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'XH� WR� KLJK� PHOWLQJ� SRLQW�� KLJK� KDUG�
QHVV��DQG�UHVLVWDQFH�WR�FKHPLFDO�DWWDFN��WKH
PDJQHVLXP�DOXPLQDWH�VSLQHO��0$6�0J$O�2��KDV� IRXQG�XVH� LQ� D�YDULHW\� RI� WHFKQRORJLFDO
DSSOLFDWLRQV�� 7KH� VSLQHO� VLQJOH� FU\VWDOV� DQG
WUDQVSDUHQW� FHUDPLFV� VKRZ� H[FHOOHQW� GLHOHF�
WULF� DQG� RSWLFDO� SURSHUWLHV� DQG� DUH� RI� JRRG
SURPLVH� LQ� HOHFWURQLF� DQG� RSWLFDO� GHYLFHV�
VXFK� DV� LQVXODWRUV�� ZLQGRZV�� DQG� VHQVRUV�
0DQ\�DSSOLFDWLRQV�RI�WKLV�PDWHULDO�DUH�EDVHG

RQ� OXPLQHVFHQFH� SURSHUWLHV� RI� QRPLQDOO\
SXUH� VSLQHOV� RU� WKRVH� GRSHG� ZLWK� GLIIHUHQW
LRQV�� 7KH� VSLQHO� VLQJOH� FU\VWDOV� GRSHG�ZLWK
FKURPLXP� DUH� SRWHQWLDOO\� XVHIXO� VHQVRU
SUREHV�IRU�WKH�ILEHU�RSWLF�WKHUPRPHWHUV�GXH
WR� ORQJ� SKRWROXPLQHVFHQFH� OLIHWLPH� DQG
ODUJH�WHPSHUDWXUH�FRHIILFLHQW�>�@��7KH�VSLQHO
VHUYHV�DOVR�DV�PDWUL[�IRU�SUHSDUDWLRQ�RI�OX�
PLQHVFHQW� QDQRSDUWLFOHV� RI�0J$O�2��(X�� '\ZLWK�JUHHQ�SHUVLVWHQW�OXPLQHVFHQFH�DIWHU�H[�
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SRVXUH� WR� 89� UDGLDWLRQ� >�@�� 6HDUFKLQJ� IRU
GRVLPHWULF�PDWHULDOV�EDVHG�RQ�WKH�WKHUPROX�
PLQHVFHQFH� �7/�� RU� RSWLFDOO\� VWLPXODWHG� OX�
PLQHVFHQFH� �26/��UHVXOWV� LQ�FRQFOXVLRQ�WKDW
0$6�LV�D�SURVSHFWLYH�PDWHULDO�IRU�UDGLDWLRQ
GRVLPHWU\�GXH�WR�D�KLJK�26/�VLJQDO�OLQHDUO\
UHODWHG� WR� WKH� DEVRUEHG� GRVH� >�@�� ,W� VKRXOG
EH� QRWHG� WKDW� WKH� FHQWHUV� UHVSRQVLEOH� IRU
26/�VLJQDO�DUH�QRW�LGHQWLILHG��8QOLNH�VLPSOH
FRQVWLWXHQW� R[LGHV� �0J2� DQG�$O�2��� KDYLQJLQWHQVH�HPLVVLRQ�EDQGV�UHODWHG�WR�)��DQG�)��
FHQWHUV�� WKH� TXDQWXP� HIILFLHQF\� RI� WKHVH
FHQWHUV� LQ�0$6� LV�YHU\� ORZ��7KH� LQYHVWLJD�
WLRQV� RI� 7/� VSHFWUDO� FRPSRVLWLRQ� RI� QRPL�
QDOO\�SXUH�0$6�LUUDGLDWHG�ZLWK�;�UD\V�DQG
;�UD\� VWLPXODWHG� OXPLQHVFHQFH� �;56/�� DW
GLIIHUHQW� WHPSHUDWXUHV� VKRZ� VHYHUDO� HPLV�
VLRQV� UHODWHG� WR� LPSXULW\� LRQV� VXFK� DV�&U��
�]HUR�SKRQRQ� OLQH� DW� ������ QP�� DQG� 0Q��
LRQV� ZLWK� HPLVVLRQ� EDQG� DW� ���� QP��0RUH�
RYHU�� DQ� LQWHQVH� HPLVVLRQ� LQ�89�UDQJH�ZDV
UHJLVWHUHG� ZKLFK� LV� DWWULEXWHG� WR� HOHFWURQ�
KROH� UHFRPELQDWLRQ� SURFHVVHV� LQFOXGLQJ
PDLQO\�DQWL�VLWH�GHIHFWV�>����@��

,Q� WKLV� ZRUN�� ZH� SURYLGHG� WKH� GHWDLOHG
LQYHVWLJDWLRQV�RI�;�UD\�VWLPXODWHG� OXPLQHV�
FHQFH�LQ�RSWLFDO�FHUDPLFV�REWDLQHG�E\�GLIIHU�
HQW� SUHSDUDWLRQ� PHWKRGV� WR� HOXFLGDWH� WKH
HPLVVLRQ� SURFHVVHV� DQG� RULJLQ� RI� WKH� OXPL�
QHVFHQFH� FHQWHUV�� 7KH� VWDWLRQDU\� OXPLQHV�
FHQFH� DQG� WKH� LQFUHDVH� NLQHWLFV� ZHUH�PHDV�
XUHG� IRU� GLIIHUHQW� HPLVVLRQ� EDQGV� RQ� WKH
LUUDGLDWLRQ�WLPH��

7KH� VSLQHO� FHUDPLFV� ZHUH� SUHSDUHG� E\
KRW�SUHVVLQJ� WHFKQLTXH� LQ� WKH� VKDSH� RI
��PP�WKLFN�GLVNV����PP�LQ�UDGLXV��7KH�FH�
UDPLFV� ZDV� SURGXFHG� E\� KRW� SUHVVLQJ� RI
VSLQHO� SRZGHU� 0J$O�2��/L)� ��� ZW�� ��� DW
�����&� DQG� ��� 03D� SUHVVXUH� LQ� YDFXXP�
7KH� VSLQHO� SRZGHU� ZDV� SUHSDUHG� RI� SXUH
PDJQHVLXP� DOXPLQDWH� VSLQHO� �%DLNDOR[
6��65��DQG� OLWKLXP�IOXRULGH�E\�GU\�PL[LQJ
�WKH� '0� VHULHV�� RU� VRQLF� PL[LQJ� �WKH� 60
VHULHV��7KH�PDLQ�LPSXULWLHV�GHFODUHG�E\�VXS�
SOLHU� ZHUH� �SSP���1D����� .������ )H����� 6L�
����&D�����7KH�VDPSOHV�IRU�VWXGLHV�ZHUH�FXW
IURP� D� VHJPHQW� RI� WKH� GLVN� WKDW� ZH� FRXOG
VHDUFK� IRU� GLIIHUHQFHV� LQ� RSWLFDO� SURSHUWLHV
DORQJ� WKH� UDGLXV� IURP� FHQWHU� WR� SHULSKHU\�
7KH� ���� PP� WKLFN� VOLFHV� ZHUH� SROLVKHG� WR
RSWLFDO� ILQLVK�� ,W� ZDV� UHYHDOHG� WKDW� WKH
VOLFHV�ZHUH�RSWLFDOO\�LQKRPRJHQHRXV�LQ�D�UD�
GLDO� GLUHFWLRQ�� 1HDU� WKH� DUF� ULP�� WKHUH� LV� D
WUDQVSDUHQW�DUHD��D���IXUWKHU�WRZDUGV�WKH�FHQ�
WHU� RI� WKH� VOLFH� H[LVWV� D� VPRNH�FRORUHG� VWULS
ZKLFK� WUDQVIRUPV� LQWR� D� GLIIXVLYH� 8�W\SH
VKDSH�ZLWK�D�WUDQVSDUHQW�DUHD��F��LQVLGH�WKH�8
VKDSH��SLFWXUH�LV�VKRZQ�LQ�)LJ�����

7R�FKDUDFWHUL]H�WKH�SURSHUWLHV�RI�VDPSOHV
IRU� 5/� LQYHVWLJDWLRQV�� WKH� RSWLFDO� DEVRUS�
WLRQ� VSHFWUD� ZHUH� PHDVXUHG� XVLQJ� D� VLQJOH
EHDP�6)����VSHFWURSKRWRPHWHU�LQ�WKH�ZDYH�
OHQJWK� UDQJH� RI� ���Ü���� QP� ����Ü���� H9��
:H� KDYH� PHDVXUHG� WKH� RSWLFDO� DEVRUSWLRQ
RYHU� WKH� OHQJWK� RI� D� VWULS� LQ� VSRWV� �D�� DQG
�F�� WR� REWDLQ� LQIRUPDWLRQ� RQ� WKH� UDGLDO� GLV�
WULEXWLRQ�� WKH� QDWXUH�� DQG� FRQFHQWUDWLRQ� RI
SRLQW� GHIHFWV� LQ� WKH� FHUDPLF� GLVF�� 7KH� RE�
WDLQHG� VSHFWUD� VKRZ� D� TXLWH� GLIIHUHQW� DE�
VRUSWLRQ� �)LJ����� LQ� DEVROXWH� YDOXHV� RI� DE�
VRUSWLRQ� FRHIILFLHQW�� ,Q� SHULSKHU\� SDUW� RI
WKH�GLVN��WKHUH�LV�DQ�LQGLFDWLRQ�RQ�WKH�H[LVW�
HQFH� RI� ZLGH� DEVRUSWLRQ� EDQG� DW� ����� H9
ZKLFK�LV�XVXDOO\�LGHQWLILHG�ZLWK�DEVRUSWLRQ�RI
)��FHQWHUV��7KH�VWDWLRQDU\�5/�ZDV�PHDVXUHG
XQGHU�;�LUUDGLDWLRQ�IURP�;�UD\�WXEH�ZLWK�&X
DQRGH� RSHUDWHG� DW� ��� N9� DQG� ���� P$�� 7KH
HPLVVLRQ� ZDV�PHDVXUHG� GLUHFWO\� IURP� LUUDGL�
DWHG�VXUIDFH�XVLQJ�DQ�0'5���PRQRFKURPDWRU
DQG�UHJLVWHUHG�ZLWK�)(8�����307��7KH�VSHF�
WUD�ZHUH� FRUUHFWHG� IRU� VSHFWUDO� VHQVLWLYLW\�RI
WKH�SKRWRPXOWLSOLHU�

7KH� UHYLHZ� 5/� VSHFWUD� RI� D� VDPSOH� FXW
IURP� VSLQHO� FHUDPLFV� GLVN� SUHVVHG� IURP� D
GU\�PL[HG�SRZGHU� LV� VKRZQ� LQ�)LJ�����6LPL�
ODU� WR� WKH� QRPLQDOO\� SXUH� VSLQHO� VLQJOH� FU\V�
WDOV��WKH�5/�VSHFWUD�RI�VSLQHO�FHUDPLFV�FRQWDLQ
WKUHH�PDLQ�EDQGV��D�ZLGH�89�EDQG�ZLWK�PD[L�
PXP�DW�����H9��JUHHQ�EDQG�DW������H9��DQG�D
GLVFUHWH� VSHFWUXP� RI� UHG� HPLVVLRQ� ZLWK� WKH
PDLQ�]HUR�SKRQRQ�OLQH�DW�����H9�

7KH� SUHYLRXV� LQYHVWLJDWLRQV� >�@� KDYH
VKRZQ� WKDW� 5/� LQ� 89� UDQJH� LV� WKH� PRVW
LQWHQVH� LQ� QRPLQDOO\� SXUH� FU\VWDOV�� 7KH

