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9DQDGLXP H[WUDFWLROVIWRIR RUH XVLQJ DONDOL
OHDFKLRPHSR\GMWL P L RO MBU R © HEN HUHA SRQVH VXU |
PHWKRGRORJ\

" *KRGGRF\ 16MIDAKL]D@GBEKs 5 .KDQFKL

&KHPLFDO (QJLQHHULQJ '"HSDUWPHQW %DERO 1RVKLUYDQL 8QLYHUVLW\ RI
1XFOHDU 6FLHQFH DQG 7THFKQRORJ\ 5HVHDUFK ,QVWLWXWH 7HKUDC

SHFHLYPHEEWREHUUHFHLYHG LQ URIYHWHE IBEPHSWRMGHPEHU

"H\ZRI $SEVW
,Q WKLV ZRUND OLIQH URDVWLQJ DQG VXOIXULF DFLG OHDF
0DJQHWLWH 2U#[WUDFW YDQDGLXP |URP6BMKHD @ B JRIHYWHL W RHGMWRIDO ,UD
VXUIDFH PHWKRGRORJ\ EDVHG RQ WKH FHQWUDO FRPSF
9DODGLXP RSWLPL]H WKH SDUDPHWHUV LQYROYHG LQ WKH SURFHVV
WHPSHUDWXUff& VRGLXP FHDWERQWDAW DQG WLPH
, GIMWKHR@GWXGLHG OHDFKLQJ IDFWRI&V OURRBREIEG W HF
$ONDOLQH 5RD\5%\£\>/(S€2 /| ®/ J VXOIXULF DFLG BR (DRH® WUPMWI®RGHU WK H
RSWLPDO FRQGLWURRNP SHUDWXOXHWLRPH DQG VRGLXP F
$FLG /HDFKLQJ f& K DQG ZW UHVSHFWLYHO\ IRU WKH URDVW!
WHPSHUDWXUH /6 VXOIXULF DFLG FRQFHQWUDWLRQ D
2SWLPL]DWLRQHVWLPDWHG WR BHJ f& 0 DQG K UHVSHFWLYHO\
FRQGLWLRQV DERXW “ RI YDQDGLXP ZDV OHDFKHG

,QWURGXFWLRQ

9DQDGLXP LV GXFWIDO@D OOHDE®@HMODWLYH VFDUFLW\ YRIDEBHARQ
WUDQVLWLRRLAKVWPOLQO\ XVHGDQMGLXP ®HRRMILWAMIKWKRZLQJ
VSHFLDWMIOD RXFK KEMKSHHG WR®OPDQG IRU QWKLNDHWOFRPXVHG WK
VWHHD@DGLXP SHQWR[LFGRYW IDRPIRXWDQDGLK@FWHDVH UDSLGO\
FRPSRXQG RI YDQDGLXP KDV WB®&WFROQEOWE RIRXWFGNGLXP KD
JUHDW GHDO RD\D S5 GIDADMNA\RQYDMRW UWMRKWHG PXFK DWWHQWLRGC
SURGXFWULRQIXRILE @PIQDGLXP IPRQVLGHUHG H[WWBFWLRQ UHVRXL
SURGXFHG IURP VWHMHQQMBBPOWHWDUJH VKDQB GRKPW UDIEWRRG
VXFK WYWDQRPDOEHWLIOPH QLW HW K¥HDXQH GEIHOPU L QM RYO BIHWLWH RU'H
GXVW RI KHDY\ RLCSURGXBPW RIGEVKHVH YDOPGWBPQLQJ PDW
XUDQLKIPQLQOKH FRPPRQ JUDGHDQRIEH WUHDWHG E\ D JUHDW
YDQDGLXP LQ SURFHVVHG RUHAMFIKV DXV XFOOOCR L XBHROM & X PW IORHD F
WKDQ @ VROY HQWU D FIWQBE.® QH[FKD QRU
7KHDYHUNDH)DGLXP FRQF HQHW UDMWWRI® FRAQ RY QD BLWKHWD DWW H
HDUWK FUXVW B$PPERRBWHYHU PHWDO |IHUURYDQDGURRP RRI LCQ
SXUH YDQDGLXP LV QBWXUWRXQGDQMGLXP SHQWR[LGH DQG RV
9DRGLXP UHVRXUFHV DUH DDOQDCGREPHFRPORAGG¥RYHU\ RI
FRPELQDWLRQ ZLWK VHYHUDO YPROKWURPV IVRPK WWFRQGDU\ U
FDUQRWLWH UBDBDRHOLWMGLWADUULHG RXWVKMKURDMNROOXUJLF
PRQWURYDKIGN HPD JQH W L& H K H

E&RUUHVSRQGLQJ DXWKRU WDJKL]DGHK#QLW DF LU 0 7DJKL]DGHK
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DQG KRGBWHDOOXUJLFDO W¥H ZWROGLXBV FDUERQDWH WO X EFOUHP
S\URGURPHWDOOXWILEDO SURFNWRGHXP YD QOGEDVGHVWRERBEE O H
$PRQIWKHDULRXVK\GURPHWDOOXDIDWDOLQ HD VOO QW D@
SURFHNXWHG RU VXJJHVWHG IRUH[WWLDWWERQBRBDGLXPD BUKHLU S|
YDQDGMK®H PRVW ZLGHRQH DS S WIKHEGL WRLIDVON WQRD @DV HIBV RX W f &
DONDOLQH URDVWLQID&IRRFHWVROQREMKG HD ZHIWNKXOIXULFKBFLG
1D&2 IROORZHG E\ ZBRWHMHONDDEMBHUH D EHIM UDERKW RIYDQDGLXP
OHDFKLEFLG OHDFKLQJ FDQ +HGIW VER@F R QG XWWHRED VBUWRBHV V
ZDWHW RO XEIDWHN HG PDWHULDOWWY XFK IRDV  KROG@RZEDONDOLQH
PDJOHVLXP MPIGFLXPRQ YDQD®MBHAKLWOR ZLWHKGWVRGIEHSLQDO
H[WUDFW ¥DQD@LXP HIWUDFWLRQ RQ WHR@LRGYREBLXP
,Q WLWDQRPDJQHWLWH L H RQBQ DRI DWWHKINU HESFRRVUWW H &/ D QD G L X P
SURPLVLQJ YDQDGLXP RUHV H[WDDRBPWLRP LNIILFDERRW
DYDLODEOH LQ WHKHLYROP QD RLBIW DV HMWQ LD @U R D VWK¥GEV HH O
WHWUDYD OHIMOD ARP LV SURGXSRHEDDIR®HPSHRDWXPHRU K
WKLY RUH WKURXJK YDQDGLXRVISHIDWWRRIGEKP XGBHERQBWHIG E\
WKH R[LGDWLYH URDVEAXQUQRSHXDOMWUROHDFKGEQJ XRREHIY W RID
WKH URDVWLQJ SURFHWDQMHYHUDO / SKDVH

