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2[LGH�ULFK� SODQDU� IDXOWV� ZLWK� D� URFN�VDOW�W\SH� VWUXFWXUH� LQ� SHURYVNLWH� JUDLQV� DUH� WKH�
SUHYDLOLQJ�W\SH�RI�SODQDU�GHIHFWV�LQ�SRO\FU\VWDOOLQH�$2�GRSHG�&D7L2���$ &D�6U�%D���7KHVH�
VR�FDOOHG� 5XGGOHVGHQ�3RSSHU� �53�� IDXOWV� IRUP� UDQGRP� QHWZRUN� VWUXFWXUHV� RU� RUGHUHG�
SRO\W\SHV� DQG� SRO\W\SRLGV�� GHSHQGLQJ� RQ� WKH� SURFHVVLQJ� SDUDPHWHUV�� 7KH� RUGHULQJ� RI�53�
IDXOWV� ZDV� REVHUYHG� E\� YDULRXV� KLJK�UHVROXWLRQ� 67(0� LPDJLQJ� WHFKQLTXHV�� 7KH� ORFDO�
FKHPLFDO� FRPSRVLWLRQ�ZDV� LQYHVWLJDWHG� E\� HQHUJ\�GLVSHUVLYH�;�UD\� VSHFWURPHWU\� �(';6��
DQG� HOHFWURQ� HQHUJ\�ORVV� VSHFWURPHWU\� �((/6��� 7KH� DFKLHYHG� SRLQW�WR�SRLQW� UHVROXWLRQ� LQ�
EULJKW�ILHOG� �%)�� DQG�KLJK�DQJOH� DQQXODU� GDUN�ILHOG� �+$$')��67(0� LPDJLQJ�ZDV�EHORZ�
����� QP�� ,Q� =�FRQWUDVW� LPDJLQJ�� LW� ZDV� SRVVLEOH� WR� UHVROYH� ���� RI� WKH� GLIIHUHQFH� LQ� WKH�
DYHUDJH� DWRPLF� QXPEHU� �=�� EHWZHHQ� WZR� DGMDFHQW� DWRPLF� FROXPQV�� &KHPLFDO� DQDO\VLV�
VKRZHG�WKDW�6U�DQG�%D�SUHIHUHQWLDOO\�VXEVWLWXWH�IRU�&D�LQ�WKH�&D7L2��ODWWLFH��WKXV�IRUPLQJ��D��
VROLG� � VROXWLRQ� � RI� �&D��[6U[�7L2�� DQG� �&D��[%D[�7L2���7KH� H[FHVV�&D� LRQV� IRUP� VLQJOH�RU�
RUGHUHG�&D2�ULFK�SODQDU�IDXOWV�LQ�WKH�KRVW�VROLG�VROXWLRQ�SKDVH��6U�DQG�%D�GR�QRW�VXEVWLWXWH�
IRU�&D�RQ�WKH�VLWHV�DW�WKH�IDXOW��7KH�SRO\W\SRLGV�DUH�FRPSULVHG�RI�D�VHTXHQFH�RI�VLQJOH�&D2�
IDXOWV�IROORZHG�E\�D�GLIIHUHQW�QXPEHU�RI��&D��[6U[�7L2��RU��&D��[%D[�7L2��SHURYVNLWH�OD\HUV��
�
�
�

,QWURGXFWLRQ�

7KH� VFDQQLQJ� WUDQVPLVVLRQ� HOHFWURQ� PLFURVFRSH� �67(0�� KDV� VLJQLILFDQWO\�

LPSURYHG� LPDJLQJ� DQG� DQDO\WLFDO� FDSDELOLWLHV� LQ� PDWHULDOV� LQYHVWLJDWLRQV�� 7KH� EDVLF�

FRQFHSW� RI� D� 67(0� LV� WR� FRPELQH� WKH� SHUIRUPDQFHV� RI� D� WUDQVPLVVLRQ� HOHFWURQ�

PLFURVFRSH� �7(0��� VFDQQLQJ� HOHFWURQ� PLFURVFRSH� �6(0�� DQG� HOHFWURQ� PLFURSUREH�

�(30$������7KHUH�DUH�WZR�GLIIHUHQW�W\SHV�RI�67(0��7KH�ILUVW�LV�WKH�VR�FDOOHG�GHGLFDWHG�

VFDQQLQJ�WUDQVPLVVLRQ�HOHFWURQ�PLFURVFRSH��'67(0���ZKLFK�JHQHUDOO\�XVHV�D�FROG�ILHOG�

HPLVVLRQ�HOHFWURQ�JXQ��)(*��KRXVHG�LQ�DQ�XOWUD�KLJK�YDFXXP�V\VWHP��7KH�DOWHUQDWLYH�LV�

D� FRQYHQWLRQDO�7(0�HTXLSSHG�ZLWK� D� VFDQQLQJ�XQLW� WKDW� FRQWUROV� WKH� EHDP�PRYHPHQW�

DFURVV� WKH� VDPSOH�� 6XFK� D� PLFURVFRSH� LV� UHIHUUHG� WR� DV� D� 7(0�6�� RU� 7(0�67(0��

+RZHYHU�� LQLWLDOO\� WKHVH�PLFURVFRSHV� FRXOG� QRW� EH� FRPSDUHG� LQ� WHUPV� RI� SHUIRUPDQFH�
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ZLWK� D� GHGLFDWHG� 67(0�� PDLQO\� GXH� WR� D� ODUJH� EHDP� VL]H�� D� FRQVHTXHQFH� RI� D�

WKHUPRLRQLF�HOHFWURQ�VRXUFH��,W�ZDV�QRW�XQWLO�7(0�6�V�ZHUH�ILWWHG�ZLWK�D�ILHOG�HPLVVLRQ�

JXQ� VRXUFH� WKDW� WKH\� EHFDPH� FRPSDUDEOH� LQ� SHUIRUPDQFH�ZLWK� � GHGLFDWHG� 67(0V�� ,Q�

IDFW��RQH�RI�WKH�PDMRU�DGYDQWDJHV�RI�WKHVH�)(*�7(0�6��RYHU�GHGLFDWHG�67(0V�LV�WKDW�

WKH\�XQLWH� WKH�7(0�DQG�67(0�FRQFHSW� LQ�RQH� LQVWUXPHQW��2QH�FDQ� WKHUHIRUH�SHUIRUP�

KLJK�UHVROXWLRQ� WUDQVPLVVLRQ� HOHFWURQ� PLFURVFRS\� �+57(0�� DQG� DQDO\WLFDO� HOHFWURQ�

PLFURVFRS\� �$(0��RQ� WKH� VDPH� VDPSOH� LQ� WKH� VDPH� LQVWUXPHQW��7KH�EDVLF�PRGH�RI� D�

67(0� LQYROYHV� DQ� H[WUHPHO\� ILQH� SUREH�� XVXDOO\� OHVV� WKDQ� ���� QP� LQ� GLDPHWHU�� EHLQJ�

VFDQQHG�DFURVV� WKH� WKLQ� IRLO� VSHFLPHQ��7KH�HOHFWURQV� WKDW�SDVV� WKURXJK� WKH�VDPSOH�DQG�

DUH� VFDWWHUHG� HLWKHU� HODVWLFDOO\�RU� LQHODVWLFDOO\�� FDQ�EH�FROOHFWHG�E\�D�EULJKW�ILHOG� �%)���

DQQXODU� GDUN�ILHOG� �$')�� RU� KLJK�DQJOH� DQQXODU� GDUN�ILHOG� �+$$')�� 67(0�GHWHFWRU��

7KHVH�GLIIHUHQW�67(0�GHWHFWRUV�FRQYHUW�WKH�QXPEHU�RI�GHWHFWHG�HOHFWURQV�LQWR�D�VXLWDEOH�

YLGHR�VLJQDO�WR�PRGXODWH�WKH�LQWHQVLW\�RI�WKH�EHDP�LQ�D�FDWKRGH�UD\�WXEH�PRQLWRU���7KH�

;�UD\� H[FLWHG� LQ� WKH� VDPSOH� E\� WKH� KLJK�HQHUJ\� HOHFWURQV� FDQ�EH� DQDO\]HG�E\� HQHUJ\�

GLVSHUVLYH�;�UD\� VSHFWURPHWU\� �(';6��� SURGXFLQJ�TXDOLWDWLYH�RU� TXDQWLWDWLYH� FKHPLFDO�

QDQRDQDO\VLV� RI� WKH� DQDO\]HG� UHJLRQ�� )LQDOO\�� DQ� HOHFWURQ� HQHUJ\�ORVV� VSHFWURPHWHU�

�((/6��FDQ�GLIIHUHQWLDWH�WKH�HQHUJLHV�RI�WKH�SDVVLQJ�HOHFWURQV��7KH�REWDLQHG�((/�VSHFWUD�

FDQ� SURYLGH� LQIRUPDWLRQ� RQ� WKH� TXDOLWDWLYH� DQG� TXDQWLWDWLYH� FKHPLFDO� FRPSRVLWLRQ� DQG�

WKH�GLHOHFWULF�SURSHUWLHV�RI�WKH�PDWHULDO���

7KH� VFDQQLQJ� WUDQVPLVVLRQ� HOHFWURQ�PLFURVFRSH� �67(0��PDNHV� SRVVLEOH� D� ODUJH�

YDULHW\� RI� LPDJLQJ� DQG� DQDO\WLFDO� WHFKQLTXHV� QRW� SUHYLRXVO\� FRPELQHG� LQ� D� VLQJOH�

LQVWUXPHQW�� 7KH� DLP� RI� WKLV� SDSHU� LV� WR� VKRZ� WKH� SRVVLELOLWLHV� IRU� FHUDPLF� PDWHULDOV�

LQYHVWLJDWLRQV� XVLQJ� VFDQQLQJ� WUDQVPLVVLRQ� HOHFWURQ� PLFURVFRS\�� ZKLFK� ZLOO� EH�

LOOXVWUDWHG�E\�WKH�UHVXOWV�RI� LPDJLQJ�DQG�FKHPLFDO�DQDO\VLV�RI�5XGGOHVGHQ�3RSSHU��53��

IDXOWV�LQ�$2�GRSHG�&D7L2���$ &D�6U�%D���%ULJKW�ILHOG��%)���DQQXODU�GDUN�ILHOG��$')��

DQG�KLJK�DQJOH�DQQXODU�GDUN�ILHOG��+$$')��GHWHFWRUV�ZHUH�XVHG�IRU�LPDJLQJ��ZKLOH�WKH�

ORFDO� FKHPLVWU\� RI� SODQDU� IDXOWV�� SRO\W\SHV� DQG� SRO\W\SRLGV� KDV� EHHQ� LQYHVWLJDWHG� E\�

VSDWLDOO\� UHVROYHG� HQHUJ\�GLVSHUVLYH�;�UD\� VSHFWURPHWU\� �(';6�� DQG� HOHFWURQ� HQHUJ\�

ORVV�VSHFWURPHWU\��((/6����

�



$FWD�&KLP��6ORY�������������������

0��ýHK��6FDQQLQJ�WUDQVPLVVLRQ�(OHFWURQ�0LFURVFRS\��67(0��RI�5XGGOHVGHQ�3RSSHU�)DXOWV��� �

���

5XGGOHVGHQ�3RSSHU�IDXOWV�LQ�$7L2��SHURYVNLWHV��$ &D�6U�%D��

,W�LV�NQRZQ�WKDW�VRPH�WLWDQDWHV�ZLWK�WKH�$7L2��SHURYVNLWH�VWUXFWXUH�FRPSHQVDWH�IRU�

QRQVWRLFKLRPHWU\� �$�7L!������ E\� IRUPLQJ� RI� LVRODWHG� RU� RUGHUHG� SODQDU� IDXOWV�� 7KLV�

SKHQRPHQRQ� ZDV� REVHUYHG� LQ� WKH� 6U7L2��6U2� V\VWHP�
�� WKH� &D7L2��&D2� V\VWHP

�� DQG�

DOVR�LQ�VRPH�PL[HG�SHURYVNLWHV�OLNH�6U2�GRSHG�&D7L2��
���

$Q�REVHUYDWLRQ�FRPPRQ�WR�DOO�WKHVH�V\VWHPV�LV�WKDW�DW�D�UHODWLYHO\�VPDOO�GHYLDWLRQ�

IURP�VWRLFKLRPHWU\��$�7L�������DQG�VLQWHULQJ�WHPSHUDWXUHV������R&��WKH�$2�H[FHVV�LV�

FRPSHQVDWHG�IRU�E\�WKH�IRUPDWLRQ�RI�UDQGRP�QHWZRUNV�RI� LVRODWHG�SODQDU�IDXOWV��ZKLFK�

UXQ� SDUDOOHO� WR� WKH�^���`� ODWWLFH� SODQHV� RI� WKH� SHURYVNLWH�� $� VLQJOH� SODQDU� IDXOW� KDV� D�

URFN�VDOW�W\SH�VWUXFWXUH�DQG�LV�FRKHUHQWO\�LQWHUJURZQ�ZLWK�WKH�$7L2��SHURYVNLWH�PDWUL[��

$FURVV�WKH�IDXOW��$�DQG�7L�FDWLRQV�LQ�WKH�QHLJKERULQJ�SHURYVNLWH�EORFNV�DUH�EURXJKW�LQWR�

WKH� DQWL�SKDVH�SRVLWLRQ� IRU� WKH�ò>���@� RI� WKH�SHURYNVLWH� ODWWLFH� �)LJ��������6WUXFWXUDOO\��

VXFK� D� IDXOW� FDQ� EH� UHJDUGHG� DV� DQ� DQWL�SKDVH� ERXQGDU\�ZLWK� D� FRPSRVLWLRQ�$2��7KLV�

W\SH�RI�SODQDU�IDXOW�LV�DOVR�NQRZQ�DV�D�5XGGOHVGHQ�3RSSHU�IDXOW��53���VLQFH�LW�ZDV�ILUVW�

GHVFULEHG�E\�5XGGOHVGHQ�DQG�3RSSHU�DV�D�VWUXFWXUDO�OD\HU�ZLWKLQ�WKH�6U�7L�2���SKDVH�
��

$W� VLQWHULQJ� WHPSHUDWXUHV� KLJKHU� WKDQ� ����R&�� SRO\W\SLF� 53� SKDVHV� ZLWK� WKH�

JHQHUDO�IRUPXOD�$Q��7LQ2�Q���FDQ�EH�IRUPHG�DFFRUGLQJ�WR�GLIIHUHQW�FRPSRVLWLRQV�LQ�WKH�

$7L2��$2�SKDVH�GLDJUDPV��7KHVH�SKDVHV�DUH�VWUXFWXUDOO\�FRPSRVHG�RI�D�VLQJOH�53�IDXOW��

ZKLFK� LV� IROORZHG� E\�Q� SHURYVNLWH� EORFNV� �Q �������� ,Q� WKH� &D7L2��&D2� V\VWHP� WZR�

SRO\W\SLF�SKDVHV�DUH�UHSRUWHG��&D�7L�2���Q ���DQG�&D�7L�2����Q ���
����'XH�WR�D�GLIIHUHQW�

&D�7L� LRQLF� UDWLR�� WKH� SKDVH�&D�7L2�� LV� QRW� VWDEOH��&D�7L�2�� DQG�&D�7L�2��� FRQVLVW� RI�

FRKHUHQW�LQWHUJURZWKV�RI�Q�SHURYVNLWH�EORFNV�ZLWK�D�VLQJOH�&D2�OD\HU�KDYLQJ�D�GLVWRUWHG�

URFN�VDOW�FRQILJXUDWLRQ����,Q�ERWK�VWUXFWXUHV�WKH�7L2��RFWDKHGUD�DUH�WLOWHG�DQG�GLVWRUWHG�LQ�

D� IDVKLRQ� VLPLODU� WR� WKDW� LQ�&D7L2��� ,Q�&D�7L�2��� WKHUH� DUH� WZR�GLVWLQFW� W\SHV� RI�7L2��

RFWDKHGUD��WKRVH�LQ�WKH�PLGGOH�RI�WKH�SHURYVNLWH�EORFNV��W\SH�,��DQG�WKRVH�DW�WKH�HGJHV�RI�

WKH�EORFNV� �W\SH� ,,��� L�H�� DW� � WKH�&D2� OD\HUV� �)LJ�������7KH�PHDQ�&D�2�ERQG� OHQJWKV� LQ�

&D�7L�2��� LQGLFDWH� WKDW� WKHUH�DUH� WZR�GLVWLQFW�&D�VLWHV� LQ� WKH�SRO\W\SLF�VWUXFWXUH�� ODUJHU�

&D,�VLWHV�LQ�WKH�PLGGOH�RI�&D7L2��EORFNV�DQG�VPDOOHU�&D,,�VLWHV�LQ�WKH�&D2�OD\HUV��,Q�WKH�

6U7L2��6U2� V\VWHP� WKUHH� SRO\W\SLF� SKDVHV� DUH� NQRZQ�� 6U�7L2�� �Q ���� 6U�7L�2�� �Q ���

DQG���6U�7L�2����Q ���
������$JDLQ���WKH��6U�7L2����SKDVH��FDQ�EH��GHVFULEHG��DV��WKH�RUGHUHG��
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)LJXUH����>���@�YLHZ�RI�D�VLQJOH�53�IDXOW�VWUXFWXUH�VKRZV�WKH�DQWL�SKDVH�SRVLWLRQ�RI�&D�DQG�
7L�DWRPV�DFURVV�WKH�ERXQGDU\�IRU�WKH�ò>���@�RI�WKH�SHURYNVLWH�ODWWLFH��

�

VHTXHQFH�RI�D� VLQJOH�6U2�SODQDU� IDXOW� DQG�D� VLQJOH�6U7L2��SHURYVNLWH�EORFN��ZKLOH� WKH�

SKDVH�6U�7L�2���LV�D�VHTXHQFH�RI�RQH�SODQDU�IDXOW�DQG�WKUHH�SHURYVNLWH�OD\HUV��7KHVH�53�

SKDVHV�DUH�FRPSOHWHO\�RUGHUHG�RQO\�ZKHQ� WKH�H[DFW� VWRLFKLRPHWU\� LV�DFKLHYHG��)RU� WKH�

6U�7L�2��� SKDVH�� WKH� DWRPLF� 6U�7L� UDWLR� VKRXOG� EH� ������ )LQDOO\�� LQ� WKH� %D7L2��%D2�

V\VWHP�� WKH� VR� FDOOHG� RUWKRWLWDQDWH� %D�7L2�� SKDVH� LV� QRW� D� SRO\W\SLF� SKDVH�� VLQFH� LWV�

VWUXFWXUH� FDQQRW� EH� GHVFULEHG� DV� D� VHTXHQFH� RI� %D2� OD\HUV� DQG� %D7L2�� SHURYVNLWH�

EORFNV�� � 1HYHUWKHOHVV�� YHU\� UHFHQW� LQYHVWLJDWLRQV� KDYH� VKRZQ� WKDW� LVRODWHG� 53� SODQDU�

IDXOWV�ZHUH�DOVR�REVHUYHG�LQ�%D2�GRSHG�%D7L2��WKLQ�ILOPV�
���

:KHQ� ZH� DSSO\� VPDOO� GHYLDWLRQV� IURP� VWRLFKLRPHWU\� LQ� $2�GRSHG� &D7L2�� DQG�

6U7L2�� �$�7L������� DQG� VLQWHULQJ� WHPSHUDWXUHV� EHWZHHQ� ����
R&� DQG� ����R&�� ZH�

HQFRXQWHU�D�VLWXDWLRQ�ZKHUH�ZH�REVHUYH�VODEV�RI�PRUH�RU�OHVV�RUGHUHG�SRO\W\SLF�SKDVHV�

HPEHGGHG� LQ� WKH� SHURYVNLWH� &D7L2�� DQG� 6U7L2�� PDWUL[�� 7KH� UHVXOWLQJ�PLFURVWUXFWXUH�

FRQVLVWV�RI�FRPSRVLWH�OLNH�&D7L2��DQG�6U7L2��JUDLQV�ZLWK�SRO\W\SLF�VODEV� LQWHUVHFWLQJ�

WKH�JUDLQV��*UDLQV�ZLWK�DQ�HPEHGGHG�SRO\W\SLF�SKDVH�SRVVHVV�D�KLJKO\�DQLVRWURSLF�VKDSH�

GXH� WR� WKH� SUHIHUHQWLDO� DQG� IDVWHU� JURZWK� RI� SRO\W\SLF� ODPHOOD� FRPSDUHG� WR� WKH�

VXUURXQGLQJ�&D7L2��DQG�6U7L2��JUDLQV��7KLV�SKHQRPHQRQ�ZDV�REVHUYHG�LQ�&D2�GRSHG�

&D7L2��
��%D2�GRSHG�&D7L2�

���DQG�UHFHQWO\�DOVR�LQ�6U2�GRSHG�6U7L2��
���

:KHQ� 6U2� RU� %D2� DUH� DGGHG� WR� &D7L2��� WKH� PHFKDQLVP� RI� WKHLU� LQFRUSRUDWLRQ�

EHDUV� D� FORVH� UHVHPEODQFH� WR� WKDW� RI�&D2� LQWR�&D7L2�����:KHQ� VLQWHULQJ�&D7L2��ZLWK�

6U2� RU� %D2� DW� WHPSHUDWXUHV� DV� KLJK� DV� �����&�� RUGHUHG� VWUXFWXUHV� RI� WKH���������������

�&D[6U��[�Q��7LQ2�Q���RU��&D[%D��[�Q��7LQ2�Q���SRO\W\SRLGLF�KRPRORJRXV�VHULHV�DUH�IRUPHG��

�����QP

&D &D ,,,

�����QP

7L2
�
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+RZHYHU�� WKH� GLVWULEXWLRQ� RI� 6U� DQG�RU� %D� LQ� SRO\W\SRLGLF� VWUXFWXUHV�ZDV� QRW� NQRZQ��

&U\VWDOORJUDSKLF�VWXGLHV�RI�WKH�&D���6U���7L�2���SKDVH�HPSOR\LQJ�QHXWURQ�GLIIUDFWLRQ�DQG�

&%('��� LQGLFDWHG� WKDW� WKH�DGGLWLRQ�RI�6U�KDG�D�VLJQLILFDQW� LQIOXHQFH�RQ�WKH�SRO\W\SRLG�

VWUXFWXUH� DQG� WKDW� ODUJHU� 6U� DWRPV� VXEVWLWXWHG� SUHIHUHQWLDOO\� RQ� &D,� VLWHV�� ZLWKLQ� WKH�

SHURYVNLWH�OD\HUV��ZKLOH�WKH�&D,,�VLWHV�UHPDLQHG�IXOO\�&D�RFFXSLHG��+RZHYHU��XS�WR�QRZ�

QR�LQ�VLWX�FKHPLFDO�DQDO\VLV�ZDV�SHUIRUPHG�WR�FRQILUP�WKHVH�UHVXOWV��6LQFH�VLQJOH�SODQDU�

IDXOWV� DUH�� RQ� DYHUDJH�� ���� QP� ZLGH�� KLJKO\� VSDWLDOO\� UHVROYHG� DQDO\WLFDO� HOHFWURQ�

PLFURVFRS\�LV�QHHGHG�WR�SHUIRUP�VXFK�FKHPLFDO�DQDO\VLV���

�

�

([SHULPHQWDO�SURFHGXUHV�DQG�PHWKRGV�

$QDO\WLFDO�JUDGH�VWDUWLQJ�PDWHULDOV�ZHUH�XVHG�IRU�WKH�SUHSDUDWLRQ�RI�VDPSOHV��&D2��

6U2�DQG�%D2�ZHUH�DGGHG�WR�&D7L2��LQ�WKH�IRUP�RI�FDUERQDWHV��7KH�PL[WXUHV�RI�&D7L2��

DQG�FDUERQDWHV�HTXLYDOHQW�XS�WR����PRO��RI�$2��ZHUH�XQLD[LDOO\�SUHVVHG�LQWR�SHOOHWV�LQ�

D�VWHHO�GLH��DQG�VLQWHUHG�LQ�DLU�DW�WHPSHUDWXUHV�IURP������WR�������&�IURP���WR����KRXUV���

7KLQ� IRLO� VSHFLPHQV� IRU� WUDQVPLVVLRQ� HOHFWURQ� PLFURVFRS\� REVHUYDWLRQV� ZHUH�

SUHSDUHG�E\�LRQ�EHDP�PLOOLQJ�XVLQJ�DUJRQ�LRQV�DW��N9��6SHFLPHQV�ZHUH�H[DPLQHG�LQ�D�

GHGLFDWHG� VFDQQLQJ� WUDQVPLVVLRQ� HOHFWURQ� PLFURVFRSH� 67(0� �+%� ����� 9DFXXP�

*HQHUDWRUV�� DQG� LQ� D� WUDQVPLVVLRQ� HOHFWURQ� PLFURVFRSH� �-(0�����)�� -HRO��� 7KH�

GHGLFDWHG�67(0�ZDV�ILWWHG�ZLWK�D�FROG�ILHOG�HPLVVLRQ�JXQ��DQG�HTXLSSHG�ZLWK�D�SDUDOOHO�

((/�VSHFWURPHWHU��*DWDQ������DQG�D�WKLQ�ZLQGRZ�*H�(';�GHWHFWRU��1RUDQ���7KH�-(0�

����)�ZDV�HTXLSSHG�ZLWK�D�6FKRWWN\�W\SH�ILHOG�HPLVVLRQ�JXQ�DQG�ILWWHG�ZLWK�D�VFDQQLQJ�

LPDJH� REVHUYDWLRQ� V\VWHP�ZLWK� EULJKW�ILHOG� �%)��� DQQXODU� GDUN�ILHOG� �$')�� DQG� KLJK�

DQJOH� DQQXODU� GDUN�ILHOG� �+$$')�� VFDQQLQJ� WUDQVPLVVLRQ� HOHFWURQ�GHWHFWRU��7KH� LQQHU�

DQG� RXWHU� DQQXODU� DQJOHV� IRU� WKH� +$$')� GHWHFWRU� ZHUH� ��� PUDG� DQG� ���� PUDG��

UHVSHFWLYHO\��7KH�HVWLPDWHG�EHDP�VL]H�IRU�KLJK�UHVROXWLRQ�67(0�LPDJLQJ�ZDV�OHVV�WKDQ�

����QP��&KHPLFDO�DQDO\VLV�ZDV�SHUIRUPHG�ZLWK�DQ�;�UD\�HQHUJ\�GLVSHUVLYH�VSHFWURPHWHU�

�2[IRUG�,QVWUXPHQWV��/,1.�,6,6������DQG�D�SDUDOOHO�HOHFWURQ�HQHUJ\�ORVV�VSHFWURPHWHU�

�*DWDQ��3((/6��������
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(';� VSHFWUD� ZHUH� DFTXLUHG� IURP� SRLQWV�� OLQHV� DQG� IUDPHVFDQV� RI� GLIIHUHQW�

GLPHQVLRQV� IURP� ���� WR� ���� V�� $� PRGLILHG� .UDPHUV�� ODZ��� ZDV� XVHG� WR� PRGHO� WKH�

EDFNJURXQG�DQG�WKH�&OLII�/RULPHU���HTXDWLRQ�ZDV�XVHG�WR�TXDQWLI\�WKH�(';�VSHFWUD��7KH�

N�IDFWRUV� ZHUH� GHWHUPLQHG� H[SHULPHQWDOO\� IURP� (';� VSHFWUD� WDNHQ� IURP� SXUH�

FRPSRXQGV�RI�&D�7L�2���DQG�6U7L2�
����1R�FRUUHFWLRQ�IRU�WKH�DEVRUSWLRQ�RI�&D.D��7L.D�

DQG� 6U.D� OLQHV�ZDV� XVHG� VLQFH� WKH� (';� VSHFWUD�ZHUH� DFTXLUHG� IURP� VXIILFLHQWO\� WKLQ�

UHJLRQV� RI� WKH� IRLOV�� 7KH� LQWHUIDFLDO� FRYHUDJH� *� �DWRPV�QP��� ZDV� GHWHUPLQHG� IURP�

IUDPHVFDQV�YLD�WKH�VSDWLDO�GLIIHUHQFH�PHWKRG����

7KH� DFTXLVLWLRQ� DQG� SURFHVVLQJ� RI� ((/� VSHFWUD� ZDV� FRQWUROOHG� E\� D� FXVWRP�

IXQFWLRQ�LQFRUSRUDWHG�LQWR�WKH�(/�3�VRIWZDUH��*DWDQ���7KH�((/�VSHFWUD�ZHUH�REWDLQHG�LQ�

WZR� GLIIHUHQW�ZD\V�� IURP� IUDPHVFDQV��ZKHUH� WKH� HOHFWURQ� EHDP�ZDV� VFDQQLQJ� RYHU� DQ�

DUHD� WR� DFTXLUH� RQH� VSHFWUXP�� RU� IURP� OLQHVFDQV��ZKHUH� D� JURXS� RI�((/� VSHFWUD�ZHUH�

DFTXLUHG�ZKLOH�WKH�EHDP�ZDV�VFDQQLQJ�D�OLQH�DFURVV�WKH�VSHFLPHQ��$�W\SLFDO�DFTXLVLWLRQ�

WLPH�IRU�HDFK�VSHFWUXP�GXULQJ�D�OLQHVFDQ�ZDV���WR���V��7KH�((/�VSHFWUD�IRU�WKH�SODQDU�

IDXOWV�ZHUH�H[WUDFWHG�IURP�IUDPHVFDQV�RU�OLQHVFDQV�E\�WKH�VSDWLDO�GLIIHUHQFH�PHWKRG�������

�

�

5HVXOWV�DQG�GLVFXVVLRQ�

%ULJKW�ILHOG��%)��DQG�GDUN�ILHOG��')��67(0�LPDJLQJ�

([SHULPHQWDO�KLJK�UHVROXWLRQ�%)�DQG�')�67(0�LPDJHV�RI� LVRODWHG�SODQDU� IDXOWV�

DQG�RUGHUHG�SRO\W\SRLGLF�VHTXHQFHV�LQ�D�%D2�GRSHG�&D7L2��FU\VWDO�DUH�VKRZQ�LQ�ILJXUH�

��� 6LPLODU� LPDJHV� ZHUH� REWDLQHG� IRU� &D2�� DQG� 6U2�GRSHG� &D7L2��� 7KH� %)� LPDJH� LV�

FRPSULVHG� RI� IRUZDUG�VFDWWHUHG� HOHFWURQV� DQG� PRVW� RI� WKH� LQHODVWLFDOO\� VFDWWHUHG�

HOHFWURQV�LQ�WKH�WUDQVPLWWHG�EHDP��7KH�LQIRUPDWLRQ�IURP�VXFK�DQ�LPDJH�LV�TXLWH�VLPLODU�

WR� WKDW�RI�D�%)�7(0�LPDJH��2Q�WKH�RWKHU�KDQG�� WKH�$')�GHWHFWRU�FROOHFWV�PRVW�RI� WKH�

HODVWLFDOO\�VFDWWHUHG�HOHFWURQV��ZKLOH�WKH�WUDQVPLWWHG�FHQWUDO�EHDP�LV�QRW�GHWHFWHG��6LQFH�

WKH�DEHUUDWLRQ�HIIHFWV�RI�WKH�OHQVHV�DUH�PRUH�VHULRXVO\�SURQRXQFHG�IRU�RII�D[LV�UD\V��WKH�

UHVROXWLRQ� RI� WKH� ')� LPDJH� WDNHQ� E\� DQ� $')� GHWHFWRU� LV� XVXDOO\� ZRUVH� WKDQ� WKH�

UHVROXWLRQ�RI�WKH�FRUUHVSRQGLQJ�%)�LPDJH��7KH�53�IDXOWV�LQ�ERWK�%)�LPDJHV��)LJ���D�F��

DUH�YLVLEOH�DV�VWUDLJKW�ZKLWH�OLQHV��'LIIHUHQW�GLVWDQFHV�EHWZHHQ�WKH�53�IDXOWV�LQ�ILJXUH��D�

LQGLFDWH�WKDW�WKH�VDPSOH�ZDV�SURFHVVHG��DW�D��ORZHU�WHPSHUDWXUH��7KH�RUGHUHG�VHTXHQFHV�
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RI�WKH�53�IDXOWV�LQ�ILJXUH��F�FRUUHVSRQG�WR�WKH��&D��[%D[��7L�2���SRO\W\SRLGLF�SKDVH��7KH�

DWRPLF�FROXPQV�LQ�WKH�SHURYVNLWH�PDWUL[�DUH��DOVR�UHVROYHG��LQ�WKH��%)�LPDJH�LQ�ILJXUH��D�

GHVSLWH�

�

�

�

�

�

�

)LJXUH����%ULJKW�ILHOG� �%)��DQG�GDUN�ILHOG� �')�� LPDJHV�RI� LVRODWHG�53�IDXOWV�DQG�RUGHUHG�
53�SRO\W\SRLGLF�SKDVH�LQ�%D2�GRSHG�&D7L2��WDNHQ�DW�GLIIHUHQW�PDJQLILFDWLRQV��%)�LPDJHV�
�D�F��SRVVHVV�EHWWHU�UHVROXWLRQ�WKDQ�')�LPDJHV��F�G���7 ���� R&��W ���K��

�

WKH�SUHVHQFH�RI� �VRPH�DVWLJPDWLVP��ZKLFK�LV�XVXDOO\�YHU\�GLIILFXOW� WR�FRUUHFW� LQ�67(0�

LPDJHV��:LWK�D�SUREH�GLDPHWHU�a����QP�WKH�EHVW�SRLQW�WR�SRLQW�UHVROXWLRQ�REWDLQHG�ZLWK�

%)�LPDJLQJ�ZDV�OHVV�WKDQ������QP��ZKLFK�LV�ò>���@�RI�WKH�SHURYVNLWH�XQLW�FHOO��7KLV�LV�

ZK\�WKH�DWRPLF�FROXPQV�DW�WKH�53�IDXOW�WKDW�DUH������QP�DSDUW�FRXOG�QRW�EH�UHVROYHG�LQ�

ILJXUH��D��,Q�ERWK�')�LPDJHV��)LJ���E�G��WKH�53�IDXOWV�DSSHDU�DV�GDUN�OLQHV��VLQFH�WKH�53�

IDXOWV� SURGXFH� OHVV� KLJK�DQJOH� VFDWWHUHG� HOHFWURQV��')� LPDJHV� KDYH� D� ORZHU� UHVROXWLRQ�

WKDQ� WKH� FRUUHVSRQGLQJ� %)� LPDJHV�� 6LQFH� ')� LPDJHV� DUH� PRUH� VHQVLWLYH� WR� DQ\�

GHYLDWLRQV�IURP�WKH�]RQH�D[LV��WKH�SHURYVNLWH�ODWWLFH�LPDJH�LQ�ILJXUH��E�LV�UHVROYHG�RQO\�

LQ�RQH�GLUHFWLRQ��
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+LJK�DQJOH�DQQXODU�GDUN�ILHOG�LPDJLQJ��+$$')��LQ�67(0�

')�LPDJHV� LQ�D�67(0�DUH�XVXDOO\� WDNHQ�ZLWK�DQ�$')�GHWHFWRU� WKDW�KDV�DQ�LQQHU�

GLDPHWHU� OHVV� WKDQ� ��� PUDG�� 6XFK� GHWHFWRU� FROOHFWV� PRVW� RI� WKH� HODVWLFDOO\� VFDWWHUHG�

HOHFWURQV�� ,I�ZH� LQFUHDVH� WKH�GLDPHWHU�RI� WKH�KROH� LQ� WKH�GHWHFWRU� WKHQ�RQO\�KLJK�DQJOH�

VFDWWHUHG�LQFRKHUHQW�HOHFWURQV�DUH�GHWHFWHG��6LQFH�KLJK�DQJOH�VFDWWHULQJ�RI�WKH�HOHFWURQV�

VWURQJO\� GHSHQGV� RQ� WKH� DWRPLF� QXPEHU� �=�� RI� WKH� VDPSOH� DWRPV�� WKLV� W\SH� RI� 67(0�

LPDJLQJ� LV� DOVR� QDPHG� LQFRKHUHQW�=�FRQWUDVW� LPDJLQJ������� 7KH�+$$')� LPDJH� FDQ� EH�

LQWHUSUHWHG� GLUHFWO\� ZLWKRXW� WKH� QHHG� IRU� SUHFRQFHLYHG� VWUXFWXUDO� PRGHOV�� WKLV� LV� LQ�

FRQWUDVW�WR�TXDQWLWDWLYH�KLJK�UHVROXWLRQ�WUDQVPLVVLRQ�HOHFWURQ�PLFURVFRS\��+57(0�����

8QWLO�UHFHQWO\��=�FRQWUDVW�LPDJLQJ�KDV�EHHQ�H[FOXVLYHO\�SHUIRUPHG�LQ�D�GHGLFDWHG�

67(0�VLQFH�LQFRKHUHQW�LPDJLQJ�UHTXLUHV�D�YHU\�VPDOO�SUREH��FRPSDUDEOH�LQ�VL]H�WR�WKH�

ODWWLFH�VSDFLQJ�RI� WKH�PDWHULDO��1HZ�)(*�WUDQVPLVVLRQ�HOHFWURQ�PLFURVFRSHV��KRZHYHU��

DUH� FDSDEOH� RI� SHUIRUPLQJ� VLPLODU�� RU� HYHQ� EHWWHU�� VSDWLDO� UHVROXWLRQ� IRU� =�FRQWUDVW�

LPDJLQJ�������+$$')�67(0�H[SHULPHQWDO� DQG� ILOWHUHG� LPDJHV�RI� D� VLQJOH� IDXOW� LQ� WKH�

>���@�SHURYVNLWH�]RQH�D[LV�LQ��&D2�GRSHG�&D7L2��DUH�VKRZQ�LQ�ILJXUHV��D�E��)LOWHULQJ�RI��
�

�

�

�

�

�

�

)LJXUH���� �D��([SHULPHQWDO�+$$')�67(0�LPDJH�RI�D�53�SODQDU� IDXOW� LQ� WKH� >���@� ]RQH�
D[LV��$� VOLJKW�GLVWRUWLRQ� LQ� WKH�YHUWLFDO�GLUHFWLRQ� LV�REVHUYHG�� �E��) LOWHUHG�+$$')� LPDJH��
7KH� GLVWDQFH� EHWZHHQ� WZR� &D� DWRPV� LQ� WKH� >���@� GLUHFWLRQ� LV� ����� QP� DQG� WKH� GLVWDQFH�
EHWZHHQ�&D� DQG�7L� DWRPV� LQ� WKH� >���@� GLUHFWLRQ� LV� ����� QP��$WRPLF� FROXPQV� FRQWDLQLQJ�
PL[HG� 7L� DQG� 2� �= ��������ò ������ DUH� EULJKWHU� WKDQ� &D� DWRPLF� FROXPQV� �= ����� �F��
,QWHQVLW\�SURILOHV� DFURVV�7L�2�DWRPLF�FROXPQV� �SURILOH����� �G��7KH�YDULDWLRQ� LQ� WKH�SURILOH�
LQWHQVLW\� DFURVV� DWRPLF� FROXPQV� LQ� >���@� GLUHFWLRQ� VKRZV� WKH� GLIIHUHQFH� LQ� WKH� FRQWUDVW�
EHWZHHQ�7L�2�DQG�&D�DWRPLF�FROXPQV�� �



$FWD�&KLP��6ORY�������������������

0��ýHK��6FDQQLQJ�WUDQVPLVVLRQ�(OHFWURQ�0LFURVFRS\��67(0��RI�5XGGOHVGHQ�3RSSHU�)DXOWV��� �

���

WKH�H[SHULPHQWDO�LPDJH�ZDV�SHUIRUPHG�E\�UHPRYDO�RI�WKH�KLJK�VSDWLDO�IUHTXHQFLHV�RQO\��

,Q�WKH�+$$')�LPDJH�WKH�DWRPLF�FROXPQV�RI�WKH�SHURYVNLWH�ODWWLFH�DUH�UHVROYHG�DV�ZKLWH�

GRWV�RI�GLIIHUHQW�LQWHQVLWLHV��ZKLOH�WKH�SODQDU�IDXOW�DSSHDUV�DV�D�VWULSH�RI�ORZHU�LQWHQVLW\��

$�VOLJKW�GLVWRUWLRQ� LQ� WKH�YHUWLFDO�GLUHFWLRQ�RI� WKH� LPDJH�RULJLQDWHV� IURP�WKH�VFDQQLQJ��

7KH�GLVWDQFH�EHWZHHQ�WZR�&D�DWRPV�LQ�WKH�>���@�GLUHFWLRQ�LV������QP�DQG�WKH�GLVWDQFH�

EHWZHHQ�&D� DQG�7L� DWRPV� LQ� WKH�>���@� GLUHFWLRQ� LV������QP��$�+$$')� LPDJH�RI� WKH�

SHURYVNLWH� PDWUL[� RQ� ERWK� VLGHV� RI� WKH� IDXOW� VKRZV� DWRPLF� FROXPQV� FRQWDLQLQJ� &D�

�= ���� DQG� WKH� DWRPLF� FROXPQV� FRQWDLQLQJ� DOWHUQDWLQJ� DWRPV� RI� 7L� DQG� 2�

�= ��������ò �������ZKLFK�FDQ�EH�GLVWLQJXLVKHG�E\�WKHLU�UHODWLYH�LQWHQVLWLHV��)LJ���F�G����

7KH�PL[HG� DWRPLF� FROXPQV� RI� 7L� DQG� 2� DUH� EULJKWHU� WKDQ� WKH� &D� FROXPQV�� 7KH� ORZ�

LQWHQVLW\�RI�WKH�WZR�DWRPLF�FROXPQV�DORQJ�WKH�IDXOW�XQDPELJXRXVO\�LQGLFDWHV�WKDW�RQO\�

&D�FRQVWLWXWHV�WKH�DQWL�SKDVH�ERXQGDU\��ZKLFK�LV�LQ�DJUHHPHQW�ZLWK�WKH�VWUXFWXUDO�PRGHO�

RI�WKH�IDXOW���

�

(QHUJ\�GLVSHUVLYH�;�UD\�VSHFWURPHWU\��(';6��

,Q� 67(0�PRGH�� WKH� YHU\� VPDOO� VSRW� VL]H� HQDEOHV� SRLQW� DQDO\VLV� IURP�QDQRVL]HG�

UHJLRQV��(';�VSHFWUD�WKDW�ZHUH�WDNHQ�IURP�WKH�53�IDXOW�LQ�WKH�&D2�GRSHG�&D7L2��DQG�

WKH�SHURYVNLWH�PDWUL[�FOHDUO\�VKRZ�WKDW�WKH�&D�FRQWHQW�DW�WKH�53�IDXOW�LV�ODUJHU�WKDQ�WKH�

SHURYVNLWH�PDWUL[��)LJ�������6LQFH�&D�LV�XQLTXH�WR�HLWKHU�WKH�SODQDU�IDXOW�RU�WKH�SHURYVNLWH�

PDWUL[� LQ�&D2�GRSHG�&D7L2���6U2��DQG�%D2�GRSHG�&D7L2��VDPSOHV�ZHUH�SUHSDUHG�LQ�

RUGHU� WR� VWXG\� WKH� GLVWULEXWLRQ� RI� 6U� DQG�%D�ZLWKLQ� WKH� SRO\W\SRLGV� DQG�53� IDXOWV� E\�

(';�DQDO\VLV��7KH�UHVXOWV�RI�D�TXDQWLWDWLYH�DQDO\VLV�RI� WKH�SRO\W\SRLGLF�SKDVH� LQ�6U2�

GRSHG�&D7L2��DUH� VKRZQ� LQ�7DEOH� ,�� ,W� LV� HYLGHQW� WKDW� WKH�PDWUL[� LV� D�SHURYVNLWH� VROLG�

VROXWLRQ�ZLWK��WKH��IRUPXOD���&D��[6U[�7L2���ZKLOH�WKH�RUGHUHG�UHJLRQ�FRUUHVSRQGV�WR��&D��

[6U[��7L�2����7KHVH�UHVXOWV��KRZHYHU��RQO\�JLYH�WKH�RYHUDOO�FRPSRVLWLRQ�DQG�SURYLGH�QR�

LQIRUPDWLRQ�RQ�WKH�GLVWULEXWLRQ�RI�6U�ZLWKLQ�WKH�SRO\W\SH��7R�REWDLQ�WKLV��ZH�SHUIRUPHG�

TXDQWLWDWLYH�(';�DQDO\VLV�E\�WKH�VSDWLDO�GLIIHUHQFH�PHWKRG�LQ�RUGHU�WR�GHWHUPLQH�WKH�&D�

H[FHVV� DW� WKH�53� IDXOWV�RI� WKH�SRO\W\SRLG��7KH�TXDQWLILFDWLRQ�RI� ILYH� VSDWLDO�GLIIHUHQFH�

VSHFWUD�EHWZHHQ�WKH�SHURYVNLWH�PDWUL[�DQG�WKH�SRO\W\SRLG�UHJLRQV�VKRZHG�DQ�DYHUDJH�&D�

H[FHVV��IRU��WKH��SRO\W\SRLG��RI��*� ����r����&D�QP���ZKHUH�*����LV��WKH��DUHD�GHQVLW\�RI�

&D��
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)LJXUH� ��� �D��%)�67(0� LPDJH�RI� LVRODWHG�53� IDXOW�ZLWK� WKH� FRUUHVSRQGLQJ�(';�VSHFWUD�
WDNHQ� IURP� �E�� WKH� &D7L2�� �3��� DQG� �F�� IURP� WKH� 53� IDXOW� VKRZLQJ� D� PXFK� ODUJHU�
FRQFHQWUDWLRQ�RI�&D�DW�WKH�53��

�

7$%/(�,��� &RPSRVLWLRQV�RI�PDWUL[�DQG�RUGHUHG�UHJLRQV�IRU�WKUHH�GLIIHUHQW�QRPLQDO�
FRPSRVLWLRQV���
�

� ��PRO��6U2� �����PRO��6U2� ���PRO��6U2�
PDWUL[� �&D����6U�����7L2�� �&D����6U�����7L2�� �&D����6U�����7L2��
SRO\W\SRLG� �&D����6U������7L�2��� �&D����6U������7L�2��� �&D����6U������7L�2���

�

DWRPV�LQ�WKH�IDXOW��7KLV�YDOXH�DJUHHV�ZHOO�ZLWK�WKH�FDOFXODWHG�DUHD�GHQVLW\�RI�&D�RQ�WKH�

^���`� SHURYVNLWH� SODQH� �* ����&D�QP����ZKLFK� LQGLFDWHV� WKDW� WKH� IDXOW� FRUUHVSRQGV� WR�

RQH�FDOFLXP�PRQROD\HU��

�

�

(OHFWURQ�HQHUJ\�ORVV�VSHFWURPHWU\��((/6��

6LQFH� WKH� DFTXLVLWLRQ� WLPH� IRU� DQ� ((/� VSHFWUXP� LV� PXFK� VKRUWHU� WKDQ� WKH�

DFTXLVLWLRQ�WLPH�IRU�DQ�(';�VSHFWUXP��GXH�WR�D�PXFK�EHWWHU�VLJQDO�WR�QRLVH�UDWLR��((/�

OLQHVFDQV�DQG�PDSSLQJV�DUH�UHODWLYHO\�HDV\�WR�SHUIRUP�LQ�D�67(0��$�UHJLRQ�RI�WKH�%D2�

GRSHG�&D7L2��FU\VWDO�FRQWDLQLQJ�ILYH�LVRODWHG�53�IDXOWV�LV�VKRZQ�LQ�ILJXUH����53�IDXOWV�

DSSHDU�DV�GDUN�OLQHV�LQ�WKH�LPDJH�WDNHQ�ZLWK�WKH�$')�GHWHFWRU��$Q�((/�OLQHVFDQ�DFURVV�

WKH�53�IDXOWV�VKRZV�DQ�LQFUHDVH�LQ�WKH�&D�FRQFHQWUDWLRQ�DW�WKH�53�IDXOW�DVVRFLDWHG�ZLWK�D�

FRUUHVSRQGLQJ� GHFUHDVH� LQ�7L� FRQFHQWUDWLRQ�� )RU� WKH� GHWHFWLRQ� RI�%D�� DQRWKHU� OLQHVFDQ�

ZDV�UHFRUGHG�ZLWK�D�VPDOOHU�EHDP�VKLIW�DQG�LQFUHDVHG�FRXQWLQJ�WLPH�SHU�SL[HO��)LJ������

D� E�

F�

��QP�

53�

3

&D�

&D

7L�

7L�

53�

3�
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7KH� FRQFHQWUDWLRQ� SURILOH� UHYHDOV� D� GHFUHDVH� LQ� WKH� %D� FRQFHQWUDWLRQ� DW� WKH� 53� IDXOW��

ZKLFK�LV��DJDLQ��D��FRQIRUPDWLRQ��WKDW��WKH��DWRPLF��SRVLWLRQV�DW�WKH�IDXOWV�GR�QRW�DOORZ�IRU��

�

�

�

�

)LJXUH� ��� �D�� ')� LPDJH� RI� ILYH� LVRODWHG� 53�
IDXOWV� LQ� %D2�GRSHG� &D7L2��� �E�� (OHPHQWDO�
SURILOHV� IRU� &D� DQG� 7L� VKRZ� LQFUHDVH� LQ� &D�
FRQFHQWUDWLRQ�DW� WKH�53� IDXOW� DVVRFLDWHG�ZLWK�D�
FRUUHVSRQGLQJ�GHFUHDVH�LQ�7L�FRQFHQWUDWLRQ��7KH�
OLQH�RI�VFDQ�LV�PDUNHG�LQ�WKH�')�LPDJH��

� )LJXUH� ��� �D�� ')� LPDJH� RI� WZR� 53� IDXOWV� LQ�
%D2�GRSHG�&D7L2��� �E�� (OHPHQWDO� SURILOHV� IRU�
&D�DQG�%D�ZHUH� UHFRUGHG�ZLWK�D� VPDOOHU�EHDP�
VKLIW�DQG�LQFUHDVHG�FRXQWLQJ�WLPH�SHU�SL[HO��7KH�
FRQFHQWUDWLRQ� SURILOH� UHYHDOV� GHFUHDVH� RI�%D� DW�
WKH�53�IDXOW��7KH� OLQH�RI�VFDQ�LV�PDUNHG�LQ� WKH�
')�LPDJH��

�

�

�

� �
�
�
)LJXUH� ���$Q� DYHUDJH�((/� VSHFWUXP� IRU� D�53�
IDXOW�DQG�DQ�((/�VSHFWUXP�DFTXLUHG�IURP�SXUH�
&D2�VWDQGDUG��7KH�FRPSDULVRQ�RI�ERWK� VSHFWUD�
LQGLFDWHV� WKDW�53�IDXOW� LV�FRPSULVHG�RI�&D�LRQV�
RQO\���

�

�

ODUJHU�LRQV�VXFK�DV�%D�DQG�6U��6LQFH�LW�LV�YHU\�GLIILFXOW�WR�GHWHFW�VPDOO�FRQFHQWUDWLRQV�RI�

6U�E\�((/6��GXH�WR�WKH�QDWXUH�RI�WKH�6U/�DQG�6U0�HGJHV��D�VSDWLDO�GLIIHUHQFH�DSSURDFK�

ZDV�XVHG�WR�GHWHUPLQH�WKH�FRQWHQW�RI�6U�DW�WKH�53�IDXOW��7KH�((/�VSHFWUD�REWDLQHG�IURP�

WKH� UHJLRQ�ZLWK�QR�53� IDXOWV�ZHUH� VXEWUDFWHG� IURP� WKH�((/�VSHFWUD�DFTXLUHG� IURP� WKH�
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UHJLRQ� ZLWK� 53� IDXOWV�� \LHOGLQJ� WKH� VSHFWUXP� RI� WKH� 53� IDXOW� RQO\���� 7KH� FRPSDULVRQ�

EHWZHHQ� WKH� ((/� VSHFWUD� IRU� WKH� 53� IDXOW� DQG� WKH� &D2� VWDQGDUG� VKRZV� WKDW� WKH� WZR�

VSHFWUD�DUH�DOPRVW�LGHQWLFDO���)LJ�������,Q��WKH�VSHFWUXP�IURP�WKH�IDXOW��WKH�&D�2�DWRPLF�

UDWLR�LV������������ZKLFK�DJUHHV�ZHOO�ZLWK�WKH�&D2�VWDQGDUG�ZKHUH�WKH�&D�2�LV����

�

�

&RQFOXVLRQV�

7KH� SUHVHQWHG� UHVXOWV� RQ� LPDJLQJ� DQG� WKH� FKHPLFDO� DQDO\VLV� RI� LVRODWHG� DQG�

RUGHUHG� 53� IDXOWV� LQ� $2�GRSHG� &D7L2�� �$ &D�6U�%D�� KDYH� FOHDUO\� GHPRQVWUDWHG� WKH�

XVHIXOQHVV� DQG� XQLTXH� FDSDELOLWLHV� RI� D� VFDQQLQJ� WUDQVPLVVLRQ� HOHFWURQ� PLFURVFRSH�

�67(0��LQ�PDWHULDOV�LQYHVWLJDWLRQV��%)��')�DQG�+$$')�LPDJLQJ�VKRZHG�WKDW�53�IDXOWV�

IRUP�UDQGRP�QHWZRUNV��RU�KLJKO\�RUGHUHG�SRO\W\SLF�DQG�SRO\W\SRLGLF�VWUXFWXUHV�ZLWKLQ�D�

SHURYVNLWH�PDWUL[��GHSHQGLQJ�RQ�WKH�SURFHVVLQJ�SDUDPHWHUV��7KH�DFKLHYHG�SRLQW�WR�SRLQW�

UHVROXWLRQ� LQ�%)� DQG�+$$')�67(0� LPDJLQJ�ZDV� EHWWHU� WKDQ� ����� QP�� ,Q�=�FRQWUDVW�

+$$')�LPDJLQJ�LW�ZDV�DOVR�SRVVLEOH�WR�UHVROYH�a����RI�WKH�GLIIHUHQFH�LQ�WKH�DYHUDJH�

DWRPLF�QXPEHU��=��EHWZHHQ�WZR�DGMDFHQW�DWRPLF�FROXPQV��6SDWLDOO\�UHVROYHG�(';6�DQG�

((/6� SURYLGHG� UHVXOWV� RQ� WKH� FKHPLFDO� FRPSRVLWLRQ� RI� WKH� LQYHVWLJDWHG� SRO\W\SHV��

SRO\W\SRLGV� DQG� WKH� SHURYVNLWH� PDWUL[�� :LWK� WKH� VSDWLDO� GLIIHUHQFH� PHWKRG� WKH�

FRPSRVLWLRQ�RI�D�VLQJOH�IDXOW�ZDV�GHWHUPLQHG��%DVHG�RQ�WKH�UHVXOWV�LW�ZDV�VKRZQ�WKDW�6U�

DQG�%D�GR�QRW� VXEVWLWXWH� IRU�&D�RQ� WKH�DWRPLF�SRVLWLRQV�DW� WKH� IDXOW� �W\SH� ,,� VLWHV��EXW�

HQWHU� LQWR�&D�VLWHV� LQ� WKH�SHURYVNLWH� � �W\SH� ,� VLWHV��� �ZKLFK� OHDGV� WR� WKH� � IRUPDWLRQ� �RI��

�&D��[6U[�7L2�� � DQG� �&D��[%D[�7L2�� VROLG� VROXWLRQV�� &RQVHTXHQWO\�� WKH� � SRO\W\SRLGLF��

�&D��[6U[��7L�2��� DQG� �&D��[%D[��7L�2��� SKDVHV� FDQ� EH� GHVFULEHG� DV� D� VHTXHQFH� RI� D�

VLQJOH� �&D2��IDXOW� �ZKLFK� � LV� � � IROORZHG� �E\� WKUHH� � OD\HUV�RI�HLWKHU� � �&D��[6U[�7L2�� �RU��

�&D��[%D[�7L2����

�

�

$FNQRZOHGJHPHQWV�

7KH�DXWKRU�ZLVKHV�WR�DFNQRZOHGJH�WKH�ILQDQFLDO�VXSSRUW�IURP�WKH�,QWHUQDWLRQDOHV�

%�UR� I�U� )RUVFKXQJV]HQWUXP� -�OLFK� DQG� IURP� WKH� 6ORYHQLDQ� 0LQLVWU\� RI� (GXFDWLRQ��
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6FLHQFH� DQG� 6SRUW� IRU� WKH� UHVHDUFK� DW� WKH�0D[�3ODQFN�,QVWLWXW� I�U�0HWDOOIRUVFKXQJ� LQ�

6WXWWJDUW��ZKHUH�DQDO\VHV�RQ�9*�+%����GHGLFDWHG�67(0�ZHUH�SHUIRUPHG���

�

�
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3RY]HWHN��

5XGGOHVGHQ�3RSSHUMHYH� �53�� SORVNRYQH� QDSDNH� V� VWUXNWXUR� NDPHQH� VROL� VR� JODYQD� YUVWD�
SORVNRYQLK�QDSDN�Y�&D7L2��V�SUHELWQLP�RNVLGRP�$2��$ &D�6U�%D���2GYLVQR�RG�SULSUDYH�
Y]RUFHY� LQ� WHPSHUDWXUH�VLQWUDQMD�� WYRULMR�53�SORVNRYQH�QDSDNH�SROMXEQR�PUHåQR�VWUXNWXUR�
R]LURPD� XUHMHQH� SROLWLSQH� LQ� SROLWLSRLGQH� ID]H�� 8UHMDQMH� 53� SORVNRYQLK� QDSDN� VPR�
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RSD]RYDOL� ]� UD]OLþQLPL� WHKQLNDPL� YUVWLþQH� SUHVHYQH� HOHNWURQVNH� PLNURVNRSLMH� �67(0���
/RNDOQR�NHPLMVNR� VHVWDYR� VPR�GRORþHYDOL� ]� HQHUJLMVNR� VSHNWURPHWULMR� UHQWJHQVNLK�åDUNRY�
�(';6�� LQ� VSHNWURPHWULMR� L]JXE� HQHUJLMH� HOHNWURQRY� �((/6��� 3UL� 67(0� RSD]RYDQMX� Y�
VYHWOHP� SROMX� �%)�� LQ� Y� WHPQHP� SROMX� �+$$')�� VPR� GRVHJOL� ORþOMLYRVW� PHG� GYHPD�
WRþNDPD�EROMãR�RG������QP��3UL�WHKQLNL�=�NRQWUDVW�RSD]RYDQMD�SHURYVNLWQH�VWUXNWXUH�&D7L2��
VPR� ODKNR� ORþLOL� NRQWUDVW�PHG� GYHPD� DWRPVNLPD� NRORQDPD�� NL� VWD� VH� UD]OLNRYDOL� ]D� ����
SRYSUHþQHJD�DWRPVNHJD�ãWHYLOD��=���5H]XOWDWL�NHPLMVNH�DQDOL]H�VR�SRND]DOL��GD�VH�6U�LQ�%D�
SUHIHUHQþQR�YJUDMXMHWD�QD��PHVWD�&D��Y�SHURYVNLWQL��VWUXNWXUL��NDU��YRGL�GR��QDVWDQND�WUGQLK��
UD]WRSLQ��&D��[6U[�7L2��LQ��&D��[%D[�7L2���6U�LQ�%D�VH�QH�YJUDMXMHWD�QD�DWRPVND�PHVWD�&D�Y�
53� SORVNRYQL� QDSDNL�� 6WUXNWXUR� SROLWLSRLGQLK� ID]� ODKNR� RSLãHPR� NRW� ]DSRUHGMH� HQH� &D2�
SODVWL�LQ�UD]OLþQHJD�ãWHYLOD�SHURYVNLWQLK�SODVWL��&D��[6U[�7L2��DOL��&D��[%D[�7L2���


