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7KH FKORURSK\OO IOXRUHVFHQFH WHFKQLTXH ZDV
HYDOXDWHG DV D SRVVLEOH SUHGLFWLYH DQG QRQGHVWUXFWLYH PHWKRG WR
GHWHFW ORZ025 DQG2RU KLJK0&25 LQMXULHV LQ *&RQIHUHQFH* SHDUV DQG
*-RQDJROG* DSSOHV VWRUHG LQ FRQWUROOHG DWPRVSKHUH +&$,1 7KH
IUXLWV ZHUH NHSW DW 3�& LQ DLU/ 4( &25 . 5( 25 RU 6( &25 . 4(
25 GXULQJ ILYH PRQWKV1 )OXRUHVFHQFH SDUDPHWHUV RI PLQLPDO
IOXRUHVFHQFH +)R,/ PD[LPDO IOXRUHVFHQFH +)P,/ DQG SRWHQWLDO
TXDQWXP \LHOG [+)P0)R,=)P/ DOVR GHQRWHG DV )Y=)P] DV ZHOO DV
WKH LQFLGHQFH RI EURZQLQJ GLVRUGHUV ZHUH HYDOXDWHG DW VHYHUDO
WLPHV GXULQJ VWRUDJH1 1R LQFLGHQFH RI EURZQLQJ GLVRUGHUV ZDV
REVHUYHG LQ *-RQDJROG* DSSOHV/ KRZHYHU/ WKH\ VKRZHG D GHFUHDVH
LQ )Y=)P GXULQJ VWRUDJH WLPH ZLWK QR GLIIHUHQFHV EHWZHHQ WKH
&$0FRQGLWLRQV1 $LU0VWRUHG DSSOHV VKRZHG D KLJKHU GHFUHDVH LQ
)Y=)P1 2Q WKH RWKHU KDQG/ *&RQIHUHQFH* SHDUV NHSW LQ 6( &25 .
4( 25 GHYHORSHG D ORW RI EURZQLQJ LQMXULHV VXFK DV FRUH IOXVK/
IOHVK EURZQLQJ DQG FDYLWLHV1 8QGHU WKLV &$0FRQGLWLRQ/ D
SURQRXQFHG GHFUHDVH LQ WKH TXRWLHQW )Y=)P ZDV REVHUYHG DOUHDG\
LQ WKH ILUVW 48 GD\V RI VWRUDJH SULRU WR WKH GHYHORSPHQW RI
EURZQLQJ/ DQG WKLV EHKDYLRXU UHPDLQHG GXULQJ WKH ZKROH VWRUDJH
SHULRG1 7KH DLU0VWRUHG SHDUV VKRZHG D VLPLODU EHKDYLRXU DV RI WKH
DLU0VWRUHG DSSOHV ZLWK D SURQRXQFHG GHFUHDVH LQ WKH )Y=)P DW WKH
HQG RI WKH VWRUDJH SHULRG1 7KH SUHVHQW UHVXOWV LQGLFDWH WKDW
FKORURSK\OO IOXRUHVFHQFH LV D SURPLVLQJ WHFKQLTXH WR GHWHFW
EURZQLQJ LQMXULHV LQ *&RQIHUHQFH* SHDUV SULRU WR WKHLU
GHYHORSPHQW1

