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Sweet are the fruits of adversity,
which like an ugly and poisotuadc
carry gorecious jewah the head.
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XVHG WR SUHSDUH WKH VI®H F DI [P WX{WILDE-dW Bl UYARX(

JLIXUH BRURXVY PDWHULDOV 6(0 LPDJHV RI WKH V|

GLITHUHQW (P 3 ZHLIJKW UDWLRYV

JLIXUH 6%$;6 VSHFWUD IURP K\EULG GO WHIHLDVWD V(L G

UDWIBRV % &

JLIXUH 1LWURJHQ VRUSWLRQ LVRWKHUPV $ DQG

'UXJ )UHH PDWHULDOV LQ WEKWHHUGWLRVHQW .(/ :

JLIXUH 1LWURJHQ VRUSWLRQ LVRWKHUPV $ DQG

FDOFLQHG PDWHULDOV LQ WKUHH GLITHUHQW .(/ :

J)LIXUH 5HOHDVH SURILOH RI .73 WR HYDOXDWH W

J)LIXUH $ (IIHFW RI WKH K\EULG PDWUL[ RQ WKH .
FRQGLWLRQV % (IIHFW RI WKH DGGLWLRQ RI 3 PLFHOOHYV LQ .
K\BLG PDWHULDOV .(/ :

JLIXUH ([SHULPHQWDO .73 UHOHDVH FXUYHV IURP

ZLWK PLFHOODU VROXWLRQV .(/ : XQGHU WKH HIIHFW RI WKH
WKH UHFHSWRU VROXWLRQ DQG WKHLU FRUUHVSF

JLIXUH (IITHFW RI WKH S+ LQ .73 UHOHDVH IURP K\|

DGMXVWPHQW RI WKHLU PDWKHPDWLFDO PRGHOV

J)LIXUH 6%$;6 VSHFWUD RI WKH PDWHULDOV IURP IL!

OLJ .(/ UDWLRV DQG ZW ZDWHU LQ DOO FDVHYV

JLIXUH 1LWURJHQ VRUSWLRQ LVRWKHUPV $ DQG

FDOFLQHG PDWHULDOV SUHSDUHG IURP ILQH HPXOVLRQV (P LQ
DG ZW ZDWHU LQ DOO FDVHYV
3DJ



J)LIXUH ([SHULPHQWDO FXUYHV RI .73 UHOHDVH Il
ZLWK GRSHG ILQOIIHPXO@VLRIQY IXQFWLRQ RI WKH 3
WKH UHFHSWRU VROXWMWKHPDRW LWREB RROHOE R1 \

YLIXUH ([SHULPHQWBI® RX .73 UHOHDVH IURP K\EU
ZLWK GRSHG ILQULHPX@VLRIQY IXQFWLRQ RI WKH S
VROXWLRQ DQ® WHKHHP DWIWID® PRGHOV RI WKH UHC
JLIXUH $ &RPSDULVRQ RI H[SHULYRNG RIDODEWWP E
EHWZHHQ GUXJ IUHH DPQG LORIDGRIGF BQWHUDWHG HP
ROL» &LFURVFRSH 2SWLFDO LPDJH IRU WKH VDP
UHVSHFWLYHO\

YLIXUH (IITHFW RI WKH GUQX WKGGULWUWRBW XUDO SUR
DQG ORDGHDBNLIQUHWPXOVLRQV ZLWK\ROZW RI 0

JLIXUH (IITHFW RI WKH GUXJ DGGLWLRQ LQ WKB YI
IXQFWLRIQPRI
JLIXUH $JLQJ HIIHFW IRU &(

JLIXUH $JLQJ HIIHFW IRU GUXJ IUHH &( RYHU LW
JLIXUH $JLQJ HIIHFW IRU &( B.73 RYHU LWV VWU X
JLIXUH ([SHULPHQWDO FXUYHV RE(73/UHOHDVH Il
ZW 0L DQ&EZW OLRPEG6 DIMHFHSWRUDWRGXWLRQ
JLIXUH ([SHULPHQWDO FXUYHV RFRABFYQWHDWHH IG
(1 - ZW 0L DQ&EW OULBEG ZLWK ILWWHG F
J)LIXUH *UDSKLFDO UHVXOWYV RI YLDELOLW)\ IURP
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7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH
7TDEOH

7TDEOH

7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH

7TDEOH
7TDEOH

,QGH[ RI WDEOH

&RPSRVLWLRQ RI WKH 3%6 DFHWLF DI
DW S+

&RPSRVLWLRQV RI VIVWHPV XVHG LQ
IDWWLFH SDUDPHWHU D K\®ORSRRYE
VHEWLRQDO DURREBP BH]DW R KMV B W
GiHUHOQW IDFWD Q WWIDRWVHIIW | &
OHVRSRURXV PDWHULDOV FKDUDFWH!
6SHFLILF PWHIG &§DGLL RI RLO GURSO
6$:6PHDVXUHRRQWANKH GLUHFW FRQFF
DW 5 DW f&

&DOFXODWHG VSHFLDIQGVRIUUDFN SR Q (
FDOFXODWHG UDGLXV RI GURSOHWYV
HPXOVLRQV DW 5 DW f&
OLFHOOHY GLDPHWHU DQG K\GURSKR
PL[HG PLFHOOHV 7KH WRWDO FRQFH
ZDWHU LV HTXDO WR ZW
+\GURG\QDPLF GLDPHWHU QP
PLFHOOHV RI .(/

.73UDWGWR WKH PLFHOOHV DQG K\EU
6XUIDFH DQG SRUH YROXPH RI IUHH ¢

IRU U

3HSSDV 6DKOLQ SDUDPHWHUV IRU .7%
RI'3 PLFHOOHV IURP K\EULG PDWHU
PLFHOODU VROXWLRQYV
3DUDPHWHUV Rl WKH ILWWHG PRGHO'
HITHFW

+\GURG\QDPLF GLDPHWHU QP
HPXOVLRQV (P DW f&
.73UDWH LQWR WKH ILQH KPEWDL\NAL ROV
&KDUDFWHULVWLFV RI FDOFLQHG PD\
HPXOVLRQV (P LQ GLIIHUHQW OLJ .(/
ZDWHU

3DUDPHWHUV RI ILWWHG PRGHOV
&RPSRVLWLRQ RI FARQPNQRQD WRHG UK |
H[SHULPHQWYV .(/ ZDWHU Z Z
BWUHQJWK Rl FROORLGDO IRUFHV IR
PDNLQJ FRQFHQWUDWHG HPXOVLRQV
'URSOHW VL]H —P RI WKH FRQFHQW!
9DOXHV Rl VWUDLQ IRU WKH HODVWL
5HVXOWDGRYV GH ORV PRGHORV FRQ |
9LDELOLW\ UHVXOWYV Rl WKH VWXGLH

IRU Gl

11
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$SEEUHYLDWLRQV

602 2UJDQL]JHG OROHFXODU 6\WVWHPV
'LUHFW DQG LQYHUVH SKDVHYV
/ | | PLFHOODU VROXWLRQV

., FEXELF PLFHOODU SKDVHYV

+ + KH[DJRQDO SKDVHV

/. ODPHOODU SKDVH

/&7 /LTXLG &U\VWDO 7THPSODWLQJ
&70 &RRSHUDWLYH 7HPSODWLQJ OHFKDQLVP
"6 'UXJ 'HOLYHU\ 6\VWHP

7026 THWUDPHWK\O RUWKRVLOLFDWH
3,&3KDVH ,QYHUVLRQ &RPSRVLWLRQ
0&7 OHGLXP &KDLQ 7ULJO\FHULGH
OLJOLJO\RO 1 RLO

,0 ,VRSURS\O 0\ULVWDWH RLO

.73 .HWRSURIHQ LQFW3SSH SU

.(/ .ROOLSKRU (O VXUIDFWDQW

(P )LQH HPXOVLRQV

&( &RQFHQWUDWHG (PXOVLRQV

&( B.73&RQFHQWUDWHG HPXOVLRQ ZLWK ZW RI
06 OLFHOODU VROXWLRQ SUHSDUHG ZLWK 2zZW RI .(/

60 6ROXWLRQ RI PLFHOOHYV

GRSHG RL

+60 +\EULG ODWHULDO IURP PLFHOODU VROXWLRQ
+60.73 'RSHG K\EULG PDWHULDO IURP PLFHOODU VROXWLRQ

&9 &RHIILFLHQW RI 9DULDELOLW\
6wz VSHFLILF VXUIDFH DUHD

‘ SRUH GLDPHWHU

93 SRURXV YROXPH

12



5pVXPp

/HV PDWpULDXLORBERGPMY FRPSRWPMID\DQWYV HQ UDLVF
OHXEIVUDFWpULVWLTX 5V RBW LPXIHE K X WQIVG W WSH. Y HUV HV
FRQGLWYRQRQ O DSSOLFDWLRQ VRRQBILRMHRPSDBWLLEH VO W
FKLPLTXHPHQW LQHUWHVY OHXUV DSSOLFDWLRQV VRQW W
SK D UP D F H XWIMRTVPHW IMTXXMHATGXY F D W/DREWIHH FW L | GGIHE W K\jWBIY DL O
VH FRQFHQVBUKHSDUBPRPRY pULDXLORBEBIWpPY K\EULGHV HW GR
XQ SULQFLS$HEDFWIGH FRPSRVDQWY ELRFRPSDWLEOHV SRX
SKDUPDFHXWQTWHDWYWV§XH GIDGPLQLVWUDWLRQH®H PpGLF
POPWKRGHV G HQEFRSYKY® WHVWV LQ YLWUR GHV PDWpULDX][ K
HQ IRQFWLRQ GHVY FRQGLWLRQV GH VI\QWKQqVKLRWT®HV FDU
GHV FRPSRVPRWLYDWWNR® @W ¥XGH IQWWHYNVILN P GBMH UpSRQGUH
GHPDQGH FURLV\GDGWRHG@MW YIS OXV HIILEDFHV TXODBHXW rw
PLVBDXSRLQW\'\G\WqBRWWUD QWIS FBUBW RIXHYV GH IDoRQ FLEOpH

8QH DOWHUQDWLYH SRXU DXJPHQWHU OD ESREBUVSRQLE
DPpOLRUINU HIILFDFLWp WKREDBKXW LO XKW HVWDWLRQ GH P
PPVRERX[6HORQ OD QRPHQFODWXUHS V& @Y FEDWPYVLDX{DW
PPVRSRBRX¥ GHV WDLOOHV GH SRUHV FRPSULVHVY HQWUH H
VSPFLILTXH HW X Q SIRIWDHYQ KR KPHV S URSHMXYWMQW SMY VLPSO
DGVRUSWLRQ RX FKLPLVRUSWL@ABL §Q%EFWKIOPUOGHEYUDWLR
VRLW VRX\AM GHYROHQFKpH SDU XQ SDUDPgWUH FRPPH OH S-
JHVHITHWYV VHF RBGIG BHUW VS\HJ IHVHR QW WD W W p Q X-HbWW PHD T X L
DYDQWOBRMWDRRBFHUQDQW OHV PDWPpPULDX[ PpVRSRUHX[ |
PPFDQLWBH V\QWYRYBLYVSRQUBOSWVHPLQUH IDLW UplpUHQFF
PPEDQLVPH WUBGWPWLIWA I&D\VWDO /787P SSRXWLQHTXHO OH
SUPFXUVHXU VLOLFDWp VH FRQGHQVH GLUHFWHPHQW GDQ"
FULVWDO OLTXLGHVIRBROPH XOHY GIN WHQ PP RBOW\p W p
DSSOELBYD®XWUHYV WH P SBOWD pWPHX CARHFIRAHF QR Pp & RRSHUDWL Y H
7HPSODWLQJ OHFKDQLVP &70 HVW EDVp VXU XQ SKpQRPQQ
HQ SUPVHQFH GM PMRN®OGX SUpFXUVHXU GH VLOLFH FRQGXL
GIWLFHOQMW IRUPDWLRQ GfXQ SKDVH RUJDQLVpH K\EULGF
DQDORJXH DX[ SKDVHV FULVWDO OLTXLGH &H PpFDQLVP
DVVHPEODJH HPMFHOB®VVOH SUpFXUVHXUWWLDWKDQLTXH
RU WWKLFO LF@PW WV RLW SDOLGHVRQ KYRUWJIJERH GHVY LQWHUDFWLR
LRQLTXH VHORQ OD QDX OHWSXpWHI\YXURDFEMLQGDQWH VXU
TXH OH UpVHDX SRUHDX[ SHXW DGRSWHU GLIIpUHQW FDU
WHQVLRDFWLI HW GX V\VWgPH PROWFXD PtPH FObFOX D\Dp VERE
GHV SRUHV HVW PRGXODEOH
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2Q SHXW GRQMHE LALHUDEMW OULVWLTXHY ILQDOHV GHV PD\
IRUWHOHGNMOD VWUXFWXUH RRI@MVDKRDIRDKVGKRXYHQW UHQFR
HVW XQ DOORQJHPHQW GHV FDQDX[ SRUHX[ VHQRBHX@®H V\P
SRVVLEOH GTREWH@KXE LXTXH \RR O®PBHDOQD DHKX UV VHORQ OD
OD FKDVQH K\GURSKREH LO HVW SRVVLE @D GHH PR G XDHWP B B
GITHQFDSVXOHU HW GH OLEpUHU GHV TXDQWR YW VISV | pQB Q'
OLEpUDWLR QU HOOWRBIW {OpH FIHVW SRXUTXRL QRXV SUF
GHV PDWpPULDX[ VLOLFDWpV K\EULGHV /D |R UPPHHIDOMLYRQ HV
OD SDUWLH RUJDQLTXH XWLOLVpH SRXU VI\QWKpWLVHU OH
OTLQWPULHXU GH OD NSKDNVFHWKWHD R K@ XER QHFR-X E CHO 04D H
VHUWPRBGqOH SRXU OD IRUPDWLRQH®@H WPH \W p & R NIPXRIMXHIH
TXDQWLWp GH SULQFLIVSWW gPBW LUD SSRUMWOHFHOOH TXH SHXW
XQPDWpULDX SRUHX[SWRBEMEOHFRQWOHBH GRVYHpUMH VR
PHLOOHXU HW VXUWRXW QORLSIVHQWHPGHD L' H [S\OHUOQ HV HW L
SRXApFOHQFKHU OD OLEpUDWLRQ DX ERQ HQGURLW HVW WR
&HV PDWpULBRP YRWWE OHYV \DHFHFH XU SKDUPDFHXWLTXH HQ L
IPSRUWDQWH VWDELOLWDp FXQ FBIHMXW BIWRKWMRDQ DEKE®H GHQVL
OHXU SHUPBWSGHDW /D LVOWMHF WXV QWWWWRQDO HW GH SURC
UpWHQWLRQVIDW WPGTRBPHQW HVW SULV VRXV IRUPH RUDOH

/H SUHPLHU SRLQW G LQWpUrW G HARPS\RWM/IpGIXDN FRQF
GRLYHQWELR¥FRPSDWHRKOFREWMX[SWHHERQV FDQGLGDWV SRX
IRUPDWLRQ GH PDWpULDX[ PpVR\WBXFRFRHpWH DRX R DIFYRLQ V
.ROOLSKRU (/ .(/ REWHQX j SDUWLU GH OD V\QWKYVH GH J
HW G R[\GH G pWK\OgQH GDQV XQ DS &R UGHRRWDHMRHDHN G H
OLJO\RO 1 0LJ XQ WULJO\FPULGH 7&0FRRRORVPR\HQC
SULQFLSDOHPHQW G DFLGHV JUD\Q F DCSHX0 U T ¥ BSWHR 5'SU L T X
L0 TXL HVW XQH KXLFRQWERWRLHQ®WDOFRRO LVRSURS\OL
P\ULVW3IRXH OH SULQFLWR SURN 4 QI HWB FKRLVL FREPH PRO
PRGQOH &THVW XK GARPSKRRHH GH W\SH QRQ VWpPURWGLHQ
WUDLWHPHQW GH OD GRXOHRUL®WOGHIO O X.@MH U DPPDWIRQ VR
W\SH SDUWLFOOOQLHW FRIHQFHOHXVHY RQW p VO RWLRLIMW/p KB B8 R |

PDWpUKITBULGHOMW KpWLVpV

/H SUHPLHU FKDSLWUH HVW FRQWWBUYF W OU MW DRRR GpF OO
GHWHQVLRORDROLTX¥M/ JLQWpPUHVVDQW HQ SDUWLFXOLHU
ELRFRPSDWLEOHY ,0 VH WHUPLQH SDU OD GXL BYMEWLRQ ¢
ERQ VROXELOLVDQW GHV FRPSRVpV OLSRVR®XE@HYW WHOV
SULQFLSDOHV SXEOLFDWLRQVSRWGIXW HWH\K\EX]L @BW gHQ. DAXD
YHFWHXUV GH GURJXHV VRQW UpVXPpHV $ ODPH\QWSHQMH FK
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GH GpFULUH OHV FLQPpWLTXHV GH OLIE@UIDWKRQOEW FSUXDQWL
FRUUHVSRQGDQWHY VRQW SUpVHQWPHYV

/IHVHFRQG FKDEABMOUHOUDWVFRGHY RSpUDWRLUHY DLQVL T
GHDUDFWpPULVMWLRQ XWLOLVp

/H WURLVLQPH HNVR®ISLWPHHQ GHX[ SDUWLHV 7RXW
FRPSRUWHPHQW GHRVWKPWHEG®RDVYUHVMW/ BPRVL@LIIpUHQWYV
GRPDLQHWW SKDVHV RQW pHMp FEDpWWOHFWPLDLpWD W BYDEIHIOQ V' S H F \
HW i OfDPGRUBXFRSLH RSWLTXH j OMNRL@H FREDZURWPH O
VWUXEVWHWHFULVWDX[ OLTXLGHV GHV H[SpULHQARMWGH GLI
DQJOHV 6%$:6 RQW pWp UpDOLVpHYV
JHV UpVXOWBDEIMK®RQWWPH GHVY PLFHOOHYV MBKPXLTXHV /
HQ SRLGRQW WDLOOH HVWQHQNRIUMIXH OD FRQFHQWUDWLR(
DXJPHQWB RPDLQWFUGNONDRLGH DSSOMIBRWUG XQHWEIKDVH
YLV TXHIXW HYV RMBUHRBML ILpH FRPP IS K XEIRIXIH VOBVRLEO 3P
HQ PYLGHQFH SXLKDNHHKW[XIRDBOH GXUHR®Q®E jHWV&
SDUDPQWUHV VWUXFW XU BRQWGRHMNAHHW P LSKDW B U VET$X § X Q H
SKDVH PLFHOODLUH MWYW/K (@M PRBIW OLL DVX[ P P\SRXKS RW H K |
UpD®IHMP XWLOLVDQW OH PpFVD RYWHpWPOFDUDFWpPULVpPV SI
DGVRUSWYRQSNDRRWY UpVXOWDWY UpYgqOHQW TXH OD VWU
HVW DIIHFWpH SDU OD YDULDWLRQ GSU pBPX$I$RIXW PG B L O HF.K
'DQV OD GHX[LgPH SDUWLH O QX XOXMHQ\BH W RPHDIGGDW LR Q
PWp pWXGLpHYV GLDJUDPPHV GH R QWH p\Wh DoSWBEIEEEIG IO R O
OLJ GWRSURS\O O\ULVWDWH ,0XQ$lY KDV OLIPHRO@®DLUH D!
ORUVTFRQFHQWUDMICREOHEBVW FRPSULVH HQWUMYV HW
SKDVHV KH[DJRQDOHV HW RFOVERIWAVOIMRIGWXYHQW VROXELC
UHVSHFWLYHPHQ®WH OLHW\RO 3DU DLOOHXU\GDM@EHD YPXOVLR
GLWHYHWHF FHV KXLOHV RQW /8XJRW WK HRUIRMEBMHAY GTKXL
PPXOVLRQV FRQYHQWLRQQ KBGO HYPRRWK XIOH® UD PRIMFWHR QV W I
TXH OD WDLOOH GHV JRXW W HGHWVMH ¥ USjH FHNP HPVX ON\RLRQ V
DLQVL SDUWLFXOLQUHP6ILQW \RWGD DON\REWOMMRESBWpSDUPHV S
ODpMVKRGH 3,& TXL FRQVLVWH j DMR X RO B QR HUEKMVAK HP HQ
/IDWDLOOH PR\HQQH GGIVK JHR/EWYAQMD BIWPW B X W U HGDIUMWO H
GRPDLQH ULFKBHNWQpPRXDOHRQV 2R UPXWWPFWH XQH WHQHXU H(
KXLPRPSHLNVQWUHIW FHV pPXOVLRQW FRRGWQWWRPEOHV V)
SOXVLHXUD @PRIOH FMVOBX PrPHV V\ROWPPMWP HQ pYLGHQFH
/D SKDVPH® OBWUSDUWLFXOLqUHPHQW VWDEOH SXLVTXJHOO

GIKXLEBM SKDVHV KH[DJRQDOH H@XHCEXUBXHVYRBW D
VROXELOLVBN BMHRQWWHY MXVTX j HW UHVSHREMWQNWPHQW
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HW pPXONRABNQW UpRIZWVPRUPXGPY®Y UpJLRQV VLPLODLUH)
VA\VWPRQWHQDQW GX OLJO\RO

$SDUWGHMPKOVILER@®V EDVH GH OLJ PIRW,0U IGDHY[ P p RRS\R UH X[
PWp SUpSDUpV REYGEWAHRWYY GH V\QWR @Y i) [RAMALR XFEWHU H U
GDQV OHVDEMX[UBVHDX PpV/RYRRBIWpV\DXKp WEFPWLU GHV
PPXOVLRQDMEDL\QHGRQW XQ GLDPqWOhH GH SERWYQ G

QP TXH FHX[ SUp SHYVp I PDNOH/A RED/V H GEHID \IR O 'DQR

OHV GHX[ FRVIDISHFLILTEBHHBYWURQJ HWROXPH SHRWWM X[
SURFKH GHI FP

/H TXDWULQPH{ FMIDBQMPHQW GLYLVPp HQ GHX[ VHFWLRQV
OTLQIOXHQFH GH OJDGGLWLRQ G1)X5® §R RO VR § WH| FEHD R(F NH DO
HVW UHYRU®/IpHIUDPPH GHWRRWHGSDERHG® D SHWPLV G
PRQWUHU OD FRIRSDBMXELWHBYLRIRFWLPLFHOOHY HW GHV FU
OLTXR®NW IRUPPKDVH PLFHQIMEVEX j XQH RMRGAVBIRYOHD
WHQVLRDFWITIXE8BOH TXH VRLW OH UBDSKDWWEX HL TBMH
KH[DJR YRQMW SUp\DHEWSHD\WELWp GH FHV GHX[ WHQDNYRBFWLIV t
OHXWWUXFWXUH PR SR/ DXGHHW [V R\IOTPXHHWE HE KDV Q H V
DON\@GBIYY OH GHXQW®WX[LgPH SDUW L B IFHRD SIHWQITHD G G L W L
PLFHOOHYV GH 3 GDQV OHjVEPRXO & I RR/S UIRBHIX O HM VW D W +
FDUDFWpPULVWLTXHV GHNLPNW SUKNBD UPRB RBMHPVW SRVVLEOF
GHDLUH YD&WHHWD GHH SRYURNWWWYIBGKYDQW YDULHU OD SURSR
PPXOVLRQWW(BHFHGOBY SRXU GHV YRQOHMNWKXUHV j RQ
REWLHQW GHV VLOLFHW P p&RSRW B X 9BRAVH § 19 SMRERRCD
OLEpUp ORUV GH O K\GURO\VH VPOL2BH B#8H0/D GSpVW B BIEGIL G H Q W
OHV pPXOVLRRY QHQMRXHQW SDV OH U{OH GH WHPSODWH H\
VRQW SUpPVHQWYV GDQRUDHXRDWp WIDSSRUW (P BW @HMPHQV
PPXOVLREVHYWHQW /DWIXBAHWLWp GH PLEFHOOHV GLPLQXH |
TXDQWLWp GH RIWBERQR G K IOFfK\GURO\VH HVW DXVVL GLPLQ
VRQW OHV JRXOHWWXYVERKPKITGEH SRQOMU{O W DWpSIRDRVLWp C

/H FLQTXLgPH FRQBHWQM XGH GH O H&FD3\VCXID@W LRQ
GLIIpUHQW YV NW B/@LHEY UGQR @G HV VRO XW HRQNP WD WP ISR@V
FRQFHQWUQRNY GHKW PDWpULDX[SHKpBSDIGHYV jGEDVURQXWLRQV
PLEHOODLUHV HWHY gRRQMD WORM W POHFWLRQQpPY /MXIXDQWLYV
SHXW HQEBSVXOpH DXJPHQWH DYHF OD FRQFHQWMDUDWLRQ
SUpPSDUDWLRQ GX V\VW@XHDVERQVL FFOMHRIMOMAU prH/L O O H X UV
UpVHUYREIRIMQ WHG H Y XIS O H R SSUALYW V
2Q PRQWUH TXH OD VWUXFKWE UHO®MVFROWHUYPK[ORUVTXTL
GRSpV DHAF (Q HIFHWDWpPULDXROGRSPMPFLQpPY SRXU pOLPLQ]
SKDVH RUJBDI@QLODXK UV FDUNRWPUEANQWIXKMY j FHX[ TXL QYR
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GRSpYD VWUXFWXUH GH OD FKDUSHQWH VLOLFDWpH HV)\
GIDGVRUSWLRQ HIWWGHN RINSW LR Q
IHVPpWXGHV GH CLEpUBRWWRQWp HIDHAHERMHWROXWLRQ

UpFHSWOPRSHRQ GH 3EGHIRWYVIS+ HW FREGLWLRQV RQW p
FKRLVLHWLPROOH R @GMWE R QIVQ WIHWMWERYD OpWX OWDWYV RQW PR
TXH GDQV GHV FRQGLWLRQV QHXW OHE¥ SO O R X UFDIYMULLIHX |
SUpSDUpPV j SDUWLU GBILURY XDW.\R B VQR\L FH G | BRX W& )G B+ K
SHUPHW GYDXJPHQWHU OD TXDQWLWp GH .73 OLEpUp
/D OLEpUDWLRRBQWKLWA PWREHFOH VRAMPWHEHRQMHQDQW
GLIIpUFGWHNQWUDWLRQV HQ'@VFHOBBIW GHIQIWLWpERH p7 3
DXJPHQWWDE @HR@ GUpVHQFH GH GH 3 SRXU DWWHLQGL

K/D SUpVHQFH GH PLFHOOHV GDQV OD VROXWLR® XJPFHSWL
GH OLEpUDWLIRVD QW K\GURGKREFRBOWEWH GRLOM O LWVIVRXW
GDQV OH F°XU K\GURSKREH GHV PLFHOOHV HW IDYRULVH OF
'DQV OD GHUQLQUH SDUWLH GH FH WUDYDLO O pYDOXDW
K\EULGRSpV HQ .73 DAQWIQPIBE®D WVH GH WHQWVILADWIVLERXU OH
SUpSDUPWRRRLU OHV PLFHO O HN GIEWGHV UpFDXA0LWIpRIQWQ H[DP L
OH FRPSRUWHPG@W B I+ NADQW XQ W\SH VSpFLDO GHV FHOOX
JHW pV X CVRIDMOON DOHYLDELOLWYEBRDHEERQOEHHUH j SUHVTXH

DYHF OHV PDWpULEDU REBDOHM FH GH VLOLFH SURWQqJH
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/H WDEOXIDYOQW UpVXPH OHV UpVXOWDWY REWHQXV DX FRX

/JLEpPUDWLRQ GH .
GHV RDWDX[ K\EU

7DLOOL! .73

ODWHULDX[ SR

6\VWqPH

OROpFXO[JRXWMH12UJDQLV\72;%%& PD ;¥SRWT
2UJDQLV OEpU| p
- 3HSSD\
OLFHOOHV QP +H[DJRQ QP J HS S DY
OLZWESEV( QP 9HUPLIR
OﬁfﬁgiH%l QP 9HUPLIR
LQH pPXO
: 8 HDX 0 QP +H[DJRQ QP
JLQH pPXO , HU RUG
.(/ HDX OL QP +H[DJRQ QP j COXEKL
'RXEOH
JLQH pPXO WHVHDX
(/,0 3
9HUPLIR
6\VWqPH
oropexot PLOOH GHUIRXV 75 pppopeH gﬁﬁ%&:
2UJDQLV
ePXOVLR
FRQFHQW!I _p
.(/ HDX ,0
ePXOVLR
feey Cwm
(/| HDX OL

(1) Quantité de KTP libérée en fonction des conditions de la solution réceptiitet %wt de

P123
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6XPPDU\

6LOLFDWH SRURXV PDWHULDOV DUH DWWUDFWLYH F
FKDUDFWHULVWLFV DQG SURSHUWLHV ZKLFK FDQ EH DG
GHSHQGLQJ RQ WKH GHVLUHG DSSOLFDWLBG F&HFAH DMKG\ D
LQHUW WKHLU DSWSHOLFBWYRQVHDUMDQJLQJ IURP SKDUPDF
FRVPHWLFV WR FDWDO\VLVY 7KH REMHFWLYH RI WKLV WKHV
RI SRURXV K\EULG VLOLFDWH PDWHULDOV GRSHG ZLWK D
ELRFRPSDWLEOH FRPSRQHQWYV SRUFBWRBPNFHXW LEDXOJ DS
VI\VWHPV

(QEFDSVXODWLRQ ROWKWBWRDQ B! K\EULG PDWHULDOV Z
DFFRUGLQJ WR WKH VV\QWKH VLW KERRLGFIDOL R R Y UDF @/ HBEKL V MWAR
FRPSRXQGV 7KH PRWLYDWLRQ IRU WKG WRWGA\W. W KH QDWW B
GHPDQG IRU PRUH HIIHFWLYH GUXJV ZKLFK FDQ EH PHW
WUDQVSRUW GUXJV LQ D WDUJHWHG PDQQHU

$Q DOWHUQDWLYH WR LQFUHDVH WKH ELRDYDLODELO
WKHUDSHXWLF HITHFWLYHQ HVRI LPH VRFSQUHEX R @ DMKHUXD OV ¢
WR VBBEH& QRPHQFODWXUH DQG FODVVLILEDWLRQ PHVRSRL
VLIHV EHWZHHQ DQG QP D ODUJH VSHFLILFE VXUIDFH DU
7KDQNV WR WKHVH SURSHUWLHV W K HR\UEDDRQFWLP/SO L @ BMRGLE
E\ HQFDSVXODWLQJ WKHP WKH UHOHDVH RI ZKLFK LV HLW
SDUDPHWHU VXFK DV S+ RU WHPSHUDWXUH 7KH VLGH HIIHF
UHGXFHG ZKLFK LV D VLJQLILFDQW DGYDQWDJH

JRU RUJDQL]HG PHWNBWRIWRROV WZR V\QWKHVLV PHFI
DYDLODBEBHILUVW UHIHUV WR D WUDQVFULSWLRQ PHFKDOQ
7HPSODWLQJ /&7 IRU ZKLFK WKH VLOLFDWH SUHEXUVRU EF
PHGLXP RI D OLTXLG FU\WWDO BRIWHRARAHPXGHE\ VXUVDFMFK
KDV EHHQ DSSOLHG WR RWKHU WHPSODWHV VMEK DV HP
&RRSHUDWLYH 7THPSODWLQJ OHFKDQLVP &70 LV EDVHG RQ
DQG RFFXUV LQ WKH SUHVHQFH RI PLEFHOOH\RU7RH DG\G LWL
WKURXJK LQWHUDFWLRQ ZLWK WKH PLFHOOHV WR WKI
RUJDQLF LQRUJDQLF K\EULG SKDVH VLPLODU WR OLTXLG FL
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EDVHG R@WH®PIEO\ EHWZHHQ WKH PLFHOOHV DQG WKH
WHWUDPHWK\OLFDUWWHKR7 026 HLWKHU E\ K\GURJHQ ERQG
LOQWHUDFWLRQV GHSHQGLQJ RQ WKH QDWXUHXRHWKH VXUI
WKH VXEMHFW UHYHDOV WKDW WKH SRURXV QHWZRUN FD
GHSHQGLQJ RQ WKH VX WIIDFALDKEY FORIGH FKHD B V\VWHP FKR\
VDPH ZD\ WKH SRUH VL]H FDQ EH DGMXVWHG

W FDQ WKHUHIRUH EH VDLG WKDW WKH ILQDO FKDUDF\
VWURQJO\ OLQNHG WR WKH PROHFXODU VWUXEWKVUH &I WK
HORQRI@WU WKH SRURXV FKDQQHOV DFFRUGLQJ WR KH[DJF
SRVVLEOH WR REWDLQ FXELF RU ODPHOODU VWWHHWU\ ,Q D
WKH K\GURSKRELF FKDLQ LW LV SRVVLEOH WR PRGXODWH
HQFDSVXODWLRMVBQRI GHIIHUHQW TXDQWLWLHV Rl WKH DFW
WKH UHOHDVH LV QRW UHDOO\ FRQWUROOHG ZKLFK LV ZK\
PDWHULDOV 7KH IRUPXODWLRQ LV VLPSOH VLQFH LQVWHDG
WR VIQWKHVWHUNRBWDLW LV PDLQWDLQHG LQVLGH WKH VLC
SKDVH WKHUHIRUH SOD\V D GXDO UROH LW VHUNHV DV D
PHVRVWUXFWXUH DQG PDNHV LW SRVVLEOH WR LQFUHDVH W
WKH VA\VWHP FARPP SUIKIHHGXDQWLW\ WKDW FDQ EH HQFDSVXODW
7KXV LW LV OLNHO\ WKDW WKH FRQWURM Q@G WDER YH OBODV
SUHGLFWDEOH ,Q DGGLWLRQ WKH SUHVHQFH RHUH[WHUQI
UHOHDVH LQ WK H \UDJIKAD \YTRRNHLEDWHULDOV DUH FRPSDWL
SKDUPDFHXWLFDO VHFWRU GXH WR WKHLU KLJK FAGHPLFDO I
DGGHG WKDW EHFDXVH RI WKHLU ORZ GHQVLWNKHMVKH\ F|
JDVWURLQWHVWLQ®DJIWVWEWFDOQHWSIROIRRQ LI WKH GUXJ L\

