
7KH�-RXUQDO�RI�WKH�$UJHQWLQH�&KHPLFDO�6RFLHW\�± 9RO������ 1q�����������������

-��$UJ��&KHP��6RF�������������� � ��

��
62/8%,/,7<�3$5$0(7(56��+<'523+,/(�/,323+,/(�%$/$1&(��$1'�62/8%,/,7<�,1�68&526(�'(5,9$7,9(�685)$&7$176�2%7$,1('�%<�*/&�

GH�6FKDHIHU��&�5���GH�5XL]�+ROJDGR��0�(�)���$UDQFLELD��(�/�
'HSDUWDPHQWR�GH�4XtPLFD��)DFXOWDG�GH�&LHQFLDV�([DFWDV�\�7HFQRORJtD��817�$YGD�,QGHSHQGHQFLD������������ 6�0�GH�7XFXPiQ�H�PDLO�HDUDQFLELD#KHUUHUD�XQW�HGX�DU

5HFHLYHG�6HSWHPEHU����������,Q�ILQDO�IRUP�1RYHPEHU���������
$EVWUDFW

6SHFLILF� UHWHQWLRQ� YROXPHV�RI� GLIIHUHQW� VROYHQWV�ZHUH�PHDVXUHG�RQ� FROXPQV� FRQWDLQLQJ�WZR�VXFURVH�GHULYDWLYH�HVWHUV�DV�VWDWLRQDU\�SKDVH��+HQU\
V�FRQVWDQWV�ZHUH�FDOFXODWHG�DQG�WKH�VROXELOLW\�LQ�WKH�VXUIDFWDQWV�ZDV�REWDLQHG��7KH�VROXELOLW\�SDUDPHWHUV�RI�WKH�VXUIDFWDQWV�ZHUH�REWDLQHG�DW�GLIIHUHQW�WHPSHUDWXUHV��7KH�UHODWLRQ�EHWZHHQ�VROXELOLW\�SDUDPHWHU�DQG�K\GURSKLOLF� � OLSRSKLOLF� EDODQFH� ZDV� GLVFXVVHG� DQG� WKH� UHVXOWV� REWDLQHG� LQ� ERWK�VXUIDFWDQWV�DUH�SUHVHQWHG��
5HVXPHQ

6H� PLGLHURQ� ORV� YRO~PHQHV� GH� UHWHQFLyQ� HVSHFtILFRV� GH� GLVWLQWRV� VROYHQWHV� HQ�FROXPQDV�TXH�FRQWHQtDQ�GHULYDGRV�GH�HVWHUHV�GH�VDFDURVD�FRPR�IDVHV�HVWDFLRQDULDV��6H�FDOFXODURQ�ODV�FRQVWDQWHV�GH�+HQU\��\�VH�KD�REWHQLGR�OD�VROXELOLGDG�GH�ORV�VROYHQWHV�HQ�GRV� HVWHUHV� GH� VDFDURVD�� 6H� FDOFXODURQ� ORV� SDUiPHWURV� GH� VROXELOLGDG� GH� ORV�VXUIDFWDQWHV�D� GLIHUHQWHV� WHPSHUDWXUDV��)LQDOPHQWH�� VH� KD�GLVFXWLGR� OD� UHODFLyQ�HQWUH��SDUiPHWUR� GH� VROXELOLGDG� � FRQ� HO� EDODQFH� KLGURItOLFR�� OLSRItOLFR� \� VH� DQDOL]DURQ�ORV�UHVXOWDGRV�REWHQLGRV�HQ�DPERV�VXUIDFWDQWHV�
,QWURGXFWLRQ7KH�HPXOVLILFDWLRQ�HIILFLHQF\�KDV�EHHQ�HPSLULFDOO\�GHWHUPLQHG�E\�*ULIILQ�>�@�WKURXJK�WKH�K\GURSKLOLF�± OLSRSKLOLF�EDODQFH�V\VWHP��+/%���EDVHG�RQ�D�VHULHV�RI�HPXOVLRQ�WHVWV�LQ�ZKLFK� WKH� HIILFLHQF\� RI� GLIIHUHQW� VXUIDFWDQWV�ZDV� QXPHULFDOO\� HYDOXDWHG� RQ� DQ� DUELWUDU\�HPSLULFDO� VFDOH�� ,W� KDV� EHHQ� IRXQG� WKDW� WKHUH� LV� DQ� RSWLPXP� YDOXH� RI� +/%� IRU� WKH�HPXOVLILFDWLRQ� SURFHVV� ZKHQ� XVLQJ� D� VHULHV� RI� VXUIDFWDQWV� LQ� D� SDUWLFXODU� V\VWHP��+RZHYHU�� LW� LV� QHFHVVDU\� WR� HVWDEOLVK� WKH� PD[LPXP� VWDELOLW\� FDSDFLW\� RI� DQ� HPXOVLRQ��DFFRUGLQJ�WR�WKH�FKHPLFDO�LQWHUDFWLRQV�LQYROYHG�,W�KDV�EHHQ�VKRZQ�WKDW�WKH�VROXELOLW\�DQG�DJJUHJDWLRQ�FKDUDFWHULVWLFV�RI�VXUIDFWDQWV�DUH�UHODWHG�WR�WKHLU�VROXELOLW\�SDUDPHWHUV�>�@�DQG�WR�WKRVH�RI�WKH�VROYHQWV�LQ�ZKLFK�WKH\�ZHUH�GLVSHUVHG�>�@�



GH�6FKDHIHU�&�5���HW�DO�� 6ROXELOLW\� SDUDPHWHUV� KDYH� QRW� EHHQ�H[KDXVWLYHO\�XVHG� LQ� WKH� FKDUDFWHUL]DWLRQ�RI� WKH�VXUIDFWDQWV�� GHVSLWH� WKH� WKHRULHV� WKDW� GLVFXVV� WKH� EHKDYLRU� RI� WKH� HPXOVLILHU� LQ�ZDWHU�RLO�V\VWHPV�LQ�WHUPV�RI�WKH�FRKHVLYH�HQHUJ\�GHQVLW\�RI�WKH�FRPSRQHQWV�RI�WKH�V\VWHP�>�@�,QYHUVH�JDV�FKURPDWRJUDSK\�KDV�EHHQ�XVHG�LQ�WKH�FKDUDFWHUL]DWLRQ�RI�SK\VLFRFKHPLFDO�SURSHUWLHV�RI�D�QXPEHU�RI�OLTXLG�DQG�VROLG�PDWHULDOV�>���@��7KH�WHUP��LQYHUVH��PHDQV�WKDW�WKH�VXEVWDQFH�XQGHU�VWXG\�LV�SODFHG�LQ�D�FKURPDWRJUDSKLF�FROXPQ�DV�VWDWLRQDU\�SKDVH�DQG�WKH� UHWHQWLRQ� GDWD� RI� D� VHULHV� RI� WHVW� VROXWHV� DUH� PHDVXUHG�� 7KH� SK\VLFRFKHPLFDO�SDUDPHWHUV�FDOFXODWHG�IURP�UHWHQWLRQ�GDWD�GHVFULEH�WKH�PROHFXODU�LQWHUDFWLRQ�EHWZHHQ�WKH�VWXGLHG�PDWHULDO�DQG�WKH�VROXWH�)DWW\�DFLG�HVWHUV�RI�VXFURVH�DUH�QRQ�LRQLF�VXUIDFWDQWV��ZKLFK�KDYH�D�K\GURSKLOLF�JURXS��WKH� VXFURVH�� DQG� D OLSRSKLOLF JURXS�� WKH� K\GURFDUERQ� FKDLQ� RI� D� IDWW\� DFLG�� 7KRVH�VXUIDFWDQWV� DUH� ZLGHO\� XVHG� DV� DGGLWLYHV� LQ� IRRG� LQGXVWU\� EHFDXVH� RI� WKHLU� VSHFLDO�SURSHUWLHV�DV�HPXOVLILHU�DJHQWV��WDVWHOHVV��RGRUOHVV�DQG�QRQ�WR[LF��7KH\�DUH�DOVR�DGHTXDWH�IRU� FRVPHWLF�DQG�PHGLFDO�DSSOLFDWLRQV�EHFDXVH�RI� WKHLU� H[FHOOHQW�ELRGHJUDGDELOLW\�DQG�D�ZLGH�UDQJH�RI�+/%�REWDLQHG�E\�FKDQJLQJ�WKH�FKDUDFWHULVWLFV�RI�WKH�IDWW\�DFLG�XVHG�LQ�WKHLU�SUHSDUDWLRQ�,Q�WKLV�SDSHU��WZR�VXFURVH�GHULYDWLYH�VXUIDFWDQWV�ZHUH�XVHG�DV�VWDWLRQDU\�SKDVH�DQG�WKH�HPXOVLILFDWLRQ�HIILFLHQF\�KDV�EHHQ�GHWHUPLQHG�WKURXJK�WKH�VROXELOLW\�SDUDPHWHUV�
7KHRUHWLFDO�UHODWLRQVKLSV7KH� VROXELOLW\� SDUDPHWHUV� RI� D� YRODWLOH� VXEVWDQFH� FDQ� EH� FDOFXODWHG� IURP� WKH� EDVLF�HTXDWLRQ�
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ZKHUH Y+' LV� WKH� YDSRUL]DWLRQ� HQWKDOS\��5 WKH� JDV� FRQVWDQW��7 WKH� DEVROXWH� WHPSHUDWXUH�DQG� ��Y ��WKH�PRODU�YROXPH�7KH� HTXDWLRQ� ���� FDQQRW� EH� DSSOLHG� WR� ORZ� YRODWLOLW\� RU� QRQ�YRODWLOH� VSHFLHV�� DQG�DOWHUQDWLYH�PHWKRGV�VKRXOG�EH�XVHG��2QH�RI�WKHP�LV�WKDW�SUHVHQWHG�E\�'L�3DROD� %DUDQ\L�>�����@� WR� HYDOXDWH� WKH� VROXELOLW\� SDUDPHWHUV� RI� SRO\PHULF� VXEVWDQFHV�� E\� XVLQJ� WKH�LQWHUDFWLRQ�VROXWH�VROYHQW�SDUDPHWHU� fF ��� RI�WKH�6FDWFKDUG�+LOGHEUDQG�WKHRU\�,Q�WKDW�SURFHGXUH��WKH�H[SUHVVLRQ� fF ��� LV�XVHG�LQ�WKH�IROORZLQJ�ZD\�� � ff F�G�G F 6
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6ROXELOLW\�SDUDPHWHUV��K\GURSKLOH�OLSRSKLOH�EDODQFH��DQG�VROXELOLW\�LQ�VXFURVH�GHULYDWLYH ��%\�SORWWLQJ�WKH�OHIW�KDQG�VLGH�RI�WKH�DERYH�HTXDWLRQ�YV�� �G ��LW�LV�SRVVLEOH�WR�REWDLQ� �GIRU� WKH� QRQ�YRODWLOH� VXEVWDQFH� IURP� WKH� VORSH�RI� WKH� UHVXOWLQJ� VWUDLJKW� OLQH��7KH� LQILQLWH�GLOXWLRQ�DFWLYLW\�FRHIILFLHQWV�IRU�FRQFHQWUDWLRQV�H[SUHVVHG�DV�ZHLJKW�IUDFWLRQV�� f:� ��ZHUH�FDOFXODWHG�DFFRUGLQJ�WR�3DWWHUVRQ�>��@� � �57%S09S 5������OQOQ ������
��J��� Q��¸̧¹·¨̈©§ :f ���

ZKHUH� ��S �� 0��� DJ9 DQG� ��Q UHSUHVHQW� YDSRU� SUHVVXUH�� PRODU� PDVV�� VSHFLILF� UHWHQWLRQ�YROXPHV� DQG� WKH� PRODU� YROXPH� RI� WKH� VROXWH�� UHVSHFWLYHO\�� %�� LV� WKH� VHFRQG� YLULDO�FRHIILFLHQW� IRU� VROXWH�VROXWH� LQWHUDFWLRQV� LQ� WKH� YDSRU� SKDVH�� 7KH� YDSRU� SUHVVXUHV�ZHUH�FDOFXODWHG�E\�$QWRLQH�HTXDWLRQ�DQG�WKH�FRHIILFLHQWV�ZHUH�WDNHQ�IURP�5LGGLFN�HW�DO�>��@��7KH� VROXWH� GHQVLWLHV� DW� ������&�ZHUH� HVWLPDWHG� IURP�'UHLVEDFK� FRPSLODWLRQ� >��@�� 7KH�VHFRQG� YLULDO� FRHIILFLHQWV� RI� WKH� VROXWHV� XVHG� ZHUH� FDOFXODWHG� ZLWK� 7VRQRSRXORV�FRUUHODWLRQ�XVLQJ�FULWLFDO�FRQVWDQWV�WDEXODWHG�LQ�5HLG�HW�DO�>��@�)URP�H[SUHVVLRQ������ fF ��� KDV�*LEEV
�HQHUJ\�FKDUDFWHULVWLFV�DQG�LW�H[SUHVVHV�WKH�VXP�RI� HQHUJHWLF� DQG� HQWURSLF� FRQWULEXWLRQV�� 6WDUWLQJ� IURP� WKH� DWKHUPDO� PL[LQJ� PRGHO� RI�)ORU\�+XJJLQV� DQG� IURP� HTXDWLRQ� ���� LW� LV� SRVVLEOH� WR� FDOFXODWH� fF ��� IURP�FKURPDWRJUDSKLF�GDWD� � � ¸̧¹·¨̈©§�¸̧¹·¨̈©§ ����¹̧·©̈§ Ff ��
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7KH�VSHFLILF�YROXPH�RI�WKH�VXUIDFWDQW�ZDV�XVHG�LQVWHDG�RI�WKH�PRODU�YROXPH�DQG�WKH�GHQVLW\� RI� WKH� VROLG� ZDV� GHWHUPLQHG� E\� WKH� SLFQRPHWULF� WHFKQLTXH� DW� GLIIHUHQW�WHPSHUDWXUHV�
0DWHULDOV�DQG�PHWKRGV7KH� SURGXFW� LGHQWLILHG� E\� 6����� IRU� 5\RWR �0LWVXELVKL�.DJDNX� )RRGV� &RUS����FRUUHVSRQG�WR�VXFURVH�VWHDUDWH�ZLWK������RI�GL�DQG�WUL�HVWHUV��7KH�0������DOVR�SURYLGHG�E\�0LWVXELVKL�.DJDNX�)RRGV�&RUS���FRUUHVSRQGV�WR�VXFURVH�PLULVWDWH�ZLWK������RI�GL�DQG�WUL�HVWHUV�� %RWK� RI� WKHP� ZHUH� XVHG� DV� VWDWLRQDU\� SKDVH�� &KURPRVRUE�:�� $:�� '0&6��������ZDV�XVHG�DV�D� VROLG� VXSSRUW�DQG� WKH� VXUIDFWDQWV�ZHUH�GLVVROYHG� LQ�PHWKDQRO��7KH�SDFNLQJ�ZDV�SUHSDUHG�LQ�D�URWDU\�HYDSRUDWRU�XQGHU�D�IORZ�RI�GU\�QLWURJHQ�DQG�ZDV�NHSW�LQ�D�GU\�DWPRVSKHUH�EHIRUH�ILOOLQJ�WKH�FROXPQV�7KH�FROXPQV�XVHG�ZHUH�VWDLQOHVV�VWHHO� WXEHV�RI������FP��LQWHUQDO�GLDPHWHU��DQG�����FP�OHQJWK��FRQWDLQLQJ�SDFNLQJ�ZLWK���������Z�Z��RI�6�����DQG�ZLWK���������Z�Z��RI�0������&KURPDWRJUDSKLF� PHDVXUHPHQW� ZDV� SHUIRUPHG� LQ� D� 3HUNLQ�(OPHU� 6LJPD� ���� JDV�FKURPDWRJUDSK�� HTXLSSHG�ZLWK� D� WKHUPDO� FRQGXFWLYLW\� GHWHFWRU�� +\GURJHQ�ZDV� XVHG� DV�FDUULHU� JDV� DQG� IORZ� UDWHV� ZHUH� PHDVXUHG� DW� WKH� EHJLQQLQJ� RU� DW� DQ\� PRPHQW� RI� WKH�H[SHULPHQW�ZLWK�DQ�DLU�MDFNHWHG�VRDS�ILOP�IORZPHWHU�SODFHG�DW�WKH�RXWOHW�RI�WKH�GHWHFWRU��



GH�6FKDHIHU�&�5���HW�DO��,QOHW�SUHVVXUHV�ZHUH�PHDVXUHG�ZLWK�D�PLFURPHWU\�V\ULQJH��WKURXJK�WKH�LQMHFWRU�VHSWXP���ZKLFK� ZDV� FRQQHFWHG� WR� D� PHUFXU\� PDQRPHWHU� RI� RSHQ� EUDQFK�� 6ROXWHV� ZHUH� LQMHFWHG�ZLWK�+DPLOWRQ�V\ULQJHV��DV�YDSRU�LQ�HTXLOLEULXP�ZLWK�SXUH�OLTXLG��7KH�LQMHFWRU�ZDV�NHSW�DW������&�DQG�WKH�GHWHFWRU�DW������&�5HWHQWLRQ� WLPHV� �W5�� ZHUH� PHDVXUHG� ZLWK� DQ� HOHFWURQLF� LQWHJUDWRU� 3HUNLQ�(OPHU�/&,���� DQG� WKH� VSHFLILF� UHWHQWLRQ� YROXPHV� � DJ9 �� ZHUH� FDOFXODWHG� ZLWK� WKH� IROORZLQJ�H[SUHVVLRQ�>��@�
�Z��5IIRJ S��SS��WW��7���������Z�)�M9 �� ���

ZKHUH�M LV�-DPHV�0DUWLQ�FRPSUHVVLELOLW\�FRUUHFWLRQ�IDFWRU��S� UHSUHVHQWV�WKH�RXWOHW�FROXPQ�SUHVVXUH��)I LV�WKH�IORZ�UDWH�PHDVXUHG�DW�SUHVVXUH�S� DQG�WHPSHUDWXUH�7I��Z LV�WKH�PDVV�RI�VWDWLRQDU\�SKDVH� LQWR� WKH�FROXPQ��SZ LV� WKH�ZDWHU�YDSRU�SUHVVXUH�DW�7I DQG� W� LV� WKH�GHDG�WLPH�ZKLFK�ZDV�PHDVXUHG�E\�XVLQJ� WKH�DLU�SHDN�REWDLQHG�ZLWK� WKH� WKHUPDO�FRQGXFWLYLW\�GHWHFWRU�
5HVXOWV�DQG�GLVFXVVLRQ9DULRXV�H[SHULPHQWV�ZHUH�FDUULHG�RXW�WR�DQDO\]H�WKH�HIIHFW�RI�WKH�FDUULHU�JDV�IORZ�DQG�WKH�WHPSHUDWXUH�RQ�WKH�FKURPDWRJUDSKLF�UHWHQWLRQ��$GVRUSWLRQ�HIIHFWV�RYHU�WKH�JDV�OLTXLG�LQWHUIDFH�ZHUH� FRQVLGHUHG� LUUHOHYDQW� LQ� D� VLPLODU� VXFURVH� GHULYDWLYH� DV� VWDWLRQDU\� SKDVH�VWXG\�>��@��7KH�UHWHQWLRQ�PHDVXUHPHQWV�RI�GLIIHUHQW�VROYHQWV�ZHUH�PDGH�DW�IRXU�GLIIHUHQW�WHPSHUDWXUHV�� �����������DQG����&��7KH�KHDWV�RI� VROXWLRQ� � DN+' ��ZHUH�FDOFXODWHG�XVLQJ�WKH�IROORZLQJ�H[SUHVVLRQ�
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7KH\� FRUUHVSRQG� WR� WKH� SURFHVV� RI� WUDQVIHUHQFH� RI� RQH� VROXWH� PROH� IURP� DQ� LGHDO�JDVHRXV� SKDVH� DW� D� SUHVVXUH� RI� �� DWP�� WR� D� K\SRWKHWLFDO� VROXWLRQ� RI� XQLW�PRODU� IUDFWLRQ�ZLWK� D� W\SLFDO� LQWHUDFWLRQ� RI� DQ� LQILQLWHO\� GLOXWHG� VROXWLRQ� >��@�� 7KH� DN+' REWDLQHG�� DV�ZHOO� DV� WKHLU� UHVSHFWLYH� VWDQGDUG� GHYLDWLRQV�� ZHUH� FDOFXODWHG� XVLQJ� 0DUTXDUWG�/HYHQEHUJ
V�DOJRULWKP�>��@�DQG�DUH�TXRWHG�LQ�7DEOHV���DQG����7KH�KHDWV�RI�VROXWLRQ�ZHUH�REWDLQHG�ZLWK�DQ�DYHUDJH�GHYLDWLRQ�RI�����6LPLODU�YDOXHV�IRU�WKH�UHVW�RI�WKH�K\GURFDUERQV�ZHUH� IRXQG� LQ� ERWK� VWDWLRQDU\� SKDVHV�� )RU� FKORULGH� GHULYDWLYHV� RI� PHWKDQH� DQG� HWK\O�DFHWDWH��KHDWV�RI�VROXWLRQ�YDOXHV�REWDLQHG�LQ�0�����DUH�VOLJKWO\�ODUJHU�WKDQ�WKRVH�REWDLQHG�LQ�6�����$�IUHTXHQW�ZD\�WR�H[SUHVV�WKH�VROXELOLW\�RI�D�YDSRU�LQ�D�OLTXLG�LV�E\�IROORZLQJ�+HQU\
V�ODZ��,W�LV�DVVXPHG�WKDW�WKH�YDSRU�SKDVH�LV�LGHDO�RQ�WKH�FROXPQ�DQG�WKDW�WKH�IXJDFLW\�RI�WKH�VROYHQW� I� LQ� WKH� OLTXLG� SKDVH� LV� SURSRUWLRQDO� WR� LWV� FRQFHQWUDWLRQ� LQ� IUDFWLRQ� ZHLJKW��1HZPDQ�DQG�3UDXVQLW]�VKRZHG�WKDW�+HQU\
V�FRQVWDQW�LV�JLYHQ�E\�>��@�
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6ROXELOLW\�SDUDPHWHUV��K\GURSKLOH�OLSRSKLOH�EDODQFH��DQG�VROXELOLW\�LQ�VXFURVH�GHULYDWLYH ��
6ROXWH 9�J��FP� J��� '+N�N-�PRO�� � f:� f���FQ�+H[DQH ����� �����r ��� ���� ����Q�+HSWDQH ����� �����r ��� ���� ����Q�2FWDQH ����� �����r ��� ���� ����%HQ]HQH ����� �����r ��� ���� ����7ROXHQH ����� �����r��� ���� ����&\FORKH[DQH ����� ��������� ���� ����0HWK\OF\FORKH[DQH ����� �����r ��� ���� ����'LFKORURPHWKDQH ����� �����r ��� ���� ����7ULFKORURPHWKDQH ����� �����r ��� ���� ����&DUERQ�WHWUDFKORULGH ����� �����r ��� ���� ����(WK\O�DFHWDWH ����� �����r ��� ���� ����

7DEOH��� 6SHFLILF�UHWHQWLRQ�YROXPH��VROXWLRQ�KHDW��LQILQLWH�GLOXWLRQ�DFWLYLW\�FRHIILFLHQWV��DQG� fF ��� VROYHQW�SDUDPHWHU�LQ�6�����DW����&�
6ROXWH 9�J��FP� J��� '+N�N-�PRO�� � f:� f���FQ�+H[DQH ����� �����r ��� ����� �����Q�+HSWDQH ����� �����r ��� ����� �����Q�2FWDQH ����� �����r ��� ����� �����%HQ]HQH ����� �����r ��� ����� �����7ROXHQH ����� �����r ��� ����� �����&\FORKH[DQH ����� �����r ��� ����� �����0HWK\OF\FORKH[DQH� ����� �����r ��� ����� �����'LFKORURPHWKDQH ����� �����r ��� ����� �����7ULFKORURPHWKDQH ����� �����r ��� ����� �����&DUERQ�WHWUDFKORULGH ����� �����r ��� ����� �����(WK\O�DFHWDWH ����� �����r ��� ����� �����

7DEOH��� 6SHFLILF�UHWHQWLRQ�YROXPH��VROXWLRQ�KHDW��LQILQLWH�GLOXWLRQ�DFWLYLW\�FRHIILFLHQWV��fF ��� VROYHQW�SDUDPHWHU�LQ�0�����DW����&�
,I�D�YDOXH�RI���DWP��LV�DVVXPHG�IRU�WKH�SDUWLDO�SUHVVXUH�RI�WKH�VROYHQW�LQ�+HQU\
V�ODZ��LW�LV�SRVVLEOH�WR�ZULWH�>��@�

��� 6F�DWP�+� { ���ZKHUH�6� LV�WKH�VROXELOLW\�RI�WKH�VROYHQW�LQ�WKH�VXUIDFWDQWV��7KH�VROXELOLW\�RI�WKH�K\GURJHQ�XVHG�DV�D�FDUULHU�JDV�LV�QHJOLJLEOH�KHUH��2Q�WKH�RWKHU�KDQG��IUDFWLRQV�LQ�ZHLJKW�KDYH�EHHQ�XVHG�EXW�WKH\�FRXOG�EH�WUDQVIRUPHG�LQWR�WKH�PRVW�FRPPRQ�PRODU�IUDFWLRQ�LQ�D�GLUHFW�ZD\�LI�WKH�PROHFXODU�PDVV�RI�WKH�VXUIDFWDQWV�ZDV�NQRZQ��7KH�UHVXOWV�IRU�+HQU\
V�FRQVWDQWV�DQG�
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