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$EVWUDFW�� 7KH�GHYHORSPHQW� RI� DQ� HIIHFWLYH� V\VWHP� WR�PRQLWRU� WKH�
FKDQJHV�LQ�WKH�HODVWLF�SURSHUWLHV�RI�FDUWLODJH�WLVVXH�ZLWK�LQFUHDVLQJ�
WHPSHUDWXUH�LQ�ODVHU�UHFRQVWUXFWLRQ�LV�DQ�XUJHQW�SUDFWLFDO�WDVN��,Q�
WKLV�SDSHU�� WKH�XVH�RI�SKDVH�VHQVLWLYH�RSWLFDO�FRKHUHQFH�HODVWRJUD�
SK\�IRU�GHWHFWLRQ�RI�HODVWLF�ZDYHV�LQ�WKH�VDPSOH�KDV�DOORZHG�<RXQJ¬V�
PRGXOXV�RI�FDUWLODJH�WLVVXH�WR�EH�PHDVXUHG�GLUHFWO\�GXULQJ�KHDWLQJ��
<RXQJ¬V�PRGXOXV�ZDV�FDOFXODWHG�IURP�WKH�JURXS�YHORFLW\�RI�SURSD�
JDWLRQ� RI� HODVWLF� ZDYHV� H[FLWHG� E\� PHDQV� RI� D� V\VWHP� VXSSO\LQJ�
IRFXVHG�DLU�SXOVHV��7KH�PHDVXUHPHQW�UHVXOWV�DUH�LQ�DJUHHPHQW�ZLWK�
WKH� UHVXOWV� RI� PHDVXUHPHQWV� RI� WKH� PRGXOXV� RI� HODVWLFLW\� XQGHU�
PHFKDQLFDO�FRPSUHVVLRQ��7KH�WHFKQLTXH�GHYHORSHG�DOORZV�IRU�QRQLQ�
YDVLYH�PHDVXUHPHQWV�� LWV� GHYHORSPHQW� LV� SURPLVLQJ� IRU� WKH� XVH� LQ�
YLYR�

.H\ZRUGV��FDUWLODJH�WLVVXH��ODVHU�KHDWLQJ��PHDVXUHPHQW�RI�WKH�PRG�
XOXV�RI�HODVWLFLW\��RSWLFDO�FRKHUHQFH�WRPRJUDSK\�

���,QWURGXFWLRQ

7KH�SURFHVV�RI�VWUHVV�UHOD[DWLRQ�LQ�FDUWLODJH�WLVVXH�XQGHU�ODVHU�
KHDWLQJ�LV�WKH�EDVLV�IRU�QHZ�PHWKRGV�RI�VKDSH�FRUUHFWLRQ�DQG�
UHJHQHUDWLRQ�RI�FDUWLODJH�LQ�RWRODU\QJRORJ\�DQG�RUWKRSDHGLFV�
>����@��7UHDWPHQW�FRQGLWLRQV�RI�ODVHU�DFWLRQ�VKRXOG�SURYLGH�D�
VKRUW�WHUP�GHFUHDVH� LQ�WKH�HODVWLF�PRGXOXV�RI� WLVVXH�ZLWKRXW�
LWV�GHQDWXUDWLRQ�DQG�GHVWUXFWLRQ�RI�FHOOV��&XUUHQWO\��WKH�VDIHW\�
RI�ODVHU�SURFHGXUHV�RQ�FKDQJLQJ�WKH�VKDSH�RI�WKH�QDVDO�VHSWXP�
FDUWLODJH�LV�SURYLGHG�E\�WKH�FRQWURO�V\VWHP�EDVHG�RQ�PHDVXU�
LQJ�WKH�WHPSHUDWXUH�RI�LUUDGLDWHG�WLVVXH�DW�WKH�SHULSKHU\�RI�WKH�
ODVHU�DFWLRQ�>�@��ZKLOVW�WKH�FRQWURO�V\VWHP�IRU�ODVHU�UHFRQVWUXF�
WLRQ� RI� WKH� LQWHUYHUWHEUDO� GLVFV� LV� EDVHG� RQ� PHDVXULQJ� WKH�
LQWHQVLW\�RI�VFDWWHUHG�ODVHU�OLJKW�>�@��+RZHYHU��VLQFH�WKH�VWUHVV�
ILHOG� LV� QRW� PHDVXUHG� GLUHFWO\�� WKH� VWUHVV� UHOD[DWLRQ� FDQQRW�
FRPPRQO\� EH� SURYLGHG� FRPSOHWHO\�� VR� WKDW� WKH� SUHVHQFH� RI�
UHVLGXDO� VWUHVVHV� FDXVHV� VXEVHTXHQW� WLVVXH� GHIRUPDWLRQ��
UHGXFHV�WKH�HIIHFWLYHQHVV�RI�ODVHU�SURFHGXUHV�DQG�LQ�VRPH�FDVHV�

OHDGV�WR�WKH�QHHG�IRU�UHRSHUDWLRQ��7KHUHIRUH��WKH�GHYHORSPHQW�
RI�QHZ�FRQWURO�PHWKRGV�EDVHG�RQ�GLUHFW�PRQLWRULQJ�RI�HODVWLF�
FKDUDFWHULVWLFV�RI�FDUWLODJH�GXULQJ�ODVHU�LUUDGLDWLRQ�UHSUHVHQWV�
D�YHU\�XUJHQW�WDVN�>�@�

6RPH�ZRUNV�DUH�GHYRWHG�WR�GHWHUPLQDWLRQ�RI�WKH�WHPSHUD�
WXUH�GHSHQGHQFH�RI�WKH�HODVWLF�SURSHUWLHV�RI�FDUWLODJH�XVLQJ�WKH�
PHWKRG�RI�LUUHYHUVLEOH�FRPSUHVVLRQ�>�@��'XULQJ�WKH�PHDVXUH�
PHQWV�� FDUWLODJH� WLVVXH�ZDV�KHDWHG� WR�D� FHUWDLQ� WHPSHUDWXUH��
DIWHU�ZKLFK�D�PHFKDQLFDO�VWUHVV�ZDV�DSSOLHG�WR�D�VDPSOH��:LWK�
WKH�SDVVDJH�RI�WLPH��WKH�VWUHVV�UHOD[DWLRQ�RFFXUUHG�XQGHU�WKH�
DFWLRQ�RI�WKH�FDUWLODJH�WLVVXH�FRPSUHVVLRQ��<RXQJ¬V�PRGXOXV�
RI�FDUWLODJH�ZDV�GHWHUPLQHG�DIWHU�WKH�UHOD[DWLRQ�RI�WKH�H[WHU�
QDO�VWUHVV��+RZHYHU��ZKHQ�XVLQJ�WKLV�PHWKRG��WLVVXHV�XQGHUJR�
LUUHYHUVLEOH� FKDQJHV�� ZKLFK� PDNHV� LW� LPSRVVLEOH� WR� XVH� WKH�
PHWKRG� IRU�PRQLWRULQJ� WKH� HODVWLF�SURSHUWLHV�RI� FDUWLODJH� LQ�
YLYR��$OVR��LQ�VRPH�ZRUNV��E\�PHDQV�RI�H[FLWDWLRQ�RI�IUHH�DQG�
IRUFHG� PHFKDQLFDO� RVFLOODWLRQV�� WKH� G\QDPLF� PRGXOXV� DQG�
LQWHUQDO�IULFWLRQ�RI�FDUWLODJH�WLVVXH�ZHUH�PHDVXUHG�GXULQJ�WKH�
ODVHU�LQGXFHG� VWUHVV� UHOD[DWLRQ� >�@�� )RU� WKH� GLDJQRVLV� RI� WKH�
FDUWLODJH�WLVVXH�SURSHUWLHV��RSWLFDO�PHWKRGV�DUH�EHLQJ�DFWLYHO\�
XVHG�� )RU� H[DPSOH�� VHFRQG�KDUPRQLF� JHQHUDWLRQ� DQG� WZR�
SKRWRQ�IOXRUHVFHQFH�PLFURVFRS\�KDYH�EHHQ�VXFFHVVIXOO\�XVHG�
IRU� LPDJLQJ� WKH� LQWHUFHOOXODU� VWUXFWXUH� RI� KHDOWK\� DQG� GDP�
DJHG�DUWLFXODU�FDUWLODJH�WLVVXH� >����@��$QDO\VLV�RI�WKH�DQJXODU�
GLVWULEXWLRQ�RI�WKH�OLJKW�VFDWWHUHG�E\�WKH�VDPSOH�HQDEOHV�RQH�WR�
GLDJQRVH�WKH�W\SH�RI�WKH�FDUWLODJH�WLVVXH��ZKLFK�FDQ�EH�XVHIXO�
LQ�GHWHFWLRQ�RI�YDULRXV�GLVHDVHV�>��@��

.QRZQ�DUH� WKH�ZRUNV�RQ� VWXG\LQJ� WKH� UHOD[DWLRQ�RI� WKH�
H[WHUQDO�VWUHVV�LQ�FDUWLODJH�WLVVXHV�E\�PHDQV�RI�WKH�EDFNVFDWWHU�
LQJ�PHWKRG�>������@��6LPXOWDQHRXV�PHDVXUHPHQWV�RI�WKH�WHP�
SHUDWXUH�� LQWHUQDO� VWUHVV� DQG� LQWHQVLW\� RI� EDFNVFDWWHULQJ� RI�
OLJKW�GXULQJ�ODVHU�KHDWLQJ�RI�WKH�VDPSOH�KDYH�UHYHDOHG�WKDW��DW�
D�FHUWDLQ�WHPSHUDWXUH��FDUWLODJH�WLVVXH�XQGHUJRHV�D�SKDVH�WUDQ�
VLWLRQ��7KH�WUDQVLWLRQ�WHPSHUDWXUH�YDOXH�LV�GHSHQGHQW�RQ�WKH�
KHDWLQJ�UDWH�RI�WKH�VDPSOH�>��@��7KH�LQWHQVLW\�RI�EDFNVFDWWHU�
LQJ�RI� OLJKW� LV� UHODWHG� WR� WKH� WHPSHUDWXUH�RI� FDUWLODJH� WLVVXH��
ZKLFK�DOORZV�HPSOR\LQJ�WKH�LQWHQVLW\�PDJQLWXGH�DV�WKH�VHQVRU�
RI�WKH�VDPSOH�WHPSHUDWXUH�GXULQJ�KHDWLQJ�

7R�PHDVXUH�GLUHFWO\�WKH�WHPSHUDWXUH�G\QDPLFV�RI�WKH�HODV�
WLF�SURSHUWLHV�RI�FDUWLODJH�WLVVXHV��LW�VHHPV�SURPLVLQJ�WR�XVH�WKH�
PHWKRG�RI�HODVWRPHWU\�EDVHG�RQ�RSWLFDO�FRKHUHQFH�WRPRJUD�
SK\��2&7��>���§���@��7KLV�PHWKRG�IRU�PHDVXULQJ�WKH�ORQJLWXGL�
QDO� DQG� WUDQVYHUVH� HODVWLF�PRGXOL� RI� WKH� VDPSOH� FRQVLVWV� LQ�
FUHDWLQJ�D�PHFKDQLFDO�H[FLWDWLRQ�LQ�WLVVXH�DQG�HYDOXDWLQJ�WKH�
SDUDPHWHUV� RI� LWV� SURSDJDWLRQ� E\� PHDQV� RI� SKDVH�VHQVLWLYH�
2&7�� 7KH� H[FLWDWLRQ� FDQ� EH� FDXVHG� LQ�PDQ\� ZD\V�� H�J�� E\�
PHFKDQLFDO�IRUFHV�>������@��DFRXVWLF�IRUFH�>��@��RU�E\�WKH�DFWLRQ�
RI�ODVHU�SXOVHV�>��@��

$�PHWKRG�IRU�PHDVXULQJ�<RXQJ¬V�PRGXOXV�RI�ELRORJLFDO�
WLVVXHV�YLD�WKH�H[FLWDWLRQ�RI�HODVWLF�ZDYHV�RQ�WKH�VDPSOH�VXU�

0HDVXUHPHQW�RI�WKH�WHPSHUDWXUH�GHSHQGHQFH�RI�<RXQJ¬V�PRGXOXV�RI�
FDUWLODJH�E\�SKDVH�VHQVLWLYH�RSWLFDO�FRKHUHQFH�HODVWRJUDSK\�
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&��+��/LX��-��/L��0��6LQJK��.�9��/DULQ�'HSDUWPHQW�RI�%LRPHGLFDO�
(QJLQHHULQJ��8QLYHUVLW\�RI�+RXVWRQ�������&XOOHQ�%OYG��5RRP������
+RXVWRQ��7;�������������7H[DV��86$��H�PDLO��NODULQ#XK�HGX���
0�1��6NU\DELQD�'HSDUWPHQW�RI�3K\VLFV��0�9��/RPRQRVRY�0RVFRZ�
6WDWH�8QLYHUVLW\��5XVVLD���������0RVFRZ��9RURE¬HY\�JRU\��
H�PDLO��VNU\DELQD#QDQRODE�SK\V�PVX�UX��
(�1��6RERO�'HSDUWPHQW�RI�3K\VLFV��0�9��/RPRQRVRY�0RVFRZ�6WDWH�
8QLYHUVLW\��5XVVLD���������0RVFRZ��9RURE¬HY\�JRU\��,QVWLWXWH�RI�
/DVHU�DQG�,QIRUPDWLRQ�7HFKQRORJLHV��5XVVLDQ�$FDGHP\�RI�6FLHQFHV��
3LRQHUVND\D�XO������������0RVFRZ��7URLWVN��5XVVLD��
H�PDLO��LOLW#ODVHU�UX��
�
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IDFH�XQGHU�WKH�DFWLRQ�RI�IRFXVHG�DLU�SXOVHV�KDV�EHHQ�UHFHQWO\�
UHSRUWHG� >��@��7KLV�PHWKRG�ZDV� DSSOLHG� WR� VWXG\� WKH� HODVWLF�
SURSHUWLHV� RI� FDQFHU� WXPRXUV� >��@� DQG� WKH� VWUXFWXUHV� WKDW�
PLPLF�VRIW�WLVVXHV�>��@��,WV�DGYDQWDJH�LV�WKDW�LW�LV�SURPLVLQJ�IRU�
XVH� LQ� YLYR� �H�J��� WKH�PHWKRG� KDV� EHHQ� XVHG� WR�PHDVXUH� WKH�
HODVWLF�SURSHUWLHV�RI�WKH�PRXVH�FRUQHD�LQ�YLYR�>��@���,W�LV�DOVR�
ZRUWK�RI�QRWH� WKDW�SKDVH�VHQVLWLYH�2&7�DOORZV�GHWHFWLRQ�RI�
PHFKDQLFDO� SHUWXUEDWLRQV� ZLWK� WKH� DPSOLWXGH� RI� VHYHUDO�
PLFURQV��DQG�VR�WKHUH� LV�QR�QHHG� LQ�VLJQLILFDQW�HIIHFW�RQ�WKH�
WLVVXH�XQGHU�VWXG\LQJ�

7KH�SUHVHQW�ZRUN�LV�GHGLFDWHG�WR�GHYHORSLQJ�D�PHWKRG�IRU�
PHDVXULQJ�WKH�WHPSHUDWXUH�G\QDPLFV�RI�<RXQJ¬V�PRGXOXV�RI�
FDUWLODJH�WLVVXH�E\�PHDQV�RI�QRQLQYDVLYH�HODVWRPHWU\�EDVHG�RQ�
SKDVH�VHQVLWLYH�2&7��7KH�PHWKRG� GHYHORSHG�ZLOO� DOORZ� WKH�
UHVHDUFKHU�WR�PRQLWRU�WKH�FKDQJHV�LQ�WKH�HODVWLF�SURSHUWLHV�RI�
FDUWLODJH�WLVVXH�GXULQJ�WKH�KHDWLQJ�SURFHVV��7KH�DSSURDFK�SUR�
SRVHG�LQ�WKLV�ZRUN�KDV�WKH�SURVSHFWV�RI�FOLQLFDO�DSSOLFDWLRQ�WR�
RYHUVHH�WKH�SURFHVV�RI�ODVHU�UHFRQVWUXFWLRQ�RI�FDUWLODJH�WLVVXHV�

���0DWHULDOV�DQG�PHWKRGV�

$�IUHVK�FDUWLODJH�RI� WKH�QDVDO�VHSWXP�RI�D�SLJ�ZDV�REWDLQHG�
LPPHGLDWHO\�DIWHU�WKH�DQLPDO¬V�HXWKDQDVLD�DW�D�ORFDO�VODXJKWHU�
KRXVH��7KH�FDUWLODJH�ZDV�VHSDUDWHG�IURP�WKH�ERQHV�DQG�VRIW�
WLVVXHV��DQG�WKH�UHFWDQJXODU�VDPSOHV�ZHUH�FXW�RXW�RI�LW��7R�KHDW�
FDUWLODJH�WLVVXH��D�VDOLQH�ZLWK�������1D&O�PDVV�FRQFHQWUDWLRQ��
EHLQJ� KHDWHG��ZDV� XVHG��$� UHFWDQJXODU� SODWH� RI� ��PP�WKLFN�
FDUWLODJH�WLVVXH�PHDVXULQJ���r�����FP�ZDV�SODFHG�LQ�D�UHVHUYRLU�
ZLWK�VDOLQH�DQG�PRXQWHG�KRUL]RQWDOO\�LQ�VXFK�D�ZD\�WKDW�LWV�
ORZHU�KDOI�ZDV�LPPHUVHG�LQWR�WKH�OLTXLG�ZKLOH�WKH�XSSHU�SDUW�
UHPDLQHG�LQ�WKH�DLU��VHH�)LJ������7KH�VDOW�VROXWLRQ�LQ�WKH�YHVVHO�
ZDV� ZDUPHG� E\� PHDQV� RI� D� KHDWLQJ� HOHPHQW�� WKH� PHDVXUH�

PHQWV�ZHUH� FDUULHG�RXW� DW� D� WHPSHUDWXUH� YDULHG� IURP���� WR�
���n&��7KH�WHPSHUDWXUH�ZDV�PRQLWRUHG�XVLQJ�D�WKHUPRFRXSOH�
HPEHGGHG� LQWR�WKH�VDPSOH�WR�D�GHSWK�RI�DERXW�����PP��WKH�
PHDVXUHPHQW� HUURU� FRQVWLWXWHG� �����n&��7KH� WHPSHUDWXUH� DW�
WKH�EHJLQQLQJ�RI�WKH�PHDVXUHPHQW�SURFHVV�ZDV�UHIHUUHG�WR�DV�
WKH�VDPSOH�WHPSHUDWXUH��WKH�WHPSHUDWXUH�IOXFWXDWLRQV�GLG�QRW�
H[FHHG���n&�LQ�WKH�FRXUVH�RI�WKH�PHDVXUHPHQWV�

'XULQJ�WKH�H[SHULPHQW��HODVWLF�ZDYHV�ZHUH�H[FLWHG�LQ�WKH�
VDPSOH��7KH�PHWKRG�RI�SKDVH�VHQVLWLYH�2&7�DOORZHG�PHDVXU�
LQJ� WKH� JURXS� YHORFLW\� RI� HODVWLF� ZDYHV� SURSDJDWLRQ�� ZKLFK�
ZDV�XVHG�WR�FDOFXODWH�<RXQJ¬V�PRGXOXV�RI�WLVVXH�XQGHU�VWXG\��
(ODVWLF�ZDYHV�ZHUH�H[FLWHG�E\�PHDQV�RI�WKH�DLU�SXOVH�JHQHUD�
WLRQ�V\VWHP��FDSDEOH�RI�SURGXFLQJ�D�FRQFHQWUDWHG�DLU�IORZ�RI�
OHVV�WKDQ���PV�LQ�GXUDWLRQ��7KH�V\VWHP�FRQVLVWV�RI�D�EDOORRQ�
ZLWK�DLU�XQGHU�KLJK�SUHVVXUH�DQG�D�FRQWURO�EORFN��$Q�DGGL�
WLRQDO�VLJQDOOLQJ�FKDQQHO�RI�WKH�FRQWURO�EORFN�HQVXUHV�WKH�V\Q�
FKURQLVDWLRQ�RI�WKH�SXOVH�VLJQDO�JHQHUDWLRQ�ZLWK�WKH�UHFRUGLQJ�
RI�WKH�VLJQDO�E\�2&7��7KH�SUHVVXUH�LQ�WKH�DLU�VRXUFH�LV�PHD�
VXUHG�ZLWK�D�PDQRPHWHU��WKH�DLU�SXOVH�FRPHV�RXW�RI�D�QHHGOH�
RI�����MP�LQ�GLDPHWHU�ZLWK�D�IODW�HGJH��7KH�VSDWLRWHPSRUDO�
SURILOH�RI�WKH�DLU�SXOVH�KDV�D�*DXVVLDQ�VKDSH��7KH�ORFDWLRQ�RI�
D�SRLQW�RQ�WKH�VDPSOH�VXUIDFH��FORVH�WR�ZKLFK�WKH�DLU�SXOVH�LV�
JHQHUDWHG��FDQ�EH�SUHFLVHO\�VHW�XVLQJ�D�WKUHH�FRRUGLQDWH�OLQHDU�
PLFURPHWULF�IHHG��7KH�DLU�SXOVH�FUHDWHV�D�GHIRUPDWLRQ�LQ�WLV�
VXH��WKLV�V\VWHP�DOORZV�D�FRQWDFWOHVV�H[FLWDWLRQ�RI�HODVWLF�ZDYHV�
LQ�WKH�VDPSOH��

)RU� HODVWLF� ZDYHV� WR� EH� GHWHFWHG�� WKH�PHWKRG� RI� SKDVH�
VHQVLWLYH�2&7� LV�XVHG��7KH� H[SHULPHQWDO� VHWXS� WR� VWXG\� WKH�
HODVWLF�SURSHUWLHV�RI� FDUWLODJH� WLVVXH� LV� VKRZQ� LQ�)LJ�� ���7KH�
UDGLDWLRQ�VRXUFH�LV�D�+6/�����ODVHU��6DQWHF�,QF���86$��WXQ�
DEOH�ZLWKLQ�D�EURDG�EDQG������QP��ZLWK�D�FHQWUH�ZDYHOHQJWK�
RI������QP��7KH�VFDQ�VSHHG�WKURXJKRXW�WKH�UDQJH�RI�RSHUDW�
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)LJXUH���� ([SHULPHQWDO�VHWXS�IRU�PHDVXULQJ�WKH�WHPSHUDWXUH�GHSHQGHQFH�RI�<RXQJ¬V�PRGXOXV�RI�FDUWLODJH�WLVVXH��



���0HDVXUHPHQW�RI�WKH�WHPSHUDWXUH�GHSHQGHQFH�RI�<RXQJ¬V�PRGXOXV�RI�FDUWLODJH

LQJ�ZDYHOHQJWKV�DPRXQWV�WR���r�����V§���DQG�WKH�RXWSXW�SRZHU�
LV����P:��)RU� LPDJLQJ��D�0DFK�§�=HKQGHU� LQWHUIHURPHWHU� LV�
XVHG��7KH�LQWHUIHUHQFH�SDWWHUQ�LV�GHWHFWHG�E\�D�EDODQFHG�SKR�
WRGHWHFWRU�DQG�GLJLWLVHG�E\�DQ�$'&��$�ILEHU�%UDJJ�JUDWLQJ�LV�
XVHG� WR� LQLWLDWH� WKH� $�VFDQ�� 7KH� H[SHULPHQWDOO\� PHDVXUHG�
SKDVH�VWDELOLW\�RI�WKH�V\VWHP�LV����PUDG��ZKLFK�FRUUHVSRQGV�WR�
DQ�RSWLFDO�SDWK�RI�����QP�LQ�WKH�DLU���)RU�WKH�LPSOHPHQWDWLRQ�
RI�%�VFDQ��D�JDOYDQLF�PLUURU�LV�HPSOR\HG��7KH�V\VWHP�VXSSO\�
LQJ�WKH�DLU�SXOVHV�JHQHUDWHV�WKH�RXWSXW�SXOVH�VLJQDO��ZKLFK�LV�
UHFRUGHG�E\�WKH�$'&�WR�FDUU\�RXW�V\QFKURQLVDWLRQ��,Q�RUGHU�
WR�GHWHFW�WKH�SURSDJDWLRQ�RI�HODVWLF�ZDYHV��WKH�%0�VFDQ�LV�FDU�
ULHG�RXW�IURP�WKH�SRLQW�RI�H[FLWDWLRQ��XQGHU�WKH�QHHGOH�RI�WKH�
V\VWHP� VXSSO\LQJ� WKH� DLU� SXOVHV�� DORQJ� WKH� GLUHFWLRQ� RI� WKH�
ZDYH�SURSDJDWLRQ��7KH�PHDVXUHPHQWV�DUH�SHUIRUPHG�DW�����
SRLQWV��WKH�GLVWDQFH�EHWZHHQ�WKH�VWDUWLQJ�DQG�HQGLQJ�SRLQWV�RI�
WKH�VFDQ�FRQVWLWXWLQJ�����PP��$W�HDFK�VFDQ�SRLQW��D�VLJQDO�RI�
WKH�SKDVH�VKLIW�RI�WKH�OLJKW�VFDWWHUHG�RQ�WKH�VDPSOH�LV�UHFRUGHG��
7KH�VWDUW�RI�WKH�SKDVH�SURILOH�UHFRUGLQJ�LV�V\QFKURQLVHG�ZLWK�
WKH�WLPH�LQVWDQW�RI�WKH�DLU�SXOVH�DUULYDO��7KH�UHFRUGLQJ�LV�PDGH�
DW� HDFK�SRLQW�ZLWKLQ� ���� V�ZLWK� D� VDPSOLQJ� IUHTXHQF\�RI� ���
N+]��0RUH�GHWDLOHG�LQIRUPDWLRQ�DERXW�WKLV�SURFHGXUH�FDQ�EH�
IRXQG�LQ�SUHYLRXV�VWXGLHV�>���§���@�

7KH�SKDVH�VKLIW�RI� WKH�UHIOHFWHG�UDGLDWLRQ�DW� WKH�VHOHFWHG�
SRLQW�RI�WKH�VDPSOH�FRUUHVSRQGV�WR�WKH�WLVVXH�GLVSODFHPHQW�DW�
WKLV�SRLQW��ZKLFK�RFFXUV�GXULQJ�WKH�SDVVDJH�RI�WKH�VKHDU�HODVWLF�
ZDYH��7R�FDOFXODWH�WKH�GLVSODFHPHQW�$�IURP�WKH�SKDVH�VKLIW�'�
RI�WKH�2&7�VLJQDO��WKH�H[SUHVVLRQ�>��@�ZDV�XVHG�

$� �M�'��P��� ����

ZKHUH�M�LV�WKH�FHQWUH�ZDYHOHQJWK�RI�WKH�ODVHU�VRXUFH��
7KH� YHORFLW\� F� RI� WKH� VKHDU� HODVWLF� ZDYH� ZDV� FDOFXODWHG�

IURP�WKH�UHODWLRQ�

F� �G�U�� ���

ZKHUH�G�LV�WKH�GLVWDQFH�EHWZHHQ�WZR�SRLQWV�RI�WKH�VDPSOH��DQG�
U� LV� WKH� GHOD\� WLPH� RI� WKH� HODVWLF�ZDYH�� 7KH� ORFDWLRQ� RI� WKH�
VWDUWLQJ�SRLQW�ZDV�VHOHFWHG�DW�D�GLVWDQFH�RI�_����PP�IURP�WKH�
ZDYH�H[FLWDWLRQ�SRLQW��DQG�WKH�WLPH�GHOD\�RI�WKH�HODVWLF�ZDYH�
SXOVH� DSSHDUDQFH� ZDV� GHILQHG� UHODWLYH� WR� HDFK� VXEVHTXHQW�
VFDQ�SRLQW��7R�GHWHUPLQH� WKH� WLPH�GHOD\�RI� WKH�HODVWLF�ZDYH�
SXOVH��WKH�FURVV�FRUUHODWLRQ�IXQFWLRQ�RI�WKH�GLVSODFHPHQWV�DW�
WKH�SULPDU\�DQG�VHOHFWHG�SRLQWV�ZDV�FRQVWUXFWHG�

%�U�� �G$��W�$Q�W���U�(�� ���

ZKHUH�$��W��LV�WKH�GLVSODFHPHQW�DW�WKH�LQLWLDO�SRLQW��DQG�$Q�W��
LV�WKH�GLVSODFHPHQW�DW�D�JLYHQ�SRLQW�YHUVXV�WLPH��7KH�WLPH�U�DW�
ZKLFK� WKH� FURVV�FRUUHODWLRQ� IXQFWLRQ� UHDFKHV� LWV� PD[LPXP��
FRUUHVSRQGV�WR�WKH�WLPH�GHOD\�RI�WKH�HODVWLF�ZDYH�SXOVH�DW�WKH�
VHOHFWHG�SRLQW�UHODWLYH�WR�WKH�LQLWLDO�RQH��7KH�ZDYH�YHORFLW\�DW�
HDFK� SRLQW� LV� FDOFXODWHG� E\� IRUPXOD� ����� 7KH� YDOXHV� RI� WKH�
YHORFLWLHV� REWDLQHG� DUH� DYHUDJHG� IRU� DOO� SRLQWV� RI� WKH� UDQJH�
VHOHFWHG��DSSUR[LPDWHO\���PP�LQ�OHQJWK�DQG�����MP�LQ�GHSWK�
RI�WKH�VDPSOH���DQG�WKH�DYHUDJH�JURXS�YHORFLW\�RI�HODVWLF�ZDYHV�
SURSDJDWLRQ� LV� FDOFXODWHG�� 7KH� XSSHU� OLPLW� RI� WKH� VHOHFWHG�
UDQJH�WXUQHG�RXW�ORFDWHG�DW�D�GLVWDQFH�RI����MP�IURP�WKH�VDP�
SOH� VXUIDFH�� DQG� VR� WKH� YHORFLW\� YDOXHV� WKXV�REWDLQHG� FRUUH�
VSRQG� WR� WKH�YHORFLW\�RI� WKH�HODVWLF� VKHDU�ZDYH�SURSDJDWLRQ�
ZLWKLQ�WKH�FDUWLODJH�WLVVXH�YROXPH�

$VVXPLQJ� WKDW� FDUWLODJH� WLVVXH� SRVVHVVHV� KRPRJHQHRXV�
LVRWURSLF�HODVWLF�SURSHUWLHV��<RXQJ¬V�PRGXOXV�RI�WLVVXH�FDQ�EH�
FDOFXODWHG�XVLQJ�WKH�H[SUHVVLRQ�>��@��

(� ��SF��� ���

ZKHUH�S�LV�WKH�VXEVWDQFH�GHQVLW\��,Q�RUGHU�WR�FDOFXODWH�(��WKH�
H[SHULPHQWDOO\�PHDVXUHG� JURXS� YHORFLW\� RI� WKH� HODVWLF�ZDYH�
SURSDJDWLRQ�ZDV�XVHG��

7R�DQDO\VH�WKH�UHOLDELOLW\�RI�WKH�GDWD�RQ�<RXQJ¬V�PRGX�
OXV�RI�FDUWLODJH�WLVVXH��GHULYHG�IURP�WKH�H[SHULPHQW��WKH�HODV�
WLF�SURSHUWLHV�RI� WLVVXH�KDYH�EHHQ�PHDVXUHG�E\�PHDQV�RI�D�
XQLD[LDO� PHFKDQLFDO� HODVWRPHULF� %�6SHF� ����� V\VWHP�
�,QVWURQ�,QF���86$���,Q�ERWK�FDVHV��ZH�XVHG�WKH�VDPSOHV�SUH�
SDUHG�IURP�WKH�VDPH�QDVDO�VHSWXP�FDUWLODJH�WLVVXH�RI�WKH�SLJ��
,Q�WKH�H[SHULPHQW��D�UHFWDQJXODU�SODWH�RI�FDUWLODJH�WLVVXH�KDG�
EHHQ�IL[HG�ZLWK�WZR�WHUPLQDOV��WKHQ�WKH�SODWH�ZDV�DXWRPDWL�
FDOO\�FRPSUHVVHG�DQG�WKH�HODVWLFLW\�PRGXOXV�ZDV�PHDVXUHG��
7KH�PD[LPDO� GHIRUPDWLRQ� ZDV� VHW� DW� ������ WKLV� YDOXH� ZDV�
FKRVHQ�DV�D� OLPLW� WR�SUHYHQW� WKH� LUUHYHUVLEOH�GDPDJH�RI� WKH�
VDPSOH�>�@��7R�LQFUHDVH�WKH�WHPSHUDWXUH��WKH�VDPSOH�WRJHWKHU�
ZLWK�WHUPLQDOV�ZDV�GLSSHG�LQWR�D�WDQN�RI�VDOLQH��7KH�VROXWLRQ�
ZDV� ZDUPHG� E\� PHDQV� RI� D� EXLOW�LQ� KHDWLQJ� HOHPHQW�� WKH�
PHDVXUHPHQWV�ZHUH�SHUIRUPHG�DW�D�WHPSHUDWXUH�LQ�WKH�UDQJH�
IURP����WR����n&��7KH�WHPSHUDWXUH�ZDV�PRQLWRUHG�E\�D�WKHU�
PRFRXSOH�LQ�H[DFWO\�WKH�VDPH�ZD\�DV�LQ�FDVH�RI�2&7�PHD�
VXUHPHQWV�

���5HVXOWV�DQG�GLVFXVVLRQ�

)LJXUH� �� VKRZV� WKH� W\SLFDO� WLPH� GHSHQGHQFH� RI� WKH� WLVVXH�
VDPSOH�GLVSODFHPHQW�GXULQJ�WKH�HODVWLF�ZDYH�SURSDJDWLRQ��
PHDVXUHG�DW�WZR�SRLQWV�ORFDWHG�DW�GLIIHUHQW�GLVWDQFHV�IURP�
WKH�SRLQW�RI� WKH�ZDYH�H[FLWDWLRQ��,W�FDQ�EH�VHHQ�WKDW�DIWHU�
WKH�VWDUW�RI�UHFRUGLQJ�WKH�HODVWLF�ZDYH�UHDFKHV�WKH�PHDVXU�
LQJ�SRLQW�DQG�FDXVHV�WKH�GLVSODFHPHQW�RI�WKH�WLVVXH�VDPSOH��
7KH� HODVWLF�ZDYH� DPSOLWXGH� GHFUHDVHV� DQG� WKH� GHOD\� WLPH�
LQFUHDVHV�ZLWK�LQFUHDVLQJ�GLVWDQFH�IURP�WKH�SRLQW�RI�H[FLWD�
WLRQ��

7KH�GLPHQVLRQOHVV�FURVV�FRUUHODWLRQ�IXQFWLRQ�RI�WKH�VLJQDO�
RI�WKH�WLVVXH�VDPSOH�GLVSODFHPHQW�LV�VKRZQ�LQ�)LJ�����7KH�IXQF�
WLRQ�KDV�D�PD[LPXP�DW������PV�§�WKLV�LV�WKH�WLPH�UHTXLUHG�IRU�
D�ZDYH�WR�SURSDJDWH�RYHU�WKH�GLVWDQFH�RI�����PP�EHWZHHQ�WKH�
PHDVXUHPHQW�SRLQWV��
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)LJXUH���� 'LVSODFHPHQW�RI�WKH�WLVVXH�VDPSOH�YV��WLPH�GXULQJ�WKH�HODVWLF�
ZDYH� SURSDJDWLRQ�� 7KH�PHDVXUHPHQWV�ZHUH�PDGH� DW� GLVWDQFHV� RI� ����
DQG���PP�IURP�WKH�SRLQW�RI�ZDYH�H[FLWDWLRQ�



� &��+��/LX��0�1��6NU\DELQD��-��/L��0��6LQJK��HW�DO����

)LJXUH� �� VKRZV� D� W\SLFDO� GHSHQGHQFH� RI� WKH� YHORFLW\� RI�
HODVWLF�ZDYHV�LQ�WKH�FDUWLODJH�RQ�WKH�WHPSHUDWXUH�LQ�WKH�UDQJH�
RI����§����n&�DV�PHDVXUHG�E\�WKH�2&7�PHWKRG��7KH�YHORFLW\�
LQFUHDVHV�LQ�WKH�UDQJH�RI����§����n&��DQG�WKHQ�JUHDWO\�UHGXFHV��
7KLV�PHDQV�WKDW�WKH�HODVWLFLW\�RI�FDUWLODJH�WLVVXH�LQFUHDVHV�DW�
WKH�EHJLQQLQJ�RI�KHDWLQJ��EXW�ZKHQ�KHDWHG�WR����n&�DQG�KLJKHU�§�
GHFUHDVHV��

)RU�D�TXDQWLWDWLYH�FDOFXODWLRQ�RI�WKH�HODVWLF�PRGXOXV�(�E\�
IRUPXOD�����WKH�FDUWLODJH�WLVVXH�GHQVLW\�ZDV�WDNHQ�HTXDO�WR�S� �
�����NJ�P§���7KH�FDOFXODWLRQ�UHVXOWV�IRU�WKH�WKUHH�WHVW�VDPSOHV�
ZHUH� DYHUDJHG�� 7KH� UHVXOWLQJ� WHPSHUDWXUH� GHSHQGHQFH� RI�
<RXQJ¬V�PRGXOXV�LV�VKRZQ�LQ�)LJ����$W�URRP�WHPSHUDWXUH�(�
 ���03D��ZKLFK�ZLWKLQ�WKH�HUURU�FRLQFLGHV�ZLWK�WKH�OLWHUDWXUH�
GDWD� IRU� <RXQJ¬V� PRGXOXV� RI� FDUWLODJH� WLVVXH� LQ� WKH� HODVWLF�
FRPSUHVVLRQ�>��@��7KH�PRGXOXV�(�LQFUHDVHV�ZKHQ�WKH�WHPSHU�
DWXUH�ULVHV�XS�WR����n&��WKHQ��LQ�WKH�WHPSHUDWXUH�UDQJH�IURP����
WR����n&��WKH�WLVVXH�HODVWLFLW\�VLJQLILFDQWO\�UHGXFHV��4XDOLWDWLYHO\�
VLPLODU�UHVXOWV�ZHUH�REWDLQHG�LQ�>��@�E\�ODVHU�KHDWLQJ�RI�FDUWL�
ODJH� WLVVXH�� ,Q� WKH� H[SHULPHQW� GHVFULEHG�� WKH� FDUWLODJH� SODWH�
ZDV�FRPSUHVVHG�DQG�WKH�PDJQLWXGH�RI�WKH�LQWHUQDO�VWUHVV�ZDV�
PHDVXUHG�LQ�WKH�KHDWLQJ�SURFHVV��,W�LV�VKRZQ�WKDW�WKH�LQWHUQDO�
VWUHVV� LQFUHDVHV�� UHDFKHV� D� SODWHDX� QHDU� ���n&�� DQG� WKHQ�
GHFUHDVHV�ZLWK� LQFUHDVLQJ� WHPSHUDWXUH�� ,W�ZDV� DVVXPHG� WKDW�

WKH�WUDQVLHQW�LQFUHDVH�LQ�WKH�LQWHUQDO�VWUHVV�GXULQJ�WKH�LUUDGLD�
WLRQ�PD\� EH� GXH� WR� WKH� WKHUPDO� H[SDQVLRQ� RI� ZDWHU� LQ� WKH�
KHDWHG� WLVVXH� YROXPH�� ,QWHUQDO� VWUHVV� DQG�<RXQJ¬V�PRGXOXV�
FKDUDFWHULVH�WKH�HODVWLF�SURSHUWLHV�RI�PDWWHU��DQG�WKHVH�SDUDP�
HWHUV�KDYH�TXDOLWDWLYHO\�VLPLODU�G\QDPLFV�ZKHQ�KHDWHG��,W�ZDV�
UHYHDOHG�LQ�WKH�2&7�H[SHULPHQWV�WKDW�WKH�FKDUDFWHULVWLF�WHP�
SHUDWXUH�RI�WKH�EHJLQQLQJ�RI�D�GHFUHDVH�LQ�<RXQJ¬V�PRGXOXV�
OLHV�EHWZHHQ����DQG����n&��

)LJXUH���DOVR�VKRZV�WKH�GHSHQGHQFH�RI�<RXQJ¬V�PRGXOXV�
RI� FDUWLODJH� WLVVXH� RQ� WHPSHUDWXUH� LQ� WKH� UDQJH� IURP� ��� WR�
���n&�DV�PHDVXUHG�ZLWK�D�PHFKDQLFDO�HODVWRPHULF�V\VWHP��7KH�
PHDVXUHPHQWV�ZHUH� SHUIRUPHG�RQ� WKUHH� VDPSOHV�� WKH� JUDSK�
UHSUHVHQWV� WKH� DYHUDJH� YDOXHV�� ,W� FDQ� EH� VHHQ� WKDW� WKH� GDWD�
REWDLQHG�E\� WKH�HVWLPDWHV�RI� WKH�SURSDJDWLRQ�UDWH�RI�HODVWLF�
ZDYHV�XVLQJ�SKDVH�VHQVLWLYH�2&7�DQG�WKH�GDWD�REWDLQHG�E\�D�
PHFKDQLFDO�HODVWRPHULF�V\VWHP�DUH� LQ�DJUHHPHQW�DW� WKH�WHP�
SHUDWXUHV� UDQJLQJ� IURP���� WR����n&��7KXV��ZH� FDQ� FRQFOXGH�
WKDW�WKH�PHDVXUHPHQW�RI�<RXQJ¬V�PRGXOXV�E\�SKDVH�VHQVLWLYH�
2&7�LV�TXLWH�FRUUHFW��6OLJKW�GLVFUHSDQFLHV�PD\�EH�FDXVHG�E\�
WKH�GLIIHUHQFHV�LQ�WKH�VDPSOHV��WDNHQ�IURP�RQH�DQG�WKH�VDPH�
FDUWLODJH�WLVVXH��XVHG�LQ�WKH�PHDVXUHPHQWV�E\�ERWK�PHWKRGV��
�2QH�DQG�WKH�VDPH�VDPSOH�FDQQRW�EH�XVHG�LQ�ERWK�PHDVXUH�
PHQWV�VLQFH�WKH�VORZ�KHDWLQJ�OHDGV�WR�LUUHYHUVLEOH�FKDQJHV�LQ�
FDUWLODJH� WLVVXH� >��@���$W�KLJKHU� WHPSHUDWXUHV��ERWK�PHWKRGV�
JLYH�TXDOLWDWLYHO\�VLPLODU�UHVXOWV��<RXQJ¬V�PRGXOXV�GHFUHDVHV�
ZLWK� LQFUHDVLQJ� WHPSHUDWXUH� LQ� WKH� UDQJH� IURP� ��� WR� ���n&��
1HYHUWKHOHVV�� WKHUH� DUH� TXDQWLWDWLYH� GLIIHUHQFHV� LQ� WKH� GDWD�
PHDVXUHG� E\� 2&7� DQG� WKH�PHFKDQLFDO� HODVWRPHULF� V\VWHP��
3UHYLRXV�VWXGLHV�>��@�KDYH�VKRZQ�WKDW�WKH�2&7�PHDVXUHPHQWV�
KDYH�VLJQLILFDQWO\�OHVVHU�DFFXUDF\�WKDQ�LQ�FDVH�RI�WKH�PHFKDQL�
FDO�HODVWRPHULF�V\VWHP��WKH�ODWWHU�DUH�SUHVHQWHG�LQ�WKLV�SDSHU�DV�
D�VWDQGDUG�IRU�GHWHUPLQLQJ�WKH�YDOLGLW\�RI�WKH�UHVXOWV�

3DSHUV� >���� ��@� GHVFULEH� YDULRXV� PHFKDQLVPV� RI� VWUHVV�
UHOD[DWLRQ�E\�ODVHU�KHDWLQJ�RI�WKH�FDUWLODJH�WLVVXH��WUDQVLWLRQ�RI�
ZDWHU�IURP�WKH�ERXQG�WR�IUHH�VWDWH��ORFDO�GHSRO\PHULVDWLRQ�RI�
SURWHRJO\FDQV��IRUPDWLRQ�RI�WKH�PLFURFU\VWDOV�RI�VDOWV��SRO\J�
RQLVDWLRQ� �WKH�DOLJQPHQW�RI� FKRQGURQV�ZKLFK�PLQLPLVHV� WKH�
HODVWLF�HQHUJ\�RI�WKH�V\VWHP��DQG�DOVR�IRUPDWLRQ�RI�SRUHV� LQ�
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)LJXUH���� 'LPHQVLRQOHVV�FURVV�FRUUHODWLRQ�IXQFWLRQ�RI�WKH�WLVVXH�VDPSOH�
GLVSODFHPHQW�GXULQJ�WKH�HODVWLF�ZDYH�SURSDJDWLRQ��FDOFXODWHG�DW�GLVWDQF�
HV�RI�����DQG���PP�IURP�WKH�SRLQW�RI�ZDYH�H[FLWDWLRQ�
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)LJXUH���� 7\SLFDO�WHPSHUDWXUH�GHSHQGHQFH�RI�WKH�YHORFLW\�RI�WKH�HODVWLF�
ZDYH�SURSDJDWLRQ��PHDVXUHG�E\�SKDVH�VHQVLWLYH�2&7�
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��� 2&7
WHVW�PHDVXUHPHQWV
DSSUR[LPDWLRQ�RI�2&7�UHVXOWV
DSSUR[LPDWLRQ�RI�WHVW
PHDVXUHPHQW�UHVXOWV

)LJXUH���� 7HPSHUDWXUH�GHSHQGHQFH�RI�<RXQJ¬V�PRGXOXV�RI�FDUWLODJH�WLV�
VXH��REWDLQHG�E\�2&7�DQG�WKH�WHVW�PHWKRG�RI�PHFKDQLFDO�FRPSUHVVLRQ��
7KH�PHDVXUHPHQWV�ZHUH�FDUULHG�RXW�IRU�WKUHH�GLIIHUHQW�VDPSOHV�RI�FDUWL�
ODJH�WLVVXH��WKH�DYHUDJHG�YDOXHV��YDULDQFH��DQG�WKH�UHVXOWV�RI�ILWWLQJ�WKH�
GDWD�XVLQJ� WKH� WKLUG�RUGHU�SRO\QRPLDOV� DUH� VKRZQ�� WKH�GHWHUPLQDWLRQ�
FRHIILFLHQW�LV������IRU�2&7�DQG������IRU�WKH�PHWKRG�RI�PHFKDQLFDO�FRP�
SUHVVLRQ�



���0HDVXUHPHQW�RI�WKH�WHPSHUDWXUH�GHSHQGHQFH�RI�<RXQJ¬V�PRGXOXV�RI�FDUWLODJH

WKH�FDUWLODJH�PDWUL[��LQ�ZKLFK�WKH�HODVWLF�HQHUJ\�RI�WKH�FDUWL�
ODJH�PDWUL[� WUDQVIRUPV� LQWR� WKH� VXUIDFH� HQHUJ\�RI� WKH�SRUHV�
XQGHU� IRUPDWLRQ��� ,Q� GLIIHUHQW� VLWXDWLRQV�� WKH�PDQLIHVWDWLRQ�
DQG�UHODWLYH�FRQWULEXWLRQ�RI�WKHVH�PHFKDQLVPV�GHSHQG�RQ�WKH�
WLVVXH� VWUXFWXUH� DQG� H[WHUQDO� FRQGLWLRQV� �DSSOLHG� SUHVVXUH��
WHPSHUDWXUH��H[SRVXUH�WLPH���6RPH�RI�WKH�SURFHVVHV�WKDW�RFFXU�
LQ�WKLV�FDVH�DUH�UHYHUVLEOH��IRU�H[DPSOH��WKH�WUDQVLWLRQ�RI�ZDWHU�
IURP�WKH�ERXQG�WR�IUHH�VWDWH��IRUPDWLRQ�RI�FU\VWDOV�RI�WKH�VRO�
XEOH� VDOWV��� DQG� WKHUHIRUH� WKH� FDUWLODJH� VKDSH� VXEVHTXHQWO\�
UHWXUQV�WR�LWV�RULJLQDO�VWDWH��ZKLOVW�VRPH�PHFKDQLVPV�OHDG�WR�D�
VWDEOH�FKDQJH�LQ�WKH�IRUP�WKDW�DOORZV�WKH�XVH�RI�WKH�SURFHVV�RI�
ODVHU�FRUUHFWLRQ�RI�WKH�VKDSH�LQ�PHGLFDO�SUDFWLFH��,W�LV�LPSRU�
WDQW�WKDW�DIWHU�ODVHU�LUUDGLDWLRQ��ZKHQ�WKH�FDUWLODJH�LV�FRROHG�WR�
WKH� LQLWLDO� WHPSHUDWXUH�� LWV� HODVWLF� DQG� IXQFWLRQDO� SURSHUWLHV�
WXUQ�RXW�DOPRVW�FRPSOHWHO\�UHVWRUHG��+RZHYHU��WKLV�GRHV�QRW�
RFFXU� LI� WKH� WLPH� RI� WLVVXH� H[SRVXUH� WR� KLJK� WHPSHUDWXUH� LV�
ODUJH�HQRXJK�IRU�WKH�GHYHORSPHQW�RI�WKH�GHQDWXUDWLRQ�SURFHVV�
RI� WKH� FROODJHQLF� VXEV\VWHP��ZKLFK�� IURP� WKH�PHGLFDO� YLHZ�
SRLQW��UHSUHVHQWV�DQ�XQGHVLUHG�HIIHFW�RI�ODVHU�LUUDGLDWLRQ�

7KH� VWXGLHV� FDUULHG� RXW� LQ� WKLV� SDSHU� GHPRQVWUDWH� WKH�
HIIHFWLYHQHVV�RI�WKH�2&7�PHWKRG�IRU�QRQLQYDVLYH�PRQLWRULQJ�
RI�WKH�YHORFLW\�RI�VRXQG�ZDYHV�DQG�HODVWLF�SURSHUWLHV�RI�FDUWL�
ODJH�WLVVXH��+RZHYHU��WKH�UHVXOWV�REWDLQHG��ZLWK�WKH�XVH�RI�D�
VORZ��ORQJ�WHUP�KHDWLQJ�RI�WKH�FDUWLODJH�LQ�D�ZDWHU�EDWK��DUH�
FRQGLWLRQHG� E\� WKH� VLPXOWDQHRXV� RFFXUUHQFH� RI� GLIIHUHQW�
PHFKDQLVPV� RI� VWUHVV� UHOD[DWLRQ� �LQFOXGLQJ� XQZDQWHG� GHQD�
WXUDWLRQ�RI�WLVVXH��DQG�FDQQRW�EH�GLUHFWO\�H[WHQGHG�WR�WKH�FDVH�
RI�UHODWLYHO\�IDVW��VKRUW�WLPH��ODVHU�H[SRVXUH��

7KH�GHSHQGHQFH�RI�WKH�YHORFLW\�RI�VRXQG�LQ�WKH�FDUWLODJH�
RQ�WKH�WHPSHUDWXUH��)LJ�����LV�LQ�JRRG�DJUHHPHQW�ZLWK�WKH�WHP�
SHUDWXUH�GHSHQGHQFH�RI� WKH� LQWHQVLW\�RI� WKH� UDGLDWLRQ� WUDQV�
PLWWHG� WKURXJK� WKH� FDUWLODJH� VDPSOH� >��@�� ZKLFK� KDV� EHHQ�
H[SODLQHG�E\�WKH�VFDWWHULQJ�RI�OLJKW�RQ�JDV�EXEEOHV��7KH�EXE�
EOHV�RI�JDVHV��R[\JHQ��FDUERQ�GLR[LGH��DULVH�LQ�WKH�LQWHUWLVVXH�
IOXLG� GXULQJ� KHDWLQJ� GXH� WR� WKH� WHPSHUDWXUH� GHSHQGHQFH� RI�
VROXELOLW\�RI�JDVHV�>������@�DQG�PD\�FDXVH�FKDQJHV�LQ�WKH�YHORF�
LW\�RI�VRXQG��7KH�SUHVHQFH�RI�JDV�EXEEOHV�LQ�D�KHDWHG�FDUWLODJH�
PD\� DOVR� H[SODLQ� D� QRWLFHDEOH� GLIIHUHQFH� LQ� WKH� YDOXHV� RI�
<RXQJ¬V�PRGXOXV�RI�FDUWLODJH�WLVVXH�REWDLQHG�DW�WKH�WHPSHUD�
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