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������9RO��30��������S�����02(06��3URF��63,(��������9RO� �����
����S���m��02(06�DQG�PLQLDWXUL]HG�V\VWHPV��3URF��63,(�������
9RO� ������ ����S��� ���2SWRPHFKDWRQLF� V\VWHPV��3URF�� 63,(�� �����
9RO� ����������S������02(06�DQG�PLQLDWXUL]HG�V\VWHPV�,,,��3URF�
63,(��������9RO� ����������S���Ë��02(06�DQG�SURMHFWLRQ�GLVSOD\�
3URF��63,(��������9RO� ����������S�
�� &RQQHU�5��0(06�02(06�Û�0HWURORJ\�DQG�0DFKLQH�YL�

VLRQV����3URF��63,(��������9RO� ������3� ���Û����
�� 0DGDQDJRSDO�.���7LHQ�1��6\VWHP�GHVLJQ�IRU�PLFURSRVLWLRQ�

LQJ� DQG� VHQVLQJ� RI� PLFUR�HOHFWURPHFKDQLFDO� DFWXDWRUV� ��� 3URF�
,(((�,QVWUXPHQWDWLRQ�DQG�PHDVXUHPHQW� WHFKQRORJ\�&RQI�������
3� ����Û�����
�� 0RWDPHGL�(��0LFUR�2SWLFV�0LFURPHFKDQLFV�DQG�ODVHU�VFDQ�

QLQJ�DQG�VKDSLQJ����3URF��63,(��������9RO� ������3� ���Û����
�� 'LFNH\�)� 0��HW�DO��2SWLFDO�PHWKRG�IRU�PLFURPDFKLQH�PRQL�

WRULQJ� DQG� IHHGEDFN� ��� 6HQVRUV� DQG� DFWXDWRUV�� $�� 3K\VLFDO�� �����
9RO� ����3� ���Û����
�� 'DZVRQ�-� 0��HW�DO��0(06�IHHGEDFN�FRQWURO�XVLQJ�WKURXJK�Û

ZDIHU� RSWLFDO� GHYLFH� PRQLWRULQJ� ��� 3URF�� 63,(�� ������ 9RO� �����
3� ���Û����
��� 'DJHO�'� -��HW�DO��2XW�RI�SODQH�URWDU\�PLFURPLUURUV�IRU�UHFRQ�

ILJXUDEOH� SKRWRQLF� DSSOLFDWLRQV� ��� 3URF�� 63,(�� ������ 9RO� �����
3� ���Û����
��� &DVWUDFDQH�-��HW�DO��02(06�GHYLFH�GHVLJQ��GHYHORSPHQW�DQG

LQWHJUDWLRQ� IRU� LQWHUFRQQHFW� DSSOLFDWLRQV� ��� 3URF�� 63,(�� �����
9RO� ������3� ���Û����
��� .HPPH�6� $��HW�DO��2SWLFDO�V\VWHP�SURSHUWLHV�RI�D�UHFRQILJX�

UDEOH�0(06�LQWHUFRQQHFW����3URF��63,(��������9RO� ������3� ��Û����
��� -XQHDX�7��HW�DO��6LQJOH�FKLS�� � ���0(06�DUUD\�IRU�RSWLFDO

WHOHFRPPXQLFDWLRQ� DSSOLFDWLRQV� ��� 3URF�� 63,(�� ������ 9RO� �����
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���:DQJ�=� )��HW�DO��'HYHORSPHQW�RI�� � ��PLFUR�RSWLFDO�VZLWFK
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9RO� ������3� ���Û����
��� .XUF]\QVNL�3��HW�DO��(OHFWURVWDWLFDOO\�DFWXDWHG�PHPEUDQH�PLU�

URUV�IRU�DGDSWLYH�RSWLFV����3URF��63,(��������9RO� ������3� ���Û����
��� .UXOHYLWFK�3��HW�DO��02(06�VSDWLDO�OLJKW�PRGXODWRU�GHYHORS�

PHQW�RI�WKH�FHQWHU�IRU�DGDSWLYH�RSWLFV����3URF��63,(��������9RO� �����
3� ���Û����
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DGDSWLYH�RSWLFV����3URF��63,(��������9RO� ������3� ���Û����
��� 'H�*DVSDUL�-��0LFURPLUURUV�HYDOXDWHG�IRU�VSDFH�WHOHVFRSH���

0HFKDQLFDO�(QJLQHHULQJ�PDJD]LQH��������9RO� �����1 ���3� ��Û���
��� *DUVLD�(� -���1LFKROV�$��6LOLFRQ�PLFURPLUURUV� IRU� WKH� QH[W

JHQHUDWLRQ�VSDFH�WHOHVFRSH����$PHULFDQ�$VWURQRPLFDO�6RFLHW\�0HHW�
LQJ��������9RO� �����3� ����Û�����
���0LOHV�0� :��,QWHUIHURPHWULF�PRGXODWLRQ��02(06�DV�DQ�HQ�

DEOLQJ�WHFKQRORJ\�IRU�KLJK�SHUIRUPDQFH�UHIOHFWLYH�GLVSOD\V����3URF�
63,(��������9RO� ������3� ���Û����
��� 3LFDUG�)��HW�DO��)OH[LEOH�PLFURPLUURU�OLQHDU�DUUD\�IRU�KLJK�UHVR�

OXWXWLRQ�SURMHFWLRQ�GLVSOD\����3URF��63,(��������9RO� ������3� ��Û���
��� <DVVHHQ�$��HW�DO��+LJK�DVSHFW�UDWLR�URWDU\�SRO\JRQ�PLFURPRWRU

VFDQQHUV����3URF��,(((��6ROLG�VWDWH�VHQVRUV�DQG�DFWXDWRUV�:RUNVKRSV�
������3� ��Û���
��� 'HWHU�&���.UDHQHUW�-��+LJK�UHVROXWLRQ�VFDQQLQJ�ODVHU�SURMHF�

WLRQ�GLVSOD\�ZLWK�GLRGH�SXPSHG�VROLG�VWDWH�ODVHUV����3URF��63,(�������
9RO� ������3� ���Û����
���0LHVDN�(��&RPSDFW�YLGHR�SURMHFWLRQ�GLVSOD\�XWLOL]LQJ�5*%�OD�

VHUV����3URF��63,(��������9RO� ������3� ���Û����
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��� 6WDUNZHDWHU�*� .��,026�Û�D�QHZ�0(06�Û�RSWLFV�GLVSOD\

V\VWHP����6,'�DQQXDO�PHHWLQJ��6DQ�-RVH��-XQH������
��� 5ROODQG�-� 3��:LGH�DQJOH��RII�D[LV��VHH�WKURXJK�KHDG�PRXQW�

HG�GLVSOD\����2SW��(QJ��������9RO� ����1 ���3� ����Û�����
���%LRFFD�)���5ROODQG�-� 3��9LUWXDO� H\HV�FDQ� UHDU�UDQJH�\RXU

ERG\��DGDSWDWLRQ�WR�YLUWXDO�H\H�ORFDWLRQ�LQ�VHH�WKUX�KHDG�PRXQWHG
GLVSOD\V� ��� 7HOHRSHUDWRUV� 9LUWXDO� (QYLURQ�� ������ 9RO� ��� 1 ��
3� ���Û����
��� )UHHPDQ�0� 2��0LQLDWXUH�KLJK�ILGHOLW\�GLVSOD\V�XVLQJ�D�ELD[LDO

0(06�VFDQQLQJ�PLUURU����3URF��63,(��������9RO� ������3� ��Û���
���2UH\�+��HW�DO��0(06�UDVWHU�FRUUHFWLRQ�VFDQQHU�IRU�6;*$�UH�

VROXWLRQ� UHWLQDO� VFDQQLQJ� GLVSOD\� ��� 3URF�� 63,(�� ������ 9RO� �����
3� ���Û����
��� -DQ�-��HW�DO��0DJQHWLF�DFWXDWLRQ�IRU�0(06�VFDQQHU�IRU�UHWLQDO

VFDQQLQJ�GLVSOD\V����3URF��63,(��������9RO� ������3� ���Û����
���:ROWHU�$��HW�DO��,PSURYHG�OD\RXW�IRU�D�UHVRQDQW��'�PLFUR�VFDQ�

QLQJ� PLUURU� ZLWK� ORZ� RSHUDWLRQ� YROWDJHV� ��� 3URF�� 63,(�� �����
9RO� ������3� ��Û���
��� .LP�6� *���+ZDQJ�.� +��7KLQ�ILOP�PLFURPLUURU�DUUD\�IRU�LQ�

IRUPDWLRQ�GLVSOD\�V\VWHP����3URF��RI�(XUR�'LVSOD\�����%HUOLQ�������
��� 9DQJER�6��HW�DO��/RZ�FRVW�PLFURPDFKLQHG�PLUURUV�IRU�GLVSOD\

V\VWHPV����-��0LFURPHFK��0LFURHQJ��������9RO� ���3� ��Û���
���:DQJ�4� 0��HW�DO��1RQOLQHDU�SLH]RHOHFWULF�EHKDYLRU�RI�FHUDPLF