7KH ILUVW SRLQW RI LQWHUHVW RI WKLV VWXG\ FRQFH!
PXVW EH ELRFRPSDWLEOH LQH[SHQVLYH DQG JRRG FDQG
PHVRVWUXFWXUHG PDWHULDOV :H KOY HREKNDULHM GRIQURIPS W
VIQWKHVLY RI 5LFLQXV FRPPXQLY VHHGYVY DQG HWRANOHQH RJI
WKH VXUIDFWDQW 7KH RLOV VHOHFWHG DUH OLJO\RO 1 0
0&7 FRPSRVHG PDLQO\ RI FDSU\OLFQOIXQQO/VRHSREFOIDWMW YV WE
,0 DQ HPROOLHQW RLO FRPSRVHG RI LVRSURS\O DOFRKRO
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LQJUHGLHQW .HWRSURIHQ .73 ZDV FKRVHQ DV REKHK PRGHO
QRQWHURLGDO FRPSRXQG XVHG IRU WKRPPWWHRQ P H@W RO\ S
+H/D FHOOV ZKLFK DUH D SDUWLFXODU W\SH Rl MOHQFHU FH
WKH WR[LFLW\ Rl VIQWKHVL]HG K\EULG PDWHULDOV

7KH ILUVW FKDSWHU LV GHYRWHG WR WKH VWDWH RI W
QRDRQLF VXUIDFWIDQWM FXOWK DRFXV RQ ELRFRPSDWLEOH F
ZLWK D GHVFULSWLRQ RI WKH SURSHUWLHV RIVROXBQHKK LV
FRPSRXQGV VXFK DV YLWDPLQV 7KHQ WKH PDLOGSXEOLFL
K\EULG PDWHULDOV DVHGUXBPIDULYHBUWW WKH HQG RI WKL
PRGHOV GHVFULELQJ WKH NLQHWLFV RI DFWLYH LQJUHGLH
HTXDWLRQV DUH SUHVHQWHG

7KH VHFRQG FKDSWHU EULQJV WRJHWKHU WKH RS
FKDUDFWHUL]DWLRQ WHFKQLTXHV XVHG

7KHKIWWG FKDSWHU LV GLYLGHG LQWR WZR SDUWV )LUV
WKH .(/ ZDWHU ELQDU\ VI\VWHP LV G H\QFGEKIGH BGRHP DELQM Ut
ZHUH GHWHUPLQHG DQG FKDUDFWHUL]JHG E\ YLVXDO LQVSH
PLFURVFRSHUQVRURRQILUP WKH VWUXFWXUHV Rl WKH OLTX!
UD\ 6%$;6 VFDWWHULQJ H[SHULPHQWY ZHUH SHUIRUPHG

7KH UHVXOWYV VKRZ WKDW .(/ IRUPV VSKHULFDO PLFHOO
ZKRVH VL]H LV DBRXWKHQ WKH FRQFHQWBDMWRRIQVRID. @LIT XL
FU\WWWDO GRPDLQ DSSHDUV )LUVW RI DOO D KLJKO\ YLVFR.
DV FXELF , RI WKH VSDFH JURXS 3P Q LV K IQIX® ISKDVHG W
+ PHOWV DW f& 7KH VWUXFWXUDO SD U B PGNWHHIWP R Q M t
E\ 6$;6 6LQFH D PLFHOODU SKDVH LV IRUPH® DWHKH VDQW K H
FRXOG EH DFKLHYHG XVLQJ WKH &70 PHFKDQLVP 7KH\ ZHU
DQG QLWURJHQGBHERRSBBWRRQ
7KH UHVXOWYV VKRZ WK DW BWHUL\D O XIPW DX U H FRV HBK B\ WKH Y
PRODU UDWLR .(/ 7026 VL®@LMXISUHPRQMQRBDUW WKH LQIO
DGGLWLRQ LQ WKH .(/ ZDWHU V\VWHP ZDV VWXGLHG DW f
HVWDEOLVKHG ZLWK OLJO\ROLWYWD VD) G,QVREWKSAOJOWRO D
SKDVH RFFXUV ZKHQ WKH FRQFHQWUDWLRQ RI OLJO\RO LV
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7KH KH[DJRQDO DQG FXELF SKDVHV DUH DOZD\\DG@GHVHQW
RI OLJO\RO UHVSHFWLYHQ@DW®O W 6 /XK WDRRIHRBL OLQH ZLWK V
RLOV FRXOG EH IRUPHG 7KH RLO GURSOHW\GRDFRWMHQW
R QP WR VHYHUDO PLFURQV ZKLOH WKH GURSBOHMW VL]H
WKDQ QP DQG DUH WKHUHIRUH SDUWLFXODUO\ VWDEOH
'LWK ORDO WKH HPXOVLRQV ZHUH SUHSDUHG E\ WKH 3,& PH
JUDGXDOO\ DGGLQJ ZDWHU WR WKH RLO .(/ PL[WXUH 7KH
EHWZHHQQP 2Q WKH RWKHU KDRIGDU® W KH: RIFRXOVLRQV KDY
IRUPXODWHG RIQWKHR @ EHAWEHHQ DQG WKHVH FRQFHQV
DUH VWDEOH RYHU VHYHUDO PRQWKY ,Q WKH FDVH RI ,0 W
7KH ODPHOODU SKDVH LV SDUWLFXODUO\ VWDEOH. ®LQFH LW
7KH KH[DJRQDO BQSHWXPUMH SYPDOOHU VLQFH WKH VROXELOL
WR DQG UHVSHG W LD/H®\FRQFHQWUDWHG 2 : HPXOVLR(
IRUPXODWHG LQ DUHDV VLPLODU WR WKH OLJO\RO V\VWHP
JURP ILQH HPXOVLRQV EDVHG RQ 0OLJ DQG ,0 BBVURSRURXV
'LWK RSWLPL]HG VI\QWKHVLVY FRQGLWLRQV LW ZDV SRVVLE
QHWZRUN LQ ERWK FDVHV ODWHERDIOY M\QN KR XDNHLR QURRL
VOLJKWO\ ODUJHU SRUH GLDPHWHU QP BMDRBIG WKRVH S
HPXOVLRQV QP ,Q ERWK FDVHV WKH VSHFLIIDRQBXUIDFH
WKH SRUH YROXPH LV FORVH WR FP J
7KH IRXUWK FKDSWHU LV DOVR GLYLGHG LQWR WZR VHF
DGGLWLRQ RI D EORFN FRSRO\PHWWBHP LD WKIR UW BBW RAKHVS
GLDJUDP LV ILUVW SUHVHQWHG ,W VKRZHG WKH FRPSDWLE
PLFHOOHY DQG OLTXLG FU\WWDOV IRUPHG 7KH PLFHOODU S
FRQFHQWUDWLRQ RI UHJDUGOHVYHRFXKHF .DQ% KHWDWRR
SKDVHV DUH SUHVHQW 7KH FDSDFLW\ Rl WKHVH WZR VX!
PROHFXODU VWUXFWXUH LQ WKH SUHVHQFH RI R[\HWK\OHQ
FDVHV ,Q WKH VHFRQG SDUW Rl WKH FKBSWRUFWRB HV IHG W
,VRSURS\O 0\ULVWDWH EDVHG ILQH HPXOVLRQV RQ WKH F
PDWHULDOV WKXV SUHSDUHG LV UHSRUWHG RU LRN LV SRVV
WKH PDWHULDOV %)\ YDU\LQJ WKH SURSRUWUIRXY RIRHP XOVLI
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YDOXHV EHORZ PHVRSRURXV VLOLFDVY DUH REWDLQHG
%HFDXVH WKH PHWKDQRO UHOHDVHG GXULQJ WKHRT026 K\G
3 PLFHOOHYV GHVWDELOL]H WKH ILQH HPXOVIGRRQYONKDW G
PHWWRSRURXYVY DUH SUHVHQW LQ WKH PDWHULDO :KHQ WKH (P
ILQH HPXOVLRQV UHPDLQ VWDEOH
7KH TXDQWLW\ RI PLFHOOHYVY GHFUHDVHYVY DQG DV D UHVXOW
GXULQJ K\GURO\VLV LV DOVR UHGXFHAI ® G® RSV WRK LW KAD VL
HPXOVLRQ WKDW FRQWURO WKHRKS$RILRWKWRKDISWKH FRQ HHWU
VWXG\ RI WKH HQFDSVXODWLRQ RI .73 LQ GLIITHUHQW V\VW
VROXWLRQV &RQFHQWUDWHG HPXOVLRQV DWW ZH®6 DV K\
PLFHOODU VROXWLRQV DQG ILQH HPXOVLRQV KDYH EHHQ VI
FDQ EH HQFDSVXODWHG LQFUHDVHV ZLWK WKH RHO FRQFH
VI\VWHP 7KXV FRQFHQWUDWHG HPXOVLRQV DUH WKH EHVW
PRYW DSSURSULDWH

,W LV VKRZQ WKDW WKH VWUXFWXUH RI K\EULG PDWHUI
GRSHG ZLWK .73 ,QGHHG WKHVH GRSHG PHWHPLQ DW H DWKH
RUJDQLF SKDVH DQG WKHLU FKDUDFWHULVWLFMHIUH LGHC
GRSHG 7KH VWUXFWXUH RI WKH VLOLFDWH VWUXFWXUH L
GHVRUSWLRQ LVRWKHABPUHORD WHSHWRXGLHY ZHUH SHUIRUPF
EXITHU UHFHSWRU VROXWLRQ DW GLIITHUHQW S+RQNYHOV
ZHUKRFVHQ WR VLPXODWH JDVWURLQWHVWLQDO FRQGLWLRC
QHXWUDO FRQGLWLRQV WKH SHUFHQWDJH RI .73 UHOHDYV
PLFHOODU VROXWLRQV UHDFKHYV DIWHU KRXUV 7KH
DPRXQW RI .73 UHOHDVHG

7KH UHOHDVH RI .73 ZDV WKHQ VWXGLHG ZLWK D UHF
GLITHUHQW FRQFHQWUDWLRQV RI 3 PLFHOOHV ,Q WKLV FI
LQFUHDVHV VLIQLILFDQWO\ LQ WKH SUHVHQFH RI 3 WR
SUHVHOPHAHOOHYHEQ IWREXWLRQ DFWV DV D UHOHDVH DFFH
LV K\GURSKRELF DQG YHU\ SRRUO\ VROXEOH LQ ZDWHU LW
RI WKH PLFHOOHVY DQG SURPRWHV WKH UHOHDVH SKHQRPHC
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,Q WKH ODVW SDUW RI WHBYVHARUWPMHQWKRI VE&REILHGW\7 3
PDWHULDOV DQEDVXIGI YFWWDIORW XVHG LQ WKHLU SUHSDUDWI
DQG ILQH HPXOVLRQV ZDV FDUULHG RXW E\ HIDPLQLQJ WKH
DUH D VSHFLDO W\SH RI FDQFHU FHIOO®Y YTHH LCHWXK\OMV/V L\DKR
IURP WR DOPRVW ZLWK K\EULG PDWHULDOV EHFDXVH
FHODOK/H IROORZLQJ WDEOH VXPPDUL]J]HV WKH UHVXOWYV REW|

.73 UHOHDVH IUR

SRURXYV PDWH! PDVHULDOV

20JDBIG .73
oroHexU YRSOHV 5y powL 3RUMLIH  PD] 'gggxg
6\VWHP UHOHTEL
OLFHOO . 3HSSD\
.(/ ZDWH QP +HIDJRC QP J 6DKOL(
6%?28&35 QP  9HUPLIR
6%F§B%VSUF QP O9HUPLIR
LQH HPXO
)W?ZDWWU QP +H[DJRG QP
)LQH HPXO . VW RUG|
. (/ ZDNHU QP  +H[DJRG QP J +UXFKL
'RXEOH
)IE;QH'HOPQSVLF HWZRLU
' 9HUPLIR
2UJDQL]H ,
OROHFXO URSOHW VL] 73pQg UHOHD ];%ﬂﬁ
6\WWHP
&RQFHQW
HRXOVLR( —p
.(/ ZDMYO
&RQFHQW
H X O QLR —p i %gi%?}
.(/ ZDWHU

(1) Amount of KTP released with the conditions of the receptor solutidrara %wt of P123
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QWURGXFWLRQ

2YHU WKH SDVWWKH VAHDUFDWHG SRURXV PDWHULDOV KI
GXH WRSWREHOKMIAKVFRQIHUYVY DQ DGDSWDELOLW\ WR VHYHUI
WR WKH GHVLUHGVDBSISOHFEFPRS\OWRIQEOHY DQG WKHPIFEPO E8H LQ!
FRQVLGHWHE HB®®O L F DWIKRIULP OFRRV P WWR B VWD O B\PLRQ J
RWKHUVY 7KHVH PDWHULDOV DUH REWDLMNQBGFBE\ SRROARKB QW
7026LQ SUHVHQFH RI1 VXU | DFFRVIDHAR D \ZHRHEUOHL MAKINR KIPQV W K H\
ZDWHU DUH DFWLQDD DWWV BHPEWOWH KDYH EHHQ REWDLQH
Rl GLITHUB®WDWQUWY® WNRKZD/WWR ITRRRFOMAXBDDOMUUD\V WR PRGX
VLIH Rl WKH SRURXV 7KHQ WKH UHFRNORRIUQ P OFIKWDRJDFW I
PHVRSRBRWHULDOV DUH KLJKO\ UHODWHG WR WKH W\SH RI

TKHQWHUHVW RI WRKXWHEK UMK DMEHD FHXWLFDUXJGRPDLQ
"HOLYHAVWHPV '"'6 LV DQ LPSRUWDQW FRPSRQHQW RI GU)
WKHUDSAHMXYWAHILQHG DV D IRUPXODWLRQ WRKBQ®HRMNIFXF WKD W
WKHUDSHXWLF VXEVWDQFH LQ WKH ERG\ DQG LPSURYLQJ
FRQWUROOLQJ WKH UDWH WLPH DQG SODFH RI UHOHDVH R
WKH DGPLQLVWUDWLRQ RI WKHUDSHXWLF SURGXEKWYV WKH L
VXEVHIQW WUDQVSRUW XQWLO WKH DFWLYH VLWH ,I D GHY
ERG\ IRU RWKHU SXUSRVHV WKDQ GUXJ DGPLQLWWHDWLRQ
GUXJ PD\ EH LQFRUBFRHMIWHARWWBHYHQWLQJ FRPSOLFDWLF
WKH GHYLFH

1RUPDOO\ DV D FULWHULRQ RI UHJXODWLRQ WKH GH
FKDUDFWHULVWLFV DV LQFUHDVLQJ WKH ELRDYDLODELOLYV
GUXJ GHOLYHU\ WUDQVSRUW WKH GUXJ LQWR. WHTHV NGWH R
KRVW WLWYMHIMURGXFW VKW®RROKDEH BVEBHOHH Rl RDXJ GLVSH
WRXOG EH HDV\ WR DGPLQLVWHU W R KHRH B RAMBFYO\G DP R C
EHDFFRUGLQJ WR WKH SXUSRVH LQWR WKH ER®\RDWKLWKH
DSSOLFDIWKEQ HG SRURXV LQR U YBEHHQP ®WHIWBOHE\WKRD W F K
ZLWK WKH UHJXODWLRQ FULWHULRQW KRIE R UB\KMHFWFR O |IRUP
DQG PHFKDQLFDO VWDEUOLW! $&GHR ®RJ L. OW OHF RD\GH VRILR Q \
PHVRSRURXV PDWHULDOV WKH PDWUL[ RI SREKBVY EBEEH RU.
XVHG WR DFKLHYH D VXVWDLQHG FRQWUROOHGXBLLDEKOVHG
DUHD WRJHWKHU ZLWK WKHLU ODUJH SRUH YRRODOPEH. @DWH E|
RI SRRUO\ VRO XEEIRZ GHIYVLW\ DOORZV WKHP WR IODW LQW
WUDFW DQG SURORQJ WKH JDVWULF UHWHQWR R Q RR GRQIDD] C
SRURXV PHPEUDQHV RU FRDWLQJV RI WK RKV M SAHOPW HFL B RV HF
VLIHV WR FRQWURO GUXJ UHOHDVH LQ HOXWLQJ GHYLFHYV
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7R DFKDHYRIRBUULHU WKH K\EULG PDWHULDOV DQG RU V
VLOLFD PDWHULDOV FDQ RIIHU JRRG VROXWLRQV GXH WR
LPSRUWDQW DPRXQMWQRLUSDAWDYIE SVKHLU DELXQIEMHBARH FR Q \
WKDQNV WR WKH H[WHUQDO, QRAR LVQKALWU QBDI® HDWERX@LOLF
PHVRVWUXEMWXSUHVSDUHG IURP RUJDQL]JHG PROHFXODU DVV
ELRFRPSDWLEOH FRPSRXQGV XWDNVNQVXRIDEMWSKRD D@ G( /0
RUVRSURS\O 0O\ULVWDWH OOWBVIRLOUH UHSRUWY WKH DGYD
(/ .(/ DV VROXELOWRIDXEOHI IFRP S RO GYD MMDPLQV DQG
K\GURSKRELF GUXJV VKRZLQJ JRRG FRPSDWLELPWW\ ZLWK
7KLV DVVHUWLRNMXFRRWINYIDDL AP BDWSDWB G M /RWP\ WWKHHP V
WKDW ZLOO DFW DV WHPSODWH WR WKH L U 7KH WHQHUKBIS S O L F
RI K\EULG PDWHULDOV FROEERHRLVWWKH\ \DRGGG WKH XVH RI
PROHFXOHY DVVHPEOLHV DV IUDPHZRUN WHPSODWHYV

,QWR WKLV LQKHV\NWARVIMRIGRFHWEM VWXG\ RI ZDWHU
VI\IVWBOG WEKHMSDUDWLRQ RLG LRO\WBQ/IHBMMEQFH RVIPQFHOOHV
WKH &RRSHUDWLYH 7HPSODW LTKHQHWHKBIQILY FO X&7@FH RI WKH
RI DORO 1 RU ,VRSURSDO/ ORAMY W DWDRIGI ' KH FRUUHVSRQG
WUQDU\ SKDVH GLDJUDPV ZHUH H\QWULDO®RY B MERKTVH QR QW K H F
DOORZHG WR REWDLQ W\EUWBRRD® RWLABW®D X 7THPSODWH OH|
/&7 ,QNKH IRXUWK FKDSWHU WKH KLHUDUFKLFDO SRURXV VL
WKH 30XURQLF 3 PLFHG\CKIHU | V@ B XMPLRXQ/ IDRQBY IRUPXODW
VIVWHP .(/ ZDWHWHYLBRRVRDYW LQIRUPDWLRQ DERXW WKH
GHJUHH EHWZRH@XWKHFWD QWY WKH V\VWHP .(/ 3 ZDWHU
GHWDLO

JLODOMX\H ILIWK FKDSWHU LV IRFXVHG LQ WKHB VWXG\ F
K\GURSKRELF DFWEKXH SHW RE UK CHICR \DA/RD P R G HLOD &R XW K H
K\EULG PDWHULDODQ GGWYHOROHBVY GLIIHUHQWD BRRXG\L. WLRQ
VIVWHPV DV PLFHOOHV ILQH HPXOVLRQV DQG FRQFHQWUDW
ZDV VROXELOL]JHG ZHUH XVHG IRU WKH K\EULIGFPDWHHWGED OV
RXW IB@6BXIIHUHG UHFHSDWR US ¥ RQ XO/GLARQV L BQ R W.KBHHWH D U
FRPSDUHG ZLWK WKRVH REWDLQHG LQ DFLGLF FRQGLWLRQ)
FRQGLWLRQV LQ WKH VWRPDRKG(Y R D WXDOD®CARHROH RI
PLFHOOHV RI 30XURQLF EORFN FRSRO\PHU 3 LQWR WK
IROORZH® KH ODVW SDUW WKH HYDOXDWLRQ RI WKH WR[LFL
DQG WRMLOLVDWWHIPN FDUULHG RKMOWMNMUR XKH FHIOD V
FXOWXKIHDKUBN SHFLDO W\SH RI FDQFHU FHOOV
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$LP RI WKH WKHVLYV

7KH SURSRVHG VXEMHFEW IDOOV XQGHU WUKHVHDQH KD O V
JURXS VHYHUDO \HDUV DJR 7KLV VFRSH DLPV WR@ODERUD
RI VWUXFWXUHG SRURXV PDWHULDOV LQ UHODWLRQ ZLWK R
IRU WKH SUHSDUDWLR® X0 VIRQAXNGVLQLEDGHU WR FRQWUR
RIWKH PDFURSRUHV LQ WKH KLHUD WPRUHBPBHIH\S RUR XM QPD W
DGYDQWDJHY RYHU RWKHU WHPSODWHY VXFK DWWRH FDSD
K\GURSKRELF PROHFXIOHYOTKADIWLERWHUHVW LQ WKLV UHVH
GUXJ GHIURMUK\EULG PDKMHFBKLDON WKH VLOLFDWHG PDWHUL
WKH LQQHU RUJDQLF SKDVH ZKLFK FRQWDLQ WKH DFWLYH L

7KH ILUVW SURKRRBUWER® WN]H WKH VIVWHPV DV PLFHOO
ILQH DQG FRQFHQWQDRWHGHGRPX BLIRFRPSDWLEOH FRPSRQF
.ROOLSKRU (/ OMNJQVROURS\O ®QBVWHRHDILUVWHS LV
SURSRWHSGIWFULEH WKH EHKDYLRXU RI .ROOLSKRAKH/ LQ ZC
SKDVHV REWIKINgKIE VHFRQG JRD OWKRHUVWXSRAG WWRH DGGLWL
RI D WKLUG FRPSRQHRQWRBWY RS\D \RQWRVIMH .ROOLSKRU :
VIVWHP GHWKHKERMMWN FRYGLWLRQV IR LL QK B QRUPRQFHR@WRID \
HPXOVLRQV DV ZHOO DV DQ LQ GHSWK FKDUDFWHUL]DWLRQ
WKURXJKRXW WHKHL B LODHQDOL]DWLRQ RI WKH VI\VWHPV ZLOO
2QFH NQRZLQJ WKH RHKADKH. .ROOLSKRU LQ ZDWHU DQG LW\
ELRFRPSDWLEOHV RLOV LV SURSRVHG WR VWXG\ WKH V\QF
RUGHU WR SUHSDUH WKH SRURXV VLOLFD WHPSOWWHG E\ V
DQG 3 PLFHOOHV WRFREMDA@\ SIRHURXV VLOLFD PDWHULDO!
2QFH WKH V\QWKHVLV FRQGLWLRQV Rl PDWHULDDV FDQ E|
PDWH GLHHOSFBEDUDFWHUL]JHG LIV W VWWRRANDRIVE/OKIL W R RV HD U F K )
GHVLJQ D QHZ GUXJ GIHRLPY KUE WM\GOWDEDHH® LQ ELRFRPSDW
FRPSRQHQWYV

7KH GUXJ GHOLYHU\ VAVWHP ZLOO EH DFKLHYHG E\ HQ
PROHFXOH * HWRBQRYNGXBQY®lI WKH UHOHDVH SURILOH ZL
. HWRSURIM@ &LV D SRWHQMN RRMROODPPDWRU\ GUXJ 16$,
SRVVHVVHV DOVR DQDOJHVLF DQG DQWLS\UHWLEF SURSHUW
VROXELOLW)\ ZLRMUKPD S.D YDOXH RUHVFULSWLRQ NHWRSU
XVHG WR UHOLHYH WHQGHUQHVYV VEHRWOWE R DOV M LM HV
FDXVHG E\ D EUHDNGRZQ Rl WKH OLQLQJ RIWYLKH DVRA QWL LT
FDXVHG E\ VZHOOLQJ Rl WKH OLQLQJ RI WKH MRH®@ WAR .HW]
UHOLHYH SDLQ LQFOXGLQJ PHQWW BN DRUBDR) GXDILQ WK [P\N G
SHULRG ,W ZRUNV E\ VWRSSLQJ WKH ERG\ V SURBWFWLRQ |
FDXVHV SDLQ IHYHU D&QRDIFFILRIAPDWLRQ
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7KH UHOHDVH PRHFWBQVYWAP GURSKREUFOPRPIS RQHAIWWLJID
LQ GIHMD RUGHU WR SURSRVH WKH SKDUPDFRNLQHWLF PR
SKHQRPRIGDXJ GLVVROXWLRQ LQWR GLITHUHQW FRQGLWLRQ'
WR VLPXODWH WKH FRQGLWLRQV RMKWKH RDY V¥ US®QEVH VYW D(
FROODERUZDWK WKH SKDUPDFHXWLFV JURXBUBEKEBORLCHVVRU |
DW WKH 8QLYHUVLW\ RI %DUFHORQD

,Q WKH ODVW S D UWK HR IVWR K IL R AWWQRE KMHRHLEWBBUULHU YV
ZLOO EH GHEWHIHPU RHUE WOUNRH \RWW U +H/D +FHHD CAHOOV DUH D
VSHFLDO W\SH RI FDQFHU FHO OLO G HGDJHD®RE® W \K DZYLHN K URIRHY
FRSLHV RI PDQ\ FKURPRVRPHY D QRUPDO FHOO FRQWDLQV
+H/D FHOOV FRQWDLQV  WR VRPH RV ZKXH KV R UWHK PIXMKIP\D |
3DSLOORPDYLUXV +39 WKH FDXVH RI QHDUO\ DOO FHUYLFI
ZDV WKH ILUVW KXPDQ FHOO OLQH HVWDEOLVKHEGOBMMKDW JU
FRXQW LQ RQO\ KRXUV PDNLQJ WKBB LGH. N OF HROUD CFDXDMAX
FKDUDFWHUL]JHG WR EH KLJKO\ UHVLVWDQW WR DBRSWRVL)
WLPHV 7KLV SHUIRUPDQFH FDQ EH H[SODLQHG E\ WKH HJ
WHORPHUDVH WKDW UHEXLOGV WKH WHORRMHBHVYSHIWXROH C
SUROLIHUDWLRQ :IWIGP@O WKHVH FKDUDFWHULVWLEV +H/C
DV D SRWHQWLDOO\ PRUH VHQVLWLYH ELRDVVD\ RUJDQLVF
SURWHFWLYH WLVVXH 7KH WR[LFLWYIROCSEBBOYBRNIGDUUL!
UHVSRQVH RI WKH ELRDYDLODELOLW\ LQ WKLV FXOWXUH
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EKDSWHUQHUDOLWLHYV

7KLY FKDSWHU EULHIO\ H[SODLQV VRPH QRWLEF
XQGHUVWDQGLQJ RI WKHWHWIHMORSPHQW RI WKLV

7KH ILUVW SDUW |IBHXN\FRI\V.BRAQVRBK FGLITHUHQW W\ S
VXUIDFWDQWY WKDW DUH FXUUHQWO\ NQRZQ DQCGC
LRQLF QDWXUH RI WKH ELRFRPSDWLEOH W\SH

7TKHQ WKH VHFRQW LIWBPUHGEDONVUHPEOLQJ FKDUDFWH
RI VXUIDFWDQW PROHEBXNOBDQLIRQRZE®ODDWH PV
206

7KH WKLUSUISOM®W SRURXV PDWHULDQO®6 SUHSDU
SUHSDUHGQRQWRWOXFIDFWD QWW XBWXULQJ DJHQW
LOYROYHPHQW RI VXUIDFWDQW LQ WKH IRUPDWL
SURSHUWLHYV ARPG IDOPMWMMID DSSOLFDWLRQV

,Q WKH IRXUWK WMKEH OBVWLFDWAERQ RI WKHVH SR
DV FDUULHUV IRU WKH UHOHDVH RI GUXJV LV KLJ
W\SH Rl UHVSRQVH REWDLQHG LQ WKH UHOHDYV
DFFRUGLQJ WR WRHLPOWDWLEIDO DV WKH DSSO
NLOQHWLF PROGHOXWMIGDWR GHVFULEH WKH EHKDY LI



6XUIDFWQO® WKHLU 2UJDQL]J]HG OROHFXODU 6\VWHPYV

6XUIDFH DFWLYWHWXDDHQWW R ZQV DIVUHXDPBKWSIQMM.F PROHF
GLYLGHG LQ WZR SDUWV D PRLHW\ WKDW KDYH DQ DIILQ
K\GURSKLOLF SDUW NQRZQV DV 3KHDG JURX®RPNKDXFIQRUP
DV 2 6 3 RU1 LQFOXGHG LQ IXQFWLRQWROHUWRNKS VD¥EXEK D
VXOIDWH VXOIRQDWH SKRVSKDWH DPLQH DPLRRLHMWE 6L
WKDW KDYH DQ DIILQER\ODWREZPRISRXQBQY K\GURSKRELF SDU
SWDLO JURXS’ FRPSRVHG JHQHUDOO\ E\ RQMO REKVIHY HUL
VRPHWLPHV ZLWK KDORJHQ DWRPV DQG HYHQ D IHZ QRQ LR
7KH K\GURSKRELF FKDLQ FDQ EH D VLQJOH GRXEOH
K\GURJHQDWHG SDUW EXW LW PD\ EH DOVR DDI®XRWRFDUE

&ODVVLILFDWLRQ RI VXUIDFWDQWYV

JURP WKIRHWRFLDO SRLQW RI YLHZ WKH VXUIDFWDQWV DU
WKHLU XVH KRZHYKQLADAGPDW&H MHRQWLILF DVSHEW WKH FC
DFFRUGLQJ WR WKHLU KDEURISHKL OKFH MXHQBWAWD QWY KDYH V
W\SHV\GURSKLOLF JURXSV DQLRQLF DFPSWRRWHDFORU 5ZLWWH

TKHFDWLRQLF VRUHDBRPODWLNVY HO\ FKDUJHG $ YHU\ ODUJH
FDWLRQLF SDUW FRUUHVSRQG WR QLWURJHQ FRPSRXQGV
TXDWHUQDU\ DPPRQLXPV ZLWK RQMHRIRWKH DPIOUIWNDO WRIH RK
FRPLQJ IURP QDWXUdD® DODWW\ DFLGV

7KIDQLRQLF VXDUMF&DWQMRELDWHG LQ ZDWHU LQ DQ DPSKI
FDRPLZKLFK LV JHQHUDO DQ DOFBOLKH HMDWQDIW\ DPPRQL
7KH\ LQFOXGH DON\OEHQ]HQH VXOIRQDWHY G H VOHDWHIQ W V
IRPLQJ DJHQWON\GL VXOIRVXFFLQDWH ZHWWLQJ DJHQV
GLVSHUVDQWY HWF $QLRQLF VXUIDFWDQWY DFFRXQW DE
6DODJHU

,QWR WKLV ZRUN WKH LOQWHUBGRQLRIQQG ¥ N U RASR/IBEMQ W
FORVH DERXW RI WKH ZRUOG SURGXFWLRQ 7KH PRVW FR
WKRVH EDVHG RQ HWK\OHQH R[LGH UHIHUUHG DV HWKRI]\C
VXUIDFWDQWY GR QRW LRQL]JH LQ DTXHRXV VRAXWILR® EHFI
GLVVROHD VXFK DOFRKRO SKHQRO HVWHU RU DPLGH 7DGL

$V D SDUWLFXODULW\ WKH QRQLRRULFNIVKROD PWBHMO
FRQFHQW&EAWOLRRIXW WZR RUGHUV RI PDIJIQLWXGH ORZHU WK
DQLRQLFV ZLWK WKH VDPH DONIBUFEHOARUGCGHQIWKR WKH OLWE
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WHKVH VXUIDFWDQWY DUH FODVVLILHG LQWR HLJKW PDLQ JL
DQG

$ $OFRKRO HWXRR®DAMEY E\ HWKR[\ODWLRQ RI D IDWW\ FK
GRGHFDQRO $ W\SLFDO H[DPSOH LV GRGHF\O KH[DR[\HWK\O
7KH VROXELOLW\ RI WKLV W\SH RI VXUIDFWDQW GHSHQGV E
WKH QXPEHU Rl HWK\OHQH R[LGH XQLWV LQ WKH PROHFXOH

%$ON\O SKWBRDOKWMM VXUIDFWDQWY DUH SUHSDUHG E\ UF
R[LGH ZLWK DSSURSULDWH DON\O SKHQRO 7KH PRVW FF
QRQ\OSKHQRO KDYLQJ D JRRG GIWMKSHBHVYRRG QSNIRDSEHOAWW IR
WKHUHIRUH KDYH EHHQ UHPRYHG SDUWLDOO\ IURP WKH PDL

& )DWW\ DFLG HWKR{\DDMWISWRGXFHG E\ UHDFWLRQ RI HWK\
IDWW\ DFLG RU D SRO\JO\FRO DQG K D Y8H &WKHy+J HHGKHHIWBIO IR U P
VXUIDFWDQWY DUH JHQHU MWKBUWRBRR®BHKLQ XMWWY DIQG Wk
FKDLQ OHQJKW Rl WKH DFLG LV QRW WRR ORQJ

' 6RUELWDQ HVWHUV DQG WKHLU HWKR[\ODWHG GHULYDWL"
)DWW\ DFLG HVWHUV RI VRUELWDQ 6SDQ DQG WKHLU HWKI
WKH PRVW XVHG QRQLRQLFV VXUIDFWDQWY LQ IRRG DGGLWL
SUHSDUDWLRQV 7KH 6SDQV DUH SURGXFHG E\ UHDFWLQJ VF
WHPSHUDWXUH ! f& $IWHU WKH UHDFWLRQ ZLWK D IDWYV
KDWKH QH[W VWUXRWWKBOUHRUPXOD

J)LIXUH 6SDQ FKHPLFDO VW
JURP 3XE&KHP ZHEVLWH



( SPLMWKR[\ODWHYV

7KHVWXUIDFWDAWSYUHSDUHG E\ HWHKGDWOQRIQRRUGH WR SULPI
VHFRQGDU\ IDWW\ DPLQHV ERWKSKLEDRJIH®P DWRPV RQ WK
JURXS UHDFW ZLWK HWK\OHQH R[LGH WHKH®XWWHKH VXUIDFWD

JLIXUH ®$LQH HWKR[\ODWHG FKF
JURP 3XE&KHP ZHEVLWH

) (WK\OHQH 2[\GH 3URS\GRQPRU\GH(ER?2

TKHWAXUIDFWDQWN UHJDUGHG DV SRO\PHULF VXUIDFWI
QDPH LV PRVWOIOWQURAL BV7ZR W\SHV PD\ ERVGL S WH QD XIH\GKH
E\ UHDFWLRQ RI SRO\ R[\SURS\OHQH JO\FRO ZLWK (2 RU
FRSRO\PHU¥32r(22¢q 7KH VHFRQGVWIBSESDUHG E\ WKH UHDFWI
SRO\ HWK\OHQH JO\FRO ZLWK D 32 RU PL[HG 32 (2 Jl
32 (2p 32ZKHKQYDQBDUH YDULHG V\VWHPDWLFDOO\

