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6\QFKURWURQ ;�UD\ VFDWWHULQJ ZDV XVHG IRU VWUXFWXUDO LQYHVWLJDWLRQV LQ V\VWHPV RI VRGLXP

SRO\�VW\UHQHVXOIRQDWH� �1D366� DQG GRGHF\O� �'3&� DQG FHW\OS\ULGLQLXP FKORULGHV �&3&� DW

YDULRXV VXUIDFWDQW WR SRO\HOHFWURO\WH �6�3� PRODU UDWLRV� )URP WKH %UDJJ SHDNV HPHUJLQJ LQ

WKH VFDWWHULQJ FXUYHV WZR W\SHV RI RUJDQL]DWLRQ RI VXUIDFWDQW LQ FRQMXQFWLRQ ZLWK WKH SRO\LRQ

DUH SURSRVHG� ,Q 1D366�'3& �DOO 6�3 YDOXHV� DQG LQ 1D366�&3& FRPSOH[HV �6�3����� WKH

VXUIDFWDQW LV DJJUHJDWHG LQWR VSKHULFDO SRO\HOHFWURO\WH�LQGXFHG PLFHOOHV� 7KHVH PLFHOOHV DUH

VPDOOHU LQ VL]H WKDQ WKH RUGLQDU\ RQHV� %\ LQFUHDVLQJ WKH 6�3 UDWLR� WKH\ JURZ LQ VL]H� ZKHUHDV

WKH QXPEHU RI PLFHOOH�OLNH DJJUHJDWHV SHU SRO\LRQ�FKDLQ UHPDLQV DSSUR[LPDWHO\ FRQVWDQW� ,Q

WKH 1D366�&3& SUHFLSLWDWH �6�3t�� D KH[DJRQDO SKDVH LV REVHUYHG ZLWK D XQLW FHOO FRQVWDQW

HTXDO WR ���� c LQ ZKLFK PLFHOOHV FKDQJH LQWR D F\OLQGULFDO VKDSH� 1R VLPLODU FU\VWDOOLQH�OLNH

VWUXFWXUH ZDV REVHUYHG LQ FRPSOH[HV ZLWK '3&�

�

,QWURGXFWLRQ�

� ,RQLF� VXUIDFWDQWV� IRUP� FRPSOH[HV� ZLWK� RSSRVLWHO\� FKDUJHG� SRO\HOHFWURO\WHV�

DOUHDG\�LQ�H[WUHPHO\�GLOXWH�VROXWLRQV�����,Q�JHQHUDO��WKH�FRPSOH[DWLRQ�UHDFWLRQ�UHVXOWV�LQ�

SKDVH� VHSDUDWLRQ� ZKHUHE\� DQ� LQVROXEOH� FRPSOH[� EHWZHHQ� WKH� SRO\HOHFWURO\WH� DQG� WKH�

VXUIDFWDQW�LV�IRUPHG��,Q�FRQMXQFWLRQ�ZLWK�WKH�SRO\HOHFWURO\WH��WKH�VXUIDFWDQW�LV�DJJUHJDWHG�

LQWR�WKH�VR�FDOOHG�SRO\LRQ�LQGXFHG�PLFHOOHV��LQ�ZKLFK�WKH�DGGHG�SRO\LRQ�KDV�WKH�HIIHFW�RI�

FRQQHFWLQJ� WKH� RSSRVLWHO\� FKDUJHG� VXUIDFWDQW� DJJUHJDWHV� WRJHWKHU�� 9DULRXV� RUGHUHG�

VWUXFWXUHV�KDYH�EHHQ�REVHUYHG�LQ�VXFK�SUHFLSLWDWHV�RU�KLJKO\�GHQVH�SKDVHV��&DUQDOL��IRXQG�

D� KH[DJRQDO� SKDVH� LQ� WKH� SKDVH� GLDJUDP� RI� ��� �� QHXWUDOL]HG� VRGLXP� SRO\�DFU\ODWH���

�1D3$��WHWUDGHF\OWULPHWK\ODPPRQLXP�EURPLGH��DQG�ZDWHU��/LNHZLVH��,OHNWL�HW�DO���IRXQG�

FXELF�� KH[DJRQDO� DQG� ODPHOODU� SKDVHV� LQ� D� SKDVH� GLDJUDP�RI� VWRLFKLRPHWULF� FRPSOH[HV�

EHWZHHQ�1D3$� DQG� FHW\OWULPHWK\ODPPRQLXP� EURPLGH�� ,Q� WKH�ZRUN� UHSRUWHG� KHUH�� RXU�

SXUSRVH� LV� WR� REWDLQ� LQIRUPDWLRQ� DERXW� WKH� VWUXFWXUDO� SURSHUWLHV� RI� FRPSOH[HV� IRUPHG�

EHWZHHQ� VRGLXP� SRO\�VW\UHQHVXOIRQDWH�� �1D366�� DQG� GRGHF\O�� �'3&�� DQG�
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FHW\OS\ULGLQLXP� FKORULGHV� �&3&��� 7KH� ELQGLQJ� RI� FHW\OS\ULGLQLXP� FDWLRQ� �&3��� E\�

SRO\�VW\UHQHVXOIRQDWH��DQLRQ��366���LV�RQH�RI�WKH�VWURQJHVW�RQHV�REVHUYHG��,W�VWDUWV�DW�IUHH�

VXUIDFWDQW�FRQFHQWUDWLRQ�LQ�ZDWHU�DURXQG������PRO�/�DQG�FRQWLQXHV�WR�DOPRVW�TXDQWLWDWLYH�

DVVRFLDWLRQ� ������ ELQGLQJ������ 7KH� ELQGLQJ� RI� GRGHF\OS\ULGLQLXP� FDWLRQ� �'3��� LV� OHVV�

VWURQJ�� LW� LV� VKLIWHG� WR� IUHH�'3&� FRQFHQWUDWLRQ� DURXQG� �����PRO�/� DQG� UHDFKHV� DURXQG�

�������� :H� SUHVXPH� WKDW� WKHVH� VWURQJ� LQWHUDFWLRQV� DUH� UHIOHFWHG� DOVR� LQ� WKH� VWUXFWXUDO�

SURSHUWLHV� RI� FRPSOH[HV�� 7KH� ODWWHU� ZLOO� EH� H[DPLQHG� E\�PHDQV� RI� V\QFKURWURQ�;�UD\�

VFDWWHULQJ��6$;6��LQ�D�ZLGH�UDQJH�RI�VXUIDFWDQW�WR�SRO\HOHFWURO\WH�PRODU�UDWLRV��

�

([SHULPHQWDO�VHFWLRQ�

0DWHULDOV�DQG�3UHSDUDWLRQ�RI�6DPSOHV�

6RGLXP�SRO\�VW\UHQHVXOIRQDWH���1D366��ZLWK�D�PRODU�PDVV�RI�DERXW����NJ�PRO�DQG�D�

GHJUHH� RI� VXOIRQDWLRQ� RI� ����� VXSSOLHG� E\� 3RO\VFLHQFHV�� ,QF�� �:DUULQJWRQ�� 3$�� ZDV�

SUHSDUHG� DQG� SXULILHG� E\� WKH� SURFHGXUH� GHVFULEHG� LQ� OLWHUDWXUH��� 7KH� VXUIDFWDQWV�� 1�

FHW\OS\ULGLQLXP� FKORULGH� �&3&�� SXULVV�� .HPLND� =DJUHE�� &URDWLD�� DQG� 1��

GRGHF\OS\ULGLQLXP� FKORULGH� �'3&�� D� JLIW� IURP� 0HUFN�6FKXFKDUGW��� ZHUH� UHSHDWHGO\�

UHFU\VWDOOL]HG� IURP� DFHWRQH� DQG� GULHG� XQGHU� YDFXXP� DW� ��� �&�� $OO� VROXWLRQV� ZHUH�

SUHSDUHG�ZLWK�XOWUD�SXUH�ZDWHU�REWDLQHG�IURP�WKH�0LOOL�4�5HDJHQW�*UDGH�:DWHU�6\VWHP��

0LOOLSRUH��

7KH�PL[HG�1D366�'3&�DQG�1D366�&3&�VROXWLRQV�ZHUH�SUHSDUHG�E\�VORZO\�DGGLQJ�

DQ� DSSURSULDWH� DPRXQW� RI�'3&� RU� &3&� VWRFN� VROXWLRQ� LQ�ZDWHU� WR� D� VWRFN� VROXWLRQ� RI�

1D366�DW� URRP�WHPSHUDWXUH�XQGHU�VWLUULQJ�����7KH�WRWDO�SRO\HOHFWURO\WH�FRQFHQWUDWLRQ�LQ�

WKH�ILQDO�PL[HG�VROXWLRQV�ZDV������PROHV�RI�PRQRPHU�XQLWV�SHU�YROXPH�RI�VROXWLRQ��7KH�

VROXWLRQV� ZHUH� VWXGLHG� LQ� D� ZLGH� UDQJH� RI� VXUIDFWDQW� WR� SRO\HOHFWURO\WH� PRODU� UDWLR��

GHQRWHG�E\�6�3��IURP���XS�WR������6�3�ZDV�FDOFXODWHG�DV�WKH�UDWLR�EHWZHHQ�WKH�QXPEHU�RI�

PROHV�RI�VXUIDFWDQW�DQG�RI� WKH�PRQRPHU�XQLWV�RI� WKH�SRO\HOHFWURO\WH��UHVSHFWLYHO\���7KH�

VDPSOHV� DUH� FRPSOHWHO\� WUDQVSDUHQW� XS� WR� 6�3� UDWLRV� D� OLWWOH� DERYH� �������� $W� KLJKHU�

VXUIDFWDQW� FRQWHQW�� WKH� VROXWLRQV�EHFRPH� WXUELG� DQG�DW� DSSUR[LPDWHO\�����PRODU� UDWLR�D�

ZKLWH� FRPSOH[�SKDVH�VHSDUDWHV� IURP� WKH� VROXWLRQ��7KH�366��'3�� FRPSOH[� LV�D� VOLJKWO\�

VWLFN\� SKDVH�� ZKHUHDV� WKH� 366��&3�� RQH� LV� D� SRZGHUOLNH� ZKLWH� SUHFLSLWDWH�� 7KH�

HTXLOLEULXP�VROXWLRQ�LV�D�WUDQVSDUHQW�ZDWHUOLNH�SKDVH��,W�FRQWDLQV�D�UDWKHU�ORZ�DPRXQW�RI�
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H[FHVV� VXUIDFWDQW� DQG� 1D&O�� 7KH� ODWWHU� RQH� UHVXOWV� IURP� WKH� FRPSOH[DWLRQ� UHDFWLRQ�

EHWZHHQ�WKH�SRO\HOHFWURO\WH�DQG�VXUIDFWDQW��������

6\QFKURWURQ� ;�UD\� PHDVXUHPHQWV�� 6PDOO�DQJOH� ;�UD\� H[SHULPHQWV� ZHUH�

SHUIRUPHG� RQ� WKH� 6$;6�:$;6� EHDP� OLQH� %0��� �'8%%/(�� DW� WKH� (XURSHDQ�

6\QFKURWURQ� 5DGLDWLRQ� )DFLOLW\� �(65)�� *UHQREOH����� 7KH� VDPSOHV� IRU� 6$;6�

PHDVXUHPHQWV�ZHUH�ILOOHG�LQ�D�WKHUPDOO\�LVRODWHG�VDPSOH�KROGHU��ZKLFK�ZDV�NHSW�DW����&��

7KH�GHWDLOV�LQ�FRQQHFWLRQ�ZLWK�WKH�H[SHULPHQWV�DUH�GHVFULEHG�HOVHZKHUH�����7KH�UDQJH�RI�

WKH� VFDWWHULQJ� YHFWRU�~T~� �T�  � ��S�O�VLQT�� ZKHUH� T� LV� WKH� ZDYHOHQJWK� RI� WKH� LQFLGHQW�

EHDP�DQG��T� LV� WKH�VFDWWHULQJ�DQJOH��VWXGLHG�ZDV�IURP������WR�����c����6LOYHU�EHKHQDWH�

ZDV� XVHG� DV� D� ORZ�DQJOH� GLIIUDFWLRQ� VWDQGDUG� WR� FKHFN� WKH� SURSHU� DOLJQPHQW� DQG� WR�

FDOLEUDWH� WKH� LQVWUXPHQWDWLRQ�� 7KH� 6$;6� GDWD�ZHUH� QRUPDOL]HG� WR� WKH� LQWHQVLW\� RI� WKH�

SULPDU\�EHDP�DQG�FRUUHFWHG�IRU�WKH�GHWHFWRU�UHVSRQVH��7KH�EDFNJURXQG�VFDWWHULQJ�GXH�WR�

WKH� VROYHQW� ZDV� VXEWUDFWHG� IURP� WKH� VFDWWHULQJ� FXUYHV� E\� WDNLQJ� LQWR� DFFRXQW� WKH�

GLIIHUHQFHV� LQ� WKH� DEVRUSWLRQ� RI� WKH� VROXWLRQ� DQG� WKH� VROYHQW�� )RU� WKH� SUHOLPLQDU\�

WUHDWPHQW�RI�GDWD�WKH�VRIWZDUH�SDFNDJHV�%6/���DQG�),7�'���ZHUH�XVHG��

� *HQHUDO� 5HPDUNV� RQ� 6FDWWHULQJ� &XUYHV� IURP� 6XUIDFWDQW�3RO\HOHFWURO\WH�

6ROXWLRQ��7KH�DSSHDUDQFH�RI�GLIIUDFWLRQ�SHDNV�LQ�WKH�6$;6�SURILOHV�LV�DQ�LQGLFDWLRQ�RI�D�

KLJK�GHJUHH�RI�RUGHU�LQ�WKH�V\VWHP��6FKHUUHU���VKRZHG�WKDW�WKH�PHDQ�FU\VWDOOLWH�VL]H�LQ�D�

JLYHQ� VDPSOH� LV� UHODWHG� WR� WKH� SXUH� ;�UD\� GLIIUDFWLRQ� OLQH� EURDGHQLQJ� DQG� PD\� EH�

HVWLPDWHG�IURP�%UDJJ�SHDNV�E\�WKH�HTXDWLRQ��

/
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ZKHUH�E6� LV� WKH� IXOO�ZLGWK�DW�D�KDOI�PD[LPXP�LQWHQVLW\�RI� WKH�SHDN��7KH�YDOXH�RI�E6� LV�

REWDLQHG� E\� PRGHOLQJ� WKH� %UDJJ� SHDN� LQ� 6$;6� FXUYHV� XVLQJ� D� *DXVVLDQ� IXQFWLRQ��

3DUDPHWHU� /� LV� D� PHDVXUH� RI� WKH� PHDQ� ORQJ�UDQJH� RUGHU� LQ� WKH� V\VWHP��0RUHRYHU�� DQ�

³LQWHUDFWLRQ�UDGLXV´��UP��RI�WKH�VFDWWHULQJ�HQWLWLHV�DQG�D�GHJUHH�RI�GLVRUGHU��'�D ��LQ�WKH�

V\VWHP�FDQ�EH�REWDLQHG�IURP�H[SUHVVLRQV�����DQG�������
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,Q�(T�������'�LV�WKH�ZLGWK�RI�IOXFWXDWLRQV�LQ�GLVWDQFHV�EHWZHHQ�WKH�QHLJKERULQJ�VFDWWHULQJ�

XQLWV�DQG� D �� ��S�TP��ZKHUH�TP�LV�WKH�YDOXH�RI�WKH�VFDWWHULQJ�YHFWRU�FRUUHVSRQGLQJ�WR�WKH�

SHDN�PD[LPXP��LV�WKH�FKDUDFWHULVWLF�VL]H�RI�WKH�RUGHUHG�HOHPHQWV��7KH�LQWHUDFWLRQ�UDGLXV�

LV� D� SDUDPHWHU� WKDW� LV� GHILQHG� E\� WKH� UHJLRQ� ZKHUH� WKH� GLVWULEXWLRQ� IXQFWLRQ� EHFRPHV�

SUDFWLFDOO\� VPRRWK� DQG� DSSURDFKHV� WKH� PHDQ� YDOXH�� ³*DV´�W\SH� VFDWWHULQJ� ZLWK� QR�

PD[LPXP�LQ�WKH�VFDWWHULQJ�FXUYH�RFFXUV�LI�WKH�GHJUHH�RI�GLVRUGHU�'�D �H[FHHGV�������������

ZKHUHDV�IRU�'�D �|�����RQH�DOUHDG\�REVHUYHV�D�VWURQJ�ILUVW�PD[LPXP��)RUPDOO\�VSHDNLQJ��

UHGXFWLRQ�LQ�'�D �ZRXOG�OHDG�WR�WKH�FU\VWDOOLQH�ODWWLFH��KRZHYHU��RQO\�KLJK�YDOXHV�RI�WKLV�

SDUDPHWHU�DUH�FKDUDFWHULVWLF�IRU�UHDO�REMHFWV���

�

5HVXOWV�DQG�GLVFFXVLRQ�

7KH� VFDWWHULQJ� FXUYHV� REWDLQHG� LQ� SXUH� 1D366� DQG� LQ�PL[HG�1D366�'3&� DQG�

1D366�&3&�VROXWLRQV�DUH�VKRZQ�LQ�)LJXUHV��D�DQG��D��7KH�FXUYHV�ZLWK�6�3� �����DQG�����

IRU� '3&� DQG� ZLWK� 6�3�  � ���� DQG� ���� IRU� &3&� FRUUHVSRQG� WR� D�PLON\� VROXWLRQ� RI� WKH�

FRPSOH[� DQG� WR� WKH� SUHFLSLWDWHG� ���� FRPSOH[�� UHVSHFWLYHO\�� 7KH� VFDWWHULQJ� SDWWHUQ� IRU�

SXUH�1D366�LQ�ZDWHU�GLVSOD\V�D�VPRRWK�GHFD\�RYHU�WKH�ZKROH�T�UDQJH�VWXGLHG��$IWHU�WKH�

DGGLWLRQ�RI�VXUIDFWDQW�WR�WKH�SRO\HOHFWURO\WH��D�EURDG�GLIIUDFWLRQ�PD[LPXP�HPHUJHV�LQ�WKH�

FXUYHV��ZKLFK�EHFRPHV�QRWLFHDEO\�VKDUSHU�IRU�6�3�YDOXHV�FORVH�WR�RU�KLJKHU�WKDQ����)RU�

1D366�&3&�FRPSOH[HV�ZLWK�6�3� ���DQG������WKH�VFDWWHULQJ�SDWWHUQ�HYHQ�H[KLELWV�D�YHU\�

LQWHQVH�PDLQ�SHDN�DFFRPSDQLHG�E\�WZR�ZHOO�UHVROYHG�KLJKHU�RUGHU�SHDNV��7KLV�LV�VKRZQ�

LQ�PRUH�GHWDLO�LQ�)LJXUH���RQ�D�VHPL�ORJDULWKPLF�SORW��2QH�KDV�WR�QRWH�WKDW�LQ�SXUH�'3&�

RU�&3&�VROXWLRQV�LQ�D�VLPLODU�FRQFHQWUDWLRQ�UDQJH�RI�VXUIDFWDQW�DV�VWXGLHG�LQ�WKH�PL[HG�

SRO\HOHFWURO\WH�VXUIDFWDQW�V\VWHPV��WKH�KLJKHVW�WRWDO�VXUIDFWDQW�FRQFHQWUDWLRQ�LQ�WKLV�VWXG\�

LV�DURXQG�����YRO����QR�PD[LPXP�ZDV�IRXQG�����,Q�WKH�FDVH�RI�SXUH�VXUIDFWDQW�VROXWLRQV��

D� VFDWWHULQJ� SHDN� RFFXUV� RQO\� IRU� VXIILFLHQWO\� KLJK� VXUIDFWDQW� FRQFHQWUDWLRQV�� W\SLFDOO\��

WKDW�LV�LQ�D����YRO���'3&�RU�&3&�VROXWLRQ�����DW�WKH�T�YDOXH�FRUUHVSRQGLQJ�WR�WKH�PRVW�
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)LJXUH �� D� 6$;6 SDWWHUQV IRU SXUH �� 1D366 ��� DQG IRU 1D366�'3& FRPSOH[HV ZLWK LQFUHDVLQJ 6�3

UDWLR� 6�3  ��� ���� ��� �x�� ��� �|�� ��� �z�� DQG ��� �¨�� E� WKH VFDWWHULQJ LQ WKH UHJLRQ RI WKH

LQWHUIHUHQFH PD[LPXP� DIWHU VXEWUDFWLQJ WKH EDFNJURXQG� IRU VROXWLRQV ZLWK 6�3  ���� ���� DQG ����
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)LJXUH �� D� 6$;6 SDWWHUQV IRU SXUH �� 1D366 ��� DQG IRU 1D366�&3& FRPSOH[HV ZLWK LQFUHDVLQJ 6�3

UDWLR� 6�3  ��� ���� ��� �|�� ��� �x�� ��� �¨�� DQG ��� �v�� E� WKH VFDWWHULQJ LQ WKH UHJLRQ RI WKH LQWHUIHUHQFH

PD[LPXP� DIWHU VXEWUDFWLQJ WKH EDFNJURXQG� IRU VROXWLRQV ZLWK 6�3  ���� ���� DQG ����

SUREDEOH�GLVWDQFH�G�� ��S�TP��EHWZHHQ�IUHH�VXUIDFWDQW�PLFHOOHV��
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)LJXUHV� �E� DQG� �E� VKRZ� WKH� LQWHUIHUHQFH� PD[LPD� IRU� 1D366�'3&� DQG� IRU�

1D366�&3&�VROXWLRQV��UHVSHFWLYHO\��ZLWK�6�3d����DIWHU�VXEWUDFWLQJ�WKH�EDFNJURXQG��7KH�

PD[LPD� IRU� FRPSOH[HV� ZLWK� KLJKHU� 6�3� YDOXHV� UHWDLQ� WKHLU� RULJLQDO� VKDSH� DIWHU� WKH�

FRUUHFWLRQ�IRU�WKH�EDFNJURXQG�VFDWWHULQJ��7KHVH�ZLOO�EH�WUHDWHG�ODWHU��7KH�SHDN�SRVLWLRQV�

LQ�TP�YDOXHV��WKH�FRUUHVSRQGLQJ�GLVWDQFHV�D ��DQG�WKH�VWUXFWXUDO�SDUDPHWHUV�REWDLQHG�IURP�

(TV�� ���� DUH� UHSRUWHG� LQ�7DEOH� ��� ,Q� WKH�1D366�'3&� FDVH�� WKH� SHDNV� DUH� IRXQG� LQ� WKH�

UDQJH� RI� TP�YDOXHV� IURP� ������ WR� ����� c
�
��� ZKHUHDV� IRU� 1D366�&3&� VROXWLRQV� WKH\�

DSSHDU� LQ� WKH�TP�UDQJH�IURP������� WR�������c
�
���2QH�FDQ�VHH�� WKDW� WKH�LQFUHDVH�LQ�6�3��

UDWLR�FDXVHV�WKH�SHDN�WR�VKLIW�WR�ORZHU�TP�YDOXHV��&RQVHTXHQWO\��WKH�FKDUDFWHULVWLF�VL]H�RI�

WKH�RUGHUHG�HOHPHQWV��D ��LQFUHDVHV�IURP������c� WR������c�DQG�IURP������c�WR����c�IRU�

'3&� �DOO� 6�3�YDOXHV�� DQG� &3&� �6�3� ������� UHVSHFWLYHO\�� $FFRUGLQJ� WR� 7DQIRUG���� WKH�

OHQJWKV�RI�H[WHQGHG�GRGHF\O��&����DQG�FHW\O��&����FKDLQV�HPEHGGHG�LQ�D�PLFHOODU�FRUH�DUH�

7DEOH �� 6WUXFWXUDO SDUDPHWHUV RI 1D366�'3& DQG 1D366�&3& FRPSOH[HV LQ ZDWHU REWDLQHG IURP WKH

SHDN�V� LQ WKH 6$;6 FXUYHV�

V\VWHP� 6�3�� TP���c
��� D ���c� /���c� UP���c� '�D �

1D366�'3&� ���� ������ ����� ��� ��� �����
� ���� ������ ����� ��� ���� �����
� ���� ������ ����� ��� ���� �����
� ���� ������ ����� ���� ���� �����
� ���� ������ ����� ���� ���� �����
1D366�&3&� ���� ������ ����� ��� ���� �����
� ���� ������ ����� ��� ���� �����
� ���� ������ ����� ��� ���� �����

� �����SHDN���� ������ ����� � � �
� �����SHDN���� a������ ����� � � �
� �����SHDN���� ������ ����� � � �
� �����SHDN���� ������ ����� � � �
� �����SHDN���� ������ ����� � � �
� �����SHDN���� ������ ����� � � �

�

������ DQG� ������ c�� UHVSHFWLYHO\�� 7KHUHIRUH�� WKH� UHSRUWHG� D �VSDFLQJ�YDOXHV� DUH� ORZHU�

WKDQ� RU� FRPSDUDEOH� WR� WKH� ODUJHVW� SRVVLEOH� H[WHQVLRQ� RI� WZR� &��� RU� &��� K\GURFDUERQ�

FKDLQV�LQFRUSRUDWHG�LQ�D�OLTXLG�K\GURFDUERQ�OLNH�HQYLURQPHQW��IRU�H[DPSOH�LQ�D�PLFHOODU�

FRUH�� 7KHVH� UHVXOWV� VXJJHVW� WKDW� '3&� DQG�&3&� ELQG� WR� WKH� 366� DQLRQ� LQ� WKH� IRUP� RI�

PLFHOOHV��ZKLFK�DUH�VPDOOHU�LQ�VL]H�WKDQ�PLFHOOHV�IRUPHG�LQ�SXUH�GHWHUJHQW�VROXWLRQV��2QH�
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FRXOG� SURSRVH� WKDW� WKH� UHSRUWHG� D �VSDFLQJ� LV� WKH� FHQWUH�WR�FHQWUH� GLVWDQFH� EHWZHHQ�

PLFHOOHV�FRQVHFXWLYHO\�ERXQG�WR�WKH�SRO\LRQ��,W�FRPSULVHV�RQH�PLFHOODU�GLDPHWHU�DQG�WKH�

WKLFNQHVV�RI�WKH�SRO\PHU�FKDLQ�ZUDSSHG�DURXQG�LW��7KH�SRO\HOHFWURO\WH�FKDLQ�KDV�WKH�UROH�

RI�FRQQHFWLQJ�WKH�PLFHOOHV�WRJHWKHU��WKXV�IRUPLQJ�DQ�DJJUHJDWH�RI�DJJUHJDWHV��$V�VKRZQ�

SUHYLRXVO\���� WKH� DURPDWLF� EHQ]HQHVXOIRQDWH� ULQJV� RQ� WKH� SRO\VW\UHQHVXOIRQDWH� DQLRQ�

VROXELOL]H� LQ� WKH� K\GURFDUERQ�OLNH� LQWHULRU� RI� WKH� PLFHOODU� DJJUHJDWH�� 7KLV� VSHFLILF�

LQWHUDFWLRQ�EHWZHHQ�WKH�366�FKDLQ�DQG�WKH�DJJUHJDWHG�VXUIDFWDQW�OHDGV�WR�WKH�³VTXHH]LQJ´�

RI� WKH� PLFHOOH�� 7KH� LQFUHDVH� RI� D � ZLWK� LQFUHDVLQJ� 6�3� UDWLR� FDQ� EH� H[SODLQHG� E\� WKH�

JURZWK� RI�PLFHOOHV� ERXQG� WR� WKH� SRO\LRQ�� WKDW� LV�� E\� WKH� LQFUHDVH� RI� WKHLU� DJJUHJDWLRQ�

QXPEHU�� ZKHUHDV� WKH� QXPEHU� RI� PLFHOOH�OLNH� DJJUHJDWHV� SHU� SRO\PHU� FKDLQ� UHPDLQV�

QHDUO\�FRQVWDQW��,Q�DFFRUGDQFH�ZLWK�WKLV�LQWHUDFWLRQ�VFKHPH��WKH�VWUXFWXUDO�SDUDPHWHUV�/��

UP��DQG�'�D �DUH�IDLUO\�FRQVWDQW�XS�WR�6�3� ������6R�LV�WKH�GHJUHH�RI�GLVRUGHU�'�D ��ZKLFK�

LV� LQ� WKH� UDQJH�IURP������ WR������$FFRUGLQJ�WR�9DLQVKWHLQ���� WKH�ODWWHU�YDOXHV�OLH�RQ�WKH�

ERXQGDU\�EHWZHHQ�WKH�OLTXLG�W\SH�VFDWWHULQJ�ZLWK�DW�OHDVW�RQH�SHDN�LQ�WKH�VFDWWHULQJ�FXUYH�

DQG�JDV�W\SH�VFDWWHULQJ�ZKHUH�QR�SHDN�LV�REVHUYHG��

)RU�FRPSOH[HV�ZLWK�6�3�FORVH�WR�RU�KLJKHU�WKDQ����D�GHFUHDVH�LQ�'�D �YDOXHV�LV�IRXQG�

�VKDUS� SHDNV�� VHH� DERYH��� ZKLFK� SRLQWV� WR� D� PRUH� RUGHUHG� VLWXDWLRQ�� ,Q� WKH� FDVH� RI�

1D366�'3&�FRPSOH[HV��WKLV�LV�D�UHODWLYHO\�VPDOO�GHFUHDVH��VHH�7DEOH����DQG�FRXOG�EH�D�

FRQVHTXHQFH�RI�WKH�FRDOHVFHQFH�RI�SRO\HOHFWURO\WH�VXUIDFWDQW�DJJUHJDWHV�ZKHQ�WKHLU�QHW�

FKDUJH�LV�GHFUHDVHG��2Q�WKH�FRQWUDU\��IRU�1D366�&3&�FRPSOH[HV�D�VXEVWDQWLDO�GHFUHDVH�

LQ�'�D � LV� IRXQG�� $� YHU\� VKDUS� PDLQ� SHDN� DQG� WZR� ZHOO�UHVROYHG� KLJKHU� RUGHU� SHDNV�

LQGLFDWH� WKLV��VHH�)LJXUH�����7KH�TP�YDOXHV�DQG�WKH�FRUUHVSRQGLQJ� D �VSDFLQJV�IRU�WKHVH�

SHDNV� DUH� DOVR� JLYHQ� LQ�7DEOH� ���7KH�/� DQG� UP� YDOXHV� LQFUHDVH� FRQVLGHUDEO\� �IRU�PRUH�

WKDQ����WLPHV�LQ�FRPSDULVRQ�ZLWK�FRPSOH[HV�RI�ORZHU�6�3�YDOXHV���ZKHUHDV�WKH�GHJUHH�RI�

GLVRUGHU�EHFRPHV�FRQVLGHUDEO\�VPDOOHU�WKDQ������,W�KDV�EHHQ�VWDWHG�EHIRUH�WKDW�RQH�FDQQRW�

HQFRXQWHU� H[WUHPHO\� ORZ� YDOXHV� RI� '�D � �KLJK� YDOXHV� RI� /� DQG� UP�� LQ� D� UHDO� V\VWHP��

WKHUHIRUH�� WKHVH� YDOXHV� DUH� QRW� JLYHQ� LQ� 7DEOH� ��� 6WLOO�� WKH\� DUH� DQ� LQGLFDWLRQ� RI� DQ�

HVVHQWLDO�LQFUHDVH�LQ�RUGHULQJ��WKDW�FDQ�ILQDOO\�UHVXOW�LQ�D�FU\VWDOOLQH�OLNH�RUJDQL]DWLRQ�RI�

VXUIDFWDQW��7KH�FDOFXODWHG�VLQ�T�YDOXHV�IRU�WKHVH�SHDNV�FRUUHVSRQG�WR�WKH�VHTXHQFH�������

�RU�LQ��
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)LJXUH �� 6$;6 SDWWHUQ IRU WKH 1D366�&3& FRPSOH[ ZLWK 6�3  ��� DQG ��� �V\PEROV DUH WKH VDPH DV LQ

)LJ� �D�� 7KH SHDNV DUH GHVLJQDWHG E\ QXPEHUV �� �� DQG � �IRU SHDN SRVLWLRQV VHH 7DEOH ���

TP�YDOXHV� WR� WKH� VHTXHQFH� ���������� DQG� LQGLFDWH� D� KH[DJRQDO� FORVH�SDFNHG�

DUUDQJHPHQW���RI�VXUIDFWDQW�LQ�WKH�FRPSOH[HV��7KH�XQLW�FHOO�GLPHQVLRQ�LV�HTXDO�WR������c�

�DSSUR[LPDWHO\�RQH�PLFHOODU�GLDPHWHU���,W�KDV�EHHQ�PHQWLRQHG��WKDW�WKHUH�LV�D�WHQGHQF\�RI�

D�JURZWK�RI�PLFHOOH�DJJUHJDWHV� LQWR� D� URG�OLNH�RU� HYHQ� F\OLQGULFDO� VKDSH�DW� VXIILFLHQWO\�

KLJK� VXUIDFWDQW� FRQFHQWUDWLRQV��7KHUHIRUH�� RQH� FDQ�SURSRVH� WKDW�&3&� LQ� WKH�SUHFLSLWDWH�

ZLWK� 1D366� LV� DJJUHJDWHG� LQWR� ORQJ� F\OLQGULFDO� PLFHOOHV� FRQQHFWHG� ZLWK�

SRO\VW\UHQHVXOIRQDWH� FKDLQ� LQWR� D� YHU\� FRPSDFW� KH[DJRQDO� SKDVH�� 7KLV� LV� DQ� RIWHQ�

HQFRXQWHUHG� VWUXFWXUH� LQ� WKH� SKDVH� GLDJUDPV� RI� SXUH� VXUIDFWDQW�ZDWHU� V\VWHPV��� DQG� D�

VLPLODU� KH[DJRQDO� VWUXFWXUH� KDV� EHHQ� UHFHQWO\� UHSRUWHG� IRU� WKH� DUUDQJHPHQW� RI� VRGLXP�

GRGHF\OVXOIDWH�LQ�WKH�FURVV�OLQNHG�JHOV�RI�SRO\�GLDOO\OPHWK\ODPPRQLXP�FKORULGH������

2QH� FDQ� FRQFOXGH� WKDW� WKH� UDWKHU� IOH[LEOH� DQG� VRPHZKDW� K\GURSKRELF�

SRO\VW\UHQHVXOIRQDWH� FKDLQ� LV� LQWLPDWHO\� DVVRFLDWHG� ZLWK� DQ� RSSRVLWHO\� FKDUJHG�

VXUIDFWDQW��,UUHVSHFWLYH�RI�WKH�VL]H�RI�WKH�VXUIDFWDQW�WDLO��D�W\SLFDO�DJJUHJDWH�ZLWK�WKH�366�

FKDLQ� FDQ� EH� YLVXDOL]HG� DV� D� FRPSOH[� ZKHUH� VHYHUDO� PLFHOOHV� DUH� VXUURXQGHG� E\� WKH�

SRO\LRQ� FKDUJHV� LQ� VXFK� D� ZD\� WKDW� VRPH� RI� WKH� DURPDWLF� ULQJV� DUH� HPEHGGHG� LQ� WKH�

PLFHOOH�VXUIDFH��7KLV�FRXOG�OHDG�WR�D�VPDOOHU�VL]H�RI�WKH�PLFHOOH�DJJUHJDWH��7KH�VWUXFWXUDO�
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SDUDPHWHUV�VKRZ�WKDW� WKH�RUGHULQJ�LV�PRUH�SURQRXQFHG�LQ�FRPSOH[HV�ZLWK�'3&�WKDQ�LQ�

WKH� RQHV�ZLWK�&3&��:KHQ� WKH� FKDUJH� RI� WKH�366� LRQ� LV� FRPSOHWHO\�QHXWUDOL]HG�E\� WKH�

VXUIDFWDQW��WKLV�RQO\�WDNHV�SODFH�ZLWK�WKH�ORQJHU�FKDLQ�VXUIDFWDQW�&3&��D�KH[DJRQDO�FORVH�

SDFNHG�VWUXFWXUH�GHYHORSV��,Q�SXUH�VXUIDFWDQW�VROXWLRQV��D�KH[DJRQDO�SKDVH�FDQ�EH�IRXQG�

DW� FRQVLGHUDEO\� KLJKHU� GHWHUJHQW� FRQFHQWUDWLRQV�� 2EYLRXVO\�� WKH� 366� DQLRQ� HIIHFWLYHO\�

³FRQFHQWUDWHV´�WKH�VXUIDFWDQW��

�

$FNQRZOHGJPHQWV�

7KLV�ZRUN�ZDV�VXSSRUWHG�E\�WKH�)OHPLVK�,QVWLWXWH�IRU�6FLHQFH�DQG�7HFKQRORJ\��WKH�

)XQG�IRU�6FLHQWLILF�5HVHDUFK�)ODQGHUV��,17$6����������� DQG�WKH�%HOJLDQ�*RYHUQPHQW�

�,8$3�,9������7KH�DXWKRUV�WKDQN�WR�WKH�VWDII�RI�'8%%/(�WHDP�DW�WKH�(65)��*UHQREOH��

IRU�WKHLU�H[SHULPHQWDO�VXSSRUW��

5HIHUHQFHV�
�� D� 3RO\PHU�6XUIDFWDQW 6\VWHPV� .ZDN� -� &� 7�� (G�� 6XUIDFWDQW 6FLHQFH 6HULHV� 0DUFHO 'HNNHU� 1HZ

<RUN� ����� 9RO� �� E� /LQVH� 3�� 3LFHOOH� /�� +DQVVRQ� 3�� LELG� S� �������� F� $QDQWKDSDGPDQDEDKQ�

.�3� LQ ,QWHUDFWLRQV RI 6XUIDFWDQWV ZLWK 3RO\PHUV DQG 3URWHLQV� *RGGDUG� (�'��
$QDQWKDSDGPDQDEDKQ� .�3�� (GV�� &3& 3UHVV� %RFD 5DWRQ� ����� S� ��������

�� -� âNHUMDQF� .� .RJHM� *� 9HVQDYHU� -� 3K\V� &KHP� ��� ���� �������
�� .� .RJHM� -� âNHUMDQF� ,Q� 3K\VLFDO &KHPLVWU\ RI 3RO\HOHFWURO\WHV� 6XUIDFWDQW 6FLHQFH 6HULHV� (G�

5DGHYD� 7V�� 0DUFHO 'HNNHU� 1HZ <RUN� ����� 9RO� ��� &K� ��� S� ��������

�� -�2� &DUQDOL� /DQJPXLU ����� �� �����

�� D� 3� ,OHNWL� /� 3LFXOHOO� )�7RXUQLOKDF� %� &DEDQH� -� 3K\V� &KHP� % ����� ���� ���� E� 3� ,OHNWL� 7�

0DUWLQ� %� &DEDQH� /� 3LFHOHOO� -� 3K\V� &KHP� % ����� ���� �����

�� .� .RJHM� *� (YPHQHQNR� (� 7KHXQLVVHQ� -� âNHUMDQF� +� %HUJKPDQV� +� 5H\QDHUV� :� %UDV�
0DFURPRO� 5DSLG &RPP� ����� ��� �����

�� .� .RJHM� *� (YPHQHQNR� (� 7KHXQLVVHQ� +� %HUJKPDQV� +� 5H\QDHUV� /DQJPXLU� ����� LQ SUHVV�
�� -� âNHUMDQF� .� .RJHM� ,Q� 0DFURLRQ &KDUDFWHUL]DWLRQ� )URP 'LOXWH 6ROXWLRQV WR &RPSOH[ )OXLGV� .�

6� 6FKPLW]� (G� $&6 6\PSRVLXP 6HULHV� :DVKLQJWRQ ����� &K� ��� S� ����
�� -� âNHUMDQF� .� .RJHM� -� 3K\V� &KHP� ����� ��� �����
��� .� .RJHM� -� âNHUMDQF� /DQJPXLU ����� ��� �����
��� :� %UDV� -� 0DFURPRO� 6FL� � 3K\V� ����� %������ ����
��� *� 5� 0DQW� 'DUHVEXU\ /DERUDWRU\� SULYDWH FRPPXQLFDWLRQ�

��� $� +DPPHUVOH\� (65)� *UHQREOH� SULYDWH FRPPXQLFDWLRQ�

��� 3� 6FKHUUHU� *|WWLQJHU 1DFKULFKWHQ ����� �� ���

��� %� .� 9DLQVKWHLQ� ³'LIIUDFWLRQ RI ;�UD\V E\ &KDLQ 0ROHFXOHV´� (OVHYLHU� $PVWHUGDP�/RQGRQ�1HZ

<RUN� ����� &K� �� S� ��������

��� &� 7DQIRUG� ³7KH +\GURSKRELF (IIHFW� )RUPDWLRQ RI 0LFHOOHV DQG %LRORJLFDO 0HPEUDQHV´� :LOH\�

1HZ <RUN� ����� S� ���

��� =� *DR� 5� (� :DV\OLVKHQ� -� &� 7�.ZDN� -� &ROORLG ,QWHUIDFH 6FL� ����� ���� ����

��� +� 3� .OXJ� /� (� $OH[DQGHU� ³;�5D\ 'LIIUDFWLRQ 3URFHGXUHV IRU 3RO\FU\VWDOOLQH DQG $PRUSKRXV

0DWHULDOV´� :LOH\� 1HZ <RUN� ����� S� ����

��� D� ;� $XYUD\� &� 3HWLSDV� 5� $QWKRUQH� -� 3K\V� &KHP� ����� ��� ���������� E� .� 0 0F*UDWK��

/DQJPXLU� ����� ��� ����� F� 3� 6DN\D� -� 0� 6HGGRQ� 5� +� 7HPSOHU� 5� -� 0LUNLQ� *� -� 7� 7LGG\�

/DQJPXLU� ����� ��� �����
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��� D� %� &KX� )� <HK� (� /� 6RNRORY� 6� *� 6WDURGRXEWVHY� $� 5� .KRNKORY� 0DFURPROHFXOHV ����� ���

����� E� $� 7� 'HPER� $� 1� <DNXQLQ� 9� 6� =DLWVHY� $� 9� 0LURQRY� 6� *� 6WDURGRXEWVHY� $� 5�

.KRNKORY� %� &KX� -� 3RO\P� 6FL� 3K\V� ����� ��� �����

3RY]HWHN�
6LSDQMH ;�åDUNRY �L]YRU VLQKURWURQ� VPR XSRUDELOL ]D VWUXNWXUQH UD]LVNDYH Y VLVWHPLK

QDWULMHYHJD SROLVWLUHQHVXOIRQDWD �1D366� LQ GRGHFLO� �'3&� LQ FHWLOSLULGLQLMHYHJD NORULGD
�&3&� SUL UD]OLþQLK PROVNLK UD]PHUMLK PHG VXUIDNWDQWRP LQ SROLHOHNWUROLWRP �6�3�� ,]
%UDJJRYLK PDNVLPXPRY Y VLSDOQLK NULYXOMDK VPR SUHGODJDOL GYD WLSD RUJDQL]DFLMH
VXUIDNWDQWD Y SRYH]DYL V SROLLRQRP� 9 1D366�'3& �YVH 6�3 YUHGQRVWL� LQ 1D366�&3&
NRPSOHNVLK �6�3����� MH VXUIDNWDQW DJUHJLUDQ Y VIHULþQH PLFHOH� NL MLK LQGXFLUD SROLLRQ� 7H
PLFHOH VR PDQMãH RG RELþDMQLK� = YHþDQMHP 6�3 UD]PHUMD QMLKRYD YHOLNRVW UDVWH� D ãWHYLOR
PLFHOQLK DJUHJDWRY QD YHULJR SROLLRQD RVWDMD SULEOLåQR NRQVWDQWQR� 9 1D366�&3& RERULQL
�6�3��� VPR RSD]LOL KHNVDJRQDOQR ID]R ] YUHGQRVWMR FHOLþQH NRQVWDQWH ���� c� WX PLFHOH
SRVWDQHMR FLOLQGULþQH REOLNH� 9 NRPSOHNVLK ] '3& QLVPR RSD]LOL SRGREQH NULVWDOLQLþQH
VWXNWXUH�

�


