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�����/RVV� RI� KHWHUR]\JRVLW\� �/2+�� LV� WKH� PDMRU� FKURPRVRPDO
PXWDWLRQDO� HYHQWV� RI� WK\PLGLQH� NLQDVH� �7.��GHILFLHQW� KXPDQ
O\PSKREODVWRLGH� FHOO� OLQH� 7.��� ZKLFK� KDUERUV� WKH� KHWHUR]\JRXV
WK\PLGLQH� NLQDVH� ORFXV�� $QDO\VLV� RI� WKH� /2+� HYHQWV� ZLWK� ��
PLFURVDWHOOLWH�PDUNHUV�VSDQQLQJ�RYHU� WKH�ZKROH�FKURPRVRPH���
VKRZHG�WKH�/2+�H[WHQGHG�RYHU�KDOI� �RI���T�WRZDUG�WKH�WHUPLQDO
HQG��+RQPD��0���HW�DO��0ROHFXODU�&DUFLQRJHQHVLV����������ç�����
���������+HUH�ZH�UHSRUW�DQ�LPSURYHG�V\VWHP�ZKLFK�DOORZ�WR�PDS
PRUH� SUHFLVHO\� WKH� /2+� HYHQWV� RQ� WKH� FKURPRVRPH� ��� RI� 7.�
FHOOV�� 7R� PDS� WKH� /2+� HYHQWV� PRUH� GHWDLO�� ��� PLFURVDWHOOLWH
PDUNHUV�ZHUH�VHOHFWHG�IURP�1&%,�*HPRPH�'DWDEDVH��7KH�VHW�RI
/2+� PDUNHUV� DOORZ� XV� WR� PDS� WKH� /2+� HYHQWV� RQ� WKH
FKURPRVRPH����DW�DYHUDJH� LQWHUYDO�RI�����0E��:LWK� WKH�V\VWHP�
/2+�HYHQWV�LQ�����7.��PXWDQWV�IURP�WKH�ZLOG�W\SH�FHOO�OLQH����&�
DQG� ���7.��PXWDQWV� IURP� WKH� FHOO� OLQH� GHILFLHQW� LQ�3��� IXQFWLRQ
��(��KDYH�EHHQ�GHWHUPLQHG��7KH� UHVXOWV� FDQ�EH� VXPPDUL]HG�DV
IROORZLQJV�� � L�� WKHUH�ZDV�D�KRW�UHJLRQ�RI�/2+�HYHQWV�VKRZLQJ�a�
WLPHV�KLJKHU� LQFLGHQFHV� WKDQ� WKDW�RI� WKH�RYHU�DOO�DYHUDJH�� LL�� WKH
3��� IXQFWLRQ� GLG� QRW� DIIHFW� WKH� VSHFWUXP� RI� /2+�� WKRXJK� WKH
IUHTXHQF\�RI�/2+�ZDV�PXFK�KLJKHU� LQ� WKH�3���GHILFLHQW�FHOO� OLQH
��(� �� WKDQ� LQ� WKH�ZLOG� W\SH� FHOO� ���&��� LLL�� DQ� XQLTXH� KRW�VSRW� RI
/2+�ZDV� IRXQG�DW� WKH�VLWH������ WR������0E��ZKLFK� LV�VSHFLILF� WR
WKH�ZLOG� W\SH�FHOO� OLQH���&�� � �7KH�UHVXOWV�PD\�VXJJHVW� WKDW� WKHUH
DUH� SUHIHUUHG� VLWHV� IRU� /2+� RFFXUUHQFH� RQ� WKH� FKURPRVRPH� ��
ZKLFK�DUH�LQGHSHQGHQW�RI�WKH�FHOOXODU�3���IXQFWLRQ�
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$VVHVVPHQW��:DVKLQJWRQ��'&���������8�6��(3$��:DVKLQJWRQ��'&�������
�1,26+��0RUJDQWRZQ��:9�������

�����7KH�PHWDO�FDUFLQRJHQ�QLFNHO�ZDV�WHVWHG�IRU�JHQRWR[LFLW\�LQ�WKH
VRPDWLF�ZLQJ�VSRW�DVVD\�RI�'URVRSKLOD�PHODQRJDVWHU� LQ�WKH�IRUP
RI�WKUHH�SDUWLFXODWH�FRPSRXQGV����QLFNHO�R[LGH�EODFN��QLFNHO�R[LGH
JUHHQ�DQG�QLFNHO�VXEVXOILGH���7KLUG�LQVWDU�ODUYDH�ZHUH�H[SRVHG�WR
WKH�WHVW�FRPSRXQGV�YLD�D���KU�DFXWH�H[SRVXUH�LQ�ZKLFK�WKH�ODUYDH
IHG� XSRQ� D� FHOOXORVH� SRZGHU� DQG� ZDWHU� VOXUU\� FRQWDLQLQJ� D
SDUWLFXODWH� WHVW� FRPSRXQG�� � 1LFNHO� R[LGH� JUHHQ� DQG� QLFNHO
VXEVXOILGH�ZHUH�WHVWHG�DW�D�VLQJOH�FRQFHQWUDWLRQ�RI����P0��ZKLOH
QLFNHO� R[LGH� EODFN� ZDV� WHVWHG� DW� ���� ��� DQG� ��� P0
FRQFHQWUDWLRQV�� �$OO�H[SHULPHQWV�ZHUH�FRQGXFWHG�DW���°&�� �%RWK
QLFNHO�R[LGH�JUHHQ�DQG�QLFNHO�VXEVXOILGH�ZHUH�HYDOXDWHG�DV�HLWKHU
QHJDWLYH� RU� LQFRQFOXVLYH� LQ� \LHOGLQJ� PXWDQW� FORQHV� RI� DQ\� W\SH�
+RZHYHU��QLFNHO�R[LGH�EODFN�ZDV�IRXQG�WR�EH�D�SRVLWLYH�LQGXFHU�RI
VPDOO� VLQJOH� VSRWV� DQG� WRWDO� VSRWV� DW� ���P0�� �$� GRVH�UHVSRQVH
UHODWLRQVKLS� DOVR� H[LVWHG� IRU� QLFNHO� R[LGH� EODFN� LQ� LWV� FDSDFLW\� WR
LQGXFH�VPDOO�VLQJOH�VSRWV���&RPSDULVRQ�RI�VSRW�LQGXFWLRQ�RQ�ZLQJV
RI� WUDQV�KHWHUR]\JRXV� DQG� LQYHUVLRQ�KHWHUR]\JRXV� IOLHV� UHYHDOHG
WKDW� DSSUR[LPDWHO\� ���� RI� WKH� VPDOO� VLQJOH� VSRWV� LQGXFHG� E\
QLFNHO�R[LGH�EODFN�RQ�WUDQV�KHWHUR]\JRXV�ZLQJV�LQYROYHG�D�PLWRWLF
UHFRPELQDWLRQ� HYHQW� RFFXUULQJ� EHWZHHQ� WKH�PDUNHU� JHQHV�PZK
DQG�IOU���1LFNHO�KDV�SUHYLRXVO\�EHHQ�LPSOLFDWHG�LQ�WKH�VSUHDGLQJ�RI
KHWHURFKURPDWLF� UHJLRQV� LQ� WKH� JHQRPH� YLD� FKURPDWLQ
FRQGHQVDWLRQ���7ZLQ�VSRWV�LQ�WKH�ZLQJ�DVVD\�DULVH�IURP�D�PLWRWLF
UHFRPELQDWLRQ� HYHQW� RFFXUULQJ� EHWZHHQ� WKH� FHQWURPHUH� DQG� WKH
QHDUE\� PDUNHU� JHQH� IOU�� � 7KH� LQDELOLW\� RI� QLFNHO� R[LGH� EODFN� WR
LQGXFH�WZLQ�VSRWV�LQ�WKH�ZLQJ�DVVD\�PD\�EH�GXH��DW�OHDVW�LQ�SDUW�
WR�VXFK�VSUHDGLQJ�RI�WKH�KHWHURFKURPDWLF�FHQWURPHUH�UHJLRQ�
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�����7HWUDFKORURHWK\OHQH��7&(���LV�DQ�LQGXVWULDO�VROYHQW�ZLGHO\�XVHG
LQ� GU\� FOHDQLQJ�� WH[WLOH�SURFHVVLQJ�� GHJUHDVLQJ� IDEULFDWHG� PHWDO
SDUWV� DQG� SDLQW� VWULSSLQJ�� 2FFXSDWLRQDO� H[SRVXUH� WR� 7&(� FDQ
