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��� SDWLHQWV� ���� H\HV�� ZLWK� WKH� WXEHUFXODU�DOOHUJLF
XYHLWLV�KDYH�EHHQ�H[DPLQHG��$OO�SDWLHQWV�RI�WKH�EDVLF
JURXS� WRRN� LQVWLOODWLRQV�RI�0DUHSRO\P\HO� GUXJ� ���
VROXWLRQ�RI�ZDWHU�IURP�WKH�%ODFN�6HD��DQG�HOHFWURSKR�
UHVLV�RI�,QGRFROOLU�GUXJ�������LQGRPHWDFLQ��WRJHWKHU
ZLWK�WKH�WUDGLWLRQDO�FRPSOH[�WKHUDS\��7KH�VHFRQG�GUXJ
SURPRWHG� WR� WKH� OLTXLGDWLRQ� RI� VXFK� KHDY\� FRQVH�
TXHQFHV�RI�XYHLWLV�DV� WKH� IRUPDWLRQ�RI�SRVWHULRU� V\�
QHFKLDV� GXH� WR� WKH� DELOLW\� RI� WKH� GUXJ� WR� SUHVHUYH
P\GULDVLV�� 8VLQJ� WKH� ,QGRFROOLU� DQG� 0DUHSRO\P\HO
GUXJV� LQ� WKH� FRPSOH[� WKHUDS\� LQ� WXEHUFXORXV� DQG
DOOHUJLF� XYHLWHV� SURPRWHV� WR� WKH� GHFUHDVH� RI� WKH
LQIODPPDWRU\�SURFHVV�LQ�D�XYHDO�WUDFW�RI�WKH�H\H�IRU
����GD\V�DQG�LQFUHDVHV�WKH�HIILFLHQF\�RI�WKH�WUHDWPHQW
LQ� ������� 7KHVH� GUXJV� KDYH� QR� VLGH�� HIIHFWV� DQG
DOOHUJLF� UHDFWLRQV� DQG� DUH� ZHOO�WROHUDWHG� E\� WKH� SD�
WLHQWV��8VLQJ�RI�WKHVH�GUXJV�SURPRWHV�WR�WKH�SUHYHQ�
WLRQ�RI�WKH�XYHLWLV�FRPSOLFDWLRQV��
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���SDWLHQWV�����H\HV��ZLWK�WKH�WXEHUFXORXV�DQG�DOOHUJLF
XYHLWLV�KDYH�EHHQ�H[DPLQHG��7KH�PDLQ�FRPSOLFDWLRQ�RI
WKLV�GLVHDVH�ZDV�WKH�VHFRQGDU\�PDFXODU�GHJHQHUDWLRQ�
ZKLFK�DSSHDUHG�DV�D�UHVXOW�RI�WKH�LQIODPPDWRU\�SURFHVV
LQ�WKH�H\H�LQQHU�PHPEUDQH��7KH�GHJHQHUDWLYH�SURFHVV
FDQ�EH�FRQVLGHUHG�ERWK�DV�WKH�FRPSOLFDWLRQ�RI�XYHLWLV
LWVHOI�DQG�WKH�UHVXOW�RI�WKH�RSWLF�QHUYH�GDPDJH��FRQ�
VHFXWLYH� QHXURUHWLQLWLV��� 7KH� IUHTXHQF\� RI� PDFXODU
GHJHQHUDWLRQV�LQ�SDWLHQWV�ZLWK�WXEHUFXORXV�DQG�DOOHUJLF
XYHLWHV�FDXVHV�WKH�DFWXDOLW\�RI�WKH�SUHVHQW�UHVHDUFK�
2FXYLWH�ZDV�XVHG�IRU�WKH�WUHDWPHQW�DQG�SURSK\OD[LV
RI�WKLV�VWDWH��7KH�DQDO\VLV�RI�WKH�FOLQLFDO�PDWHULDO�KDV
VKRZQ�WKDW�2FXYLWH�SURPRWHV�WKH�VWDELOL]DWLRQ�RI�WKH
SURFHVV�LQ�UHWLQD��7KH�HIILFLHQF\�RI�WKH�WUHDWPHQW�LQ
WKH�SDWLHQWV�RI�WKH�EDVLF�JURXS�LV� LQ�������JUHDWHU
WKDQ�LQ�WKH�FRQWURO�JURXS��%HVLGHV��LW�VKRXOG�EH�QRWHG
WKDW�WKH�XVH�RI�2FXYLWH�SURPRWHG�WKH�SURSK\OD[LV�RI
WKH� VHFRQGDU\� PDFXOD� GHJHQHUDWLRQ� DSSHDUDQFH� LQ
�����RI�WKH�FDVHV�
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7KH�LPPXQRORJLFDO�GLVWXUEDQFHV�LQ�����SDWLHQWV�ZLWK
WKH�FRPSOLFDWHG�IRUPV�RI�XYHLWHV�KDYH�EHHQ�VWXGLHG�
2Q�WKH�EDVLV�RI�WKH�FODVVLILFDWLRQ�SURSRVHG�WKH�SULQFL�
SOHV�RI� WKH�FRUUHFWLRQ�KDYH�EHHQ�GHYHORSHG�DQG� WKH
UHVXOWV�RI� WKH�VHFRQGDU\� LPPXQRGHILFLHQW�FRUUHFWLRQ
LQ�WKH�FRPSOLFDWHG�IRUPV�RI�XYHLWHV�KDYH�EHHQ�VWXGLHG�
7KH�WHUPV�RI�WKH�LPPXQRFRUUHFWLRQ�IRU�WKH�SDWLHQWV
ZLWK�WKH�FRPSOLFDWHG�IRUPV�RI�XYHLWHV�KDYH�EHHQ�VKRZQ
WR�EH�VWLSXODWHG�E\�WKH�\SH�RI�WKH�VHFRQGDU\�LPPX�
QRGHILFLHQF\�GHWHUPLQHG�DFFRUGLQJ�WR�WKH�FODVVLILFDWLRQ
SURSRVHG�RQ�WKH�EDVLV�RI�WKH�UHVHDUFK�RI�LWV�IRUPDWLRQ
PHFKDQLVPV��7KH�RSWLPDO�FRPSOH[�RI�WKH�LPPXQRFRU�
UHFWLRQ�WKHUDS\�PHGLFDWLRQV�IRU�WKH�SDWLHQWV�ZLWK�WKH
FRPSOLFDWHG�IRUPV�RI�XYHLWHV�LV�GHWHUPLQHG�E\�WKH�W\SH
DQG�WKH�H[SUHVVLYHQHVV�GHJUHH�RI�GLVWXUEDQFH�RI�WKH
LPPXQH� V\VWHP� OLQNV�� 7KH� WKHUDS\� SHUIRUPHG� KDV
UHVXOWHG�LQ�QRUPDOL]DWLRQ�RU�LPSURYHPHQW�RI�WKH�LP�
PXQRORJLFDO�LQGH[HV�IRU�������RI�WKH�SDWLHQWV��
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7KH�IUHTXHQF\�DQG�GHJUHH�RI�WKH�ODFULPDO�SURGXFWLRQ
GLVRUGHUV�LQ�SDWLHQWV�ZLWK�GLIIHUHQW�UHIUDFWLYH�DEQRU�
PDOLWLHV�KDYH�EHHQ�DQDO\]HG�� WKH�HIILFLHQF\�RI� WKH
ÙGU\�H\Hµ�V\QGURPH��'(6��WUHDWPHQW�LQ�WKH�SUH��DQG
SRVW�RSHUDWLYH�SHULRG�E\� WKH�/$6,.�PHWKRG�XVLQJ
Ù6\VWHLQµ�LQ����SDWLHQWV������H\HV��KDV�EHHQ�HYDOX�
DWHG��7KH�XVH�RI�Ù6\VWHLQµ�KDV�EHHQ�SURYHQ�WR�OHDG
WR�WKH�QRUPDOL]DWLRQ�RI�ODFULPDO�SURGXFWLRQ�LQ����
RI� WKH� FDVHV�YHUVXV����� LQ� WKH� FDVHV��ZKHUH� WKH
Ù$UWLILFLDO�7HDUµ�GUXJ�KDV�EHHQ�XVHG��7KH� LQVWLOOD�
WLRQV�RI�Ù6\VWHLQµ�EHIRUH�WKH�RSHUDWLRQ�IRU���PRQWK
QRUPDOL]H� WKH� VWDWH� RI� WKH� ODFULPDO� SURGXFWLRQ� LQ
����RI�WKH�FDVHV�DQG�WKH\�GHFUHDVH�WKH�'(6�GHJUHH
LQ� WKH� PRVW� FDVHV�� 7KH� WKHUDS\� RI� '(6� XVLQJ
Ù6\VWHLQµ�PD\�EH�UHFRPPHQGHG� IRU�DSSOLFDWLRQ� LQ
SUHSDULQJ� DQG� SRVW�RSHUDWLYH� WUHDWPHQW� RI� WKH� SD�
WLHQWV�� ZKR� DUH� SODQQHG� WR� KDYH� WKH� H[LPHU�ODVHU
FRUUHFWLRQ�E\�WKH�/$6,.�PHWKRG�
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7KH�SRVW�RSHUDWLYH�HQGRSKWDOPLWLV�LV�D�KHDY\�FRPSOL�
FDWLRQ�RI�WKH�FDYLW\�RSKWDOPRVXUJHU\��7KH�ZRUN�SUH�
VHQWV� WKH� UHVXOWV� RI� WKH� SUH�RSHUDWLYH� DQWLEDFWHULDO
UHJLPHQV�LQ�����FDWDUDFW�DQG�JODXFRPD�SDWLHQWV��ZKR
ZHUH�RSHUDWHG�E\� WKH� VWDQGDUG�PHWKRGV��2SKWDTXL[
ZDV� XVHG� DV� WKH� PDLQ� DJHQW� IRU� WKH� SUH�RSHUDWLYH
SUHSDUDWLRQ�ZLWK�WKH�UHJLPH�RIIHUHG�E\�WKH�DXWKRUV�
7KH�GHYHORSPHQW�RI�WKH�SRVW�RSHUDWLYH�HQGRSKWDOPLWLV
ZDV� IRXQG� LQ� RQH� FDVH� ��������� EXW� WKH� FOLQLFDO
SHFXOLDULWLHV�RI�WKH�GLVHDVH�PDGH�LW�SRVVLEOH�WR�LQWHUSUHW
LW�DV�D�VHFRQGDU\�PLFURELDO�LQYDVLRQ��7KH�VWXG\�SURYHG
WKH�UHDO�SRVVLELOLW\�RI�WKH�EDFWHULDO�FRPSOLFDWLRQ�ULVN
UHGXFWLRQ�� 7KH� JLYHQ� UHJLPH� FDQ� EH� XVHG� DV� DQ
DOWHUQDWLYH� WR� WKH� LQMHFWLRQ� RI� DQWLELRWLFV� LQWR� WKH
DQWHULRU�FKDPEHU�GXULQJ�WKH�RSHUDWLRQ��
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7KH�VFKHPH�RI�WKH�GUXJ�WUHDWPHQW�RI�WKH�SDWLHQWV�ZLWK
WKH�DJHG�FDWDUDFW�DIWHU�SKDFRHPXOVLILFDWLRQ�KDV�EHHQ
SUHVHQWHG��7KH�VWUXFWXUH�RI�WKH�VFKHPH�LQFOXGHV�)OR[DO
������RIOR[DFLQ�VROXWLRQ��DV�DQ�DQWLELRWLF�ZLWK�D�ZLGH
VSHFWUXP�RI�DFWLRQ�ZLWK�WKH�VXIILFLHQW�FRQFHQWUDWLRQ
LQ� WKH� FHQWUH� RI� LQIODPPDWLRQ�� ,QGRFROOLU� ������ LQ�
GRPHWDFLQ�VROXWLRQ���ZKLFK�WRJHWKHU�ZLWK�WKH�DQWL�LQ�
IODPPDWRU\�DFWLRQ�SURPRWHV�SURORQJDWLRQ�RI�P\GU\DVLV
DQG�SUHYHQWLRQ�RI�WKH�F\VWLF�RHGHPD�RI�WKH�PDFXOD�
'H[DPHWKDVRQ��D�JOXFRFRUWLFRLG��&RUQHUHJHO�����GH[�
SDQWHQRO���ZKLFK�SURPRWHV�WKH�LQFUHDVH�RI�WKH�UHSDUD�
WLYH�DELOLW\�RI� WKH�FRUQHD�� LW�JLYHV� WKH�SRVVLELOLW\� WR
REWDLQ�WKH�HSLWHOLVDWLRQ�LQ�WKH�HDUOLHU�SHULRGV��DV�ZHOO
DV�2FXYLWH�/XWHLQ��ZKLFK�VZLWFKHV�WKH�H\H�V�SURWHFWLYH
PHFKDQLVPV�DJDLQVW�WKH�SKRWRWR[LFLW\�FDXVHG�E\�WKH
LQWUD�� RSHUDWLYH� OLJKWLQJ� XS� RI� WKH� PLFURVFRSH� DQG
LQWHQVLYH�SHQHWUDWLRQ�RI�OLJKW�LQVLGH�WKH�H\H�DIWHU�WKH
RSHUDWLRQ�� 7KH� JLYHQ� VFKHPH� SRVVHVVHV� D� KLJK� HIIL�
FLHQF\�DQG�DOORZV�SUHYHQWLQJ�GHYHORSPHQW�RI�LQIODP�
PDWRU\�SRVW�RSHUDWLYH�FRPSOLFDWLRQV�
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7KH�LQYHVWLJDWLRQ�RI�KRPHRVWDVLV�KDYH�EHHQ�FDUULHG�RXW
LQ�����SDWLHQWV�ZLWK�WKH�WUDXPDWLF�SDUWLDO�RU�FRPSOHWH
DQLULGLD�E��WKH�KHOS�RI�WKH�ODVHU�FRUUHODWLRQ�VSHFWURV�
FRS\�RI�WKH�EORRG�VHUXP��7KH�UHVXOWV�REWDLQHG�WHVWLI\
WR�WKH�PDUNHG�DXWRLPPXQH�ERG\�VHQVLELOLVDWLRQ��7KHVH
SURFHVVHV�LQFUHDVH�DQG�FRPELQH�ZLWK�WKH�FDWDEROLF�DQG
LQWR[LFDWLRQ�VKLIWV�DIWHU�LULGRSKDFRSURVWKHWLF�RSHUDWLRQ�
7KH�DSSOLFDWLRQ�RI�FRUG�EORRG�GUXJV��+HPRFRUG��&ULR�
FRUG��OHDGV�WR�WKH�FRQVLGHUDEOH�FRUUHFWLRQ�RI�KRPHR�
VWDVLV� G\VIXQFWLRQV� LQ� SDWLHQWV� ZLWK� LULGRSKDFRSURV�
WKHWLF��WKH�GHFUHDVH�RI�WKH�SRVW�RSHUDWLYH�LQIODPPDWRU\
UHDFWLRQ� DQG� D� QXPEHU� RI� FRPSOLFDWLRQV� LQ� WKH� ODWH
SHULRG��DV�ZHOO�DV�WKH�FRQVLGHUDEOH�LPSURYHPHQW�RI�WKH
IXQFWLRQDO� RSHUDWLYH� UHVXOWV� �WKH� YLVXDO� DFXLW\�PRUH
WKDQ�����LQ�������RI�WKH�SDWLHQWV���

®£²£®�°¦ ��



�iz���������������������
|�h���cjlpspsjÐ��cp�kck�k�Ù¡p�prcpzvµ
i�Ð��c|nj�kz�jzj�j��p psjÐ��|v�p|�p�
ck¡j|ss|q�{|v�k�j�p�es|q�cpkz¡jj��
r|�esht�v�kc�jnkzjpq�j�jcji|��kv�jz|q
��{�{ËÓ�Ë¯

�����­ºã
Ó©²�°�È¯�ÒÁÈ}ÒË®�Ò�Ò¯Ò�º¹ãÈ°�Ò}º®�¹¯ºmË�ËÓ©
°¯ÈmÓÒ�Ëã
Ó©Ë�Ò°°ãË�ºmÈÓÒ«�ªÁÁË}�ÒmÓº°�Ò�¹¯Ë¹È¯È�È
Ù¡ËãË­¯Ë}°µ�m�}ºä¹ãË}°Óºä�ãË�ËÓÒÒ�¹º°ãËº¹Ë¯È�ÒºÓÓº®
mº°¹ÈãÒ�Ëã
Óº®�̄ ËÈ}�ÒÒ���ºã��ËÓÓ©Ë�̄ ËÏ�ã
�È�©�°mÒ�Ë�
�Ëã
°�m����º��ºä����º�¹¯ÒäËÓËÓÒË��ËãË­¯Ë}°È�m�¹¯Ë�º¹Ë�
¯È�ÒºÓÓº®�¹º��º�ºm}Ë�­ºã
Ó©²�°��¯ÈmäÈ�Ò�Ë°}ÒäÒ�¹º�
m¯ËÎ�ËÓÒ«äÒ�̄ È��ÎÓº®�º­ºãº�}Ò�Ò�²¯�°�ÈãÒ}È��È��È}ÎË
m�}ºä¹ãË}°Óºä�ãË�ËÓÒÒ�¹º°ãË�º¹Ë¯È�ÒÒ�°ÓÒÎÈË���È°�º��
Ò�°�Ë¹ËÓ
�m©¯ÈÎËÓÓº°�Ò�mº°¹ÈãÒ�Ëã
Óº®�̄ ËÈ}�ÒÒ�Ò��¯��
�Ò²� º°ãºÎÓËÓÒ®� m� ­ãÒÎÈ®	Ëä� Ò� º��ÈãËÓÓºä� ¹Ë¯Òº�Ë
ÓÈ­ã��ËÓÒ«��°º}¯È�ÈË���ãÒ�Ëã
Óº°�
�¹¯Ë­©mÈÓÒ«�­ºã
�
Ó©²�m�°�È�ÒºÓÈ¯Ë���¯ÒäËÓËÓÒË��ËãË­¯Ë}°È���­ºã
Ó©²�°
È¯�ÒÁÈ}ÒË®�Ò�Ò¯Ò�º¹ãÈ°�Ò}º®�¹ºm©°Òãº�Á�Ó}�ÒºÓÈã
�
Ó©Ë�¯ËÏ�ã
�È�©�ãË�ËÓÒ«�ÓÈ��������°¯ÈmÓÒ�Ëã
Óº�°��¯È�
�Ò�ÒºÓÓ©ä�ãË�ËÓÒËä��Ò�¹ºÏmºãÒãº�mº°°�ÈÓºmÒ�
�Ï¯ËÓÒË
��­ºã
Ó©²��m�°¯Ë�ÓËä���º�����r�����

8'&���������������������
7+(�$33/,&$7,21�(;3(5,(1&(�2)�&(/(%5(;�)25
3523+</$;,6�$1'�75($70(17�2)�3267�23(5$�
7,9(�,1)/$00$725<�5($&7,21�,1�3$7,(176
:,7+�$57,)$.,$�$1'�,5,'23/$67,&�685*(5<
/�9�9HQJHU

7KH�FRPSDUDWLYH� LQYHVWLJDWLRQV�RI� WKH�&HOHEUH[�HIIL�
FDF\�LQ�WKH�FRPSOH[�WUHDWPHQW�RI�WKH�SRVW�RSHUDWLYH
LQIODPPDWRU\� UHDFWLRQ� KDYH� EHHQ� FDUULHG� RXW� LQ� ��
SDWLHQWV�ZLWK� DUWLIDNLD� DQG� LULGRSODVWLF� VXUJHU\��7KH
UHVXOWV�REWDLQHG�WHVWLI\�WKDW�WKH�XVH�RI�&HOHEUH[�EHIRUH
DQG�DIWHU�RSHUDWLRQ�LQ�WKH�SDWLHQWV�ZLWK�WUDXPDWLF�LULV
DQG� OHQV� GDPDJH� UHGXFHV� WKH� IUHTXHQF\� DQG� WKH
PDQLIHVWDWLRQ�GHJUHH�RI�WKH�LQIODPPDWRU\�UHDFWLRQ�DQG
RWKHU�FRPSOLFDWLRQV�LQ�WKH�QHDUHVW�DQG�UHPRWH�SHULRGV
RI� REVHUYDWLRQ�� VKRUWHQV� WKH� WLPH�RI�KRVSLWDOL]DWLRQ�
7KH� XVH� RI� &HOHEUH[� LQ� SDWLHQWV� ZLWK� DUWLIDNLD� DQG
LULGRSODVWLF�VXUJHU\�LQFUHDVHG�WKH�IXQFWLRQDO�UHVXOWV�LQ
�������FRPSDULQJ�WR�WKH�WUDGLWLRQDO�WUHDWPHQW��DQG
SHUPLWWHG� WR� UHVWRUH�WKH�YLVLRQ�DSSUR[LPDWHO\�XS�WR
����r�����
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7KH� VHQLOH� PDFXODU� GHJHQHUDWLRQ� UHVXOWV� LQ� WKH� GH�
FUHDVH�RI�WKH�FHQWUDO�YLVLRQ��WKDW�V�ZK\�WKH�HIIHFWLYH
WUHDWPHQW�RI�WKLV�SDWKRORJ\�LV�DQ�DFWXDO�SUREOHP�DOO
RYHU� WKH� ZRUOG�� 7KH� DLP� RI� RXU� UHVHDUFK� ZDV� WR
HVWLPDWH�WKH�FKDUDFWHU�RI�FKDQJHV�RI�WKH�FHQWUDO�YLVLRQ
LQ�WKH�SDWLHQWV�RI�VHQLOH�PDFXODU�GHJHQHUDWLRQ��ÙGU\µ
IRUP��DQG�WR�LQFUHDVH�WKH�WKHUDSHXWLF�HIILFLHQF\��$OO
SDWLHQWV�ZHUH�GLYLGHG�LQWR�WKH�IROORZLQJ�JURXSV��WKH
��VW�JURXS�LQFOXGHG����SDWLHQWV�����H\HV���ZKRP�WKH
ÙFKRURLGDO�UHYDVFXODUL]DWLRQµ�ZLWK�WKH�LPSODQWDWLRQ�RI
ELRPDWHULDO� RQ� WKH� GUXJ� WKHUDS\� EDFNJURXQG� ZDV
FDUULHG�RXW�DQG�WKH���QG�FRQWURO�JURXS�ZLWK����SDWLHQWV
����H\HV���ZKR�UHFHLYHG�WKH�FRQVHUYDWLYH�WKHUDS\��7KH
KLJKHVW� SHUFHQW� RI� WKH�YLVLRQ� FHQWUDO� ILHOG�KDV�EHHQ
VKRZQ� WR�EH� LQ� WKH���VW�JURXS�RI� WKH�SDWLHQWV��7KH
UHVXOWV� RI� WKH� UHVHDUFK� KDYH� GHPRQVWUDWHG� WKDW� WKH
FRPSOH[�WUHDWPHQW�RI�WKLV�SDWKRORJ\�SURPRWHV�WR�WKH
VWDELOL]DWLRQ�RI�WKH�SURFHVV�ZLWKLQ�D�\HDU��

�� ¨©�«�µ«��²�®ª�´�½��������x�°�������



�iz���������Û���������������
wnnpz�j{s|v�e��cjlpspsjÐ�lj�ic|sk�
�k�{�z|l��pzvs|q��pck�jj�{|~ckv�s|q
lkz��Ðcs|q�ip�pspck¡jj
s���~Èm�º¯º�Ó««��v�n�lÈ}°ÒäËÓ}º��s�v����ËÓ}º

�¯ºmË�ËÓº� º­°ãË�ºmÈÓÒË� Ò� ãË�ËÓÒË� ��� ­ºã
Ó©²� °
º�Ë�Óº��Ëäº¯¯È�Ò�Ë°}º®�°�È�ÒË®��Ò°�ÒÁº¯äÓº®��ËÓ��
¯Èã
Óº®� °}ãË¯º�Ò�Ë°}º®� ²º¯Òº¯Ë�ÒÓÈã
Óº®� �Ò°�¯º�
ÁÒÒ�°�m}ã��ËÓÒËä�m�}ºä¹ãË}°��Ë¯È¹ÒÒ�ÒÓ�Ë}�ÒºÓÓº�º
¯È°�mº¯È�äÒã�¯ºÓÈ�È������ä��m�°��}Ò��ÓÈ�¹¯º�«ÎËÓÒÒ
����ÓË®� �����ä�� m�mËÓÓº�Ò����ä�� ¹È¯È­�ã
­È¯Óº��
wÁÁË}�ÒmÓº°�
�ãË�ËÓÒ«�­ºã
Ó©²�º�ËÓÒmÈãÒ�¹º�¹º}È�
ÏÈ�Ëã«ä�ÒÏäËÓËÓÒ«�º°�¯º�©�Ï¯ËÓÒ«��¯Ëº�¯ÈÁÒ�Ë°}º�º
}ºªÁÁÒ�ÒËÓ�È�Ò�°¯Ë�ÓË®�°�Ë¹ËÓÒ���m°�mÒ�Ëã
Óº°�Ò
°Ë��È�}Ò��zºÓ�¯ºã
�¹º}ÈÏÈ�ËãË®�º­°ãË�ºmÈÓÒ«�­ºã
�
Ó©²��m�²��¯�¹¹�º�ËÓÒmÈãÒ��º�ãË�ËÓÒ«���Ë¯ËÏ�����ÓË®
Ò���äË°«�È�¹º°ãË�ãË�ËÓÒ«��iº}ÈÏÈÓÈ�­ºãËË�m©°º}È«
ªÁÁË}�ÒmÓº°�
�¹¯ºmË�ËÓÓº�º�}�¯°È�ãË�ËÓÒ«�°�m}ã��
�ËÓÒËä�m�}ºä¹ãË}°�äÒã�¯ºÓÈ�È�m�mÒ�Ë�m�mËÓÓ©²�Ò
¹È¯È­�ã
­È¯Ó©²�ÒÓ�Ë}�Ò®�m��Ë�ËÓÒË�����ÓË®�

8'&���������Û���������������
7+(�()),&,(1&<�2)�0,/'521$7(�86(�,1�7+(
&203/(;�7+(5$3<�2)�7+(�$*(�5(/$7('�0$�
&8/$5�'(*(1(5$7,21
1�*�=DYJRURGQ\D\D��6�)�0D²LPHQNR��1�6�/XWVHQNR

7KH�HIILFLHQF\�RI�0LOGURQDWH�XVH� LQ����SDWLHQWV� ���
H\HV��ZLWK�WKH�DJH�UHODWHG�PDFXODU�GHJHQHUDWLRQ��$0'�
KDV�EHHQ�HYDOXDWHG�E\�WKH�FKDQJHV�RI�WKH�YLVXDO�DFXLW\�
WKH� UKHRJUDSK\�FRHIILFLHQW�� WKH�DYHUDJH�UDWHV�RI� WKH
UHWLQDO�VHQVLWLYHQHVV��0LOGURQDWH�ZDV�DGPLQLVWHUHG�LQ
WKH� GRVH� RI� ��� PJ� E\� D� SDUDEXOEDU� LQMHFWLRQ� DQG
����PJ�E\�DQ�LQWUDYHQRXV�LQMHFWLRQ�IRU����GD\V��7KH
FRQWURO�JURXS�FRQVLVWLQJ�RI����SDWLHQWV�����H\HV��GLG
QRW�WDNH�0LOGURQDWH�LQ�WKH�FRPSOH[�WUHDWPHQW�RI�$0'�
7KH�H[DPLQDWLRQ�UHVXOWV�RI�WKH�SDWLHQWV�RI�ERWK�JURXSV
ZHUH�HYDOXDWHG�EHIRUH�WKH�WUHDWPHQW��LQ����GD\V�DQG
LQ� ��PRQWKV� DIWHU� WKH� FRXUVH� RI� WKHUDS\�� $� KLJKHU
HIILFLHQF\�RI�WKH�WUHDWPHQW�ZLWK�LQFOXVLRQ�RI�0LOGURQDWH
DV�LQWUDYHQRXV�DQG�SDUDEXOEDU�LQMHFWLRQV�LQ�WKH�FRP�
SOH[�IRU����GD\V�KDV�EHHQ�SURYHQ�
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3UROLIHUDWLYH�GLDEHWLF�UHWLQRSKDWK\��'5��LV�RQH�RI�WKH
PRVW�VHYHUH�FRPSOLFDWLRQV�RI�GLDEHWHV�PHOOLWXV��7KH
GLVWXUEDQFH�RI� WKH�9(*)�EDODQFH�KDV� DQ� LPSRUWDQW
UROH�LQ�WKH�SDWKRJHQHVLV�RI�GLDEHWLF�SUROLIHUDWLYH�UHWL�
QRSDWK\�DQG�LW�OHDGV�WR�SURJUHVVLQJ�RI�D�QHZ�YDVFX�
ODUL]DWLRQ��7KHUHIRUH��RQH�RI�GLUHFWLRQV�RI�WUHDWLQJ�'5
LV�XVLQJ� WKH�DQWL�9(*+�GUXJV��7KLV�DUWLFOH�SUHVHQWV
WKH�UHVXOWV�RI�WKH�LQWUDYLWUHDO�DSSOLFDWLRQ�RI�Ù$YDVWLQµ
LQ� �� SDWLHQWV� ��� H\HV�� ZLWK� GLDEHWLF� SUROLIHUDWLYH
UHWLQRSDWK\��(DFK�SDWLHQW�ZDV�VXEPLWWHG�WR�WKH�FRP�
PRQ� RSKWDOPRORJLFDO� H[DPLQDWLRQ�� DV� ZHOO� DV� WKH
FRPSXWHU�UHRRWKDOPRJUDWK\�DQG�SKRWRJUDSKLQJ�RI�WKH
H\HJURXQG��7KH�DQJLRJHQHVLV�LQKLELWRU�ZDV�LQMHFWHG�LQ
YLWUHRXV� ERG\� LQ� WKH� FRQGLWLRQV� RI� WKH� WKHDWHU�� 7KH
UHVXOWV�REWDLQHG�KDYH�VKRZQ�D�JUHDWHU�HIILFLHQF\�RI�WKH
LQWUDYLWUHDO�DSSOLFDWLRQ�RI�Ù$YDVWLQµ�DQG�WKLV�LQGLFDWHV
WKH� LQFUHDVH� RI� WKH� YLVXDO� IXQFWLRQV�� %XW� KDHPRG\�
QDPLF� FKDQJHV�GXULQJ� WKH�SRVW�RSHUDWLYH�SHULRG�DUH
QRW�VLPSOH�DQG�UHTXLUH�PRUH�SURIRXQG�VWXG\��$QG�LW�LV
WKH�DLP�RI�RXU�IXUWKHU�UHVHDUFK��
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���SDWLHQWV�ZLWK�WKH�QRUPDO�WHQVLRQ�JODXFRPD�KDYH
EHHQ�LQFOXGHG�LQ�WKH�UHVHDUFK��7KH�YLVXDO�IXQFWLRQV�
YROXPHWULF�SDUDPHWHUV�RI�WKH�FKRURLGDO�EORRG�FLUFXOD�
WLRQ�DQG�HODVWRWRQLF�SURSHUWLHV�RI� WKH�YDVFXODU�ZDOO�
WKH� RSKWKDOPRWRQXV� DQG� WKH� DUWHULDO� SUHVVXUH� ZHUH
GHWHUPLQHG�LQ�DOO�SDWLHQWV��3LFDPLORQ��Ù$FULFKLQHµ��LQ
WKH�GRVH�RI������J���WLPHV�D�GD\�ZLWKLQ���PRQWKV�ZDV
DGPLQLVWHUHG�WR�DOO�SDWLHQWV��%HIRUH�WKH�WUHDWPHQW�WKH
OHYHO�RI�WKH�FKRURLGDO�KHPRG\QDPLFV�FRUUHODWHG�VWDWLV�
WLFDOO\� DQG� DXWKHQWLFDOO\� ZLWK� ,23�� WKH� VL]H� RI� WKH
H[FDYDWLRQ�DQG�WKH�FKDQJH�RI�WKH�HODVWRWRQLF�SURSHUWLHV
RI�WKH�YDVFXODU�ZDOO��$IWHU�WKH�WKHUDSHXWLF�FRXUVH�WKH
YROXPHWULF�SDUDPHWHUV�RI�WKH�FKRURLGDO�KHPRSHUIXVLRQ
�IURP� �����r������ XS� WR� �����r������� DQG� WKH
HODVWRWRQLF�SURSHUWLHV�RI�WKH�YDVFXODU�ZDOO�ZHUH�DXWKHQ�
WLFDOO\� LPSURYHG�� 3LFDPLORQ� KDV� EHHQ� SURYHQ� WR� EH
HIIHFWLYH�IRU�FRUUHFWLRQ�RI�D�YDVRVSDVWLF�V\QGURPH�LQ
SDWLHQWV�ZLWK�WKH�QRUPDO�WHQVLRQ�JODXFRPD��

�iz������������������������������
cp~��e�k�h�j~� psjÐ�wnnpz�j{s|v�j�j
rp~|�kvs|v�j�ksk�|�|{��c|v�k��ksij�
s|{�{��p psjj�|�zch�|��|�es|q���k��
z|lh
j���i�¯È°

{�Ò°°ãË�ºmÈÓÒË�­©ãÒ�m}ã��ËÓ©�¹È�ÒËÓ�©�°�ÓË}ºä�
¹ËÓ°Ò¯ºmÈÓÓº®�ÒÓ°�Òãã«�Ò«äÒ�¹Ë¯mÒ�Óº®�º�}¯©�º�
��ºã
Óº®��ãÈ�}ºäº®�������ãÈÏÈ���}º�º¯©²�¹Ë¯ËmËãÒ
ÓÈ�äºÓº�Ë¯È¹Ò��ÈÓÈãº�ºä�¹¯º°�È�ãÈÓ�ÒÓÈ��|­°ãË�
�ºmÈÓÒË� ¹ºm�º¯«ãÒ� �Ë¯ËÏ� �� �Ó«�� �� Ò� �� äË°«�Ëm�
|¹¯Ë�Ëã«ãÒ�Ï¯Ò�Ëã
Ó©Ë�Á�Ó}�ÒÒ��{�i�Ò�¹º}ÈÏÈ�Ë�
ãÒ� ²º¯ÒºÒ�Èã
Óº�º� }¯ºmºº­¯È�ËÓÒ«� �}ºä¹
��Ë¯�
Ó©®�¯Ëº�¯ÈÁ�5HR&RP����¯ÒäËÓËÓÒË�ÈÓÈãº�ºm�¹¯º�
°�È�ãÈÓ�ÒÓºm�¹ºÏmºãÒãº��º­Ò�
°«��º¹ºãÓÒ�Ëã
Óº�º
°ÓÒÎËÓÒ«�{�i��Ë¯ËÏ���äË°«���m����¯�¹¹Ë�ÓÈ�������
mº� �� �¯�¹¹Ë� ÓÈ� ������� iº°�Ò�Ó��©®� ¯ËÏ�ã
�È�
°º²¯ÈÓ«Ë�°«�� }È}� äÒÓÒä�ä�� �� äË°«�Ëm�� ��º� ¯ÈÓËË
�º°�Ò�Èãº°
��ºã
}º�²Ò¯�¯�Ò�Ë°}ÒäÒ�äË�º�ÈäÒ��kÓÈ�
ãº�Ò�¹¯º°�È�ãÈÓ�ÒÓºm�º­ãÈ�È���äÈ}°ÒäÈã
Ó©ä��Ò�
¹º�ËÓÏÒmÓ©ä�Ò�ÓË®¯º¹¯º�Ë}�º¯Ó©ä��Ë®°�mÒËä��

8'&������������������������������
7+(�5(68/76�2)�678'<,1*�7+(�()),&,(1&<
$1'�6$)(7<�2)�35267$*/$1',1�$1$/2*8(6
,1� 7+(� 75($70(17� 2)� 23(1�$1*/(� */$8�
&20$
,�*�'XUDV

3DWLHQWV� ZLWK� QRQ�FRPSHQVDWHG� LQVWLOODWLRQV� RI� D
SULPDU\�RSHQ�DQJOH�JODXFRPD������H\HV���ZKR�KDYH
FKDQJHG� WKH� PRQRWKHUDS\� E\� 3URVWDJODQGLQ� DQD�
ORJXHV� KDYH� EHHQ� LQFOXGHG� LQ� WKH� UHVHDUFK�� 7KH
UHVHDUFK�UHSHDWHG�LQ���GD\V����DQG���PRQWKV��7KH
SDWLHQWV��YLVXDO�IXQFWLRQV��,23�DQG�WKH�SDUDPHWHUV
RI�D�FKRURLGDO�EORRG�FLUFXODWLRQ��WKH�FRPSXWHU�UKHR�
JUDSK�5HR&RP��KDYH�EHHQ�GHWHUPLQHG��7KH�DSSOLFD�
WLRQ� RI� 3URVWDJODQGLQ� DQDORJXHV� KDV� DOORZHG� WR
DFKLHYH�WKH�DGGLWLRQDO�GHFUHDVH�RI�,23�LQ���PRQWK�
LQ�JURXS���LQ�������DQG�LQ�JURXS���LQ��������7KH
UHVXOW�DFKLHYHG�LV�NHSW��DW�OHDVW��IRU���PRQWKV��LW�ZDV
UHDFKHG�HDUOLHU�RQO\�E\�WKH�VXUJLFDO�PHWKRGV��3UR�
VWDJODQGLQ�DQDORJXHV�KDYH�WKH�PD[LPDO�K\SRWHQVLYH
DQG�QHXURSURWHFWLYH�DFWLRQ�

�� ¨©�«�µ«��²�®ª�´�½��������x�°�������



�iz�������������������������������
nkclkz|�pck�jÐ� {� �p psjj� |v�|ysp�
sjq�{c|yipss|�|�ikzcj|v�ps|~k
��k�rËÏ�Ë�}º��v�n�~�­È¯Ëm��s�{��ÈÓ�ËÓ}º��k���vÈ�
mËã
ËmÈ��j���i�¯È°

�È�º�ËÓËÏ�m¯ºÎ�ËÓÓº�º��È}¯Òº°�ËÓºÏÈ��̄ ÈÓËË�ÓËº­º°Óº�
mÈÓº�ÓÈÏmÈÓÓº�º�Ù�È}¯Òº�Ò°�Ò�ºä�Óºmº¯ºÎ�ËÓÓ©²µ��ÏÈ�
}ã��ÈË�°«� m� �ºä�� ��º� ¹¯Ò� mÓ��¯Ò��¯º­Óºä� ¯ÈÏmÒ�ÒÒ
¹ãº�È�ÓË�¯È°°È°©mÈË�°«�ªä­¯ÒºÓÈã
ÓÈ«��}ÈÓ
�mº�m¯ºÎ�
�ËÓÓ©²�°�ÎËÓÒ«²�°ãËÏÓº�Óº°ºm©²�¹��Ë®���Ë�ËÓÒË�m¯ºÎ�
�ËÓÓº�º� �È}¯Òº°�ËÓºÏÈ� ÏÈ}ã��ÈË�°«� m� ÏºÓ�Ò¯ºmÈÓÒÒ
°ãËÏÓº�Óº°ºm©²� ¹��Ë®� m� ¹Ë¯m©Ë� ÓË�ËãÒ� ÒãÒ� ¹Ë¯m©Ë
äË°«�©� ÎÒÏÓÒ� ¯Ë­ËÓ}È�� �¯Ò� ­ºãËË� ¹ºÏ�ÓËä� ÓÈ�ÈãË
ãË�ËÓÒ«�m�¯ËÏ�ã
�È�Ë�ÒÓÁÒ�Ò¯ºmÈÓÒ«�°ãËÏÓº�Óº°ºm©²
¹��Ë®�¹È�º�ËÓÓº®�Áãº¯º®�¯ÈÏmÒmÈË�°«�mº°¹ÈãÒ�Ëã
Ó©®
¹¯º�Ë°°��}º�º¯©®�}ãÒÓÒ�Ë°}Ò�¹¯º«mã«Ë�°«�°ãËÏÓº��Óº®�
Ó©ä�º��Ëã«Ëä©ä�Ò��Ò¹Ë¯ËäÒË®�}ºÓ��Ó}�Òm©���º�Ë°�

¯ÈÏmÒmÈË�°«��È}¯Òº�Ò°�Ò��ÓÈ�ÁºÓË��È}¯Òº°�ËÓºÏÈ��jÏ
º­°ãË�ºmÈÓÓ©²�ÓÈäÒ�������Ë�Ë®�°�m¯ºÎ�ËÓÓ©ä��È}¯Ò�
º°�ËÓºÏºä�������m°ãË�°�mÒË�¹ºÏ�ÓË�º�ÓÈ�ÈãÈ�ãË�ËÓÒ«
mºÏÓÒ}ãÒ�¹¯ÒÏÓÈ}Ò��È}¯Òº�Ò°�Ò�È���¯Ò�ãË�ËÓÒÒ�º°ãºÎ�
ÓËÓÓº�º��È}¯Òº°�ËÓºÏÈ�°ÓÈ�ÈãÈ�¹¯ºmº�ÒãÒ�ÏÈ}È¹©mÈÓÒË
ÈÓ�Ò­Òº�Ò}ÈäÒ��¹¯ËÒä��Ë°�mËÓÓº�Óº¯äÈ}°ºä�ÒãÒ�����
Áãº}°Èãºä�� �º� ¹ºãÓº�º� �°�¯ÈÓËÓÒ«� mº°¹ÈãÒ�Ëã
Óº�º
¹¯º�Ë°°È��È�¹º�ºä�m©¹ºãÓ«ãÒ�ÏºÓ�Ò¯ºmÈÓÒË�°ãËÏÓº�Óº°º�
m©²�¹��Ë®�°�¹º°ãË����Òä�¹¯ºÁÒãÈ}�Ò�Ë°}Òä�ÏÈ}È¹©mÈ�
ÓÒËä� m©	Ë�}ÈÏÈÓÓ©äÒ� ¹¯Ë¹È¯È�ÈäÒ�� sÈ� ¹¯º�«ÎËÓÒÒ
ÓË°}ºã
}Ò²��ÓË®�m©Ï�º¯ºmãËÓÒË�ÓÈ°��¹ÈË����m°Ë²��Ë�Ë®�

8'&�������������������������������
3+$50$&27+(5$3<�,1�7+(�75($70(17�2)�$
&21*(1,7$/�'$&5<267(126,6�&203/,&$7,216
3�$�%H]GHWNR��6�)�=XEDUHY��1�9�3DQFKHQNR��$�<X�6D�
YHO\HYD��,�*�'XUDV�

7KH�SDWKRJHQHVLV�RI�WKH�FRQJHQLWDO�GDFU\RVWHQRVLV�SUH�
YLRXVO\�FDOOHG�DFU\RF\VWLWLV�RI�WKH�QHZERUQV�ZLWKRXW�DQ\
VXEVWDQWLDWLRQ�LV�LQ�WKH�IROORZLQJ��WKH�HPEULRQDO�WLVVXH
GRHV� QRW� UHVROYH� LQ� WKH� FRQJHQLWDO� QDUURZLQJV� RI� WKH
ODFULPDO�QDVDO� WUDFW� LQ� WKH� LQWUDXWHULQH� IHWXV� GHYHORS�
PHQW��7KH�WUHDWPHQW�RI�WKH�FRQJHQLWDO�GDFU\RVWHQRVLV
FRQVLVWV�LQ�WKH�VRXQGLQJ�RI�WKH�ODFULPDO�QDVDO�WUDFW�LQ�WKH
ILUVW�ZHHNV�RU�WKH�ILUVW�PRQWKV�RI�WKH�FKLOG�V�OLIH��:KHQ
WKH�EHJLQQLQJ�RI� WUHDWPHQW� LV� ODWHU�DV�D�UHVXOW�RI� WKH
ODFULPDO�QDVDO� WUDFW� LQIHFWLRQ� E\� SDWKRJHQLF� IORUD�� WKH
LQIODPPDWRU\�SURFHVV��ZKLFK�LV�FOLQLFDOO\�UHYHDOHG�E\�WKH
ODFULPDO�SXUXOHQW�VSXWXP�DQG�K\SHUDHPLD�RI�WKH�FRQ�
MXQFWLYD�� GHYHORSV�� L�H�� GDFU\RF\VWLWLV� GHYHORSV� RQ� WKH
GDFU\RVWHQRVLV�EDFNJURXQG��7KH�VLQJV�RI�GDFU\RF\VWLWLV
DSSHDUHG�LQ�����FKLOGUHQ�RI������RQHV�ZLWK�WKH�FRQJHQLWDO
GDFU\RVWHQRVLV�H[DPLQHG�E\�XV�GXH�WR�WKH�ODWH�EHJLQQLQJ
RI� WUHDWPHQW��:KLOH� WUHDWLQJ� WKH� FRPSOLFDWHG� GDFU\R�
VWHQRVLV�WKH�LQVWLOODWLRQV�RI�DQWLELRWLFV��PDLQO\�1RUPD[
RU������)OR[DO��ZHUH�FDUULHG�RXW�DW�ILUVW�WLOO�WKH�FRPSOHWH
HOLPLQDWLRQ�RI�WKH�LQIODPPDWRU\�SURFHVV��DQG�WKHQ�WKH
VRXQGLQJ�RI�WKH�ODFULPDO�QDVDO�WUDFW�ZLWK�WKH�VXEVHTXHQW
SUHYHQWLYH� LQVWLOODWLRQV� RI� WKH� DERYH�PHQWLRQHG� GUXJV�
7KH�UHFRYHU\�FRPHV�LQ�DOO�FKLOGUHQ�ZLWKLQ�VHYHUDO�GD\V�
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7KH�UHVXOWV�RI�WKH�FRPSOH[�WUHDWPHQW�RI�����FKLOGUHQ
LQ�WKH�DJH�RI������ZLWK�WKH�FRQJHQLWDO�DQG�UHTXLUHG
SDWKRORJ\�RI�WKH�UHWLQD�DQG�WKH�RSWLF�QHUYH�KDYH�EHHQ
DQDO\VHG��$PRQJ�WKHP�����FKLOGUHQ�VXIIHUHG�IURP�WKH
SDUWLDO� RSWLF� QHUYH� DWURSK\� DQG� ���� IURP� GLIIHUHQW
IRUPV�RI�WKH�UHWLQDO�GHJHQHUDWLRQ��7KH�VXEVWDQWLDWLRQ
RI�XVLQJ�GLIIHUHQW�JURXSV�RI�PHGLFLQHV�KDV�EHHQ�JLYHQ�
$V�D�UHVXOW�RI�WKH�WUHDWPHQW�WKH�LPSURYHPHQW�RI�WKH
YLVXDO�IXQFWLRQV�ZDV�DFKLHYHG�LQ�����SDWLHQWV�������
7KH�YLVXDO�DFXLW\�KDV� LQFUHDVHG� LQ�����r����� LQ�WKH
JURXS�RI�FKLOGUHQ�ZLWK�WKH�RSWLF�QHUYH�DWURSK\�DQG�LQ
����r�����LQ�FKLOGUHQ�ZLWK�WKH�UHWLQDO�G\VWURSK\��7KH
UHVXOWV� RI� WKH� WUHDWPHQW� FRQGXFWHG� SURYH� WKH� KLJK
FOLQLFDO�HIILFLHQF\�RI�WKH�FRPSOH[�WKHUDS\�RI�WKH�FRQ�
JHQLWDO�DQG�UHTXLUHG�SDWKRORJ\�RI�WKH�UHWLQD�DQG�WKH
RSWLF�QHUYH�LQ�FKLOGUHQ��7LPHO\�DQG�V\VWHPLF�WUHDWPHQW
DOORZV�QRW�RQO\�WR�VWDELOL]H��EXW�DOVR�WR�SURPRWH�WKH
YLVXDO�IXQFWLRQV�LQ�VXFK�FKLOGUHQ�DQG�WR�IDFLOLWDWH�WKH
SURFHVV�RI�WKHLU�WUDLQLQJ�DQG�VRFLDO�DGDSWDWLRQ��
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7KH�ZLGHO\�VSUHDG�UHVXOW�RI�WKH�LQWHQVLYH�YLVXDO�ZRUN�
HVSHFLDOO\�LQ�\RXQJ�SHRSOH��LV�WKH�SDWKRORJLFDO�VWDWH�RI
DFFRPPRGDWLRQ�� D� VSDVP�� ,W� GHYHORSV� WKH�PRVW� IUH�
TXHQWO\� LQ� SDWLHQWV� ZLWK� K\SHUPHWURSLD� DQG� K\SHU�
PHWURSLF� DVWLJPDWLVP�� 7KH� ZHDNHU� ULQJ� DQG� UDGLDO
ILEUHV�RI�WKH�FLOOLDU\�PXVFOHV�FDQQRW�GHVDFFRPPRGDWH
FRPSOHWHO\�LQ�WKH�FDVH�RI�DFFRPPRGDWLRQ�VSDVP��7KH
VWLPXODWLQJ�GHVDFFRPPRGDWLYH�DFWLRQ�RI�,ULIULQ�GUXJ�
����� LKD� EHHQ� VWXGLHG� LQ� ��� SHRSOH� ZLWK� K\SHU�
PHWURSLD�RI�D�ZHDN����SDWLHQWV��DQG�DYHUDJH�GHJUHH
���SDWLHQWV���P\RSLD�RI�D�ZHDN�GHJUHH����SDWLHQWV��
VLPSOH����SDWLHQWV��DQG�FRPSOH[�K\SHUPHWURSLF�DVWLJ�
PDWLVP����SDWLHQWV��7KH�VWLPXODWLRQ�RI�WKH�GHVDFFRP�
PRGDWLYH� PXVFOHV� LQ� SDWLHQWV� ZLWK� K\SHUPHWURSLD�
K\SHUPHWURSLF�DVWLJPDWLVP��D�ZHDN�GHJUHH�RI�P\RSLD
KDV�EHHQ�VKRZQ�WR�SURPRWH�WKH�LQFUHDVH�RI�WKH�YLVXDO
DFXLW\��VWDELOL]DWLRQ�RI�WKH�DFFRPPRGDWLYH�DSSDUDWXV
ZRUN�� SUHYHQWLRQ� RI� WKH� DFFRPPRGDWLRQ� VSDVP� DQG
DFFRPPRGDWLYH�DVWKHQRSLD��

�iz����������������������@�������������
v|v�|Ðsjp� �pl|ijskljzj�l|~�k� �� ip�
�pq�v�klr�j|�jpq��|�iksshl�z|l�e��
�pcs|q�cp|ws¡pnk�|�cknjj�j�pp�j~lp�
spsjÐ��|i�{|~ipqv�{jpl�nkclkz|�pck�
�jj
s���~Èm�º¯º�Ó««����p�¡©­�ã
°}È«

�¯ºmË�ËÓº� º­°ãË�ºmÈÓÒË� �Ëäº�ÒÓÈäÒ}Ò� äºÏ�È� �� ��
�Ë�Ë®������ãÈÏ��°�Èä­ãÒº¹ÒË®�m�mºÏ¯È°�Ë�º�����º����ãË�
äË�º�ºä� }ºä¹
��Ë¯Óº®� ¯ËºªÓ�ËÁÈãº�¯ÈÁÒÒ�� �¯�¹¹�
}ºÓ�¯ºã«� °º°�ÈmÒãÒ� ��� �°ãºmÓº� Ï�º¯ºm©²� �Ë�Ë®� ���
�ãÈÏÈ��� {� ­È°°Ë®ÓË� mÓ��¯ËÓÓË®� °ºÓÓº®� È¯�Ë¯ÒÒ� ÓÈ
°�º¯ºÓË�Èä­ãÒº¹Ò�Óº�º��ãÈÏÈ�ÓË�m©«mãËÓº��º°�ºmË¯Ó©²
ÒÏäËÓËÓÒ®�º��¹º}ÈÏÈ�ËãË®��¹ºã��ËÓÓ©²�m�}ºÓ�¯ºã
Óº®
�¯�¹¹Ë��{©«mãËÓ©�ÒÏäËÓËÓÒ«��Ëäº�ÒÓÈäÒ}Ò�m�°Ò°�ËäË
mË¯�Ë­¯º�­ÈÏÒã«¯Ó©²� È¯�Ë¯Ò®�� }º�º¯©Ë� ¹¯º«mã«��°«
°ÓÒÎËÓÒËä�̄ Ëº�¯ÈÁÒ�Ë°}º�º�ÒÓ�Ë}°È��¹º}ÈÏÈ�Ëã«��ºÓ��
°È�È¯�Ë¯Ò®��º�Óº°Ò�Ëã
Óº�º�º­�ËäÓº�º�¹�ã
°È�ÓÈ�����
���������°ºº�mË�°�mËÓÓº��j°¹ºã
ÏºmÈÓÒË�¹¯Ë¹È¯È�È
Ù�Ò}ÈäÒãºÓµ��ã«�}º¯¯Ë}�ÒÒ�m©«mãËÓÓ©²�ÓÈ¯�	ËÓÒ®
¹¯Òmº�Ò��}��ã��	ËÓÒ��¹º}ÈÏÈ�ËãË®�}¯ºmËÓÈ¹ºãÓËÓÒ«
äºÏ�È� ÏÈ� °�Ë�� °�Òä�ã«�ÒÒ� º}Ò°ãÒ�Ëã
Óº�mº°°�ÈÓºmÒ�
�Ëã
Ó©²�¹¯º�Ë°°ºm��sº¯äÈãÒÏÈ�Ò«�°º°��Ò°�º�º��ºÓ�°È
°m«ÏÈÓÈ�°�mº°°�ÈÓºmãËÓÒËä��Ë«�Ëã
Óº°�Ò�mË�Ë�È�ÒmÓº®
ÓË¯mÓº®�°Ò°�Ëä©��}º�º¯È«�¹¯ÒÓÒäÈË����È°�ÒË�m�ÒÓÓË¯�
mÈ�ÒÒ�°º°��Ò°�º®�°�ËÓ}Ò��lË�º��}ºä¹
��Ë¯Óº®�̄ ËºªÓ�
�ËÁÈãº�¯ÈÁÒÒ�«mã«Ë�°«�¹Ë¯°¹Ë}�ÒmÓ©ä�¹¯Ò�}ºä¹ãË}°�
Óºä� º­°ãË�ºmÈÓÒÒ� �Ë�Ë®� °� Èä­ãÒº¹ÒË®� Ò� Èã�º¯Ò�äË
m©­º¯È�ãË�ËÓÒ«�ª�º®�¹È�ºãº�ÒÒ�

8'&����������������������@�������������
7+(�67$7(�2)�7+(�%5$,1�+(02'<1$0,&6�,1
&+,/'5(1�:,7+�$0%/<23,$�$&&25',1*�72
7+(�&20387(5�5+(2(1&(3+$/2*5$3+<�$1'
,76�&+$1*(6�81'(5�7+(�,1)/8(1&(�2)�3+$5�
0$&27+(5$3<
1�*�=DYJRURGQ\D\D��7�<H�7V\EXOVND\D

