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RXW�D�VHOHFWLYH�GHOLYHU\�RI�D�GUXJ�LQ�WKH�SDWKRORJLFDO
QLGXV�LQ�WKH�PLQLPDO�GRVLQJ��7KH�DFWLYH�VWXG\�RI�WKH
QDQRSDUWLFOHV�DSSOLFDWLRQ�DV�D�YHKLFOH�IRU�GUXJV�XVHG
IRU� WUHDWLQJ� WKH� H\H� LQIODPPDWRU\� GLVHDVHV� DQG� WX�
PRXUV�RI�H\HV�LV�EHLQJ�FDUULHG�RXW��:H�KDYH�DOUHDG\
FDUULHG�RXW�WKH�UHVHDUFK�LQ�WKH�ILHOG�RI�QDQRWHFKQROR�
JLHV�LQ�SKDUPDFRWKHUDS\��WKH�OLSRVRPDO�GUXJ�RI�TXHU�
FHWLQH�Û�Ù/LSRIODYRQµ�KDV�EHHQ�VWXGLHG��7KH�/LSRIOD�
YRQ�GUXJ�SRVVHVVHV�DQWL�LQIODPPDWRU\��DQJLRSURWHFWLYH
DQG�DQWLR[LGDQW�DFWLRQ��%DVHG�RQ�WKH�DGYDQFHG�DFKLH�
YHPHQWV�RI�QDQRWHFKQRORJ\�QDQRSDUWLFOHV�ZLOO�EH�DQ
LQWHJUDO�SDUW�RI�WKHUDSHXWLF�DQG�GLDJQRVWLF�DFWLRQV�LQ
WKH�QHDUHVW�IXWXUH��
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WRSLFDO�FRUWLFRVWHURLGV�LQ�H\H�GURSV�KDYH�EHHQ�H[DP�
LQHG��7KH�LQWUDRFXODU�SUHVVXUH�ZDV�PHDVXUHG�LQ�FKLO�
GUHQ� XVLQJ� GH[DPHWD]RQH� DQG� IOXFRQ�� 7KH� PLGGOH
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PRUH��ZDV�REVHUYHG�LQ���H\HV��������LQ�WKH�ILUVW�JURXS
DQG� �� H\H� ����� Û� LQ� WKH� VHFRQG� JURXS�� 2FXODU
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FOLQLFV��2QO\�RQH�FKLOG�QRWHG� WKH�DSSHDUDQFH�RI�XQ�
SOHDVDQW�IHHOLQJ�DQG�KHDGDFKH��:H�UHGXFHG�WKH�QXPEHU
RI� LQVWLOODWLRQV� RI� FRUWLFRVWHURLGV� DQG� LW� OHG� WR� WKH
QRUPDOL]DWLRQ� RI� WKH� LQWUDRFXODU� SUHVVXUH�� 7KH� IUH�
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FKLOGUHQ�LV�PXFK�KLJKHU�WKDQ�LQ�DGXOWV��8VLQJ�IOXFRQ
PD\�UHGXFH�WKH�ULVN�RI�RSKWKDOPRK\SHUWHQVLRQ�GHYHO�
RSPHQW�LQ�FKLOGUHQ��
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7KH�PHGLFDPHQWDO� SURYLGLQJ� V\VWHP� FRQVLVWLQJ� RI
WKUHH�VWDJHV��SUH�RSHUDWLYH�SUHSDUDWLRQ��LQWUD�RSHUD�
WLYH�SKDUPDFRORJLFDO�VXSSRUW�DQG�SRVW�RSHUDWLYH�WUH�
DWPHQW� KDV� EHHQ� GHYHORSHG� DQG� XVHG� GXULQJ� ���
RSHUDWLRQV�RI�WKH�FDWDUDFW�SKDFRDVSLUDWLRQ�ZLWK�LP�
SODQWDWLRQ�RI�WKH�LQWUDRFXODU�OHQV��,2/���7KH�SUH�RS�
HUDWLYH� SUHSDUDWLRQ� LQFOXGHV� WKH� FRQMXQFWLYDO� VDF
VDQLWDWLRQ�ZLWK�DQWLELRWLF�)OR[DO��WKH�SURYLGLQJ�WKH
PD[LPDO�P\GULDVLV�E\�$WURSLQH�DQG�&\FORPHG�LQVWLO�
ODWLRQV�� UHGXFWLRQ� RI� WKH� LQIODPPDWRU\� LULGRFLOLDU\
UHDFWLRQ�ZLWK� ,QGRFROOLU� GURSV��7KH� LQWUD�RSHUDWLYH
WKHUDS\� FRQVLVWV� LQ� WKH� DVHSWLF� PHDVXUHV� ZKLOH
WUHDWLQJ� WKH� VXUJLFDO� DUHD� ZLWK� WKH� &KORUKH[LGLQH
VROXWLRQ��VXSSRUW�RI�P\GULDVLV�E\�WKH�0HVDWRQ�LQMHF�
WLRQ�LQWR�WKH�H\H�DQWHULRU�FKDPEHU��WKH�SUHYHQWLYH
DQWLEDFWHULDO�� DQWL�LQIODPPDWRU\� LQIOXHQFH� Û� WKH
=LQDFHI�VROXWLRQ�LQIXVLRQ�LQWR�WKH�DQWHULRU�FKDPEHU
DQG�'LSURVSDQ�VXEFRQMXQFWLYDOO\��,Q�WKH�SRVWRSHUD�
WLYH� SHULRG� WKHUH�ZHUH� LQVWLOODWLRQV� RI�0D[LWURO� RU
0D[LGH[�ILYH�WLPHV�GDLO\�

�iz�������������������������������������������
vtplk�i|v�jypsjÐ�lkzvjlk�es|�|�lji�
cjk~k�{|�{cplÐ�wzv�ckz¡jj�zk�kckz�h
��s�zºÓ�¯È�ËÓ}º��v�k�c©}ºm����������ËÓ}º

{©mË�ËÓÈ� °²ËäÈ� �º°�ÒÎËÓÒ«� äÈ}°ÒäÈã
Óº�º� äÒ��
¯ÒÈÏÈ� ¹¯Ò� ¹¯ºmË�ËÓÒÒ�ÁÈ}ºªä�ã
°ÒÁÒ}È�ÒÒ� }È�È�
¯È}�©� ���}¯È�ÓÈ«� ¹º°ãË�ºmÈ�Ëã
ÓÈ«� ÒÓ°�Òãã«�Ò«
�Ë¯ËÏ�������äÒÓ�}ºä­ÒÓÈ�ÒÒ�¹¯Ë¹È¯È�ºm������}È¹ãÒ
����¯�¯È��ÒäË}°Ò�È������}È¹ãÒ����¯�¯È�È�¯º¹ÒÓÈ
°�ã
ÁÈ�È������}È¹ãÒ�����¯�¯È�äËÏÈ�ºÓÈ�°�°º²¯ÈÓË�
ÓÒËä�ÒÓ�Ë¯mÈãÈ�ÓË�äËÓËË���äÒÓ�äËÎ���ÏÈ}È¹©mÈ�
ÓÒ«äÒ�}ÈÎ�º�º�ÒÏ�¹¯Ë¹È¯È�ºm���}º�º¯È«���Ò�©mÈË�
ª�È¹©�Ò�}¯Ò�Ë¯ÒÒ�¹Ë¯Ë²º�È�º��°¹º°º­È�äË�Ò}ÈäËÓ�
�ºÏÓº�º�̄ È°	Ò¯ËÓÒ«�Ï¯È�}È�ÓÈ��ºº¹Ë¯È�ÒºÓÓºä�ª�È�
¹Ë� m� °�ÈÓ�È¯�Ó©²� Ò� º°ãºÎÓËÓÓ©²� °Ò��È�Ò«²� }
äË�º�Ò}Èä�ÒÓ�¯Èº¹Ë¯È�ÒºÓÓº�º�äÒ�¯ÒÈÏÈ�Ò�°¹º°º�
­Èä�Ë�º�¹º��Ë¯ÎÈÓÒ«�mº�m¯Ëä«�º¹Ë¯È�ÒÒ�Ò�äË�º�Ò}Ë
äË²ÈÓÒ�Ë°}º�º�¯È°	Ò¯ËÓÒ«� Ï¯È�}È����º�¹ºÏmºã«Ë�
º­Ë°¹Ë�Ò�
�äÒ�¯ÒÈÏ�°�äÒÓÒäÈã
Ó©ä�º�¯Ò�È�Ëã
Ó©ä
mºÏ�Ë®°�mÒËä��

8'&�������������������������������������������
7+(� 6&+(0(� 2)� 5($&+,1*� 7+(� 0$;,0$/
0<'5,$6,6�'85,1*�7+(�&$7$5$&7�(;75$&7,21
<X�1�.RQGUDWHQNR��6�$�5\NRY��/�3�7XWFKHQNR

7KH�VFKHPH�RI�UHDFKLQJ�WKH�PD[LPDO�P\GULDVLV�GXULQJ
WKH�FDWDUDFW�SKDFRHPXOVLILFDWLRQ����WLPHV�FRQVHTXHQW
LQVWLOODWLRQ�RI�WKH�FRPELQDWLRQ�RI�GUXJV������GURSV�RI
���� GHPH[LGH� VROXWLRQ�� ���� GURSV� RI� ��� DWURSLQH
VXOSKDWH�VROXWLRQ������GURSV�RI�����PH]DWRQH�VROXWLRQ
LQ�������PLQ��NHHSLQJ�WKH�LQWHUYDO�QRW�OHVV�D�PLQXWH
EHWZHHQ�WKH�LQVWLOODWLRQ�RI�HDFK�GUXJ��KDV�EHHQ�FDOFX�
ODWHG��,W�WDNHV�LQWR�DFFRXQW�WKH�FULWHULD�DQG�FRQVHTXHQW
VWDJHV� RI� LQGXFLQJ� DQG� PDLQWDLQLQJ� PD[LPDO� PHGL�
FDPHQWDO�P\GULDVLV�EHIRUH�WKH�RSHUDWLRQ�LQ�WKH�VWDQG�
DUG�DQG�FRPSOLFDWHG�FDVHV�IROORZHG�E\�WKH�PHWKRGV�RI
P\GULDVLV�LQGXFWLRQ�DQG�PDLQWDLQLQJ�GXULQJ�WKH�RSHUD�
WLRQ�� DV� ZHOO� DV� WKH� PHWKRGV� RI� WKH� PHFKDQLFDO
P\GULDVLV�ZLWK�WKH�FRQVLGHUDWLRQ�RI�WKH�OHYHO�RI�WUDXPD
SRVVLELOLW\� DQG� DOORZV� SURYLGLQJ�P\GULDVLV� ZLWK� WKH
PLQLPDO�QHJDWLYH�HIIHFW�
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7KH�DUWLFOH�SUHVHQWV� UHVXOWV�RI�FOLQLF� UHVHDUFK�RI
��� ZRPHQ� ���� H\HV�� ZLWK� SULPDU\� RSHQ� DQJOH
QRQVWDELOL]HG� JODXFRPD� ZKLFK� XQGHUZHQW� DGGL�
WLRQDO�WKHUDS\�E\�/LYLDO�RU�.OLPDGLQRQ��65(5�Û
VHOHFWLYH�UHJXODWRUV�RI�HVWURJHQ�UHFHSWRUV��LQ�FRP�
SDULVRQ�ZLWK����ZRPHQ�����H\HV��RI�WKH�FRQWURO
JURXS��7KH�UHVHDUFK�UHVXOWV�VKRZ�WKDW�65(5�XVH
DV�DGGLWLRQDO�JODXFRPD�WKHUDS\�OHDGV�WR�VWDELOL]LQJ
JODXFRPD� QHXURSDWK\� DQG� QRUPDOL]LQJ� K\GURG\�
QDPLF� LQGLFHV� DV�ZHOO� DV� LPSURYHV� FRHIILFLHQW� RI
LQWUDRFXODU�IOXLG�HIIOX[��ZKLFK�LV�SDUWLFXODUO\�VLJ�
QLILFDQW� IRU� VWDELOL]LQJ� JODXFRPD� SURFHVV�� 7KH
DUWLFOH�SURYLGHV�JURXQGLQJ�IRU�65(5�SRVLWLYH�LQIOX�
HQFH�RQ�YLVLRQ�DFXLW\��YLVXDO�ILHOG�DQG�HOHFWURVHQ�
VLYLW\�OLPLW�UHODWHG�WR�SKRVSKHQH��
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7R� HVWLPDWH� WKH� HIILFLHQF\� RI� IOXRURTXLQRORQHV� IRU
VXSSUHVVLRQ� RI� WKH� VXUJLFDO� DUHD� IORUD�ZKLOH�XVLQJ
WKH�FRPELQHG�GRVLQJ����SDWLHQWV�ZHUH�GLYLGHG�LQWR
ILYH�JURXSV��7KH�SDWLHQWV�RI�HDFK�JURXS�WRRN�RQH�RI
IOXRURTXLQRORQHV����GURS��� WLPHV�D�GD\�EHIRUH� WKH
RSHUDWLRQ��DV�ZHOO�DV���GURS�HYHU\����PLQXWHV�IRU�DQ
KRXU�EHIRUH�WKH�RSHUDWLRQ��7KH�EDFWHULDO�IORUD�FXOWXUH
VDPSOHV�ZHUH�WDNHQ�LQ�DOO�SDWLHQWV�EHIRUH�WKH�VXUJHU\
DUHD�WUHDWPHQW�DQG�DIWHU�WKH�RSHUDWLRQ��7KH�UHVXOWV
VKRZ�WKDW�WKH�OHDVW�UHVLVWDQFH�RI�WKH�VXUJLFDO�ILHOG
IORUD� LV�REVHUYHG� LQ�2SKWDTXL[��7KLV�GUXJ�KDV� WKH
VWURQJHU� EDFWHULRVWDWLF� DFWLRQ� RQ� VWDSK\ORFRFFXV
DXUHXV�WKDQ�)OR[DO�
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7KH�DQDO\VLV�RI�WKH�PRVW�IUHTXHQW�FRPSOLFDWLRQV�DIWHU
WKH� H\HOLGV� SODVWLF� VXUJHU\� FRQGXFWHG� LQ� GLIIHUHQW
FRVPHWLF�FOLQLFV�LQ�.LHY�KDV�EHHQ�FDUULHG�RXW��,W�KDV
EHHQ�IRXQG�WKDW�WKH�GU\�H\H�V\QGURPH�LV�WKH�IUHTXHQW
FRPSOLFDWLRQ� RI� WKH� VXUJLFDO� RSHUDWLRQV�� ,W� PD\� EH
FRQGLWLRQHG� E\� WKH� H[FHVVLYH� UHPRYDO� RI� WKH� H\HOLG
ZULQNOHV�WKDW�UHVXOWHG� LQ�WKH�H\H� ILVVXUH� LQFRPSOHWH
FORVXUH�� 7KH� RSHUDWLRQV� FRQGXFWHG� RQ� ORZHU� H\HOLGV
ZHUH� RIWHQ� DFFRPSDQLHG� E\� WKH� ODFULPDO� SXQFWXP
HYHUVLRQ�EHFDXVH�RI�WKH�H\HOLG�VKLIWLQJ�DQG�GLVSODFH�
PHQW� IURP� WKH� H\HEDOO� ZLWK� WKH� GHYHORSPHQW� RI� D
QXPEHU�RI�RWKHU�FRPSOLFDWLRQV�DSSHDUHG�DV�D�UHVXOW�RI
WKH� WHDU� SHOOLFOH� GLVWXUEDQFH�� WHDU� SURGXFWLRQ� DQG
ODFULPDWLRQ��7KH�LQIOXHQFH�RI�GLIIHUHQW�UHVWRULQJ�WKHUD�
SHXWLF�PHWKRGV�DIWHU�DHVWKHWLF�EOHSKDURSODVWLF�VXUJHU\
KDV�EHHQ�VWXGLHG��7KH�HIILFLHQF\�RI�XVLQJ�D�WHDU�VXE�
VWLWXWHG�GUXJ�9LGLVLF��%RXVFK	/RPE��LQ�WKH�WUHDWPHQW
RI�SDWLHQWV�ZLWK�WKH�GU\�H\H�V\QGURPH�DIWHU�WKH�SODVWLF
VXUJHU\�RQ�H\HOLGV�KDV�EHHQ�SURYHQ�
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7KH�SUREOHP�RI�QHXURPHWDEROLF�GLVRUGHUV�LQ�WKH�RUJDQ
RI�YLVLRQ�LQ�GLDEHWHV�PHOOLWXV�KDV�EHHQ�FRQVLGHUHG��7KH
DPRXQW�RI�SDWLHQWV�ZLWK�GLDEHWHV�PHOOLWXV�LQ�WKH�ZRUOG
LQFUHDVHV�SURJUHVVLYHO\��WKH�TXHVWLRQ�RI�HIILFLHQF\�RI
WKH�SUHYHQWLRQ�DQG�WUHDWPHQW�RI�WKH�FRPSOLFDWLRQV�RI
WKLV�GLVHDVH�DW�SUHVHQW�LV�TXLWH�XUJHQW��2QH�RI�WKH�W\SH
RI�GDPDJHV�I�WKH�RUJDQ�RI�YLVLRQ�LQ�GLDEHWHV�PHOOLWXV
LV�WKH�RSWLFDO�QHXURSDWK\�DQG�LW�LV�VWLSXODWHG�E\�WKH
V\VWHPLF�PLFURDQJLRSDWK\��WKH�WLVVXH�PHWDEROLVP�G\V�
IXQFWLRQ� DQG� WKH� WURSKLVP�RI� WKH� YLVXDO� QHUYH�� 7KH
SXUSRVH�RI�RXU�UHVHDUFK�ZDV�WKH�VWXG\�RI�WKH�WKHUD�
SHXWLF�HIILFLHQF\�RI�2[LEUDO�GUXJ�LQ�SDWLHQWV�ZLWK�WKH
FKURQLF�GLDEHWLF�RSWLFDO�QHXURSDWKLHV��7KH�GUXJ�ZDV
LQFOXGHG�LQWR�WKH�VFKHPH�RI�WUHDWPHQW�RI����SDWLHQWV�
7KH�DFXLW\�RI�YLVLRQ��WKH� ILHOG�RI�YLVLRQ�DQG�HOHFWUR�
SK\VLRORJLFDO�LQGH[HV�EHIRUH�DQG�DIWHU�WKH�WUHDWPHQW
KDYH�EHHQ�VWXGLHG��7KH�XVH�RI�2[LEUDO�DOORZV�LPSURYLQJ
WKH�UHVXOWV�RI�WKH�FRQVHUYDWLYH�WUHDWPHQW�RI�WKH�SD�
WLHQWV�LQ�LQ��SDWLHQW�DQG�RXW�SDWLHQW�FRQGLWLRQV�
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7KH� HIILFLHQF\�RI� WKH� HQ]\PDWLF� GUXJ�)ORJHQ]\P� LQ
WUHDWLQJ�SDWLHQWV�VXIIHULQJ�IURP�WKH�DJH�UHODWHG�PDFX�
ODU�GHJHQHUDWLRQ��$0'��KDV�EHHQ�VWXGLHG�����SDWLHQWV
LQ�WKH�DJH�RI��������ZLWK�GU\�DQG�ZHW�IRUP�RI�GLVHDVH
KDYH� EHHQ� H[DPLQHG�� 7KH� XVH� RI� )ORJHQ]\P� LQ� WKH
FRPSOH[�WUHDWPHQW�RI�$0'�UHVXOWV�LQ�WKH�UHGXFWLRQ�RI
PLFURFLUFXODWLRQ��GLVDSSHDUDQFH�RI�UHWLQDO�HGHPD��UH�
VRUSWLRQ�RI�KHPRUUKDJHV�DQG�LV�DFFRPSDQLHG�E\�WKH
LQFUHDVH�RI�DFXLW\�RI�YLVLRQ�DQG�QRUPDOL]DWLRQ�RI�WKH
IXQFWLRQDO�DQG�HOHFWUR�SK\VLRORJLFDO�LQGH[HV��7KH�GDWD
REWDLQHG�DUH�FRQVLGHUHG�WR�EH�H[SHGLHQW�DQG�SDWKRJH�
QHWLFDOO\�VWLSXODWHG�LQ�XVLQJ�)ORJHQ]\P�LQ�WKH�FRPSOH[
WKHUDS\�RI�SDWLHQWV�ZLWK�DJH�UHODWHG�PDFXODU�GHJHQ�
HUDWLRQ�
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7KH� PRGHUQ� RSKWKDOPRORJ\� XVHV� ZLGHO\� FU\RSUH�
VHUYHG�HPEU\RQDO�QHUYRXV�FHOOV��7KH�UHVXOWV�RI�WKH
FOLQLFDO� REVHUYDWLRQV� LQ� SDWLHQWV� ZLWK� WKH� FHQWUDO
FKRULRUHWLQDO�G\VWURSK\�DUH�SUHVHQWHG��$�KLJK�HIIL�
FLHQF\� RI� XVLQJ� FU\RSUHVHUYHG� HPEU\RQDO� QHUYRXV
FHOOV�LQ�WKH�WUHDWPHQW�RI�G\VWURSKLF�GLVHDVHV��FHQWUDO
FKRULRUHWLQDO� G\VWURSKLHV�� KDV� EHHQ� VKRZQ�� 7KH
DQDO\VLV�RI� WKH� IXQFWLRQDO�SDUDPHWHUV�G\QDPLFV� LQ
SDWLHQWV�RI� WKH�PDLQ�DQG�FRQWURO�JURXSV�KDV�EHHQ
FDUULHG�RXW��7KH�GDWD�WHVWLI\�WR�WKH�LPSURYHPHQW�RI
WKH� IXQFWLRQDO� SDUDPHWHUV� RI� WKH� RUJDQ� RI� YLVLRQ�
VWDELOL]DWLRQ�RI�WKH�G\VWURSKLF�SURFHVV�LQ�WKH�UHWLFX�
ODU� PHPEUDQH�� &U\RSUHVHUYHG� HPEU\RQDO� QHUYRXV
FHOOV�PD\�EH�XVHG�LQ�WKH�RXW�SDWLHQW�UHJLPHQ�DQG�LW
DOORZV�UHFRPPHQGLQJ�WKHP�WR�D�ZLGH�FOLQLFDO�DSSOL�
FDWLRQ�ERWK�IRU�WUHDWPHQW�DQG�IRU�SURSK\OD[LV�RI�WKH
FHQWUDO�FKRULRUHWLQDO�G\VWURSKLDV�
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���FKLOGUHQ��WHHQDJHUV�DQG�\RXQJ�SHRSOH�ZLWK�QRQ�SUROLI�
HUDWLYH�GLDEHWLF�UHWLQRSDWK\��13'5��VXIIHULQJ�IURP�GLDEHWHV
RI� WKH� ,� W\SH� ZLWK� WKH� FRQFRPLWDQW� WK\URLG� SDWKRORJ\�
$FFRUGLQJ�WR�WKH�GDWD�RI�WKH�UHWLQRWRPRJUDSKLF�H[DPLQDWLRQ
LQ�FKLOGUHQ��WHHQDJHUV�DQG�\RXQJ�SHRSOH�ZLWK�QRQ�SUROLIHUD�
WLYH�GLDEHWLF�UHWLQRSDWK\��ZLWK�WKH�DFXLW\�RI�YLVLRQ�RI�����
RQ� WKH� EDFNJURXQG� RI� GLDEHWHV� RI� WKH� ,� W\SH� DQG� WKH
FRQFRPLWDQW�G\VWK\URLGLVP�ZLWK�WKH�JRLWHU�RI�WKH�,�,,�GHJUHH
