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� ,QWURGXFWLRQ
��� 6SDFH�GHEULV
6SDFH� GHEULV�� DV� WKH� QDPH� VXJJHVWV�� LV� DQ\� DUWLILFLDO� REMHFW� LQ� RUELW� DERXW� WKH(DUWK� WKDW� LV� QRQ�IXQFWLRQDO� RU� WKH� SURGXFW� RI� LPSDFW�� H[SORVLRQ�� WKH� SURGXFW� RIVDWHOOLWH�GHSOR\PHQW��EXW�RWKHUZLVH�QRW�GLUHFWO\�UHODWHG�WR�D�VSDFH�PLVVLRQ��$V�VXFK�LW� FRQVLVWV�RI�ERGLHV�RFFXS\LQJ� D�ZLGH� UDQJH�RI� VL]H� DQG�PDVV�� IURP�VSHQW� URFNHWVWDJHV�DQG�GHIXQFW�VDWHOOLWHV�LQ�WKH�PDQ\�PHWUH��PDQ\�WRQQH�UHJLRQ��GRZQ�WKURXJKWKH� VXE�PHWUH� UDQJH� VXFK� DV� IDVWHQHUV�� VWUDSV�� P\ODU� WKHUPDO� VKLHOGLQJ�� DVWURQDXWHTXLSPHQW��XQVDOYDJHDEOH�VDWHOOLWH�SDUWV��+67�VRODU�DUUD\��VWLOO�LQ�RUELW��DQG�WKH�6)8�6SDFH� )O\HU� 8QLW�� VRODU� DUUD\�� GRZQ� WR� WKH� PLOOLPHWULF� UDQJH�� LPSDFW�H[SORVLRQIUDJPHQWV�� H[SORVLYH�EROWV�� IDVWHQHUV�� VROLG� URFNHW�PRWRU�H[KDXVW�� DQG�SDLQW� IODNHV�-RKQVRQ�	�0F.QLJKW����������.OLQNUDG��������8QWLO�������WKH�GHEULV�HQYLURQPHQW�DERXW�WKH�(DUWK�FRQVLVWHG�VROHO\�RI�QDWXUDOO\�RFFXUULQJ�PHWHRURLGV�LQ�VRODU�RUELW��$IWHU�WKH�ODXQFK�RI�6SXWQLN���LQ�2FWREHU�����KRZHYHU��WKH�QXPEHU�RI�GHEULV�SDUWLFOHV�LQ�(DUWK�RUELW�KDV�LQFUHDVHG�VWHDGLO\�� �6HH)LJXUH������IURP�-RKQVRQ�	�0F.QLJKW�������

)LJXUH������'HEULV�SDUWLFOH�SRSXODWLRQ�JURZWK�VLQFH�WKH�EHJLQQLQJ�RI�WKH�VSDFH�DJH�7KH� GDQJHU� SRVHG� E\� WKH� GHEULV� HQYLURQPHQW� FRPHV� IURP� WKH� KLJK� UHODWLYHYHORFLWLHV� LQYROYHG� RQ� LPSDFW� RI� DSSUR[�� ��� NP� V���� $W� VXFK� VSHHGV� WKH� GDPDJHFDXVHG� E\� VPDOO� SDUWLFOHV� FDQ� KDYH� GLVDVWURXV� HIIHFWV� RQ� WKH� IXQFWLRQLQJ� RI� D



���
VDWHOOLWH� RU� WKH� KDELWDELOLW\� RI� D� VSDFH� VWDWLRQ� �� WKH� ,QWHUQDWLRQDO� 6SDFH� 6WDWLRQ� LVDUPRXUHG�DJDLQVW�LPSDFW�E\�GHEULV�XS�WR��FP�LQ�GLDPHWHU��%HUXWR�HW�DO��������

����� 'HEULV�VRXUFHV�DQG�VLQNV7KH� GHEULV� SRSXODWLRQ� LQ� (DUWK� RUELW� LV� JRYHUQHG� E\� D� YDULHW\� RI� VRXUFHV� DQGVLQNV��ZKLFK�DUH�OLVWHG�KHUH�6RXUFHVx 6WDQGDUG�RUELWDO�DFWLYLW\��H[SORVLYH�EROWV�DUH�XVHG�WR�VHSDUDWH�VWDJHV��GHVSLQ\R�\RV� WKDW� DUH� GLVFDUGHG� DIWHU� XVH�� XVHG� XSSHU� VWDJH� URFNHW� ERGLHV�� VROLGURFNHW� PRWRU� H[KDXVW�� HVFDSHG� FRRODQW� IURP� QXFOHDU�SRZHUHG� VDWHOOLWHV�6WDQVEHUU\� HW� DO�� ������� URXWLQH� H[KDXVW� IURP� PDQQHG� VWDWLRQV�� GHIXQFWVDWHOOLWHV�x 5RFNHW� VWDJH� H[SORVLRQ�� GLVFDUGHG� URFNHW� VWDJHV� PD\� DOVR� IUDJPHQWH[SORVLYHO\� LI� UHPQDQWV� RI� WKHLU� K\SHUJROLF� IXHO� DFFLGHQWDOO\� PL[HV�� 'HOWDURFNHW� VWDJHV� ZHUH� SDUWLFXODUO\� SURQH� WR� WKLV�� 2WKHU� URFNHW� VWDJHV� WR� KDYHEURNHQ�XS� LQFOXGH�DQ�$ULDQH�XSSHU� VWDJH� LQ������ �-RKQVRQ�DQG�0F.QLJKW�������S�����DQG�WKH�3HJDVXV�+$36��ELOOHG�DV�WKH�ZRUVW�VDWHOOLWH�EUHDNXS�RQUHFRUG�� SURGXFLQJ� XS� WR� �u��� REMHFWV� �PP� LQ� VL]H� �0DWQH\� HW� DO�� ������'HEULV�IURP�DQ�$ULDQH�XSSHU�VWDJH�IUDJPHQWDWLRQ�LQ������FROOLGHG�ZLWK�WKH8.�&(5,6(��PLFURVDWHOOLWH�LQ������x *UDGXDO� GHWHULRUDWLRQ� RI� VDWHOOLWH� E\� DWRPLF� R[\JHQ� GHJUDGDWLRQ� RI� ERG\SDUWV�x 'HOLEHUDWH�EUHDN�XS�RI�VDWHOOLWHV�GXH�WR�VHOI�GHVWUXFW�PRGHV�DQG�DQWL�VDWHOOLWHWHVWV�x 8QNQRZQ�FDXVHV�RI�URFNHW�VWDJH�IUDJPHQWDWLRQV�
6LQNVx $WPRVSKHULF�GUDJ��2EMHFWV� LQ� ORZ�(DUWK� RUELW� �³/(2´�� H[SHULHQFH� D� VPDOOEXW� QRQ�QHJOLJLEOH� GUDJ� IRUFH� IURP� WKH� XSSHU� UHDFKHV� RI� WKH� DWPRVSKHUHZKLFK�DUH�VXIILFLHQW�WR�GH�RUELW�WKHP�RYHU�D�WLPH�SHULRG�FKDUDFWHULVWLF�RI�WKHRUELWDO�DOWLWXGH��2EMHFWV�LQ�KLJKHU�RUELW�KDYH�ORQJHU�OLIHWLPHV�RQ�WKH�RUGHU�RIKXQGUHGV�WR�WKRXVDQGV�RI�\HDUV��ZKLOH�WKRVH�LQ�/(2�PD\�KDYH�D�OLIHWLPH�RIMXVW�GD\V��.LQJ�+HOH��������x 6RODU�OXQDU�WLGHV��WKHVH�DIIHFW�RQO\�WKRVH�VDWHOOLWHV�LQ�KLJKO\�HFFHQWULF�RUELWV



���
VXFK�DV� WKRVH�IRU�JHRVWDWLRQDU\� WUDQVIHU�RUELW
 �³*72´��DQG�0ROQL\D�RUELWV�-RKQVRQ�	�0F.QLJKW����������5H\QROGV�HW�DO��������x 5DGLDWLRQ� SUHVVXUH�� DIIHFWV� ODUJH� DUHD�WR�PDVV� UDWLR� SDUWLFOHV� VXFK� DV� SDLQWIODNHV�x 'HOLEHUDWH� UHPRYDO�� UHWULHYDEOH� SD\ORDGV� VXFK� DV� WKH� /RQJ� 'XUDWLRQ([SRVXUH�)DFLOLW\��/'()��DQG�WKH�(8URSHDQ�5(WULHYDEOH�&$UULHU��(XUHFD��GHIXQFW�VDWHOOLWHV�UHWXUQHG�YLD�6SDFH�6KXWWOH�RU�GHRUELWHG��3URJUHVV�FUDIW��

2I� LQFUHDVLQJ� FRQFHUQ� WR� WKH� VSDFH� FRPPXQLW\� LV� WKH�SUROLIHUDWLRQ�RI�SODQV� IRUODUJH�/(2�FRQVWHOODWLRQV�RI�WHOHFRPPXQLFDWLRQV�VDWHOOLWHV���IRU�H[DPSOH�0RWRUROD¶V,ULGLXP�FRQVWHOODWLRQ�RI����VDWHOOLWHV��UHFHQWO\�FRPSOHWHG��2WKHU�SURMHFWHG�VFKHPHVLQFOXGH�WKH�*OREDOVWDU�FRQVWHOODWLRQ�RI����VDWHOOLWHV�DW�����NP��DQG�WKDW�RI�7HOHGLVF�ZKLFK�DLPV�WR�SODFH�RYHU�����VDWHOOLWHV�LQ����NP�/(2��6ZLQHUG�HW�DO��������7KH�IHDU�LV�WKDW�D�FULWLFDO�VWDWH�PD\�EH�UHDFKHG�DW�VRPH�SRLQW�ZKHUH�WKH�FROOLVLRQIUHTXHQF\�ULVHV�DV�D�UHVXOW�RI�WKH�LQFUHDVHG�QXPEHU�RI�GHEULV�SDUWLFOHV�LQ�RUELW��DQGDV�HDFK�FROOLVLRQ�FUHDWHV�QHZ�SDUWLFOHV�DV�HMHFWD� IUDJPHQWV�� WKH�SURFHVV�EHFRPHV�DVHOI�VXVWDLQLQJ�FKDLQ�UHDFWLRQ�RU�FDVFDGH�HIIHFW�UDLVLQJ�GHEULV�SRSXODWLRQ�GHQVLW\�WROHYHOV�ZHUH�D�VDWHOOLWH�FRXOG�EH�GLVDEOHG�E\�LPSDFW�ZLWKLQ�PRQWKV�RU�HYHQ�ZHHNV�RIGHSOR\PHQW��%DUURZV�HW�DO��������7R�WKLV�HQG��PLWLJDWLRQ�HIIRUWV�DUH�QRZ�XQGHUZD\�E\�DOO�VSDFHIDULQJ�QDWLRQV��DQGLQYROYH�x 8VH�RI�EDWWHULHV�ZLWK�ORZ�ULVN�RI�H[SORVLRQ��3HQQH\����������&KHNDOLQ�HW�DO�������x 7HWKHULQJ�RI�VHSDUDWLRQ�GHYLFHV��5H\QROGV�HW�DO�������x 3DVVLYDWLRQ�RI�XSSHU� VWDJHV� �RSHQLQJ�RI�SUHVVXULVHG� IXHO� WDQNV� WR� DOORZ� WKHIXHO� WR� HYDSRUDWH� DQG� SUHYHQW� FDWDVWURSKLF� IUDJPHQWDWLRQ� LQ� WKH� HYHQW� RIK\SHUYHORFLW\�LPSDFW���%RQQDO�HW�DO��������x 5HGXFLQJ�SHULJHH�RI�HFFHQWULF�*72�RUELWV��.OLQNUDG�������


 $Q�HFFHQWULF�RUELW�ZKHUH�WKH�FORVHVW�SRLQW�LV�D�IHZ�KXQGUHG�NP�IURP�WKH�(DUWK¶V�VXUIDFH��ZKHUHDVWKH�IXUWKHVW�SRLQW�LV�QHDUO\�������NP�IURP�WKH�VXUIDFH��0RUH�GHWDLOV�LQ�FKDSWHU���



���
��� 'HEULV�(QYLURQPHQW�&KDUDFWHULVDWLRQ�DQG0RGHOOLQJ

7ZR� PHWKRGV� H[LVW� WR� FKDUDFWHULVH� WKH� GHEULV� HQYLURQPHQW�� LQ�VLWX� PHDVXULQJ�DQG� UHPRWH� GHWHFWLRQ�� HLWKHU� E\� RSWLFDO� RU� UDGDU� PHDQV�� ,Q�VLWX� PHDVXUHPHQWLQYROYHV� WKH� GHSOR\PHQW� DQG� UHWXUQ� RI� VSDFH�IORZQ� VXUIDFHV� IRU� DQDO\VLV� RQ� WKHJURXQG��RU�E\�WKH�WHOHPHWU\�RI�GHEULV�KLWV�UHFRUGHG�RQ�ERDUG�WKH�VDWHOOLWH�5HPRWH�VHQVLQJ�LQYROYHV�HLWKHU�UDGDU�RU�RSWLFDO�PHDQV��5DGDU�V\VWHPV�DUH�DEOH�WRREWDLQ� UDQJH� DQG� UDQJH�UDWH� LQIRUPDWLRQ� RQ� WKH� REMHFWV� GHWHFWHG� WR� DVVLVW� LQ� RUELWGHWHUPLQDWLRQ�� 7KH� GLVDGYDQWDJH� ZLWK� WKH� V\VWHP� LV� WKH� ��U� IDOO�RII� LQ� UHWXUQHGVLJQDO�SRZHU��2SWLFDO�V\VWHPV�RQ� WKH�RWKHU�KDQG�FDQQRW�REWDLQ� UDQJH� LQIRUPDWLRQ�EXW�WKH�IDOO�RII�LV�RQO\���U� DV�WKH�VRXUFH�RI�LOOXPLQDWLRQ�LV�FRQVWDQW��WKH�6XQ���7KLVLV� LOOXVWUDWHG� JUDSKLFDOO\� LQ� )LJXUH� ����� $Q� H[WHQVLYH� UHYLHZ� RI� RSWLFDO� GHEULVREVHUYDWLRQV�LV�JLYHQ�E\�3RWWHU��������

)LJXUH������6HQVLWLYLW\�WR�VSDFH�GHEULV�ZLWK�KHLJKW�RI�WKH�UDGDU�DQG�RSWLFDO�V\VWHPV�RI�WKH�1RUWK$PHULFDQ�$HURVSDFH�'HIHQFH�&RPPDQG��125$'���)URP�.HVVOHU��������



���

��� 'HEULV�3DUWLFOH�&KDUDFWHULVWLFV
'HWHFWLRQ�FDSDELOLW\�RI�GHEULV�GHSHQGV�QRW�RQO\�RQ�VL]H�EXW�LWV�VKDSH�DQG�RSWLFDOVXUIDFH�FKDUDFWHULVWLFV�RI�WKH�GHEULV�

����� 'HEULV�VL]H��PDVV'HEULV�VL]H�FDQ�UDQJH�IURP�ZKROH� URFNHW�ERGLHV� WR�PLFURVFRSLF�SDUWLFOHV�D� IHZPLFURQV� LQ� GLDPHWHU� VHHQ� WR� SHQHWUDWH� IRLOV� OHIW� LQ� RUELW� �0F'RQQHOO� HW� DO�� ������([SHULPHQWDO�GDWD�FRQGXFWHG�ZLWK�LPSDFWV�LQWR�WDUJHWV�RQ�WKH�JURXQG�DQG�FROOHFWLRQDQG� DQDO\VLV� RI� WKH� GHEULV� IUDJPHQWV� VKRZ� WKDW� WKH� FXPXODWLYH� PDVV� GLVWULEXWLRQIROORZV�WKH�HPSLULFDOO\�GHULYHG�H[SRQHQWLDO�IXQFWLRQ�> @��IR PFH[S11 � � �����ZKHUH�1� �WKH�QXPEHU�RI�IUDJPHQWV�RI�PDVV�JUHDWHU�WKDQ�RU�HTXDO�WR�PI��1R  �WKHWRWDO�QXPEHU�RI�IUDJPHQWV��F� LV�D�FRQVWDQW�JRYHUQLQJ� WKH�VWHHSQHVV�RI� WKH�VORSH�RIWKH� FXUYH�� DQG� PI  WKH� PDVV� RI� IUDJPHQW�� %RWK� F� DQG� 1R LQFUHDVH� ZLWK� LPSDFWHQHUJ\��LPSO\LQJ�WKH�UDWLR�RI�VPDOO�WR�ODUJH�IUDJPHQWV�LQFUHDVHV�DV�ZHOO�DV�WKH�WRWDOQXPEHU� RI� IUDJPHQWV� SURGXFHG� �-RKQVRQ� DQG�0F.QLJKW�� ������ SS� �������� +HQFHWKH�QXPEHU�RI�VPDOOHU�SDUWLFOHV� LV�EHOLHYHG�WR�EH�RUGHUV�RI�PDJQLWXGH�JUHDWHU� WKDQWKRVH�RI�ODUJHU�VL]H��DV�VHHQ�LQ�7DEOH���� �.OLQNUDG��������1XPEHU�RI�GHEULV�SDUWLFOHV2UELW�UHJLPH��NP� VL]H�����FP VL]H�!���FPK������� ���� �������������K�������� ����u ���� ������������K������� �����u ��� ���7DEOH������5HODWLYH�QXPEHUV�RI�GLIIHUHQWO\�VL]HG�GHEULV�SDUWLFOHV�LQ�(DUWK�RUELW�
����� 'HEULV�VKDSH

