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LQGHSHQGHQW�UHIOHFWLRQV�������ZLWK�,�!��V�,��DQG�����UHILQHG�SDUDPHWHUV��7KH�PROHFXOH�KDV�&�+���2
DQG� &�+���1� LQWUDPROHFXODU� FRQWDFWV�� 7KH� PROHFXODU� SDFNLQJ� LQYROYHV� &�+���2� LQWHUPROHFXODU
FRQWDFWV�

.H\ZRUGV��1�1©���©�IXUIXU\OLGHQH�ELV�PRUSKROLQH���VWDELOLW\��;�UD\�DQDO\VLV��VHPL�HPSLUL�
FDO�TXDQWXP�FKHPLFDO�FDOFXODWLRQV

,QWURGXFWLRQ

6RPH� DXWKRUV� KDYH� REVHUYHG� WKDW� LQ� WKH� UHDFWLRQ� RI
IXUIXUDO�ZLWK�WZR�PROV�RI�DURPDWLF�DPLQHV�GLIIHUHQW�SUR�
GXFWV�DUH�IRUPHG�GHSHQGLQJ�RQ�WKH�QDWXUH�RI�WKH�DPLQH����
5HLVFK�DQG�0DKUDQ�KDYH� VKRZQ��PRUH� UHFHQWO\�� WKDW� WKH
UHDFWLRQ�RI�IXUIXUDO�ZLWK�WZR�PROV�RI�PHWK\O�DQWKUDQLODWH

DQG�PHWK\O���DPLQRQLFRWLQDWH�OHDGV�WR������DQG������GL���

PHWKR[\FDUERQ\ODQLOLQR��F\FORSHQW���HQRQH�DQG�WR�1�1©�

��©�IXUIXU\OLGHQH�ELV�PHWK\O���DPLQRQLFRWLQDWH��

UHVSHFWLYHO\��� /HZLV� DQG� 0XOTXLQH\� REWDLQHG� WKH� GLF\�

FORSHQWDS\UURORQH�LQ�WKH�UHDFWLRQ�RI�IXUIXUDO�ZLWK�����PROV

RI� DQLOLQH���:KHQ� DQ� H[FHVV� RI� IXUIXUDO� ZDV� XVHG�� WKH\

$UWLFOH
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REWDLQHG� D� SRO\PHULF� SURGXFW�� 6HHERWK� DQG� +RIIPDQQ
VKRZHG�WKDW�WKH�FRQGHQVDWLRQ�RI�IXUIXUDO�ZLWK�WZR�HTXLY�

RI�D�DPLQR�1�KHWHURF\FOHV�������JDYH�D]RPHWKLQH��+RZ�

HYHU��VLPLODU�FRQGHQVDWLRQ�RI�IXUIXUDO�ZLWK�WZR�D�DPLQR�
1�KHWHURF\FOHV�������JDYH�1�1�DFHWDOV��

,W�LV�LQWHUHVWLQJ�WR�QRWH�WKDW�WKH�UHDFWLRQ�RI�IXUIXUDO�ZLWK
�� PROV� RI� PRUSKROLQH� LQ� ���� HWKDQRO�� KHDWLQJ� IRU� ILYH
PLQXWHV�LQ�D�VWHDP�EDWK�DQG�FRROLQJ�LQ�DQ�LFH�EDWK��JDYH
WKH�FRUUHVSRQGLQJ�1�1�DFHWDO� WKDW� LV� UHDGLO\�K\GURO\]HG�
ZKLOH� WKH� D]RPHWKLQH�ZDV� LVRODWHG�ZKHQ� ��PRO� RI�PRU�
SKROLQH�ZDV�DGGHG�VORZO\�DQG�ZLWK�DJLWDWLRQ�WR���PRO�RI
IXUIXUDO�DW����&��

7KHVH�GLIIHUHQW� W\SHV�RI�EHKDYLRXU�RI� WKH� UHDFWLRQ�RI
IXUIXUDO�ZLWK�DPLQHV�ZLWK�UHVSHFW�WR�WKH�REWDLQHG�SURGXFWV
GR�QRW�KDYH�D�FOHDU�H[SODQDWLRQ��,Q�RUGHU�WR�REWDLQ�VRPH
LQVLJKW�LQWR�WKH�DERYH�PHQWLRQHG�SUREOHP��WKH�UHDFWLRQ�RI
IXUIXUDO�DQG�PRUSKROLQH�ZDV�VWXGLHG�LQ�RUGHU�WR�REVHUYH�WKH
V\QWKHVLV�DQG�HVSHFLDOO\�WKH�LQVWDELOLW\�RI�WKH�VWUXFWXUH�RI
1�1©���©�IXUIXU\OLGHQH�ELV�PRUSKROLQH���)LJ������DQDO\]HG
E\� ;�UD\� GLIIUDFWLRQ� DQG� E\� VHPL�HPSLULFDO� TXDQWXP
FKHPLFDO�FDOFXODWLRQV�

([SHULPHQWDO

0DWHULDOV

0RUSKROLQH� DQG� ��IXUDOGHK\GH� ZHUH� FRPPHUFLDOO\�
DYDLODEOH�SURGXFWV�DQG�ZHUH�UHGLVWLOOHG�SULRU�WR�XVH�

6\QWKHVLV

1�1©���©IXUIXU\OLGHQH�ELV� �PRUSKROLQH��ZDV� SUHSDUHG
E\�VORZ�DGGLWLRQ�RI�����J�RI�PRUSKROLQH�������PRO�� WR�D
VROXWLRQ�RI�����J�RI�IXUIXUDO�������PRO��LQ����P/�RI�KH[DQH�
RU�WROXHQH��DW������&��$IWHU�WKH�H[WUDFWLRQ�ZLWK�HWK\O�DFHWDWH�
WKH�SURGXFW�ZDV�FU\VWDOOL]HG�DW����&��8QGHU� WKHVH�FRQGL�
WLRQV�� WKH� FRPSRXQG� LV� VWDEOH�� +RZHYHU�� DW� ��� �&� WKLV
FRPSRXQG� K\GURO\VHV� LQ� D� IHZ� KRXUV�� 8VLQJ� KH[DQH� RU
WROXHQH��WKH�\LHOG�DQG�WKH�VWDELOLW\�LV�VLJQLILFDQWO\�KLJKHU
WKDQ�ZKHQ�HWKDQRO�����LV�XVHG�DV�LQ�WKH�PHWKRG�RI�+HQU\
DQG�'HKQ��

&DOFXODWLRQV

6HPL�HPSLULFDO�TXDQWXP�FKHPLFDO�FDOFXODWLRQV�DW� WKH
30��OHYHO��ZHUH�PDGH�XVLQJ�D�023$&��SURJUDP�SDFNDJH
�YHUVLRQ������

;�UD\�&U\VWDOORJUDSK\

$�FRORXUOHVV�SULVPDWLF�VLQJOH�FU\VWDO�RI�GLPHQVLRQV
�����[������[������PP�ZDV�PRXQWHG�RQ�D�JODVV�ILEHU�DQG
XVHG�WR�FROOHFW�GDWD�RQ�D�1RQLXV�&$'���GLIIUDFWRPHWHU ��

ZLWK�JUDSKLWH�PRQRFKURPDWHG�0R�.D�UDGLDWLRQ�DQG�Z��

�T�VFDQ���7KH�XQLW�FHOO�DQG�WKH�RULHQWDWLRQ�PDWUL[�IRU�WKH
GDWD�FROOHFWLRQ�ZHUH�REWDLQHG�E\�D�OHDVW�VTXDUHV�ILW�RI���

FHQWHUHG�UHIOHFWLRQV���������T������������7KH�LQWHQVLWLHV
RI� WKUHH� VWDQGDUG� UHIOHFWLRQV� ZHUH� PHDVXUHG� HYHU\� ��
PLQ�DQG�YDULHG���������7KH�LQWHQVLW\�GDWD�ZDV�FRUUHFWHG
IRU�/RUHQW]�DQG�SRODUL]DWLRQ�HIIHFWV��$�OLQHDU�GHFD\�FRU�
UHFWLRQ�ZDV�DSSOLHG�ZLWK�PD[��DQG�PLQ��FRUUHFWLRQ�IDF�
WRUV�RI���������DQG����������7KH�QXPEHU�RI�PHDVXUHG