7KH� H[DPLQDWLRQ� RI� WKH� EUDLQ� KHPRG\QDPLFV� LQ� ��
FKLOGUHQ�����H\HV��ZLWK�ÈPEO\RSLD�LQ�WKH�DJH�IURP���WR
���E\�WKH�FRPSXWHU�UKHRHQFHSKDORJUDSK\�PHWKRG�KDV
EHHQ� FDUULHG� RXW�� 7KH� FRQWURO� JURXS� FRQVLVWHG� RI� ��
FKLOGUHQ�FRQGLWLRQDOO\�KHDOWK\�����H\HV���7KH�DXWKHQWLF
FKDQJHV�KDYH�QRW�EHHQ�UHYHDOHG�LQ�WKH�LQWHUQDO�FDURWLG
SRRO�RQ�WKH�VLGH�RI�WKH�ÈPEO\RSLF�H\H�IURP�WKH�LQGH[HV
REWDLQHG�LQ�WKH�FRQWURO�JURXS��7KH�KHPRG\QDPLF�FKDQJHV
LQ�WKH�V\VWHP�RI�WKH�YHUWHEUREDVLODU�DUWHULHV�KDYH�EHHQ
UHYHDOHG�DQG�WKH\�VKRZ�WKH�GHFUHDVH�RI�WKH�UKHRJUDSKLF
LQGH[��WKH�DUWHULDO�WRQXV�SDUDPHWHU��D�UHODWLYH�YROXPHWULF
SXOVH� LQ� ����� ����� ���� UHVSHFWLYHO\�� 7KH� XVH� RI
3LFDPLORQ�GUXJ�IRU�FRUUHFWLRQ�RI�WKH�GLVRUGHUV�UHYHDOHG
UHVXOWV� LQ� WKH� LPSURYHPHQW� RI� WKH� EUDLQ� EORRG� ILOOLQJ
LQGH[HV� GXH� WR� WKH� VWLPXODWLRQ� RI� R[LGDWLRQ�UHGXFWLRQ
SURFHVVHV��7KH�QRUPDOL]DWLRQ�RI� WKH�YDVFXODU� WRQXV� LV
FRQQHFWHG�ZLWK�WKH�DFWLYLW\�UHVWRUDWLRQ�RI�WKH�YHJHWDWLYH
QHUYRXV�V\VWHP��ZKLFK�WDNHV�SDUW�LQ�WKH�LQQHUYDWLRQ�RI
WKH�YDVFXODU�ZDOO��7KH�FRPSXWHU�UKHRHQFHSKDORJUDSK\
PHWKRG� LV� SURPLVLQJ� LQ� WKH� FRPSOH[� H[DPLQDWLRQ� RI
FKLOGUHQ�ZLWK�ÈPEO\RSLD��DV�ZHOO�DV�LQ�WKH�DOJRULWKP�RI
WKH�WKHUDSHXWLF�FKRLFH�RI�WKLV�SDWKRORJ\��

�� ¨©�«�µ«��²�®ª�´�½��������x�°�������



�iz����������������
|v|rpss|v�j�z|svpc{k�j{s|q��pck�jj
~cj�p�es|�|���|l�psjÐ����k¡jps�|{�v
�cpvrj|�jpq
��k�rËÏ�Ë�}º��l�k�uÈ�Ó©²

{�°ºm¯ËäËÓÓ©²��°ãºmÒ«²�m°ãË�°�mÒË��ãÒ�Ëã
Óº®�̄ È­º�©
ÓÈ� ­ãÒÏ}ºä� ¯È°°�º«ÓÒÒ� ÓË¯Ë�}º� mºÏÓÒ}ÈË�� °ÒÓ�¯ºä
Ï¯Ò�Ëã
Óº�º���ºäãËÓÒ«��|°º­ËÓÓº�¹º�mË¯ÎËÓ©��È}ºä�
mºÏ�Ë®°�mÒ��¹È�ÒËÓ�©�°�¹¯Ë°­Òº¹ÒË®��¹º°}ºã
}��ÓË°¹º�
°º­Óº°�
��ÒãÒÈ¯Óº®�ä©	�©�ªÁÁË}�ÒmÓº�°º}¯È�È�
°«
¹¯Òmº�Ò��}�Ë£�¹Ë¯Ë�¯�Ï}Èä�Ò�È°�ËÓÒÏÈ�ÒÒ��{�Ò°°ãË�ºmÈ�
ÓÒÒ�¹¯ÒÓÒäÈãº���È°�ÒË����¹È�ÒËÓ�È�¹¯Ë°­Òº¹È�°�ªääË�
�¯º¹ÒË®�Ò�°Òä¹�ºäÈäÒ�Ï¯Ò�Ëã
Óº�º���ºäãËÓÒ«���È�ÒËÓ�
�©�­©ãÒ�̄ È°¹¯Ë�ËãËÓ©�ÓÈ����¯�¹¹©��}º�º¯©ä�ÓÈÏÓÈ�Èã°«
Ò¯ÒÁ¯ÒÓ��°�¯Ò}°�Ò�ÓÒ�Ë�º�ÓË�ÓÈÏÓÈ�Èãº°
�°ºº�mË�°�mËÓ�
Óº�� z¯ºäË� �º�º�� m°Ë� ¹È�ÒËÓ�©� ¹ºã��ÈãÒ� È�Ë}mÈ�Ó��
º¹�Ò�Ë°}���Ò��ËºäË�¯Ò�Ë°}���}º¯¯Ë}�Ò���v¯ÈmÓÒmÈ«
¹ºã��ËÓÓ©Ë��ÈÓÓ©Ë��ä©�¹¯Ò	ãÒ�}�m©mº������º�m�ãË�ËÓÒÒ
È°�ËÓº¹Ò�Ë°}º�º�°ÒÓ�¯ºäÈ���¹¯Ë°­Òº¹ºm��ËãË°ºº­¯ÈÏÓº
¹¯ÒäËÓ«�
� °º�Ë�ÈÓÓ��� äË�Ò}ÈäËÓ�ºÏÓ��� �Ë¯È¹Ò�� m
°º�Ë�ÈÓÒÒ�°�º�}ºmº®�}º¯¯Ë}�ÒË®�

8'&����������������
7+(� 3(&8/$5,$7,(6� 2)� 7+(� &216(59$7,9(
7+(5$3<�2)�7+(�9,68$/�(;+$867,21�,1�3$�
7,(176�:,7+�35(6%<23<
3�$�%H]GHWNR��0�$�6KFKDGQ\NK

,Q�PRGHUQ�FRQGLWLRQV�WKH�YLVXDO�H[KDXVWLRQ�V\QGURPH
DSSHDUV�TXLWH�RIWHQ�EHFDXVH�RI�WKH�ORQJ�ZRUN�DW�WKH
FORVH�GLVWDQFH��7KH�SDWLHQWV�ZLWK�SUHVE\RS\�DUH�HVSH�
FLDOO\�VXEMHFW�WR�VXFK�LQIOXHQFH�DV�WKH�LQDELOLW\�RI�WKH
FLOOLDU\� PXVFOH� WR� FRQWUDFW� HIIHFWLYHO\� UHVXOWV� LQ� LWV
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7KH�SRWHQWLDOLWLHV�KDYH�EHHQ�VKRZQ�DQG�WKH�XVH�RI�WKH
FHOOXODU�ELRORJLFDO�FRYHULQJV�ZLWK�WKH�DXWRJHQRXV�QRQ�
GLIIHUHQWLDWHG� VWURPDO� FHOOV� LQ� WKH� ILEULQ� ILOP�RQ� WKH
VXUIDFH�RI�D�VRIW�FRQWDFW�OHQV�KDV�EHHQ�H[SHULPHQWDOO\
SURYHQ��7KH�EDVLF�DGYDQWDJH�RI�PHWKRG�RIIHUHG�LV�LWV
PXOWLIXQFWLRQDO�DFWLRQ�RQ�WKH�GHVWUXFWLYH�SURFHVV��WKH
VWLPXODWLRQ�RI�UHJHQHUDWLRQ�ZLWK�WKH�DXWRJHQRXV�FHOOV
E\�PHDQV�RI�WKH�JURZWK�IDFWRUV�VHFUHWLRQ��F\WRNLQHV�
HWF��WR�WKH�HQYLURQPHQW��WKHLU�DFWLYH�SDUWLFLSDWLRQ�LQ
WKH�V\QWKHVLV�RI�WKH�RZQ�EDVDO�PHPEUDQHO��WKH�IRUPD�
WLRQ�RI�WKH�VWUXFWXUH�E\�WKH�ILEULQ�ILOP�IRU�PLJUDWLRQ�RI
WKH�RZQ�ILEUREODVWV� LQWR�D�GHIHFW�RI�WKH�VWURPD��WKH
SURWHFWLRQ� RI� WKH� RZQ� WLVVXHV� IURP� WKH� QHJDWLYH
LQIOXHQFH�RI�WKH�HQYLURQPHQWDO�IDFWRUV��7KH�H[SHULHQFH
RI�WKH�H[SHULPHQWDO�DSSOLFDWLRQ�RI�WKH�FHOOXODU�ELRORJL�
FDO�FRYHULQJV�XVLQJ�WKH�QRQ�GLIIHUHQWLDWHG�VWURPDO�FHOOV
LQ�WKH�WUHDWPHQW�RI�WKH�FRUQHD�GHIHFWV�WHVWLILHV�D�KLJK
HIILFLHQF\�RI�WKH�PHWKRG�DQG�WKH�QHFHVVLW\�RI�IXUWKHU
UHVHDUFK�WR�GHYHORS�QHZ�PHWKRGV�RI�FHOOXODU�WHFKQROR�
JLHV�DSSOLFDWLRQ�LQ�RSKWKDOPRORJ\�DQG�WR�LPSURYH�WKH
DYDLODEOH�RQHV��
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7KH�H[SHULPHQWDO�VWXGLHV�DUH�SHUIRUPHG�RQ����DGXOW
PLFH�DQG���UDEELWV����H\HV���,W�KDV�EHHQ�VKRZQ�WKDW
WKH�KDUPOHVV�GRVH�RI�WKH�FKORULQH�(��VROXWLRQ�LQ�PLFH
LV�������PJ�NJ�E\�WKH�LQWUDSHULWRQHDO�LQMHFWLRQ��7KH
RSWLPDO�GRVH�IRU�DFFXPXODWLRQ�RI�WKH������FKORULQH
p��VROXWLRQ�LQ�WKH�LQWUDYHQRXV�LQMHFWLRQ�E\�WKH�LQQHU
UDEELW�V� H\HV� ZDV� ���� PJ�NJ�� 7KH� DFFXPXODWLRQ
NLQHWLFV�RI�WKH�FKORULQH�p��VHQVLELOL]HU�LQ�WKH�FKRULR�
UHWLQDO�FRPSOH[�KDV�EHHQ�GHWHUPLQHG��7KH�EHJLQQLQJ
DQG�ILQLVKLQJ�RI�OXPLQHVFHQFH�LV�LQ�WKH�UDQJH�RI���WR
���PLQ��7KH�HQHUJ\�DQG�WLPH�SDUDPHWHUV�WKDW�FDXVH
VXEWKUHVKROG� GDPDJHV� RI� WKH� LQWDFW� FKRULRUHWLQDO
FRPSOH[�ZLWKRXW�RU�ZLWK�WKH�SKRWR�VHQVLELOL]HU�KDYH
EHHQ�GHWHUPLQHG��7KH�SRZHU�RSWLPDO�GHQVLW\��ZKLFK
DOORZV�JHWWLQJ�WKH�HIIHFW�RI�WKH�SKRWRG\QDPLF�DFWLRQ�
LV�����P%W�FP�� LQ� WKH� VWDQGDUG�H[SRVLWLRQ�RI���
VHFRQGV��
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}È�k�{��Û�¢���Û� °��������

r�Ó«�«Ó�s�i��Û� ¢���Û� °��������

r�²��«¯ºmÈ�s�{��Û� ¢���Û� °��������

¢���Û� °��������

{Ë°Ó�ÓÈ���p��Û� ¢���Û� °��������

{Ò	ÓËm°
}È���´��Û� ¢���Û� °���������

¢���Û� °��������

{�ÏÒ¯�{�k��Û� ¢���Û� °��������

{�}�º¯ºm�|����Û� ¢���Û� °������

{ºã}ºmº®�{�k��Û� ¢���Û� °��������

{ºã
­�Ó�v�{��Û� ¢���Û� °��������

{º¯ºÓ�ÓÈ���l��Û� ¢���Û� °���������

¢���Û� °���������

°��������

�Èã�ÏÒÓ°
}È���{��Û� ¢���Û� °��������

¢���Û� °��������

�Ëº¯��«Ó��{�k��Û� ¢���Û� °���������

¢���Û� °��������

�Ëº¯��«Ó��l�k��Û� ¢���Û� °���������

¢���Û� °������

�Ë¯È°ÒäºmÈ�|�|��Û� ¢���Û� °��������

��°�ËmÈ�|�k��Û� ¢���Û� °��������

�¯ÒÓ
�{�z��Û� ¢���Û� °�������

�¯�Ó�ºm���n��Û� ¢���Û� °������

�¯�­Ó�}�´�l��Û� ¢���Û� °��������

���Ï
�s�´��Û� ¢���Û� °��������

���ÒäÈ�k�k��Û� ¢���Û� °��������

iÈ�}º���{��Û� ¢���Û� °��������

iËä�«ÓËÓ}º�{����Û� ¢���Û� °��������

iË¯ÒäË�m��
���{��Û� ¢���Û� °���������

°��������

iÒäÒ�¯ºmÈ�~ã��Û� ¢���Û� °��������

i¯º�ºmºÏ�v�l��Û� ¢���Û� °���������������

i¯ºÏ�ºmÈ�|�|��Û� ¢���Û� °��������

i�ÓÈ¼m°
}È�k�{��Û� ¢���Û� °��������

�¯äÈ}ºmÒ��´�´��Û� ¢���Û� °��������

¢���Û� °��������

~È�È®}º�k����Û� ¢���Û� °��������

~È®�ËÓ}º���{��Û� ¢���Û� °��������

~�¹ÈÓË�
�´�k��Û� ¢���Û� °���������

¢���Û� °������

zÈ®�È	Ëm�´����Û� ¢���Û� °��������

zÈãÒÓ�}������Û� ¢���Û� °��������

zÈ¯­�	ËmÈ�´�{��Û� ¢���Û� °��������

zÈ¯�È	Ëm°
}È�l�´��Û�¢���Û� °��������

zm���È�È���´��Û� ¢���Û� °��������

zË�ÒÓ�´����Û� ¢���Û� °��������

zºmÈãËÓ}º�v�´��Û� ¢���Û� °��������

zºÏËã}ºmÈ���{��Û� ¢���Û� °��������

zºÏ
ºã}�Ó�|�k��Û� ¢���Û� °��������

zºÏ
ºã}�ÓÈ�v�|��Û� ¢���Û� °��������

zºãº�°ºmÈ�|����Û� ¢���Û� °������

zºÓ�È}ºmÈ���|��Û� ¢���Û� °��������

zº¯Î���{��Û� ¢���Û� °��������

zº�m��
}È�k�k��Û� ¢���Û� °��������

zº	ºmÈ�|����Û� ¢���Û� °��������

z��ËÓ}º���|��Û� ¢���Û� °��������

z��Ë¯ËÓ}º�s�{��Û� ¢���Û� °��������

z�	Ó�¯�´�l��Û� ¢���Û� °��������

�È¯�«Óºm°
}È���r��Û� ¢���Û� °��������

¢���Û� °���������������

�ËÓÒ�
}È�|�r��Û� ¢���Û� °��������

�Ë°
}�m�´�l��Û� ¢���Û� °��������

��°ºmÈ�|�|��Û� ¢���Û� °��������

��}�«ÓºmÈ���{��Û� ¢���Û� °��������

lÈ�m¼¼mÈ�|�{��Û� ¢���Û� °������

lË�mË�¼m�{�{��Û� ¢���Û� °��������

lËã
ÓÒ}�|�{��Û� ¢���Û� °�������

lË¯�Èãºm�{�v��Û� ¢���Û� °��������

l��ËÓ}º�|�Ð��Û� ¢���Û� °���������

¢���Û� °��������

lÓ�	}º�~�l��Û� ¢���Û� °��������

sÈ­º}È�|�´��Û� ¢���Û� °��������

sÈã
º�ºm�v�{��Û� ¢���Û� °��������

sÈã
º�ºmÈ�|�l��Û� ¢���Û� °�������

sÈÓ�ºm°}È�r��Û� ¢���Û� °��������

sË°�Ë¯ºmÈ�s�|��Û� ¢���Û� °��������

s�}���ËÓ}º���{��Û� ¢���Û� °��������

�È	Ó¼m���i��Û� ¢���Û� °��������

�È	Ó¼m������Û� ¢���Û� °��������

�Ë¯Ë²¯Ë°����|��Û� ¢���Û� °��������

�ÒmºmÈ¯�v�l��Û� ¢���Û� °������

�����¯ÓÒ®�{�{��Û� ¢���Û� °��������

��°}ºmÈ�
}Ò®������Û� ¢���Û� °���������

¢���Û� °��������

�º¹ºm�v�r��Û� ¢���Û� °������

cËä�Ó«}�´�{��Û� ¢���Û� °��������

cË²ãË�
}È�|�{��Û� ¢���Û� °��������

cÒÓ��ÓÈ���{��Û� ¢���Û� °��������

c��Ò}���v��Û� ¢���Û� °������

c«­ºmÈ�|�|��Û� ¢���Û� °��������

vÈ²È¯ºmÈ���v��Û� ¢���Û� °��������

vmÒÓ�ºÏËã
°
}Ò®�|�|��Û�¢���Û� °��������

vÒ�º¯ºmÈ�´�{��Û� ¢���Û� °��������

vã�°È¯ËÓ}º�´����Û� ¢���Û� °��������

v�ËÁÈÓºmÈ�l��Û� ¢���Û� °��������

v�ºã¼�ºm���{��Û� ¢���Û� °��������

v�¯Ëã
�ËÓ}º�z�{��Û� ¢���Û� °��������

�Èä¯�´��Û� ¢���Û� °��������

�Ò²ºÓºm�|�´��Û� ¢���Û� °��������

�Ò²ºÓºmÈ�v�|��Û� ¢���Û� °��������

�}È�ºmÈ�|�{��Û� ¢���Û� °��������

nÈ®Ï�ãã�Ó�|�{��Û� ¢���Û� °��������

nË�º¯��}���{��Û� ¢���Û� °��������

tÈÓÎÒÓÈ���r��Û� ¢���Û� °��������

 È­ÈÓÓÈ�|�v��Û� ¢���Û� °��������

 Ë¯}ËÏ�k�l��Û� ¢���Û� °��������

 Ë¯ÓÒ	ºm�{�k��Û� ¢���Û� °��������

¢���Û� °��������

 Ò°�«}ºm�|����Û� ¢���Û� °���������

¢���Û� °��������

bË­Ë}º�v�z��Û� ¢���Û� °��������

bÒãºmÈ���{��Û� ¢���Û� °���������

¢���Û� °������

Ð®�ËÓ«�{����Û� ¢���Û� °������

Ð}ºmã¼mÈ���{��Û� ¢���Û� °���������

¢���Û� °���������

F���������

¢���Û� °���������

¢���Û� °���������

F���������

¨©�«�µ«��²�®ª�´�½��������x�°������� ��



­®� ¦©��­�¢¡¬°¬ ¨¦�ª�°£®��©� �¢¬�­±�©�¨�´���
 �¤±®«�©��t¨©�«�µ«��²�®ª�´�½u

���¤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�

���� ¢Ì� ÂÎÑÈÌÀ¾ËÌÁÌ� À¾Î�¾ËÐÑ� ÏÐ¾ÐÐ�� ��� ÃÈÅ��
ÂÌÂ¾�ÐÚÏÝ�ÃÉÃÈÐÎÌËË¾�ÈÌÍ�Ý�Ë¾�ÂÆÏÈÃÐ��Ñ�ÒÌÎÊ¾Ð�
06�:RUG�
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