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$� PHWKRG� LV� SUHVHQWHG� WR� REWDLQ� VLOYHU�FRQWDLQLQJ� ODQWKDQXP� PDQJDQLWHV
/D�±[$J\0Q2��G�H[KLELWLQJ�*05��&HUDPLF�VDPSOHV�SRVVHVVLQJ�KLJK�&XULH�WHPSHUDWXUH�DQGVKRZLQJ�D�VKDUS�PD[LPXP�RI�PHWDO�LQVXODWRU�WUDQVLWLRQ�QHDU�&XULH�WHPSHUDWXUH�KDYH�EHHQ
REWDLQHG��$W�WKH�R[\JHQ�SDUWLDO�SUHVVXUH�RI���EDU��D�VDPSOH�RI�/D����$J����0Q2��G�KDV�EHHQSUHSDUHG� VKRZLQJ� WKH� PDJQHWRUHVLVWDQFH� RI� DERXW� ����� LQ� WKH� PDJQHWLF� ILHOG� ���� 7� DW
����.��7KH�R[\JHQ�SDUWLDO�SUHVVXUH�KDV�EHHQ�VKRZQ�WR�LQIOXHQFH�WKH�VLQWHULQJ�PHFKDQLVP
RI� WKH� FHUDPLFV�� 0DJQHWRFDORULF� HIIHFW� IRU� WKH� VDPSOH� /D���$J���0Q2��G� LV� '6� 
����-��NJ�.��DW�����.�
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5DUH�HDUWK� PDQJDQLWHV� RI� SHURYVNLWH
VWUXFWXUH�GRSHG�ZLWK�PRQRYDOHQW�FDWLRQV�RI
JHQHUDO�IRUPXOD�5�±[$[0Q2��G��ZKHUH�5�LV�DUDUH�HDUWK� HOHPHQW�� k�� WKH� GRSLQJ� FDWLRQ�
DUH� QR� GRXEW� RI� LQWHUHVW� DV� PDWHULDOV� ZLWK
WKH� JLDQW� PDJQHWRUHVLVWDQFH� �*05��� 7KH
PDLQ� DGYDQWDJH� RI� WKH� UDUH�HDUWK� PDQJDQ�
LWHV� GRSHG� ZLWK� PRQRYDOHQW� FDWLRQV� �1D��
$J���DV�FRPSDUHG�WR�WKRVH�GRSHG�ZLWK�GLYD�
OHQW� FDWLRQV� LV� WKH� KLJK� VHQVLWLYLW\� RI� WKH
HOHFWULFDO� UHVLVWDQFH� WR� H[WHUQDO� PDJQHWLF
ILHOG�DW�URRP�WHPSHUDWXUH�>�Ü�@�

5HFHQWO\��LW�ZDV�VKRZQ�WKDW�VLOYHU�GRSHG
ODQWKDQXP�PDQJDQLWHV� SRVVHVV� D�KLJK�PDJ�
QHWRUHVLVWDQFH� QHDU� URRP� WHPSHUDWXUH� >�@�
+RZHYHU��XVLQJ�VXFK�D�KLJK�PRELOLW\�FRPSR�
QHQW�DV�VLOYHU��LW�LV�QHFHVVDU\�WR�FRQWURO�WKH

FKHPLFDO� VWDWH� DQG� WKH� FRQWHQW� RI� VLOYHU� LQ
WKH� VDPSOH�� ,W� ZDV� VKRZQ� EHIRUH� WKDW� ODQ�
WKDQXP�YDFDQFLHV�LQ�/D�±[0Q2��FDQ�EH�ILOOHGZLWK� VLOYHU� LRQV� >�@�� $OVR�� LW� LV� NQRZQ� IURP
OLWHUDWXUH�WKDW�LW�LV�QHFHVVDU\�WR�SUHYHQW�SRVVL�
EOH�VLOYHU�ORVV�GXULQJ�VLQWHULQJ�RI�/D�±[$J[0Q2�FHUDPLFV�� 7KDW� LV� ZK\� WKH� FRPSRXQG� ZDV
V\QWKHVL]HG� DW� DERXW� ����v� DQG� XVLQJ� D
FKDUJH� HQULFKHG� LQ� VLOYHU� >�@�� RU� DW� PRUH
HOHYDWHG� WHPSHUDWXUHV� XQGHU� H[FHVV� R[\JHQ
SUHVVXUH� �!�� EDU�� >�@�� 7KHVH� WZR� PHWKRGV
SURGXFH�VDPSOHV�RI�YDULRXV�PLFURVWUXFWXUHV�
7R� LPSURYH� WKH� WUDQVSRUW� SURSHUWLHV� RI� WKH
FHUDPLF� PDWHULDO�� LW� LV� QHFHVVDU\� WR� IRUP
FRDUVH�JUDLQ�FHUDPLFV�ZLWK�GHQVH�JUDLQ�FRQ�
WDFWV�� 7KH� PLFURVWUXFWXUH� IHDWXUHV� DUH� UH�
IOHFWHG�LQ�WKH�HOHFWULFDO�UHVLVWDQFH�DQG�PDJ�

)XQFWLRQDO�0DWHULDOV�����1R��������� �������Û�,QVWLWXWH�IRU�6LQJOH�&U\VWDOV
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QHWRUHVLVWDQFH� EHKDYLRU� RI� SRO\FU\VWDOOLQH
ILQH�JUDLQHG� PDQJDQLWHV� >����@�� (OHFWULFDO
UHVLVWDQFH� RI� VXFK� SRO\FU\VWDOOLQH� VDPSOH
FDQ�EH�GHVFULEHG�DV

U� �U�����/��e�/��U��
ZKHUH�U�� LV�UHVLVWDQFH�RI�D�FU\VWDOOLWH�RI�/�
DYHUDJH� VL]H��U��� JUDLQ� ERXQGDU\� UHVLVWDQFH
RI�/��DYHUDJH�ZLGWK��7KH�HVWLPDWHG�U��YDOXH
NQRZQ� IURP� OLWHUDWXUH� VKRZV� WKDW� U�� LV
WKUHH�GHFLPDO�RUGHUV�ORZHU�WKDQ�U���)RU�WKHFHUDPLFV� VDPSOHV� ZLWK� VXEPLFURPHWHU
JUDLQV� DQG� QDQR�ZLGWK� JUDLQ� ERXQGDULHV�� LW
LV� MXVW� WKH� ODWWHU� WKDW� FRQWULEXWH� PDLQO\
�a������ WR�WKH�UHVLVWDQFH��$FFRUGLQJO\��WKH
HOHFWULFDO� UHVLVWDQFH� PD[LPXP� LQ� VXFK� FH�
UDPLFV�LV�DSSUHFLDEO\�ORZHU�WKDQ�&XULH�WHP�
SHUDWXUH��°��DQG�WKH�PDJQHWRUHVLVWDQFH�GRHVQRW� H[FHHG� ��� �� �+� ��� 7��� :H� GHPRQ�
VWUDWH�mHORZ��D�YHU\�GLIIHUHQW�EHKDYLRU�RI�WKH
FHUDPLF�*05�PDQJDQLWHV�ZLWK�IHZ�PLFURPH�
WHU�JUDLQ�VL]H�DQG�GHQVH�JUDLQ�FRQWDFWV�

,Q�WKLV�ZRUN��ZH�UHSRUW�D�PHWKRG�WR�PRG�
LI\� WKH� FHUDPLFV� RI� VLOYHU�GRSHG� ODQWKDQXP
PDQJDQLWH��:H�KDYH� IRXQG�D�GUDVWLF� HYROX�
WLRQ� RI� HOHFWULFDO� DQG� PDJQHWLF� SURSHUWLHV� RI
WKH�/D�±[$J\0Q2��G��7KH�PDJQHWRFDORULF�HIIHFWLQ�PRGLILHG�FHUDPLFV�ZDV�LQYHVWLJDWHG�DV�ZHOO�

$OO�FHUDPLF�VDPSOHV�ZHUH�SUHSDUHG�XVLQJ
FKHPLFDO� KRPRJHQL]DWLRQ� >��@�� )LUVW�� DVK�
IUHH�SDSHU�ZDV�VRDNHG�ZLWK�DTXHRXV�VROXWLRQ
RI� /D�� $J� DQG� 0Q� QLWUDWHV�� PL[HG� LQ� WKH
SURSHU� UDWLR�� DQG� GULHG� LQ� DLU� DW� ����v�
7KHQ� SDSHU� ZDV� EXUQHG�� DQG� WKH� DVK� ZDV
DQQHDOHG� LQ� DLU� DW� ����&� IRU� ��� PLQ�� 7KH
UHVXOWLQJ�SRZGHU�ZDV�SUHVVHG�LQ�SHOOHWV��7KH
VLOYHU� FRQWDLQLQJ� R[LGH� SRZGHU� �/D�$J�0Q
DWRPLF�UDWLR������������ZDV�SUHSDUHG�E\�WKH
VDPH� PHWKRG�� 7KLV� SRZGHU� ZDV� XVHG� DV� D
�FRYHU�� WR� SUHYHQW� WKH� VLOYHU� ORVV� IURP� WKH
SHOOHWV��7KH�VLOYHU�FRQWDLQLQJ�SHOOHWV�ZHUH�VLQ�
WHUHG�DW�����&�XQGHU�D�FRYHULQJ�SRZGHU�OD\HU
RI� WKH� LQ� DOXQGXP� FUXFLEOHV� LQ� DLU� IRU
���KRXUV��7KH�ORZ�VLQWHULQJ�WHPSHUDWXUH�SUR�
YLGHV�WKH�SHURYVNLWH�SKDVH�FU\VWDOOL]DWLRQ�DQG
SUHYHQWV� VLOYHU� ORVV� >�@�� ,Q� WKLV� ZRUN�� WKH
IROORZLQJ� $J�FRQWDLQLQJ� VDPSOHV� ZHUH� RE�
WDLQHG�� /D���$J���0Q2��� /D���$J���0Q2��/D���$J����0Q2��� 7KHVH� FRPSRVLWLRQV� ZHUHVHOHFWHG� DV� WKH� VWXG\� REMHFWV� EHFDXVH� WKH\
SRVVHVVHG� �°� QHDU� URRP� WHPSHUDWXUH� >�@�7KH� PDJQHWRUHVLVWDQFH� VWXG\� QHDU� URRP
WHPSHUDWXUH� LV� RI� PRVW� LQWHUHVW� IURP� WKH
VWDQGSRLQW�RI�SUDFWLFDO�DSSOLFDWLRQ�

7R� LPSURYH� WKH� WUDQVSRUW� SURSHUWLHV� RI
WKH� FHUDPLF�PDWHULDO�� D� WHFKQLTXH�ZDV� SUR�
SRVHG�WR�PRGLI\�WKH�FHUDPLF�PLFURVWUXFWXUH

ZLWKRXW� WKH� VROLG� VROXWLRQ� GHFRPSRVLWLRQ�
7KH�WHFKQLTXH�FRQVLVWV�LQ�WKH�KLJK�WHPSHUD�
WXUH�DQQHDOLQJ�DW������&��XQGHU�3�2��� ��Ü�� EDU� IRU� �Ü��� K� LQ� WKH� SUHVHQFH� RI�PHWDO
VLOYHU�YDSRU�

0LFURVWUXFWXUH�RI�WKH�FHUDPLFV�ZDV�VWXG�
LHG� E\� VFDQQLQJ� HOHFWURQ�PLFURVFRS\� �6(0�
XVLQJ� -(2/� -60� ���$� �-DSDQ�� DQG� /(2
6835$���93� �&DUO�=HLVV��*HUPDQ\��PLFUR�
VFRSHV��7KH�FDWLRQ�VWRLFKLRPHWU\�DQG�LWV�KR�
PRJHQHLW\� ZHUH� FRQWUROOHG� E\� (30$� �HOHF�
WURQ� SUREH� PLFURDQDO\VLV��� 7KH� 6(0� UH�
YHDOHG� WKH� XQLIRUP� FHUDPLF� PLFURVWUXFWXUH
ZLWK�ORRVHO\�FRQQHFWHG�VXEPLFURPHWHU�JUDLQV�
&DWLRQ�VWRLFKLRPHWU\�RI�WKH�VDPSOHV�DIWHU�UH�
FU\VWDOOL]DWLRQ� DQQHDOLQJ� ZDV� DOVR� XQLIRUP
DQG� FRUUHVSRQGHG� WR� WKDW� RI� WKH� SUHFXUVRU
SRZGHU� EHIRUH� WKH� KLJK� WHPSHUDWXUH� DQQHDO�
LQJ�� WKXV� LQGLFDWLQJ� WKDW� VLOYHU� GLG� QRW� ORVW
IURP�WKH�VDPSOHV�GXULQJ�DQQHDOLQJ��7KH�GHQ�
VLW\� RI� FHUDPLF� VDPSOHV� ZDV� GHWHUPLQHG� E\
K\GURVWDWLF�ZHLJKLQJ��7KH�VKULQNDJH�ZDV�FDO�
FXODWHG�IURP�JHRPHWULF�PHDVXUHPHQWV�

3KDVH� DQDO\VLV� RI� WKH� SUHSDUHG� VDPSOHV
ZDV� DFFRPSOLVKHG� ZLWK� ;�UD\� GLIIUDFWLRQ
�&X� .D� UDGLDWLRQ�� XVLQJ� '521� �0� GLIIUDF�WRPHWHU��$OO� VDPSOHV�SUHSDUHG�KDG�WKH�UKR�
PRERKHGUDO�SHURYVNLWH�VWUXFWXUH�

7KH� PDJQHWL]DWLRQ� ZDV� PHDVXUHG� LQ� WKH
VWDWLF�PDJQHWLF�ILHOG�����2H�XVLQJ�D�YLEUDW�
LQJ�PDJQHWRPHWHU�� 7KH� UHVLVWDQFH�PHDVXUH�
PHQWV�ZHUH�PDGH�E\�IRXU�SUREH�WHFKQLTXH�LQ
WKH� UDQJH� ��Ü���� z� XVLQJ� .HLWKOH\� ����
GDWD�DFTXLVLWLRQ�V\VWHP��7KH�PDJQHWRFDORULF
HIIHFW� ZDV� PHDVXUHG� LQ� WKH� WHPSHUDWXUH
UDQJH���Ü����.�XQGHU�TXDVLDGLDEDWLF�FRQGL�
WLRQV��LQ�WKH�ILHOG�XS�WR�WKH�����7��FRUUHFWHG
IRU� WKH� GHPDJQHWL]DWLRQ� IDFWRU��� 7KH� W\SLFDO
WLPH�RI�WKH�PDJQHWLF�ILHOG�YDOXH�HVWDEOLVKPHQW
ZDV� DSSUR[LPDWHO\� �� VHFRQGV� EHFDXVH� RI� WKH
ODUJH�FRLO�LQGXFWLYLW\��7R�GHFUHDVH�WKH�WKHUPDO
H[FKDQJH�� D� F\OLQGULFDO� VDPSOH� �GLDPHWHU
��PP��KHLJKW���PP��ZDV�LQVHUWHG�LQWR�D�YDF�
XXP� FKDPEHU� ���Ü�� 7RUU��ZLWK� ORQJ� D[LV� RUL�
HQWHG�DORQJ�WKH�PDJQHWLF�ILHOG�

7KH� PHWDO�LQVXODWRU� WUDQVLWLRQ� LQ� WKH
VDPSOHV� REWDLQHG� LQ� WKH� �VRIW�� VLQWHULQJ
FRQGLWLRQV� FDQ� EH� GHWHFWHG� E\� PDJQHWLF
PHDVXUHPHQWV� RQO\��7KLV� LV� GXH� WR� WKH� IHD�
WXUHV�RI�WKH�HOHFWULFDO�UHVLVWDQFH�DQG�PDJQH�
WRUHVLVWDQFH� IRU� WKH� VPDOO�JUDLQHG�SRO\FU\V�
WDOOLQH�PDQJDQLWHV�DV�GLVFXVVHG�DERYH�>����@�
7KH�DSSDUHQW�HOHFWULFDO�UHVLVWDQFH�PD[LPXP
IRU� VXFK� FHUDPLFV� LV� GLVWLQFWO\� ORZHU� WKDQ
7F�� DQG� PDJQHWRUHVLVWDQFH� GRHV� QRW� H[FHHG������+� ���7��

$V�D�UHVXOW�RI�WKH�FHUDPLF�PLFURVWUXFWXUH
PRGLILFDWLRQ��ZLWKRXW� VROLG� VROXWLRQ�GHFRP�
SRVLWLRQ� �DQQHDOLQJ� FRQGLWLRQV��7� ������&�
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3�2��� ��Ü�� EDU�� W� ��Ü��� K�� LQ� WKH� SUHV�
HQFH� RI� WKH� PHWDOOLF� VLOYHU� YDSRU��� WKH� FH�
UDPLFV�KDV�EHHQ�REWDLQHG�KDYLQJ�WKH�GHQVLW\
��r����RI�WKH�WKHRUHWLFDO�YDOXH�IRU�3�2��� �� EDU� DQG� ��r�� �� IRU� 3�2��� ��� EDU�� 7KHLQLWLDO� FHUDPLF� SUHFXUVRU� GHQVLW\� ZDV
��r�� �� RI� WKH� WKHRUHWLFDO� YDOXH�� 7KH
VKULQNDJH� LV� ��r����IRU�3�2��� ���EDU�DQG��r���� IRU�3�2��� ��� EDU�� UHVSHFWLYHO\��$V)LJ���� VKRZV�� WKH� FHUDPLF� PLFURVWUXFWXUH
FKDQJHV� GUDVWLFDOO\� GXULQJ� WKH� KLJK� WHP�
SHUDWXUH� DQQHDOLQJ� DQG� WKH� DYHUDJH� JUDLQ
VL]H�LQFUHDVHV�DSSUHFLDEO\��

(OHFWULFDO�UHVLVWDQFH�RI�WKH�UHFU\VWDOOL]HG
FHUDPLFV� HYLGHQFHV� D� VKDUS� PHWDO�LQVXODWRU
WUDQVLWLRQ�QHDU�WKH�&XULH�WHPSHUDWXUH�LQ�WKH
U����GHSHQGHQFHV��)LJ������LQ�FRQWUDVW�WR�WKH
ILQH�JUDLQHG�FHUDPLFV�ZKHUH�WKHUH�LV�D�EURDG
PD[LPXP� DW� WHPSHUDWXUH� ORZHU� WKDQ� 7F��¯|���� z��� +RZHYHU�� FRPSDULVRQ� RI� WKHGHQVLW\�GDWD�DQG�PLFURVWUXFWXUHV�RI�WKH�RE�
WDLQHG�FHUDPLFV�VKRZV�WKDW�WKH�DQQHDOLQJ�DW
KLJKHU� R[\JHQ� SUHVVXUH� UHVXOWV� LQ� FHUDPLFV
FRQVLVWLQJ� RI� ODUJHU� JUDLQV� EXW� KDYLQJ� D
PRUH� SRURXV� VWUXFWXUH� DQG� ZHDNHU� JUDLQ
FRQWDFWV�� &HUDPLFV� DQQHDOHG� DW� SDUWLDO� R[\�
JHQ� SUHVVXUH� �� EDU� VKRZV� PRUH� GHYHORSHG
JUDLQ�ERXQGDULHV��7KH�PDJQHWRUHVLVWDQFH�RI
VXFK�PRGLILHG� FHUDPLFV� KDYLQJ� FRPSRVLWLRQ

