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([SHULPHQWDO�GHSHQGHQFHV�RI�SHUPLWWLYLW\�IRU�XQGRSHG�3E:2��VLQJOH�FU\VWDOV�DW���N+]IUHTXHQF\� LQ� ���Ü���� .� WHPSHUDWXUH� UDQJH� DUH� FRQVLGHUHG�� 7KH� H�7�� FXUYH� UXQV� XQGHU
KHDWLQJ� DQG� FRROLQJ� DUH� GLIIHUHQW�� 7KH� H�7�� IXQFWLRQ� XQGHU� KHDWLQJ� LV� FKDUDFWHUL]HG� E\
JURXSV�RI�QDUURZ�PD[LPD�DW����Ü����.�DQG����Ü����.��WKH�IRUPHU�EHLQJ�SUHGRPLQDWLQJ�
$W����Ü����.�� WKH� H�7�� GHSHQGHQFH� LV� OLQHDU��ZKLOH� DERYH�����.�� WKH� IXQFWLRQ� LV�QHDUO\
H[SRQHQWLDO��$IWHU�WKH�KLJK�WHPSHUDWXUH�KHDW�WUHDWPHQW�RI�D�VDPSOH��D�PXOWLVWDJH�UHOD[D�
WLRQ�SURFHVV�RI� H�YDOXHV�ZLWKLQ� OLPLWV�RI���� WR���� LV�REVHUYHG�DW�����.��7KH�IHDWXUHV�RI
H�7��DW�ORZ�WHPSHUDWXUHV�DUH�GHILQHG�E\�WKH�GLSROH�SRODUL]DWLRQ�DQG�KRSSLQJ�PHFKDQLVP�RI
WKH� FKDUJH� H[FKDQJH� EHWZHHQ� FRPSOH[� GLSROH� DVVRFLDWHV�� 7KH� SDLUV� RI� OHDG� DQG� R[\JHQ
YDFDQFLHV� �GLSRORQV�� DUH� SUHGRPLQDWLQJ� LQWULQVLF� GHIHFWV� RI� WKH� FU\VWDO� VWUXFWXUH�� WKRVH
GHIHFWV�IRUP�PRUH�FRPSOH[�GLSROH�DVVRFLDWHV�
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/HDG� WXQJVWDWH� 3E:2�� �3:2�� FU\VWDOVDUH� XQGHU� LQWHQVH� VWXG\� LQ� FRQQHFWLRQ�ZLWK
WKH� XVH� WKHUHRI� LQ� KLJK�HQHUJ\� SKRWRQ� DQG
HOHPHQWDU\� SDUWLFOH� SK\VLFV� DV� DQ� HIIHFWLYH
VHOI�DFWLYDWHG� VFLQWLOODWLRQ� PDWHULDO� ZLWK
VKRUW� DIWHUJORZ� WLPH� >�@�� 7KH� OXPLQHVFHQFH
SURSHUWLHV� RI� 3:2� FU\VWDOV� DQG� WKHLU� WLPH
FKDUDFWHULVWLFV� GHSHQG� RQ� WKH� VWUXFWXUH� GH�
IHFWV�� WKH� QDWXUH� RI� WKH� ODWWHU� LV� FRPSOH[
DQG� LV� QRW� HVWDEOLVKHG� XQDPELJXRXVO\� WR
GDWH�� 7KH� HOHFWULF� DQG� GLHOHFWULF� VWXGLHV� RI
WKDW�FRPSRXQG�DUH�IUDJPHQWDU\�DQG�LQVXIIL�
FLHQW��LQ�VSLWH�RI�WKH�IDFW�WKDW�VXFK�GDWD�DUH
KLJKO\� LQIRUPDWLYH� DV� WR� WKH� GHIHFWV� DQG
VWDWH� FKDQJHV� WKHUHRI� GXULQJ� WKH� FU\VWDO
KHDW�WUHDWPHQW�

2XU�ZRUNV� >�Ü�@� RQ� WKH� VWXGLHV� RI�3:2
FU\VWDOV� E\� WKHUPRVWLPXODWHG� SRODUL]DWLRQ
DQG�GHSRODUL]DWLRQ�FXUUHQWV�ZLWKLQ�WKH�WHP�
SHUDWXUH� UDQJH� RI� ���� WR� ���� .� XQGHU� D
FRQVWDQW� H[WHUQDO� ILHOG� KDYH� UHYHDOHG� D� VH�
ULHV� RI� ORFDO� HQHUJ\� OHYHOV� DQG� UHOD[DWLRQ
SURFHVVHV� RI� YDULRXV� QDWXUH�� 7KH� SUHYLRXV
VWXGLHV�>�@�RI�WKH�SHUPLWWLYLW\�H�XQGHU�YDUL�
DWLRQV� RI� WKH� 3:2� FU\VWDO� WHPSHUDWXUH
ZLWKLQ� WKH� ���Ü����.� UDQJH� KDYH� VKRZQ� D
FORVH� FRQQHFWLRQ� RI� VXFK� GHSHQGHQFHV� ZLWK
WKH� GHSRODUL]DWLRQ� SURFHVVHV� LQ� WKH� FRP�
SRXQG�

7KH�ZRUN� >�@�DLPHG�DW�WKH�VWXG\�RI� OHDG
WXQJVWDWH� DQG� PRO\EGDWH� LQ� YDULDEOH� DQG
FRQVWDQW� HOHFWULF� ILHOGV� KDV� SURYLGHG� VRPH
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GLHOHFWULF�FKDUDFWHULVWLFV�RI�WKRVH�FU\VWDOV�DW
WHPSHUDWXUH� DERYH� ���� .�� ,Q� >�Ü��@�� WKH
UHJXODULWLHV� RI�1E��<��/D��*G�� DQG�)� HQWHU�
LQJ� LQWR�3:2�PDWUL[� KDYH� EHHQ� HOXFLGDWHG
E\�GLHOHFWULF�UHVSRQVH�PHWKRG�DW�IUHTXHQFLHV
UDQJLQJ� IURP� ��� WR� ����+]� LQ� ���Ü����.
WHPSHUDWXUH� UHJLRQ�� 7KH� IUHTXHQF\� GHSHQG�
HQFHV� RI� GLHOHFWULF� ORVVHV� LQ� 3:2� FU\VWDOV
DUH�FRQVLGHUHG�LQ�>��@�EDVLQJ�RQ�WKH�YDFDQF\
GLSROH�PRGHO��7KH� WHPSHUDWXUH�GHSHQGHQFHV
RI�GLHOHFWULF�FKDUDFWHULVWLFV�KDYH�EHHQ�GHWHU�
PLQHG� IRU� &X:2�� >��@�� 7KH� SHUPLWWLYLW\DQG�GLHOHFWULF�ORVVHV�DW���N+]�IUHTXHQF\�IRU
VRPH�SRO\FU\VWDOOLQH�WXQJVWDWHV�DUH�UHSRUWHG
LQ� >��@��5HFHQWO\� >��@�� D� UHOD[DWLRQ� FKDUDF�
WHU� DQRPDO\� RI� WKH� SHUPLWWLYLW\� KDV� EHHQ
IRXQG�IRU�FHUDPLF�3:2�VDPSOHV�QHDU�����.
DW���N+]�IUHTXHQF\�

,Q� WKLV� ZRUN�� FRQVLGHUHG� DUH� H[SHULPHQ�
WDO�WHPSHUDWXUH�DQG�LVRWKHUPDO�GHSHQGHQFHV
RI� WKH� SHUPLWWLYLW\� LQ� XQGRSHG� 3:2� FU\V�
WDOV� �DW� WKH� VDPSOH� WUDQVLWLRQ� LQWR� D� TXDVL�
HTXLOLEULXP� VWDWH� LQ� WKH� ODWWHU� FDVH�� ZLWK
WKH�SXUSRVH� WR� HOXFLGDWH� WKH� UHJXODULWLHV�RI
GHIHFW�IRUPDWLRQ�DQG�LRQ�HOHFWURQ�SURFHVVHV�
7KH� H�7�� VWXG\� UHVXOWV� DUH� FRPSDUHG� ZLWK
WKH� PHDVXUHG� WKHUPDO� GHSRODUL]DWLRQ� FXU�
UHQWV�IRU�WKH�VDPH�FU\VWDOV�

7KH� 3:2� �VFKHHOLWH� VWUXFWXUH�� FU\VWDOV
ZHUH� SUHSDUHG� E\� &]RFKUDOVNL� WHFKQLTXH�
7KH� VDPSOHV� ZHUH� FXW� RXW� SHUSHQGLFXODU� WR
WKH�JURZWK�D[LV� >���@�DQG�VKDSHG�DV�SODQH�
SDUDOOHO� SODWHV� RI� ��u��u����PP�� VL]H�
$TXDGDJ� HOHFWURGHV� ZHUH� XVHG� LQ� WKH� VWXG�
LHV�� $� TXDUW]� FHOO� WKHUPRVWDWHG� WR� ZLWKLQ
r�� .� ZDV� XVHG� LQ� WKH� H[SHULPHQWV�� 7KH� H
YDOXHV� ZHUH� FDOFXODWHG� DVVXPLQJ� QHJOLJLEOH
HGJH�HIIHFWV�XQGHU�WKH�IODW�FRQGHQVHU�DSSUR[L�
PDWLRQ�XVLQJ�WKH�NQRZQ�UHODWLRQVKLS�>��@�

H� �&G�e�H�6� ���
ZKHUH�&� LV� WKH�VDPSOH�FDSDFLW\�WR�PHDVXUH�
G�DQG�6�DUH�WKH�VDPSOH�WKLFNQHVV�DQG�DUHD�
UHVSHFWLYHO\�� H��� LV� WKH� GLHOHFWULF� FRQVWDQW�7KH� VDPSOH� FDSDFLW\� ZDV� UHFRUGHG� XVLQJ� D
&/5� (����� LQVWUXPHQW� �WKH� ZRUNLQJ� IUH�
TXHQF\���N+]���7KH�U�P�V��YDOXH�RI�YROWDJH
GURS� DFURVV� WKH� VDPSOH� GLG� QRW� H[FHHG
���� 9�� )RU� FRUUHFWQHVV� VDNH�� WKH� FRUUHFWLRQ
IRU� WKH� FRQQHFWLQJ� V\VWHP� FDSDFLW\� ZDV
WDNHQ� LQWR� DFFRXQW�� 2WKHU� IHDWXUHV� RI� WKH
H[SHULPHQW� GLG� QRW� GLIIHU� VXEVWDQWLDOO\
IURP� WKRVH� GHVFULEHG� EHIRUH� >��@�� 7KH� WHP�
SHUDWXUH� ZDV� PHDVXUHG� XVLQJ� D
FKURPHO�DOXPHO�WKHUPRFRXSOH��7KH�PHDVXUH�
PHQWV� ZHUH� GRQH� XQGHU� OLQHDU� KHDWLQJ� RU
FRROLQJ� DW� WKH� UDWH� RI� ���� .�V� ZLWKLQ� WKH

���Ü���� .� UDQJH�� 7KH� VDPSOH� WUDQVLWLRQ
LQWR� TXDVL�HTXLOLEULXP� VWDWH� DW� URRP� WHP�
SHUDWXUH�IROORZLQJ�KHDWLQJ�ZDV�PRQLWRUHG�DW
WLPH� VWHSV� W� E\�PHDVXULQJ� LWV� FDSDFLW\�� 7R
HVWDEOLVK� WKH� LQIOXHQFH� UHJXODULWLHV� RI� WKH
SUHYLRXV� H[FLWDWLRQ� LQ� DQ� H[WHUQDO� ILHOG�� D
FRQVWDQW� YROWDJH� 8S� �XS� WR� ��� 9�� ZDV� DS�SOLHG�WR�WKH�FU\VWDO�IRU�WS�RI���WR����PLQ�DWYDULRXV�IL[HG�WHPSHUDWXUHV�7S�RI�WKH�VDPSOHKROGLQJ� LQ� WKH� ILHOG�� 7KH� WKHUPRVWLPXODWHG
GHSRODUL]DWLRQ� �76'�� FXUUHQWV� ,76'� ZHUHPHDVXUHG�XQGHU� OLQHDU� KHDWLQJ� XVLQJ� D�9��
���YROWPHWHU�DQG�WKH�SURFHGXUH�GHVFULEHG�LQ
>�����@�� 7KH� H[SHULPHQWDO� GDWD� SURFHVVLQJ
DQG� WKH� FRPSOH[� PD[LPD� H[SDQVLRQ� LQWR
*DXVVLDQV�ZHUH�FDUULHG�RXW�XVLQJ�WKH�2ULJLQ
VWDQGDUG�VRIWZDUH�

7HPSHUDWXUH�GHSHQGHQFHV�RI�SHUPLWWLYLW\
IRU� 3:2� FU\VWDOV� DQG� WKH� HIIHFW� RI� WKH
PD[LPXP� VDPSOH� KHDWLQJ� WHPSHUDWXUH� 7KWKHUHRQ� LQ� HDFK� H[SHULPHQW� DUH� VKRZQ� LQ
)LJ���� �FXUYHV� �� WKURXJK� ���� 7KH� H�7�� GH�
SHQGHQFHV�XQGHU�KHDWLQJ� ����������DQG�FRRO�
LQJ� ���� ��� ��� ZLWKLQ� RQH� KHDWLQJ�FRROLQJ
F\FOH�DUH�SUHVHQWHG�RU�IRU�VHYHUDO�VHTXHQWLDO
F\FOHV�� 7R� GLVFULPLQDWH� WKH� LQGLYLGXDO� FRP�
SRQHQWV� RI� WKH� UHOD[DWLRQ� SURFHVV� LQ� WKH
���Ü���� .� UDQJH�� WKH� FXUYH� �� ZDV� H[�
SDQGHG� LQWR� LWV� FRPSRQHQWV� ,,9Ü,,,,9�� 7KHWHPSHUDWXUH�7K�ZDV�VHOHFWHG�WDNLQJ�LQWR�DF�FRXQW�WKH�76'�FXUUHQWV�RI�WKH�VDPH�VDPSOHV

)LJ����� 7HPSHUDWXUH� YDULDWLRQV� RI� GLHOHFWULF
SHUPLWWLYLW\� RI� 3:2� FU\VWDOV� XQGHU� KHDWLQJ
���� ��� ��� DQG� FRROLQJ� ���� ��� ��� GHSHQGLQJ� RQ
WKH� PD[LPXP� PHDVXUHPHQW� WHPSHUDWXUH� 7KZLWKLQ�RQH�KHDWLQJ�FRROLQJ�F\FOH��7K� �.��YDO�XHV������ ������������ ������������ ��������0HDV�
XUHPHQWV� LQ� HDFK� KHDWLQJ�FRROLQJ� F\FOH�ZHUH
GRQH�DIWHU�WKH�VDPSOH�NHHSLQJ�LQ�QRUPDO�FRQ�
GLWLRQV� IRU� DW� OHDVW� ��� K�� 7KH� FRPSRQHQWV
,,9Ü,,,,9� �GRWWHG�OLQHV��KDYH�EHHQ�REWDLQHG�E\H[SDQVLRQ�RI�FXUYH�����
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�)LJ������7KH�WKHUPDO�GHSRODUL]DWLRQ�PHWKRG
KDV�VKRZQ�WKDW� VHULHV� RI� WKH�GHSRODUL]DWLRQ
PD[LPXP� FXUUHQWV� DUH� IRUPHG� DW� FHUWDLQ
FRQGLWLRQV� LQ� WKH� WHPSHUDWXUH� UDQJHV� ���Ü
���� �$��� ���Ü���� �%��� DQG� ���Ü����.� �&��
$V�LV�VHHQ�LQ�)LJ�����WKRVH�PD[LPD�DUH�QRQ�
HOHPHQWDU\� �H[SDQVLRQ� LQWR� FRPSRQHQWV� ,Ü
9,,,��� WKXV� HYLGHQFLQJ� WKH� FRPSOH[� FKDUDF�
WHU�RI� WKH�GHSRODUL]DWLRQ�SURFHVVHV��7KH�H[�
SHULPHQWDO� PD[LPD� KDYH� EHHQ� VKRZQ� >�Ü�@
WR� EH� FRQQHFWHG� ZLWK� WKH� UHOD[DWLRQ� RI� D
SRODUL]DWLRQ�FKDUJH�KDYLQJ�GLSROH�QDWXUH��$
DQG� %� UHJLRQV�� DQG� ZLWK� IRUPDWLRQ� RI� YRO�
XPH� FKDUJHV� LQ� WKH� VDPSOH� E\� HTXLOLEULXP
FKDUJH� FDUULHUV� �&� UHJLRQ��� 7KH� DFWLYH� UH�
OD[DWLRQ� SURFHVVHV� RI� GLSROH� QDWXUH� VHHQ� LQ
WKH� 76'� VSHFWUD� DW� ���Ü���� .� DUH� DOVR� RI
LPSRUWDQFH� IRU� WKH� IHDWXUHV� RI� H�7�� FXUYH
VKDSH�LQ�WKH�VDPH�WHPSHUDWXUH�UDQJH�

,W�IROORZV�IURP�)LJV����DQG���WKDW�IRU�WKH
VWXGLHG� 3:2� VDPSOHV�� WKH� PD[LPD� LQ� H�7�
FXUYHV� DUH� GXH� WR� SRODUL]DWLRQ� HIIHFWV� ^UH�
JLRQV�$�%`��$W�WKH�VDPH�WLPH��DQ�XVXDO�UXQ
RI�H�7��GHSHQGHQFH�LV�VHHQ�LQ�WKH����Ü����.
UHJLRQ�� 7KH� QRQ�OLQHDU� H� LQFUHDVH� DW� KLJK
WHPSHUDWXUHV�LV�GXH�WR�WKH�H[SRQHQWLDO�FRQ�
GXFWDQFH� LQFUHDVH� DW� WKH� DFWLYDWLRQ� HQHUJ\
RI�����WR�����H9�>�Ü�@�LQ�WKH�UHVSHFWLYH�WHP�
SHUDWXUH� UDQJHV�� 7KXV�� XQGHU� KHDWLQJ�� WKH
H�7�� FXUYHV� �)LJ�� ��� LQ� WKH� ���Ü���� .� H[�
KLELW� FRPSOH[� PD[LPD� SRVLWLRQHG� FORVH� WR
HDFK�RWKHU�DUH�REVHUYHG�WKDW�DUH�JURXSHG�E\

WKH� UHODWLYH� LQWHQVLW\� YDOXHV� ZLWKLQ� WZR
UDQJHV�� ���Ü���� .� DQG� ���Ü���� .�� 7KH
H�7��FXUYHV�WDNHQ�XQGHU�KHDWLQJ�DQG�FRROLQJ
GLIIHU�LQ�VKDSH��$�FRQVLGHUDEOH�WHPSHUDWXUH
K\VWHUHVLV� LV� REVHUYHG� DW�7K�t�����.�ZKHUHWKH� YDOXHV� REWDLQHG� XQGHU� KHDWLQJ� H[FHHG
WKRVH� REWDLQHG� XQGHU� FRROLQJ�� 1R� PD[LPD
DUH� REVHUYHG� LQ� WKH� H�7�� FXUYH� XQGHU� FRRO�
LQJ��7KH�QRQ�OLQHDU�FKDUDFWHU�RI�H�7��FXUYHV
WDNHQ�XQGHU�KHDWLQJ�UHPDLQV�LQ�UHSHDWHG�H[�
SHULPHQWV� LQGHSHQGHQW� RI�7K� RU� WKH� VDPSOHNHHSLQJ�LQ�QRUPDO�FRQGLWLRQV�SULRU�WR�PHDV�
XUHPHQWV�� $W�7K�d�����.� �)LJ����� FXUYH����WKH� H� YDOXHV� REWDLQHG� XQGHU� FRROLQJ� H[FHHG
WKRVH�REVHUYHG�XQGHU�KHDWLQJ��WKH�WHPSHUD�
WXUHV�EHLQJ�WKH�VDPH�

$W� URRP� WHPSHUDWXUH�� H� YDOXH� ZDV� DV� D
UXOH� ZLWKLQ� OLPLWV� RI� ��� WR� ���� 7KHVH� GDWD
DJUHH�ZLWK�WKRVH�RI�>�����@��7R�UHVWRUH�IXOO\
WKH�H�YDOXH��WR�DWWDLQ�WKH�FU\VWDO�TXDVL�HTXL�
OLEULXP�VWDWH��DIWHU�KLJK�WHPSHUDWXUH�WUHDW�
PHQW�� WKH� VDPSOH� VKRXOG�EH�NHSW� LQ�QRUPDO
FRQGLWLRQV� IRU� DERXW� ��� K�� 'XULQJ� WKDW
WLPH�� WKH� LQLWLDO� FRQGXFWDQFH� RI� WKH� FU\VWDO
LV� UHVWRUHG�� WRR� >�@�� ,Q� WKH� UDQJH�RI����� WR
���� .�� WKH� H�7�� IXQFWLRQ� XQGHU� KHDWLQJ� LV
OLQHDU��)LJ�����FXUYH���

H� ��������������������7�� ���
8QGHU� FRROLQJ�� WKH� H�7�� LV� DOVR� OLQHDU� LQ

WKH�UDQJH�RI�����WR�����.��)LJ�����FXUYHV��
DQG����

H� ��������������������7�� ���
7KH�QRQ�OLQHDU�VHFWLRQ�RI�WKH�H[SHULPHQ�

WDO�H�7��GHSHQGHQFH�ERWK�XQGHU�KHDWLQJ�DQG

)LJ�����76'�FXUYHV�RI�3:2�FU\VWDOV�DW�GLIIHU�
HQW�SRODUL]DWLRQ�FRQGLWLRQV��&XUYHV�������7S� ����.�DQG�����.�� UHVSHFWLYHO\��8S� ����9�WS� ��� PLQ� LQ� ERWK� FDVHV�� &XUYH� ��� 7S� ����.��8S� ����9�� WS� ���PLQ�� ,QVHW�� H[SDQ�VLRQ�RI�WKH����Ü����.�76'�SHDN�LQWR�HOHPHQ�
WDU\�FRPSRQHQWV��FLUFOHV�GHQRWH�H[SHULPHQWDO
YDOXHV�� HOHPHQWDU\�FRPSRQHQWV�DUH� VKRZQ�E\
GRWWHG� OLQHV�� WKLQ� VROLG� OLQH� LV� HQYHORSH� RI
,cÜ,,,c� FRPSRQHQWV�� 6LPLODU� QRWDWLRQ� IRU
H[SDQVLRQ�RI�FXUYHV���DQG���LQWR�,Ü9,,,�FRP�
SRQHQWV�

)LJ�����&DSDFLW\�GHSHQGHQFHV� RI� LQYHUVH� WHP�
SHUDWXUH�IRU�KHDWLQJ�RI�D�SRODUL]HG�3:2�VDP�
SOH� �7S� �����.��WS� ���PLQ�� �FXUYH����� KHDW�LQJ�RI�D�QRQ�SRODUL]HG�VDPSOH�����DQG�LWV�FRRO�
LQJ�����
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XQGHU�FRROLQJ�LV�DSSUR[LPDWHG�VDWLVIDFWRULO\
E\�DQ�H[SRQHQWLDO�ODZ�

H� �FRQVW���H[S��'+�e�N7��� ���
7KH� SUH�H[SRQHQWLDO� IDFWRU� LQ� (T����

DPRXQWV�DERXW����DQG�DERXW����XQGHU�KHDW�
LQJ� DQG� XQGHU� FRROLQJ�� UHVSHFWLYHO\�� 7KXV�
WKH�H[SHULPHQWDO�&�7��FXUYH�FDQ�EH�DSSUR[L�
PDWHG�E\�RQH�RU�WZR�VWUDLJKW�VHJPHQWV�LQ�FR�
RUGLQDWHV� OQ&� �I���7�� DW� 7�!�����.� �)LJ�����
WKH� VORSHV� RI� WKH� VHJPHQWV�GHILQLQJ� WKH�DF�
WLYDWLRQ�HQHUJ\�'+��8QGHU�KHDWLQJ��'+�DW�7
!����� .� LV� ORZ� �DERXW� ������ H9��� ZKLOH
XQGHU� FRROLQJ�� DERXW� ������ H9� �7�!�����.�
DQG�DERXW�������H9��7�������.��

7KH� H[SHULPHQWDO� GDWD� RQ� WKH� HIIHFW� RI
DQ� H[WHUQDO� HOHFWULF� ILHOG� RQ� WKH� WHPSHUD�
WXUH� GHSHQGHQFH� RI� WKH� 3:2� SHUPLWWLYLW\
DUH� SUHVHQWHG� LQ� )LJ���� �FXUYHV� ��� ���� )RU
FRPSDULVRQ��WKH�FXUYHV����DQG����IRU�D�QRQ�
SRODUL]HG� VDPSOH�DUH�SUHVHQWHG��$W� WKH�PR�
PHQW� RI� WKH� H[WHUQDO� ILHOG� VZLWFK�RII� DW
���� .�� IDVW� UHOD[DWLRQ� SURFHVVHV� DUH� RE�
VHUYHG� ZLWK� &� GHFUHDVLQJ� LQ� WLPH�� 7KHUH�
IRUH�� WKH� &�7�� PHDVXUHPHQWV� ZHUH� FDUULHG
RXW� DIWHU� WKH� UHOD[DWLRQ� ZDV� RYHU�� ,Q� WKH
���Ü����.�UDQJH��WKH�H�7��FXUYH�IRU�SRODU�
L]HG� VDPSOHV�H[KLELWV� VHYHUDO�PD[LPD� �,Ü9�
DW� ����� ����� ����� ����� DQG� ����.�� UHVSHF�
WLYHO\� �)LJ������ 7KH� PD[LPD� ,Ü,,,� QHDU
���� .� IRUP� DQ� LQWHQVH� UHODWLYHO\� QDUURZ

FRPSOH[� SHDN�� $W� WKH� ILUVW� PHDVXUHPHQW
XQGHU� KHDWLQJ�� WKLV� SHDN� H[FHHGV� WKDW� IRU
QRQ�SRODUL]HG�VDPSOHV�E\�VHYHUDO�WLPHV��7KH
LQWHQVLWLHV� RI� WKH� ,Ü,9� SHDNV� GURS� GRZQ� WR
WKH�LQLWLDO�YDOXHV�DIWHU�VHYHUDO�KHDWLQJ�FRRO�
LQJ� F\FOHV� IROORZHG� E\� VSRQWDQHRXV� UHOD[D�
WLRQ�RI�WKH�VDPSOH�LQ�QRUPDO�FRQGLWLRQV�IRU
��RU���GD\V��$�VDPSOH�SRODUL]HG�DW�7S� �����.�ZKHQ�EHLQJ�QRW�KHDWHG��UHVWRUHV�KLJK�H�YDO�
XHV� ����� WR������ IRU�D�SURORQJHG�WLPH��7KH
KLJK�WHPSHUDWXUH� FDSDFLW\� LQFUHDVH� DW� 7�!
���� .� IRU� SRODUL]HG� VDPSOHV� LV� DSSUR[L�
PDWHG� VDWLVIDFWRULO\� LQ� OQ&� �I���7�� FRRUGL�
QDWHV�E\�WZR�VWUDLJKW�VHJPHQWV�ZLWK�D�NQHH
DW�7� �����.��)LJ�����FXUYH�����,Q�WKLV�FDVH�
WKH�'+�YDOXHV�DUH�ORZ�DQG�DPRXQW�������H9
DW�����.���7�������.�DQG�������H9�DW�7�!
����.�

7KH�ORZ�LQWHQVLW\�EOXUUHG�PD[LPXP�9�LQ
WKH�H�7��GHSHQGHQFH��)LJ�����FXUYH����LV�VHHQ
RQO\�IRU�3:2�VDPSOHV�SRODUL]HG�DW�����.��
7������� .�� $W� WKH� VDPH� WLPH�� WKH� ,Ü,,,
SHDNV� DUH� RI� ORZ� LQWHQVLW\�� $W� 7�t�����.�
WKH� H� YDOXHV� IRU� QRQ�SRODUL]HG� VDPSOHV� LQ�
FUHDVH� VOLJKWO\� DV� 7� ULVHV�� 7KH� VDPSOH� SR�
ODUL]DWLRQ� UHVXOWV� DOVR� LQ� D� IDVWHU� �DV� FRP�
SDUHG� WR� QRQ�SRODUL]HG� VDPSOH�� LQFUHDVH� RI
H� DW� ���Ü����.��$� FRPSDULVRQ� RI� H�7�� DQG
,76'�7��ZLWKLQ�WKH�VDPH�WHPSHUDWXUH�UDQJH���Ü����.��VHH�7DEOH��VKRZV�WKDW�WKH�QXP�
EHU� RI� PD[LPD� DQG� WKH� WHPSHUDWXUH� SRVL�
WLRQV�WKHUHRI�DUH�VLPLODU�LQ�ERWK�FDVHV�

7KH� QRQ�SRODUL]HG� VDPSOH� UHWXUQV� WR� WKH
TXDVL�HTXLOLEULXP� VWDWH� DIWHU� RQH� RU� WZR
KHDWLQJ� �7�!����� .�� DQG� FRROLQJ� �WR� URRP

)LJ�����7HPSHUDWXUH�GHSHQGHQFH�RI�SHUPLWWLY�
LW\� IRU� D� SUHYLRXVO\� SRODUL]HG� 3:2� VDPSOH
�7S� �����.��WS� ����PLQ���FXUYH����DQG�DW�LWVVXEVHTXHQW� �7S� �����.�� WS� ���PLQ��KHDWLQJ�FXUYH�����&XUYHV���DQG���VKRZ�WKH�PHDVXUH�
PHQW�UHVXOWV�IRU�WKH�VDPH�VDPSOH�EXW�QRQ�SR�
ODUL]HG�LQ�WZR�VXEVHTXHQW�KHDWLQJ�FRROLQJ�F\�
FOHV�� 'RWWHG� OLQHV� VKRZ� HOHPHQWDU\� FRPSR�
QHQWV� �,Ü,9�� REWDLQHG� E\� H[SDQVLRQ� RI� FXUYH
���� LQWR�*DXVVLDQV��%ODFN� VTXDUHV� GHQRWH� H[�
SHULPHQWDO�GDWD�DQG�WKH�VROLG�OLQH�LV�WKH�WRWDO
RI�FRPSRQHQWV��,Ü,9��

7DEOH��7HPSHUDWXUHV�RI�WKH�H�7��FXUYH�PD[�
LPD� �7PH�� DQG� WKH� 76'� FXUUHQW� PD[LPD
�7P�� IRU� 3E:2�� FU\VWDOV�� 7KH� SHDNV� DUHQXPEHUHG� DFFRUGLQJ� WR� )LJV����� ��� DQG� ��
UHVSHFWLYHO\
H�7� 7PH��. 76' 7P��.
Ü Ü , ���
, ��� ,, ���
,, ��� ,,, ���
,,, ��� ,9 ���
,,9 ��� ,c ���
,,,9 ��� ,,c ���
,,,,9 ��� ,,,c ���
9 ��� 9 ���
Ü Ü 9, ���
Ü Ü 9,, ���
Ü Ü 9,,, ���
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WHPSHUDWXUH�� F\FOHV�� WKH� H� YDOXH� EHLQJ� UH�
VWRUHG��7KH�NLQHWLFV�RI� WKH�FU\VWDO� WUDQVLWLRQ
WR� WKH� LQLWLDO� VWDWH� LV� LOOXVWUDWHG� LQ� )LJ����
7KH�PHDVXUHG�UHVXOWV�DUH�SUHVHQWHG�KHUH� LQ
FRRUGLQDWHV� OQ>'&��&f�Ü�&�@� �I�W�� ZKHUH
'&� �&f�Ü�&��LV�WKH�FDSDFLW\�YDOXH�E\�ZKLFKWKH� LQLWLDO� FDSDFLW\�&�� FKDQJHV� DV� WKH� VDP�SOH� DWWDLQV� WKH� TXDVL�VWDWLRQDU\� VWDWH� DQG
WKH�&f� FDSDFLW\� EHFRPHV� DWWDLQHG�DW� W�o�f�,W� LV� REYLRXV� WKDW� DW� W� ���� WKH� FDSDFLW\� LV
&� �&���7KDW� LV�� WR�GHVFULEH� WKH�VDPSOH�FD�SDFLW\�YDULDWLRQ�LQ�WLPH�WKH�UHODWLRQ

&� �&����'&�����H�WeW�� ���
LV�XVHG��+HUH��W� LV�WKH�WLPH�FRQVWDQW� LQ�WKH
PRGHO�RI�D�KRPRJHQHRXV�HOHFWULFDOO\�QHXWUDO
GLHOHFWULFV� ZLWK� GHHS� HQHUJ\� OHYHOV� >��@�
:KHQ� VHYHUDO� H[SRQHQWLDO� UHOD[DWLRQ� SURF�
HVVHV� WDNH� SODFH�� WKH� OQ>'&��&f�Ü�&�@� �I�W�FXUYH�SUHVHQWV�VHYHUDO� OLQHDU�VHJPHQWV�ZLWK
VORSHV� GHILQLQJ� WKH� FRUUHVSRQGLQJ� W� YDOXHV�
$V� LV� VHHQ� LQ� )LJ���� �FXUYH� ���� WKH�&�W�� GH�
SHQGHQFH�LV�DSSUR[LPDWHG�LQ�OQ>'&��&f�Ü�&�@ �I�W�� FRRUGLQDWHV� E\� DW� OHDVW� WZR� VWUDLJKW
VHJPHQWV� �,�� DQG� �,,���$W� WKH� ILQDO� VWDJH�� D
UHOD[DWLRQ�SURFHVV�ZLWK�ODUJH�W�YDOXHV�LV�RE�
VHUYHG��)LJ������$W�W�o����K��WKH�TXDVL�HTXL�
OLEULXP�VWDWH� LV�DWWDLQHG�DQG�WKH�&�W��FXUYH
EHFRPHV�SDUDOOHO�WR�WKH�WLPH�D[LV��7KH�FRUUH�
VSRQGLQJ�WLPH�FRQVWDQWV�IRU�WKH��VW�DQG��QG
FRPSRQHQWV� RI� WKH� LQLWLDO� &� UHLQVWDWHPHQW
NLQHWLFV�DW�WKH�LQLWLDO�UHOD[DWLRQ�VWDJH��)LJ����
FXUYH� ��� DPRXQW� DSSUR[LPDWHO\� W�� �����K
DQG� W�� �����K��7KH�UHSHDWHG�PXOWLSOH�KHDW�LQJ�FRROLQJ� F\FOHV� LQGXFH� LUUHYHUVLEOH
FKDQJHV�LQ�WKH�VDPSOH�WKDW�DUH�HTXLYDOHQW�WR
LWV�DQQHDOLQJ�DW�HOHYDWHG�WHPSHUDWXUHV��7KLV
UHVXOWV� LQ� GHFUHDVHG� H� YDOXHV� DW� ����.�DQG
WKH� WRWDO� UHOD[DWLRQ� WLPH�� ,Q� WKLV� FDVH�� RQH
VWUDLJKW�VHJPHQW�ZLWK�WKH�WLPH�FRQVWDQW�RI�WKH
LQLWLDO� UHOD[DWLRQ� VWDJH� DERXW� ���� K� DQG� FORVH
WR�W��SUHGRPLQDWHV�LQ�WKH�&�W��SORW�RI�WKH�UHLQ�VWDWHPHQW�UHOD[DWLRQ��)LJ�����FXUYH����

$V� WKH� PHDVXUHPHQWV� KDYH� VKRZQ�� WKH
VWXGLHG�3:2� VDPSOHV� DIWHU� FRROLQJ� IURP
7�!����� .� WR� URRP� WHPSHUDWXUHV� DW� UDWHV
XVHG�LQ�H[SHULPHQW��DERXW�����.�V��NHHS�WKH
QRQ�HTXLOLEULXP�VWDWH�IRU�D�SURORQJHG�WLPH�
7KLV�IHDWXUH�RI�WKH�FU\VWDOV�FDXVHV�WKH�K\V�
WHUHVLV�SKHQRPHQD��)LJ�����WKDW��DV�LV�NQRZQ
>��@� DUH� H[SODLQHG� E\� WKH� �DV\PPHWU\�� HI�
IHFWV� LQ� WKH� WHPSHUDWXUH�LQGXFHG� HYROXWLRQ
RI� HOHFWULFDOO\� DFWLYH� GHIHFWV� XQGHU� KHDWLQJ
DV� FRPSDUHG� WR� WKH� FRROLQJ�� ,Q� SDUWLFXODU�
WKH� GLVVRFLDWLRQ� HQHUJ\� RI� FRPSOH[� QHXWUDO

DFFXPXODWLRQV� RI� GHIHFWV� PD\� GLIIHU� IURP
WKH�DVVRFLDWLRQ�HQHUJ\�WKHUHRI��7KDW�LV�ZK\�
HYHQ�DW�ORZ�FRROLQJ�UDWHV��WKH�FU\VWDO�KDV�QR
WLPH�WR�DWWDLQ�WKH�TXDVL�HTXLOLEULXP��WKH�LQ�
LWLDO� VWDWH� RI� GHIHFWV� DQG� LQLWLDO� FRQFHQWUD�
WLRQ� RI� WKH� GHIHFW� FRPSOH[HV� DUH� QRW� UH�
VWRUHG��VR�WKH�VDPSOH�UHWXUQ�WR�WKH�HTXLOLE�
ULXP�UHTXLUHV�D�SURORQJHG�UHOD[DWLRQ���6DLG
SURFHVVHV� WDNH� SODFH� LQ� WKH� FDVH� ZKHQ� WKH
6FKRWWN\�GHIHFWV�GRPLQDWH�>������@��,Q�3:2
WKDW� LV�D� W\SLFDO�QRQ�VWRLFKLRPHWULF� V\VWHP�
WKH� 6FKRWWN\� GHIHFWV� DUH� PDLQO\� GRXEOH�
FKDUJHG�YDFDQFLHV�RI�OHDG�93E�Ü�DQG�R[\JHQ92���� 7KH� HQHUJ\� PLQLPL]DWLRQ� DQG� WKHVWDWLF� LQWHUDFWLRQ� EHWZHHQ� 92��� DQG� 93E�ÜFDXVH� IRUPDWLRQ� RI� QHXWUDO� DVVRFLDWHV� RI
WKRVH� YDFDQFLHV� FDOOHG� ELYDFDQFLHV� RU
GLSRORQV�� 7KH� ODWWHU� IRUP� WKH� EDVH� IRU� IRU�
PDWLRQ�RI�PRUH�FRPSOH[�GLSROH�FRPSOH[HV�RI
GHIHFWV� ZLWK� HOHFWURQV� �KROHV�� ORFDOL]HG� DW
WKH� R[\JHQ� �OHDG�� YDFDQFLHV�� UHVSHFWLYHO\�
7KH� KROH� �S�� ORFDOL]DWLRQ� DW�93E�Ü� DQG� HOHF�WURQ��H��FDSWXULQJ�E\�92���ZHDNHQ�WKH�HOHF�WURVWDWLF� LQWHUDFWLRQ� EHWZHHQ� WKH� GLSRORQ
FRPSRQHQWV� DQG� WKLV� PD\� UHVXOWV� LQ� WKH
ELQGLQJ� EUHDNGRZQ�� 7KXV�� LQ� WKH� FU\VWDO�
WKHUH� DUH� FHQWHUV� IRUPHG� GXH� WR� SURFHVVHV
WKDW�FDQ�EH�ZULWWHQ�LQ�VLPSOLILHG�IRUP�DV