WKH�HGHPD�FRHIILFLHQW�ZDV�DERXW�����r������WKH�DUHD�RI�WKH
HGHPD�ZDV�����r�����PP���7KH�IRUPDWLRQ�RI�13'5�LQ
FKLOGUHQ��WHHQDJHUV�DQG�\RXQJ�SHRSOH�ZLWK�'0��W\SH�,��RQ
WKH�EDFNJURXQG�RI�G\VWK\URLGLVP�ZDV�DFFRPSDQLHG�E\�D
UHOLDEOH�GHFUHDVH�LQ�WKH�SDUDPHWHUV�RI�DQWLR[LGDQW�SURWHF�
WLRQ��$FFRUGLQJ�WR�WKH�UHVXOWV�RI�UHWLQRWRPRJUDSK\�H[DPL�
QDWLRQ��FRPSXWHU�VWDWLVWLF�SHULPHWU\�DQG�YLVXDO�FRQWUDVW
SHULPHWU\�WKH�HIILFLHQF\�RI�WKH�WRWDO�WUHDWPHQW��WKH�FRUUHF�
WLRQ� RI� LQVXOLQ� WKHUDS\�� YLWDPLQ� WKHUDS\�� IRU� WKH� JLYHQ
FDWHJRU\�RI�SDWLHQWV�ZDV�LQFUHDVHG�E\�WKH�SK\VLRWKHUDSHXWLF
DSSOLFDWLRQ� RI� SKRQRSKRUHVLV� ZLWK� WKLRWULD]ROLQH� LQ� WKH
FRPELQDWLRQ�ZLWK�HOLPLQDWLRQ�E\�&KHULNFKL�/�<H�
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'LDEHWLF� UHWLQRSDWK\� �'5��� GLDEHWLF� PDFXODU� HGHPD
�'0(���GLDEHWLF�F\VWRLG�PDFXORSDWK\��'&0��DUH�WKH
PDLQ� FDXVHV� RI� EOLQGQHVV� LQ� GLDEHWLF� SDWLHQWV�� 7KH
LQFUHDVH�RI�WKH�WKLFNQHVV�LQ�PDFXOD�LQ�GLDEHWLF�SDWLHQWV
ZLWKRXW�0'(�LV�NQRZQ��7KH�GUXJV�IURP�WKH�JURXS�RI
FDOFLXP�FKDQQHOV�EORFNHUV�KDYH�EHHQ�SURYHQ�WR�SRV�
VHVV� UHWLSURWHFWLYH� SURSHUWLHV�� 7KH� G\QDPLFV� RI� WKH
PDFXOD�WKLFNQHVV�FKDQJH�RI����GLDEHWLF�SDWLHQWV�ZLWK
WKH�LQVXOLQ�GHSHQGHQW�GLDEHWHV�KDV�EHHQ�VWXGLHG�LQ�WKH
WKHUDS\�ZLWK�1RUYDVF��,W�KDV�EHHQ�IRXQG�WKDW�WKH�LQLWLDO
PDFXOD� WKLFNQHVV�KDV� WKH� IXQFWLRQDO� FKDUDFWHU� DV� LW
GHFUHDVHV� WR� WKH� QRUPDO� OHYHO� ZKLOH� DGPLQLVWHULQJ
1RUYDVF�� ,W� DOORZV� UHFRPPHQGLQJ� 1RUYDVF� IRU� WKH
SUHYHQWLRQ�RI�'0(�GHYHORSPHQW��
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7KH�SXUSRVH�RI�WKH�LQYHVWLJDWLRQ�ZDV�WKH�VWXG\LQJ
RI�PHGLFLQDO�HIIHFWV�RI� WKH�FRPELQDWLRQ�RI�DQWLR[L�
GDQWV� DQG� DUJRQ�ODVHU� FRDJXODWLRQ�RI� UHWLQD� LQ�SD�
WLHQWV�ZLWK�SUH�SUROLIHUDWLYH�GLDEHWLF�UHWLQRSDWK\��:H
KDYH� IRXQG� WKDW� WKH� FRPELQDWLRQ� RI� DQWLR[LGDQWV
�����J�RI�WRFRSKHURO�DFHWDWH�DQG�����J�RI�DVFRUXWLQ
SHU�GD\�IRU����GD\V��KDV�WKH�QRUPDOL]LQJ�HIIHFW�RQ
FOLQLFDO� VLJQV� RI� SUH�SUROLIHUDWLYH� GLDEHWLF� UHWLQR�
SDWK\��WKH�DFXLW\�RI�YLVLRQ�LQFUHDVHV�LQ����������WKH
ERUGHUV�RI�WKH�SHULSKHULFDO�YLVXDO� ILHOG�EHFRPH�H[�
WHQGHG� WR� WKH� QRUPDO� YDOXHV� GXH� WR� WKH� VSRWWHG
KHPRUUKDJH�UHVRUSWLRQ�DQG�HGHPD�LQ�WKH�FHQWUDO�SDUW
GHFUHDVHV�DQG�WKH�EORRG�VXSSO\�RI�WKH�H\H�LPSURYHV�
7KHVH� GUXJV� GHFUHDVH� WKH� OLSLG� OHYHO�� LQKLELW� WKH
LQWHQVLW\�RI�IUHH�UDGLFDO�OLSLG�SHUR[LGDWLRQ��7KLV�FRP�
SOH[�WUHDWPHQW�LV�WKH�PHWKRG�RI�FKRLFH�LQ�WUHDWLQJ
SDWLHQWV�ZLWK�GLDEHWLF�UHWLQRSDWK\��
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7KH� VDPSOHV� IURP� QLQHW\� VL[� H\HV� ZLWK� WKH� UHWLQDO
GHWDFKPHQW� DQG� SUROLIHUDWLYH� YLWUHRUHWLQRSDWK\�ZHUH
LQFOXGHG�LQ�WKLV�UHVHDUFK��7HQ�SRVWPRUWHP�KXPDQ�H\HV
VHUYHG�DV�D�FRQWURO��7KH�VDPSOHV�RI�WKH�YLWUHRXV�ERG\
DQG�WKH�VXE�UHWLQDO�IOXLG�ZHUH�WDNHQ�LQWUDRSHUDWLYHO\
WR� FDUU\� RXW� WKH� VHPL�TXDQWLWDWLYH� SODVPR�HPLVVLRQ
VSHFWURPHWU\��7KH�FRQWHQW�RI�VXFK�HOHPHQWV�DV��%D�
%H��3��3E��&U��7L��0Q��*D��1L��%L��6Q��9��&X��$J��=Q�
1D��6U��=U��6L��$O��0J��&D�DQG�)H�ZDV�UHYHDOHG�LQ�WKH
VDPSOHV��7KH�OHYHO�RI�&X��$J��=Q��3�ZDV�LQFUHDVHG�LQ
WKH�YLWUHRXV�ERG\��7KH�LQFUHDVH�RI�WKH�FRQWHQW�RI�&D
0Q��0J��$J��$O��3E�ZDV�IRXQG�LQ�WKH�VXE�UHWLQDO�IOXLG�
7KH�GDWD�REWDLQHG�VKRZ�WKH�VLJQLILFDQW�UROH�RI�&X�DQG
=Q� LQ� WKH� SDWKRJHQHVLV� RI� WKH� UHWLQDO� GHWDFKPHQW�
6LOYHU�SOD\V�UROH�LQ�WKH�SDWKRJHQHVLV�RI�YLWUHR��UHWLQDO
SUROLIHUDWLRQ��
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VWDEOH�PHWDEROLWHV�RI�QLWULF�R[LGH�LQ�WHDUV�DQG�WKH�EORRG
VHUXP�KDV�EHHQ�FRQGXFWHG��VLQFH�ODWHO\�D�JUHDW�DWWHQWLRQ
LV�SDLG�WR�QLWULF�R[LGH�LQ�WKH�SDWKRJHQHVLV�RI�WKH�SULPDU\
RSHQ�DQJOH�JODXFRPD��,W�LV�VWLSXODWHG�E\�LWV�UHJXODWLRQ�RI
KHPR��DQG�K\GURG\QDPLFV�DQG�WDNHV�SDUW�LQ�WKH�QHXURQDO
DSRSWRVLV�PHFKDQLVPV�RI�WKH�JDQJOLRQ�FHOOV�RI�UHWLQD�DQG
WKH� RSWLF�QHUYH��7KH� DSSHDUDQFH�RI� WKH�SURVWDJODQGLQ
DQDORJXH� 7UDYDWDQ� KDV� EHHQ� SURYHQ� WR� H[WHQG� WKH
SRVVLELOLWLHV� RI� WKH� JODXFRPD� SKDUPDFRWKHUDS\�� 7KLV
PHGLFDWLRQ�KDV�HYLGHQW�DGYDQWDJHV�RYHU�WKH�RWKHU�GUXJ
JURXSV�LQ�WKH�K\SRWHQVLYH�HIIHFW�DQG�FRQYHQLHQFH�LQ�XVH�
7KH�SUHVHQFH�RI�WKH�HOHPHQWV�ZLWK�WKH�QHXURSURWHFWLYH
HIIHFW�LQ�7UDYDWDQ�JXDUDQWHHV�WKH�SUHVHUYDWLRQ�RI�YLVLRQ
LQ�D�QXPEHU�RI�SDWLHQWV��
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KDV� VKRZQ� WKH� LQIOXHQFH� RI� WKH� GUXJ� ZLWK� WKH
DQWLR[LGDQW�DQG�PHWDEROLF�DFWLRQ�RQ�WKH�JODXFRPD
SURFHVV� SURJUHVVLQJ�� 7KH� XVH� RI� D� GRPHVWLF� GUXJ
&RUYLWLQ�KDV�EHHQ�SURYHQ�E\�WKH�IXQFWLRQDO�H[DPL�
QDWLRQ� RI� WKH� YLVXDO� RUJDQ� RI� ��� SDWLHQWV� DQG� WKH
ELRFKHPLFDO�UHVHDUFK�RI�WKH�SDUDPHWHUV�RI�WKH�OLSLG
SHUR[LGH�R[LGDWLRQ�V\VWHP�DQG�WKH�SURGXFWV�RI�WKH
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DVHSWLF� K\SRSLRQ�� WKH� H[FXGDWLYH� UHDFWLRQ� LQ� WKH
YLWULRXV�ERG\�DFFRPSDQ\LQJ�ZLWK�WKH�ORVV�RI�DFXLW\
RI� YLVLRQ� EXW� ZLWKRXW� WKH� SDLQ� V\QGURPH�� RFXODU
SKRWRSKRELD��FLOLDU\�LQMHFWLRQ�RU�SDUDO\WLF�PLGULDVLV�
7KH�FRQVHUYDWLYH�WKHUDS\�LQ���FDVHV�ZDV�HIIHFWLYH�
7KH�DFXLW\�RI�YLVLRQ�ZDV�UHVWRUHG�GXULQJ���ZHHNV�
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NHUDWLWLV��EHVLGHV�WRSLFDO�GUXJV��UHTXLUHV�WKH�DSSOLFD�
WLRQ�RI�WKH�VSHFLDO�DQWLYLUDO�GUXJV��+HYLUDQ�LV�RQH�RI
VXFK�GUXJV��7KH�VWXG\�LQFOXGHG����SDWLHQWV�DJHG�IURP
��� WR� ��� ��� PHQ� DQG� ��� ZRPHQ��� 7KH� HSLWKHOLDO
NHUDWLWLV� LV� GLDJQRVHG� LQ� �� SDWLHQWV�� WKH� GHQGULWLF
NHUDWLWLV�ZDV�LQ���SHRSOH�DQG�WKH�GLVFR�OLNH�NHUDWLWLV
ZDV� LQ���RQHV��7KH�XVH�RI�+HYLUDQ� LQ� WKH�FRPSOH[
WUHDWPHQW�RI�WKH�SDWLHQWV�ZLWK�KHUSHWLF�NHUDWLWLV�SUR�
PRWHV� PRUH� UDSLG� HSLWDOL]DWLRQ� RI� WKH� FRUQHD�� WKH
UHVRUSWLRQ� RI� LQILOWUDWHV�� GHFUHDVH� RI� WKH� SHULFRUQHDO
LQMHFWLRQ�DQG�UHGXFHV�WKH�WLPH�WKH�SDWLHQW�VWD\LQJ�LQ
WKH�KRVSLWDO��7KH�XVH�RI�+HYLUDQ�KHOSV�WR�UHGXFH�WKH
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7KH� SXUSRVH� RI� LQYHVWLJDWLRQ� ZDV� WR� VWLSXODWH� WKH
HIILFDF\�RI�WKH�FRPELQHG�ILEURQHFWLQ�UHSODFHPHQW�WKHU�
DS\�DQG�WKH�XVH�RI�WKH�UHSURGXFWLYH�V\VWHP�KRUPRQHV
IRU� FRUUHFWLRQ� RI� WKH� LPPXQH� G\VEDODQFH� LQ� PDOH
SDWLHQWV� ZLWK� H\H� LQMXULHV� DQG� WHVWRVWHURQH� LQVXIIL�
FLHQF\�����PDOH�SDWLHQWV�ZLWK�SHQHWUDWLQJ�ZRXQGV�RI
WKH�H\H�ZHUH�H[DPLQHG��,W�KDV�EHHQ�UHYHDOHG�WKDW�WKH
OHYHO�RI� WHVWRVWHURQH�KDG�EHHQ�UHGXFHG� LQ�������RI
SDWLHQWV�� ,W� KDV� EHHQ� IRXQG� WKDW� WKH� VH[� VWHURLG
�WHVWRVWHURQH�� DQG� ILEURQHFWLQ� SRVVHVV� WKH� LPPXQH
PRGHOLQJ� LQIOXHQFH� LQ�SDWLHQWV�ZLWK�SHQHWUDWLQJ�ZR�
XQGV�RI� WKH�H\H�DQG�WHVWRVWHURQH� LQVXIILFLHQF\�� LW� LV
FKDUDFWHUL]HG�E\�WKH�LQFUHDVH�RI�WKH�PRQRF\WHV�VHQVL�
WLYLW\�WR�WKH�HIIHFW�RI�O\PSKRF\WLF��VHFUHWHG�XQGHU�WKH
LQIOXHQFH� RI� WKLPDOLQ�� IDFWRUV�� DQG� WKH� LQFUHDVH� WKH
IXQFWLRQDO�DFWLYLW\�RI�SKDJRF\WHV��7KH�ELRORJLFDO�DFWLY�
LW\�RI�WHVWRVWHURQH�DQG�ILEURQHFWLQ�LV�PDQLIHVWHG�RQO\
LQ�WKH�FDVH�RI�GHFUHDVLQJ�WKH�HQGRJHQLF�V\QWKHVLV�RI
WHVWRVWHURQH�LQ�PDOH�SDWLHQWV�
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3+272'<1$0,&�3523(57,(6�2)�/$6(5�5$',$�
7,21�:,7+�:$9(�/(1*7+�����PP�%$&7(5,80
&21&(51,1*�620(�&8/785(6�2)�%$&7(5,80
$1'�)81*,
1�9�3DV\HFKQLNRYD�� $�9�=ERURYVND\D�� 9�,�6DOGDQ�
7�%�.XVWULQ