.H\ ZRUGV= IUXLWV/ TXDOLW\ DVVHVVPHQW/ SK\VLRORJLFDO GLVRUGHUV1

5(6802

$ WpFQLFD GD IOXRUHVFrQFLD GH FORURILODV IRL DYDOLDGD
FRPR XP SRVVtYHO PpWRGR QmR GHVWUXWLYR H LQGLFDGRU SDUD
GHWHFomR GH GDQRV FDXVDGRV SRU EDL[DV FRQFHQWUDo}HV GH
R[LJrQLR H2RX DOWDV FRQFHQWUDo}HV GH JiV FDUE{QLFR HP SrUDV
*&RQIHUHQFH* H PDomV *-RQDJROG* GXUDQWH R DUPD]HQDPHQWR HP
DWPRVIHUD FRQWURODGD +$&,1 2V IUXWRV IRUDP PDQWLGRV GXUDQWH
FLQFR PHVHV j 3�& HP DUPD]HQDPHQWR UHIULJHUDGR
+DUPD]HQDPHQWR VRPHQWH HP IULR, H HP FRQGLo}HV GH DWPRVIHUD
FRQWURODGD GH 4( GH &25 . 5( GH 25 RX 6( GH &25 . 4( GH 251
(P YiULRV LQWHUYDORV GXUDQWH R DUPD]HQDPHQWR/ IRUDP DYDOLDGDV
D HPLVVmR PtQLPD +)R, H Pi[LPD +)P, GH IOXRUHVFrQFLD/ EHP
FRPR/ R UHQGLPHQWR SRWHQFLDO TXkQWLFR +)P0)R,=)P/ WDPEpP
LQGLFDGR FRPR )Y=)P1 5HODFLRQDGD jV YDULDo}HV QHVWHV
SDUkPHWURV IRL DQDOLVDGD HQWmR D LQFLGrQFLD GH GHVRUGHQV
ILVLROyJLFDV QRV IUXWRV1 'XUDQWH WRGR R SHUtRGR GH
DUPD]HQDPHQWR QmR IRL REVHUYDGD LQFLGrQFLD GH HVFXUHFLPHQWR
GD SROSD QDV PDomV *-RQDJROG*/ SRUpP/ IRL YHULILFDGD XPD
GLPLQXLomR JUDGDWLYD QR TXRFLHQWH )Y=)P DR ORQJR GR
DUPD]HQDPHQWR/ QmR DSUHVHQWDQGR/ HQWUHWDQWR/ GLIHUHQoDV
VLJQLILFDWLYDV HQWUH DV FRQGLo}HV GH $&1 0DomV DUPD]HQDGDV
VRPHQWH HP IULR DSUHVHQWDUDP XPD UHGXomR PDLV DFHQWXDGD QRV
YDORUHV GH )Y=)P1 3RU RXWUR ODGR/ SrUDV *&RQIHUHQFH*/ PDQWLGDV
HP 6( GH &25 . 4( GH 25/ GHVHQYROYHUDP DOWD LQFLGrQFLD GH
HVFXUHFLPHQWR GD SROSD FDUDFWHUL]DGR VHSDUDGDPHQWH FRPR R
HVFXUHFLPHQWR GR PLROR/ HVFXUHFLPHQWR GD SROSD H/ WDPEpP/
FDYHUQDV1 2 DUPD]HQDPHQWR GDV SrUDV QHVWD FRQGLomR GH $&
FDXVRX XPD SURQXQFLDGD TXHGD QR TXRFLHQWH )Y=)P Mi QRV
SULPHLURV 48 GLDV GH DUPD]HQDPHQWR/ DQWHV GR VXUJLPHQWR GDV
GHVRUGHQV LQWHUQDV/ VHQGR TXH HVWH FRPSRUWDPHQWR SHUPDQHFHX
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GXUDQWH WRGR R SHUtRGR GH DUPD]HQDPHQWR1 $V SrUDV FRQVHUYDGDV
HP DUPD]HQDPHQWR UHIULJHUDGR WLYHUDP XP FRPSRUWDPHQWR PXLWR
VLPLODU jTXHOH REVHUYDGR QDV PDomV DSUHVHQWDQGR XPD PDLRU
GLPLQXLomR QR TXRFLHQWH )Y=)P GXUDQWH R DUPD]HQDPHQWR1 2V
UHVXOWDGRV LQGLFDP TXH R XVR GD IOXRUHVFrQFLD GH FORURILODV p
SURPLVVRU FRPR XP LQGLFDGRU SDUD GHWHFWDU D RFRUUrQFLD GH
HVFXUHVFLPHQWR GD SROSD HP SrUDV *&RQIHUHQFH* GXUDQWH R
DUPD]HQDPHQWR HP $& DQWHV GR VXUJLPHQWR GDV GHVRUGHQV1

3DODYUDV0FKDYH= IUXWRV/ DYDOLDomR GD TXDOLGDGH/ GHVRUGHQV
ILVLROyJLFDV1

,1752'8&7,21

*&RQIHUHQFH* SHDUV DUH YHU\ VHQVLWLYH WR
ORZ025 DQG2RU WR KLJK0&25 FRQFHQWUDWLRQV XVHG
GXULQJ FRQWUROOHG DWPRVSKHUH +&$, VWRUDJH UHVXOWLQJ
RIWHQ LQ KLJK LQFLGHQFH RI EURZQ KHDUW DQG TXDOLW\
ORVVHV +*$5&,$ ) 675(,)/ 4<<6> 6$48(7 HW DO1/
5333,1 6HYHUDO UHVHDUFKHV KDYH EHHQ FDUULHG RXW LQ
RUGHU WR GHWHUPLQH DQG XQGHUVWDQG WKH ELRFKHPLFDO
DQG SK\VLRORJLFDO EDVLV RI WKH GHYHORSPHQW RI
LQWHUQDO EURZQLQJ1 $ JUHDW SURJUHVV ZRXOG EH/
KRZHYHU/ WR GHWHFW WKH GDPDJH LQ LWV HDUO\ VWDJHV RU
EHIRUH WKH GHYHORSPHQW RI V\PSWRPV LQ RUGHU WR
DYRLG VXEVHTXHQW ORVVHV1 ,QWHUQDO V\PSWRPV FDQ RQO\
EH GHWHFWHG ZKHQ WKH IUXLWV DUH FXW DQG H[SRVHG WR
YLVXDO HYDOXDWLRQ1 )UXLWV/ HYHQ ZLWK ORZ LQFLGHQFH RI
GLVRUGHUV/ DUH QRW VXLWDEOH IRU FRPVXPSWLRQ/ DQG DQ
DGGLWLRQDO SUREOHP LV WKDW WKH FRQVXPHUV DUH QRW DEOH
WR GLVWLQJXLVK/ E\ H[WHUQDO H[DPLQDWLRQ/ DIIHFWHG
IUXLWV IURP KHDOWK\ IUXLWV1

