ©¨�¡»��¥»¿¢¡¤£�¥ª ,Ó1¿â¸q�[¬���µ�� ×3× û
�S ©�K¡·¬­¨Bñï®7£�¶»®f d�[¨r�ô¡6Âr¥ª %÷i��«Àµ�¬���¬7¡xÓ3 À¥»¨r®­���K¡¤£�«¢¡�Âr¶ª¡»Âr®­��¯*$,Âr«ÀÓ[£�å3«Hû[¬��§ÄLà'¯|�x£�«À«©¿¢¡¤£�¥w¬

π0 ≥ E

[

T
∑

t=1

MtYt

]

= y0

����µ����3«©º­¡6«©���3¥»Â�����¡�¬­Ó7¸»¬1¯ Ò ¨ ����µ����3«©º�¡»«©���3¥»Â��Y®­Â�¡���«ÀÓ[¬�«©¬�®�¼�¨�¡6 q®Rü1«©¼�� × ¥ªÂr�Y¬ ×  ©¨ô¡6��¥ª¿À¡»½�£�«À¡6¬�«
÷i��«©¥ª¨>£��S��«À¡w®��RÞ¤®7£�¨>¬­¡» mÓ3¿â¸�û1¬��c .÷iü3���S¬ ®��RÞ¤®­£­¨>¬­¡»®��r¶ªü3«©Â�¥q�SÂr¶§¡6Âr®­Â�¡»º�« û

γ
þ ¡6½�«H¯

Ò ®­�'Þ¤®7£�¨r¬­¡6®­�r¶»ü1«©Âr¥§¡õ¦�Âr��¡»�r«À�r�3�3��®�¡6��®R À�K¡»¦��°®7¬�ÔR¸ªå3®�¬ ®­¼\¦���¡»®��r¨�º�¡��
�)�[��� �f�>�'� �@ê ÁBÇhÄ&Á�Ã

Y
sup
T+1 = 0

Ñ!Ô�ÅNÓ_Ã¡ÙhÆ�Ê`¿=ø_Ú`ËhÃ�×ªÓ_Ã¡Ù�Á�Ã
t ≤ T

Ô�Â�¿SÔ�Ê`Â%Á

Y
sup
t = esssup

[

Yt +M−1
t E

[

Y
sup
t+1Mt+1

∣

∣ Gt]
∣

∣Ft,Gt−1

]

.

¼�Ê�Ê&É`Â
E

[

T
∑

t=1

MtYt

]

= lim
γ↓0

π0(γ) ≤ π0(γ) ≤ lim
γ↑∞

π(γ) = Y
sup
0 .

�RÅ�� Ùñ�fêKÏr�fê¢ö%�K�R� ��� Ó_Ã¡Ù�Á�Ã F Õ4Ë&Ù&ËTÈ¡¿BÈhÍá¿IøàÊhÈhÂ%Ê`Ó �:Ð`Á�¿SÔ�Å�Ó<«�É`ÍáÄ	Ëh×bËh¿=Â/Ë

Y
sup
0 = y0 = E

[

T
∑

t=1

MtYt

]

.

� � � Ùñ�fêKÏr�fê¢ö%�K�R� � ÷ ÏfÓdÐf¿>É�Å�ø_¿BÈ`Å�Ó�Ùhø ½
γ
×ØÉ`Ã�É`¿>É`Ã�Ã�Î`ÚhÀ¤«�ÌhÇ�ÇhÚhÔ�Ã Ä�Á�3

ß�ß



e ¹ ë�ð*ì[å�îKU�ì9í'î
ëág®ëHò2Æºêué{ç ì[é!ñ%C�é{î9îKP!è'é
�KÑm��ù �0�HÍN�LÎ[� � ª¡ÁBÇhÄ�Ì&Ê:«�Á�Í�ÑyÖ É$ÇhÄ�Ú`ËhÃ�ÁBÇhÄ F Õ4Ë&Ù&ËTÈ¡¿XÈhÍá¿ ë ½HÈhÂ/Ë&Ù�Ô�Ê
«�É`ÍáÄhËh×bËh¿<Æ�ÃÒÊ¨Ë�Ð

(M,F)¿>À�Ê&Á�È¡Ó=Ë<¬�É`Ã63b¼�Ê�Ê&É`Â�ÁBÇhÄ&Ô�Â�¿>Á�Íá×H¡ Á�Ã�Í�Ô�¿>Á$ÐfÓ�Ê ÁBÇhÄ F Õ4Ë&Ù&ËTÈ¡¿BÈhÍá¿ ¬�ùc;�Ñ�;�Ñ(ë�Ñ%Ò	ü «�É$ÇhÄhË`Å$Ðf¿XÈ`Å�Ó6«�É`ÍáÄ	Ëh×bËh¿_Ñ
×ØÁ�ÍáÄªÊ`ÓBÁ�Í�ÔBÇhø_¿=Ó�Ë ù�¾füi«�Á�Íá¿>Ô�¿SÁ�Íá¿_Ñ!Ô�Å�ËbÊ&Î`ÚhÁ�¿_Ê&Á$Ð`À�ËhÍdË`ÊhÏ�ËhÃ ø_Â%ÖÒËh¿>Û�¨

ct = c0e
−ρt/γM

−1/γ
t .

�§Ä\Ù	�
³� À¦���«m¬ ×  ©¨ô¡6��¥ª¿À¡6£�¥» .Ô3 P¬�Þá�1�r�ÿ¡»�r«â¸ª��¥rû3��¨rÂ�¶ª¡��3�r�ÿ¬�Ó��[¬7¡6½¾�c��� �r��µ�Âr¶§¡6�r«À�<Á3��������µ

Mt

Ó3�
	)£­¡6��¶
÷i��«ÀµK¬­��¬­¡rû1Â�¥�¿À��µ���Ô1¡6 À��£�«À ©¥T÷i����µ�¬�¥»¨ô¡¤£�¥ª m÷i��«ÀµK¬­��¬­¡w¥»����¯~�Ê¨rÂ�¶ª¡·¡6����µRü3®�÷i�r«m¬ ®�¼L¦���¡6®­�r¨�º�¡��

�<¶���¸ �R�i�>�f� �R� ��� Ó_Ã¡Ù�Á�Ã
t = 0, . . . , T − 1

Õ>Â%ÁßÔ�Åõ×ªÓ_Ã¡Ù�Á�ÃqÓ_Ã ¿>ÁBÇhÂ/ÈhÍ�ÖÒËh¿SÛ Ft+1

Õ>×ØÔ�Â%Ö Á�¿SÀ
YÚ`ËhÍ�Û�Å$Ðfø_Ã¢¡&Å�ÔBÇhÓYÚ`ÈhÍá¿>ÉfÐ`Û`Â/Ë

E [Y |Ft] = E [Y |Gt] .

"l¬­��µR ©¥�¬
t.
 ©Ó3º�Ô3 ©«À«P¬��[¬7¡ × ¬��F ©¥ª�c��¶ª¡ ×  À¨�¡»��¥»¿¢¡¤£�¥ª ý ©�1÷i��¶»�c£�Þr À½�®k¥»�r�S�S ©«Àµ��r�  À�1÷i��¶»�c£�Þ� ©½�¡��3�r�

¬­Ó3�[¬�®�¬
t + 1.

