
)LULQJ�RI�OHDG�IUHH�JODVV�HQDPHO�FRORXUV�ZLWK�KLJK�FKHPLFDO�

GXUDELOLW\�

.��+��/RFKQHU��.��6HEDVWLDQ�
)UDXQKRIHU�,QVWLWXW�I�U�6LOLFDWIRUVFKXQJ��,6&��$X�HQVWHOOH�%URQQEDFK��:HUWKHLP��*HUPDQ\�

�

/HDG� FRQWDLQLQJ� HQDPHO� FRORXUV� WUDGLWLRQDOO\� KDYH� EHHQ� XVHG� IRU� PDUNLQJV� DQG� JUDGXDWLRQV� RQ�

YROXPHWULF� JODVVZDUH�� 7KH� HQDPHO� KDV� WR� EH� ILUHG� DW� FD�� ���� �&� WR� HQVXUH� D� VXIILFLHQWO\� KLJK� FKHPLFDO�

GXUDELOLW\�DJDLQVW�DFLGV�DQG�DONDOLQH�VROXWLRQV��$W�WKLV�WHPSHUDWXUHV�GHFDOLEUDWLRQ�RI�WKH�YROXPHWULF�JODVVHV�

PD\�RFFXU�GXH� WR�VRIWHQLQJ�RI� WKH�JODVV��/HDG�IUHH�HQDPHOV�XVHG�IRU�JOD]LQJ�RI�SRUFHODLQ�RU�HDUWKHQZDUH�

VKRZ�VXSHULRU�FKHPLFDO�GXUDELOLW\�EXW�QHHG�ILULQJ�WHPSHUDWXUHV�RI������&�DQG�PRUH��7KLV�SUREOHP�LV�VROYHG�

E\�SUHKHDWLQJ�RI�WKH�YROXPHWULF�JODVV�XS�WR�WKH�WUDQVIRUPDWLRQ�WHPSHUDWXUH�E\�PHDQV�RI�,5�LUUDGLDWLRQ�DQG�

VXEVHTXHQW� ILULQJ� RI� WKH� HQDPHO� E\�PHDQV� RI� D�1G�<$*�RU� GLRGH� ODVHU��7KH� UDGLDWLRQ� RI� WKHVH� ODVHUV� LV�

DEVRUEHG� E\� WKH� FRORXUV� RQO\� DQG� HQVXUHV� JRRG� PHOWLQJ� RI� WKH� HQDPHO� ZKHUH� DV� WKH� XQGHUO\LQJ� JODVV�

UHPDLQV�DW� WUDQVIRUPDWLRQ�WHPSHUDWXUH��7KH�FKHPLFDO�GXUDELOLW\�RI�PDUNLQJV�DQG�JUDGXDWLRQV�REWDLQHG�E\�

WKLV�SURFHGXUH�LV�KLJKHU�WKDQ�WKDW�RI�FRQYHQWLRQDO�OHDG�FRQWDLQLQJ�FRORXUV��

�

���,QWURGXFWLRQ�

7KH� VFDOHV� DQG� ULQJ� PDUNV� RI� YROXPHWULF� JODVVZDUH� OLNH� YROXPHWULF� IODVNV�� JUDGXDWHG�
F\OLQGHUV�� EXUHWWHV� DQG� SLSHWWHV� XVXDOO\� DUH�PDGH� RI� JODVV� HQDPHOV��*ODVV� HQDPHOV� DUH� ORZ�
PHOWLQJ� JODVVHV�� FRQVLVWLQJ� RI� WKH� FRORXUHG� SLJPHQWV� DQG� WKH� IOX[��7R� DFKLHYH� ORZ�PHOWLQJ�
WHPSHUDWXUHV�� WKH� IOX[� PXVW� FRQWDLQ� KLJK� DPRXQWV� RI� OHDG� RU� ELVPXWK� R[LGH�� 6LQFH� WKH�
YROXPHWULF�JODVVZDUH�LV�W\SLFDOO\�XVHG�LQ�FKHPLFDO�ODERUDWRULHV�WKH�VFDOHV�DQG�ULQJ�PDUNV�PXVW�
VKRZ�D�KLJK�GXUDELOLW\�DJDLQVW�DFLGV�DQG�DONDOLQH�VROXWLRQV��7KH�UHTXLUHG�GXUDELOLW\�LV�DFKLHYHG�
E\�ILULQJ�WKH�OHDG�FRQWDLQLQJ�HQDPHO�LQ�D�IXUQDFH�DW�D�WHPSHUDWXUH�RI������&����
/HDG� IUHH� JODVV� HQDPHOV� XVXDOO\� FRQWDLQ�ELVPXWK� DQG� ]LQF� R[LGH��7KH� ILULQJ� DW� FRPSDUDEOH�
WHPSHUDWXUHV� OHDGV� WR� D� FKHPLFDO� GXUDELOLW\� DW� KLJK� S+·V� ZKLFK� LV� VLPLODU� WR� WKDW� RI� OHDG�
FRQWDLQLQJ�HQDPHOV��+RZHYHU��WKH�GXUDELOLW\�DJDLQVW�DFLGLF�VROXWLRQV�LV�LQVXIILFLHQW��/HDG�IUHH�
HQDPHOV� ZLWK� KLJK� FKHPLFDO� GXUDELOLW\� GR� QRW� FRQWDLQ� ELVPXWK� R[LGH� EXW� UHTXLUH� ILULQJ�
WHPSHUDWXUHV�RI� DSSUR[LPDWHO\������&��7KLV� LV�PXFK� WRR�KLJK� IRU� D� IXUQDFH� ILULQJ�RI�JODVV�
SURGXFWV��HVSHFLDOO\�IRU�YROXPHWULF�JODVVHV��7KH�ZHLJKW�RI�WKH�JODVV�LWVHOI�DOUHDG\�FDXVHV�DW�����
�&� D� YROXPH� FKDQJH� DQG� GHFDOLEUDWLRQ� RI� WKH� YROXPHWULF� JODVV�� 7KH� UHDVRQ� LV� WKDW� WKH�
WUDQVIRUPDWLRQ�WHPSHUDWXUH�7J�RI�WKH�PDLQO\�XVHG�ERURVLOLFDWH�JODVV�����LV�H[FHHGHG�E\����.��
DSSUR[LPDWHO\��
+HQFH�� D� QHZ� SURFHGXUH� IRU� ILULQJ� KDV� WR� EH� GHYHORSHG� E\� ZKLFK� RQH� FDQ� REWDLQ� JODVV�
HQDPHOV�ZLWK�KLJK�FKHPLFDO�GXUDELOLW\�EXW�DYRLG�WKH�GHFDOLEUDWLRQ��$GGLWLRQDOO\��WKLV�PHWKRG�
VKRXOG�DOVR�ZRUN�ZLWK�OHDG�IUHH�HQDPHOV�IRU�WR[LFRORJLFDO�DQG�HFRORJLFDO�UHDVRQV��
�

���6ROXWLRQ�

,Q�D�SUHYLRXV�SURMHFW� ���� D�PHWKRG�ZDV�GHYHORSHG� WR� ILUH� FRQYHQWLRQDO� OHDG� FRQWDLQLQJ�
JODVV� HQDPHOV� DV� ULQJ� PDUNV� RQ� YROXPHWULF� IODVNV�� 7KLV� ZDV� DFKLHYHG� E\� WKH� PHWKRG� RI�
VHOHFWLYH�ILULQJ��7KH�YROXPHWULF�IODVNV�ZHUH�KHDWHG�FRQYHQWLRQDOO\�E\�D�KRW�DLU�EORZHU�XS�WR�
WKH�WUDQVIRUPDWLRQ�WHPSHUDWXUH��7KH�HQDPHO�ZDV�ILUHG�E\�LUUDGLDWLRQ�ZLWK�DQ�1G�<$*�/DVHU�
ZLWKLQ� D� VKRUW� WLPH�� 7KXV�� WKH� WHPSHUDWXUH� RI� WKH� HQDPHO� UHDFKHV� ���� ²� ���� �&�� 7KLV�
LQYHVWLJDWLRQ�ZDV�SHUIRUPHG�ZLWK�WKH�PDLQO\�EOXH�OHDG�FRQWDLQLQJ�PDWHULDO�DV�ZHOO�DV�ZLWK�WKH�
OHDG�IUHH�RQH��%OXH�HQDPHO�KDV�LQ�WKH�QHDU�LQIUDUHG�DQ�DEVRUSWLRQ�EDQG��WKH�VKRUW�ZDYH�HGJH�

RI�ZKLFK�DEVRUEV�WKH�LUUDGLDWLRQ�RI�WKH�1G�<$*�/DVHU��λ� ������µP���,Q�FRQWUDVW�WKH�ODVHU�



LUUDGLDWLRQ�ZDV�QRW� DEVRUEHG�E\� WKH�ERURVLOLFDWH�JODVV�ZKLFK�UHPDLQV� DW� WKH� WUDQVIRUPDWLRQ�
WHPSHUDWXUH��:LWK�WKLV�SURFHGXUH�WKH�VDPH�FKHPLFDO�GXUDELOLW\�RI�WKH�ULQJ�PDUN�ZDV�REWDLQHG�
DV�WKDW�REWDLQHG�ZLWK�FRQYHQWLRQDO�KHDWLQJ� LQ�D�IXUQDFH��)XUWKHU�PRU�WKH�GHFDOLEUDWLRQ�ZDV�
FRPSOHWHO\�DYRLGHG��7KH�FKHPLFDO�GXUDELOLW\�HVSHFLDOO\�WKDW�LQ�DFLGLF�VROXWLRQ�RI�WKH�OHDG�IUHH�
JODVV�HQDPHO�� ILUHG� LQ�D�IXUQDFH�DV�ZHOO�DV�ZLWK� ODVHU� LUUDGLDWLRQ��ZDV�VLJQLILFDQWO\�EHORZ�WKH�
UHTXLUHG�OHYHO��

7KLV� ILUVW� LQYHVWLJDWLRQ�DOORZHG� WKH�EDVLF�VWHSV� WR� WKH�GLUHFWLRQ�RI� WKH� IXUWKHU�GHYHORSPHQW�
SUHVHQWHG�LQ�WKLV�SDSHU��

,I� WKH� JODVV� ERG\� RI� D� YROXPHWULF� JODVV� GRHV� QRW� DEVRUE� WKH� ODVHU� LUUDGLDWLRQ� LW� VKRXOG� EH�
SRVVLEOH� WR� VFDQ� D� ODUJH� VXUIDFH� RI� WKH� JODVV� ZLWK� DQ� H[SDQGHG� ODVHU� EHDP�� 7KLV�PDNHV� LW�
SRVVLEOH�WR�ILUH�QRW�RQO\�VLQJOH�OLQHV�OLNH�D�ULQJ�PDUN�EXW�DOVR�WKH�FRPSOHWH�JUDGXDWLRQ��H��J��RI�
D�EXUHWWH�RU�D�JUDGXDWHG�F\OLQGHU��7KLV�PHWKRG�UHTXLUHV�KLJKHU� ODVHU�SRZHU�GXH� WR� WKH� IDFW�
WKDW� WKH� H[SDQVLRQ�RI� WKH� ODVHU�EHDP�GHFUHDVHV� WKH�SRZHU�GHQVLW\��7KH� UHFHQWO\�GHYHORSHG�
KLJK�SRZHU�GLRGH�ODVHUV�DUH�FKDUDFWHUL]HG�E\�D�YHU\�FRPSDFW�FRQVWUXFWLRQ��D� OLQH�VKDSHG�WR�
UHWDQJXODU�IRFXV��D�ORQJ�OLIH�WLPH�DV�ZHOO�DV�D�KLJK�HIILFLHQFO\��7KXV��VXFK�D�ODVHU�ZDV�XVHG�LQ�
WKLV�LQYHVWLJDWLRQ��

7KH� VHOHFWLYH� ILULQJ� DOORZV� WR� UHDFK� WHPSHUDWXUHV� RI�PRUH� WKDQ� ���� �&� RI� WKH� OD\HU� WR� EH�
ILUHG��+HQFH��PDWHULDOV�ZKLFK�FDQQRW�WR�EH�ILUHG�LQ�D�FRQYHQWLRQDO�IXUQDQFH�SURFHVV�FDQ�EH�
XVHG��OLNH�OHDG�IUHH�HQDPHOV�XVHG�IRU�JOD]LQJ�RI�SRUFHODLQ�RU�HDUWKHQZDUH��

�

���([SHULPHQWDO�

����)LULQJ�RI�VFDOHV�

*ODVV� WXEHV�PDGH� RI� ERURVLOLFDWH� ����ZLWK� DQ� RXWHU� GLDPHWHU� RI� ���PP�ZHUH� XVHG� DV�
UHSUHVHQWDWLYHV�IRU����PO�EXUHWWHV��7KH�WXEHV�ZHUH�IL[HG� LQ�D�FKDPEHU�ZLWK�D�GHYLFH�ZKLFK�
DOORZV� URWDWLRQ� DURXQG� WKH� ORQJLWXGLQDO� D[LV��7KH� WXEHV�SULQWHG�ZLWK�D� FRORXUHG� VFDOH�ZHUH�

KHDWHG�E\�,5�LUUDGLDWLRQ�RI�ORQJ�ZDYHOHQJWK��7KH�EHDP�RI�WKH�GLRGH�ODVHU��λ� �����µP��3PD[�
 �����:��ZDV�PRYHG�DORQJ�WKH�URWDWLQJ�WXEHV�E\�PHDQV�RI�DQ�DGGLWLRQDO�OLQHDU�GULYLQJ�JHDU��
7KH�OLQHDU�PRYHPHQW�RI� WKH�ODVHU�EHDP�DQG�WKH�URWDWLRQ�RI�WKH�WXEH�ZHUH�V\QFKURQL]HG�VR�
WKDW� WKH� ODVHU� EHDP� VSRW� VFDQQHG� WKH� FRPSOHWH� WXEH� VXUIDFH� IROORZLQJ� WKH� VKDSH� RI� D�
FRFKOHRLG��7KH�RSWLPXP�ILULQJ�FRQGLWLRQV�ZHUH�DGMXVWHG�E\�WKH�YDULDWLRQ�RI�WKH�ODVHU�SRZHU�
GHQVLW\��OLQHDU�PRYHPHQW�RI�WKH�ODVHU�DQG�URWDWLRQ�RI�WKH�WXEH��7KH�WHPSHUDWXUHV�REWDLQHG�RQ�
WKH�HQDPHO�VXUIDFH�ZHUH�GHWHUPLQHG�E\�DQ�LQIUDUHG�S\URPHWHU���
$�VFKHPDWLF�VNHWFK�RI�WKH�H[SHULPHQWDO�LQVWDOODWLRQ�LV�JLYHQ�LQ�ILJXUH����
�

����7HVWLQJ�RI�GHFDOLEUDWLRQ�

'HFDOLEUDWLRQ� RI� WKH� WXEHV� ZDV� WHVWHG� ZLWK� D� FRPPHUFLDOO\� DYDLODEOH� $872-867�
FDOLEUDWLRQ�XQLW�IRU�SLSHWWHV�DQG�EXUHWWH�WXEHV�EHIRUH�DQG�DIWHU�ILULQJ��7KH�YROXPH�EHWZHHQ�
WZR�JLYHQ�PDUNV�ZDV�PHDVXUHG�E\�GLVSHQVLQJ�ZDWHU�ZLWK�KLJK�SUHFLVLRQ�LQWR�WKH�WXEHV�ZLWK�D�
KLJK� UHVROXWLRQ� VWHS� PRWRU�� 7KH� PDWFKLQJ� RI� WKH� ZDWHU� PHQLVFXV� ZLWK� WKH� PDUNV� ZDV�
GHWHUPLQHG� ZLWK� D� PDJQLI\LQJ� FDPHUD� LQ� RUGHU� WR� DYRLG� LPSHUIHFW� UHDGLQJV�� 7KLV�
PHDVXUHPHQW�ZDV�UHSHDWHG����WLPHV�EHIRUH�DQG�DIWHU�WKH�ILULQJ�SURFHVV��

�
�
�
�



�
�

�

)LJXUH����([SHULPHQWDO�LQVWDOODWLRQ�����JODVV�WXEH�����,5�KHDWLQJ�HOHPHQW�����IXUQDFH�FKDPEHU�����GLRGH�
ODVHU�����OLQHDU�GULYLQJ�JHDU�����URWDWLRQ�JHDU�

�

����7HVWLQJ�RI�FKHPLFDO�GXUDELOLW\�

7KH� FKHPLFDO� GXUDELOLW\� RI� WKH� ILUHG� VFDOHV� DJDLQVW� DFLGV� DQG� DONDOLQH� VROXWLRQV� ZDV�
GHWHUPLQHG�LQ�DQDORJ\�ZLWK�',1�,62������>�@��7KH�VDPSOHV�ZHUH�VWRUHG�IRU���KRXU�LQ���P�
+&O�DW� URRP� WHPSHUDWXUH� IRU� WHVWLQJ� WKH� UHVLVWDQFH�DJDLQVW� DFLGLF�VROXWLRQV�� ,Q� WKH� FDVH�RI�
DONDOLQH�VROXWLRQV�WKH�VDPSOHV�ZHUH�VWRUHG�IRU���KRXUV�DW�����&�LQ�D�PL[HG�FDXVWLF�VROXWLRQ��
$IWHU�WKH�VWRUDJH�WKH�ZHLJKW�ORVV�ZDV�PHDVXUHG�WR�FKDUDFWHULVH�WKH�GXUDELOLW\��

�

���5HVXOWV�DQG�GLVFXVVLRQ�

7KH� FRORXUHG� HQDPHOV� WHVWHG� LQ� WKLV� LQYHVWLJDWLRQ� ZHUH� RI� WKH� +��� VHULHV� IRUP� +HUHDXV��
+DQDX��*HUPDQ\��IRU�JOD]LQJ�RI�ERQH�FKLQD�DQG�HDUWKHQZDUH��7KH�FKHPLFDO�DQDO\VLV�VKRZV��
WKDW�ZLWK� WKH� H[FHSWLRQ� RI� WKH� EOXH�PDWHULDO�� WKH� HQDPHOV� GR� QRW� FRQWDLQ� ELVPXWK� RU� ]LQF�
R[LGHV�� 7KH� EOXH� FRORXUV� FRQWDLQ� ]LQF� VSLQHO�� 6LQFH� WKH� EOXH� DQG� EODFN� FRORXUV� DUH�PDLQO\�
XVHG�IRU�WKLV�SXUSRVHV��WKH\�ZHUH�VWXGLHG�LQ�GHWDLO��2WKHU�FRORXUV�OLNH�UHG��\HOORZ��JUHHQ�DQG�
ZKLWH�KDYH�EHHQ�WHVWHG�UDQGRPO\���
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ILULQJ�WHPSHUDWXUH����&
�



)LJXUH����&KHPLFDO�GXUDELOLW\�DJDLQVW�DFLGLF�VROXWLRQ�RI�EOXH�HQDPHO�DIWHU�ILULQJ�LQ�WHUPV�RI�WKH�ILULQJ�
WHPSHUDWXUH�
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)LJXUH����&KHPLFDO�GXUDELOLW\�DJDLQVW�DONDOLQH�VROXWLRQ�RI�EOXH�HQDPHO�DIWHU�ILULQJ�LQ�WHUPV�RI�WKH�ILULQJ�
WHPSHUDWXUH�

�

)LJXUHV���DQG���VKRZ�WKH�UHVXOWV�RI�WKH�FKHPLFDO�GXUDELOLW\�WHVWV�RI�WKH�EOXH�FRORXU�LQ�WHUPV�
RI�WKH�ILULQJ�WHPSHUDWXUH��7KH�RUGLQDWH�JLYHV�WKH�UHODWLYH�PDVV�ORVV�RI�WKH�DWWDFN�RI�WKH�DFLGLF�
DQG�WKH�DONDOLQH�VROXWLRQ��UHVSHFWLYHO\��)URP�ERWK�ILJXUHV�RQH�FDQ�FRQFOXGHG�WKDW�WKH�ILULQJ�
WHPSHUDWXUH� VKRXOG� UHDFK� ���� �&�� 7KH�PLQLPXP� ILULQJ� WHPSHUDWXUH� RI� WKH� RWKHU� FRORXUV�
VOLJKWO\�IRUP�WKLV�YDOXH��H��J��WKDW�IRU�EODFN�LV������&��DSSUR[LPDWHO\��
7KH�PDVV�ORVV�RI�WKH�OHDG�FRQWDLQLQJ�FRQYHQWLRQDOO\�ILUHG�JODVV�HQDPHOV�>�@�ZDV��������DFLG�
WHVW��DQG��������DONDOLQH�WHVW���7KH�ILULQJ�ZLWK�GLRGH�ODVHU�OHDGV�WR�DQ�LQFUHDVH�RI�WKH�FKHPLFDO�
GXUDELOLW\�DJDLQVW�DFLGV�E\�D�IDFWRU�RI���WR����7KH�FKHPLFDO�GXUDELOLW\�DJDLQVW�DONDOLQH�VROXWLRQV�
RI�HQDPHOV�ILUHG�ZLWK�WKLV�PHWKRG�ZDV�DSSUR[LPDWHO\����WLPHV�KLJKHU�WKDQ�RI�WKRVH�REWDLQHG�
E\�ILULQJ�LQ�D�IXUQDQFH��
7KH�JODVV�WXEHV�ZHUH�SUHKHDWHG�WR�WKH�WUDQVIRUPDWLRQ�WHPSHUDWXUH�RI�ERURVLOLFDWH�JODVV��L��H��������
�����&��E\�PHDQV�RI�LQIUDUHG�LUUDGLDWLRQ��'XH�WR�WKH�JRRG�DEVRUSWLRQ�RI�WKLV�ZDYHOHQJWKV�WKH�
SUHKHDWLQJ� WRRN� RQO\� �� PLQXWHV�� 7KH� IROORZLQJ� ODVHU� ILULQJ� SURFHVV� GHSHQGV� RQ� WKH� ODVHU�
SRZHU�GHQVLW\�DQG� WKH�DEVRUSWLRQ�E\�WKH�HQDPHO�DV�ZHOO�DV�RQ�WKH�PRYHPHQW�VSHHG�ZKLFK�
UHDFKHG�YDOXHV�RI�XS�WR���FP�V��'XULQJ�WKLV�PRYHPHQW�HYHU\�SRLQW�RI�WKH�HQDPHO�VFDOHV�ZDV�
LUUDGLDWHG�E\�WKH�ODVHU�EHDP�VSRW��DUHD������[���PP��RQO\�IRU����PV��:LWKLQ�WKLV�VKRUW�WLPH�D�
WHPSHUDWXUH�RI�XS�WR�������&�FRXOG�EH�UHDFKHG��)RU�D�VXIILFLHQW�TXDOLW\�WKH�ILULQJ�RI�D�WXEH�
�VFDOH��OHQJWK�RI������FP�WRRN����V��
7KH�VFDOH�OHQJWK�DQG�WKH�WXEH�GLDPHWHU�UHSUHVHQW�WKH�FRQGLWLRQV�RI�D����PO�EXUHWWH��7KH�VFDOH�
FRQVLVWV�RI�ULQJ�PDUNV�ZLWK�D�GLVWDQFH�RI�����PP��7KH�GHWHUPLQHG�YROXPH�FKDQJHV�EHWZHHQ�
WKH�ILUVW�DQG�WKH�ODVW�ULQJ�PDUN��EODFN�FRORXU��DUH�JLYHQ�LQ�ILJXUH����(YHU\�YDOXH�UHSUHVHQWV�D�
VHULHV�RI����PHDVXUHPHQWV��WKH�EDUV�UHSUHVHQW�WKH�VWDQGDUG�GHYLDWLRQ��,W�LV�FOHDUO\�VKRZQ�WKDW�
RQO\�D�YHU\�VPDOO�GHFDOLEUDWLRQ�RFFXUV��FRPSDUHG�WR�WKH�DOORZHG�YDOXH�IRU�D����PO�EXUHWWH�RI�
���������7KH�RUGHU�RI�PDJQLWXGH�RI�WKH�REWDLQHG�GHYLDWLRQ�LV�YHU\�FORVH�WR�WKH�SUHFLVLRQ�RI�
WKH�GHWHUPLQDWLRQ�RI�WKH�YROXPH��
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ILULQJ�WHPSHUDWXUH����&
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�
)LJXUH����YROXPH�FKDQJH�RI���GLIIHUHQW�WXEHV�DIWHU�ODVHU�ILULQJ�RI�EODFN�HQDPHO�DW������&�
�

,W�FDQ�EH�FRQFOXGHG� WKDW� WKH�PHWKRG�RI�VHOHFWLYH� ILULQJ�DOORZV� WR� ILUH� VFDOHV�RQ�JODVV� WXEHV�
ZLWKRXW� QRWLFHDEOH�� 7KH� XVH� RI� HQDPHOV� FRPPRQO\� XVHG� IRU� JOD]LQJ� RI� ERQH� FKLQD� DQG�
HDUWKHQZDUH�OHDGV�WR�D�FKHPLFDO�GXUDELOLW\�ZKLFK�LV�VLJQLILFDQWO\�KLJKHU�WKDQ�WKDW�REWDLQHG�E\�
FRQYHQWLRQDOO\�ILUHG�OHDG�FRQWDLQLQJ�HQDPHOV��
�

$FNQRZOHGJHPHQW�

7KLV� VWXG\� ZDV� IXQGHG� E\� WKH� $UEHLWVJHPHLQVFKDIW� LQGXVWULHOOHU�
)RUVFKXQJVYHUHLQLJXQJHQ� $L)� �SURMHFW� QR� ������1�� RQ� EHKDOI� RI� WKH� *HUPDQ�
%XQGHVPLQLVWHULXP�I�U�:LUWVFKDIW�XQG�7HFKQRORJLH���
�

�

�

�
��%DOOZHJ��7���/RFKQHU��.��+��XQG�)DKUHQNURJ��+��+���9HUKDOWHQ�YRQ�(PDLOEUHQQEIDUEHQ�DXI�

%RURVLOLFDWJODV��6SUHFKVDDO��������������������

��/RFKQHU��.��+���%|KP��7���7KH�ILULQJ�RI�HQDPHOV�RQWR�ERURVLOLFDWH�JODVV�WKURXJK�WKH�VHOHFWLYH�
DEVRUSWLRQ�RI�LQIUDUHG�UDGLDWRQ��*ODVWHFK��%HU��*ODVV�6FL��7HFKQRO��������������������

��/RFKQHU��.��+���3DXOXV�1HXHV��-���6HEDVWLDQ��.���%|KP��7���(QDPHOOLQJ�RI�ERURVLOLFDWH�JODVV�

ZLWK�1G�<$*�ODVHU�LUUDGLDWLRQ��3URF���WK�(6*�&RQIHUHQFH��3UDJXH�����������������
3XEOLVKHG�RQ�&'�520�

��',1�,62�������9HUIDKUHQ�]XU�3U�IXQJ�GHU�FKHPLVFKHQ�%HVWlQGLJNHLW�YRQ�)DUEHQ�]XU�
)DUENHQQ]HLFKQXQJ��%HXWK�9HUODJ��%HUOLQ��-DQXDU������
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