WDNH SODFH WKH PRVW LpshgungUW”@ﬁLQQ DQG

PDJQHWLWH FRQYHUVLR®LFWR HP H
VWDUWR f&DQG HQGV fERWVD &LI?RY?KH;(VI ILQDOOD YREWELIQHG

UWXOW RI WKLV WHKHRRQIEDGLRE, R P H Y U JL F D\OH FBIVV H
VSLOHONRUPWIGN XGLHY KDYH VKR Lo ?(OPUJ \fQ)'HUUPQUIRﬁLHQ
PDJQHWLWH JUDLQV DUWKELY, i WKRQDIDJ ROF
VHSDUDWLRQ PRl @ERPHGLKPG L X %

VDOWYV VXFK DV VRGLXP FD \%b I%/\PI—‘_'H |%%%PW]EF%ELIE%HSHH(

FRPSOH] FRPSRVLWLRQV
WLWDQRPDJQHWLWEHKH U RDRIGALXE | dHY2IQ RI H[SHULPHQW

HW K ORBRPSDPUHG JWQHWLF
YDQDGDWH =~ FRPSOH[ LV D JR@%@%%\&XUDO QHWZRUN
ZDWWHRDXERPSOH[] RI WKLWHWNL ;8%5 U H QXD U BH DORIP BH 8 H O W V
R[LGDWLR®RBHVULYDOHQW YDQ '9'5 T X H Q RYCR K DRIQN X PBIOQ G
FROQYHUWHG WR SHQVDIMGD OM VLG PRUH IDYRUDE
LW UHDFWV ZLWK VRGLXP FD H@ML%HJWLRRQH[SHU@PHQW\
W R SURGXFHVROXBEWHU VR ] ‘2 (VWKHUHVSRQVH VXU |
PHWDYDRDG@WH PHWKRGBORI\LWKEHVW PHWKRG
1D &2 92 2 1D92 K\GURPHWDOOXUJLBX® SWRREEHVV}

PDMRU UWF¥RQDF\ RI WHKOG UHV;

GHWHUPLQWWHRW H B D F VWIHRQ W KEHH W
SHFRYHRU\ YDQDGLXRKR WIHBRBILQLQH||IHFWLYH SDUDPHPWHHDWH 7B
VODYSHUIRUPHG 3\/\/@([DJRXLU|E)[FVWLQ.F.||:FR@@HU PRGHO IRU WKH UHV
OHDFKD@®X VROYHQW> @PWUBDFWIORRKK 60 PHWKRG  FHRRWWONG |
OHDFKUWHVXOWVGHFRPSRVLWLREGHVRIQ RRQ XWHG WEW RZIONVD IR
YDQDGERQAVDLQLQJV PREEBMIB | LWWLQJ WRWHG WM F /RE5 RQAWFH D
IXUWKHU GLVVROXWLRQ RI YDRBEUKEH Uk RPBOHW HO HYWHQU H
7KHVDAQWDVDWFL@G) OHDFKLQJ" FPpir WO VHIB & U IERH QWMWKQYR QH G
DERXW WKH HKWHQHWW RI  YDQIRELUR® DQ RSWLPLIDWARRQ SURFHYV

UHFRYHURU PRVW WASHV 7KHRH DUH JUHDW PDYRHUVWM WH
YDQDGERWDLQLQJ IHHGV GLIIHUHQW UHJLRQV RI FHQWUDO
ODWHVW HVWLPDWHVY WKHUH DU

+ 62 2 | 2 62 +2
62 9 92 6 ELOOLRQ WRQV RI PDJQHWLW

'LITHUHQW UHVHDUFKHUV KDYHY DQUPFRERWAMBL XMBAJILRRYHY  DUH L
PHWKR®WYMHFRYHU Y DLOHVE LB BB PL[HG ZLWK RWKHU PLQHUDOV
FRQGXFOMHG R[LGDWLRQ SURFHW] D@R® =DBUDQG PLQHV WKH OR
ORZUDGBQDGLXP VODJ LQ WKH-URQFKHQRIQHAPIR6DIJKDQG RUH
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FRPSULVHG R D QRWLFHDEWUWX GKHRPQOYHURQR®R JAKBDROLFDO DQL
YDQDGLXP $FFRUGLQJ WR VRK AW K H VWOLAFDWH R W@ IHRA MW | UD FW LR C

DURXQG PLOOLRQ WRQV RI PP@DQHWUVBRR'RANS', DRH *HUPDQ\
GHSRVLWHG LQ WKLV PLQH DQ®&LRKIRWBEBWRNUKFAHQWY 7KH
SSP YDQDGLXP UHVREWDDLQHK®RZQLIXUBQG 7DEOH

7KH PDLQ REMHFMLWHIMVRIRIQV KZIDA

WR RSWLKHEDMDOLQH URDVWLQJ ,Q @G G/LYDHR/XIUMIHRH UDORJLFDO V
DFLG OHDFKLQRISYRRI\GIKR R|I RUMKLQ DQG SROLVKMDBPBHHWLF
FRQGLWLR@\KHVRZIRSURHNVAHUH E\DSRODUL]DWLRQ RSWULFDO/ PLFU
RSWLPL]HG KIRWDQDGHXWUDFWLRQ &KLQDUSIUHVHDR@)HEXUH
IURP PDJQHWLQHZ RRBRMHEDDKDQG $FFRUGLWK LMWK WKH VDPSOH FRQ!
PLQHQFHQWUDO3D,UDBMWH K DVRSDTXH FU\WWDOV PDLQO\ PC
WHPSHUDWRX@W VRGIEDRIERQDWWHDRDFUERQDWH YHLQOHWY LQ WKH
DQWLPH LQ WKH URDYWLQIOSXNREBINKWULF DFLG XVHG LQ WKH OH
DFLG FRQFHQWUDWLRILTWIRGHP SBVDREXWMH. QH G ZIWRKR D HIMFN. W\ RI
VROLG UDWLR /6 DQG WLPHRGQXWKHD WBHOFKWEA®I VDOW XVHG
SURFHVV ZHUH RSWLPL]M&HE\H[BHNQPH@WYV ZDV SXUH VXSSO
560 PHWKRTKH FKHPLBRG

PIQHUD O FEKLFDIDF WRIULWKWH FQHZ RWHEOH 5HVXOWV RI ;5) DQDO\VLV

6DJKDQG DRQL® KR D V W HR® ERHUWHH FRPSRVLWLRQ LQ WKH UDZ RU}
DQDO\IHG UB\ IOXRUHVFHQFH VSHEW&RRERS\ : W
:5) DQG GLIIUDFWDROQVKHUPRUH 0Jz

AKDUDFWHUL]DWLR@GURVLWXHV OHDF K %F
FDUULHG RXWKHVEDQQLQJ HOHFWURQ™

PLFURVFR&\ DQGBHQHUJ\ GLVSHUVLYH 1L

VSHFWURGSFRR\DO\VHV 6 2
8

ODWHULDOV DQG PHWKRGV &D
ODWHULDOV )2
7KHVDPSOH XVHGHVQ VR EEND V $ 2
FROOHFWHEGDIKPRG PLQHUD® <D]G 7L

$IWHU FUXVKLQJ WKH VP&BRH ZDV GUERG DW
UHDFKQN WIRQW DAHADINK W XEVHTXHQWO\
JURX,QEDV VLBYBGWKHRISBE®HBQ [2
ZLWK DENOJRLZ PP ZDV XVHG IRU IXUWKHU

i ODIQHWESQYWLIRVUDLO/NE KOR Y BWH W H

A
. i

LQWHQVLV

>

-

GHJUHH
JLXUH;5" SDWWHUQ RI WKH UDZ RUH
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JLXUHOLQHUDORJLFDO VWXGLHV RI RWRHNVRHMLRS O G FIRIMIHAM HVE HY HFFOW.L R\ QY X2
&DUEFDUERQDWH

OHWKRGV WKB' SDWWHUQ RI RYKH GIHRIDN/ W H C
$ONDOLQH URDVWLQJ RSW IERIGGLWLRQV
$ONDOLQH UFRDVWLBGRRDMWRBH 7KH UDQJH RI SDU D PHRDAUIWL QUG
YDQDGLXP FRPSRXQG WR D VFROUREFGINVIRUPKLFKH ZDV REKMDLQF
URDVWLQJ VWDJH ZDV FRQGXFSWHS LIRX\E OIAXQA H® KIQY 7DEOH
VDPSOH PL[HG ZLWK FHUWDLQ VRGLXP@I50ERDYH\REER TDOWVHG WR
LQ D PXIIO®BXEUMDWELQ W HPEBHUDWYOXDWEG DQG RSWWNPIRH WK
D FHUWIDPH) ,QRWKLNFRUGW®B WRHPSHUDWKEDIEVDOW FRQWKBW
UHV X OWMKMH RH UL RMQ WV |RWEE WIKDAHSHQGHQW R @ DAUKHYBQ\G L X P
RSWLPRIDVWLQJ ERQBLW&RQK  UHFRYHU\
DQGZWRNRGLXP FD)WHRQBIYRHE YV

I ODIJQHWLWH ?0HWKD YDQDGDWH VRGLXP
§ ODIJKHPLWH 6RGLXP PDIJQHVLXP. OIOPCPLA X P
A&ULVWREDO?_WH | ODJQHVLXP DOXPLQXP LURQ R[LGH

LQWHQVLW

GHJUHH
JLXUH;5" SDWWHUQ RI WKH URDVWHG RUH

7TDEOBDUDPIWIOY WOQEMMG L R DKWMISEIU L P QWD Q

:DUDP JRZI[L /RZDFW &HQWRL +LJDFW +LJI[L
7HPSHU &

7LPH
6CFRQ ZW

$FLG OHDFKLQJ
7KH URDVWHG VDPSOH ZDV ORDGKHIE AEDUMKKRKYWHFLPHQWDO G
DFLG DFWUDWDHPSHUOWRNRKROLG XVLWEIBO SURJUDP
UDWLR DRBLERBOWUDIMQE®Q WLPHKH OHDFKLQJ H[SHULPHQWYV ZHI
ZLWKLQ WKH UDQJHW REWDILGRK®WBRPSKHU LD U BVWHHBNKDF SWR
VWXGTBEOH > @LQ ZLWK D UHIOX[ FRQGHQVHU 7KH U
RQH IRU WKH FR QG HWDR/HIWP RAPGINV HR
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DQG WKH ODVW QHFN VHUYHG IRDQW&HXPQOQRQVZIZWKGGB®WBHO® PLQH
RI VDPSOHV RU S+ PHDVXUHPHRBRKS OHCHRBWINFMIMREPLVVLRQ VS
PLIWXUH ZDV DJLWDWHG ZLWK D, DB QQHWKHA PWDVXHHPDHRAGPY GZH U |
KHBBWRIQ D KRW SODWH LQGLUHKW D JWIX BRX2NRMPL XDPW M, & 2 (6

EDWK )RU HDFK OHDFKLQJ WHY®@VWUXP WOWS ORFRQGLDJ WR $6
VROXWLRQ @HWHKUP ISQHG FRQFHPWOLRBWUBW IRHU WDQJH ZDV EHWZHF
FKDUJHG LQWR WKH UHDFWRU 7RB GV WWKSHO RV [ WKWDY ZHBDYGH UF RADKEHH G
VWLUUHG DW USP $IWHIUPE VSWBIQGP WG DFKQOH ZHUH WKGIXWH
D %XFKQHHTXLEFBHIG ZLWK D JO DWIVQULHD WHKW ZRB\VHIRMW LR \F [ G &3/

XVHG IRU WKH ILOWUDWLRQ $1W 8NVWWDX¥XKHB VS8 HDUWLP NRRZQVIK®! 7DEO
VOXUU\ ZDV ILOWHUHG DQG WKH FRQFHQWUDWLRQ RI

7TDEOBDUDPHWHU OHYHOV DQG YDOXHV XVHG LQ WKH OHDFKLQ.

DUDP /IRZ D] /RZ IDF\ &HQWH +LJK IDF +LJK I
$FLG FRQFHC
THPSHU &
/I 6 P/
7LPH

7TDEOH&32(6 SHUDWDRQ@PP&#WHG IRU WKH H[SHULPHQWV ZHUH FDUULH

WHKBDO\VIDQRBGLXP RUGHU WR PLQLPL]H WKH HIIHFW
3DUDP 6HW YRU WKLV SHUSHRWIHPHQWY ZHUH St
:DYHOI Q FRUUHVSRQGLQJ WR WK&&WKUHH
i)HESLF; S 7DEOH7KH SDUDPHWWEHIOWUYRIQWHD
30DVP s YDOXHWQD@WHFRYHU\ DUH JLYHQ L
$X[LC Pl (DFK H[SHULPHQW WKWWEBPB@GHG R
1HEL]HU I p WKH DYHUDJH UHVXOWNFRYHWXH
6DPSOI P/ Pl HYM®XRQ DQG WKHLU FRUUHVSHF

