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±Yz¸c�z¸��yu�éæ��±Yz¿Y�[º´k�{Y ½z.¿u��yY|-�yu� í�éí�Z�¯�yu¹u¹vo�­v¤¯�¾�Z£�¶�«éé�²¿Y�¶]�b¯¹Z¤¯ ¹yYub�Y� µv�� µv¿u�ÎÏ�ÎÓ¹ÏÍ��¶�«Z�¯�yu*KLUR¹ 6R\OHWLU�©¹{Z�§º°¿zcº§� ¶]� ¾«º§ZÀ�¿z�Y�b¯¹Z¤¯]¶ \ÀczcÎÎ¹ÏÐ�uº]�ÎÐ¹ÏÎ���¶³Z �Zd¯¶§�¹yYu�²¿Y ] ¾³Z¯{¶gR¯�ª¯Yº��{Y�¾¨¿�±Yº´�yu�zÈd^¯�±Z§uº§�±Z¯yu ½yYyuY�b³º ��¶]µuZ d�Y�v��¾¯j¿yvd]�±Z¯{�b�x-�Z] � yu{Y�½yZÀ�]ZÀ³u��Z¤³�Y b¯¹Z¤¯�±M�z]Yz]�yu¿Zlu¹ µv�� ¾�t]zgYZ§�±M¶d�Z¿��·b�Y� yu¹uvÀ�Y�¦À�¨¿vÀ«Z³� ¹ ²ÀWºd³Yyº�¹zdÀ³� ½¹yYu�¶§� \Àczc� ¶]� Z¸³M� ¶]�b¯¹Z¤¯ÐÍ¹Ò�ÎÕ�b�Y� µuº]�yu� ¶�«Z�¯(JJHUW�®§� yZÀ�]�b¯¹Z¤¯��Z�o� ¹ÇZ]�bÀ�yu� ª]Z¤¯½YyyuY�b³º �� ¶]�Èd^¯� ±Z§uº§� yu�¾«º§ZÀ�¿z�Y�b�Y� µv�� �yY|-�æì���«Z�¯� yu­v¤¯� ¾�Z£� ¶�ç� ¶�«Z�¯� yu� ¹ vÀ�Y�¦À�¨¿vÀ«Z³� ¶]�b¯¹Z¤¯½Y�z.¿u�yu YuZ³Z§�vÀ�Y� ¦À�¨¿vÀ«Z³� ª]Z¤¯� yu� b¯¹Z¤¯�Ð�ÎÕ� v�� �yY|-�çç�æë��¶�«Z�¯� ²¿Y� yu²¿Y� b¯¹Z¤¯� ] yu�[¹z¨À¯�Z¤³� z¿Z�� ¶]�b^�³ ¡º��½Z·¹yYu� z]Yz zcÇZ]�b�Y] ¶§� ¾¿Z·¹yYu� z¿Z�� Z]� ¶�¿Z¤¯� yu� ¾«¹¶ ±Z§uº§� yu� ¾§Yyºs� ayº�b³º �� ¶]� Èd^¯µZ.d�ub³º �� {Y� ½zÀ.�À�� ½Z·¹yYu� av¯� ¾³Çº�� �z�¯

½yYyuY�Z·¹yYu�²¿YyYuyºsz]�½zcÇZ]�bÀ�Z�o� {Y�v³¹ ¾¯� ®·� {º´·] ±Z´À°�Y� \¿z�� Z]� v´³YºcµuZ d�Y� ½zcÇZ v³º��²À¬À��¾�¯M�z]Yz]�yu�[¹z¨À¯�²¿Y�b¯¹Z¤¯�¶³Z �Pd¯ÖÓ� uº]�¶�«Z�¯�yu&KLUR�²À¬À��¾�§º¯M�½¹yYu�¶]�b¯¹Z¤¯� ÏÔ�¶�«Z�¯� yu� ¹%HJXH²À¬À�� ¾�¯M� z]Yz]� yu��ÑÍ� b�Y�µv���yY|-�æé�æè�¹¾�yz]�yu��¾kz]�À �yº� \Àczc�¶]�­v¤¯�¾�Z£�¹êî��ìê�¹îê�uº]b�Y�µ�çå� æë�æç��¶#�z-Y�½Z·�¶d�Z¿�Z]½¹yYu�{Y�µuZ d�Y�¶�«Z�¯�²¿Y¾]�½yYyuY�b³º ��¶]�Èd^¯�±Z§uº§�±Z¯yu�yu�²À¬À��¾�¯M] ½y¹z�zÀ��¹ z°g¶¾¯�z�³Z¯Y��v�y�ZÀ³u��Z¤³�z¿Z��yu� \�oz]½Z·yZ¯M¾¯�®·{º´·��¬dt¯uº���£Y¹�zgR¯�v³Yºc� }Z�Yz]²¿Y�¶�«Z�¯�¯ ¾¿¹yYu�b¯¹Z¤¯¾«º§ZÀ�¿z�Y�[¹z¨À ]¶yº�½Y�µuzd�-yu µuZ d�Y� uyº¯�½Z·¹yYu�ª]Z¤¯� yu¾]�µuZ d�Y�yu�¾�Z§�b£u�z-Y�¹ b�Y��¿Y|�Y�©Zo{Y�uyº¯ ²¿YZ·¹yYu�uº�³¹ [¹z¨À¯�²¿Y� zd�À]�b¯¹Z¤¯� v·Z�µv��µyZ�Y�½Z·¹yYu�²d�Yv³�zÀgZcÈd^¯�±Z§uº§�yu®À·Yºs uº]¾«Zo�yu�¶§²¿Yz¿Z��yu�Z·¹yYu�®·�{º´· ZÀ³u��Z¤³� v´³Yºc�¾¯zgR¯�v³zÀ-�yYz£��z�¯�uyº¯�¹ v´�Z]�

�]Z´¯��+DQVVRQ� 6�� -RGDO�8��8ULQDU\� 7UDFW� ,QIHFWLRQ�� ,Q��%DUUDW� 70�HG��� 3HGLDWULF� 1HSKURORJ\�� �WK� HG��/RQGRQ�� /LSSLQFRWW� :LOOLDPV� DQG� :LONLQV�� ���������������-RQHV�9��$VVFKHU�:��8ULQDU\�7UDFW�,QIHFWLRQ�DQG�9HVLFRXUHWHUDO� 5HIOX[�� ,Q�� (GHOPDQ� &0�HG���3HGLDWULF�.LGQH\�'LVHDVH��9��QG� HG��%RVWRQ��/LWWOH�DQG��%URZQ������������������:LOOLDPV� *-�� /HH� $�� &UDLJ� -&�� /RQJ�7HUP�$QWLELRWLFV� IRU� 3UHYHQWLQJ�5HFXUUHQW�8ULQDU\�7UDFW�,QIHFWLRQ� LQ�&KLOGUHQ��&RFKUDQH�'DWDEDVH�6\VW�5HY�����������&'���������6RWWR� $�� 'H%RHYHU� &0�� )DEEUR�SHUD\� 3�� HW� DO��5LVN� )DFWRUV� IRU� $QWLELRWLF� � 5HVLVWDQW� (VFKHULFKLD�&ROL� ,VRODWHG� IURP� +RVSLWDOOL]HG� 3DWLHQW� ZLFK�8ULQDU\�7UDFW�,QIHFWLQ��D�3URVSHFWLYH�6WXG\��-RXUQDO�RI�&OLQLFDO�0LFURELRORJ\�����������������

��%LDQFKHWWL��0*�0DUNXV�9HFHURYD�'��6FKDDG�8%��$QWLELRWLF� 7UHDWPHQW� RI� 8ULQDU\� 7UDFW� ,QIHFWLRQ� LQ�+RVSLWDOL]HG�&KLOGUHQ�� 6FKRZHL]�0HG�:RFKHQVFKU�����������������������$KPDG�6��$KPDG�)��8ULQDU\�7UDFW� ,QIHFWLRQ�DW�D�6SHFLDOLVW� +RVSLWDO� LQ� 6DXGL� $UDELD�� %DQJODGHVK�0HG�5HV�&RXQF�%XOO���������������������'H�0DQ�3��%DFWHULDO�$WWDFKPHQW��,QIODPDWLRQ�DQG�5HQDO� 6FDUULQJ� LQ� 8ULQDU\� 7UDFW� ,QIHFWLRQ�� :HLQ�0HG�:HFKHQVFKU�����������������������������&UDLJ�-&��,UZLJ�/Q��.QLJKW�-)��HW�DO��6\PSWRPDWLF�8ULQDU\� 7UDFW� ,QIHFWLRQ� LQ� 3UHVFKRRO� $XVWUHOLDQ�&KLOGUHQ��-�3HGLDWU�&KLOG�+HDOWK���������������������� ,TEDO�0�� 3DWHO� ,.�� 6KDK� 6+�HW� DO�� 6XVFHSWLELOLW\�3DWWHUQV� RI� (VFKHULFKLD� &ROL�� 3UHYDOHQFH� RI�0XOWLGUXJ�5HVLVWDQW� ,VRODWHV� DQG� ([WHQGHG�6SHFWUXP� %HWD�/DFWDPDVH� 3KHQRW\SH�� -� 3DN� 0HG�$VVRF��������������������
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���2UGHQ� -$�� 5XL]�6DQWD�4XLWHULD� -$�� *DUFLD� 6�HW�DO��,Q�YLWUR�6XVFHSWLELOLW\�RI�(VFKHULFKLD�FROL�6WUDLQV�,VRODWHG� IURP� 'LDUUKRHLF� 'DLU\� &DOYHV� WR� ���$QWLPLFURELDO� $JHQWV�� -� 9HW�0HG� %LQIHFW� 'LV� 9HW�3XEOLF�+HDOWK����������������������'D]D� 5�� *XWLHUUH]� -�� 3LHGUROD�� $QWLELRWLF�6XVFHSWLELOLW\� RI� %DFWHULDO� 6WUDLQV� ,VRODWHG� IURP�3DWLHQWV� ZLWK� &RPPXQLW\�DFTXLUHG� 8ULQDU\� 7UDFW�,QIHFWLRQV�� ,QW� -� $QWLPLFURE� $JHQWV� ������������������ ÎÏ�¾kz]�b¬�Z]Y�z¸�¾§�­Yz¸���[Z·º«Yv^��½uYz¯�½yYyuY�½Z¸d³º ��{Y�µv��Yvk�¾¬§ZÀ�¿z�Y�¾¿¹yYu�b¯¹Z¤¯½Z¸«Z��¾��±Yv·Y{�yuíå�ìî�­º¬��µZ.�³Yu�¾°¬��¶¬l¯ �±Zl³{�¾¨�|�æèíåµy¹u�ÖµyZ°�èì���èè�çí�
���*KLUR� /�� &UDFFR� $7�� 6DUWRU� 0�� HW� DO��5HWURVSHFWLYH� 6WXG\� RI� &KLOGUHQ� ZLWK� $FXWH�3\HORQHSKULWLV� (YDOXDWLRQ� RI� %DFWHULDO� (WLRORJ\��$QWLPLFURELDO�6XVFHSWLELOLW\��'UXJ�0DQDJHPHQW�DQG�,PDJLQJ�6WXGLHV��1HSKURQ����������������������%HJXH� 3�� $QWLELRWLF� 7UHDWPHQW� RI� $FXWH�3\HORQHSKULWLV� LQ� WKH� &KLOG�� $UFK� 3HGLDWU� ������ ��VXSSO��������6����6� æê�¾«� ­v£�|¿¹z���¾�¬t¯�Z�¿z��ª¯Yº�� ¾�yz]½yYyuY�½Z·�b³º ��yu�¾¨ÀcºÀ]�¾d³M�bÀ�Z�o�¹ ©Z¿zd§Z]±Z§uº§�¹ ±YuY{º³��¶À§|c�¹ \�æèìì�µyZ°�çí���� æé�í� ÎÓ�­v¤¯� ¾�Z£�{¹z¸]��¾°X^£�¶«Zc|��¾¬À§¹�v°p¯� ¾¬��@¹±Yz.¿u>�©Z¿zd§Z]�ª¯Yº��yu�¾¨ÀcºÀ]�¾d³M�b¯¹Z¤¯

±Z-z-� z¸�� yu� ½yYyuY� ½Z·�b³º �� {Y� µv�� Yvk�¶¬l¯ �±Yz¿Y�½%º«¹y¹Yæèíæµy¹u�îµyZ°�èê� ���ÐÖ�ÐÑ�
���(JJUHW� :�� (JJUHW� 6�� )HUUHLUD� (�� 7KH� 3DWKRJHQ�6SHFWUXP� DQG� LWV� 5HVLVWDQFH� %HKDYLRU� LQ� &KLOGUHQ�ZLWK�8ULQDU\�7UDFW�,QIHFWLRQ�LQ�$QJROD��.LQGHUDU]WK�3UD[����������������������/L� -%�� <X� <6�� 0D� </�� =KRX� :/�� <X� ;=��3UHYDOHQFH� DQG� $QDO\VLV� RI� 5LVN� )DFWRUV� IRU�,QIHFWLRQV� &DXVHG� E\� 5HVLVWDQW� (VFKHULFKLD� &ROL�6WUDLQV�LQ�$QKXL��&KLQD��,QIHFWLRQ������������������������*ROGUDLFK�13��0DQIULR�$��)HEULOH�8ULQDU\�7UDFW�,QIHFWLRQ�� (VFKHULFKLD� FROL� 6XVHSWLELOLW\� WR� 2UDO�$QWLPLFURELDOV�3HGLDWU�1HSKURO��������������������çå��À �yº��Z�yv°p¯��¾ À���{Z´¸¯��¾³Zp¿y��{Z´oz��� @¹±Yz.¿u>�±%ºcZ�� yY|·� {Y��À]�¾¨ÀcºÀ]�¾d³M�b¯¹Z¤¯±Yz¿Y� yºd�Z��ºdÀd�³Y� yu� µv�� Yvk�µZ.�³Yu�¾°¬��¶¬l¯ u|¿�¾¨�|��­º¬��æèììµy¹u�ëµyZ°�é� ���èî�èå�
���6R\OHWLU�*��*XQDOS�$��$QLWLELRWLF�6XVFHSWLELOLW\�RI� (�FROL� 6WUDLQV� ,VRODWHG� IURP� 8ULQDU\� 7UDFW�,QIHFWLRQ� DQG� WKH� 5ROH� RI� 0HWDEROLDOO\� 'HILFHQWV�6WUDWLQV� LQ�7KHVH� ,QIHFWLRQV��0LNUREL\RO�%XO�������������������������+DUQHWW� 1�� 7UDQVIHUDEOH� +LJK� /HYHO�7ULPHWKRSULPH� 5HVLVWDQFH� $PRQJ� ,VRODWHV� RI�(VFKHULFKLD� &ROL� IURP� 8ULQDU\� 7UDFW� ,QIHFWLRQ� LQ�2QWDULR�&DQDGD��(SLGHPLRO� ,QIHFW� ������ ����� �������
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(VFKHULFKLD�&ROL�DQG�'UXJ�6HQVLWLYLW\�LQ�&KLOGUHQ�ZLWK�8ULQDU\�
7UDFW�,QIHFWLRQ

6RUNKL�+��0'���-DEEDULDQ�$PLUL�$��0'���$VNDULDQ�$��0'�
$EVWUDFW,QWURGXFWLRQ��8ULQDU\� WUDFW� LQIHFWLRQ� �87,�� LV� WKH�PRVW� FRPPRQ�EDFWHULDO� LQIHFWLRQ� LQ�FKLOGUHQ��%\� WKH�DJH�RI�VHYHQ�\HDUV�������RI�JLUOV�DQG������RI�ER\V�KDG�DW� OHDVW�RQH�HSLVRGH�RI�87,��:LWK�VXLWDEOH� WUHDWPHQW��ULVNV�RI�FRPSOLFDWLRQV�DUH�GHFUHDVHG��(�FROL� LV� WKH�PRVW�FRPPRQ�FDXVH�RI�87,��EXW�VHQVLWLYLW\�RI� WKLV�PLFURRUJDQLVP�LV�GLIIHUHQW�LQ�WKH�ZRUOG��2EMHFWLYH� 7KHUHIRUH�WKLV�VWXG\�KDV�EHHQ�GRQH�WR�GHWHUPLQH�WKH�VHQVLWLYLW\�RI�(�FROL�WR�GUXJV�LQ�WKLV�DUHD�0DWHULDOV�DQG�0HWKRGV� ,Q�WKLV�VWXG\��DOO�FKLOGUHQ�RYHU�RQH�PRQWK�ROG�ZLWK�87,�WKDW�ZHUH�DGPLWWHG�LQ�$PLUNROD�&KLOGUHQ�+RVSLWDO�ZHUH�HYDOXDWHG��DQG�WKH�UHVLVWDQFH�RI�(�FROL�WR�FRPPRQ�GUXJV�WKDW�ZHUH�XVHG�IRU�WUHDWPHQW�RI�87,�ZHUH�HYDOXDWHG�5HVXOWV� (�FROL�LQIHFWHG�������RI�FKLOGUHQ������RI�ER\V�DQG�����RI�JLUOV�ZLWK��7KH�PRVW�UHVLVWDQFH�WR�$PSLFLOLQ�ZDV�����DQG�WKH�OHDVW�UHVLVWDQFH�WR�FHIWULD[RQ�ZDV�����(LJKW\�RQH�SHUFHQW�LQIHFWHG�ZLWK�(�FROL�ZHUH�UHVLVWDQW�WR�FR�WULPR[D]RO�&RQFOXVLRQ� $FFRUGLQJ�WR�WKLV�VWXG\��UHVLVWDQFH�RI�(�FROL�WR�WKH�PRVW�GUXJV�WKDW�ZHUH�XVHG�IRU�WUHDWPHQW�RI�87,�ZHUH�GLIIHUHQW�LQ�FRPSDULVRQ�WR�RWKHU�DUHD�ZKLFK�UHTXLUHV�DWWHQWLRQ�
.H\�ZRUGV� &KLOG��'UXJ�5HVLVWDQFH��'UXJ�5HVLVWDQFH��0LFURELDO��(VFKHULFKLD�&ROL�,QIHFWLRXV��8ULQDU\�7UDFW�,QIHFWLRQV�
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