'XULQJ WKH ODVW \HDUV/ VSHFLDO DWWHQWLRQ KDV
EHHQ JLYHQ WR WKH SUDFWLFDO DSSOLFDWLRQ RI FKORURSK\OO
IOXRUHVFHQFH DV D UDSLG/ QRQGHVWUXFWLYH DQG
SUHGLFWLYH PHWKRG WR GHWHFW VWUHVV LQ SODQWV1 6WUHVV RU
LQMXU\ LQ SODQW WLVVXHV/ WKDW GLVUXSWV SKRWRV\QWKHVLV/
FKDQJHV WKH FKDUDFWHULVWLF IOXRUHVFHQFH SDWWHUQ RI
FHOOV DQG WLVVXHV +6&+5(,%(5 HW DO1/ 4<<7> 'H(//
HW DO1/ 4<<8/ 6&+5(,%(5/ 4<<:,1 &KORURSK\OO
IOXRUHVFHQFH UHVXOWV IURP WKH UHDFWLRQV RI
GHH[FLWDWLRQ RI H[FLWHG FKORURSK\OO PROHFXOHV
+)LJXUH 4,1 8QGHU LGHDO FRQGLWLRQV PRVW RI WKH
HQHUJ\ IURP H[FLWHG FKORURSK\OO PROHFXOHV LV
WUDSSHG DV FKHPLFDO HQHUJ\ DQG XVHG SULPDULO\ WR
DVVLPLODWH FDUERQ1 7KH PRUH HIILFLHQW WKH HQHUJ\
WUDQVIHU/ WKH ORZHU LV WKH IOXRUHVFHQFH \LHOG1 7KLV
UHGXFWLRQ LQ IOXRUHVFHQFH \LHOG LV GHVLJQDWHG DV
FKORURSK\OO IOXRUHVFHQFH TXHQFKLQJ +6&+5(,%(5
HW DO1/ 4<;9,1

0DQ\ UHVXOWV KDYH JLYHQ LQGLFDWLRQV WKDW
FKDQJHV LQ FKORURSK\OO IOXRUHVFHQFH FDQ GHWHFW ORZ0
25 RU KLJK0&25 VWUHVV LQ *0F,QWRVK*/ *'HOLFLRXV* DQG
**ROGHQ 'HOLFLRXV* DSSOHV SULRU WR WKH GHYHORSPHQW
RI DVVRFLDWHG GLVRUGHUV +'H(// HW DO1/ 4<<;,1 %\
XVLQJ WKH FKORURSK\OO IOXRUHVFHQFH WHFKQLTXH

60,//,( HW DO1 +4<;:, GHWHFWHG FKLOOLQJ LQMXU\ LQ
EDQDQD DQG PDQJR IUXLWV/ ZKLOH 9$1 .227(1 HW
DO1 +4<<5, DQG /85,( HW DO1 +4<<7, GHWHFWHG FKLOOLQJ
LQMXU\ LQ FXFXPEHUV DQG JUHHQ EHOO SHSHUV/
UHVSHFWLYHO\1 7KXV/ WKH XVH RI FKORURSK\OO
IOXRUHVFHQFH DV D SUHGLFWLYH LQGLFDWRU IRU VFUHHQLQJ
DWPRVSKHULF VWUHVV WROHUDQFH LQ DSSOHV GXULQJ &$0
VWRUDJH KDV EHHQ FRQVLGHUHG +'H(// HW DO1/ 4<<;,1
6XFK WHFKQLTXH ZRXOG RIIHU WR WKH VWRUDJH RSHUDWRU
WKH RSSRUWXQLW\ WR PDUNHW IUXLW ZHOO LQ DGYDQWDJH RI
WKH RFFXUUHQFH RI LUUHYHUVLEOH ORZ025 RU KLJK0&25
LQMXULHV1

