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�
7KLV SDSHU LV GHGLFDWHG WR 3URIHVVRU 'U� 5RPDQ 0RGLF DW WKH RFFDVLRQ RI KLV ��

WK
DQQLYHUVDU\�

�����

5HFHLYHG������������

$EVWUDFW�
6WXGLHV RQ VXSSRUWLQJ PHGLXP FRPSRVLWLRQ DQG LWV IHHG UDWH ZHUH SHUIRUPHG LQ RUGHU WR

PDLQWDLQ VWDWLRQDU\ ELRPDVV FRQFHQWUDWLRQ GXULQJ WKH SURFHVV RI SURJHVWHURQH K\GUR[\ODWLRQ

ZLWK 5KL]RSXV QLJULFDQV SHOOHWV� *URZWK NLQHWLF SDUDPHWHUV ZHUH HYDOXDWHG IRU WZR PHGLD

ZLWK GLIIHUHQW QLWURJHQ VRXUFHV� 7KH UHVXOWV LQGLFDWH WKH EHQHILW RI XVLQJ FRPSOH[ PHGLD DW

KLJKHU IHHG UDWHV WKDQ WKRVH XVHG IRU WKH PDLQWHQDQFH RI VWDWLRQDU\ ELRPDVV FRQFHQWUDWLRQ

ZLWKRXW H[RJHQRXV VWHURLG DGGLWLRQ�

,QWURGXFWLRQ��
7KH� ILODPHQWRXV� IXQJXV� 5KL]RSXV� QLJULFDQV� $7&&� ����E� LV� D� ZHOO�NQRZQ�

K\GUR[\ODWRU�RI�SURJHVWHURQH�DW�SRVLWLRQ���D��6FKHPH�����ZKLFK�LV�RQH�RI�WKH�NH\�VWHSV�

LQ�WKH�SURGXFWLRQ�RI�WKHUDSHXWLFDOO\�XVHIXO�FRUWLFRVWHURLG�FRPSRXQGV�
�
�7KH�DSSOLFDWLRQ�RI�

D� SHOOHWHG� JURZWK� IRUP� RI� WKLV� IXQJXV� LV� D� SURPLVLQJ� DOWHUQDWLYH� WR� WKH� FODVVLFDO� EDWFK�

SURFHVV�ZLWK�ILODPHQWRXV��IUHHO\�JURZLQJ�K\SKDO�HOHPHQWV��VLQFH�LW�RIIHUV�WKH�SRVVLELOLW\�

RI� ELRPDVV� UHXVH� DQG� WKHUHE\� FRQWLQXRXV� RSHUDWLRQ� RI� WKH� SURFHVV�
�
� %HVLGHV�� WKH�

LPSURYHG� UKHRORJLFDO�SURSHUWLHV�RI� WKH�EURWK�DQG� IDFLOLWDWHG�SURGXFW� UHPRYDO� ORZHU� WKH�

FRVWV�RI�ELRSURFHVVHV�HPSOR\LQJ�P\FHOLDO�SHOOHWV�
�
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6FKHPH������D�K\GUR[\ODWLRQ�RI�SURJHVWHURQH�E\�ILODPHQWRXV�IXQJXV�5KL]RSXV�QLJULFDQV��
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7KH� PDLQWHQDQFH� RI� HQ]\PH� DFWLYLW\� LQ� OLYLQJ� FHOOV� UHTXLUHV� D� FRPELQDWLRQ� RI��

DSSURSULDWH�VXSSRUWLQJ�PHGLXP�FRPSRVLWLRQ�DQG�D�ODFN�RI�IOXFWXDWLRQV�LQ�HQYLURQPHQWDO�

FRQGLWLRQV�
�
�$V�WKH�LPPRELOL]DWLRQ�RI�5��QLJULFDQV�FHOOV�LQ�JHO�EHDGV�UHVXOWHG�LQ�D�UDSLG�

LQDFWLYDWLRQ� RI� WKH� P\FHOLXP�� LW� ZDV� VXJJHVWHG� WKDW� IRU� D� ORQJ�WHUP� RSHUDWLRQ��

PDLQWHQDQFH�RI�PLFURELDO�VORZ�JURZWK��DQG�FRQVHTXHQWO\�RI�JHQHUDO�PHWDEROLVP�GXULQJ�

ELRWUDQVIRUPDWLRQ�VKRXOG�EH�SURYLGHG�
�
��

6LQFH� ��D� K\GUR[\ODVH� LV� D� 1$'3+�GHSHQGHQW� PRQRR[\JHQDVH�� LW� LV� LQGLUHFWO\�

UHJXODWHG�E\�JOXFRVH�PHWDEROLVP�
�
�:H�KDYH�DOUHDG\�VKRZQ�WKDW�WKH�SUHVHQFH�RI�JOXFRVH�

LQ� WKH� WUDQVIRUPDWLRQ� PHGLXP� VWLPXODWHV� WKH� UDWH� RI� K\GUR[\ODWLRQ� DQG� WKH� ILQDO�

FRQYHUVLRQ�RI�SURJHVWHURQH�ZLWK�5��QLJULFDQV�SHOOHWV�LQ�D�EDWFK�SURFHVV�
�
�+HUH�ZH�UHSRUW�

RQ� IXUWKHU� VWXGLHV� RQ� PHGLXP� FRPSRVLWLRQ� DQG� LWV� IHHG� UDWH� LQ� RUGHU� WR� PDLQWDLQ�

PLFURELDO� VORZ� JURZWK�� JLYLQJ� VWDWLRQDU\� ELRPDVV� FRQFHQWUDWLRQ� GXULQJ� WKH� SURFHVV� RI�

SURJHVWHURQH� K\GUR[\ODWLRQ�� )RU� WKLV� SXUSRVH�� WKH� PDLQWHQDQFH� FRHIILFLHQWV� IRU� WZR�

GLIIHUHQW�VXSSRUWLQJ�PHGLD�ZHUH�GHWHUPLQHG�LQ�VLPXODWHG�IHG�EDWFK�H[SHULPHQWV���

0DWHULDOV�DQG�PHWKRGV��

0LFURRUJDQLVP�DQG�JURZWK�FRQGLWLRQV��

� 5KL]RSXV� QLJULFDQV� $7&&� ����E�� REWDLQHG� IURP� WKH� 1DWLRQDO� ,QVWLWXWH� RI�

&KHPLVWU\�� /MXEOMDQD�� 6ORYHQLD�� ZDV� XVHG� WKURXJKRXW� WKH� H[SHULPHQWV�� %HIRUH�

LQRFXODWLRQ�RI�VXEPHUJHG�FXOWXUHV�WKH�IXQJXV�ZDV�PDLQWDLQHG�IRU����GD\V�RQ�DJDU�VODQWV�

DV�SUHYLRXVO\�GHVFULEHG�
�
�7KH�SHOOHWHG�JURZWK�IRUP�RI�5KL]RSXV�QLJULFDQV�ZDV�REWDLQHG�

LQ�����P/�(UOHQPH\HU�IODVNV�ZLWK�����P/�RI�JURZWK�PHGLXP����*0����FRQWDLQLQJ��LQ�

J�/���JOXFRVH������\HDVW� H[WUDFW�������� VR\� IORXU�����1D&O�����.�+32���������7ZHHQ�����

����� WKH� S+� DGMXVWHG� WR� ����� $IWHU� LQRFXODWLRQ� ZLWK� ����
�
� ±� ������

�
� VSRUHV�/�� WKH�

FXOWLYDWLRQ�ZDV�FDUULHG�RXW�DW�����&�DQG�����USP�IRU�������K�RQ�D�URWDU\�VKDNHU�ZLWK����

PP�DPSOLWXGH���

*URZWK�LQ�WUDQVIRUPDWLRQ�PHGLXPV�

3HOOHWV�IURP�VXEPHUJHG�FXOWXUHV�ZHUH�ILOWHUHG�WKURXJK�JDX]H�DQG�ZDVKHG�IRU�VHYHUDO�

WLPHV�ZLWK� SKRVSKDWH�EXIIHU� ������P0�1D�32��� �����P0�('7$�������P0�JOXWDWLRQ��
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UHG���S+�������3RUWLRQV�RI���J�RI�ZHW�P\FHOLD�ZHUH�WUDQVIHUUHG�LQWR�����P/�(UOHQPH\HU�

IODVNV�ZLWK����P/�RI�WUDQVIRUPDWLRQ�PHGLXP��FRQVLVWLQJ�RI�WKH�DERYH�PHQWLRQHG�EXIIHU�

DQG�GLIIHUHQW�DPRXQWV�RI�VXSSRUWLQJ�PHGLD����RU����J�/�RI�JOXFRVH��DQG�������������������

RU�����YRO���*0��RU�*0���*URZWK�PHGLXP����*0���ZDV�LGHQWLFDO�WR�*0���VHH�DERYH��

ZLWK�WKH�H[FHSWLRQ�RI�QLWURJHQ�VRXUFH��ZKLFK�ZDV�RQO\�\HDVW�H[WUDFW�������J�/��ZLWK�QR�

VR\�IORXU�SUHVHQW��&XOWLYDWLRQ�ZDV�SHUIRUPHG�LQ�WZR�SDUDOOHOV�DW�����&�DQG�����USP�IRU�

LQGLFDWHG�WLPH�LQWHUYDOV���

7KH� VLPXODWLRQV� RI� IHG�EDWFK� FXOWLYDWLRQV� ZHUH� SHUIRUPHG� LQ� ����P/� (UOHQPH\HU�

IODVNV�ZLWK� SHULRGLFDO� DGGLWLRQ� RI� ��P/� RI�*0�� RU�*0�� WR� ���P/�RI� WUDQVIRUPDWLRQ�

PHGLXP�ZLWK�SHOOHWV��7KH�LQLWLDO�PHGLXP�FRQVLVWHG�RI�����P/����YRO����RI�*0��RU�*0��

DQG������P/�RI�SKRVSKDWH�EXIIHU�DQG���P/�RI� WKH�VDPH�JURZWK�PHGLD�ZDV�DVHSWLFDOO\�

DGGHG�LQ���RU���KRXUV�LQWHUYDOV�DV�GHVFULEHG�LQ�5HVXOWV�DQG�'LVFXVVLRQ��

�

�

3URJHVWHURQH�ELRWUDQVIRUPDWLRQ��

3URJHVWHURQH��GLVVROYHG�LQ�1�1�'0)������J�P/��ZDV�DGGHG�WR�WKH�WUDQVIRUPDWLRQ�

PHGLXP�ZLWK�5��QLJULFDQV�SHOOHWV�WR�JLYH�WKH�ILQDO�FRQFHQWUDWLRQ�����J�/�DQG�FXOWLYDWLRQ�

SURFHHGHG�DV�GHVFULEHG�DERYH���

�

�

&XOWXUH�DQDO\VLV��

$W�LQGLFDWHG�WLPH�LQWHUYDOV�WKH�ZKROH�FRQWHQW�RI�(UOHQPH\HU�IODVNV�ZDV�XVHG�IRU�WKH�

DQDO\VHV�� 7RWDO� VXJDU� FRQFHQWUDWLRQ�� H[SUHVVHG� DV� JOXFRVH� HTXLYDOHQW�� ZDV� IROORZHG�

VSHFWURIRWRPHWULFDOO\�RQ�WKH�EDVLV�RI�+�62��K\GURO\VLV�RI�FXOWXUH�ILOWUDWH�DQG�WKH�UHDFWLRQ�

ZLWK�DQWKURQH�UHDJHQW�
�
�7RWDO�QLWURJHQ�FRQWHQW�RI�ELRPDVV�IUHH�PHGLD�ZDV�HVWLPDWHG�E\�

WKH�.MHOGDKO�PHWKRG��0\FHOLXP�DQDO\VLV�LQFOXGHG�VWDQGDUG�GU\�ZHLJKW�GHWHUPLQDWLRQ�DQG�

SHOOHW�VL]H�HYDOXDWLRQ�XVLQJ�LPDJH�DQDO\VLV�
�
&KORURIRUP�H[WUDFWLRQ�RI�D�NQRZQ�YROXPH�

RI�FXOWXUH�ILOWUDWH�DQG�TXDQWLWDWLYH�DQDO\VLV�RI�VWHURLGV�E\�+3/&�XVLQJ�DFHWRQLWULOH�ZDWHU�

JUDGLHQW�HOXWLRQ�ZHUH�GHVFULEHG�SUHYLRXVO\�
�
��
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'HWHUPLQDWLRQ�RI�JURZWK�NLQHWLF�SDUDPHWHUV�

7KH�JURZWK�RI�5��QLJULFDQV�SHOOHWV�ZDV�IROORZHG�LQ�WZR�JURZWK�PHGLD�ZLWK�GLIIHUHQW�

QLWURJHQ� VRXUFHV� �*0��DQG�*0���� GLOXWHG� LQ� VHYHUDO� UDWLRV�ZLWK�SKRVSKDWH�EXIIHU� DQG�

FXOWLYDWHG�DV�GHVFULEHG�DERYH��0D[LPDO�VSHFLILF�JURZWK�UDWH��PPD[ �K
��
���ZDV�GHWHUPLQHG�

IURP� WKH� VORSH� RI� WKH� OLQHDU� SDUW� RI� WKH� FXUYH�� SUHVHQWLQJ� OQ�;�;���YV�� W� �K���ZKHUH�;��

GHQRWHV� WKH� ELRPDVV� FRQFHQWUDWLRQ� DW� W�  � ��� <V[� ZDV� FDOFXODWHG� DV� WKH� DEVROXWH� UDWLR�

EHWZHHQ� WKH� ELRPDVV� JURZWK� UDWH�� G;�GW� �J�/� K�� DQG� WKH� WRWDO� VXJDU� FRQVXPSWLRQ� UDWH��

G6�GW� �J�/�K�� LQ� WKH�SKDVH�RI� D� FRQVWDQW� JURZWK� UDWH��7KH�PDLQWHQDQFH�FRHIILFLHQWV� IRU�

WKHVH�WZR�VXSSRUWLQJ�PHGLD�ZHUH�GHWHUPLQHG�LQ�VLPXODWHG�IHG�EDWFK�H[SHULPHQWV�DW�WKH�

VWDWLRQDU\�ELRPDVV�FRQFHQWUDWLRQ�DFFRUGLQJ�WR�(VHQHU�HW�DO��������
�
�

�
�

5HVXOWV�DQG�GLVFXVVLRQ��
�

6PRRWK�SHOOHWV�RI�5��QLJULFDQV��REWDLQHG�LQ�VKDNH�IODVNV�FXOWXUHV�RQ�WKH�EDVLV�RI�RXU�

SUHYLRXV� VWXGLHV�
����

� ZHUH� XVHG� DV� DQ� LPPRELOL]HG� OLYLQJ� FHOO� V\VWHP� IRU� SURJHVWHURQH�

ELRWUDQVIRUPDWLRQ��)LJXUH�����'HSHQGLQJ�RQ� LQRFXOXP�VL]H�� WKH�DYHUDJH�SHOOHW�GLDPHWHU�

YDULHG�EHWZHHQ�����DQG�����PP���

�

�

)LJXUH����3HOOHWHG�JURZWK�IRUP�RI�WKH�ILODPHQWRXV�IXQJXV�5KL]RSXV�QLJULFDQV��
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6WXGLHV�RQ�ELRPDVV�DQG�VXJDU�FRQFHQWUDWLRQ�GXULQJ�WKH�SURFHVV�RI�ELRWUDQVIRUPDWLRQ�

ZHUH�LQLWLDOO\�SHUIRUPHG�LQ�EDWFK�H[SHULPHQWV�ZLWK�JOXFRVH�DV�D�VROH�HQHUJ\�VRXUFH��7KH�

FKDQJH� LQ�FXOWXUH�GU\�ZHLJKW�DW� WKH� LQLWLDO�DEVROXWH�YDOXH�RI���������J�/�LV�SUHVHQWHG�LQ�

)LJXUH����

�

)LJXUH����7KH�HIIHFW�RI�JOXFRVH�����������J�/��DQG�SURJHVWHURQH������J�/��DGGLWLRQ�RQ�
WKH�JURZWK�RI�5KL]RSXV�QLJULFDQV�SHOOHWV�LQ�WKH�WUDQVIRUPDWLRQ�PHGLXP��;�DQG�;��GHQRWH�

FXOWXUH�GU\�ZHLJKW�DW�WLPHV�W W�DQG�W ���UHVSHFWLYHO\��
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)LJXUH����6XJDU�FRQVXPSWLRQ�GXULQJ�5��QLJULFDQV�FXOWLYDWLRQ�LQ�WKH�WUDQVIRUPDWLRQ�
PHGLXP�DW� GLIIHUHQW� VWDUWLQJ� FRQFHQWUDWLRQV�RI�JOXFRVH� ���� ��� ���J�/��DQG�SURJHVWHURQH�

DGGLWLRQ������J�/����

�

�

�

�

�

��

� � �� �� �� ��

W��K�

7
RW
DO
�V
XJ
DU
�F
RQ
F�
��
J�
JO
XF
RV
H�
/
�

� J�/ �� J�/
� J�/ �� J�/ � SURJ�

��

��

��

��

�

�

�

�

� � �� �� �� ��

W��K�

�;
�;