,Q�WKH�LQYHVWLJDWLRQ�ZDV�VWXGLHG�SRVVLELOLW\�RI�DSSOL�
FDWLRQ�RI� SKRWRGHVWUXFWLRQ�RI�EDFWHULXP�DQG� IXQJL
E\� WKH� WUHDWPHQW� RI� LQIHFWLRQ� SDWKRORJ\� RI� H\H� LQ
YLWUR��7KH�H[SHULPHQWDO�VWXG\�RI�SKRWRGHVWUXFWLRQ�RI
SDWKRJHQLFD\�FXOWXUH�RI�6W��DXUHXV��6WU��S\RJHQLV�
&��DOELFDQV��3V��DHUXJLQRVD��(��FROL�ZDV�GRQH�XVLQJ
VWDQGDUG� WHFKQLTXHV� RI� GHILQLWLRQ� RI� VHQVLWLYLW\� RI
PLFURRUJDQLVPV�WR�DQWLELRWLFV��PHWKRG�RI�GLIIXVLRQ
LQ� DQ� DJDU� ZLWK� DSSOLFDWLRQ� RI� SDSHU� GLVNV� DQG
PHWKRG�RI�FXOWLYDWLRQV�LQ�D�EURWK��8VLQJ�PHWKRG�RI
GLIIXVLRQ�LQ�DQ�DJDU�ZLWK�DSSOLFDWLRQ�RI�SDSHU�GLVNV
ZH�KDYH�PDUNHG�VHQVLWLYLW\�RI�SDWKRJHQLF�FXOWXUH�RI
3�� DHUXJLQRVD� DQG� &�� DOELFDQV� WR� DSSOLFDWLRQ� PH�
WK\OHQH�EOXH��l%��DQG� ODVHU�UDGLDWLRQ��6HQVLWLYLW\
UDLVHV�DFFRUGLQJ�WR�LQFUHDVH�RI�LQ�0%�FRQFHQWUDWLRQ�
8VH�PHWKRG�RI�FXOWLYDWLRQV�LQ�D�EURWK�IRU�6W��DXUHXV�
3��DHUXJLQRVD�DQG�(��FROL�ZDV�WKH�EDVLV�RI�H[SUHVVHG
VHQVLWLYLW\�WR�DSSOLFDWLRQ�l%�DQG�ODVHU�UDGLDWLRQ�DQG
IRU�&��DOELFDQV�H[SUHVVHG�LW�ZDV�WKH�FDXVH�RI�FRQVLG�
HUDEOH�RSSUHVVLRQ�RI�JURZWK��
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$�UHWURVSHFWLYH�DQDO\VLV�RI�PHGLFDO�SUHVFULSWLRQV�KDV
EHHQ�FDUULHG�RXW�LQ�����FDVH�KLVWRULHV�RI�WKH�SDWLHQWV
ZLWK� WKH� SULPDU\� RSHQ�DQJOH� JODXFRPD� �32$*��
ZKR�XQGHUZHQW�WUHDWPHQW�LQ�WKH�UHJLRQDO�KRVSLWDO�RI
.KDUNLY� LQ�������$Q� LQWHJUDWLYH� HYDOXDWLRQ�RI� WKH
FRQIRUPLW\� RI� WKH� GUXJ� WKHUDS\� WR� WKH� PRGHUQ
WKHUDSHXWLF�VWDQGDUGV�DQG�WKH�UDWLRQDOLW\�RI�WKH�FDVK
H[SHQGLWXUHV� RQ�PHGLFDWLRQV�KDV�EHHQ�FDUULHG�RXW
ZLWK�WKH�KHOS�RI�WKH�FRPSOH[�IUHTXHQF\�DQDO\VLV�DQG
$%&�9(1�DQDO\VLV��7KH�EDVLF�GUXJV�XVHG�E\�GRF�
WRUV�DQG�WKH�FRQIRUPLW\�RI�WKHLU�SUHVFULELQJ�WR�WKH
PRGHUQ�VWDQGDUGV�KDYH�EHHQ�GHWHUPLQHG��7KH�UDQN�
LQJ�RI�GUXJV�IRU�WUHDWLQJ�32$*�E\�FRVWV�KDV�EHHQ
FDUULHG� RXW�� ,W� KDV� EHHQ� VKRZQ� WKDW� WKH� SKDUPD�
FRWKHUDS\�RI�WKH�SDWLHQWV�ZLWK�32$*�LV�SHUIRUPHG
DFFRUGLQJ�WR�WKH�QHZHVW�VFLHQWLILF�DFKLHYHPHQWV�LQ
WKH�ILHOG�RI�RSKWKDOPRORJ\�DQG�WKHUH�DUH�WKH�UDWLRQDO
FDVK�H[SHQGLWXUHV�IRU�GUXJV��,W�KDV�EHHQ�SURYHQ�WKDW
PDLQO\� WKH� YLWDO� GUXJV� DUH� XVHG�� 7KH� PHWKRG� RI
$%&�9(1�DQDO\VLV�KDV�EHHQ�JLYHQ�DQG�WKH�H[SHGL�
HQF\� RI� LWV� XVH� LQ� KHDOWK� FDUH� LQVWLWXWLRQV� IRU� WKH
HYDOXDWLQJ� WKH� UDWLRQDO� XVH� RI� GUXJV� LQ� YDULRXV
GLVHDVHV�KDV�EHHQ�GHPRQVWUDWHG�
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���¤ÑÎË¾É�ÀÆÂ¾�ÐÚÏÝ�ÕÌÐÆÎÆ�Î¾ÅÆ�Ë¾�Î�È�ÑÈÎ¾�
�ËÏÚÈÌÜ�ÊÌÀÌÜ��

���¢Ì�ÎÌÅÁÉÝÂÑ�ÍÎÆÇÊ¾ÜÐÚÏÝ�ÌÎÆÁ�Ë¾ÉÚË��Ð¾��ËÖ�
ÀÆÂÆ�ÏÐ¾ÐÃÇ��ÂÌ���ÏÐÌÎ�ËÌÈ���ÍÎÆÏÀÝÕÃË��ÍÎÌ¿ÉÃÊ¾Ê
ÈÉ�Ë�ÕËÌ�� Ò¾ÎÊ¾Ô���� ­ÃÎÃÀ¾Á¾� À� ÌÍÑ¿É�ÈÑÀ¾ËË�� Ë¾�
Â¾�ÐÚÏÝ�ÏÐ¾ÐÐÝÊ�Å�ÈÉ�Ë�ÕËÌ��Ò¾ÎÊ¾ÈÌÉÌÁ����Ò¾ÎÊ¾�
ÔÃÀÐÆÕËÌ��ÌÍ�ÈÆ��Ò¾ÎÊ¾ÈÌÃÈÌËÌÊ�ÈÆ��É¾¿ÌÎ¾ÐÌÎËÌ�
Â�¾ÁËÌÏÐÆÈÆ�Ð¾�¿�ÌÒ¾ÎÊ¾ÔÃÀÐÆÕËÆÓ�ÂÌÏÉ�ÂÄÃËÚ��¯ÐÌ�
Î�ËÈÆ�ÄÑÎË¾ÉÑ�Ë¾Â¾ÜÐÚÏÝ�Ð¾ÈÌÄ�Ê¾ÐÃÎ�¾É¾Ê�Å�ÈÉ��
Ë�ÕËÌ��ÐÌÈÏÆÈÌÉÌÁ����ÍÌ¿�ÕËÌ��Â���É�È�À�Ð¾�Ò¾ÎÊ¾ÈÌ�
ÐÃÎ¾Í����£ÈÏÍÃÎÆÊÃËÐ¾ÉÚË��ÎÌ¿ÌÐÆ�Å�Ò¾ÎÊ¾ÈÌÉÌÁ��
ÊÌÄÑÐÚ�¿ÑÐÆ�Ë¾ÂÎÑÈÌÀ¾Ë��Ñ�ÀÆÍ¾ÂÈÑ�ÎÌÅÁÉÝÂÑ�Â¾ËÌ�
ÍÎÌ¿ÉÃÊÆ�ÏÑÊ�ÏËÌ�Å�ÈÉ�Ë�ÕËÆÊÆ�¾ÏÍÃÈÐ¾ÊÆ�

���°ÃÈÏÐ�ÏÐ¾ÐÐ��ÂÎÑÈÑ�ÐÚÏÝ�ÈÃÁÉÃÊ�����ÕÃÎÃÅ����
�ËÐÃÎÀ¾ÉÆ�Ë¾�¾ÎÈÑÖ��ÒÌÎÊ¾ÐÑ�����ÖÆÎÆË¾�ÍÌÉ�À�
ÅÉ�À¾�x���ÏÊ��ÏÍÎ¾À¾�x���ÏÊ��ÅÀÃÎÓÑ�Ð¾�ÅËÆÅÑ�x�ÍÌ
��ÏÊ�� ��ÍÌÕÆË¾�ÐÚÏÝ�Å�Ð¾ÈÆÓ�Â¾ËÆÓ��Ë¾ÅÀÆ�ÏÐ¾ÐÐ��
�Ë�Ô�¾É�À� Ð¾� ÍÎ�ÅÀÆ×� ÀÏ�Ó� ¾ÀÐÌÎ�À�� Ë¾ÅÀÆ� ÌÎÁ¾Ë��
Å¾Ô�Ç��Ñ�ÝÈÆÓ�ÀÆÈÌË¾Ë¾�ÎÌ¿ÌÐ¾��ÍÃÎÃÉ�ÈÑ�ÈÉÜÕÌÀÆÓ
ÏÉ�À��ÍÌËÝÐÚ��Ñ�È�ÉÚÈÌÏÐ�������

��� �ÀÐÌÎÆ� ÍÌÀÆËË�� ÂÌÐÎÆÊÑÀ¾ÐÆÏÚ� Å¾Á¾ÉÚËÌÁÌ
ÍÉ¾ËÑ�ÍÌ¿ÑÂÌÀÆ�ÏÐ¾ÐÐ��

�����  ÏÐÑÍ�� ª�ÏÐÆÐÚ� ÈÌÎÌÐÈÆÇ� ÌÁÉÝÂ� Î¾Ë�ÖÃ
Ë¾ÂÎÑÈÌÀ¾ËÆÓ�ÎÌ¿�Ð�Ñ�ÂÌÏÉ�ÂÄÑÀ¾Ë�Ç�Á¾ÉÑÅ���Å¾ÅË¾�
Õ¾�ÐÚÏÝ�¾ÈÐÑ¾ÉÚË�ÏÐÚ�ÐÃÊ¾ÐÆÈÆ��ÊÃÐ¾�ÎÌ¿ÌÐÆ�

�����ª¾ÐÃÎ�¾ÉÆ�Ð¾�ÊÃÐÌÂÆ��­¾Ô��ËÐÆ�Ð¾�ÊÃÐÌÂÆ��
�����®ÃÅÑÉÚÐ¾ÐÆ�Ð¾��Ó�Ì¿ÁÌÀÌÎÃËËÝ��ª�ÏÐÝÐÚ�ÎÃ�

ÅÑÉÚÐ¾ÐÆ�ÂÌÏÉ�ÂÄÃËÚ��ÅÎÌ¿ÉÃËÆÓ�¾ÀÐÌÎÌÊ�
����� ÆÏËÌÀÈÆ�
�����­ÃÎÃÉ�È�ÀÆÈÌÎÆÏÐ¾ËÌ��É�ÐÃÎ¾ÐÑÎÆ��ÎÌÅÐ¾ÖÌ�

À¾ËÌ��Å¾�¾ÉÒ¾À�ÐÌÊ��ÏÍÌÕ¾ÐÈÑ�ÈÆÎÆÉÆÔÝ��ÍÌÐ�Ê�x
É¾ÐÆËÏÚÈÆÇ�ÖÎÆÒÐ��

���¯Ð¾ÐÐÝ�ÏÑÍÎÌÀÌÂÄÑ�ÐÚÏÝ�ÐÎÚÌÊ¾�ÎÃÒÃÎ¾Ð¾ÊÆ
ÑÈÎ¾�ËÏÚÈÌÜ��ÎÌÏ�ÇÏÚÈÌÜ�Ð¾�¾ËÁÉ�ÇÏÚÈÌÜ�ÊÌÀ¾ÊÆ
Ñ� ÀÆÁÉÝÂ�� ÎÌÅÖÆÎÃËÌ�� ¾ËÌÐ¾Ô��� Ì¿ÏÝÁÌÊ� ���� ÏÐÌ�
Î�ËÈÆ�Ê¾ÖÆËÌÍÆÏËÌÁÌ�ÐÃÈÏÐÑ��®ÃÒÃÎ¾ÐÆ�ÍÌÀÆËË�
Ê�ÏÐÆÐÆ��ËÂÃÈÏ�±¢¨��Ë¾ÅÀÑ�ÏÐ¾ÐÐ����Ë�Ô�¾ÉÆ�Ð¾�ÍÎ�Å�
ÀÆ×¾�ÀÏ�Ó�¾ÀÐÌÎ�À�

���²ÌÎÊÑÉÆ�ÏÍÌÉÑÈ�ÍÌÂ¾ÜÐÚÏÝ�ÌÈÎÃÊÆÊÆ�Ò¾ÇÉ¾�
ÊÆ�Ñ�ÒÌÎÊ¾Ð��&RUHO�'UDZ����������&KHP�:LQ��,6,6GUDZ�
Â�¾ÁÎ¾ÊÆ�Ð¾�ÎÆÏÑËÈÆ�x�Ñ�ÒÌÎÊ¾Ð��([FHO�¾¿Ì�&RUHO
'UDZ����������ÎÆÏÑËÈÆ�Ñ�ÀÆÁÉÝÂ��ÒÌÐÌÁÎ¾Ò�Ç�ÊÌÄÑÐÚ

¿ÑÐÆ� ÍÎÃÂÏÐ¾ÀÉÃË�� Ò¾ÇÉ¾ÊÆ� 7,))� �������GSL� *UD\
6FDOH� ����� ÁÎ¾Â¾Ô�Ç� Ï�ÎÌÁÌ��� ¶ÆÎÆË¾� ÁÎ¾Ò�ÕËÌÁÌ
Ê¾ÐÃÎ�¾ÉÑ� ÍÌÀÆËË¾� ¿ÑÐÆ� ÎÌÅÊ�ÎÌÊ� ���� ÏÊ�� ����� ÏÊ
¾¿Ì� ����� ÏÊ�

���±�ÏÐ¾ÐÐÝÓ�ÍÌÀÆËË¾�ÀÆÈÌÎÆÏÐÌÀÑÀ¾ÐÆÏÚ�ÏÆÏÐÃ�
Ê¾�ÌÂÆËÆÔÚ�¯��

���®ÆÏÑËÈÆ�Ð¾�Í�ÂÍÆÏÆ�ÂÌ�ËÆÓ�ÀÆÈÌËÑÜÐÚ�ÌÈÎÃ�
ÊÌ�ÌÂÆË�À�Â�ÌÂËÌÁÌ��Í�ÂÍÆÏÆ�ÂÌ�ÀÏ�Ó�ÎÆÏÑËÈ�À�ÏÐ¾ÐÐ�
ÍÌÂ¾ÜÐÚÏÝ� Ë¾� ÌÈÎÃÊÌÊÑ� ¾ÎÈÑÖ��� «¾� ÅÀÌÎÌÐË�Ç
ÏÐÌÎÌË�� ÈÌÄËÌÁÌ� ÎÆÏÑËÈ¾�ÍÎÌÏÐÆÊ�ÌÉ�ÀÔÃÊ� ÀÈ¾�
ÅÑ�ÐÚÏÝ�ÇÌÁÌ�ËÌÊÃÎ�Ð¾�Ë¾ÅÀ¾�ÏÐ¾ÐÐ��� ¾�À�Î¾Å��ËÃ�
Ì¿Ó�ÂËÌÏÐ��x�ÀÃÎÓ���ËÆÅ�

���°¾¿ÉÆÔ��ÍÌÀÆËË��¿ÑÐÆ�Ë¾ÂÎÑÈÌÀ¾Ë��Ë¾�ÌÈÎÃ�
ÊÆÓ� ¾ÎÈÑÖ¾Ó� �� Ê¾ÐÆ� ËÑÊÃÎ¾Ô�Ü� �� Å¾ÁÌÉÌÀÈÆ��«¾
ÍÌÉÝÓ�ÎÑÈÌÍÆÏÑ�ËÃÌ¿Ó�ÂËÌ�ÀÈ¾Å¾ÐÆ�Ê�ÏÔÃ�ÎÌÅÊ�×ÃË�
ËÝ� ÎÆÏÑËÈ�À� �� Ð¾¿ÉÆÔÚ�� �ËÒÌÎÊ¾Ô�Ý�� Ë¾ÀÃÂÃË¾� Ñ
Ð¾¿ÉÆÔÝÓ���Ë¾�ÎÆÏÑËÈ¾Ó��ËÃ�ÍÌÀÆËË¾�ÂÑ¿ÉÜÀ¾ÐÆÏÝ�

����¯ÍÆÏÌÈ�É�ÐÃÎ¾ÐÑÎÆ�ÌÒÌÎÊÉÝ�ÐÚÏÝ�Ñ�À�ÂÍÌ�
À�ÂËÌÏÐ�� ÂÌ� ¢¡¯°Ñ� �������� ¾� ÏÈÌÎÌÕÃËËÝ� ÏÉ�À� �
ÏÉÌÀÌÏÍÌÉÑÕÃËÚ�x�Ñ�À�ÂÍÌÀ�ÂËÌÏÐ��Å�¢¡¯°��������
�ÂÆÀ��ÒÌÎÊÑ������ÜÉÃÐÃËÚ� �¨����������Î���Ï���������

����±Ï��Ê¾ÐÃÎ�¾ÉÆ�ÍÌÂ¾ÜÐÚÏÝ�ÂÌ�ÎÃÂ¾ÈÔ���Ñ�ÂÀÌÓ
ÃÈÅÃÊÍÉÝÎ¾Ó���ÏÑÍÎÌÀÌÂÄÑÜÐÚÏÝ�ÃÈÏÍÃÎÐËÆÊ�ÀÆÏ�
ËÌÀÈÌÊ��ÝÈÆÇ�ÂÌÅÀÌÉÝ��À�ÂÈÎÆÐÑ�ÍÑ¿É�È¾Ô�Ü��¢ÎÑ�
ÁÆÇ�ÃÈÅÃÊÍÉÝÎ�ÏÐ¾ÐÐ��Í�ÂÍÆÏÑ�ÐÚÏÝ�ÀÏ�Ê¾�¾ÀÐÌÎ¾ÊÆ�

����¯Ð¾ÐÐÝ�ÏÑÍÎÌÀÌÂÄÑ�ÐÚÏÝ�Ë¾ÍÎ¾ÀÉÃËËÝÊ�À�Â
ÌÎÁ¾Ë�Å¾Ô����À�ÝÈ�Ç�ÀÆÈÌË¾Ë¾�ÎÌ¿ÌÐ¾��Ë¾��ÊsÝ�ÁÌÉÌÀ�
ËÌÁÌ�ÎÃÂ¾ÈÐÌÎ¾�

����¢Ì�ÏÐ¾ÐÐ��Ë¾�ÌÈÎÃÊÌÊÑ�¾ÎÈÑÖ��ÂÌÂ¾ÜÐÚÏÝ�À�ÂÌ�
ÊÌÏÐ��ÍÎÌ�¾ÀÐÌÎ�À��ÝÈ��Ê�ÏÐÝÐÚ��ÑÕÃËÃ�ÅÀ¾ËËÝ��ÑÕÃËÆÇ
ÏÐÑÍ�ËÚ�� ÍÎ�ÅÀÆ×Ã�� �ÊsÝ� Ð¾� ÍÌ� ¿¾ÐÚÈÌÀ�� �ÍÌÀË�ÏÐÜ��
Ê�ÏÔÃ�ÎÌ¿ÌÐÆ�Ð¾�ÍÌÏ¾ÂÑ��ÝÈÑ�Ì¿�ÇÊ¾��¾ÀÐÌÎ��¾ÂÎÃÏÑ�ÂÉÝ
ÉÆÏÐÑÀ¾ËËÝ��ËÌÊÃÎÆ�ÐÃÉÃÒÌË�À���Ò¾ÈÏ�À��(�PDLO�

���� ®ÃÂ¾ÈÔ�Ý� Å¾ÉÆÖ¾�� Å¾� ÏÌ¿ÌÜ� ÍÎ¾ÀÌ� ÎÃÂ¾È�
Ô�ÇËÌ��ÍÎ¾ÀÈÆ�ÏÐ¾ÐÐ��

����¯Ð¾ÐÐ���À�Â�ÏÉ¾Ë��¾ÀÐÌÎ¾Ê�Ë¾�ÀÆÍÎ¾ÀÉÃËËÝ��ÍÌ�
ÀÆËË�� ¿ÑÐÆ� ÍÌÀÃÎËÃË�� ÂÌ� ÎÃÂ¾ÈÔ��� ËÃ� Í�ÅË�ÖÃ�� Ë�Ä
ÕÃÎÃÅ����ÂË�À�Í�ÏÉÝ�ÌÂÃÎÄ¾ËËÝ�� �¾ÀÐÌÎÏÚÈ�Ç�ÈÌÎÃÈÐÑÎ�
ÂÌÍÑÏÈ¾�ÐÚÏÝ�ÀÆÍÎ¾ÀÉÃËËÝ�ÉÆÖÃ�ÍÌÊÆÉÌÈ�Ë¾¿ÌÎÑ�
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