EHQGLQJ�PRGH�DFWXDWRU�XQGHU�VWURQJ�HOHFWULF�ILHOGV����-��$SSO��3K\V�
������9RO� ����1 ���3� ����Û�����
��� (XMLPRWR�.��HW�DO��7HWUDPRUSK��D�QRYHO�RSWLFDO�VFDQQHU�XVLQJ

IRXU� SLH]RHOHFWULF� ELPRUSKV� ��� 2SW�� (QJ�� ������ 9RO� ���� 1 ���
3� ����Û�����
��� 6FKHQN�+��HW�DO��$Q�HOHFWURVWDWLFDOO\�H[FLWHG��'�PLFUR�VFDQ�

QLQJ�PLUURU�ZLWK�DQ�LQSODQH�FRQILJXUDWLRQ�RI�WKH�GULYLQJ�HOHFWURGHV���
,(((�0(06�� ������ ��� WK�� ,QW�� PLFURHOHFWURPHFKDQLFDO� V\VWHPV�
&RQI�-DSDQ���������3� ���Û����
��� 6FKHQN�+��HW�DO��'HVLJQ�DQG�PRGHOLQJ�RI�ODUJH�GHIOHFWLRQ�PL�

FURPHFKDQLFDO�,'�DQG��'�VFDQQLQJ�PLUURUV����3URF��63,(�������
9RO� ������3� ���Û����
��� %URXQ�0���0DQVRXUL�*��1RQOLQHDU�G\QDPLFV�DQG�FRQWURO�RI

D�GXDOFDSDFLWLYHO\�GULYHQ�WRUVLRQDO�0(06�VFDQQLQJ�PLUURU����3URF�
63,(��������9RO� ������3� ��Û���
��� <HQ�-� /��HW�DO��,QWHJUDWHG�SRO\VLOLFRQ�DQG�GULH�EXON�VLOLFRQ�PL�

FURPDFKLQLQJ�IRU�DQ�HOHFWURVWDWLF�WRUVLRQDO�DFWXDWRU����-��0LFURHOHF�
WURPHFK��6\VW��������9RO� ���3� ���Û����
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KLJK�IUHTXHQF\�VFDQQLQJ����3URF��63,(��������9RO� ������3� ��Û����

��� .LDQJ�0� +��HW�DO��(OHFWURVWDWLF�FRPEGULYH�DFWXDWHG�PLFUR�
PLUURUV�IRU�ODVHU�EHDP�VFDQQLQJ�DQG�SRVLWLRQLQJ����-��RI�PLFURHOHF�
WURPHFKDQLFDO�V\VWHPV��������9RO� ���1 ���3� ��Û���

��� &RQDQW�5� $��HW�DO��$�UDVWHU�VFDQQLQJ�IXOO�PRWLRQ�YLGHR�GLVSOD\
XVLQJ�SROLVLOLFRQ�PLFURPDFKLQHG�PLUURUV����7UDQVGXFHUV�����-DSDQ�
������3� ���Û����

���+DJHOLQ�3� 0���6ROJDDUG�2��2SWLFDO�UDVWHU�VFDQQLQJ�GLVSOD\V
EDVHG�RQ�VXUIDFH�PLFURPDFKLQHG�SROLVLOLFRQ�PLUURU����,(((�6HOHFWHG
WRSLFV�LQ�TXDQWXP�HOHFWRQLFV��������9RO� ���1 ���3� ��Û���

��� *DUVLD�(� -��3LYRWLQJ�PLFURPLUURU�GHVLJQV�IRU�ODUJH�RULHQWDWLRQ
DQJOHV����3URF��63,(��������9RO� ������3� ���Û����

��� *DUVLD�(� -��0LFUR�IOH[�PLUURU�DQG�LQVWDELOLW\�DFWXDWLRQ�WHFK�
QLTXH����3URF��,(((�,QWHUQ��:RUNVKRS�RQ�0(06��������3� ���Û����

���0XOOHU�5� 6���/DX�.� <��6XUIDFH�PLFURPDFKLQHG�PLFURRSWL�
FDO� HOHPHQWV� DQG� V\VWHPV� ��� 3URF�� ,(((�� ������ 9RO� ���� 1 ��
3� ����Û�����

���0L\DMLPD�+��HW�DO��$GXUDEOH��VKRFN�UHVLVWDQW�HOHFWURPDJQHWLF
RSWLFDO�VFDQQHU�ZLWK�SRO\DPLGH�EDVHG�KLQJHV����,(((�-RXUQDO�RI�PL�
FUR�HOHFWUR�PHFKDQLNDO�V\VWHPV��������9RO� ����1 ���3� ���Û����

���&KR� +� -��� $KQ� &� +�� $� QRYHO� EL�GLUHFWLRQDO� PDJQHWLF
PLFURDFWXDWRU� XVLQJ� HOHFWURSODWHG� SHUPDQHQW�PDJQHW� DUUD\V�ZLWK
YHUWLFDO�DQLVRWURS\����3URF��������,(((�0(06�&RQI���-DSDQ�������
3� ���Û����

���0L\DMLPD�+��0(06�HOHFWURPDJQHWLF�RSWLFDO�VFDQQHU����3URF�
63,(��������9RO� ������3� ��Û����

��� 3LD�0���7LHQ�1��/RZ�YROWDJH�HOHFWURWKHUPDO�YLEURPRWRU�IRU
VLOLFRQ�RSWLFDO�EHQFK�DSSOLFDWLRQ����6HQV��$FWXDWRUV��������9RO��$���
3� ���Û����

��� 7LHQ�1� &��HW�DO��0(06�DFWXDWRUV�IRU�VLOLFRQ�PLFUR�RSWLFDO
HOHPHQWV����3URF��63,(��������9RO� ������3� ���Û����

��� 6FKZHL]HU�6��HW�DO��7KHUPDOO\�DFWXDWHG�PLFURSURMHFWRU�IRU�RS�
WLFDO�GLVSOD\�DSSOLFDWLRQV����3URF��63,(��������9RO� ������3� ���Û
����
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��� 7HH�&� $��HW�DO��%LQDU\�SKDVH�PRGXODWLRQ�XVLQJ�HOHFWULFDOO\�DG�
GUHVVHG�WUDQVPLVVLYH�DQG�VLOLFRQ�EDFNSODQH�VSDWLDO�OLJKW�PRGXODWRUV���
2SW��(QJ��������9RO� ����1 ���3� ����Û�����

��� 7HH�&� $��HW�DO��3KDVH�PRGXODWLRQ�XVLQJ�WKH�VLOLFRQ�EDFNSODQH
VSDWLDO�OLJKW�PRGXODWRU�DQG�WUDQVPLVVLYH�JODVV����3URF��63,(�������
9RO� ������3� ��Û���

���+XDQJ�3� 6��HW�DO��'LJLWDO�IULQJH�SURMHFWLRQ�WHFKQLTXH�IRU�KLJK�
VSHHG� �'� VKDSH� PHDVXUHPHQW� ��� 3URF�� 63,(�� ������ 9RO� �����
3� ��Û���

��� .üFN�+��HW�DO��'HYRUPDEOH�PLFURPLUURU�GHYLFHV�DV�SKDVH�PR�
GXODWLQJ�KLJK�UHVROXWLRQ�OLJKW�YDOYHV����6HQVRUV�DQG�DFWXDWRUV�������
$����3� ���Û����

���0RVHOH\�6� +��HW�DO��6WDWXV�RI�WKH�GHYHORSPHQW�RI�D���� � ���
PLFURVKXWWHU�DUUD\����3URF��63,(��������9RO� ������3� ��Û���

��� 3L]]L�0��HW�DO��(OHFWURVWDWLF�PLFURVFKXWWHU�PLFURPLUURU�DUUD\V
IRU�OLJKW�PRGXODWLRQ�V\VWHPV����3URF��63,(��������9RO� �����

���:ROWHU�$��HW�DO��)DEULFDWLRQ�RI�WKH�PRYLQJ�OLTXLG�PLUURU�VSDWLDO
OLJKW�PRGXODWRU�LQ�D�VWDQGDUG�&026�SURFHVV����3URF��63,(�������
9RO� ������3� ���Û����

��� 6DNDU\D�6��HW�DO��7HFKQRORJLDO�DSSURDFKHV�IRU�IDEULFDWLRQ�RI
HODVWRPHU� EDVHG� VSDWLDO� OLJKW� PRGXODWRU� ��� 3URF�� 63,(�� �����
9RO� ������3� ���Û����
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�º°ãË��º�º�}È}�¹ºãË���Ë��º¹SË�ËãËÓº�ÒÏ��SÈm�
ÓËÓÒ®�����Ò�����m�ÏºÓ�Ë�Ò�º�Ë}�È²�6�Ò�3��¹ºãË�m��º��
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�SÈmÓËÓÒ«
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ãÒÎËÓÒÒ��Èã
ÓË®�mºãÓºmº®�ÏºÓ©�

3Ë	ËÓÒ«�°Ò°�Ëä�����Ò�����äº����©�
�ÓÈ®�ËÓ©
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�ÒÏÈ�Ò��ºãÈ°�Ò�SÈ°�Ë�ºm�ÓÈ�º��Ëã
Ó©Ë�«�Ë®}Ò��m
}º�ºS©²�¹SË�¹ºãÈ�ÈË�°«�¹ºãË�¹º°�º«ÓÓ©ä��Ò�ÏÈ�Ëä
SË	ËÓÒË�°Ò°�Ëä©�ãÒÓË®Ó©²��SÈmÓËÓÒ®��ã«�º¹SË�
�ËãËÓÒ«�ªãË}�SÒ�Ë°}º�º�¹ºã«�m�}ÈÎ�º®�«�Ë®}Ë��Ò°�
}SË�ÒÏÈ�ÒÒ�>�����@���SÒ�SË	ËÓÒÒ�°Ò°�Ëä©�ãÒÓË®�
Ó©²��SÈmÓËÓÒ®�mºÏÓÒ}ÈË��¹SºãËäÈ�SÈ°²º�Òäº°�Ò
�ã«�°ã��È«��}º��È�U�Ü�U
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°«� °¹Ë�ÒÈã
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¹Sº�Ë��Sº®�� SÈÏmÒ�º®� m� >��@�� }º�ºSÈ«� ��Ò�©mÈË�
ªÁÁË}�©��Ë¹ºã«SÒÏÈ�ÒÒ�

3ËÏ�ã	�È�©��Ò°ãËÓÓ©²�SÈ°�Ë�ºm

�SÈmÓËÓÒ«�����Ò�����¹ºÏmºã«���m�¹SÒÓ�Ò¹Ë�ÓÈ®�
�Ò�¹ºãË�m�ã�º®��º�}Ë�°Ò°�Ëä©��ã«�SÈÏãÒ�Óº�º�ÓÈ�
ºSÈ�¹ÈSÈäË�Sºm��{��ÈÓÓº®�SÈº�Ë�ä©�¹SË�¹ºãÈ�ÈËä�
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Óº°�Ò��}mÈ�SÈ���äº��ã«��SËÏ�ã
�ÒS���Ë�º�ªãË}�SÒ�
�Ë°}º�º�¹ºã«�m��º�}Ë�SÈ°¹ºãºÎËÓÒ«��Ë�Ë}�ºSÈ��jÓ�
�ËÓ°ÒmÓº°�
�SÈ°°�Ò�©mÈË�°«�}È}�Á�Ó}�Ò«�¹ºãºÎË�
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{�}È�Ë°�mË�ÓÈ�ÈãÈ�ä©�SÈ°°�Ò�ÈãÒ�ªãË}�SÒ�Ë°}ºË
¹ºãË�m�vr|l�°ºÒSÈ��Ë®�}ºÓÁÒ��SÈ�ÒÒ��3Ò°�����È
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l©�¹SË�¹ºãÈ�ÈËä����º�¹È�È��È«�mºãÓÈ�ÒäËË���l�
¹ºã«SÒÏÈ�Ò����È}�}È}�m�ª�ºä�°ã��ÈË�SÈ°¹SË�ËãËÓÒË
ªãË}�SÒ�Ë°}º�º�¹ºã«�m�ãÒÎÓË®�ÏºÓË�m�º°ÓºmÓºä
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3Ò°������SË²äËSÓºË�¹SË�°�ÈmãËÓÒË�SÈ°¹SË�Ë�
ãËÓÒ«� ÒÓ�ËÓ°ÒmÓº°�Ò� �}mÈ�SÈ�È� äº��ã«�
ªãË}�SÒ�Ë°}º�º�¹ºã«�m�ãÒÎÓË®�ÏºÓË�ÓÈ��¹º�
mËS²Óº°�	
�ºSÈÏ�È�ËÏ���Ë�È�ÏºÓ�È�m�SÈä}È²
äº�ËãÒ� vr|l� °ºÒSÈ
�Ë®� }ºÓÁÒ��SÈ�ÒÒ�
�l�¹ºã«SÒÏÈ�Ò«�¹È�È
�Ë®�mºãÓ©�

È�Û�¹ºmËS²Óº°�
�°�¹S«äº��ºã
Ó©ä�m©°��¹ºä�
�Û�¹ºmËS²Óº°�
�°�¹S«äº��ºã
Óº®�m¹È�ÒÓº®

3Ò°�����lº�Ëã	ÓºË�ÒÏºSÈÎËÓÒË��ËÁË}�ºm�¹ãº°}º®�¹ºmËS²Óº°�Ò�m�vr|l�°ºÒSÈ
�Ë®
}ºÓÁÒ��SÈ�ÒÒ���l�¹ºã«SÒÏÈ�Ò«�

È�Û�ÒÓ�ËÓ°ÒmÓº°�
�(\�}ºä¹ºÓËÓ�©�¹ºã«���ËÁË}��m�mÒ�Ë�m©°��¹È���Û�ÒÓ�ËÓ°ÒmÓº°�

(]�}ºä¹ºÓËÓ�©�¹ºã«���ËÁË}��m�mÒ�Ë�m©°��¹È��m�Û�ÒÓ�ËÓ°ÒmÓº°�
�(\�}ºä¹ºÓËÓ�©�¹ºã«�
�ËÁË}��m�mÒ�Ë�m¹È�ÒÓ©����Û�ÒÓ�ËÓ°ÒmÓº°�
�(]�}ºä¹ºÓËÓ�©�¹ºã«���ËÁË}��m�mÒ�Ë�m¹È�
�ÒÓ©
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3ËÏ�ã
�È�©��¹SË�°�ÈmãËÓÓ©Ë�ÓÈ
SÒ°�����äºÎÓº�°SÈmÓÒ�
�°�SËÏ�ã
�È�
�ÈäÒ�ÓÈ�SÒ°�������Ë�ãÒÎÓË¹ºãËmºË
ÒÏºSÈÎËÓÒË��Ë²�ÎË�°Èä©²�º�Ë}�
�ºm� SÈ°°�Ò�ÈÓº� }È}� Á�Ó}�Ò«� ÒÓ�
�ËÓ°ÒmÓº°�Ò�¹ºã«�m��º�}Ë��Ë�Ë}�º�
SÈ�º��¹ºãºÎËÓÒ«�ÏºÓ�È�°�SÈÏäËSÈäÒ
�� � �� � ���Óä��¹SÒ�Ë�º�°}ÈÓÒSº�
mÈÓÒÒ��l©�¹SË�¹ºãÈ�ÈËä����º�°Ò��
ÓÈã�m��º�}��SÈ°¹ºãºÎËÓÒ«��Ë�Ë}�º�
SÈ�¹SÒ²º�Ò���ºã
}º�º��ÏºÓ�È��~ÈäË�
�Òä����º�m�ª�ºä�°ã��ÈË�¹º¹ËSË�Ó©Ë
SÈÏäËS©�ÏºÓ�È�äËÓ
	Ë���Ëä�°ºº�mË��
°�m���ÒË�SÈÏäËS©��ËÁË}�ºm�¹ºmËS²�
Óº°�Ò�Ò�ÏÓÈ�Ò�Ëã
Óº�äËÓ
	Ë��ãÒÓ©
mºãÓ©�mÓË	ÓË�º�ÒÏã��ËÓÒ«�

jÏ� °SÈmÓËÓÒ«� ÒÏºSÈÎËÓÒ®� ÓÈ
SÒ°����Ò�SÒ°����mÒ�Óº����º�SÈ°¹SË�Ë�
ãËÓÒË�]�}ºä¹ºÓËÓ�©�ªãË}�SÒ�Ë°}º�
�º� ¹ºã«� m� äË°�Ë� �Ë�Ë}�ºSÈ� ÓË°Ë�
ºã
	Ë�ÒÓÁºSäÈ�ÒÒ�º��ËºäË�SÒ�Ë�
°}º®�ÁºSäË��ËÁË}�ºm���Ëä�SÈ°¹SË�
�ËãËÓÒË� \�}ºä¹ºÓËÓ�©�� jÏ� ª�º�º
°ãË��Ë�����º�m��ÈÓÓºä�°ã��ÈË�ã��	ËË
SÈÏSË	ËÓÒË� äÒ}Sº°}º¹È� °ºº�mË�°��
m�Ë�� SÈ°¹SË�ËãËÓÒ�� ]�}ºä¹ºÓËÓ�©
ªãË}�SÒ�Ë°}º�º�¹ºã«�m��Èã
ÓË®�Ïº�
ÓË��{�°m«ÏÒ�°�ª�Òä��ÈãËË��SÈ°°äÈ�SÒ�
mÈ«�vr|l�°ºÒSÈ��Ë®�}ºÓÁÒ��SÈ�
�ÒÒ��ä©�º�SÈÓÒ�ÒãÒ°
��ºã
}º�]�}ºä�
¹ºÓËÓ�º®�¹ºã«�

3Ò°�����ËäºÓ°�SÒS�Ë��ÒÏºSÈÎË�
ÓÒ«� �Ë²� ÎË� °Èä©²� ¹ºmËS²Óº°�Ó©²
�ËÁË}�ºm����º�Ò�ÓÈ�SÒ°����Ò�����ºã
}º
SÈ°°�Ò�ÈÓÓ©²��ã«�vr|l�ºã��È��
�Ë®�}ºÓÁÒ��SÈ�ÒÒ��~�Ë°
�SÈÏäËS©
ÏºÓ�È� Ò�	È�� °}ÈÓÒSºmÈÓÒ«� �Ë� ÎË�
��º�Ò�ÓÈ�SÒ°����

jÏ� ¹SË�°�ÈmãËÓÓ©²� SËÏ�ã
�È�ºm
°ãË��Ë��� ��º� Sºã
� ÏºÓ�È� °� º�Óº°Ò�
�Ëã
Óº� äÈã©äÒ� ¹º¹ËSË�Ó©äÒ� SÈÏ�
äËSÈäÒ�ºãËË�°��Ë°�mËÓÓÈ�m�°ã��ÈË
°ºÒSÈ��Ë®� }ºÓÁÒ��SÈ�ÒÒ� ÒÏ�ÏÈ
ÓÈãÒ�Ò«� ¹ºmËS²Óº°�Ó©²� mºãÓ�� w�Ò
mºãÓ©�SÈ°°ËÒmÈ��°«�¹ºmËS²Óº°�Ó©�
äÒ��ËÁË}�ÈäÒ�Ò��º¹ºãÓÒ�Ëã
Óº�ÏºÓ�
�ºä����º��mËãÒ�ÒmÈË��Sºã
�ÒÓ�ËSÁË�
SËÓ�ÒºÓÓ©²� ªÁÁË}�ºm�� �ºª�ºä�
SÈÏSË	ËÓÒË�m�°ºÒSÈ��Ë®�}ºÓÁÒ���

3Ò°�����lº�Ëã	ÓºË�ÒÏºSÈÎËÓÒË��ËÁË}�ºm�¹ãº°}º®�¹ºmËS²Óº°�Ò�m�vr|l�ºã��È
�Ë®
}ºÓÁÒ��SÈ�ÒÒ��mÓË�ÓËË�¹ºãË�ÒäËË��(\�¹ºã«SÒÏÈ�Ò
�

È�Û��ËÁË}��m�mÒ�Ë�m¹È�ÒÓ©���Û��ËÁË}��m�mÒ�Ë�m©°��¹È

3Ò°�����lº�Ëã	ÓºË�ÒÏºSÈÎËÓÒË��ËÁË}�È�m�mÒ�Ë�m¹È�ÒÓ©�°�SÈÏäËSÈäÒ��� � �� � ���Óä��
SÈÏäËS�ÏºÓ�È�Û��� � �� � ���Óä����È��°}ÈÓÒSºmÈÓÒ«����Óä�m�vr|l�

È�Û�ºã��È��Ë®�}ºÓÁÒ��SÈ�ÒÒ���Û�°ºÒSÈ��Ë®�}ºÓÁÒ��SÈ�ÒÒ

3Ò°�����lº�Ëã	ÓºË�ÒÏºSÈÎËÓÒË��ËÁË}�È�m�mÒ�Ë�m¹È�ÒÓ©�°�SÈÏäËSÈäÒ��� � �� � ���Óä��
SÈÏäËS�ÏºÓ�È�Û��� � �� � ���Óä����È��°}ÈÓÒSºmÈÓÒ«����Óä�m�vr|l�

È�Û�ºã��È��Ë®�}ºÓÁÒ��SÈ�ÒÒ���Û�°ºÒSÈ��Ë®�}ºÓÁÒ��SÈ�ÒÒ

3Ò°�����lº�Ëã	ÓºË�ÒÏºSÈÎËÓÒË��ËÁË}�È�m�mÒ�

�Ë� m¹È�ÒÓ©� °� SÈÏäËSÈäÒ� �� � �� � ��� Óä��

SÈÏäËS�ÏºÓ�È�Û��� � �� � ���Óä����È��°}ÈÓÒ�
SºmÈÓÒ«����Óä�m�vr|l�

È�Û�ºã��È��Ë®�}ºÓÁÒ��SÈ�ÒÒ���Û�°ºÒ�
SÈ��Ë®�}ºÓÁÒ��SÈ�ÒÒ
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SÈ�ÒÒ�ÏÈmÒ°Ò��º��ÒÓ�ËSÁËSËÓ�ÒºÓÓº�º�mÏÈÒäº�Ë®�
°�mÒ«�äËÎ���ÏºÓ�ºä�Ò�¹ºmËS²Óº°�Ó©äÒ��ËÁË}�ÈäÒ�

jÏ�SÒ°����Ò�SÒ°�����È}ÎË�mÒ�Óº����º�ºã��È��È«
}ºÓÁÒ��SÈ�Ò«�«mã«Ë�°«�ºãËË�ÒÓÁºSäÈ�ÒmÓº®�º��
Óº°Ò�Ëã
Óº� ãº}ÈãÒÏÈ�ÒÒ� Ò�ÁºSä©� ÓÈÓº°}º¹Ò�Ë�
°}Ò²�º�Ë}�ºm�m�ºSÈÏ�Ë��|�ÓÈ}º�ª�È�°Ò��È�Ò«�äº�
ÎË��ÒÏäËÓ«�
°«��Ë°ãÒ�¹º¹ËSË�Ó©Ë�SÈÏäËS©�ÏºÓ�È
¹SËm©	È���SÈÏäËS©�¹ºmËS²Óº°�Ó©²��ËÁË}�ºm��°ä�
ÓÒÎË��

3ËÏ�ã
�È�©��¹SË�°�ÈmãËÓÓ©Ë�ÓÈ�SÒ°�������Ò����Òã�
ã�°�SÒS����ÏÈmÒ°Òäº°�
�ÒÏºSÈÎËÓÒ®�m¹È�ÒÓ©�º�
SÈÏäËSÈ�ÏºÓ�È�Ò�	È�È�°}ÈÓÒSºmÈÓÒ«��ä©�SÈ°°äÈ��
SÒmÈËä�m¹È�ÒÓ����È}�}È}�º�Ë}�Èä�¹º��¹ºmËS²Óº�
°�
�� m� ãÒ�ËSÈ��SË� ��Ëã«ãº°
� äËÓ
	Ë� mÓÒäÈÓÒ«�
�Ëä�ÓÈ�¹ºmËS²Óº°�Ò��

3Ò°�� �� ¹SË�°�Èmã«Ë�� ÒÏºSÈÎËÓÒ«� �ã«� °ã��È«�
}º��È�Ò�	È��°}ÈÓÒSºmÈÓÒ«�Ò�¹º¹ËSË�Ó©Ë�SÈÏäËS©
ÏºÓ�È� ¹SËm©	È��� ¹º¹ËSË�Ó©Ë� SÈÏäËS©� �ËÁË}�È�
vSÈmÓÒmÈ«�ª�Ò�SËÏ�ã
�È�©�°�ÒÏºSÈÎËÓÒËä�ÓÈ�SÒ°�
���}º�ºSºË�©ãº�¹ºã��ËÓº��ã«��º�º�ÎË�	È�È�°}ÈÓÒ�
SºmÈÓÒ«��Óº��ã«�ÏºÓ�È�°�äËÓ
	ÒäÒ�¹º¹ËSË�Ó©äÒ
SÈÏäËSÈäÒ���Ëä�SÈÏäËS©��ËÁË}�È��ä©�mÒ�Òä����º
�mËãÒ�ËÓÒË�SÈÏäËSºm�ÏºÓ�È�Ò�	È�È�°}ÈÓÒSºmÈÓÒ«
mË�Ë��}�ºãËË�°ãºÎÓº®�}ÈS�ÒÓË�SÈ°¹SË�ËãËÓÒ«�ÒÓ�
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ÓÈ«
°Ò°�ËäÈ� ÓÈÓº¹ËSËäË�ËÓÒ®� ��jjv�s���� m²º�«�
�È«�m�°º°�Èm�ª�ÈãºÓÓº®��°�ÈÓºm}Ò��¹ºÏmºã«Ë��¹Sº�
mº�Ò�
�}ÈãÒSºm}��¹SË�ÒÏÒºÓÓ©²�°Ò°�Ëä�ÓÈÓº°}ÈÓÒ�

SºmÈÓÒ«�Ò�äÒ}Sº¹ºÏÒ�ÒºÓÒSºmÈÓÒ«�m��ÒÈ¹ÈÏºÓË�º�
Ë�ÒÓÒ��ÓÈÓºäË�SÈ��º��Ë°«�}È�äÒããÒäË�Sºm�°�¹º�SË	�
Óº°�
��äËÓËË���Óä�m�SËÈã
Óºä�äÈ°	�ÈË�mSËäËÓÒ�
vºÏ�ÈÓÈ�� È��Ë°�ºmÈÓÈ� Ò� ª}°¹ã�È�ÒS�Ë�°«� �°�È�

Óºm}È� m©°	Ë®� �º�Óº°�Ò� ÓÈ� º°ÓºmË� SÈ°�Sºmº�º
ªãË}�SºÓÓº�º� äÒ}Sº°}º¹È�� ¹SË�ÓÈÏÓÈ�ËÓÓÈ«� �ã«
mº°¹SºÒÏmË�ËÓÒ«� Ò� ¹ËSË�È�Ò� SÈÏäËSÈ� Ë�ÒÓÒ�©
�ãÒÓ©�m��ÒÈ¹ÈÏºÓË����Óä�������ä}ä�°º�°�ÈÓ�ÈS�Óº®
ÓËº¹SË�ËãËÓÓº°�
����Óä�m��ÒÈ¹ÈÏºÓË�����������Óä�
sÈ�º°ÓºmË��ºãº�SÈÁÒ�Ë°}º®�SË	Ë�}Ò�°ºÏ�ÈÓ�Ò

	ÒSº}º� ¹SÒäËÓ«Ë�°«� �º°��ÈS°�mËÓÓ©®� °�ÈÓ�ÈS��
Ó©®�ºSÈÏË���v|�����Û����¹SË�ÓÈÏÓÈ�ËÓÓ©®��ã«
}ÈãÒSºm}Ò�SÈ°�Sºm©²�ªãË}�SºÓÓ©²�äÒ}Sº°}º¹ºm
Ò� ¹
ËÏº°}ÈÓËSºm� ��ÓÓËã
Ó©²� Ò� È�ºäÓº�°Òãºm©²
äÒ}Sº°}º¹ºm�� v�ÈÓ�ÈS�Ó©®� ºSÈÏË�� m©¹ºãÓËÓ� m
mÒ�Ë�¹ËSÒº�Ò�Ë°}º®�SËã
ËÁÓº®�°�S�}��S©�Û��ºãº�
�SÈÁÒ�Ë°}º®�SË	Ë�}Ò��°�¹ËSÒº�ºä���� ³ ��Óä�ÓÈ
¹ºmËS²Óº°�Ò�}SËäÓÒËmº®�¹º�ãºÎ}Ò�
{©°º}ÒË�äË�Sºãº�Ò�Ë°}ÒË�²ÈSÈ}�ËSÒ°�Ò}Ò�°ºÏ�

�ÈÓÓ©²�ª�ÈãºÓÓ©²�°SË�°�m�ÒÏäËSËÓÒ®�¹º��mËSÎ�È�
��°«�SËÏ�ã
�È�ÈäÒ�äËÎ��ÓÈSº�Ó©²�}S��ºm©²�°ãÒ�
�ËÓÒ®�¹ËSÒº�Ò�Ë°}Ò²�äËS�°SÈmÓËÓÒ«�ÓÈ�ª�ÈãºÓÓ©²
ÒÓ�ËSÁËSËÓ�ÒºÓÓ©²��°�ÈÓºm}È²�{sjj�äË�Sºãº�ÒÒ
Òä��i� j��lËÓ�ËãËËmÈ��n����sj¡�{�Ò�lËÎ���
ÓÈSº�Óº�º��Sº�äËS�Ò�mË°ºm���ÈSÒÎ���nË�ËSÈã
Óº�º
ÁÒÏÒ}º��Ë²ÓÒ�Ë°}º�º� ÒÓ°�Ò���È� �sÈ�ÒºÓÈã
Óº�º
äË�Sºãº�Ò�Ë°}º�º��ËÓ�SÈ��ËSäÈÓÒÒ��rSÈ�Ó	mË®���
sÈ� }ºä¹ãË}°Ë� ª�ÈãºÓÓ©²� °SË�°�m� ÒÏäËSËÓÒ®

¹Sºmº�«�°«�äË�Sºãº�Ò�Ë°}ÒË�SÈº�©�¹º�È��Ë°�È�ÒÒ
¹ËSÒº�Ò�Ë°}Ò²�äËS���ºãº�SÈÁÒ�Ë°}Ò²�Ò��ÒÁSÈ}�Ò�
ºÓÓ©²�SË	Ë�º}���äËS�m©°º�©�°��¹ËÓÒ��äËS�	ÒSÒ�
Ó©� ãÒÓÒÒ� Ò� �S��Ò²� °¹Ë�ÒÈã
Ó©²�äËS�� °ã�ÎÈ�Ò²
�ã«�}ÈãÒSºm}Ò�}ºÓ�Sºã
Óº�ÒÏäËSÒ�Ëã
Óº�º�ºº�
S��ºmÈÓÒ«��Ò°¹ºã
Ï�Ëäº�º�m�¹SºÒÏmº�°�mË�äÒ}Sº�
Ò�ÓÈÓºªãË}�SºÓÒ}Ò��äÒ}SºäË²ÈÓÒ}Ò�

~È}ã
�ËÓÒË

iã«�ºË°¹Ë�ËÓÒ«�Ë�ÒÓ°�mÈ�ãÒÓË®Ó©²�ÒÏäËSËÓÒ®
m��ÒÈ¹ÈÏºÓË���Óä�������ä}ä�°ºÏ�ÈÓ©�º°Óºm©�äË�Sº�
ãº�Ò�Ë°}º�º�ºË°¹Ë�ËÓÒ«�ÒÏäËSËÓÒ®��m}ã��È«�
z äË�º�©�Ò�°SË�°�mÈ�mº°¹SºÒÏmË�ËÓÒ«�Ò�¹ËSË�È�Ò
SÈÏäËSÈ�Ë�ÒÓÒ�©��ãÒÓ©�m��}ÈÏÈÓÓºä��ÒÈ¹ÈÏºÓË
°� È°ºã��Óº®� ¹SÒm«Ï}º®� }� �º°��ÈS°�mËÓÓºä�
¹ËSmÒ�Óºä��ª�ÈãºÓ��Ë�ÒÓÒ�©��ãÒÓ©�Û�äË�S��
º°ÓºmÈÓÓ©Ë�ÓÈ�äË�º�È²�ÏºÓ�ºmº®�äÒ}Sº°}º¹ÒÒ
Ò�ãÈÏËSÓº®�ÒÓ�ËSÁËSºäË�SÒÒ�ÁÈÏºäË�SÒÒ�

z SÈÏSÈº�ÈÓÈ��Ë²Óºãº�Ò«�Ò�°ºÏ�ÈÓ©��SË²äËSÓ©Ë
äËS©�äÒ}Sº��Ò�ÓÈÓºSËã
ËÁÈ�¹ºmËS²Óº°�Ò��ºË°�
¹Ë�ÒmÈ��ÒË� ÓË� �ºã
}º� }ÈãÒSºm}�� ÏºÓ�ºm©²
äÒ}Sº°}º¹ºm��°}ÈÓÒS���Ò²���ÓÓËã
Ó©²��È�ºä�
Óº�°Òãºm©²��SÈ°�Sºm©²�ªãË}�SºÓÓ©²��Û�º°Óºm�
Ó©²�°SË�°�m�ãÒÓË®Ó©²�ÒÏäËSËÓÒ®�m�ª�ºä��ÒÈ¹È�
ÏºÓË��Óº�Ò�¹º��mËSÎ�È��ÒË��º°�ºmËSÓº°�
�SË�
Ï�ã
�È�ºm� ÒÏäËSËÓÒ®� m� ÏºÓ�ºmºä� äÒ}Sº°}º¹Ë
SËÈã
Óº�º�º�Ë}�È� m� �}ÈÏÈÓÓºä��ÒÈ¹ÈÏºÓË�ãÒ�
ÓË®Ó©²�SÈÏäËSºm�
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z �°�ÈÓºmãËÓ©��°ãºmÒ«�¹S«ä©²�ÒÏäËSËÓÒ®�SÈÏäË�
Sºm� ÓÒÎÓË�º� º°ÓºmÈÓÒ«� Ò� ¹SºË}�ÒÒ� º}ºmº®
°�ËÓ}Ò�ÓÈ�¹ãº°}º°�
�º°ÓºmÈÓÒ«�ªãËäËÓ�ºm�SËã
�
ËÁÈ�°��SÈ¹Ë�ÒËmÒ�Ó©ä�¹SºÁÒãËä�¹º�ÏÈSË�Ò°��
SÒSºmÈÓÓº®�}SÒmº®�mÒ�Ëº°Ò�ÓÈãÈ�

z °ºÏ�ÈÓ©�Èã�ºSÒ�ä©�Ò�¹È}Ë��¹Sº�SÈää��ã«�Èm�º�
äÈ�ÒÏÒSºmÈÓÓ©²��SË²äËSÓ©²�ÒÏäËSËÓÒ®�SËã
Ë�
ÁÈ�¹ºmËS²Óº°�Ò�}ºÓ�ËÓ°ÒSºmÈÓÓ©²�°SË��

�SÒ�ÒÏäËSËÓÒ«²�°mËS²äÈã©²�¹ËSËäË�ËÓÒ®�°�ÈÓ�
�ÈS�Óº�º�ºSÈÏ�È�È�ºäÈSÓº��Ò°�º®�¹ºmËS²Óº°�Ò�m©�
°º}º�ºSÒËÓ�ÒSºmÈÓÓº�º�¹ÒSº�SÈÁÒ�È�äË�º�ÈäÒ�ãÈ�
ÏËSÓº®�ÒÓ�ËSÁËSºäË�SÒÒÛÁÈÏºäË�SÒÒ�Ò�°}ÈÓÒS���
�Ë®� ÏºÓ�ºmº®�äÒ}Sº°}º¹ÒÒ�º¹SË�ËãËÓº�äËÎÈ�ºä�
ÓºË�SÈ°°�º«ÓÒË��SÈmÓºË������Óä����º�°ºº�mË�°�m�Ë�
ÏÓÈ�ËÓÒ��¹º°�º«ÓÓº®�}SÒ°�ÈããÒ�Ë°}º®�SË	Ë�}Ò�

�ºã��ËÓÓ©Ë� SËÏ�ã
�È�©� mÓË�SËÓ©� m� ¹SÈ}�Ò}�
È��Ë°�È�ÒÒ��º°��ÈS°�mËÓÓ©²�°�ÈÓ�ÈS�Ó©²�ºSÈÏ�ºm
äÒ}Sº��� ÓÈÓºSËã
ËÁÈ� ¹ºmËS²Óº°�Ò� Ò� äËS� äÈãº®
�ãÒÓ©�Û�äÈ�ËSÒÈã
Ó©²�Óº°Ò�ËãË®�SÈÏäËSÈ�Ë�ÒÓÒ�
�©��ãÒÓ©�m�ÓÈÓº��Ò�äÒ}SºäË�Sºmºä��ÒÈ¹ÈÏºÓÈ²�
°SË�°�m�äË�Sºãº�Ò�Ë°}º�º�ºË°¹Ë�ËÓÒ«�ãÒÓË®Ó©²
ÒÏäËSËÓÒ®� �n���� �sÈ��Óº�Ò°°ãË�ºmÈ�Ëã
°}Ò®
�ËÓ�S�¹º�ÒÏ��ËÓÒ��°mº®°�m�¹ºmËS²Óº°�Ò�Ò�mÈ}���
äÈ���º°°�ÈÓ�ÈS�È�3º°°ÒÒ���m�äË�Sºãº�Ò�Ë°}ºË�ºË°�
¹Ë�ËÓÒË�¹SºÒÏmº�°�mÈ�ÒÏ�ËãÒ®�äÒ}SºªãË}�SºÓÒ}Ò
�|k|��sÈ��Óº�Ò°°ãË�ºmÈ�Ëã
°}Ò®�ÒÓ°�Ò����äºãË�
}�ã«SÓº®�ªãË}�SºÓÒ}Ò�Ò�ÏÈmº���lÒ}SºÓ���Ò�m�¹Sº�
ÒÏmº�°�mº�ÏºÓ�ºm©²�äÒ}Sº°}º¹ºm��ã«�Ó�Î��ÓÈÓº�
ªãË}�SºÓÒ}Ò�Ò�ÓÈÓº�Ë²Óºãº�ÒÒ��~k|��s��li����

vºÏ�ÈÓÓºË� Èm�ºäÈ�ÒÏÒSºmÈÓÓºË� SÈº�ËË� äË°�º
ÒÏäËSËÓÒ«� ãÒÓË®Ó©²� SÈÏäËSºm� ªãËäËÓ�ºm� vrjv
ÓÈ�ÈÏË�SÈ°�Sºmº�º�ªãË}�SºÓÓº�º�äÒ}Sº°}º¹È�ª}°�
¹ã�È�ÒS�Ë�°«�m�mË���Ë®�ºS�ÈÓÒÏÈ�ÒÒ�ªãË}�SºÓÓº®
º�SÈ°ãÒ�|k|� �sÈ��Óº�Ò°°ãË�ºmÈ�Ëã
°}Ò®� ÒÓ°�Ò�
����äºãË}�ã«SÓº®�ªãË}�SºÓÒ}Ò�Ò�ÏÈmº���lÒ}SºÓ�
�ã«� º�SÈº�}Ò� ÈÏºm©²� �Ë²Óºãº�Ò®� ÒÏ�º�ºmãËÓÒ«
vrjv�°�¹SºË}�Ó©äÒ�ÓºSäÈäÒ�����������Óä�Ò�¹Sº�
ÒÏmº�°�mÈ�¹Sº��}�ÒÒ�

3ÈÏSÈº�ÈÓÓºË� äË�Sºãº�Ò�Ë°}ºË� ºË°¹Ë�ËÓÒË�
SËÈãÒÏ���ËË�mºÏäºÎÓº°�Ò�¹S«ä©²�ÒÏäËSËÓÒ®�SÈÏ�
äËSºm� mËS²ÓÒ²� Ò� ÓÒÎÓÒ²� º°ÓºmÈÓÒ®� ªãËäËÓ�ºm
vrjv�Ò�ÓË�ÒäË��ËË�ÈÓÈãº�ºm�m�äÒSºmº®�¹SÈ}�Ò}Ë
ãÒÓË®Ó©²�ÒÏäËSËÓÒ®��Ò°¹ºã
Ï�Ë�°«�m�¹SºÒÏmº�°�mË
ªãË}�SºÓÓº®�}ºä¹ºÓËÓ�Óº®�ÈÏ©��ã«�°�SÈ�Ë�Ò�Ë�
°}Ò�mÈÎÓ©²�°Ò°�Ëä�

{ÓË�SËÓÒË�m�~k|��s��li���äË�º�Ò}�}ºÓ�Sºã«
¹ÈSÈäË�Sºm� È�ºäÓº�°Òãºm©²� äÒ}Sº°}º¹ºm� °� Ò°�
¹ºã
ÏºmÈÓÒËä�È��Ë°�ºmÈÓÓ©²�äËS�lb�v����z�¹º�
ÏmºãÒãº�°��Ë°�mËÓÓº��ã��	Ò�
�}È�Ë°�mº��SÈ°	ÒSÒ�

¹º�SËÒ�Ëã
°}ÒË�°mº®°�mÈ�m©¹�°}ÈËä©²�°}ÈÓÒS���
�Ò²� ÏºÓ�ºm©²� äÒ}Sº°}º¹ºm� �3��630/6�� 3���
60(1$�Ò��S��Ò²��Ò��mËãÒ�Ò�
�º�Ëä�Ò²�¹Sº�ÈÎ��m
�ºä��Ò°ãË�ÓÈ�mÓË	ÓÒ®�S©Óº}��m���SÈÏÈ�

�°¹Ë	ÓÈ«�ª}°¹ã�È�È�Ò«�m�SÈÏÓ©²�ºS�ÈÓÒÏÈ�Ò«²
m��Ë�ËÓÒË�ÓË°}ºã
}Ò²�ãË��°Ò°�Ëä�äË�Sºãº�Ò�Ë°}º�º

ºË°¹Ë�ËÓÒ«�ÒÏäËSËÓÒ®�m��ÒÈ¹ÈÏºÓË���Óä�������ä}ä
����������Óä��ã«�ÓÈÓº¹ËSËäË�ËÓÒ®�Ò����Óä�������ä}ä
�ã«�ÒÏäËSËÓÒ«�	ÒSÒÓ©�ãÒÓÒÒ��¹º}ÈÏÈãÈ����º�m©�
¹ºãÓ«Ëä©Ë�ÒÏäËSËÓÒ«�SÈÏäËSºm�ªãËäËÓ�ºm��Ë°�º�
m©²�°�S�}��S�Ò�vrjv�°ºº�mË�°�m����äË�Sºãº�Ò�Ë�
°}Òä��SËºmÈÓÒ«ä�lËÎ��ÓÈSº�Óº®�¹Sº�SÈää©�SÈÏ�
mÒ�Ò«�¹ºã�¹Sºmº�ÓÒ}ºmº®�¹Sºä©	ãËÓÓº°�Ò�m¹ãº�

�º�������º�È��vºÏ�ÈÓÓ©Ë�äËS©�lb�v����z��}ºÓ°��
S�}�Ò«�}º�ºS©²�ÏÈ¹È�ËÓ�ºmÈÓÈ�m�3º°°ÒÒ��Ò°¹©�È�
Ó©�m�3º°°ÒÒ�Ò�m�pmSº¹Ë��nË�ËSÈã
Ó©®�ÁÒÏÒ}º��Ë²�
ÓÒ�Ë°}Ò®�ÒÓ°�Ò����Û�sÈ�ÒºÓÈã
Ó©®�äË�Sºãº�Ò�
�Ë°}Ò®��ËÓ�S� �ËSäÈÓÒÒ��rSÈ�Ó	mË®���� 3ÈÏSÈº�
�ÈÓÓºË� äË�Sºãº�Ò�Ë°}ºË� ºË°¹Ë�ËÓÒË� ãÒÓË®Ó©²
ÒÏäËSËÓÒ®�m�äÒ}Sº��Ò�ÓÈÓºäË�Sºmºä��ÒÈ¹ÈÏºÓÈ²
¹º��mËSÎ�ËÓº� SËÏ�ã
�È�ÈäÒ� äËÎ��ÓÈSº�Ó©²� }S��
�ºm©²�°ãÒ�ËÓÒ®��¹SºmË�ËÓÓ©²�äËÎ���ºS�ÈÓÒÏÈ�Ò«�
äÒ��º°°�ÈÓ�ÈS�È�3º°°ÒÒ�Ò�lËÎ��ÓÈSº�Ó©ä��Sº
äËS�Ò�mË°ºm���ÈSÒÎ��
3ËÏ�ã
�È�©�m©¹ºãÓËÓÓº®�}ºä¹ãË}°Óº®�SÈº�©