 ©Ó3º�Ô1 ©«©«©¬��[¬­¡ × ��«© [Ô Âr�3¨�ü3��µR m�r¥ª�r�SÂr�Kµ���®R¶ªº�« ¯

� � ��ù �0�HÍN�LÎ[� � �9Á�Í�ÖÒË`Å$ÐfÃ¡ÈhÍáÚ`ËGË�Ð�ù
9#3Vü�Ñ~ù�1,3Vü�ÑYÔ�ÅNù
9#�#3Vü=«�Á�Íá¿SÁ�ÚhÔ�Å�Á�Ó_ÃÒÊ&Á�¿_Ñ9Ë�Ð
(M,G) ÏfÓdÐf¿>É�Å�ø_¿XÈ`Å�Ó#È¡Ó=Ë<¬ËhÂHÏfÓ_¿=Â/È�Ð�Å�×ØÁ�Ã ¿SÁ�Å�Ñ�Ú`Ë�ÇhÄ`Ó�ÅNÍ�Ô�¿>Á$ÐfÓ�Ê�ÁBÇhÄ

(Rt)t=0,...,T
Ù�Á¼Ú!Èh¿>É`Â�«�É`ÍáÄhËh×bËh¿xÑ*Ëh×ªÓg¿>Á�Í ½�Á�Å�ø_¿=Ó�Ë�Ð

Rtqj,t = E [Rt+1(qj,t+1 +Dj,t+1)| Gt]
�§ÄLß&�

«�Á�Íá¿>Ô�¿>Á�Íá¿©×ªÓ_Ã¡Ù�Á�Ã
j = 1, . . . , L

Ô�ÅN×ªÓ_Ã¡Ù�Á�Ã
t = 0, . . . , T − 1

Õ>Â%Á�3
~õ«À¡6¬�«P£ × ¬��

(M,G) �3����¡»�r«Ø¸ª�r¥rû,�r¨�Âr¶ª¡±¡6¼ ×1× Ó3�
	)£­¡6��¶±÷i��«¢µK¬��c¬­¡Q«©Âô¡6��¨r ©®)û,�c��«Àµ ®f ©��«©Â���¿À¡» T¬­�§Ä��
Ó1�H�[�3¿ÀÞr À½�¡>û7�3¬ Ft

�3�r«¢µ�Â�¶»� Gt

þ ¡ý¿©¶»å1�3®)û%Âr¥Q�3�r®fü3�1® �r¨r��® ®�¼�¨rü3«Ê®­�r«©«Ê®f ¢¦�£­«P¬�¥ª¨�¡¤¬­�3 A¬��c¬`�' ©�c£�«© À¥
�3¬�¥»¨��3��¥»¥»£���æ1¡r¯

%����µ���� Ç �r��µ G þø¬­Ó[¬�Ô1¡6£�«À¡°Ô ��¶ª¡ª÷i½�«© À½�®­�r¶ª�r¥»®­�rÓ3Â�¥» ·¥ª¡»¶6¬­¡»Âr�� ©¬1ûAÂ�¥<Ó3���[�3 P£­«â¸ªå3® ¬ È Ô�Ã�ÐfÌhÇhÄ`Ó�¿>À�Ê&Á
«�É`ÍáÄhËh×bËh¿ø��¡�¬¾®�¼L¦��ô¡6®���¨rº�®­ÂrÔ3Ô �r���

Xt =

L
∑

j=1

(Dj,t + qj,t)xj,t−1.

"T��¨r��¥»¥»ü1�3® × �Q�r�­µ�æ7¸ Ht σ
þø¬�«À��� × ¶»£­¡>û'�c��«Àµ�¬S®­¼L¦���¡»®���¨rº��

H0 = F0,
Ô�Å Ht = σ (Ft,Gt−1)

×ªÓ_Ã¡Ù�Á�Ã
t = 1, . . . , T − re.

ß�Õ



� è ��ï �R�Ã� ��� ÷�Ð
Xt

È Ô�Ã�ÐfÌhÇhÄ`Ób¿>À�Ê&ÁÇ«�É`ÍáÄ	Ëh×bËh¿ Ht

Õ>×ØÔ�Â%Ö Á�¿SÀ�Ñ Ô�Å�Ï�ÈhÂ�×ØÁ�ÍáÄ Ht

Õ4Ë&Ù&ËTÈ¡¿BÈhÍá¿
Xt«�É`ÍáÄhËh×bËh¿=Â$ËõÍ�Ô�¿SÁ$ÐfÓ�Ê ÁBÇhÄ G Õ4Ë&Ù&ËTÈ¡¿XÈhÍá¿ZÒàÈ É`Â�¿�«�Û`ÍáÓBÛ�Ê&Á$Ð`Á�Í�Ô�Å�Ó#Å�¿=Â/Ëh¿SÔBÇhÓ=Ë`ÑØ×ØÁ�ÍáÄ�Ã�Á�Ê

Xt
Ë È Ô�Ã�ÐfÌ	ÇhÄ`Ó

¿>À�Ê&Áo«�É`ÍáÄhËh×bËh¿XË#3�÷�ÐbÁ�Ã Ã�Á�Ê�×ØÁBÇc«�Á�Í�Á�Í�À*½�Æ+¿BËhÍ�Ô�ÊªÊ`Ó �:Ð`Á�¿SÔ�Å�Ór«�É`ÍáÄ	Ëh×bËh¿=Â/Ë�ÓdÇ&Ë�Ð�ÑgÖ É$ÇhÄ

Dx,t =

L
∑

j=1

(Dj,t + qj,t)xj,t−1 −
L
∑

j=1

qj,txj,t−1 =

= Xt − E

[

Xt+1Mt+1

Mt

∣

∣

∣

∣

Gt

]

.
�§Ä>Õ��

Ò ���3��¨­û��3����µ��c����¡¤¬­«P£�«Ø¸ªå3®�¬ × ºL¦�� ×3× G σ
þø¬­«©��� × ¶6£ × ¬��� À¥q¬­¨:��Ô1¡» ©�c£�«© À¥w÷i����µ�¬�¥»¨ô¡¤£�¥ª U÷i��«ÀµK¬­�¾þ

¬7¡6��¡rû3� ×3× �r��¥»����¿À¡·�3��®fü3�3®�¬ ®�¼L¦��ô¡6®­�r¨rº�£­«©«©¿¢¡¤£�¥�¯
�RÝ���ù �0�HÍN�LÎ[� � ¼gÇhÄ&Ô�Â�¿>Á�Íá×H¡ Á�Ã�Í�Ô�¿SÁ$ÐfÓ�ÊØË

(M,G) ÏfÓdÐf¿SÉ�Å�ø_¿BÈ`Å�Ó È¡Ó=Ë<¬�É`ÃâÁBÇhÄ G Õ4Ë&Ù&ËTÈ¡¿BÈhÍá¿

ct = wt +Dx,t = wt +Xt − E

[

Xt+1Mt+1

Mt

∣

∣

∣

∣

Gt

]

> 0

É7È¡¿=Ó_×bÈhÍáÓ�Å�«�É$ÇhÄhË`Å$Ðf¿XÈ`Å�Ór«�É`ÍáÄ	Ëh×bËh¿_Ñ©Ëh×ªÓ ×bË!©	Ó_×bËhÍáÓdÐ�ÈhÍ ½HË®ù�¾fü`Õ>¿xÑ!Ô�ÅN×ØÁBÇ`ÖÒËh¿BÈhÂ%ÉfÐ�ÖÒËh¿SÛbË�Ð
e−ρE

[

c
−γ
t M−1

t

∣

∣Ht

]

= c
−γ
t−1M

−1
t−1

ÁBÇhÄ&Á�Ã Í�À�Å�ÔBÇ&Ï�À`Í 3

�¡ê f�
®ó�ìFU�ï î7ìKA�
uó�ì��»AYò
ùU�r«Ø¸ª�r¥XÔ3 ©¬�Þý��¥»��¡»Âr��¬�¨ F þø¬�Ó[¬­Ô1¡¤£�«¢¡t÷i����µK¬�¥ª¨�¡6£�¥» �÷i��«¢µK¬��c¬­¡t®�¼��1�fµ��r��¥»¨>£­�c��«l�[¬­¡»½®�§Ä\Ùh�w¬�«P¬­ÔR¸»£���¯
Ò �1�r� þ ¡6��«â¸ª��¥xÔ3 P¬­Þý�r�3�1Âr«%¥»��®R®7¬�« × ���Kµ���«©å3«¢¡¤¬ ×1× ¯bùU�r��µRü3®�÷i��«��r��µR¶ªÂr¥»¨�¶»º�«Hû��3���­µ�¬�¨ F þø¬�Ó3¬�Ô1¡¤£­«À¡¸»£­¶6¬�Ó3Â�®K÷i��«Àµ�¬���¬7¡ G þø¬�Ó3¬�Ô1¡¤£­«À¡»¡6£�¡6�H�3��¡»º ¬ �iÕ��±¡6¶»¬��3¥ª¨�÷i��¶ª��£�Þ� ©½L¦­¬�« ¯�³´£­¥»¶»Â�¥»¨�¶»º�«Hûw¬ Ô ��¶ª¡ª÷i½�«© À½­þ
¥§¡6¶»¬­¡6Â��� P£��1®­¬7¡ G þ �3�r®h�S�r��÷i��«©��«©ºR�r�h¦�£­«P¬�¥ª¥»¨rå1®u�S�r�1¯ö³���¥ª¡�¡6��®R À�K¡6¥»ü1® ¬k÷i����µ�¬�¥»¨ô¡¤£�¥ª ±÷i��«¢µK¬7þ
�c¬­¡»å3�3®7¬­¡b����µ±�3�r� þ ¡»�r«â¸ª��¥

(M,G) ×  ©¨�¡»��¥»¿¢¡¤£�¥ª 'Ô1 P¬�Þ�����¯ Ò ®f ©¥»¨r£��S¿À¡¤£­¥6£h�3��¨t����µ<��«¢µK¬��: ©�3Ó3å1®f¡»¿À¦
¥§¡6¶ªå3®K¡6æ3¶»£­¡ ¬�Ó1å3�3® �c���3ûb¬­�c��«©«Àµ��r«Ê���1Ô1«© ©Þ� À¡°¥»¨r£��S��«��[¬7¡6½�¬�¨���Ô'¡6 ©�c£�«À ©¥q÷i���­µK¬�¥ª¨�¡¤£­¥» T÷i��«Àµ�¬���¬7¡>û
¬­�c��«Àµ × º�«DÔ �rÓ3 À�S�S�r��®­¬­ÔR¸ªå3®�¬�¨á����µR¥»¨��r¶»  ×  À¨�¡6��¥»¿À¡6£�¥» .Ó3¿â¸»¬7¡>û

Π0

þ ¡r¯
� ���1�r¨°�3Âf�[£­�fµ�÷iü1����¦�Â��Kµ × �ô¦��r¨���¡»Âr¥»Â�¶»�:¦­¬���¥ª¨rü3®f¥»Â���ü3�3®)¯

%����µ����

x ∈ R
¯:
%�r��µ��r�

GT+1(x,
è
) ≡ 0

¯A³� ©�3Ó1�r�
t = T, ..., 1

Âr¶ª¡»Âr®f¶»�T À�3Ó3å3®K¡6¿¢¦­¬��á�c���K¬�Ó3å1�3®
����µ Ht

þ �cÂ�¶$�3�ô¡6º¾¶6¬­�3Ó3��� ÷iü3����¦�Âr�Kµf¡>û
Ft(x,

è
)
þ ��¡>û)¬­�c D¬�¨

e−ρE
[

(wt + Ft(x,
è
)−Gt+1 (Ft(x,

è
),
è
))−γ

M−1
t | Ht

]

= (wt−1 + x)−γM−1
t−1

�§Ä\ç	�
ßKç



����µ����3«©�ô¡b�S�r����«©Ó[£�¥»¬1û\�r��µ Gt−1

þ¹�SÂr¶$�1��¡6º�¶6¬­�3Ó3��� ÷iü3����¦�Â��fµf¡rû
Gt(x,

è
)
þ ¡>û­¬��S ©¶ª�b¡6�r«Ø¸ª�r¥ªü3« û`�3����µ

Gt(x,
è
)− E

[

Mt

Mt−1
Ft (x−Gt(x,

è
),
è
)| Gt−1

]

= 0,
�§Ä��	�

Â�¥·�r��µ Ht

þ¹�SÂr¶$�1��¡6º¾¶»¬��3Ó3��� ÷iü3����¦�Âr�Kµf¡>û
Ht

þ ¡rû[¬��S À¡X¿À��µ�Ó3���[�3 ©£�«©å3�1®¡�

Ht(x,
è
) = Ft (x−Gt(x,

è
),
è
) .

�§Ä\²h�
�<ý���ï �R�Ã� ��� ª¡ÁBÇhÄ�Ì&Êi«�Á�Í�Ñ Ö É$ÇhÄ

wt > 0
×bË/½HÙhÃ�Á�× ×ªÓ_Ã¡Ù�Á�Ã Ì�¿=¿xÑ~×ªÓ_Ã¡Ù�Á�Ã

t = 0, ..., T
Ô�Â�¿SÔ�Ê`Â%Á�3

¼�Ê�Ê&É`Â�Ë.«�Á�Ã ¿*Ù�Á¼��Ã Ó=ÈhÍá¿�ù
9#��ü`Õ�ù
9��/üªÂ/ËhÃ¡Ù�É`× «�ÌhÇ�ÇhÚhÔ�Ã Ä�Á�Ê�Í�Ô�¿>Á$ÐfÃ�Á�Ê�3
Å��%��� �f�>�'� � ÷�ÐÞÉ7È¡¿=Ó_×bÈhÍáÓ�Å

(Xt)t=0,...,T

È Ô�Ã�ÐfÌhÇhÄ`Ó.«�É`ÍáÄhËh×bËh¿SÉ`¿ØÓ_¿SÁ�Â/Ëh¿=ø_Ú`ËhÃ ÊhËTÈR½�Æ&Ê ×ØÁBÇ�Ë G ÕË&Ù&ËTÈ¡¿BÈhÍá¿�½HÈhÂ$Ë&Ù�Ô�Ê
«�É`ÍáÄhËh×bËh¿BÏ�Û`Í�Ñ�ðhÇhÄRÑ�Ö É$ÇhÄ
X0 = 0

Ô�Å

Xt = Ht(Xt−1,
ë
)

×ªÓ_Ã¡Ù�Á�Ã
t = 1, ..., T

Õ>Â%Á
.

�§Ä>Ö&�
Ò �§Ä>Ö&���r��µ��r�3«À��¡ × º�«R��£­¶%®R À¥»¨r£��c¿¢¡%�[¬7¡6½�¬

Π0
¯ �'¨r£��S¿À¡¤£­¥6¬� À�3®q¥ª��¶6£��±¥»¨��r¶»�ô¡6�3Â��3®)û&�3����µ°¬­¨t��«À¦­£�¶ª¡

�3¬�¥»¨��3��¥»¥»£����3�:¦­£�«¢¡6��¨�¨r��� ¬­¨2ñã®7£�¶»®f l�3¨r��¡»Âr¥ª ,÷i��«¢µK¬��c¬­¡ × �ô¦��r¨���¡»Âr¥»Âô¦���« ¯v�Ê¨ ¬­¨�¡t¸ª��«©�r�K¡»  û¡�3����µ
�3¬��c��� × �rÞr¥ªü3«â¸ªü1®´¬�¨±��Ô1¡» ©�c£�«© À¥x÷i����µK¬­¥»¨�¡6£�¥» U÷i��«Àµ�¬��c¬­¡6��¡õ¬c¡»�r«Ø¸ª�r¥qÔ1 P¬�Þ�¶6¬1û.¬�®f®���¶ý¬ ×  ©¨ô¡6��¥ª¿À¡6£�¥» 
Ô1 P¬�Þ�¶6¬<¦����3¬­¡6®­��¨r½¾÷i����µ�¬�¥»¨ô¡¤£�¥ª m÷i��«ÀµK¬­��¬­¡x¬�¨

X̃t = Ht(Xt−1,
è

+Π0 −
ñ
)

�§Ä��	�
®­ÂrÔ3«À��¡ × º�«'¬�Ó3½RÓ3 À® û­¬��S  × º�«��S�r�	�3¬­¡¤£�¶ª��¨f�3¬­¡6½

π0

æ3�­µ�ûh�1����µ±¬�¨l�r«À¦­£�¶§¡9�[¬�¥»¨��3��¥ª¥6£��ý�1�t¦­£�«À¡»��¨r¨�����¯
�Ê¨��r®�å1¡6£��´¬­¨á��Ô1¡6 À��£­«© ©¥T÷i����µ�¬�¥»¨ô¡¤£�¥ª %÷i��«Àµ�¬���¬7¡��

ct =
è

t +Xt − e

(

Mt+1

Mt
Xt+1

∣

∣

∣

∣

Gt

)

.
� Ù�à&�

ß	�



� ±³² � ~��F�k�k�

� ��������� 
�� 
���� �����Ã��
�
�� ��!�
 µ �ô~�� d ±

� ×3× �r�F¬ ¶»Â�¥»¨ × ���	¬�¨���«©º�¨�º´÷i�ø¸ª��¨r�ô¡ × �r�Y«©�r¿À¶ª¡rû ¸  À�3Ó3å3®K¡6¿¢¦�¥§¡6¶ªå3®K¡6æ3¶»¬`¹�¬�«©¬�ÔR¸»£��� ©¥ ®f ©¥ª¨>£��S¿À¡i¸ªå3®
����µ��¹¸§¡6ºR�r¶»�Kµ�º�¥ ×  ©¨�¡»��¥»¿¢¡¤£�¥XÂô¦���¥õÓ3¿Ø¸»£­¡>¯
³��'Ó3��«©«Àü3�3® × ����ßS«À�f�3�ô¡6¥»Â����r¥·®f ©�S�r�1��¡·¦­¬�� � �

ÖÒËhÍdÈhÍxù��*ü�Ñ Å�Ô�Â�Ì+Í�Ô�Å�ùBú	ü�Ñ Å�Ô�Â�Ì�Í�Ô�ÅNÃ�Ô�Í�Ê`Ì�ÍáÓg¿(ð+Í�Ô�Í�Ô�Å�ù ê ü�3
ä¹¥ª�c��¶i¸ªü3®�¬�¨Q�r¨r��®f¶»�Q¦����[¬7¡6®���¨r½c¦­¬�«À½�¥»¨�¿©�fÁ3¥ªÂr����®���¡f�

pD = 0.0000132, pS = 0.00152878
Ô�Å

pL = 1− pD − pS = 0.998458.

³� À¦���«D¬ ×  ©¨ô¡6��¥ª¿À¡6£�¥Ê¡¤¬�¶§¡¤¬��c¬ ÄqÂ�¦ û'�r¨rÂ�¶ª¡
T = 1

�r¯oX)��«À¡»�r¥»¥ª¨rü3®)û+�3����µS¬ ×  ©¨ô¡6��¥ª¿À¡¤£­¥» [Ó3¿Ø¸TÂ�¦S��«©�ø¸ªÂ��
Â�¶»®­�r¨r À®)û.Â�¥õ�S ©�3Ó1�r��®f l�[¨���¡6Â�¥qÂô¦�¦�Âr��Âr��¡»¼�¶ª¡»Âr�3 À®)¯ Ò�×  ©¨ô¡6��¥ª¿À¡6£�¥» �¼�¥»¥»¨��r����®����3�3��®��c����÷i�r«À�r«©ºR�r�
¬­¨°��«©¥ªºSÂô¦�¦�Â���Âr���

L1 = 0, D1 = 5, S1 = 3

«À�f�3�ô¡6�3��® �H¬�¨¾Âr¶§¡6Â�®��r® �S ©«©«À ©½ÖX,¡ªþ × ¬�� Âr¶ª¡»�r�3Ó1º�®+�ô¯)�'¨rü1®R¥ªÂr��ü1�3® ¦­¬����cÂ�������µ ®fü3«©¥ª¼¾¸»£�¶»¬�Ó3Â�®Kþ
÷i��«ÀµK¬­��¬­¡»¶6¬1û'�r¨Q«©����µ����7�

w0 = 1
Ô�Å

w1 = 0.