* (WKR[\ODWHG IDWV DQG RLOV

5SHFHQWO\ WKH QDWXUDO IDWW\ DFLGVY KDYH EHHQ XVH
VHYHUDO LQGXVWULHY UHSODFLQJ WKH KDUPIXO DQG H[SH
DFLGYVY DUH REWDLQRG EMLGMGURP\WLRVLRXVY ROHRFKHPLFDO \
FRPSRVLWLRQ LV GHWHUPLQHG E\ WKH RULJLQIDQ®&\SURGX
DFLG DUH ZHOO QRZAMHIBWH HHMRIOHB QLF VXUIDFWDQWV ZLWK ZL
SKDUPDFHXWLFDO RUDOGKNQGKHRVWRWLF IL

$QRWKHU LPSRUWDQW FODVV RI VXUIDFWDQWY DUH WKF
ZKLFK DUH JHQHUDOO\ ELRFRPSDWLEOHY DQG KDYH EHHQ
WKDQNV WKHLU ORZ WRI[LFLW\ DAXKAHG/DWNYEH HRG YXB ROFGALDQ\V
VIOWKHVLV POWKRFEHPLFDO FKDUDFWHULVWLFYV VXUIDF)
IHUPHQWDWLRQ VXUIDFWDQWY EDVHG RQ D QDWXUDO SROI
RQ D QDWXUDO K\GURSKRELF WDLO +ROPEHUJ

%LRFRPSDWLEOH VXUIDFWDQWYV

6RFLHW\ LV LQFUHDVLQJQODIHRQFHZ®RH@BGWH ZOWRNLQJ IRU
VXVWDLQDEOH IXWXUH ,Q UHVSRQVH WKH VXVWHEHWDEOH F
Rl OHVV GDQJHURXV FKHPLFDOV DV ZHOO DV SKRGKFWLRQ
TXDOSIWRGXFWV IURP UHQHZDE OHHVAHWRER FEHNY HZKRERHQW F
VXUIDFWDQW EDVHG RQ FDUERK\GUDWHY DQG YHIJHWDEOH F
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7H FKDOOHQJH LV WR ILQG UHQHZDEOH VXUIDFWDQW
PXOWLILQFWLRQDO FDSDELOLWLHV 7KH XVH RXKKGDWRSKLOI
DPLQR DFLGMOWWIDFLGY DQG YHIJHWDEOH RLO GHULYDWLYF
VXIDFWDQWYV WKDW JUDQW WKH PLOG UHDFWLRQ FRQGLWLR
SQDWXUDO™ VXUIDFWDQWYV

7KH WHUP 3SQDWXUDO VXUIDFWDQW ™ LV QRW XQHDWELJXRX)
SODQW RU DQLPDO RULJLQ DQG WK H\SHUSFDENXFML R Q RSXUWRF HWV
HIWUDFWLRQ SUHFLSLWDWLRQ RU GLVWLOODWLRQ +ROPE
REWDLQHG E\ PLFURRUJDQLVPV DUH DOVR EHFRPLQJ LPSRI
IRU MMGEXKXLDO DQG PHGLFDO DSSOLFDWLRQV GXH WR WKHLL
WR[LFLW\ UHODWLYH HDVH RI SUHSDUDWLRQ DQG ZLGHVSU

7TKH ELRFRPSDWLEOHH ERIDGMDAQYRZ DV QDWXUDOV RQHV
VXUIDFWDQWVKK®YRISWRELF DQG KURP R KQLIDW K UDBH WRIX U F H
VXE FODVVLILFDWLRQ RI WKH QDWXUDO VXUIDFWDQWYV LQW
FKDUDFWHULVWLFV

$ 6XJDEDVHG VXUIDFWDQWYV

$ S$SONVO SROVIJOXFRVLGHV $3*V

7KH PRVW FRPPRQ VXU IDFKIDYGEHANQRY RUKEMWDSH DONDQRD
HWKR[\ODWHG VRUELWDQH DONDQRDWHYV NQRZQ ZLWK WKH )
UHVSHFWLYHO\ 7KUHH FODVVHV RI VXUIDFWDQWY ZLWK VX
EHHQ VWXGLHG DON\O SRO\JOXFRVLGHV $3*V DON\O JC
JLIXUH

J)LIXUH ([DPSOHV RI WKH FKHPLFDO VWUXFW
JURP 3XE&KHP ZHEVLWH



$*3v DUH VIQWKHVL]HG E\ GLUHFW UHDFWLRQ RI JOXFRYV
ODUJH H[FHVV RI DOFRKRO LQ RUGHU WR ®WERURWHWHYHOU R (
DUH PDGH E\ WUDQVDFHWDOL]DWLR @RV XF N KRUMWIK D LRQUDEX
JOXFRVLGH $ON\O JOXFRVLGHHBDXWHRYDE® WBW\KLGKUR®\]H
VXJDU DQG IDWW\ DOFRKRO $EDW H® G/ XRWKHW D § RO\ RODU H
OLSRSKRELF WKDQ WKMVYMHGSRRXIQWHK\OHWY +ROPEHUJ

7KH PDLQ DWWUDFWLYQHVYV RI $3*V OLHV LQ WKHLU IDYR
ELRGHIJUDGDELOGKUWWWQQGWKHVZDWHU WRI[LFIOVR[K\WL EQRVZ $*C
IDYRUDEOH GHUPDWRORJLFDO SURSHUWLHV EHL®J YHU\ Pl
PDNHWWKXUIDFWDQW FODVV DWWUDFWLYH IRU SHUVRQD!
WHFKQLFDO DSSOLFDWLRQV

$ 6XJDU IDWW\ DFLG HVWHUV 6)$(V

6XJDU IDWW\ DEFLG HVWHUV KDV EHHQ UHFHQGLOUQDW W HQV
FKDUDFWHULVWLFV &RQWHKBVIDHMDIFRROL R RABDRI K\GUR[\O IX
ZLWK D IDWW\ DFLG \LHOGV D ELRVXUIDFWDQW WKRW KDV S|
DQG SKDUPDFHR@WREBPOY 6)$(V FRQWDLQ RQH RU PRUH VD
ULQJV OLQNHG WR RQH R UDRWOWILFSLAEH FK\BIURS KRELF |

7KH PRVW FRPPRQ IDWW\ DFLGV REVHUYHG LQ VXJDU H
P\ULVWLF & SDOPLWLF & VWHDULF & ROHLF &
HUXFLF DFLG p&H] 3 6)$(V FDQ EH VIQWKHWLFDOO\ WDLOF
DSSOLFDWSRIQVEQ®W D YDULHWOLBIKRSKUREKLDMOBQFH +/%
UDQJLQJ IURMSHQGLQJ RQ WKLV YDOXH WKH SK\VLFRFKHF
VSHFLILF XVHV DUH X3HWRH WRKLHQHIG WDVWHOHVY RGRUOHV\
ELRGHJUDGDELOLW\ DUH H[FHOOHQW IRU7KRRG WRO@WNM LW R
WKHLU DQWLPLFURELDO DQG VDKIHDLWHX FGRHP RIUWR/SHWH & V W
LPSRUWDQFH IRU SKDUPDFHXWLFDID DSSOLFDWLRQV )HUUF

6XJDU HVWHUV PD\ EH SURGXFHG E\P B MW K HSD WKEZPL WD C
WKH\ ZHUH FRPPHUFLDOL]HGDVHNW R\ LOQ WWKKHE LO/IKW H v
FKHPLFDO PHWKRG LV EDVHG RQ WUDQVHVWHULILFDWLRQ
VXOIR[LGHNVKWYL@IWW\ DFLG PHWK\O HVWHU DV DFLODWLQJ
VIVWHP DW KLJK WREOBEBHDW$VUHDQ DOWHUQDWLYH VIQWKHV
WKH WOWLF DSSURDMIGRIR'G FRQWURO LQ WKH VWHUHRVI
UHJLRVHOHEWLYLW\ XIQFEHY PROWHDVEMRQIGWW WKH FKHPLFI
HQ]\PDWLF UHDFWLRQV DUH HQYLURQPHQWDOO\ IULHQGO\
GHJUHH RI VHOHFWLYLW\ DQG FRQWURO RYHU VXEVWLW)
SURGXFHG RIWHQ LQ WKH WBDQVHV V8B DRIN ADQVL BR]NQYE S D O
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2H RI WKH PRVW FRPPRQ VXJDU IDWW\ DFLG HVWHUV
DYDLODELOLW\ LV WKH VXFURVH )LJXUH 6 XFURVH LV L
KLIJK SXULW\ LWV EHLQJ VIQWKHVLVHG DV D E\ SURGXFW R

JLIXUH 6 XFURVH FKHPLFDC(
JURP 3XE&KHP ZHEVLWH

$ 6XUIDFWD QWY BBRHUHFSHDQW BWLRQ

$ $F\OSRO\ROV

7KLV W\SH RI VXUIDFWDQWY DUH XVXDOO\ IDWW\ DFLGYV
HVWHU ERQGV 7KH\ DUH DQ H[WUDFHOOXODU FRPSRXQG SL
DVO\FREDFWHULXP &RUDHBDFHWYHEDRKRBDUHLNEXUJ $
FRPPRQ H[DPSOHWINKWBRR YV H) L HYWH U KLIJKO\ XVHG LQ
SKDUPDFHXWLFDO LQGXVWU\ WHVWHG LQWR WKH PLFURSI
PHFKDQLVP RI LQVXOLQ YLD LQKDOHG 'DYLGVRQ

JLIXUH $ WUHKDORVH HVWHU Ft
JURP 3XE&KHP ZHEVLWH



$ *O\FROLSLGV

7KLV W\SH RI VXUIDFWDQWY DUH XVXDOO\ K\GUR[\ IDWW
JOFRVLGLF ERQG 6RSKRUROLSLGV )LJXUH DQG UKDPQRC
HIDPSOHV SUR&XGEGGH\ ERPEGFRWOIDXGRPRQDYV DBV XJLQRVE
HIRSURGXFWY UHVSHFWLYHO\ *XHUUD 6DQWRYV

J)LIXUH 6RSKRUROLSLGV FKH
JURP 3XE&KHP ZHEVL)

6RSKRUROLSLGY DUH VFDODEOH ELRVXUIDFWDQWYV ZLW
WXQLQJ WKH VXUIDFWDQW VWUXFWXUH DGVRUSWLRQ DQG

DOVR WKRVH VWUXFWXUHV PRGLILHG FDQ FDXVH GHSOHW
VXUIDFH .RK

5KDPQROLSLGY DUH VXUIDFH DFWLYH JO\FROLSLGV )L
SURGXFHW&HAGRPRQDV DHEXWLQR¥BQWO\ KDV EHHQ IRXQG
EDFWHULD VSHFLHV FDQ SURBXPRPWRH® DV ZHDKH
UKDPQROLSLGY UHSUHVHQW RQH RI WKH PRVW LPSRUWDQW
GLIIHULQJ LQ IDWW\ DFLG FKDLQ FRPSRVLWLRQ & & &
IRUPV & DV ZHOO DV UKDPQRVH PRLHWLHV &RVWD

J)LIXUH 5SKDPQROLSLGV FKHPI
JURP 3XE&KHP ZHEVLW
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TKHUKDPQROLSLG SURSHUWLHY GHSHQG RQ WKHLU UH
GHWHUPLQHG E\ WKH EDFWHULDO VWUDLQ FXOWXUH FRQ(
SKDPQROLSLGY KDYH EHHQ XVHG LQ YDULRXV SURFHVVHV
K\GURFDUERQV IURP FRQWDPLQDWHG VRLO DQG ZDWHU KH|
DQRG RLO VSLOOV 'XH WR WKHLU SK\WLFRFKHPLFDO FKDI
HI[ISHFWHG WR EH PRUH HIIHFWLYH WKDQ VI\QWKHWLF VXUIL
RWKHU ELR DQG RU VI\QWKHWLF VXVULDHWD QWWIRWR D R Fl
FKDUDFWHULVAMWL.H/O &RVWD

$ $F\OSHSWLGHYV

.QRZQV DOVR DV OWSXRSHBWH XWXDOO\ F\FOLF FRPSRXQC
K\GUR[\ DFLG DQG D VKRUW SHSWLGH FKDLQ %WOFPRUMXNFRP
VXEWL@®BDFLOOXV OLFEE QLURIUPRRPHUFLDOO\ WUDGHYV DV 6
NFKHQ\VUBI¥ SHFWLYHO\ )LJXUH 6XUIDFWLQ LV ZHOO
DQWLELRWLF DQWLEDFWHULDO DQWLYLUDO DQW\ P\FRS
FRQWUDVW /\FKERGWIQSXVWUG IRU HQKDQFHPHQW RI RLO
%LRUHPHGLDWLRQ (UXNH

JLIXUH /LFKHQ\VLQ $ DQG 6XUIDFWLQ
YJURP 3XE&KHP ZHEVLWH

% $PLQR DFLG DV SRODU KHDG JURXS

$PLQRDPQGVVKRUW SHSWLGHV FRQVWLWXWH DQ DOWHU
SRODU KHDGJURXS VXUIDFWIRIOWW\SHIRUW XUIDFWDQWYV FR
LPSRUWDQW FODVV RI QDWXUDO VXUIDFH DFWLYH ELR PROF}
EDVLF RU QHXWUDO DPLQRDFLGV $PLQRDFLGV VXFK DV JcC
DUJLQLQH DVSDUWLF DFLG OHXFLQH VHULQH DPRQJ RWKI
ELRVXUIDFWDQWYV WKDW DUH FRPHUFLDOOL]J]HG LQWR KXP
ZRXQG FOHDQHUV VKDPSRR HWF 3LQD]R



ORUH UHFHQWO\ KDV EHHQ GHPRQVWUVWWHE WEG W RALKSHH \
KDYH DQ HI[FHOOHQW HPXOVLI\LQJ DQG VWURQJ DRRWLPLFUR
DQ DWWUDFWLYH DRORMGHD GG ¥ YIHPIDQ ADDVH G VXUIDFWDQWYV |
SRVLEOH FDQGLGDWHYV IRU SKDUPDFHXWLFWQR® RO VRRIPML R (
O\WIEDVHG DQLRQLF VXUIDFWDQWY KDV EHHQ LQYHVWLJDW

JLIXUH "LITHUHQW W\SHV RI VLQJOH FKDLQ DP
2 DON\O HVWHUV 1 DON\O DPLGHV DC
JURP 3XE&KHP ZHEVLWH

8VLQJ D FRPELQDWLRQ RIURDDRLG L\F\ QW & HEOLRVH B UTH. ®IL@IH
VXUIDFWDQWY KDYH EHHQ VI\QWKHWL]HG E\ WKH JURXS RI ,(
LQYHVWLJDMMHPLQKENWDRQWY FRQVLVIWAHGDRIJMIZIRQH PRLHW
FRQQHFWHG YLD DUJLQLQH FDUER[\O JURXSKH\BPGIQRPLQR
VXUIDFWDQWY VI\QWKHVL]HG QU KP VRV 0L PG LRQIL QQ W R
LQGXVWU\ DQG DV DQWLEDFWHULDO DJHQW UHVSHFWLYHO\

& 6XIDFWDQWY EDVHG RQ D QDWXUDO K\GURSKRELF WDLO

& PWW\DWKGGURSKRELF WDLO

ORVW IDWAMDWWBFRBWDLQHG E\ K\GURO\VLV Rl RLOV IURP
VRXUFHV DQLPDO PDULQH DQG SOD @V P$QGE GVEH WIRH SRRMLY
DQG SURGXFWLRQ PHWKRG $QLPDO VRXUFHV BDVKODKG DQG
FRQFHQWUDWLRQWWW\VDRDGM GZKLOH PDULQH VRXUFHV
FKDUDFWHUL]HIGDEQ @R XQVDWXUHG DFLGV 6YHQVVRQ

7KH IDWW\ DFLG FRPSRVLWLRQ RI RLOV IURP SODQW VRXI
SODQW RULJLQ DQG FXOWLYDU &RFRHWRIDD QM\SH[SWOXRQMRAG
DQRQG OLQVHHG KDYH EHHQ WKH VXEMHFW RIVPWR \REWDVQE U
RLOV ZLWK D SDUWLFXODU IDWW\ DFLG SDWWSRWM ORKDQ\
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GHULYDWLYHV RI IDWW)\ D FLKEY XLWH R X R AZHHRO ML OB PPRQV
FRPSRXQ@BNFK DUH DOVR GLYLGHG LQ DQLRQLF DQG QRQLRGQ

'XH WR WKH ORZ KDUG ZDWHU VWDELOLW\ DQG KLJK VNL
VRDSV FDXVH SUREOHEDOMBBQLBIRWEHRAFRPH WKLV VXUIDF
DV. VXOIR IDWW\ DFLG.®PHW D\@G WXIDUDMWHY OLNH FRFRPRQ!
VXOIDWHY KDV EHHQ V\QWKHVLVHGXDORE QN WOV VZWLW W DG L G
DUH YHUVDWLOH SURGXFWV ZLWK PD®\ VWUXFWXUDO YDULL

J)LIXUH ORVW FRPPRQ IDWW\ C
-RKDOVV®®YHOVVRO

7KH XVH Rl SURWHLQV DV UDZ PDWHULDO IRU SHUVRQDO
EHHQ NQRZ DERXW PRUH\WKTOWION\BDWXUDO SURWHLQV DU
E\ K\GURO\VLV HLWKHU FKHPLFDOO\ RU HQ]\PDWLFDOO\
K\GURO\WDWHV DUH REWDLQHG 6XEVHTXHQW DF\ODWLRQ F
IDWW\ DELGV UHVXOWYV LQ S B R o/6HmBMWXIDNWW D O MG/ F RIGE HVR\
7KHVWURGXFWV DUH EDVHG FRPSOHWHO\ RQ QDWXUDO UDZ
IURP YHJHWDEOH RLO DQG WKH SURWHLQ RU SUGWHLQ K\
WKH VXUIDFWD RWXRRO BEXGOBUH ZLGH®KKWHMEQ GDUH
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JLIXUH &KHPLFDO VWUXFWXUH RI SU
IDWW\ DFLG FRQGHQVDWHYV
(06 KDWWRU\

$SSDUW RIFWRBHQW VNLQ FRPSDWLELOLW\ ZLWK DQ H[FF
FOHDQLQJ LQ FRPELQDWLRQ ZLWK RWKHUKWXQHDEWDRWY O
LQVWDQFH HYHQ VPDOO DGGLWLRQV RI WKH DF\ODWHG SU
FRPSDWLELOLW\ Rl R\®BKHDUWWRIUDFWDQW YV

& 6WHURO DV K\GURSKRELF WDLO

6WHURO EDVHG VXUIDFWDQWY DUH RI LOWHUHVW EHFL
JURXS RI IXOO0\ QPDRAWRNYW RURODIMQDUH VWHUROV RI SODQW R
LV OLNH WKDW RI FROHVWHURO 7KH VWHUROV FRQWDLQ D
HWKR[\ODWHG 7KH DOFRKRO LV VWHULFDOO\ EORFNHG DQ
LV QRW VWUDLIJKWIRUZDUKGH MMPHIWXUH RI D UHSUHVHQ\
HWKR[\ODWH LV LKREZQ LQ WKH

J)LIXUH % 6LWRVWHURO HWKR[\ODWH
JURP 3XE&KHP ZHEVLWH

+\GURSKLOLF OLSRSKLOLF EDODQFH +/%

obQ\ DWWHPSWV KDYH EHHQ PDGH WR FRUUHODWH VXU
HIHFWLYHQHVY DV HPXOVLILHUV WKH PRVW VXFFHVVIXO C

SURSRVHG E\ *ULITUQI LA JRU WKH DONR[\ODWHG QRQ
& (2\ 7DWBGRV TKLWMORXODWHG DFFRUGLQJ WR WKH IR
*.$ Ltr O Ui aaaU&BQ

¢cPaeladobclU



ZHUHRXxQ i pFwBROHFXODU ZHLJKW R WksHrVYiXRRD AWXQMN IZHE JK W
RGNVKH K\GURSKLOLF SDUW RI WKH VXUIDFWDQW

7KH +/% QXPEHU IRU D JLYHQ GDWD Rl DPSKLSKLOLF FF
DQGHD DERXW WKH VHTXHQFH RI WKH VWBBIVXSIBGIN WKDW
VXUIDFWDQW WKDW VKRZV DQ +/% FDOQREP IBEDNVVYH HG D
VWUXFWXUHV DQG HYHQWXRO MQOD/PHD®DOKNHSKDWHH VXUIDI
FRQVLGHUHG DV K\GREBKBEEW NI FVKHWEKIEV W % 1Y D O X H
EHWBEQ WKH VXUFDFRWBDK)WRQVLGHUHG DV HTXLOLEUDWHG
REWDLQ G IUHYHWWHIGEWXUHV LQ WMHE ORPH-WLPH

2UJDQL]J]HG OROHFXQD®& 6\VWHPV

7KH LQWHUDFWLURY DFPRELD RWKHUV WKH PRVW LPSRUWD
FRQVLGHUHG LQWR WKH DJJUHJDWLRQ QMWHUDFMLBW BYHIQ
W K D Q N\H MR/ R F LOKH.GRRP H Q D L ¥ KALRFKS HUDAKDYQR @B VW DU W V
DWFHUWDLQ FRQFHQ WO®AWIEM) OMHKIHO \RFOWFLHRIDN &D &/ LR Q
IRZDWWRIOXEOH VXRUOBREZWD®H WDIBKHWLFDO $JUHIJDWLRQ &RQF
&$& IWKH VXUIDEWID @WSWRSKRELF FKDUDFWHU

7KI0&DQG +/% DBPRWWKHPSRUWDQW ARK DVUXOUA W) AR B\QW/LVF
WK8D& RU &MKH VXUIDFWDEODWRRDHFIOHQJI WR JLYH ULVH C
W\A\SHV RI DJJUHJDWHYV DV LQ@®H S H QUGHIIDHARIHGY/\K HWLXHM D FW D Q
PROHFXODU ¥KHXFWKXUFRQFHQWUDWLRGHNUR R ZGWIKH UPHEW O
W\SHV Rl DUUDJHPHQWYV Z$SHD EML GIL WYBRGKDE FU\VWDOV
=DQD 5

,Q WKH FDVH RIVRGXEDBWHID LIWVKWIQRRALY FRP S RK®IG V
PROHFXODWVWREERMHYHWER QMKH IROORZLQJ HYROXWLRQ DF
VXUIDFWDQW FRQFHAWUDWLRQ 7KLV VHTGHQFWKHY
SDVVDJH RI GLUHFW SKDVHV ZKHUHYDWKHU B P8 X UKL QQRV RL
DSRODHWIHXP WKWRKXHIWEYHUVH SKDVHVY FRXUYDWXUH WXUC
SDVVLQJ IRU D ODPHOODU SKDVH ZB(HUH ]|WHRXBRXUYDWXUF
%L]H

,Q DG GWW LVRIQH VXU IDFW D QW/WHRFCSFHHUIDMAKBIGAR B I® B O/\R U
IRU WOMWLDWLRQ LQ WKH FXUYDWXUH RI WKH LQWHUIDFH
K\GURSKRELF YRRPDLWWRIOXEOH VX UWX ERRGMW HQWBDWLRQV

Z D WHHRJU U H V SIRRQRG) W RQ X R X WKHHGR. XPUHJDWHYV IRUPHG DUH UHI
GLUHFW K\GURSKRELF SDUW DW FRUH Rl WKH VWUXFWXUH
ZDWHU ZKRVH FXUYDWXUH LV GHILQHG DV SRVLWLYH

206 DUH YHU\ XVHIXO ZKHQ HIIRUWYV DUH EHLQJ PDGH WHF
WRDUU\ RXW UHDFWLRQV LQ ZDVHIQW DI G- RVRG ZR U R QAL WKL 1D |
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SRVVHV D ELJ QXPEHU RI DGYDQWDJHVY VROXELWL]DWLRQ
QRUPDOO\ VROXEOH LQ WKH FRQWLQXRXV SKDVH ORFDOL]
DPRQJ RWHHERY

206 DUH YHU\ HIILFLHQWVMVRIUVWRH DBSBQFBWHIPRQYWU\ SUL
DQG DUH FRQVLGHUHG DV D GRXEOH EHQHILFLDO LI DUH ED\
$ YDULHW\ RI VI QWKHKWYH BHBEWERQIRUPHG LQ 206 IRU
DJJUHIJDRILIR@QELYLG XD Q WPIDMH FXG WM\ U K FWPSWDHRMHG WR IDFLO
FKHPLFORFHVVHIDUIB G&HSDUHG GLVVROYLQJ DPSKLSKLOLF P
RUJDQLF VRIONWWK WNHID \VWHPV PDA EGIWVRS W/ ZR OHYHOV RI1 L

VWXGERROIHFXODU DJJUHJDWHW Y QLGY W KKIRD/AMW L R Q V

JLIXUH 6FKHPDWLF UHSUHVHQWDWLRQ RI 206 IRUPDW
FRQFHQWUDWLRQ LQ RLO DQG ZDWH!
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6\VWHPV WKHUPRG\QDPLFDOO\ VWDEOHYV

‘KHQ WKH FRQFHQWUDWLRQ LV ORZ WKH ZDWHU VROXEO|
DLU ZDWHU LQWHUIDFH RU WKH PRQRPHHYHMEH R @ REWE® H] |
VWUXFWXUH Rl WKH PROHFXOH :KHQ WKH FRQFHQWUDWLRQ
QULWLFHDOWIBRQFHQWUDWLRQ &0& WKH\ IRUP PLFHOOHYV
RQ WKH K\GURSKLOLF K\GURSKRELF FKDUDFWHU Rl WKH VX
LV WKH VPDOOHU WE&& :KEQXMKRI WHMRFRDFEOH LQ WKH ZD)\
IRUPJJUHJOWRK FHUWDLQ FRDEWRMWUBWLEWNVY UNQREQO
$JJUHIJDWLRQ &RQFHQWUDWLRQ &$&

OLFHOOHYV

7KLV VA\VWHPVY DUH IRUPHG ZKHQ WKH VXUIDFWDQW FRC
WKH\ PD\ DOVR H[LVW IURP FRQFHQWUDWLRQ RI OLFHOO
PXFHOOHWQG WIRRWHG LQ RLO SKDVH DUH UKMHRRAHHWLFHC
RQ WKH VXUIDFH ZKHWKHU LW LV K\GURSKLOLF RU K\GURS
WKH LOWHUDFWLRQ EHWZHHQ WKH (PRMRIP)SHD IV QEOW K B FF\R K HA
GLUHFW DQG UHYHUVH PLFHOODU VROXWLRQV DUH WUDQVS

7KHUH LV D WKLUG W\SH NRQRZF HIDO E U F S/QUWIDX R X V
GHVLJQDWHRUDASRQJH SKDVH ,Q WKLV SKDVH WKH PHGLXP
FRQWLQXRXV QHWZRUNV VHSDUDWHG E\ D ELOD\HU RI VXL

7KLV SKDOML GVW QG XVXDOO\ VKRZV VKHDU ELUHIULQJH
SRODUL]JHGE DAUK W

JLIXUH 6FKHPDWLF UHSUHVHQWDWLRQ RI WKH GLI
$ 'LUHFW PLFH®OHYVYHUVH FLRHOOWRQWLQXRXV SKDVH
$QGHUVRQ



OLFURHPXOVLRQV

KHQ RLO LV DGGHG LQWR WKH GLUHFW PLFH®ODU VRO.
UHYHUVH PLFHOODU VROXWLRQ WIKHVR RWKARWRKAD WHHQJOBIWH V R
DRG WKH GLUHFW RU UHYHUVH PLFURHPXQWRRQV DSSHDU
OLFURHPXOVLRQV PD\ EH FRQVLGHUHG DV VZROOHQ PLFHOO
VROXELOL]HG LV VORZ 7KH 2 : PLFURHPXOVLRQV FDQ FRC(
VROXELOL]H OLSRSKLOLF PROHFXOHV DQG WKH : 2 PLFU
TXDQWLWLHYVY RG DTXHRXV FRPSRXQGV

6HYHUDO SK\VLFDO PHWKRGV PD\ EH DSSOLHGRWR FKDU
GHWHUPLQH WKH DJJUHJDWH VWUXFWXUHYV FRQGXFWLYLW
OLIJKW 6FDWWHULQJ 6%$16 RU 6%;6 YLVFRVLW\ DQG 1XFOHD!
DUH WKH PRVW XVHG

/ILTXLG FU\VWDOV

7KH IRUPDWLRQ RI OLTXLG FU\WVWDOV LV WDNLQJ SODFH Z
LQFUHDVHG WKRVH OLTXLG FU\WWDOV KDYH ORQJ UDQJH
PHVRSKDVHV FDQGHBIQRR®IPHQVLRQDO

$ 'DPHOODU SKDVH

7KH ODPHOODU SKDVH . GHW {UK®DWRQGQGVRDVWY RI VXUIDFW
ELOD\HUV DOWHUQDWHG KEYV ZDKDH/WH QU\HWUWDQVOXFHQW D (
DQLVRWURSLF 7KLV SKDVH DSSHDU XVXDOO\ DW KLJKHU

KH[DJRQDO SKDVH 7KURXJK D SRODUL]HG OLJKW PLFURVF
W\SLFDO ODOWHVH FURDXJXWRQO\ VWUHDNYV

Hydrophilic part

Hydrophobic part

J)LIXUH 6FKHPDWLF UHSUHVHQWDWLRQ
/IDXJKOLQ

00



% &XELF SKDVH

7KHUH DUH WZR W\SHV Rl FXELF PLFHOODU SKDVH PLF
DUH FKDUDFWHUL]HG E\ WKHLU LVRWURS\ 7KH FXELF OLT
GLPHQVLRQDO VWUXFWRURMG)EYXMBKHULFDO RU F\OLQGULF
$FFRUGLQJ RIRWW®KMRKY SKDVH DTXHRXV RU ,RRQ\ FDQ EH
UHVSHFWLYHO\ $QG WKH\ FDQ EH RUJDGHOWHDORQRUD
ERG\FHQWHUHG3P\PPBWU\WP P 2WKHUZLVH WKH ELFRQWLQX
SKDVHV 9 9 DUH DV WKHLU QDPH VXJJHVWV WZR LQWH!
VHSDUDWHG E\ D ELODAH®CRI VXUIDFWDQW

J)LIXUH 6FKHPDWLF UHSUHVHQWDWLRQ RI D
ULJKW DQG D PLFHOODU FXELF SKDVH OHIW
"X

& +H[DJRQDO SKDVH

$ KH[DJRQDO OLTXLG FU\WWWDO FRQVLVWV RI F\OLQG
GLPHQVLRQDO KH[DJRQDO RUGHULQJ ,I WKH VXUIDFWDQW
WKHLU KHDGV WRZDUGV WHKKN GROMAVY XRIXVIRQ®IO{ BXIOW H  +
WDLOV DUH WRZDUGV WKHYRAROWIULQYXHRKM[BBHREQ RPKRKBIVH +
SKDVHV DUH RSWLFDOO\ DQLVRWURSLF 7KH\ KDYH D PRV
WKURXJK D SRODUL]JHG OLJKW PLORURMHRSH 7LGG\

A B C

J)LIXUH 6FKHPDWLF UHSUHVHQWDWLRQ RI D KH[D
$ 6FKHPD PRGHO % 8VXDO DVSHFW XQGHU 3RODUL]HG OLFURYV
SRODUL]HG OLJKW

onf



SKDVH EHKDYLRXU RI QRQLRQLF VXUIDFWDQW

7ZKHLPSRUWDQFH RI +/% QXPEHU IRU WK8& VROXDWMWROQWYV
PHQWLRQHGREGIRRAYHYDOOWMPHOODU DQG LQYHUVH SKDVHV D
,Q FRQWUDVW ZKBIWHWKH WHH VHTXHQF\/LVQY IXQFWLRQ RI
WKH VXUIDFWDQW FIRYGHRH QWSFPRURBQ QJ WR WKRI+AWKH)XPEH
VWXGLHG VXMXIVFWD GBUW RISWHKWH@WH G LR WHKOHQ | EHX U H
REWDLQHG LQWR WKH H[SHULPH& W D@ FKIDX$H UD W X U H

J)LIXUH GHDO SKDVH EHKDYLRXU RI D \
IXQFWLRQ RI LWV +/% QXPEHU DQC
OLFKDX]

6\VWHPV NLQHW\LFDOO\ VWDEOH

(PXOVVLRQ

(PXOVLRQNPDUMXUH RI WZR LPPLVFLEOH OLTXLGV W\S]
KRPRJHQHRXV DW PDFURVFRSLF VFDOH EXW KHWHURJHQHR
WKH PL[WXUHV RI RLO DQGVZIAXHILDBWB QR WVWWNEE®DE WR VW
PLIWXUH 7KH VXUWUM PMRDOQRZ B OHKH VXUIDFH WHQVLRQ EHW
DQG WKH FRQW L QXYRRWL © B DAVKIHG URRUSROCHMLR Q

TKHDWWZR W\SHV RI MKRDOLRRYDWHU 2 : HPXOVLRQV

IRUPHG E\ RLO GURSOHWY LQ D ZDWHU FRRMWLQXRXV PHC
HPXOVLRQV ZKLFK DUH IRUPHG E\ ZDWHWPHULRB8OHWY LQ DQ
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J)LIXUH 6FKHPDWLF UHSUHVHQWDWLF
/HIVE : HPXOVISRQKW2 HPXOVLRQ

$V HPXOVLRQV DUH NLQHWLFDOO\ VWDEOH FKDQJHV RI W
'XH WR WKH %URZQLDQ PRWLRQ JUDYLW\ RU PHFKDQLFDO
FROOLVLRQ SKHQRPHQRQ RFFXUV FRQVWOHWRPXONQRQ W
GHVHVWDELOL]DWLRQ XQGHU GLIIHUHQW PHFKDQLVPV

7KHUH DUH IRXUWPBSWWHWDRMW PHBKDRUQPVVHGLPHQWDWL
IORFFXODWLRQ DQG FRDOHVFHQFH 7KH GLIIHUHQFH LQ GH
GLVSHUVLQJ SKDVHV LV DW WKH RUYIQW QWRRFU HDPHMPLDQ G
PLJUDWLRQ RI GURSOHWY IURP WKH GLVSHUVHG SKDVH XSz
PLJUDWLRQ Rl GURSOHWY GRZQZDUGV 7KH IRUFH GULYLQJ
VL]H WKH GLIIHUHQFH LQ GHQVLW\ EHWXHHQ WKH WZR SKD

, I/ WKH GHQVLW\ LV KLJKHU WKDQ WKDW RI WKRJGLVSHU\
2WKHUZLVH WKHUH DO RHRA®BHWWODWLR QVKH DJJUHIJDWLRQ F
DOWHULQJ WKHLU SK\WLFDO SURSHUWLHV VL]H VKDSH
FRDOHVFHQFH LV WKH DJJUHPHW MR IRIUBG URBOWHWVGCGWREBW H
SURFHVV LV LUUHYHUVLER®H RQ WKH CGDVXLB\KDLW VOLIJIKWO\
RWKHU D WKLUG DJLQJ SURFHVYV PLJKW WDNH SODFH WKH
W LVSWRHHVY RI JUDGXDO JURZWK RI WKH ODUJHU GURSOF
RQHV GXH WR PDVV WUDQVSRUW RIWRXEHOHR QWLIHRXHGSS
WKLY SURFHVV LV DFFHOHUDWHG ZKHQ WKH GURSOHWYV DUF

1IDQRPXOVWVLRQ

1DQRPXOVLRQV NQRZQ DHPXOVRRQFLQXOWUDILQH HP:
VXEPLFURQ HPXOVLRQV DUH D VSHFLILPLNIUR® HWXOVEBRS\WOI
VLIWKDW FDQ EH UHODWLYHEQPERDARG\LVEKHVBUYRSOHWYV R
HPXOVLRQ KDYH D \DIQH VRIPO OXHW WK WKHLU FKDUDFWHULV

a7



HPXOVLRQV KDYH D WUDQVSDUHQW RU EOXLVK DVNISRHEW DQG
RU FUHDPLQJ EHFDXVH LW LV SUHYHQWHG E\ WKH EURZQLD!

&ROORLGDO GHOLYHU\ V\VW RN FEQW HREP @ \BLERFQR B )X
LQFUHDVLQJO\ EHLQJ XWLOL]JHG LQ WKH IRRG DQX® BWBIUPDF
SURWHFW DQOLGRCGKYBUF ELRDFMWQ YK ARFB\WRDRRBMUHFW V\
7KH VPDOO VIGHRBIOBMWHKHVH NLQGV RI GHOLYHU\ V\VWHPYV
KDYH D QXPEHU Rl SRWHQWLDO EHQHILWV IRQROBHWRAVDLQ D
VWDELOLW\ KLJK RSWLFDO FODULW\ DQG LQFUHDVHG ELR

OLFURHPXOVLRQNPXQ® DRIBYBLVWLQFWO\ GLIITHUHQW W\S
GLVSHUVLRQV D PLFURHPXOVLRQ LEHWB XU R\GAB 0B HFMHDOOM
RI WKH FROORLGDO GLVSHUVLYQ GURSOHWV LQNEKBIWHU L\
VHSDUDWH SKDVHV RIK® WDHDG/ ZEDPAXBYRB Q/ \WMWH B HWLFDO O\
VWDE®H WR WKH IUHH HQHUJ\ Rl WKH FROORLGDOUGLVSHUV
WKDQ WKH IUHH HQHUJ\ Rl WKH VHSDUDWH SKDVHV RLO DQ

1DQRPXOVLRQV PD\ EHZRMWWKH RLORUGADDN H12 W\SHV
GHSHQGLQMWK® ZKWMKH RLO LV GLVSHUVHYLBN YGRR®REWY LQ

BRPHWLPHYV D FRPELQDWLRQ RI VXUIDFWDQWY UDWKH L
XVHG WR IRUP DQG NRXELIORQHN WD QR

J)LIXUH 6FKHPDWLF UHSUHVHQWDWLRQ RI WKH IUHH H
HPXOVLRQ FRPSDUHG WR WKH SKDVH VHSD
OF&OHPHQWYV
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$ 1IDQRPXOVLRQV SUHSDUDWLRQ PHWKRGYV

$ +LIKQHUWHRXOVLIIPHOMKR®

,QWR WKLV HPXOVLILFDWLRQ PHWKRG WKHAKRHFKDQLF
GURSOHWY DUH JHQHKUWDWHREL [EQRLRK E\ VRQLFDWLRQ 7KRYV
REWDLQHG ZLWK D ODUJH DUUD\ RI VXUIDFWDOQWW DQG |
FRPSRVLWLRQ UR®OHW7XHIKEBEDQ EH WXQHG E\ YDU\LQJ WKF
LQSXW URWDWLRQ VSHHG IUHTXHQF\ DQG FDQ EH VFDOH
RWKHU VLGH WKLV HQHUJ\ FDQ JHQHUDWH KHDW ZKLFK LV
YRODWLOH RLOV RURWERIQRQJUNG\ IUDJLOH F

$ /RZ HQHURXOVLILFDWLRQ PHWKRG

,Q WKH FDVH Rl WKLV HPXOVLILFDWLRQ PHWKRG WKH
IDEW/RWY PHVRKPGQBPROVLRQV ZLWK D ORZ HQHUJ\ LQSXW \
RI WKH LGWRSABVWLHY Rl WKH FRP SR QHIGN % DLQN WKXHD Y VOV
VXUIDFWDQW SKRBHUWUHVWZR FIOPXYYWMLADHIVLIRQ DQG S|
LQYHUVZKRFK FRQVLVW LQ WKH DRUBBFKROUVRRWLRQWRI P Q
HPXOVLRQ E\ UHGXFLQJ MHKMMWMUIOUND R CDQXMG FARKH KDELOLW)\ F
WR FKDQJH LWV FXUYDWXUH GXULQJ WKH HBRODRQIVFDWLR

7KH K\GUDWLRQ JUDGH FDQ EH FRQWUROOHGHE\ PRGLI\
FRPSRVLMKHBBURDFK LQ WKH SKDVH GIQURHRIGHRPR®D W.R QR U P
FRQVLVWY RI WKH SURJUHVVLYH DGGLWLRQ RI ZDWHU WR DC
DV 3KDVHLRYHARPSRVLWLRQ 3,& 7KH ZKROH SURFHVV WD
WHPSHUDWXUH ,Q WKB3KRWHKHQ YHDUQY/EGy @V K3H P B 8 8§D RDXFKH
FRQVLVWY Rl WKH FKDQJLQJ RI WKH FXUYDWXUH RI WKH
WHPSHUDMWXUH 6KLQRGD 7KH QRQLRQLF VXUIDFWDQWV FK
FXUYDWXUH ZLWK WHPSHUDWXUH DW ORZ WHPSHUDWXUH W
WHPSHUDWXUH WKHLU FXUYDWXUH LV QHJDWLYH 7KH WHP.
JHUR LV FDOOHG WKH SKDUWXQHHUVLRQ WHPSH

3,7 PHWKRG WDNHYVY DGYDQWDJH RI WKH ORZ LQWHUIDF
SKDVH LQYHUVLRQ WHPSHUDWXUH ZKHUH VPDOONGDWPHWH
VXFK D WHPSHUDWXUH WKH VXUIDFWDQWITV FXUYDWXUH LV
FRDO¥HHUDWHY &RQVHTXHQWO\ WKH FRROLQJ SURFHVYV F
VPDOO GURSOHWY ZKLOH DYRLGLQJ DQ\ FRDOHVFHQFH
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J)LIXUH 6FKHPDWLF UHSUHVHQWDWL
6RODQV

'HSHQGLQJ RQ WKH FRRPSRWIHWLPDQER F RUBKWR DK RXVLR Q
LV SUHVHQW DURXQG WKH SKDVH LQYHUVLRQ WHRBHUDWXU
RI WKHVH SKDVHV LV QHFHVVDU\ HP RUGLIHRD W R) RRIUP RWHHS®
LQYHUVLRQ DSSURDFKHYV WK3HU B RRRLQ@MKRI WAX'W BFW RQQWKHQF
VLIH RI WKH GURSOHWYV |RU P HSU HW KBRPNRWRD D O ID FVKIHQ WL ]
VKRXOG EH QRWHGHWXOW. RQ QIHIKLUHYV PXFK OHVV VXUII
PLFURHPXOVLRQ

&RQFHQWUDWNG HPXOVLRQ

7KH WHUP *FRQFHQWOQD \¥REBEHUGKEWQWUDWLRQ GRPDLQ
ERXQGDULHVY DUH IURP RQH VLGH WKH OLIRLRWRH G LVORKAV H
FRQFHQWUDWLRQ RI FORVHO\ SDFNHG VSHULFDO GURSYV
LPSRVVLEOH WR DGG D VLQJO H RU RASK BELRM R WV G H BRUHRADODLQ

+LJKO\ FRQFHQWUDWHG HPXOVLRQV DUH DQ LPSRUWDQW
YHBLIKROXPBFWLRQ LQ GLVSHUVHG SKDVH XS WR WKH !
VXUIDFWDQW FRQFHQWUDWYRPXDERR@MDYIR® X’IKH IUDFWLRQ
DERYH WKH PD[LPXP FORVHVWVKHFEUGR S OWDAWDRER PRQRGLYV

DQG WKEMNMRIQBFRUUHVSRQG WR WRKIHVBRKMIDFWHY &/ DR SV QJ
WKH HPXOVLRQ \CHSDXUBWHGPB\KEHPW ZHH Q

7KH IRUPDWLRQ RI KLJKQ\@HRQHFY QW XD WIHRQ R LIOY VWURQ
WR WKH +/% RI WKH VXUIDFWD QW K DKW X% DIFFM R QW KX G H RSIKHR
JLYHV LQYHUVH DQG/RRMHMHUVHO\ GLUHFW : 2 HPXOVLRQV [
K\GURSKLOLF VXUIDFWDQWY 7KH PRVW VWXGLHG KLJKO\ Fi
WR GDWH DUH GLUHFW 2 : HPXOVLRQV 7 IOKIEW 084 HG D UADKRML
VXUIDFWDQW LQ WKH FRQWLQXRXV SKDVH DTXHRXV SKDVI
DGGLWLRQ RI WKH SKDVH GLVSHUVHG RLO WKHRXMWXUH E
DJLWDWHRMD %
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&ROQFHQWUDWHG HPXOVLRQEKDWHWDIG HP XFHROWUZRSKDVH IRL
FRQWLQXRXV SKDVH DQG D GLVSHUVHG SKDKH HPXWMURRU |
W\SH : 2 RU 2 : UHVSHFWLYHEQOV/ KEDFRIQWLQXRXINWEKIMD VH R
RFRQFHQWUDWHBUHPKEWDRQMG IURPUWWR A XWHRQEH QK H
FRQWLQXRXV SK@VWHRUFROEFHQWUDWHG HPXOVLRQV LV D G
[/ 7KLV W\SH RI HPXOVLRQV KDV D ZLGHO\ DSSOLFDWLRQV
KLIKOLJKW WKH SKDUPDFHXWLFDO ILHOG

$ W\SLFDO FRPLBWXWVYNHGE D KLIJK FRQFHQWUDWHG HPXOVL
ILIJXUH $V LW FDQ EH VHHQ LQ WKH GHQVH DGPL[WXUHV W
DIODWWHQHG LQWAKIGUR S\ CKHHWGA MV MRLQLQJ SUHDWXHUH DQG
HTXLOLEUDWHG DQG UHVLVW WR WKH FRDOHVFHQFH

J)LIXUH 7\$FDO FRPSUHVVHG DVSHFW RI D FRQFHQWUI
,PDJH EHORQJLQJ WR WKH V\VWHP .ROOLSKRU (/ :DW

SRURXV FNDWIHROLDOV 360

SRURXVYOPPBPWHULDOV DUH FODVVLILHG DFFRUGLQJ WR
PLFURSRURXYV QP PHVRPRURXY PDFURSRURXV ! Q
PDWHWRURXY PDWHULDOV ZIWGHDYRQPIONGK DBRXQ® PDQ\ DVS
RWK&GDLO\ OLYHV DPRQJ WKH ILHOGV WKH\ FIHP EHBIWRXQG |
YEUDWLRQ VXSSUHVVLRQ KHDW LQVXODWLRQ VRXQG DEVF

7KH\SRURXV PDRDMUEBOM |XQF\WRIRDDWINDWLYH DSSOLFL
EHFDXVH WKH SRVRWWRXJKW DV D IXQFLRQDO SKDVH Wk
SHUIRUPDQFH Rl VRKXRIDWHUYRDOH[DPWRHUH KDV EHHQ UDS
JURZWK LQ HPHUJLQJ DUHDV VXFK DV QDQRWHFKQRORJ\ S
ZKLFK UHTXLUH SRURXV YMWGOFVOHGHVVWUMWAKWXUDO LQ
FRPSRVLWLRQDO DQG PRUSKR @ RXH PG \SRISFSIHRXWVL A B WHKH D
JRRG FDQGAGH WHRVWKHLU VW UXFWXBM HE MIKUIPF IVIHR U G\ E DY
IRU PDQ\ DSSOLFDWLRQV DV DGVRWEFHQW\DPRIQIDBOMKW Y V G |
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OHVRSRRRXDQVYBGFD PDYE WKW IRUPDWLRQ PHFKD

OHVRSRURXV PDWHULDOV ZHUH ILUVW GLVFRYHUHG E\ W
&RPSDQ\ LQ WKH KDQODVLVDZD'DR 6LQFH WKHQ WKLV NLC
PDWHULDOV KDYH DWWUDFWHG ZLGH LQWHUHVW Rl UHVHDU
PDWH WUEMHORQG WKH OLPLW RI FRQYHQWLRQDO JHEGLWHYV DC
PRUH EURDG ILHOG IRU H[DPSOH KHWHURJHQHRXV FDW!]
LQYROYHG ELRORJLF PROHFXOH PDQLSXODWLRQV HWF

7KH FKDUDFEWHULVWLFV Rl WKHVH PKOONH WRILDACHW HIGQ F C
PHVRVWUXFWXUHYV XQLIRUPO\ GLVWULEXWHG SRUH VL]H
J DQG SRUH YROXPH a GWVLJQDEOH FKHPLFDO FRPSR
IXQFWLRQDOL]DEOH VXUIDFH DQG FROQWRROOBOQKY VL]H

6XUIDFWDQW PLFHOOHYV FRRP PR BUIHG ARW WREVSDHED UD
RI PHSYRURXV PDWHULDOV O0DQ\ IDPLOLHV RI PHVRSRURX\
GHYHORSHG VR IDU LQRUXGLGKDR6 6%$=KDR +XR

+XR 7KHVH PDWHULDOV ZHUH V\QWKHRL)JBGLENXVLQ.
PROHFXODUZVWHKY MBAXIURKFW D/QXW WD FRDQWY VIQWKHVLV FRQ
PHWKRGYV

$ &aRRSHUDWLYH 7HPSODWLQJ OHFKDQLVP &70

7KLV PHFKDQLVP UHTXLUHV WKH SUHVHQFH RI D PLFH
VRXUFH 7KH ILUVW VWHS FRQVLVWV RI WKH SRO\PHUL]DV
DURXQG WKH PLFHROL.GHWORU B@WWHUL]DWLRQ ZKLFK LV \
LQWHUDFW L RK IE FB\RDIDHUIQKHD GV RI1 WK HL § R U UDEA BRQWAR D Q G
%HF N 7KH LQWH WMV HR € @ VELIRJGI\Q ERWKKBIRDQRQLF
VXUIDFWDQW 7KH VHFRQG VWHS LV WKH LQWHUPLFHOODU |
VHOIDVVHPEO\ ISPWRHGRPORYVKFWXUH XVXDOO\ KH[DJRQDO I
D K\EULG PHV&RBKHPMIM URXWH FKDX] DGDSWHG IURP %

,Q RUGHU WR FRPSOHWH WKH SURFHVV DQBQ@/RIHQVXU'!
WKH LQRUJDQLF PDWUL[ FPHRWE WR YKGHEERDW WQBOWDWHULD
REWDLQHG DIWHU WKH UHPRYDO RI WKH VXUIDFWDQW YLD
XVLQJ HWKDQRO

%/LTXLG &U\VWDO 7THPSODWTELQJ OHFKDPLVP

7KLY PHFKDWUDBVFWHWHGEGHY WKH SUHVHQFH RI D
PDFURPROHFXODU VWUXFWXUH ZKLFK ZLOO VHUYH DV DQ R
FDQ EH OLTXLG FU\VWDOV RU HPXOVLRQV RU VROLG SDUW
WR WKH WHPSODWH ZKLFK FRQGHIMHFANNO D QG RXR@\ PV KIH | MAH
)LRDOO\ DIWHU WKH HOLPLQDWLRQ RDGRKHNRHHPISDON B QG K
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WKWHNUXFWXUH FRUUHVSRQG WR WKHUWAHPBSABRWHWHARANUDQJIHP

J)LIXUH 6FKHPDWLF UHSUHVHQWDWLRQ RI WKH
/ILTXLG &U\VWDO 7THPSODWLQJ OHFKDQLVP /&7
OHFKDQLVP &70 OLFKDX]

OHVRDFUR SRURXV VLOLFD PDWHULDOV

7KH LQFUHDVHG GHPDQG IRU WK HQWHD KRY XODM HRRR O X (
D ELJ PROHFXODU ZHLJKW VXFK DV SURWHLQV GURYH WKH
VLOLFD PDWHULDOV ZLWK D)BDNKIH HMRRHHSYX]JGIDWLRE) RI PRO
LQWHUHVW GUXJV DFRQYRWKHQOKFQSKB/RHVRSRURXY PDWH
DUH LOQWHUHVWLQJV GXH VERW WKIML@GAR X WK HF PIROKHF XO HV
OLPLYWHWVBSSOLFDWLRQV UHTXLUH SRURXV PDWHULDOV ZLW
DW GLIIHUHQW VFDOHVY LQ RUGHU XWRFWERDNYBQIL LIRPGURYHB
GLIIXVLR@Q@F®RISVXPRWHKEXOHYVY 7KH GHYHORSPHQW RI KLHU
PDWHULDOV DW PXOWLSOH VFDOHYV ZDV WKH VXHEHMHFW R L(

7KH SUHVHQFH RI PHVRSRUHVPDBUREKR WZADWO OV RQ WWKUHH V W
XVHIXO IRU WKH FDWDO\VLY DQG GUXJ GHOLYHU\ V\VWHPV
GUXJV RU FDWDO\VWV FDQ EH ORIL®HGWKH WIOHF WPRIS/RISHRW H\D
WKH PDVV WUDQVIHU DQG UHGXFH WK$DWWDBRXCGRU®\ & HRLHN
LQ WKH FDVH Rl ODUJH PROHEXOZAHEBH GQ I X WIFRRX \U I WHAWH B
)RU WKH VDNH RI ODUJH SHUIRUPDQFH LPSURYHPHQW VXF
DGMXVWDEOEBHIQ@HBHPDFURSRUHY DQG WXQDEOR SPRHMRSRU
ZDO®XDQ

2Q DOO OHQJWK VFDOHV WKH ELJJHU SRUHSRWHR/XOG EH
7TKXMW UHPDLQV D FKDOOHQJH WR VIQWKHVL]H KLHUDUFK
PDFURSRURXV PDWHULDOV ZLWK FRQWUROOW GXEQXWYHNG XD
DOWKRXJK VHYHUDO PHWKRGYV KDYH EHHQ UHSRUWHG WKI
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VXUIDFWDQW V\VWHRY WK \F\ROWKRHIMVAY R RIDHWRGRKIDOVO Pt
LQRUIVDIXAEBPWHULDDWYHAEIOHG PROHFXODU DJJUHIDWHYV RU
DVWPHEOLHY DUH JHQHUDOO\ HPSORLNHSBFMAN. QUK W\ WWHRIEX\F VRX UR+-
VWUXFWXUHY OHDQZKLOH D ORW RI WHFKQLTXWYXHDQ EH
PDFURSRURXV<DHM ZRUN

+\EULG PDWHULDOV

,Q UHFHQW \HDUV UHVHOQRBEDQWRKRUIIDRPPWHULDOV
DQ LPSRUWDQW VXEMHFW RI VWXG\ IRU PDWKHLWDBVPDQG
K\EULNG FRPPRQO\ XVHG IRU DQ\ FRPELQDWLRQ RI PDWHULDO
WKH YDULRXV FKHPLFDO VXEGLVFLSGXB8HVR MKHP B VLVP I ROYW
KDYH EHHQ IRQRDIODELF K\EULGYV VWUHWFKLQJ LQWR WKH
LQRUJDQLF DQGGRO\PO UL FBXWHBENDOV

,Q WKH VFLHQWLILF ®UWBR@RUIDH L\W KNEWHGBPPDWHULDO
E\ */ :LONHJV JURXS LQ WKH FRQWH[W RI RUJDQLFDOO\ PR«
E\ VROO URBXWHFN  +\EULBWMNWWHRYPHG E\ WZR FRPSRQHQ!
DQGHQHUDQEHKIKYLHRIHQGY RWMKH GRQWHQW DQG FRQVWLYV
FRPSRQHQWYV EXW DOVR RI WKH &RFELEHEMRP RARRGIMMQLF
ELRORJLFDO PRLHWLHV ZLWK LQRUJD QYW PORMNULID® \P IX\W B B
DW WKH PHVRVRAKILRX DK YWKH DV V H PVEKOD GBNAR FHRY WHAMH LQR U
PDWHULDOV FDQ LPSURYH WKH VWDELOLW)\ LLRKN FCKEH. ANH V X ¢

7KH K\EULG VLIDQF¥IFPQVEHUIKXQFWLRQDOL]JHG DQG WKXV
ODUJH DUUD\ Rl JXHVW PROHFXOHV UGQRSEPBMIRP K\GURS
DGMXYDQW WKDIWKHDYFLDSS@KAPWERRXVYDQW LV XVXDOO\ D |
PROHFXODU V\VWHP XVHG DV WHPSODWH WR FRQVWUXFW W
QRW HOLPLQDWHG DIWHU WKH VIQWKHVLV RI WKH PDWHULD

$PROWKH GLIRBWHQWD &KW VEHFXFOLDU LQWHUHVW ,QGHHG
ELRLPDJLQJ GLDJQRVLV FRQWUROOHG GUXJ RU '1$ GHOLY!
WKHUDSLHV RITHUHRG YWDKHAL D IJMXYODWLSEL RFRPSDWLELOLW\ EL
PHGLD DV UWXXQW ®RZ RSWXMDYIRREVHNFKQLFDO SURSHU
WKHUPDO FKHPLFDO DQG $KR®H RHHWFRK HDBS DXAN MO W
K\EULG PDWHULDOV DUH WKHLU QDWXUDO DSSOLFDWLRQ
QDQRSDUWLFOHY GHYHORSHG LQ RXU JURXS KDYH EHHQ Gl
LOQWR WKH WKHUDSHXWLF ILHOGY DV @QDQ@QRFDUULHUV RI DFV
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$SSOLFDWLRQV RI PHVRSRURXVY VLOLFD PDWHULDO\

TKHQGXVWULDO DSSOLFDWLRQXRYEHMHHHWOREB RUR XV QPID MWHAUH. O
RI UHVHDUFK LQ WKH UHFHQW \HDUV DQG WKH IRFXV LV L(
ELBSSOLFDWLRQ DQG IXQFWLRQDO PDWHULDOV HWF 7KLV
RQ WRHWW FRPEEBQLFDWLRQ UHVHDUFKIRKOOPHVRSRURXYV PDW

$ &KHPLFDO LQGXVWU\

&DWDO\VLYVY OHVRSRURXV PDWHULDOV KDYH ODUJH VXUIDF
DQG ODUJH SRUH VL]H )RU UHDFWLRQV ZLWK ODUJH PRO
PDWH EDDEDWDO\WWY VKRZ EHWWHU SHUIRUPDBFH WKD
7KHUHIRUH LW RSHQV SRVVLELOLWLHV IRU PDQ\ KHWHU
.RIKHYQLNRY HW DO VKRZHG ZKHQ ORDGLQJ WKRURKWHURSR
PDWHULDOV WKH FDWDO\VLV UHDEWLYLW\ Rl WKH PDWHULLI
EHFDPBIRH WR WKDW Rl FRQFHQWUDWHG VXOIXULF DFLG
XVHG DV FRQILQHG UHDFWRUV IRU PDQ\ UHDFWLRIQV H J
IUHH UDGHEGRQYDMWBGVKH GLVWULEXWLRQ RI PROHFXODU ZHL
E\ XVLQJDQKIWDEWR U

% LRSSOLFDWLRQ

7KH HQFDSVXODWLRQ RI HQ]\PHVY DQG RWKHU SDRWHLQV L
DWWUDFWHG FRQVLGHUDEOH DWWHQWLRQ RYHU WKH SDV
VHQVRUV KDYH EHHQ GHYHORSHG EDVHG RMHWRKSRDEWRUEH
&DUULHU IRU EPRPRISRFRRWWDWHULDO ZDV ILUVW XVHG DV
9DOBHIW HWKMHO IXUWKHU GHPRQ¥WD DR WRKBWR BRBIR X V
PDWHUS®OW VL]H VXUIDFH DUHD SRUH YROXPHDIBQFWLRQ
WKH UHOHDVH NLQWDMHE® RQAWKHWHVRSRURXV PDWHULDOV
GHYHORSHG YDULRXV NLQGV RI 3VPDUW’  GHYLFHV ZKLFK FI
WR H[WHUQDO VW LWX®IS HWORKXOAH BYDQ G LUDWELRRI WA/

ZKLFK KDYH SRWHQWLDO DSSOLFDWLRQV LQ WDWHPNHG DQ
.HZDO

& )XQFWLIPRDQMDHOU LD OV

)XQFWLRQDO PDWHULDB®VVSHRALBAP SRR CHYHGUPLQHG
IXQFWLRQ HQKDQFLQJ WKH SUR WU WLRHQN REHHIDIRYS HFR FRIR Q
LQWHUDFWLRQV SUHVHQW WIXMLQX UD 0 FW BWBUHI\R DY ®RI WKH
HILVWHQFH RI QEKEEGHBERBGWKHP XVHIXO IRU WGINFHW D DFD®S (
RSWLFDO PHFKDQLFDO VHSDUDWLWRIQQVERSDFEMAD E IE® VA
SKDUPDFHXWA FBEBPLFDO DQG WKHUPDO VWDELOLW\
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7KHMXQFWLRQDO PDWHULDOV FDQ EH FDWHJRUL]JHG LQWF
RQ WKH QDWXUH RI WKH LQWRIR)SBRH.EWREM QO Y JZWW K K\EULC
VA\VWHPV ZKHUH WKH RUJDQLF DQG LQRUJDQLF SDUWV LQWH
GHU :DDOV HOHFWURVWDWL.FDRVQAGGRIRVHY ERWAEWNM OV LQ
FRPSRQHQWY DUH OLQNHGFRY BRYIDOH BKH PIRDRQER Q G V

,QGHHG YIDQERVORYMHWLDOV FRQVLVW RI ERWK W\SHV RI
DQG ZHWKDW SURWLRDI FKHPREDMOKERIQQDO PDWRHQHDO SURS
RI WKH PRVW FRPPRQ H[DPSOHV DUH PHVRSRURXW¥ VLOLFI
VXUIDFH DUHD DQG O DWK B VS B®RM WIRERBHPHHU J\ V W R DR
WKBUOH SRURMVRSRVRXV KDWHUQRRDWGLHOHFWULF FRQVWD(
PD\ ILQG XVH LQ HOHFWURQLF LQGXYWNMLBVADJ LQWHJUDW

$SSOLFDWLRQ RI SRURXV PDWHULDOV LQ 'UXJ '"HOLYHU\ )

5HJDUGLQJ WR WKH LPSRUWDQFH WR WKLVHVKROHYV ZRU
RI WKH SRURXV VLOLFD PDWHULDOV LQWR WK SKOUPHEH X
6\WWHPV "6VSHFLDOO\ HQRDSVURGBRWEQREY 7KH GUXJV
DGPLQLVWUDWIHRNMK REXWH VHQ F DI\ WIKWMLRQH DQG LPSRUWI
K\EULG PDWHULDOV DV GUXJ FDUULHU DUH WKHQ GHVFULEH

2QH RI WKH PDLQ WDUJHWV RI WKH FXUUHQW GHOLYHU\
LQGXVWU\ LV WR SURNFOQGHFBQWHRMmMRMESG WLPH LQ RUGHU
PDLQWDLQ LWV FRQFHQWUDWLRQ ZLWKLQ WKHUDSHXWLF YLC
JURP WKLV SRLQW RI YLHWA OEBH) IPEBVBERUMPDODWULFHY KDYH D
PXFEWWHQWLRQ GXULQJ WKH ODVW \HDUV GKHVMAFOWKHLU
DQG FKHPLFDO DOHQWVELIRFRPSDWLELOLW\ DQG PXOWLIXQF

'UXJ '"HOLYHU\ 6\VWHPV ''6

'UXJ GHOLYHU\ VAVWHP\SRWBWDQWFRPSRQHQW RI GUXJ C
DQG WK H UDBHXWLHPHGW KLY KDV EHHQ DWWUDFWHG PXFK L
ODVW GHFDGHVYV $GHILQHG DV D IRUPXODWLRQ RU GHYLEF!
LQWURGXFWLRQ RI D WKHUDSHXWLLFP §X¥RY WP WHW [HQ | WAKOHE E
VDIHW\ E\ FRQWUROOLQJ WKH5URUWOHDMWH .B@BOSODFH RI

7KH DGPLQLVWUDWLRQ RI WKHUDSHXWLF SURGXFWV W]
DQG WKH VXEVHTXHQW W UD Q VISIRH \D OMRVS D UWK R | DFKVH. YRV X €
"6 1RUPDOO\ DV D FULWHULRQ RI UHJXODWLRQ WKH GH
FKDUDFWHULVWLFV DV LQFUHDVLQJ WKH ELRDYDLODELOL\
FRQWUROOHG GUXJ GHOLYHU\ LOMWRKRXE GV WD RV STRAUWL RVK
WKHHHD OWK\ WERRWHYH SUKR¥QSOEHWMRNBGRXIKHGHIJUHH RI
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GUXJ GLVOPHUBWLYBRXOG EH HDV\ WR DGPLQLVWHKHR PARRVWKH S
LPSRUWDODQWI FULWHULRQV VKRXGGGEHWR WK 5WH S RD/VAHF R Q
ERG\ DQG WKH GUXJ VSHFLILFDWLRQV

0DQ\ VIVWHPY KDYH EHHQ GHYHORSHG DV GUXJ GHOLYH
QRYHO EXW VDIH PHWKRG 7KH JHQHUDO JRDO UWJWR UHDH
UHOHDVH SOD\LQJ ZLWRK W K P HISIROGPRXHINBRMUMVE Q W (QDWRL W & H
RUJDQLVP

'HSHQGLQJ RI WKH QHHGV WKH "6 VIOWKHVOLRNPXVW EI
WUHDWRHRQWFFXUDWH FKRBVRLFS WGHWHDMAH PRQRGRVH RU P
LQFUHDVLQGUXKH WRKHYDLODELOLW\ ZKLOH GHFUHDVLQJ LW
HIILFHQF\ LV RIWHQ DG WRGWHRK O HIGN E I5QREQV W LRIMEKKNL R Q
IDFWRDWRZ SURGXFWLLRSURERY® FRPSLODQFH FKURQRSKD!I
EHQHILWY OLFRHd M[KMHSWRBRFWY UHGXFWLRQ RI WKH ULVN
SURGXFW GHYKHORSPIHQWILEXWLRQ OHYHO DQG DFFHVLELOL!
WKH '"GHYHORSMZQW

,Q RUGHU WKRMbDRWRHQUHWGY LQWR WKLV ILHO®QWB\VWHPV
YHVLFXODU FDUULHUV KDV EHHQ GHYHORSHG WKHVH V\VW
DQG VUXFWXUHWKBRWHYHUSULMNWILSGOHHLYRRAHE[WHRJ QDO
SHUW XU E DXWIRMWL X 'XH WR PDQ\ GUXJV KDYH SK\VLFRI
FKDUDFWHULVWLFVY WKDW DUH QRW IDYRUDEOH WAR WUDQV
VHSDUDWH WKH DGPLQLVWUDW IYRHG WRWH]DWRLR Q' KM RBW LRRIQV
FKDOOHQJHV LQ WKHUDSHXWLF UHVHDUFK

$URXQG WKWKPEBQWXU\ (XJHQH 5RFKRZSURBRKKN PDMF
WKH FHQ@XHUVWDQGLQJ WMH RIROMKR| KMRI®W DQG KRZ LW
UHVSRQVDEOH IRIUOGEN HORAHHDXSDHE OH RI IRUPLQJ IRXU ERQ
NQRZQ IRU LWV DELOLW\ WR SRO\PHUL]H DQGNIRVP. QHUWER L
ZKLFK LPSOLHV OHVV ULVN ZLWK WKH FHOOV LQWHUDFWL
VXVWDLQV KLJK WHPSHUDW XWH H ¥ Kl BRKWHHIPWKH VD ¥ LDQ G
VWHULOL]DWLRBPLBWRKHVV

$PRUSKRXV RU FU\WWDOOLQH VLOLFD FDQ EH DOVR RE
SURFHVVHURWDRXWH DPRQJ RWKHUV WR REWDLQ PHVRSRU
VXUIDFH DUHD DRKWVSRKHHVYRIOXUFWHULVWLFVY PDNH WKHP VX
DSSOLFDWLRQV IURP ZKHUUH QDQRPHGLFLQH KRR D KLJK L
LPDJLQJ DUH WRSLFV ZHUH WKH XVH RI WKLV W\SH RI PDWI
ELRFRPSDWLELOLW\ WQGBGONBRMAN. VERRWUO\ VROXEOH GUXJV "
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SRURXYV VLOLFDGEPORHAL@IBDXG OHD VH

SHVHDUFKHY GRQH LQWR WKH ILHOGV IRU SRURXV VLOLFD
VIQWKHVLYVY RI WKHVH VLHYHVY KDV D JUHDW ORSDMWRRXYY WK
KDYLQJ KLJK SRWHQWLDO DV GUXJ GHOLYHUV VWELRD®DJILQ.
DQGHRWURFKHPLFDO ELRVHQVLQJ HQ]J\PH LQPRELOL]DWLRC
VHSDUDWLRQ DPRRGRWHKWIOWY ZHQOQWRYMKAHGKDUPDFHXWLF
IRU WKH SRURXY PDWHULDOV ZDV EBY Q@ S\RKRHWHRIOWXIEHDWH IR U |
G U XXX WKHQ WKH SKDUPDFHXWLFDO DSSOLFDWLRQV KDY
WR WKH QHHGYV