«mã«��°«� ÈÏÒ°ºä�� ÓÈ� º°ÓºmË� }º�ºSº�º� °�SºÒ�°«
°Ò°�ËäÈ�ÒÏäËSËÓÒ®�ãÒÓË®Ó©²�SÈÏäËSºm�m��ÒÈ¹ÈÏº�
ÓË���Óä�������ä}ä���ËS°¹Ë}�Òmº®��Èã
ÓË®	Ë�º�Ò°�
¹ºã
ÏºmÈÓÒ«�SËÏ�ã
�È�ºm�SÈº�©�«mã«Ë�°«�mÓË�SË�
ÓÒË�ÓÈ��Ó©²�Ò��Ë²Óºãº�Ò�Ë°}Ò²�º°Óºm�äË�Sºãº�Ò�
�Ë°}º�º�ºË°¹Ë�ËÓÒ«�ÒÏäËSËÓÒ®��ãÒÓ©�m�äÒ}Sº�
äË�Sºmºä� Ò� ÓÈÓºäË�Sºmºä� �ÒÈ¹ÈÏºÓÈ²� m
ÓÈ�}ºËä}ÒË�º�SÈ°ãÒ�ª}ºÓºäÒ}Ò�3º°°Ò®°}º®�nË�Ë�
SÈ�ÒÒ��m��ºä��Ò°ãË�m�äÒ}SºªãË}�SºÓÒ}���äÒ}SºäË�
²ÈÓÒ}��Ò�ÓÈÓº�Ë²Óºãº�Ò��

v¹Ò°º}�ãÒ�ËSÈ��S©

�� nË�ºSÒÓ�{� ����º°��ÈS°�mËÓÓ©®�¹ËSmÒ�Ó©®�ª�ÈãºÓ�Ë�Ò�
ÓÒ�©��ãÒÓ©����3º°°Ò®°}È«�äË�Sºãº�Ò�Ë°}È«�ªÓ�Ò}ãº¹Ë�Ò«��v��
�Ë�ËS�S����Ò}Ò�3º°°ÒÒ��������v� ���Û����
�� 7KH� 1DWLRQDO� 7HFKQRORJ\� 5RDGPDS� IRU� 6HPLFRQGXFWRUV�
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7HOHWV�9� $���1HJLQD�<X� 6���2UORY�$� $��0DQXIDFWXULQJ�
RI��'�0(06�E\�WKH�7KHUPRFRPSUHVVLRQ�:HOGLQJ ��������������������������

7KUHH�PRVW�XVHG�PHWKRGV�RI�WKH�WKHUPRFRPSUHVVLRQ�ZHOGLQJ�IRU
VLOLFRQ� ZDIHUV� DQG� RWKHU� PDWHOLDOV� DSSOLHG� LQ� �'�0(06� GHYLFHV
PDQXIDFWXULQJ�DUH�RYHUYLHZHG�

.DW\V�3� *���.DW\V�*� 3��/DVHU�3URMHFWLRQ�'LVSOD\ ������������������������

'HVWLQDWLRQ�� GHVLJQ� FRQFHSWV�� SRWHQWLDOLW\� DQG� NH\� IHDWXUHV� RI
SURMHFWLRQ� GLVSOD\V� ZLWK� WKH� PLFURRSWRHOHFWURPHFKDQLFDO�V\VWHPV
�02(06��DUH�GLVFXVVHG�

*RUORY�0� ,���$QGUHHY�$� 9��7KH�6HQVRU�LQ�*DXJHV�RI�'DPS�
,QVLGH�,&�3DFNDJHV ����������������������������������������������������������������� ��

,Q�DUWLFOH�WKH�WHFKQLTXH�RI�WKH�FRQWURO�RI�GDPS�LQVLGH�,&�SDFNDJHV
ZLWK�WKH�KHOS�RI�WKH�VHQVRU�LQ�JDXJHV��1HFHVVLW\�RI�WKH�FRQWURO�RI�PRLV�
WXUH�FRQWHQW�IRU�LPSURYHPHQW�RI�TXDOLW\�DQG�LV�VKRZQ�UHOLDELOLW\�RI�LV�
VXHG�SURGXFWLRQ��7KH�GHVLJQ�RI�WKH�JDXJH�RI�D�GHZ�SRLQW�VXSHUILFLDOO\�

(YO\XNKLQ�$� %���)DGHHYD�,� <X��0RGHOLQJ�RI�,PDJH�)RUPDWLRQ
LQ�6FDQQLQJ�1HDU�)LHOG�2SWLFDO�0LFURVFRS\�RI�WKH�&ROOHFWLRQ�
DQG�,OOXPLQDWLRQ�0RGHV ����������������������������������������������������������� ��

3XUSRVH�RI�WKH�LQYHVWLJDWLRQ�LV�WR�FRPSDUH�WKH�LPDJHV�RI�WKH�VDPH
VDPSOH�REWDLQHG�E\�QXPHULFDO�PRGHOLQJ�RI�VFDQQLQJ�QHDU�ILHOG�RSWL�
FDO�PLFURVFRS\�LQ�FROOHFWLRQ�DQG�LOOXPLQDWLRQ�FRQILJXUDWLRQV��7KHR�
UHWLFDO�GHVFULSWLRQ�LV�EDVHG�RQ�VHOI�FRQVLVWHQW�LQWHJUDO�HTXDWLRQV�IRU
WKH�HOHFWULF�ILHOG�LQ�WKH�V\VWHP��7KH�FDVHV�ZKHQ�WKH�QDQRVFDOH�REMHFWV
FDQ�EH�RQ�DQG�XQGHU�WKH�VDPSOH�VXUIDFH�DUH�FRQVLGHUHG��7KH�UHVXOWV
GHPRQVWUDWH�WKH�LQWHUDFWLRQ�EHWZHHQ�SUREH�DQG�WKH�VDPSOH�SOD\V�LP�
SRUWDQW�UROH�LQ�WKH�LPDJH�IRUPDWLRQ�SURFHVV�

5HPEH]D�6� ,���6YLVWRYD�7� 9���5HPEH]D�(� 6���0LODVKHFKNR�9� 9��
,QIOXHQFH�RI�3ODWLQ\P�'RSDQWV�RQ�WKH�3URSHUWLHV�RI�6Q2��
)LOPV�IRU�*DV�6HQVRUV �������������������������������������������������������������� ��

,QIOXHQFH�RI�SODWLQXP�GRSLQJ�RQ�WKH�HOHFWULFDO�SURSHUWLHV�LQ�WHP�
SHUDWXUH�UDQJH�RI����������Å&�LQ�WKLQ�JDV�VHQVLWLYH�ILOPV�6Q2��SUH�
SDUHG�E\�UHDFWLYH�VSXWWHULQJ�RI�WLQ�WDUJHW�KDV�EHHQ�LQYHVWLJDWHG��7KH
FKDQJHV�RI�FRQFHQWUDWLRQ�DQG�PRELOLW\�RI�FKDUJH�FDUULHUV�LQ�GHSHQG�
HQFH�RQ�SODWLQXP�FRQWHQW�IURP�����WR�����ZHLJKW�KDYH�EHHQ�VWXGLHG�
,W�ZDV�GHWHUPLQHG�WKDW�SODWLQXP�LQWURGXFWLRQ�KDV�OHG�WR�LQFUHDVH�RI
JDV� VHQVLWLYLW\�DQG� WR�GHFUHDVH�RI� WHPSHUDWXUH�RI�KLJKHU� VHQVLWLYLW\
6Q2��ILOPV�WRZDUGV�HWKDQRO�DQG�DFHWRQH�YDSRURXV�LQ�WKH�DLU�

7RGXD�3� $���%\NRY�9� $���9RON�&K��3���*RUQHY�(� 6���
=KHONREDHY�=K��HWF��6FLHQWLILF�DQG�7HFKQRORJLFDO�%DVHV�
RI�0HWURORJLFDO�6HFXULW\�RI�/HQJKW�'LPHQVLRQ�LQ�0LFURPHWHU�
DQG�1DQRPHWHU�5DQJHV�DQG�WKHLU�,QVWUXVLRQ�LQ�0LFURHOHFWURQLFV�
DQG�1DQRWHFKQRORJLFDOV ����������������������������������������������������������� ��

7KH�EDVHV�RI�PHWURORJLFDO�VHFXULW\�RI�WKH�GLPHQVLRQV�EDVHG�RQ�WKH
PHWKRGV�RU� VFDQQHU�SUREH�PLFURVFRS\�DQG� ODVHU� LQWHUIHURPHWHU�Û
SKDVHPHWHU�DUH�UHSUHVHQWHG��7KH�PHWKRGV�DQG�PHDQV�RI�UHSURGXFWLRQ
DQG�WUDQVPLVVLRQ�RI� WKH�XQLW�RI� OHQJWK�GLPHQVLRQ� LQ� WKH� LQGLFDWHG
UDQJH�ZLWK�DEVROXWH�ELQGLQJ�WR�WKH�VWDWH�SULPDU\�VWDQGDUG�RI�WKH�XQLW
RI�OHQJWK�Û�WKH�PHWHU�DUH�RIIHUHG��WKH�WHFKQRORJ\�LV�GHYHORSHG�DQG