,QMI PP $0O) GHYLDWLRAWHSOSRUWMG Q$S&KH VHHQ
6SUD\ Ft 6FRWW SC LQ WKLV WDEOH WKH VWDQGDUG

UHVXOWYV ZHUGRZ HID@GV LLYHONKH |
5RDVWLQJ H[SHULPHQWDO GHVLJQ

$Q H[SHULPHQWDWY XxHNWGJIJ@R GHNHOIREJSHUWHUVLRQ VRIWZDUH
DQ HPSLULFD\OR PRRENHIOR SRAXIP 6VWHDDW H S, QAL QQHDSRIOLE6$
RSHUDWLQJ FRQGLWLRQV IRU WKXWH XWROHGWKIBEHI USHYRVERYY DQG JL
7KH RSWLPL]DWLRQ SURFHGXUBQDRDVVLZRRBIEW DR G@HIBN D
RQ &&' DQG 560560 DSSOLHV
PDWKHPDWLFDO DQG VWDWLVWLFD/®DBKIQIRBFHMPMWRWDO GHV
RSWLPL]H D UHVSRQVH WKDW R&IKWQ G HS I IBHFWH X VERG WR RSWL
VHYHUDO LQGHSHQGHQW YDUIHDEBOWLYBQI®FWRGBXFBAWYG PD[LPL]
WKHRVWY Rl H[SHQVLYH DQDO\WIWUPHWKRG V'®RABNYX\OHRG DQ HP
WKHLU DVVRFLDWHG QXPHULFDOPRARHVHWR REWDLQ WKH RSWLPXP
7R H[SOMXH QDW&WIHQ RWKH RSWIRAXWKH OHDFKLQJ SURFHVV ,Q RL
UHJLRQLYBHYHHOQWUDO FRPSRVLQMHWXWHNILIRQ WKH UHVSRQVH VXUIIL
7DEOHBDV SHUIRUPHG ,PHOMQUHUBDHOLRKH®HYHOH FHQWUDO FRPSR
FRPSRVLWH GHVLJQ UHNXLUHYV D7WRWIHO RIDV>SH@IRUPHG
UXQV ZKHUH N LV WKWWOGHHHEU 'R ODFRIWNUWMRH FHQWUDO SRLQWYV
LWKH SRLVQK\H IDFWRULDOWBHYV IIHWHNPLQH WKH H[SHULPHQWD(
IDFAFHQWHUHG SRL@VWKWH OQRBEHUFRUUHQW ZRUN IDFWRULDO
H[SHULPHQWY FDUULHG >RX@V DFWQWWKBOFMHOWOGIUFXWHW HPSOR\H
'XSOLFDWLRRHQRWBBRRIQWY ZDV XWH/ SMRWLYHO\ $V XVXDO WKH
GHWHWPKH)H[SHULPHQWBXUHHQWDUUQ HBKIRXW LQ D UDQGRP RUG
ZRUN IDFW R U LDHDX&/HI\GL D@\G HIIWF Rl V\VWHPDWLF HUURUV %
FHQWUDO UHSOLFDWHYV ZHUH DEVRHUPBHRWNG BRUDUIWRNBRQGLQJ
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YDULDEOHV RI &&' ZHUH SHUIRMHRARYHUDEWWHDOXDWLRQ DQG Wk
7KH SDUDPHWHU OHYHOV DQGWDMGDUGHVGHEMOLWHRQ YDOXH\
UHVSRQVH YD@XGMXPFRYHU\ BBARUGLQIE®WHR 7 WKH VWDQGDUC
JLYHQ LQ 7DEOH (DERV H[YBDOXMHQWI WKH UHVXOWV REWD
FRQGXFWHKGBHHHYV WLLR) WKH OHORK LI)JGU DQ MAKRII

SURFHVV 7KH DYHUDJH UHVXOWV RI WKH YDQDGLXP

7DEOBRDVWISGIU L P HEQW.RRV H UHIG R Q VI HD&LAADNDHKG V

5XQ %ORF,\?HPSHUDWX]UJ.HH 6DORPWHQWSFWXPEGRYHU\ RIBUHGLFWHG UHFRYHU\
1R

fa& K ZW YDQDGLXP YDQDGLXP

&HQWHU E
)DFW
$[LDO
)DFW
)DFW
$[LDO
&HQWHU
$[LDO
$[LDO
)DFW
&HQWHU
)DFW
$[LDO
$[LDO
&HQWHU
&HQWHU
)DFW
)DFW
)DFW
&HQWHU

HDQ “ VWDQGDUG GHYLDWLRQ
7DEOFDFKHSOB UL P HEQW.IRDV H GUHIV S R Q VI HD®LADNDHKG V

5XQ o oRF $FLG 7HPSHUDWXUGS 7LP $FWXBIGRYHUBBHGLFWHG UHFRYHL
1R " MOQFHQWUDWLRQ &0 P/ J K YDQDGLXP YDQDGLXP

$[LDO
YDFW
$[LDO
&HQWHU
)DFW
$[LDO
&HQWHU
)DFW
)DFW
)DFW
)DFW
YDFW
)DFW
)DFW
)DFW
$[LDO
YDFW
)DFW
$[LDO
)DFW
&HQWHU
)DFW
)DFW
&HQWHU
&HQWHU
)DFW
$[LDO
$[LDO
$[LDO
&HQWHU
HDQ “ VWDQGDUG GHYLDWLRQ
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SHVYXDQG GLVFXVVLRQ 5DQJHV DQG OHYHOV RI XMXUWYDUL
0DJQHWLWH RUH FKDUDFWHU LR PRRQLQH® EDDHY KRZ WKH DFW XD

7KH ;5' SDWWHUQ RI WKH PDNDHOXHVH RRUNMKDIIE LQGHSHQGHQW

WKH PDMRU PLQHUDOV WKIOHW ZIHWK WSQMRHEBR LQ

VDPSOH DUH VKRZQ LQ )LJXUH 7KH ;5

UHVXOWY UHYHDOHG WKDW WKH PRGIRO IBWHBWMIM DRQGWIQDO\VLYV

VDPSDHUPDJIQHWHAWH ZW WDOF $129%

0J 612 2+ ZW VHUSHQWIRBEOHHSRWKMY UHVXOWYV RI WKH $
DQWLJRUQLWEL2 2+ ZW SHUIRUPHGBKXVSESQRJIUDPKIRDVWLQJ
S\ULW HH 6 ZW DQG FKORBIWMREHVY 7KLV VWDWLVWLFDO WR
0J)H $0 $06L2 2+ WKH VLIQLILFDQFH DQG DIGINT XD F\

ZW $OVR DFFRWXPQDHWRORJMWIHDSUHVWRDHW WKH FRUUHODWLRGC
VWXGLHV RI WKLQ DQG PRUHWEROARGH®KVHEWQRQ¥DWHYV WKH

YJLIXUH RSDTXH PDJQHWLWW 7 [DEOWHR R QUOXWW WKE FDOKXODYV
WDOF LURQ R[LGHV DQG K\BRRULEHSRQGQ KU DIDFRFR K H U DIQHVGEIR
ZHUH REVHUYHG LQ WKH VDPSOHRGHO LV DQG H[FHHGV WKH

7DEOSUHV HORIX Q\BVKRIPLFDO DQDOHVHYGLFDWLQJ WKDW WKH WUHD!
RI WKH YDWEOWHVSHFW WRS$WKHKBEJKORVXOWQLILFDQW YIKGIX S URE D
LWDQ EH VHHQ FW®W DADRSE® H UHODWLYHO\ ORZ LQGLFDWLQJ W
ZKLRZOWXLYDOHQW WR $0 VD QPRGE K O

WKH PDJQRARQWBIORID® LQH PHWDQ RUGHY WR HVWLPDWH WKH PRG
VSHFLILFDOO\ D OWRQHR PERAKKQWUIRYSRQVH IRU WKH TXDGUDWLF ¢
UHVXIOWKB VRIUFRHWLWH SURSHWHMYER Q DRIWVEW I SHULPHQWDO
VDPSOH HPSOR\HG DQG WKH IROORZLQJ
7KH5' DQDOREWDDQMEBKHRDYWLQREWDLQHG

SURANNV SQME@LIXURKH ;5 UHVXO%V U

UHYHDOHG WKDW WKH PDMRU S B{:/ﬁ HYS wkH URDVWHG RUH
ZHURDJQHWHWH FULVWREROLWH $% $& % &
PDJKHP)IW2 PDJQHVLXP DOXPLQXP$ LURQu &

R[LGHJI$SOH 2 PHWDYDQDGDWH VRGLXP

1D92 DQG VRGLXP PDJQHVLXB DOXPLOXP |
VLOLEDWH $06L2 GLVSHUMHG ZKHUM$D E(BUH WKH FRGHG YDOXH
ORZOWHODMWWAHUQ &RPSDULQJ )YL%VLDEIS) W H RE&H WL MUK $

VKRZV WKDW .DDWRUZDWBROWED Y QG VDOW  FROW HR WVK & H IMKHG
YDQDGIIXF LV REWD@QH G SHUW X UEDW LR Q VGK\DW/E B IR UDNWYDHD

WLPHMWKH PRVW DQG OHDVW HIIHF
2SWLPL]DWLRQ RI URDVWLQJ $plYSHEWHUKO\

7TDEOBHVXOWY RI $129% IRU WKH URDVWLQJ SURFHVV

6 XP RI OHDQ $GHT

6RXUFH VTXDUH)V VTD(UH) YDOXBYDOXH SURBIBM)EI'XDUHSG/TXDUHgUHFLVLRQ

ORGHO
$ 7HPSHUDWXUH
% 7LPH
& 6DOW FRQWHQW
$%
$&
% &
$
%
&
5HVLGXDO
IDFRILW
3XUH HUURU
7RWDO
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5HVSRQVH VXUIDFH SORWWLOIKHUHDIWBBKISMMHHQOHPSHUDW X U
,Q RUGHW X PRGHO PR UWKW K RFW&R XANKEDPUHH F R RH UND Q D GREXW DLL\Q H G
UHVREWDREHEHVHQWHG JUDSKLABOOWDR WLFRQWHQWW ,QDWKLYV
DQG QWHUDFWLRQP D@ PWHVWKFDVWKH URWNVMH QM KXY DIWHU W
WKDQ DQWKIHDUJHVW DEMEHYXWHWRREHUDWXUH WKH DPRXQW RI V
WKH ILWW HGWVRHPGHO DB QIE i$®WLPPSRUWDQW HI VDR GRIGVRU KW LR Q
WHPSHU DWW ARENUMQWHOHFWHGH IIRELWMRIHRYHU DFFRUGLRW WR
D[HV RI WKH UHVSRQVH VKRUDFHN HQR W VJ KW RWHAFRXOMWVXQWKH GLI
WKFHXUYDWXUH RI WKH VXUIDFHW RXIQNV L RV HUIDFW QRRQ YXIPIH 6D QU
LPSOLHWHKMNKDAW SURGXFHGHYLD HIKB BDWKBIQHRIQ FILDH@IFG IRKP H[WUDFW
YDULDEOH GHSHQGV RQ WKH )QHXH BV KRIZW KHK HRUINGKHAR AR Q V H
YDULDEOHV ,Q YDQDGLXP$SUHFRFRQW RXHWRSBRW &XUH UHFRYHU\ St
DQG VDOW FRQWHQW & DUH WOLUQIQILFDWQW IKMDEMDLERIHRI WKH V
DIIHFWLIQH YDQDGLXP \LARI UWNYGCWQFRHHUMEGMWEBVHW WR7KHUH
LQWHUBRWRZRE&®UDPHWHUV DUHLVKRZ@HDQ O\ OLQHDU UHODWLRQV
YLIXUH UHFRYHU\ BRGVHBEW WHPSHUDW X
JLIXWDDNRZV WKH LQWHUW ERH @ G R WH YIE DJ KIHUP S HHU DWKK@QD W L R Q V K
WHPSHUBW XKR DK LL\Q | LDFUHV D LEHFR PMRQLQROQH $V SUHWHKRWHG
W LW H LWKWHHP S HUD WKQIIR [ & ILJXWKH KLIJKHVW YDQDGLXP UHFR
WKH YDQDGLXP \LBBQG GOFUHDWRW KLJK WHPSHEDWXVYB®N FRQ
SUREDEO\ GXH WR WKH VDPSORIVIZOW $V L QQ OX WWRIDRWHB WU R Z

f& $OVYWDQ \EHHAQDW DW D KMKPRSHUDWXUH Vf &0 BREVWBRON HQ W
SHULRGK WKH HIILFLHQF\ Rl YD@BGRZRVLYHRRWHL JK WHPSHUDWXU
WKD QDWKDRZHU SHULRG WKH ,G&VOIQGFDNB\ KLIJK VDDW WKOWHQ
VDOW FRQWHQW RV :URIKVWHODUW®QDGLXP H[WUDF&HRQHBRINVLHQ
WWKLV IMWMKMBSHUDWXUH SOD\V DIQ JIXADSERARW B QRVZ V\RWIKINMY 2R | L PWR U W |
LQ WKH URDRPAWHMY] UBPVLQJ WSKHJDPHWHUV RI WHPSHUDWXUH I
WHPSHUDWXUH WR D FHUWDLQFD@RXRHAEX OMWKIHQ WRRGLX\WP RQ WKH
PHWKDYDQDGDWH FRPSRXQG LVH[WUMKMULRQY RIBKERIGH @R\ 4URP U
WKDW YDQDGLXP FDQ EH HDVLQ\QFJWDUBEMHEP SURP WKKIH DQG DP
URDVWHG RUH FHUWDLQ DPRXQW YDQDGLXP ZLO
JLIXUEEWKRZV WKH LQW HWB/DAOLVR @ CE[H WZM HQILFLHQF\
FRQWHQW DQG WHP\§KUD WBIKDH DX WEKR@ANKHH I I WRWWHPSHUDWXU F
KLIKHUFROWWQ@W WKH HIILFLH@PRROWWRIRDWKH H[WUDFWLRQ
Y D Q D Gilf WRJ DLFRALLIRUWIKID QDWERIHU YD QD GHVX R KRZMDKLQ | MIKIBI[HL P X P
VDOW FRQEMHQMMQG ZLWK UDLVIYQODDGKHP H[WUDFWLRQ HIILFLH(
WHPSHUDSV XWR f& WKH YDQDGMXKPPSHUDW X&B QRS WDITH\R X QW R
H[WUDFWLRURVINMEE GHFUHDVHYV ZWOZ K KWHR D WWLLEW K

| D % 7LPH K | E & 6DOW FRQWHQW §ZW

———

1

|
S5HFRYIYDQDGL
7

\

J

A %7LPH K A 8& 6DOEW

= %TLPH K 7 =& eDOIW
T 1 T T

$ 7HRSDWEUH $ 7HPSHURWXUH
JLXUH D,QWH U ERMZRAHH Q WXPSEUDIFGI E LQWHUDFWLRQ EHWZHHQ WHP:
FRQWHQW
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&6DOW FRQV
|

$ 7THPSHU®WXUH
JLXUH&GRQWRXU SORW RI YDWQWEPSP WHWRYHUWLDWQG VDOW FRQWHQ

Recovery of vanadium (%)

.g) ?’
JLXUH$ ' SORWYDQDGLXP UHFRYHU\REDWHBSRQ@ DX\QFWLRQG VDOW FR

3URFHVV RSWLPL]DWLRQ XVLOKHGHVQUBELDQW\OHYHOV RI WKH
IXQFWLRQV X QLWWK\WP PD UILQH GD E OIQ\G V KZR W K H
$ PXOWLSOHPHUMANKREIQVESSOLHGD RWRXD O Y D OLRMNMQ RUS MMKGEHQW YD

RSWLPIJH FRPELQDW LRIMU RP HWKHWFRUHW KHU ZLWK WKHLU UHVSRQV}

QDPHO\ WHPSHUDW XERQWHQW DQG WLPH

$FFRUGLQJ WR WIOHIBEHMUDIH® LMWRPRGHO ILWWLQJ DQG $129%
ORRBWLPXK\ERHQEMVW ORFDO7PEQHRXRPVWRRWWHVXOWYV RI

WKH $
YDQDGLXP UHFRYHADY RRXQG WRHWHRUPHGWKNLQSURJUDPW KRIU

DWW U L E X WAHHGP SAHRJ DMWKHFI& VADIOW OHDFKLQJ SURFHVV
FROQWHQWZWI DQG WLPH RI

7KLV VWDWLYV
WR WHVW WKH YDOLGLW\

K H@® RWGHUWKH VLIJQLILFDQFH DQG

RI WRRGR®W EPIQ HEH GMKIBQ WLIREQO H W K
VSHFLILHG E\ WKH PR G HED UDUQ. HHFSRHULHPOIDWL RV FRHIILFLHQW IRU
RXW XVLQJ WE&B UDXPIHMWWWIEQD G I2KLFK LQGLFDWHY WKH JRRERHVV
UHFRYHU\ DIWHU WKH OHDFKLQJ 88 BURIBVZ DAK i HVDEDEKRD® MBHGHY S R |
WR EH ZKAR@VLYWHQW ZWRKWXBIOHUEFHRRY HU\ UHVSRQVH PRGH
SUHGLFWLRQ RI WKH PRGHO ZLW®GDBO[HHHKRW WEBHIJYQORH DW WKF
7KH OHDFKLQJ FRQGLW MRDWX W IGHL QWM KIBWPHQW  GLIITHL
FRQILRPDWH[SHULPHQW ZHUH \DIMQURGORIEYHO@OXR WKHUHODWLY
WHPSHUDWX®RUBIFRG FRQFH@WUDWIQREQA FROWLQJ WKH VLJQLI%RDQFH
/ 6 UDWLR RI D@®G OHDFKLKQJ WLPBOHPHO QWLSOH UHYURIVVLRQ

WKH H[SHULPHQWDO GDWORWKH H
2SWLPL]DWLRQ RI OHDFKLQJ S XPIWWHUWWHG ZLWK D TXDGU
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HTXDWEKRQILHDX®WLRQ LQ WHUPKNTRD VF RIEGMEKANAPCSGIHI® WX BIHP R V W
IDFWRUV ZDV GHY MWOHRISHIE LEPDAVGHBDIBIGE W LY H I R UM R HVWE B R QLDGN L R

GHVLJQ DV / 6 ZDVWKH OHDVW HIIHFWLYH
SDUDPHWMNKUISUHVHQWY WKH DFW)

SHFRYHUI $ YHUWX\ SURGHRWH® QDGLXP UHFE
& ' $% $& $V VKRZIQ) @K L VWIKDNUHHREW K H
$' % & %" & SRLQWYV DURXQGLW K H. G\ B BHRVQUDE
$ % 2 H[SHULPHQW D DQUHRVK® VD UHHHP H Q \

WKH SUHGLPWIBEG W RWHHMWR UBIW LR Q\
ZKHYH6 & DQGDUH WKH FRGHG Y DEOKW AMRIDVEHKIHH G L B VB IGHYDOW KD O Y C
WHYDULDEOHSRQFHQWUDWLRQ BUHGQHOQO\ VPDOO
WHPSHUDWMUHG %& LIQQ P/LPHDQG W

' LQ K 7KH SHUWXUEDWLRQ GLDJUDP DQG WKH DERYH

7TDEOHI29$UHVXPWWKH OHDFKLQJ SURFHVV

6RXUFH 6XP RI VIXDUHWHDQ VTXDYMHOXHYDOXHcMWIXUHG VT XDUSGHSUHFLVLRQ

ORGHO
$ +62
% 7HPSHUDWXUH
& 16
7LPH
$%
$&
$I
% &
%"
2"
$
%
&

5HVLGXDO

IDFRILW

3XUH HUURU
7RWDO

SUHGIUHFRGHU\ RI YDQDQELXP

1 1 T

$FWYBPRYHU\ RI YDQDGLXP
JLXUH&RPSDULVWWQFRYXDO DQG SUH GULIFQMHGEE. XPROYHUA |IRU

5HVSRQVH VXUIDFH SORWWLGRHIILFLHQWYV LQ WK DIPW@ HG
JRU D EHWWHU XQGHUVWDQGLGRQRAHW®Y WK DMDER-EBHQGEHD F L G
SDUDPHW HUNQDMG@/MHKIAR RHU\ FRQFHQWUBWDRRG %P SHUDWXUH
YDQDGW¥XM SUHGLFWHG UHVXOWS& DHWHOHAWHGWMEREHY RI WKH Ut
JUDSKLFDOOHYY®MG)LOWHUDFWLR @ XWHUPH 56 RRXQ W RXUY DRK X KIH
ZLWKY BO X H DQG ODUJHVW NKWRDKMMIH, @ HF RADHQDGRXPFLG
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FRQFHQWh DWAPB® U WXEJH DQG 'OLTWRROLG UDWLRORBHRWKHLU
WPH DUH VLJQLILFDQW YDULDBDEQRVHOQFN\HEWLBUHWKH LV QRW W
UHVSR®&MH QW HIHWFAIR@MYD PHWHNALG FRQFHQW BRQARE® @WYRKW DQ
D USHU HV KL QMIX® H LQFUHDVH LQ DFLG FRQFHQWUDWL
JLXUBMWVKRZY WKH LQWHUDFWLRQ EHW ZWH®DWREB LXPLGI[WUDFWLRQ
FRQFHQWUDWLRQ DQG W HWPSIHW DWW R U HD M BWBERE/QWKHUHD W HU
ILIXWHKYHD QDGLXP H[WUDFWLRQ HIJXEANKRAVDWMKID LQWHUDFWLRQ E
KLJKHU W H P$HHUHDGWX WK HO RZHHU DMHPSHUDWXUH $V VHHQ DW ORZ \
WHP S HUDQW XDOFRBR Q FH QW $\W WD R QWKCH. TWIRR OLG /BBDWLR WKHLRRUH
FRQVWDQW WHPSHQPWHXOM. QJEWWH{W UDFWLRQ N DO DPIGEYP\K RIK
FRQFHQWUDWLRQ RIWIADRGDGCIWP®HPSHUDWXUHY  WKHVH WZR F
HIILFLHQF\ ZLOO LQFUHDVH DQGLFABQ HOWHQ 6G BEBHBDYRIVH WRIHW
WKHUHDIWHU SUREDEO\ GXH )LWRUWHKREN "WHKIHYRWW HPSHUDW XUH
FRQFHQWUDWPRQ@HRIGLOYJ WR MPRFHQWUDWLRQ DQG /6 RQ
DOXPLQRVLOLFDWEG62WHD BWRGX ZHMDKFtHQF\ RI YDQDGLXPLIXWHSUH)
VLOLFD KHOD@XREE SRVLWLYH FDWLW®VDRI LQFRMHDHHD WIXKG KFDQ &
YDQDGLXP VXBR@® 9292 / 8 XQWLWKHWQDGLXP H[WUDFWLRQ
JLIXIEEWKRZV WKH LQW HWRAWLRG@G EHWHBOAR EDVHGXBEB DV DFLG
FRQFHQWUDWLRQ DWRQIGLY GWIKD\HFE QFG QW UDWLRQV LQRBULIBGEKFXYW
YDQDGLXP H[WUDFWLRQ DALGFIX-QQ¥LOLQ DORQJ ZLWHKKHDID GQXP H|
FRQFHQWUDVRIZAQV TWMRROL® UDWIWUDFWLRQ HIILFLHQF\

/ 6 LWVWRUH WWDQ@ RI D KLJKHU
. D % 7HPSHUYOLWXUH | E & | ®/ ]
> - / > |
B } z
> 5
T = 2 |
z >
m o
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10 7 SFWXDO IDFWRUV T $FWXDO IDFWR|UV
& | 6 P/ J % 7HPSHUD WX|UH
A% 7HPSHUD@XUH '~ 7LPH K "& /6 POJ TLPH K
"% 7HPSHUDMXUH 1 & /6 POJ
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$ +62 0 $+62 0
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$ +62 0
‘' 7LPH K

S5HFRYHU\ RI YI

% 7HPSHU&OWXUH
JLXUH DLOQOWHUDFWL ¥ IEGH WREGRIQQWYH Db /H B EWOWHUDFWLREIEHWZHHQ
FROQOFHQWOBWDRG ,@WHUEHWARMH RS HUDWE6U H
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JLXUH$ ' SORW RI YDQDGLXP UHFRYH U\WEPS/HGOIRQCBXE)B-W G RRKR Q FH WU D W |
DQG / 6

3URFHVV RSWLPL]DWLRQ XV LDRIWGHYVWKHE OHDFKLQJ SHULRG ZC
IXQFWLRQV

ZKLFK LV FRQVLVWMQWR @ LRV K
$ PXOWLSOWHWEBE QQMHG WR RSMKUHP IFIRGHO ZLWK DQ HUURU PDUJ

DQ\ FRPELQDWLRWD RIPWAEID\ DFI7ZKH FRQGLWUR QR VSBIRFHMY XVHG L(

FRQFHQWUDWLRQ WHPSHUDWXRRRQILUPDWRUGE WLPHULPHQW  ZHL
$FFRUGWXHWROVYIMIPEQHUDWHG WHPSHUDWX P& \RKEPRQWHQW RI
ORFDO RSRLOQRMKXFAI EHVW ORFDQ@WDDIRXWLPH RI K
ZDV IRXQG WRFEG BWRQWRIBWUDWLKRHF RPSDYLERWZHHQ YDAQDHS L X P
0 WWHPSHBDWEDAH. TWRROLG UDWHRRHWREWDLQHG |URPZRWUIRND G UHV
RI P/J DQG WLPBKRIEKIVKOWHGVK®VH UHSRUWHGDU® WHHYV & DWHIL
D YDQDGLXP UHFRYHUWRBGHU WRDWEEBWW FDQ EH X\ HFRIRYS WL WD O
WKH YDOLGLW\ RI WKMVBSIWLIRIHERQEGR WE RBYR@QRIGLXP IURP PDJC

E\ WKH PRGHO DQ H[SHULPHQW RUOM 6D UKD GG RDXGRRDE@I LPSURY
WRHKIIJHVWHG SDKUD RBWBGUYXP UHFRYHU\

7DEORRPSD UL VIR@ODRILKPR YREWD L Q H'® W RIKWR X U F H V.
9DQDG SHERY
5HVRXUFHVY Q] OHWKRGV &ROGLWLRQV SHIHUHQFHV
S un 5SRDVDF G5RDVWL & OHDF ORUH @
OHDFKLQJVXOIXULF DFL @&
5RDV
Un D®KDLQH5R01vag1LL<ng IOf&HDFKL(DRUH WKDQ o
GIDFKLQJ
5RDVWLC & |
60DJ SRDVWEQGQJHDFKLQJ vxoixuLPBHEL VKDL g
OHDFKLQ e
Un 5RDVDF 5RDVWL & OFKL ORUH . @
OHDFKLQJVXOIXUL® DF [5G
5RDVWLC &
60DJ SRDVWEQGQJHDFKLQJ vxoIxuLPRBH VKPR g
OHDFKLQ 2
5RDVDF 5RDVWL & OHDF ORUH
60DJ OHDFKLQVYXOIXULF IRIOG f& > @
2UH 6DIKDQG 5RDVWEQG . 2RPVWLCE

<D]JHG PLQH OHDFKLQQJHDFKLQJ VXOIO(ULIQPDLH_II_éNK;I)((EV ZRUN
f&




*KRGGRF\HWNIDG -RXUQDO RI OLORQ@J (QRLURQPHQW

&KDUDFWHUL]DWLRQ RI OHDFKDQBGLERHDUH SUHVHQW $FFRUG
7R XQGHUVWDQG WKH PBEHXELY O ERIJKHPANUB GHFRPSRVHG E\ [
OHDFKLQJ SURFHVV WKH OHD FKURBDWMEXHIV DZHW N O B E OB GFL GV R F
WKURKMOK DQG ('6GHWQ WKH RSWELPEBGLXP UHOHDYVH KKRHPI RWKH R
FRQGLWLRQV D)ID@EHVKRZ WKHPSURWHKHYDQDGLXP UHFRYHU\
6(0 ('6 UHVXOWYV IRU D UHVLGX & HARPS@RVR WKRKWH YRIRIG MSR Q HO
UHJLRQV DUH PDLQO\ FRPSRVHGHRXLIUHRXR 7RNYHQUHVXOWYV DUH
VXODXQG VZRILEGE YRIQO\ORZ DPRXQWVURINXOWYV

( NH9
JLXUH 6(0 %6( LPDDHDQG E6RI QWDHFK UHVLGXH

&RQFOXVLRQ DQG WKH OHDVIVPHWHE W LXHU IS D IF
%DVHG RQ WKH UHVXOWV REWDALREG WHPS MUKHV FX H UHRGVW LPH |
UHVHBREKWKH IRGFBREFIOXNLRQV ZHYFHWLPMWKBHDFKLQJ SDUDPHWHU
GUDZQ W KIHE R HQ W L RIQ\W BRHGY H VGKIDGY W K H

7KH VDPSOH FRQWDLQHG PRY@D GR®B 7KHDVW HIIHEHWHY H
PDJQHWLWH RUH VD RSRDYWBDE WHBANDHILMEEX UHHVSHFWLY HO\
LQFUHDVH WKWK QRELXEPW\RRISRXQG/KH RSWLPXP W HARGLXPW X L

YURWKS' UHV XORHY N DUCR.ODQVHV L QFID U E R Q D WHQBR W WRHHQ WQ WKH URDV

S URFHR/QY HUDNWHAB KRHD P SO VRGLXPDVHG RQ 560 Z&HEUHBAW DQG K
YDQDGDWH ZKDEFOWRUH VROXEOHHV®HFWLYHO\
DFOBHDFKLQJ %DVHG RQ 560 WKH EHVW ORF|

7R RSWLPL]H WKWHPBEXBWMMKH OHDFKLQJ SURFHVV DZDV |
VRGLXP FDUERQDWB RPR@WHOQ@WWRSIHUDWXDVHXRIXULF DFLG FRQF!
URDVWLQJ WBKEBRFHW\WHVSRQVH VXUIDFHDQ 6 UDWLR RI DW/LPHDQG
PHWKRGRORJ\ ZDV XVHG 7KHRIPRWW $FHA RUFRSHDEIER@IW KPHR G H O
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RI YDQFGXPOR H{WUDFWHG IWRABOWRPLUVN\ , $ ( D/QXG BWRKIH] KD
RUH $ 9DQDGLXP H[WUDFWERQLBURF
8QGHU WKH RSWLPXP FRQGL\&A\/\/LWVUWRQJLFQWK®QEJV $ ([WUDFWL
RI YDQI®MXPDFKHG IURP WKH'BHYWEMW WA R! 0LQLRIQEER® OHWD O

RUH
> @RJODXHU % *DRBVDRUJISO + 3

$FNQRZOBWIPH SHDRAM/DRIQVLFVY RI WKH YDQDG

7KH DXWKRUV DHANQRD®OHISIAHU W KRWY RFHVV XVLQJ VWHHO VODJ DV D VI

%DERO 1RVKLUYDQL 8QLYHUVL#QRHR| (FHFKQRORJ\

WKURXJK JUDQW SURJUDP 1R %18@LQ =K DQ&@KDVH DQD®\\LIQV RI Y

1XFOHDU 6FLHQFH DQG 7HFK®@RORRY D BHRUKHOWKIOPDO /DE

QVWLWXWH > @H ' )HQJ 4 =KDQJ *2XXR : DQ
6WXG\ RQ OHDFKLQJ YDQDGLXF

SHIHUHQFHYV UHVLGXH Rl ¥YMQRQH BRYOOO 3URFHV
> @RVNDO\NDBG $0IDBQWD]L

SUR¥H®J RI YDOQDGLXIRQHUUHYLHZ
> @HQ®B& 'UHVOMWQEHLATOG\
(( WUDFWLRQ RI WLWDQLXP YDQDGL

> @XSW®». DQGULVKQDPXUWKN\ WLWDQRPDJQHWLWH GHSRVLWYV DW S
(IWUDFWLYH OHWDOOXUJ\ RI 9DQB&hxERy HU OMGYLHU

$PVWHUGDP 1HZ <RUN
=KDQ@) %DR: BKQEX 7

> X <
> @OOPDQQ ) 8OOPDQV (QF\FORSHG@D (RIHFWV RI WKH FQ QrHDDM@ FSHK IRV
QG XVWULD O"&IGH P LVRUKHDUP YDQDGLXP RQ YDQDGLXP H[WQDFWLRC

> @DEDVKL +DQGERRN RI ([WUDPWR¥HOHWDOO O0DWHU

> @KHQ< : /DQ=K =KDQJ 0D =K VWXG\ RI WKH H[WUDFWLRQ RI YDQD(
DQG =KRX - /JHDFKLQJ YDQDRBIKPWEWRYjK[WU 06IW DOHOV CEHOXWBY
FRQFHQWUDWLRQ VXOIXULFUDBNG GBRPHVYWR®H OKRDO

1RQIHUU OWWID®D6RF > @L 6K LH % (DODG*/L

> @DEDVKL ) BULQFLSOHV RI WHEPAMWHRQ SURPEMVYRQOBE XP \
OHWDOOXUJ\ YRO *HQHUDO 3ULQFSYHYV Q&RUBRIDHQERQIHUU  OHW
%UHDFK 1HZ <RUN &KLQD

> @L & : :HE &HQJ*=K/L 70 /L > @KX *< =KDQYN )HQJ 04 /X 3<
S %DQ®Q * SHFRDYGIDG RXP IURK O DQG +XD-QJ 6 $FLG OHDFKLQ

EODFN MKD@WH 1RQIHUBKIOBWDO 6RFYDQDGLXP IURP URDVWHG 7WHMING XH |
I1RQIHUU O&KA QERF

> @PHU $ 0 3URFHVVLQJ RI N\S@HDQERIoHU =KDQJIDOQMX2Xx /

DVK IRU H[WUDFWLRQ RI YD\QDKLXP DQ%Q%MQNH@RQPHQWQGORJULRHQG
0DQDJH YDQDGLXP H[WUDFWLBQQHIRP(QYWRQH

> @DYDUUR 5Q *X]PADXFHGR , G5HYLOOD -
DQG *XLEDO ( 9DQDGLXP UHRRYHRM OB
DVK E\ OHDFKLQJ SUHFLSLWIIQNLR(%Q)%@D\W%
SURFHYDWKMAM ODQDJH RQYHUW

> @XUDVH . 1LVKLRDADL EKLGD . .
., $GDFKLD®G XGD 5HFRYHU\ R> @RQWJRPHU\ & HVLJQ $Q
YDQDGLXP QLFNHO DQG PDJQHVLXBSHYRPHRWY :bQK\RLHZ <RUN

ELWXP@RQWHU HPXOVLRQ E\ FKORUIRAWHRR BRSaKLOLSYV ' 7
FKHPLFDOUWUD@YRBW FRPSG BULQFLSOHV RI ([SHULPHQWDO 'HVL
6SULQJHU &KDSPDQ DQG +DOO /RQG

> @LWBORSHJIJILDQL ODQWOREEKLQL RUUHLD QoD OYRVGR &X@KD -U

& SHFRYHU\ RI YD QDRAIXD QBRI UHVL 9 &§RPSDULVRQ EHWZ

2ULPXOWOLNRIQVKHYV +\GURPHWDOOXUJJ|3|QHWLF DOJRULWKPY DQG UHVSRQV
LQ *0%: ZHOGLQJ RSWOPWHWLRBQRFH
7THFKQRO

VRDP® EPVKFKL ) ORVWR:

HQW H[wUDRERKLRI Rl YDQ
VODJ XVLQJ VXOIXULF T
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> @U]XUXPD®G72UNHP + &RPEPDVUUDRQYLRQ ,RIVW DIQDHL XPURFHVV
RI UHWSR@VIDFH PRGHO ZLWK QHXUDO QHWZRUN LQ
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