
*URZLQJ�RI�VDSSKLUH�IRU�RSWLFVDQG�RSWRHOHFWURQLFV�E\�WKH�+'&�PHWKRGLQ�D�SURWHFWLYH�DWPRVSKHUH
$�<D�'DQ±NR��6�9�1L]KDQNRYVN\��9�1�.DQLVFKHY�1�6�6LGHOQLNRYD��*�7�$GRQNLQ��9�0�3X]LNRY��/�$�*ULQ±
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5HFHLYHG�1RYHPEHU���������
7KH�JDV�HQYLURQPHQW�SURFHVV�IRUPDWLRQ�LQ�WKH�IXUQDFH�IRU�VDSSKLUH�JURZWK�E\�KRUL]RQ�

WDO� GLUHFWLRQDO� FU\VWDOOL]DWLRQ� HTXLSSHG� E\� D� JUDSKLWH� KHDWLQJ� DVVHPEO\� KDV� EHHQ� VWXGLHG
GXULQJ� WKH� HYDFXDWLRQ� DQG� WKH� LQHUW� JDV� �$U�� +H�� EOHHGLQJ�� 7KH� HIIHFW� RI� WKH� IXUQDFH
EORZLQJ�E\�WKH�LQHUW�JDV�RQ�FRQFHQWUDWLRQ�RI�UHGXFLQJ�FRPSRQHQWV��&2��+���DQG�RQ�RSWLFDOSURSHUWLHV�RI�VDSSKLUH�FU\VWDOV�JURZQ�LQ�+H�DWPRVSKHUH�DW���WR����7RUU�SUHVVXUH�KDV�EHHQ
VWXGLHG��7KH�FULWLFDO�FRQFHQWUDWLRQV�RI�WKH�UHGXFLQJ�FRPSRQHQWV�LQ�WKH�SURWHFWLYH�HQYLURQ�
PHQW� KDYH� EHHQ� GHWHUPLQHG� IRU� JURZLQJ� RI� VDSSKLUH� LQWHQGHG� IRU� VWDQGDUG� RSWLFDO� DQG
RSWRHOHFWURQLF�DSSOLFDWLRQV�
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7R� GDWH�� WKH� JDV� WHFKQRORJ\� KDV� EHHQ
PDVWHUHG� IRU� JURZLQJ� KLJK� RSWLFDO� TXDOLW\
VDSSKLUH�E\� WKH�KRUL]RQWDO� GLUHFWLRQDO� FU\V�
WDOOL]DWLRQ��+'&��PHWKRG�LQ�&2�DWPRVSKHUH
DW�DERXW���7RUU�SUHVVXUH� >�@��7KH�JDV�WHFK�
QRORJ\�LV�PRUH�HFRQRPLFDO�GXH�WR�WKH�XVH�RI
JUDSKLWH� KHDWLQJ� DVVHPEO\� LQVWHDG� RI� WKH
WXQJVWHQ�PRO\EGHQXP� RQH�� 7KLV� SURYLGHV� D
KLJKHU� ERUURZLQJ� SRZHU� LQ� WKH� ZRUOG�ZLGH
PDUNHW� RI� VDSSKLUH� IRU�RSWLFV�DQG�RSWRHOHF�
WURQLFV� DV� FRPSDUHG� WR� WKH� WUDGLWLRQDO� YDF�
XXP� WHFKQRORJ\�� 7KH� JURZLQJ� DWPRVSKHUH
LQ� WKH�JUDSKLWH�KHDWLQJ�DVVHPEO\� LV� IRUPHG
PDLQO\�GXH�WR�&2�DQG�+��UHJHQHUDWLRQ�UHDF�WLRQV�� QDPHO\�� &2����&�o��&2� DQG� +�2��&�o�+����&2�� 7KHVH� SURFHVVHV�� KRZHYHU�FDXVH�DQ�DSSUHFLDEOH�FRQVXPSWLRQ�RI�JUDSK�

LWH��WKXV�UHVXOWLQJ�LQ�D�UHGXFHG�WKHUPDO�LQ�
VXODWLRQ� HIILFLHQF\� DQG� D� QHFHVVLW\� IRU
JUDSKLWH� VKLHOG� UHSODFHPHQW� �HYHU\� �� RU� �
FU\VWDOOL]DWLRQ� UXQV��� ,Q� WKLV� FRQQHFWLRQ�
RQH� SRVVLEOH� ZD\� WR� IXUWKHU� HFRQRPLF� LP�
SURYHPHQW� RI� WKH� +'&� PHWKRG� FRQVLVWV� LQ
HODERUDWLRQ� RI� RSWLFDO� VDSSKLUH� JURZLQJ� LQ
$U� RU�+H�EDVHG�SURWHFWLYH�JDV�PHGLD� ���� WR
����7RUU�SUHVVXUH��WKDW�PDNH�LW�SRVVLEOH�WR
UHGXFH� FRQVLGHUDEO\� WKH� PHOW� HYDSRUDWLRQ
UDWH� DQG� WKH� LQWHQVLW\� RI� WKH� UHJHQHUDWLRQ
UHDFWLRQV� RI� UHGXFLQJ� FRPSRQHQWV�� 7R� GH�
YHORS� VXFK� D� WHFKQRORJ\�� LW� LV� QHFHVVDU\� WR
GHWHUPLQH� WKH� UHGXFLQJ� FRPSRQHQW� FRQFHQ�
WUDWLRQ� EHLQJ� FULWLFDO� IRU� JURZLQJ� RSWLFDO
FU\VWDOV� FRQWDLQLQJ� QR� OLJKW�VFDWWHULQJ
PLFUR�LQFOXVLRQV�>�@�DQG�WR�VHHN�IRU�ZD\V�WR

)XQFWLRQDO�0DWHULDOV�����1R��������� �������Û�,QVWLWXWH�IRU�6LQJOH�&U\VWDOV
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FRQWURO� WKH� SUHVHW� DWPRVSKHUH� IRUPDWLRQ� LQ
WKH�IXUQDFH�

7R� WKDW� HQG�� ZH� KDYH� VWXGLHG� LQ� GHWDLO
WKH� JDV� PHGLXP� FRPSRVLWLRQ� XVLQJ� PDVV�
VSHFWURVFRS\�� 6WXGLHG� KDYH�EHHQ� WKH� DWPRV�
SKHUHV� IRUPHG� VSRQWDQHRXVO\� �XQGHU� HYDFX�
DWLRQ� XVLQJ� D� ORZ� YDFXXP� SXPS�� ZKHQ
JURZLQJ� VDSSKLUH� FU\VWDOV� E\� WKH� +'&
PHWKRG�LQ�D�IXUQDFH�HTXLSSHG�E\�D�JUDSKLWH
KHDWLQJ� DVVHPEO\� DW� WKH� UHVLGXDO� JDV� SUHV�
VXUHV� RI� ����� WR� �� 7RUU�� 7KHVH� FRQGLWLRQV
PDNH� LW�SRVVLEOH�WR�REWDLQ�WKH�FU\VWDOV�KDY�
LQJ� WKH� KLJKHVW� DWWDLQDEOH� RSWLFDO� FKDUDF�
WHULVWLFV��$OVR��WKH�JURZLQJ�XQGHU�LQHUW�JDV
EORZLQJ� LQWR� WKH� IXUQDFH� XS� WR� ���� 7RUU
SUHVVXUH�ZDV�VWXGLHG��7KH�H[SHULPHQWV�ZHUH
GRQH� XVLQJ� D� PRGHUQL]HG� H[SHULPHQWDO
JURZLQJ�XQLW�>�@�HTXLSSHG�E\�D�5206���+)
PDVV�VSHFWURPHWHU� �VHH� )LJ������ 7R� WDNH� WKH
JDV�PHGLXP�VDPSOHV��D�QHHGOH�EOHHGHU���ZDV
XVHG�FRQQHFWLQJ�WKH�JURZWK�FKDPEHU��*&���
ZLWK� WKH� PHDVXULQJ� FKDPEHU� �0&�� �� FRQ�
WDLQLQJ� D� ORZ�WHPSHUDWXUH� WLWDQLXP� SXPS
�/73�� FRPSULVLQJ� D� QLWURJHQ� WUDS� ��� DQG
WLWDQLXP�DWRPL]HU�����$IWHU�DQ�DSSURSULDWH
YDFXXP� SUHSDUDWLRQ�� WKH� UHVLGXDO� JDV� SUHV�
VXUH�LQ�WKH�FORVHG�0&�YROXPH�PD\�EH�DV�ORZ
DV� DERXW� ��Ü�� 7RUU�� ,Q� WKLV� LQYHVWLJDWLRQ�
WKH�/73�ZDV�QRW�XVHG��VR�WKH�UHVLGXDO�SUHV�
VXUH� ZDV� ����Ü�� 7RUU�� 7KH� PHDVXUHPHQWV
ZHUH�GRQH�XVLQJ�WKH�JUDSKLWH�KHDWLQJ�DVVHP�
EO\����ZLWK�DQG�ZLWKRXW�WKH�FUXFLEOH����FRQ�
WDLQLQJ�JUDQXODWHG�DOXPLQXP�R[LGH�SRZGHU�

)LJ���� �FXUYHV� �Ü��� VKRZV� WKH� FKDUDF�
WHULVWLFV� RI� WKH� PHGLXP� FRPSRVLWLRQ� �ZLWK�

RXW�LQHUW�JDV�EOHHGLQJ��LQ�WKH�IXUQDFH�ZLWKRXW
WKH�FUXFLEOH�DV�D�IXQFWLRQ�RI�WHPSHUDWXUH�WKDW
ZDV�UHFRUGHG�LQ�WKH�KHDWHU�]RQH�XVLQJ�D�WXQJ�
VWHQ�UKHQLXP�WKHUPRFRXSOH��7KH� WHPSHUDWXUH
ULVH�UDWH�ZDV�DERXW�����.�K��7KH�JDV�PHGLXP
FRPSRVLWLRQ� LV� VHHQ� WR� YDU\� FRQVLGHUDEO\� DW
WKH� IXUQDFH� WHPSHUDWXUH� HOHYDWLRQ�� 7KH� DW�
PRVSKHUH�FRPSRVLWLRQ�LV�LQIOXHQFHV�PDLQO\�E\
WKH�IROORZLQJ�UHDFWLRQV�>����@��

2����&� �&2�� ���

2�����&� ��&2� ���

+�2���&� �&2���+�� ���

)LJ�����([SHULPHQWDO�VHWXS�����JURZWK�FKDPEHU�����PHDVXULQJ�FKDPEHU�����FRQQHFWLQJ�WXEH�����JDV
EOHHG�LQ�YDOYH�����EOHHGHU���������QLWURJHQ�WUDSV�����GLIIXVLRQ�SXPS�����JDWH�����URG������PDVV�VSHF�
WURPHWHU������WLWDQLXP�DWRPL]HU������GLDSKUDJP������FXUUHQW�EXVKLQJV������ORZ�YDFXXP�SXPS�����
JUDSKLWH�KHDWLQJ�DVVHPEO\������FUXFLEOH�

)LJ����� *DV� DWPRVSKHUH� FRPSRVLWLRQ� LQ� WKH
IXUQDFH�GXULQJ� LWV�KHDWLQJ�XS� WR������.����
&2�� ��� +��� ��� 1��� ��� +�2�� ��� &2��� ��� 2�ZLWKRXW�D�FUXFLEOH�ZLWK�$O�2��SRZGHU�����&2ZLWK�D�FUXFLEOH�ZLWK�$O�2��SRZGHU�
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�+�2���&� ��+����&2�� ���

&2����&� ��&2� ���
$FFRUGLQJ� WR� WKH� OLWHUDWXUH� GDWD� >����@�

WKH� JUDSKLWH� R[LGDWLRQ� UHDFWLRQV� ���� DQG� ���
VWDUW�DW�W�a�����WR�����.��ZKLOH�FDUERQ�GLR[�
LGH� LV� IRUPHG� PDLQO\� DW� WHPSHUDWXUHV� ORZHU
WKDQ� ���� .� DQG� FDUERQ� PRQR[LGH� EHLQJ� WKH
PDMRU�R[LGDWLRQ�SURGXFW�DW� W�!������.�GXH�WR
UHDFWLRQ������,QWHQVH�LQWHUDFWLRQ�RI�ZDWHU�YDSRU
ZLWK� JUDSKLWH� �UHDFWLRQV� ���� DQG� ����� WDNHV
SODFH�DW�W�!������WR������.��7KXV��WKH�UHVXOWV
REWDLQHG�DJUHH�ZHOO�ZLWK�OLWHUDWXUH�GDWD�

$� FKDUDFWHULVWLF� IHDWXUH� RI� WKH� PHGLXP
DW�ORZ�WHPSHUDWXUHV��������.��FRQVLVWV�LQ�D
KLJK� ZDWHU� YDSRU� FRQWHQW� WKDW� LV� GXH� WR� D
UDWKHU� KLJK� VRUSWLRQ� DELOLW\� RI� JUDSKLWH�
$ERYH� ����� WR� ����� .�� WKH� PHGLXP� EH�
FRPHV�D�UHGXFWLYH�RQH��ZLWK�&2�DQG�+��DV�WKHPDLQ� DWPRVSKHUH� FRPSRQHQWV�� WKH� UHODWLYH
&2� FRQWHQW� LQFUHDVHV� DV� WKH� WHPSHUDWXUH
ULVHV�� 3HUKDSV� LW� LV� FDXVHG� E\� WKH� IDFW� WKDW
&2�LV�IRUPHG�QRW�RQO\�IURP�ZDWHU�YDSRU��UH�
DFWLRQ������EXW�DOVR�IURP�FKHPLVRUEHG�R[\JHQ
WKDW�LV�GHVRUEHG�PDLQO\�DV�&2��UHDFWLRQ������

$� FRPSDULVRQ� RI� WKH� H[SHULPHQWDO� GDWD
ZLWK� WKHUPRG\QDPLF� FRQVLGHUDWLRQ� RI� SURF�
HVVHV� UXQQLQJ� LQ� WKH� &�JDV� DWPRVSKHUH�
$O�2�� V\VWHP� KDV� VKRZQ� WKDW� WKH� IXUQDFHJDV� PHGLXP� LV� QRW� HTXLOLEULXP� XS� WR� SUH�
PHOWLQJ�WHPSHUDWXUHV�DQG�LWV�FRPSRVLWLRQ�LV
GHILQHG� SUHGRPLQDQWO\� E\� JDV� GHVRUSWLRQ
�)LJ������$W�ORZ�WHPSHUDWXUHV��WKH�2���&2��DQG� ZDWHU� YDSRU� H[FHHG� FRQVLGHUDEO\� WKH
HTXLOLEULXP�YDOXHV�RYHU�JUDSKLWH�WKDW�ZRXOG
EH� REVHUYHG� IRU� H[SHULPHQWDO� 3&2� DQG�3+�

YDOXHV� �)LJ���D���$W�����Ü�����.�� WKH�SDU�
WLDO� SUHVVXUHV� RI� WKRVH� DWPRVSKHUH� FRPSR�
QHQWV� GHFUHDVH� JUDGXDOO\� DQG� DW� DERXW
�����.�GURS�XQGHU� WKH�PHDVXUHPHQW�VHQVL�
WLYLW\� WKUHVKROG� DQG� DSSURDFK� WKH� HTXLOLE�
ULXP�YDOXHV� RYHU�JUDSKLWH��7KH�SUHVHQFH�RI
D�FUXFLEOH�ZLWK�$O�2��SRZGHU�GRHV�QRW�HIIHFWDSSUHFLDEO\� WKH� DWPRVSKHUH� FRPSRVLWLRQ� XS
WR�SUH�PHOWLQJ� WHPSHUDWXUHV� �)LJ���E���2QO\
DQ� LQFUHDVLQJ� FRQWULEXWLRQ� IURP�&2� LV� RE�
VHUYHG�DW�W�!������.��)LJ�����FXUYH����ZKHQ
WKH� LQIOXHQFH� RI� $O�2�� HYDSRUDWLRQ� DQG� LWVYDSRU�LQWHUDFWLRQ�ZLWK�JUDSKLWH�EHFRPHV�DS�
SUHFLDEOH�� 7KH� &2�� DQG� ZDWHU� YDSRU� SUHV�VXUHV�GR�QRW�LQFUHDVH�XS�WR�HTXLOLEULXP�YDO�
XHV�RYHU�$O�2��DV�WKH�WHPSHUDWXUH�LQFUHDVHVXS� WR� ����� .�� $W� WKRVH� WHPSHUDWXUHV�� WKH
3&2�� DQG� 3+�2� YDOXHV� DUH� RXWVLGH� RI� WKH
PHDVXUHPHQW� VHQVLWLYLW\�� ERWK� LQ� WKH� SUHV�
HQFH�DQG�LQ�DEVHQFH�RI�D�FUXFLEOH�ZLWK�$O�2��7KH�PHOW�H[SRVXUH�WR�D�FRQVWDQW�WHPSHUDWXUH
RI�DERXW������.�IRU����K�UHVXOWV�LQ�D�IXUWKHU
IXUQDFH� GHJDVVLQJ� DQG� D� GHFUHDVHG� UHODWLYH
FRQWHQW�RI�K\GURJHQ�GRZQ�WR�DERXW���YRO���
7KH�UHODWLYH�+��FRQWHQW�LV�UHGXFHG�DOVR�ZKHQWKH�ORZ�YDFXXP�SXPSLQJ�RXW�UDWH�GHFUHDVHV�

7KXV�� WKH� PDVV�VSHFWURPHWULF� PHDVXUH�
PHQWV� DQG� WKHUPRG\QDPLF� DQDO\VLV� RI� WKH
GDWD�REWDLQHG�KDYH�VKRZQ�WKDW�WKH�FRPSRVL�
WLRQ� RI� JDV� PHGLXP� EHLQJ� IRUPHG� LQ� D
JURZWK�IXUQDFH�GXULQJ�WKH�WHPSHUDWXUH�ULVH
LV� GHILQHG�PDLQO\� E\�ZDWHU� YDSRU� DQG� R[\�
JHQ� GHVRUSWLRQ� DQG� WKH� LQWHUDFWLRQ� WKHUHRI
ZLWK� WKH� JUDSKLWH� KHDWLQJ� DVVHPEO\� HOH�
PHQWV�� $W� KLJK� WHPSHUDWXUHV� �!����� .��
WKH� LQWHUDFWLRQ�RI�$O�2�� DQG� LWV�YDSRU�ZLWK&2��+��� DQG� JUDSKLWH� LV� DOVR� RI� DQ� LPSRU�

)LJ����� ([SHULPHQWDO� SDUWLDO� JDV� SUHVVXUHV� LQ� WKH� JURZWK� FKDPEHU� DV� FRPSDUHG� WR� WKH� FDOFXODWHG
HTXLOLEULXP�YDOXHV���D��ZLWKRXW�D�FUXFLEOH�ZLWK�$O�2��SRZGHU�����&2�����+������+�2�����&2������2��H[SHULPHQWDO�GDWD������+�2�����&2������2���FDOFXODWHG�HTXLOLEULXP�GDWD�RYHU�WKH�JUDSKLWH�VXUIDFH�DWH[SHULPHQWDO�3&2�DQG�3+�

�YDOXHV����E��ZLWK�D�FUXFLEOH�ZLWK�$O�2��SRZGHU�Ü���&2�����+������+�2����
&2��� �H[SHULPHQWDO� GDWD��� ���+�2�����&2�� �FDOFXODWHG� HTXLOLEULXP� GDWD� RYHU� WKH�$O�2�� VXUIDFH� DWH[SHULPHQWDO�3&2�DQG�3+��YDOXHV��
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WDQFH�� $W� D� ORQJ�WHUP� H[SRVXUH� RI� PHOWHG
DOXPLQXP�R[LGH��LW�LV�MXVW�FDUERQ�PRQR[LGH
WKDW� EHFRPHV� WKH� PDMRU� FRPSRQHQW� RI� WKH
ORZ�YDFXXP� ����� WR� �� 7RUU�� JDV� PHGLXP�
+RZHYHU�� DV� K\GURJHQ� LV� D�PRUH� DFWLYH� UH�
GXFLQJ�DJHQW� WKDQ�&2�� LWV� LQIOXHQFH�RQ�WKH
FU\VWDO� RSWLFDO� FKDUDFWHULVWLFV� PD\� EH� FRQ�
VLGHUDEOH�DQG�WKXV�UHTXLUHV�D�IXUWKHU�VWXG\�

7KH� VWXGLHV� RI� WKH�PHGLXP� FRPSRVLWLRQV
IRUPHG� VSRQWDQHRXVO\� LQ� WKH� ZRUNLQJ� YRO�
XPH� XQGHU� LQHUW� JDV� EOHHGLQJ� KDYH� VKRZQ
WKDW� LQ� WKLV� FDVH�� WKH� FRQFHQWUDWLRQ� RI� UH�
GXFLQJ� FRPSRQHQWV� H[FHHGV� FRQVLGHUDEO\
�7DEOH���� WKH� FULWLFDO� YDOXH� WKDW�� DW� D� ILUVW
DSSUR[LPDWLRQ�� FDQ� EH� DVVXPHG� WR� EH� RI
DERXW� ���� 7RUU�� WKDW� LV�� WKH� &2� SUHVVXUH
XQGHU�ORZ�YDFXXP�SXPSLQJ�RXW��7KDW�YDOXH
LV� FRQILUPHG� DOVR� E\� WKH� FDOFXODWLRQV� FDUULHG
RXW� EHIRUH� >�@�� 7KXV�� LW� FDQ� EH� DVVXPHG� WKDW
WKH� JURZLQJ� RI� RSWLFDO� TXDOLW\� FU\VWDOV� XVLQJ
DQ�LQHUW�JDV�WR�UHGXFH�WKH�PHOW�HYDSRUDWLRQ�LV
SRVVLEOH�RQO\�XQGHU�IRUFHG�GHFUHDVH�RI�WKH�SDU�
WLDO�SUHVVXUH�RI�UHGXFLQJ�FRPSRQHQWV��&2��+��EHORZ� WKH� FULWLFDO� OHYHO�� 7KLV� FDQ� EH� DWWDLQHG�
XQGHU� DOLD�� E\� DQ� LQWHQVH� EORZLQJ� RI� WKH� IXU�
QDFH�E\�D�SXUH�LQHUW�JDV�>�@��,Q�WKLV�ZRUN��WKH
DWPRVSKHUH�IRUPDWLRQ�XQGHU�LQHUW�JDV�EORZLQJ
KDV�EHHQ�VWXGLHG�DQG�WKH�DGPLVVLEOH�FRQWHQW�RI
UHGXFLQJ� FRPSRQHQWV� LQ� WKH� JURZWK� FKDPEHU
KDV�EHHQ�GHWHUPLQHG�LQ�H[SHULPHQW�

7KH� FRQFHQWUDWLRQ� RI� UHGXFLQJ� FRPSR�
QHQWV� LQ� WKH� IXUQDFH� GHSHQGV� RQ� WKH� DFFX�
PXODWLRQ�UDWH�WKHUHRI�WKDW�LV�GHILQHG�E\�WKH
IORZ�EDODQFH�

G1U
GW � �-U���-U��

���

ZKHUH�-U� LV� WKH� IRUPDWLRQ�UDWH�RI� WKH�UHGXF�LQJ� FRPSRQHQWV� DQG� -UÜ�� WKH� UHPRYDO� UDWHWKHUHRI�IURP�WKH�FKDPEHU��$VVXPLQJ�WKH�JDV
LQ�WKH�FKDPEHU�WR�EH�LQWHUPL[HG��ZH�FDQ�ZULWH

-U�� �-���
3U
3 �

���

ZKHUH�3U� LV� WKH� SDUWLDO� SUHVVXUH� RI� WKH� UH�GXFLQJ�FRPSRQHQWV��3��WRWDO�SUHVVXUH�LQ�WKH
JURZWK�FKDPEHU��-��WRWDO�JDV�IORZ�IURP�WKH

FKDPEHU�� ,I� WKH� WRWDO� SUHVVXUH� LV� NHSW� FRQ�
VWDQW��WKH�IROORZLQJ�HTXDOLW\�LV�YDOLG�
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DFFRXQW� WKH� UHODWLRQVKLS� 3U� �1UN7�9� �9� LVWKH� JURZWK� FKDPEHU� YROXPH�� 7�� JDV� WHP�
SHUDWXUH��N��WKH�%ROW]PDQQ�FRQVWDQW���ZH�JHW
DQ�HTXDWLRQ�IRU�WKH�SDUWLDO�SUHVVXUH�RI�UHGXF�
LQJ�FRPSRQHQWV�LQ�WKH�JURZWK�FKDPEHU�
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FRQVWDQW�DQG�3U���3��WKH�(T�����FDQ�EH�FRQ�VLGHUHG�DV�D�KRPRJHQHRXV�OLQHDU�GLIIHUHQWLDO
HTXDWLRQ�� /HW� 3U�� EH� WKH� LQLWLDO� FRQWHQW� RIUHGXFLQJ� FRPSRQHQWV�� WKHQ� WKH� VROXWLRQ� RI
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,W�LV�VHHQ�IURP������WKDW�ZKHQ�WKH�JURZWK
FKDPEHU�LV�EORZQ�WKURXJK�ZLWK�D�SXUH�LQHUW
JDV�� WKH� FRQWHQW� RI� UHGXFLQJ� FRPSRQHQWV
DIWHU�D�WLPH�W�DWWDLQV�D�VWDWLRQDU\�YDOXH�3UWKDW�LV�GHILQHG�E\�WKH�IORZ�UDWLR�RI�WKH�PH�
GLXP�FRPSRQHQWV�DQG�GHSHQGV�KHDYLO\�RQ�LWV
SUHVVXUH� �VHH� ������ ,I�3FU� LV� WKH�FULWLFDO�FRQ�WHQW�RI�UHGXFLQJ�FRPSRQHQWV��WKHQ��WR�JURZ
WKH� VDSSKLUH� FU\VWDOV� FRQWDLQLQJ� QR� PLFUR�
LQFOXVLRQV�� LW� LV� QHFHVVDU\� WR� SURYLGH� WKH
IORZ�UDWH
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7KDW�LV��XVLQJ�WKH�EORZLQJ��LW�LV�PRUH�GLIIL�
FXOW�WR�SXULI\�D�PHGLXP�RI�D�KLJKHU�SUHVVXUH�

7DEOH���� &RPSRVLWLRQ� RI� SURWHFWLYH� PHGLD� IRUPHG� LQ� D� JUDSKLWH� IXUQDFH� �ZLWKRXW� LQHUW� JDV
EORZLQJ�

*URZLQJ�PHGLXP�IRUPHG�LQ�WKH�JURZWK�IXU�
QDFH

&2�+��SDUWLDO�SUHVVXUH��7RUU 3+��3&2
&2��+���XQGHU�ORZ�YDFXXP�SXPSLQJ�RXW� ��� ���
$U��+H����&2+������Ü����7RUU��QR�EORZLQJ �Ü� ���
$U��+H����&2+��������7RUU�QR�EORZLQJ �Ü�� ���
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RWKHU� FRQGLWLRQV� EHLQJ� WKH� VDPH�� 7KH� WLPH� W
WR�DWWDLQ�WKH�VWDWLRQDU\�PHGLXP�LV�GHILQHG�E\
WKH�JDV�IORZV��SUHVVXUH��DQG�YROXPH��

8VLQJ� ������ZH� KDYH� HVWLPDWHG� WKH� FULWLFDO
LQHUW� JDV� IORZ� IRU� YDULRXV� JURZWK� PHGLXP
SUHVVXUHV��)LJ������7KH�UHVXOWV�REWDLQHG�DUH�LQ
DJUHHPHQW� ZLWK� WKRVH� UHSRUWHG� EHIRUH� >�@
ZKHUH� RQO\� D� UHODWLYHO\� LQWHQVH� EORZ�WKURXJK
DW� -U�!����Ü����GP��K� SURYLGHG� D� UHGXFHG
PLFUR�LQFOXVLRQ�FRQFHQWUDWLRQ�ZKHQ� WKH�$U� DW�
PRVSKHUH� DW� DERXW� ���� WR� ���� 7RUU� SUHVVXUH
ZDV� XVHG�� ,W� IROORZV� IURP� )LJ���� WKDW� DW� WKH
PHGLXP�SUHVVXUH�RI�d����7RUU��D�VXEVWDQWLDOO\
ORZHU�JDV�IORZ�RI�DERXW����GP��K�LV�UHTXLUHG�

7KH�PHOW�HYDSRUDWLRQ�UDWH�LV�DQRWKHU�SD�
UDPHWHU� RI� LPSRUWDQFH� WKDW� FKDUDFWHUL]HV
WKH� JDV� DWPRVSKHUH� SURWHFWLYH� SURSHUWLHV�
7KH� PHDVXUHPHQWV� RI� WKH� HYDSRUDWLRQ� UDWH
DV�D�IXQFWLRQV�RI�WKH�SURWHFWLYH�PHGLXP��$U�
+H�� SUHVVXUH� KDYH� VKRZQ� WKDW� DQ� DSSUHFLD�
EOH� UHGXFWLRQ� �E\� D� IDFWRU� RI� �� WR� ��� LV� RE�
VHUYHG� DOUHDG\� DW� SUHVVXUHV� DERYH� ��� 7RUU�
7KH� LQHUW� JDV� SUHVVXUH� UDQJH� RI� ��� WR
����7RUU�FDQ�EH�DVVXPHG�WR�EH�RSWLPXP�DW
WKH� FU\VWDOOL]DWLRQ� FKDPEHU� EORZLQJ� ZLWK
LQHUW�JDV�DQG�JURZLQJ�RI�RSWLFDO�VDSSKLUH�

:H�KDYH�VWXGLHG�WKH�RSWLFDO�SURSHUWLHV�RI
VDSSKLUH� FU\VWDOV� ���u��u����PP�� VL]H�
JURZQ�LQ�+H�DWPRVSKHUH�XQGHU���WR����7RUU
SUHVVXUH�LQ�D�IXUQDFH�ZLWK�JUDSKLWH�KHDWLQJ
DVVHPEO\�� )LJ���� VKRZV� WKH� WUDQVPLVVLRQ
VSHFWUD� IRU� WKH� LQLWLDO� DQG�PLGGOH� ]RQHV� RI
WKH�FU\VWDOV�JURZQ�XQGHU�SXUH�KHOLXP�EORZ�
LQJ� ���� GP��K�� DV� FRPSDUHG� WR� WKRVH� RE�
WDLQHG� LQ� ORZ�SUHVVXUH� &2���+�� PHGLXP�DERXW� ���� 7RUU��� 7KH� VSHFWUD� DUH� VHHQ� WR
FRQWDLQ� DEVRUSWLRQ� EDQGV� DW� ���� DQG
����QP�ZDYHOHQJWKV�FRUUHVSRQGLQJ�WR�)�DQG
)�� FHQWHUV�� UHVSHFWLYHO\�� WKH� FRQFHQWUDWLRQ
DQG� UDWLR� WKHUHRI� DUH� NQRZQ� WR� EH� GHILQHG
E\� WKH� JURZWK� PHGLXP� UHGXFLQJ� SRWHQWLDO�

DV� ZHOO� DV� E\� WKH� LPSXULW\� FRQWHQW� DQG
FKDUJH� VWDWH�� 7KH� +H� EORZLQJ� UHVXOWV� LQ� D
GHFUHDVH� RI� WKH� PHGLXP� UHGXFLQJ� SRWHQWLDO
�VHH� )LJ���E�� +H� ���� 7RUU��� 7R� HVWLPDWH
TXDOLWDWLYHO\� WKH� JURZWK� PHGLXP� UHGXFLQJ
SRWHQWLDO�� WKH� &2� DQG� +�� FRQFHQWUDWLRQVZHUH� PHDVXUHG� LQ� WKH� FRXUVH� RI� JURZLQJ
XVLQJ�D�PDVV�VSHFWURPHWHU��7R�WKDW�HQG��WKH
LQVWUXPHQW� ZDV� FRQQHFWHG� WR� DQ� LQGXVWULDO
FU\VWDO� JURZWK� XQLW�� 7KH� PHDVXUHG� GDWD
�7DEOH���� VKRZ� WKDW� WKH� JURZWK� FKDPEHU
EORZLQJ�ZLWK�KHOLXP�SURYLGHV�WKH�K\GURJHQ
FRQFHQWUDWLRQ� UHGXFWLRQ� DQG� KLQGHUV� WKH
FDUERQ� PRQR[LGH� DFFXPXODWLRQ� �d��7RUU��
7KH�EORZLQJ�HIILFLHQF\�GURSV�DV�WKH�PHGLXP
SUHVVXUH�ULVHV�

,Q� FU\VWDOV�JURZQ� LQ�+H� ����7RUU��XQGHU
���GP��K� EORZLQJ�� WKH� PLFUR�LQFOXVLRQV� ��
WR���PP��DUH�FRQWDLQHG�DW�D�FRQFHQWUDWLRQ�RI
d����FPÜ�� WKDW� LV� VXEVWDQWLDOO\� ORZHU� WKDQ
DW� JURZLQJ� LQ� $U� ����Ü���� 7RUU�� EHLQJ
d����FPÜ��>�@��6LQFH�WKH�IRUPDWLRQ�WKHUHRI�LV
GXH�WR�WKH�PHOW�DQLRQLF�QRQ�VWRLFKLRPHWU\�>�@�

)LJ����� 'HSHQGHQFH� RI� WKH� LQHUW� JDV� FULWLFDO
IORZ�UDWH�RQ�WKH�JURZWK�DWPRVSKHUH�SUHVVXUH
�-U� �����GP��V�DW�3U� �����7RUU��

7DEOH����&RPSRVLWLRQ�RI�VDSSKLUH�JURZWK�PHGLXP��XQGHU�EORZLQJ�
*DV /RZ�SUHVVXUH�UHGXFLQJ

DWPRVSKHUH��DERXW�����7RUU��
7RUU���YRO����

+H�EORZLQJ�����GP��K��DERXW
����7RUU���7RUU���YRO����

+H�EORZLQJ�����GP��K��DERXW
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1RWH�� ��� DW� WKH� JURZLQJ� RQVHW�� ��� DW� WKH� JURZLQJ�PLGGOH� VWDJH� ���� K� ODWHU��� 7KH� VXP� RI� RWKHU
JDVHV��&2���1���HWF���GLG�QRW�H[FHHG����YRO����LQ�WKH�ORZ�SUHVVXUH�UHGXFLQJ�DWPRVSKHUH��d����YRO
���XQGHU�+H�EORZLQJ��DERXW����7RUU��DQG�d�����YRO����XQGHU�+H�EORZLQJ��DERXW�����7RUU��
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LW� LV� REYLRXV� WKDW� D� UHGXFWLRQ� RI� WKH� PLFUR�
LQFOXVLRQ� FRQFHQWUDWLRQ� LV� SRVVLEOH� DW� D� IXU�
WKHU� GHFUHDVH� RI� WKH� UHGXFLQJ� FRPSRQHQW
�&2��+��� SDUWLDO� SUHVVXUH� LQ� WKH� JURZWK� DW�PRVSKHUH� EHORZ� WKH� FULWLFDO� OHYHO�� 7KH� FRP�
SDUDWLYH� RSWLFDO� TXDOLW\� DQDO\VLV� RI� FU\VWDOV
DQG� WKH� JURZWK� PHGLXP� FRPSRVLWLRQ� VKRZV
WKDW�WKH�FULWLFDO�FRQFHQWUDWLRQV�DUH�DERXW����
WR�����7RUU� IRU�&2� DQG� DERXW� �����7RUU� IRU
+��7KXV�� LW� LV� SRVVLEOH� WR� SUHSDUH� VDSSKLUH
IRU� VWDQGDUG� RSWLFDO� DQG� RSWRHOHFWURQLF� DS�
SOLFDWLRQV� LQ�+H�DWPRVSKHUH� ���WR����7RUU��
7KH� UHVXOWV� REWDLQHG� FDQ� EH� XVHG� DOVR� WR
GHYHORS�D�WHFKQLTXH�IRU�JURZLQJ�RI�WKH�RSWL�
FDO�TXDOLW\�FU\VWDOV�XQGHU�SURWHFWLYH�JDV�DW�
PRVSKHUHV� XQGHU� ����7RUU� SUHVVXUH� WKDW� LV
WKH�PRVW�SURVSHFWLYH� IRU�D� FRQVLGHUDEOH� LP�
SURYHPHQW� LQ� HFRQRPLF� FKDUDFWHULVWLFV� DQG
ERUURZLQJ�SRZHU�RI�WKH�+'&�PHWKRG�DW�WKH
ODUJH�VFDOH�VDSSKLUH�PDUNHW�
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