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$QWLR[LGDQW�DFWLYLW\��WRWDO�SKHQROLF�DQG�IODYRQRLG�
FRQWHQW�GHWHUPLQDWLRQ�RI�VRPH�VHOHFWHG�PHGLFLQDO�

SODQWV�IURP�.DYUH�GLVWULFW�RI�1HSDO��

5XSDN�.KDUHO��DQG�.KDJD�5DM�6KDUPD�

�&HQWUDO�'HSDUWPHQW�RI�&KHPLVWU\��7ULEKXYDQ�8QLYHUVLW\��.LUWLSXU�.DWKPDQGX��1HSDO�
�7ULQLW\�,QWHUQDWLRQDO�&ROOHJH��'LOOL�%D]DDU��.DWKPDQGX��1HSDO�

(PDLO��NKDJDUDMBVKDUPD��#\DKRR�FRP�

$EVWUDFW�

7KH� DLP� RI� WKLV� VWXG\� ZDV� WR� VWXG\� WKH� DQWLR[LGDQW� SRWHQWLDO�� GHWHUPLQDWLRQ� RI� WRWDO� SKHQROLF� DQG�
IODYRQRLG�FRQWHQW�LQ�VRPH�VHOHFWHG�PHGLFLQDO�SODQWV�IURP�.DYUH�GLVWULFW�RI�1HSDO��7KH�PHWKDQRO�H[WUDFW�RI�
QLQH� PHGLFLQDO� SODQWV� FROOHFWHG� IURP� .DYUH� GLVWULFW� RI� 1HSDO�� ZHUH� VFUHHQHG� IRU� DVVHVVLQJ� ELRDFWLYH�
SK\WRFRQVWLWXHQWV�IROORZHG�E\�DQWLR[LGDQW�SURSHUW\��WRWDO�SKHQROLF�DQG�IODYRQRLG�FRQWHQW��'LIIHUHQW�SODQWV�
FROOHFWHG�ZHUH�SRZGHUHG�DQG�H[WUDFWHG�ZLWK�PHWKDQRO��FRQFHQWUDWHG�E\�URWDWRU\�HYDSRUDWRU�DQG�DQDO\]HG�
IRU� WKH� SUHVHQFH� RI� SK\WRFKHPLFDOV�� 7KH� DQWLR[LGDQW� SRWHQWLDO� RI� WKH� SODQW� H[WUDFWV� ZHUH� HYDOXDWHG� E\�
'33+� UDGLFDO� VFDYHQJLQJ� DVVD\�� 7RWDO� SKHQROLF� DQG� WRWDO� IODYRQRLG� FRQWHQWV� ZHUH� GHWHUPLQHG� XVLQJ�
)ROLQ±&LRFDOWHX� DQG� DOXPLQXP� FKORULGH� PHWKRG� UHVSHFWLYHO\�� 7KH� SK\WRFKHPLFDO� DQDO\VLV� VKRZHG� WKH�
SUHVHQFH� RI� YDULRXV� VHFRQGDU\� PHWDEROLWHV� OLNH� DONDORLGV�� IODYRQRLGV�� SRO\SKHQROV�� VDSRQLQV�� DQG�
TXLQRQHV�� �7KH� H[WUDFW� RI� 6SRQGLDV� SLQQDWD�VKRZHG� WKH� KLJKHVW� UDGLFDO� VFDYHQJLQJ� DFWLYLW\� XS�
WR������������ ZLWK� ,&��� ����������� J�P/�� IROORZHG� E\� %�� YDULHJDWD�� ����������� ZLWK� ,&��� YDOXH�
����������� J�P/�� 7KH� VWDQGDUG�� DVFRUELF� DFLG� KDV� ,&��� YDOXH� ����������� J�P/�� )XUWKHU�� WKH� HWK\O�
DFHWDWH� IUDFWLRQ� RI� 6�� SLQQDWD� VKRZHG� WKH� PD[LPXP� UDGLFDO� VFDYHQJLQJ� ������������� ZLWK� ,&��� YDOXH�
����������� J�P/�� 0RUHRYHU��6SRQGLDV� SLQQDWD�GLVSOD\HG� WKH� KLJKHVW� WRWDO� SKHQROLF� FRQWHQW�
�����������PJ� *$(�J� H[WUDFW� ZKLOH� WKH� KLJKHVW� IODYRQRLG� FRQWHQW� ZDV� VKRZQ� E\�0HOLD�
D]HGDUDFK�������������PJ�4(��J�H[WUDFW����

.H\ZRUGV��$QWLR[LGDQW��WRWDO�SKHQROLF�FRQWHQW��WRWDO�IODYRQRLG�FRQWHQW��SK\WRFKHPLFDOV�

,QWURGXFWLRQ�

2ZLQJ�WR�LWV�JUHDWO\�YDULHG�JHRJUDSKLFDO�DQG�FOLPDWLF�FRQGLWLRQ�RI�1HSDO��WKHUH�LV�KXJH�ELRGLYHUVLW\�RI�
SODQWV�ZLWK�PHGLFLQDO�DQG�DURPDWLF�YDOXHV��1HSDO��EHLQJ�ORFDWHG�DW�WKH�SRUWLRQ�RI�&HQWUDO�+LPDOD\DV�KDV�
FRQWULEXWHG� DERXW� ��� SHUFHQW� PHGLFLQDO� SODQWV� RI� H[SHFWHG� ����� VSHFLHV� RI� IORZHULQJ� SODQWV�� .DYUH�
GLVWULFW�RI�1HSDO�LV�ULFK�LQ�ELRGLYHUVLW\�GXH�WR�FOLPDWLF�YDULDWLRQ�DQG�SRVVHVVHV�YDULHG�PHGLFLQDO�SODQWV��,Q�
GHYHORSLQJ� FRXQWULHV�� PHGLFLQDO� SODQWV� DUH� SRWHQW� VRXUFHV� RI� PHGLFLQH� WR� WUHDW� YDULRXV� GLVHDVHV�� 7KH�
SHRSOH�OLYLQJ�LQ�UXUDO�DUHDV�RI�XQGHUGHYHORSHG�FRXQWULHV�VWLOO�GHSHQGV�RQ�PHGLFLQDO�SODQWV�IRU�WKHLU�EDVLF�

&RUUHVSRQGLQJ�DXWKRU
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KHDOWK�FDUH���6\QWKHWLF�GUXJV�DUH�HIIHFWLYH�WR�FXUH�YDULRXV�GLVHDVHV�EXW�RQ�WKH�ORQJ�UXQ��WKH\�VKRZ�KDUPIXO�
VLGH�HIIHFWV�DQG�WKH\�DUH�H[SHQVLYH�WRR��6R�� WKH�GUXJ�GHYHORSPHQW�IURP�QDWXUDO�SURGXFW� LV�SURPLVLQJ�DV�
SODQWV�VKRZ�GLIIHUHQW�ELRDFWLYLW\�WR�FXUH�DLOPHQWV�GXH�WR�WKH�SUHVHQFH�RI�ELRDFWLYH�FRPSRXQGV��

2[LGDWLYH�VWUHVV�QHHGV�HOHFWURQ�SDLULQJ�IRU�WKHLU�VWDELOLW\�DQG�WKXV�SDLU�ZLWK�ELRORJLFDO�PDFURPROHFXOHV�
VXFK�DV�SURWHLQ��'1$��OLSLGV�DQG�HYHQ�ZLWK�KHDOWK\�KXPDQ�FHOOV�WKHUHE\�JLYHV�ULVH�WR�GLIIHUHQW�GLVHDVHV��

,Q� RUGHU� WR� VFDYHQJH� WKHVH� IUHH� UDGLFDOV�� V\QWKHWLF� DQWLR[LGDQWV� OLNH� EXW\ODWHG� K\GUR[\WROXQH� �%+7���
EXW\ODWHG� K\GUR[\DQLVROH� �%+$��� WHUWLDU\� EXW\ODWHG� K\GUR[\TXLQRQH� �7%+4��� HWF�� DUH� EHLQJ� XVHG��
+RZHYHU��WKHVH�FRPPHUFLDOO\�DYDLODEOH�DQWLR[LGDQWV�KDYH�VLGH�HIIHFWV�DQG�DUH�WR[LF�LQ�YLYR��+HQFH��WKHUH�
LV�LQFUHDVHG�LQ�LQWHUHVW�IRU�VDIHU�DQWLR[LGDQW�IURP�QDWXUDO�VRXUFH�WR�FXUH�GLIIHUHQW�GLVHDVHV������

1DWXUDO�DQWLR[LGDQWV��GHULYHG�IURP�SODQWV��DUH�VHFRQGDU\�PHWDEROLWHV�ZKLFK�VFDYHQJHV�WKH�IUHH�UDGLFDOV�
JHQHUDWHG� IURP� WKH� R[LGDWLRQ� SURFHVV� LQ� GLIIHUHQW� FHOOV� DQG� FKHFN� GLIIHUHQW� R[LGDWLYH� VWUHVV� UHODWHG�
PDODGLHV�� 1DWXUDO� DQWLR[LGDQWV� DUH� OHVV� H[SHQVLYH� KDYLQJ� ORZHU� WR[LFLW\� DQG� VLGH� HIIHFWV�� *HQHUDOO\��
SKHQROLF�DFLGV�DQG�IODYRQRLGV�KDYH�EHHQ�FRQVLGHUHG�WR�VKRZ�WKH�ELRDFWLYLW\�IRU�VFDYHQJLQJ�IUHH�UDGLFDOV��

+RZHYHU�� WKHUH�PLJKW�EH�RWKHU�VHFRQGDU\�PHWDEROLWHV�ZKLFK�DFW�DV�DQWLR[LGDQW��1DWXUDO�DQWLR[LGDQWV�DUH�
OHVV�H[SHQVLYH�KDYLQJ�ORZHU�WR[LFLW\�DQG�VLGH�HIIHFWV��

3UHVHQW�VWXG\�PDLQO\�IRFXVHG�WR�HYDOXDWH�WKH�DQWLR[LGDQW�SRWHQWLDO�DQG�IUHH�UDGLFDO�VFDYHQJLQJ�DFWLYLW\�
RI�PHWKDQRO� H[WUDFW� RI� QLQH�PHGLFLQDO� SODQWV� VHOHFWHG� IURP�.DYUH� GLVWULFW� RI�1HSDO�� 7KH� H[WUDFWV�ZHUH�
H[DPLQHG�IRU�WKHLU�DQWLR[LGDQW�SURSHUW\�E\�XVLQJ�'33+�DVVD\��7KH�WRWDO�SKHQROLF�FRQWHQW�DQG�IODYRQRLG�
FRQWHQW� RI� HDFK� H[WUDFWV� ZHUH� DOVR� HYDOXDWHG� LQ� RUGHU� WR� FRUUHODWH� HLWKHU� WKH� SUHVHQFH� RI� SKHQROV� DQG�
IODYRQRLGV�DUH�UHVSRQVLEOH�IRU�DQWLR[LGDQW�SURSHUW\��

([SHULPHQWDO�0HWKRGV�

&ROOHFWLRQ�DQG�LGHQWLILFDWLRQ�RI�SODQW�VDPSOHV�

'LIIHUHQW�SDUWV�RI�QLQH�PHGLFLQDO�SODQWV�ZHUH�FROOHFWHG�IURP�WKH�IDUPODQG�RI�3DQFKNKDO�PXQLFLSDOLW\��
.DYUH��1HSDO��WKH�SODQWV�ZHUH�FROOHFWHG�LQ�WKH�VXPPHU�RI�0D\�-XQH�������7KH�SODQWV�ZHUH�LGHQWLILHG�DW�
&HQWUDO�'HSDUWPHQW�RI�%RWDQ\��7ULEKXYDQ�8QLYHUVLW\��.DWKPDQGX��1HSDO��

([WUDFW�SUHSDUDWLRQ�

&OHDQHG�SDUWV�RI�SODQWV�ZHUH�GULHG�XQGHU�VKDGH�DW�URRP�WHPSHUDWXUH��'ULHG�VDPSOHV�ZHUH�FKRSSHG�LQWR�
SLHFHV�DQG�WKHQ�SRZGHUHG�XVLQJ�D�PHFKDQLFDO�JULQGHU��'ULHG�SRZGHU������J��ZDV�PL[HG�VHSDUDWHO\�LQ�����
P/� PHWKDQRO�� 7KH� IODVNV� ZHUH� VHDOHG� WLJKWO\� DQG� H[WUDFWLRQ� ZDV� GRQH� IRU� ��� KRXUV� ZLWK� RFFDVLRQDO�
VKDNLQJ��7KH�REWDLQHG�H[WUDFWV�ZHUH�ILOWHUHG�DQG�FRQFHQWUDWHG� LQ�D� URWDU\�HYDSRUDWRU��7KH�\LHOG�RI�HDFK�
IUDFWLRQ�ZDV�GHWHUPLQHG�DQG�DOO�WKH�H[WUDFWV�ZHUH�VWRUHG�DW����&�LQ�D�UHIULJHUDWRU�XQWLO�DQDO\VHV��

3UHOLPLQDU\�SK\WRFKHPLFDO�DQDO\VLV�

7KH�PHWKRG�HPSOR\HG�IRU�SK\WRFKHPLFDO�VFUHHQLQJ�ZDV�EDVHG�RQ�WKH�VWDQGDUG�SURWRFRO�RI�+DUERQH�HW�
DO���������ZLWK�VRPH�PRGLILFDWLRQV���

'33+�UDGLFDO�VFDYHQJLQJ�DVVD\�

$QWLR[LGDQW�FDSDFLW\�ZDV�PHDVXUHG�E\�WKH�XVH�RI�IUHH�UDGLFDO�����GLSKHQ\O���SLFU\OK\GUD]\O��'33+���
7KH� DELOLW\� RI� GLIIHUHQW� SODQW� H[WUDFWV� WR� VFDYHQJH� '33+� IUHH� UDGLFDO� ZDV� SHUIRUPHG� E\� WKH� VWDQGDUG�
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SURWRFRO�DGRSWHG�E\�-DPXQD�HW��DO�����������$VFRUELF�DFLG�RI�VDPH�FRQFHQWUDWLRQV�DV�WKDW�RI�SODQW�H[WUDFW�
ZDV� SUHSDUHG� DV� D� VWDQGDUG� DQG� LWV� DEVRUEDQFH�ZDV�PHDVXUHG� DW� ���� QP��$VFRUELF� DFLG�ZDV� XVHG� DV� D�
SRVLWLYH�FRQWURO��'LVWLOOHG�ZDWHU�ZDV�XVHG�DV�EODQN��7KH�SHUFHQWDJH�RI�WKH�'33+�IUHH�UDGLFDO�VFDYHQJLQJ�
DFWLYLW\�ZDV�FDOFXODWHG�XVLQJ�WKH�IROORZLQJ�HTXDWLRQ��

:KHUH����������

$�� �$EVRUEDQFH�RI�WKH�FRQWURO��'33+�VROXWLRQ���PHWKDQRO��

$V� �$EVRUEDQFH�RI�WHVW�VDPSOH�

7KH�,&��������LQKLELWRU\�FRQFHQWUDWLRQ��YDOXH�ZDV�LQGLFDWHG�DV�HIIHFWLYH�FRQFHQWUDWLRQ�RI�WKH�VDPSOH�WKDW�
UHTXLUHG� WR� VFDYHQJH� ���� RI� WKH�'33+� IUHH� UDGLFDOV�� ,&���YDOXHV�ZHUH� FDOFXODWHG� XVLQJ� WKH� LQKLELWLRQ�
FXUYH�E\�SORWWLQJ�H[WUDFW�FRQFHQWUDWLRQ�YHUVXV�WKH�FRUUHVSRQGLQJ�VFDYHQJLQJ�HIIHFW��

7RWDO�SKHQROLF�FRQWHQW��73&��

7KH� WRWDO� SKHQROLF� FRQWHQW� RI� DOO� VHOHFWHG� SODQW� H[WUDFWV� ZDV� HVWLPDWHG� XVLQJ� )ROLQ�&LRFDOWX� UHDJHQW�
LQYROYLQJ�JDOOLF�DFLG�VWDQGDUG�EDVHG�RQ�WKH�R[LGDWLRQ�UHGXFWLRQ�UHDFWLRQ��7KH�SURFHGXUH�FDUULHG�RXW�IRU�WKH�
WRWDO� SKHQRO� FRQWHQW�ZDV�EDVHG�RQ� WKH� VWDQGDUG�SURFHGXUH�SXW� IRUZDUGHG�E\�.LP�HW� DO�� �������ZLWK� OLWWOH�
PRGLILFDWLRQ����73&�FRQWHQW�FRQFHQWUDWLRQ� LQ�H[WUDFW�ZDV�H[SUHVVHG�DV�PLOOLJUDP�RI�JDOOLF�DFLG�HTXLYDOHQW�
SHU� JUDP�RI� GU\�ZHLJKW� �PJ�*$(�J�� RI� H[WUDFW�ZKLFK�ZDV� FDOFXODWHG� LQ� DOO� H[WUDFWV� VHSDUDWHO\� XVLQJ� WKH�
IRUPXOD��&� �F9�0�ZKHUH��&� �7RWDO�SKHQROLF�FRQWHQW�FRPSRXQGV�LQ�PJ�J��LQ�JDOOLF�DFLG�HTXLYDOHQW��*$(���
F� �FRQFHQWUDWLRQ�RI�JDOOLF�DFLG�HVWDEOLVKHG�IURP�WKH�FDOLEUDWLRQ�FXUYH�LQ�PJ�P/��9� �9ROXPH�RI�H[WUDFW�LQ�
P/��0� �:HLJKW�RI�SODQW�H[WUDFW��7KH�OLQHDU�FRUUHODWLRQ�FRHIILFLHQW��5���YDOXH�DQG�UHJUHVVLRQ�HTXDWLRQ�ZHUH�
REWDLQHG� IURP� JDOOLF� DFLG� FDOLEUDWLRQ� FXUYH�� 7KH� UHJUHVVLRQ� HTXDWLRQ� ZDV� HPSOR\HG� WR� FDOFXODWH�
FRQFHQWUDWLRQ�RI�HDFK�H[WUDFW��8VLQJ�UHJUHVVLRQ�HTXDWLRQ�FRQFHQWUDWLRQ�RI�HDFK�H[WUDFW�ZDV�FDOFXODWHG��7KXV��
ZLWK�WKH�FDOFXODWHG�YDOXH�RI�FRQFHQWUDWLRQ�RI�HDFK�H[WUDFW��WKH�WRWDO�SKHQROLF�FRQWHQW�ZDV�FDOFXODWHG��

7RWDO�IODYRQRLG�FRQWHQW��7)&��

7)&�RI�WKH�VHOHFWHG�SODQW�H[WUDFWV�ZHUH�GHWHUPLQHG�E\�DOXPLQXP�FKORULGH�FRORULPHWULF�PHWKRG�XVLQJ�
TXHUFHWLQ� DV� VWDQGDUG� ZLWK� OLWWOH� PRGLILFDWLRQ���� 7KH� WRWDO� IODYRQRLG� FRQWHQW� LQ� SODQW� H[WUDFWV� ZDV�
H[SUHVVHG�DV�PLOOLJUDP�RI�TXHUFHWLQ�HTXLYDOHQW�SHU�JUDP�RI�GU\�ZHLJKW� �PJ�4(�J��RI�H[WUDFW��7KH�7)&�
ZDV�FDOFXODWHG�ZLWK�WKH�KHOS�RI�VWDQGDUG�FDOLEUDWLRQ�FXUYH�DV�GHVFULEHG�LQ�73&�GHWHUPLQDWLRQ��

)UDFWLRQDWLRQ��

&UXGH�PHWKDQRO�H[WUDFW����J��RI�DFWLYH�SODQW�6SRQGLDV�SLQQDWD�ZDV�GLVVROYHG� LQ�����P/�RI�GLVWLOOHG�
ZDWHU�� LW� ZDV� VWLUUHG� ZHOO� WR� PDNH� LW� GLVVROYHG� FRPSOHWHO\�� 7KLV� ZDV� WKH� PRWKHU� VROXWLRQ�� ZKLFK� ZDV�
SDUWLWLRQHG�RII�VXFFHVVLYHO\�E\�RWKHU�VROYHQWV�RI�GLIIHUHQW�SRODULW\��L�H��KH[DQH��'&0�DQG�HWK\O�DFHWDWH��7R�
WKH�PRWKHU�VROXWLRQ������P/�RI�KH[DQH�ZDV�DGGHG��,W�ZDV�WKHQ�FRQWLQXRXVO\�VKDNHQ�LQ�VHSDUDWLQJ�IXQQHO�
DQG� OHW� LW� WR�VWDQG�XQWLO� WZR�OD\HUV�ZHUH�FRPSOHWHO\�GLVWLQJXLVKDEOH��+H[DQH�SRUWLRQ�ZDV� WKHQ�VHSDUDWHG�
ZLWK�DTXHRXV�SRUWLRQ��7KH�DTXHRXV�SRUWLRQ�LV�IXUWKHU�SDUWLWLRQHG�ZLWK�'&0�DQG�HWK\O�DFHWDWH��6R��ILQDOO\�
KH[DQH�IUDFWLRQ��'&0�IUDFWLRQ�DQG�HWK\O�DFHWDWH�IUDFWLRQ�ZHUH�REWDLQHG��,Q�VXEVHTXHQW�VWDJHV��HDFK�RI�WKH�
IUDFWLRQV�ZDV�DQDO\]HG�VHSDUDWHO\�IRU�DQWLR[LGDQW�SURSHUW\��

5HVXOWV�DQG�'LVFXVVLRQ�
4XDOLWDWLYH�SK\WRFKHPLFDO�DQDO\VLV�
,GHQWLILFDWLRQ�RI�PDMRU�VHFRQGDU\�PHWDEROLWHV�RI�PHWKDQROLF�H[WUDFWV�ZDV�FDUULHG�RXW�LQ�RUGHU�WR�GHWHUPLQH�
SUHVHQFH�RU�DEVHQFH�RI�WKH�GLIIHUHQW�SK\WRFRQVWLWXHQWV��7KH�UHVXOWV�ZHUH�HYDOXDWHG�E\�YLVXDO�LQVSHFWLRQ�DV�

î���
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FKDQJH�LQ�FRORU�RU�SUHFLSLWDWLRQ���7KH�WDEOH���VKRZV�WKH�SUHVHQFH�RU�DEVHQFH�RI�SK\WRFRQVWLWXHQWV�LQ�QLQH�
GLIIHUHQW�SODQW�H[WUDFWV���

��������7DEOH����3K\WRFKHPLFDO�DQDO\VLV�RI�SODQWV�H[WUDFWV�

6DPSOH

&RPSRXQGV�

63� 0$� 3*� $'� 9'� %9� $$� ($%� &/�

5HGXFLQJ�6XJDUV� B� �� B� B� B� �� �� �� ��

3RO\SKHQROV� �� �� �� B� B� �� �� �� B�

$ONDORLGV� �� �� B� �� �� �� B� �� B�

*O\FRVLGHV� B� �� �� B� B� B� B� �� ��

4XLQRQHV� �� �� �� �� �� �� �� �� B�

6DSRQLQV� B� �� B� B� B� B� �� �� ��

&RXPDULQV� �� �� �� B� �� �� B� B� B�

)ODYRQRLGV� �� �� �� B� B� �� B� B� ��

7HUSHQRLGV� �� �� �� �� �� �� B� �� B�

63� �6SRQGLDV�SLQQDWD�� � � 0$� �0HOLD�D]HGHUDFK�

$'� �$JHUDWLQD�DGHQRSKRUD� � ��������������9'� �8WULFD�GLRLFD�

�&/� �&XUFXPD�ORQJD� � �����������������������������%9� �%DXKLQLD�YDULHJDWD�

($%� �(OHRFDUSXV�DQMXVWLIROLXV�%OXPH� ��������������$$� �$FK\UDQWKXV�DVSDUD�

3*� �3VLGLXP�JXDMDYD

0HOLD�D]HGDUDFK�SRVVHVVHG�DOO� WKH�SK\WRFKHPLFDOV�ZKLFK�ZHUH�XQGHUWDNHQ� IRU� LQYHVWLJDWLRQ��6R��GXH� WR�
WKH� SUHVHQFH� RI� VXFK� VHFRQGDU\� PHWDEROLWHV� 0�� D]HGDUDFK� EH� WKH� JRRG� VRXUFH� RI� VXFK� VHFRQGDU\�
PHWDEROLWHV��� 6SRQGLDV�SLQQDWD�DQG�3VLGLXP�JXDMDYD��ZHUH�IRXQG�JRRG�VRXUFHV�RI�FRXPDULQ�DV�VHFRQGDU\�
PHWDEROLWH��

'33+�UDGLFDO�VFDYHQJLQJ�DFWLYLW\�

,Q�YLWUR�DQWLR[LGDQW�VWXG\�RI�H[WUDFW�RI�GLIIHUHQW�SODQWV�ZDV�SHUIRUPHG�XVLQJ�PHWKDQROLF�H[WUDFWV��2I�WKH�
QLQH� VHOHFWHG� PHGLFLQDO� SODQWV�� WKUHH� SODQWV� H[WUDFWV� YL]�� $JHUDQWLQD� DGHQRSKRUD�� 8WULFD� GLRLFD� DQG�
$FKU\DQWKHV�DVSHUD�ZHUH�IRXQG�OHDVW�DQWLR[LGDQW�DQG�WKXV�DUH�WKH�SRRU�VRXUFHV�RI�DQWLR[LGDQW��7KH�,&���

YDOXH�RI�HDFK�H[WUDFW�ZDV�FDOFXODWHG�� ORZHU�WKH�YDOXH�RI KLJKHU�ZLOO�EH�WKH�HIILFLHQF\�RI�SODQW�H[WUDFW� WR�
VFDYHQJH� WKH� IUHH� UDGLFDOV�� 7KH� SHUFHQWDJH� LQKLELWLRQ� LV� VKRZQ� LQ� OLQH� GLDJUDP� IRU� HDFK� SODQW� H[WUDFW�
FRPSDULQJ�ZLWK�VWDQGDUG�DVFRUELF�DFLG�



-��1HSDO�&KHP��6RF���9RO����������

����

)LJXUH����3HUFHQW�VFDYHQJLQJ�RI�DVFRUELF�DFLG�DQG�SODQWV�H[WUDFWV�

7KH�,&���YDOXHV�RI�VRPH�SODQWV�ZKLFK�VKRZHG�DQWLR[LGDQW�SURSHUW\�ZHUH�FDOFXODWHG�DQG�WDEXODWHG�LQ�WDEOH�
��� ,&��� YDOXH� LV� WKH� FRQFHQWUDWLRQ� RI� DVFRUELF� DFLG� RU� SODQW� H[WUDFWV� WR� VFDYHQJH� ���� RI� '33+� IUHH�
UDGLFDOV��
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