Ò Ó3�
	)£­¡»��¶x÷i��«Àµ�¬��c¬­¡6å3�1®¡�

M0 ≡ 1, M1(D1) = 1.2, M1(S1) = 1.1
Ô�Å

M1(L1) = 1.,�� 24ABwRJ�2/P<I4F�rRI4LgP<T�ABT�J kx£RF{E*Q`E�J�I/P<IS?BQ�MHJ�I4ABI/i�M*ABT�F�F�E�Cf?BPBW�OHTHP�I$P=I4?<I/F�IS?
5|P41�/;(?=?9E*F�THABW�QRQR5|E�Ff?<ZHJ�I/JV?B24ABMfI/C�-/P<E�F�E�LgI/J�P<M�243�3�I/J /�THO�J|E�J�F�THL4£RCRF	1
ßK²



Ò ®­�'Þ¤®7£�¨r¬­¡6®­�r¶»ü1«©Âr¥��SÂr¶ª¡»Âr®­�
γ = 0.5

û3Â�¥�¬ ×  À¨�¡»��¥»¿¢¡6½<¡6ü1¶»�r«À�c�ô¡6«À�r�3¥ªÂr���
ρ = 1

¯
Ò ¨< ©�1Ó3å3®K¡6¿¢¦�¥§¡6¶ªå3®K¡6æ3¶»£ × ¬��

T
þ ¡»º�«%¦R ©¥»¥ª¨>¬­÷i��«©Â<®­�r«À«A¬�¨:�r«©¥ªº� ©Ó1º�Ô.���f¡» ©�S�r«Ø¸ªå1¡6�3 Hû.�1�r®fü3�3®�¦' À¥»¨����K¡

T = 1
û·¿À��µk÷i�r«P¬­Ó[¬­¡6å1�3®FÞ�¥»å3Ô3£��

F1(x)
û
G1(x)

Âr¥
H1(x)

�S�r�	�[¬7¡¤£�¶ª��¨>£�¥»¬1¯ ùUå3Ó7¸ªå3®)û��3����µ
GT+1 ≡ 0

�c ©¬­¡»¡
G2 ≡ 0.

�q¬­¡6£�¶»��¨r¨rå1®��S��¥ª¡q�c���
F1(x)

þ ��¡Q¬��§Ä\ç	�·®�Â�Ô3«©�ô¡Q¬�«P¬­ÔR¸»£���ûD¬��c U¬�¨ô¡
¸ª��«©���f¡»  û��1����µ�¬­¨

e−ρE
[

(wt + Ft(x,
è
)−Gt+1 (Ft(x,

è
),
è
))−γ

M−1
t | Ht

]

= (wt−1 + x)−γM−1
t−1

����µ����3«©�ô¡
F1(x)

�S�r����«ÀÓ[£�¥»£­¡l®��r¶ª�r¥ª¥»ü3®)¯
t = 1

þ¹�ô¡©�1�r«Àµ���¡ª¡6�r¥ª¿À¡ª¦��ýÂ�¥t®f ��3¬�¥»¨��[£�«À¦­¬N�3����µ
F1 H1

þ
�SÂr¶/�3��¡»º3û3®7¬�ÔR¸ªå1® û��3����µ

1

e
(w1 + F1(x))

−1
E

(

1

M1

∣

∣

∣

∣

H1

)

= (w0 + x)−
1

2

1

M0
.

ä¹�1�3�r�´£­¡6¶ª�r�3Ó3��¨�¦���û
F1(x)

þ ��¡�®f À÷i�ø¸ª��¨�¦���û)®7¬�ÔR¸ªå3®)û �3���­µ

F1(x) =
w0 + x

e2
E2

(

M0

M1

∣

∣

∣

∣

H1

)

− w1.

³���¥ª¡
x
�1�r«Àµ�Âr¶ª�

x−G1(x)
þ¹��¡�¿À¶ª¦­¬Ò�

F1 (x−G1(x)) =
1 + x−G1(x)

e2
E2

(

M0

M1

∣

∣

∣

∣

H1

)

.

Ò �øÄ��&�w�r�­µ��r�1«©��¡õ¬�«©¬�ÔR¸»£���÷i��«©¿À¶$�[¬­¡i¸ªå3®
G1(x)

þ ��¡��

G1(x) = E

(

M1

M0

1 + x−G1(x)

e2
E2

(

M0

M1

∣

∣

∣

∣

H1

)
∣

∣

∣

∣

G0

)

.

~x¡»¶»���3Ó3�r¨ô¦��±Âr¥õ¬¾�SÂr¶/�3��¡»º�¥»Â����r®­��¡õ®f ��[¬�¥ª¨r�[£­«À¦­¬Ò�

G1(x) =
E2
(

M0

M1

∣

∣

∣
H1

)

E
(

M1

M0

∣

∣

∣
G0

)

+ E
(

M0

M1

∣

∣

∣
H1

)

E
(

M1

M0

x
∣

∣

∣
G0

)

e2 + E2
(

M0

M1

∣

∣

∣
H1

)

E
(

M1

M0

∣

∣

∣
G0

) .

�õ¬­¡¤£­¶»��¨�¨rå3®��S�r�S¬ ®����3®f¶»Â�¡�¦­£�¶$�3¬­¡6½¾Âr¶§¡6Â�®��r®­��¡f�

E

(

M0

M1

∣

∣

∣

∣

H1

)

= 0.998458

(

1 · 0.998458 + 1 · 0.00152878
1

)

+

+ 0.0000132

(

1 · 0.998458 + 1 · 0.00152878
1.2

)

+

+ 0.998458

(

1 · 0.00152878 + 1 · 0.00152878
1.1

)

= 0.9998,

ß�Ö



E

(

M1

M0

∣

∣

∣

∣

H1

)

= 0.998458

(

1

1 · 0.998458 + 1 · 0.00152878

)

+

+ 0.0000132

(

1.2

1 · 0.998458 + 1 · 0.00152878

)

+

+ 0.998458

(

1.1

1 · 0.00152878 + 1 · 0.00152878

)

= 1.000168.

�Ê¨��r®��ô¡ý�c£�¶w¦R ©¥ª¥»¨r¬¾¡»å3Ó7¸ªå3®u�3��«Àµ���¡»¡»�r¥ª¿À¡6���3 %®���¶6£ ×3×  %�r��µ��r�3«À��¡6�� ©�3® × ��û)�r¨�Âr¶§¡��

G1(x) =
0.9999862 · 1.000168 + 0.999986 · E

(

M1

M0

x
∣

∣

∣
G0

)

0.9999862 · 1.000168 + e2
= 0.1192+0.1192·E

(

M1

M0
x

∣

∣

∣

∣

G0

)

.

ä¹�1�3�r����£�¶t÷i�r«©¿À¶$�[¬7¡6½¾¬
H1(x)

÷iü3����¦�Â��fµ� À¥f�

H1(x) = 0.1353

(

1 + x−
(

0.1192 + 0.1192 · E
(

M1

M0
x

∣

∣

∣

∣

G0

)))

=

= 0.1353

(

0.8808 + x− 0.1192 · E
(

M1

M0

x

∣

∣

∣

∣

G0

))

³���¥ª¡)�[¬­¡6£�¶»��¨�¨rå3® �S�r�F¬kÔ.Â��3¨rü3�­µ' á¡»º�®�� ÷i��«Àµ�¬��c¬­¡6��¡r¯îù,å3Ó\¸ªå3®)ûG�3����µ
X0 = 0

ûýÂr¥��3����µ
X1 = H1(X0,

è
)
¯

X1 = H1(X0) = 0.1353(0.8808 + 0− 0.1192 · 0) = 0.1353 · 0.8808 = 0.1192

�õ¬­¡¤£­¶»��¨�¨rå3®��S�r�S¬�¨Q��Ô'¡6 ©�c£�«À ©¥T÷i����µK¬­¥»¨�¡6£�¥» �÷i��«ÀµK¬­��¬­¡»��¡·¬�� Ù­à&�x¬�«P¬­ÔR¸»£��7�

c0 = 1 + 0− 0.1192 · 1.000168 = 0.88

c1 = 0 + 0.1192− 0 = 0.1192.