7KLV UHVHDUFK ZDV XQGHUWDNHQ DLPLQJ WR
H[DPLQH WKH FKDQJHV LQ FKORURSK\OO IOXRUHVFHQFH
GXULQJ ILYH PRQWKV RI VWRUDJH RI *&RQIHUHQFH* SHDUV
DQG *-RQDJROG* DSSOHV XQGHU &$0VWRUDJH FRQGLWLRQV
ZKLFK PLJKW LQGXFH IOHVK EURZQLQJ DQG WR GHWHUPLQH
ZKHWKHU WKLV WHFKQLTXH FDQ GHWHFW WKH GDPDJH EHIRUH
LWV GHYHORSPHQW1

0$7(5,$/ $1' 0(7+2'6

3UHFOLPDFWHULF *&RQIHUHQFH* SHDUV DQG
*-RQDJROG* DSSOHV ZHUH SLFNHG DW WKH RSWLPXP
KDUYHVW GDWH IRU ORQJ0WHUP VWRUDJH/ VHOHFWHG IRU
XQLIRUPLW\ DQG LPPHGLDWHO\ VWRUHG DW 3�& +±318�&,1
)RU &$0VWRUDJH/ IUXLWV ZHUH SODFHG LQ 8930OLWHU
FRQWDLQHUV DQG WKH &25 DQG 25 FRQFHQWUDWLRQV
FRQWLQXRXVO\ PRQLWRUHG E\ JDV DQDO\VHUV FRQQHFWHG
WR D SURFHVV FRPSXWHU1 7KH SXOOGRZQ RI 25 DW WKH
EHJLQQLQJ RI VWRUDJH ZDV GRQH ZLWK 15 IOXVKLQJ1
([FHVV RI &25 LQ WKH &$ FRQWDLQHUV ZDV VFUXEEHG E\
SRWDVVLXP K\GUR[LGH1 6WRUDJH FRQGLWLRQV ZHUH= DLU
FRQWURO/ 4( &25 . 5( 25 DQG 6( &25 . 4( 251
'XULQJ WKH 80PRQWKV VWRUDJH SHULRG/ 93 IUXLWV RI
HDFK FXOWLYDU DQG WUHDWPHQW ZHUH UHPRYHG IURP WKH
VWRUDJH FRQWDLQHUV DW VHYHUDO WLPH LQWHUYDOV DQG XVHG
IRU WKH PHDVXUHPHQWV RI FKORURSK\OO IOXRUHVFHQFH
DQG LPPHGLDWHO\ VFRUHG IRU LQFLGHQFH RI EURZQLQJ
GLVRUGHUV1

&KDQJHV LQ FKORURSK\OO IOXRUHVFHQFH
HPLWWHG E\ IUXLWV ZHUH PHDVXUHG XVLQJ D 3$0 +SXOVH
DPSOLWXGH PRGXODWLRQ, IOXRURPHWHU +:DO]/
(IIHOWULFK/ *HUPDQ\, HTXLSSHG ZLWK DQ RSWLF ILEHU
SUREH +4FP LQ GLDPHWHU,1 7KH IUXLWV ZHUH DGDSWHG WR
D GDUN URRP WHPSHUDWXUH IRU WKUHH KRXUV EHIRUH
DVVHVVPHQWV1 7KH YDOXHV RI PLQLPDO IOXUHVFHQFH
+)R,/ PD[LPDO IOXRUHVFHQFH +)P, DQG WKH SRWHQWLDO
TXDQWXP \LHOG [+)P0)R,=)P/ DOVR GHQRWHG DV )Y=)P]
ZHUH GHWHUPLQHG SODFLQJ WKH RSWLF ILEHU DW D GLVWDQFH
RI 4FP IURP WKH IUXLW VXUIDFH1 )R DQG )P DUH GHILQHG
DV PLQLPDO DQG PD[LPDO IOXRUHVFHQFH \LHOGV RI WKH
GDUN0DGDSWHG VDPSOH/ ZLWK DOO 36,, UHDFWLRQ FHQWHUV
IXOO\ RSHQHG RU FORVHG/ UHVSHFWLYHO\1 7KH )Y=)P0
SDUDPHWHU ZDV FDOFXODWHG IURP WKH JLYHQ )R0 DQG
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)P0YDOXHV XVLQJ WKH HTXDWLRQ )Y=)P  +)P0)R,=)P1
7KH TXRWLHQW )Y=)P JLYHV LQIRUPDWLRQ RQ WKH
SRWHQWLDO TXDQWXP \LHOG RI 36,, +6&+5(,%(5/
4<<:,1

