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&��/LJL��5��5LFFL��,1)1�±�/1)��)UDVFDWL��50���,WDO\
$EVWUDFW�
'$Φ1(� H�� ±� H±� FROOLGHU� ULQJ� FDQ�� LQ� SULQFLSOH�� EH�

XSJUDGHG� XS� WR� DERXW� �� *H9� F�P�� HQHUJ\� ZLWKRXW� DQ\�
FKDQJHV� LQ� WKH� PDFKLQH� OD\RXW�� DSDUW� IURP� WKH�
VXEVWLWXWLRQ��LQ�WKH�PDLQ�ULQJV��RI�WKH�GLSROH�PDJQHWV��WKH�
VSOLWWHUV� DQG� IHZ� TXDGV�� 7KLV� SDSHU� GHDOV� ZLWK� WKH�
IHDVLELOLW\�RI�WKH�UHDOL]DWLRQ�RI�WKH�UHTXLUHG�GLSROHV��WDNLQJ�
LQWR� DFFRXQW� WKH� QHZ� PDJQHWLF� ILHOG� UHTXLUHPHQW�� WKH�
PHFKDQLFDO� FRQVWUDLQWV� GXH� WR� WKH� SUHVHQW� OD\RXW� RI�
'$Φ1(� DQG� WKH� HYHQWXDOLW\� WR� UDPS� WKH� PDJQHW� IURP�
ORZHU� ILHOG��7ZR�GLIIHUHQW� DSSURDFKHV� DUH� FRQVLGHUHG�� WR�
PRGLI\� WKH� SUHVHQW� JHRPHWU\� RI� WKH� GLSROHV� DQG� WR� XVH�
KLJK�SHUIRUPDQFH�PDJQHWLF�PDWHULDOV�LQ�WKH�FRUH��

,1752'8&7,21�
'$Φ1(� WHDP� LV� LQYHVWLJDWLQJ� WKH� RSSRUWXQLW\� WR�

LQFUHDVH� WKH� HQHUJ\� RI� WKH� EHDPV� LQ� WKH� PDFKLQH� XS� WR�
QHXWURQ�DQWLQHXWURQ�WKUHVKROG��DERXW���*H9�F�P���>�@��
7R� GR� WKLV�� WKH� PRGLILFDWLRQ� LQ� WKH� PDFKLQH� FDQ� EH�

OLPLWHG�WR�WKH��
• 6XEVWLWXWLRQ�RI�WKH�SUHVHQW��������7�GLSROHV�RI�

WKH� PDLQ� ULQJV� ZLWK� QHZ� RQHV� ZLWK� KLJKHU�
PD[LPXP�PDJQHWLF� ILHOG�� HYHQWXDOO\�ZLWK� WKH�
SRVVLELOLW\� WR� UDPS� WKH� PDJQHW� IURP� WKH�
SUHVHQW�QRPLQDO�ILHOG�

• 6XEVWLWXWLRQ�RI�WKH���VSOLWWHU�PDJQHWV�
• 6XEVWLWXWLRQ�RI�WKH�ORZ�EHWD�TXDGUXSROHV�LQ�WKH�

�QG�LQWHUDFWLRQ�UHJLRQ��,5���
$OPRVW� DOO� RI� WKH� UHVW� RI� WKH� '$Φ1(� KDUGZDUH� �H�J��

RWKHU� PDJQHWV�� YDFXXP� FKDPEHU�� LQMHFWLRQ� V\VWHP�� 5)�
V\VWHP��IHHGEDFN«��FDQ�EH�VWLOO�XVHG�LQ�WKH�QHZ�PDFKLQH��
7KH� PDLQ� SUREOHP� RI� WKLV� XSJUDGH� FRPHV� IURP� WKH�

GLSROH�GHVLJQ�� VDYLQJ� WKH�SUHVHQW�YDFXXP�FKDPEHU� OHDGV�
WR�WKH�QHFHVVLW\�WR�UHDOL]H�PDJQHWV�ZLWK�WKH�VDPH�EHQGLQJ�
DQJOH� DQG� �DOPRVW�� WKH� VDPH� EHQGLQJ� UDGLXV� RI� WKH�
'$Φ1(� GLSROHV�� ,QFUHDVLQJ� WKH� EHDP� HQHUJ\� NHHSLQJ�
FRQVWDQW� WKH� EHQGLQJ� UDGLXV� LPSOLHV� DQ� LQFUHDVH� RI� WKH�
PDJQHWLF� ILHOG�� ZKLFK� FDQ� EH� UHDFKHG� HLWKHU� ZLWK�
VXSHUFRQGXFWLQJ� PDJQHWV� RU� ZLWK� UHVLVWLYH� GLSROHV��
'LIIHUHQW� UHDVRQV� EURXJKW� XV� WR� FKRRVH� WR� VWXG\� WKH�
VHFRQG�K\SRWKHVLV��

'$)1(�',32/(6�
,Q�WKH�'$Φ1(�PDLQ�ULQJV�WKHUH�DUH����GLSROHV����LQ�WKH�

HOHFWURQ�ULQJ�DQG���LQ�WKH�SRVLWURQ�RQH��VHH�)LJ������(DFK�
ULQJ� KDV� WZR� VHFWLRQV�� WKH� ORQJ� VHFWLRQ� DQG� WKH� VKRUW�
VHFWLRQ�>���@��
$OO� WKH� GLSROHV� DUH� &±VKDSHG� PDJQHWV� ZLWK� WKH� VDPH�

EHQGLQJ� UDGLXV�� +DOI� RI� WKHP� DUH� VHFWRU�OLNH�� DQG� WKH�
RWKHUV�DUH�SDUDOOHO�HQG�VKDSH��'LSROHV�LQ�WKH�ORQJ�VHFWLRQ�
KDYH� D� EHQGLQJ� DQJOH� JUHDWHU� WKDQ� WKH� RQHV� LQ� WKH� VKRUW�
VHFWLRQ��

�

�
)LJXUH����'$)1(�0DLQ�5LQJV�/D\RXW�

�
7KH�PDLQ�SDUDPHWHUV�RI�WKH�PDJQHWV�DUH�OLVWHG�LQ�7DEOH�

���7KH\�DUH�YDOLG�IRU�ERWK�WKH�VHFWRU�OLNH�DQG�WKH�SDUDOOHO�
HQG�VKDSH�GLSROHV��
�

5LQJ�6HFWLRQ� ORQJ� VKRUW�
1RPLQDO�)LHOG� �����7�
%HQGLQJ�5DGLXV� ������P�
%HQGLQJ�$QJOH� ������ ������
*DS�+HLJKW� �����PP�

0DJQHWLF�/HQJWK� ������P� ������P�
*RRG�)LHOG�5HJLRQ� �����PP�

)LHOG�4XDOLW\� ������× �����
&XUUHQW�'HQVLW\� ����$�PP��
7DEOH����'$)1(�GLSROH�PDLQ�FKDUDFWHULVWLFV�

�

1(:�'(6,*1�$1'�&21675$,176�
:H�EDVHG�WKH�GLSROH�GHVLJQ�VWDUWLQJ�IURP�WKH�FRQVWUDLQW�

WKDW�WKH�SUHVHQW�OD\RXW�LPSRVHV�WR�XV��
7KH� PDLQ� FRQVWULFWLRQ� LV� WR� PDLQWDLQ� WKH� '$Φ1(�

YDFXXP� FKDPEHU�� 7KLV� LPSOLHV� FRQVWUDLQWV� RQ� PLQLPXP�
JDS� DQG�RQ� WKH�PHFKDQLFDO� OHQJWK��$W�SUHVHQW� WKH�JDS� LV�
�����PP�� DOWKRXJK� LW� LV� SRVVLEOH� WR� ORZHU� LW� GRZQ� WR� ���
PP� UHPRYLQJ� WKH� YDFXXP� FKDPEHU� WKHUPDO� LQVXODWLRQ��
WKDW� LW� LV� QR� ORQJHU� UHTXLUHG�� ,Q� WKH� IROORZLQJ� ZH� ZLOO�
FRQVLGHU�WKLV�ODVW�YDOXH��
.HHSLQJ�'$Φ1(�YDFXXP�FKDPEHU�DOVR�VKRXOG�LPSRVH�

WKH�VDPH�EHQGLQJ�DQJOH�DQG�EHQGLQJ�UDGLXV�RI�WKH�SUHVHQW�
GLSROHV�� +RZHYHU�� LW� LV� SRVVLEOH� WR� VOLJKWO\� PRGLI\� WKH�
SDUWLFOH� WUDMHFWRU\� LQ� WKH� EHQGLQJ� VHFWLRQV� LQ� RUGHU� WR�
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LQFUHDVH�WKH�UDGLXV�XS�WR������P��,W�KHOSV�XV�WR�ORZHU�WKH�
UHTXLUHG�PDJQHWLF�ILHOG��
7KLV� WUDMHFWRU\� DGMXVWPHQW� FDQ� EH� GRQH�PRGLI\LQJ� WKH�

PDJQHWV� GLPHQVLRQ� DQG� VKDSH�� LQ� RUGHU� WR� ILOO� DOO� WKH�
DYDLODEOH� VSDFH� RQ� WKH� YDFXXP� FKDPEHU�� LQ� WKLV�ZD\� DOO�
WKH�GLSROHV�EHFRPH�VHFWRU�OLNH��
8QIRUWXQDWHO\��WKHVH�PRGLILFDWLRQV�PDNH�WKH�LQVWDOODWLRQ�

RI�WKH�QHZ�PDJQHWV�PXFK�PRUH�FRPSOLFDWHG��,Q�IDFW��LW�LV�
QRW�SRVVLEOH�WR�SXW�WKH�PDJQHW�GLUHFWO\�DURXQG�WKH�YDFXXP�
FKDPEHU� IURP� WKH� ODWHUDO� VLGH��(QG� SODWHV� RI� WKH�PDJQHW�
KDYH� WR� EH� LQVWDOOHG� DIWHU� WKDW� PDLQ� FRUH� KDG� SODFHG� RQ�
VLWH��
)URP�WKH�HTXDWLRQ�

�
����

�
LI�ZH�FRQVLGHU�HOHFWURQ��RU�SRVLWURQ��ZLWK�HQHUJ\�RI������
*H9� DQG� D� EHQGLQJ� UDGLXV� RI� ρ�  � ����� P�� ZH� JHW� D�
UHTXLUHG� ILHOG� %� RI� ����� 7�� 7KLV� PHDQV� WKDW�� XVLQJ� LURQ�
PDJQHW��WKH�SROH�VKRHV�ZLOO�EH�IXOO\�VDWXUDWHG��
$OVR�� GXH� WR� WKH� HIIHFWV� RI� WKH� VWURQJ� ILHOG�� WKH� JRRG�

ILHOG�UHJLRQ�FDQQRW�EH�DV�ODUJH�DV�WKH�SUHVHQW�RQH��,Q�WKLV�
SDSHU�D�YDOXH�RI�����PP�LV�FRQVLGHUHG��
7KH� PDLQ� UHTXLUHPHQWV� DERXW� WKH� QHZ� GLSROH� DUH�

VXPPDUL]HG�LQ�7DEOH����
�

5LQJ�6HFWLRQ� /RQJ� 6KRUW�
%HDP�(QHUJ\� �����WR������*H9�

%ρ� ����WR������7�P�
0DJQHWLF�)LHOG� ����WR�����7�
%HQGLQJ�5DGLXV� ������P�
%HQGLQJ�$QJOH� ������ ������
*DS�+HLJKW� ���PP�

*RRG�)LHOG�5HJLRQ� �����PP�
7DEOH����1HZ�'LSROH�5HTXLUHPHQWV�

�
,Q� WKH�QH[W�VHFWLRQV�WKH���'�VLPXODWLRQV�DUH�GHVFULEHG��

7ZR� GLIIHUHQW� GHVLJQ� VWUDWHJLHV� DUH� FRQVLGHUHG�� ILUVW�� WKH�
UHVKDSH� RI� WKH� SUHVHQW� GLSROHV� XVLQJ� WKH� VDPH� LURQ��
6HFRQG�� WKH� RSSRUWXQLW\� RI� XVLQJ� KLJK� SHUIRUPDQFH�
PDWHULDO�KDV�EHHQ�FRQVLGHUHG��

,521�',32/(6�
'XH� WR� WKH� KLJK� ILHOG� UHTXHVWHG� LQ� WKH� JDS�� LW� LV�

QHFHVVDU\� WR� LQFUHDVH� WKH� GLPHQVLRQ� RI� WKH� PDJQHWV�� LQ�
RUGHU�WR�UHGXFH�WKH�VDWXUDWLRQ��DW�OHDVW�LQ�WKH�LURQ�\RNH�DQG�
LQ� WKH� OHJ�� +RZHYHU�� WKHUH� DUH� VRPH� OLPLWDWLRQV� LQ� WKH�
RYHUDOO� GLPHQVLRQ� RI� WKH� PDJQHWV��$V� LW� FDQ� EH� VHHQ� LQ�
)LJ�� ��� VRPH� RI� WKH� GLSROHV� DUH� YHU\� FORVH� HDFK� RWKHUV��
HVSHFLDOO\�QHDU�WKH�LQWHUDFWLRQ�UHJLRQ��

�
)LJXUH����,URQ�GLSROH�SURILOH�FKRVHQ�LQ�WKH�VLPXODWLRQV�
�ULJKW��FRPSDUHG�ZLWK�'$)1(�GLSROHV�SURILOH��OHIW��
�
,Q�)LJ����WKH�GLSROH�SURILOH�FKRVHQ�IRU�WKH�VLPXODWLRQV�LQ�

FRPSDULVRQ� WR� WKH� '$Φ1(� GLSROH� SURILOH� DUH� VKRZQ�
�GUDZLQJV� DUH� LQ� VFDOH��� $OVR� WKH� FRLO� SURILOH� DUHD� LV�
LQFUHDVHG��DQG�WKH�SROHV�DUH�UHVKDSHG�WR�RSWLPL]H�WKH�ILHOG�
LQ�WKH�JDS��,Q�SDUWLFXODU��WKH�SROH�WLSV�DUH�VKDSHG�WR�JHW�WKH�
EHVW�ILHOG�TXDOLW\�LQ�WKH�UDQJH�RI�EHDP�HQHUJ\�FRQVLGHUHG�
�IURP� WKH� SUHVHQW� HQHUJ\�RI������*H9�XS� WR������*H9���
7KH� PDWHULDO� FKRVHQ� IRU� WKH� \RNH� LV� WKH� 0DJQHWLO�� WKH�
VDPH�RI�WKH�'$Φ1(�GLSROHV��
6LPXODWLRQ�UHVXOWV�
7ZR�GLPHQVLRQDO�VLPXODWLRQV�DUH�PDGH�ZLWK�32,6621�

683(5),6+�ILQLWH�HOHPHQW�PHWKRG�FRGH��
'LIIHUHQW� VLPXODWLRQV� KDYH� EHHQ�PDGH� LQ� WKH� UDQJH� RI�

ILHOGV�����±�����7��7KH�PDLQ�UHVXOWV�DUH��
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�
)LJXUH����,QGXFWLRQ�LQ�WKH�JDS�FHQWHU�YHUVXV�

PDJQHWRPRWLYH�IRUFH��
• WKH�PDJQHWRPRWLYH� IRUFH� UDQJHV� IURP������ WR�

����N$WXUQV��VHH�)LJ������&RQVHTXHQWO\��ZLWK�
D� JLYHQ� FRLO� VXUIDFH� DUHD� RI� ����� × ���� PP��
DQG�D�W\SLFDO�ILOOLQJ�IDFWRU�RI�������WKH�FXUUHQW�
GHQVLW\� LQ� WKH� FRLOV� UDQJHV� IURP� ���� WR� ����
$�PP���

• DW� WKH� KLJKHU� ILHOGV� QRW� MXVW� WKH� SROH� WLSV�� EXW�
DOVR� WKH� LURQ� \RNH� LV� VDWXUDWHG�� 7KLV� OHDGV� WR�

�P����7������*H9�� %( =



VWURQJ�VWUD\�ILHOGV������*�DW���P�RII�WKH�EHDP�
D[LV� LQ� WKH�����7� FDVH�� DQG� WR� UHOHYDQW�SRZHU�
ORVV��

• WKH� ILHOG� TXDOLW\� VKRZV� LWV� EHWWHU� YDOXH� �����
× �����LQ�D�JRRG�ILHOG�UHJLRQ�RI�����PP��DW�DQ�
LQWHUPHGLDWH�ILHOG��EXW�LW�ULVHV�WR�DERXW���× �����
DW� WKH� HQGV� RI� WKH� UDQJH� �)LJ�� ���� $V� WKH�
UDPSLQJ� ILHOG� UDQJH� FDQ� EH� ORZHUHG� �L�H��
VWDUWLQJ� WKH�UDPS�IURP�D�ILHOG�KLJKHU� WKDQ�����
7��� WKHVH� YDOXHV� FDQ� EH� LPSURYHG�� UHVKDSLQJ�
WKH�SROH�WLSV��
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)LJXUH����)LHOG�TXDOLW\�DW�GLIIHUHQW�LQGXFWLRQ�YDOXHV��
�
$V�DQ�H[DPSOH�RI�WKH�ILHOG�SURILOH�LQ�WKH�WUDQVYHUVH�D[LV�

RI� WKH� GLSROH�� WKH� YHUWLFDO� FRPSRQHQW� %\� RI� WKH� ILHOG� LV�
VKRZQ�LQ�)LJ�����;� ���FP�FRUUHVSRQGV�WR�WKH�EHDP�D[LV��
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)LJXUH����2XWSXW�RI�3RLVVRQ�RQ�;�D[LV�IRU�%\����������������

+� �����N$WXUQV��
�
,Q�FRQFOXVLRQ�� WKHVH�SUHOLPLQDU\�VLPXODWLRQV�VKRZ�WKDW�

LW�LV��LQ�SULQFLSOH��SRVVLEOH�WR�UHDOL]H�LURQ�PDJQHWV�ZLWK�WKH�
UHTXLUHG� VSHFLILFDWLRQV�� EXW� LW� LV� YHU\� KDUG� WR� GR��$OVR��
WKHUH�DUH�DW�WKH�PRPHQW�VRPH�RSHQ�SRLQWV��HIIHFWV�RI�VWUD\�
ILHOGV� DQG� IULQJLQJ� ILHOGV� �WKLV� ODVW� SRLQW� QHHGV� WKUHH�
GLPHQVLRQDO� VLPXODWLRQ��� DQG� ILQDOO\� PHFKDQLFDO�
FRPSOH[LW\�RI�WKH�LQVWDOODWLRQ��

7KLV� EULQJV� XV� WR� WU\� RWKHU� ZD\V� WR� LQYHVWLJDWH� WKH�
PDWWHU�� VXFK� DV� FRQVLGHU� FKDQJLQJ� VRPH� SDUDPHWHUV�� $�
SRVVLELOLW\�LV�WR�XVH�RWKHU�PDWHULDOV�WKDQ�LURQ��,Q�WKH�QH[W�
VHFWLRQ� D� GHVLJQ� ZKHUH� WKH� \RNH� LV� UHDOL]HG� ZLWK� WZR�
GLIIHUHQW�PDWHULDOV�LV�GHVFULEHG��

+,*+�0$*1(7,&�6$785$7,21�
0$7(5,$/6��

+LJK� SHUIRUPDQFH� PDWHULDOV� RSSRUWXQLWLHV� KDYH� EHHQ�
H[SORUHG� LQ� RUGHU� WR� REWDLQ� KLJKHU� ILHOGV� VDYLQJ�
PDJQHWRPRWLYH�IRUFH�DQG�YROXPH��
6SHFLDO�KLJK�WHPSHUDWXUH�,URQ�&REDOW�9DQDGLXQ�DOOR\V��

ZLWK� DERXW�����RI�&R�� VRPHWLPHV�QDPHG�3HUPHQGXU�� DW�
WKH� PRPHQW� UHSUHVHQW� WKH� FRPPHUFLDO� VRIW� PDJQHWLF�
PDWHULDOV�ZLWK� WKH�KLJKHVW�VDWXUDWLRQ�LQGXFWLRQ��XS�WR�����
7�ZLWK�UHVSHFW�WR������7�RI�SXUH�,URQ��$50&2����7KHVH�
DOOR\V� DUH� SURGXFHG� ZLWK� VPDOO� GLIIHUHQFHV� LQ� WKH�
FRPSRVLWLRQ� DQG� GLIIHUHQW� GHQRPLQDWLRQ� E\�
PDQXIDFWXUHUV��

)LJXUH����+LSHUFR�DQG�6WHHO�'&�0DJQHWL]DWLRQ�&XUYHV��
�
+LSHUFR�� LV� D� UHJLVWHUHG� WUDGHPDUN� RI� &DUSHQWHU�

7HFKQRORJ\� >�@� �)LJ�� ��� 9DFRIOX[�� RI� 9DFXXPVKPHO]H�
*PEK�>�@��7KLV�VSHFLDOW\�LV�IRUJHG�LQ�EDUV��ZLUHV�DQG�DOVR�
LQ�VWULS��,W�KDV�EHHQ�WDNHQ�LQWR�DFFRXQW�LQ�WKH�IRUP�RI�VWULS��
UHVSHFWLYHO\�DV�9DFRIOX[�����DQG�+LSHUFR��$OOR\���$��
7KHVH� DOOR\V� KDYH� EHHQ� XVHG� SULPDULO\� IRU� PDJQHWLF�

FRUHV� LQ�HOHFWULFDO�HTXLSPHQW�UHTXLULQJ�KLJK�SHUPHDELOLW\�
DW�KLJK�PDJQHWLF�IOX[�GHQVLWLHV�VXFK�DV�KLJK�IOX[�GHQVLW\�
SROH�VKRHV� RI� DOWHUQDWRUV�� HOHFWURPDJQHWV�� PDJQHWLF�
OHQVHV��QHHGOH�SULQWHUV�� UHOD\V��PRWRUV�DQG�DFWXDWRUV�ZLWK�
KLJK�WRUTXHV�DQG�IRUFHV��
,Q� WKH� IROORZLQJ� VLPXODWLRQV� RI� WKH� GLSROHV��+LSHUFR��

$OOR\���$�FKDUDFWHULVWLFV� KDYH�EHHQ� DGRSWHG��7KLV� DOOR\�
�����&REDOW�� ���9DQDGLXP�� ������ VLOLFRQ� DQG� WUDFH�RI�
&DUERQ��LURQ�EDODQFH��VKRZV�KLJK�PDJQHWLF�VDWXUDWLRQ�����
NLORJDXVV��� KLJK� '�&�� PD[LPXP� SHUPHDELOLW\�� ORZ� '�&��
FRHUFLYH�IRUFH��DQG�ORZ�$�&��FRUH�ORVV��

,URQ�

+LSHUFR�
���$�



)LJ����VKRZV�WKH�UHODWLYH�SHUPHDELOLW\�RI�+LSHUFR����$�
YV�� LQGXFWLRQ� FRPSDUHG� ZLWK� 0DJQHWLO�� >�@�� WKH� KLJK�
SHUIRUPDQFH� VLOLFRQ�VWHHO� FXUUHQWO\� XVHG� LQ� '$Φ1(�
GLSROHV��
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)LJXUH����+LSHUFR�����$�DQG�0DJQHWLO��UHODWLYH�

SHUPHDELOLW\�PU��

&203281'�',32/(6�
'XH� WR� WKH� KLJK� FRVW� RI� &R�)H� DOOR\V�� D� FRPSRXQG�

PDJQHWLF�FRUH�ZLWK�RQO\�WKH�SROH�RI�WKLV�PDWHULDO�KDV�EHHQ�
HYDOXDWHG��,Q� WKLV�FDVH�WKH�\RNH�LV�PDGH�RI�HOHFWULF�VWHHO��
7KH� DLP� LV� WR� PDNH� D� IOX[� FRQFHQWUDWRU� KDYLQJ� DQ� KLJK�
IOX[�GHQVLW\�LQ�WKH�JDS�DQG�D�OLPLWHG�RQH�LQ�WKH�\RNH��

d e f g h i j k g l m n o p

q l e r l g s t e

��
)LJXUH����6NHWFKHG�FURVV�VHFWLRQ�RI�WKH�FRPSRXQG�

PDJQHW��GLPHQVLRQV�DUH�LQ�FP���
�
%L�GLPHQVLRQDO� )(0� DQDO\VLV� KDV� EHHQ� PDGH� XVLQJ�

32,6621� DQG� 0D[ZHOO� �'�� (OHFWULFDO� ODPLQDWHG� VWHHO�
0DJQHWLO�� KDV� EHHQ� XVHG� IRU� WKH� \RNH�� 7LS� SROHV� KDYH�
EHHQ� VLPXODWHG�ZLWK� WKH�PDJQHWLF� SURSHUWLHV� RI�+LSHUFR�

DOOR\� ��$�RI�&DUSHQWHU�/WG��2Q� ERWK� UHJLRQV� D� VWDFNLQJ�
IDFWRU�RI������KDV�EHHQ�WDNHQ�LQWR�DFFRXQW��
6HYHUDO� WHQWDWLYH� RXWOLQHV� KDYH� EHHQ� ZRUNHG� RXW� LQ�

RUGHU� WR� RSWLPL]H� WKH� UDWLR� EHWZHHQ� +LSHUFR� DQG� ,URQ�
YROXPH�� VWDUWLQJ� IURP� WKH� '$Φ1(� GLSROH� RYHUDOO�
GLPHQVLRQ�� $� ELW� ODUJHU� FRUH� ZLWK� UHVSHFW� WR� '$Φ1(�
RULJLQDO�GLSROH�KDV�EHHQ�DVVXPHG�LQ�RUGHU�WR�UHGXFH�00)�
DQG�VWUD\�ILHOGV��
)LJ����VKRZV�WKH�GLPHQVLRQ�RI�D�VHFWLRQ�RI�WKH�PDJQHW�

ZLWK�D�JRRG�FRPSURPLVH�EHWZHHQ�WKH�PD[LPXP�LQGXFWLRQ�
LQ�WKH�FHQWHU�RI�WKH�JDS�DQG�WKH�YROXPH�RI�+LSHUFR��
7KH�VLPXODWLRQ�UHVXOWV�DUH�VKRZQ�LQ�)LJ����DQG����ZLWK�

D�PDJQHWRPRWLYH�IRUFH�RI����N$�WXUQV��
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7KH�JHRPHWU\�RI� WKH�FRUH�KDV�EHHQ�RSWLPL]HG� LQ�RUGHU�

WR�DFKLHYH�WKH�VDPH�VDWXUDWLRQ�OHYHO�LQ�WKH�VWHHO�DQG�LQ�WKH�
+LSHUFR� UHJLRQ�� 2QFH� GHILQHG� WKH� VWDUWLQJ� JHRPHWU\�
VHYHUDO� VLPXODWLRQV� KDYH� EHHQ� SHUIRUPHG� DW� GLIIHUHQW�
FXUUHQWV��
)OX[�GHQVLWLHV�YHUVXV�PDJQHWRPRWLYH� IRUFH� DUH�SORWWHG�

LQ�)LJ������ZKHUH�%R� UHSUHVHQWV� WKH� ILHOG� LQ� WKH�FHQWHU�RI�



WKH�JDS��%IH�WKH�DYHUDJH�YDOXH�LQ�WKH�LURQ�FRUH��%PD[BIH�WKH�
PD[LPXP� IOX[� GHQVLW\� LQ� LURQ� DQG� %WLS� WKH� YDOXH� LQ� WKH�
FHQWHU� RI� WKH� +LSHUFR� UHJLRQ�� 7KH� SORW� VKRZV� WKDW� WKH�
PD[LPXP� FRVW�HIIHFWLYH� PDJQHWRPRWLYH� IRUFH� RI� WKLV�
FRQILJXUDWLRQ� LV� DERXW� ��� N$WXUQV�� WKDW� FDQ� SURGXFH� D�
ILHOG�LQ�WKH�FHQWHU�RI�WKH�JDS�RI������7��
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)LJXUH�����,QGXFWLRQ�LQ�WKH�JDS��%����FRPSDUHG�ZLWK�
PD[�YDOXHV�LQ�,URQ�UHJLRQ��%PD[BIH���+LSHUFR��SROH�WLS�
�%WLS��DQG�LQ�WKH�,URQ��%IH���YHUVXV�PDJQHWRPRWLYH�

IRUFH��
�
8VLQJ�WKLV�ZRUNLQJ�SRLQW�6WHHO�DQG�+LSHUFR�DUH�QRW�\HW�

IXOO\�VDWXUDWHG�DQG�VWUD\�ILHOGV�DUH�OLPLWHG��DV�LW�VKRZQ�LQ�
ILJ����� ,QFUHDVLQJ� FXUUHQW� DERYH� WKH� VDWXUDWLRQ� SRLQW�
SURGXFHV� D� OLPLWHG� LQGXFWLRQ� JDLQ� ZLWK� UHOHYDQW� SRZHU�
ORVV�DQG�VWUD\�ILHOGV��
$V� H[SHFWHG�� ZLWK� WKH� IODW� SROH� XVHG� LQ� WKHVH�

SUHOLPLQDU\�VLPXODWLRQV�ILHOG�TXDOLW\�UHVXOWV�DUH�YHU\�SRRU�
EHFDXVH� SROH� VKDSLQJ� RSWLPLVDWLRQ� LV� QRW� \HW� SHUIRUPHG��
)LHOG�TXDOLW\�LV�OHVV�WKDQ�����×�����LQ�WKH�JRRG�ILHOG�UHJLRQ�
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)LJXUH�����)OX[�GHQVLW\�LQ�WKH�JDS�#���N$���
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$VVXPLQJ�WKH�VDPH�ZLUH�DQG�WKH�VDPH�QXPEHU�RI�WXUQV�

XVHG� IRU� WKH� '$Φ1(� 'LSROH� FRLOV� ����� WXUQV��� WKH�
FRQVLGHUHG� ZRUNLQJ� SRLQW� KDV� D� FXUUHQW� RI� ���� $�� D�
FXUUHQW�GHQVLW\�RI���$�PP��DQG�SRZHU�ORVV�RI�����N:�SHU�
ULQJ��7KLV�PHDQV�WKDW�WKH�QHZ�GLSROHV�ILW�ZLWK�WKH�H[LVWLQJ�
SRZHU�VXSSOLHV�DQG�FDEOHV�ZLWK�FRQVLVWHQW�FRVW�VDYLQJ��
7DEOH���UHVXPHV�PDWHULDO�TXDQWLWLHV�DQG�SRZHU�ORVV��
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� /RQJ� 6KRUW�
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6RPH� GLIIHUHQW� VNHWFKHV� ZLWK� GLIIHUHQW� UDWLR�

+LSHUFR�,URQ� YROXPH� KDYH� EHHQ� LQYHVWLJDWHG� LQ� RUGHU� WR�
HYDOXDWH�WKH�3HUPHQGXU�]RQH�FRQWULEXWLRQ���
7DEOH� �� FRPSDUHV� WKH� UHVXOWV� REWDLQHG� DW� ���N$�XVLQJ�

WKH� VDPH� FRUH� VHFWLRQ� ZLWK� LQFUHDVHG� XVH� RI� WKH� DOOR\��
9DOXH�RI�WKHVH�FRPSDULVRQV�LV�OLPLWHG�EHFDXVH�GLPHQVLRQ�
RI� \RNH� DQG� OHJ� DUH� QRW� RSWLPLVHG� ZLWK� WKH� PRGLILHG�
PDWHULDOV��
�

3ROH�6LGH� &ROXPQ�6LGH�
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&RVW�HYDOXDWLRQ�
7KH� RYHUDOO� FRVW� LV� GRPLQDWHG� E\� &REDOW�,URQ� DOOR\��

ZKRVH�URXJK�PDWHULDO�FRVW� LV�HYDOXDWHG�DURXQG�����¼�NJ��
7R�HVWLPDWH�WKH�FRVW��WKH�WRWDO�H[WUD�FRVW�RI�WKH�+LSHUFR�RI�
DERXW������N¼�KDV� WR�EH�DGGHG� WR� WKH� UHYDOXDWHG�FRVW�RI�
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([WUD� FRVWV� DUH� EDODQFHG� E\� WKH� VDYLQJ� LQ� WKH� VXSSO\�
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&21&/86,216�
7KLV� SUHOLPLQDU\� �'� VWXG\� VKRZV� WKDW� D� 6WHHO�,URQ�

&REDOW� GLSROH� ZLWK� VLPLODU� GLPHQVLRQ� RI� H[LVWLQJ� RQHV�
FRXOG�UHDFK�����7�ZLWK�UHDVRQDEOH�FXUUHQW�DQG�VWUD\�ILHOGV��
�����*H9�RI�HQHUJ\�� WKDW�PHDQV�����7�RI�GLSROH� ILHOG��

FRXOG�EH�UHDFKHG�ZLWK�WKHVH�QHZ�PDJQHWV�ZLWK����N$�DQG�
GRHVQ¶W�LQYROYH�DGGLWLRQDO�FKDQJLQJ�LQ�WKH�OD\RXW��
�����*H9�FRXOG�EH�FRQVLGHUHG�DV�WKH�PD[LPXP�HQHUJ\�

WKDW�FDQ�EH�UHDFKHG�ZLWK� WKLV�JHRPHWU\��6RPH�PRUH�JDLQ�
FRXOG� EH� REWDLQHG� LQFUHDVLQJ� WKH� FRQWHQW� RI� +LSHUFR�� DV�
VKRZQ�LQ�WDE�����
0RUH� VLPXODWLRQV� KDYH� WR� EH� GRQH� WR� GHILQH� WKH� SROH�

SURILOH�LQ�RUGHU�WR�REWDLQ�DFFHSWDEOH�ILHOG�TXDOLW\��
�'�PRGHOOLQJ�KDV�WR�EH�GRQH�LQ�RUGHU�WR�YDOLGDWH�WKH��'�

VLPXODWLRQV�DQG�GHILQH�WKH�PDJQHWLF�OHQJWK��
7KH� FRQVWUXFWLRQ� RI� D� SURWRW\SH� RI� WKH� PDJQHW� KDV� LV�

VWURQJO\�UHFRPPHQGHG��
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:H� ZDUPO\� DFNQRZOHGJH� &ODXGLR� 6DQHOOL� IRU� KLV�

KHOSIXO�VXJJHVWLRQV��
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/HSWRQ�&ROOLGHU�DW�'$Φ1(´��/1)��������7HFKQLFDO�
1RWH��-XO\������

>�@� %�� %ROOL� HW� DO��� ³7KH� 6KRUW� 'LSROHV� RI� WKH� '$Φ1(�
0DLQ�5LQJ�$FKURPDWV´��00����'$Φ1(�7HFKQLFDO�
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1RWH��0D\������

>�@� +LSHUFR����$��&DUSHQWHU�/WG��'DWDVKHHW�

>�@� ³6RIW� 0DJQHWLF� &REDOW�,URQ� $OOR\V� �� 9DFRIOX[� ���
9DFRIOX[� ���� 9DFRGXU� ���� 9DFRIOX[� ��´��
9DFXXPVFKPHO]H�*0%+�SURGXFW�FDWDORJ�������

>�@� 0DJQHWLO�� $UFHORU� )&6� &RPPHUFLDO� 3URGXFW�
FDWDORJXH�


