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3UHSUDWLRQ�WKH�6HQVRU�RI�,PSULQWLQJ�0ROHFXODU�3RO\PHU�%DVHG�RQ�3RO\DQLOLQH�WR�5HFRJQL]H�$JULFXOWXUDO�7R[LQ�&KORUS\ULIRV�DQG�'LD]LQRQ��
6H\HG�0DKGL�0XVDYL�
��$EROIDWK�$NEDU]DGHK� � 6H\HG�+RVVHLQ�+RVVHLQL��

����'HSDUWPDQW�RI�FKHPLVWU\��IDFXOW\�RI�VFLHQFH��,VODPLF�$]DG�8QLYHUVLW\��6KDKU�H�5D\�%UDQFK��7HKUDQ��,UDQ�
�'HSDUWPDQW�RI�FKHPLVWU\��IDFXOW\�RI�VFLHQFH��,VODPLF�$]DG�8QLYHUVLW\��,DODPVKDKU�%UDQFK��7HKUDQ��,UDQ�
&RUUHVSRQGLQJ�DXWKRU��VD\HGPDKGL�PXVDYL#JPDLO�FRP�

�

$EVWUDFW� 3RO\DQLOLQH�DV�DQ�LQWHOOLJHQW�RUJDQLF�SRO\PHU�KDV�EHHQ�QRWLFHG�VLQFH�PDQ\�\HDUV�DJR��5HFHQWO\�WKHUH�KDYH�EHHQ�VRPH�HIIRUWV�RQ�LWV�DSSOLFDWLRQV�VXFK�DV�LRQ�VHOHFWLYH�PHPEUDQHV��EDWWHULHV��FRQGXFWLQJ�G\HV��FKHPLFDO�DQG�JDV�VHQVRUV�DQG�HWF��8VLQJ�RI�FRQGXFWLQJ�SRO\PHUV�DV�VHQVRUV�KDV�RSHQHG�D�QHZ�ILHOG�LQ�WKHLU�DSSOLFDWLRQV�DQG�LW�LV�DW�WKH�LQLWLDO� VWHSV�� 2Q� WKH� RWKHU� KDQG� GHWHFWLRQ� RI� RUJQRSKRVSKRUXV� FRPSRXQGV� GXH� WR� WKHLU� ZLGH� DSSOLFDWLRQV� LQ�LQVHFWLFLGHV� DQG� SHVWLFLGHV�� FKHPLFDO� ZDUHIDUH� DJHQWV� DUH� JUHDW� LPSRUWDQFH�� 5HJDUGLQJ� WKLV�� LQ� SUHVHQW� UHVHDUFK�VHQVLQJ�EHKDYLRU�RI�PROHFXODU�LPSULQWLQJ�SRO\PHU�SRZGHU��EDVH�RQ�SRO\DQLOLQH�LQ�FRPSDUH�ZLWK�RUJDQRSKRVSKRUXV�DJURQRP\�SHVWLFLGHV� DV� OLNH� DV� D� VDPSOH� YLD�PHDVXUHPHQWV� DQG� )7,5� FRQGXFWDQFH� E\� XVLQJ� D� IRXU�SRLQW� � SUREH�PHWKRG��$PRQJ�VHQVLQJ�SURSHUWLHV�VWXGLHG�LQ�WKLV�ZRUN�FDQ�PHQWLRQ�WR�DQDO\WH�FRQFHQWUDWLRQ��WHPSHUDWXUH��SRO\PHU�UHVSRQVH�WLPH��0ROHFXODU�LPSULQWLQJ�SRO\PHU�VHOHFWLYLW\�H[DPLQHG�LQ�FRPSDUH�ZLWK�VWUXFWXUH�RI�PROHFXOHV�VLPLODU�WR�DQDO\WH��,Q�DOO�RI�WKH�FDVHV�FRQGXFWLYLW\�RI�PROHFXODU�LPSULQWLQJ�SRO\PHU�UHPDUNDEOH�LQ�FRPSDULQJ�WR�PROHFXODU�QRQ�LPSULQWLQJ� SRO\PHU� EHFDXVH� RI� DQDO\WH� HIIHFW� RQ� SRO\PHU� VWUXFWXUH�� 3UHSDUDWLRQ� SURFHVV� RI�PROHFXODU� LPSULQWLQJ�SRO\PHU�DQG�VHQVLQJ�SURSHUWLHV�GLG�ZLWK� WKLV�PHWKRG� IRU� OLNH�FRPSRXQGV�QDPHO\�RI�GLD]LQRQ��FKORUS\ULIRV�DW� WKH�UHVXOWV�VKRZ�WKDW�PROHFXODU�LPSULQWHG�VXUIDFH�LQ�FRPELQDWLRQ�ZLWK�FRQGXFWRPHWULF�PHWKRG�LV�D�XVHIXO�DSSURDFK�IRU�WKH�VHQVLQJ�DSSOLFDWLRQV��>6H\HG�0DKGL�0XVDYL�� $EROIDWK� $NEDU]DGHK� �� 6H\HG� +RVVHLQ� +RVVHLQL�� 3UHSUDWLRQ� WKH� 6HQVRU� RI� ,PSULQWLQJ�0ROHFXODU�3RO\PHU�%DVHG�RQ�3RO\DQLOLQH�WR�5HFRJQL]H�$JULFXOWXUDO�7R[LQ�&KORUS\ULIRV�DQG�'LD]LQRQ��/LIH�6FL�- ��������������������@���,661��������������KWWS���ZZZ�OLIHVFLHQFHVLWH�FRP� ����.H\ZRUGV� 6HQVRU��0ROHFXODU�LPSULQWHG�SRO\PHU��0,3���&KORUS\ULIRV�WR[LQ��'LD]LQRQ�WR[LQ��&RQGXFWLYLW\���

��� ,QWURGXFWLRQ�
$ERXW� ��� \HDUV� SDVW� IURP� WKH� HPHUJHQFH� RI� FKHPLFDO�VHQVRUV�� GHYLFHV� ZKLFK� KDYH� GLIIHUHQW� QDPHV� EXW� DOO� DUH�UHFRJQL]HG� E\� JHQHUDO� QDPH� DV� �VHQVRU�� KDYH� EHHQ�FODVVLILHG� DW� GLIIHUHQW� JURXSV� LQFOXGLQJ� SK\VLFDO� DQG�FKHPLFDO�VHQVRUV��$IWHU����\HDUV��FKHPLFDO�VHQVRUV�HQMR\HG�ODUJH� GHYHORSPHQW� LQ� KXPDQ� OLIH�� LQGXVWU\� DQG� PRGHUQ�WHFKQRORJ\�DV�ZHOO�>�@���7KH�VHQVRUV�EDVHG�RQ�HOHFWULFDO�FRQGXFWLYLW\�DUH�FRQVLGHUHG�DV� RQH� RI� WKRVH� VHQVRUV�� /DFN� RI� VHOHFWLYLW\� LV� DPRQJ�GHILFLHQFLHV�RI� WKHVH� VHQVRUV��7KLV� IHDWXUH� KDV� OLPLWHG� WKH�DSSOLFDWLRQ�RI�WKHVH�VHQVRUV�LQ�GLIIHUHQW�LQGXVWULHV�>�@��7KH�SURSRVHG�PHWKRG� LQ� WKLV� UHVHDUFK�ZRUN� LV� WR� LQFUHDVH� WKH�VHOHFWLYLW\�RI�VHQVRU�EDVHG�RQ�WKH�HOHFWULFDO�FRQGXFWLYLW\�E\�PROHFXODU�PROGLQJ�LQ�RUGHU� WR�SURGXFH�3RO\PHU�� ,Q�UHFHQW�\HDUV��FRQGXFWLYH�SRO\PHUV�FDUULHG�RXW�DSSOLFDWLRQV�LQ�WKLV�ILHOG��DQG�LQ�WKLV�FDVH��SRO\DQLOLQHKDV�SRWHQWLDO�FDSDELOLWLHV�>�@���7KRVH�YDSRUV�DQG�FRPSRXQGV�ZKLFK�DUH�DEOH�WR�R[LGH�DQG�UHGXFH� FRQMXJDWHG� FKDLQV� RI� SRO\DQLOLQHVKRXOG� EH�QDWXUDOO\� DEOH� WR� LPSDFW� RQ� HOHFWULFDO� SURSHUWLHV� RI�SRO\PHU��7KHUHIRUH��WKRVH�FRPSRXQGV�ZKLFK�DUH�VXEMHFW�WR�D NLQG�RI�HOHFWURQ�GHILFLHQF\�DQG�SRVLWLYH�FKDUJH��ERWK�FDQ�LPSDFW� RQ� HOHFWULFDO� DQG� FRQGXFWLYH� SURSHUWLHV� RI�SRO\DQLOLQHE\�VHSDUDWLQJ�HOHFWURQ�IURP�IXOO�HOHFWURQ�FKDLQV�DQG�SURGXFLQJ�SRVLWLYH�FKDUJH�FHQWHUV�LQ�WKHVH�FKDLQV�DQG��

�FRPSRXQGV� ZKLFK� DUH� DEOH� WR� LQMHFW� HOHFWURQ� DQG�SURGXFLQJ� QHJDWLYH� FKDUJH� FHQWHUV� RQ� WKHVH� FKDLQV� >�@��:LWK�D�FORVHU�ORRN�DW�WKH�VWUXFWXUH�RI�RUJDQLF�SKRVSKRURXV�FRPSRXQGV�DQG�QDWXUH�RI�ERQGV�EHWZHHQ�3 2�DQG�RU�3 6��LW�LV�QRWLFHDEOH�WKDW�SKRVSKRU¶V�DWRP�LQ�WKLV�ERQG�KDV�OLWWOH�SRVLWLYH�FKDUJH�GXH�WR�ERQG�EHWZHHQ�G �S DQG��S�RUELWDOV�RI� R[\JHQ¶V� DWRP� DQG�RU� VXOIXU� DQG� DFFRUGLQJ� WR�HOHFWURQHJDWLYLW\�RI�DWRPV�SDUWLFLSDWLQJ� LQ�ERQG��DQG�DOVR�OLWWOH� SRVLWLYH� FKDUJH� RQ� WKH� SKRVSKRU¶V� DWRP� LQ� ERQG� RI�3 2� LV� PRUH� UDWKHU� WKDQ� 3 6� GXH� WR� WKH� KLJKHU� HOHFWUR�QHJDWLYLW\� RI � R[\JHQ¶V� DWRP� UDWKHU� WKDQ� VXOIXU��&RQVHTXHQWO\�� LW� LV� H[SHFWHG� WKDW� FRPSRXQGV� ZLWK� WKLV�ERQG�� LPSDFW� SRO\DQLOLQHWKURXJK� R[LGDWLRQ� PHFKDQLVP�DQG�RU�S�GRSLQJ�>�@��$FFRUGLQJ�WR�OLWWOH�H[WHQW�RI�SRVLWLYH�FKDUJH�RI�SKRVSKRUXV¶V�DWRP�LW�LV�H[SHFWHG�WKDW�WKLV�LPSDFW�WR�EH�KLJKHU�IRU�WKH�RUJDQLF�SKRVSKRURXV�FRPSRXQGV�ZLWK�3 2� ERQG� UDWKHU� WKDQ� FRPSRXQGV� ZLWK� 3 6��$OVR� LW� LV�H[SHFWHG� WKDW� E\� VXEVWLWXWLQJ� JURXS� ZKLFK� DUH� DEOH� WR�SDUWLFLSDWH�DW� ERQG��WKLV�LPSDFW�ZRXOG�EH�UHGXFHG�DQG�E\�VXEVWLWXWLQJ� HOHFWURQ�NLOOHU� JURXSV�� WKLV� LPSDFW� ZRXOG� EH�LQFUHDVHG� >�@�� $W� WKLV� SDUW� RI� UHVHDUFK�ZRUN�� FKDQJHV� RI�SRO\PHU� FRQGXFWLYLW\� EHLQJ� H[SRVHG� WR� DJULFXOWXUH�WR[LQV�SHVWLFLGHV��� �� LQ� WKH� UROH� RI� VDPSOH�� ZRXOG� EH�DQDO\]HG�E\�HOHFWULFDO�FRQGXFWLYLW\�GHYLFH�ZLWK�IRXU�SRLQW�PHWKRG� DQG� UHVXOWV� ZRXOG� EH� UHSRUWHG� FRPSOHWHO\� DW�FRQGXFW�FXUYHV�LQ�WHUPV�RI�WLPH��WHPSHUDWXUH�DQG�GHQVLW\���
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,W� LV� QRWDEOH� WKDW� DOO� XVHG� WR[LQV�ZHUH� DQDO\]HG�� LQ� ORZHU�G H Q V L W \ � O H Y H O � W K D Q � K X P D Q ¶ V � W R [ L F � > � @ ����
��� ([SHULPHWDOV������ ,QVWUXPHQWDOV� )RXULHU� 7UDQVIRUP� ,QIUDUHG�VSHFWUD� �)7�,5�� RI� WKH� VDPSOHV� LQ� .%U� SHOOHWV�ZHUH� UHFRUGHG� RQ� DQ� �3HUNLQ�(OPHU��VSHFWURPHWHU�� 6FDQQLQJ� HOHFWURQ� PLFURVFRS\��6(0��ZDV� SHUIRUPHG�E\� D� �+LWDFKL�� 6������� DW�DQ�RSHUDWLQJ�YROWDJH�RI���.9��3ULRU�WR�VFDQQLQJ��WKH�VSHFLPHQV�ZHUH�FRDWHG�ZLWK�D�YHU\�WKLQ�OD\HU�RI�JROG���
�
����� 3UHSDUDWLRQ�RI�SRO\DQLOLQH��

,Q� RUGHU� WR� SURGXFH� SRO\DQLOLQHFKHPLFDOO\�� SURWRQLF� DFLG�VROXWLRQ� LV� XVHG�� 7KHUHIRUH�� VROXWLRQV� ����� 0O� GLVWLOOHG�DQLOLQH� DQG� 3UR�VXOIDWH� $PPRQLXP� ±$36�� DUH� SUHSDUHG�ZLWK� WKH� VDPH�PRODU� UDWLRV� LQ��PROODU� DFLG�K\GURFKORULF����LQ� WZR� VHSDUDWH� FRQWDLQHUV�� 7KHQ� WKH� WHPSHUDWXUH� VKRXOG�EH�GHFUHDVHG�WR����WR�����&�E\�SXWWLQJ�LQ�FRQWDLQHU�ZKLFK�FRQWDLQV� LFH� DQG� VRGLXP� FKORULGH�� DQG� WKHQ� ZKLOH�PRQRPHU� FRQWDLQHU� LV� LQ� PL[LQJ�� $PPRQLXP� SHUVXOIDWH�VKRXOG�EH�DGGHG� WR��PROODU� DFLG�K\GURFKORULF��$IWHU� IHZ�PRPHQWV�� SRO\PHUL]DWLRQ� ZRXOG� EH� VWDUWHG� DQG�WHPSHUDWXUH� RI� FRQWDLQHU� ZRXOG� EH� LQFUHDVHG� WR� VRPH�H[WHQW��*UDGXDOO\�� WKH� WUDQVSDUHQW�PRQRPHU� VROXWLRQ�ZLOO�EH� GDUNHQHG� WKDW� ZRXOG� LQGLFDWH� WKH� IRUPDWLRQ� RI� SRO\�DQLOLQH��6ROXWLRQ�ZRXOG�EH�VWLUUHG�VWURQJO\�IRU�DQ�KRXU�DW���& DQG�IRXU�KRXUV�DW�URRP�WHPSHUDWXUH���0ROHFXODU�PDVV�DW�ORZHU� WHPSHUDWXUH�ZRXOG�EH� LQFUHDVHG�DQG� FRQVHTXHQWO\��FRQGXFWLYLW\�RI�SRO\DQLOLQHZRXOG�EH�LQFUHDVHG��$IWHU�WKDW��FRQWHQWV� ZKLFK� FRQWDLQ� JUHHQ� VHGLPHQW� RI�SRO\DQLOLQHZRXOG�EH�VPRRWKHQHG�E\�%XFKQHU�IXQQHO��7KH�VHGLPHQW�ZRXOG�EH�ZDVKHG�E\�GLVWLOOHG�ZDWHU�WR�WKH�SRLQW�WKDW� LW� ZRXOG� EH� FRORUOHVV� XQGHU� ILOWHU� ZLWK� PHWKDQRO��6ROXEOH� SDUW� LQ� PHWKDQRO� ZKLFK� FRQWDLQV� ROLJRPHUV� RI�SRO\DQLOLQH� ZRXOG� EH� VHSDUDWHG� IURP� SRO\PHU� GXH� WR�ZDVKLQJ�ZLWK�PHWKDQRO�� 7KH� VHGLPHQW�ZRXOG� EH�ZDVKHG�DJDLQ�ZLWK�GLVWLOOHG�ZDWHU�LQ�RUGHU�WR�UHPRYH�WKH�UHPDLQHG�PHWKDQRO�LQ�SRO\PHU��VROXWLRQ�XQGHU�ILOWHU�LV�JUHHQ�DW�WKLV�OHYHO���,Q�WKH�QH[W�VWHS��SRO\PHU�ZRXOG�EH�GULHG�DW�������&���
�����6XSSO\LQJ�WKH�PROHFXODU�IRUP�RI�SRO\PHUV����

3URYLGLQJ� WKH�PROHFXODU� IRUP�RI�SRO\PHUV�EDVHG�RQ�SRO\DQLOLQHVHQVLWLYH�WR�GLD]LQRQ��,Q� RUGHU� WR� PDNH� SRO\DQLOLQHVHQVLWLYH� WR� GLD]LQRQ�� LW� LV�QHFHVVDU\� WR� GR� SRO\PHUL]DWLRQ� RI� SRO\DQLOLQHLQ� WKH�SUHVHQFH� RI� GLD]LQRQ�WR[LQ�DQG�RU� EHLQJ� LPPHUVHG� LQ�GHVLUHG� 3$1L� 7R[LQ�� *LYHQ� WKH� IDFW� WKDW� WKHUH� LV�SRVVLELOLW\� RI� WR[LQ� GHJUDGDWLRQ� LQ� DFLGLF� VROXWLRQ�� DV� D�UHVXOW��WKH�VHFRQG�PHWKRG�VKRXOG�EH�XVHG���,Q�RUGHU� WR� SUHSDUH�PROHFXODU� IRUP�RI�SRO\PHU�ZKLFK� LV�VHQVLWLYH� WR� GLD]LQRQ�� DW� ILUVW�� ���J� 3$1L� LQ� DONDOLQH�VROXWLRQ�RI�DPPRQLD�����VKRXOG�EH�VWLUUHG� IRU����KRXUV�DQG� WKHQ� LW� ZLOO� EH� VPRRWK� DQG� FRPSOHWHO\� GU\��$IWHUZDUGV��GRSHG�SRO\PHU� LV� VROYHG� LQ����0O�1�PHWK\O�S\UROLGRQH��103��DQG��J�GLD]LQRQ�ZRXOG�EH�DGGHG�WR�LW��

$IWHU�WKDW��ZKHQ�LW�ZDV�VWLUUHG�IRU���KRXUV��DFFRUGLQJO\�WKH�XQLIRUP� ILOP� ZRXOG� EH� SUHSDUHG� JUDGXDOO\� E\� JUDGXDO�WHPSHUDWXUH��7KDW�ILOP�ZRXOG�EH�GULHG�RQ� WKH�GHVLFFDWRU�XQGHU�YDFFXP�FRQGLWLRQ�IRU����KRXUV��7KH�UHVXOWLQJ�SRO\PHU�SRZGHU�FDQ�EH�SUHSDUHG� DV�SULPDU\�SRZGHU� WKHQ� LW�FDQ� EH�GULHG� WR�EH�SUHSDUHG�IRU�UHVW�RI�WKH�ZRUN���
����� 6XSSO\LQJ� WKH� PROHFXODU� IRUP� RI� SRO\PHU�EDVHG�RQ�SRO\DQLOLQHVHQVLWLYH�WR�FKORUS\ULIRV�

,Q� RUGHU� WR� SUHSDUH� SRO\DQLOLQHZKLFK� LV� VHQVLWLYH� WR�FKORUS\ULIRV�� LW� LV� QHFHVVDU\� WR� GR� SRO\PHUL]DWLRQ� LQ� WKH�SUHVHQFH� RI� FKORUS\ULIRV� WR[LQ� DQG�RU� EHLQJ� LPPHUVHG� LQ�GHVLUHG� 3$1L� 7R[LQ�� *LYHQ� WKDW� WKHUH� LV� SRVVLELOLW\� RI�WR[LQ�GHJUDGDWLRQ�LQ�DFLGLF�VROXWLRQ�� WKHUHIRUH�WKH�VHFRQG�PHWKRG� VKRXOG� EH�XVHG��7KHQ� WKH� GRSHG� SRO\PHU� VKRXOG�EH� VROYHG� LQ� ���0O�1�PHWK\O� S\UROLGRQH� �103�� DQG� �J�FKORUS\ULIRV�ZRXOG�EH�DGGHG�WR�LW��$IWHU�EHLQJ�VWLUUHG�IRU���KRXUV� �� DV� D� UHVXOW� WKH� XQLIRUP� ILOP� ZRXOG� EH� SUHSDUHG�JUDGXDOO\� E\� JUDGXDO� WHPSHUDWXUH�� 7KDW� ILOP� ZRXOG� EH�GULHG� RQ� WKH� GHVLFFDWRUV� XQGHU� YDFFXP� FRQGLWLRQ� IRU� ���KRXUV��7KH� UHVXOWLQJ�SRO\PHU�SRZGHU� FDQ�EH�SUHSDUHG�DV�SULPDU\�SRZGHU�WKHQ�LW�FDQ�EH�GULHG�WR�EH�SUHSDUHG�IRU�UHVW�RI�WKH�ZRUN���
����� ([WUDFWLQJ�'LD]LQRQ�IURP�0ROGHG�3RO\PHU�

,Q�RUGHU�WR�PHUJH�VHQVLQJ�RSHUDWLRQ�RQH�VKRXOG�EH�DEOH�WR�VHSDUDWH�VDPSOH��WR[LQ��IURP�WKH�FUHDWHG�KROH�LQ�SRO\PHU��&KORURIRUP� VROYHQW� ZDV� XVHG� LQ� WKLV� FDVH�� 7KXV� WKH�SUHSDUHG� PROHFXODU� IRUP� RI� SRO\PHU� ZDV� JULQGHG� LQ�SRUFHODLQ� PRUWDU� DIWHU� EHLQJ� FRPSOHWHO\� GULHG��&RPPLQXWHG� SRO\PHUV� ZHUH� ZDVKHG� ZLWK� FKORURIRUP�VROYHQW� IRU� �� PLQXWHV�� 7KHQ� WKH\� ZHUH� VPRRWKHQHG� DQG�GULHG��:KHQ� WKH�SRO\PHU�ZDV�GULHG�� LWV�FRQGXFWLYLW\�ZDV�LQFUHDVHG� GXH� WR� WKH� H[LW� RI� VDPSOHV� ZKLFK� KDYH� EHHQ�DEVRUEHG����
����� ([WUDFWLQJ� &KORUS\ULIRV� IURP� 0ROGHG�3RO\PHU�

,Q�RUGHU�WR�PHUJH�VHQVLQJ�RSHUDWLRQ�RQH�VKRXOG�EH�DEOH�WR�VHSDUDWH�VDPSOH��WR[LQ��IURP�WKH�FUHDWHG�KROH�LQ�SRO\PHU��&KORURIRUP� VROYHQW� ZDV� XVHG� LQ� WKLV� FDVH�� 7KXV� WKH�SUHSDUHG� PROHFXODU� IRUP� RI� SRO\PHU� ZDV� JULQGHG� LQ�SRUFHODLQ� PRUWDU� DIWHU� EHLQJ� FRPSOHWHO\� GULHG��&RPPLQXWHG� SRO\PHUV� ZHUH� ZDVKHG� ZLWK� FKORURIRUP�VROYHQW� IRU� �� PLQXWHV�� 7KHQ� WKH\� ZHUH� VPRRWKHQHG� DQG�GULHG��:KHQ� WKH�SRO\PHU�ZDV�GULHG�� LWV�FRQGXFWLYLW\�ZDV�LQFUHDVHG� GXH� WR� WKH� H[LW� RI� VDPSOHV� ZKLFK� KDYH� EHHQ�DEVRUEHG����
��� 5HVXOWV�DQG�'LVFXVVLRQ�

$VVHVVLQJ� WKH� VHQVLQJ� SURSHUWLHV� RI� PROHFXODU� IRUP� RI�SRO\PHU�EDVHG�RQ�SRO\DQLOLQHIRU�GLD]LQRQ�$IIHFWLYH�SDUDPHWHUV�RQ�FRQGXFWLYLW\�GHJUHH�DQG� VHQVLQJ�SULQFLSOHV� ZHUH� DVVHVVHG� ZLWK� WKH� RUGHU� RI� WLPH� RI�UHDFWLRQ�� GHQVLW\�� WHPSHUDWXUH�� VHOHFWLYLW\� RI� VHQVRU�� LQ�
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RUGHU�WR�HYDOXDWH�WKH�VHQVLQJ�SURSHUWLHV�RI�PROHFXODU�IRUP�SRO\PHUV�DQG�FRPSDUH�LW�ZLWK�WKH�REVHUYDQW�SRO\PHUV���$VVHVVLQJ� VHQVLQJ� SURSHUWLHV� RI�PROHFXODU� IRUP� SRO\PHU�EDVHG�RQ�SRO\DQLOLQHIRU�FKORUS\ULIRV�$IIHFWLYH�SDUDPHWHUV�RQ� FRQGXFWLYLW\� GHJUHH� DQG� VHQVLQJ� SULQFLSOHV� ZHUH�DVVHVVHG� ZLWK� WKH� RUGHU� RI� WLPH� RI� UHDFWLRQ�� GHQVLW\��WHPSHUDWXUH��VHOHFWLYLW\�RI�VHQVRU��LQ�RUGHU�WR�HYDOXDWH�WKH�VHQVLQJ� SURSHUWLHV� RI� PROHFXODU� IRUP� SRO\PHUV� DQG�FRPSDUH�LW�ZLWK�WKH�REVHUYDQW�SRO\PHUV����
����� $VVHVVLQJ�WKH�WLPH�RI�UHDFWLRQ�LQ�VHQVRU�

2QH�VWDQGDUG�VROXWLRQ�RI�GLD]LQRQ�DQG�DFHWRQH�����SSP��ZDV� SUHSDUHG� WR� DVVHVV� WKH� UHDFWLRQ� WLPH� RI� WKLV� VHQVRU������J� SRO\PHU� SRZGHU� ZDV� ZDVKHG� ZLWK� FKORURIRUP� LQ����0O� IURP� ��SSP� DQG� WKH� GHQVLW\� RI� GLD]LQRQ� ZDV�HVWLPDWHG� DW� GLIIHUHQW� WLPHV� �� ���� ������������ PLQ�� DQG�DIWHU� EHLQJ� GULHG� FRPSOHWHO\� �� LWV� FRQGXFWLYLW\� ZDV�PHDVXUHG�E\�IRXU�SRLQW�GHYLFH���
����� $VVHVVLQJ�WKH�HIIHFW�RI�WHPSHUDWXUH��

����J�SRO\PHU� IURP�SRO\PHULF�SRZGHU�ZDV�SXW� LQ����0O�RI� ��SPP� VWDQGDUG� VROXWLRQ� IRU� DQ� KRXU� ZLWK� GLIIHUHQW�WHPSHUDWXUHV�LQ�RUGHU�WR�DVVHVV�WKH�HIIHFWV�RI�WHPSHUDWXUH�RQ�SHQHWUDWLRQ�UDWH�RI�VDPSOH�WR�KROHV�DQG�FUHDWH�GRSLQJ�LQ�SRO\PHU�� $IWHU� EHLQJ� GULHG�� WKH� FRQGXFWLYLW\� ZDV�PHDVXUHG����
����� $VVHVVLQJ�WKH�H[WHQW�RI�VHQVRU�VHOHFWLYLW\�

,Q�RUGHU� WR�DVVHVV� WKH�H[WHQW�RI� VHOHFWLYLW\�RI� WKLV� VHQVRU������J� RI� SRO\PHULF� SRZGHU� LQ� ���0O� RI� RQH� VWDQGDUG�VROXWLRQ� IURP� WKH� VDPH� PROHFXOH� ZLWK� FKORUS\ULIRV�PROHFXOH� ZDV� DVVHVVHG� IRU� DQ� KRXU�� DQG� WKHQ� WKH�FRQGXFWLYLW\�ZDV�PHDVXUHG�DIWHU�EHLQJ�GULHG����
����� $VVHVVLQJ�WKH�GXUDELOLW\�WLPH�RI�FRQGXFWLRQ�

,Q� RUGHU� WR� DVVHVV� WKH� GXUDELOLW\� WLPH� RI� FRQGXFWLRQ��FRQGXFWLRQ�RI�PROHFXODU�IRUP�RI�SRO\PHU�DQG�FRQGXFWLRQ�RI�REVHUYDQW�SRO\PHU�ZHUH�PHDVXUHG�DIWHU�RQH�ZHHN��RQH�PRQWK�DQG� WKUHH�PRQWKV� UHVSHFWLYHO\�DQG�FRPSDUHG�ZLWK�HDFK�RWKHU����
����� $VVHVVLQJ� WKH� PROHFXODU� IRUP� RI� SRO\PHU��&RQGLWLRQV�RI�SRO\PHUL]DWLRQ� LQ�SURYLGLQJ�WKH�PROHFXODU�IRUP�RI�SRO\PHU�

� KRXUV�ZDV�FRQVLGHUHG�LQ�RUGHU�WR�LQWHJUDWH�WKH�SURFHVV�RI�SRO\PHUL]DWLRQ�IRU�SUHSDULQJ�PROHFXODU� IRUP�RI�SRO\PHU��6LQFH� WKH� XVHG� PRQRPHU� LQ� WKLV� ZRUN� LV� DQLOLQH� ZKLFK�FKDQJHV�LQWR�SRO\DQLOLQHGXULQJ�WKH�UHDFWLRQ��WKHUHIRUH�WKH�ORQJ� SRO\PHUL]DWLRQ� WLPH� IRU� V\QWKHVLV� LV� QRW� SURSHU��5HDFWLRQ� HIILFLHQF\� IURP� �� WR� ��� KRXUV� LV� WKH� VDPH��KRZHYHU�� WKH� UHGXFHG� YLVFRVLW\� ZLOO� EH� DSSHDUHG� DIWHU� ��KRXUV��7KXV��WKH�SRO\PHUL]DWLRQ�ZRXOG�EH�FRPSOHWHG�DIWHU�� KRXUV�DQG� ORQJ� WLPH� OHDGV� WR� WKH�VORZ�PDVVLILFDWLRQ�RI�SRO\�DQLOLQH��

�,Q� DVVHVVLQJ� WKH� UROH� RI� WHPSHUDWXUH� DOVR�� LW� KDV� SURYHQ�WKDW�SRO\PHU� YLVFRVLW\�ZRXOG� EH� LQFUHDVHG�E\� GHFUHDVLQJ�WKH�WHPSHUDWXUH�WR���&���8VHG�VWDUWHU�LQ�WKLV�ZRUN�LV�DPPRQLXP�SHUVXOIDWH�DQG�LV�LQ�UDWH� RI� PROH� WR� PROH� ZLWK� PRQRPHU�� 6WDUWHUV� VXFK� DV��1+���6�2� DQG� .�&U�2� LQ� DQLOLQH� SRO\PHUL]DWLRQ� ��ZRXOG�FDXVH�KLJK�SRO\PHUL]DWLRQ�HIILFLHQF\���FRQGXFWLYLW\�DQG� YLVFRVLW\� EXW� E\� XVLQJ� )H&O� DQG� .,2� UHVXOWLQJ�SRO\PHUV�ZRXOG�KDYH�KLJK�HIILFLHQF\�DQG�LQ�FRQWUDVW�KDYH�YHU\� ORZ� YLVFRVLW\� �� 3RO\PHUL]DWLRQ� LQ� WKH� SUHVHQFH� RI�.&O2� DQG�.%U2����OHDGV�WR�SRO\PHUV�ZLWK�ORZ�HIILFLHQF\�DQG�YLVFRVLW\���
����� ([WUDFWLQJ� WKH� DQDO\WHH� VDPSOH� IURP� WKH�PROHFXODU�IRUP�RI�SRO\PHU�

2QH�RI�PDLQ� VWHSV� LQ�PROHFXODU� IRUP�RI� SRO\PHUV� LV� WKH�VWHS�RI�H[WUDFWLQJ�VDPSOH�IURP�PROGHG�SRO\PHU��WKXV�LW�LV�QHFHVVDU\� WR� EUHDN� QRQ�FRYDOHQW� ERQGV� EHWZHHQ� GRSLQJ�IDFWRU� DQG� SRO\PHU�� DQG� WKHQ� GRSLQJ� IDFWRU� VKRXOG� EH�UHPRYHG�IURP�WKH�FXUUHQW�KROHV�LQ�SRO\PHU��$OVR��WKH�XVHG�VROYHQW� LQ� WKLV� VWHS� VKRXOG� QRW� GDPDJH� WKH� IRUP� RI�SRO\PHU� DQG�RU� FDXVH� LW� WR� EH� VROYHG�� WKHUHIRUH� WKH�FKORURIRUP�VROYHQW�ZDV�SURSHU���5HVXOWV�SURYHG�WKDW�WKH�EHVW�WLPH�IRU�H[WUDFWLQJ�WKH�VDPSOH�LV� �� PLQXWHV� EHFDXVH� PRUH� WLPH� OHDGV� WR� GDPDJLQJ� WKH�ZKROH�VWUXFWXUH�RI�SRO\PHU����
����� 0ROHFXODU� IRUP� RI� SRO\PHU� VHQVLWLYH� WR�GLD]LQRQ�EDVHG�RQ�SRO\�DQLOLQH�
7KH� H[WHQWV� RI� FRQGXFWLYLW\� RI� SRO\PHU� EHIRUH� DQG�DIWHU�H[WUDFWLQJ�WKH�DQDO\WHH�VDPSOH�DUH�DV�IROORZLQJ��&RQGXFWLYLW\�EHIRUH�H[WUDFWLRQ� ������P6�FP�&RQGXFWLYLW\�DIWHU�H[WUDFWLRQ� ������P6�FP�7KH�FRQGXFWLYLW\�EHIRUH�ZDVKLQJ�ZLWK�FKORURIRUP� LV�PRUH� WKDQ� DIWHU� ZDVKLQJ� IRU� WKH� UHDVRQ� ZKLFK� ZDV�GHVFULEHG�EHIRUH���
����� 0ROHFXODU� IRUP� RI� SRO\PHU� VHQVLWLYH� WR�FKORUS\ULIRVEDVHG�RQ�SRO\�DQLOLQH�
7KH� H[WHQWV� RI� FRQGXFWLYLW\� RI� SRO\PHU� EHIRUH� DQG�DIWHU�H[WUDFWLQJ�WKH�DQDO\WHH�VDPSOH�DUH�DV�IROORZLQJ��&RQGXFWLYLW\�EHIRUH�H[WUDFWLRQ� ������P6�FP�&RQGXFWLYLW\�DIWHU�H[WUDFWLRQ� �������P6�FP�$V�LW�LV�QRWLFHDEOH��WKH�FRQGXFWLYLW\�EHIRUH�ZDVKLQJ�LV�PXFK�PRUH�DQG�WKH�UHDVRQ�LV�WKDW��VRPH�FKORUS\ULIRV�PROHFXOHV�H[LWHG�IURP�WKH�VXUIDFH�RI�SRO\PHU�GXH�WR�DEVRUEHG�PROHFXOHV�ZKLFK�KDYH�EHHQ�ZDVKHG����
����� $VVHVVLQJ� WKH� VHQVLQJ� SURSHUWLHV� RI� GLD]LQRQ�PROHFXODU�IRUP�RI�SRO\PHU�

7KH� 6HQVLQJ� SURSHUWLHV� RI� SRO\PHU� ZRXOG� EH� DVVHVVHG�DIWHU�H[WUDFWLQJ�WKH�DQDO\WHH�VDPSOH�ZKHQ�LW�ZDV�H[SRVHG�WR�VDPSOH�DJDLQ����
������ 5HDFWLRQ�WLPH�RI�VHQVRU�
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)LJXUH���KDV�UHSRUWHG�WKH�FRQGXFWLYLW\�FKDQJHV�DJDLQVW�WKH�UHDFWLRQ�WLPH�RI�VHQVRU�IRU�WKH�GHQVLW\�RI�GLD]LQRQ���SSP�LQ�DPELHQW�WHPSHUDWXUH��,W�FDQ�EH�REVHUYHG�WKDW�DV�WLPH�LQFUHDVHG��SHQHWUDWLRQ�UDWH�RI�VDPSOH�KDV�EHHQ�LQFUHDVHG�ZLWKLQ� WKH� HPSW\� KROORZV� RI� SRO\PHU�� 7KH�PRVW� LQFUHDVH�ZRXOG� UHDFK�DW� WKH�WLPH�RI����PLQXWHV��$IWHU�WKDW�WLPH��LW�KDV�EHHQ�GHFUHDVHG�GXH�WR�WKH�ILOOLQJ�DFWLYH� VLWHV� RI� SRO\PHU�� ,QFUHDVLQJ� FRQGXFWLYLW\� DQG�ORQJ� UHDFWLRQ� WLPH� ZRXOG� SURYH� WKH� SUHVHQFH� RI�KROORZQHVV�LQ�SRO\PHU���
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)LJXUH�����&RQGXFWLYLW\�FKDQJHV�EDVHG�RQ�WLPH�LQFUHDVLQJ�IRU�GLD]LQRQ�WR[LQ��
������ (IIHFW�RI�VDPSOH�GHQVLW\�

7KH� 5HODWLRQ� EHWZHHQ� VDPSOH�GHQVLW\� DQG� FRQGXFWLYLW\�FKDQJH�LQ�0,3�RI�GLD]LQRQ�KDV�EHHQ�UHSRUWHG�LQ�ILJXUH����,Q� WKLV� VWHS�� GLIIHUHQW� GHQVLWLHV� RI� VDPSOH� UHDFWHG� ZLWK�SRO\PHU� IRU� DQ� KRXU�DW� DPELHQW� WHPSHUDWXUH�� ,W� KDV� EHHQ�REVHUYHG�WKDW�WKH�VDPSOH�GHQVLW\�KDV�SRVLWLYH�UHODWLRQ�ZLWK�FRQGXFWLYLW\�ZKLFK�PHDQV� WKDW�E\� LQFUHDVLQJ� WKH� GHQVLW\��FRQGXFWLYLW\� ZLOO� EH� LQFUHDVHG� WRR�� ZKHUH� VDPSOH�DEVRUSWLRQ� KDV� EHHQ� VWRSSHG� DQG� SRO\PHU� FRQGXFWLYLW\�UHPDLQV�IL[HG�GXH�WR�VDWLDWLQJ�RI�DFWLYH�VLWHV�LQ�SRO\PHU���
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)LJXUH��� �� &RQGXFWLYLW\� FKDQJHV� EDVHG� RQ� WKH� GHQVLW\�LQFUHDVH�LQ�GLD]LQRQ�

�
������ (IIHFWV�RI�GRSLQJ�WHPSHUDWXUH���

)LJXUH� �� VKRZV� WKH� FXUYH� RI� WHPSHUDWXUH� FKDQJHV� RI�GLD]LQRQ�PROHFXOH�SHQHWUDWLRQ�WKDQ���SSP�GHQVLW\�IRU�DQ�KRXU�DJDLQVW�FRQGXFWLYLW\����
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)LJXUH����&RQGXFWLYLW\� FKDQJHV�EDVHG� RQ� WLPH� LQFUHDVLQJ�IRU�GLD]LQRQ�WR[LQ��
������ $VVHVVLQJ� WKH� VHOHFWLYLW\� RI� GLD]LQRQ�

VHQVRU�
7KH� DELOLW\�RI�SRO\PHU� WR� GLVWLQJXLVK� EHWZHHQ� VDPSOH�DQG�QXLVDQFH� VSHFLHV� ZKLFK� KDYH� WKH� VDPH� VWUXFWXUH� ZLWK�VDPSOH�HQMR\V� ORWV�RI� LPSRUWDQFH�IRU�VHQVLQJ�DSSOLFDWLRQV��([WHQW� RI� FRQGXFWLYLW\� RI� GLD]LQRQ� SRO\PHU� DJDLQVW� WKH�VDPH�PROHFXOH�ZLWK�GLD]LQRQ�HTXDOV� WR������P6�FP��7KLV�UHVXOW� VKRZV� WKH� VHQVLWLYLW\� DQG� VHOHFWLYLW\� RI� GLD]LQRQ�0,3����

������ $VVHVVLQJ� GXUDELOLW\� WLPH� RI�FRQGXFWLRQ�
�)LJXUH� �� VKRZV� WKH� FRQGXFWLYH� GXUDELOLW\� RI� 0,3� DIWHU�ZDVKLQJ�ZLWK� FKORURIRUP� DQG� EHLQJ� H[SRVHG� WR� ��� SSP�GLD]LQRQ�GHQVLW\�DW�ZHHNV��������� ����DQG��� ��)LUVW�� LW�KDV�EHHQ� REVHUYHG� WKDW� FRQGXFWLYLW\� LV� IL[HG� DQG� WKHQ�GHFUHDVHG� ILQDOO\� EHLQJ� IL[HG� DJDLQ�� 7KLV� OLWWOH� GHFUHDVH�VKRZV� WKH�GHVWUXFWLRQ�RI� WKRVH�VDPSOHV�ZKLFK�KDYH�EHHQ�DEVRUEHG�� DQG� IL[HG� FRQGXFWLYLW\� UHSUHVHQWV� WKH�FRQVLVWHQF\�LQ�0,3�PHWKRG�DQG�FRQGXFWLYLW\�FRQVLVWHQF\����
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)LJXUH���� &RQGXFWLYLW\� FKDQJHV� RI�0,3� DIWHU� H[SRVHG� WR����SSP�GLD]LQRQ���6SHFWURVFRS\� KDV� PDQ\� DSSOLFDWLRQV� LQ� GHWHUPLQLQJ� WKH�SXULW\� DQG� DOVR� DVVHVVLQJ� WKH� VWUXFWXUDO� IHDWXUHV� DQG�LGHQWLI\LQJ�TXDQWLILFDWLRQ�DQG�TXDOLILFDWLRQ�RI�SKRVSKRULF�FRPSRXQGV���$IWHU�VHYHUDO�\HDUV���PDQ\�VWXGLHV�KDYH��EHHQ�GRQH�RQ�WKH�IDFWRULDO� JURXSV� RI� SKRVSKDWH� HVWHUV�� DPLGRWKLRDWHV�SKRVSKRU�� DPLGDWHV�SKRVSKRU�� DPLGRWKLRDWHV� DQG� UHODWLYH�FRPSRXQGV� �� WKHQ� WKH� DEVRUELQJ� IUHTXHQFLHV� UDQJHV� RI�IDFWRULDO� JURXSV� VXFK� DV� �3 2�� �3 6�� �3�1�&�� �3�;��KDYH�EHHQ�UHSUHVHQWHG���6WDUWLQJ�SRLQW�RI�WKHVH�VWXGLHV�KDV�EHHQ� RQ� WKH� SKRVSKRULF� WR[LQV� E\� ,5� VSHFWURVFRS\� LQ�����¶V� �� ,Q� WKH� IROORZLQJ� VHFWLRQ� �� VRPH� RI� DEVRUELQJ�IUHTXHQFLHV�RI�IDFWRULDO�JURXSV�ZRXOG�EH�GHVFULEHG�LQ�WKH�SKRVSKRULF�FRPSRXQGV����
������ )7�,5�VSHFWUXP�LQYHVWLJDWLRQ��

7KH�EDQG�UHODWHV�WR�VWUHWFKLQJ�YLEUDWLRQV�RI�3 2�JURXS�LV�VWURQJ�DQG�DSSHDUV� RQ����������� FP���UHJLRQ��7KLV� EDQG�VRPHWLPHV�PLJKW�DSSHDU�DV�WZLQ�EDQG�ZKLFK�WKLV� LVVXH�LV�UHODWHG� WR� URWDWLRQDO� LVRPHUV�� (OHFWURQHJDWLYH� JURXSV�FRPSHWH� ZLWK� R[\JHQ� DWRP� IRU� DEVRUELQJ� HOHFWURQ� IURP�SKRVSKRU� DWRP� DQG� FDXVH� WKDW� DEVRUELQJ� IUHTXHQFLHV� WR�PRYH� WR� KLJKHU� UHJLRQV� E\� VWUXFWXULQJ� S��R� DQG� FUHDWLQJ�WKH�VWURQJHU�ERQG��$VV\PHWULF�6WUHWFKLQJ�YLEUDWLRQV�RI�3�2�&�LQ�DOLSKDWLF�FRPSRXQGV�FDXVH�YHU\�VWURQJ�ZLGH�EDQGV�WKDW� KDYH� EHHQ� DSSHDUHG� DW� ��������� FP��� VFRSH�� 3�1�&�JURXS�JLYHV�RQH�LQWHUPHGLDWH�WR�VWURQJ�EDQG�LQ����������FP���UHJLRQ�WKDW�LW�PLJKW�EH�GXH�WR�WKH�DV\PPHWULF�VWUHWFK�RI�3�1�&�JURXS��7KLV�JURXS�DOVR�VKRZV�RQH�LQWHUPHGLDWH�WR� VWURQJ� EDQG� LQ� �������� FP���UHJLRQ� WKDW� LV� GXH� WR� WKH�V\PPHWULF�VWUHWFK��3HDN�RI�VWUHWFKLQJ�YLEUDWLRQV�RI�3 6�ERQG�SODFHV�DW���������FP���UHJLRQ�WKDW�LV�LQWHUPHGLDWH�SHDN�ZLWK�KLJK�LQWHQVLW\��:LWK�WKLV�FRQGLWLRQ��WKH�UHODWLYH�SHDN�WR�IDFWRULDO�JURXS�RI�3�6�LQ�SODFHV�DW�UHJLRQ�ZRXOG�EH�DURXQG���������FP����3�&,� ERQG� �� JLYHV� RQH� LQWHUPHGLDWH� WR� VWURQJ� EDQG� DW� ��������FP���UHJLRQ�DQG�LWV�ORFDWLRQ�GHSHQGV�RQ�WKH�FRQQHFWHG�DWRPV� WR� SKRVSKRU�� $EVRUELQJ� EDQG� ZKLFK� DSSHDUHG� DW�

�����FP���UHJLRQ�UHODWHV�WR�WKH�VWUHWFKLQJ�WKH�IUHTXHQF\�RI�& 2�JURXS��,W�VKRXOG�EH�QRWHG�WKDW�& 2�EDQGV�DSSHDU�RQ�DPLGDWH�HVWHUV�DW������FP���EXW� LQ�V\QWKHWLF�FRPSRXQGV� ��UHVRQDQFH�EHWZHHQ�IUHH�HOHFWURQ�SDLU�RQ�WKH�QLWURJHQ�DQG�LWV� FRQQHFWHG� FDUERQ\O� JURXS� ZRXOG� FDXVH� UHGXFWLRQ� LQ�VWUHWFKLQJ�WKH�IUHTXHQF\����)LJXUH� �� VKRZV� )7�,5� VSHFWUXP� RI� SRO\DQLOLQH� DQG� LWV�VLJQLILFDQW� SHDNV� DUH�� ����� FP��� �VWUHWFKLQJ� YLEUDWLRQ� RI�$PLQH�1+���������FP�����YLEUDWLRQ�RI�&+��JURXS���������FP����VWUHWFKLQJ�YLEUDWLRQ�RI�&1���������FP�����VWUHWFKLQJ�YLEUDWLRQ� RI� DURPDWLF� &�+�� �� ����� DQG� ����� FP����

�DURPDWLF�ULQJ�����

)LJXUH����)7B,5�VSHFWUXP�UHODWHG�WR�SRO\DQLOLQH��)LJXUH���VKRZV�)7�,5�VSHFWUXP�RI�REVHUYDQW�SRO\PHU�WKDW�LWV� VLJQLILFDQW� SHDNV� DUH�� ����� FP��� � �VWUHWFKLQJ� WKH�YLEUDWLRQ�RI�DPLQH�1+�DQG�VWUHWFKLQJ�YLEUDWLRQ�RI�2+�WKDW�RYHUODSSHG��� ����� FP��� � �VFLVVRU�OLNH� YLEUDWLRQ� RI� 1+ �JURXS��������FP����VWUHWFKLQJ�YLEUDWLRQ�RI�& &��������FP�

�� � �VWUHWFKLQJ� YLEUDWLRQ� RI� DURPDWLF� &�+��� ����� FP���

�VWUHWFKLQJ�YLEUDWLRQ�RI�DOLSKDWLF�&�+�����

)LJXUH����)7B,5�VSHFWUXP�UHODWHG�WR�FRQWURO�SRO\PHU�,QIUDUHG�VSHFWUXP�RI�PROHFXODU�IRUP�RI�SRO\PHU��0,3��LV�VKRZQ�EHIRUH�DQG�DIWHU� WKH�H[LWLQJ�GLD]LQRQ�PROHFXOH�E\�ZDVKLQJ�ZLWK� FKORURIRUP� VROYHQW� DQG� DIWHU� UHFRQQHFWLQJ����SSP� GHQVLW\�� LQ� )LJXUH� ��� ,Q� DGGLWLRQ� WR� VLJQLILFDQW�JURXSV�LQ�1,3��JURXSV� UHODWHG�WR�VDPSOH�FRQVLVW�RI�������
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FP��� �VWUHWFKLQJ� YLEUDWLRQ� RI� 3 2��� ���� FP��� �IOH[XUDO�YLEUDWLRQ�RI�3�2�&�������FP����IOH[XUDO�YLEUDWLRQ�RI�3 6��������� FP��� �VWUHWFKLQJ� YLEUDWLRQ� RI� DOLSKDWLF� &�+��� �����FP����VWUHWFKLQJ�YLEUDWLRQ�RI�1�+�� �������FP����VWUHWFKLQJ�YLEUDWLRQ� RI� & 2�� KDYH� EHHQ� REVHUYHG� ZKLFK� VKRZ� WKH�SUHVHQFH� RI� VDPSOH� LQ� SRO\PHU� �� 1RZ� LQ� UHIHUHQFH� WR�ILJXUH� %�� �0,3� DIWHU� ZDVKLQJ�� WKHVH� JURXSV� KDYH� EHHQ�REVHUYHG� PLOGHU� ZKLFK� VKRZV� ORZHU� VDPSOH� GXH� WR� WKH�VXUIDFH�ZDVKLQJ��$OVR�LQ�)LJXUH�&��DIWHU�UHFRQQHFWLQJ��WKH�H[SHFWHG�VLJQLILFDQW�JURXSV�KDYH�EHHQ�REVHUYHG����

)LJXUH� �� � )7�,5� VSHFWUXPV� UHODWHG� WR� SRO\PHUV� RI�GLD]LQRQ�WR[LQV���
������ 6WXG\LQJ� VFDQQLQJ� HOHFWURQ�PLFURVFRSLF��

+HUH�WKHUH�LV�VFDQQLQJ�HOHFWURQ�PLFURVFRSLF�LPDJH�IRU�WKH�REVHUYDQW� SRO\PHU� LQ� )LJXUH� ��� 7KH� LPDJH� VKRZV� WKH�VPRRWK�VXUIDFH�ZLWKRXW�SRUHV�FRPSDUHG�ZLWK�0,3�ZKLFK�LV�GXH�WR�ODFN�RI�VDPSOH�LQ�SRO\PHU����

)LJXUH� ��� 6FDQQLQJ� HOHFWURQ� PLFURVFRSLF� LPDJH� IRU�REVHUYDQW�SRO\PHU��
��� &RQFOXVLRQ�
:H� KDYH� V\QWKHVLV� SRO\DQLOLQH� DV� PROHFXODU�LPSULQWLQJ� SRO\PHU� IRU� VHQVLQJ� RUJDQRSKRVSKRUXV�DJURQRP\�SHVWLFLGHV��7KLV�SRO\PHU� LV�JRRG�FDQGLGDWH�WR� VHQVRU� PDWHULDO� IRU� WR[LF� DJHQWV�� 7KH� VHQVLQJ�EHKDYLRU� RI� PROHFXODU� LPSULQWLQJ� SRO\PHU� ZDV�PHDVXUHG�IRU�PROHFXODU�LPSULQWLQJ�SRO\PHU��0,3��DQG�QRQ�LPSULQWLQJ� SRO\PHU� �1,3�� E\� )7,5� DQG� XVLQJ� D�IRXU�SRLQW� � SUREH�PHWKRG��$PRQJ� VHQVLQJ� SURSHUWLHV�VWXGLHG� LQ� WKLV� ZRUN� FDQ� PHQWLRQ� WR� DQDO\WH�FRQFHQWUDWLRQ�� WHPSHUDWXUH�� SRO\PHU� UHVSRQVH� WLPH��6HQVLQJ�UHVXOWV� IRU�GLD]LQRQ�DQG�FKORUS\ULIRV� VKRZHG�WKDW�PROHFXODU� LPSULQWHG� VXUIDFH� LQ�FRPELQDWLRQ�ZLWK�FRQGXFWRPHWULF�PHWKRG�DQG�,5�DUH�D�XVHIXO�DSSURDFK�IRU�WKH�VHQVLQJ�DSSOLFDWLRQV���
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