)LJ�����$EVRUSWLRQ�VSHFWUD�RI�FHUDPLF�VDPSOHV
WDNHQ� IURP� SHULSKHUDO� �D�� DQG� FHQWUDO� �F�
SDUWV� RI� GLVNV� REWDLQHG� IURP� VSLQHO� SRZGHU
SUHSDUHG� XVLQJ� GU\� PL[LQJ� �'0�� DQG� VRQLF
PL[LQJ� �60��PHWKRGV�� �� Ü� VDPSOH� '0�� SDUW
�D�����Ü'0��SDUW��F�����Ü�60�SDUW��D�����Ü�60
SDUW��F��
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FKDUDFWHULVWLFV� RI� WKLV� HPLVVLRQ� �LQWHQVLW\
DQG� VSHFWUDO� FRPSRVLWLRQ�� GHSHQG� RQ� WKH
FU\VWDO� JURZWK�PHWKRG� RU� FHUDPLFV� SURGXF�
WLRQ� WHFKQRORJ\�� 7DNLQJ� LQWR� DFFRXQW� WKH
GDWD� RQ�5/� LQ� RWKHU� R[LGH� FU\VWDOV� RI� FRP�
SDUDEOH� FRPSRVLWLRQ� DQG� VWUXFWXUH�� WKLV
HPLVVLRQ�ZDV�DVVLJQHG�WR�WKH�UHFRPELQDWLRQ
OXPLQHVFHQFH� RI� HOHFWURQV� ZLWK� ORFDOL]HG
KROHV�� 7KH� WHPSHUDWXUH� GHSHQGHQFH� RI� WKLV
HPLVVLRQ� LQGLFDWHV� WKLV� PHFKDQLVP� >�@�� 7KH
89� HPLVVLRQ� LQWHQVLW\� GURSV� VKDUSO\� DW� WKH
WHPSHUDWXUH�DW�ZKLFK�KROHV�VWDUW�WR�EH�PRELOH�

7KH�FRPSDUDWLYH�5/�VSHFWUD�LQ�89�UDQJH
IRU�SHULSKHUDO�DQG�FHQWUDO�SDUWV�RI�GLVNV�RI
ERWK� VHULHV� DUH� VKRZQ� LQ� )LJ����� 7KH� VKDSH
GHYLDWLRQ� RI� WKH�89� HPLVVLRQ� EDQG� IRU� GLI�
IHUHQW�VDPSOHV��DQG�LWV�ODUJH�ZLGWK�LQGLFDWHV
WKH�QRQHOHPHQWDU\�FRPSRVLWLRQ�RI�WKLV�EDQG�
$OO� WKH� VSHFWUD� ZHUH� H[SDQGHG� LQWR� WKUHH
*DXVVLDQ�EDQGV�RI�DERXW�����H9�KDOI�ZLGWK�
ZKLFK� LV� W\SLFDO� RI� OXPLQHVFHQFH� LQYROYLQJ
WKH� ODWWLFH� GHIHFWV�� 7KHUHIRUH�� ZH� REWDLQHG
WKUHH� EDQGV�ZLWK�PD[LPD�DW������������DQG
����H9��7KH�ILUVW�WZR�EDQGV�RI�VOLJKWO\�GLI�
IHUHQW� VSHFWUDO� SRVLWLRQ� ZHUH� REVHUYHG� LQ
WKHUPROXPLQHVFHQFH� DQG� LQ� 5/� VSHFWUD�
7KHVH� EDQGV� ZHUH� LGHQWLILHG� ZLWK� HOHFWURQ�
KROH� UHFRPELQDWLRQ� RQ� GLIIHUHQW� W\SHV� RI
9�FHQWHUV�>�@��7KH�EDQG�DW������H9�ZDV�DOVR
REVHUYHG� LQ� 5/� RI� 0J2� FU\VWDOV� ZKLFK� LV
DOVR�DWWULEXWHG�WR�HOHFWURQ�UHFRPELQDWLRQ�RQ
9�W\SH� FHQWHUV� >�@��$OVR�� WKH� EDQG�RI� ORZHU
HQHUJ\� KDV� EHHQ� DVFULEHG� WR� UHFRPELQDWLRQ
RI� HOHFWURQV�ZLWK� KROHV� WUDSSHG� DW� DQWL�VLWH
GHIHFWV� �>0J@$OÜ�FHQWHUV�� >�@�� 7KHUHIRUH�� ZHDVVLJQ� WKH�EDQG�DW�����H9�WR�UHFRPELQDWLRQ
OXPLQHVFHQFH� RQ� DQWL�VLWH� GHIHFWV� DQG� WKH
�����H9�RQH��WR�UHFRPELQDWLRQ�OXPLQHVFHQFH
RQ� 9�W\SH� FHQWHUV�� %HFDXVH� WKH� LQWHQVLW\
UDWLR� RI� 5/� EDQGV� DW� ����� DQG� ���� H9� LQ