/D���$J����0Q2�� LV� ����� LQ� WKH� ILHOG������
DW�����z��)LJ������7KLV�PHDQV�D�KLJKHU�HOHF�
WULFDO�UHVLVWDQFH�VHQVLWLYLW\�WR�WKH�PDJQHWLF
ILHOG�DV�FRPSDUHG�WR�DQ\�/D�±[$J\0Q2��G�FH�UDPLFV� VLQWHUHG� DW� KLJK� R[\JHQ� SUHVVXUH
�ZLWK� WKH� PD[LPXP�PDJQHWRUHVLVWDQFH� YDO�
XHV�RI������DW�����ILHOG�VWUHQJWK�>�@��

0LFURVWUXFWXUH�GLIIHUHQFH�RI� WKH�FHUDPLF
VDPSOHV� DQQHDOHG� DW� GLIIHUHQW� 3�2��� YDOXHV

)LJ�����(OHFWULFDO�DQG�PDJQHWLF�SURSHUWLHV�RI�D�/D���$J���0Q2��FHUDPLF�VDPSOH��PDJQHWLF�VXVFHSWLELO�LW\� WHPSHUDWXUH� GHSHQGHQFH� �È��� WHPSHUDWXUH� GHSHQGHQFH� RI� HOHFWULFDO� UHVLVWDQFH� IRU� WKH� FHUDPLF
V\QWKHVL]HG�LQ�WKH��VRIW��FRQGLWLRQV��E���WHPSHUDWXUH�GHSHQGHQFH�RI�HOHFWULFDO�UHVLVWDQFH�IRU�UHFU\V�
WDOOL]HG�FHUDPLF��DQQHDOLQJ�FRQGLWLRQV�������v��3�2��� ���EDU��W� ����K���°��

)LJ�����0LFURVWUXFWXUH�RI�WKH�VDPSOH�SUHSDUHG�XQGHU��VRIW��VLQWHULQJ�FRQGLWLRQV��D���PRUSKRORJ\�RI
WKH� VDPSOH� ZLWK� PRGLILHG� PLFURVWUXFWXUH� DIWHU� WKH� KLJK� WHPSHUDWXUH� DQQHDOLQJ� DW� �� ������&�
3�2��� ���EDU��LQ�WKH�SUHVHQFH�RI�VLOYHU�PHWDO�YDSRU��E���3�2��� ���EDU�LQ�VHDOHG�DPSRXOH�ZLWK�WKHPHWDO�VLOYHU��F��

)LJ����� 7HPSHUDWXUH� GHSHQGHQFH� RI� HOHFWULFDO
UHVLVWDQFH� IRU� UHFU\VWDOOL]HG� /D���$J����0Q2�FHUDPLFV��DQQHDOLQJ�DW������v��3�2��� ���EDU�W� ���� K��� ,QVHW�� WHPSHUDWXUH� GHSHQGHQFH� RI
PDJQHWRUHVLVWDQFH�
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FDQ� EH� H[SODLQHG� E\� WKH� R[\JHQ� QRQ�
VWRLFKLRPHWU\� HIIHFW� RQ� WKH� VLQWHULQJ� SURF�
HVV�� 2XU� HDUOLHU� LRGRPHWULF� VWXG\� >�@� KDV
VKRZQ� WKDW� /D���$J���0Q2��G� KDV� G|�� ZKHQEHLQJ� V\QWKHVL]HG� DW� ����&� LQ� DLU�� 5HVSHF�
WLYHO\�� DW� D� ORZHU� VLOYHU� FRQWHQW� LQ
/D���$J����0Q2��G�� WKH� HOHFWURQHXWUDOLW\� GH�PDQGV� WKH� GHFUHDVH� RI� G� GRZQ� WR� QHJDWLYH
YDOXHV� XQGHU� WKH� VDPH� SUHSDUDWLRQ� FRQGL�
WLRQV�� $OVR�� WKH� LQFUHDVH� RI� WKH� VLQWHULQJ
WHPSHUDWXUH� E\� ����&� VKRXOG� SURGXFH� IXU�
WKHU� ORVV� RI� WKH� R[\JHQ� FRQWHQW� ZKLFK
KDUGO\� FDQ� EH� FRPSHQVDWHG� E\� 3�2��� LQ�FUHDVH�IURP������DWP�WR���DWP��7KXV��WKHUH
DUH� JRRG� UHDVRQV� WR� FRQFOXGH� WKDW� WKH� VLQ�
WHULQJ� RI� /D���$J����0Q2��G� SURFHHGV� XQGHUWKH� FRQGLWLRQV� RI� WKH� R[\JHQ� GHILFLW� �G����
7KH� FRPSOHWHQHVV� RI� WKH� R[\JHQ� VXEODWWLFH
LQFUHDVHV�ZLWK�WKH�3�2����$W�WKH�VDPH�WLPH�WKH�GLIIXVLRQ�PRELOLW\�RI�WKH�LRQV�GHFUHDVHV
IRU�WKH�FRPSOHWH�R[\JHQ�VXEODWWLFH��7KXV��LW
LV� SRVVLEOH� WR� FRQILUP�� WKDW�RSWLPDO�R[\JHQ
SUHVVXUH� IRU� WKH� LQFUHDVLQJ� &05� HIIHFW
YDOXH� LQ� WKH� VLOYHU� GRSHG� ODQWKDQXP� PDQ�
JDQLWH�LV�DERXW���EDU�

$OVR� WKH� PHDVXUHPHQWV� RI� WKH� PDJQHWR�
FDORULFDO� HIIHFW� FRUUHODWH� ZLWK� WKH� FKHPLFDO
FRPSRVLWLRQ��$OO�VDPSOHV�VKRZ�UDWKHU�VKDUS
PD[LPXP�RI�WKH�PDJQHWRFDORULF�HIIHFW�QHDU
�°�� %XW� WKH� VKDUSQHVV� RI� WKH� SHDN� DQG� WKHPD[LPXP� YDOXH� RI� '7� FRUUHODWH� ZLWK� WKH
VKDUSQHVV� RI� WKH� PDJQHWRUHVLVWDQFH� WHP�
SHUDWXUH� GHSHQGHQFH�� )RU� LQVWDQFH�
/D���$J����0Q2�� KDG� PD[LPXP� YDOXH� '7� 
����.� DW� ZKLOH� /D���$J���0Q2�� KDV� '7� 
����.� LQ� WKH� ��� N2H� ILHOG��/D���$J����0Q2�KDV�WKH�YDOXH�RI�'6� �����-��NJ�z��DW�����z
�)LJ������7KH�PDJQHWRFDORULF�HIIHFW�YDOXH�IRU
WKLV�FRPSRVLWLRQ�LV�W\SLFDO�RI�WKH�*05�PDQ�
JDQLWHV�QHDU�URRP�WHPSHUDWXUH�>��@��EXW�IRU
/D���$J����0Q2��� WKH� SHDN� PDJQHWRFDORULFHIIHFW�H[FHHG�HYHQ�WKH�YDOXH�IRU�PHWDO�JDG�
ROLQLXP� EHLQJ� WKH� VWDQGDUG� UHIHUHQFH� IRU
WKH�PDJQHWRFDORULF�HIIHFW��7KHVH�UHVXOWV�ZLOO
EH�SXEOLVKHG�LQ�GHWDLO�HOVHZKHUH�

7KXV��D�ZD\�WR� LPSURYH�*05�RI�WKH�VLO�
YHU� FRQWDLQLQJ� ODQWKDQXP� PDQJDQLWHV
/D�±[$J\0Q2��G� LV� SUHVHQWHG� LQ� WKLV� ZRUN�6WDUWLQJ� IURP� FHUDPLFV� V\QWKHVL]HG� LQ� WKH
�VRIW��FRQGLWLRQV��VDPSOHV�ZLWK�KLJK�PDJQH�
WRUHVLVWDQFH� YDOXHV� LQ� ORZ� PDJQHWLF� ILHOGV
QHDU�URRP�WHPSHUDWXUH�KDYH�EHHQ�REWDLQHG�
7KH� V\QWKHVLV� WHFKQLTXH� XVHG� LQ� WKLV� ZRUN
RIIHUV� DQ� DGYDQWDJH� DV� FRPSDUHG� WR� WKH
WHFKQLTXHV� XVHG� LQ� >�@�� 7KH� VLOYHU�FRQWDLQ�
LQJ� PDQJDQLWH� FHUDPLFV� ZLWK� LPSURYHG
*05�FDQ�EH� V\QWKHVL]HG�ZLWKRXW�KLJK�R[\�

JHQ� SUHVVXUH�� $OVR�� LW� LV� SRVVLEOH� WR� REWDLQ
FRPSRVLWLRQV�ZLWK�HQKDQFHG�HOHFWULFDO�UHVLV�
WLYLW\� VHQVLWLYLW\� WR� PDJQHWLF� ILHOG� �XS� WR
����� LQ� WKH� ILHOG� ���� �� DW� ���� z� IRU� WKH
FRPSRVLWLRQ�/D���$J����0Q2���$FNQRZOHGJHPHQW�� 7KLV� ZRUN� ZDV� SDUWO\
VXSSRUWHG� E\� 5)),� *UDQW� 1R�������������
SURJUDP� �5XVVLDQ� 8QLYHUVLWLHV!
58������������DQG�E\�DQ�,66(3�JUDQW�

5HIHUHQFHV
� ���:�+�0F&DUUROO�� ,�'�)DZFHWW�� 0�*UHHQEODWW�

.�9�5DPDQXMDFKDU\�� -��6ROLG� 6WDWH� &KHP��
���������������

� ���6�1DNDPXUD��.�1DQED��6�,LGD��-��0DJQ��0DW��
����������������

� ���0�6DKDQD�� 5�1�6LQJK�� &�6KLYDNXPDUD� HW� DO��
$SSO��3K\V��/HWW�������������������

� ���*�+�5DR�� -�5�6XQ�� .�%DHUQHU�� 1�+DPDG�� -�
3K\V���&RQGHQV��0DWWHU�������������������

� ���6�/�<H�� :�+�6RQJ�� -�0�'DL� HW� DO��� -��$SSO�
3K\V�������������������

� ���/�3L�� 0�+HUYLHX�� $�0DLJQDQ� HW� DO��� 6ROLG
6WDWH�&RPP�������������������

� ���2�<X�*RUEHQNR�� 2�9�0HOQLNRY�� $�5�.DXO� HW
DO���0DW��6FL��DQG�(QJ��%�����������������

� ���/�%DOFHOOV�� -�)RQWFXEHUWD�� %�0DUWLQH]�
;�2EUDGRUV��3K\V��5HY��%�������������������

� ���$�%DQHUMHH�� 6�3DO�� 6�%KDWWDFKDU\D� HW� DO��� -�
$SSO��3K\V�������������������

����/�,�.RUROHYD�� $�,�$EUDPRYLFK�� $�9�0LFKXULQ
HW� DO��� -��3K\V���&RQGHQV��0DWWHU��� ���� ����
�������

����1�$�%DEXVKNLQD�� /�0�%HORYD�� 2�<X�*RUEHQNR
HW�DO���1DWXUH������������������

����=�%�*XR��:�<DQJ�� <�7�6KHQ�� <�:�'X�� 6ROLG
6WDWH�&RPP������������������

)LJ����� 7HPSHUDWXUH� GHSHQGHQFH� RI�PDJQHWR�
FDORULF� HIIHFW� IRU� /D���$J���0Q2�� �WULDQJOHV�DQG�/D���$J����0Q2�� �VTXDUHV�� LQ� WKH� ILHOG� RI
��� N2H�� ,QVHW�� WKH� HQWURS\� FKDQJHV� '6� IRU
/D���$J���0Q2��

2�9�0HOQLNRY�HW�DO����(OHFWULFDO�DQG�PDJQHWLF����

��� )XQFWLRQDO�PDWHULDOV�������������
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