3K\VLRORJLFDO GLVRUGHUV ZHUH PRQLWRUHG
IURP IUXLWV FXW RSHQ DW WKH HTXDWRULDO DUHD/
ORQJLWXGLQDOO\ DQG WUDQVYHUVDOO\/ DQG VFRUHG IRU WKUHH
W\SHV RI EURZQLQJ GLVRUGHUV1 )OHVK EURZQLQJ ZDV
FKDUDFWHUL]HG E\ FKRFRODWH0FRORXUHG WLVVXH LQ WKH
FRUWH[ RI IUXLWV/ ZKLOH FDYLWLHV ZHUH IRXQG LQ WKH DUHD
QHDU WKH FRUH DQG RIWHQ LQ WKH FRUWH[1 %URZQ KHDUW RU
FRUH IOXVK ZDV D GLVRUGHU RI WKH FRUH DQG RIWHQ
DGYDQFHG WR WKH FRUWH[ UHJLRQ1 7KH GLVRUGHUV ZHUH
H[SUHVVHG E\ DQ LQGH[ ZKLFK YDULHG IURP 3 WR 433/
DFFRUGLQJ WR WKH VHYHULW\ RI WKH GDPDJH1

5(68/76 $1' ',6&866,21

7KH VWXGLHG DSSOH DQG SHDU FXOWLYDUV
H[KLELWHG GLIIHUHQW VHQVLWLYLWLHV IRU &$0LQGXFHG IOHVK
EURZQLQJ GLVRUGHUV1 *-RQDJROG* DSSOHV ZHUH WROHUDQW
WR DOO HPSOR\HG &$0VWRUDJH FRQGLWLRQV DQG QR
LQFLGHQFH RI SK\VLRORJLFDO GLVRUGHUV ZDV GHWHFWHG
GXULQJ VWRUDJH IRU XS WR ILYH PRQWKV1 *2)),1*6 )

+(55(*2'6 +4<<7, KDG DOUHDG\ LQGLFDWHG VLPLODU
EHKDYLRXU RI *-RQDJROG* DSSOHV DIWHU VWRUDJH XQGHU
YHU\ ORZ R[\JHQ FRQFHQWUDWLRQV +31:(,1 6$48(7 HW
DO1 +5333, ZRUNLQJ ZLWK YHU\ H[WUHPH &$0FRQGLWLRQV
OLNH 9( &25 . 318( 25/ DOVR GLG QRW ILQG DQ\
EURZQLQJ SUREOHPV ZLWK WKLV DSSOH FXOWLYDU1 $
GHFUHDVH LQ WKH SRWHQWLDO TXDQWXP \LHOG +)Y=)P, LQ
WKLV FXOWLYDU +)LJXUH 5, ZDV REVHUYHG GXULQJ WKH
VWRUDJH WLPH LQ DOO VWRUDJH FRQGLWLRQV/ KRZHYHU
ZLWKRXW DQ\ GLIIHUHQFH EHWZHHQ WKH &$0WUHDWPHQWV1
2QO\ WKH IUXLWV NHSW LQ DLU FRQWURO VKRZHG D VWURQJHU
GHFUHDVH LQ )Y=)P DIWHU IRXU PRQWKV RI VWRUDJH/
ZKLFK PLJKW EH SUREDEO\ UHODWHG WR WKH DFFHOHUDWHG
ULSHQLQJ DQG VHQHVFHQFH SURFHVVHV ZLWK KLJKHU
FKORURSK\OO EUHDNGRZQ RI IUXLWV VWRUHG LQ DLU
FRPSDUHG WR &$1

*&RQIHUHQFH* SHDUV GHYHORSHG KLJK
LQFLGHQFH RI EURZQLQJ GLVRUGHUV XQGHU 6( &25 .
4( 25 +)LJXUH 6,1 7KH VHQVLWLYLW\ RI WKLV SHDU
FXOWLYDU WR ORZ025 DQG2RU KLJK0&25 FRQFHQWUDWLRQV
ZDV DOVR UHSRUWHG E\ *$5&,$ ) 675(,) +4<<6,
DQG 6$48(7 HW DO1 +5333,1 9LVXDOL]DWLRQ RI LQMXULHV
ZDV SRVVLEOH DIWHU RQH PRQWK RI VWRUDJH DQG ZDV
FRUUHODWHG WR D VWURQJHU GHFUHDVH LQ WKH )Y=)P

