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,Q� WKLV� VWXG\�� WKH� DLP�ZDV� WR� GHVFULEH� EDFWHULDO� GLYHUVLW\� RI�
WDEOH�HJJV�XVLQJ�ERWK�FXOWXUH�DQG�PROHFXODU�DSSURDFK��7RWDO�
YLDEOH� FRXQWV� �79&V��ZHUH�REWDLQHG� IURP�VKHOO� DQG�FRQWHQW�
RI� ��� FRPPHUFLDO� HJJV� LQ� 6FRWODQG�� (JJV� IURP� �� GLIIHUHQW�
VRXUFHV�ZHUH�VDPSOHG�LQFOXGLQJ�RUJDQLF�IDUP�����HJJV���IUHH�
UDQJH� ���� HJJV��� DQG� FDJHG� V\VWHP� ���� HJJV��� )UHH� UDQJH�
HJJV�KDG�KLJKHU�79&V�LVRODWHG�IURP�HJJVKHOO��D�PHDQ�RI�����
ORJ��� &)8�HJJVKHOO�� DQG� ���� ORJ��� �FDJHG� HJJV��
&)8�HJJVKHOO��(JJ�FRQWHQW�UDQJHG�IURP��� ORJ��RUJDQLF�HJJ��
WR� ���� ORJ� �FDJHG� HJJ�� FIX�PO�� $129$� WHVW� VKRZHG� QR�
VLJQLILFDQW� GLIIHUHQFH� EHWZHHQ� WKH� WZR� YDULDEOHV�� 79&V�DQG�
KRXVLQJ�V\VWHP�� IRU�ERWK�HJJVKHOO��DQG�FRQWHQW� UHVSHFWLYHO\�
�S���������������
��� EDFWHULDO� LVRODWHV� ZHUH� JHQRW\SHG� E\� ��6U51$�
VHTXHQFLQJ�� 7KH� UHVXOWV� REWDLQHG� LQGLFDWH� ODUJH� QXPEHU� RI�
HJJV� LQVSHFWHG� ZDV� FRQWDPLQDWHG� ZLWK� 6WDSK\ORFRFFXV
EDFWHULD�� $PRQJ� WKH� EDFWHULDO� VWUDLQV� LVRODWHG��
6WDSK\ORFRFFXV� HTXRUXP� ZDV� WKH� PRVW� RFFXUULQJ� VWUDLQ�
�������IROORZHG�E\�0LFURFRFFXV OXWHXV��������DQG�UHVW�RI�WKH�
VHTXHQFHV�ZHUH�OHVV�WKDQ��������1R�HYLGHQFH�ZDV�IRXQG�IRU�
SUHVHQFH� RI� 6DOPRQHOOD�� (VFKHULFKLD� FROL�� &DPS\OREDFWHU�
/LVWHULD� PRQRF\WRJHQHV�� RU� &ORVWULGLXP SHUIULQJHQV�� 7KH�
SURSRUWLRQ�RI�*UDP�SRVLWLYH�EDFWHULD�ZDV�VLJQLILFDQWO\�KLJKHU�
WKDQ�*UDP�QHJDWLYH� EDFWHULD� �S�������� ,W� FDQ� EH� FRQFOXGHG�
WKDW� WDEOH�HJJV�VROG� LQ�(GLQEXUJK¶V� JURFHULHV�ZHUH�RI� JRRG�
TXDOLW\�IRU�KXPDQ�FRQVXPSWLRQ��
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%URPLQDWHG� IODPH� UHWDUGDQWV� �%)5V�� DUH� FKHPLFDOV� XVHG� LQ� D�
ZLGH� UDQJH� RI� FRPPHUFLDO� DQG� KRXVHKROG� SURGXFWV� LQ� RUGHU� WR�
UHGXFH� WKHLU� IODPPDELOLW\�� %HFDXVH� PRVW� %)5V� DUH� QRW�
FKHPLFDOO\�ERQGHG�WR�WKH�SURGXFWV�ZKLFK�WKH\�DUH�DGGHG�WR��WKH\�
FDQ� HDVLO\� OHDFK� LQWR� WKH� HQYLURQPHQW�� 7KH�PDLQ� H[SRVXUHV� RI�
WKH�SRSXODWLRQ�WR�%)5V�LV�YLD�WKH�GLHW��LQKDODWLRQ�RI�LQGRRU�DLU�DQG�
LQJHVWLRQ� RI� LQGRRU� GXVW�� ,Q� SDUWLFXODU�� WKH� ODFN� RI� GDWD� RQ� WKH�
SUHVHQFH�RI�%)5V�LQ�IRRG�FDQ�OHDG�WR�D�ZURQJ�HVWLPDWLRQ�RI�WKH�
KXPDQ�LQWDNH��7KH�PDLQ�DLP�RI�WKLV�SURMHFW�LV�WR�IROORZ�XS�WKH�(8�
&RPPLVVLRQ� 5HFRPPHQGDWLRQ� ���������(8� RQ� WKH� PRQLWRULQJ�
RI� %)5V� LQ� YDULRXV� IRRG� LWHPV� IURP� WKH� %HOJLDQ� PDUNHW�� WR�
SURYLGH�GDWD�RQ�WKHLU�SUHVHQFH�DQG�OHYHOV��7KH�PDLQ�SXUSRVH�RI�
WKH� SUHVHQW� ZRUN� ZDV� WR� GHYHORS� DQG� YDOLGDWH� D� VHQVLWLYH�
DQDO\WLFDO� PHWKRG� IRU� WKH� TXDQWLILFDWLRQ� RI� SRO\EURPLQDWHG�
GLSKHQ\O� HWKHUV� �3%'(V��� QRYHO� %)5V� �+%%�� %7%3(�� '%'3(��
7%%�� 7%3+��� WULEURPRDQLVROH� �7%$��� DQG� 'HFKORUDQH� SOXV�
LVRPHUV� �V\Q�'3�DQG�DQWL�'3��DW� WKH� OHYHOV� UHTXLUHG�E\� WKH�(8�
UHJXODWLRQ�LQ�YDULRXV�IRRG�LWHPV��7KH�PHWKRG�ZDV�GHYHORSHG�DQG�
RSWLPL]HG�XVLQJ�WKUHH�GLIIHUHQW�PDWULFHV��O\RSKLOL]HG�VDOPRQ�ILOOHW��
FKLFNHQ� EUHDVW�� DQG� FKLFNHQ� HJJV�� E\� PRGLI\LQJ� WKH� PHWKRG�
SXEOLVKHG� E\� ;X� HW� DO�� ����� $IWHU� H[WUDFWLRQ� ZLWK�
DFHWRQLWULOH�WROXHQH� ������ Y�Y��� WKH� REWDLQHG� H[WUDFW� ZDV�
HYDSRUDWHG�WR�GU\QHVV��UHFRQVWLWXWHG�LQ�KH[DQH�DQG�VXEMHFWHG�WR�
)ORULVLO� FOHDQ�XS�� DQG� WKHQ� WR� DQ� DGGLWLRQDO� DFLGLILHG� VLOLFD� �����
Z�Z�� FOHDQ�XS�� 7KH� ILQDO� H[WUDFW� ZDV� FRQFHQWUDWHG� WR� QHDUO\�
GU\QHVV�� UHFRQVWLWXWHG� LQ� LVRRFWDQH�WROXHQH� ������ Y�Y�� DQG�
LQMHFWHG� LQWR� WKH� *&�(&1,� V\VWHP�� 7KH� DQDO\VLV� RI� WKH� WDUJHW�
DQDO\WHV�ZDV�SHUIRUPHG�ZLWK�DQ�$JLOHQW������*&��HTXLSSHG�ZLWK�
HOHFWURQLF� SUHVVXUH� FRQWURO� DQG� D� SURJUDPPDEOH�WHPSHUDWXUH�
YDSRUL]HU��379��LQOHW��FRXSOHG�WR�DQ�$JLOHQW������06�RSHUDWHG�LQ�
HOHFWURQ�FDSWXUH�QHJDWLYH� LRQL]DWLRQ�PRGH�DQG�HTXLSSHG�ZLWK�D�
'%���FDSLOODU\�FROXPQ�����Pî�����PPî����� P���7KH�UHOLDELOLW\�
RI� WKH� PHWKRG� ZDV� WKHQ� WHVWHG� RQ� VHYHUDO� IRRG� PDWULFHV��
LQFOXGLQJ� GLIIHUHQW� W\SHV� RI� ILVK�� PHDW�� HJJV�� PLON�� YHJHWDULDQ�
IRRG�� DQG� YHJHWDEOH� RLO� �Q ����� )RU� DOO� WKH� WHVWHG�PDWULFHV�� WKH�
UHFRYHU\�UDWHV�IRU�DOO�WKH�DQDO\WHV�UDQJHG�EHWZHHQ���������DQG�
����������7KH�PHWKRG�ZDV�ILQDOO\�YDOLGDWHG�IRU�D�YDULHW\�RI�IRRG�
FDWHJRULHV� �LQFOXGLQJ� ILVK��PHDW�� HJJV��PLON�� DQG� YHJHWDEOH� RLO���
DQG� WKH� IROORZLQJ� SDUDPHWHUV� �OLQHDULW\�� /24�� WUXHQHVV��
VHOHFWLYLW\�� UHSHDWDELOLW\�� DFFXUDF\�� DQG� PHDVXUHPHQW�
XQFHUWDLQW\��ZHUH� HYDOXDWHG� DFFRUGLQJ� WR� WKH� JXLGHOLQHV� RI� ,&+�
DQG�)'$��%DVHG�RQ�WKH�REWDLQHG�UHVXOWV��WKH�GHYHORSHG�PHWKRG�
ZDV�IRXQG�VXLWDEOH�IRU�WKH�DQDO\VLV�RI�3%'(V�DQG�QRYHO�%)5V�LQ�
GLIIHUHQW�IRRG�PDWULFHV�E\�*&±06��
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DQG� KDORJHQDWHG� IODPH� UHWDUGDQWV� LQ� IRRG� PDWULFHV� XVLQJ�
XOWUDVRQLFDWLRQ� DQG� YDFXXP� DVVLVWHG� H[WUDFWLRQ�� PXOWL�VWDJH�
FOHDQXS� DQG� JDV� FKURPDWRJUDSK\�PDVV� VSHFWURPHWU\�� -�
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