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fp]½zÀ-�¶lÀd³�¹¾�º*�º.³yÇ®d�À�� (¿zpc� f�Z]� ½yYx-� ¶«º«� ¹yZ����¿Y|�Y�¹ ½uyZ)�¾)Zc� Z]�Çº°�¯�¹ µv��(ÀcZ�°�v�Z]�¾¯�µYz°·�±YyZ°À]�yu�±ºs�æ��(À¯Z´¿uº°·�aYzÀÀ�c¶]�Èd^¯�±YyZ°À]�yu�½yYx-�¶«º«�¹ ¾�º*�º.³yÇ�{Y�¾�Z³'Z³z�s� ¹ zd�À]� z³¹z)� ¡¹z�� ¾.´c®«Z�� uYz�Y� {Y� zc b�Y�ç��½Z£M*LOHV� 5:¹¶�«Z�¯� yu� �³YyZ*°·½Y®lo�±Y|À¯�¶�Yzc�ªsYu�¾�º*�º.³yÇ�¶)�v³uº°³� ­È�Y¶]z�\¬£�½Y�()�u¹vo� Yy�æê�Z]� µYz°·�¹ µuYu��·Z)¾¯�f�Z]� Yy�±ºs� yZ����¿Y|�Y�¹ ½uyZ)�¾)Zc�±Muº��z³¹z)�¡¹z��¾.´c�¶]�Èd^¯�yZ°À]�b ·�yu�¶�«Z�¯�²¿Y�yub�Z�� Zc�¾do¶«º«� {Yv�]� Z·Y|À¯�½yYx-±()ª^£�vo�¶]� ¹ ¾�º*�º.³yÇ� {Y«¶«ºuº]� µvÀ�z³� ½yYx-�yu� Z¯Y v³Y� ¶d�Yv³� z³¹z)� ¡¹z�� ¾.´c� ¶)� ¾³YyZ°À](){Y� v�]�¾¯� ¾�º*�º.³yÇ� {Y� ª^£� ¾�À^�� b«Zo� ¶]� ¾cv¯v�y� yZ)� ²¿Yz]Z´]M�#� ²�]� ¾¿�/HIW� YHQWULFXODU� SHUIRUPDQFH�z³¹z)�¡¹z�� ±YyZ°À]� yu �&$'�]¶b¬�¾�º*�º.³yÇ¶«º«¹��·Z)�½yYx-¾¯]Z¿v� ê��½Z£M.RED\DVKL²ÀWZ)¹vÀ«�zgY��³YyZ*°·�¹�PJ�NJ�ê� æ�ªÀ³Zd´�¹�PJ�NJé�­È�Y� ¹ v³uº°³� ¶�¿Z¤¯�®·� Z]� Yy�"À·� ²ÀWZ)¹vÀ«� ¶)� v³uz)aYzÀÀ�c� z]� ½zgY� ¶³º-uyYv³�¾�º*�º.³yÇ�¹ ½yYx-�¶«º«�{Y�¾�Z³�(À¯Z´¿uº°·¾¯� ªÀ³Zd´�� Z¯Y²¿Y� º¬k� v³Yºcª]Z£� yYv¤¯� ¶]� Yy�aYzÀÀ�c uzÀ.]� ½Y� ¶�oÈ¯�ë��½Z£M� ²À´$°·)HQJ� &.¹²ÀWZ)¹vÀ«�¶)�v³uº°³�­È�Y�¶�«Z�¯�(¿�¾��|À³��³YyZ*°·¾�º*�º.³yÇ� {Y� ¾�Z³� (À¯Z´¿uº°·� aYzÀÀ�c� z]� ½zgYªÀ³Zd´�� Z¯Y� uyYv³�J�NJPè�±ºs� yZ��� �¿Y|�Y� {Y½uyZ)�¾)Zc�½¹y�¾«¹�µuz)�½zÀ-º¬k¾¯�zgY�¾]v�Z]� ì��

¶¬�Z�È]�\¬£�±Z]z�¹�±ºs�yZ���±Y|À¯�z�Zo�¢À¤pc�yu] ²ÀWZ)¹vÀ«� µ¹z-� yu�¾�º*�º.³yÇ{Y�v�]¶\Àczcçå�¹ çé�²¿Y�¾�º*�º.³yÇ�{Y�v�]�¶¤À£u�¶��¹ ¶d�Z¿��¿Y|�Y¶]�\Àczd]�yYv¤¯æå�¹ÎÍ�µvÀ�y�¶¿Z��yYv¤¯�{Y�zcÇZ] ªÀ³Zd´�� Z¯Y� b�Y�PJ�NJç�{Y� v�]� ¶¬�Z�È]±Z]z��¹ ¾³Z¿z����ºd¯�±ºs�yZ���±Y|À¯�¾�º*�º.³yÇYy�\¬£ë�¹æå�yZ���¶¤À£u�¶��{Y�~��¹ µuYu��¿Y|�Y Z¸´c�±ºsè�\¬£�±Z]z��¹æ�µuº]�zd°)�¶¿Z��yYv¤¯�{Y b�Y�½Z£M$GXFKLaYzÀÀ�c� ¶)� uº°³� ­È�Y� ½Y� ¶�«Z�¯� yu�®·� Z]�¾�º*�º.³yÇ�¹ ½yYx-�¶«º«�{Y�¾�Z³�(À¯Z´¿uº°·¹Z d¯¾�º*�º.³yÇ� yu� µv�� uZl¿Y� aYzÀÀ�c� ¹ µuº]� a(Àd�Yz^À��Z]�½yYx-�¶«º«�yu�¶)�b�Y�¾cYzÀÀ�c�{Y�zcv¿v�uº��¾¯�uZl¿Y�í�� ] ®¿|À´¯¶uY{M�yZ¸¯�¹ z³¹z)�¡¹z���Z�cY�®À¤d�¯�zgY�b¬�©º*cZ)�±v�²À¯MuzÀ-�yYz£�µuZ d�Y�uyº¯�v³Yºc�¾¯�Z·�ê ��½Z£M-DPHV�0(¯ �z�¯�¶)�uz)�­È�Y�{Y�ª^£�®¿|À´¾�Yyº³��¿Y|�Y� {Y� ¶�oÈ¯� ª]Z£� yYv¤¯� ¶]� ½yYx-� ¶«º«] Z^¿z¤c� ¹ µuº°³� ½zÀ-º¬k� ²¿z ³¶�³Z¯� ª¯Z)� ayº� ] ²¿z ³�¾�Y�n�zc¶uº��¾¯�½yYx-�¶«º«�b¬��î�� ½Z£M*DVSLM©Z�� yu��³YyZ*°·� ¹æîîêv³uº°³� ­È�Y� ¾oYzk�©Z°�Y�²Ào� yu�®¿|À´¯��z�¯� ¶)&$%*±Y|À¯� ¯ ½y¹Z*¿y¾)Zc� ¹ µvÀ�t]� uº^¸]� Yy�¾°*�¿Y� {Y� uyZ)ºÀv·u�¾¯��·Z)� Yy� ¾oYzk� ª°�� {Y� v�]�¾°d¿yM�æå�� ½Z£M� ²À´$°·3XUL� *3©Z�� yu�æîîíZ]� Yy� ®¿|À´¯� ±YyZ°À]�yu�²ÀWZ)¹vÀ«&$'¶)�uº°³�­È�Y�¹ uz)�¶�¿Z¤¯�¾�Z³�(À¯Z´¿uº°·�aYzÀÀ�c��³Z¯�²ÀWZ)¹vÀ«�{Y�zd¸]�®¿|À´¯z-� ¾¯� ¾�º*�º.³yÇ� {Yf�Z]� ®¿|À´¯� aZ «º�� ¹ uu¾«¹� µv¿uz-� ±YyZ°À]� \¬£� ±Z]z�� yu� ¾¤À¤o� �¿Y|�Yuº��¾¯�\^��±YyZ°À]�±ºs�yZ���yu� Yy�½v¿v���·Z)�
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é�µuYu� ­Zl³Y� Z¯� ¶)�¾¤À¤pc� yu¶)� uº��¾¯� µv·Z�¯�®¿Y¢¿y|c�{Y�v�]�¶¤À£u�¶��¾³Z¿z��±ºs�yZ�����ºd¯�±Y|À¯PJ�NJèåYx-� ¶«º«� {Y� ª^£� ¹ ®¿|À´¯�aZ «º��½yæë� u¹vo�\¬£�±Z]z��¹ ¶d�Z¿��·Z)æå�µuYu�±Z�³��¿Y|�Y¶«º«� ¹ ¾�º*�º.³yÇ� {Y�~�� ¶¬�Z�È]� Z¯Y�b�Y½yYx- ±ºs� yZ��é�\¬£� ±Z]z�� ¹æê��¿Y|�Y¶]�b^�³� v·u�¾¯�±Z�³�¶¿Z��yYv¤¯�¶«º«�{Y�v�]�¶¤À£u�¶��¹½yYx- ¾³Z¿z�� ±ºs� yZ��ç�Z¸´c�\¬£� ±Z]z�� ¹ �·Z)æ� d�Yu��¿Y|�Yb�Y�¶�v�y�¾¯� z�´]� z.