)LJXUH 4 0 6FKHPDWLF LOOXVWUDWLRQ RI SULPDU\ HQHUJ\ FRQYHUVLRQ LQ SKRWRV\QWKHVLV ZKLFK JRYHUQV LQ YLYR FKORURSK\OO IOXRUHVFHQFH \LHOG1
9DULDEOH IOXRUHVFHQFH RULJLQDWHV DOPRVW H[FOXVLYHO\ IURP 36,,1 0D[LPDO IOXRUHVFHQFH \LHOG LV ORZHUHG E\ SKRWRFKHPLFDO FKDUJH
VHSDUDWLRQ DQG KHDW GLVVLSDWLRQ +6&+5(,%(5 HW DO1/ 4<<7,1
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+)LJXUH 5,/ VWDUWLQJ DW 31: YDOXH DQG GHFUHDVLQJ XQWLO
WKH HQG RI VWRUDJH WLPH IROORZLQJ WKH GHYHORSPHQW
RI IOHVK EURZQLQJ/ FRUH EURZQLQJ DQG FDYLWLHV
+)LJXUH 7,1 7KHVH UHVXOWV LQGLFDWH WKDW VXFK WHFKQLTXH
LV SURPLVLQJ WR GHWHFW ORZ025 DQG2RU KLJK &250
LQMXULHV LQ *&RQIHUHQFH* SHDUV/ ZKDW KDV EHHQ DOVR
UHSRUWHG E\ RWKHU UHVHDUFKHUV ZRUNLQJ ZLWK GLIIHUHQW
DSSOH FXOWLYDUV VXFK DV *0F,QWRVK* +'H(// HW DO1/
4<<8> 0,5 HW DO1/ 4<<:,/ *(OVWDU* +35$1*( HW DO1/
4<<:, DQG *5HG 'HOLFLRXV* +0,5 HW DO1/ 4<<:,1 $
GHFUHDVH LQ )Y=)P LQ DLU FRQWURO ZDV DOVR GHWHFWHG LQ
*&RQIHUHQFH* SHDUV +)LJXUH 5,1 621* HW DO1 +4<<:,
HYDOXDWLQJ FKDQJHV LQ FKORURSK\OO IOXRUHVFHQFH RI
DSSOHV GXULQJ PDWXUDWLRQ/ ULSHQLQJ DQG VHQHVFHQFH
REVHUYHG D GHFUHVH LQ )Y=)P GXULQJ WKH FRXUVH RI
IUXLW ULSHQLQJ DQG VHQHVFHQFH1 7KHVH DXWKRUV

DWWULEXWHG WKLV GURS LQ )Y=)P GXULQJ
ULSHQLQJ DQG VHQHVFHQFH WR WKH
EUHDNGRZQ RI FKORURSK\OO PROHFXOHV
GHQRWHG E\ WKH \HOORZLQJ RI WKH IUXLW VNLQ1
7KLV VXSSRVLWLRQ LV FRQVLVWHQW ZLWK WKH
ILQGLQJV RI 60,/,( HW DO1 +4<;:,/ ZKR
UHSRUWHG IOXRUHVFHQFH GXULQJ ULSHQLQJ RI
EDQDQD IUXLW DW 53�& DV D UHVXOW RI ORVV LQ
FKORURSK\OO FRQWHQW DQG D GHFUHDVH LQ
SKRWRV\QWKHWLF FRPSHWHQF\ SHU
FKORURSK\OO XQLW1

35$1*( HW DO1 +4<<:,
SURSRVHG WZR SRVVLEOH H[SODQDWLRQV IRU
WKH GHFUHDVH LQ )Y=)P RI IUXLWV VWRUHG
XQGHU ORZ025 ZLWK FRQWLQXRXV KLJK 15
WUHDWPHQW= +4, WKH GLVWDQFH EHWZHHQ WKH
OLJKW KDUYHVWLQJ FRPSOH[ +/+&, DQG WKH
UHDFWLRQ FHQWHU +5&, RI SKRWRV\VWHP ,,
+36,,, LQ WKH WK\ODNRLG PHPEUDQH
LQFUHDVHV LQ WKH SUHVHQFH RI 15 +DV WKLV
LQFUHDVHV/ WKH SUREDELOLW\ RI HQHUJ\
WUDQVIHU GHFUHDVHV DQG WKH HQHUJ\
DEVRUEHG LQ WKH /+& KDV D KLJKHU
SUREDELOLW\ WR EH IOXRUHVFHG/ LQFUHDVLQJ
WKH )R YDOXH DQG GHFUHDVLQJ WKH )Y=)P
YDOXH, RU> +5, WKH 15 WUHDWPHQW UHVXOWV LQ
LQVXIILFLHQW R[\JHQ PROHFXOHV LQ WKH
F\WRVRO ZKHUH WKH\ FDQ DFW DV HOHFWURQ
DFFHSWRUV/ OHDGLQJ WR D UHGXFHG VWDWH LQ
WKH F\WRVRO DQG E\ HTXLOLEULXP +QRQ0
SKRWRFKHPLFDO PHDQV, 4$ LQ 36,, DOVR
EHFRPHV SDUWLDO\ UHGXFHG1 7KH UHGXFWLRQ
RI 4$ EORFNV WKH HOHFWURQ IORZ/
GHFUHDVLQJ )P DQG )Y=)P/ DQG
VXEVHTXHQWO\ LQFUHDVLQJ )R1

,Q WKH SUHVHQW ZRUN D VWDWLF
FRQWUROOHG DWPRVSKHUH V\VWHP ZDV XVHG/
EXW LQ WKLV FDVH/ WKH FRQFHQWUDWLRQ RI 15 LV
DOVR YHU\ KLJK DQG WKHVH H[SODQDWLRQV FDQ
EH SUREDEO\ DSSOLHG WR WKLV VWRUDJH

V\VWHP1 ,W LV YHU\ GLIILFXOW WR GHWHUPLQH WKH EDVLV RI
WKH PHFKDQLVP E\ ZKLFK WKHVH FKDQJHV LQ
FKORURSK\OO IOXRUHVFHQFH DUH LQGXFHG GXULQJ &$0
VWRUDJH1 ,Q WKLV ZRUN WKHUH DUH QRW RQO\ ORZ025/ EXW
DOVR D FRPELQDWLRQ RI ORZ025 ZLWK KLJK0&25/
FRQGLWLRQV ZKLFK LQGXFHG EURZQLQJ LQ *&RQIHUHQFH*
SHDUV EXW QRW LQ *-RQDJROG* DSSOHV1

&21&/86,21

&KORURSK\OO IOXUHVFHQFH VHHPV WR EH D
SURPLVLQJ QRQGHVWUXFWLYH WHFKQLTXH WR GHWHFW
EURZQLQJ GLVRUGHUV LQ µ&RQIHUHQFH¶ SHDUV SULRU WR
WKHLU GHYHORSPHQW1

)LJXUH 5 0 &KDQJHV LQ FKORURSK\OO IOXRUHVFHQFH RI *-RQDJROG* DSSOHV DQG *&RQIHUHQ0
FH* SHDUV NHSW XQGHU GLIIHUHQW VWRUDJH FRQGLWLRQV DW 3�&1 9HUWLFDO EDUV LQ0
GLFDWH 6( EHWZHHQ WUHDWPHQW PHDQV1
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5()(5(1&(6

'H(/// -151/ 35$1*(/ 51.1/ 0855/ '31 &KORURSK\OO
IOXRUHVFHQFH DV D SRWHQWLDO LQGLFDWRU RI FRQWUROOHG0DWPRVSKHUH
GLVRUGHUV LQ 0DUVKDOO 0F,QWRVK DSSOHV1 +RUW6FLHQFH/ Y163/
S143;7043;8/ 4<<81

'H(/// -151/ 35$1*(/ 51.1/ 0855/ '131 &KORURSK\OO
IOXRUHVFHQFH WHFKQLTXH WR GHWHFW DWPRVSKHULF VWUHVV LQ VWRUHG
DSSOHV1 $FWD +RUWLFXOWXUDH/ Q1797/ S145:0464/ 4<<;1

*$5&,$/ -101/ 675(,)/ -1 4XDOLWlW XQG +DOWEDUNHLW YRQ %LUQHQ1
,1 (LQIOX� YRQ &$0 E]Z1 8/20/DJHUEHGLQJXQJHQ1
*DUWHQEDXZLVVHQVFKDIW/ Y18;/ S169074/ 4<<61

*2)),1*6/ *1/ +(55(*2'6/ 01 7KH LQIOXHQFH RI WKH VWRUDJH
FRQGLWLRQV RQ VRPH TXDOLW\ SDUDPHWHUV RI -RQDJROG DSSOHV1
$FWD +RUWLFXOWXUDH/ Q169;/ S16:075/ 4<<71

/85,(/ 61/ 521(1/ 51 0(,(5/ 61 'HWHUPLQLQJ FKLOOLQJ LQMXU\
LQGXFWLRQ LQ JUHHHQ SHSSHUV XVLQJ QRQGHVWUXFWLYH SXOVH
DPSOLWXGH PRGXODWHG +3$0, IOXRURPHWU\1 -RXUQDO RI WKH
$PHULFDQ 6RFLHW\ IRU +RUWLFXOWXUDO 6FLHQFH/ Y144</ S18<0
95/ 4<<71

0,5/ 11/ :(1'25)/ 01/ 3(5(=/ 51/ HW DO1 9DULDEOH
IOXRUHVFHQFH TXHQFKLQJ LQ DSSOH GXULQJ VWRUDJH LV D IXQFWLRQ
RI 251 3URFHHGLQJV RI WKH 6HYHQWK ,QWHUQDWLRQDO
&RQWUROOHG $WPRVSKHUH 5HVHDUFK &RQIHUHQFH/ 'DYLV/
&DOLIRUQLD/ Y15/ S1495049:/ 4<<:1

35$1*(/ 51.1/ 6&+287(1/ 6131/ 9$1 .227(1/ 21
&KORURSK\OO IOXRUHVFHQFH GHWHFWV ORZ R[\JHQ VWUHVV LQ (OVWDU
DSSOHV1 3URFHHGLQJV RI WKH 6HYHQWK ,QWHUQDWLRQDO
&RQWUROOHG $WPRVSKHUH 5HVHDUFK &RQIHUHQFH/ 'DYLV/
&DOLIRUQLD/ Y15/ S18:097/ 4<<:1