�ÊÓ3Ó1 ©��¬ ¡»º�®���Ô3 P¬­Þr¶6¬ ¬�«À®���¡»��¡»¡¾�S�'Ó1�r«©« × ����¥»¨r£��c��«À¡6å1�3®)¯	³���¥ª¡c®�¼L¦��ô¡6®­�r¨r À®	¬ ×  À¨�¡6��¥»¿À¡6£�¥» wÔ3 ¢þ
¬­Þr���Ã«ÀÂ�¦�º´��Ô1¡» ©�c£�«© À¥q÷i����µ�¬�¥»¨ô¡¤£�¥ª t÷i��«¢µK¬��c¬­¡°�S�r�	�[¬7¡¤£�¶ª��¨>£�¥»¬1¯®� ���3��¨��r«Àº�¥»¨�¼�¶°÷i��«t®­�r«À«t¿À¶»�få3�3®
¬ �S½RÓ3��¥»¿¢¡6��¡ª¡x¸»£�¶6¬�Ó1Âr® ÷i��«Àµ�¬���¬7¡6��¡rûb¬

w̃i = wi + πi − Yi

¬�«©¬�ÔR¸»£��D¯:X[�r«À¡»��¦�Âr¥»�� ©�3®�¥»¨��r¶» À�K¡S¬
à'¯�Ô3 ©«À«P¬��3¬­¡ × ¬­� �c����Âr¶ª®��r¨� ©® ¬�Ó3¿â¸�ûUÂr¥±¬�®fü3«À¥»º�÷i��¶»¶6£­¥ × ½�«Ê¥»¨r£�¶»�c¬�¨r½<¸»£�¶»¬�Ó3Âr®)û,®R d�[¨r�ô¡6Â�¥:�r®f®­��¶
�SÂr� ×  ©¨ô¡6��¥»¬�� �3 À�3Þr¥�¯ Ò ¨:��«©¥»º�Â�¦�¦�Â���Âr� ¬��S½RÓ3��¥»¿¢¡6��¡ª¡A¸»£�¶6¬­Ó3Âr®K÷i��«¢µK¬��c¬­¡õ�c���	�[¬­¡6£�¶»��¨r£�¥6¬¾�r�Rþ
�1Âr« × ���Kµ���«©å3«¢¡¤¬ ×3× ¯ Ò Ô3¶ª� × «ÀÂr�c£­¡<¬­¨Q¸ª�r«À�r�K¡6 Hûg�3���­µ�¬­¨��r«À¥»º Âô¦�¦�Âr��Â��Y�1�r��¡6å3Ó7¸ªå1® ×  À¨�¡»��¥»¶»¬
¬­¨�¡Q�S���3Ó[¬��1  û��1����µ «À�r¥ª¨

x
�S ©«À«© ©½WX,¡á®f d�[¨r�ô¡6Âr¥ªü3�3®)û9�3 ©¥ª¨r�r�¦�[¬��3���ï¡»¼�¶ª¡»Âr�3 À®´¥»��� �[¬�«©£�«U¥»�r�

× ¬�«©��¥»��¡rû)¬�®f®���¶·�3 À�3Þr¥·®f l�3¨r��¡»Âr¥�¯©�Ê¨�Âr¶ª¡õ��¡ª¡�¬ ¦­£�¶/�[¬­¡»½S®f d�[¨r�ô¡6Âr¥�Âr¶§¡6Â�®�Â�¦��r«U¥»¨r£��c��«©å3�3®)¯g"l¬��­µ' À¥

w̃0 = 1 + Π0, w̃1 = −(0.998458 · 0 + 0.0000132 · 5 + 0.00152878 · 3) = −0.00465.

ß	�



³���¥ª¡�Ô.��Ó3 ©�u®���¨rÓ��3�ô¡0¸ªü3®�¬�¨Y ©�3Ó1å3®K¡6¿À¦�¥§¡6¶ªå3®K¡6æ3¶»¬u÷i�r«ÀÂrÔ3¿¢¡6Â�¥»Â�¡�¬ «À�r����«©�¹¸ªÂr¶»º�« û ¬u�c½RÓ3��¥ª¿À¡6�­¡»¡
¸»£­¶6¬�Ó3Â�®F÷i��«¢µK¬��c¬­¡»��¡Ø�3¬�¥»¨��[£�«À¦­¬1¯ �Ê«©¥ªº�«©Â�Ô.Â�¥�¬Ã®�¼L¦��ô¡6®���¨rºF�r��µ��r�3«À��¡

F1(x)
��µ�¼�®�Â��3�r® �S�r�­þ

¡6¬�«P£­«P£�¥»¬Ò�
1

e
(w̃1 + F1(x))

− 1

2 E

(

1

M1

∣

∣

∣

∣

H1

)

= (w̃0 + x)−
1

2 · 1

M0

.

³� À¦���«
F1 H1

þ �cÂ�¶$�3�ô¡6º3û[¬ ®­¼\¦���¡»®��r¨�º�¬�Ó3½RÓ3 À®¡�

F1(x) =
E2
(

M0

M1

∣

∣

∣
H1

)

(w̃0 + x)

e2
− w̃1,

F1(x) =
x+ 1 + Π0

e2
E2

(

M0

M1

∣

∣

∣

∣

H1

)

+ 0.00465 = 0.1353(x+ 1 + Π0) + 0.00465.

ä¹¥ª�cÂô¡
x
�3��«Àµ�Â�¶»�

x−G1(x)
þ ��¡{�3��«Àµ��ô¡»¡»�r¥»¿¢¡»¦��h�

F1(x−G1(x)) =
x+ 1 + Π0 −G1(x)

e2
E2

(

M0

M1

∣

∣

∣

∣

H1

)

+ 0.00465

= 0.1353(x+ 1 + Π0 −G1(x)) + 0.00465.

úb¸ª¶6¬�¥ª¨>£��S��«Ø¸ªå3®
G1(x)

þ¹�ô¡· ©¥H�

G1(x) =
0.1353E

(

M1

M0

(1 + x +Π0)
∣

∣

∣
G0

)

+ 0.00465E
(

M1

M0

∣

∣

∣
G0

)

1 + 0.1353 · E
(

M1

M0

∣

∣

∣
G0

) .

ht�f�3��«Àµ��ô¡»¡»�r¥»¿¢¡»¦���¬��c£�¶±®­��¶6£ ×3× ¬��Ã®f À¥»¨>£­�c��«¢¡á¦­£�¶$�[¬7¡6½´Â�¶ª¡»Âr®���®��ô¡>û
G1(x)

����µR¥»¨��r¶»Á ×3× ¬�«P¬�®f¶»¬
�1��¨f�[¬7¡6½��

G1(x) = 0.1192E

(

M1

M0

(1 + x +Π0)

∣

∣

∣

∣

G0

)

+ 0.0041.

X[��«©¿©¶N¸ªå3®
H1(x)

þ¹��¡� À¥f�
H1(x) = 0.1353

(

1 + x +Π0 −
(

0.1192E

(

M1

M0

∣

∣

∣

∣

G0

)

+ 0.0041

))

+ 0.0041 =

= 0.1353

(

x +Π0 − 0.1192E

(

M1

M0

(1 + x +Π0)

∣

∣

∣

∣

G0

))

+ 0.1388.

³��r�	�[¬7¡¤£�¶ª��¨r¨�å3®�¬±Ô.Â��3¨rü3�­µ' .¡6º�®­�q÷i��«Àµ�¬��c¬­¡6��¡rûK÷i�r«��3¬�¥»¨��[£�«À¦­¬1û��3����µ
X0 = 0

Âr¥
X1 = H1(X0)

�
X1 = H1(X0) = 0.1353

(

0 + Π0 − 0.1192E

(

M1

M0
(1 + 0 + Π0)

∣

∣

∣

∣

G0

))

+ 0.1388 =

= 0.119Π0 + 0.1226.

³���¥ª¡��c£�¶X¥»¨r£��c¿¢¡%�[¬7¡6½¾¬�¨á��Ô'¡6 ©�c£�«À ©¥T÷i����µK¬­¥»¨�¡6£�¥» %÷i��«¢µK¬��c¬­¡w ©¥f�
c0 = 1 + Π0 − (0.1191Π0 + 0.1226) · 1.000168 = 0.8808Π0 + 0.8774.

c1 = Y1 + (0.1191Π0 + 0.1226)− 0 = 0.0091Π0 + 0.12725.

ÕKà



³��r�	�[¬7¡¤£�¶ª��¨r¨�å3®�¬�¨:��¶»�rÓ1��¡6 %þ ¡»º�®���Ô3 P¬­Þr m�c�RÓ3��«©« × �r��¥ª¨>£��S��«À¡§þl��Ô1¡» ©�c£�«© À¥w÷i����µ�¬�¥»¨ô¡¤£�¥ª U÷i��«¢µK¬��c¬­¡
�3¬�¥»¨��3��¥»¥»£��K£­¡u�§Ä\Ùh�°¬�«©¬�ÔR¸»£��Dû,�c¬\¸ªÓ �r¨r��®�¬­«P¬�ÔR¸»£­��æ3�­µâ�3¬­¡¤£�¶ª��¨r¨�å3® �c��� ¬

Π0
Ó1¿â¸»¬­¡rû:�3����µ�¬

×  ©¨�¡»��¥»¿¢¡¤£�¥ª fÔ3 P¬�Þ����<¥ª¨>£��S��«À¡U��Ô'¡6 ©�c£�«À ©¥�÷i����µ�¬�¥»¨ô¡¤£�¥ª '÷i��«¢µK¬��c¬­¡9�[¬�¥ª¨r�3��¥»¥6£­�K¬ý�r¨�¨r�r«'�c�����r�­µ��r¨�¨r����¯

U(c) =

1
∑

t=0

e−t c
1

2

t
1
2

= 2
√
c0 + 2

√
c1

e
= 2

√
0.88 + 2

√
0.1192

e
= 2.141

Ò ¡»º�®���Ô3 P¬�Þ� 3�S�'Ó3��«©« × ��� ¥»¨>£­�c��«¢¡Ê��Ô1¡» ©�c£�«© À¥U÷i����µK¬�¥ª¨�¡6£�¥» 3÷i��«¢µK¬��c¬­¡A�r¥»�ô¡6Â���¬N�[¬�¥»¨��3��¥ª¥6£��
2.141.

|���µK¬­�3�r¨ô¡:¬��3¬�¥»¨��3��¥»¥»£�����¡°®­�r«©«U¡6�H�[£­¡Q�r«ÀÂr¶ª�Rü1�3®õ�<�	�q¬�«P¬­ÔR¸»£�� æ3�­µ  ©¥�û7�3���­µ Ó3¿Ø¸»¬­¡ý¥ª¨r�rÓ1ü3�3® × �
Â�¥·®­£­¶»®f l�[¨���¡»Âr¥»�� ©�3®�«À�f�3�ô¡6�3��®)¯

2

(

√

0.8808Π0 + 0.8774 +
0.1191Π0 + 0.12725

e

)

= 2.141.

�Ê¨ô¡õ�S�r����«©Ó1¦­¬1ûR÷i�r«À¥»¨r��¶»��¨ô¦�¬�Ä±à�à�à à�à�à7þ ¦­¬�«�®7¬�Ôf¸ªå3®)û �3����µ�¬­¨á�ø¸§¡6ºR�r¶ª�Kµ�º�¥ ×  ©¨ô¡6��¥ª¿À¡6£�¥XÂ�¦��r¥�Ó3¿â¸»¬Ò�

Π0 = 13300Ft.

Õ3Ä
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�R¨>¬�®fÓ3��«À����¨r¬­¡6��� × ¬�� �r��µ ¶ª�r�3Ó3¥ª¨r��¶»�r¥ª�r�k���R¡»¶»Âr��¥ªÔ.��¶§¡6��¡°Á3¨�º�® ¥»¨r£���£­¶6¬�®�Âr¥ª¨r¿¢¡6��¡ª¡ ×  ©¨�¡»��¥»¿¢¡¤£�¥
Ó1¿â¸»£��[¬­® �S�r�h�[¬­¡¤£­¶»��¨r£�¥6£­¡±¥»¨��r¶ª��¡»¡»�r� ¦���«©�3¬ × �r�<å1¡6¬­¡6�1  ûÊ¬�÷i��«©�S�r¶ªü3«©º��3�f�1Âr¨r¥ªÂr����®f®��r«��r�­µ'ü'¡»¡>¯
³� À¦���«1�[¬­��µ����:�3�f�3Â�¨w¦���«À¡A¬�Ó[¬­¡»��®7¬­¡A�­µ'Á\¸§¡6�r�1  û�«À�w®­�r«©«À��¡ª¡A¥ª¨rÁ3®f¿À¡»�r�3����¬�¡6�r¶§¦���¨r��¡ª¡Ê���R¡»¶»Âr� ¥»Ô ��¶§¡
×  ©¨�¡»��¥»¿¢¡¤£�¥§¡T�ø¸§¡»º'��¶»�Kµ�º�¨�Âr¥ª¶»�õ¦����[¬­¡»®���¨�½ ×  À¨�¡»��¥»¿¢¡¤£�¥ª¶6¬1ûK�S À¦��r«[�r¶ª¶»��¬Q¥»Ô ��¶ª¡6£���¶6¬ý¦���«À¡l�r«¢÷i���K¬�ÓÒ�[¬­¡6½
�S�r�1�fµR À¥»Âr��Á´¬�Ó3¬­¡>û3��¨r��®� ©¥·Þr¥»¬�®�®fü3«À÷i¼�«©Ó3¶ªº�« ¯