WUHH�GLPHQVLRQDO�PLFUR�QDQRUHOLHI�RI�VXUIDFH�DUH�FUHDWHG�DQG�DOVR�WKH
DOJRULWKPV�DQG�WKH�SDFNDJH�RI�SURJUDPV�SHUPLWWLQJ�WR�UHDOL]H�WKH�DX�
WRPDWL]HG� WUHH�GLPHQVLRQDO� GLPHQVLRQ� RI� WKH� FRQGHQVHG� HQYLURX�
PHQWV�DUH�FUHDWHG�

7UXIDQRY�$� ,���%DWXULQ�$� 6���/HVKXNRY�0� <X���&KDGDHY�1� 1���
6KHVKLQ�(� 3��(PLVVLRQ�&KDUDFWHULVWLFV�RI�/LJKW�6RXUFHV�ZLWK�)LHOG�
(PLVVLRQ�&DWKRGH�0DGH�RI�&DUERQ�)LEHUV�%XQGOH ��������������������������

$W� SUHVHQW� WLPH� WKH� YDULRXV� DSSOLFDWLRQV� RI� WKH� ILHOG� HPLVVLRQ
FDWKRGHV�LQ�D�YDFXXP�GHYLFHV�DUH�VWURQJO\�LQYHVWLJDWHG��8WLOL]LQJ�WKH
ILHOG�HPLVVLRQ�FDWKRGH�SURYLGHV�GHYHORSLQJ�RI�WKH�QHZ�GHYLFHV�ZLWK
SURPLVLQJ�SDUDPHWHUV��7KLV�LV�WKH�IDFW��WKDW�ILHOG�HPLVVLRQ�FDWKRGHV
PDGH�RI�FDUERQ�PDWHULDOV�KDYH�JRRG�HPLVVLRQ�FXUUHQW�VWDELOLW\�XQGHU
FRQGLWLRQ�RI�VHDOHG�RII�HOHFWUR�YDFXXP�GHYLFHV��7KH�FRQVWUXFWLRQ�RI
WKH�FDWKRGROXPLQHVFHQW�OLJKW�VRXUFH�ZLWK�WKH�ILHOG�HPLVVLRQ�FDWKRGH
PDGH�RI�FDUERQ�ILEHUV�LV�GHVFULEHG��7KH�FKDUDFWHULVWLFV�RI�OLJKW�VRXUFHV
LV�DQDO\]HG��OW�LV�VKRZQ��WKDW�SRVVLEOH�DSSOLFDWLRQ�RI�WKH�OLJKW�VRXUFH
LV�ODUJH�YLGHR�VFUHHQ�DQG�ERDUGV�IRU�RXWGRRUV�XVLQJ��7KH�VLPSOH�FRQ�
WURO�V\VWHP�IRU�YLGHR�VFUHHQ�LV�GHVFULEHG�

6KLO\DHY�3� $���3DYORY�'� $���.KRNKORY�$� )��0HWKRGV
IRU�&DOFXODWLQJ�WKH�)UDFWDO�'LPHQVLRQ�RI�630�,PDJHV ��������������������

7KH�PRVW�SRSXODU�DOJRULWKPV�IRU�FDOFXODWLQJ�WKH�IUDFWDO�GLPHQVLRQ
RI�VFDQQLQJ�SUREH�PLFURVFRS\��630��LPDJHV�ZHUH�LQYHVWLJDWHG��7KH
DOJRULWKPV�ZHUH�DSSOLHG�WR�VLPXODWHG�VXUIDFHV�ZLWK�NQRZ�IUDFWDO�GL�
PHQVLRQ��7KH�SUHFLVLRQ�RI�WKH�DOJRULWKPV�ZDV�H[DPLQHG��7KH�PRVW
SUHFLVH�PHWKRGV�ZHUH�GHWHUPLQHG�

*DLNRYLFK�.� 3���'U\DNKOXVKLQ�9� )��6WXG\�RI�WKH�6WUXFWXUH�
RI�1HDU�)LHOGV�(PLVVLRQ�RI�D�6HPLFRQGXFWRU�/DVHU� ������������������������

5HVXOWV�RI�6120�PHDVXUHPHQWV�DQDO\VLV�RI�D�QHDU�ILHOG�VWUXFWXUH
RI� WKH� VHPLFRQGXFWRU� ODVHU� HPLVVLRQ� DUH� SUHVHQWHG�� 7KH� DFKLHYHG
KLJKHU�UHVROXWLRQ�PDNHV�LW�SRVVLEOH�WR�REVHUYH�WKLQ�LQKRPRJHQHLWLHV�RI
QHDU�ILHOG�ODVHU�HPLVVLRQ��ZKLFK�DUH�OLNHO\�UHODWHG�WR�QDQRVFDOH�LQKR�
PRJHQHLWLHV�RI�WKH�HPLWWLQJ�ODVHU�VXUIDFH��7KH�PLFURVFRSH�UHVROXWLRQ
LV�GHWHUPLQHG�E\�WKH�VL]H�RI�WKH�SUREH�DSHUWXUH��∼��Û����QP���ZKLFK
LV�PXFK�VPDOOHU�WKDQ�WKH�ZDYHOHQJWK�RI�OLJKW��,W�ZDV�SRVVLEOH�WR�GLVFHUQ
LQ�6120�ODVHU�HPLVVLRQ�LPDJHV�VPDOO��FRPSDUDEOH�WR�WKH�SUREH�VL]H�
LQKRPRJHQHLWLHV�RI�VWUXFWXUH��WKH�WUXH�IRUP�DQG�PDJQLWXGH�RI�ZKLFK
DUH�LQHYLWDEOH�VPRRWKHG�RYHU�WKH�VFDOH�RI�SUREH�WUDQVIHU�IXQFWLRQ��7R
UHWULHYH�WKH�WUXH�VWUXFWXUH�RI�QHDU�ILHOG�ODVHU�HPLVVLRQ��WKH�PHWKRG�RI
JHQHUDOL]HG�GLVFUHSDQF\�EDVHG�RQ�WKH�7LNKRQRY�V�WKHRU\�RI�LOO�SRVHG
SUREOHPV�ZDV�XVHG��7R�WHVW� WKLV�PHWKRG��QXPHULFDO�PRGHOOLQJ�KDV
EHHQ�FDUULHG�RXW�DQG�PHDVXUHPHQWV�UHVXOWV�KDYH�EHHQ�SURFHVVHG�WDN�
LQJ�LQWR�DFFRXQW�WKH�SUREH�WUDQVIHU�IXQFWLRQ�GHWHUPLQHG�IURP�WKH�WHVW
PHDVXUHPHQWV�ZLWK�WKH�HWFKHG�YDQDGLXP�ILOP��7KHQ��LPDJH�GHFRQ�
YROXWLRQ�PHWKRG�LV�DSSOLHG�WR�UHWULHYH�LPDJHV�RI�WKH�QHDU�ILHOG�HPLV�
VLRQ�RI�VHPLFRQGXFWRU�ODVHU�GLVWRUWHG�E\�WKH�LQVWUXPHQW�WUDQVIHU�IXQF�
WLRQ� LQIOXHQFH��8VLQJ� WKLV�DSSURDFK�� LQ� WKH�6120�PHDVXUHPHQWV
VPDOO���Û�����YDULDWLRQV�ZLWK�D�VSDWLDO�VL]H�RI�DERXW����QP�KDYH�EHHQ
GLVFHUQHG��7KH�IRUP�RI�WKHVH�LQKRPRJHQHLWLHV�ZDV�VLPLODU�ZLWK�WKH
IRUP�RI�WKH�ODVHU�HPLWWLQJ�VXUIDFH�UHOLHI�PHDVXUHG�VLPXOWDQHRXVO\�XV�
LQJ�DWRPLF�IRUFH�PLFURVFRSH�

qÒÉÓÍÕ±¾�ÌÆ�Ô¾ÇÊËÒÐ�ÓÔÍÑÍÐÆáÖ�

)RU�IRUHLJQ�VXEVFULEHUV�

-RLQWãVWRFN�FRPSDQ\�0.ã3HULRGLFD��(ãPDLO��LQIR#SHULRGLFDOV�UX��7HO��������������ã������)D[����������ã����

7KH�MRXUQDO�ERXJKW�VLQFH�QRYHPEHU������

(GLWRUãLQã&KLHI�3K��'��3HWU�3��0DOWVHY

,661�����å�����

$GGUHVV�LV�����6WURP\QVN\�/DQH��0RVFRZ����������5XVVLD��7HO��)D[�������������ã�����

(ãPDLO��LW#QRYWH[�UX�� KWWS���ZZZ�PLFURV\VWHPV�UX


