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1HJDWLYH�&RQWURO,QIHFWHG�JUHHQ�VDOW8QLQIHFWHG�JUHHQ�VDOW yYuº°³�Î�~¿{ZÀ«ºÀ�Z��b³º ��©Z¤d³Y�yu�|^��¦°³�zÀgZc
½zÀ-�¶lÀd³�¹ fp]Z¨ÀcZ�·�ÇºÀ�Z��®tc�¶§�uº��¾¯�z§w��¬dt¯��]Z´¯�yuÎÒ� Ö�y�[M� yu�²d�z-� yYz£� {Y�~�� {¹ymÈ��Y� ¶]� µvÀuº��¾¯�iyZs�±M�{Y�º¿vÀ�YzÀ¯��µv��{Z]�±M�¶$¿yu��Ï� �·¹&��²¿Y�yu�Z¯YÐÒyu�®tc�²d�z-�yYz£�{Y�~��{¹y

uZd�Y� ¡Z cY� ²¿Y� ½%º«º¿|À�� z��z-Y� ¶§�b��±M�b¬�uºs�µuYyY�¶]�z§�¹ v´�Z]�µvÀ�y��«Z]�z§�±v]�yu�Z·�®tcv´§�½yYx.°tc�yYz£�Z]�Z·�®tc�¶³º-�²¿Yyu�[M�yu�²d�z-ª¿v^c� º¿vÀ�YzÀ¯� ¶]� v´�y�¾¯� >È¯Z§� µv�� uZ¿� av¯v³º��¾¯�¹ Z·�z§� µz¨À��±uz§� ¶«� Z]� ¶§�v�y�¾¯� z�³� ¶]¹ ¶d�y�²À]�{Y�®tc�±v��ª¯Z§�b�z��Z·�®tc�±uz§�iyZsv´�Z]�µv��iyZs�}yZ³�yº��¶]�Z¸³M�±Z¯{�\Àczc�²¿Y�¶]�À^��zÀ���¿Yz��yu�Zc�uº]�v·Yºs�{Ç�½zd�À]¹ v´�z]�¾ v³º��ª¿v^c�º¿vÀ�YzÀ¯�¶]�{Y�av¯�©º��¶lÀd³�yuÎÒ�Ö ¶]�{¹yÐÒb�Y�¶d�Z¿��¿Y|�Y�{¹y�z¿Z��½Z·�¶d�Z¿�v´³Z°· ½Z·�±¹|¬o� ±Z¤¤p¯*DOED� UXQFDWXOD\�Z´¯� ±Z]|À¯� v³uº]�Z¨ÀcZ�·�ÇºÀ�Z��Ï�� ½%º«¹z���¹y�&�&�,�(�mÈ�Y��º�v¯�¾�¨�¹z¨À¯�¹ ¹y� ±Yº´�� ¶]� ²°¬c� µv��Àt�c� ½Yz]�\�Z´¯� ½Z·��¾�Z¨��v^«Z§�Z]�¶§�v´d�·�ÇºÀ�Z��¶]��º-zs�±v��µuº«Mv��vÀ¿Zc��«Z]�z§ ±uz§�Yvk�¹�Z·�½|^��±uyºs� Z]� >Çº°�¯�±Z�³Y�¶]�ÇºÀ�Z��ª.³Y�©Z¤d³YuzÀ-�¾¯�ayº��z§z�Zd¯�¶]�µuº«M�¾¬p¯�½Z·�½|^��µ&¿º]� ¥º¨�¯�½Z·�½|^��z-Y�¹ v³º�³�µuyºs�Zs�ayº��¶]¶]� yº]|¯� ª.³Y� ©Z¤d³Y� z�s� �v³º�� µu¹u{� Z·z§z�Zd¯� {Yv��v·Yºs�¾ d´¯�±Z�³Y� ¶§�²¿Y�ª�Zo�¾-uº«M� ¶]�¥º¨�¯� Z¿� µuº«M�±Z·ZÀ-{Yz-Yµ%¹z��²¿Y�½%º«vd¯�yu�iyv´¯��¹y�ÇºÀ�Z��z§z�Zd¯�Z]� |^��¦°³�yÇYu�uº]�v·Yºt³�µv´´§�µuº«M�z.¿u��uº��¶À¸c�
�]Z´Î̄�±Z£z� � �yZ°�M�b�z��½yZ-uZ¿� �¥�µuº¯{M� �u�� ±ÈÀ-� ±Zd�Y� yu� ~¿{ZÀ«ºÀ�Z�� ¾�yz]�yv´]� ±Zd�z¸� ¾«|³Y��±Yz¿Y�yºd�Z��ºdÀd�³Y�¾°¬��¶¬l¯�ÎÐÓÖµyZ°���Ò ¹Ó�����ÓÐ�ÒÔ�� Ï���yY����aYyZ�d³Y� �� ±Yz¸c�¾¨�|��¾�Z´�� z§ µ¹&���³Yu�ÎÐÓÖ����ÏÐ�ÎÕ�
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Ò�µuY{�¾¯zs����¦d�-� ¶¬l¯�¾¬.³Y�½Z¸³%�¾d³M ÎÐÔÏ¹u�µyZ°��©¹Y�v¬k�����ÐÑ�ÐÐ� Ó�¾¿Z�y��¾«Z·uyY� �m�¾¯{yYºs� ���½v°d�¯���«Y� } +�¾�Z´��¾´°¿Y� Z]�¾¿Z´�M�|§z¯�aYyZ�d³Y� �±Yz¸c ¾·Z.�³Yu�ÎÐÓÐ���ÑÒ�ÑÑ�
��� )HUUHLUD� $:�� HW� DO�� )DVFLROD� +HSDWLFD� +XPDQ�,QIHFWLRQ� 9LUFKRZV� $UFKLU�� $� 3DWKRORJLFDO�$QDWRP\��DQG��KLVWRORJ\���������������������� (UUDVWL� &� HW� DO�� 8QXVXDO� )RUPV� RI� )DVFLROD�+HSDWLFD� ,QIHVWDWLRQ�� 0HGLFLQ� D� &OLQLFDO��%DUFHORQD���������������������� $NDKDQH� +�� 2VKLPD� 7�� HW� DO�� 'LDJQRVLV� RI�)DVFLRODVLV�� $�� &RPSDULVLRQ� RI� WKH� 2IILFDFLHV� RI�9DULRXV�&RQFHQWUDWLRQ�7HFKQLTXHV�RI 2YD�LQ�6WRRO��-DSDQHVH�-RXUQDO�RI�3DUDVLWRORJ\���������������������$OLDJD�/��'LD]�0��HW�DO��(RVLQRSKLOLF�3XOPRQDU\�'LVHDVH� &DXVHG� E\� )DVFLROD� +HSDWLFD�� 0HGLFLQD�&OLQLF���������������������� $VVPDU� 0�� HW� DO�� 6HUR� (SLGHPLRORJLFDO�,QYHVWLJDWLRQ� RI� )DVFLROLDVLV� LQ� 1RUWKHUQ� ,UDQ��

0GLFDO�-RXUQDO�RI�WKH�,VODPLF�5HSXEOLF�RI�,UDQ������������������������ %URZQ� +:�� 1HYD� )�� %DVLF� &OLQLFDO�3DUDVLWRORJ\��1HZ�\RUN��3UHQWLFH�+DOO�������������������������� +LOO\HU� *9�� ,PPXQRGLDJQRVLV� RI� KXPDQ�)DVFLRORDVLV� E\� &RXQWHU� (OHFWURSKRUHVLV�� 7KH�-RXUQDO�RI��3DUDVLWRORJ\��������������������������� +LOOWHU� *9�� 'HGLLD]� $�� 8VH� RI� ,PPXQRORJLF�7HFKLQTXH� WR� 'HWHFW� &KHPRWKHUDSHXWLF� 6XFFHVV� LQ�,QIHFWLRQV� ZLWK� )DVFLROD� +HSDWLFD� ,�� 5DEELW�,QIHFWLRQV��7KH�$P��-�7URS�0HG�+\J�����������������+LOO\HU�*9��8VH�RI�&RXQWHU�(OHFWURSKRUHVLV� WR�'HWHFW��,QIHFWLRQ�RI�)DVFLROD�+HSDWLFD��7KH�-RXUQDO�RI��3DUDVLWRORJ\������������������������ 0HUHWR� 0�� %DUURQ� -�� 7KH� /DSDURVFRSLF�'LDJQRVLV� RI� WKH� /LYHU� )DVFLROLDVLV�� *DVWUR�,QWHVWLQDO�(QGRVFRS\�����������������������2OVHQ�2:��$QLPDO�3DUDVLWHV��7KHLU�/LIH�&\FOHV�DQG� (FRORJ\�� �� UG� HG�� %DOWLPRUH�� 8QLYHUVLW\� 3DUN�3UHVV��������������������3DUN�&�7��5R�-�<��.LP�+��*XWLHUUH]�\��+XPDQ�(FWRSLF� )DVFLROLDVLV� LQ� WKH� &HFXP�� $PHULFDQ�-RXUQDO�RI�6XUJLFDO�3KRWKRORJ\����������������
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3RWHQWLDO�5ROH�RI�*UHHQ�VDOW��'DODU��LQ�)DVFLROLDVLV�LQ�$QLPDO�
0RGHO

$VVPDU�0��3K�'���0RWDYDOOLDQ�6$�06��0DVLKD�$5��06�
$EVWUDFW,QWURGXFWLRQ� *UHHQ�VDOW��NQRZQ�DV�'DODU�E\�ORFDO�SHRSOH��LV�RQH�RI�WKH�IDYRUDEOH�WUDGLWLRQDO�IODYRUV�LQ�1RUWKHUQ�SURYLQFHV� RI�*LODQ� DQG�0D]DQGDUDQ�� ,W� LV�PDGH�RI�QDWLYH�SODQWV� �ZDWHU�JUDVVHV���ZKLFK�FRPPRQO\�JURZ�DW� WKH�HGJH� RU� LQ� ZDWHU� UHVRXUFHV� SDUWLFXODUO\� WKH� RQHV� SURYLGLQJ� VXLWDEOH� FRQGLWLRQV� IRU� )DVFLROD� SDUDVLWH�� 7KH�FRQVXPSWLRQ�RI�JUHHQ�VDOW�PD\�FDXVH�)DVFLROLDVLV�2EMHFWLYH� 7KLV�6WXG\�ZDV�&RQGXFWHG� WR�GHWHUPLQH� WKH�3RVVLELOLW\�RI�)DVFLROD�7UDQVIHU�)URP�&RQVXPSWLRQ�RI�JUHHQ�6DOW�LQ�DQLPDOV�0DWHULDOV� DQG� 0HWKRGV� 7KH� )DVFLROD� OLIH� F\FOH� ZDV� HVWDEOLVKHG� LQ� WZR� DTXDULXPV� E\� VLPXODWLQJ� ILHOG�FRQGLWLRQV�VXFK DV�OLJKW��S+�DQG�KHDW�IROORZHG�E\�JURZLQJ�LQ�WKHP�WZR�QDWLYH��ZDWHU�JUDVVHV�NQRZQ�DV�.KDOYDVK�DQG�&KRFKDJK�E\�ORFDO�SHRSOH��7R�GR�WKLV� WKH�VQDLO�*ROED�WUXQFDWXOD�ZDV�ILUVW�DGDSWHG�WR�DTXDULXPV�FRQGLWLRQV�DQG� WKHQ� WKH� )DVFLROD� KHSDWLFD� HJJV� ZHUH� LQWURGXFHG WR� RQH� RI� WKHP�� *UHHQ� VDOWV� ZHUH� SUHSDUHG� IURP� SODQWV�JURZQ� LQ� ERWK� 0HWDFHFDULD�LQIHVWHG� DQG� 0HWDFHUFDULD�IUHH� DTXDULXPV� DQG� ZHUH� IRUFH� IHG� WR� WZR� JURXSV� RI��UDEELWV��%HVLGHV��0HWDFHUFDULD�LQIHVWHG�JUHHQ�VDOW�ZDV�WUHDWHG�ZLWK�YLQHJDU�DQG�ZDV�IRUFH�IHG�WR�DQRWKHU�JURXS�RI�UDEELWV�� $� JURXS�ZDV� DOVR� OHIW� DV� FRQWURO�� 7KH� UDEELW¶V� IHFHV� ZHUH� H[DPLQHG� IRU� )DVFLROD� HJJV� ZLWK�PRGLILHG�PHWKRGV�RI�.DWR�DQG�7HOPDQ��7KH�VHUD�IURP�DOO�JURXSV�ZHUH�FKHFNHG�E\�&&,(��DQG�WKH�ELOOLDU\�GXFWV�RI�UDEELWV�ZHUH�VHDUFKHG�IRU�DGXOW�ZRUPV�5HVXOWV��$OO� WKH� UDEELWV� IHG� ZLWK� SODQWV� JURZQ� LQ�0HWDFHUFDULD� �LQIHVWHG� DTXDULXP� WXUQHG� SRVLWLYH� E\� DOO� WKH�GHSOR\HG�PHWKRGV�LQFOXGLQJ�H[DPLQDWLRQ�RI�IHFHV�IRU�)DVFLROD�HJJV��&&,(�DQG�H[DPLQDWLRQ�RI�ELOOLDU\�GXFWV�IRU�DGXOW�ZRUPV�ZKLOH� WKH�RQHV� IHG�ZLWK�SODQWV�JURZQ� LQ�0HWDFHFDULD�IUHH�DTXDULXP�ZHUH�QHJDWLYH��7KH�JURXS�IHG�ZLWK�YLQHJDU�WUHDWHG�JUHHQ�VDOW�ZDV�DOVR�QHJDWLYH�&RQFOXVLRQ��7KH�QRQ�WUHDWHG�JUHHQ�VDOW�FRQWDPLQDWHG�ZLWK�)DVFLROD�0HWDFHFHUFDULD�FDQ�FDXVH�)DVFLROLDVLV��ZKLOH�WUHDWLQJ�LW�ZLWK�YLQHJDU�FDQ�SUHYHQW�WKH�LQIHFWLRQ��
.H\�ZRUGV��)DVFLROD��)DVFLROD�+HSDWLFD��*UHHQ�6DOW��/DERUDWRU\�7HFKQLTXHV�DQG�3URFHGXUHV