RFFXU� WKURXJK� LQKDODWLRQ��VNLQ�FRQWDFW�RU� LQJHVWLRQ�GXULQJ� LWV�XVH
LQ�GU\�FOHDQLQJ�DQG�GHJUHDVLQJ��$OWKRXJK�WKHUH�LV�OLPLWHG�HYLGHQFH
LQ�KXPDQV�IRU�FDUFLQRJHQLFLW\�RI�7&(��LW�LV�FODVVLILHG�DV�D�SUREDEOH
FDUFLQRJHQ� WR� KXPDQV� E\� ,QWHUQDWLRQDO� $JHQF\� IRU�5HVHDUFK� RQ
&DQFHU�� � ,Q� WKLV�VWXG\��ZH�KDYH� LQYHVWLJDWHG�7&(�H[SRVXUH�DQG
JOREDO�JHQH�H[SUHVVLRQ�SDWWHUQ�LQ�QRUPDO�KXPDQ�OLYHU�FHOOV�XVLQJ
PLFURDUUD\�DQDO\VLV���([SRQHQWLDOO\�JURZLQJ�FHOOV�ZHUH�H[SRVHG�WR
D� ILQDO� FRQFHQWUDWLRQ�RI�����DQG�����µ0�RI�7&(� IRU� ���K��7RWDO
51$� ZDV� XVHG� IRU� WKH� SUHSDUDWLRQ� RI� GRXEOH� VWUDQGHG� F'1$�
%LRWLQ� ODEHOHG� F51$� WUDQVFULSW� ZDV� V\QWKHVL]HG� XVLQJ� F'1$�
IUDJPHQWHG�DQG�K\EULGL]HG�WR�+X*HQH)/�*HQH&KLS�SUREH�DUUD\V
UHSUHVHQWLQJ� PRUH� WKDQ� ����� KXPDQ� JHQHV� DQG� H[SUHVVHG
VHTXHQFH� WDJV�� � 7KH� DUUD\V� ZHUH� VWDLQHG� ZLWK� � VWUHSWDYLGLQ�
SK\FRHU\WKULQ� DQG� ELRWLQ\ODWHG� DQWL�VWUHSWDYLGLQ� DQWLERGLHV�� � 7KH
GLIIHUHQWLDO� JHQH� H[SUHVVLRQ� GDWD� DQDO\VLV� ZDV� SHUIRUPHG� XVLQJ
*HQH&KLS�U�� ���� VRIWZDUH�� � 7KH� �
��
� F51$� WUDQVFULSW� UDWLRV� IRU
ERWK�*$3'+� DQG�α�DFWLQ� ZHUH� IRXQG� WR� EH� FRQVLVWHQW� EHWZHHQ
FRQWURO� DQG� WUHDWPHQW� JURXSV� RYHU� D� SHULRG� RI� ��� K� H[SRVXUH�
$OWHUHG� JHQH� H[SUHVVLRQ� SDWWHUQV� ZHUH� REVHUYHG� LQ� ���� 51$
WUDQVFULSWV�ZLWK�DW�OHDVW�D���IROG�FKDQJH���$OWHUDWLRQV�LQ�H[SUHVVLRQ
RI� VRPH� RI� WKH� JHQHV� LQFOXGH� ;5&&��� 5DG���� +DV��
PHWDOORSURWHLQDVH��0'0�� JHQH��71)� UHFHSWRU��5%��� KHDW� VKRFN
SURWHLQ� ���� 71)�UHFHSWRU��� DVVRFLDWHG� SURWHLQ� �75$''��� 7KH
UHVXOWV� LQGLFDWH� WKDW� 7&(� LQGXFHV� FKDQJHV� LQ� H[SUHVVLRQ� RI
FHUWDLQ� LPSRUWDQW� FHOO� F\FOH� UHJXODWLRQ� JHQHV�� :KHWKHU� WKHVH
JHQHV� DUH� GLUHFWO\� LQYROYHG� LQ� WKH� SURFHVV� RI� 7&(�LQGXFHG
FDUFLQRJHQHVLV�QHHGV�WR�EH�HOXFLGDWHG�
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'LYLVLRQ��1DWLRQDO�,QVWLWXWH�IRU�2FFXSDWLRQDO�6DIHW\�DQG�+HDOWK�
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�����$EHUUDQW� '1$� PHWK\ODWLRQ� SDWWHUQ� LV� DQ� DFTXLUHG� HSLJHQHWLF
DOWHUDWLRQ�FDXVLQJ�LQDSSURSULDWH�DFWLYDWLRQ�RU�VLOHQFLQJ�RI�D�JHQH�
$OWHUDWLRQV� LQ� '1$� PHWK\ODWLRQ�� PDLQO\� RFFXUULQJ� LQ� WKH� &S*
LVODQGV� ORFDWHG� LQ� WKH��
� UHJXODWRU\� UHJLRQV�RI�JHQHV��KDYH�EHHQ
DVVRFLDWHG�ZLWK�FDQFHUV�DQG�UHSUHVHQW�RQH�RI�WKH�PRVW�FRQVLVWHQW
FKDQJHV�LQ�QHRSODVWLF�FHOOV����7R�GHWHUPLQH�LI�DOWHUDWLRQV�LQ�JOREDO
PHWK\ODWLRQ�PD\�FRQWULEXWH�WR�WKH�GHYHORSPHQW�RI�OXQJ�FDQFHU��ZH
VWXGLHG� JHQRPH�ZLGH� DEHUUDQW� PHWK\ODWLRQ� SDWWHUQ� LQ� WLVVXHV
REWDLQHG�IURP����OXQJ�FDQFHU�FDVHV��0HWK\ODWLRQ�ZDV�FDUULHG�RXW
XVLQJ� PHWK\ODWLRQ� VHQVLWLYH� UHVWULFWLRQ� '1$� ILQJHUSULQWLQJ
DQDO\VLV�� %VW8�� �VHQVLWLYH� HQ]\PH� IRU� F\WRVLQH� PHWK\ODWLRQ� DW
&S*� VLWH�� DQG� 0VH�� �QRQ�VHQVLWLYH� HQ]\PH� IRU� F\WRVLQH
PHWK\ODWLRQ�� ZHUH� XVHG� IRU� UHVWULFWLRQ� DQDO\VLV�� :H� IRXQG� WKDW
���� RI� DOO� WKH� OXQJ� FDQFHU� WLVVXHV� ZHUH� K\SHUPHWK\ODWHG� DW
YDULRXV� VLWHV� XVLQJ� VKRUW� UDQGRP� SULPHUV�� � 0DQ\� IUDJPHQWV
DSSHDUHG� WR� EH� GLIIHUHQWLDOO\� PHWK\ODWHG�� � 8SRQ� VXE�FORQLQJ�
VHTXHQFLQJ� DQG� PDWFKLQJ� VHYHUDO� FRPPRQ� GLIIHUHQWLDOO\
PHWK\ODWHG�IUDJPHQWV�XVLQJ�WKH�DYDLODEOH�GDWDEDVH��%/$67���ZH
KDYH� LGHQWLILHG� WKH� IUDJPHQWV� WR� HQFRGH� IRU� KXPDQ� F\FOLQ� &
�&&1&���:LOPV�WXPRU��:7����DQG�QXFOHDU�IDFWRU�NDSSD�%��1)�N%�
JHQHV�� $QDO\VLV� RI� IUDJPHQWV� DPRQJ� WXPRU� W\SHV� UHYHDOHG� WKDW
���� RI� WKH� K\SHUPHWK\ODWHG� IUDJPHQWV� ZHUH� DGHQRFDUFLQRPDV�
����ZHUH�VTXDPRXV�FHOO�FDUFLQRPDV�DQG�����EHORQJHG�WR�RWKHU
W\SHV��:KHQ�DJH�RU�VH[�ZDV�FRQVLGHUHG�DV�D�IDFWRU��QR�VLJQLILFDQW
GLIIHUHQFH� LQ� DQ\� RI� WKHVH� JURXSV� ZDV� REVHUYHG�� 0HWK\ODWLRQ
SDWWHUQ� ZDV� XQUHODWHG� WR� VPRNLQJ� VWDWXV� RI� WKH� SDWLHQWV�� 2XU
RYHUDOO� UHVXOWV� LQGLFDWH� WKDW� K\SHUPHWK\ODWLRQ� VHHPV� WR� SOD\� DQ
LPSRUWDQW�UROH�LQ�WKH�GHYHORSPHQW�RI�OXQJ�FDQFHU���)XUWKHU�VWXGLHV
DUH� LQ� SURJUHVV� WR� HOXFLGDWH� WKH� PROHFXODU� PHFKDQLVP�V�� RI
K\SHUPHWK\ODWLRQ�LQ�OXQJ�FDQFHU�
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