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&DGPLXP� WXQJVWDWH� �&:2�� FU\VWDOV� DUH
XQGHU�VWXG\�IRU�D�ORQJ�WLPH��7KLV�LV�DVVRFL�
DWHG� ZLWK� JRRG� SURSHUWLHV� RI� WKH� PDWHULDO
SURYLGLQJ�LWV�DSSOLFDWLRQ�LQ�GHWHFWLQJ�EORFNV
RI� YDULRXV� WRPRJUDSKLF� DQG� VSHFWURPHWULF
GHYLFHV� DV� ZHOO� DV� ZLWK� SRVVLEOH� LPSURYH�
PHQW� RI� WKRVH� SURSHUWLHV� DQG� UHJXODWLRQ� RI
RSWLPXP� SDUDPHWHU� FRPELQDWLRQV� IRU� VSH�
FLILF� DSSOLFDWLRQV�� &:2� VLQJOH� FU\VWDOV� EH�
ORQJ� WR� OXPLQRSKRUV�ZLWK� VR�FDOOHG� �LQWULQ�
VLF��OXPLQHVFHQFH�>�@��7KH�FU\VWDO�LV�FKDUDF�
WHUL]HG�E\�D�EURDG�DV\PPHWULF�;�UD\�OXPLQHVFHQFH
VSHFWUXP� EHLQJ� D� VXSHUSRVLWLRQ� RI� VHYHUDO
OXPLQHVFHQFH�EDQGV��6WXGLHV�RI�WKH�SKRWROX�
PLQHVFHQFH�KDYH�VKRZQ�WKDW��EHVLGHV�RI�WKH

PDLQ� �EOXH�JUHHQ�� HPLVVLRQ� EDQG� ZLWK� D
PD[LPXP� LQ� WKH� ���� QP� UHJLRQ�� WKHUH� DUH
HPLVVLRQ�EDQGV�LQ�WKH��\HOORZ��UHJLRQ��OPD[� 
����WR�����QP��>�@�DQG�LQ�WKH��UHG��RQH��OPD[� ����WR�����QP��>����@��$FFRUGLQJ�WR�>�@��WKH
HPLVVLRQ�DURXQG�����QP�LV�GXH�WR�WUDQVLWLRQ
LQ� WKH� WXQJVWDWH� JURXS� :2��±�� ZKLOH� WKHHPLVVLRQ�DW�OPD[�a�����WR�����QP�LV�DVVRFL�DWHG� ZLWK� WKH� GHIHFW� WXQJVWDWH� JURXS� FRQ�
WDLQLQJ�DQ�R[\JHQ�YDFDQF\��7KH�HPLVVLRQ�LQ
WKH� UHG� UDQJH� LV� LQKHUHQW� LQ� WKH�&:2�PD�
WUL[�>�@�DV�ZHOO�DV�LV�GXH�WR�QRQ�LQWHQWLRQDO
XQFRQWUROODEOH� LPSXULWLHV� >�@�� 7KXV�� HVVHQ�
WLDOO\�DOO�DXWKRUV�KDYH�VWDWHG�WKDW�LW�LV�MXVW
WKH�PROHFXODU�HOHFWURQ�RUELWDOV�RI�WKH�WXQJ�
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VWDWH� JURXS�PRGLILHG� VXEVWDQWLDOO\� E\� YDUL�
RXV�GHIHFWV�WKDW�FRQWULEXWH�PDLQO\�WR�HQHUJ\
VWUXFWXUH� IRUPDWLRQ� RI� DQ� HPLVVLRQ� FHQWHU
LQ�&:2�� ,Q� WKLV� FRQQHFWLRQ�� WKLV�ZRUN� LV�D
FRQWLQXDWLRQ�RI�RXU�VWXGLHV�>�@�RQ�WKH�LQIOX�
HQFH� RI� H[WULQVLF� GHIHFWV� RQ� WKH� OXPLQHV�
FHQFH�RI�FDGPLXP�WXQJVWDWH�FU\VWDOV��$�SDU�
WLFXODU� DWWHQWLRQ� LV� JLYHQ� WR� WKH� QDWXUH� RI
WKH� OXPLQHVFHQFH� VORZ� FRPSRQHQW� WKDW� GH�
ILQHV� WKH� PRVW� LPSRUWDQW� SHUIRUPDQFH� SD�
UDPHWHU��QDPHO\��WKH�DIWHUJORZ�

,W� KDV� EHHQ� VKRZQ� EHIRUH� >�@� WKDW� WKH
SKRWROXPLQHVFHQFH� VSHFWUXP�RI�D�QRPLQDOO\
SXUH�&:2� VDPSOH� WDNHQ� DW� URRP� WHPSHUD�
WXUH� FRPSULVHV� DQ� DV\PPHWULF� EDQG� SHDNHG
DW�����QP��$�SODWHDX� ����� WR�����QP��FDQ
EH� GLVWLQJXLVKHG� LQ� WKDW� EDQG�� $� VWURQJ
DV\PPHWU\� LV� W\SLFDO�RI�WKH�VSHFWUXP� ORQJ�
ZDYHOHQJWK�SDUW��DV�WKH�LPSXULW\�FRQFHQWUD�
WLRQ�ULVHV��WKH�DV\PPHWU\�LV�FRQYHUWHG�LQ�DQ
DGGLWLRQDO�EDQG��$V�WKH�WHPSHUDWXUH�LV�ORZ�
HUHG� GRZQ� WR� ��� .� DQG� IXUWKHU� WR� ���� .�
WKH�OXPLQHVFHQFH�VSHFWUXP�WDNHV�D�PRUH�DQG
PRUH�FRPSOH[�VKDSH��8QGHU�H[FLWDWLRQ�ZLWK
D� OLJKW� RI� D� ZDYHOHQJWK� VKRUWHU� WKDQ
���� QP�� WKH�PDLQ� EDQG� LV� SHDNHG� DW� ���Ü
����QP��$W�WKH�H[FLWLQJ�ZDYHOHQJWK�RI����
WR� ���� QP�� WKH� PDLQ� HPLVVLRQ� EDQG� LQWHQ�
VLW\� GURSV� VKDUSO\� DQG� D� �UHG�� FRPSRQHQW
����Ü���� QP�� LV� IRUPHG� ZLWK� D� SODWHDX� DW
���Ü����QP�� WKDW� FRPSRQHQW� LV� GXH� WR� H[�
WULQVLF�GHIHFWV��8QGHU� H[FLWDWLRQ�ZLWK� OLJKW
RI� D� ZDYHOHQJWK� ORQJHU� WKDQ� ���� QP�� WKH
�\HOORZ��HPLVVLRQ������WR�����QP��VWDUWV�WR
EH� REVHUYDEOH� ZKLOH� WKH� �UHG�� FRQWULEXWLRQ
EHFRPHV� UHGXFHG�� $� GHWDLOHG� VWXG\� RI� WKH
HPLVVLRQ� VSHFWUD� LQ� WKH� WHPSHUDWXUH� UDQJH
RI�����WR�����.�KDV�VKRZQ�WKDW�WKH��\HOORZ�
EDQG�LV�QRW�HOHPHQWDU\�DQG�WKH��EOXH�JUHHQ�
DQG��UHG��RQHV�DUH�LQWHUUHODWHG�>�@�

0RUHRYHU�� LW� KDV� EHHQ� VKRZQ� WKDW� WKHUH
LV�D�JURXS�RI�VDPSOHV�KDYLQJ�WKH�SKRWROXPL�
QHVFHQFH� VSHFWUD� VLPLODU� WR� WKRVH� RI� WKH
QRPLQDOO\� SXUH� FU\VWDOV�� 7KDW� JURXS� LQ�
FOXGHV�WKH�VDPSOHV�FRQWDLQLQJ�LPSXULWLHV�RI
XQLYDOHQW� PHWDO� FDWLRQV� �/L���1D���.���&V��
$J��� HWF��� DQG� ELYDOHQW� RQHV� �&D���� 0J���
6U����%D����HWF����VHH�FXUYH���LQ�)LJ�����7KLV
IDFW� LV� H[SODLQHG�E\� WKDW� WKH� LVRYDOHQW� VXE�
VWLWXWLRQ� RI� ELYDOHQW� &G� FDWLRQV� GLVWRUWV
RQO\�VOLJKWO\�WKH�&:2�FU\VWDO�ODWWLFH��VR�WKH
OXPLQHVFHQFH� DQG� H[FLWDWLRQ� PD[LPD� RI
WKRVH�FU\VWDOV�DUH� VKLIWHG� LQVLJQLILFDQWO\�DV
FRPSDUHG� WR� WKH� SXUH� FU\VWDOV�� 7KH� VSHFWUD
DUH� LQIOXHQFHG� VOLJKWO\� DOVR� E\� VLQJO\
FKDUJHG� DONDOL� PHWDO� FDWLRQV�� WKDW� VHHP� WR
FRPSHQVDWH�WKH�FKDUJH�RI�XQFRQWUROODEOH�LP�
SXULWLHV�� +RZHYHU�� WULYDOHQW� LPSXULWLHV
PXVW� FDXVH� D� VXEVWDQWLDO� GLVWRUWLRQ�RI� ERWK

DQLRQLF�DQG�FDWLRQLF�VXEODWWLFHV�RI�WKH�&:2
FU\VWDO�UHVXOWLQJ�LQ�D�FRQVLGHUDEOH�FKDQJH�LQ
WKH� OXPLQHVFHQFH� VSHFWUD� XQGHU� H[FLWDWLRQ
RI�WKH�WXQJVWDWH�HPLVVLRQ�FHQWHUV��7KH�VSHF�
WUXP� FKDQJH� H[WHQW� PXVW� GHSHQG� RQ� WKH
PDQQHU� LQ� ZKLFK� WKH� FKDUJH� FRPSHQVDWLRQ
RFFXUV��)LJ�����FXUYHV���DQG�����7KXV��HPLV�
VLRQ� FHQWHUV� DEVHQW� LQ� &:2� FU\VWDOV� FRQ�
WDLQLQJ�0H��� DQG�0H��� PXVW� EH� IRUPHG� LQ
WKH�FU\VWDOV�ZLWK�0H���LPSXULWLHV��:KHQ�WKH
FU\VWDOV�DUH�GRSHG�ZLWK�0R����LW�VXEVWLWXWHV
WKH� :��� LRQV� JLYLQJ� ULVH� WR� IRUPDWLRQ� RI
PRO\EGDWH� JURXSV� GLVWRUWHG� DV� FRPSDUHG� WR
FDGPLXP� PRO\EGDWH�� 7KH� OXPLQHVFHQFH� RI
WKRVH�JURXSV� LV�REVHUYHG� LQ� WKH��UHG��VSHF�
WUDO� UHJLRQ�� WKXV� EHLQJ� LQ� DJUHHPHQW� ZLWK
WKH�UHVXOWV�RI�>�@�

,Q�WKLV�ZRUN��ZHUH�VWXGLHG�WKH�;�UD\�OX�
PLQHVFHQFH� �;5/�� LQ� WKH� O�!����� QP�� WKH
GHFD\�WLPH�RI� LQGLYLGXDO�FRPSRQHQWV�RI�WKH
OXPLQHVFHQFH�� DV� ZHOO� DV� WKH� WKHUPR�
VWLPXODWHG� OXPLQHVFHQFH� �76/�� LQ� WKH� WHP�
SHUDWXUH�UDQJH�RI����WR�����.��7KH�VDPSOHV
VWXGLHG� ZHUH� WKH�&:2� FU\VWDOV� GRSHG�ZLWK
PRO\EGHQXP��LURQ��KROPLXP��DQG�ELVPXWK�

)LJ����� /XPLQHVFHQFH� VSHFWUD� RI�&:2� FU\VWDOV
�OH[� ������� QP�� DW� ���� .�� ��� GRSHG� ZLWK���DQG� ��YDOHQW� FDWLRQV�� ��� &H� ������PDVV����
���%L� �����Ü�� PDVV����� ��� %L� �������Ü��PDVV����
���0R������Ü��PDVV����DQG�DW����.�����XQGRSHG�
����������Ü�Ü����Ü��� PDVV�� �� %L�� %L�/L� �����
���������Ü��PDVV����%L��%L�/L� ���������������Ü��PDVV���0R�
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7KH�VWXG\�RI�0R�GRSHG�&:2�FU\VWDOV�KDV
VKRZQ� WKDW� D� VORZ� OXPLQHVFHQFH� FRPSRQHQW
ZLWK� WKH� LQWHQVLW\� GDPSLQJ� WLPH� 7���� ����PV��7����LV�WKH�LQWHQVLW\�KDOYLQJ�WLPH�DW7������� .�� SHDNHG� DW� ���Ü���� QP�� 7KDW
FRPSRQHQW�LV�DEVHQW�LQ�QRPLQDOO\�SXUH�VDP�
SOHV��7KH�FRQFHQWUDWLRQ�DQG�WHPSHUDWXUH�GH�
SHQGHQFHV� RI� WKDW� ;5/� EDQG� LQWHQVLW\
�)LJ�� �D�� GLIIHU� FRQVLGHUDEO\� IURP� WKH� LQ�
WULQVLF� HPLVVLRQ� >�@�� WKXV� FRQILUPLQJ� WKDW
WKH� HPLVVLRQ� LV� UHODWHG� WR�D� FHQWHU�FRQWDLQ�
LQJ� D� PRO\EGHQXP� LRQ�� ,W� FDQ� EH� DVVXPHG
WKDW� DW� 0R� FRQFHQWUDWLRQV� ORZHU� WKDQ
������� LVRODWHG�0R2�� JURXSV� �EXW� QRW� WKH&G0R2�� SKDVH�� DUH� IRUPHG� LQ� &:2�� ,W� LV
MXVW�WKRVH�JURXSV�WKDW�DUH�WKH�FHQWHUV�RI�WKH
VORZ��UHG��OXPLQHVFHQFH��7KH�76/�VSHFWUXP
RI�WKH�0R�FRQWDLQLQJ�VDPSOHV�FRPSULVHV�WZR
EDQGV� SHDNHG� DW� ���� DQG� ���Ü����QP�� WKH
FRQWULEXWLRQ� WKHUHRI� EHLQJ� GLIIHUHQW�� 7KH
SRVLWLRQV�RI�76/�PD[LPD��7� ���Ü���������
���������.��LV�W\SLFDO�RI�WKH�0R�FRQWDLQLQJ
&:2�FU\VWDOV�>�@�

,Q� )H�GRSHG� &:2� VDPSOHV�� WKH� �UHG�
;5/� FRPSRQHQW� LV� SUHVHQW�� WRR�� EXW� WKH
TXHQFKLQJ�EHJLQV�DW�KLJKHU�WHPSHUDWXUHV�DV
FRPSDUHG� WR� &:2�0R� �)LJ������ $V� WKH� )H
LPSXULW\� FRQWHQW� LQFUHDVHV�� WKH� VWDWLRQDU\
;5/� LQWHQVLW\� GURSV�� WKH�;5/� VSHFWUXP� LV
EURDGHQHG�� LWV�PD[LPXP�LV� VKLIWHG� WRZDUGV
VKRUWHU�ZDYHOHQJWKV�GXH�WR�UHGXFLQJ�FRQWUL�
EXWLRQ� IURP� WKH� �UHG�� OXPLQHVFHQFH� EDQG�
7KH� LQWHQVLW\� RI� 76/� LQ� WKH� ���Ü���� QP
UHJLRQ� LV� UHGXFHG�� UHVSHFWLYHO\� �)LJ������ $W
)H� FRQFHQWUDWLRQ� H[FHHGLQJ� ��Ü�� ��� WKH
76/� GURSV� GRZQ� WR� WKH� QRLVH� OHYHO�� 7KLV
SKHQRPHQRQ� LV�QRW� W\SLFDO�RI�RWKHU� LPSXUL�
WLHV� VWXGLHG� ZKHUH� WKH� SHDN� LQWHQVLWLHV� LQ�
FUHDVH�ZLWK�WKH�FRQFHQWUDWLRQ��7KXV��WKH�UH�
VSRQVH� WLPH� H[WHQVLRQ� LQ� WKH�&:2�)H� FU\V�
WDOV�VKRXOG�QRW�EH�DVVRFLDWHG�ZLWK�WKH�OLJKW
VXP� VWRUDJH�� ,URQ� LQ� FU\VWDOV� LV� NQRZQ� WR
IRUP� HPLVVLRQ� FHQWHUV� ZLWK� D� ORZ� SURE�

DELOLW\� RI� HPLVVLYH� WUDQVLWLRQV�� WKH� HQHUJ\
FDSWXUHG� E\� WKRVH� FHQWHUV� EHLQJ� FRQYHUWHG
LQWR� HPLVVLRQ� RQO\� WR� D� VPDOO� H[WHQW� >�@�
6XFK�FHQWHUV�PD\�KDYH�VHYHUDO�H[FLWHG�HOHF�
WURQ�VWDWHV�FKDUDFWHUL]HG�E\�LQWHUVHFWLQJ�SR�
WHQWLDO� FXUYHV�� ,Q� WKLV� FDVH�� D� FDVFDGH� W\SH
QRQ�UDGLDWLYH� WUDQVLWLRQ� WR� WKH� ORZHVW� H[�
FLWHG�HOHFWURQ�VWDWH�WDNHV�SODFH��IROORZHG�E\
HPLVVLRQ� RI� D� ORQJ�ZDYHOHQJWK� OLJKW�� RIWHQ
LQ�,5�UHJLRQ�

,Q� WKH� VWXGLHG� VDPSOHV� ZLWK� 0H��� W\SH
LPSXULWLHV�� WKH� VORZ� �UHG�� ;5/� FHQWHUV
VLPLODU�WR�DERYH�PHQWLRQHG�RQHV�LQ�0R��DQG
)H�GRSHG� FU\VWDOV� QRW� DUH� REVHUYHG�� 7KH
VWXG\� RI� 76/� VSHFWUD� RI� WKH� VDPSOHV� FRQ�
WDLQLQJ�+R���KDYH�UHYHDOHG�WZR�WKHUPROXPL�
QHVFHQFH� SHDNV� GLIIHULQJ� LQ� WKH� VSHFWUDO
FRPSRVLWLRQV� QDPHO\�� DW�7PD[� ����Ü����.����Ü���� QP�� DQG� DW� 7PD[� �����.����� QP��� VHH� )LJ����� 7KH� ORZ�WHPSHUDWXUH
76/� SHDN� LQWHQVLW\� EHFRPHV� UHGXFHG� DIWHU
WKH�VDPSOH�DQQHDOLQJ� LQ�DQ�R[\JHQ�FRQWDLQ�
LQJ�PHGLXP��)RU�&:2� FU\VWDOV�ZLWK�%L� LP�
SXULW\�� W\SLFDO� LV� D� KLJK� 76/�PD[LPXP� LQ
WKH� ���Ü���� .� UDQJH� DQG� WKDW� DW� ���Ü
���� .� HPLWWLQJ� LQ� WKH� ���Ü���� QP� UDQJH
>�@�� 7KH� WKHUPRVWLPXODWHG� FRQGXFWLYLW\� LV
DEVHQW� IRU� VRPH�&:2�%L� VDPSOHV�� WKXV� HYL�
GHQFLQJ� WKH� LQWUD�FHQWHU� UHOD[DWLRQ� FKDUDF�

)LJ�����7HPSHUDWXUH�GHSHQGHQFH�RI�;5/�LQWHQVLW\��O�!�����QP��RI�FU\VWDOV�&:2�GRSHG�ZLWK��D��0R����Û
��Ü��PDVV�������Û���Ü��PDVV�������Û���Ü��PDVV�������E��)H����Û���Ü��PDVV�������Û���Ü��PDVV�����

)LJ�����&XUYHV�RI�76/�DQG�76&��O�!�����QP��RI
&:2�FU\VWDOV�GRSHG�ZLWK�)H������Ü��PDVV�����
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WHU�� 7KH� GHFD\� RI� WKH� VWRUHG� OLJKW� VXP� LQ
WKRVH�VDPSOHV�PD\�FDXVH�DQ�DGGLWLRQDO�;5/
FRPSRQHQW��

7KXV�� WKH�0R� DQG�)H� LPSXULWLHV� LQ� FDG�
PLXP�WXQJVWDWH�FU\VWDOV�FDQ�EH�FRQFOXGHG�WR
IRUP� VSHFLILF� �VORZ�� HPLVVLRQ� FRPSRQHQWV
LQ� WKH� �UHG�� VSHFWUDO� UDQJH�� ,Q� WKH� VWXGLHG
&:2� FU\VWDOV� FRQWDLQLQJ� 0H��� LPSXULWLHV�
WKH�DGGLWLRQDO�VORZ�;5/�FRPSRQHQWV�PD\�EH
GXH�WR�WKH�GHFD\�RI�WKH�VWRUHG�OLJKW�VXP�

7DEOH�SUHVHQWV� WKH� OLJKW�\LHOG� DQG�DIWHU�
JORZ� FKDUDFWHULVWLFV� RI� &:2� FU\VWDOV� ZLWK
YDULRXV� LPSXULWLHV�� 7KH� FRQVLGHUDWLRQ� RI
WKRVH� GDWD� PDNHV� LW� SRVVLEOH� WR� FRQFOXGH
WKDW� LQ� PRVW� FDVHV�� LQWURGXFWLRQ� RI� XQLYD�
OHQW�DQG�ELYDOHQW� LPSXULWLHV�GRHV�QRW�LQIOX�
HQFH� WKH� OLJKW� \LHOG� DV� FRPSDUHG� WR� QRPL�
QDOO\�SXUH��Q�S���FU\VWDOV��,W�LV�MXVW�WKH�GRS�
LQJ�ZLWK� WULYDOHQW� LPSXULWLHV� �*G��+R��6P�
%L�� HWF��� WKDW� LQIOXHQFHV� PRVW� VWURQJO\�
6LQFH� WKH�PDLQ� FKDUJH� FRPSHQVDWLQJ� VWUXF�
WXUH� GHIHFWV� LQ� &:2� FU\VWDOV� DUH� R[\JHQ
YDFDQFLHV�� WKH� GRSLQJ� ZLWK� 0H��� VHHPV� WR
FDXVH� IRUPDWLRQ� RI� FRPSOH[� FRORU� FHQWHUV
FRQWDLQLQJ� WKH� GRSDQW� LRQV�� UHGXFHG� WXQJ�
VWHQ��:����RU�)�FHQWHUV�>�@�

,W�LV�WR�QRWH�WKDW�WKH�LQWURGXFWLRQ�RI�VLQ�
JO\� FKDUJHG� DONDOL� FDWLRQV� LQWR� &:2� FU\V�
WDOV�UHVXOWV�LQ�PRVW�FDVHV�LQ�LQFUHDVHG�OLJKW
\LHOG�DQG�GHFUHDVHG�DIWHUJORZ��7KLV�PD\�EH
DVVRFLDWHG�� DV� ZDV� PHQWLRQHG� DERYH�� ZLWK
WKH� FKDUJH� FRPSHQVDWLRQ� RI� XQFRQWUROODEOH
LPSXULWLHV��,Q�WKRVH�FDVHV��D�IUDFWLRQ�RI�WKH
GHHS� WUDSV� IRUPHG� E\� WULYDOHQW� GRSDQWV� LV
FRQYHUWHG� LQWR� VKDOORZHU� RQHV�� WKXV� UHGXF�
LQJ� WKH� FRQWULEXWLRQ� IURP� WKH� PLOOLVHFRQG

)LJ����� &XUYHV� RI� WKH� 76/� RI� &:2� FU\VWDOV
GRSHG� ZLWK�+R� �����Ü��PDVV��������Û� SULRU
WR�DQQHDOLQJ����Û�DIWHU�DQQHDOLQJ�

7DEOH��/LJKW�\LHOG�DQG�DIWHUJORZ�FKDUDFWHULVWLFV�RI�&:2�FU\VWDOV
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HPLVVLRQ� FRPSRQHQW�� $� VLPLODU� HIIHFW� LV
W\SLFDO� RI� WKH� DQQHDOLQJ� RI� FU\VWDOV� ZLWK
VRPH�LPSXULWLHV�LQ�DQ�R[\JHQ�FRQWDLQLQJ�DW�
PRVSKHUH�

,Q�FRQFOXVLRQ��WKH�UHVXOWV�SUHVHQWHG�VKRZ
WKDW� WKH� LQWULQVLF� OXPLQHVFHQFH�RI�FDGPLXP
WXQJVWDWH� VKRXOG� QRW� EH� UHODWHG� ZLWK� HPLV�
VLRQ�RI�DQ\�WXQJVWDWH�JURXSV��EXW�RQO\�ZLWK
WKRVH� LQWHUDFWLQJ� ZLWK� WKH� ODWWLFH� GLVWRU�
WLRQV� RU� DVVRFLDWHG�ZLWK�GHIHFWV��7KH�SRVVL�
EOH�YDULHW\�RI�WKH�ODWWHU�JLYHV�ULVH�WR�VHYHUDO
W\SHV� RI� HPLVVLRQ� FKDUDFWHUL]HG� E\� LQGLYLG�
XDO� VSHFWUDO� FKDUDFWHULVWLFV�� 7KH� OXPLQHV�
FHQFH� FKDUDFWHULVWLFV� RI� &:2� FU\VWDOV� DUH
LQIOXHQFHG� WR� WKH� JUHDWHVW� H[WHQW� E\� WULYD�
OHQW� LPSXULWLHV�� 7KRVH� IRUP� WKH� FRORU� FHQ�
WHUV�DQG�GHHS�WUDSV�RI�FKDUJH�FDUULHUV��WKXV
UHVXOWLQJ� LQ� WKH� DEVRUSWLRQ� RI� WKH� LQWULQVLF
HPLVVLRQ�� WKH� OLJKW� VXP� VWRUDJH�� DQG� WKH
VORZ�GHFD\�FRPSRQHQW��7KH�XQLYDOHQW�DONDOL
LPSXULWLHV�� DV� ZHOO� DV� DQQHDOLQJ� LQ� R[\JHQ
LQ� VRPH� FDVHV�� IDYRU� WKH� FRQYHUVLRQ� RI� WKH
FRPSOH[�GHIHFWV�IRUPHG�E\�0H���DQG�VR�LP�
SURYH� WKH� SHUIRUPDQFH� SDUDPHWHUV� RI�&:2
FU\VWDOV�� 0R� DQG� )H� LQ� &:2� FU\VWDOV� DUH
UHVSRQVLEOH�IRU�VSHFLILF��UHG��HPLVVLRQ�FRP�
SRQHQWV� ZLWK� GHFD\� WLPHV� RI� VHYHUDO� KXQ�
GUHGV� RI� PLFURVHFRQGV� DQG� PRUH�� 7KH� UH�
VXOWV�REWDLQHG�ZHUH�XVHG�LQ�WKH�&:2�FU\VWDO
JURZLQJ� WHFKQRORJ\� DQG� KDYH� SURYLGHG� WKH

VDPSOHV� ZLWK� DIWHUJORZ� RI� OHVV� WKDQ
���� SSP� DIWHU� ��� PV� DQG� OLJKW� \LHOG� RI
DERXW��������SKRWRQV�SHU�0H9�
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� ���/�1DJRUQD\D�� $�$SDQDVHQNR�� ,�7XSLWVLQD�� LQ�
3URF��RI� ,QW��&RQI��RQ� ,QRUJDQLF� 6FLQWLOODWRUV
DQG� 7KHLU� $SSOLFDWLRQV� 6&,17���� �'HOIW�� WKH
1HWKHUODQGV� ������� 'HOIW� 8QLYHUVLW\� 3UHVV
��������S�����

� ���,�$�3DUIHDQRYLFK�� 9�1�6DORPDWRY�� 7KH� /XPL�
QHVFHQFH� RI� &U\VWDOV�� ,UNXWVN� 8QLY��3XEO��
,UNXWVN��������>LQ�5XVVLDQ@�
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