)LJXUH 6 0 ,QFLGHQFH RI SK\VLRORJLFDO GLVRUGHUV LQ *&RQIHUHQFH*
SHDUV NHSW XQGHU GLIIHUHQW VWRUDJH FRQGLWLRQV IRU XS WR
ILYH PRQWKV DW 3�&1

)LJXUH 7 ± %HKDYLRXU RI FKORURSK\OO IORXUHFHQFH UHODWHG WR WKH
LQFLGHQFH RI SK\VLRORJLFDO GLVRUGHUV LQ µ&RQIHUHQFH¶
SHDUV GXULQJ ILYH PRQWKV RI VWRUDJH DW 3�& DQG 6(
&25 . 4( 251 +{ , GLVRUGHUV> +? , )Y= )P1



6DTXHW ) 6WUHLI

&LrQFLD 5XUDO/ Y1 65/ Q1 7/ 53351

8:9

6$48(7/ $1$1/ 675(,)/ -1/ %$1*(57+/ )1 &KDQJHV LQ $73/
$'3 DQG S\ULGLQH QXFOHRWLGH OHYHOV UHODWHG WR WKH LQFLGHQFH RI
SK\VLRORJLFDO GLVRUGHUV LQ µ&RQIHUHQFH¶ SHDUV DQG µ-RQDJROG¶
DSSOHV GXULQJ FRQWUROOHG DWPRVSKHUH VWRUDJH1 -RXUQDO RI
+RUWLFXOWXUDO 6FLHQFH ) %LRWHFKQRORJ\/ Y1:8/ S1576057</
53331

6&+5(,%(5/ 81/ 6&+/,:$/ 81/ %,/*(5/ :1 &RQWLQXRXV
UHFRUGLQJ RI SKRWRFKHPLFDO DQG QRQ0SKRWRFKHPLFDO
FKORURSK\OO IOXRUHVFHQFH TXHQFKLQJ ZLWK D QHZ PRGXODWLRQ
IOXRURPHWHU1 3KRWRV\QWKHVLV 5HVHDUFK/ Y143/ S184095/ 4<;91

6&+5(,%(5/ 81/ %,/*(5/ :1/ 1(8%$8(5/ &1 &KORURSK\OO
IOXRUHVFHQFH DV D QRQLQWUXVLYH LQGLFDWRU IRU UDSLG DVVHVVPHQW
RI LQ YLYR SKRWRV\QWKHVLV1 ,Q= 6&+8/=(/ (1'1/ &$/':(///
0101 +HGV,1 (FRSK\VLRORJ\ RI SKRWRV\QWKHVLV1 %HUOLQ =
6SULQJHU/ 4<<71 91433/ S17<0:31

6&+5(,%(5/ 81 &KORURSK\OOIOXRUHV]HQ] XQG
SKRWRV\QWKHWLVFKH (QHUJLHXPZDQGOXQJ1 (LQIDFKH

HLQI�KUHQGH ([SHULPHQWH PLW GHP 7HDFKLQJ03$0
&KORURSK\OO )OXRURPHWHU1 41 $XVJDEH = +HLQ] :DO] *PE+/
4<<:1 :<S1

60,//,(/ 510/ +(7+(5,1*721/ 61(1/ 1277/ 51/ HW DO1
$SSOLFDWLRQV RI FKORURSK\OO IOXRUHVFHQFH WR WKH SRVWKDUYHVW
SK\VLRORJ\ DQG VWRUDJH RI PDQJR DQG EDQDQD IUXLW DQG WKH
FKLOOLQJ WROHUDQFH RI PDQJR FXOWLYDUV1 $VHDQ )RRG -RXUQDO/
Y16/ S18808</ 4<;:1

621*/ -1/ '(1*/ :1/ %($8'5</ 5101/ HW DO1 &KDQJHV LQ
FKORURSK\OO IOXRUHVFHQFH RI DSSOH IUXLW GXULQJ PDWXUDWLRQ/
ULSHQLQJ DQG VHQHVFHQFH1 +RUW6FLHQFH/ Y165/ S1;<40;<9/
4<<:1

9$1 .227(1/ 21/ 0(16,1./ 01*1-1/ 270$/ (1&1/ HW DO1
&KLOOLQJ GDPDJH RI GDUN VWRUHG FXFXPEHUV +&XFXPLV VDWLYXV
/1, DIIHFWV WKH PD[LPXP TXDQWXP \LHOG RI SKRWRV\VWHP 51
,Q=085$7$/ 11 +HG1,1 3URJUHVV LQ SKRWRV\QWKHVLV UHVHDUFK1
7KH 1HWKHUODQGV = .OXYHU $FDGHPLF/ 4<<51 S149404971