¿u�aZ�«Z�¯� ¹ ¶�«Z�¯�²¿Y� ¶]� ¶kºc� Z]®¿|À´¯� aZ «º��PJ�NJèå�aYzÀÀ�c� ±uz)� yZ¸¯� yuz]� ½yYx-� ¶«º«� ¹ ¾�º*�º.³yÇ� {Y� ¾�Z³�(À¯Z´¿uº°·yYv¤¯� ¶]�ªÀ³Zd´�PJ�NJç²ÀWZ)¹vÀ«� ¹ ¶d�Yu�bÀpkyY��

PJ�Jê�æ�v�Z]�¾¯� YyYu�z�³�²¿Y�{Y� Yy�zgY�²¿zd°)�Z¸´c *³BZd^�³� �·Z)� ®¿|À´¯� aZ «º�� uyº¯� yu� z)w� ª]Z£� ¶d¾³Z¿z��±ºs�yZ���v¿v��æë��±YyZ°À]�yu�¶)�v�Z]�¾¯z³¹z)� ¡¹z�
z³¹z)� ¡¹z�� ½Yvd]Y� v¿v�� ¾.d�z-� ¶)� Z¸³M� �º�t]�#�/HIW� PDLQ�yZ����·Z)� ²¿zd*#º)� ¹ v³yYu� Yy� ¾¯� ±ºsuyº¯� v¿Z°³� ®)� Yy� uyZ)ºÀ¯� ¶]�¾³Z�z³ºs� v³Yºcb�Y� ©YºX�¾-v´´)uZ�-� zgY�½v�]�aZ¤À¤pc� yu� v¿Z]�yu�¹ ±ºs�yZ����·Z)� Z]� Yy�®¿|À´¯���ºc�z³¹z)�¡¹z�±%ºÀ�z��yZ����·Z)�¶lÀd³�SHUIXVLRQ�SUHVVXUH�{Y�¾�Z³� uYu�yYz£�¾�yz]�uyº¯�¹yYu�

�]Z´¯��%URVV\� 0-�� +HPRG\QDPLF� DQG� &DWHFKRODPLQH�&KDQJHV� DIWHU� ,QGXFWLRQ� RI� $QHVWKHVLD� ZLWK� (LWKHU�7KLRSHQWRQH� RU� 3URSRIRO� ZLWK� 6X[DPHWKRQLXP� %U� -�$QHVWK�������YRO��������������'DYLG� -6�� 7KRPDV� -*�� $LUZD\� 0DQDJHPHQW�$QHVWKHVLD�� 3KLOLDGHOSKLD�� &KXUFKLOO� /LYLJVWRQH���������������������1DVWRX� +�� 6DUURV� *�� 1DVWRV� $�� 3URSK\ODFWLF� (IIHFW�RI� ,QUDYHQRXQV� 0DJQHVLXP� RQ� +\SHUWHQVLYH�(PHUJHQFLHV� DIWHU� &DWDUDFW� 6XUJHU\�� %U� -� $QHVWK���������������������3XUL� *'�� 0DUXGKDFKDODP� .6�� 7KH� (IIHFW� RI� 0J�6XOIDWH� RQ� +HPRG\QDPLFV� DQG� LWV� (IILFDF\� LQ�$WWHQXDWLQJ� WKH� 5HVSRQVH� WR� (QGRWUDFKHDO� ,QWXEDWLRQ�LQ� 3DWLHQWV� ZLWK� &RURQDU\� $UWHU\� 'LVHDVH�� $QHVWK�$QDOJ�����������������������*LOHV� 5:�� HW� DO�� &RQWLQXRXV� 0RQLWRULQJ� RI� /HIW�9HQWULFXODU� 3HUIRUPDQFH� ZLWK� WKH� &RPSXWHU]LG�1XFOHDU� 3UREH� 'XULQJ� /DU\QJRVFRS\� DQG� ,QWXEDWLRQ�%HIRUH� &RURQDU\� $UWHU\� %\SDVV� 6XUJHU\�� $P� -�&DUGLRO���������������������

��.RED\DVKL� 7/��:DWDQDEH�.�� /WR� 7�� /DFN� RI� (IIHFW�RI� /LGRFDLQH� RQ� &DUGLRYDVFXODU� 5HVSRQVHV� WR�/DU\QJRVFRS\� DQG� ,QWXEDWLRQ�� 0DVXL� ���������������������)HQJ� &.�� &KDQ� .+�� $� &RPSDULVRQ� RI� /LGRFDLQH��)HQWDQ\O� DQG� (VPRORO� IRU� $WWHQXDWLRQ� RI�&DUGLRYDVFXODU� 5HVSRQVH� WR� /DU\QJRVFRS\� DQG�7UDFKHDO� ,QWXEDWLRQ�� $FWD� $QDHVWKHVLRO� 6LQ� ��������������������$GDFK� <8�� 6DWRPRWR� 0�� +LJXFKL� +��:DWDQDEH� .��)HQWDQ\O� DWWHQXDWHV� WKH� +HPRG\QDPLF� 5HVSRQVH� WR�(QGRWUDFKHDO� ,QWXEDWLRQ� 0RUH� WKDQ� WKH� 5HVSRQVH� WR/DU\QJRVFRS\��$QHVWK�$QDOJ����������������������-DPHV� 0)�� %HHU� 5(�� (VVHU� -'�� ,QWUDYHQRXV�0DJQHVLXP� 6XOIDWH� ,QKLELWV� &DWHFKRODPLQH� 5HOHDVH�$VVRFLDWHG� ZLWK� 7UDFKHDO� ,QWXEDWLRQ�� $QHVWK� $QDOJ�����������������������&DVSL�-��5XGLV�(��%DU�/��6DIDGL�7��6DXWH�0� (IIHFW�RI� 0DJQHVLXP� RQ� 0\RFDUGLDO� )XQFWLRQ� DIWHU�&RURQDU\� $UWHU\� %\SDVV� *UDIWLQJ�� $QQ� 7KRUDF� 6XUJ��������������������
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$�&RPSDULVRQ�RI�0J�6XOIDWH��)HQWDQ\O�DQG�/LGRFDLQ�LQ�$WWHQXDWLQJ�
+HPRG\QDPLF�5HVSRQVHV�WR�/DU\QJRVFRS\�LQ�3DWLHQWV�ZLWK�

&RURQDU\�$UWHU\�'LVHDVH
.KRVUDYL�0%���$]HPDWL�6���6KH\EDQL�1�

$EVWUDFW,QWURGXFWLRQ� /DU\QJRVFRS\� DQG� HQGRWUDFKHDO� LQWXEDWLRQ� UHVXOW� LQ� VHYHUH� KHPRG\QDPLF� FKDQJHV� LQ� SDWLHQWV�� ZKLFK�LQ�&$'�SDWLHQWV�DUH�PRUH�VHYHUH�DQG�WKH\�QHHG�PRUH�SURPSW�FRQWUROV�2EMHFWLYH� &RQVLGHULQJ� WKH� HIIHFWV� RI�PDJQHVLXP� LQ� FRURQDU\� YHVVHOV��P\RFDUGLXP�� FDUGLDF� FRQGXFWLRQ� V\VWHP� DQG�ZKROH�ERG\�YDVFXODWXUH��RXU�SXUSRVH�LQ�WKLV�UHVHDUFK�ZDV�WR�PDNH�D�FRPSDULVRQ�RI�PJ�6XOIDWH��IHQWDQ\O�DQG�OLGRFDLQ�LQ�DWWHQXDWLQJ�KHPRG\QDPLF�UHVSRQVHV�WR�ODU\QJRVFRS\�LQ�SDWLHQWV�ZLWK�FRURQDU\�DUWHU\�GLVHDVH�0DWHULDOV� DQG� 0HWKRGV� :H� HYDOXDWHG� PJ�VXOIDWH� DELOLW\� LQ� DWWHQXDWLQJ� KHPRG\QDPLF� UHVSRQVHV� WR� ODU\QJRVFRS\�DQG� LQWXEDWLRQ�� LQ� D� GRXEOH� EOLQG�� SURVSHFWLYH� VWXG\� ZLWK� IHQWDQ\O� DQG� OLGRFDLQH� ZKLFK� DUH XVHG� FRPPRQO\� LQ� WKLV�UHJDUG�:H� UDQGRPO\� VHOHFWHG����SDWLHQWV� DQG�DUUDQJHG� WKHP� LQ���JURXSV��$OO� SDWLHQWV� KDG�()�PRUH� WKDQ������ ,Q�JURXS�$�����PJ�NJ� OLGRFDLQH�� JURXS�%�� �PJ�NJ� IHQDQ\O�� DQG� LQ� JURXS�&�� ��PJ�NJ�PJ� VXOIDWH�ZHUH� DGPLQLVWHUHG� LQWUDYHQRXVO\���PLQXWHV�EHIRUH�ODU\QJRVRFS\�DQG�PHDQ�DUWHULDO�SUHVVXUH��0$3��DQG�KHDUW�UDWH��+5��ZHUH�PHDVXUHG�RQ�DUULYDO��EDVH�YDOXHV��� LPPHGLDWHO\�EHIRUH�DQG�DIWHU�ODU\QJRVFRS\�DQG���PLQ�	���PLQ�DIWHU�ODU\QJRVRFS\��,QGXFWLRQ�RI�DQHVWKHVLD�LQ���JURXSV�ZDV�WKH�VDPH�5HVXOWV� $IWHU� ODU\QJRVFRS\�� LQFUHDVHV� LQ�0$3�DQG�+5�LQ�JURXS�%�DQG�&��IHQWDQ\O�DQG�PDJQHVLXP��ZHUH� OHVV� WKDQ�WKRVH�LQ�JURXS�$��S�������ZLWK�QR�VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�JURXS�%�DQG�&��S!�������&RQFOXVLRQ� 0DJQHVLXP� VXOIDWH� LV� FRPSOHWHO\� SUHIHUDEOH� DQG� VXSHULRU� WR� OLGRFDLQ� LQ� DWWHQXDWLQJ� KHPRG\QDPLF�UHVSRQVHV�WR�ODU\QJRVFRS\�DQG�KDV�HTXDO�HIILFDF\�DQG�YDOXH�ZLWK�IHQWDQ\O�
.H\� ZRUGV�� &RURQDU\� $UWHU\� %\SDVV�� )HQWDQ\O�� +HPRG\QRPLFV�� ,QWXEDWLRQ�� /DU\QJRVFRS\�� /LGRFDLQH��0DJQHVLXP�6XOIDWH


