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$EVWUDFW6XUIDFWDQWV� DUH� RQH� RI� WKH�PDMRU� FRPSRQHQWV� ���� �����RI� GHWHUJHQWV�DQG�KRXVHKROG�FOHDQLQJ�SURGXFWV�DQG�DUH�XVHG�LQ�KLJK�YROXPHV�LQ�GHYHORSHG�FRXQWULHV��,Q�WKH�SUHVHQW�UHVHDUFK�ZRUN��WKH�DELOLW\�RI�ULFH�KXVN�DV�D�ORZ�FRVW�DGVRUEHQW�IRU�DQLRQLF�DQG�QRQLRQLF�VXUIDFWDQWV�LQ�ZDVWHZDWHU�KDV�EHHQ�VWXGLHG�7KH� PD[LPXP� UHPRYDO� HIILFLHQF\� IRU� DQLRQLF� VXUIDFWDQWV� ZDV� ����� LQ� DQ� DTXHRXV�VROXWLRQ�WKDW�FRQWDLQV���PJ�OLW�VRGLXP�OLQHDU�DON\O�EHQ]HQH�VXOSKRQDWH�LQ�S+���DQG�IRU�QRQLRQLF�VXUIDFWDQWV�ZDV�XS�WR�����LQ�DQ�DTXHRXV�VROXWLRQ�WKDW�FRQWDLQV���PJ�OLW�QRQ\O�SKHQRO�HWKR[\ODWH�LQ�S+�����7KH� PHFKDQLVP� RI� VXUIDFWDQW� UHPRYDO� E\� ULFH� KXVN� ZDV� DWWULEXWHG� WR� WKH�SK\VLFRFKHPLFDO� FKDUDFWHULVWLFV� RI� ULFH� KXVN�� ,Q� DGGLWLRQ�� WKH VL]H� RI� PLFHOOHV� DQG�FULWLFDO�PLFHOOH�FRQFHQWUDWLRQ�DUH�WZR�LPSRUWDQW�IDFWRUV�LQ�WKH�UHPRYDO�\LHOG�
.H\ZRUGV� 5LFH�KXVN� $GVRUSWLRQ� 6XUIDFWDQWV� :DVWHZDWHU


 � &RUUHVSRQGLQJ�DXWKRU� (�PDLO��D�KRVVHLQQLD#PHUF�DF�LU

,QWURGXFWLRQ6XUIDFWDQWV� DUH� V\QWKHWLF� RUJDQLF� FKHPLFDOV�XVHG�LQ�KLJK�YROXPHV�LQ�GHWHUJHQWV�� SHUVRQDO�FDUH�DQG�KRXVHKROG�FOHDQLQJ�SURGXFWV��7KHVH�FRPSRXQGV� XVXDOO\� FRPSULVH� ������� RI�JUDQXODU� DQG� OLTXLG� GHWHUJHQWV� >�@�� 6XU�IDFWDQWV�DUH�DOVR�XVHG�E\�WKH�RLO��WH[WLOH��IRRG�DQG� PLQLQJ� LQGXVWULHV�� $OWKRXJK� WKHUH� DUH�PDQ\� VXUIDFWDQW� W\SHV�� OLQHDU� DON\OEHQ]HQH�VXOIRQDWHV��/$%6���DON\O�VXOIDWHV��$6���DON\O�HWKHU�VXOIDWHV� �$(6���DON\O�HWKR[\ODWHV��$(���DON\O�SKHQRO� HWKR[\ODWHV� �$3(�� DQG� TXDUWHU�QDU\� DPPRQLXP� KDOLGH� FRPSRXQGV� DUH�FRPPRQ� LQ� FRPPHUFLDO� GHWHUJHQW� DSSOLFD�WLRQV�>�@�7KH�FRQVXPSWLRQ�RI� WZR�DQLRQLF�VXUIDFWDQWV��OLQHDU� DON\O� EHQ]HQH� VXOIRQDWHV� DQG� DON\O�

HWKHU�VXOIDWHV� LQ� ,UDQ� LV�HVWLPDWHG�DW���������WRQ�\HDU��7KH� /$%6� FRQFHQWUDWLRQV� LQ� VHZDJH� KDYH�EHHQ� UHYLHZHG� >�@�� 5DZ� GRPHVWLF� ZDVWH�ZDWHUV� KDYH� /$%6� FRQFHQWUDWLRQV� LQ� WKH�UDQJH� RI� �������� PJ�/�� 3ULPDU\� WUHDWPHQW�UHVXOWV� LQ� ORZ� UHPRYDO� UDWHV� �������� ZLWK�W\SLFDO� /$%6� FRQFHQWUDWLRQV� LQ� HIIOXHQW� RI���������PJ�/�>�@��$FWLYDWHG�VOXGJH�WUHDWPHQW�UHPRYHV�PRUH� WKDQ����RI�/$%6�� SURYLGLQJ�HIIOXHQW� /$%6� FRQFHQWUDWLRQV� RI� ����������PJ�/�>�@� +RZHYHU�� WULFNOLQJ�ILOWHU� WUHDWPHQW�UHVXOWV� LQ� KLJKHU� HIIOXHQW� /$%6� FRQFHQWUD�WLRQV�RI���������PJ�/�>�@��7KHUH�KDYH�EHHQ�D�QXPEHU� RI� PRQLWRULQJ� VWXGLHV� RI� /$%6� LQ�VXUIDFH� ZDWHUV� >�@�� 0RVW� RI� WKHVH� ZHUH�FRQGXFWHG� IURP� WKH� HFRWR[LFRORJLFDO� SHUV�
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SHFWLYH� EHFDXVH� WKH� WR[LFLW\� RI� /$%6� WR�DTXDWLF� RUJDQLVPV� LV� RI� FRQFHUQ� ZKHQ�FRQFHQWUDWLRQV�H[FHHG�����PJ�/�>�@�$ON\O�SKHQRO�HWKR[\ODWHV��$3(��DUH�QRQLRQLF�VXUIDFWDQWV� PDGH� XS� RI� D� EUDQFKHG� FKDLQ�HWK\OHQH� R[LGH� WR� SURGXFH� DQ� HWKR[\ODWHG�FKDLQ�� $ON\O� SKHQRO� HWKR[\ODWHV� �$3(�� DUH�DPRQJ� WKH� PRVW� ZLGHO\� XVHG� JURXSV� RI�VXUIDFWDQWV��:RUOG�ZLGH�� DERXW��������� WRQV�DUH� SURGXFHG� DQQXDOO\� IRU� XVH� LQ� GHWHUJHQWV��SDLQWV�� SHVWLFLGHV�� WH[WLOH� DQG� SHWUROHXP�UHFRYHU\� FKHPLFDOV�� PHWDO� ZRUNLQJ� IOXLGV��DQG� SHUVRQDO� FDUH� SURGXFWV� >�@�� 5HFHQW�HYLGHQFH�WKDW VRPH�$3(�EUHDNGRZQ�SURGXFWV�DUH�ZHDNO\�HVWURJHQLF�KDV�LQWHQVLILHG�FRQFHUQ�RYHU� WKHLU� HQYLURQPHQWDO� DQG� KXPDQ� KHDOWK�HIIHFWV�2QH� RI� WKH�PHWKRGV� HPSOR\HG� IRU� UHPRYLQJ�FRQWDPLQDQWV� IURP�ZDVWHZDWHU� LV�DGVRUSWLRQ��$GVRUSWLRQ� FDSDFLW\� IRU� VSHFLILF� VLQJOH�RUJDQLF� VROXWHV� RI� D� KRPRORJRXV� VHULHV� LV�WKRXJKW�WR�EH�D�GLUHFW�IXQFWLRQ�RI��� 7KH� DGVRUEDWH� SURSHUWLHV�� VXFK� DV�IXQFWLRQDOLW\�� EUDQFKLQJ� RU� JHRPHWU\��SRODULW\�� K\GURSKRELFLW\�� GLSROH� PR�PHQW�� PROHFXODU� ZHLJKW� DQG� VL]H�� DQG�DTXHRXV�VROXELOLW\�� 7KH� VROXWLRQ� FRQGLWLRQV�� VXFK� DV� S+��WHPSHUDWXUH�� SUHVVXUH�� DGVRUEDWH� FRQ�FHQWUDWLRQ��LRQLF�VWUHQJWK��DQG�SUHVHQFH�RI�EDFNJURXQG�DQG�FRPSHWLWLYH�VROXWHV�� 7KH� QDWXUH� RI� WKH� DGVRUEHQW�� VXFK� DV�VXUIDFH�DUHD��SRUH�VL]H�DQG�GLVWULEXWLRQ��VXUIDFH� GLVWULEXWLRQ�� DQG� VXUIDFH� FKD�UDFWHULVWLFV�>�@�7KH� SURFHVV� RI� DGVRUSWLRQ� LPSOLHV� WKH�SUHVHQFH� RI� DQ� DGVRUEHQW�� D� VROLG� WKDW� ELQGV�PROHFXOHV� E\� SK\VLFDO� DWWUDFWLYH� IRUFHV�� LRQ�H[FKDQJH�RU�FKHPLFDO�ELQGLQJ��,W�LV�DGYLVDEOH�WKDW� WKH� DGVRUEHQW� LV� DYDLODEOH� LQ� ODUJH�TXDQWLWLHV�� HDVLO\� UHJHQHUDEOH� DQG� HFRQR�PLFDO��7KHUH� DUH� D� IHZ� UHSRUWV� DERXW� WKH� XVH� RI�DJULFXOWXUDO�E\SURGXFWV�IRU�SROOXWDQW�UHPRYDO�>��� �@�� 5LFH� EUDQ� HIIHFWLYHO\� UHPRYHG�SHVWLFLGHV� IURP� DQ� DTXHRXV� VROXWLRQ� >��@��

DOVR��UHPRYDO�HIILFLHQF\�RI�PRQR�FKORUDPLQH�E\� ULFH� EUDQ� ZDV� LQYHVWLJDWHG� RYHU� UDQJH� RI�S+� ����� >��@�� 7KH� UHPRYDO� RI� PRQR�FKORUDPLQHV�E\�ULFH�EUDQ�ZDV�DWWULEXWHG�WR�LWV�GHFRPSRVLWLRQ� E\� GLUHFW� UHDFWLRQ� ZLWK� ULFH�EUDQ�� 6RPH� RI� DJULFXOWXUDO� E\SURGXFWV� ZHUH�XVHG� IRU� DGVRUSWLRQ� RI� KHDY\� PHWDOV� IURP�ZDVWHZDWHU�>��@��$GVRUSWLRQ�RI�PHWDO�LRQV�E\�DJULFXOWXUDO� E\SURGXFWV� PD\� LQYROYH� PHWDO�LQWHUDFWLRQ� RU� FRRUGLQDWLRQ� WR� IXQFWLRQDO�JURXSV�SUHVHQW� LQ�QDWXUDO�SURWHLQV�� OLSLGV�DQG�FDUERK\GUDWHV�SRVLWLRQHG�RQ�FHOO�ZDOOV�>��@�,Q� WKLV� VWXG\� ZH� KDYH� XVHG� ULFH� KXVN� DV� DQ�DGVRUEHQW� IRU� UHPRYLQJ� VXUIDFWDQWV� IURP�ZDVWHZDWHU�� DQG� ZH� KDYH� LQYHVWLJDWHG� LQ�DERYH�IDFWRUV�+XVN� LV� D� OD\HU� RI� FHOOXORVH� SURWHFWLQJ� ULFH�JUDLQ�� *HQHUDOO\� ULFH� SURGXFHUV� SURFHVVLQJ� ��WRQ�RI�ULFH�REWDLQ����NJV�RI�KXVNV�
([SHULPHQDO7KH� VXUIDFWDQWV� XVHG� LQ� WKLV� SURMHFW��FRQWDLQLQJ� OLQHDU� VRGLXP� DON\O� EHQ]HQH�VXOIXQDWH� /$%6� ����� VRGLXP� ODXU\O� HWKHU�VXOIDWH� $(6� ���� �DQLRQLF� VXUIDFWDQWV�� DQG�QRQ\O� SKHQRO� HWKR[\ODWH� 13(� �QRQLRQLF�VXUIDFWDQW�� ZHUH� SURYLGHG� E\� 3DNVDQ� &RP�SDQ\� �D� GHWHUJHQW� SURGXFHU� LQ� ,UDQ��� 7KH�VROYHQWV� ZHUH� IURP� 3DUV� ,UDQ� &RPSDQ\� DQG�WKH� RWKHU� FKHPLFDOV� DQG� UHDJHQWV� ZHUH� IURP�0HUFN�� 'HLRQL]HG� ZDWHU� ZDV� XVHG� LQ� DOO� RI�WKH�H[SHULPHQWV��7KH�KXVNV�ZHUH�SURYLGHG�E\�ULFH� SURGXFHUV� IURP� *LODQ�7KH� VXUIDFWDQV�ZHUH� PHDVXUHG� E\� XVLQJ� D� &HFLO� 0RGHO�&(����� 8Y�9LV� 6SHFWURSKRWRPHWHU�� 7KH�SDUWLFOH� VL]HV� ZHUH� GHWHUPLQHG� E\� )ULWVK�3DUWLFOH� 6L]H� $QDO\]HU�� $Q� RSWLFDO� PLFUR�VFRSH� HTXLSSHG�ZLWK� D� FDPHUD�ZDV� XVHG� IRU�PLFURVFRSLF�VWXG\�RI�KXVNV�
0HDVXUHPHQW�RI�VXUIDFWDQWV&RQFHQWUDWLRQ� RI� DQLRQLF� VXUIDFWDQWV� ZDV�PHDVXUHG� XVLQJ� VWDQGDUG� WHVW� PHWKRG� IRU�0HWK\OHQH�%OXH�$FWLYH�6XEVWDQFHV�>��@���7KH�QRQLRQLF� VXUIDFWDQWV� ZHUH� PHDVXUHG� DFFRU�GLQJ�WR�VWDQGDUG�PHWKRGV�IRU�WKH�H[DPLQDWLRQ�RI�ZDWHU�DQG�ZDVWHZDWHU�>��@�
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2SWLPL]DWLRQ� RI� $GVRUSWLRQ� 3DUDPHWHUV� RI�$QLRQLF�6XUIDFWDQWV7KH�HIIHFW�RI�S+�RQ�WKH�DELOLW\�RI�ULFH�KXVNV�WR� DGVRUE� VXUIDFWDQWV� ZDV� LQYHVWLJDWHG�� )RU�WKLV� SXUSRVH�� WKH� S+� RI� D� ���� PO� DTXHRXV�VROXWLRQ� RI� ��PJ�OLW� DQLRQLF� VXUIDFWDQW� ZDV�DGMXVWHG� WR� ��� ��� ��� �� DQG� �� XVLQJ� GLOXWHG�+�62� DQG�1D2+�� �JU�KXVNV�ZHUH� DGGHG� WR�WKHVH� VROXWLRQV� DQG� WKH\� ZHUH� VWLUUHG� IRU� ��KUV��7KHQ�� WKH�VDPSOH�DQG�VWDQGDUG�VROXWLRQV�ZHUH� ILOWHUHG� WKURXJK� D� :KDWPDQ� ��� ILOWHU�SDSHU�7KH� WLPH� GHSHQGHQF\� ZDV� DOVR� VWXGLHG� LQ� D�WLPH�SHULRG�RI������������DQG���KUV��7KH�KXVN�DVK� ZDV� DOVR� XVHG� IRU� LQYHVWLJDWLQJ� WKH�DGVRUSWLRQ� RI� DQLRQLF� VXUIDFWDQWV�� )RU� WKLV�SXUSRVH�� WKH� KXVNV� ZHUH� WRWDOO\� EXUQHG� LQ������&�WR�JLYH�D�ZKLWH�DVK���JU�RI�WKH�DVK�ZDV�DGGHG� WR� ���� PO� RI� ��PJ�OLW� DQLRQLF�VXUIDFWDQW� VROXWLRQ� DQG� DGVRUSWLRQ� ZDV�PHDVXUHG� ZLWKRXW� FKDQJLQJ� S+� DQG� DOVR� LQ�S+���,Q�D�VHFRQG�PHWKRG��D�JODVV�FROXPQ�ZLWK�L�G����FP�ZDV�SDFNHG�ZLWK��JU�RI�ZKROH�ULFH�KXVN�DQG� FRPSDFWHG�� �� OLW� RI� D� ��PJ�OLW� DQLRQLF�VXUIDFWDQW� VROXWLRQ� ZDV� SDVVHG� WKURXJK� WKH�FROXPQ� ZLWK� WKH� IORZ� UDWH� RI� ���� PO�PLQ��7HQ� ����PO� IUDFWLRQV�ZHUH� JDWKHUHG� DQG� WKH�FRQFHQWUDWLRQV� RI� UHPDLQLQJ� VXUIDFWDQW� ZHUH�GHWHUPLQHG�� 7KH� VDPH� H[SHULPHQW�ZDV� GRQH�ZLWK� D� FROXPQ� SDFNHG� ZLWK� PLOOHG� KXVNV�KDYLQJ� WKH�SDUWLFOH� VL]HV� UDQJLQJ�IURP�������PHVKHV��
2SWLPL]DWLRQ� RI� $GVRUSWLRQ� 3DUDPHWHUV� RI�1RQLRQLF�6XUIDFWDQWV7R� VWXG\� WKH HIIHFW� RI� S+� DQG� WLPH� RQ� WKH�DGVRUSWLRQ� HIILFLHQF\��WKH� VDPH�SURFHGXUH�DV�PHQWLRQHG�DERYH�ZDV�UHSHDWHG��7KH�S+���DQG���� ZHUH� DOVR� LQYHVWLJDWHG�� 0HDQZKLOH�� WKH�DGVRUSWLRQ� RI� QRQLRQLF� VXUIDFWDQW� ZDV�LQYHVWLJDWHG�LQ�D�����PO�DTXHRXV�VROXWLRQ�RI�13(�ZLWK�WKH�FRQFHQWUDWLRQ�RI������������DQG���PJ�OLW�LQ�WKH�SUHVHQFH�RI��JU�KXVNV�7KH� PHWKRG� XVLQJ� SDFNHG� FROXPQ� ZDV� DOVR�DSSOLHG�� )RU� WKLV� VXUIDFWDQW�� WKH� FROXPQ�ZDV�SDFNHG�ZLWK���JU�RI�ZKROH� ULFH�KXVNV�DQG���

OLW� RI� ��PJ�OLW� 13(� VROXWLRQ� ZDV� SDVVHG�WKURXJK� WKH� FROXPQ� ZLWK� WKH� IORZ� UDWH� RI����PO�PLQ�� 7KH� SURFHGXUH� ZDV� IROORZHG� DV�WKH� SUHYLRXV� H[SHULPHQW� IRU� DQLRQLF�VXUIDFWDQWV�
5HVXOWV�DQG�'LVFXVWLRQ$GVRUSWLRQ�RI�DQLRQLF�VXUIDFWDQWV7KH�REWDLQHG�UHVXOWV�DW�GLIIHUHQW�S+�LQGLFDWHV�WKDW� DGVRUSWLRQ� YDOXHV� LQFUHDVH� LQ� ORZHU� S+��ILJXUH� ���� VR� WKDW� XS� WR� ���� RI� D� ���� PO�VROXWLRQ� FRQWDLQLQJ� �� PJ� RI� /$%6� ZDV�DGVRUEHG� E\� �JU� RI� KXVNV�� :KLOH�� WKH�DGVRUSWLRQ�YDOXH�ZDV� OHVV� WKDQ�����DW�S+���LQ�WKH�VDPH�FRQGLWLRQ�'XH�WR�WKH�ZHDN�EDVLVLW\�RI�/$%6��LWV�DFLGLF�IRUP� �5�&�+��62�+�� LV SUHGRPLQDQW� LQ�DFLGLF� VROXWLRQV� �L�H�� LQ� WKH� SUHVHQFH� RI�+�2���DQG�EHWWHU�DGVRUEHG�E\�ULFH�KXVN��)RU�LQYHVWLJDWLQJ� LQ� DGVRUSWLRQ� PHFKDQLVP�� ZH�VWXGLHG�WKH�HIIHFW�RI�WLPH�RQ�DGVRUSWLRQ���,Q�WKH� IORWDWLRQ� FRQGLWLRQ�� WKH� EHVW� DGVRUSWLRQ�YDOXH�IRU�/$%6�ZDV�REWDLQHG�DIWHU��KUV�DQG�DW� ORQJHU�SHULRGV��GHVRUSWLRQ�RFFXUUHG��%XW��PRUH�DPRXQWV�RI�$(6�ZHUH�UHPRYHG�DV�WKH�WLPH� LQFUHDVHG�� )LJXUH� �� VKRZV� WKH� WLPH�GHSHQGHQF\� RI� WZR� DQLRQLF� VXUIDFWDQWV�DGVRUSWLRQ�E\�ULFH�KXVNV�LQ�S+����'HVRUSWLRQ�RI� /$%6� LV� VKRZQ� FOHDUO\� LQ� WKLV� S+��7KLV�ILQGLQJ� DOORZV� FRQFOXGLQJ� WKDW� /$%6�VRUSWLRQ� IURP� ZDWHU� LV� DGVRUSWLRQ� RQ� ULFH�KXVN�SDUWLFOH�VXUIDFH��QRW�ELRVRUSWLRQ��,Q�WKH�FDVH� RI� $(6�� ZH� PD\� VXSSRVH� WKDW� WKH�IROORZLQJ� K\GURO\VLV� RFFXUV� LQ� DFLGLF�FRQGLWLRQ�

+�25262�+����������������� 52+���+�62��7R� LQYHVWLJDWH� RXU� DVVXPSWLRQ�� WKH� HIIHFW� RI�FRQFHQWUDWLRQ� RQ� DGVRUSWLRQ� YDOXHV� ZDV�VWXGLHG��)LJXUH���VKRZV�WKH�DGVRUSWLRQ�YDOXHV�LQ� WKH� VROXWLRQ� ZLWK� ��� ��� DQG� ���PJ�OLW�FRQFHQWUDWLRQV�DIWHU���DQG���KUV��7KH�UHPRYDO�HIILFLHQF\� IRU� WKH� ���PJ�OLW� VROXWLRQ� ZDV����� DIWHU� �� KUV�� ,W� LQGLFDWHV� WKDW� WKH�DGVRUSWLRQ� FDSDFLW\� RI� �JU� ULFH� KXVNV� LV� ����
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PJ� IURP� ��� PJ� RI� VXUIDFWDQW�� ,Q� WKH� PRUH�GLOXWHG�VROXWLRQ�����PJ�OLW���DGVRUSWLRQ�YDOXH�LV� XS� WR� ���� DIWHU� �� KUV�� 7KXV�� WKH� UHDFWLRQ�GRHV�QRW�SURFHHG�WKURXJK�K\GURO\VLV��EHFDXVH�WKH� UHPRYDO� HIILFLHQF\� LV� GHSHQGHQW� RQ� FRQ�FHQWUDWLRQ�7KH� DGVRUSWLRQ� YDOXHV� ����PO� RI� D� ��PJ�OLW�VROXWLRQ�RI�/$%6�RQ�D�FROXPQ�FRQWDLQLQJ��JU�ULFH� KXVNV� LV� VKRZQ� LQ� WDEOH� ��� 7KH� PHDQ�DGVRUSWLRQ�YDOXH�ZDV������,W�VHHPV�WKDW�WKLV�PHWKRG�LV�PRUH�DSSOLFDEOH�IRU�WKH�UHPRYDO�RI�VXUIDFWDQWV� IURP�ZDVWHZDWHU� DQG� WKH� GHVRUS�WLRQ�SUREOHP�LQ�ORQJHU�SHULRGV�LV�DOVR�VROYHG��

,W�ZDV�WKRXJKW�WKDW�WKH�IDW�ERG\�RI�KXVN�PLJKW�EH� UHODWHG� WR� WKH� UHPRYDO� PHFKDQLVP��7KHUHIRUH�� UHPRYDO� ZDV� H[DPLQHG� XVLQJ�GHIDWWHG� ULFH�KXVN��7KH�UHVXOW� VKRZV� WKDW� WKH�VXUIDFWDQW� UHPRYDO� E\� ULFH� KXVN� FDQQRW� EH�DWWULEXWHG�WR�WKH�IDW�ERG\�RI�ULFH�KXVNV�7KH� REWDLQHG� UHVXOWV� ZLWK� PLOOHG� ULFH� KXVNV�������� PHVK�� VKRZ� D� ��� LQFUHDVH� LQ�DGVRUSWLRQ�HIILFLHQF\��EXW�LW�LV�QRW�VLJQLILFDQW�HQRXJK�WR�EH�DSSOLHG�LQ�LQGXVWULDO�VFDOH�

)LJXUH����(IIHFW� RI� S+�RQ� DGVRUSWLRQ�RI� DQLRQLF� VXUIDFWDQWV����JUDPV�ULFH�KXVN LQ�����PO� VROXWLRQ�ZLWK� ���PJ�OLW�FRQFHQWUDWLRQ�DQG���KUV�UHDFWLRQ�WLPH

)LJXUH��� (IIHFW�RI�WLPH�RQ�DGVRUSWLRQ�RI�DQLRQLF�VXUIDFWDQWV�LQ�S+�����JU�ULFH�KXVN�LQ�����PO�VROXWLRQ�ZLWK���PJ�OLW�FRQFHQWUDWLRQ�
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)LJXUH��� $GVRUSWLRQ�YDOXHV�RI�D�����PO�$(6�VROXWLRQ�ZLWK�������DQG�����PJ�OLW�FRQFHQWUDWLRQV�LQ�WZR�VWLUULQJ�WLPHV�DQG��JU�KXVNV�S+���
7DEOH���7KH�DGVRUSWLRQ�YDOXHV�RI�D���PJ�OLW�VROXWLRQ�RI�/$%6�RQ�D�FROXPQ�FRQWDLQLQJ��JU�ULFH�KXVN �HDFK�IUDFWLRQ�ZDV����PO�
6ROYHQWV $GVRUSWLRQ�YDOXHV
)LUVW�IUDFWLRQ ���
�QG�IUDFWLRQ ���
�UG IUDFWLRQ ���
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$GVRUSWLRQ�RI�QRQLRQLF�VXUIDFWDQWV7KHUH� ZDV� QR� JUHDW� GLIIHUHQFH� LQ� WKH�DGVRUSWLRQ� YDOXHV� RI� 13(� ZLWK� WKH� WLPH�FKDQJHV�� +RZHYHU�� GHVRUSWLRQ�ZDV� REVHUYHG�DIWHU� �� KUV�� EHFDXVH� LWV� KLJK� VROXELOLW\� � LQ�ZDWHU�� 0HDQZKLOH�� WKH� S+� FKDQJHV� ZHUH� RI�QR� JUHDW� LPSRUWDQFH� LQ� WKH� DGVRUSWLRQ�DPRXQWV�7DEOH��� VKRZV� WKH� DGVRUSWLRQ�YDOXHV�����PO�RI� 13(� VROXWLRQV� E\� �JU� KXVNV�� �JU� KXVNV�FRXOG� DGVRUE� ���� RI� �PJ� 13(� LQ� ���PO�VROXWLRQ� ����PJ��� :H� H[SHFW� WR� VHH� DW� OHDVW�WKH� VDPH� UHVXOW� IRU� D� ��PJ�OLW� VROXWLRQ� RI�

13(�� :KLOH� WKH� DGVRUSWLRQ� YDOXH� ZDV�FRQVLGHUDEO\� GHFUHDVHG� ZLWK� DQ� LQFUHDVH� LQ�WKH� FRQFHQWUDWLRQ� DQG� QR� DGVRUSWLRQ� ZDV�REVHUYHG� LQ� WKH� ��PJ�OLW� VROXWLRQ�� 7KLV�PD\�EH� UHODWHG� WR� PLFHOOH� IRUPDWLRQ� RI� QRQLRQLF�VXUIDFWDQWV��7KH�FULWLFDO�PLFHOOH�FRQFHQWUDWLRQ��&0&��RI 13(� �ZLWK� HWKR[\ODWLRQ�GHJUHH�RI������ LV� YDULDEOH� EHWZHHQ� ���������������������PJ�OLW�� >��@�� 7KXV�� LQ� KLJKHU�FRQFHQWUDWLRQV� WKDQ� ��PJ�OLW�� WKH� PLFHOOH�IRUPDWLRQ� LV� PRUH� SUREDEOH�� $GGLWLRQ� RI�HOHFWURO\WH� IRU�DGMXVWLQJ�S+�LV�DQRWKHU� IDFWRU�HIIHFWLYH� LQ� &0&� GHFUHDVH�� 7KH� REWDLQHG�
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UHVXOWV� E\� XVLQJ� FROXPQ� VKRZHG� WKDW� WKH�DGVRUSWLRQ� \LHOG� LV� KLJKHU� WKDQ� IORDWLQJ�PHWKRG� DQG� DGVRUSWLRQ� YDOXH� LQFUHDVHV� ZLWK�GHFUHDVLQJ�WKH�IORZ�UDWH�
&RQFOXVLRQ2XU� H[SHULPHQWV� RQ� DQLRQLF� VXUIDFWDQWV�UHYHDOHG�WKHLU�ORZ�WHQGHQF\�WR�EH�DGVRUEHG�E\�KXVNV�LQ�S+���DQG����:KLOH��PRUH�WKDQ�����RI�WKHVH�VXUIDFWDQWV�DUH�DGVRUEHG�E\�KXVNV�LQ�S+����7KH�DON\O�EHQ]HQH�VXOIXQDWHV��5�&�+��62�1D�� DUH� LQ� VXOIRQLF� DFLG� IRUP� XQGHU�DFLGLF� FRQGLWLRQ�� 6R� WKH\� DUH� DGVRUEHG� LQ�WKHLU�DFLGLF�IRUP��QRW�DV�LRQV�%HFDXVH� RI� QRQLRQLF� QDWXUH� RI� QRQ\O�SKHQRO�HWR[\ODWH�� LW� GRHV� QRW� UHTXLUH� WR� FKDQJH� WKH�S+� IRU� DGVRUSWLRQ�� 7KH� H[SHULPHQW� UHVXOWV�DOVR� VKRZ� WKDW� WKH� DGVRUSWLRQ� HIILFLHQF\� LV�OLPLWHG� DQG� WKH� KXVNV� VXUIDFH� LV� VDWXUDWHG�ZLWK�DGVRUEDWH�� ,W� VHHPV� WKDW� LQ�DOO�FDVHV� WKH�VRUSWLRQ�LV�YLD�DGVRUSWLRQ��'HVRUSWLRQ�GXULQJ�WKH� ORQJHU� WLPHV� DOVR� FRQILUP� RXU� DV�VXPSWLRQ�� 2XU� ILQGLQJ� RQ� WKH� DGVRUSWLRQ� RI�VXUIDFWDQWV�RQ�KXVN�DVK�VKRZHG�WKDW�WKH�DVK�LV�QRW�UHVSRQVLEOH�IRU�DGVRUSWLRQ�SURFHVV��

)LJ����VKRZV�WKH�UHJXODU�VKDSH�RI�KXVN�DVK�LQ�LWV�PLFURVFRSLF� LPDJH��7KH� VPDOO� SRUH� VL]HV��������PDNH�WKHP�DSSURSULDWH�VPDOO�FDJHV�WR�WUDS� WKH� PROHFXOHV�� ,I� WKH� VXUIDFH� WHQVLRQ� LV�HQRXJK� PDQ\� PROHFXOHV� DUH� HDVLO\� WUDSSHG��/LNH� WKH� VWDWLRQDU\� SKDVH� LQ� OLTXLG� FKUR�PDWRJUDSK\� �/&��� WKH� KXVN FHOOXORVH� KDV�FRDWHG� WKH� ZKROH� 6L2�� VXSSRUW� DQG� WKH� ILQH�VXSSRUW�SDUWLFOHV��ZLWK�WKH�PHVK�VL]H�RI���������� LPSURYH� WKH� DGVRUSWLRQ� FRQGLWLRQ��'XH�WR� WKH� ORQJ� FKDLQV� RI� VXUIDFWDQW�� WKHUH� LV�VWURQJ� 9DQ� GHU� :DDOV� IRUFH� EHWZHHQ� VXU�IDFWDQWV� DQG� FHOOXORVH� FKDLQ��ZKLFK� SURYLGHV�D�PRUH�GHVLUDEOH�FRQGLWLRQ�IRU�DGVRUSWLRQ�7KH� VSHFLILF� VXUIDFH� DUHD� RI� WKH� KXVN� DVK�SRZGHU�ZDV�PHDVXUHG�E\�%(7�PHWKRG�� ,W� LV�������P��J��ZKLFK�LV�LQVLJQLILFDQW��FRPSDUHG�WR� FDUERQ� DFWLYH� VSHFLILF� VXUIDFH� DUHD� ��������P��J���7KHUHIRUH�� WKH VSHFLILF� DUHD� LV� QRW�WKH� XQLTXH� IDFWRU� LQ� DGVRUSWLRQ�� %XW�VSHFLILFDOO\��WKH�GLVWULEXWLRQ�RI�FHOOXORVH�OD\HU�RQ� UHODWLYHO\� ODUJH� VXUIDFH� DUHD� RI� 6L2�� KDV�FRQVLGHUDEO\� LQFUHDVHG� WKH� DGVRUSWLRQ� HIILFL�HQF\�
7DEOH ���$GVRUSWLRQ�YDOXHV�13(�LQ����PO�VROXWLRQ DQG��JU�KXVNV�LQ�GLIIHUHQW�FRQFHQWUDWLRQ
&RQFHQWUDWLRQ��PJ�OLW� �� �� �� ��
$GVRUSWLRQ�YDOXHV���� �� �� ���� �

)LJXUH���0LFURVFRSLF�LPDJH�RI�KXVN�DVK



5HPRYDO�RI�6XUIDFWDQWV�IURP�ZDVWHZDWHU�E\�5LFH�+XVN

�� ,UDQLDQ�-RXUQDO�RI�&KHPLFDO�(QJLQHHULQJ��9RO�����1R���

5HIHUHQFHV�� .LUN� 2WKPHU��� (QF\FORSHGLD� RI� &KHPLFDO�7HFKQRORJ\��WK (G��9RO������SS����������DQG�YRO�����SS��������������������� 5DSDSRUW� 5�� $�� DQG� (FNKRII� :�� 6���³0RQLWRULQJ�OLQHDU�DON\O�EHQ]HQH�VXIRQDWH�LQ�WKH� HQYLURQPHQW� ���������´� (QYLURQ�PHQWDO� 7R[LFRORJ\�&KHPLVWU\ �� ��� ������ �������������� 3DLQWHU� +�� $�� DQG� =DEHO� 7��� ³7HQVLGH�6XUIDFWDQWV� DQG� 'HWHUJHQWV´� ������� ������������� 50���� ³5LVN� $VVHVVPHQW� IRU� 3DUD� 1RQ\�OSKHQRO� (WKR[\ODWHV´�� 8�� 6�� (QYLURQPHQWDO3URWHFWLRQ� $JHQF\�� :DVKLQJWRQ� '&�� -XO\�����$5�������������� :HHNV� -�� $�� DQG� HW� DO��� 3URFHHGLQJ� RI� WKH�&(6,2� �WK :RUOG� 6XUIDFWDQWV� &RQJUHVV�%DUFHORQD�� 6SDLQ�� (XURSHDQ� &RPPLWWHH� LQ�6XUIDFWDQWV� DQG� 'HWHUJHQWV�� %UXVVHOV�� %HO�JLXP��SS��������������� 50���� 5LVN� $VVHVVPHQW� IRU� 3DUD�QRQ\O�3KHQRO� 8�� 6�� (QYLURQPHQWDO� 3URWHFWLRQ�$JHQF\��:DVKLQJWRQ�� 'F�� -XO\� ����$5� ������������� %HOIRUG� *��� �$GVRUSWLRQ� RQ� FDUERQ��7KHRUHWLFDO� FRQVLGHUDWLRQV��� (QYLURQPHQW�6FLHQFH�	�WHFKQRORJ\ ����������������������� )RJLHV�(��*��DQG�)URVWLHU�&��)���7KH�8VH�RI�5LFH� +XVN� IRU� 5HPRYDO� RI� 3KHQRO� IURP�:DVWHZDWHU� DV� 6WXGLHG� 8VLQJ� �� DPLQRDQ�WLS\ULQH� 6SHFWURSKRWRPHWULF� 0HWKRG��� (Q�YLURQPHQWDO 7HFKQRORJ\ ������������������� /HH� .�� 0�� DQG� /LP� 3�� (�� �7UHDWPHQW� RI�3KHQROLF� :DVWHZDWHU� 8VLQJ� $JULFXOWXUDO�:DVWHV� DV� DQ� $GVRUEHQW� LQ� D� 6HTXHQFLQJ�%DWFK� 5HDFWRU��� -�� :DWHU� 6FLHQFH� DQG�7HFKQRORJ\�� ��������������������� $GDFKL $���7DNDJL 6� DQG�2NDQR 7����6WXGLHV�RQ� 5HPRYDO� (IILFLHQF\� RI� 5LFH� %UDQ� IRU�3HVWLFLGHV���-RXUQDO�RI�+HDOWK�6FLHQFH ���������������������� $GDFKL $��� .LPDWD 6��� 1RJXFKL 0� DQG�2NDQR 7��� �'HFRPSRVLWLRQ� RI� 0RQR�&KORUDPLQH� IURP� :DWHU� ZLWK� 5LFH� %UDQ���-RXUQDO� RI� +HDOWK� 6FLHQFH �� ������ �������������

��� &KDQJ� &��� 3DJH� $�� /�� DQG� %LQJKDP� )�� 7����+HDY\� PHWDOV� DGVRUSWLRQ� E\� ZLQWHU� ZKHDW�IROORZLQJ� WHUPLQDWLRQ� RI� FURSODQG� VOXGJH�DSSOLFDWLRQV��� -RXUQDO� RI� (QYLURQ�� 4XDOLW\��������������������� 'UDNH� /�� 5��� /LQ� 6��� 5D\VRQ� *�� '��� DQG�-DFNVRQ� 3�� -��� �&KHPLFDO� 0RGLILFDWLRQ� DQG�0HWDO� %LQGLQJ� 6WXGLHV� RI� 'DWXUD� LQQR[LD���(QYLURQPHQWDO� 6FLHQFH� DQG� 7HFKQRORJ\ �� ��������������������� (3$� 5HSRUW ����5� �������� ³0HWKRGV� IRU�GHWHUPLQDWLRQ� RI� RUJDQLF� FRPSRXQGV� LQ�GULQNLQJ� ZDWHU´�� :DVKLQJWRQ� '&� 0HWKRG������5HY�������$XJXVW��������� 0H\HUV� 5�� 0�� (QF\FORSHGLD� RI� $QDO\WLFDO�&KHPLVWU\�� $SSOLFDWLRQ�� 7KHRU\� DQG� ,QVWUX�PHQWDWLRQ��-RKQ�:LOH\�DQG�6RQV������� �������������� 3RUWHU� 0�� 5��� +DQGERRN RI� 6XUIDFWDQWV�&KDSPDQ�DQG�+DOO��SS�����������������


