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b�Y�zd�À]�nº�Y¹�Ö��iYº¯Y�b^g�¶]�Z¸´c�¶�«Z�¯�±M�yub�Y�µv� ¶kºc�{Ç�av��²¿zd°§�Z]� �¶º�«Z�¯�²º¿Y�yu_z¸¯�yZs�Zc yÈ�º³º¯�±{ºº� `¬º�Y ¶´À��®·u{Y¹uY©º��±Yº´��¶]��½\���`�¿y6�z�³�yu� ±M�±Y|Àº¯ ¹ vº� ¶dº�z-�Õ�ÎÔÑ�¶^�Zp¯�zd¯�¾º¬À¯ v¿uzºº-�²ºº¿Yuvºº� ¶ºº] ±Y|Àºº¯½uZ¸´ºº�À�½Zºº£M~�¹¹{n �±YyZº¨°·¹��Ð�ÎÔÒ�b�Y�¦º¿u|³�yZÀ�]��zd¯�¾¬À¯�ÎÍ ��½¹y�z]�¾p¿z�c�¶�«Z�¯�Z]�Yy�½zÀ-�µ{Yv³Y�²¿Y�±Zº�¿YÎÒuº]�µuYu�ayº��v�k��§zo�½Z·�¶d�y�b�z��²À.³ZÀ¯�©Z°¿|-¹z��¾�o�¹ ¾d \Àczc�¶]�Õ�Ï�Ð�ÒÕ�¹ ¶À³Zg�z]�zd¯�Ð�Ï�Ö�ÓÑ� `�¿Z¤¯�yu�¹ v¿uz-�¶^�Zp¯�¶À³Zg�z]�zd¯±Yuz¯¹±Z³{� ¾´�¯�½yZ¯M�a¹Z c] ½yYu¶v¯ZÀ³�b�u�²¿Y�b¬��v¿Z�z.¿u��z��{Y�¹ ±Z¿Z£M�¾³Zdpc�Yv³Y�±uº]�zcv´¬]��¶«Z�¯¾d¿Yv·� zÀsPc� ±Y|À¯� ±uº]� zd�À]¾�o� ½Z·� ¶d�y¶]�¶kºc�Z]�¶§�v�Z]�~´k�²¿Y�yu�©Z°¿|-¹z��¾d§zo¹©º¯z�� ±Z¯{�b�Z�¯ �izt¯�¹ ayº���¿Y|�Y�yu� �b�z�uº��¾°³��£Y¹�zÀgPc�bpc�±Yv´#�b�z��

¶d�y�¾d¿Yv·�b�z��²À]�n�Y¹�a¹Z c� z]� ¶�«Z�¯�²¿YuyYu� vÀ§Pc� ¾d§zo� ¹ ¾�o� ½Z·�u¢À¤pc� ²¿v´#� y ²À´#� ¶]Z�¯� |À³� z.¿u] ¾l¿Zd³�¶b�Y� µv¯M�b�u�{Y ½Z£M� ¶�«Z�¯� yu� ¶¬°k~¹¹{n²À.³ZÀ¯� �±YyZ¨°·� ¹©Z°¿|-¹z��¾�o�¹ ¾d§zo�½Z·�¶d�y�¾d¿Yv·�b�z�~¨¬�y�yu+\Àczc�¶]� �Ô�ÒÑ¹ ¶À³Zg�z]zd¯�Ð�ÓÔzd¯� µv�� ¶^�Zp¯� ¶À³Zg� z]uº]�ÎÍ��`�«Z�¯�¦¿� yu� ±Z�¿Y uYv�Y� ¶]� z.¿u�Ð�Ð�Ñ�ÔÏ�yu� ¶À³Zg� z]� zd¯uyº¯ ¾d¿Yv·�b�z�¶d�y¾�o©Z°¿|-¹z�¹�Ï�Ó�ÓÍ�zd¯¾d§zo� ¶d�y� ¾d¿Yv·� b�z�� uyº¯� yu� ¶À³Zg� z]uº]� ¶d�Z¿�b�u� ©Z°¿|-¹z��ÎÎ��À´$°·º²`�«Z�¯� yu M½Z£~Yyº°À§niº¯� b�z�� �±YyZ¨°·¹�) b°�£yu±Y|À¯�¶]�©ZÀ^Àc�\���©Z°¿|-¹z��Ó�Ð�Ñ�ÒÑ �] µv¿uz-�¶^�Zp¯�¶À³Zg�z]�zd¯uº�ÎÏ�� d�y�¾³Z¯{�zÀsPc���ºd¯`~¨¬�y�½|§z¯�}º£�¾d§zo� +��ÎÒ�Í�ÖÖ�Ï�] ¶À³Zg�yY|·¶uyº¯�yu�¶§�v¯M�b�u ±Y|À¯�²¿Y��¾º�o�¶dº�y�ÎÐ�Í�ÓÖ�Ï�uº]�¶À³Zg�yY|·� ½Zº£M~¹¹{n²¿Y�¾d§zo�¶d�y�¾³Z¯{�zÀsPc��±YyZ¨°·�¹ Yy�}ºº£Ï�ÐYy�¾�o�¶d�y�¾³Z¯{�zÀsPc�¹ ¶À³Zg�yY|·� Ó�ÏY|ººººººººººººººººººººººººººººººººººº·y vº³uº]�µuy¹M�bº�v]�¶Àº³Zg�ÎÍ�j¿Zd³�¶]�z¿uZ¤¯�²¿Y�¶§ _v��\�§b�Y�¦¿u|³�Z¯� ¾³Z¯{zÀsPc�²À.³ZÀ¯}º£~¨¬�y�½|§z¯+��ÏÕ�Í�ÔÔ� Ó�·v¿uz-�¶^�Zp¯�¶À³Zg�yY|�±Y|À¯�Z]�¶�¿Z¤¯½Z·�Ð�Í �Ô�¶À³Zg�yY|·½Z£M�`�«Z�¯�yu~|À�n±YyZ¨°·�¹�Ð���Ñ� Í�Ö�Ó�ºº·ºº�«Z�¯�yu�¶Àºº³Zg�yY|zdºº§u ¶~�¾ºº´À³Yº£n¹ ±YyZººººººººººººººººººººººººººººººººº¨°·�Ö�� �ÐÐ�Í�Õ�Ó�½Zºº£M `ºº�«Z�¯�yu�¶ºÀºº³Zg�yY|ºº·~¹¹{n¹ ±YyZº¨°·�ÎÍ�¶]�zÀsY�_v��¶^�Zp¯�zÀsPc�¶§�uYu�±Z�³��b�Y�¦¿u|³�yZÀ�]�Z¸³M�½uZ¸´�À��z¿uZ¤¯� º�«Z�¯�yu`¶��£�{Y�±Z¿zk�yº^��¾´À°tc�±Z¯{��zº�Zo� ¾º�Zt³6����ÍÓ�Í�ÍÖ�Î�Zp¯�¶À³Zg�yY|·v¿uz-�¶^��
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 «R¯�{Y�½uYvº�c��Èszº] ©Zºo zº· ¶º]Zv´#�¶]�¶§�± v³Y�µuYu�zº�³�~º¨¬�y�±uºº] ¾º��Z´À��Ó¹Ô��`�«Z�¯� �z�Zo�~¨¬�y�²¿Y�¶§�uYu�±Z�³cb�Y�¾��Z´À��¦�
�Z��½yY|.�Yz¸��zd§u�±Z¿Z£M�½yZ¨°·�¹ ¾¿Z°´·Yy�{Y®¿yY|.�Z���¾�ÀWy�Z�z¯È��zd§u¹�¾£uZ��¹ z¨�c�±Z�cZ°o{�z�Zs�¶º] ¾º¤À¤o�®³Zºs yZ§zº� {Y®ÀWZ°³�¾¯�¾³Yuyv£� �]Z´¯��� %UDGGRP� 5/�� -RKQVRQ� (:�� +� UHIOH[�� 5HYLHZ�DQG� &ODVVLILFDWLRQ� :LWK� 6XJJHVWHG� &OLQLFDO� 8VHV��$UFK�3K\V�0HG�5HKDELO���������������������� 3HDVH� :6�� /DJDWWXWD� )3�� -RKQVRQ� (:�� 6SLQDO�1HUYH�6WLPXODWLRQ�LQ�6��5DGLFXORSDWK\���$P�-�3K\V�0HG�5HKDELO������������� ���������3HDVH�:6��.R]DNLHZLF]�5��-RKQVRQ�(:��&HQWUDO�/RRS� RI� WKH� +� 5HIOH[�� 1RUPDO� 9DOXH� DQG�8VH� LQ�6�� 5DGLFXORSDWK\�� $P� -� 3K\V�0HG�5HKDELO� ����������������������(UWHNLQ�&��0XQJDQ����%��8OXGDJ�%��6DFUDO���&RUG���&RQGXFWLRQ� 7LPH� RI� WKH� 6ROHXV� +�5HIOH[�� -�1HXURSK\VLRO�����������������������%XUNH�'��*DQGHULD�6F��0FNHRQ�%��7KH�$IIHUHQW�9ROOH\V� 5HVSRQVLEOH� IRU� 6SLQDO� 3URSULRFHWLYH�5HIOH[HV�LQ�0DQ��-�3K\VLRO����������������������� %XUNH� '�� *DQGHULD� 6&�� 0FNHRQ� %��0RQRV\QDSWLF� DQG� 2OLJRV\QDSWLF� &RQWULEXWLRQV� WR�+XPDQ� $QNOH� -HUN� DQG� +�5HIOH[�� -� 1HXURSK\VLRO����������������������(UWHNLQ�&��0XQJDQ�%��(UWDV�0��+XPDQ�5RRW�DQG�&RUG� 3RWHQWLDOV� (YRNHG� E\� $FKLOOHV� 7HQGRQ� 7DS��(OHFWURWURP\RJU��&OLQ��1HXURSK\VLRO������������������������

���:DUZLFN�5��:LOOLDPV�3/��*UD\¶V�$QDWRP\����WK�(GLWLRQ�� (GLQEXUJK�� &KXUFKLOO� /LYLQJVWRQH�� �����������������*KDYDQLQL�05��*KDGL�56�� �*KDYDQLQL�$$��7KH�&HQWUDO� /RRS� RI�+�5HIOH[� LQ� WKH� 6�� 6SLQDO�1HUYH��1RUPDO� 9DOXHV� DQG� &RQVWLWXWLRQDO� ,QIOXHQFLQJ�)DFWRUV�� (OHFWURP\RJU� &OLQ� 1HXURSK\VLRO� ������������������������� =KX�<�� 6WDUU�$��+DOGHPDQ� 6�� HW� DO�� 6ROHXV�+�UHIOH[� WR� 6�� 1HUYH� 5RRW� 6WLPXODWLRQ��(OHFWURHQFHSKDORJU� &OLQ� 1HXURSK\VLRO� ������ ��������������� =KX�<�� 6WDUU� $�� 6X� +�� HW� DO�� 7KH�+�5HIOH[� WR�0DJQHWLF�6WLPXODWLRQ�RI�/RZHU�/LPE�1HUYHV��$UFK�1HXURO���������������������� .LPXUD� � -�� %RVFK� 3�� /LGVD\� � *0�� )� ± :DYH��&RQGXFWLRQ��9HORFLW\� � LQ� WKH� �&HQWUDO��6HJPHQW��RI��WKH� �3HURQHDO� DQG� �7LELDO�1HUYHV� ��$UFK�3K\V�0HG�5HKDELO������������������������ 'XPLWUX� '�� =ZDUWV� � 0-� �� 6SHFLDO� 1HUYH�&RQGXFWLRQ� 7HFKQLTXHV� �� ,Q�� 'XPLWUX� '�� $PDWR�$$��=ZDUWV� �0-��(OHFWURGLDJQRVWLF� �0HGLFLQH� ��QG��(GLWLRQ���3KLODGHOSKLD���+DQOH\�	�%HOIXV��,QF��������������������

6WXG\�RQ�+� 5HIOH[��(VWLPDWHG�1XPEHU�RI�6\QDSVHV�DW�6��&RUG�
/HYHO�

$ODYLDQ�*KDYDQLQL�05���$VKUDI�$5�
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$EVWUDFW,QWURGXFWLRQ�� 7KH� PDLQ� FOLQLFDO� DSSOLFDWLRQ� RI� WKH� +�UHIOH[� LV�� HYDOXDWLRQ� RI� 6�� QHUYH� URRW� VXFK� DV�UDGLFXORSDWK\��$Q�DWWHPSW�KDV�EHHQ�PDGH�WR�UHGXFH�WKH�SDWKZD\�RYHU�ZKLFK�+�UHIOH[�FDQ�EH�REWDLQHG�LQ�WKH�KRSH�IRU�ORFDOL]LQJ�D�OHVLRQ�WR�WKH�6��QHUYH�URRW��6R�6��FHQWUDO�ORRS�KDV�EHHQ�VXJJHVWHG��2EMHFWLYH��7KH�PDLQ�JRDO�RI�WKLV�LQYHVWLJDWLRQ�LV�WR�HVWLPDWH�+�UHIOH[�QXPEHU�RI�V\QDSVHV��0DWHULDOV� DQG�0HWKRGV� ��� KHDOWK\� DGXOW� YROXQWHHUV� ����PDOHV�� ��� IHPDOHV�� ZLWK�PHDQ� DJH� RI� ������� \HDUV�SDUWLFLSDWHG�LQ�WKLV�VWXG\��7KH\�ZHUH�SRVLWLRQHG�FRPIRUWDEO\�LQ�WKH�SURQH��ZLWK�WKH�IHHW�RII�WKH�HGJH RI�WKH�SOLQWK��5HFRUGLQJ�HOHFWURGHV�ZHUH�SRVLWLRQHG�DW�PLG�SRLQW�RI�D�OLQH�FRQQHFWLQJ�WKH�PLG�SRSOLWHDO�FUHDVH�WR�WKH�SUR[LPDO�IODUH� RI� WKH�PHGLDO�PDOOHROXV��6WLPXODWLRQ�ZDV� DSSOLHG� DW� WLELDO� QHUYH� LQ� SRSOLWHDO� IRVVD� DQG�+	�)	�0�ZDYHV�ZHUH� UHFRUGHG��:LWKRXW� DQ\� FKDQJH� LQ� ORFDWLRQ� RI� UHFRUGLQJ� HOHFWURGHV�� D� PRQRSRODU� QHHGOH� ZDV� LQVHUWHG� DV�FDWKRGH�DW�D�SRLQW��FP�PHGLDO�WR�WKH�SRVWHULRU�VXSHULRU�LOLDF�VSLQH��SHUSHQGLFXODU�WR�WKH�IURQWDO�SODQH��7KH�DQRGH�HOHFWURGH�ZDV�SODFHG�RYHU� WKH� DQWHULRU� VXSHULRU� LOLDF� VSLQH�� WKHQ�0�	�+�ZDYHV�RI� FHQWUDO� ORRS�ZHUH� UHFRUGHG���$IWHU�SURFHVVLQJ�WKH�GDWD��VDFUDO�FRUG�FRQGXFWLRQ�GHOD\�ZDV�GHWHUPLQHG�E\�WKLV�IRUPXOD��6DFUDO� FRUG� FRQGXFWLRQ�GHOD\� �FHQWUDO� ORRS�RI�+�UHIOH[�± GHOD\V�RI� WKH�SUR[LPDO�PRWRU�	�VHQVRU\� ILEHUV� LQ�FHQWUDO�ORRS�����5HVXOWV� &HQWUDO�ORRS�RI�+� UHIOH[�ZDV����������������PV�DQG�VDFUDO�FRUG�FRQGXFWLRQ�GHOD\�ZDV����������������PV�&RQFOXVLRQ� 7KLV�VWXG\�LV�LQ�DFFRUG�ZLWK�SUHYLRXV�LQYHVWLJDWLRQV�LQGLFDWLYH�RI���V\QDSVH�DW�6��FRUG�OHYHO�IRU�+�UHIOH[��
.H\�ZRUG� 1HXUDO�&RQGXFWLRQ��5HIOH[��0RQRF\QDSWLF�
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