Ò ¨�¬�Ó[¬7¡6��® ¶ª��¥ª¡6£�«P£�¥»¬�å'¡¤£����c��� × ��Þr¥ªü3«À¡»�r�ã¬��c¬���µ�¬�¶»��¶ª¥»¨r£��� Ê�ø¸§¡»º'��¶»�Kµ�º�¥»¼�®f¶»�c¦����[¬7¡6®���¨r½
�3¬�«P£�« þ<Â�¥�¥»Â�¶»ü3«ÀÂr¥�¦­¬�«©½�¥»¨r¿À�fÁ3¥»Â����r®­��¡��S�r�	�[¬7¡¤£�¶ª��¨r½�¦­¬�«À½�¥»¨�¿©�fÁ3¥ªÂr�� �¦�£­«À¡6��¨r½�®7¬­¡r¯ ³´¬\¸ªÓ �r¨��r®­��¡
�3¬�¥»¨��[£�«À¦­¬±÷i��«©Â�Ô3¿À¡»��¡»¡»�r�î�r�­µ´ÄLà°�r¨��r¶X¥»¨��r¶ª¨rºRÓ3Âr¥ª¶»�ý¦����[¬­¡6®­��¨r½ ����µR¥»¨��r¶»Á1¥»¿À¡»��¡ª¡·�c�RÓ3�r«À«À¡rûK�c��«©«Àµ��r«
¬ ×  À¨�¡»��¥»¿¢¡¤£�¥XÂô¦��r¥�Ó3¿Ø¸»£­¡·�c���	�[¬­¡6£�¶»��¨�¡¤¬­��¯Y�T¨¾Ä>ÕKÙ�Ù�ç�X,¡x«©��¡ª¡>¯

�Ê¨rå'¡¤£���ûw¶»Âr¥ª¨ × �r��å1��µK¬��1�r¨�¡�¬ �S�RÓ3�r«À«À¡ª�[¬­¥»¨r�3£�«À¦­¬1ût�r��µFç�à �r¨�¶»��¥c�[¬­��µR¥6£���æF¥»¨� ©�<å3«©£�Þr À½­þ
¦­¬�«3þ ®R l�[¬�¥ª¨r�[£�«¢¦­¬°¬°¥»¨�ü3®f¥»Âr���r¥x¦­¬�«©½�¥»¨r¿À�fÁ3¥»Â����r®­��¡x��«©ºK£­«©«©¿¢¡6½q¦­£�«¢¡6��¨�½�® ¸ ¦�Âr«©�ô¡6«À�r�+¹X¡»å3«P¬L¸ªÓ3���3¥»£��K£­¡§þ¤û
¸ ®f ©¥»��¶»¥»��«À¡¤¬­��¹·�S ©�1Ó3�r��¬­«©®7¬�«©���c�c¬�«1����µ�¥ªÂr¶ªü3«©Â�¥xÂr¥X����µØ�3¬�«P£�«[¦­¬�«À½�¥»¨�¿©�fÁ3¥»Â�����¡rû3�r¨��r®f¶»�á®­���3®f¶»Âô¡
�3¬�«P£�«[Â�¥w¥ªÂr¶»ü1«©Âr¥ª¥»¨r£��c��®­¬7¡>ûR�c���	�[¬­¡6£�¶»��¨ô¡¤¬����r¨r��®S¬�«P¬�Ôf¸»£��c À¥w¬­¨õÂô¦��r¥wÓ3¿â¸»¬­¡rûf¬��S UÄrÕ3Ä\Ù­Õ#XU¡T«©��¡ª¡>¯

Ò ®­¼L¦���¡»®���¨rº:¶ªÂr¥ª¨ × �r� × ���<å1¡6¬­¡»¡6¬���¬õÔ3 P¬�Þ� 1¬­«P¬�Ô3æ<£�¶6¬�¨r£�¥b��«©�SÂr«©�ô¡6Âô¡>û��S�r«¢µ±¬�«P¬�Ôf¸»£��<¥»¨� ©�K¡6Â��
®f À¥»¨>£­�c��«¢¡¤¬�� �r�­µ��ø¸§¡»º'��¶»�Kµ�º�¥ ×  À¨�¡6��¥»¿À¡6£�¥xÓ3¿Ø¸»£­¡>¯g�T�1�3�r®��r¶ª�rÓ3�SÂr�Kµ��cÄLß�ß�à�à�X,¡x«©��¡ª¡>¯


m£­¡$�[¬­¡6½1û¾�3����µ × £�¶qßc®Rü1«©¼�� × ¼�¨rº��S½RÓ3¥»¨��r¶»¶ª�r«U¥»¨r£��c��«À¡¤¬­��û ¬�¨±�r¶»��Ó3�SÂr�Kµ���®�þ ÷iº�«©�r��¬�¨:��«©¥ªº
®­Â�¡õ�r¥ª��¡ × �r�Rþ¤û[ ©���r�®�[¬�¥ª���3«©½�¬�®)¯

Ò �c£�¥ª�'Ó3 À®�÷i�ø¸ª�r¨���¡ × ���u«À�r¿À¶ª¡c�c�RÓ3�r«À«À¡cÔ.��¶»¥ª¨r� «©�H�3��¡»��¡ª¡�¦���«À�[¬��SÂr� × ���Kµ���«©¿À¡6¬��3 ·¡6�L¦­£ ×3×  
¦�Âr«À��¡6«À�r�3��® × �ô¦��r¨���¡»Âr¥»Âô¦���« ¯:$UÂr«©Ó3£�å3«t¬�¡6¼�¶»«©Â�¥ª¡°�3���³�+�1�1�r® ¦��r�1�3  ûg�3¬��3�r�ò¦­¬�«À½�¥»¨�¿©�fÁ3¥»Â��� Ê¦­£�«¢þ
¡»��¨r½�®�Âr�K¡l®���¨r��«©�3 Hû�¦�¬­��µ<æ7¸A¥ª¨r�r¶ª¨rºRÓ3Âr¥ª�r®¾�S�r�>¸ª�r«©���3Âr¥ªÂ�¦��r«)¬�¨X£­«©«©����£��Kµf¡,�3¼L¦��r«À�3  ûK¥§¡ × ¯g¯q�·ÞrÂr«À���
 À�3®7£ ×3× ¬�¨<¦���«À¡rû
�3����µ ¬�¨  ©«¢µ��r� ¡»¿©Ô3å3¥ªæ ×  ©¨ô¡6��¥ª¿À¡¤£­¥»��®�¥»¨�ü3®f¥»Âr���r¥»¥ªÂr��Âô¡ Âr¥°¬�®­���3¥ª¡»¶»å3®­Þr À½7¸ªå3®f®7¬�«
®7¬�Ô Þr¥ª��«P¬7¡6��¥X�3�H�3Âr¨�¥»Â����r®­��¡ × �r�<å'¡¤¬�¥ª¥6¬���¯

[·�r�SÂr«À�r��ûÒ�3���­µ�¬õ¸ª¼\¦�º × �r�´�1¼\¦��r®f¥»¨� ©®���¨r�r��¡6¿ÀÔ3å3¥»æ ×  À¨�¡6��¥»¿À¡6£�¥»��®cÔ3 ©¬�Þ>¬'¯
ÕfÙ
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