�
��
�J
�/
�

� J�/ � J�/ �� J�/ �� J�/ � SURJ�



$FWD�&KLP��6ORY���������������������

3� äQLGDUãLþ� .� 8UãLþ� $� 3DYNR� 6WXGLHV RQ VXSSRUWLQJ PHGLD IRU SURJHVWHURQH ��D�K\GUR[\ODWLRQ���

����

7KH�LQLWLDO�LQFUHDVH�LQ�GU\�ZHLJKW�LV�LQ�FRUUHODWLRQ�ZLWK�JOXFRVH�FRQVXPSWLRQ�LQ�WKH�

PHGLXP��VKRZQ�LQ�)LJXUH����7KH�XQH[SHFWHG�VOLJKW�LQFUHDVH�LQ�ELRPDVV�FRQFHQWUDWLRQ�DW�

FXOWLYDWLRQ� ZLWK� QR� JOXFRVH� DGGLWLRQ� DQG� DIWHU� WKH� GHSOHWLRQ� RI� JOXFRVH� DW� WKH� VWDUWLQJ�

FRQFHQWUDWLRQ���J�/�PD\�EH�D�FRQVHTXHQFH�RI�WKH�SUHVHQFH�RI�UHVLGXDO�QXWULHQWV�IURP�WKH�

JURZWK�FXOWLYDWLRQ�LQVLGH�WKH�P\FHOLDO�QHWZRUNV�RI�SHOOHWV��$IWHU�����K�RI�FXOWLYDWLRQ��D�

GHFUHDVH�LQ�5��QLJULFDQV�ELRPDVV�FRQFHQWUDWLRQ�LV�HYLGHQW�DW�DOO�WHVWHG�LQLWLDO�FRQGLWLRQV��

7KH� UHVLGXDOV� RI� JOXFRVH� DW� LQLWLDO� FRQFHQWUDWLRQV� RI� ��� J�/� DQG� WKH� VLPXOWDQHRXV�

PRGHUDWH� GHFUHDVH� LQ� ELRPDVV� FRQFHQWUDWLRQV� GXULQJ� WKH� ODVW� ��� K� RI� FXOWLYDWLRQV��

VXJJHVWHG� WKDW� WKH� FXOWXUHV� ZHUH� QLWURJHQ�OLPLWHG�� )XUWKHUPRUH�� ORZHU� ELRPDVV�

FRQFHQWUDWLRQV� DW� SURJHVWHURQH� DGGLWLRQ� LQGLFDWHG� LQKLELWLRQ� RI� 5�� QLJULFDQV� JURZWK��

ZKLFK�LV�LQ�DJUHHPHQW�ZLWK�ILQGLQJV�RI�%UHVNYDU�HW�DO��������
��

7R�HQVXUH�EDODQFHG�JURZWK��WZR�JURZWK�PHGLD�ZLWK�GLIIHUHQW�QLWURJHQ�VRXUFHV��*0��

DQG�*0���ZHUH�PL[HG�ZLWK�SKRVSKDWH�EXIIHU�LQ�GLIIHUHQW�SDUWV�DQG�WHVWHG�IRU�FXOWLYDWLRQ�

RI�5�� QLJULFDQV� SHOOHWV�� 7KH�PD[LPDO� VSHFLILF� JURZWK� UDWH�PPD[�� DQG� ELRPDVV� \LHOG� RQ�

WRWDO� VXJDUV� <V[� ZHUH� FDOFXODWHG� IURP� WKH� OLQHDU� JURZWK� SKDVH� RI� D� EDWFK� FXOWXUH� DW�

GLIIHUHQW� LQLWLDO� VXEVWUDWH� FRQFHQWUDWLRQV��$V� HYLGHQW� IURP�7DEOH� ��� VORZHU� JURZWK�ZDV�

REWDLQHG�RQ�PHGLD�FRQWDLQLQJ�VR\�IORXU��ZKLFK�LV�SDUWLDOO\� LQVROXEOH� LQ�ZDWHU�PHGLD��,Q�

ERWK�FDVHV��WKH�PD[LPDO�JURZWK�UDWH�ZDV�QRW�UHDFKHG�DW�WKH�LQLWLDO�FRQFHQWUDWLRQ���YRO���

RI�JURZWK�PHGLD�LQ�WKH�WUDQVIRUPDWLRQ�PHGLD���

�

*URZWK�SDUDPHWHU� *0���VR\�IORXU���\HDVW�H[WUDFW�� *0���\HDVW�H[WUDFW��

PPD[��K
��
�� ��������������� ������������

<V[ �J�J�� ������������ ������������

PV��J�J�K�� ������ ������

�

7DEOH� ��� *URZWK� NLQHWLF� SDUDPHWHUV� RI� 5KL]RSXV� QLJULFDQV�� FXOWLYDWHG� LQ�

WUDQVIRUPDWLRQ�PHGLD�ZLWK�LQGLFDWHG�QLWURJHQ�VRXUFH��7KH�UHVXOWV�IRU�PPD[�DQG�<V[�DUH�WKH�

PHDQ�RI� WKUHH�FXOWLYDWLRQV�ZLWK�DEVROXWH�GHYLDWLRQV� LQGLFDWHG��<V[�DQG�PV� UHIHU� WR� WRWDO�

VXJDU�FRQFHQWUDWLRQ��

�

��
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7KH�VLPXODWLRQ�RI�JURZWK�LQ�WKH�WUDQVIRUPDWLRQ�PHGLXP�XVLQJ�WKH�REWDLQHG�JURZWK�

NLQHWLF�SDUDPHWHUV�ZDV�PDGH�DFFRUGLQJ�WR�WKH�0RQRG�PRGHO
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7KH� VDWXUDWLRQ FRQVWDQW�.V�ZDV� VHW� WR� ����� J�/� DFFRUGLQJ� WR� WKH� OLWHUDWXUH� GDWD� IRU� WKH�

JURZWK�RQ�JOXFRVH
�����

��ZKLFK�LV�WKH�PDLQ�FDUERQ�VRXUFH�LQ�WKH�WUDQVIRUPDWLRQ�PHGLXP��

VLQFH� VXJDUV� IURP� VR\� IORXU� DQG�RU� \HDVW� H[WUDFW� UHSUHVHQW� DSSUR[LPDWHO\� ��� RI� WRWDO�

VXJDUV�� 7KH� FRPSDULVRQ� ZLWK� H[SHULPHQWDO� GDWD� �)LJXUH� ��� IURP� FXOWLYDWLRQV� ZLWK�

GLIIHUHQW�DPRXQWV�RI�JURZWK�PHGLD�*0��VKRZHG� WKDW� WKH�SURSRVHG�PRGHO�FDQ�EH�XVHG�

WLOO�WKH�EHJLQQLQJ�RI�WKH�GHDWK�SKDVH��
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)LJXUH� ��� 7LPH�FRXUVH� RI� ELRPDVV� �;�� DQG� WRWDO� VXJDUV� �76�� FRQFHQWUDWLRQ� DW�
GLIIHUHQW�UDWLRV��Y�Y��RI�JURZWK�PHGLD�DQG�SKRVSKDWH�EXIIHU��LQGLFDWHG�LQ�WKH�OHJHQG��DQG�

WKH�VLPXODWLRQ�XVLQJ�WKH�0RQRG�PRGHO�ZLWK�HYDOXDWHG�JURZWK�SDUDPHWHUV��VKRZQ�LQ�7DEOH����
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RQ�WRWDO�VXJDUV��H[SUHVVHG�DV�JOXFRVH�HTXLYDOHQWV��ZHUH�HVWLPDWHG�DFFRUGLQJ�WR�(VHQHU�HW�
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�7KH�PHWKRG�LV�EDVHG�RQ�WKH�PRGHO�RI�3LUW��������DVVXPLQJ�D�FRQVWDQW�UDWH�RI�

VXEVWUDWH�FRQVXPSWLRQ�IRU�WKH�PDLQWHQDQFH�PHWDEROLVP�
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:KHQ�DSSURDFKLQJ�FRQVWDQW�ELRPDVV�FRQFHQWUDWLRQ��P ��K
��
��E\�XVLQJ�DQ�DSSURSULDWH�

VXEVWUDWH� IHHG�� WKH�PDLQWHQDQFH�FRHIILFLHQW�FRXOG�EH�GLUHFWO\�FDOFXODWHG�RQ� WKH�EDVLV�RI�

VXEVWUDWH� FRQVXPSWLRQ� 7KHUHIRUH� WKH� JURZWK� LQ� WKH� WUDQVIRUPDWLRQ� PHGLXP� ZDV�

SHUIRUPHG� ZLWK� SHULRGLFDO� DGGLWLRQ� RI� *0�� DQG� *0�� LQ� RUGHU� WR� REWDLQ� FRQVWDQW�

ELRPDVV� FRQFHQWUDWLRQV�� 7KH� FDOFXODWLRQV� RI� VXEVWUDWH� IHHG�� ZKLFK� VKRXOG� OHDG� WR�

FRQVWDQW� ELRPDVV� FRQFHQWUDWLRQV�� ZHUH� GRQH� RQ� WKH� EDVLV� RI� OLWHUDWXUH� GDWD� IRU� WKH�

PDLQWHQDQFH� FRHIILFLHQWV� RI� VHYHUDO� ILODPHQWRXV� IXQJL�
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)LJXUH����7LPH�FRXUVH�RI�D�VLPXODWHG�IHG�EDWFK�JURZWK�RI�5��QLJULFDQV�SHOOHWV�ZLWK�
*0��DGGLWLRQ�HYHU\�VHFRQG�KRXU�DQG�WKH�FRPSDULVRQ�ZLWK�FXOWLYDWLRQ�LQ�WKH�SUHVHQFH�RI�

SURJHVWHURQH��7KH�UHVXOWV�DUH�WKH�PHDQ�RI�WZR�SDUDOOHOV�ZLWK�DEVROXWH�HUURU�EDUV�QRWHG��
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7KH�PDLQWHQDQFH�FRHIILFLHQWV�ZHUH�FDOFXODWHG�IURP�VXEVWUDWH�FRQVXPSWLRQ�DIWHU���K��

ZKHQ�DSSUR[LPDWHO\�FRQVWDQW�GU\�ZHLJKW�ZDV�REWDLQHG��IRU� WKH� WUDQVIRUPDWLRQ�PHGLXP�

ZLWK�*0������������J�/�DQG�ZLWK�*0������������J�/���7KH�YDOXHV�RI�WKH�FRHIILFLHQWV��

VXPPDUL]HG� LQ� 7DEOH� ��� DUH� DOPRVW� LGHQWLFDO� IRU� ERWK�PHGLD� DQG� DUH� FRPSDUDEOH�ZLWK�

OLWHUDWXUH� GDWD� �H�J�� IRU� 3HQLFLOOLXP� FKU\VRJHQXP� ������ J�J�K� DQG� IRU� $VSHUJLOOXV�

DZDPRUL�������J�J�K��ERWK�IRU�JOXFRVH��
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:KLOH�DSSUR[LPDWHO\�FRQVWDQW�GU\�ZHLJKW�ZDV�REWDLQHG�LQ�ERWK�FXOWLYDWLRQV�ZLWKRXW�

DGGLQJ�WKH�VWHURLG��D�GHFUHDVH�LQ�ELRPDVV�FRQFHQWUDWLRQ�LQ�WKH�SUHVHQFH�RI�SURJHVWHURQH�

ZDV� HYLGHQW� �)LJXUH� ����7KH�PHDVXUHPHQWV� RI� WRWDO� QLWURJHQ� FRQFHQWUDWLRQ� UHYHDOHG� DQ�

H[FHVV�RI�WKLV�VXEVWUDWH�GXULQJ�ERWK�FXOWLYDWLRQV��GDWD�QRW�SUHVHQW���ZKLFK�FOHDUO\�GHQLHV�

WKH�OLPLWLQJ�HIIHFW�RQ�WKH�JURZWK�RI�5��QLJULFDQV�SHOOHWV��7KLV�DJDLQ�LPSOLHV�WKH�JURZWK�

LQKLELWLRQ�HIIHFW�RI�SURJHVWHURQH�DQG�D�JUHDWHU�QHHG�IRU�D�VXSSRUWLQJ�PHGLD�WR�FRXQWHUDFW�

WKH� DXWRO\VLV� DQG� WR�PDLQWDLQ� D� FRQVWDQW� ELRPDVV� FRQFHQWUDWLRQ��$V� WKH� DYHUDJH� SHOOHW�

GLDPHWHU�GLG�QRW�FKDQJH�GXULQJ�FXOWLYDWLRQ�LQ�ERWK�FDVHV��ZH�DVVXPH�WKDW�WKH�DXWRO\VLV�RI�

WKH�P\FHOLXP�SULPDULO\�RFFXUUHG�LQ�WKH�FHQWHU�RI�SHOOHWV��
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7KH�XVH�RI�D� WZLFH�KLJKHU�IHHG�UDWH�RI�*0��LQ�WKH�WUDQVIRUPDWLRQ�PHGLXP�VOLJKWO\�

UHGXFHG�WKH�GHFUHDVH�RI�GU\�ZHLJKW�FRQFHQWUDWLRQ�LQ�WKH�SUHVHQFH�RI�SURJHVWHURQH��ZKLFK�

ZDV�IROORZHG�LQ�WKH�VKRUW�FXOWLYDWLRQ��)LJXUH�����$JDLQ��WKH�DXWRO\VLV�SURFHVV�ZDV�IDVWHU�

WKDQ�WKH�ELRPDVV�JURZWK��

7KH�FRPSDULVRQ�RI�SURJHVWHURQH�ELRWUDQVIRUPDWLRQ�DW�ERWK�IHHG�UDWHV�RI�VXSSRUWLQJ�

PHGLXP�*0��ZLWK� WKH�EDWFK� WUDQVIRUPDWLRQ� LQ�PHGLD�ZLWK�JOXFRVH� DV� WKH� VROH�FDUERQ�

VRXUFH�LQGLFDWHV�WKH�EHQHILW�RI�XVLQJ�FRPSOH[�PHGLD�DW�KLJKHU�IHHG�UDWHV��)LJXUH�����7KH�

UHVXOWV�ZLOO�VHUYH�IRU�IXUWKHU�VWXGLHV�RQ�WKH�IHG�EDWFK�ELRWUDQVIRUPDWLRQ�SURFHVV�ZLWK�5��

QLJULFDQV�SHOOHWV���

�

&RQFOXVLRQV��
7KH� UHVXOWV� LQGLFDWHG� WKH�EHQHILW� RI� XVLQJ� FRPSOH[�PHGLD� DV� VXSSRUWLQJ�PHGLD� IRU�

SURJHVWHURQH���D�K\GUR[\ODWLRQ��7KH�JURZWK�LQKLELWLRQ�HIIHFW�RI�SURJHVWHURQH�UHVXOWHG�LQ�

D� GHFUHDVH�RI�ELRPDVV� FRQFHQWUDWLRQ� DW� WKH� WHVWHG� FRQGLWLRQV��ZKLFK� LQGLFDWHG� D�KLJKHU�

HQHUJ\� GHPDQG� WR� FRXQWHUDFW� WKH� DXWRO\VLV� DQG� WR� PDLQWDLQ� FRQVWDQW� ELRPDVV�

FRQFHQWUDWLRQ�GXULQJ�ORQJ�WHUP�ELRWUDQVIRUPDWLRQ��

�

1RPHQFODWXUH��
�

.V�� 6DWXUDWLRQ�FRQVWDQW�IRU�WRWDO�VXJDUV��

H[SUHVVHG�DV�JOXFRVH�HTXLYDOHQWV�

J�JOXFRVH�/�

PV� 0DLQWHQDQFH�FRHIILFLHQW�RQ�WRWDO�VXJDUV� J�JOXFRVH�J�ELRPDVV���K�

6� 6XEVWUDWH�FRQFHQWUDWLRQ� J�/�

W� 7LPH� K�

76� 7RWDO�VXJDU�FRQFHQWUDWLRQ��H[SUHVVHG�DV�

JOXFRVH�HTXLYDOHQWV�

J�JOXFRVH�/�

;� %LRPDVV�FRQFHQWUDWLRQ� J�ELRPDVV�/�

<V[� *URZWK�\LHOG�FRHIILFLHQW� J�ELRPDVV��J�JOXFRVH�

P� 6SHFLILF�JURZWK�UDWH� K
��
�

PPD[� 0D[LPDO�VSHFLILF�JURZWK�UDWH� K
��
�

�
�

$FNQRZOHGJHPHQW�
7KLV�ZRUN�ZDV� VXSSRUWHG� E\� WKH�0LQLVWU\� RI� (GXFDWLRQ�� 6FLHQFH� DQG�6SRUW� RI� WKH�

5HSXEOLF�RI�6ORYHQLD��*UDQW�1R��-���������������
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3RY]HWHN�
3URXþHYDOL VPR YSOLY UD]OLþQLK GRKUDQMHYDOQLK PHGLMHY LQ KLWURVWL QDSDMDQMD QD NRQFHQWUDFLMR

ELRPDVH PHG SURFHVRP ��D�KLGURNVLODFLMH SURJHVWHURQD V SHOHWQR REOLNR UDVWL QLWDVWH JOLYH

5KL]RSXV QLJULFDQV� 'RORþLOL VPR NLQHWLþQH SDUDPHWUH UDVWL ]D UDVW SHOHWRY Y GYHK

WUDQVIRUPDFLMVNLK PHGLMLK ] UD]OLþQLPD YLURPD GXãLND� 5H]XOWDWL QDND]XMHMR VPLVHOQRVW

GRKUDQMHYDQMD V NRPSOHNVQLP JRMLãþHP SUL YHþMLK KLWURVWLK QDSDMDQMD� NRW VR SRWUHEQH ]D

Y]GUåHYDQMH NRQVWDQWQH NRQFHQWUDFLMH ELRPDVH Y SURFHVX EUH] HNVRJHQR GRGDQHJD VWHURLGD�


