
5DGLDWLRQ�GDPDJH�RI�LVRWDFWLF�SRO\SURS\OHQHFRPSRVLWHV�ZLWK�PXOWL�ZDOOHG�FDUERQ�QDQRWXEHV
/�9�'L\DNRQ��|�3�'P\WUHQNR��1�3�.XOLVK��<X�,�3U\OXWVN\\�<X�(�*UDERYVNL\��1�l�%HO\\��6�k�kOHNVHHY��k�1�$OHNVHHY�<X�,�6HPHQWVRY��1�k�*DYU\O\XN��9�9�6KODSDWVND\D�/�9DONXQDV��8�5LWWHU��3�6FKDUII

7�6KHYFKHQNR�.\LY�1DWLRQDO�8QLYHUVLW\�
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���:HLPDUHU�6WU��'�������,OPHQDX��*HUPDQ\

7KH� FU\VWDO� VWUXFWXUH�� ,5� DEVRUSWLRQ�� DQG� SKRWROXPLQHVFHQFH� VSHFWUD� RI� LVRWDFWLF
SRO\SURS\OHQH� FRPSRVLWHV�ZLWK�PXOWL�ZDOOHG� FDUERQ�QDQRWXEHV� �0:&17��KDYH� EHHQ� VWXG�
LHG�� 0:&17� FRQFHQWUDWLRQV� LQ� WKH� UDQJH� IURP� ���� WR� �� ZW�� �� DUH� LQYHVWLJDWHG�� 7KH
LQIOXHQFH�RQ�WKH�VWUXFWXUH�DQG�WKH�GHVWUXFWLRQ�RI�WKH�FRPSRVLWHV�GXULQJ�HOHFWURQ�LUUDGLD�
WLRQ��pË� �����0H9��DW�WKH�DEVRUSWLRQ�GRVHV�EHWZHHQ�����DQG�����0*\�KDV�EHHQ�H[DPLQHG�,W� KDV� EHHQ� VKRZQ� WKDW� WKH� VHQVLWL]DWLRQ� ZLWK� WKH� 0:&17� FRQWULEXWHV� WR� WKH� FU\VWDO�
OL]DWLRQ�RI�WKH�FRPSRVLWHV�DQG�FDXVHV�FKDQJHV�LQ�WKH�PROHFXODU�LQWHUDFWLRQ��7KH�LUUDGLDWLRQ
LQIOXHQFHV�LQ�D�FRPSOH[�PDQQHU�WKH�FRPSRVLWH�VWUXFWXULQJ�DQG�GHJUDGDWLRQ�SURFHVVHV�WKDW
GHSHQG�RQ�WKH�0:&17�FRQWHQW�DQG�UDGLDWLRQ�GRVH�
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1DQRFRPSRVLWHV� RI� SRO\PHULF� PDWULFHV
ZLWK�QDQRSDUWLFOHV�RI�XQLTXH�RUGHUHG�VWUXF�
WXUH� �LQ� SDUWLFXODU�� IXOOHUHQHV� DQG� FDUERQ
QDQRWXEHV�� H[KLELW� H[WUDRUGLQDU\� RSWLFDO�
HOHFWURQLF�� PDJQHWLF�� PHFKDQLFDO�� DQG� WKHU�
PDO� SURSHUWLHV� >�@�� 6LQFH� IXOOHUHQHV� DQG
FDUERQ� QDQRWXEHV� �&17�� KDYH� D� KLJK� SR�
ODUL]DELOLW\�� WKH\� RIIHU� DGGLWLRQDO� SRVVLELOL�

WLHV� RI� LPSURYHPHQW� LQ� WKH� SURSHUWLHV� RI
FRPSRVLWH�ILOPV�RU�ILEHUV��7KLV�LV�GXH�WR�WKH
RULHQWHG� DUUDQJHPHQW� RI� QDQRSDUWLFOHV� LQ
HOHFWULF�ILHOGV�>�@��
,Q� WKH� PRGLILFDWLRQ� RI� FRPSRVLWH� SRO\�

PHULF� PDWHULDOV�� RI� D� JUHDW� LPSRUWDQFH� LV
WKH� DGKHVLRQ� GHJUHH� RI� WKH� FRPSRQHQWV� DW
WKH�LQWHUIDFH��7KLV�LV�GHILQHG�E\�WKH�LQWHUDF�
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WLRQ�RI�PROHFXODU�FRPSRQHQWV�RI�PDFURPROH�
FXOHV� ZLWK� FDUERQ� QDQRSDUWLFOHV� >�@�� 6LQFH
DURPDWLF� JURXSV� DUH� HIIHFWLYH� WUDSV� RI� IUHH
UDGLFDOV�� WKH� SUHVHQFH� RI� WKH� UDGLFDO� LQLWLD�
WRUV�LQ�GLIIHUHQW�IDPLOLHV�RI�YLQ\O�PRQRPHUV
PDNHV� SRVVLEOH� WKHLU� FDSWXULQJ� ZLWK� &17�
7KLV� UHVXOWV� LQ� D� IDVWHQLQJ� RI� WKH� SRO\PHU
FKDLQV�E\�&17�GXH�WR�WKHLU�LQWHUDFWLRQ��,W�LV
FDXVHG�E\�FRYDOHQW�ELQGLQJ�IRUFHV�DV�ZHOO�DV
E\� WKH� PLJUDWLRQ� RI� UDGLFDOV� RQ� WKH� WUDSV
>�@�� 7KH� SUHVHQFH� RI� VXFK� LQWHUDFWLRQ� HYHQ
DW� D� VPDOO� DPRXQW� RI� UHLQIRUFLQJ� SDUWLFOHV
FRQWULEXWHV�WR�D�VXEVWDQWLDO�LPSURYHPHQW�LQ
YDULRXV�SHUIRUPDQFH�SURSHUWLHV�RI�SRO\PHUV�
)RU� H[DPSOH�� FRPSRVLWHV� RI� VLQJOH�ZDOOHG
&17� �6:&17�� ZLWK� SRO\SURS\OHQH� �33�
ZHUH� SUHSDUHG� E\� H[WUXVLRQ� LQ� WKH� IRUP� RI
ILEHUV� FRQWDLQLQJ� RQO\� ��ZW���� RI� 6:&17
KDYH� VKRZQ� ��� �� LQFUHDVH� LQ� WKH� WHQVLOH
VWUHQJWK� LQ� FRPSDULVRQ� ZLWK� SXUH� 33� DQG
WKH�PRGXOL�JUHZ�E\������>�@��7KH� LQFUHDVH
LQ� WKH�6:&17�FRQFHQWUDWLRQ�XS�WR���ZW��
UHVXOWHG� LQ� WKH� VWUHQJWK� LQFUHDVH� E\� �����
PRGXOL� E\� ���� ��� DQG� FRQGXFWLYLW\� E\
���� �� >�@�� 6LPLODUO\�� WKH� FRPSRVLWHV� ZLWK
PXOWL�ZDOOHG� &17� �0:&17�� VKRZ� DOVR� LQ�
FUHDVHG� WHQVLOH� VWUHQJWK� DQG� HODVWLFLW\
PRGXOXV�>�@��
7KH� SUHVHQFH� RI� PROHFXODU� LQWHUDFWLRQ

ZLWK� WKH�&17�ZDV�FRQILUPHG�E\�FKDQJHV� LQ
YLEUDWLRQDO� VSHFWUD� RI� WKH� QDQRSDUWLFOHV�� $
QRWLFHDEOH� VKLIW� RI� WKH� 5DPDQ� VFDWWHULQJ
EDQG�LV�FRQQHFWHG�ZLWK�WKH�EUHDWKLQJ�YLEUD�
WLRQDO�PRGH��ZKLFK�DSSHDUV�WKURXJK�WKH�GLV�
RUGHULQJ� RI� WKH� &17� VWUXFWXUH� >�������Ü�@�
,W�LV�REYLRXV�WKDW�WKH�QDWXUH�RI�WKH�LQWHUDF�
WLRQ� EHWZHHQ� WKH� IOH[LEOHFKDLQ�PROHFXOHV� RI
WKH� SRO\PHUV� ZLWK� WKH� &17� DQG� WKH� HIIHF�
WLYHQHVV� RI� WKH� SHUIRUPDQFH� PRGLILFDWLRQ
GHSHQG� RQ� WKH� FRPSRVLWH� FRPSRQHQWV� DQG
WKH�SUHSDUDWLRQ�FRQGLWLRQV��,Q�SDUWLFXODU��RI
LPSRUWDQFH� LV� WKH� IRUPDWLRQ� SRVVLELOLW\� RI
VXSUDPROHFXODU� VWUXFWXUHV� LQ� WKH� SRO\PHULF
PDWUL[�� VLQFH� WKH� &17� DUH� WKH� FU\VWDOOLQH
SKDVH�QXFOHDWLRQ� FHQWHUV�� ,W� LV�QDWXUDO� WKDW
WKH� FRQWHQW� UDWLR� RI� FU\VWDOOLQH� DQG� DPRU�
SKRXV�FRPSRQHQWV��HVSHFLDOO\�LQ�WKH�FDVH�RI
IOH[LEOH�FKDLQ� PDFURPROHFXOHV� RI� SRO\PHUV
LQWHUDFWLQJ�ZLWK� WKH� ULJLG� &17�� ZLOO� LQIOX�
HQFH� WKH� VWUHQJWK� SURSHUWLHV� RI� WKH� QDQR�
FRPSRVLWHV�
2Q� DQRWKHU� KDQG�� WKH� SUHVHQFH� RI

QDQRSDUWLFOHV� ZLWK� VWURQJ� DFFHSWRU� SURSHU�
WLHV� LQ� D� GRQRU�PDWUL[�PXVW� LQIOXHQFH� VXE�
VWDQWLDOO\� WKH� YLEUDWLRQDO� DQG� HOHFWURQLF
SURSHUWLHV�ERWK�RI�SRO\PHUV�DQG�QDQRWXEHV�
7KLV� LV� FDXVHG� E\� WKH� DSSHDUDQFH� RI� SKRWR�
JHQHUDWHG� FKDUJH�WUDQVIHU� FRPSOH[HV�� $Q
DSSUHFLDEOH�PRGLILFDWLRQ�RI�WKHVH�SURSHUWLHV

EHLQJ�UHIOHFWHG�LQ�WKH�QDWXUH�RI�WKH�DSSHDU�
LQJ�PROHFXODU�LQWHUDFWLRQV�FRXOG�EH�DFKLHYHG
XQGHU� DQ� LRQL]LQJ� UDGLDWLRQ�� 7KLV� FDXVHV
GLIIHUHQW� UDGLDWLRQ�FKHPLFDO� SURFHVVHV�� LQ
SDUWLFXODU�� IRUPDWLRQ� RI� LRQL]HG� H[FLWHG
PROHFXOHV�DQG�IUHH�UDGLFDOV��7KH�VXEVHTXHQW
IRUPDWLRQ� DQG� GLVDSSHDUDQFH� RI� GRXEOH
ERQGV�� H[FKDQJH��PLJUDWLRQ�� UHFRPELQDWLRQ�
DQG� IUHH�YDOHQFHV� FRXOG� IROORZ��7KHVH�SURF�
HVVHV�XQGHU� LUUDGLDWLRQ�DUH�NQRZQ�WR�UHVXOW
LQ� WKH� FURVV�OLQNLQJ� RI�PROHFXODU� FKDLQV� RU
GHVWUXFWLRQ�WKHUHRI��7KDW�FRXOG�FDXVH�DQ�DG�
GLWLRQDO� FKHPLFDO� HIIHFW� DQG�GHILQH� FKDQJHV
LQ� SK\VLFDO� SURSHUWLHV� RI� WKH� SRO\PHUV�� ,Q
WKLV�ZRUN��WKH�LQIOXHQFH�RI�HOHFWURQ�LUUDGLD�
WLRQ� RQ� WKH� FU\VWDOOLQH� DQG� YLEUDWLRQDO
VWUXFWXUHV� DQG� WKH� SKRWROXPLQHVFHQFH� RI
LVRWDFWLF� SRO\SURS\OHQH� FRPSRVLWHV�ZLWK� WKH
0:&17�KDV�EHHQ�VWXGLHG�LQ�GHWDLO�
7KH�0:&17�XVHG�LQ�WKLV�VWXG\�ZHUH�RE�

WDLQHG� DV� FDWKRGH� GHSRVLWV� LQ� WKH� '&� DUF
YDSRUL]DWLRQ� SURFHVV� RI� JUDSKLWH�� 7KH� DUF
GLVFKDUJH�FRQGLWLRQV�DQG�WKH�DSSDUDWXV�XVHG
DUH�GHVFULEHG� LQ�GHWDLOV� HOVHZKHUH� >��@��7KH
DQRGH�ZDV�D�JUDSKLWH�URG������PP�GLDPHWHU�
���PP�OHQJWK��ZLWK�D�KROH� �����PP�GLDPH�
WHU��GHHSHU�WKDQ�WKH�EXUQHG�SDUW�RI�WKH�HOHF�
WURGH�� ILOOHG� ZLWK� D� PL[WXUH� RI�1L� �������
DQG� <� ��� ��� R[LGHV� DQG� JUDSKLWH� SRZGHU�
7KH�FDWKRGH�ZDV�D�JUDSKLWH�URG�����PP�GL�
DPHWHU�� ��� PP� OHQJWK��� 7KH� SXULW\� RI� WKH
JUDSKLWH� URGV� DQG� SRZGHU� ZDV� ������� �
�DVK� UHVLGXH� ����� SSP��� 7KH� JDS� EHWZHHQ
WKH� JUDSKLWH� HOHFWURGHV� ����Ü���� PP�� ZDV
NHSW� E\� PDQXDOO\� DGYDQFLQJ� WKH� FRQVXPHG
DQRGH�� 7KH� GLVFKDUJH� YROWDJH� DQG� FXUUHQW
YDULHG� EHWZHHQ� ��Ü��� 9� DQG� ��Ü��� $�� UH�
VSHFWLYHO\��7KH�GLVFKDUJH� WLPH�ZDV�EHWZHHQ
���DQG�����V�DW�1��SUHVVXUH�RI�����PEDU��$V� UHSRUWHG� EHIRUH�� 0:&17� FDQ� EH
IRXQG�LQ�WKH�LQQHU�EODFN�FRUH�RI�WKH�FDWKRGH
GHSRVLW��)LJ������7KLV�ILJXUH�VKRZV�WKH�6(0
LPDJHV� RI� WKH� VDPSOH� LQVLGH� WKH� ��<����1L�
FDWKRGH� GHSRVLW� DW� VHYHUDO� PDJQLILFDWLRQV�
7KH�0:&17�DUH�VWUDLJKW�DQG�KDYH�YDULRXV
GLDPHWHUV�XS�WR�PRUH�WKDQ�����QP��%HVLGHV
WKH� 0:17V�� RWKHU� FDUERQ� VSHFLHV� FDQ� EH
VHHQ��7KH�0:&17�DUH� HPEHGGHG� LQ�D�PL[�
WXUH�RI�JUDSKLWLF�QDQRSDUWLFOHV��7KH�FRQWHQW
RI�0:&17�LQVLGH�WKH���<����1L��FDWKRGH�GH�
SRVLW� LV� HVWLPDWHG� WR� EH� LQ� WKH� UDQJH�RI���
WR� ��� ��� 7KH� FDUERQ� LPSXULWLHV� ZHUH� R[L�
GL]HG� LQ� DLU� DW� ����&� DQG� WKH� UHPDLQLQJ
PDWHULDO�ZKHUH�KROG� IRU���KRXUV� LQ�FRQFHQ�
WUDWHG� +&O�� 7KLV� SURFHGXUH� ZDV� UHSHDWHG
XQWLO� WKH�1L� FRQWHQW� LQ� WKH� PDWHULDO� EHORZ
����� 7KH� SURGXFWV� ZHUH� DQDO\]HG� E\� VFDQ�
QLQJ� HOHFWURQ�PLFURVFRS\� �6(0��� KLJK�UHVR�
OXWLRQ� WUDQVPLVVLRQ� HOHFWURQ� PLFURVFRS\