VSLQHO�FHUDPLF�GLVN�LV�KLJKHU�DV�FRPSDUHG�WR
WKDW� RI� SHULSKHU\�� ZH� PD\� FRQFOXGH� WKDW
FRQFHQWUDWLRQ�RI�KROH�FHQWHUV�LQ�FHQWUDO�SDUW
LV� PXFK� KLJKHU�� 7KH� WKLUG� HPLVVLRQ� EDQG
ZLWK� PD[LPXP� DW� ���� H9� DSSHDUHG� PDLQO\
LQ�FHUDPLFV�DQG�LW�FDQ�EH�UHODWHG�WR�SUHVHQFH
RI� OLWKLXP� IOXRULGH� LQ� WKH� LQYHVWLJDWHG
VSLQHO�FHUDPLFV��

,Q� WKH� VSHFWUD� RI� SKRWR��� UDGLR��� DQG
FDWKRGROXPLQHVFHQFH�RI�ERWK�QRPLQDOO\�SXUH
DQG�PDQJDQHVH� GRSHG� VSLQHO�� WKHUH� DSSHDUV
JUHHQ�OXPLQHVFHQFH�ZLWK�PDLQ�EDQG�DW�����Ü
���� H9� ZKLFK� LV� DVFULEHG� WR� WUDQVLWLRQ� RI
�7���*��o���$���6�� LQ�0Q��� LRQV��1XPHURXV
VSHFWURVFRSLF� LQYHVWLJDWLRQV� VXJJHVW� WKDW
0Q��� LRQV� RI� ��G��� HOHFWURQ� VWUXFWXUH� LQ
VSLQHO�ODWWLFH�DUH�VLWXDWHG�LQ�R[\JHQ�WHWUDKH�
GUDO� SRVLWLRQ� >�@�� 8QGHU� ;�UD\� LUUDGLDWLRQ�
WKHUH�DUH�WZR�FKDQQHOV�UHVXOWLQJ�LQ�OXPLQHV�
FHQFH�RI�0Q���LRQV��:KHQ�HOHFWURQ�KROH�SDLU
LV�FUHDWHG��0Q��� LRQ�DWWUDFWV�DW� ILUVW�D�KROH
IRUPLQJ� 0Q��� LRQV�� ZKLOH� VXEVHTXHQW� HOHF�
WURQ� FDSWXULQJ� IURP� WKH� FRQGXFWLRQ� EDQG
UHVXOWV�LQ�UDGLDWLYH�UHFRPELQDWLRQ�DQG�WUDQ�
VLWLRQ� RI� 0Q��� LRQV� LQWR� JURXQG� VWDWH�� ,Q
DQRWKHU�FKDQQHO�� LQ�FRQWUDVW�� WKHUH�H[LVWV�D
SRVVLELOLW\� IRU� HOHFWURQ� WR� EH� WUDSSHG� IURP

)LJ�����7KH�UHYLHZ�5/�VSHFWUD�RI�VDPSOHV�FXW
IURP� VSLQHO� FHUDPLFV� GLVN� SUHVVHG� IURP� GU\
PL[HG�SRZGHU��'0�����Ü�SDUW��D�����Ü�SDUW��F��

)LJ����� 7KH� FRPSDUDWLYH� 5/� VSHFWUD� LQ� 89
UDQJH�IRU�SHULSKHUDO��D��DQG�FHQWUDO��F��SDUWV�RI
GLVNV� IRU� ERWK� VHULHV� DQG� GHFRQYRYXWLRQ� LQWR
*DXVVLDQV��D�� SDUW� �F��� FXUYH���Ü�'0�DQG���Ü
60��E��SDUW��D���FXUYH��Ü�'0�DQG���Ü�60��
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FRQGXFWLRQ� EDQG� E\�0Q��� LRQ�� WKHQ� D� KROH
IURP� YDOHQFH� EDQG� UDGLDWLYHO\� UHFRPELQHV
IRUPLQJ�0Q���LRQ�LQ�JURXQG�VWDWH�

,Q� ERWK� FKDQQHOV�� WKH� HOHFWURQ� RU� KROH
WUDSSLQJ� SURFHVVHV� RFFXU� DW� D� KLJK� SURE�
DELOLW\� EHFDXVH� �L�� WKH� ��G��RUELWDOV� RI�0Q��
LRQ� DUH� ZHOO� RYHUODSSHG� ZLWK� 2��SV� RQHVZKLFK� FRPSRVH� WKH� YDOHQFH� EDQG�� DQG� �LL�
WKH� FRQGXFWLRQ� EDQG� FRQVLVWLQJ� PDLQO\� RI
$O��� ��V�� DQG� ��S�� DQG�RU�0Q��� ��V�� RUELWDOV
LV�ZHOO� K\EULGL]HG�ZLWK�KLJKHU� HQHUJ\� RUEL�
WDOV�RI�0Q���LRQ�VXEVWLWXWLQJ�0J���LRQ��7KDW
DUH� WKH� UHDVRQV� IRU� WKH� KLJK� WUDQVIHU� HIIL�
FLHQF\�RI�LRQL]LQJ�LUUDGLDWLRQ�H[FLWDWLRQ�HQ�
HUJ\�WR�0Q���OXPLQHVFHQFH�FHQWHU�

7KH� 5/� LQ� WKH� UHG� VSHFWUDO� UHJLRQ� FRQ�
VLVWV� RI� VHYHUDO� QDUURZ� OLQHV�� WKH� PRVW� LQ�
WHQVH�RQH�EHLQJ�DW�DERXW�����H9�DQG�UHODWHG
WR� �(�W����o�� �$��W���� WUDQVLWLRQ� LQ� &U����G���LRQV�LQ�RFWDKHGUDO�VLWHV��8QGHU�;�LUUD�
GLDWLRQ�� WKH� IRUPDWLRQ� RI�&U��� RU�&U��� LRQV
WDNHV�SODFH�DQG�VXEVHTXHQW�HOHFWURQ�RU�KROH
WUDSSLQJ� FDXVHV� WKH� H[FLWHG� VWDWH� RI� &U��
LRQV�>������@��7KH�PRVW�LQWHQVH�5/�EDQGV�RI
0Q���DQG�&U���LRQV�DUH�REVHUYHG�LQ�WKH�FHQ�
WUDO�SDUW�RI�GLVF�SUHSDUHG�IURP�VRQLF�PL[HG

SRZGHU�ZKLFK�FRUUHVSRQGV�WR�SHUIHFW�FU\VWDO
VSLQHO�VWUXFWXUH��VHH�)LJ�����

)RU�HDFK�OXPLQHVFHQFH�EDQGV��WKHUH�ZHUH
PHDVXUHG� WKH� 5/� LQFUHDVH� XQGHU� SURORQJHG
;�UD\� LUUDGLDWLRQ� DQG� WKH� OXPLQHVFHQFH
GHFD\�DIWHU�WKH�LUUDGLDWLRQ�LV�RYHU��7KH�W\SL�
FDO� NLQHWLFV� RI� WKH�5/� LQFUHDVH� UHSUHVHQWHG
LQ� VHPL�ORJ� VFDOH� LV� VKRZQ� LQ� )LJ����� 7KH
FRPSDULVRQ�RI� OXPLQHVFHQFH� LQFUHDVH�FXUYHV
DW� ODWWLFH� GHIHFWV� DQG� LPSXULW\� LRQV� JLYHV
LQIRUPDWLRQ� RQ� SURFHVVHV� FDXVLQJ� WKH� OXPL�
QHVFHQFH�� ,QLWLDOO\�� WKH� GLUHFW� H[FLWDWLRQ� RI
0Q��� LRQV�UHVXOWV�LQ�D�VKDUS�LQFUHDVH�RI�5/
LQWHQVLW\��7KH�IXUWKHU�LQWHQVLW\�LQFUHDVH�RF�
FXUV�DFFRUGLQJ�WR�WZR�FKDQQHOV�GHVFULEHG�EH�
IRUH� WKURXJK� WKH� VXEVHTXHQW� WUDSSLQJ� RI
FKDUJH�FDUULHUV�JHQHUDWHG�E\�LUUDGLDWLRQ��6L�
PXOWDQHRXVO\��WKH�DFFXPXODWLRQ�RI�KROH�FHQ�
WHUV�DW�FDWLRQ�YDFDQFLHV�DQG�DQWL�VLWH�GHIHFWV
WDNHV� SODFH� DQG� UDGLDWLYH� UHFRPELQDWLRQ� RI
HOHFWURQV� ZLWK� KROHV� FDXVHV� D� JUDGXDO� LQ�
FUHDVH�RI�89�EDQG�LQWHQVLW\��$W�D�KLJK�FRQ�
FHQWUDWLRQ� RI� KROH� FHQWHUV� �LUUDGLDWLRQ� WLPH
H[FHHGLQJ� ���� V��� WKH� HOHFWURQV� UHOHDVHG

)LJ����� 7KH� JURZWK� RI� 5/� LQWHQVLW\� IRU� 89�
HPLVVLRQ� ���� DQG� HPLVVLRQ� RI� 0Q���LRQV� ���
XQGHU�;�UD\�LUUDGLDWLRQ��

)LJ����� 7KH� FRPSDUDWLYH� 5/� VSHFWUD� RI�0Q��
DQG�&U���EDQGV�IRU�SHULSKHUDO��D��DQG�FHQWUDO
�F��SDUWV�RI�GLVNV�RI�ERWK�VHULHV���D��SDUW��F��
FXUYH���Ü�'0�DQG���Ü�60��E��SDUW��D���FXUYH
��Ü�'0�DQG���Ü�60�� )LJ����� )OXRUHVFHQFH� GHFD\� DIWHU� WHUPLQDWLRQ

RI� ;�UD\� LUUDGLDWLRQ� RI� 89�HPLVVLRQ� ���� DQG
HPLVVLRQ�RI�0Q���LRQV�����
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XQGHU� LUUDGLDWLRQ� SULPDULO\� UHFRPELQH�ZLWK
KROHV�ORFDOL]HG�DW�ODWWLFH�GHIHFWV��WKXV�FDXV�
LQJ�WKH�GHFUHDVLQJ�OXPLQHVFHQFH�LQWHQVLW\�RI
LPSXULW\�LRQV��

7KH� LUUDGLDWHG� VSLQHO� VDPSOHV� GHPRQ�
VWUDWHG� D� ORQJ� DIWHUJORZ� IRU� DOO� HPLVVLRQ
EDQGV��7KH�IOXRUHVFHQFH�GHFD\�ODZ�FDQQRW�EH
GHVFULEHG� E\� RQH� H[SRQHQW�� WKXV� LQGLFDWLQJ
WKH�FRPSOH[�SURFHVV�RI�HQHUJ\�UHOD[DWLRQ�LQ
LUUDGLDWHG� VDPSOHV��:H� KDYH� SUHVHQWHG� WKH
GHFD\� NLQHWLFV� DOVR� LQ� VHPL�ORJ� VFDOH� DQG
IRXQG�WKHVH�GHSHQGHQFHV�WR�EH�DOVR�GLIIHUHQW
IRU� 89�OXPLQHVFHQFH� DQG� OXPLQHVFHQFH� RI
LPSXULW\� LRQV�� 1RZ� ZH� DUH� XQGHU� ZD\� WR
GHYHORS� DPRGHO� ZKLFK� FRXOG� EH� DSSOLHG� WR
H[SODLQ�WKLV�GLIIHUHQFH�

$FNQRZOHGJHPHQW�� 7KLV� ZRUN� ZDV� VXS�
SRUWHG� LQ� SDUW� E\� 0LQLVWU\� IRU� (GXFDWLRQ
DQG� 6FLHQFH� RI� 8NUDLQH� �3URMHFW� ����������
$XWKRUV�WKDQN�WR�3URI�,�(�5HLPDQLV�RI�&ROR�
UDGR�6FKRRO�RI�0LQHV�IRU�SURYLGLQJ�VDPSOHV
RI�WUDQVSDUHQW�FHUDPLFV�
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