93E�����S� �93E� ����92�����H� �92� � ���
7KH� HOHFWULFDOO\� QHXWUDO� DVVRFLDWHV� 93E�Ü���S�DQG�92������H�DUH�HQHUJHWLFDOO\�KDUGO\SUREDEOH� DW� WKH� H[SHULPHQWDO� WHPSHUDWXUHV�

7KH�FRQFHQWUDWLRQ�UDWLRV�EHWZHHQ�WKH�GRXEOH
YDFDQFLHV� �GLSRORQV��� LVRODWHG� VLQJOH� YDFDQ�
FLHV�� WKH� FKDUJHG� FHQWHUV� RI� ���� W\SH�� DQG
�93EÜ���92���ZLWK�]HUR�HIIHFWLYH�FKDUJH�ZLOOEH� GHILQHG� E\� WKH� HOHFWULF� QHXWUDOLW\� FRQGL�
WLRQ� DQG� WKH� FRPSOHWHQHVV� PHDVXUH� RI� WKH

)LJ�����&DSDFLW\�UHOD[DWLRQ�RI�D�3:2� VDPSOH
DW� ����.��&XUYH� ���� KDV� EHHQ� REWDLQHG� DIWHU
WKH�ILUVW�KHDWLQJ�XS�WR�����.�������DIWHU�VXE�
VHTXHQW� VHYHUDO� PHDVXUHPHQWV� LQ� WKH� ���Ü
����.�UDQJH�
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FRUUHVSRQGLQJ� TXDVL�FKHPLFDO� UHDFWLRQV� LQ
WKH� VDPSOH� EXON� XQGHU� H[FLWDWLRQ��7KH� FRQ�
FHQWUDWLRQ� RI� XQFRQWUROODEOH� LPSXULWLHV� LV
DVVXPHG� WR� EH� LQVLJQLILFDQW�� 7KH� DERYH
VFKHPHV� RI� WKH� GRPLQDWLQJ� GLVRUGHULQJ� LQ
3:2� FU\VWDOV�PDNH� LW� SRVVLEOH� DOVR� WR� FRQ�
VLGHU� LQ� DQ� QRQ�FRQWUDGLFWRU\� PDQQHU� WKH
HOHFWULF� FRQGXFWDQFH� DQG� WKH� GHSRODUL]DWLRQ
FXUUHQWV�>�Ü�@�

7KH� ZRUNV� DLPHG� DW� WKH� 3:2� H[DPLQD�
WLRQ� XVLQJ� RSWLFDO� PHWKRGV� >������@�� (35
>��@�� DQG� WKHRUHWLFDO� FDOFXODWLRQV� >��@� FRQ�
VLGHU�YDULRXV�PRGHOV�RI�GHIHFWV�WKDW�PD\�EH
LQYROYHG� LQ� WKH� HOHFWURQ� H[FKDQJH�� 6R�� LQ
>��@�� LW� LV� DVVXPHG� WKDW� WKH� LW� LV� MXVW� WKH
FHQWHUV� RI�2Ü��)��)���3E���3E��� LQGXFHG�E\
LUUDGLDWLRQ� DQG� KLJK�WHPSHUDWXUH� DQQHDOLQJ
GXH� WR� WKH� FKDUJH� UH�ORFDOL]DWLRQ� WKDW� DUH
UHVSRQVLEOH� IRU� WKH� FKDQJHV� LQ� WKH� DEVRUS�
WLRQ�VSHFWUD�RI�3:2�FU\VWDOV��,Q�>��@��ZKHQ
VWXG\LQJ� WKH� DGGLWLRQDO� DEVRUSWLRQ� VSHFWUD�
WKH� YDFDQF\� SDLUV� 92��Ü93E�Ü� DUH� FRQVLG�HUHG�DV�ZHOO�DV�HOHFWURQ�SURFHVVHV�DVVRFLDWHG
ZLWK� WKH� WUDQVIRUPDWLRQ� RI� WKRVH� SDLUV� GXH
WR� 89� LUUDGLDWLRQ�� 7KH� ORZ�WHPSHUDWXUH
(35� PDGH� LW� SRVVLEOH� WR� LGHQWLI\� WKH� HOHF�
WURQ� FHQWHUV� IRUPHG� E\� WKH� FRPSOH[� DQLRQ
:2���WKDW�FRQWDLQV�DQ�R[\JHQ�YDFDQF\�DQG�LV
DVVRFLDWHG�ZLWK� D�GHIHFW� LQ� WKH� OHDG� VXEODW�
WLFH� >��@�� 7KH� GLVWULEXWLRQ� RI� HOHFWURQLF
VWDWH�GHQVLW\� LQ�3:2� LV�PRGHOHG� >��@�ZKHQ
92���DQG�92��Ü93E�Ü�SDLUV�DUH�GRPLQDWLQJ�7KH� FKDQJH� LQ� WKH� FKDUJH� VWDWH� RI� WKH
GHIHFW�DVVRFLDWHV�DW�WKH�FU\VWDO�WHPSHUDWXUH
YDULDWLRQ�LQ�DQ�DSSOLHG�ILHOG�LV�DFFRPSDQLHG
E\� D� MXPS�OLNH� GLVSODFHPHQW� RI� KROHV� �HOHF�
WURQV��IURP�RQH�GHIHFW�VLWH�WR�DQ�RWKHU��7KLV
LV�FRQILUPHG�E\�ORZ�'+�YDOXHV��7KDW�SURFHVV
LV�HTXLYDOHQW�WR�D�FKDQJH�LQ�WKH�RULHQWDWLRQ
VWDWH�DQG�RU�GLSROH�PRPHQW�RI�WKH�DVVRFLDWH
DQG�FDXVHV�DQ�DGGLWLRQDO�FRQWULEXWLRQ�WR�WKH
H�7��GHSHQGHQFHV�GXH�WR�SRODUL]DWLRQ�

7KH�SRODUL]DWLRQ�DQG�RWKHU�GLSROH�HIIHFWV
WDNH� SODFH� RIWHQ� LQ� VROLGV� DW� WKH� MXPS�OLNH
HOHFWURQ� WUDQVIHU� RYHU� WKH� GHIHFW� ODWWLFH
VLWHV� >����������@�� ,Q� SDUWLFXODU�� VXFK� SURF�
HVVHV� PD\� FDXVH� KLJK� LQWHQVLW\� PD[LPD� LQ
WKH�H�7��FXUYH�DV�WKH�WHPSHUDWXUH�ULVHV��WKLV
KDV� EHHQ� UHYHDOHG� LQ� VHPLFRQGXFWRUV� >���
��@�� 7KH� ORFDOL]DWLRQ� RI� QRQ�HTXLOLEULXP
FKDUJH�FDUULHUV�DW�YDFDQF\�GLSROH�DVVRFLDWHV
LQ�JDGROLQLXP�JDOOLXP�JDUQHW�VLQJOH�FU\VWDOV
>��@� FDXVHV� WKH� SKRWRLQGXFHG� UHRULHQWDWLRQ
RI� VXFK� GLSROHV� DW� 7S� ���� .� DQG� WKH� GLSROHSRODUL]DWLRQ� DQG� WKH� GHSRODUL]DWLRQ� FXUUHQW
SHDNV�DW�DERXW�����DQG�����.�LQ�WKRVH�FU\VWDOV�

7KH� GLVFXVVHG� MXPS�OLNH� PHFKDQLVP� RI
WKH� FHQWHU� UHFKDUJLQJ� FDQ� EH�GXH�REYLRXVO\

WR� LRQL]LQJ� UDGLDWLRQ� >������@� DQG� FDXVH
WKHUPDO� JORZ�� WKLV� KDV� EHHQ� VWXGLHG� LQ� H[�
SHULPHQW� >������@�� ,W� LV� WR� QRWH� WKDW� WKH
QXPEHU�RI� WKHUPDO�JORZ�PD[LPD� �VHH�� H�J��
>������@��� WKH� WHPSHUDWXUH� SRVLWLRQV�� WKH
KDOI�ZLGWK�� DQG� UHODWLYH� LQWHQVLW\� WKHUHRI
ZLWKLQ� WKH� VWXGLHG� WHPSHUDWXUH� UDQJH� DUH
FORVH� WR� ERWK� WKH� VDPH� SDUDPHWHUV� RI� WKH
WKHUPDO� GHSRODUL]DWLRQ� PD[LPD� ����� WR
���� .� UHJLRQ�� DQG� WR� WKH� PD[LPD� RI� H�7�
FXUYHV�SUHVHQWHG�LQ�WKLV�ZRUN��VHH�7DEOH��

7KXV�� ZLWKLQ� WHPSHUDWXUH� UDQJH� RI� ���
WR� ����.�� WKUHH� UHJLRQV� ����Ü����.�� ���Ü
���� .�� DQG� ���Ü���� .�� FDQ� EH� GLVFULPL�
QDWHG�ZKHUH�WKH�FKDQJHV�LQ�H��RU�&��RI�3:2
FU\VWDOV� DUH� GHILQHG� E\� GRPLQDWLRQ� RI� GLI�
IHUHQW� FRPSRQHQWV� LQ� WKH� WHPSHUDWXUH�LQ�
GXFHG� DQG�RU� LVRWKHUPDO� HYROXWLRQ� RI� WKH
LRQ�HOHFWURQ� SURFHVVHV�� 7KH� ZHDN� H�7�� GH�
SHQGHQFH� RI�3:2� FU\VWDOV�ZLWKLQ� WKH� ���Ü
����.�UDQJH�IROORZLQJ�WKH�OLQHDU�ODZ�����RU
���� XQGHU� KHDWLQJ� RU� FRROLQJ�� UHVSHFWLYHO\�
HYLGHQFHV� WKH� HOHFWURQ� SRODUL]DWLRQ� ZLWK
FKDUDFWHULVWLF�WLPH�RI���Ü���WR���Ü���V��7KLV
W\SH� RI� H�7�� GHSHQGHQFH� LV� UHDOL]HG� DJDLQVW
WKH�EDFNJURXQG�RI�DQ�LQVLJQLILFDQW�FRQWULEX�
WLRQ� WR� H�7�� GXH� WR� D� ZHDN� FRQGXFWDQFH
LQFUHDVH�� $� VLJQLILFDQW� FRQGXFWDQFH� LQ�
FUHDVH� RI� 3:2� KDV� EHHQ� REVHUYHG� RQO\
DW�7�!�����.�>�Ü�@��7KH�GLIIHUHQFH�EHWZHHQ
WKH� H�7�� FXUYHV� WDNHQ� XQGHU� KHDWLQJ� DQG
FRROLQJ�LV�PLQLPXP�LQ�WKH����Ü����.�WHP�
SHUDWXUH�UDQJH��)LJV�����������

7KH� ODUJH� H� YDOXHV� RI� 3:2� FU\VWDOV� DW
URRP� WHPSHUDWXUH� DUH� WKXV� VHHQ� WR� EH� GH�
ILQHG� WR� D� ODUJH� H[WHQW� E\� LQWULQVLF� HOHFWUL�
FDOO\�DFWLYH�VWUXFWXUH�GHIHFWV��YDFDQFLHV�DQG
DVVRFLDWHV� LQFOXGLQJ�VXFK�YDFDQFLHV�� DQG�E\
WKH� MXPS�OLNH� FKDUJH� H[FKDQJHV� EHWZHHQ
WKRVH� GHIHFWV�� 7KH� WHPSHUDWXUH� GHSHQGHQFH
RI� SHUPLWWLYLW\� LV� LQIOXHQFHG� DOVR� E\� WKHU�
PDO� SRODUL]DWLRQ� DQG� HOHYDWHG� WHPSHUDWXUHV
�DQQHDOLQJ� DW� 7�!����� .��� 7KH� KHDWLQJ� LQ
DLU� FDQ� EH� XVHG� WR� YDU\� WKH� WUHQG� RI�3:2
FU\VWDOV� WR� D� SURORQJHG� UHOD[DWLRQ� DW� URRP
WHPSHUDWXUH� DIWHU� WKH� KLJK�WHPSHUDWXUH
WUHDWPHQW�� WKH� UHOD[DWLRQ� WLPH� �WKH� SURFHVV
RI�DWWDLQPHQW�RI�TXDVL�VWDEOH�H�YDOXHV��EHLQJ
VKRUWHQHG�PDLQO\�GXH�WR�HOLPLQDWLRQ�LWV�IDVW
FRPSRQHQWV�� 7KH� ODWWHU� VHHP� WR� EH� DVVRFL�
DWHG� ZLWK� PRUH� PRELOH� HOHPHQWDU\� HOHFWUL�
FDOO\� DFWLYH� GHIHFWV� RI� S� �RU� H�� W\SH�� WKH
GRPLQDWLRQ�RI�RQH�RI�WKRVH�EHLQJ�GHILQHG��LQ
SDUWLFXODU��E\�WKH�RSHUDWLQJ�WHPSHUDWXUH�UH�
JLRQ�� 7KH� KHDWLQJ� RI� 3:2� FU\VWDOV� WR� HOH�
YDWHG� WHPSHUDWXUHV� IDYRUV� WKH� GLVVRFLDWLRQ
RI� WKH�SRLQW�GHIHFW�GLSROHV� DQG�SURYLGHV�DQ
LQFUHDVHG� FRQFHQWUDWLRQ� RI� IUHH� YDFDQFLHV�
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