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7KLV SDSHU H[SODLQV WKH HIIHFW RI WXUQLQJ SDUDPHWHUV VXFK DV FXWWLQJ VSHHG� IHHG UDWH� GHSWK RI FXW DQG FXWWLQJ WRRO QRVH UDGLXV RQ VXU�
IDFH URXJKQHVV RI K\EULG PHWDO PDWUL[ �$O�6L&S�)O\ DVK� FRPSRVLWH� ([SHULPHQWV KDYH EHHQ FRQGXFWHG EDVHG RQ WKH RUWKRJRQDO DUUD\
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� DQG VXUIDFH URXJKQHVV ZDV WHVWHG RQ WKH FRPSRVLWHV WXUQHG E\ DQ KLJK VSHHG &1& FHQWUH ODWKH� $QDO\VLV RI YDULDQFH �$129$�
ZDV SHUIRUPHG WR SUHGLFW WKH VLJQLILFDQW SDUDPHWHUV DQG WKHLU FRQWULEXWLRQ WRZDUGV VXUIDFH ILQLVK RI WKH FRPSRVLWH� $ PDWKHPDWLFDO PRGHO
ZDV GHYHORSHG XVLQJ QRQ�OLQHDU UHJUHVVLRQ DQDO\VLV� 7DJXFKL PHWKRG DQG *HQHWLF DOJRULWKP KDYH EHHQ HPSOR\HG WR RSWLPL]H WKH WXUQLQJ
SDUDPHWHUV IRU RSWLPXP VXUIDFH URXJKQHVV RI WKH FRPSRVLWH� 7KH RSWLPXP WXUQLQJ SDUDPHWULF FRQGLWLRQV KDYH EHHQ FKHFNHG ZLWK WKH
FRQILUPDWLRQ H[SHULPHQWV� ,W KDV EHHQ QRWHG WKDW WKH RSWLPXP FRQGLWLRQ RI JHQHWLF DOJRULWKP H[KLELWHG EHWWHU UHVXOWV WKDQ WKH H[SHULPHQ�
WDO UHVXOWV EDVHG RQ WKH RUWKRJRQDO DUUD\ DQG WKH RSWLPXP FRQGLWLRQ RI 7DJXFKL PHWKRG�

.H\ZRUGV� +\EULG PHWDO PDWUL[ FRPSRVLWHV� +LJK VSHHG WXUQLQJ� 6XUIDFH URXJKQHVV� 7DJXFKL PHWKRG� *HQHWLF DOJRULWKP
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0HWDO PDWUL[ FRPSRVLWHV �00&� DUH ZLGHO\ XVHG LQ PDQ\
LQGXVWULHV VXFK DV DHURVSDFH� DXWRPRWLYH� HOHFWURQLFV DQG
PHGLFDO LQGXVWULHV GXH WR WKHLU GHVLUDEOH SURSHUWLHV OLNH KLJK
VWUHQJWK� ORZ ZHLJKW� KLJK PRGXOH� ORZ GXFWLOLW\� KLJK ZHDU
UHVLVWDQFH� KLJK WKHUPDO FRQGXFWLYLW\ DQG ORZ WKHUPDO H[SDQ�
VLRQ >���@� $OXPLQXP� WLWDQLXP DQG PDJQHVLXP DOOR\V DUH
FRPPRQO\ XVHG DV PHWDO PDWUL[ DQG VLOLFRQ FDUELGH �6L&��
DOXPLQLXP R[LGH �$O�2�� DQG ERURQ FDUELGH �%�&� DUH FRP�
PRQO\ XVHG DV UHLQIRUFHPHQWV GXULQJ WKH SURGXFWLRQ RI 00&V
>����@�
0DFKLQDELOLW\ RI 00&V KDV UHFHLYHG FRQVLGHUDEOH DWWHQWLRQ