/�9�'L\DNRQ�HW�DO����5DGLDWLRQ�GDPDJH�RI�LVRWDFWLF����
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�+5�7(0�� DQG� WKHUPRJUDYLPHWULF� DQDO\VLV
�7*��� )URP� 6(0� DQG� 7*� GDWD�� WKH� FRQWHQW
RI�0:&17�LQ�WKH�VDPSOHV�ZDV�HVWLPDWHG�WR
H[FHHG������
7KH�FRPSRVLWHV�RI�LVRWDFWLF�SRO\SURS\OHQH

�L33�� ZLWK� 0:&17� ZHUH� REWDLQHG� LQ� WKH
IRUP� RI� ILEHUV�� 7KH� FRPSRVLWH� ILOPV� ZHUH
PDGH� IURP� WKHVH� ILEHUV�� WRR��7KH�&17�FRQ�
FHQWUDWLRQ� ZDV� HTXDO� WR� ����� ����� ����� ���
DQG�����ZW����7KH�FU\VWDO� VWUXFWXUH�RI� WKH
ILEHUV� ZDV� H[DPLQHG� E\� ;�UD\� GLIIUDFWLRQ�
7KH�YLEUDWLRQDO� VSHFWUD�ZHUH� VWXGLHG� LQ� WKH
,5� UHJLRQ� RI� ���Ü����� FPÜ�� XVLQJ� D� )7,5
VSHFWURPHWHU�ZLWK�WKH�VSHFWUDO�UHVROXWLRQ�RI
��FPÜ���7KH�SKRWROXPLQHVFHQFH�VSHFWUD�ZHUH
LQYHVWLJDWHG�XQGHU�H[FLWDWLRQ�RI�WKH�VDPSOHV
E\�WKH�HPLVVLRQ�RI�DQ�DUJRQ�ODVHU�KDUPRQLF
�O� ������� QP�� XVLQJ� DQ�0'5���PRQRFKUR�
PDWRU�� 7KH� SKRWRHPLVVLRQ�ZDV�PHDVXUHG� DW
WHPSHUDWXUHV� RI� OLTXLG� KHOLXP� ����� .�� DQG
QLWURJHQ� ���� .��� 7KH� ODVHU� SRZHU� ZDV� DW�
WHQXDWHG�E\�ILOWHUV�GRZQ�WR�YDOXHV�OHVV�WKDQ
����:�FP���7KLV�SRZHU�DWWHQXDWLRQ�ZDV�VH�
OHFWHG� WR� GHFUHDVH� WKH� SKRWR�LQGXFHG
FKDQJHV� DQG� WR� DYRLG� DQ� LQLWLDO� KHDWLQJ� RI
WKH� VDPSOHV�� ,UUDGLDWLRQ�ZLWK� HOHFWURQV�ZDV
FDUULHG�RXW�XVLQJ�D�OLQHDU�HOHFWURQ�DFFHOHUD�
WRU�� (QHUJ\� RI� ERPEDUGLQJ� SDUWLFOHV� ZDV
pË� �����0H9��WKH�DEVRUSWLRQ�GRVHV�����DQG����0*\��7KH� WHPSHUDWXUH�GXULQJ� WKH� LUUD�
GLDWLRQ�H[SHULPHQWV�GLG�QRW�H[FHHG�����.�
7KH�PDFURPROHFXOHV� RI� L33�ZLWK� FRQIRU�

PDWLRQ�PDLQO\�FRUUHVSRQGLQJ�WR�WKH����KHOL[ZLWK�WKUHH�PRQRPHU�XQLWV�SHU�RQH�WXUQ�KDYH
D� VWUXFWXUDO� RUJDQL]DWLRQ� WKDW� FDQ� EH� GH�
VFULEHG� DV� D� PRQRFOLQLF� XQLW� FHOO� ZLWK� WKH
IROORZLQJ� SDUDPHWHUV�� È� ������� E� �������
F�  ������ QP�� D� ������ E� �������� J� �����
7KH�FHOO�FRQWDLQV����PRQRFOLQLF�XQLWV��)LJ���
VKRZV� WKH� ;�UD\� GLIIUDFWLRQ� SLFWXUH� IURP
WKH� ILOPV� RI� L33�0:&17� QDQRFRPSRVLWHV�
$Q� LQFUHDVH� RI�&17�FRQWHQW� LQ� WKH� VDPSOHV

LQFUHDVHV� WKH� LQWHQVLW\� RI� WKH�;�UD\� SHDNV�
7KH� GHFRPSRVLWLRQ� RI� WKH�;�UD\� GLIIUDFWLRQ
VSHFWUXP� LQWR� FRPSRQHQWV� FDXVHG� E\� WKH
FU\VWDOOLQH� DQG� DPRUSKRXV� SKDVHV� LQGLFDWHV
DQ� LQFUHDVH� LQ� WKH� WRSRORJLFDOO\� UHJXODWHG
SKDVHV�ZLWK�LQFUHDVLQJ�&17�FRQFHQWUDWLRQV�
6R�� DW� ����ZW���RI�0:&17�� �������RI

WKH� FRPSRVLWH� LV� IRXQG� LQ� WKH� FU\VWDOOLQH
VWDWH��,Q�FDVH�RI���ZW���0:&17��WKH�TXDQ�
WLW\�RI� WKDW�SKDVH� LV���������DW���ZW���RI
0:&17�Û��������DQG�DW���ZW����WKH�LQ�
FUHDVH� LV� PRUH� HVVHQWLDO� ������ ���� 7KXV�
HYHQ� DW� DQ� HVVHQWLDO� FRQWHQW� RI� FU\VWDOOLQH
FRPSRQHQWV� LQ� WKH� SXUH� SRO\SURS\OHQH�� WKH
SUHVHQFH�RI�&17�FRQWULEXWHV�WR�LWV�LQFUHDVH�
2Q� WKH� RWKHU�KDQG�� DV� WKH� FRQFHQWUDWLRQ� RI
&17�LQFUHDVHV��WKH�SRVLWLRQV��WKH�DPSOLWXGH
LQWHQVLW\� YDOXHV� DQG� WKH� KDOI�ZLGWK� RI� WKH
GLIIUDFWLRQ�UHIOHFWLRQV�DUH�FKDQJHG��7KDW�LQ�
GLFDWHV� D� FKDQJH� LQ� WKH� ODWWLFH� SDUDPHWHUV�
WH[WXUH��FRKHUHQW�VFDWWHULQJ�EORFN�VL]HV�DQG
PLFUR�GLVWRUWLRQV��7KH�HIIHFW�RI�&17�RQ�WKH
VXSUDPROHFXODU� RUJDQL]DWLRQ� RI� SRO\PHULF
PDFURPROHFXOHV� LV� D� VSHFLDO� IHDWXUH� RI� WKH
ODWWLFH�IRUPDWLRQ��,Q�SDUWLFXODU��DV�WKH�FRQ�
FHQWUDWLRQ�RI�&17�FKDQJHV��DQ�DUUDQJHPHQW
RI�WKRVH�RFFXUV�>�@��WKDW�DIIHFWV�WKH�RULHQWD�
WLRQ�RI�WKH�FU\VWDOV�
7KH� LQWHUDFWLRQV� DW� WKH� SRO\PHULF� PD�

WUL[�&17�LQWHUIDFH�LQIOXHQFH�WKH�YLEUDWLRQDO
VSHFWUXP� RI� WKH� FKURPRSKRUH� JURXSV�� HYHQ
LI�WKH�FRQWHQW�RI�&17�LV�LQVLJQLILFDQW��7KLV
FRXOG� EH� VHHQ� IURP� WKH� EHKDYLRU� LQ� WKH� ,5
DEVRUSWLRQ��)LJ�����
7KH� QRWLFHDEOH� DEVRUSWLRQ� EDQGV� DW� ���

DQG�����FPÜ��LV�FKDUDFWHULVWLF�IRU�WKH�EHQG�
LQJ�YLEUDWLRQV�LQ�WKH�FU\VWDOOLQH�SKDVH�>��@�
$W�LQFUHDVLQJ�&17�FRQWHQW��WKH�LQWHQVLW\�RI
WKHVH� DEVRUSWLRQ� EDQGV� JURZV�� LQGLFDWLQJ

