
(OHFWURFKHPLFDO�6WXG\�RI�WKH�EHKDYLRU�RI�PRO\EGHQXP�LQ�JODVV�

PHOWV�

,��9DQPRRUWHOD��-��'H�6WU\FNHUD�E�	�(��7HPPHUPDQD�
D�*KHQW�8QLYHUVLW\��$QDO\WLFDO�&KHPLVWU\��.ULMJVODDQ������6����%������*KHQW��%HOJLXP�

E5HVHDUFK�$VVLVWDQW�RI�WKH�)XQG�IRU�6FLHQWLILF�5HVHDUFK�)ODQGHUV��%HOJLXP���):2����
�

,Q�WKLV�SURMHFW�WKH�HOHFWURFKHPLFDO�EHKDYLRU�RI�0R2��GRSHG�JODVV�PHOWV�LV�LQYHVWLJDWHG��'LIIHUHQW�W\SHV�
RI� HOHFWURFKHPLFDO� H[SHULPHQWV� ZHUH� FDUULHG� RXW�� SRWHQWLDO� PHDVXUHPHQWV� DV� D� IXQFWLRQ� RI� WLPH�� F\FOLF�

YROWDPPHWU\��VTXDUH�ZDYH�YROWDPPHWU\��7KH�GDWD�IRU�WKH�GLIIHUHQW�WHFKQLTXHV�ZHUH�FRPSDUHG�LQ�GHWDLO�DQG�

DQDO\VHG�DV�D�IXQFWLRQ�RI�WHPSHUDWXUH�DQG�RWKHU�YDULDEOH�SDUDPHWHUV��

�

,QWURGXFWLRQ�

$OO�HOHFWULF� PHOWLQJ� RI� JODVV� KDV� WDNHQ� DQ� LPSRUWDQW� SODFH� LQ� JODVV� DQG� HQDPHO�
SURGXFWLRQ�� EHFDXVH� RI� YDULRXV� WHFKQLFDO�� HFRQRPLFDO� DQG� HFRORJLFDO� DGYDQWDJHV�� D� KLJK�
GHJUHH�RI�WKHUPDO�HIILFLHQF\��HDV\�FRQWURO��KRPRJHQHRXV�PHOW�DQG�ORZ�H[KDXVW�RI�KD]DUGRXV�
FRPSRXQGV�VXFK�DV�12;��62���IOXRULQH��OHDG�R[LGH�HWF��,Q�DOO�HOHFWULF�PHOWLQJ�KHDW�LV�EURXJKW�
LQWR�WKH�JODVV�PHOW�E\�PHDQV�RI�WKH�-RXOH�HIIHFW�DSSO\LQJ�DQ�$&�FXUUHQW�WKURXJK�HOHFWURGHV��
'XULQJ� WKLV� SURFHVV� WKH� FRUURVLRQ� RI� WKH� HOHFWURGHV�PD\� EH� D� GLVWXUELQJ� IDFWRU�� &XUUHQWO\�
PHWDOOLF�PRO\EGHQXP� LV� SUHGRPLQDQWO\� XVHG� DV� HOHFWURGH�PDWHULDO� LQ� WKH� JODVV� DQG� HQDPHO�
LQGXVWU\�� 7KH� GHFLVLYH� IDFWRU� LQ� WKH� FRUURVLRQ� RI� PRO\EGHQXP� HOHFWURGHV� LV� WKH� FKHPLFDO�
FRPSRVLWLRQ� RI� WKH� PHOW�� 6LQFH� PRO\EGHQXP� LV� RQH� RI� WKH� OHVV� QREOH� PHWDOV�� LW� ZLOO� EH�
R[LGLVHG�LQ�WKH�SUHVHQFH�RI�QHDUO\�DOO�RWKHU�SRO\YDOHQW�LRQV�LQ�WKH�PHOWV��7KH�WHPSHUDWXUH�RI�
WKH�PHOW�� GHQVLW\� DQG� IUHTXHQF\� RI� WKH� KHDWLQJ� FXUUHQW� DQG� YLVFRVLW\� RI� WKH�PHOW� DUH� RWKHU�
IDFWRUV�WKDW�FDQ�KDYH�DQ�LQIOXHQFH�RQ�WKH�FRUURVLRQ��7KH�DLP�RI�WKLV�VWXG\�LV�WR�XQGHUVWDQG�
WKH�FRUURVLRQ�RI�PRO\EGHQXP�LQ�JODVV�PHOWV��2Q�WKH�RQH�KDQG�WKH�FRUURVLRQ�RI�PRO\EGHQXP�
�������SXULW\��LQ�PROWHQ�JODVV�LV�LQYHVWLJDWHG�ZLWK�WKH�DLG�RI�HOHFWURFKHPLFDO�WHFKQLTXHV��RQ�
WKH� RWKHU� KDQG� WKH� HOHFWURFKHPLFDO� EHKDYLRU� RI� 0R2�� GRSHG� PHOWV� LV� VWXGLHG�� 2QO\� WKH�
VHFRQG�SDUW�ZLOO�EH�GLVFXVVHG�LQ�WKLV�SDSHU��

([SHULPHQWDO�6HW�8S�

$OO�H[SHULPHQWV�ZHUH�FDUULHG�RXW�LQ�D�JODVV�ZKRVH�EDVLF�FRPSRVLWLRQ�LV�JLYHQ�LQ�WDEOH�����
�

7DEOH�����%DVLF��&RPSRVLWLRQ�RI�WKH�JODVV�PHOW�

2[LGH� &RQWHQW�LQ�ZW��
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1D�2� ���
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0J2� ��
$O�2�� ��
.�2� ��
0R2�� ��������

�



7KH�SUH�PHOWHG�HQDPHO�ZDV�SODFHG�LQ�DQ�DOXPLQD�FUXFLEOH��ORFDWHG�LQ�DQ�DOXPLQD�WXEH�LQVLGH�D�
UHVLVWDQFH�KHDWHG�YHUWLFDO�WXEH�IXUQDFH��7 ������&���$�WKUHH�HOHFWURGH�VHW�XS�ZDV�XVHG��7KH�
ZRUNLQJ�HOHFWURGH�ZDV�D�SODWLQXP�URG��OHQJWK����PP��GLDPHWHU���RU��PP��HPEHGGHG�LQ�DQ�
DOXPLQD�WXEH�ZLWK�FHUDPLF�PRUWDU��,Q�WKLV�ZD\�RQO\�WKH�FURVV�VHFWLRQ�RI�WKH�URG�ZDV�XVHG�DV�
HOHFWURGH� VXUIDFH�� %HIRUH� WKH� VWDUW� RI� HDFK� H[SHULPHQW� WKH� VXUIDFH� ZDV� WUHDWHG� LQ� WKH�
IROORZLQJ�ZD\�� 3ROLVKLQJ� ZLWK� HPHU\� SDSHU� W\SH� ����� JULW� UHVXOWV� LQ� D� IUHVK� EXW� UHODWLYHO\�
URXJK�VXUIDFH�WKDW� LV�IXUWKHU�VPRRWKHG�E\�SROLVKLQJ�ZLWK�$O�2��SRZGHU�RI�SDUWLFOH�VL]H�����

µP�IRU���PLQ��7KH�FRXQWHU�HOHFWURGH�ZDV�D�SODWLQXP�SODWH�ZLWK�DQ�DUHD�RI�DSSUR[LPDWHO\���
FPñ��WKH�UHIHUHQFH�HOHFWURGH�ZDV�D�]LUFRQLD�DLU�SUREH��$OO�SRWHQWLDOV�JLYHQ�LQ�WKLV�VWXG\�UHIHU�
WR� WKLV� ]LUFRQLD�DLU� HOHFWURGH��$� VFKHPDWLF�GUDZLQJ�RI� WKH� H[SHULPHQWDO� VHW�XS� LV� VKRZQ� LQ�
ILJXUH�����
�

�
)LJXUH����6FKHPDWLF�GUDZLQJ�RI�WKH�H[SHULPHQWDO�VHW�XS�

�
�

5HVXOWV�DQG�GLVFXVVLRQ�

6TXDUH�ZDYH� YROWDPPHWULF� FXUYHV�ZHUH� UHFRUGHG� DW� GLIIHUHQW� IUHTXHQFLHV�� DV� VKRZQ� LQ�
ILJ����IRU�D�JODVV�PHOW�FRQWDLQLQJ������PDVV��0R2���7KH�FXUYHV�ZHUH�UHFRUGHG�IURP�����WR�²
���� 9� YV�� \WWULD� VWDELOLVHG� =U2��DLU�� 7KUHH� UHGXFWLRQ� ZDYHV� FDQ� EH� REVHUYHG� �ILJ�� ���� 7KH�
UHGXFWLRQ�SHDNV�ZLWK�(S� �FD�������P9�YV��\WWULD�VWDELOLVHG�=U2��DLU�DQG�(S� �FD�������P9�
YV��\WWULD�VWDELOLVHG�=U2��DLU�DUH�GXH�WR�UHGXFWLRQ�UHDFWLRQV�RI�WKH�DGGHG�0R2���(YLGHQFH�IRU�
WKLV�DVVXPSWLRQ�ZDV�IRXQG�E\�FKDQJLQJ�WKH�PDVV�FRQFHQWUDWLRQ�RI�0R2�� LQ�WKH�JODVV�PHOW��
6LPLODU� SHDNV� ZHUH� REWDLQHG� IRU� WKH� RWKHU� LQYHVWLJDWHG� 0R2�� FRQFHQWUDWLRQV� DQG� WKH�
H[FHSWHG�OLQHDU�UHODWLRQVKLS�EHWZHHQ�,SHDN�DQG�0R2��FRQFHQWUDWLRQ�ZDV�IRXQG��ILJ������)RU�WKH�
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� � FRXQWHU� HOHFWURGH� �&(��� � � ZRUNLQJ�

HOHFWURGH��:(����� �UHIHUHQFH�HOHFWURGH��5(���

��  � DOXPLQD� FUXFLEOH�� ��  � LQYHVWLJDWHG�

PDWHULDO�� ��  � FHUDPLF� PRUWDU�� ��  � DOXPLQD�

WXEH�� ��  � SODWLQXP�ZLUH�� ��  � OLG� SRVLWLRQLQJ�

WKH� HOHFWURGHV�� ���  � IXUQDFH� �� ���  � ODE� MDFN



UHGXFWLRQ�ZDYH�REVHUYHG�DW�FD������P9��WKLV�HYLGHQFH�FRXOG�QRW�EH�IRXQG��$W�WKH�PRPHQW�
WKHUH�LV�QR�H[SODQDWLRQ�IRU�WKLV�ZDYH���
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)LJXUH�����6TXDUH�ZDYH�YROWDPPHWULF�FXUYHV�UHFRUGHG�DW�D�SODWLQXP�HOHFWURGH�DW������&�

IRU� GLIIHUHQW� IUHTXHQFLHV� LQ� D� JODVV�PHOW� FRQWDLQLQJ� �����PDVV���0R2��� 6TXDUH�:DYH�

$PSOLWXGH� ���P9��)UHTXHQFLHV�DUH����������������������������������DQG��������+]���

�

)LJXUH� ��� 5HODWLRQVKLS� EHWZHHQ� 0R2�� FRQFHQWUDWLRQ� DQG� SHDN� FXUUHQW� REWDLQHG� ZLWK�

VTXDUH�ZDYH�YROWDPPHWU\��$PSOLWXGH� ����P9��IUHTXHQFLHV�♦� ����+]�DQG�c� ���+]��

�

,Q�DGGLWLRQ�WR�6TXDUH�ZDYH�H[SHULPHQWV�F\FOLF�YROWDPPHWU\�ZDV�FDUULHG�RXW��7KHVH�FXUUHQW�
SRWHQWLDO� FXUYHV�� DV� D� IXQFWLRQ� RI� SRODUL]DWLRQ� UDWH�� DUH� VKRZQ� LQ� ILJXUH� ��� 7KH�
YROWDPPRJUDPV� ZHUH� PHDVXUHG� DW� D� SRWHQWLDO� UHJLRQ� EHWZHHQ� WKH� RSHQ� FLUFXLW� SRWHQWLDO�
�2&3��DQG�²�����P9�YV��\WWULD�VWDELOLVHG�=U2��DLU��7ZR�UHGXFWLRQ�ZDYHV�DQG�WZR�FDWKRGLF�
SHDNV� FDQ� EH� VHHQ��7KH� KDOI�ZDYH� SRWHQWLDOV� RI� WKH� UHGXFWLRQ�ZDYHV�(������ � �����P9�DQG�
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(��9��YV��\WWULD�VWDELOLVHG�=U2��DLU
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,SHDN��$�

(S� ������P9� (S� ������P9�



(������ �������P9�YV��\WWULD�VWDELOLVHG�=U2��DLU�DUH�LQ�DJUHHPHQW�ZLWK�WKH�SHDN�SRWHQWLDOV�RI�
WKH�VTXDUH�ZDYH�FXUYHV���

�����(���

�����(���

�����(���

�����(���

�����(���

�����(���

����(���

����(���

����(���

����(���

������ ������ ������ ������ ������ ������ ������ ����� �����

(��9��YV��\WWULD�VWDELOLVHG�=U2��DLU
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)LJXUH����&\FOLF�YROWDPPHWULF�FXUYHV�UHFRUGHG�IURP�2&3�WR�������P9�EDFN�WR�2&3�YV��

\WWULD�VWDELOLVLVHG�=U2��DLU� LQ�D�JODVV�PHOW�FRQWDLQLQJ�����PDVV��0R2��DV�D� IXQFWLRQ�RI�

SRODULVDWLRQ�UDWH�DW�D�SODWLQXP�HOHFWURGH��3RODULVDWLRQ�UDWHV�DUH��$��������%��������&�����

DQG��'������P9�V
��
��

,Q�RUGHU�WR�FKDUDFWHUL]H�WKH��UHGXFWLRQ�UHDFWLRQV��D�SRWHQWLDO�RI�²����P9�YV��\WWULD�VWDELOLVHG�
=U2��DLU�ZDV�DSSOLHG�IRU�D�FHUWDLQ�LQWHUYDO�RI�WLPH�������V��DQG�WKHQ�WKH�HOHFWURGH�ZDV�SXOOHG�
RXW�RI�WKH�PHOW�DQG�UDSLGO\�FRROHG�WR�URRP�WHPSHUDWXUH��7KH�VDPH�H[SHULPHQW�ZDV�UHSHDWHG�
IRU� D� SRWHQWLDO� RI� ²����� P9� YV�� \WWULD� VWDELOLVHG� =U2��DLU�� 7KH� HOHFWURGH� VXUIDFHV� ZHUH�
H[DPLQHG�XVLQJ�D�VFDQQLQJ�HOHFWURQ�PLFURVFRSH��IRU�ERWK�VDPSOHV�D�PRO\EGHQXP�SKDVH�ZDV�
REVHUYHG��7R�REWDLQ�PRUH� LQIRUPDWLRQ�DERXW� WKH�FRPSRVLWLRQ�RI� WKH�SKDVHV� �DQG� WKXV� WKH�
UHGXFWLRQ�UHDFWLRQV��;5'�DQDO\VHV�KDV�WR�EH�GRQH���

�

�

&RQFOXVLRQ�

7KH�HOHFWURFKHPLFDO�EHKDYLRU�RI�JODVV�PHOWV�FRQWDLQLQJ�0R2��FDQ�EH�FKDUDFWHUL]HG�ZLWK�
WKH� DLG� RI� VTXDUH� ZDYH� YROWDPPHWU\� DV� ZHOO� DV� F\FOLF� YROWDPPHWU\�� 7KH� UHVXOWV� RI� ERWK�
WHFKQLTXHV�DUH�LQ�JRRG�DJUHHPHQW�ZLWK�HDFK�RWKHU��,Q�VTXDUH�ZDYH�DQG�F\FOLF�YROWDPPHWULF�
FXUYHV� WZR� UHGXFWLRQ� ZDYHV�� ZLFK� FDQ� EH� DWWULEXWHG� WR� WKH� UHGXFWLRQ� RI� 0R� LRQV�� DUH�
REVHUYHG�� 6(0� DQDO\VH� RI� WKH� HOHFWURGH� VXUIDFH� FRQILUP� WKLV�� ,Q� RUGHU� WR� REWDLQ� PRUH�
LQIRUPDWLRQ�DERXW�WKH�UHDFWLRQ�SURGXFWV�;5'�DQDO\VH�KDV�WR�EH�GRQH���
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