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j¿Zd³©¹vk�yu�%ZÀ«M�¹u�½Yz]�µv´´¨��½¹zÀº³ ²ºÀ.³ZÀ¯æ±Z�³� µvº� µuYu¹ bº�Yëêæ�å �Su µvº¯M�bº�v]�©¹vk�yÏ b�Y�uyYv³�uºk¹�Z·�¶³º°³�²À]�yYu�¾´�¯��ÈdsY��
�¿Z¯{M�±Z´À°�Y�v�yu�¶º] ¶ºkºc�Zº]�îê��¹ÓÒÎ�ÍS �uºº]Yv³�uºk¹�½yYu�¾´�¯��ÈdsY�Z·�¶³º°³�²ºÀ]Yz¿{�b� ÍÒ�Í3!b�Y��

©¹vkÎ�½¹zÀ³�²À.³ZÀ¯�¶�¿Z¤¯%ZÀ«M¹uyu�µv´´¨��±º¯{M7�7HVW�
µ¹z- ¶³º°³�uYv�c ²À.³ZÀ¯) �ºÀ³²c� �Yzp³YyZÀ�¯ ~³Z¿yY¹ ²À.³ZÀ¯�½Z�sµ¹z-æ ë èè�æè çæ�æ ÑÓ�Î éî�åµ¹z-ç ë æè çë�æ Ó�Î êæ�å

©¹vkÏ�`^�Zp¯3±º¯{M�yu7�7HVW ±º¯{MW�WHVWZ·�²À.³ZÀ¯�¾�yz]�½Yz]�µ¹z-
0HDQ� r 6'�1�PP�� 7 ¶kyu½uY{M 6LJ��
 Z·�²À.³ZÀ¯��ÈdsY

Î ÏÎ�ÎrÐÐ�ÎÐÏ ÏÓ�ÎrÎÐ
ÑÓ�Í ÑÓ�Í ÎÍÖÕ�Ö ÓÒ�Í ÓÒ�Í ÐÐ�Í ÐÐ�Í


½uv��yYv¤¯�3v�Z^À¯� ½zÀ-�¶lÀd³�¹ fp]²º¿Y�¿Zº¯{MZº·Z]�¶º�¿Z¤¯�yu½Z·�¾�yz]{Y�±Yv´°�³Yu ¶^´k�v´#ª]Z£v¤³b�Y� zº�³�¶º].RM�é��\À§zc�íå�³¹ ª¨Àçå�\À§zc�­¹z§ ¾^º�Z´¯½Yzº]bº¯¹Z¤¯v³Z]©Zd¯�~À]�½Z·�%ZÀ«M�yub�Y \ºÀ§zc�¶º§b�§z�º�bÀ�^c�b^�³�²¿Y�{Y�|À³v´§�¾¯¹ b¯¹Z¤¯v³Z]�¶]±Y|À¯©¹vkyu�µv��uZ¿æµYº-¶]²¿Yb�Z�uY� ­Z¨pd�Y�½ÇZ]�±Y|Àº¯v³Z]²¿Y�yu��¾�yz]�¹ ©zd´§�µ¹z- �¿Zºº¯{M�`¿zºº�³�¢ºº�Yº¯:LJKW��Ó�­Z¨pdºº�Y��¿Y|ºº�Y ÇZ]�bt��`kyu�Zº] ²¬º�z�¶§�b�YZ¯��¿Z¯{M�yu®·{Y v��µuZ d�Y�ÇZ]�bt��¶kyu�Z]�²¬�z�� z�³�¶]&DSXWR��ç�~À]�yu�vÀ�§Y�¶¿Ç�a¹Z d¯�b¯Zt� ©Zdº¯b¯¹Z¤¯�yu�½zÀgPc�Z·v³Z]¹ v´§�¾°³�uZl¿Y±º#yu� �¿Y|�Y�¶¿Ç�²¿Y��¬dt¯�½Z·�bºt��v´§�¾¯�YvÀ�±Yºc�¾¯ Z]� aZ��u�¶§�b -�z�Zs�±Z´À°�Y�bt�·Z§�yu�½zÀgPc� uyYvº³ v³Zº] ­Z¨pdº�Y�yu�­Z¨pd�Y�±Y|À¯�¶º§ ¾º¿Zl³M�{Y ¾�¿Z¯{M�`³º°³¾¬�Y�¶³º°³�vo�yuuº]�¶§�b -�±Yºc�¾¯�

yu�vÀ�§Y�¶¿Ç�b¯Ztº�a¹Z d¯�½Z·�bt�f�Z]�·Z§ b�Y�µv�³�v³Z]�­Z¨pd�Y�yu� �¹y� {Y�¾�yz]�²¿Yyu3UHWUHDWPHQW��:RQJWKDL��¹ :LQNOHU�ì�¹ ©zd´§� ¶³º°³� ¹u� z·� ¶§� v�� µuZ d�Y �¿Z¯{MZ]|À°c�¦À³º�Yzd«¹Y� ¹ b�È]� v´��vv³¹ uYu�±Z�³¶§�v��µ­Z¨pd�Y��¿Y|�Y�f�Z]��¹y�²¿Yv³Z] µ¹z-�yu�¿Z¯{M�½Z·uº��¾¯¹v¿Z^³{Y�|À³� Yy�¶d¨³�²¿Y }Z�Y�z]�²¬�z���º³�¶§�uz]�uZ¿¶¿z�³+DPPDG�VWHLQ�� Õ�¾¯­Z¨pd�Y� yu�v³Yºc�yYº³uyYx.]�zÀgPc�z-Y�²¿Yz]Z´]� ²¬�z�� Z]��¿Z¯{M�²¿Y�9LWDuº���¿Z¯{M��¶lÀd³�v¿Z� ½zd¸]v¿M�b�v]� &DQQRU2C��ÎÍ�±Yº´º�uzº§­ºÀ¬¿z]�±Y|À¯�¶º§yu�¿Y|�Y ­Z¨pdºº�Ybºº�Y�zººgº¯�v³Zºº]¹ %ZÀºº«M uyººº¯ yu�¶dºº¨³�²ºº¿Y ¹ § b�§z�º�­ºÀ¬¿z]�±M�\À§zc�yu�¶d�y�yZ¨]¡uZ���b�Y�¶ `¿zºº�³�¶ºº] ¶ººkºc�Zºº] ¹ bºº�Y%H]]RQ��ÎÎ�²¿zdºº�À]�¶ºº§ ±Y|Àº¯ Zº] Yy�bº¯¹Z¤¯Ö�Í�%ZÀ«M��bº�Y�µuzº§ zº§w�®Àº¬¿z]
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½YyYu�¶º§ µvº� ¾º�yz]Ó�Î�¾]ºs�b¯¹Z¤¯��uºº] ­ºÀº¬¿z]±Z¨¯Y�uº]�yYv¤¯�²¿Y�{Y�zd°§�­ºÀ¬¿z]�±Y|À¯�z-Y�¶dº^«Y��bº�Yuv¿M�¾¯�b�v]�½zd¸]�`lÀd³�b�Yu� �>Z´°º�±ºº#¾º�yz]uyº¯�yu�Z¯­Z¨pd�Yv³Z]%ZÀ«M�¹u�²À]� bº�§z�º�2ULJLQDOb�Y�±Yzº¿Y�bº�§z�º��¹�¶§Zl³M�{Y� ¹u�z·%DVH�PHWDO�v´d�·�¿Z¤¯�yu¶²¿YuyY¹�¶]�½{ZÀ³�¹u ¦Àd�ÇY�©¹v¯�±uz§�,³Z¿�©¹v¯�b�À³�¹u�_v´´¨��½¹zÀ³�²À.³ZÀ¯�¶�¿Z¤¯�yu�¶§�²¿Y�¶º] ¶ºkºc�Zº]�ÈdsY�%ZÀ«M��º³uyYv³�uºk¹�yYu�¾´�¯��ëêæ�å 3��¾¯�±Yºc ½v´]�¶d�]�Z]�¾¨¿�¶§�%ZÀ«M�¹u�²¿Y�¶º§ bº�z-�¶lÀºd³¾¬�Y uyY¹yºº�§¾¯ayº��¶]�±v��uyY¹�{Y�~��½z.¿u�¹ uº� ©ºdº ¯��±Yzº¿Y�yu�½v´º] ¶dº�]�¹ �zº]¶º]yY{Zº]¶�z� ¾¯uº��­Z¨pd�Y�z�³�{Y�Z]�v³Z]z��²¬1RULWDNH¾c¹Z c�� yYv³�zº.¿v¨¿�Zº]vº³²º¿v]�¹\ºÀczc�¿{ºc�b§z��½Z�uY z]�¾´^¯�µv´º´§u¹y¹�±Z°·�{Y�¹ ¶]Z�¯�¶³ZsyZ§�{Y�>Z´À��¶³º°³ ¾¯�vÀWPc�yº�§uº��

z�³�²¿Y�{Y�¶lÀd³�²¿Y\«Zk±Yz¿Y�b�§z�º��%ZÀ«M�¶§�b�Y� ±Y{yY�¾ºd°À£�Zº]uººk¹�yY{Zº] yu�zºc¶§�uyYuz]�¾¬À«u�uºs zd�À]�µuZ dº�Y{Y±M¹ b�Y¢À¤pc�²¿Y�Z]¶§�b -�±Yºc�¾¯ ¶º³º°³�²º¿Y�º³�Z]�¾³Yv´#�a¹Z c¾¬�Y±Yz-�¹¹ uyYv³�zc \ºÀczc�²º¿Y�¶º]|c¹z��µv´¿M�uyº¯�yu�¦º�|�³Yv³u�¾º³Yz.³¾¯��z�z]�µv��¶dsZ�uº��� ¶dº¨³½vº�]®º¸¯`³º°³�®·�¶§�²¿Y�¢À¤pc�²¿Y�`Àº�Zo�yu`³º°³�®·�¹ ±Yzº¿Y�bº�§z�º�¾¬�Y�¿Z¯{M�yu�,62���� v³uº]�¢º�º¯³ yu�¶§�v³Z]�b¯¹Z¤¯�Z·�¶³º°{Y��À]0SDçê vº¯M�bº�v]�%ZÀº«M�¹u�²º¿Y�~º��²¿Y�±º¯{MbÀ¤�º¯�Z]�Yy v³Y�¶dº�Yx-�zº� bº���uZ¿{�­Z¨pd�Yv³Z]yu�·%ZÀ«M�¹u�z v·u�¾º¯ ±Zº�³z-Y�¶§�,´¿v³Z]�z�³�{Y�¾¬¨�¯�½Y�¶³º°³�yub¬��v¿Z]��v�Z]�¶d�Yu�uºk¹ª¨�¯�²¿YYy�ªoYz¯�z.¿u�yu� yZ§½yYºcYz]Çºld�kuz§�
�]Z´¯��0RIID� -3�� /XJDVV\� $$�� *XFNHV� $G�� *HWWOHUDQO��$Q� (YDOXDWLRQ� RI� 1RQP� 3UHFLRXV� $OOR\V� )RU� XVH�ZLWK�SRUFHODLQ�8HQFFUV�SDUW����SK\VLFDO�SURSHUWLHV��-�SURVWKHV�'HQ����������������� &DSXWR� $$�� 5HLVELFN�� $� IOH[XUDO� 0HWKRG� IRU�(YDOXDWLRQ� RI� 0HWDO�&HUDPLF� %RQG� 6WUHQJWK�� -�'HQW�5HV�������YRO�V��1R������������������ $QXVDYLFH� .�-�� 5LQJOH� 5�'�� )DLUKXVW� &�:��$GKHUHQFH� &RQWUROOLQJ� � HOHPHQWV� LQ�FHUDPLF�PHWDO�V\VWHPV�� ,,�� 1RQSHUFLRXV� DOOR\�� -�'HQW�5HV������������������������ .RML�N�� ERQG� VWUHQJWK� EHWZHHQ� QRQ� SUHFLRXV�PHWDO�DOOR\�DQG�SRUFHODLQ�SDUW����(IIHFW�RI�0Q��0R��6L��7D�DQG�7L�RQ�ERQG�VWHUQJWK��-��-DSDQ��6RF��'HQW������������������� /XERYLFK� 55�� *RRG� NLGV� 5-�� %RQG� 6WUHQJWK�6WXGLHV� RI� 3UHFLRXV�� 6HPLSUHFLRXV� DQG� 1RQ�3UHFLRXV� &HUDPLF�0HWDO� $OOR\V� ZLWK� 7ZR�3RUFHODLQV��$EVW���-�3URVWKHW�'HQW����������������� :LJKW� 7$�� %DXPDQ� -&�� 3HOOXH� *%MU� $Q�(YDOXDWLRQ� RI� )RXU� 9DULDEOHV� $IIHFWLQJ� WKH� %RQG�6WUHQJWK� RI� 3RUFHODLQ� WR� 1RQ� 3UHFLRXV� $OOR\V�� -�SURVWKHW�'HQW������������������:LQNOHUV�� :RQJWKDL� 3� ,QFUHDVLQJ� WKH� %RQG�6WUHQJWK� RI�0HWDO�&HUDPLF� 5HVWRUDWLRQV� -� SURVWKHW�'HQW���������������������

��+DPPDG� ,$�� VWHLQ� 56�� $� 4XDOLWDWLYH� 6WXG\� IRU�WKH�%RQG�DQG�&RORU�RI�&HUDPR�0HWDOV��3DUW�,�-�SURVWKHW�'HQW�������������������:8�<��0RVHU�-%��-DZHVRQ�/0��0DORQ�:)��7KH�(IIHFW� RI� 2[LGDWLRQ� +HDW� 7UHDWPHQW� RQ� 3RUFHODLQ�%RQG� 6WUHQJWK� LQ� 6HOHFWHG� %DVH�0HWDO� $OOR\V�-�SURVWKHW�'HQW������������������������2¶&RQQHU�53��0DUFNHW�-�5��0D\HUV�0/��3DUU\�((�&DVWDELOLW\�� 2SDTXH� 0DVNLQJ� DQG� 3RUFHODLQ�%RQGLQJ� RI� ��� 3RUFHODLQ�)XVHG� WR�0HWDO� $OOR\�-�3URVWKHW�'HQW������������������������ %H]]RQ� 2/�0RWWRV� 0�� 5LEHULR� 5)��$OPHLGDUDOOR� -�� (IIHFW� RI� � %HU\OOLXP� RQ� WKH�&DVWDELOOLW\�DQG�5HVLVWDQFH�RI�&HUDP��0HWDO�%RQGV�LQ� 1LFNHO�&KURPLXP� $OOR\�� -� &DOLI� 'HQW� $VVRF���������������� ÎÏ�uz��¾³Yº�yY�±YºÀ§��²¬�z�� yz¨¯�bt��zgY�¾�yz]�%ZÀ«M� ¹u� v³Z]� b¯¹Z¤¯� z]EDVH�PHWDOZ´À¯�º«¹ ~§ YHURERQG�¶¯Z³� ±Z¿Z�¾¯º°�� ½Yzd§u� µv�� �Z# µv¨�³Yu±Yz¸c�¾¨�|��­º¬��µZ.�³Yu�¾¨�|�³Yv³u�æèìí�
���� ,QWHUQDWLRQDO� VWDQGDUG�PHWDO�FHUDPLF� GHQWDO�5HVWRUDWLYH� V\VWHPV� ,VR� �����VHFRQG� HGLWLRQ� ,62�/RQGRQ������������
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&RPSDUH�WKH�(IIHFW�RI�3RUFHODLQ�)LULQJ�RQ�WKH�%RQG�6WUHQJWK�RI�D
7ZR�%DVH�0HWDO�RI�,UDQLDQ�DQG�2ULJLQDO�6XSHU�&DVW

1HVKDQGDU�+��'�'�6��-DKDQGLGHK�<��'�'�6�
$EVWUDFW,QWURGXFWLRQ� 7KH�IRUPDWLRQ�RI�R[LGHV�RQ�WKH�VXUIDFH�RI�WKH�PHWDO�DUH�SURYHQ�WR�FRQWULEXWH�WR�WKH�IRUPDWLRQ�RI�VWURQJ�ERQGLQJ��+RZHYHU�� WKH�EDVH�PHWDO�DOOR\V�DUH�H[SHFWHG� WR�H[KLELW�PRUH�R[LGDWLRQ� WKDQ�KLJK�JROG�DOOR\V��LQFUHDVH�LQ�R[LGH�OD\HU�WKLFNQHVV�GXH�WR�UHSHDWHG�ILULQJ�LQ�WKHP�FDQ�UHGXFH�WKH�ERQG�VWUHQJWK��2EMHFWLYH�7KH�DLP�RI� WKLV�VWXG\�ZDV� WR�FRPSDUH� WKH�HIIHFW�RI�SRUFHODLQ� ILULQJ�RQ� WKH�ERQG�VWUHQJKW�RI�RI� WZR�EDVH�PHWDO�DOOD\V�,� UDQLDQ�VXSHU�FDVW�DQG�RULJLQDO�VXSHU�FDVW��7KH�FDVW�RI�RULJLQDO�DOOR\�LV�PRUH�H[SHQVLYH�WKDW�,UDQLDQ�RQH�DQG WKHUH�ZDV�QR�&RPSDULVRQ�EHWZHHQ�WKH�ERQG�VWUHQJKW�RI�WKHVH�WZR�DOOR\V�0DWHULDOV�DQG�0HWKRGV��$�VDPSOH�IURP�ERWK�DOOR\V�ZLWK�GLPHQVLRQV�RI���î �î ����ZDV�REWDLQHG�DQG�DSSOLHG�RQ� WKH�PLGGOH�RQH�WKLUG�RI�PHWDO�SODWHV�DQGWKHU� WHVWHG�LQ�D� LQVWUXQ������PDFKLQH DQG�GDWD�ZHUH�DQDO\]HG�ZLWK�VWXGHQW�W�WHVW���3d������5HVXOW� 7KH�PHDQ�RI�ERQG�VWUHQJKW�,UDQLDQ�VXSHU�FDVW�ZDV����1�DQG�RULJLQDO�ZDV�������1�&RQFOXVLRQ� 7KDW� UHVXOWV� VKRZHG�QR� VLJQLILFDQW� GLIIHUHQFHV� EHWZHHQ�ERQGV� DQG� �3 ������� ERWK� DOOR\V� SDVVHG�WKH�,62 �����H[DP�
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