)LJ����� 6(0�PLFURSKRWR� RI� WKH� LQQHU�FRUH� RI
WKH�FDWKRGH�GHSRVLW��7KH�LPDJH�UHYHDOV�WKH�SUH�
VHQFH�RI�0:&17V�LQVLGH�WKH�FDWKRGH�GHSRVLW� )LJ����� ;�UD\� GLIIUDFWLRQ� SDWWHUQV� IURP� WKH

L33�0:&17�ILOP�QDQRFRPSRVLWHV�ZLWK�YDUL�
RXV� FRQWHQW� RI�&17�ZW���������� ��������� ����
������������������,QVHW��VLPLODU�SDWWHUQ�IRU�WKH
XQGRSHG�L33��O&R� �������QP��
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WKH� LQFRUSRUDWLRQ� RI� KHOLFDO� VHJPHQWV� LQWR
WKH� FU\VWDO� ODWWLFH� DQG� DQ� LQFUHDVH� LQ� WKH
QXPEHU�RI�FKDLQV�FRQVLVWLQJ�RI�WKH�DOWHUQDW�
LQJ� WUDQV�JDXFKH�FRQIRUPHUV�� )XUWKHUPRUH�
WKH� LQWHQVLW\� RI� WKH� PHWK\O� JURXSV� SHQGX�
OXP�VZLQJV�QHDU�����FPÜ��FKDQJHV��DV�ZHOO
DV� QHDU� ����� DQG� ����� FPÜ��� 7KDW� DOVR
VKRZV� D� FKDQJH� LQ� WKH� LQWHUDFWLRQ� QDWXUH
EHWZHHQ� WKH�PROHFXODU� FKDLQV��ZKLFK� SRVVL�
EO\� LV� UHDOL]HG� WKURXJK� WKHLU� ERQGV� ZLWK
&17�� 7KH� SUHVHQFH� RI� VXFK� DQ� LQWHUDFWLRQ
LQIOXHQFHV� WKH� EHKDYLRU� RI� HOHPHQWDU\� HOHF�
WURQLF�H[FLWDWLRQV��7KH�LQFUHDVHG�SKRWROXPL�
QHVFHQFH�LQ�WKH�HPLVVLRQ�EDQG�FRUUHVSRQGLQJ
WR� DERXW� ���� H9� �)LJ����� LV� REVHUYHG� DW� ORZ
&17�FRQWHQW������DQG�����ZW����RQO\�
$� IXUWKHU� LQFUHDVH� LQ� WKH� &17� FRQWHQW

UHVXOWV�LQ�WKH�SKRWROXPLQHVFHQFH�TXHQFKLQJ�
WKXV� LQGLFDWLQJ� WKH� HIIHFWLYH� VHSDUDWLRQ� RI
WKH� HOHFWURQ�KROH� SDLUV� LQ� WKH� SUHVHQFH� RI
WKH�S�W\SH� LPSXULWLHV��7KLV� FRXOG�EH�GXH� WR
WKH� IRUPDWLRQ� RI� LQWHUPROHFXODU� GRQRU�DF�
FHSWRU� LQWHUDFWLRQ�� ZKLFK� GHILQHV� WKH� &17
LQIOXHQFH� RQ� WKH� VXSUDPROHFXODU� SRO\PHU
VWUXFWXUH��7KH�DERYH�LQWHUDFWLRQ�FRQWULEXWHV
WR� WKH� H[FKDQJH�� WRR�� $W� LQFUHDVLQJ� &17
FRQFHQWUDWLRQ�� WKH� VSHFWUXP� GLVSODFHPHQW
WRZDUGV�WKH�UHG�UHJLRQ�DSSHDUV�DV�ZHOO��%H�
JLQQLQJ� IURP� �� ZW���� DQ� HPLVVLRQ� PD[L�
PXP�QHDU�����QP�LV�IRUPHG��7KLV�FRXOG�EH
GXH�WR�D�FRQWULEXWLRQ�IURP�&17�WR�WKH�HOHF�
WURQ�VSHFWUXP�UHFRQVWUXFWLRQ�ZLWKLQ�WKH�HQ�
HUJ\�EDQG�JDS�
7KH� LUUDGLDWLRQ� RI� SRO\SURS\OHQH� HIIHFWV

LWV� VWUXFWXUL]DWLRQ� LQ� D� FRPSOH[� PDQQHU�
VLQFH�WKH�SRO\PHU�VWUXFWXUH�LV�DQ�LQWHUPHGL�
DWH� EHWZHHQ� WKH� GLIIHUHQW� SRO\PHU� FKDLQV
WHQGLQJ� WR� LQWHUPROHFXODU� OLQNLQJ� DQG� GHJ�
UDGDWLRQ� RI� WKH� PDLQ�PROHFXODU� FKDLQ�� 7KH
OLQNLQJ� DQG� GHJUDGDWLRQ� SURFHVVHV� LQ

SRO\SURS\OHQH� RFFXU� DSSUR[LPDWHO\� LQ� DQ
HTXDO�SURSRUWLRQV��7KH�RFFXUUHQFH�DQG�UHOD�
WLRQ�RI�WKHVH�SURFHVVHV�GHSHQG�VXEVWDQWLDOO\
RQ�WKH�ERPEDUGLQJ�SDUWLFOH�W\SH��HQHUJ\�DQG
LUUDGLDWLRQ� FRQGLWLRQV�� ,Q� VXFK� FRPSRVLWHV�
WKH� VHQVLWL]LQJ� FRPSRQHQWV� FRXOG� LQIOXHQFH
SUHGRPLQDQWO\� HLWKHU� WKH� VWUXFWXULQJ� RU
GHJUDGDWLRQ�RI�SRO\PHUV�
)LJ���� VKRZV� WKH� FKDQJHV� LQ� WKH� ;�UD\

GLIIUDFWLRQ� SDWWHUQV� IRU� L33� DQG
L33�0:&17�FRPSRVLWHV�DW�HOHFWURQ�DEVRUS�
WLRQ� GRVHV� ���� DQG� ���� 0*\�� UHVSHFWLYHO\�
$V� WKH� UDGLDWLRQ� GRVH� LQFUHDVHV�� WKH� LQWHQ�
VLW\� RI� WKH� L33�GLIIUDFWLRQ�SHDNV� LV� VHHQ� WR
GHFUHDVH�� $� VKDUS� GURS� RI� WKH� FU\VWDOOLQLW\
ZLWK� UHWHQWLRQ� RI� WKH� DPRUSKRXV� SKDVH� LV
REVHUYHG�� 7KLV� PDGH� LW� SRVVLEOH� WR� DVVXPH
WKDW� WKH� VWUXFWXUL]DWLRQ� RI� WKH� SRO\PHU
PDFURPROHFXOHV�GHWHULRUDWHV�GXH�WR�GHVWUXF�
WLRQ�WKHUHRI��7KH�&17�LQWURGXFWLRQ�LQWR�WKH
SRO\PHULF� PDWUL[� VORZV� GRZQ� WKLV� SURFHVV
HYHQ�DW�D�ORZ�FRQFHQWUDWLRQ�RI�WKH�QDQRSDU�
WLFOHV��%HJLQQLQJ�IURP���ZW���RI�0:&17�
WKH� FU\VWDOOL]DWLRQ� H[WHQW� GXULQJ� WKH� LUUD�
GLDWLRQ� JURZV� PRUH� VXEVWDQWLDOO\� WKDQ� IRU
WKH�XQLUUDGLDWHG�VDPSOHV��$W�WKH�DEVRUSWLRQ
GRVH� ���� 0*\�� VRPH� EDQGV� EHFRPH� EURDG�
HQHG��,Q�FRQWUDVW��DW�WKH�����0*\�GRVH��WKLV
LV�QRW�REVHUYHG�DW�DOO��,W�LV�REYLRXV�WKDW�WKH
OLQNLQJ�SURFHVVHV�RI�WKH�PDFURPROHFXOHV�DUH
IDYRUHG�XQGHU�LUUDGLDWLRQ�RI�WKH�FRPSRVLWHV
DV� WKH� UDGLDWLRQ� GRVH� DQG� &17� FRQFHQWUD�
WLRQ� DUH� LQFUHDVHG�� WKXV� LPSURYLQJ� WKH
VWUXFWXUL]DWLRQ�RI�WKH�VDPSOHV��2Q�WKH�RWKHU
KDQG�� VPDOOHU� GRVHV� RI� LUUDGLDWLRQ� FDXVH
PLFUR� VWUHVVHV�� ZKLFK� FRXOG� EH� UHOD[HG� DW
LQFUHDVLQJ�H[SRVXUH�WLPH�
7KH�SKRWROXPLQHVFHQFH�VSHFWUXP�FKDQJHV

GXULQJ�WKH�LUUDGLDWLRQ�LQ�D�FRPSOH[�PDQQHU�

)LJ����� ,5� DEVRUSWLRQ� VSHFWUXP� IRU� WKH
L33�0:&17�ILOP�QDQRFRPSRVLWHV�ZLWK�YDUL�
RXV�FRQWHQW�RI�&17��ZW������XQGRSHG�L33�����
�����������������

)LJ����� 3KRWROXPLQHVFHQFH� VSHFWUD� RI� WKH
L33�0:&17� FRPSRVLWH� ILEHUV� ZLWK� YDULRXV
FRQWHQW�RI�&17��ZW������XQGRSHG�L33���������
����� ���� ����� ���� ����� ���� ����� ���� ���� �OH[� ������QP���� ����z��
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)RU� WKH� SXUH� SRO\SURS\OHQH�� WKH� HPLVVLRQ
EDQG�KDV�GLIIHUHQW� LQWHJUDWHG� LQWHQVLW\�YDO�
XHV� GHSHQGLQJ� RQ� UDGLDWLRQ� GRVH�� LWV� SRVL�
WLRQ� UHPDLQLQJ� XQFKDQJHG� GXULQJ� WKH� LUUD�
GLDWLRQ�� $W� LQFUHDVLQJ� &17� FRQFHQWUDWLRQ
DQG�UDGLDWLRQ�GRVH��WKH� OXPLQHVFHQFH�LQ�WKH
HPLVVLRQ� EDQG� GHFUHDVHV�� H[FHSW� IRU� WKH
0:&17� FRQWHQW� RI� �� ZW��� ZKHUH� LW� UH�
PDLQV� DOPRVW� FRQVWDQW�� 6R�� WKH� LUUDGLDWLRQ
ZLWK� HOHFWURQV� HIIHFWV� RQO\� VOLJKWO\� WKH� UD�
GLDWLRQ�UHVLVWDQFH�RI�WKH�FRPSRVLWHV�

7KXV�� WKH� UHLQIRUFHPHQW� RI� LVRWDFWLF
SRO\SURS\OHQH� ZLWK�0:&17� LQIOXHQFHV� WKH
FU\VWDOOLQH��YLEUDWLRQDO�DQG�HOHFWURQLF�VWUXF�
WXUH�RI�WKH�FRPSRVLWHV��$V�WKH�&17�FRQWHQW
LQFUHDVHV�ZLWKLQ� OLPLWV� RI����� WR�����ZW���
WKH�VHQVLWL]LQJ�UROH�RI�WKH�QDQRSDUWLFOHV� LQ�
FUHDVHV�� WKXV� FRQILUPLQJ� D� FKDQJH� LQ� WKH
LQWHUDFWLRQ� QDWXUH� RQ� WKH� SRO\PHULF� PD�
WUL[�&17� LQWHUIDFH�� 7KH� UDGLDWLRQ� GDPDJHV
XQGHU� HOHFWURQ� LUUDGLDWLRQ� UHVXOW� LQ� WKH� VL�
PXOWDQHRXV� PDFURPROHFXOH� GHVWUXFWLRQ� DQG
OLQNLQJ�� ,Q�WKH�SXUH�L33�SRO\PHU��WKH�SURF�
HVVHV� RI� GHVWUXFWLRQ� DUH� SUHGRPLQDQW�
ZKHUHDV� LQ� WKH�FRPSRVLWHV��DW� WKH�UDGLDWLRQ
GRVH�LQFUHDVH�WR����Ü����0*\��WKH�VWUXFWXU�
LQJ�SOD\V�PRUH�LPSRUWDQW�UROH��)LQDOO\��WKDW
SURYLGHV� DQ� LQFUHDVH� LQ� WKH� SRO\PHU� UDGLD�
WLRQ�UHVLVWDQFH�

$FNQRZOHGJPHQWV�� 7KLV� ZRUN� ZDV� VXS�
SRUWHG�LQ�SDUW�E\�WKH�MRLQW�8NUDLQLDQ�/LWKX�
DQLDQ�DQG�%0%)�JUDQWV��

5HIHUHQFHV
� ���4�=KDR��+�'�:DJQHU��3KLO��7UDQV��5��6RF��/RQG�

$��������������������
� ���=�=�/DW\SRY�� 2�)�3R]GQ\DNRY�� 3LV±PD� =K�

(NVS��7HRU��)L]������������������
� ���$�+�%DUEHU�� 4�=KDR�� +�'�:DJQHU�� &�$�%DLO�

OLF��&RPSRV��6FL��7HFKQRO�������������������
� ���+�.LWDQR�� .�7DFKLPRWR�� 0�*HPPHL�,GH�

1�7VXEDNL�� 0DFURPRO��&KHP��3K\V��� ����� ���
�������

� ���,�.�.HDUQV�� 5�/�6KDPEDXJK�� -��$SSO��3RO\P�
6FL�������������������

� ���5�$QGUHZV�� '�,DFJXHV��$�0�5DR� HW� DO���$SSO�
3K\V��/HWW�������������������

� ���'�4LDQ�� (�&�'LFNH\�� 5�$QGUHZV�� 7�5DQWHOO�
$SSO��3K\V��/HWW�������������������

� ���$�5�%KDWWDFKDU\\D�� 7�9�6UHHNXPDU�� 7�/LX� HW
DO���3RO\PHU�������������������

� ���,�&KHQ�� 5�5DPDVXEUDPDQLDP�� &�;XH�� +�/LX�
)XQFWLRQDO�0DWHULDOV�����������������

����6�&XL�� 3�6FKDUII�� &�6LHJPXQG� HW� DO���&DUERQ�
���������������

����2�3�6KPDNRYD��LQ��6WUXFWXUH�DQG�'\QDPLFV�RI
0ROHFXODU�6\VWHPV������������������

)LJ�����;�UD\�GLIIUDFWLRQ�XQGRSHG�L33��D��DQG
LWV� FRPSRVLWHV� ZLWK� ���ZW�� 0:&17� �E�
DIWHU� LUUDGLDWLRQ� ZLWK� HOHFWURQV� �O� 
������ QP��(H� �����0H9��� �ÜQR� LUUDGLDWLRQ��Ü������Ü����0*\�
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