7KH "6 EDVHG RQ/ISGRUBRIKWULDOV FDQ EH GLYLGHG LQWR
LPSURYHG GUXJ GLVVROXWLRQ SURORQJHG GUXJ UHOHDVH
DQG/WLPX®IVSRQVLYH HQJ\PH PARHRELWWBIQGGHEIR®RJILFDOO
VWLPXODWHGPRARWGIPQYJ WR WKH 86 JRRG DQG 'UXJ $GPLQL
(XURSHDQ )RRG 6DIHW\ $XWKRULW\ DPRSUKRXV IRUPV RI
JHQHUDOO\ UHFRJQDM ® VDR B HYDYH U\ LQJUHGLHQWYV LQ DI
PJ SHU IGWROLG GRVDJHR URWAYV

6HYHUDO FRQFHSWYV KDYH EHHQ FUHDWHG VRH[SUHVYV '
LV WKH VSHFLILF VXUIDFH DUHD 66% ZKLFK FRQQMUWWY RI W
WKH SDUWLFOH PDVQXPERIKERKHY WKH ODUJHU LV WKH YDO
$ ZLGHU 66% LQFRISRHW RKIBVXHY WR LQWHUDFW ZLWK WK
FDUULHU 2Q WKH RWKHU KDQG WKH VPDODWROXPHZRI SR
GUXJV DUH FDSDEOH WR ILW LQWR WKH QDUWRAUHYWHUQL
/ILPQHOO 7KH DPRXQW RI WKH ORDGHG GUXJ LV JHQHUDOC
GHJUHH XVLQJ WKH GU\ ZHLJKW RIVERPWEKDWKHRGRDGHG GUXJ

.LQHMY PRGHOV IRU WKH HYBOG XXHNVIRFS@R BRR XV PDWHUL

SHFHQWO\ UHVHDUER RQIWDR) RA FKOPEVWU\ SRWRMM. DOV
PDWHUDBDEHHRR UH V WEKHSAL.DD@KIHVH PDWHULDOV DUH FDSDEOF
WR H[WHUQD®BVEIUAXMHQOW LPSURYHG GUXJ GLV¥ROXWLRQ S
2QH Rl WKH FKDOOHQJHV WR ZKLFK WKH K\EUL@ WRWHLA DO
PHVRSRUHV DV UHVHUYRLUV WWKDRO RDBGEHVRB HOHN\GS BQ V H
HIWHUQDO VWLPXOXV JLYDRQOWWLWPKONRUWKERQRLYH GUXJ
VIVWHPWXJV FDQ EH FRQILQHG LQWR WKH PHVRSRURXV FED
GHOLYHUHG ZKHQ DQGRKHWH QHHGHG

7TKHUH DUHIDHWNRKWDW FDQ DFWLYDWH WKH UHOHDVH RI
VXFK bV S+ WHPSHUDWXUH PDJQHWLVP FHFKHPLEODROV OLJIK
SURORQJHG UHOHDVH JiB AL.@G VGIXW B WLRRH) GRRRWDKH GUXJ HIIHI
WKH WR[WMVHUIWS DWMRLHQWY VLQFH WK HU TG HH WYXKW HGPR/V D
ZLWK SURORQJHG UHOHDVH DUWVHR GXHOHUGBGXIRU WKH ZDWHU
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7TKH LPSURYHPHQW RI GLVVROXWLR@®ONLEGMNMERMKRY SRFE
VROLG GLVSHUVLRQ WHFKQHTXHWKRRWKRW RN BURNHQW MWYKH G
UDWIBRRUO\ VROXEOHKRZHYHU WKLV LV UHOLDQW WR WKH
VROYHQW VHOHFWHG

7TKH VFKH®DFRUUHVSRQGYVY WR GLIIXVLRQ SURFHVV FKDU
NLQHWKHVDSSOLFDWDR/EHRPIMIMKLFDO PRGHO WR GHVFULEH Wi
ZDV SURSRVYHEEDBGL DQG )HOBRO@PRGLILHG E\ :DJEHWV
PRGHO FDQ EH XVHG LQ WKH DQDO\VLV RI GLVVROXWLRQ ¢
$KXMD 7KHROORZLQJ UHODWLRQ FDQ H[SUHVV WKH PRGHC

3;L 3gsF AP @Sig

ZHURWMY WKH DPRXQW RI GUXJ UHOHWKHGA QOWWDPHDWR X
GUXJ LQ WKHMFNOWWHROWVW RUGHU FRQVWDQW 7KH GDWD
FXPPXODWLYHERUBHQXWDDHPDLQLQJ YWMALPG I KWK DA R K ©/GC
ZLWK D VORSH RI . O0XO\H

7KH VFKHBDUHSUHVHQWY WKH HIWHQGHG GUXJ UHOHDVI
IROORZEAE WKH VORZ GUXJ GHVRUSWLRQ VBDFEBWLRKQLWI P
EHKDYLRXU LV FKDUDFWHULVWLF RI D ILFNLDQ PRGHO Z
DFFHOHUUDWHIGP HEgW RRRAKHVUH GHPB M B HRBDYRIRY JHU SHULRGV

7KH VFKHPIYKRZV DRHYGRU NLQHWLFV RI D GUXJ HYROXW
RV\VWKMAKH VDPH DPRXQW RI GUXJ E\ XMQ® IR WGP BIOL P HMAIOR
RI GUXJ UHOHDVH WR DFKLYH D SKDUPDFRORJLFWORSURORDQ
FDQ H[SODLQ L@ \DWKLHP @B O
3. L 3, E-4P
ZKHUW.M WKH DPRXQW RI GUXJ GLVWRION H® LL\VPLWOPBIPWRX QW F
WKH UHFHSWRU VIRO WWHRQGIHRGH.DVH F RDRAWHDNHY
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JLIXUH 7\3$FDO GUXJ UHOHDVH SURILOH
SDPWHNH
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&EKDSWHADWHULDOYV DQG O

7KH ILUVW SDUW LK) GA K\ KFHH Y B R/GI XIF W& HXNFRIG HHQ G
WKH WHFKQLTXHVY DSSOLHG |RYXWKB FERABDZIMMS F W H L
VI\VWHPV SKDVH GLDJUDPV ODKWGXFUNXWBO DQ(

/KH VHFRQG SDUW GHVFULEHV WKH SRRWRFRO |
DQRG K\FUOEBBWHULDRONKHWL|PMG-HORPBHDU VIRQXWLRQ
DQRG FRQFHRBRRUDWORGEY WHKKHD UDFWHUL]DWLRQ WHF
VWUXFWXUH WH[WXUH DQG PRUSKRORJ\

,Q WKH WKLUG SDUW RI WKLV FKDSWHU WKH WHF
Rl K\EULG PDWHULDOV DVIIGWH@LFUR O XMUR (D WH
TXDQWLILFDWLRQVRYHHOQIDHWBGHIRN DQG PDWKHP
DSSOWRGVNKH UHOHDVH NLQHWLFV

7KH IRXUWK D QSU R\\QWRHS WBHWKQLTXHY IRU WKH H?Y
WR[LFLW\ RQ +H/IRIFNO D DU W\VWERE HX G
K\EULG PDWHULDOV



ODWHULDOV
6 XUIDFWDQWYV

,Q WKLV ZRUN QRQ LRQLF VXUIDFW D&UMP RZFKRU XYHG |
&U(/ RU .ROOLSKRU (/$ .(/ XV HGKR W WKGEIPOWRILWAL O
PDLQ FRPSRQHQW LV JO\FHURO SRO\HWK\OHQH JO\FRO ULF
FRQVLVWY Rl SRO\HWK\OHQH JO\FROV DQG HWKR[\OWHG JO
FRQVLVWY Rl IDWW\ DFLG HVWHUV .(/ LV D VXUIDFWDQW \
FDVWRRERDQRQHG IURP WIKF @XWGRRIOGLHNUEORP QG
HWK\OHQH R[LGH LQ D PRODU UDWLR %$6) &RUSRUDWL
J PRO DV PROHFX@DV BHNUFKWVHG IURP 6LJPD $OGULFK I
UHFHLYHG ZLWKRXW DQ\ IXUWKHU SXULILFDWLRQ )LJXUH

(/ LVIOANHOORZ RLO\ OLTXLG WKDW LV FOHDU DW WHPS|
D IDLQW EXW FKDUDFWHULVWLF RGRU 7ROQOWGY¥XROQOFWDQW
RUJDQLF VROYHQWY .(/ EHFRPHY OHVV VROXEIDQMLIQY ZDWH |
WXUELG VROXWLRQV ,W LV PLVFLEOH ZLWK RWKHVWFIJUDGHYV
RQ KHDWLQJ DOVR ZLWK IDWW\ DFLGV IDWW\ DOFRKROV DQ

7TKXV PLVFLEOH ZLWK ROHLF DWW HWWBESUAFVROEGXKEDHI
VXEVWDQFHV .(/ LV D FRPPRQ YHKLFOH XVHG LQ SKDUPL
DSSOLFDWSIHRFQW OO\ WR LQFUHDVH WKH VROXELOLW\ RI WKl
KDV VKRZQ YHU\ JRRG FRPSDWLELOLW\ ZLWK RWMKHDWLQJUH
VROXEOH YLWDPLQV DQG HVVHQWLDO RLOV RU DV D S>
IRUPXODWLRQV

JLIXUH .ROOLSKRU (/ PROHFXODU VWUXF\

.(/ LV FRPPRQO\ FKRVH DV H[FLSLHQW GXH WR LWV
SURPRWLQJ WKH SHQHWUDWLRQ RI VHYHUDO DFWLYH VXEV\
DSSUHFLDWHG IRU WKH VIQWKHVLYV RURP WKH DY ORU CCOFBAOLHY 1
LRQLF VXUIDFWDQWYV .(/ KDV EHWWHU HPXOVLI\IMQJ DELOL
SDULNK .(/ GRHV QRW UHSUHVHHR@WRDLQANW WR RWLIC5 RR
DEVRUSWLRQ I URP WKH JDVWURLQWHVWLQDO WLDOGEW GXH
OLPLWHG OLSRVROXELOLW\



(/ Y¥ZHOO NQRZQ IRU WKH VWWRLWKW\I RQFKDQFWPRQW K
LQ KLJK FRQFHQWUDWLRGWY UPIMQ SWRIEFVEMR QV DQG QHXUROQ
WR[LPIOMGHSHQGLQJ RQ WKH GRVH DQGPOXNOWHBY WKHQ
SKDUPDFRNLQHWLF\WRIFRP@QR\GIRUNQ $ GR[RUXELFLQ DPRQ.
WKH UHVSRQVLEOHQRIDW KW \QFRHB EBIBRPLR Q

,Q WKH RWKHU KDQG ZH ZRUNHGRDL WKV B\DHRD IRALS H
SRO\ SURS\OHBRORHWK\OHQH RB23K2 WHRARFN FRSRO\PHU
ZKLKIOWKH IRUPX32D(22 ZLWRROHFXODRIZHLJKWWRIDV
SXUFKDVHG IURP 6LJPD $0OGULFK 6QPDX 8 H GF B VWKL ¥ HRG

D WULEORFN FRSRO\P ISW URMAPR K \B\URISEROVMVE VXWW G E\ OD
(2 EORPNQNHG WR HDFK RWKHU EMRURHGEUR\S & B[S FDIHIQRIX S
FKDLQ@¥XH WR[LFLW\ Rl WKL\ R X ULYEMROM AWUHIBUVDIH IRU X
FRVPHWLG SKDUP DB 8§ S @/LLFIBVD QKRN YJLIXUH

J)LIXUH3RO\ HWK\OHEB R®ERPROSUR
JO\FERF$ RO\ HWK\OHQH JO\FRO FK

[ \ ]
JURP 3XE&KHP ZHEVLWH

2LOV
$ WORS 1

OLJOSRO 1LV WKH WUDGHPDUN |RUWL [&I0DS B HOW K| MBI S U L F

VHPLVI\QWKBWERDLQ WULJO\FHURIGH PRPSFROAHREURLGEYV RI &
RI & IDWW\ DFLGV 1HXWUDO DQG FOHDU RLO VOLJKWO\

OLJOSRO1 ZDV REWDLQHGAOHRPPEROHRFKEBRPSDQVY D

JLDMQG XVHG DV WHBHIRRHGGFDUULHU DQG VROXELOL]HU IRU |

OLYIROXEOH GWURKAXEOMHWYLWDPLOQM DQUHVWHURLGYV

7KLV FRPSRXQG Rl VKRUWRFKIDSEY ITLBSHRSHUWLHYV
DGYDQWDJHRXWVRXIHY IOROW\ DF LIBYORZNVNDWRHGILW XVH SDVVLY
GLUHFWO\ DFURVV WKH FPDWALQRLRMWHWHWLROG WALFRWU LW\
ZLWKRXW XQGHUJRLQJ WKH SURORQJHG VHTXHEBGWLD® PROH
IDWW\ DFLGV PXVW XQGHUWDNH
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C9H19—C—OHZ—CH—OHz—Tl:—Cnst

o,

5

c=0

C7H¢s

JLIXUHOLJO\RO PROHFXODU FKHPLFDO

%,VRSURS\O O\ULVWDWH

,VRSURS\O PAMLDWDWW\ DFLG HVWHU P\ULVWLF DFLG FRI
DOFRKRO )LJXUBH SRODU HPROOLHQW DQG LV XVHG LQ FF
PHGLFLQDO SUHSDUDWLRQV ZKHUH JRRG DEVRUSWLRQ LQ!
P\ULVWDWH LV EHLQJ VWXGLHG DV D VNLQ HQKDQFHU W
PDWHULDOV W LV WKH QRQ DTXHRXV FRPSRQHQW RI WKH
DQG SKDUPDFHXWLFDO SURGXFWV 7KH K\GURO\VLV RI WKH
FDQ OLEHUDWH WKH DFLG DQG WKH DOFRKRO 7KH DFLG FR
RI WKH S+ YDOXH RI IRUPXODWLRQV ,VRSURS\O O\ULVWDWH
DQG XVHG DV UHFHLYHG

o CH,

H,C o CH,
1

J)LIXUH ,VRURS\O O\ULVWDWH FKHPLFI

,QRUJDQLF VRXUFHV 7HWUDPHWK\O RUWKR VLOL
SUHFXUVRU

7KH VLOLFD SUHFXUVRU XVHG IRU WKLV ZRUN LV WKH W
SRO\PHUL]DWLRQ PHFKDQLVP LQYROYHV WZR UHDFWLRQV
UHDFWLRQ RU WKH K\GURO\VLV ZKLFK OHDGV WR WKH IRUPI

&+2 6L2&+ +2 : &+2 6L2+ &2+

7TKHQ WKH FRQGHQVDWLRQ OHDGV WR WKH IRUPDWLRQ RI
WRPV
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&+2 612&+ +26L&+2 : &+2 612 6L &+2 &+2+
&+2 612+ +26L&+2 : &+2 612 6L &+2 + 2

7KH SRO\PHUL]DWLRQ FDQ WDNH XS |WRMHMYVIEZGKRNUYV WR
DFFHOHUDWHG E\ YDU\LQJ WKH S+ ,Q SDUWLFXODU WKH FR
S+ GHSHQMXHQT 26 ZDV REWDLQHG IURP 6LJPD $OGULFK DQG

. HWRSURHQF DYVXODWHG PRGHO GUXJ

7KH UDFHPLF IRERMQRR\OSKHQ\N SURSLRQLF DFLG *“ R
& + 2 )LIXUH LV D SRWHQMIRR®EROODEMRLWRU\ GUXJ 16$%,
SRVVHVVHV DOVR DQDOJHVLF D @X LAGOW. B\ WHHW L FOIR @ RZSDHHW M
VROXELOLW\ ZLWK WOS.D YDOXH7RLY SURBXREWDLQHG
IURP 6LJPD $OGULFK DQG XVHG DV GU\FBQGHBQWLRY WIMMD GW R
EUHDW®G LW FDXVHV VQHH]LQJ LQ H[WUHPHMQNRQMW D H W RR
WKH WHPSHUDWXUH YDULDWLRQV EXW LW P DXWDEDOHNLWR ¢
LWV VFUHHQHG IURP WKH OLJKW (VSLWDOLHU

.HWRSURIARQWLGHUHG DV D PRGHO K\GURSKRELF GUXJ E
PHWDEROLVP DQG EURWDEG WX H.DMIHXWLE Z 7KH PDLQ DGPLC
URXWH RI NHWRSERWHOW. X RWEBBY DVVRFLDWHG ZLWK V\VW
DQEDVWURLGWHMRWERADY &RD¥RLRWKHU URXWHVY KDV EHHQ G
VXFK DV WRSLFDO W UD®VIEHRIPD &/ KRVRIUKBHHIQWY 3UHVEULS
LV XVHG WR UHOLHYH WHQGHUQHVV VZHOOLQJ DQG VW]
DUWKULWLY FDXVHG E\ D EUHDNGRZQ RI WKH OUQWQY RI W
DUWKULWLYV FDXVHG E\JVRIHWROH QMRRQWKH OLQLQ

.HWRSURIHQ FDSVXOHV DUH DOVR XVHG WR UHOLHYH S
SDLQ WKDW RFEXUV EHIRUH RU GXULQJ D PHQVWUXDO SH
ERG\ V SURGXFWLRQ RI SURVWDJODQGLQ D VXEVWDQFH \
LQIODPPDWLRQ

JLIXUH .HWRSURIHQ FKHPLF
JURP 3XE&KHP ZHEVLWH
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3KRVSKDWH EXIITHUGVIRD RWKR/QWO DQG DFLGLF FRQGL

3%6LV FRPPRQO\ XVHG IRU ELRFKHPLFDO SURFHGXUHYV
FRQFHQWUDWLRQBD QR QMY &®U\ VLPLODU WR WKH H[WUDF
PDPPDOJ¥XH 3%6 LV DO DQRWRRWRWRWIKRD S+ YDOXHV FDQ E|
PRGLILHG DFFR UGVQ R ORI WAOHDXOREGIE MWKIEHB@®WYXJ ORDGHG FDU
ZDQW WR EH WHVWHG )RU H[DPSOH UHJDUGLQIDWW WKH G
S+V ZHUH WHVWHG DQG LQ DFFRUGDQFH ZLWK |
VWRPDFK FDYLW\ 3 WR DQ@®DOO LQWHVWLQH
%DODPXUDOLGKDUD

7KH 3%6 VROXWLRQ LQ QHXWUDO FRQGLWLRQV S+ ZD
FRPPHUFLDO SRZGHU SXUF/KDYH®Q® BDANOKVHG DKHHFHLYH
DFI3@ EXIIHU VRO XVBURIGY ZHG HD F F R&JE3 LSK.D WHRD WR BIHHL D
KGURFKORULF DWtG E2Z2O0MBUHSDUHG GLVVROYLQJ J 1D&O
FRQFHQW U DRW HEG \L\ L © DKIHGU AIDXBM4 8D FHWLF DFHWDWH EXIIHU
DW+ ZDV SUHSDUHG DV IROORZLQJ

6WRFN VROXWLRQ $ $FHWLF DFLG O PO JODFLDO DFHV
6WRFN VROXWLRQ % 6RGLXP DFHWDWH O J 6RGLXP DFH

/DEOH&RPSRVLWLRQ BFAMMHF3PFEGHWDWH EXIIHU

6WRFN VROXV 6WRFN VROXV :DWHU ¥ S+YDOXl!

$GMXVW WKH S+ LI QHFHVVDU\
SBURWRFRO IRU GLDO\VLVY EDJ SUHSDUDWLRQ

7KH GLDOWEZDVWEEUFKDVHG E\ 6,"WUBDQWHSUBFFRUGLQJ \
UHFRPPHQGDWLR@FHOOXORVH WKWKQDYIHUDJH IODW ZLGW
PP DYHUDJH GLDPHWMRIOWF XM U RHILIKE2FXW 'DDQG

ZLWK D FDSDFLWSRUR[PPHWROO KAHSWMHDWPHQW SURWREFR
6,*0%$ VXIHGE/'W7KUHH VROXWLRQV ZHUH SUHSDUHG FRUU
LQGLFDWLRQVY GHVFULEHG EHORZ

BROXWLRQ $ ZY 1D6 VROXWLRQ DW f&
BROXWLRQ % )LOWHUHG GLVWLOOHG ZDWHU DW  f&
BROXWLRQ & 2 BFLG VROXWLRQ

7TKHQ GLIIHUHQW VWHSYV ZHUH UHDOL]HG
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7KHO\FHULQ LQFOXGHQG DN UKXPRBMEOL.@QW WKH WXEH LQ UX
ZDWHU GXKLQJ

7KH VXOIXU FRABRXQGEWRYWGHDWLQJ WKH WXEH ZLWK WKF
PLQXWH

7KH WXBM ZDVXIHEK WKH VIROR MR HN

7KH WXBM DFLEGLWKO'KH VROXWLRQ &RIBVRXQHWKH WXEH

7KHQ WRNHWV GEQMWHIXOO0\ WR UHPRYH WKH DRUG ZLWK Wk
PLOQXWHYV

7KELDO\VIZHEB IV WRMHOG QBBMMMOHG ZLWK ILOWHUHG GLVW
WKH IULGJH XQWLO WKH XVH ,W LV QRW UHMRPPHNGBEG W
GLDO\VLV EDJ PRUH WKDQ WKUHH PRQWKV
$IWHU IROORZLQJ WKH SURWRFRO WKLV WXELQJ ZLOO UHW

RU JUHDWHU

+H/D FXOWXUH FHOOV

+H/D FHOOV DUH D VSHFLDO W\SH RI FDQFHW FH® OV
JHQRPHV ZLWK RQH RU PRUH FRSLHV RI PDQ\ FKURPRVRPHYV
FKURPRVRPHY ZKHUHDV +H/D FHOOV FRQWRLMWH PWWDW H/G
7KLV LV GXH WR WKH +XPDQ 3DSLOORPDYLUXV +39 WKH
FDQFHUV /DQGU\ +H/D ZzDV WKH ILUVW KXPDQ FHOO O
XQXVXDOO\ IDVW GRXEOLQJ FHOOXODU FRXOWRW RMWAH K
VFDOH WHVWLQJ 7KLV FHOO FXOWXUH LV FKDUDFWHUL]HG
PHDQLQJ WKH\ ZLOO GLYLGH VHYHUDO WLPHV 7WKWY SHUIRL
H[SUHVVLRQ RI DQ RYHUDFWLYH WHORPHUDVH WKDW UHE
GLYLVLRQ DOORZLQJ WKH SHUSHWXDOLVWWK RDQ H UW KWH.\RK)
FKDUDFWHULVWLFYV +H/D FHOOV ZHUH VHOHFWHG DV D SR\
RUJDQLVP EHFDXVH RI WKH DEVHQFH RI D SURWHWVWLYH W
FDUULHDODVEB®UKB HYDOXDWHG ZLWK UHVSRQVH RI WKH ELRD)

OHWKRGYV
SKDVALDIJWGIHAVHUPLQDWLRQ

6DPSOHYV ZHUH SUHSDUHG E\ ZHLJKWLQJ WKH QHHGHG
ZDWHU LQ KHUPHWLFDOO\ VHKROR GHDQDPVW L\R RERIVWEKKHVDP S
GRQH ZLWK D YRURMH[SKDWMH WHWJIUDPY ZHUH HVWDEOLVKH
VDPSOHV RYHU WKH ZKR OHZD IVBRB FRrH QWXWD BAR BOWD Q\GK H P

LQ D ZDWHU EDWK DW WKH GHVLUHG WHEPSRIWIHMXRY XQWLO
WHUQDU\ VA\VWHPV WKH WKLUG FRPSRQHQW @ R\E \DHEGHIGN E R
FRXSOHG ZLWK SRODUL]JHG OLJKW RSWLFDO PLFURVFRS\

LGHQWLVWWXFHWXUH RI WKH OLTBRIDG® & UD QUMDIDV:E B VWM L Q J
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6$;6 PHDVXUHPHQWY ZHUH SHUIRUPHG WR HVWDEOLVK SUHI
WR FRQILUP WKH QDWXUH RI WKH GLITHUHQW SKDVHV DQG W
FXELF SKDVH

$ 3BRODUL]HG OLJKW PLFURVFRS\

7KH SRODUL]HG PLFURVFRSH LV HTXLSSHG ZLWK WZR SHI
SRODUL]HU DQG DQDO\|HU 7KH ILUVW DOORZV WKH SRODU
OLJKW DIWHU SDVVLQJ WKURXJK D SRODUL]HG ILOWHU LW
SDVVDJH RI WKLV OLJKW SRODUL]HG WKURXJK DQ DQLVRWL
WKH OLJKWQEWRPO WZR UD\V RI GLIITHUHQW SRODUL]DWLR
GLITHUHQW VSHHGYV

J)LIXUH 3BRODUL]HG OLJKW PLFURYV
0 X USK\

7KLV SKHQRPHQRQ LV FDOOHG ELUHIULQJHQFH DQG LV
RI UHIUDFWLRQ DQLVRWURSLF FRPSRXQGV ZKRVH RSWLI
GHSHQGLQJ RQ WKH GLUHFWLRQ RIUWK H7 §H FDSTDIOWH. B B &RD R
DIWHU WKH VDPSOH LV RULHQWHG SHUSHQGLFXODU WR WK
RI WKH WZR OLJKW EHDPV DQG WKH LPDJH REWDLQHG LV
EHWZHHQ WZR UD\V KDYLQJ GLIIHUHQW VSHHGV RI SURSDJD

J)LIXUH ([DPSOH RI WH[WXUHV XQGHU SRODUL]HG PLFUR)
D 7TH[WXUH RI 30DOWHVH &URVV’™ LQ RBHFHRODW SKDWH EF 7KH +
ODPHOODU SKDVH G 7KH /. SKDVH RLO\"



% 6PDOO $QUMHVFDWBSHE LQJ

6PDOO DGIMHVEDWWHULQJ 6$;6 PHDVXUHPHQWY ZHUH |
36$;6HVV PF8 LQVWUXPHQW $QWERR GIDDIUW L XY LQW WHP
LQVWUXPHQW LV DWWDFKHG WRDD QH,QHUDWRER UBIYRUDO (O
HTXLSSHG ZLWK5D\WWERBHG3$1D&\WLFDO QP RSHUDWLQJ DW

N9 DQG P$ (DFK VDPSOH ZDV LQWDRE X FBGS LLGYOD U6 SHLPL
GLDPHWHU HTXDO WR PP DQG PP IRU PLFHOODU VRO
UHVSHFWLYHO\ RU EHWZHH®IRUZ R VW AKHNY/GROI D PIS®/ RQVLGH I
HYDFXDWHG VDPSOH FKDPE HWD\DEMDIR[ SFADGBRR EQD R |
ZDV UHFRUGHG RQ D &&' GHWHFWRU 3ULQFHWRQ ,QVWUXP}
ZLWK [ S0 VL]H GHMPESEOMRU GLVWDQFH PP

8VLQJ 6%BDQW VRIWZDUH $QWRQ®LBEHDVLRWEKE MWZARIH ZL
LQWHJUDW H G LLRHVQR/ ME®IVOW HULQJ LQWHQVLWLHY , T DV D
VFDWWHULQJ ¥HFWIRQ T ZKHUH LV WKH WRWDO VFDWWHU
D WUDQVOXRHRNS BHOIODFRRZLQJ WKH PHDVXUHPHQW RI DQ DWW
DW T DOO PHDVXUHGHLEDNOH.GVIDWMLHHE/ F\DQREJPDOL]LQJ Wk
SULPDU\ LQWHQVLW\ $00 GDWD ZHUH WKHQ FRUUHFWHG II
WKH FHOO DVPGI DRUQJIOHWHHYWMDRIL) G SURFHG X WKDIQRP 6%;6
VRIWZDUH XVLQJ /DNH PHWKR® V)RLI WH B HOROWDUH FR DK@ L R
LQWHQVLWLHY DUH VEDOHG LQWR DEVROXWH XQLWV XVLQJ

(PXOVLILFDWLRQ SURFHVYV E\ 3KDVH ,QYHUVLRQ &RP:

7TKHLQH HPXOWLR®WH IRUPHG E\ 3KDVH ,QYHUVLRQ &RPSI
PHWKRG ZKHUH WKH PL[WXUHV RI WKH RLO DQG WXUIDFWLEL
UDWLRV ZHUH ILUVW SUHSDUHG 7KHQ ZDWHU ZDV DGGHG
SHULVWDOWLF SXPS ZKDPR XQWHHFEWADWKH UQJIBVWWRQVWDQW
—/ V WKH PLIWXUH ZDV FRQVWDQWO\ PDIJQHWLFDOO\ VWL

TKHFRQFHQWUDWH @ HPXWOH/ ISRINS DUHG PL[LQJ ZDWHU DQG
GLIITHUHQW ZDWHU VXUIDFWRQW7KBWLRWNEHADHHY PD QXD O
GURSZLVH WR WKH PL[WXUH XQGHU FRQWLQXRXRLOWLUULC
ZHLIJKW FRQWHQWY EHWZHBQRS OH\W V&(HZIBY VKIWMHUPLQHG
E\ OLFURVFRSH 2SWLFDO 3RODUL]HGU D\F®H WWQIBUGRDIO 6$$6 JO |

7R SUHSGRSHWK&( RU RPO\DQYROXWLRQ ZLWK .73 ZDV S|
SUHSDUHG GLVSHUVLQJ D FHUWDLQ DPRXQW RI WKLV GU
FRQFHQWUDWLRQ RI .73 LQ WKH FLRUDUH VBB PXGR QW LRR)S H
FRQFHQWUDWLRQ WR DGG LQSHBSEREHRGHPXIWBEKH® QN E BV
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SURFHGXUH ZDV IROORZHG DV GHVFULEHG LQ WKHRFRUUHYV.
&( WKH VDPSOHVY DUH UHDG\ WR UKHRORJLFDO FKDUDFWHUL

$ "\QDPLF /LIKW 6FDWWHULQJ '/6

7KH VDPSOHV ZHUH SUHSDUHG ZLWK GHPLYXUDFWBQ VW DW
IUHH FHOOXORVH ILOWKHR) 3SRRHRVLWKUHH GURSV RI WKH V
SODFHG LQ D GLVSRVDEOH SW&H WHMHWOHOQ R XAWVWO EYA WWHRW RO O\
ILOWHUHEY DHWHWBR WBR WKH PHDVXUHPHQW LQ GLOXWHG V
HOLPLQDWH WKH LQWHR &FBOQWLHXWXKH HUWHWVEKW WY WKH DQD
FDUULHGFRXRWWDMW WHRSHUDAN EU M UL PHHAWM XUHPHQWYV
ZHUH FDUULHG RXW LQ D O0DHB DHSES BHW W/XNV]HT XLSSHG ZLWK
ODVHU QP LWV GHWHFWLRQ UDQJH LV IURP QP WR D IHz

7KIWHFKQUWYXHG WR GHWHUPLQH WKH VL]H GLVWULEXWLR
LQ WKIPLIVXERQ UHJLRQ GLVSHVU\VEBD/HQ RO WKH BHPNV XUHPHQ!
%URZQLDQ PR QHPH®MU WRPRYWRAYWIKQFLGHQW ODVHU EHD
WKURXJK D FHOO FRQWDLQLQJ KW\WH GSLDASWDWBUSME DUKWML O O M
EHDP DQG WKXV IOXFWXDWLQJ LWV LQWHQVLW\ $W WKH SDI
WKH H[LWIWQLEWBEOXEWXDWHY DV D IXQFWLRQ RI WLPH 7KF
GHWHFWHG DQG TXDQWLILHG XVLQJ D ®HWHIHF \WR U U B R DRKRWF

7KLV FRUBDRODPW®RY D VLIQDO FRPSDUDWRU WKDW DQDO
WLPH W WR WKH VLIJIQDO DQGWKMOEQ@DOWWHY WKRH FRUUHOL
WKHP 7KLV FRUUHODWLRQ GHFD\V WKURXJK WLPH WLOO LW
D IXQFWLRQ RI SDUWLFOH VL]H WKH VPDOOHUHOKMNW &R Q WLF
GHFD\ 7KH FRUUHODWRWWUKXKEHQW ZL&OO FRQVWUXFW WKH |
):i; RI WKH VFDWW HAKHQRVQWKHHVDWSOH WLPH

+R;+R Eliy;
)l L——— & F M
+hR;
)RU PDQ\ PRQRGLVSHUVH SDUWLFOHV LQ %URZQLDQ PRWLR
H[SRQHQWLDO GHFD\LQJ IXQFWLRQIRI WKH FRUUHODWRU W1l

Y:i;L#cs E$ APLg atFwm

:KHUH $ LV WKH EDVH OLQH RI WKH FRUUHODWLRQ IXQFW
FRUUHODWLRQAKQPFYKIHRGHF®G UDWH FDOFXODWHG DV
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AL &M 'Mé Fu

‘KHUH WKH 'W LV WKH WUDQVODWLRQDO GLIIXVLRQ FRHIILF!
veJ a _
ML — OED AMI F v
A t

ZLWK Q LV WKH UHIUDFWL&H V. Q\GH BRD GHOYSAUWR @V WKH OD)
DQG LV WKH VFDWWHULQJ DQJOH-+ L\NGRRWEDQQMIGF |G RPP W
FRUUHODWLRQ IXQFWLRQ XVLQJ WKH 6WRNHV (LQVWHLQ OD

G6
xéf}‘iQ

‘KHUH N LV WKH %ROW]PDQQ FRQVWDQW R7WWHH DEV]
YLVFRVLW\ Rl WKH FRQWLQXRXV PHGLXP 7KHUH DUH WZR DS
LI WKH FXUYH FRUUHVSRQGY WR DQ H[SRQHQWLDO WR WKHFH
PHDQ VL]H DQG DQ HVWLPDWH RI WKH ZLGWK RI WKH GLVW
PXOWLSOH H[SRQHQWLDO WR WKH FRUUHODWLRQ IXQFWLR(
VL]HV