UHIOHFWLRQV�ZDV������LQ�WKH�UDQJH���d�K�d�������d�N�d���

����d�O�d� ���� ZLWK� ����� XQLTXH� UHIOHFWLRQV�� DQG� ����

ZHUH� DERYH� WKH� VLJQLILFDQFH� OHYHO� RI� �V�,���7KH�PD[L�

PXP�YDOXH�RI��T�ZDV���������7KH�V\VWHPDWLF�DEVHQFHV
ZHUH�KNO��K���N� ��Q�����DQG�K�O��O� ��Q������FRQVLVWHQW
ZLWK�WKH�VSDFH�JURXS�&��F��(TXLYDOHQW�UHIOHFWLRQV�ZHUH
PHUJHG�ZLWK� 5LQW�  � ������7KH� VWUXFWXUH�ZDV� VROYHG� E\
PHDQV�RI�GLUHFW�PHWKRGV�XVLQJ�6+(/;6������7KH�VWUXF�
WXUH�ZDV�UHILQHG�E\�IXOO�PDWUL[�OHDVW�VTXDUHV�WHFKQLTXHV
XVLQJ�)��ZLWK�6+(/;/������$QLVRWURSLF�GLVSODFHPHQW
SDUDPHWHUV�ZHUH�XVHG�IRU�DOO�QRQ�K\GURJHQ�DWRPV��7KH
GLVRUGHUHG� DWRPV�&���2���&���&�©��2�©� DQG�&�©�ZHUH
UHILQHG�DQLVRWURSLFDOO\�XVLQJ�WKH�FRQVWUDLQWV�6$',�DQG
6,08�RI�6+(/;/����ZLWK�IL[HG�RFFXSDQF\�IDFWRUV�RI
������DQG��������IRU�XQSULPHG�DQG�SULPHG�DWRPV��UHVSHF�
WLYHO\���+�DWRPV�ZHUH�SODFHG�JHRPHWULFDOO\�H[FHSW�WKRVH
LQYROYHG� LQ�+�ERQGV�ZKLFK�ZHUH� SRVLWLRQDOO\� UHILQHG�
7KH� QXPEHU� RI� UHILQHG� SDUDPHWHUV� ZDV� ����� DQG� WKH
JRRGQHVV�RI�ILW�ZDV��������$W�WKH�HQG�RI�WKH�UHILQHPHQW
DQ� H[WLQFWLRQ� FRUUHFWLRQ� SDUDPHWHU� [�  � ��������� ZDV
DSSOLHG�� ZKHUH� )F� LV� PXOWLSOLHG� E\� N>�������[� )F�

O��VLQ��T�@�����ZKHUH�N�LV�WKH�RYHUDOO�VFDOH�IDFWRU��5HVLG�
XDO�GHQVLWLHV�RI�������DQG��������H��c���ZHUH�IRXQG�LQ�WKH
ILQDO�GLIIHUHQFH�PDS��([DPLQDWLRQ�RI�WKH�VWUXFWXUH�ZLWK
3/$721��� VKRZHG�QR� VROYHQW�DFFHVVLEOH� YRLGV� LQ� WKH
FU\VWDO�ODWWLFH��7KH�ILQDO�UHILQHPHQW�JDYH�5� ��������Z5
 ��������DQG�DOO�SDUDPHWHU�VKLIWV�ZHUH�OHVV�WKDQ������RI
WKH�FRUUHVSRQGLQJ�VWDQGDUG�GHYLDWLRQ��6FDWWHULQJ�IDFWRUV
ZHUH� WDNHQ� IURP� ,QWHUQDWLRQDO� 7DEOHV� IRU� &U\VWDO�
ORJUDSK\� �9RO�� &��� &DOFXODWLRQV� ZHUH� SHUIRUPHG� RQ� D
'(&������$;3�FRPSXWHU�XVLQJ�WKH�0RO(1�SDFNDJH��

IRU� GDWD� UHGXFWLRQ� DQG� D�3&����FRPSXWHU� IRU� VROXWLRQ
DQG�UHILQHPHQW�

5HVXOWV�DQG�'LVFXVVLRQ

7DEOH���UHSRUWV�WKH�ILQDO�DWRPLF�FRRUGLQDWHV��ZKLOH�)LJ�
�� VKRZV� WKH� =257(3��� RI� WKH� WLWOH� PROHFXOH� ZLWK� WKH
DWRP�QXPEHULQJ�VFKHPH��6HOHFWHG�ERQG�GLVWDQFHV�DQG�DQ�
JOHV�DUH�JLYHQ�LQ�7DEOH���
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7KH�ORZ�VWDELOLW\�RI�1�1©���©�IXUIXU\OLGHQH��ELV��PRU�
SKROLQH��� VKRZQ� LQ� LWV� V\QWKHVLV�DQG�FRQVHUYDWLRQ�� LV�H[�
SODLQHG�E\�WKH�VHPL�HPSLULFDO�FKHPLFDO�FDOFXODWLRQV��7KH

VHPL�HPSLULFDO�TXDQWXP�FKHPLFDO�FDOFXODWLRQV�RI�WKH�'+�

RI�WKH�UHDFWLRQ�LV�������.FDO�PRO��EXW�FRQVLGHULQJ�WKH�'6�

��������X�V����WKH�IUHH�HQHUJ\�'*��JLYHV�D�YDOXH�RI������
.FDO�PRO�WKDW�H[SODLQV�WKH�VWURQJ�WHQGHQF\�RI�WKLV�SURGXFW
WR�JR�EDFN�WR�UHDJHQWV��,W�VKRXOG�EH�QRWHG�WKDW�WKLV�FDOFXOD�

WLRQ�FRUUHVSRQGV�WR�WKH�FRPSRXQGV�LQ�WKH�JDVHRXV�VWDWH��DQG
WKDW�WKHVH�UHVXOWV�DUH�VLPLODU�WR�WKRVH�RI�WKH�H[SHULPHQWDO
V\QWKHVLV�WKDW�ZDV�PDGH�LQ�QRQ�SRODU�DQG�QRQ�K\GUR[\OLF
VROYHQWV�

7KH�VHPL�HPSLULFDO�TXDQWXP�FKHPLFDO�FDOFXODWLRQV�XV�
LQJ�023$&�JDYH����������������DQG���������IRU�WKH�ERQG
DQJOHV�&��&��1���&��&��1��DQG�1��&��1���UHVSHFWLYHO\�
,W�LV�LQWHUHVWLQJ�WR�QRWH�WKH�FRLQFLGHQFH�RI�WKHVH�UHVXOWV�ZLWK
WKRVH�RI�7DEOH���

9RO�����1R��������� 6HPL�(PSLULFDO�4XDQWXP�&KHPLFDO�&DOFXODWLRQV ��

7DEOH����$WRPLF�FRRUGLQDWHV�������DQG�HTXLYDOHQW�LVRWURSLF�GLVSODFHPHQW
SDUDPHWHUV��c��[������
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7KUHH� OLQHV� RI� UHDVRQLQJ� IURP� WKHVH� GDWD� OHDG� WR� DQ
H[SODQDWLRQ� RI� WKH� ORZ� VWDELOLW\� RI� WKH� FRPSRXQG� �WKH
FU\VWDOV�EHFRPH�RSDTXH��

L��&RQVLGHULQJ�WKH�¦QRUPDO§�ERQG�DQJOHV�VXFK�DV�WHWUD�
KHGUDO������������IRU�WKH�WHWUDFRRUGLQDWHG�&���RU�WKRVH�FRU�
UHVSRQGLQJ� WR� DF\FOLF� VSHFLHV� WKDW� SUHVXPDEO\� DUH
XQVWUDLQHG�VXFK�DV�SURSDQH�����������LW�LV�HYLGHQW�WKDW�WKH
YDOXH� RI� WKH� DQJOH� &��&��1�� ��������� FDOF��� ���������
FU\VW���LQGLFDWHV�WKH�H[LVWHQFH�RI�VRPH�DQJOH�VWUDLQ�

LL��7KH� VHPL�HPSLULFDO�TXDQWXP�FKHPLFDO�FDOFXODWLRQ
DQG�WKH�FU\VWDOORJUDSKLF�GDWD�VKRZ�WKDW�&��LV����������c
RXWVLGH�WKH�OHDVW�VTXDUHV�SODQH�RI�WKH�IXUDQ�ULQJ��2��&��
&��&��&����LQGLFDWLQJ�WKDW�WKHUH�VKRXOG�H[LVW�D�VWURQJ�VWUDLQ
RYHU�WKH�&��&��ERQG�

LLL��7KH� ULQJ�1��&��&��2��&��&��KDV� WKH� IROORZLQJ

SXFNHULQJ� FRRUGLQDWHV� 4�c��� T����� I���������� ���������
��������������ZKLFK�LV�LQGLFDWLYH�RI�D�GLVWRUWHG�FKDLU�FRQ�
IRUPDWLRQ��7KH�ULQJ�1���&���&���2��&���&���ZLWK�WKH
SXFNHULQJ�FRRUGLQDWHV��������������������������KDV�D�FKDLU
FRQIRUPDWLRQ�

7KH�PROHFXOH�KDV�&�+���2�DQG�&�+���1�LQWUDPROHFXODU
FRQWDFWV��7KH�PROHFXODU�SDFNLQJ�LQYROYHV�&�+���2�LQWHUPR�
OHFXODU�FRQWDFWV��7KH\�DUH�OLVWHG�LQ�7DEOH���

6XSSOHPHQWDU\�0DWHULDO
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