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EHHQ�V\QWKHVL]HG��WKH�RSWLFDO�DQG�OXPLQHVFHQFH�SURSHUWLHV�WKHUHRI�KDYH�EHHQ�GHWHUPLQHG�DV
ZHOO�DV�VRPH�VFLQWLOODWLRQ�FKDUDFWHULVWLFV�DW�UHJLVWUDWLRQ�RI�QHXWURQV��(Q�d����0H9��DQG�RI
WKH� ��&R� J� UDGLDWLRQ�� 7KH� OLWKLXP� ERUDWH� JODVV\� VFLQWLOODWRUV� KDYH� EHHQ� HVWDEOLVKHG� LQ
H[SHULPHQW�WR�KDYH�D�KLJK�VHQVLWLYLW\�WR�QHXWURQV�DQG�WR�EH�VXLWDEOH�WR�UHFRUG�VHOHFWLYHO\
QHXWURQV� LQ�PL[HG� UDGLDWLRQ� ILHOGV�� 7KH� UHVXOWV� REWDLQHG� HYLGHQFH� WKDW� VXFK� VFLQWLOODWRUV
FDQ�EH�DQ�DOWHUQDWLYH�RI�SURPLVH�WR�WKH�NQRZQ�QHXWURQ�GHWHFWRUV�EDVHG�RQ�JDVHV�� OLTXLGV�
SODVWLFV��DQG�FU\VWDOV�
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+LVWRULFDOO\�� QHXWURQ� GHWHFWLQJ� LQVWUX�
PHQWDWLRQ� KDV� EHHQ� EDVHG� RQ� JDV� SURSRU�
WLRQDO� FRXQWHUV�� +RZHYHU�� LW� LV� QR� GRXEW
WKDW� WKH� LQWHUHVW� LQ�DSSOLFDWLRQ�RI�VFLQWLOOD�
WLRQ�WHFKQRORJLHV�XVLQJ�QHXWURQ�VHQVLWLYH�LQ�
RUJDQLF�VFLQWLOODWRUV�LV� LQFUHDVLQJ��7KH�JHQ�
HUDO� UHTXLUHPHQWV� WR� WKHVH� PDWHULDOV� KDYH
EHHQ� IRUPXODWHG� LQ� >�@�� 1XPHURXV� FU\VWDO�
OLQH� QHXWURQ� VFLQWLOODWRUV� ZHUH� VXPPDUL]HG
LQ� UHYLHZ� >�@�� 7KH� SRVVLELOLW\� RI� QHXWURQ
UHJLVWUDWLRQ� E\�PHDQV� RI� WKHVH�PDWHULDOV� LV
GXH� WR� �Q�� D��W\SH� UHDFWLRQV� RQ� QXFOHL� RI
PDWUL[� HOHPHQWV� IROORZHG� E\� WKH� LRQL]DWLRQ
RI�WKH�PHGLXP�ZLWK�HQHUJ\�WUDQVIHU�WR�OLJKW
HPLVVLRQ� FHQWHUV�� 7KXV�� LW� LV� HVSHFLDOO\� LP�
SRUWDQW� IRU� WKH� PDWHULDO� WR� FRQWDLQ� D� KLJK
FRQFHQWUDWLRQ� RI� HOHPHQWV� KDYLQJ� ODUJH
FURVV� VHFWLRQV�RI� �Q��D��UHDFWLRQV� DV�ZHOO� DV
LQWULQVLF� RU� H[WULQVLF� OXPLQHVFHQFH� FHQWHUV�
$QRWKHU� H[WUHPHO\� VXEVWDQWLDO� UHTXLUHPHQW

LV� D�PLQLPDO� VHQVLWLYLW\� RI� WKH� VFLQWLOODWLRQ
PDWHULDO�WR�J�UDGLDWLRQ�

7KH� /L�%�2�� �/%2�� VLQJOH� FU\VWDOV� GRSHGZLWK�VRPH�DFWLYDWRUV�ZHUH�UHFHQWO\�UHSRUWHG
WR�EH�DQ�DGHTXDWH�PDWHULDO�WR�WKHVH�UHTXLUH�
PHQWV� >����@�� +RZHYHU�� WKHUH� DUH� HVVHQWLDO
WHFKQRORJLFDO� GLIILFXOWLHV� LQ� WKH� JURZLQJ� RI
ODUJH� GHIHFW�IUHH� /L�%�2�� FU\VWDOV� >�@� DQGWKHLU� GRSLQJ� ZLWK� DFWLYDWRUV�� $W� WKH� VDPH
WLPH�� LW� LV� ZHOO� NQRZQ� WKDW� WKH� /L�2±%�2�R[LGH� V\VWHP� SURYLGHV� D� ZLGH� UDQJH� RI
WUDQVSDUHQW� JODVVHV� IRUPDWLRQ� �IURP� ��� WR���� PRO��� %�2���� 7KH� VFLQWLOODWLRQ� /%2�JODVV� RI� WKH� VDPH� FRPSRVLWLRQ� DV� /L�%�2�FU\VWDOV�ZHUH�SURSRVHG�E\�WKH�DXWKRUV�>����@
UHDOL]LQJ�WKLV�WUHQG��,Q�ERWK�FDVHV��WKH�VFLQ�
WLOODWRU� UHVSRQVH� LV� GXH� WR� QHXWURQ� FDSWXUH
UHDFWLRQV� E\� QXFOHL� RI� �/L� DQG� ��%� LVRWRSHV
FRQWDLQHG�LQ�PDWHULDO�>�@�

)XQFWLRQDO�0DWHULDOV�����1R��������� �������Û�,QVWLWXWH�IRU�6LQJOH�&U\VWDOV
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�/L������lH9�����+H������lH9����J������lH9��������D���E�
+HUH�� LW� LV� MXVW� WKH� UHDFWLRQV� ���� WKDW

FRQWULEXWH�PDLQO\�WR�WKH�UHVSRQVH��VLQFH�WKH
��%� FRQWHQW� LQ� LQLWLDO� UHDJHQWV� LV� PXFK
KLJKHU� WKDQ� WKDW� RI� �/L� �WKH� QDWXUDO� DEXQ�
GDQFH� RI� ERURQ� DQG� OLWKLXP� LVRWRSHV�� ��%
������ ���� ��%� ������ ���� �/L� ������ ���� �/L
������� ����� 7KHUHIRUH�� LW� LV� XVHIXO� WR� LQ�
FUHDVH� WKH� %�2�� FRPSRQHQW� FRQWHQW� LQ� WKHJODVV��$OVR� LQ�FRPSDULVRQ�ZLWK�FU\VWDOV� WKH
JODVV\� VWDWH� RI� WKH� PDWHULDO� SURYLGHV� DOVR
PXFK� PRUH� SRVVLELOLWLHV� RI� GRSLQJ� WR� LQ�
FUHDVH� OLJKW� HPLVVLRQ� DQG� ILW� LWV� PD[LPXP
WR�WKH�PD[LPXP�VHQVLWLYLW\�DUHD�RI�YDULRXV
SKRWRUHFHLYHUV�

7DNLQJ� WKH� DERYH� DV� D� EDFNJURXQG�� ZH
KDYH� V\QWKHVL]HG� WKH� OLWKLXP�ERUDWH� �/%2�
JODVVHV��ERWK�SXUH�DQG�GRSHG�ZLWK�VRPH�DF�
WLYDWRUV�� :KHQ� FKRRVLQJ� WKH� DFWLYDWRU�� ZH
VRXJKW� WR� REWDLQ� D� VHULHV� RI� VFLQWLOODWRUV
KDYLQJ� OLJKW� HPLVVLRQ� PD[LPD� LQ� D� UDQJH
IURP�EOXH�WR�UHG�VSHFWUDO�UHJLRQ��7KH�WUDQV�
PLVVLRQ�DQG�OXPLQHVFHQFH�VSHFWUD�RI�JODVVHV
ZHUH� LQYHVWLJDWHG� DV�ZHOO� DV� WKHLU� VFLQWLOOD�
WLRQ� DPSOLWXGH� VSHFWUD� XQGHU� H[FLWDWLRQ
ZLWK� QHXWURQV� DQG� J�UD\� VRXUFHV�� $� VSHFLDO
DWWHQWLRQ� ZDV� SDLG� WR� DVVHVV� WKH� DELOLW\� RI
/%2�VFLQWLOODWRUV� WR� GLVFULPLQDWH� WKH� QHX�
WURQ� FRPSRQHQW� IURP� DWWHQGDQW� J�UDGLDWLRQ
DQG�EDFNJURXQG�

6\QWKHVLV� RI� /%2�JODVVHV�� /L�%�2��/L�&2��� DQG�%�2�� UHDJHQWV� RI� ��������SX�
ULW\�ZHUH�XVHG�DV�VWDUWLQJ�PDWHULDOV�WR�SUH�
SDUH�WKH�/%2�JODVV�PDWUL[��7KH�OXPLQHVFHQW
GRSDQWV� ZHUH� LQWURGXFHG� LQ� WKH� EDVH� EOHQG
DV� &X�2�� 6P�2��� (X�2��� 7E�2��� 7P�2��<E�2��R[LGHV�DQG�&H�12����VDOW��7KH�JODVVHVZHUH� V\QWKHVL]HG� LQ� SODWLQXP� RU� SRUFHODLQ

FUXFLEOHV�� 7KH� PL[WXUHV� RI� LQLWLDO� UHDJHQWV
ZHUH�PHOWHG� LQ� DLU� DW� ����&� DQG� WKHQ� KHOG
IRU� �Ü�� K� DW� ���Ü����&� LQ� WR� KRPRJHQL]H
WKH�PHOW� DQG� WR� UHPRYH� JDV� EXEEOHV� WKHUH�
IURP�� 7KHQ� WKH� PHOW� ZDV� SRXUHG� LQWR� D
PRXOG� PDGH� RI� QRQ�ZHWWDEOH� PDWHULDO� DQG
DQQHDOHG� IURP� ����&� WR� URRP� WHPSHUDWXUH
IRU�VHYHUDO�KRXUV��7KH�REWDLQHG�JODVVHV�FRQ�
WDLQHG�IHZ�GHIHFWV�SUHVHQWHG�E\�JDV�EXEEOHV
DQG� FRUGV�� 7KH� SUHVHQFH� RI� FU\VWDOOLQH
SKDVHV� SRVVLEOH� LQ� /L�2±%�2�� V\VWHP� ZDVWHVWHG� E\� ;�UD\� GLIIUDFWLRQ� DQG� GHWHFWHG
�/L�%�2�� PDLQO\�� LQ� D� EDFNJURXQG� OHYHO� RIGLIIUDFWLRQ�SDWWHUQV�LQ�VRPH�LQGLYLGXDO�VDP�
SOHV� RQO\�� 7KH� VDPSOHV� IRU� PHDVXUHPHQWV
ZHUH�SUHSDUHG� LQ� WKH� IRUP�RI�SROLVKHG�SDU�
DOOHOHSLSHGV�DQG�GLVNV�RI����WR����PP�WKLFN�
QHVV��)LJ�����

0HDVXUHPHQWV�RI�RSWLFDO�DQG�VFLQWLOODWLRQ
FKDUDFWHULVWLFV�� 7KH� RSWLFDO� WUDQVPLWWDQFH
VSHFWUD� ZHUH� PHDVXUHG� LQ� D� UDQJH� XS� WR
���� QP� E\� D� GRXEOH�EHDP� VSHFWURSKRWRPH�
WHU�� 7KH� OXPLQHVFHQFH� VSHFWUD� ZHUH� UHJLV�
WHUHG� LQ� ���Ü���� QP� UHJLRQ� DW� URRP� WHP�
SHUDWXUH� XVLQJ� WKH� H[FLWDWLRQ� DW� OH[F� ���� QP� IURP� QLWURJHQ� ODVHU�� 7KH� VFLQWLOOD�
WLRQ� RI� /%2� JODVVHV� ZDV� PHDVXUHG� XVLQJ� D
VHWXS�VKRZQ�LQ�)LJ����ZKLFK�LQFOXGHG�D�PL�
FURVHFRQG�SUHDPSOLILHU��DQ�DFWLYH�ILOWHU�DP�
SOLILHU� DQG� GDWD� FROOHFWLRQ� V\VWHP� FRPSULV�
LQJ� DQ� DPSOLWXGH�GLJLWDO� FRQYHUWHU� DQG
FDPDF� FUHDWH�FRQWUROOHU�� 7KH� GLIIHUHQWLDO
GLVFULPLQDWRU� DQG� FRXQWLQJ�GHYLFH�SURYLGHG
WKH� YLVXDO� FRQWURO� RI� PHDVXUHPHQWV�� 7ZR
W\SHV� RI� SKRWRUHFHLYHUV�ZHUH� XVHG�� QDPHO\�
DQ�$93�����SKRWRPXOWLSOLHU� �SKRWRVHQVLWLY�
LW\�PD[LPXP����Ü����QP��DQG�VLOLFRQ�S�L�Q
SKRWRGLRGHV� 6� �������� RI� +DPDPDWVX� &R�
KDYLQJ� WKH� KLJKHVW� VHQVLWLYLW\� LQ� WKH� ���Ü
����� QP� UDQJH�� 7KH� DPSOLWXGH� VSHFWUD� RI
QHXWURQV� DQG� J�UDGLDWLRQ� ZHUH� PHDVXUHG� DW
H[FLWDWLRQ� RI� /%2�JODVVHV� IURP� 3X�%H�� DQG
��&R� VRXUFHV�� UHVSHFWLYHO\�� 7KH� UDGLDWLRQ
EDFNJURXQG� VSHFWUD� ZHUH� DOVR� UHJLVWHUHG�

)LJ����� 0HDVXUHPHQW� V\VWHP� IRU� UHJLVWUDWLRQ
RI�VFLQWLOODWLRQ�FKDUDFWHULVWLFV�)LJ�����6DPSOHV�RI�/%2�JODVVHV�
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7KH� 3X�%H�� VRXUFH� KDG� WKH� DFWLYLW\
���� Q�VHF� DQG� FRQWLQXRXV� HQHUJ\� VSHFWUXP
LQ���WR����0H9�UDQJH�ZLWK�ZHDN�SHDNV�DW��
DQG� �� 0H9� DQG� J�UD\� FRPSRQHQW� DW
����� 0H9�� 7KH� ��&R� VRXUFH� DFWLYLW\� ZDV
��������VHFÜ���7KH�GLVWDQFH�EHWZHHQ�VRXUFHV
DQG� VDPSOHV� GXULQJ� WKH� PHDVXUHPHQWV� ZDV
��� FP�� 7KH� DPSOLWXGH� VSHFWUD� ZHUH� PHDV�
XUHG� GXULQJ� ��� PLQ� XVLQJ� WKH� SKRWRPXOWL�
SOLHU�DQG�GXULQJ�����PLQ�IRU�SKRWRGLRGHV�

2SWLFDO� WUDQVPLVVLRQ� DQG� HPLVVLRQ� FKDU�
DFWHULVWLFV� XQGHU� 89� H[FLWDWLRQ�� 7KH� XQ�
GRSHG� JODVV� VDPSOHV� ZHUH� V\QWKHVL]HG� ZLWK
WKUHH� /L�2±Q�%�2�� FRPSRVLWLRQV� DW� Q� ���������� DQG� ����� 7KH� WUDQVPLVVLRQ� VSHFWUD� RI
WKHVH� JODVVHV� SUHVHQWHG� LQ� )LJ���� VKRZ� WKH

VKLIW� RI� RSWLFDO� WUDQVSDUHQF\� HGJH� WRZDUGV
VKRUWHU�ZDYHOHQJWKV�ZKLOH�WKH�%�2��FRQWHQWLQFUHDVHV��+RZHYHU��%�2�� FRQFHQWUDWLRQ� H[�FHHGLQJ� ��� PRO��� FDXVHV� D� VWURQJ� K\JUR�
VFRSLFLW\�RI�PDWHULDO��7KHUHIRUH��WKH�PDWUL[
RI�/L�2±�%�2��FRPSRVLWLRQ�ZDV�VHOHFWHG�DV�DEDVLV�IRU�WKH�V\QWKHVLV�RI�/%2�JODVV�VFLQWLO�
ODWRUV��0RUHRYHU�� LW� LV� WR�QRWH� WKDW� WKH�XVH
RI� SRUFHODLQ� FUXFLEOHV� SURGXFHG� ��Ü��� QP
VKLIW� RI� RSWLFDO� WUDQVSDUHQF\� HGJH� WR� ORQJ�
ZDYHOHQJWK�VLGH�� ,W� LV�REYLRXV�WKDW�WKH�UHD�
VRQ� WKHUHIRU� LV� VRPH� FRQWDPLQDWLRQ� RI� WKH
JODVV� PHOW� ZLWK� WKH� FUXFLEOH� PDWHULDO�� 7KH
GHQVLW\� DQG� UHIUDFWLYH� LQGH[�RI�/L�2±�%�2�JODVV� DPRXQWHG� ����� J�FP�� DQG� ������ UH�
VSHFWLYHO\�� DV� PHDVXUHG� E\� RI� K\GURVWDWLF

)LJ�����7UDQVPLVVLRQ� ���� DQG� OXPLQHVFHQFH� ���� VSHFWUD�RI�XQGRSHG�DQG�DFWLYDWHG�/%2�JODVVHV��)RU
XQGRSHG�/%2�JODVV����Û�/L�2��%�2�����Û�/L�2��%�2�����Û�/L�2����%�2��
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ZHLJKLQJ� DQG� DQ� LPPHUVLRQ� OLTXLG�� 7KH� HI�
IHFWLYH�DWRPLF�QXPEHU�RI�WKH�JODVV�PDWUL[�LV
=HII� ������7KH� XQGRSHG� /L�2��%�2��JODVV� VKRZV� DQLQWULQVLF�OXPLQHVFHQFH�ZLWK�WKUHH�ORZ�LQWHQ�
VLW\�EDQGV�DV�LV�VKRZQ�LQ�)LJ����DQG�7DEOH���
7KLV� IDFW� LQGLFDWHV� WKDW� WKH� XQGRSHG� JODVV
FRQWDLQV� HPLVVLRQ� FHQWHUV� RI� DW� OHDVW� WKUHH
W\SHV�� ,W� LV� NQRZQ� WKDW� WKH� LQWULQVLF� OXPL�
QHVFHQFH� RI� FU\VWDOOLQH� OLWKLXP� ERUDWHV
�/L%�2��� /L�%�2��� LV� FKDUDFWHUL]HG� E\� DEURDG� 89� EDQG� �OPD[� ����Ü���� QP� DW����.��DQG� LV�GXH�WR�UDGLDWLYH�DQQLKLODWLRQ
RI� WKH� VHOI�WUDSSHG� H[FLWRQV� RU� H[FLWRQV� OR�
FDOL]HG�DW�WKH�ODWWLFH�GHIHFWV�>����@��$FFRUG�
LQJ�WR�WKLV�FRQFHSWLRQ��LW�LV�SRVVLEOH�WR�DVVR�
FLDWH�WKH�WKUHH�EDQGV�LQ�WKH�/%2�JODVV�OXPL�
QHVFHQFH�VSHFWUXP�ZLWK�WKH�LQWULQVLF�PDWUL[
GHIHFWV� GLVWULEXWHG� LQ� YDULRXV� IDVKLRQV� LQ
WKUHH� PDLQ� VWUXFWXUDO� JURXSV� RI� WKH� JODVV
>��@�� QDPHO\�� LQ� WULERUDWH� DQG� WHWUDERUDWH
FRPSOH[HV� DQG� DW� EULGJH� ERQGV� EHWZHHQ
WKRVH�� +RZHYHU�� WKH�PRGHOV� RI� FHQWHUV� DQG
HPLVVLRQ�PHFKDQLVP� WKHUHRI� UHTXLUH� DQ� LP�
SURYHPHQW�

7KH�WUDQVPLVVLRQ�DQG� OXPLQHVFHQFH�VSHF�
WUD�RI�GRSHG�VDPSOHV�DUH�UHSUHVHQWHG�LQ�)LJ�
�� DQG� WKH� PDLQ� FKDUDFWHULVWLFV� WKHUHRI�� LQ
7DEOH����,W�LV�VHHQ�WKDW�GRSLQJ�ZLWK�FRSSHU�
FHULXP��HXURSLXP��DQG�\WWHUELXP�VKLIWV�WKH
RSWLFDO� WUDQVSDUHQF\� HGJH� WRZDUGV� ORQJHU
ZDYHOHQJWKV�� 7KH� UHDVRQ� WKHUHIRU� LV� REYL�
RXVO\� WKH� DEVRUSWLRQ� EDQGV� RI� GRSLQJ� LRQV
VLWXDWHG� QH[W� WR� WKH� WUDQVPLWWDQFH� FXWRII
ZDYHOHQJWK� IRU� SXUH� JODVV�� %HVLGHV�� WKH

JODVVHV� FRQWDLQLQJ� FRSSHU� DQG� FHULXP� VKRZ
DGGLWLRQDO� DEVRUSWLRQ� EDQGV� LQGXFHG� E\
VRPH�DPRXQWV�RI�&X���DQG�&H���LRQV�IRUPHG
LQ� R[LGL]LQJ� FRQGLWLRQV� RI� WKH� V\QWKHVLV�
7KHVH� JODVVHV� DUH� FRORUHG� �7DEOH����� )RU
/%2�&X�JODVV��WKH�LQWHQVLILFDWLRQ�RI�DEVRUS�
WLRQ� QH[W� WR� ���� QP� DQG�� PRUHRYHU�� WKH
EURDG�EDQG�ZLWK�D�PD[LPXP�DW�����QP�WHV�
WLI\�WR�SUHVHQFH�RI�&X��� LRQV��ZKLOH�WKH�DE�
VRUSWLRQ�RI�&X���LRQV�LV�VLWXDWHG�LQ�WKH�IXQ�
GDPHQWDO�DEVRUSWLRQ�DUHD�RI�JODVV�PDWUL[�DW
����DQG�����QP���$�l��(�UHYHUVLEOH�WUDQVL�
WLRQ��� DFFRUGLQJ� WR� RXU� VSHFWUDO� LQYHVWLJD�
WLRQV� RI� /L�%�2��&X��� FU\VWDOV� DQG� VLPLODUGDWD� IURP� >�@�� 7KH� DEVRUSWLRQ� RI� R[LGL]HG

7DEOH����0DLQ�RSWLFDO�FKDUDFWHULVWLFV�RI�/%2�JODVVHV

$FWLYDWRU�LRQV��
FRQFHQWUDWLRQ��PDVV���

*ODVV�FRORU 6KRUW�ZDYH�HGJH�RI
RSWLFDO�WUDQVSDUHQF\

�QP�
0DLQ�ZDYHOHQJWKV�RI
OXPLQHVFHQFH��QP��
�HPLVVLRQ�WUDQVLWLRQV
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<E������� FRORUOHVV ��� ��������

��WKH�ORQJ�ZDYH�HGJH�LV�IRXQG�DW������QP

)LJ����� 7RWDO� FURVV� VHFWLRQ� RI� �/L�Q�D�� DQG
��%�Q�D��QHXWURQ�UHDFWLRQV��DQG�FURVV�VHFWLRQV
RI� SKRWRHOHFWULF� DEVRUSWLRQ� LQ� /L�2��%�2�JODVV�
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&H��� LRQV� LV� QRW� PDQLIHVWHG� LQ� WKH� RSWLFDO
WUDQVSDUHQF\� DUHD� RI� /%2� JODVV�� EHFDXVH
WKHLU�DEVRUSWLRQ�EDQG�LV�DW����Ü����QP��IRU
H[DPSOH�� LQ� VLOLFDWH� DQG� SKRVSKDWH� JODVVHV
DFWLYDWHG� ZLWK� FHULXP� >��@�� 7KH� WUDQVPLW�
WDQFH� HGJH� VKLIW� E\� ���QP� WR� ORQJHU�ZDYH�
OHQJWKV� LV� FDXVHG� E\� &H��� LRQ� DEVRUSWLRQ
EDQG� FHQWHUHG� DW����Ü����QP� ��I�o��G� DE�
VRUSWLRQ� WUDQVLWLRQ��� )RU� WKH� JODVV� FRQWDLQ�
LQJ� \WWHUELXP�� WKH� LQFUHDVH� RI� DEVRUSWLRQ
DURXQG�����QP�PD\�EH�GXH�WR�VRPH�DPRXQW
RI� <E��� LRQV� VKRZLQJ� D� EURDG� DEVRUSWLRQ
EDQG�LQ�QHDU�89�UHJLRQ�

7KH� OXPLQHVFHQFH�VSHFWUD�RI�/%2�&X�DQG
/%2�&H� JODVVHV� UHSUHVHQWHG� E\� EURDG� XQ�
VWUXFWXUHG�EDQGV�RYHUODSSLQJ�LQ�VKRUW�ZDYH�
OHQJWK� SDUWV�ZLWK� HGJH� RI� WKH� JODVV� RSWLFDO
WUDQVSDUHQF\� DUHD��7KLV� IDFW� DV�ZHOO� DV� WKH
SUHVHQFH�RI�D�IUDFWLRQ�RI�FRSSHU�DQG�FHULXP
LRQV� LQ� WKH� LQDFWLYH� &X��� DQG� &H��� VWDWH
GHFUHDVHV� WKH� OXPLQHVFHQFH� LQWHJUDO�RXWSXW�
7KH� PDLQ� HPLVVLYH� EDQGV� RI� JODVVHV� GRSHG
ZLWK� 6P�� (X�� 7E�� 7P� DUH� LQ� WKH� RSWLFDO
WUDQVSDUHQF\� UHJLRQ� RI� WKH� PDWHULDO�� 7KH
EDQGV� DUH� UHODWLYHO\� EURDG� DQG� WKHLU� VWUXF�
WXUH� LV� IHHEO\� SURQRXQFHG�� ZKDW� LV� FKDUDF�
WHULVWLF�IRU�JODVVHV�LQ�JHQHUDO��7KH�EDQG�SR�
VLWLRQV�FRUUHVSRQG�ZHOO�WR�WKHLU�ORFDWLRQV�LQ
VSHFWUD�RI�RWKHU�JODVV�W\SHV�>��@��7KH�OXPL�

QHVFHQFH�VSHFWUXP�RI�/%2�<E�JODVV�FRQWDLQV
WZR�EDQGV� VLPLODU� WR� WKRVH� FHQWHUHG� DW����
DQG� ���� QP� LQ� WKH� SXUH� JODVV� VSHFWUXP�
7KLV�IDFW�VKRZV�WKDW�WKH�PDLQ�OXPLQHVFHQFH
FHQWHUV� LQ� WKH� UDQJH�XS� WR� ����QP� DUH� WKH
LQWULQVLF� FHQWHUV� RI� WKH� JODVV�PDWUL[��+RZ�
HYHU�� WKH� LQWHQVLW\� RI� EDQGV� LV� D� OLWWOH� ELW
KLJKHU�� DOVR� WKH� ���� QP� EDQG� KDV� D� VKRXO�
GHU� QHDU� ���� QP�� ,W� LV� SRVVLEOH� WKDW� \WWHU�
ELXP� LQWHQVLILHV� WKH� HPLVVLRQ� RI� LQWULQVLF
FHQWHUV� H[LVWLQJ� LQ�/%2�PDWUL[� DQG�D� IUDF�
WLRQ� RI� \WWHUELXP� LQ� JODVV� LV� LQ� WKH� DERYH�
PHQWLRQHG� VWDWH� RI� <E��� LRQV� HPLWWLQJ� DW
���Ü����QP�LQ�PDQ\�PDWHULDOV�

6FLQWLOODWLRQ� E\� QHXWURQ� DQG� J�UD\V� LUUD�
GLDWLRQ�� 7KH� VHQVLWLYLW\� RI� REWDLQHG
/L�2��%�2��JODVV�WR�QHXWURQV�DQG�J�UDGLDWLRQLV� FKDUDFWHUL]HG� E\� HQHUJ\� GHSHQGHQFHV� RI
FURVV�VHFWLRQV�V�Q�D��DQG�VJ�VKRZQ�LQ�)LJ����7KH�V�Q�D��ZDV�FDOFXODWHG�E\�XV�DFFRUGLQJ�WRGDWD� >��@� WDNLQJ� LQWR� DFFRXQW� WKH� QDWXUDO
DEXQGDQFH� RI� ��%� DQG� �/L� LVRWRSHV�� )LJ���
YLQGLFDWHV� LQ� SULQFLSOH� WKH� KLJK� VHOHFWLYLW\
RI�/%2� JODVV� VFLQWLOODWRU� IRU�QHXWURQ� UHJLV�
WUDWLRQ�LQ�PL[HG�UDGLDWLRQ�ILHOGV��)RU�H[DP�
SOH�� LQ� WKH� FDVH� RI� DWWHQGDQW� J�UDGLDWLRQ� RI
��&R�� WKH� V�Q�D��VJ� UDWLR� DPRXQWV� WR� ���Ü����ZLWKLQ�WKH�UDQJH�IURP�FROG�WR�IDVW�QHX�

7DEOH����(IILFLHQF\�DQG�VHOHFWLYLW\�FRHIILFLHQWV�RI�/%2�JODVV�VFLQWLOODWRUV
$FWLYDWRU�LRQV�
FRQFHQWUDWLRQ
�PDVV���

6RXUFH 'HWHFWRU�HIILFLHQF\�IRU�GLIIHUHQW�SKRWRUHFHLYHU
SKRWRPXOWLSOLHU S�L�Q�SKRWRGLRGH

HL .GLVFU HL .GLVFU
8QGRSHG 3X�%H� ����r����(��� ��r�� ����r����(��� �r�
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WURQV�� ([SHULPHQWDOO\�� WKH� DEVROXWH� VFLQWLO�
ODWLRQ� HIILFLHQF\� RI�/%2� JODVVHV� WR� UHJLVWHU
QHXWURQV�DQG�JDPPD�UDGLDWLRQ�ZDV�DVVHVVHG
E\�PHDQV�RI�UHODWLRQVKLS��

HL� �1L�e��$L���'Z���W��� ���
ZKHUH�1L� LV� D� FRXQW� RI� HYHQWV� IURP�3X�%H�RU� ��&R� VRXUFH� UHJLVWHUHG� E\� WKH� GHWHFWRU�
$L��WKH�VRXUFH��3X�%H��RU���&R��DFWLYLW\��'Z�WKH�VROLG�DQJOH�RI�WKH�GHWHFWRU��W��WKH�PHDV�
XUHPHQW� GXUDWLRQ�� 7KH� VHOHFWLYLW\� RI� PDWH�

ULDO� WR� QHXWURQV� ZDV� FKDUDFWHUL]HG� E\� WKH
GLVFULPLQDWLRQ�FRHIILFLHQW�

.GLVFU� �H3X�%H��e�H��&R�� ���
ZKHUH�H3X�%H��DQG�H��&R�DUH�WKH�DEVROXWH�UHJ�LVWUDWLRQ� HIILFLHQF\� RI� HYHQWV� IURP� 3X�%H�
DQG���&R�VRXUFHV��UHVSHFWLYHO\�

7KH�PRVW�W\SLFDO�H[SHULPHQWDO�DPSOLWXGH
VSHFWUD� REWDLQHG� E\� PHDQV� RI� /%2� JODVV
VFLQWLOODWRUV� DUH� SUHVHQWHG� LQ� )LJ����� 7KH
VSHFWUD� RI� 3X�%H�� VRXUFH� KDYH� QR� SUR�

)LJ�����$PSOLWXGH�VSHFWUD�RI�QHXWURQV�IURP�3X�%H��VRXUFH��z���JDPPD�UDGLDWLRQ�IURP���&R�VRXUFH��R�
DQG�EDFNJURXQG��▼��REWDLQHG�E\�PHDQV�RI�/%2�JODVV�VFLQWLOODWRUV�DQG�SKRWRPXOWLSOLHU� �307��RU�S�L�Q�
SKRWRGLRGH��3K'���1��WRWDO�FRXQWV�SHU�FKDQQHO��Q��QXPEHU�RI�FKDQQHO�
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QRXQFHG� SKRWRSHDNV� EHFDXVH� WKH� HQHUJ\
VSHFWUXP�RI� LWV�QHXWURQV� LV�SUDFWLFDOO\�FRQ�
WLQXRXV�� $W� WKH� VDPH� WLPH�� LW� LV� VHHQ� ZHOO
WKDW� WKH� J� VSHFWUD� RI� ��&R� VRXUFH� DQG� RI
EDFNJURXQG� DUH� VLWXDWHG� PDLQO\� LQ� WKH� UH�
JLRQ�RI�ORZ�FKDQQHOV�DQG�GR�QRW�RYHUODS�WKH
PDLQ�DUHD�RI�QHXWURQ�VSHFWUD��7KH�J�VSHFWUD
GDPSLQJ� LV� HVSHFLDOO\� HIIHFWLYH� ZKHQ� D
SKRWRPXOWLSOLHU� LV� XVHG� DV� WKH� SKRWRUH�
FHLYHU��7KH�DVVHVVPHQWV�RI�UHJLVWUDWLRQ�HIIL�
FLHQF\� DQG� GLVFULPLQDWLRQ� FRHIILFLHQWV� IRU
ERWK� SKRWRUHFHLYHU� W\SHV� DUH� SUHVHQWHG� LQ
7DEOH���� 2QH� FDQ� VHH� WKH� YDOXHV� RI� H3X�%H�DQG�.GLVFU�WR�LQFUHDVH�LI�WKH�HPLVVLRQ�UHJLRQRI�/%2�JODVV�FRLQFLGHV�ZLWK�WKH�SKRWRVHQVL�
WLYLW\�UHJLRQ�RI�WKH�UHFHLYHU��7KHVH�GHWHFWRU
SDUDPHWHUV� RI� DUH�ZRUVH� QRWLFHDEO\�ZKHQ� D
S�L�Q�SKRWRGLRGH� LV�XVHG�LQVWHDG�RI�SKRWRP�
XOWLSOLHU�� ,Q� RXU� RSLQLRQ�� WKH� UHDVRQ� WKHUH�
IRU� LV� WKH� KLJK� RZQ� QRLVH� RI� S�L�Q� GLRGH�
ZKLFK� ULVHV� XQGHU� J�LUUDGLDWLRQ� IURP� WKH
VRXUFHV��7KLV�UHVXOW�GRHV�QRW�FORVH�RI�FRXUVH
WKH� SURPLVHV� RI� S�L�Q�GLRGH� XVH� ZLWK� /%2
VFLQWLOODWRUV�� )RU� FRPSDULVRQ�� WKH� FKDUDF�
WHULVWLFV� RI� WUDGLWLRQDO� RUJDQLF� VFLQWLOODWRUV
�DQWKUDFHQH�� SRO\VW\UHQH�� VWLOEHQH�� ZHUH
PHDVXUHG� XVLQJ� D� VLPLODU� SKRWRPXOWLSOLHU
DQG� LQ� WKH� VDPH� FRQGLWLRQV�� 7KH� REWDLQHG
GLVFULPLQDWLRQ�FRHIILFLHQW�YDOXHV�GR�QRW�H[�
FHHG� ��� 7KLV� UHVXOW� LV� VXEVWDQWLDOO\� VPDOOHU
WKDQ�.GLVFU�VKRZQ�E\�LQYHVWLJDWHG�/%2�JODVVVFLQWLOODWRUV�

7KXV�� WKH� JODVVHV� �SXUH� DQG� GRSHG� ZLWK
VRPH� DFWLYDWRUV�� KDYH� EHHQ� V\QWKHVL]HG� LQ
WKH� /L�2±%�2�� R[LGH� V\VWHP�� 7KH� RSWLFDOWUDQVPLVVLRQ� DQG� OXPLQHVFHQFH� VSHFWUD� DQG
VRPH� VFLQWLOODWLRQ� FKDUDFWHULVWLFV� WKHUHRI
KDYH�EHHQ�LQYHVWLJDWHG��,W�ZDV�IRXQG�LQ�H[�
SHULPHQW� WKDW� WKH� /%2� EJODVV� VFLQWLOODWRUV
KDYH�WKH�QHXWURQ�UHJLVWUDWLRQ�HIILFLHQF\�H[�
FHHGLQJ�WKDW�RI�J�UDGLDWLRQ�E\�D�IDFWRU�RI���
WR� ����� 7KH� KLJK� VHOHFWLYLW\� WR� QHXWURQV
JLYHV� DQ� DGYDQWDJH� WR� /%2� JODVVHV� RYHU
RWKHU� VFLQWLOODWRUV� UHJDUGLQJ� WKHLU� DSSOLFD�
WLRQ� LQ� PL[HG� UDGLDWLRQ� ILHOGV�� 7KH� UHVXOWV
REWDLQHG� GHPRQVWUDWH� WKDW� WKH� PHQWLRQHG
VFLQWLOODWRU�W\SH�FDQ�EH�D�SURPLVLQJ�DOWHUQD�
WLYH� IRU� WKH�NQRZQ�QHXWURQV�GHWHFWRUV�RQ�D
EDVLV� RI� JDVHV�� OLTXLGV�� SODVWLFV�� DQG� FU\V�

WDOV�� 7KH� /%2� JODVVHV� FDQ� EH� REWDLQHG� LQ
ODUJH� YROXPH� WKDW� LV� LPSRUWDQW� IRU�PDNLQJ
ODUJH�VL]H�GHWHFWRUV�

$FNQRZOHGJPHQWV��7KH�DXWKRUV�DUH�JUDWH�
IXO�WR�3URI�6�=�6KPXUDN�DW�WKH�,QVWLWXWH�RI
6ROLG� 6WDWH� 3K\VLFV�� 5XVVLDQ� $FDGHP\� RI
6FLHQFHV�� IRU� KLV� VXEVWDQWLDO� DVVLVWDQFH� LQ
WKH�OXPLQHVFHQFH�VSHFWUD�PHDVXUHPHQWV�

5HIHUHQFHV
� ���1�-�5KRGHV�� 0�:�-RKQVRQ�� LQ�� 3URF��RI� WKH

��WK� ,QW��&RQI��RQ� ,QRUJDQLF�6FLQWLOODWRUV�DQG
7KHLU� $SSOLFDWLRQV�� 6&,17����� 'HOIW� 8QLYHU�
VLW\�3UHVV��7KH�1HWKHUODQGV���������S�����

� ���&�:�(�YDQ� (LMN�� LQ�� 3URF��RI� WKH� ��WK� ,QW�
&RQI��RQ�,QRUJDQLF�6FLQWLOODWRUV�DQG�7KHLU�$S�
SOLFDWLRQV�� 6&,17���� �0*8� ������� 0RVFRZ
��������S����
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� ���9�0�6KHYHO�� 3�2�9R]Q\XN�� <D�9�%XUDN�� LQ�
$EVWU��%RRN�RI���WK�(XURS��&RQI��RQ�/XPLQHV�
FHQFH�'HWHFWRUV�DQG�7UDQVIRUPHUV�RQ�,RQL]LQJ
5DGLDWLRQ�� /80'(75������� 3UDJXH�� &]HFK
5HSXEOLF���������S�����

� ���9�$�1HIHGRY�� %�,�=DGQHSURYVNL�� $QQDOHV� GH
&KLPLH� 6FLHQFH� GHV� 0DWHULDX[��� ���� ���
���������

� ���0�,JQDWRY\FK��9�+RORYH\��$�:DWWHULFK�HW�DO��
LQ��$EVWU��%RRN�RI���WK�(XURS��&RQI��RQ�/XPL�
QHVFHQFH�'HWHFWRUV�DQG�7UDQVIRUPHUV�RQ�,RQL]�
LQJ� 5DGLDWLRQ�� /80'(75������� 3UDJXH�
&]HFK�5HSXEOLF���������S�����

� ���0�,VKLL�� <�.XZDQR�� 6�$VDED� HW� DO��� 5DGLDW�
0HDVXU������������������

� ���,�$�.DPHQVNLNK�� 9�1�.ROREDQRY�� 9�9�0LN�
KDLOLQ�HW�DO��� LQ��$EVWU��%RRN�RI�WKH���WK� ,QW�
&RQI��RQ�,QRUJDQLF�6FLQWLOODWRUV�DQG�7KHLU�$S�
SOLFDWLRQV��6&,17�����6KDQJKDL��&KLQD��������
S�������

� ���,�1�2JRURGQLNRY�� 9�$�3XFWRYDURY�� $�9�.UX�
VKDORY� HW� DO���)L]LND�7YHUGRJR�7HOD�� ���� ���
�������

����$�0�(ILPRY�� %�$�0LKDLORY�� 7�*�$UNDWRYD�
)L]LND�L�.KLPLD�6WHNOD����������������

����*�2�.DUDSHW\DQ�� 2SWLND� L� 6SHNWURVNRSLD�� ��
�����������

����*�2�.DUDSHW\DQ�� ,]Y��$NDG��1DXN� 6665�� 6HU�
)L]���;;9,,��������������

����,�9�*RUGHHY�� '�$�.DUGDVKRY�� $�9�0DO\VKHY�
1XFOHDU�3K\VLFDO� &RQVWDQWV�� $� +DQGERRN�
$WRPL]GDW��0RVFRZ��������>LQ�5XVVLDQ@�
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