,Q WKH H[SHULPHQWYV WKHUH DUH WZR DSSURDFKHV W|
FRUUHVSRQGVY WR DQ H[SRQHQWLDO WR WKH FRUUHODWLRGC
DYHUDJH GLDPHWHU DQG DQ HVWLPDWH RI WKH ZLGWK R
LQGH[ WKLV LV FDOOHG FXPXODQWYVY DQDO\VLVY RU PXOW]
IXQFWLRQ WR REWDLQ WKH GLVWULEXWLRQ RI SDUWLFOH VL
11/6 RU &217,1 7KH VL]H GLVWULEXWLRQ REWDLQHG LV D
RI OLJKW VFDWWHUHG E\ SDUWLFOHV LQ YDULRXV VL]H FOL
LOQWHQVLW\ VL]JH GLVWULEXWLRQ

aFw ‘M

& L

% 5KHRORJLFDO H[SHULPHQWYV

5KHRORJLFDO H[SHULPHQWY ZHUH FDUULHG RXW DW f

K DQG RQH ZHHN ZN DJLQJ VDPSOHV ZKLFK ZHUH PDL
WHPSHUDWXUH FRQWUROOHG EDWK DQG SURWHFWHG IURP
WXEHV 7KH UHVXOWY RI WKH H[SHULPHQWY ZHUH SHUIRUP
DQG VWUXFWXUDO SURSHUWLHV RI WKH VDPSOHV LQ IXQF
LQIOXHQFH RI NHWRSURIHQ DGGLWLRQ WKURXJK WKH DJLQJ

$00 WKH UKHRORJLFDO H[SHULPHQWYV ZHUH FDUULHG
FRQWUROOHG VWUHVYV UKHRPHWHU $5 * 7% ,QVWUXPHQWYV
ZLWK D GLDPHWHU RI PP DQG f FRQH DQJOH 7KH GHIR
SHUIRUPHG DW +] TUHTXHQF\ WR GHWHUPLQH WKH OLQH
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WHPSHUDWXUH ZDV NHSW DW ‘ f& XVLQJ IDUPWWHU EDW
3RO\VWDW 8 6 DQG 3HOWLHU $5*

$00 WKHVH H[SHULPHQWY KDYH EHHQ SHUIRUPHG LQ W
&KDUDFWHULM) WRRBDSWHG DW WKH ,QVWLWXWH RI $GYDQFF
,4$& EHORQJLQJ WR WKH 6SDQLVK 1DWLRQDO 5MWRIDUFK &
WKH 1$12%,26,6 ,&76 RI WKH %LRPHGLFDO %M ZRUNLQJ &HQ

OHVRVWUXFWXUHG SKRURXNVUDMWLRQLD OV
$ %DUH VLOLFD PDWHULDOV SUHSDUDWLRQ

OLFHOOHV ZHUH SUHSDUHG ZLWK DTXHRXV VROXWLRQV
FRQFHQWUDWLRQV RI VXUIDFWDQW LQ ZDWHU ZHAMA LQYHVW
JRU WKH PLQHUD UDJPSNOIFRQ6RIDWKEBURSZLVH DGGHG WR WKt
DQG WKWXRIHY ZHUH VWLUUHG DW USP IRU K 7KH VXUIL
ZDV YDULHG IURP TKWRPLIWXUHYVY ZHUH SODFHG LQWR V
DXWRFODYHV DW f& GXULQJ K MWHKW\@ KBIWP D WK UIIRDLOV KH
WUDQVIHUUHGYHQWW UFDHFOMDROR FDUWULGJHYV WR UHPRYH WK
HWKDQRO H[WUDBWLRQ GRVLQIKDW URRP WHPSHUDWXUH GX
ZHUH WKHUPDOO\ WUHDWHG XQGHU VIQWKHWLF DLU DV IROC
DSSOLHG DW & P&LQLDADWDO K SODWHDX IROORZHG E\ D VH
UDPS DW f& PLQ WR UHDFK f& ZKHUH WKHKWGP®HUDWX
QDO WHPSHUDWXUH UDPS DW f& PLQ ZDV KPSBVWGE DWKR UH
7KH FRROLQJ SURFHVVGZDYCXQGQEBRMWHR® EH WKH RYHQ LQHU\

)LQDOO\ WKH PDWHULDOV ZHUH GULHG DW URRPHWHPSH
HPXOVURQILUVW WKH RLO DQG WKH VXUIDFWDQW ZHUH PL[H
ZDWHU ZDV DGGHG DW D ILNHQRWDWBIFRILQYHVWLIDWHG V>
FRQFHQWUDWLRQ LQ ZDWHU DQG ZW DWIGPSOHV FRI
ZW RI RLO ZHUH VWXGLHG

JRU KWKH ZDWHU DQG VXUIDFWDQW ZHUH PL[HG ZLWK W
WKH RLO ZDV PD®XPBIOCMH WEGHFR QW L QXRIXY WK N LQDIL F D
SUHFXUVRBMURSXYLVH DEE&GHPE[HG DW 7KHUBRPSRVLWLRQ RI W
VDPSOHV LV JLYHQ LQ WKH FKDSWHU 9 LQ WKH WDEOH
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% OHVRSRURXVY PDWHULDOV SUHSDUHG IURP WKH SDUWQH

(PXOVLRQV RI RRDQQH HPXOVLRQQP (ZHUH SUHSDUHG IUR
WKH V\VWHP .(/ ,VRSURS\O O\ULVWDWH :DWHU +RINLQJ DQ
DQG ZLWK WKUHH ZDWHU FRQWHQWWW\ VWBGQG RI ZW
WKH VDPSOHYV ZDV GHWHUP IYQONG IRW RRQHGH QBLINBRH MKK AD V
PHDVXUHG E\ '/6 DQG YEZKKNDWOWWXGSHMMW FDUULHG RXW FRQ\
HPXOWLIRG DROYNUQJ $)KDQFZHHNMWHU SUHSDUDWLRQ 7KH V
ZHUH NHSW SURWHFWHG I URP WKH OLJKW DQG KKIDAMK VRXUFt
UHVXOWHG PRUH VWDEOH DFFRUGLQJ WR WKH PLQLPXP YL
YLVXDO DVSHFW ZHUH VHOHFWHG WR SUHSDUH WKH PHVRS
ZW VROXWLRQORRAWIIHUHQW UDWLRYVY EHWZHHQ (P 3 XQGHL

DQ

7KH HPXOVLRQV ZHUH SUHSDUHG ZLWK WKH 3,& PHWKRG
DQRG ,VRSURS\O 0O\ULVWDWH DW USP DQG &G G\HEH Q WK
ZLWK WKH KHOS RI D &5,0621 SOOPXK QY IOIRRWMRIQ D EOXLVK
IUHH RERRPEOH )XWKHUPRUH WKH VROXWBRQIRQG& WKADV SU
PLIWXUHV ZLWK WKH ILQH HPXOVLRQ ZHUH GRQH LQ WK
SURSRUWLRQV « DOzD\V KDYLQJ D WRWDO PDV
7KH VSHHG RI PL[LQJ ZDD/WD QAP V WKIFBQV WKH VLOLFD SUHF?
GURSZLVHZKGGHGVKH VSHHG RI PL[LQJ ZDV GHFUHDVHG WR
WKHQ WKH ILQDO PL[ ZDV SODFHG LQWR D VHDOHG 7HIOR
K\GURWKHUPDO WUHDWPHQW K DW f& DQG K DW f &

$IWHU WKBIWPDWHULDOV ZHUH XOUWRNGV H{ WU B G W.IQRDR FIOHIMOL
UHPRYH WKH WHPSODWH E\ 6R[KOHW HWKD@®@RE MDPSDFHWLR (
ZHUH GULHG DW URRPQDI®RSHVDWSOHY ZHUH FKDUDFWHUL]J!
DQG DGVRAMWRIRRWLRQ QLWURJHQ 7R BBXNHRYV X\UKH VRKD W QR G
SKDVH FRXOG UHPDLQ LQWRDWRISD AL @HRIH WWKUIHXUFRADXOUH. W U H
VIQWKHWLF DLU DV IROORZ ILUVW WHPSHUDWXUH LQFUHD\
f& ZLWKSIDDWHDX IROORZHG E\ D VHFRQG RVHP B/HRU D MDXFIH L

f&

7HPSHUDWXUH ZDV KHOG IRU K WKHDRDWD FIEBQPIOQ WZHDR/S H |
LPSRVHG WR UHDFK f& ZLWK D K SODDWHOQKRGWH FRABG (
DQGLUHEWMKRY HQHUWLD $W WKH HQG RNDP®OWKAHSHRF -
FKDUDFWHUL]JHG DJDLQ E\ 6$66H\DRQGS WIGR/@R UBIWLIRRIHQ 7K
SURFHVV ZDV UHSHDWHG ZLWK WKH VDPSOHV SUHSDUHG

HPXOVLRQ DQG 3 VROXWLRQ DW S+ WKH DFLGLF VROX\
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'RSHG PHVRVWUXFWXUHG K\EULG PDWHULDOV SUHSDU

,Q RUGHU WR HQWWERSWWKKHKVEBULG PDWHULDOV ZKLFK PXV\
WKH UHOHDVH XQGHU FRQWUROOHG FRQGLWLRQV WKH V\Q\
RI .(/ LQ ZDOQVBLQH HPXOR LRIQWK WKH V\VWHP .(/)RDWHW O0LJO)
SUHSDUDWLRQV D GUKWHBHHD K\EUHSDUHG WR FREQKDUIDVW W]
GUXJRDGHG

$ /RDGHG PHVRVWUXFWXUHG K\EULG PDWHULDOV IURP .(/

7TKH 2 : PLFHOOHV SUHSDUHG ZLWK .ROOLSKRU (/ .(/
YDU\LQJ LQ VL]H DURXQG QP ZKHUH GUXJV FDQ EH HQF
.HWRSURIHQ .73 ZDV FKRVHQ DV DFWLYH SULQFLSOH PRGH
RI WKH PLFHOOH FRUH DQG HQWUDSSHG LQWR WKH K\GU!
SK\VLFDOO\ bDVVRFLDWHG LQWR WKH PLFHOOHV WKHUHIRUH
EH UHOHDVHG )LJXUH

J)LIXUH BUHSDUDWLRQ RI WKH GRSHG GLUHFW

YRU WKH K\EULG PDWHULDOV SUHSDUHG IBRPD&RSHG PL
VROXELOL]HG LQWR WKH VXUIDFWDQW DQG PL[HG DW U S
GLVVROXWLRQ 7KHQ WKH ZDWWR IRMPWGHHR SZLNHU BDGW HG/ ZD
UDWLRV ZW DQG - K [EGIH. QUKBIGGIHVGEHW KD W L [ W
ZDV FRQVWDQWO\ PDJQHWLFDOO\ VIKHABHG DWWDR USP DW
WRRN DW H[SHFWLQJ WR KDYH RI WK H DOVWKULDIOWR WK E
FRQFHQWUDWLRQ ERPEDMHRRIM® MM RSUHVFULEHG PHGLFDP
7KH PLFHOOHV ZHUH GRSHG DFFRUGLQJ WR WKH IROORZLQJ

t" -62

' @NQC; T srr Mat F X
"@NQCE 6/15:CE-". :C;

,V FUXFLDO WRGRSERWGHE WH B/BUBORN MRKHV GXQQ RIKWOO WKH
VIQWKHVLY SURFHVVY 7KH GRSHG PLFHOODU VROXWLRQV L
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RQHV PXVW EH VWRUHG DW [& W RIGHD WIRNXNEE DR B W H
SUHSDUDWMLRBRQFHQWUDWLRQV XVHG WR VIQWKHWL]H WKH

DQG ZW LQ ZDWWWKH4HIWHQHWBROL]DWLRQ zZDV FDUUL
VORZO\ WKH 7026 ZKLOH VWLUULQJ DW USP GXULQJ PLQ
ZDV IL[HG DW PZKMXWHAEDKFHG LQWR VHDOHG 7HIORQ DXW
f& GXULQJ K WKHQ DW $IW& B XMKHMH REWLPL]HG FRQGLYV
K\GURWKHUPDO WUHDWPH@WH WK HG ERJW GU R R A FAUHLDSH UD W )
GXULQJ )LX SURFEHMRU WKHLU VREDHDRWOW LB WIURH®D FH
PDWHULDO BURPHRQLFHOODU VROXWLRQV PXVW EH SUHSI
FRQGLWLRQV

$W WKH HQG RI VIQWKHVLYVY WKH DPRXQW RIWGHIMXID@®VYDSS
ZDV GHWHUPLQHG E\ +B/&XD @D W RDRYCRDVZKLPIO RI
PHWKXMR® SODFHG LQWR D WKBHRIH@BK\EULG PDWHULDO L
H[WWHEW IURWKH RUJDQLF SKDVH 7KH WXEH ZDV FHQWULIX

PLOXWHNVHU WKH VLOLFD VHWWOHG LQ WKH ERWWRP DQG
7KHQ WXHHGGRHWEDW RO FRYHUHG ZD @K IDQ SMHFHABVEMLR) W K H
EH DQDX\QBE U WHHRQ@ELWLRQV DV WKH DO MXRYWYURP WK

SURFHVV7EH SURSREWWRBWLQN FRQGLWLRQV XVHG IRU
HISHULPHQWYV 7B&%SY D ®BIPI RRARG WKIHNVKHU FDOFXODWLRQV
SURILOH UHOHDVHG

J)LIXUH +\EUPBVRSKDVH VIQWKHVLYV IURP WKH GRSBﬁ(gEQP
GHWHUPLQDWLRQ SURFHVV %
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6XEVHTXHQWO\ LQ RUGHU WR GHWHUPLQH WKH PDWI
H[SHULPHQWY ZHUH FDUULH®HRRE RALRWKY WK B LIEE WIDGVH U LD
ZHUH ODWH D FIROFGEIQHIGZLWK WKH SURFHVV THV®KHOWLRQ |
FKDUDFWHUQH®BO\ WKH UHVXOWLQJ 6$;6 VSHFWUD ZHUH F
PDWHULDOV REWDLQHG LQ WK H GH QW DN\HGW XZILGKKIREQW . 7 3
PLQHUDOL]DWLRQ

% /RDGHG PHVRVWUXFWXUHG K\EULG PDWHULDOV IURP .(/

JRU WKH GRSHG K\EULG PDWHULDOV S(WPHSMXABEGDNJRP ILQH
VROXELOLHG AN KHUSP DW f& XQWL@IR WKW LFRRP 8 O HFM GQ
WR KDYH LQ WKH ILQDO IRAURX/ODWWRRVDEPR/@VLAXHHUHG IR
IRUPXODWLRQV ZHUH DQG ZLWK KMWO HRWEKBWHU
.(/ 7026 PRODU UDWLRFRQVIDBHADHE® DV VWKHUWEL W KH
GRSHG RLO DW UKHQWKHf&UHSDUDWLRQ LV BREBEBSOHWHC
EXEEOHWAKH ZDWHU LV GUWKIDH HWERHGWDQWO\ PDIJQHWLF

USP DW 2@ &H WKH ILQH HPXBUDBRQN\ZZHJHH FKDUDFWHUL]
‘16

2XU VWUDRVBHYHORS WKLAVRQD QRWD UL MRVLQYROYH WKH
LQ WKH PDWHUL KM QPHENSMD® ARZ DOVR WR HQWUDS D KL.
GUXRU WKLV SXUSRVH WKH GRSHG ILQH HPXOVLRQV (P ZH!
WKH VRXUFH Rl VLOLFD SRO\PHUL]H DURXQG WKH OLJO\RO ¢
7KH PLQHUDOL]DWLRQ FRQGLWLWRRRLDKNU H : KRHWO WK MG LDQ/D D
K\EULG GRSHG PDWHULDOV ZHUH REWDLQHG QIKWMURBIB ®QG
FKDUDFWHUL]DWLRQV ZHUH FDUULHG RXW $W RXKPWHQG L
WUDSSHG LQWR W¥XEASPBW KIRDGDIRVREKE D)V IDQU WKWHR FHV V
%DQG WKH UHVXOW ZDV XVHG IRU WKHGT®R QMQLI LW R K/ LN HR\
H[SHULPHQWV

ODWHUKD OB AW H WIH PKQLRTX H V
$ 1LWURJHQ DGVRUSWLRQ DMEL&HVRUSWLRQ
7KH WH[WXUDORS WRSH RWUBQL]HG SRURXV PDWHULDOV [
QLWURJHQ DGVRUSWLRQ DQG GHVRUSWLRQ WHVIW 7KHVH
VWUXFWXUH D KLJK VSHFLILF DUHD DQG D VPDOO SRUH VL]t

7KH DGVREBWLIHRWWSRQGY WR WKH DGVRUSWLRQ RI WKH PRC
WKHUH DUH WZR W\SHV RI DGVRUSWLRQ SKAKHVRUSWL]I
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FKDUDFWHUL]DWLRQ RI SRURXVY PDWHULDO LV GR@H E\ SK\V
QLWURJHQ DW LW\sQUDWXIORWLRQWVWRH VXUIDFH RI WKH PIL

7TKH HTXLOLEULXP HVWDEOLVKHG EHWZHHQ WKH JDVHRX
DEVRUEDEOH FRPGEHEXQBERPSDUHG DW HTXLOLEULXP H[LVWL
DQG LWV YDSRU $W D JLYHXRWHWS RUDMMCKHUNG WRKUIHERX VSHFL
DV D IXQFWLRQ RI WKH HTXLORIEWIKXPIDPVHRY XWKH S3HVVXULI
EHWZHHQ DQG WKH VDWXUDWLQJ YDSRU SUHVVXUH IRUPV

7KH VKDSH RI WKH DGVRUSW LTRXDIOWRWDKAHLYR DEHREZWY/P WE BV
WH[WXUDO SURSHUWLHV RI WKH VWXGLHG PDWHULDO 7KH
DFFRUGLQJ WR VL[ IGRY¥NWIHUFWMWVSHWKRVH IRXQGHG LQ W
H[SODLQH®BUH

$ ,VRWKHUP W\REWDEZRHGLAMLWK D ZLGH GLVWULEXWLRQ
DOORZ XQUHVWULFWGIWLOAEORO D\GIWRUSWLRQ WR RFFXU DW

$ ,VRWKHUP W\SH ,9 7KLV LVRWKHUP LQGLFDWHVY WKH S
WKH JLYHQ VA\VWHP 7KLV WISHER MKH WKHY P QRUMPR H R1 WK
QLWURJHQ TXDQWLW\ IRU UHODWLYHO\ VPDOO SUHVVXUHYV
D PRQRODRHW KLIJKHU SUHVVXUHV WKH SURJUHVVLYH LQEFE!
YROXPH LV WUDQVODWHG E\ D FRPHIQOROY F KR QG FW®M D MWLR IQF
SUHVHQFH Rl PHVRSRUHV SRUHV ZLWK D GLZXKRWFWHW EHW:
IROORZHG E\ WKH DSSHDUDQFH RI D SODWHDX

$ K\VWHUHVLVY ORRS DSSHDUV ZKHQ WKH QLWDRIHQ VWD L
WKLY ORRS LV GXMLW&HWEBWIXULHH RHUWKH FDSLOODU\ FRQG
PHVRSRUHYV

JLIXUH 7\SH ,, DQG 7\SH ,9 DGVRUSWLRQ GHVRUS"
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7KH DQDO\VLV RI WKLV W\SH RI LVRWKHUPWKNMWY PDW
DOORZ WKH FDOFXODWLRQ RI WKH VXUIDFH DLRHDW MK IRISRU
WKH VWXGLHG PDWHULDO 7KH VXUIDFH DUHD LKIPAMDIOH XODW
PRQROD\HU IRU ORZHU SUHVVXUH Y D ONHHFW LIR@Q® W B HPR O H |

‘M Fy
e ga 8LIKHA?QH=N =NA@QKN>A@ !
Suily 5 0¢ ké Lsxit B KN = s{x &

8,asL IKH=N RKKHEEO
0L#RKC=@NK JQI>AN

7 YROXPH RI WKH3 PRQRODHBXWDWHG XVLQJ WKH %UXQDXt

%(7HTXDWLRQ
'Ma F z
2 s - %F s 2 8L=@OKN>A@=RKNHAOAQNA 2
L E 8 LIKIJKH=UAN RKHQIA
. . 0 0
B:aF2 &% &§%e 2L O=PQN=PEJC R=LKNPDNRAQDQ
% L ?KJOP=JP

7" SRUH VL]H GLVWULEXWLRQ LV FDOFXODWHG XVLQJ WKH
HTXDWLRQ

. "M F {
52, W OL5QNB=?A RPRESEKN=PC
2, kNF P46 MLLKNA N=@EQO

PLPE?GXBOI>-@OKN>A@ H

7KLY WKHRU\ LV EDVHG RQ WKH SKHQRPHQRQ RI FDSLO
DSSHDUV LQ WKH PHVRSRUHV DQG E\ DSSO\LQJ WKH .HOY L(
3 DW ZKLFK WKH FRQGHQVDWLRQ KDSSHQV WR WKH FXUYDW
IRUPHG OLTXLG %DVHG RQ DQ LWHUDWLYH FDOFXODWLRC
TXDQWLW\ DGVRUEHG LQ D GHILQHG SUHVVXUH VSDQ

JURP WKH SRUH UDGLXV DV D IXQFWLRQ RI WKH UHODW|
FDOFXODWH WKH FXPXODWHG YROXPH RI DOO WKH SUHVYV:
UDGLXV ZKLFK JLYHV E\ GHULYDWLRQ WKH SRUH VL]H GLVW
OLFURPHULWLF 7ULVWDU 7KH VDPSOHV ZHUH GHJDVVHG
DQERDO\VLYVY LQ RUGHU WR HOISKMgDRWMRUBWGE UL QWG E2WKH SR
PDWHULDO
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% 6FDQQLQJ (OHFWURQ OLFURVFRS\ 6(0

7KH HOHFWURQLF PLFURVFRS\ PHWKRGV DUH GLUHFW
YLVXDOL]DWLRQ RI WKH VLOLFD PDWHULDOV LQ UHDO WLPF
UHTXLUH FODWDWKBDWLRQV LQ RUGHU WR H[SORLW WKH Ul
OLFURVFRS\FRQWLVWVY RI WKH VFDQQLQJ RI WKH VXUIDFH RI
HQHUJ\ HOHFWURQ EHDP 7KH LQWHUDFWLRQ EHWZHHQ Wi
VXUIDFH OHDGV WR RIKEDFHY KD DAWLHRIH G DM\O HDRWGU B R VH U
HOHFWURQV 89 YLVLEOH ,5 FDWKRGROXPLQ RKFHDIFWMWHLG \
KDYH ORZ HQHUJ\ DQG DUH JHQHUDWHG IURP WISDIPRVW VX
WKLV PDNHV WKHP UHVSRQVLYHHWWRR®KHI BB RS OMKIRN M XRIOD F
DUH FROOHFWHG SRLQW E\ SRLQW RQ WKH VFDIQUIHG DUHI
QRUPDOL]HG DQG FRQYHUWHG WR DQ LPDJH Rl WKH VFDQQF

7KH 6(0 XVHG IRU WKLV H[SHULHQFH7KM DD#®3®&4, BHUH
GLVSHUVHG LQ HWKDQRO XVLQJ XOWUDVRXQG WKHQ VSUHI
DQG GULHG DW URRP WHPSHUDWXUH

& 7TUDQVPLVVLRQ (OHFWURQ OLFURVFRS\ 7(0

,Q WKLV WHFKQLTXH WKH LPDJH REWDLQHG LV WKOHPBEBKMXOW RI
DQG WBWVLQJ WKURXJK HOHFWURQ EHDP 7KH LQWHQVLW\ RI WKl
WKH GHQVLW\ DQG WKH WKLFNQHVV RI WKH VDPSOH SURGXFLQJ D
WR WKH VDPSOHfV WH[WXUH 7KLV WHFKQLTXH ZD& WYXHG WR R
JHQHUDO PRUSKRORJ\ RI7TMKHPHWRSRUHY0 ZHUH UHFRUGHG RQ
$50 &)(* PLFURVFRSH RSHUDW)RQJ W REVWHUYDWLRQV VDPSOH
SUHYLRXVO\ GLVSHUVHG LQ FKORURIRUP ZLWK XOWUDVRXQGYV Dt
VSUBRQ $X JULG FRYHUHG E\ )RUPYDU DPRUSKRXV FDUERQ ILOP

'LVVROXWLRQ WHVW DQG .73 UHOHDVH FRQGLWLRQV Il

7KH UHOHDVH H[SHULPHQWYV ZHUH FRQGXFWHG LQ UHS
ZDMLQWURGXFHG WOHDWHI G WL DO\VLY EDJ DQBOLRPHUVHG
UHFHYWRNIWQIRIAEHU JODWEMVYQON FRQGBKWMRGY YROXPH R
WKH PHEKRROG EH DW OHDVW  WLPHV WAKHJU B UWXHIVSBIWW U B W
7KH DPEHU JODVVHV DUH L FFRQUNVBIRBOIOHERWHEBWWKDW XUH |
UHFHSWRU VROXWLRQ ZDV VWLUUHG ZLW K KDH PGILAK\DROQ ¥\ ORS)
WHVW ZDMARRORZKRXUV

7KH PHDVXUHPHQWY ZHUH GRQH HDFK PLQXWHV GXU
WKHQ HYHU\ PLQXWHV XQWLO FRPSOHWH X®RXOVWKHHG L
HQG 7KH FEXPXODWLYH UHOHDVHV SURILOHV RI NHWRSURI
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FDULHUVY ZHUH DOVR HYDOXDWHG XQGHU WKUHHWHKHIHUHQW
UHFHSWRU VROXWLRQV WKDW ZBW3S8KBDP B BRBEHRAEUGGH DI W
GLITHUHQW FRQWHQW RI 3 ZW

J)LIXUH 'LVVROXWLRQ HTXLSPHQW IRU WKH L

'XULQJ WKH UHDOL]DWLRQ RI ZKROH H[SHULPHQW WKH
PDJQHWLF VWLUUHU DW USP DW UR RO VWRH P8I MWWEHB W R
VROXWLRQ ZHUH H[WUDFWHG LQ D IL[HG WHHJIGW VIFQMIEGHS F
LOQWHUKBF®RW XPH WDNHQ ZDV BB SRIDIFHIY K IPMIGLXP VROXWLR
WKH YROXPH Rl WKH UHFHSWRU VROXWLRQ NHHSV FRQVWDC
7KLV DGGHG YROXPHV WKDW GLOXWH WKH UMFXDDORIVPRGYXP
7KH DOLTXRWYV DUH WKHQ DQDQVPHEBCXNVKWD ERHRSEW ZHUH
PRGHOL]HG ZLWK D 'UXJ 6ROYHU VRIWZDUH <RQJ =KDQJ

OHWKRGV IRU . HWRSURIHQ UHOHDVH TXDQWLILFDW
$ +LIJK 3HUIRUPDQFH /LTXLG &KURPDWRJUDSK\

+LJK HIILFLHQF\ OLTXLG FKURPDWRJUDSK\ +3/& LV D
VHSDUDWLRQ Rl FRPSRQHQWYV RI D PL[WXUH EDVHG RQ GL
SK\WLFDO LQWHUDFWLRQV EHWZHHQ WKH DQDO\WHV W
FKURPDWRJUDSKLF FROXPQ 7KH VHSDUDWLRQ ZDV GRQH L¢
SDUWLWLRQ FRHIILFLHQW WKDW LV GHILQHG DV WKH UDW
DOQDO\WH LQ WKH RUDRELEVBKIPROFEQWUDWLRQ LQ WKH 2
ZKHQ WKH WZR FRQFHQWUDWLRQV DUH DW HTXLOLEULXP

7KH VDPSOH WR EH DQDO\HG SDVVHV WKURXJK D FKU
SXPSLQJ OLTXLG DW FRQVWDQW IORZ WKDW OHDGV WKH KL
EDU WKURXJK WKH FROXPQ 7KH WLPH UHTXLUHG IRU D
FROXPQ LV FDOOHG A DWBQWLRRQWLBHUHG D FKDUDFWHUL
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LGHQWLILFDWLRQ RQ B IFRREEB B HOQ/G VW D WIKRIQDHW B RDALIR Q
WLPH RI WKH FRPSRQHQWY GHSHQGV R QDQIGHWIK H) ¥ W B WH. R\ F
SKDVH

7KHFDOLEUDWLRYQ EXNHQHGRWGUBPRP D PLQLPXP RI VL[ VRO)
GLIIHUHQW FRQFHQWUDWLRQV RI WKH @ FWHYBUBSKQFDSO|
UHSUHVHQWDWLRQ RI WKKUBBBDR SGQESNHRURENDLQHG IRU H
FRQFHQWUDWLRQ BDOREYDWHE BRERVE U & H

UL#ES$T 'Ma Fsr

‘KHUH \ LV WKH YDOXH RI WKH FKURPDWRJUDSKLF DUH
RULJLQ % LV WKH VORSH RI WKH OLQH DQG [ Q\WRWWKHHRQFF
DFWLYH SULQFLSOH LQ WEHWWBHRMW HVGR OEAWLR WY HUBRODW L
FKURPDWRJUDSKLF DUHD REWDLQHG IURP WKH FDOLEUDW
VIVWHP XVHG WR DQDO\]H N HWFROSARTHQ SKEINVEE HpI\@ HU 6K L P
9.5 & PP PPUHYHUVH SKDVH FROXPQ 0GRRSGH $AWCEBWH FW
D ZDYHOHQJWK RKH HQRWLRQ RI NHWRSURIHQ ZDV FDUULH
SODFHG LQWR DQ RYHQ DW f& XVLQJ D PREIRDIH SKDVH FR
DFHWRQLWULOH DFLGLILMIG ZLFNIG DVYRYJBQLRUSKDVH SKD!

DFLGLF DTXHRXV SKDVH DW S+ SKDVH $ 7X® IORZ Ul
WKH LQMHFWLRQ YROXPH ZHUH /| 7KH UHW HIQXWRKVW L P H
7KH JUDGLHQW HOXWLRQ IRU WK B DPEH WKWR G IBHNHHBGR BH @ ZQ
SKDVH % DQG WHWWYV PPLQ PLQ PLQ PL

DQG PLQ

,Q YLWUR F\WRWR[LFLW\ DVVD\

7R FDUU\ RXW WKH WR[LFLW\ DVVD\V ILUVW WKH FHOOV
VDPSOHV VPKNKRGGL Y LG H)GEWDWW ZARHOOV ZHUH STOHOMHG LQ
SODWHV 7KHUPR )LVKHU 6FLHQWLILF 6/ DQG&RQFXEDWHG
+H/DFHOOV ZHUH FXOWXUHG LQ 'XOEHFFRYV PRGLILHG (DJ
JOXFRVH VXSSOHPHQWHG ZLWK IHWDO ERYL@RWYRAWUXP )¢
SHQLFLOOLQ DQGORNBBYWRMEOQWKH FXOWXUH PHGLXP FRI
ZHUH SXUFKDVHGBHFRKRPRORHILHY 3DLVOH\ 6FRWODQG 8. 7
FDUULHG RX/SGLA®RHW K RI LQFXEDWLRQ DW 7& WKH
ZLWKGWIZ® FHOOV ZHUH VHHGHG ZLWK IUHVK PHGLXP DQG
6LJPD $OGULFK ZDV DGGHG LQ HDFK ZHOO WR D ILQDO FR
FHOOV ZHUH LQFXEDWHG IRU WZR DGGLWLRQDO KRXUV D
DVSLUDWHG DQG O-VROIRUPEMWK\062 ZHUH DGGHG WR HI
GLVVROYH WKH IRUPD]DQ FU\VWDOV GIRH S OMLQHDZD W RRP V
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WHPSHUDMXQWKH VDPSOHVY ZHUH SUHSDUHG WR WHVW WK
UHJURXS WKH FRPSRVLWLRQ RNHAWPR/HIRIWK WHH VMSHY IRAH\VQ W V
JLIXUH $ % H[SODLQV WKH IROORZHG SURFHVV ,Q WKH SUH
$ WKH DIWHY)PYVDNPGOHVDSHSWHHG GLUHFWO\ RQ WKH FHOO
J RI HDFK RQHIX @G DFK ERUHKROGMHIN UK IRUPDWLRQ XQLWYV
ERYLQH VHUXP DV FXOWXUH PHGLXP +RZHYHU DFFRUGLQ.
VHFRQG SURWRFRO ZDV SURSRVHG )LJXUH %

7TDEOH &RPSRVLWLRQV RI VI\VWHPV XVHG L(

6DPSOH (/ OLJ .73 .(/ 7026
ZW ZW ZW PRODU UD\
06
+06
60 .73
+06 .73
) (
) ( .73
& (
& ( .73
06 OLFHOODU VROXWLRQ ZLWK zZzW .(/ +06 +\EULG PDMC
(PXOVLRQ ZLWK ZW OLJO\RO &( &ERQFHQWUDWHG (PX

PHDQV .73 DGGHG

J)LIXUH 3URFHVV RI WKH WR[LFLW\ WHVW IRU $)0 VDPSOHV $ 3l
VDPSOHV EHIRUH FRQGXFWLQJ WR[LFLW\ WHVW %
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JROORZHQSURKHYIYV%SURSRVHG WR WHVW RQO\ WKH VX
UHVXOWLQJ IURP WKH PL[WXUH RH WWKBIL DX DRREHWPRIS OXP D Q
JRU WKDW SXUSRVH J RI HDFK VDPSOH ZDV GLVVROYHG |
VWLUULQJ IRU KRXUV DQW L W& H$OFR WKHYV SRQG SURSRUW
DPRXQWYV XVHG IRU WKH UUHHDVHDHVAHVH BIHW KHWOIVO\W FRQG LW L F
7KH VXSHUQDWH ZDV FRQVLGHUHG DV WK R QL KL\D OWKRQ
IROORZLQJ GLOXWLRQV ZHH SDOSDUHG YWR NQRZ
YLDELOLW\ Rl WKH FHOOV LQ |XR¥WN\K) RO WHKRI F/ARQHAKEQRDUNDH
WKH PLIWXUH ERW RMKGHWXEHWWHUH PSPHGX U LW  fRLQ
WKAMXH VXSHUHHVRQWR B LIGWFR Y HUH G5 D@XGWWRQYV ZHUH GRC
FRQWLQXH ZLWK7WKHSDQWOIW ZHUH DSBBKEHB7HQ WKBGHU
ZLWK DQ DE\DRJED@FH5HVXOWY ZHUH H[SUHVVHG DV D UHOTL
WR WKH FRQWURO FHOOV
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&SKDSWHQYHVWLJDWLRQ RI WK
.ROOLSKRODWHU IRU WKH SUH
RI PHVRSRURXY PDWHULDOYV
HITHFW RI ELRFRRSDWLEOH RL

7KLV FKDSWHU H[SODLQ KRZ WKH PHVRVWUXFW:
EHHQ SUHSDUHG WKURXJK WKH &RRSHUDWLYH 7HP
IURP PLFHOOHYV RI .ROOLSKRU (/ .(/ ZKLFK LV D EL