EHFDXVH RI KLJK WRRO ZHDU DVVRFLDWHG ZLWK PDFKLQLQJ� 00&V
UHLQIRUFHG ZLWK 6L&S SDUWLFOHV DUH H[WUHPHO\ GLIILFXOW WR PD�
FKLQH �7XUQLQJ� PLOOLQJ� GULOOLQJ� JULQGLQJ� HWF� GXH WR WKHLU
H[WUHPH DEUDVLYHQHVV >�����@� *HQHUDOO\� WKH SUHVHQFH RI KDUG
UHLQIRUFHPHQW SDUWLFOHV PDNHV WKHP H[WUHPHO\ GLIILFXOW WR
PDFKLQH DV WKH\ OHDG WR UDSLG WRRO ZHDU� $GGLWLRQDOO\� WKH SUR�
GXFWLRQ RI JRRG VXUIDFH ILQLVK LV HVVHQWLDO IRU PDQ\ FRPSR�
QHQWV >��� ��@� 6WXGLHV RQ PDFKLQDELOLW\ RI OLJKW PHWDO DOOR\
FRPSRVLWHV UHLQIRUFHG ZLWK $O�2��6L& ILEHUV�SDUWLFOHV >��� ��@

LQGLFDWH SRRU PDFKLQDELOLW\ GXH WR DEUDVLYH ZHDU RI WRROV >��@�
0RUHRYHU� TXDOLW\ RI WKH PDFKLQHG VXUIDFH DOVR GHWHULRUDWHV
ZLWK WRRO ZHDU >�����@� 3XEOLVKHG OLWHUDWXUH RQ WKH PDFKLQDELO�
LW\ RI SDUWLFXODWH UHLQIRUFHG 00&V LQGLFDWHV WKDW RQO\ 3RO\�
FU\VWDOOLQH GLDPRQG WRROV �3&'� SURYLGH D XVHIXO WRRO OLIH
ZKHQ PDFKLQLQJ WKHVH PDWHULDOV ZLWK 3&' WRRO� ZKLFK LV
KDUGHU WKDQ $O�2�� 6L&� %�&� HWF DQG DOVR GRHV QRW KDYH D
FKHPLFDO WHQGHQF\ WR UHDFW ZLWK WKH ZRUN SLHFH PDWHULDO >���
��@� +RZHYHU� GXH WR WKH H[WUHPHO\ KLJK FRVW RI 3&' WRROV�
OHVV H[SHQVLYH WRROV OLNH FHPHQWHG FDUELGHV DQG FHUDPLFV DUH
EHLQJ XVHG WR PDFKLQH WKHVH PDWHULDOV�
1RZ�D�GD\V� DOXPLQXP PHWDO PDWUL[ FRPSRVLWHV KDYH

HPHUJHG DV WKH IRUHUXQQHU IRU D YDULHW\ RI JHQHUDO DQG VSHFLDO
DSSOLFDWLRQV >�����@ GXH WR WKHLU VXSHULRU VSHFLILF VWUHQJWK�
VSHFLILF VWLIIQHVV� KLJK WHPSHUDWXUH FDSDELOLW\� ORZHU FRHIIL�
FLHQW RI WKHUPDO H[SDQVLRQ� EHWWHU ZHDU UHVLVWDQFH� LPSURYHG
GLPHQVLRQDO VWDELOLW\ DQG DPHQDELOLW\ WR FRQYHQWLRQDO PHWDO
IRUPLQJ WHFKQLTXHV >�����@� 7KH SUHVHQW VWXG\ KDV EHHQ FDU�
ULHG RXW WR LQYHVWLJDWH WKH HIIHFW RI KLJK VSHHG WXUQLQJ SDUDPH�
WHUV OLNH FXWWLQJ VSHHG� IHHG UDWH� GHSWK RI FXW DQG WRRO QRVH
UDGLXV RQ WKH VXUIDFH URXJKQHVV RI $O�6L&S�)O\ DVK PHWDO PD�
WUL[ FRPSRVLWHV� 7DJXFKL PHWKRG DQG JHQHWLF DOJRULWKP KDYH
EHHQ HPSOR\HG WR ILQG RXW WKH RSWLPXP SDUDPHWULF FRQGLWLRQV
IRU REWDLQLQJ RSWLPXP VXUIDFH URXJKQHVV RQ WKH WXUQHG FRP�
SRVLWHV�
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