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7UHH�GHFD\�GHWHFWLRQ�LV�D�FUXFLDO�FRPSRQHQW�LQ�8UEDQ�)RUHVWU\��7KHUH�DUH�LQYDVLYH�DV�ZHOO�DV�
QRQ�LQYDVLYH� WRROV� DYDLODEOH� ZRUOGZLGH� IRU� WUHH� GHFD\� GHWHFWLRQ�� 7KLV� VWXG\� LV� DERXW� D�
FRPSDUDWLYH�DQDO\VLV�RI�GLIIHUHQW�LQYDVLYH�WHFKQLTXHV�IRU�GHWHFWLQJ�WUHH�GHFD\�DQG�FDYLWLHV��7KH�
WHFKQLTXHV� FRPSDUHG� KHUH� DUH� WUDGLWLRQDO� GHFD\� GHWHFWLRQ� GULOOV�� UDGLRJUDSKLF� WHFKQLTXHV��
DFRXVWLF�GHWHFWLRQ��DFRXVWLF�WRPRJUDSK\��DQG�HOHFWULFDO�UHVLVWLYLW\�PHWKRGV��7UDGLWLRQDO�WRROV�
VXFK�DV�GHFD\�GHWHFWLQJ�GULOOV�� LQFUHPHQW�ERUHUV�DQG�ERUHVFRSHV�DUH�VXLWDEOH�IRU�SUHOLPLQDU\�
LQYHVWLJDWLRQV�� +ROHV� GULOOHG� LQWR� ZRRG� WLVVXH� E\� WKHVH� WRROV� PD\� OHDG� WR� IXQJDO� LQYDVLRQ��
5DGLRJUDSKLF�WHFKQLTXHV�XVH�;�UD\�RU�*DPPD�UD\�UDGLDWLRQ�ZKHUH�GHFD\� LV�GHWHFWHG�E\�WKH�
GHFUHDVLQJ�ZRRG�GHQVLW\�UHVXOWLQJ�IURP�WKH�ELRGHJUDGDWLRQ�RI�FHOO�ZDOOV��,W�LV�YHU\�HIIHFWLYH�LQ�
DQDO\]LQJ�PLFURVFRSLF�GHFD\�SURFHVVHV��EXW�SRZHU�FRQVXPSWLRQ�LV�KHDY\�DQG�KDV�D�KLJK�ULVN�
RI�UDGLDWLRQ�KD]DUGV��7KH�UHVROXWLRQ�RI�UDGLRJUDSKLF�PHWKRGV�LV�YHU\�KLJK�FRPSDUHG�WR�RWKHU�
WHFKQLTXHV� $FRXVWLF�WHFKQLTXHV�PHDVXUH�WKH�LQFUHDVHG�WUDQVLW�WLPH�RI�DQ�XOWUDVRXQG�RU�D�VWUHVV�
ZDYH� SXOVH� DFURVV� D� WUHH� VWHP�� 7RROV� WKDW� XVH� DFRXVWLF� WHFKQLTXHV� FDQ� SURYLGH� GHWDLOHG�
LQIRUPDWLRQ�RQ�ZRRG�TXDOLW\�ZLWK�PRGHUDWH�WR�KLJK�UHVROXWLRQ�ZLWK�TXLFN�UHVXOWV�EXW�DUH�XQDEOH�
WR� ORFDWH�DQG�JLYH�WKH�H[WHQW�RI�GHFD\��$FRXVWLF�WRPRJUDSK\�WHFKQLTXHV�JHQHUDWH�LPDJHV�RI�
LQWHUQDO�ZRRG�VWUXFWXUHV�XVLQJ� WKH�SULQFLSOH�RI�UHGXFHG�YHORFLW\�RI�VRXQG�ZDYHV� LQ�GHFD\HG�
ZRRG��7RROV�VXFK�DV�3LFXV�6RQLF�7RPRJUDSK�FDQ�ORFDWH�WKH�GHIHFWV��HVWLPDWH�WKHLU�VL]H��VKDSH�
DQG�GHWHUPLQH� WKH� UHODWLYH� VWUHQJWK� ORVV� RI� GHJUDGHG�ZRRG��(OHFWULFDO� UHVLVWLYLW\� WHFKQLTXHV�
PHDVXUH� WKH� UHGXFWLRQ� RI� HOHFWULFDO� UHVLVWDQFH� LQ� GHFD\HG� ZRRG� GXH� WR� WKH� LQFUHDVLQJ�
FRQFHQWUDWLRQ� RI� PRELOH� FDWLRQV� LQ� WKH� GHFD\HG� UHJLRQ�� (OHFWULFDO� UHVLVWLYLW\� WRROV� VXFK� DV�
6KLJRPHWHUV� DUH� PRVW� VXLWDEOH� IRU� HDUO\� GHWHFWLRQ� RI� ZRRG� GHFD\�� %XW� UHVXOWV� VKRXOG� EH�
YDOLGDWHG�ZLWK�RWKHU�PHWKRGV�VXFK�DV�WRPRJUDSK\�WHFKQLTXHV�IRU�EHWWHU�DFFXUDF\�DQG�YDOLGDWLRQ�
VLQFH�IXQJDO�DFWLYLWLHV�ZLWKRXW�GHFD\�FDQ�DOVR�FDXVH�ORZHU�HOHFWULFDO�UHVLVWLYLW\��,Q�WHUPV�RI�WKH�
FRVW�RI�WKHVH�WRROV��UDGLRJUDSKLF�WRROV�DUH�WKH�PRVW�H[SHQVLYH�ZKLOH�HOHFWULFDO�UHVLVWLYLW\�PHWHUV�
DUH�WKH�FKHDSHVW��$SDUW�IURP�WKHVH��HPHUJLQJ�WHFKQLTXHV�VXFK�DV�DGYDQFHG�PHFKDQLFDO�SUREHV��
LQQRYDWLYH� XOWUDVRQLF� DQG� VWUHVV� ZDYH� GHYLFHV� IRU� GHWDLOHG� LQWHUQDO� LPDJLQJ�� GLJLWDO�
PLFURSUREHV�� DFRXVWLF� HPLWWLQJ� PRQLWRULQJ� IRU� UHDO� WLPH� GHFD\� WUDFNLQJ� DQG� FRPSXWHG�
WRPRJUDSK\�IRU�WKUHH�GLPHQVLRQDO�DQDO\VLV�IRFXV�RQ�UHGXFHG�LQYDVLYHQHVV�DORQJVLGH�LQFUHDVHG�
DFFXUDF\�DQG�GHWDLOLQJ��
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