7K ILUVWRFBWQV WKH VWXG\ Rl SKDVH GLDJU
.ROOLSKRU (/ ZDWHU DQG WKH VWYXEMRXWD O
2UJDQL]J]HG OROHFX®DE BWWHPWVOOHY DQG OLTXLG
7KH WUXFDXKH WMWWER\GIPHD® O $QUOH 6FDWWHBLQJ
JXUWRKRHUH WKH VIQWKHVLY DQG VWUXFWXUH RI PH\
REWDLQHG IURP .ROOLSKEBHVEHUMEHGOREELIMWLIRQV \
REWDLQ WKH RUJDQLHISOPRWHGLDOV DUH

7TKIWHFR®MUW RI WKER FRKHAMQWHILQ ID & B QWH R Q
WKNRSURS\O 0O\ULVWDRWRD ,0 . DG 0XVHBWRLOV
LOWNRKH .(/ ZDWHU YKHWMAHUQDU\ SKDVHLWGMWJIUDI
GHWHUPIRUHG DFK KL@WKH SUHSDUDWLRQ RI PHVR)
PDWHULDOV IURP WKH V\VW HPFRBIWMHEIIRD . RO L S K
FRQVLGHUHG



6\VWHP .ROOLSKRU (/ :DWHU

3KDVH GLDJUDP RILQRADWHKWDYBW YMKHH REVHUYHG
SKDVHV

7KH VXUIDFWDQW EHKDYLRU LQ ZDWHU ZDV VWXGLHG E\ H
IRU ZKLFK VHYHUD O SWIHSDWHNG ZIHAAR B 6 WKIR[E@DWRHG LQ
&KDSWHRBU FRQFHQWUDWLRQV EHORZ WR ZW RI VXUIDF
VROXWLRQV ZLWK WHPSHUDWXUH DUH REWDLQHG )RU KLJK
FU\WWDOV SKDVH GRPDLQ DSSHDUWI )JRWPIDFZAD QWR D YZHAU\ \
DQG LVRWURSLF SKDVH ZKLFK PHOWV DW f& LV REVHUYHG
SKDVH 7KH LGHQWLILFDWLRQ Rl WKH VSDFHJBUGNXNGE E\ WKLV
6$:6 7KH ILIXWKHRZ WKH SKDVH GLDIKID R REDWLYH GRVLWLR
WKH UHIOHFWERQt BEaH ¥iD¥YHv ZKLFK FDQ EH DVVLJQHG WR
3P Q GLUHFW PLFHOODU FXELF SKDVH )URP ZW WR ZW
DOPRVW f& D KH[DJRQDO SKDVH LV REVHUYHG ,QGHHG
SRODUL]HG OLJKW RSWLFDO PLFURVFRS\ VKRZ D FKDUDFW

SRVLWLRQV Rl WKH UHIOHFWLRQ Ok&#it RQ WKH 6%$;6 SDWW|

60 -
55-
50-
45-
40-
35- L
30
254 1 1
20-
15- A

10- s
0 10 20 30 40 50 60 70 80 90 100
JLIXUH &RQFHQWUDWLRQ WHPSHUDWXUH SKDVH
VIVWHPDQGFRUUHVSRQG WR GLUHFW DQG UHYHL

, FRUUHVSRQGY WR D GLUHFW PLFROODBDWSRXQELWF
KH[DJRQDO SKDVH 6 GHQRWHV VROLG

Temperature (°C)
—
T

7KH VWUXFWXUDO SDUDPHWHUV RI WKHVH OLTXLG FU\V
VHYHUDO WHPSHUDWXUHV )RU WKHWG@GEZELF &KDVH WKH UDYV
5 HTXDO WR ZDV LQYHVWLJDWHG DQG IRU WKH KH[DJRQD

DQG 7TKH VWUXFWXUDO SDUDPHWHUV ZHUH GHWHUP
HTXDWLRQV UHSRUWHG LQ OLWHUDWXUH UHI
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7KH ODWWLFHMEHUHPREMADNVQHG IURP WKH IROORZLQJ HTXD)\

%“L—f@é[ﬁEGﬁE H:?7QE? LD=0#AU F s

DQG

ve
= L — DAT=CKJ=H ,LD&EORt
M 3w
ZKHUM LY WKH SRVLWLRQ RI WKLY OUWVRH IBFHD N A WU RQK Bl QUEH |
OLd

JRU WKH KH[DJRQDO SKDVH WKHLKVGORFRREL 6 LUBNGCDXFHS
DVVRFLDWHG WR WKH ¢UVW UHAHFWLRQ E\ WKH IROORZLQJ

8, Ls/IJéZR

§EU8 t@

ZKHUDI—NWDQGV IRU WKH QXPEHU RI ZDWHU PROHBXOHYV SHU
9% 9 UHVSHFWLYHO\ VWDQG IRU WKH PRODU YROXPHV RI \

VXUIDFWDQW WKH VXUIDFWDQW WKH VXUIDFRARBDQW WD QG ZD\
FP PRO DQG 96 PREP WKH FURVV VHFWLRQDO DUHD 6 FD

‘MU Fu

5Lu& ‘MU F v
004A
7KH UHVXOWY DUH VKRZ LQ WKH 7DEOH JRU WKH KH

SDUDPHWBUIJKWO\ LQFUHDVHY ZLWK WKH FRQWHQW RI ZDW'E
WKH K\GURSKRBLFDWQIGMWKH FURVV VHFWLRQDO 6 DUHD
HTXDO WR QP DQGVSHFRVLYHO\

JRU WKH FXELF SKDVH WKH K\GURSKRELF UDGLXV LV Gt

HTXDWLRQ
3
- ’ ‘M Fw

ZKHUH K N O DUH WKH OLOOHU LQGLFHV FRUUHVSRQGLQJ W

7KH YDOXHRIWXWIHBQ LQ WKH 7DEOH 7KH ILUVW UDGLX"
FXELF SKDVH QP WKDQ IRU WKH KH[DJRQDO SKDVH ZKL
LV LQ WKH VDPH UDIQUHWKHQWYZR OLTXLG FU\WVWDO SKDVHV

4, L @D E GE HOI
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7TDEOH/DWWLFH SDUDPHWHU D K\G QR SKUREW LURD
6 IRURXEEBRKH[DJR®MKDVBIWIH U HQW ID FW D Q WWAERWV I

O 3KDVI = 44 5
ZW ZW Jl Jl J16

3P Q
+
+

,QWKH KH[DJRQDO SKDVH QR VLJQL¢{FDQW FKDQJH RI W
IXQFWLRQ RI WKH WHPSHUDWXUH ZDV REVHUYHG *LYHQ WK
WKH H[WHQGHG DON\O FKDLQV KDYH D GLPHQVLRQ RI DER
GHWHUPLQHG YDOXHV Rl WKH K\GURSKRELF UDGLXV VR LW
FKDLQV DUH FRPSOHWHO\ H{IWHQGHG LQ WKLV SKDVH )RU W
UDGLXV LV ELJJHU WKDQ WKH HVWLPDWHG YDOXH 7KLV UF
IURP WKH SHUIHFW VSKHULFDO PLFHOOHV WR VOLJKWO\ U
VXJIJHVWHG E\ )RQWHOO RU WR GLVNV DV SURSRVHG |
PRGHO &RQFHUQLQJ WR WKH PLFHOODU SKDVH WKH VWUXF
ZDWHU ZHUH GHWHUPLQHG E\ 6$;6 ZLWK WKH VDPSOHV DW
LQ ZDWHU 7KH 6$;6 VSHFWUDHDUH. QLY BEQRROXWH XQLWYV

0,1

0,01

171, (cm™)

1E-3 4

2.5 wt.%
s 5wt%

‘ 10 wt.% ‘
0,1 1
J)LXUH 6%$;6 VSHFWUD RI WKH PLFHOODU VRPXWERQV HC
DQG ZW SXREOROOLSKRU DW f& LQ ORJ ORJ UHSU
QRUPDOL]J]HG UHJDUGLQJ WR WKH VXUIDFWDQW YROXPH

1E-4

JRU DOO WKH VWXGLHG FRQFHQWUDWLRQV WKH VSHFW
WKH FXUYHVY DUH RYHUODSSHGGIRMKHA\!'H[KLBIPW D PD[LPXP I
QPi JRU ORZ T YDOXHV' T WKH LGPVHQVLW\ GHFUHDVHV
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I (a.u.)

FRFHOQWUDWLRQ 7KLV IHDWXUH LV FKDUDFWHULVWLF RI
LQWHUDFWLRQV

7R GHWHUPLQH WKH PLFHOODU VWUXFWXUH WKH GDW
*HQHUDOL]HG ,QGLUHFW )RXULHU 7UDQVIRUP *,)7 PHWKR
WDNLQJ LQWR FRQVLGHUDWLRQ WKH LQWHUSDUWLFOH LQW
D 7KH REWDLQHG SDLU GLVWDQFH GLVWULEXWLRQ IXQF\
RQ )LE 7KH FXUYHV H[KLELW D SURQRXQFHG GLS ZKLFK HYH
IRU WKH FRQFHQWUDWHG VROXWLRQ ZW LQGLFDWL
FRQVLGHUHG DV LQKRPRJHQHRXV DQG VR FDOOHG 3FRUH VK

0,14

0,020 -
—2.5wWt.% E

0,015 -

0,010 -
0,011

p(d)

0,005 -

— 10 wt.%
—5wt.%
—25wWt.%

0.1 1

g (nm")

0,000

1E-3 -0,005- d (nm)

J)LIXUH'DWD DQDO\]HG E\ *,)7 IRU WKH PLFHOODU VWUXF

EODFN GRWWHG OLQH DQG DSSUR[LPDWHG *, YW VROHBQ@LQH
ZW EOXH DQG ZW SXUSOH RI .ROOLSKRU DW f& E &
GLVWULEXWLRQ IXQFWLRQV 3'")V

$00 WKH FXUYHV DEHOONIND DFKVORJ D F WRH WISWKWI UL F D O
PLFHOOHV PDUWKXM GLPHQVLRQ RI DERXWHJDUGOHVV RI W
VXUIDFWDQW FRQFHQWUDWLRQ 7KHVH UHVXOWV DUH L
K\GURG\QDPLF GLDPHWHU GHWHUPLQHG DW  f& E\ '\QDPLF
QP ZLWK GLOXWHG PLFHOODU VROXWLRQV ZW RI VXUID
HOHFWURQ GHQVLW\ SURILOHV KDYH EHHQ G HGLWWIL@AHG E\
GLVWULEXWLRQ IXQFWLRQV IRU WKHOWKUHHQPLEKODU VI
K\GURSKRELF UDGLXV FRYDEXHBRIKG MR QVREHDQJIJHV W
FDQ EH HVWLP DQPHI® WD W K H ZW RIQBGX U | CPFPWIIRAIVAVK H

ZW RI VXUNDKFMD QVKH PLFHOOHYV UDGLL IRQ EHZWYROXDW
VXUIDPWBQW QP IRURIVAWIDFWDQW 7KHVH YDOXHV DUH LQ
WKH PD[LPXP GLPHQVLRQ IRX®G RQFM\KH BOWWFWURQ GHQVL'
DUH VKRZ LQ WKHBDUFWUURVSRQGLQJ WR WKH ORZHVW YDOX

00



D GLPHQVLRQ R{ DODREPON) EH DWHBUWRXWKH K\GWVRB®RELF FKLC
WKILPHQVLRQ LV HVWLPBRGQWGLOMULQDWKH OBMRJIJWYX RI WK
SRVVLEOH WKHQ WR GHGXFH WKDW WKH DON\OSKLIDLLFEY DUH
FKDLQV FRQVLGHULQJ WKDW RQWLRD JRIRXS PV W KGILRHQ
GLPHQVLRQ FDQ EH HYDOXDWMNGHO WVKH QKRG YRBK)DLF SDUW
OHQJWHK RQP 7KXV WKHVH FKDLQV KDYH D UDWKHU H[WHQC

0,003 -
0,002
0,001
0,000
0,001
10,002
0,003
10,004
10,005

U (n

JLIXUH ([FHVV HOHFWURQ GHQVLW\ SUR¢(

OHVRSRURXV PDWHULDOV SUHSDUHGBYHGROPLSKAGODU
(/

7R VIQWKHVL]H WKH PHVRVWUXFWXUHG PDWHULDOV F
SUHSDUHG ZLWK DTXHRXV VROXWLRQV DW S+ RIDQG DW
VXUIDFWDQW HIQHZD@MHN WLIDWHG DQG [DXWG WKH
VIQWKHVLY SURWRFRO ZDV IROORZHG DV H[W GBFNWHICE DG Q. (
FDOFLQHG PDWHULDO REWDLQHG DW WKH HQGBRI6WKH V\QW
6(0 DQG DGVRBHIWRUBHIRQ RQWOWR/ LV

‘KHQ WKH FRRSHUDWLYH PHFKDQLVP LV XVHG WR SUH
VLOLFD WKHPKXNVWRDPWBRIOPAMAOOHY LQ VROXWLRQ EXW WKLY
FRQGLWLRQ ,QGHHG WKH RWKKXU\EDW W@DHAR SWXMH W IDOE B R FS
WKH IRUPDWLRQ RI,® KH PW WHXOLDWVWKH VXUIDFWDQW VLO
LPSRUWDQW SDUDPHWHU WKDW VKRXOG EH RSWLPL]HG

JRU WRROLSKRU FRQFHQWUDWLRQV EHORQJLQJ WR WKH
ZW WRBOLSKRU 7026 PRODBHUBQWYIRU I15H G KIDWR P WR
WKLV ZD\ IURP WKH VXUIDFWDQW SRLQW RI YLRZOWKH FRQ
WR RFFKHW REVHUYHG YDULDWLRQV ZLOO WKXV EH GXH WR
SUHFXUVRU :KDRVGHYIHSBK RK I R Q F HNOWMWWUWOCAMDARUIH P MVBLFD PD W't
UHFRYHUHGRXO@QWERR 7026 UDWIWRHRI )LJ
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,JIWKH YDOXH RI 59 LV LQFUHDVHG WKH PDLQ SHDN EHF
VHFRQGDU\ UHAHFWLRQV DUH GHWHFWHG DQ\ ORQJHU 7K
DUUDQJHPHQW HYROYHV WRZDUGV D ZRUPKROH OLNH VWUX
WKH DGGHG 7026 LV QRW HQRXJK WR FRYHU DOO WKH PLFHO
PLFHOOHV DQG K\GURO\]JHG SUHFXUVRU WKH BQWWMXOEHYH G ¢

FROQGHQVDWLRQ OHDGV WR D OHVV RUGHUHG O\EMLG PF
PHVRVWUXFWXUHY DUH REWDLQHG

JLIXUH 6%$;6 SDWWHUQV RI WKH PDWHULDOV V\QWKHYV
UDWLR 5 HTXDO WR D E F G 7KH H D

PLFHOODU FRQFHQWUDWLRQ LV HTXDO WR $ DQG ZW %

&RQFHUQLQJ WKH QLWURJHQ DGVRUSWLRQ LVRWKHUP
FRQGLWLRQV DOO WKH PDWHULDOMSHKHVHKQIMN D FMAIS Bl L \OWLLVH
PHVRSRURXV PDWHULDOV )RU 5« UDWLRV LQ WKH UDQJH
GLVWULEXWLRQ LV WKIHWWERQ@BUGRZPBI®&®HU UHPDLQV DOPRV)
JLYHQ .ROOLSKRU FRQFHQWUDWLRQ LQVHUW RI )LIJXUH
VLIH LV QRWHG ZKHQ WKH .(/ FRQFHQWUDWLRQ LV YDULHG |
IRU 59 WKH SRUH GLDPHWHU LQFUHDVHYV IURP WR



J)LIXUH 1LWURJHQ DGVRUSWLRQ GHVRUSWLRQ LVRWKHL
GLVWULEXWLRQ LQVHUW RI WKH PDWHULDOV VIQWKHVL

WR D E F G H DQG | 7KH
HTXDO WR $ DQG ZW %

91



$W KLIJK UHODWILYH LSUBRVXUBHOH WR FRQILUP WKH LC
DGVRUEHG Y®RWOWWRBG RI UHDFKLQJ D SODWHDX DV XVXDOO
LVRWKHUPYV 7KLV EHKDYLRU KDV DODWBBEEHH@® QG SR UWH (
FDQ EH UHODWHG WR WKH S+ FRQGLWLRQV ZKDRKVILCFXROWD W K
SRURVLW\ ZKLFK LV UHVSRQVLEOH RI WKH DVFHQW RI WK
YDOXHV )RU 5« EH\RQG WKH GLVRUJDQL]DWLRQ RI W
DFFRPSDQLHG E\ D GHFUHDVH RI WKH 3BHI$ GRUDENWHKWH LQ
DSSHDUDQFH RI D EURDG VHFRQG FRPSRQHQW LMHWWH PHVI
Rl )KUH % FRQVHTXHQFH RI WKH K\EULG PHVRSKDVH UHRUJ
LQVX"FLHQF\ RI WKH DPRXQW RI WKH LQRUJDQLF SUHFXUVR

J)LIXUH 7(0 LPDJHV RI WKH PDWHULDOV VI\QWKH\
PRODU UDWLR 5« HTXDO WR D E F G
PLFHOODU FRQFHQWUDWLRQ LV HTXDO WR Z\
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$FFRUGLQJ WR 7(0 REVHUYDWLRQV X0UM KRDKVRDIQODYF DV

ZLWK .(/ FRQFHQWUDWLRQ RI DUH PHVRSRURXV OHVRS
PRUH UHJXODU LQ VL]H IRU 59 WKDW LV FRQVLVWH
DGVRUSWLRQ GHVRUSWLRQ GDWD ,W FDQ EH FOHDUO\ REV!
59 WR DQG WKHQ GHFUHDVHV IURP 59 WRWR
QRWH WKDW SDUWLFOHV DW 5¢ DUH VPDOOHHU DQG U
RWKHUV

JURP WKH DERYH UHVXOWVZWREWNDIWH®JIKRUDFWDQW
FRQFHQW B8 HPQ VLWKDW WR UHFRYHU D PHVRBWWQNBEW X UH (
SRUH VL]H GLVWULEXWLRQ WKH 59 YDOXH VKRGXOG EH LQ WE
7KXV IRU WKH QH[W VWXGLHV WKH .(/ 7026 GLOMFHRLMDV E|
DOVR DSSHDUWRWKDW MWKBULHV DV DRIXQESKRD FRRQWKB W UL
WKH VXUIDFWDQW DPRXQW KDV EHHQ YDULHG YHRPOO WR
PLFHOODU GRPDLQ 7KH 6%:6 SDWWHHQ¥ VERILFWKDW RQ
PHVRVWUXFWXUHG VLOLFD PR®\WUQD O \ZWMAML SKRER YLHQU ZB W
J)LAUH $ DG

JLIXUH 6$%$;6 SDWWHM@& 18WURJHQ DGVRUSWLRQ GHV
WKH FRUUHVSRQGLQJ SRUH RUMK B DMADP S IOE-RAMAL\RIQV KLHD\
FRQFHQWUDWRIRQ EW F G H DQG 7KH .(/ 702
PRODU U DM RHVER]
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,QFUHDVLQJ WKH FRQFHQWUDWLRQ Rl WKH PLFHOODU V
¢UVW SHDW WBKLIWHGWMR RPQ WKH FHGOWKXYDWPHWHIY [URP
WR QP 6LQFH WKH FHOO SDUDPHWHU UVDWIGHWKP \RLIORHFY
ZDOO WKLFNQHVV WK DWK EN. WX BHIHWWH PHVRS BUBRXW BB P HW
DV D IXQFWLRQ RI WIOWLRQFRQFWEWW UDQJH RI .(/ FRQFHC
PHVRVWUXFWXUHG VLOLFD SUHYVKQW \W% DGN \BKD L9DIEVRIAK N WR
RI PHVRSRURXV PDWHULDOV DFFRUGLQJ7WR WH®DYBBSHE |
SUHVVXUH DW ZKLFR Q&HQRDSLORP@® RFFXUV LV SURJUHVVLYH
S SYDOXHV ZKHQ WKH VXUIDFWDQW FRQFHQWUDWLRQ XVH
LQFUHDVHG 6LQFH WKLV YDOXH LV UHODWHG WR WKH PHYV
HOYLQ HTXDWLRQ WKLV RHRB@WY MWK DWHEILRURH @ H

7KLV LV FRQ¢UPHG E\ WKH SRUH VL]H GLVWULEXWLRQ Z
W R QP DV D IXQHFWIRRQF ROWKBWLRQ %\ FRQWUDVW LW
7DEOHWKDW WKH PHVRSRUH ZBDPDL QK LFOIRRMMR FR QPN D QW
W LV DOVR LQWHUHVWLQJ WR QRWH WKDW W HHPHWRIS R UH
WKH K\GURSKRELF FRUH VL]H Rl WKH PLFHOOHVY GHWHUPLC
FRQ¢UPV WKH WHPSODWLQJ HiHFWS RFWKHEH D EHPRBHW RO HY 7K
SRUH YROREB\ LQFUHDVH IURP UHVSHFWLYHO\ WR DURXQ
W R FP 2KHQ WKH .(/ FRQFHQWUDWLRQ YDULHV IURP W

7TDEOH OHVRSRURXV PDWHULDOV BPKDVMUHDBEW H

(1 = QP 5, .:1°% &:?1"780F562 OHVRSRI H QP
ZW GLDPH)
QP

7K1 6$:6 VSHFWUXP RI WKH PDWHULDO VV\QWKHVL]HG ZL!
FKDUDFWHULVWLF RI D ZRUPKROH OLNH VWUXFWXUH VLQFH
QP )LIXUH $H ,I WKH .(/ FRQFHQWUDWLRQ LV UDLVHG W
DQ\ ORQJHU )LJIJXUH $1 PHDQLQJ WKDW WKH FKDQQHO
UDQGRP 7KH VKDSH RI WKH LVRWKHUP RI WKH VDPSOH
FRQFHQWUDWLRQ KLJKHU WKDQ ZW LV PRGL¢{¢HG DQG LW
W\SH ,9 DQG W\SH ,, )LIJXUH % HI OHDQZKLOH WKH SRUH
LV VKLIWHG WRZDUGV KLJKHU PHVRSRUH GLDPHWHU DQG
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OHDQWLPH WKH VSHFL¢F VXUIDFH DUHD GURSV WR DUR
GLVRUJDQL]DWLRQ RI WKH FKDQQHQ\WDUB\JDYWHH UH DB OWMRWK
RUGHUHG PHVRVWUXFWXUHG VLOLFD PDWHULDO 7(0 REVHL
UHJXODU PHVRSRUHV IRU DOO VDPSOHV ZLWK 5¢ Z
LQFUHDVHG IURP WBRH zZzW )LJ

J)LIXUH 7(0 LPDJHV RI WKH VDPSOHV V\Q'
FROQFHQWUDWLRQ ZW RI D E F G }
.(/ 7026 PRODU UDWLR LV ¢([HG WR
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2Q WKH 7(0 LPDJHV DW KLIJKXRIH E GFDW MR QVKHIJJUDGX
ORVIVSRUH RUGHULQJ LV FOHDUO\ REVHUYHG ZKHQ .(/ FRQFF
WR ZW 7KH RULJLQ RI WKH ORVV RI WK®& FRHN\DR/FR R H WVRKUHS
VXUIDFWDQW FRQFHQWUDWLRQ FDQ EH GXH WRDPSFXHWQJH R
IURP VSIHWMHADJRGY ZKLFK GLVWXUEV WKH &RRSHUDWLYH
,QGHHG ZKHQ PLFHOOHYV DUH FORVHG WRJHWKPDWMLRK WR V
RI RI\HWK\OHQH JURXSYV DULVLQJ IURP VWHULF KLQGUDQFI
OHDGV WR D PLWHOQN LMKIDRQWBIRNGH WEKHOH:H FDQ DOVR
DVVXPH WKDW ZLWK WKH LQFUHDVH RI WKH FRQFHK:QWUDWLR
PRUH PLFHOOHY DUH IRUPHG DQG WKH LOQWHUDFWLRQV EHW
GHWULPHQW RI WK HK\FRBQHRWO YJHBKSWKFXUVRU

JLODOV\QRW SRVVLEOHVWIRW[ROWEBH GRPDLQ RI WKH SK
EHFDXVH RI WKH UHOHDVH RI WKH PHWKD QRIOWKUR GOFH G G X
,QGHHG LW LV ZHOO NQRZQ WKDW WKH SUHVHQFHORI DGGLW
PRGLI\ WKH VXUIDFWDQW EKRWWLRU LK ZOBWHED WKHUHIRUH
DftHFW WKH IRUPDWLRQ RI WKH PHVRUWQ XFWXUH®VLOLFD F

$GGLWLRQ HIIHFW RI WKH ELRFRPSDWLEOH RLOV LQWR W
6ROXELOL]DWLRQ HITHFWVRW,WRSURS\O 0\U
$ 7THUQDU\ SKDVHRGIODBKIRRJ . (/ , VRSURS\'® WHL V:WDWH

7KH SKDVH GLDJUDP RI .ROOLSKRU ZDWHU LVRSURS\O
ILIXUH 7KH VROXELOL]DWLRQ RI ,0 LQ PLFHOODU VROXWLR
LV OLPLWHG WR ZW +RZHYHU WKH FXELF SKDVH ZKRVH
FDQ LQFRUSRUDWH VRPH DPRXQWYV RI ,0 XS WRRXQUIRXQG
SKDVH LW LV \SROXEEOHMWRQWLO ZW

| WKH FRQFHQWUDWLRQ RI .ROOLSKRU LQ ZDWHU LV LQFU
ODPHOODU SKDNBXD$SISHPXYW RQO\ DIWHU WKH DGGLWLRQ RI
RLO ZW 7KLV SKDVH LV YHU\ULSRDOOWH ¥ Q@R LWZRMD QR
2Q WKH RWKHU KDQG WZR W\SHV RI HPXOVH ZOQWEKBXH EHHC
GRPDLQ HPXOVLRQV ZKLFK FDQ FRQWDLQ XQWLIHZ RI RLO
GD\V ZHUH LGHQWLULAR® GRPWK® KLORD\HEROFXQW.RQV &
EHWZHHQ DQG ZW RIRLO ZHUHBWHSDWHG )LJXUH
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JLIXUH 7HUQDU\ SKDVH GLDJUDP IRU WKH VI\VWHP .ROOLSKRU Z|

f& DQGHRUUHVSRQG WR GLUHFW DQG UHYHUVH+PIQRGHOODU SKEL
GHQRWH GLUHFW PLFHOODU FXELF SKDVH GLUHFW KH[DJRQDO SK
(P DQG &( FRUUHVGRRX®WRQ DQG GLUHFW FRQFHQWUDWHG HPXC

% 6WUXFWXUDO SDUDPHWHUV RI WKH OLTXLG FU\VWDO S

6$:6 PHDVXUHPHQWY ZHUH SHUIRUPHG WR GHWHUPLQH
VWUXFWXUDO SDUDPHWHUYQRIXWQKMW LCRJ XRIGWRKIRSDEIBAMV L R Q
O\ULVW DQWKHH .RO O LZKRHMU(N\VWHI B $:6 VSHEWUD DUH SUHVHC
JLIXUHDIRU WKH ODPHOQDADSEMNVH DQG RQ )LJIKIRHW
WKH KH[DJRQRO. (5 &DWH 7KH VWUXFWXUDO SDUDPHWF
GHWHUPLQHG LQ DFFRUGDQFH ZLWK W K\HH WD WBW MR UHS
KH[DJRQDO SKDVH WKH K3GLWRBKRDPMWHGD\WS BRW K R FLIDWWD) F H
WR WKH ILUVW SHDN E\ WKH IROORZLQJ UHODWLRQ

§EUR | eqg

8ER & E U8 t@ ~

ZKHUH . VWDQGV IRU WKH QXPEHU Rl PROHFXOHV RI ZDWHU
VWDQGV IRU WKH QXPEHU RI PROHFXOHV RI ReL® SHU PROHF
9 UHVSHFWLYHO\ VWDQG IRU WKH PRODU YROXPHV RI

VXUIDFWDQW WKH VXUIDFWDQW ZDWHU DQG ,VR&US\O 0\U]I
FDQ EH GHGXFHG DV

"Mu F x
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6:1s> Ta;
C. B
JRU WKH ODPHOODU SKDVH WEKH IFQQ EW REHFIMLRRHO® OUR B HW |
IROORZLQJ HTXDWLRQ
t: EUS8EUS
5L G MuFz
7TKH K\GURSKRELFRWRGCFWRHWMGURSK{PLO® WH IGFHNGHPPHVGAURP
WKH IROORZLQJ HTXDWLRQV
6:1> Ta;

@LT H#, DQG s GG %B'Ma u F {

5L MauFy

JLIXUH 6$;6 VSHFWUD RI WKH VDPSOHV LQ IXQFWLRQ RI WKH DG
IRU WKH ODPHO®DU SKDBPHDQG IRU WKH KH[DSJIRQDO S KD VIHW+
f& (YROXWLRQ RI WKH VWUXFWXUDO . SPUD@EHWBWBWQ IK&FWLR!
LV WKH QXPEHU RI PROHFXOHV RI RLO SHU PROHFXOH RI VXUIDJ

(@}
[@))



JRU(/ ZD W5U WKH 6%$;6 SDWWHUQV JLYH UHIOHFWLRC(
WKH UHODWLRQVKLS DQG ZKLFK EHFRPH OHVV SURQRX(
LQFUHDVLQJ WKRLERQMQMQW RI ZW FKDUDFWHULVWLF RI
SKDVH JRU 5 WKH UHODWLYH SRVLWLRQV 3&Il WKWHIRQIXHFW L]

ZW Rl RLO WZR LQWHQVLYH SHDNV DUH GHWHFWHG LQ
SKDVHV LQ WKH VA\VWHP $GGLWLRQDOO\ WKH VZHOOLQ.
LQFRUSRUDWLRQ RI RLO LV VKRZQ E\ D VKIMD ®RXHMWWKH UHIOH

7KH HYROXWLRQ RI WKH VWUXFWXUDO SDUDPHWHUYV
UHSUHVHQWHG RQPWMKKR IV YAKHH UHVXOWYV IRU 579 RI WKF
DQG )LIXUG 57 RI WKH KH[DJRQDO SKDVH WKW WKH O
VSDFLQJ SDGDPKBWHKH K\GURSKRELS PUKIDAMQEVRSRUWLRQD
IURP WR QP IRU G DQG IUREBKLWR WIH KRAWUBSKLOLF W
G DQG WKH DUHD Rl WRHSRRDYWDHOPW DQG HTXDO WR QP
UHVSHFWLYHO\

%\ HHTWUDSRODWLQJ WKH YDOXH IRU WKH K\GURSKR
SKDVH LV HTXDO WR QP *LYHQ WKDW WKH PHDQ GLPH:
.ROOLSKRU FDQ EH HVWLPDWHG DW QP LW VXJIJHVWV WI

IROGHG LQ WKH ODPHOODU SKDVH 7KXV LW LV SRVVLEOH !
K\GURSKRELF FKDLQV Rl .ROOLSKRU ZKLFK ZRXOG WKHQ
HVVHQWLDO SDUW RI WKH RLO VHHPV WR IRUP DQ LQWHUVW
WKH LOFRUSRUDWLRQ RI RLO

JRU WKH KH[DJRQDO SKDVH 5 WKH VSDFLQJ SL
K\GURSKRELFE UQBUMDWVH ZLWK WKH LQFRUSRUDWLRQ RI RLC
G DQG IURP WR ZRIPURDVSWKH DUHD RI WKH SRODU KHDG
HTXDO WR QPO %\ HHTWUDSRODWLQJ WKH YDOXH IRU
QP 7KLV GLPHQVLRQ FRUUHVSRQGV WR FRPSOHWHO\ H[WHC
WKH RLO LV PDLQO\ ORFDWHG LQ WKH K\GURSKRELF FRUH R

& &KDUDFWHUL]DWLRQ VWUXFWXUH RI VZROOHQ PLFHO!

7TKH LQIOXHQFH RI WKH DGGLWLRQ RI VPDOO TXDQWLWL
VWUXFWXUH RI WKH PLFHOOHYV ZDV HYDOXDWHG E\ FRPSDUL
Rl .ROOLSKRU LQ ZDWHU 5 ZLWKRXW RLO DQG ZLWK Z\
EHORZ RQ )LJXUH DLQ DEVROXWH XQLWW \WKH HUBSEHW U D C
KLOH WKH PLFHOODU VROXWLRQ SUHVHQWY D ZWBMN LQWH!L
VSHFWUXP RI WKH PLFHOOHY VZROOHQ ZLWK ,0 SUHVHQWYV
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7KH GDWD ZHUH WKHQ DQDO\|]HG E\ XVLQJ WKH *HQH!I
7TDQVIRUP *)7 PHWKRG )LJIJXUH E WKHLQWHQVLWLHV D
FDQ VHH WKDW WKH WKHRUHWLFDO VSHFWUD DUH LQ JRRG
VSHFWUD 7KH RBEWDYWRYEHS BLVWULEXWLRQ IXQFWLRQV 3"
J)LIXUH F )RU ERWK VDPSOHV WKH FXUYHV H[KLELW D Sl
QHIJDWLYH YDOXHV LQGLFDWLQJ WKDW WKH PLFHOOHYV DUH
VKHOO” W\SH SDUWL FOWHQ W KHERH D) WVKSIUSH FKDUDFWHULVWLF
SDUWLFOHV ZLWK D PD[LPXP GLPRRVREQQVWKHDERXWOHY DQC
QP IRU WKH VZROOHQ PLFHOOHY 7KHVH UHVXOWYV DUH L
K\GURG\QDPLF GLDPHWHU IRXXQN 6EAD'WQWDHPWEQJ '/6 PHDVXU
$GGLWLRQDOO\ ORRNLQJ DW WKH H[FHVV HOHGEWWRRKR SURII
K\GURSKRELF BDQ LY GHWHUPLQHG ZKHQ 4! U W LV HT
WKH PLFHOOHYV DQG QP IRU WKH PLFHOOHYV VZROOHQ ZLV

JLIXUH D 6%$;6 VSHFWUD RI WKH PLFHOOHV 5 EOXH | DQG Z
DW f& LQ ORJ ORJ UHSUHVHQWDWLRQ DQG LQ DEVROXWH XQ
VFDWWHU DQG DSSUR[LPDWHG *,)7 VROLG OLQH 6%$;6 VSHFWU
EOXH DQG ZLWK ZW Rl ,0 JUHHQ F 3DLU GLVWDQFH GLVW
&RUUHVSRQGLQJ H[FHVV HOHFWURQ GHQVLW\ SURILOHYV
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7KH PLFHOOH GLDPHWHU LQFUHDVHYV RI QP ZKHQ DGCG
ZWK WKH DGGLWLRQ RI IHZ TXDQWLWLHV RI ,0 WKH PLFHOC
GLPHQVLRQ RI WKH DON\O FKDLQV LQ WKH VZROOHQ PLFHC
YDOXH RI G! U FDQ EH HVWLPDWHG DW DERXW QP VOLJ
IRXQG IRU WKH VDPSOH ZLWKRXW RLO QP *LYHQ WK
FKDLQV LQ .ROOLSKRU LV QP WKH K\GURSKRELF FKDLQV
PLFHOOHYV

' 6$;6KDUDFWHUL]DWLRQ RI FRQFHQWUDWHG HPXOVLRC

+LJKO\ GLUHFW FRQFHQWUDWHG HPXOVLRQV ZHUH SUHS
IRU RLO FRQFHQWUDWLRQV EHWZHHQ DQG ZW 7KHVH
ZHHNV 7KHLU REVHUYDWLRQ E\ RSWLFDO PLFURVFRS\ VKR:
GURSOHWY DUH SRO\GLVSHUVH 6%$;6 H[SHULPHQWYV ZHUH F
DQG WKH UHVXOWY DUH JLYHQ EHORZ )LJXUH

J)LIXUH D 6%;6 VSHFWUD RI WKH FRQFHQWUDWHG HPXOVLRQV D
ZHLIJKW SHUFHQW RI ,0 LQ DEVROXWH XQLWYVY DQG LQ ORJ ORJ U
WKH FRQFHQWUDWHG HPXOVLRQV DW 5 IRU WKHH@®ULRXV T2
PLFHOOHV )RU FODULW\ UHDVRQV WKH VSHFWUD DUH VKLIWHG \

JRU DOO WKH VWXGLHG RLO FRQFHQWUDWLRQV ©6%;6
EHKDYLRU 7KH LQWHQVLW\ DW SRS RUWLEABRIBDY MNMRG TITHDW
HILVWHQFH RI ELJ GURSOHWYV $W KLJKHU T YZ®&KHK LV EUR
DWWHQXDWHG ZLWK WKH LQFUHDVH RI RLO FRQWHQW LV
FRUUHVSRQGY WR WKH SUHVHQFH RI PLAHOOHYV LQ WKH V\V

/IRRNLQJ DW WKH WHUQDU\ SKDVH GLDJUDP ZH FDQ G
FROQFHQWUDWHG HPXOVLRQV DUH WZR SKDVHV V\VWHPV .
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,VRSURS\O OGWIRSOHWHY VWDELOL]HG E\ VRPH PROHFXOHYV |
FRQWLQXRXV PHGLXP V/RRRBERH/AH P IFFIHOOHYVY RI .ROOLSKRU |
VFDWWHUHG LQWHQVLW\ LV WKXV WKH VXP RI WKWK NFDWWH
VZROOHQ PLFHOOHV LQ ZDWHU

7KH VL]H Rl WKH ,0 GURSOHWYV ZDV KaH WHNPQ WY M @ B H 6316
LQ 7DEQRU DQG ZW RI LVRSUR PVOVEWEHEY WGVHW , WLY HQ
WKDW WKH QXPEHU RI SRLQWV LV OLPLWHG RQ MUIKHGSRUWL
LQWHQVLW)\ LV SURBRRIMWHRQBOWRQTWKH FDOFXODWLRQ RI
GURSPBHOWKHUHIR UK HEWHER®H VH BRVEBRHD AMRQVLGHUHG RQO\
DQ HVWLPDWLRQ

7DEOH 6SHFLILF DUBIQPG &DG
GURSOHWY U HVWLPDWHG IU
IRU WKH GLUHFW FRQFHQWUD\
f&
ZW Rl 6v FP Uu —P

( OHVRSRURXYV P DR WIDOFAWH U § [ CHBIDRIH G I[URP .ROOLS
(/ :-DWHU ,VRSURS\O O\ULVWDWH

7KH PDWHWRIBOWLSKRU (VRBWRSINO O\ULSWBSMHIAKGUH
VROXELOADO@IDPRXQWY RI RLO LQ WKH PLFHOODU VROXWL
REWDLQHG ZLWK WKH DGGLWLRQ RI Rl ,0 ZOHOWWEBH PR
VPDOO VL]H HPXOVLRQV ZHUH REWDLQHG WKH PDWHULD
IROORZLQJ WKHFBURHBWQOMHR/H &KDSWHU

TKW\QWKH?PDWBULDOV ZHUH FKDUDHWHHLDPHBQE\ 6%;6
DGVRUSWNVNRQSWLRQ 7TRHWURVKQWY VKRZ WKDW WKH VLOL
SUHSDUHG ZLWK VPDOO DPRXQWYV RI ,0 XQWLO KDYH D Pt
REWDLQHG DQG WKH IRUPDWLRQ PHFKDQLVP LV FKDUDFWH
PLFHOOHY DUH SUHVHQW

8QGHU WKH VDPHWHHRIXIWIWMALR QX KRZV DQ LVRWKHUP W\S
FKDUDFWHULVWLF RI PHVRSRURXYV)LIKMH FHRWHG VEWHWKE VYV W U L |
SUHVHQFH RI SRUHV KDYLQJ D FHQWRHWHFGYWKLLY P\WNKQGD O
VKRZV D VXUIDFH DUHDQKI D SRUH YROXPH RI FP
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6ROXELOL]DWLRR®HIIHFW RI1 OL
$ 7THUQDU\ SKDVH GLDJUDPJBR@OWISKRU:DWHU OL

7KH SKDVH GLDJUDP RI .ROOLSKRU ZDWHU OLJO\RO DW f
$ PLFHOODU VROXWLRQ LV REVHUYHG IRU VXUIDFWDQW FRC(
IHZ TXDQWLW\ ZW R1 OLJO\RO FDQ EH VROXELOL]JHG LQ
WKH RWKHU VLGH WKH OLTXLG FU\VWDO SKDVHV FDQ LQF
OLJO\RO XS WR ZW LQ WKH FXELF SKDVH IBB DKLFK WKFE
DQG XS WR ZW IRU WKH KH[DJRQDO SKDVH

JRU VPDOOHU UDWLRV 5 EHWZHHQ DQG D ODPHOC
DIWHU WKH DGGLWLRQ RI ZW Rl RLO 7KLV ODPHOODU S
FDQ LQFRUSRUDWH XQWLO ZW Rl OLJO\RO 7ZR W\SHYV
SUHSDUHG 2Q WKH RQH KDQGPX0WRHK 3, ¢« WHBMKRRUHIHZ GL
IRUPHG LQ WKH ZDWHU ULFK GRPDLQ DQG FDQ LQFRUSRUDYV
WKH RWKHU KDQIGFKLGR\WPKOH RLRLIK FRQFHQWUDWHG HPXOVL

ZW Rl OLJO\RO ZHUH KLJKOLJKWHG

J)LJXUH 7HUQDU\ SKDVH GLDJUDP IRU WKH V\VWHP .ROOLSKRU (/
DQG GHQRWH GLUHFW DQG UHYHUVH PLFHIED B RIKDHAMS RE B S\WMRW
GLUHFW PLFHOODU FXELF SKDVH GLUHFW KH[DJRQDO SKDVH DQ
DQG &( FRUUHVSRQG WR HPXOVLRQ DQG FRQFHQWUDWHG HPXOVL

iio



% 6WUXFWXUDO SDUDPHWHUV RI WKH ODPHOODU DQG KH]

6$;6 HISHULPHQWY ZHUH FDUULHG RXW WR LQYHVWLJDW
OLJO\RO RQ WKH VWUXFWXUDO SDUDPHWHUV RI WKH ODPHC
6$;6 SDWWHUQV RI WKH VDPSOHV LQ IXQFWLRQ RI WKH 1

UHSUHVHQWHG R IRUXNWKIH UDWLR 5 HTXDO WR IRU WKH
RQLJXUHEIRU 5 IRU WKH KH[DJRQDO SKDVH )RU 5
OLQHV IROORZ WKH UHODWLRQVKLS DQG WKH RLO\ VWUH

OLJKW PLFURVFRS\ FRQILUPV WKH SUKHRUBQ@FH RI DW®BPHO¢

REVHUYHG UHIOHFWMWRQDQGQWKHDBKDUDFWHULVWLF WH[WX
SRODUL]JHG OLJKW PLFURVFRS\ FRQILUPV WKHRBNHYHOQMH RI
WKH 6%$;6 SDWWHUQV WKH UHIOHFWLRTD YDIOXHHW XU M K/ RALKW
LQFRUSRUDWLRQ RI RLO VXJIJHVWLQJ WKH VZHOOLQJ RI WK
WKH SHDNV EHFRPH OHVV SURQRXQFHG DQG EURDGHU ZLW
7KH VWUXFWXUDO SEHMIPUBMHUAVGZIHUMWKH VDPH PDQQHU DV Z
IRU ,VRSURS\O O\ULVWDWH LQ DFFRUGDQFH ZLWK WKH HTXD
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7KH VWUXFWXUDO SDUDPHWHUV LQ IXQFWLRQ RI WKH 1
UHSUHVHQWMGRB DQG G IRU WKH ODPHOODU DQG KH[DJR
UHVSHEWLYHO\ &RQFHUQLQUJXKH BDRHODDSDFHLMIHSDUDP H
GDG@ WKH K\GURSKREXE QFKIHDNWQHHYVWK WKH DGGLWLRQ RI R
ZKLOH WKH DUHD RIEW®B S/KGIDK)\ GHRSKE O UH VE R IQFNDIHYW D Q
HTXDO WR QP3 DQG QP UHVSHFWLYHO\

7KLY PHDQV WKDW WKH RLO SUREDEO\ GRHYXREW SHQHY)
FKDLQV EXW UDWKHU IRUPV DQ RLO\ ILOP ZKLFK EHFRPH)
OLJO\RO )RU WKH KH)DIREDG SWKWHVSDFLQGIZOG DAPKIHVHU
K\GURSKREL% UQDBUNMBVH ZLWK WKH DGGLWLRQ RI RLO LQ W
DUHD RI WKH $REGPD LKHADODBERQVWDQW DQG HTXDO DW QPO
WKH RLO LV ORFDWHG HVWRHEQW FROG\ RRIQWKKHFKOG QR K V

,(QWHUHVWLQJO\ E\ HIWUD SR O DWKIHQ K \W W R SKOIREX IH WRKIL F |
IRU WKH ODPHOODU SKDVH DW WKH UDWLR WKDW WYHHTX
GLPHQVLRQ RI D K\GURSKRELF FKDLQ LV HVWLWRDWGVNVBW
DON\O FKDLQV LQ WKH ODPHOODU SKDVH DUH FRPSOHWHO\

& &KDUDFWHRILYWRHL R RWKKHWEROBHQ PLFHOOHYV

7KH HIIHFW RI WKH DGGLWLRQ RI OLJO\RO RQ WKH VW
HIDPLQDWHG E\ FRPSDULQJ WKWK B$P& FFSHIGEMAU KR RWDLQLQJ
.ROOLSKRU LQ ZDWHU 5 ZLWK WKH RQH RI WKH VZROOHC
7KH WZR VSHFWUD H[KLELW D EURDG SHDN EXW RWV SRVL
OLJO\RO T IRWDMKH PLFHOOHWPIR® WKH VZROOHQ PLFHC
YLIXUHD

7KH GDWD ZHUH DQDO\HG E\ XVLQJ WKH *HQHUDOL]JHG
* )7 PHWKRG 7KH REBWDWQPHEHSBILWWULEXWLRQ IXQFWLRC
UHSUHVHQWHG RB )RIXERWK VDP'SXVHN[KWEEHW D SURQRXQF]
GLS ZKLFK JRHV WR QHJDWLYH YDOXHV VXJJHQWRQEY WKDW
SFRUKHOO  W\SH SDUWLFOHYV

7KH FXUYH SUHVH QAN ®KR THEARDUDFWHULVWLE RI VS
ZLWK D PD[LPXP GLPHQVLRQQP CRARMWWH PKEBW GHWHVHQWV
D VOLIKWO\ HORQWEBMHGPW®P LGOL ZHWKLRQ D\@ PD EIRXWW K H
VZROOHQ PLFHOOHV 7KLV UHVXOW LV LQ JRRG DJUHHPHQW
IRXQG E\ '/6 PHDVXUHPHQWY ORUHRYHMO®ORRNRQJSI\K | MWKHH
JLIXUHF WKH \FRRHUBO W\SH LVUFEQWK PHUORERKWNG URSKRELF
UDGLXMQFUHDVHV RI QP ZKHQ WKH PLFHOOHY DUH VZROOH
LQFUHDVHV RI QP DW WKH VDPH WLPH 7KLV VRNJHVWYV V
VPDOO TXDQWLWLHV RI OLJO\RO W KHE PULGHIXGOWOA EIORRORIID \
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$GGLWLRQDOO\ WKH GLPHQVLRQ RI WKH DON\O FKDLQV LQ \
WR WKH ORZHVW YDOXH RI 0! U FDQ EH HVWLPDWHG DW D
YDOXH IRXQG IRU WKH VDPSOH ZLWKRXAG RWORQ RI RQP L DG
D VOLJKW XQIROGLQJ RI WKH DON\O FKDLQV

J)LIXUH D ([SHULPHQWDO GRWWHG OLQH DQG DSSUR[LPDWHC
VSHFWUD Rl WKH VDPSOHYV DW 5 ZLWKRXW OLJO\RO EOXH DQ

f& E &RUUHVSRQGLQJ SDLU GLVWDQFH GLVWULEXWLRQ [XQ!
HOHFWURQ GHQVLW\ SURILOHV

' 6$;6 FKDUDFWHUL]DWLRQ RI FRQFHQWUDWHG HPXOVLRQV |

+LJKO\ GLUHFW FRQFHQWUDWHG HPXOVLRQV ZHUH SUH:
TXDQWLWLHV RI RLO YDU\LQJ IURP WR ZW 7KH V\VW
ZHHNV 7KHVH HPXOVLRQV ZHUH REVHUYHG E\ RSWLFDO PLH
DUH SRO\GLVSHUVH 6%$;6 H[SHULPHQWYV ZHUH SHUIRUPHG C
6$;6 VSHFWUD SUHVHQW WKH VDPH EHKDYLRU )LJXUH

J)LIXUH D 6%$;6 VSHFWUD RI WKH FRQFHQWUDWHGOHRBXOVLRQV
UHSUHVHQWDWLRQ LQ DEVROXWH XQLWYV E 6%$;6 VSHFWUD RI W

PLFHOOHV DW 5 DQG RI SXUH OLJO\RO )RU FODULW\ UHDVRQ
\ D[LV



$W ORZDOXHV WKH LQWHQVLW)\ DYGSERBHEDRWR QDI W F
SUHVHQFH RI ELJ RLO G UFRSINHVV D$BURDIK W DAKLTFIE QP
EHFRPHY OHVV YLVLEOH IRU KLJKHU FRQFHQWUDWLRQV RI R
EURBDSHDN FRUUHVSRQGV WR WKH PLFB O/GHN E)LRDG CB\H DNV L
REVHUYHG

7KLY SHDN ZKLFK LV DVVRFLDWHG WR D UHSHDWHG GLV
DSSHDUDQFH DQG WKH VDPH SRVLWLRQ WKD@®RIWKHURQH R(
OLJO\ROQ WKBW OLJO\RO LV PRVWO\ D PLIWXUH RDQWJLJIO\FF
FDSU\OLF DFLGWKKE GLPHQVLRQ RI WKH EDFNERQH RI WKH
HVWLPDWHG DURPQEKLFK ILWV WR WKH SRVLWLRQ RI WKLV

SDSDGLPLVWOWWBIBRHUMKEB VDPH SKHQRPHQRQ ZLWK YHLOH:
RLOV VKRZLQJ D EURDG SHDN RQ 6%;6 VSMWWUXDBWKRJUDWH \
RUJDQL]DWLRQ RI WULJO\FHULGHYV LQ WKH RLOWUDKXNG WKF
HPXOVLRQV FRUUHVSRQG WR WRIHWKXPER U VGKIRYEBWW RU I0Q J
WKH VFDWWHULQJ RI WKH VZROOHQ PLFHOOHV FBRPSOHWHC(
GXH WR WKH PROHFXODU VWUXFWXUH RI WKH WULJO\FHULG

7R VXPPDUL]H ORRNLQJ DW WKH WHUWRN\VGWDXIRW R U KL
WKH FRQFHQWUDWHG HPXOVLRQV DUH WKXV ELJ GURSOHWYV
Rl .ROOLSKRU DQG WKH FRQWLQXRXV SKDVH LV FRQVWLWXYV
LQ zDWHU 7KH VFDWWHUHG LQWHQVLW\ |, T RI VXFK FRQF
EHHQVXGLHG EHIRUH DQG FDQ EH H[SUHVVHG E\ WKH IROOR

+M L%ESSFQ;%ZM '‘MuBr

ZKHUH WKH ILUVW WHUP UHSUHVHQWV WKH GLIIXVLRQ
DSSUR[LPDWHG E\ 3RURG $XYUD\{VoODA) EFKHFUO HKIOIDW DG H
WKH SRUWLRQ RI WKH FXUYH ZLWK D7KHDWHNRIGBWEGBUR SR U\
EH GHILQHG DV WKH FRQWULEXWLRQ RI WKH FRQWLQXRXYV
UDGLXV RI RUBDBQURBEOHWWLPDWHG DV
NIJIJ "Mu Fss
c
ZKHUK L3V WKH YROXPH IUDFWLRQ RI OLJO\RO

LWK WKH VSHFLILF VKWDORKY DVIRQ RI WKH VFDWWHULQJ O
SURILOH DW WKH ZDWHU RLO LQWHUIDFH DQG FDQ EH QRW|

t:ML 3ef Pac~ aM Bt
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 KHUHWQG .AMWHSUHVHQW WKH VFDWWHULQJ OHQJWK GHQVI
LQWHUQDO SKDVH RI WKH HPXOVLRQ UHVSHFWLYHO\

7KH UHVXOWY DUH JURHQVNK® MDEOKLIKHU FRQFHQWUDWLRQ
WKDW WKH QXPEHU RI SRLQWYV LQ WKID\SRHWLRQ RU SR BX
T LV OLPLWHG WKH HUURU RQ WKH FDOFXODWLRQ RI WK
LPSRUWDQW &RQVHTXHQWO\ WKH FDO FPOOMBW MCD MBI QXD JL
DQ HVWLPDWLRQ

7DEOH &DOFXODWHG VSHFLILBQWG®X FIPUFBIH
FDOFXODWHG UDGLXV RI GURSOHWYV U IR
DW f&

‘W RLO 6 FP Uu —P

( OHVRSRURXV PDWHULDOV FKDUDFWHUL]DWLRQ&RIHSDUHG

7KH PDWHULDOV IURP .ROOLSKRU (/ :DWHU OLJO\RO ZF
PDQQHU WKDQ WKRVH SUHSDUHG ZLWK ,VRSURS\O 0O\ULVWLEL
REWDLQHG ZLWK WKH DGGLWLRQ RI Rl ,0 ZKHQ WKH DPRX(
VPDOO VL]H HPXOVLRQ ZHUH REWDLQHG WKH PDWHULDOV V
WKH SURFHVV GHVFULEHG LQ WKH &KDSWHU

7KH V\QWKHVL]HG PDWHULDOV ZHUH FKDUDBWHWQGHG E\
DGVRUSWLRQ GHVRUSWLRQ QLWURJHQ )LJXUH E F 7KF
PDWHULDOV SUHSDUHG ZLWK VPDOO DPRXQWYV RI 0\J XQWL(
ZDV REWDLQHG DQG WKH IRUPDWLRQ PHFKDQLVP LV FKDU
VZROOHQ PLFHOOHY DUH SUHVHQW

7KH )LIJXUE VKRZV DQ LVRWKHUP W\SH ,9 FKDUDFWHULVW
FRQFHQWUDWLRQV RI RLO ORZHU WKDQ ZW WKHQ WKH RU
ZKLOH WKH DPRXQW RI RLO LV LQFUHDVHG WKLV FDQ EH \
ZKHUH WKH RUJDQL]DWLRQ RI WKH PDWHULDOV IURP ZW R
ZRUP OAMMNH SRUH VL]H GLVWULEXQYGRRDMBXUWKH SUHVHQFH
KDYLQJ D FHQWHUHG VL]H DURXQG QP ORUHRYHU WKLV P
R P DQG D SRUH YRR®PXPH RI
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&KDSWHIRURXY VLOLFD WHI
E\ WKH FRPELQDWLRQ R
HPXOVLR®WQG 3 PLFHOO

7KLV FKDSWHURKBODEW HERMW W X ¥ MRO HEHBWOLQHG
E\ FRPEWQRA®WKH ILQH HPXOVLRQV IRUPXODWHG Z
.(/ ,VRSURSLO O\ULVWDWH :DWHU DQG 3 PLFHOC(

7KH ILUVW SDUW FRQERMQ@VWKKHFRWSOBWIDELOLW)\ E
SDUWQHRUWXSBIDFWDQWY .(/ DQG 3 IRU WKDW \
GLDJUDP .(/ 3 ZDWHU LV VWGHYG U MEKKGE WNULEY O
GHWHUPLQDWLRQ R!I GLIIHUHQW 2UJDQL]J]HG OROH
PLFHOOHY DQG OLTXLG FU\WVWDOV DODM 6/ADX\GNLHGL B
6%;6

$VPHQWLRQHG WKURXJWRMWVWHKIL RIZRXIWIDFWDQW R
ZLWK RWKHU FRPERXBGQG¥H WKH FKDUDFWHULVWLF
SRURVLW\ LQ WWKHUBDPRBED/EKH UHVXOWY REWDLQF
FKDSWHBRQFHUQLQJ WR WKH VWDELOLW\ RI WKH V
SUHSDUHG ZLWK ,VRSURBZDOWNHNUVYHAWRWEH SIDWW RI1
FKDSWRIQVLGHWHOWMWLRQVKLS EHWZHHQ WKKHILQH
3 PLFHOODUZXRPKWLBQ VHUYH DV WHPSODWH IRL



6\VWHROOLSKRU (8 ZDWHU
3KDVH GLDJUDIPQRADWHU DQG VWUXFWXUH Rl WKH REVHU

7R JHW LQIRUPDWLRQ FRQFHUQLQJ WKH GHJUHH RI FRI
VXUIDFWDQWY ZKLFK FDQ DIIHFW WKHPDWUHRLWORQ VWRKH
.ROOLSKRU 3 ZDWHU V\VWHP KDV EHHQ7KIHUVWULDFNFWMDV YWJ
EHKDYLRU LQ ZDWHU ZDV VWXGLHG E\ HVWKRZVVWKQWLMWYJ &
WKH ZDWHU ULFK SDUWKXBHWKH GLDJUDP )LJ

:DWHU

.RACGKRU(S 6 3

J)LIXUH &RPSRVLWLRQ SKDVH GLDJUDP ZW
.ROOLSKRU 3 ZDWHU V\VWHP

$ PLFHOODU VROXREMRBLWR® WRWDO VXUIDFWDQW FRQF
WR ZW  ZKDWWWKHJ UDWLR EHWZHHQ .ROOLSRRDLIQ GV3
HIWHQGHG XS VXWDARRDQYWOXWLRQV ULFK LQ .ROWEKIHSKRU
KH[DJRQDODM QG WKH ODPEOIOME FU\WWDO GRPDLQV DSSHDL
VXUIDFWDQWUIRWQIERIQ LQFUHDVHYV

7TKH OLPLWYHRXQEURNHQ DQG DOPRVW FRQWLQXRXV EH
SKDVH RI .ROOLSKRU DQG WKDW RI 3 lURPRP WRNR ZW F
ZW Rl 3 ,Q WKH VDPH ZD\ H][FHSM K RGAR WKIHQ . RLKA IFKK RLUY
ZD\ WR D UHYHUVH PLFKIODRQSIODBYKDWH ZKRVH ZDWHU
FRUUHVSRQGY DSSUR[LPDWHO\ WR WKH RQH SUHVHQW LQ W
DQG 3 DSSHDUV 7KLV REVHUYDWLRQ VXJIJIHVWMWMOWKH H[LV'
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JRU WKH SXUH .(/ V\VWHEGHWKHILPWSHIKGD F HW.AHH Q DQG y
.ROOLSKRU LQ ZDWHU ZKHUHDV LW LV ORFDWHG EHWZHHQ
3 ZDWHU V\VWHP | WKH WRWDO VXUIDFWDQW FRQFHQW
ODPHOODU SKDMWMHK/ LV QRW GHWBKWRHYG DLW HWKEL QRDQJQA LV \ V!
DSSHDUV +RZADHUQFRUSRUDWH XS WR Rl .ROOLSKRU

JRU WRBOLBKRK PDUWYHUVH PLFHOOMDW SKDVRIURHG IRU WR
VXUIDFWDQW FRQFHQWUDWLRQVSKDYKHH[WHKQQV LQWR \D /W
VKDSHKHQ LW LV HQULFKHG LQ 3 )LQDOO\ D VROLG SKI
VXUIDFWDQW FRQFHQWUDWLRQV KLJKHU WKDQ \VZW LI WKk
KLIKHU WK P@WKH RUJDQL]HG PROHFXODU VI\VWHP WKH FRP¢
KHDG JURRPSRVHG RI R[\HWK\OHQH XQLW VIR RS KARLH DDQOGN \
3 DOORZV WKH IRUPDWLRQ RI PL[HGQHD/SLRILANVVEQ EROQ W
ZDWREVHUYHG

OLFHOODU VWUXFWXUH DQG GHWHUPLQDWLRQ RI Wi

7KH PLFHOOH FKDUDFWHUL]DWLRQ ZDV GRQH E\ 6%$;6 H[SHUL
7KH J)LIXUHUHVHQWYV WKH H[SHULPHQWDO 6%$;6 VSHFWUD RI P
VXUIDFWDQW FRQFHQWUDWLRQ RI ZW LQ ZDWHU IRU VHYHI

.ROOLSKRIL

1 %

i it .ROOL 7/

TQP

JLIXUH $ ([SHULPHQWDO GRWWHG OLQH DQG D
6$;6 VSHFWUD RI PL[HG PLFHOODU VROXWLRQV
FRQFHQWUDWLRQ RI VXUIDFWDQW LQ ZDWHU HT
SDLU GLVWDQFH GLVWULEXW L&R Q & RUQUMHNVISRRO\G L
HOHFWURQ GHQVLW\ SURILOHV
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$00 WKH VSHFEWUD SUHVHQ@W LEQOVY KRLQW HE® RDEPS HD NV R

QP ZKHQ WKH TXDQWLW\ RI' 3 LQ WKH VXUIDFWDIRWYV PL[W X
GHWHUPLQH WKH PLFHOODU VWUXFWXUH WKH GDWD ZHUH
,QGLUHFW )RXULHU 7UDQVWDWR Q49 )7Q WRWRR&LGHUDWLRQ W
LOQWHBRFW)LIXWRIOLG7RHQRIEWDLQGHBGWSDQRH GLVWULEXWLRQ
3'')V DUH GHSLFWHG % Q$Q20XWKH FXUYHVOSNMHVWIQMS D EH
FKDUDFWHULVWLF RI VSKHULFDO PLFHOOHV ZLWK D GLPHC
FROQOWHQWXUQDWWBQWY PL[WXUH

W LV QRWHG WKDW OLNH IRU WKH 3 PLFH@QKYY WKH 3
WR WKH VROXWLRQ SUHSDUHG ZLWK D .ROORXKCRAHB RQ@DWI
WKH OHIW VLGH RI WKEUPD{QFX\WPLRQWBM DARXLIE DQPRIHD
LOQKRPRIJHQHLW\ RI WKH SDUWLFOHY FRPSDUHG ZIQNK WKH R
DQG ZLWK WKH RWKHU PL[HG VROXWLRQV

7KH HIFHUMFWURQ GHQVLW\ SURILOHYVY KDYH EHHQ GHWHUPL
WKH SDVWDQFH GLVWQMEXBWLRQ IO FWH SURILOHV FRQILUF
FRUVUWKHOO W\SH SDUWLFOHV IRU WKH GLIITHUHQWLKIHFHOOD
GHQVLW\ GLITIHUHQFH FRUUHVSRQGV WR WKH K\GURSKRELF
GLIIHUHQFH FDQ EH EKXWANMWRLEHNWHE WKRH Y& H

,Q WKH WMEDIHHPRIFHOOHYV VA OLDDHP WWRY ZKHUH LW LV QRW
WKH VYQHUHDRP WR QP ZKHQ WKH DPRXQW RI 3 LQ
PLIWXUHV LV FKDQJHG IURP WR

7DEOH OLFHOOHV GLDPHWHU DQG K\GURSKRELF UDGLXV
PLFHOOHVY 7KH WRWDO FROQFHOWUDWLRQ RI VXUIDFWDQW L

6D OH OLFHOOHV G OLFHOO +\GURSKR
QP GLDPHW UDGLXWB
QP

.ROOLSKRU
.ROOLSKRU 3
.ROOLSKRU 3
.ROOLSKRU 3
3

9DOXHV REWDLQHG IURP *,)7 DQDO\VLV
9DOXHV REWDLQHG IURP WKH H[FHVV HOHFWURQ GHQVLW\ SURILOHYV

7TKHVH YDOXHVY DUH LQ DFFRUGDQFH ZLWK WKH PLFHOO
"KHQ WKH 3 .ROOLSKRU UDWLR LV LQFUHDVHG PRUH DQG
DFFRPPRGDWHG LQ WKH PLFHOOHY OHDGLQJ WR PLFHOOHYV
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UDGLXV FRUUHN ¥®BO@GCWY WRHOQKWKH VLJQ RI G! U FKDQJHV W
DW DQG QP IRU WKH .ROOLSKRU DQG 3 PLFHOOHV U

)RU WKH PL[HG V\VWHPV LWV YDOXH YDULHV EHWZHHQ
RQ WKH 3 FRQWHQWKRDEICPH QK/HROD RIOWFKDLQV LQ WKH P
FRUUHVSRQGLQJ WR WKH ORZHVW YDOXH RI 0QG FDQ EH |
QP UHVSHFWLYHO\ IRU WKH .ROQUBRRIH DOHR 3W K PRIFW® 8 HBR
WKH H[WHQGHG DON\O FKDLQV R| .RDERSWRU KPWHRZGLPHQ
WKWWH DON\O FKDLQV LQ WKH SXUH .ROOLSKRU PLFHOOHV

,Q WKH VDPH ZD\ HVWLPDWLQ3RODKSWREWOHQH R[WEHR |3®
SDUW RI WKH 3 LV HTXDOX@WRW QPP ZB32DQ GMWGWRH WKD
332 FKDLQ LQ WKH SXUH 3 PLFHROGNG ADXGRIQN UBMW KHO® ID
PHDQGHULQJ FRQIRUPDWLRQ DV SUHYLRXVO\ UHBSKWHWHG /]
K\GURSKRELF PRLHWLIHWVHQOMKNH PURX®G QP ZH FDQ DVVX
DOMWKDLQV RI .ROOLSKRU DQG 332 FKDLQ RI 3 OLNHO\ DGR
WKDQ LQ WKH SXUH PLFHOOHV

$00 WKH REVHUYDWLRQV UHSRUWHG DERYH VXSSRUW V
UHJDUGOHVV WKH SURSRUWLRQ EHWZHHQ WKH WZR VXUIDF!
$WXPLQJ WKDW WKH PL[WXUH RI VXUIDFWDQW IRUPV D F
SDUDPHWHUV RI WKH OLTXLG FU\WVWDO SKDVHV KDYH DOV
DPRXQW KDV EHHQ NHSW FRQVWDQW DQG WKWK UHIRHWIQIWD F
PLIWXUH QRMWIHGHHHQ YDULHG IURP WR JRU D JLYHQ FRP
PRODU ZHLJKW 0 RI WKH PL[HG HQWLW\ LV

| I_02/2EJ"-/"- M F
0EEJ . S

KHUH
G DQE@' @HVSHFWLYHO\ VWDQG IRU WKH PROH QXPEHU RI 30;
0 DQGYODUH WKH FRUUHVSRQGLQJ PRODU ZHLJKW

JRU WKH FXELF SKDVH WKH K\GW RSKREWH G WRIWKEH (
SDUDPHWHU D E\ WKH IROORZLQJ HTXDWLRQ

il S o Ft
% D9 D

ZKHUHYV WKH QXPEHU RI PLFHOOHVD®HU IRYEWK K BW\WLEGG

)P P VSDFH JURXS UHVSHPMWDGAH®Y IRKHWHH QXPEHU RI ZDWF
SHU VXUIDFWDQW ¥ 8&0% RXHO/IS DFRQMGL WHO\ VWDQG IRU WKH PR
WKH PL[HG VXUIDFWDQW WKH K\GURSKRELF SDWW RI WKH F
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FPA PRODQO»HEHSHQG RQ WKH PRODU UDWLR EHWZHHQ WKF
HIDPSOH IRU D PLIWXUH FRQWDLQLQJ ZW vRI .ROOLSKRU
FP PRO DG 9 7TKH YDOXHIVQB: RU WKH SXUH VXUIDFWDQ
FDOFXODWHG IURP GHNQVLW&HV DRPGP ROHRU . @@L S KR U

DQGx» 9 FP PRO 3RU 7KHQ WKH FURVV V6HFD\QL FEGIDO DU
GHGXFHG DV 6 95 * "MavFu

1LV WKH QXPEHU RI $YRJDGUR G6FDWWHULQJ VSHFWUD RI
GRPDLQ DUH UHSRUWHG Q )LIXKH BHGDRDWLYOH SRVLWLRQV R
UHIOHFWLR®@W Wb UAkes ud¢st ua¢ésx utr u $FFRUGLQJ WR UHVXC
SXEOLVKHG E\ 7LGG\ HW DO WKH\ FDQ EH LQGH{(HG LQ WKH

WKH UDWLRYV EHWZHHQ WKH UHIHFWLRQ OLQHV FK
s¥u tazaywtam¥t{ vZKLAFKDQ EH DVVLJQHG WR WKH 3P Q GLUHF\
SKDVH 7KH FHOO SDUDPHWHU LV UHODWHG WRDWXH VSDFH

J DQG D GRU WKH )P P DQG 3P Q VSHFH JURXS UHVSHFWL"®
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