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$EVWUDFW
3XUSRVH��6WXG\�RI�WKH�DQWLEDFWHULDO�HIILFDF\�RI�YDULRXV�W\SHV�RI�ODVHU�UDGLDWLRQ�DQG�KLJK�IUHTXHQF\�GLDWKHUPRFR�

DJXODWLRQ�GXULQJ�HQGRGRQWLF�WUHDWPHQW�RI�WKH�URRW�FDQDOV�RI�WKH�WHHWK�
0DWHULDOV�DQG�PHWKRGV��&RQGXFWHG����H[SHULPHQWV�RQ�WKH�UHPRYHG�WHHWK��%HIRUH�WKH�VWXG\��WKH�H[WUDFWHG�WHHWK�

ZHUH�NHSW�LQ�LVRWRQLF�VRGLXP�FKORULGH�VROXWLRQ�IRU����KRXUV��'HSHQGLQJ�RQ�WKH�W\SH�RI�LPSDFW�VWXGLHG��WKH�H[WUDFWHG�
WHHWK�ZHUH�GLYLGHG�LQWR�WKUHH�JURXSV��7KH�DQWLEDFWHULDO�HIIHFW�RI�WZR�W\SHV�RI�KLJK�HQHUJ\�ODVHU�UDGLDWLRQ�DQG�KLJK�
IUHTXHQF\�GLDWKHUPRFRDJXODWLRQ�ZDV�LQYHVWLJDWHG�



5HVXOWV��$�KLJK�DQWLEDFWHULDO�HIILFDF\�RI�PRQRSRODU�GLDWKHUPRFRDJXODWLRQ�ZDV�GHWHFWHG�XVLQJ�DQ�DOWHUQDWLQJ�FXU�
UHQW�IUHTXHQF\�RI������0+]�ZKHQ�WUHDWLQJ�WKH�URRW�FDQDOV�RI�WKH�WHHWK��

&RQFOXVLRQV��:LWK�LQFUHDVLQJ�SRZHU��WKH�DQWLEDFWHULDO�HIIHFW�RI�GLDWKHUPRFRDJXODWLRQ�LQFUHDVHV�
.H\�ZRUGV��KLJK�IUHTXHQF\�FXUUHQWV��KLJK�IUHTXHQF\�PRQRSRODU�GLDWKHUPRFRDJXODWLRQ�LQ�GHQWLVWU\��PLFURIORUD�

URRW�FDQDO��HQGRGRQWLF�WUHDWPHQW�
)RU�FLWDWLRQ��)��<X��'DXURYD��$�*��9RONRY��1��=K��'LNRSRYD��$��6��1RVLN��'��,��7RPDHYD��(��6��.RG]DHYD��$�9��$U�

]XNDQ\DQ��$QWLEDFWHULDO�HIILFDF\�RI�YDULRXV�PHWKRGV�RI�KHDW�WUHDWPHQW�RI�URRW�FDQDOV��3HGLDWULF�GHQWLVWU\�DQG�GHQWDO�
SURSK\OD[LV�������������������'2,�������������������������������������








