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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\�
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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��

�iz������������������������
�cjlpspsjp�n�|ctjs|�|s|{�lp�|i|l
z|lrjsjc|{kss|�|�i|~jc|{ksjÐ�i�Ð�|r�
ckr|�zj�|�pck¡j|ss|�|��|�Ð
iÈÓË	äÈÓ��w°ãÈäÒ�käÒ¯�cËÏÈ

iã«�Ò°°ãË�ºmÈÓÒ«�ªÁÁË}�ÒmÓº°�Ò�º¯Èº�}Ò�º¹Ë¯È�
�ÒºÓÓº�º�¹ºã«�¹¯Ò�¹¯ÒäËÓËÓÒÒ�äË�º�È�}ºäÒÓÒ¯º�
mÈÓÓº�º� �ºÏÒ¯ºmÈÓÒ«�Á�º¯²ÒÓºãºÓºm� ��� ¹È�ÒËÓ�È
©ãÒ�¯ÈÏ�ËãËÓ©�ÓÈ����¯�¹¹���È�ÒËÓ�©�}ÈÎ�º®�ÒÏ
�¯�¹¹�¹¯ÒÓÒäÈãÒ�º�ÒÓ�ÒÏ�Á�º¯²ÒÓºãºÓºm�¹º���}È¹ãË
�� ¯ÈÏÈ� m� �ËÓ
� �º� º¹Ë¯È�ÒÒ�� È� �È}ÎË� ¹º� �� }È¹ãË
}ÈÎ�©Ë����äÒÓ���m� �Ë�ËÓÒË��È°È��º�º¹Ë¯È�ÒÒ���
m°Ë²� ¹È�ÒËÓ�ºm� ¹Ë¯Ë�� º¯Èº�}º®� º¹Ë¯È�ÒºÓÓº�º
¹ºã«� Ò� ¹º� ÏÈmË¯	ËÓÒ�� º¹Ë¯È�ÒÒ� ©ãÒ� °�ËãÈÓ©
È}¹º°Ëm©�°�}¯È«�mË}È�Ò�}ºÓ��Ó}�ÒmÈã
Óº�º�äË	}È�
cËÏ�ã
�È�©�¹º}ÈÏ©mÈ������º�ÓÈÒäËÓ
	È«��°�º®�Ò�
mº°�
� Áãº¯©� ÓÈã��ÈË�°«� �� ºÁ�È}mÒ}°È�� iÈÓÓ©®
¹¯Ë¹È¯È��º}ÈÏ©mÈË��ºãËË�°Òã
ÓºË�È}�Ë¯Òº°�È�Ò�
�Ë°}ºË��Ë®°�mÒË�ÓÈ�°�ÈÁÒãº}º}}�°�È¯Ë�°���Ëä�Áãº}°Èã�

8'&������������������������
7+(�$33/,&$7,21�2)�7+(�&20%,1('�'26,1*
2)� )/825248,12/21(6� )25� 68335(66,21
2)�7+(�685*,&$/�$5($�)/25$
'DQHVKPDQG�(VODPL�$PLU�5H]D

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� HIILFLHQF\�RI� WKH� HQ]\PDWLF� GUXJ�)ORJHQ]\P� LQ
WUHDWLQJ�SDWLHQWV�VXIIHULQJ�IURP�WKH�DJH�UHODWHG�PDFX�
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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�
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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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'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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����SDWLHQWV������H\HV�� LQ�WKH�DJH�IURP����WR���
\HDUV�ROG�ZLWK�WKH�FRPSOLFDWHG�P\RSLD�RI�GLIIHUHQW
GHJUHH�ZHUH�H[DPLQHG��7DNLQJ�LQWR�DFFRXQW�D�SDWKR�
JHQHWLF�UROH�RI�R[LGDQW�UHDFWLRQV�LQ�WKH�PHFKDQLVPV
RI� WKH� FRPSOLFDWHG� P\RSLD� GHYHORSPHQW� ZH� UH�
VHDUFKHG� WKH� OHYHO� RI� FDUERQ\ODWHG� SURWHLQV� �&3��
FKHPLOXPLQHVFHQFH��&/���,W�KDV�EHHQ�IRXQG�WKDW�WKH
DFWLYDWLRQ�RI�IUHH�UDGLFDO�R[LGL]DWLRQ�LV�FKDUDFWHULVWLF
IRU�SDWLHQWV�ZLWK�WKH�FRPSOLFDWHG�P\RSLD��8QGHU�WKH
LQIOXHQFH�RI�R]RQRWKHUDS\�WKHUH�ZDV�QR�ULVH�RI�WKH
IUHH� UDGLFDO� R[LGL]DWLRQ� DFWLYLW\��$FWLYDWLRQ�RI� R[L�
GDQW�UHDFWLRQV�RFFXUULQJ�LQ�SDWLHQWV�ZLWK�WKH�FRP�
SOLFDWHG�P\RSLD�SDVVHV�OHVV�LQWHQVLYHO\�DQG�LV�VXE�
MHFWHG� WR� WKH� JUHDWHU� WKHUDSHXWLF� LQIOXHQFH� DW� WKH
LQLWLDO�DQG�GHYHORSHG�VWDJHV�RI�G\VWURSKLF�FKDQJHV
RQ�WKH�H\H�ERWWRP�LQ�SDWLHQWV�ZLWK�WKH�FRPSOLFDWHG
P\RSLD��7KH�SDUDEXOEDU�LQWURGXFWLRQ�RI�R]RQL]DWHG
VDOLQH�VROXWLRQ��266��GLG�QRW�OHDG�WR�WKH�SDWKRELR�
FKHPLFDOO\� VLJQLILFDQW� FKDQJHV� FRPSDULQJ� WR� WKH
LQWUDYHQRXV� LQWURGXFWLRQ�� ,W� WHVWLILHV� WR� WKH� ORFDO
DFWLRQ�RI�WKH�PHGLFDO�R]RQH�LQWURGXFHG�SDUDEXOEDUO\
ZLWKRXW�WKH�HIIHFW�RQ�WKH�RUJDQLVP�
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REVHUYHG�LQ�RQH�SDWLHQW�FRQVHUYDWLYHO\�WUHDWHG�GXU�
LQJ�WKUHH�PRQWKV�RI�REVHUYDWLRQ�
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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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,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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¹º}ÈÏÈÓÈ��ËãË°ºº¯ÈÏÓº°�
�Ë�º�¹¯ºmË�ËÓÒ«�m������ã«
º�ËÓ}Ò� ¯È�ÒºÓÈã
Óº°�Ò� Ò°¹ºã
ÏºmÈÓÒ«� ãË}È¯°�mËÓ�
Ó©²�°¯Ë�°�m�¹¯Ò�¯ÈÏãÒ�Ó©²�ÏÈºãËmÈÓÒ«²�

8'&��������������
7+(�3+$50$&2(&2120,&�$63(&76�2)�7+(
'58*�7+(5$3<�2)�3$7,(176�:,7+�$�35,0$5<
23(1�$1*/(�*/$8&20$
1�9�%H]GHWNR��3�$�%H]GHWNR��7�,�%DUEDVK

$�UHWURVSHFWLYH�DQDO\VLV�RI�PHGLFDO�SUHVFULSWLRQV�KDV
EHHQ�FDUULHG�RXW�LQ�����FDVH�KLVWRULHV�RI�WKH�SDWLHQWV
ZLWK� WKH� SULPDU\� RSHQ�DQJOH� JODXFRPD� �32$*��
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�

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