7KH� DFWXDO� VKDSH� RI� VSDFH� GHEULV� LV� QRW� ZHOO� LQYHVWLJDWHG� �� VWXGLHV� XVXDOO\FRQFHQWUDWH�RQ�WKH�LPSDFW�SRWHQWLDO�RI�GHEULV��\HW�VKDSH�GLFWDWHV�FURVV�VHFWLRQDO�DUHD�&6$�� SUHVHQWHG� WR� WKH� REVHUYHU� DQG� WKHUHIRUH� LWV� RSWLFDO� FKDUDFWHULVWLFV� �0DGOHU��������6KDSH�DOVR�DIIHFWV�UDGDU�FURVV�VHFWLRQ��RU�5&6��6DWR���������5DGDU�ILJXUHV�RI5&6�XVXDOO\�MXVW�FRPELQH�D�UHJXODU�VKDSH�IRU�WKH�GHEULV��GLVN��VSKHUH��WR�FDOFXODWHWKH�PDVV��ZKLFK�RIWHQ�UHVXOWV�LQ�GLIIHUHQW�VL]HV�WKDQ�WKRVH�GHGXFHG�E\�RWKHU�PHDQV�-RKQVRQ�DQG�0F.QLJKW��������S����



���
(PSLULFDO�VWXGLHV�RI�JURXQG�EDVHG�LPSDFWV�LQWR�WHVW�WDUJHWV�VKRZ�WKDW�IRU�REMHFWVZLWK� D�&6$����P� WKH� VKDSH� EHFRPHV� OHVV� LUUHJXODU� DQG�PRUH� FRPSDFW� �-RKQVRQDQG�0F.QLJKW�� ������ 3����� +\SHUYHORFLW\� LPSDFW� WHVW� UHVXOWV� KHOG� DW� WKH� $UQROG(QJLQHHULQJ�DQG�'HYHORSPHQW�&HQWUH�VKRZ�WKH�IUDJPHQWV�SURGXFHG�DV�DQ�HORQJDWHGPDVV�IRU�WKH�SDUHQW�ERG\�ZKHUHDV�WKH�VPDOOHU�IUDJPHQWV�KDYH�WKH�VKDSH�RI�FUXVKHGER[HV��-RKQVRQ�DQG�0F.QLJKW��������SS�������5DGDU� VWXGLHV� RI� VRPH� FHQWLPHWULF� GHEULV� �6DWR�� ������ VKRZ� DQ� D[LDO� UDWLRLPSO\LQJ� D� QRQ�XQLIRUP� VKDSH� H[KLELWLQJ� HOOLSVRLGDO� FKDUDFWHULVWLFV�� ZKLOH� UDGDULPDJLQJ�RI�ODUJHU�REMHFWV�ZLWK�D�UHVROXWLRQ�RI�����P�VKRZV�PRUH�VWUXFWXUH�$�GLIIHUHQW�PHFKDQLVP�RWKHU� WKDQ� FROOLVLRQ� RU� H[SORVLRQ� LV� UHVSRQVLEOH� IRU� WKHUHODWLYHO\� UHFHQWO\�GLVFRYHUHG� SRSXODWLRQ� RI� FHQWLPHWULF� GURSOHWV� RI� OLTXLG� VRGLXPDQG�SRWDVVLXP�FRRODQW�GHVSDWFKHG�IURP�5256$7�QXFOHDU�SRZHUHG�VDWHOOLWHV�DW�WKHHQG�RI�WKHLU�OLIHVSDQ��+HUH��UDGDU�VWXGLHV�VKRZ�WKDW�WKH�SDUWLFOHV�DUH�PROWHQ�VSKHULFDOGURSOHWV�DERXW������FP�LQ�GLDPHWHU��6ULGKDYHQ�HW�DO����������0HVKFKHU\DNRY��������

����� 'HEULV�$OEHGR
'HWHULRUDWLRQ�RI�VDWHOOLWH�PDWHULDOV� IURP�H[SRVXUH� WR� VRODU� UDGLDWLRQ�DQG� DWRPLFR[\JHQ� DUH� UHVSRQVLEOH� IRU� WKH� EUHDNXS� RI� VSDFHFUDIW� VXUIDFHV� �-RKQVRQ� DQG0F.QLJKW�� ������ S����� DQG� WKHUHIRUH� DOVR� FDXVH� FKDQJHV� WR� WKH� VXUIDFH� RSWLFDOSURSHUWLHV� RI� VDWHOOLWHV� DQG� GHEULV� DOLNH�� 7KH� RSWLFDO� TXDOLWLHV� RI� PDQ\� FRPPRQVSDFHFUDIW�PDWHULDOV�KDYH�EHHQ�H[WHQVLYHO\�DQDO\VHG�LQ�WKH�KRSH�RI�WKH�GDWD�SURYLQJXVHIXO�WR�GHEULV�LGHQWLILFDWLRQ��&XOS�	�*UDYVHWK��������(PSLULFDO� PHDVXUHPHQWV� RI� WKH� DOEHGR� RI� VSDFH� GHEULV� KDYH� EHHQ� PDGH� E\+HQL]H� ������� E\� FRPSDULQJ� WKHLU� 5&6�ZLWK� RSWLFDO� REVHUYDWLRQV�� 5HVXOWV� RI� WKHDOEHGRV�PHDVXUHG� DUH� VKRZQ� LQ�)LJXUH� ����� 7KH� KLJKHVW� FROXPQ� LQ� WKH� KLVWRJUDPFRUUHVSRQGV�WR�D�ORJ�DOEHGR�RI��������LPSO\LQJ�DQ�DOEHGR�RI������7KHVH�ILJXUHV�KRZHYHU�DUH�FDOFXODWHG�DVVXPLQJ�D�ODPEHUW�VSKHUH�DW�D�SKDVH�DQJOHRI������(OVHZKHUH�LQ�WKLV�WKHVLV�WKH�EULJKWQHVV�RI�VSDFH�GHEULV�DW�SKDVH�DQJOHV�RWKHUWKDQ�����DUH�UHTXLUHG��VR�WKH�DOEHGR�IRU�WKHVH�DQJOHV�LV�FDOFXODWHG�WRR�7R� DFKLHYH� WKLV� WKH� DOEHGR� DW� D� SKDVH� DQJOH� RI� I� � ��� LV� VSHFLILHG� �FDOOHG� WKH*HRPHWULF�$OEHGR�$J���ZKLFK�LV�WKHQ�PXOWLSOLHG�E\�WKH�DSSURSULDWH�SKDVH�IXQFWLRQ)�I���ZKLFK�IRU�D�ODPEHUW�VSKHUH�LV�VKRZQ�LQ�HTXDWLRQ��������3HWUL��������



���

)LJXUH������/RJ�DOEHGR�RI������REVHUYDWLRQV�RI�VSDFH�GHEULV��+HQL]H�HW�DO��������> @II�S�IS I) FRV��VLQ���� ODPEHUW � �����
+HQFH�WKH�%RQG�$OEHGR�LV�FDOFXODWHG�DV$E  �$J )�I��� �����7KH� YDOXH� RI� $E JLYHQ� E\� +HQL]H� ������� LV� XVHG� WR� FDOFXODWH� WKH� YDOXH� RI� $JUHTXLUHG� WR� HQVXUH� WKDW�$E  ������ IRU�I  ������$W� WKDW� SKDVH� DQJOH��)��  � ����S��WKHUHIRUH� $J  ��S$E ���� ��������� �����7KXV�WKH�JHQHUDO�WHUP�IRU�WKH�%RQG�DOEHGR�RI�WKH�GHEULV�SDUWLFOHV�DW�D�SKDVH�DQJOHI�LV�FDOFXODWHG�DV� > @�FRV����VLQ�����������$E II�S�IS I � �����
$�SRODU�SORW�RI�WKH�DOEHGR�IRU�WKH�PRGHO�GHEULV�SDUWLFOH�LV�VKRZQ�LQ�)LJXUH�����
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)LJXUH������3RODU�SORW�RI�SKDVH�IXQFWLRQ�IRU�D�ODPEHUW�VSKHUH�



���
��� 6WUXFWXUH�RI�7KHVLV
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